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NOTE.

The formula for Hwematin given in § 351, p. 568, is the old one of
Hoppe-Seyler ; that given in § 447, p. 744, is the more recent and
probably more correct one of Nencki and Sieber.

It was not observed until too late that in the diagram of the nerves
of the alimentary canal in the dog § 276, p. 466, fwelve dorsal nerves
had been represented. The figure, as stated, makes no pretence to
anatomical exactness ; but it would have been better to represent either
thirteen or fifteen (see § 412) dorsal nerves.

ERRATA.

p- 430, L. 9, jor § 237 read § 238.
poASl 1@ o giopal . eiago
p. 462, 1. 3, from bottom , § 266 ,  § 265






BOOK 1II.

THE TISSUES OF CHEMICAL ACTION WITH THEIR
RESPECTIVE MECHANISMS. NUTRITION.






CHAPTER LI

THE TISSUES AND MECHANISMS OF DIGESTION.

§ 196. THE food in passing along the alimentary canal is
subjected to the action of certain juices supplied by the secretory
activity of the epithelium cells which line the canal itself or
which form part of its glandular appendages. These juices (viz.
saliva, gastric juice, bile, pancreatic juice, and the secretions of the
small and large intestines), poured upon and mingling with the
food, produce n 1t such changes, that from being largely insoluble
it becomes largely soluble, or otherwise modify it in such a wa
that the larger part of w hat is eaten passes into the blood, either
directly by means of the capillaries of the alimentary canal or
indirectly by means of the lacteal system, while the smaller part is
discharged as excrement.

Those parts of the food which are thus digested, absorbed and
made use of by the body, are spoken of as jfood-stugfs (they have
also been called alimentar, -y principles) and may be conveniently
divided into four great classes.

1. Proteids. We have previously (§ 15) spoken of the chief
characters of this class, and have dealt with several members 1n
treating of blood and muscle. We may here repeat that in general
composition they contain in 100 parts by weight “in round
numbers ” rather more than 15 _parts of nitrogen, rather more
than 50 parts of carbon, about 7 parts of hydrogen, and rather
more than 20 parts of oxygen; though essentially the mitrogenous
bodies of food and of the body they are made up of carbon to the
extent of more than half their weight.

The nitrogenous body gelatin, which oceurs largely in animal
food, and some other bodies of less importance, while more closely
allied to proteid bodies than to any other class of organic sub-
stances, differ considerably from pmtn, ids in composition and
especially in their behaviour in the body; they are not of sufficient
importance to form a class by themselves.

23—2
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2. Fats, frequently but erroncously called Hydrocarbons. These
vary very widely in chemical composition, ranging from such a
comparatively simple fat as butyrin to the highly complex lecithin
(§ 71); they all possess, in view of the oxidation of both their
carbon and their hydrogen, a large amount of potential energy.

3. Carbo-hydrates, or su{gu,rs and starches. These possess
weight for weight relatively less potential energy than do fats;
they already contain in themselves a large amount of combined
oxygen and when completely oxidised give out, weight for weight,
less heat than do fats.

4. Saline or Mineral Bodies, and Water. These salts are for
the most part inorganic salts ; and this class differs from the three
preceding classes in as much as the usefulness of its members to
the body lies not so much in the amount of energy which may
be given out by their oxidation, as in the various inHuences which,
by their presence, they exercise on the metabolic events of the
body.

These several food-stuffs are variously acted upon in the
several parts of the alimentary canal, and we may distinguish, as.
the food passes along the digestive tract three main stages:
digestion in the mouth and stomach, digestion in the small
intestine, and digestion in the large intestine. In many animals.
the first stage is, to a large extent, preparatory only to the second
which in all animals is the stage in which the food undergoes the
greatest change: in the third stage the changes begun in the
previous stages are completed, and this stage is especially charac-
terised by the absorption of fluid from the mterior of the alimen-
tary canal.

It will be convenient to study these stages, more or less apart,
though not wholly so, and it will also be convenient to consider
the whole subject of digestion under the following heads :—

First, the characters and properties of the various juices, and
the changes which they bring about in the food eaten.

Secondly, the nature of the processes by means of which the
epithelium cells of the various glands and various tracts of the
canal are able to manufacture so many various juices out of the
common source, the blood, and the manner in which the secretory
activity of the cells is regulated and subjected to the needs of the
cconoiny.

Thirdly, the mechanisms, here as elsewhere chiefly of a mus-
cular nature, by which the food is passed along the canal, and
most efficiently brought into contact with the several juices.

Fourthly and lastly, the means by which the nutritious digested
material 1s separated from the undigested or excremental material,
and absorbed into the blood.



SEC. 1. THE CHARACTERS AND PROPERTIES OF
SALIVA AND GASTRIC JUICE.

Saliva,

§197. Mixed saliva, as it appears in the mouth, is a thick,
glairy, generally frothy and turbid fluid. Under the microscope it
1s seen to contain, besides the molecular débris of food, bacteria and
other organisms (frequently cryptogamic spores), epithelium-scales,
muecus-corpuseles and granules, and the so-called salivary cor-
puscles. Its reaction in a healthy subject 1s alkaline, especially
when the secretion 1s abundant. When the saliva is scanty, or
when the subject suffers from dyspepsia, the reaction of the mouth
may be acid. Saliva contains but little solid matter, on an average
probably about *5 p.c., the specific gravity varying from 1002 to
1:006. Of these hﬂilf]‘w rather less than half, about ‘2 p.c, are salts
(inclmhnn‘ at times a minute quantity of pﬂta%umn sulphocyanate).
The organic bodies which can be recognised m 1t are globulin and
serum-albumin (see §§ 16, 17) found in small quantities only, other
obscure bodies occurring in minute quantity, and mucin; the
latter 1s by far the most conspicuous organic constituent, the
glairiness or ropiness of mixed and other kinds of saliva being due
to its presence.

Mucin. If acetic acid be cautiously added to mixed® saliva
the viscidity of the saliva is inereased, and on further addition of
the acid a semi-opaque ropy mass separates out, luaming the rest of
the saliva limpid. This ropy mass, which is muecin, if stirred care-
fully with a glass rod, shrinks, btculnlng opaque, clings to the
glass rod and may be thus removed from the fluid. If the quantity
of mucin be small and the saliva be violently shaken or stirred
while the acid is being added, the muein is apt to be precipitated
in flakes, and may tl%eu be se pﬂmturl by filtration. It may be
added that the precipitation of mucin by acid is greatly influenced
by the presence of sodium chloride and other salts; thus after the
addition of sodium chloride acetie acid even in Lulmduable eXCess
will not cause a precipitate of mucin.
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Mucin, thus prepared and purified bdv washing with acetic acid,
swells out in water, without actually dissolving; it will however
dissolve into a viscid fluid readily in dilute (01 p.c.) solutions of
potassium hydrate, more slowly in solutions of alkaline salts. In
order to filter a muein solution, great dilution with water is
necessary.

Muein is precipitated by strong alcohol and by various metallic
salts ; it may also be precipitated by dilute mineral acids, but the
precipitate is then soluble in excess of the acid.

Mucin gives the three proteid reactions mentioned in § 15, but
it is a very complex body, more complex even than proteids,
for by treatment with dilute mineral acids, and in other ways, it
may be eonverted into some form of proteid (acid-albumin when
dilute mineral acid 1s used), while at the same time there 1s.
formed a body which appears to be a carbohydrate and resembles
a sugar in having the power of reducing cuprie sulphate solutions,
Solutions of muecin moreover on mere keeping are apt to lose their
viscidity and to become converted into a proteid not unlike the
body peptone, which as we shall see is the result of gastric diges-
tion, and into a reducing body. Several kinds of muecin appear
to exist in various animal bodies, but they seem all to agree in
the character that they can by appropriate treatment be split
updiutu a proteid of some kind and into a carbohydrate or allied
body.

%193. The chief purpose served by the saliva in digestion is.
to moisten and soften the food, and to assist in mastication and
deglutition. In some animals this is its only function. In other
animals and in man it has a specific solvent action on some of the
food-stuffs. Such minerals as are soluble in slightly alkaline
fluids are dissolved by it. On fats it has no effect save that of
producing a very feeble emulsion. On proteids it has also no
specific action, though pieces of meat, cooked or uncooked, appear
greatly altered after they have been masticated for some time;
the chief alteration however which thus takes place is a change in
the haemoglobin, and a general softening of the muscular fibres
by aid-of the alkalinity of the saliva. Of course when particles of
food are retained for a long time in the mouth, as in the
interstices, or in cavities of the teeth, the bacteria or other
organisms which are always present in the mouth may produce
much more profound changes, but these are not the legitimate
products of the action of saliva. The characteristic property of
saliva 1s that of converting starch into some form of sugar.

Action of Saliva on Starch. If to a quantity of boiled starch,
which is always more or less viseid and somewhat opaque or turbid,
a small quantity of saliva be added, it will be found after a short
time that an important change has taken place, inasmuch as the
mixture has lost its previous viscidity and become thinner and
more transparent. In order to understand this change, the reader
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must bear in mind the existence of the following bodies all
belongiug to the class of carbohydrates,

1. Starch, which forms with water not a true solution but a
more or less viscld mixture, and gives a characteristic blue colour
with iodine. The formula is C;H O, or more correctly (C;H,0,),
since the molecule of starch is some multiple (n being not less
than 5) of the simpler formula. A kind of starch, known as
soluble starch, while giving a blue colour with iodine, forms, unlike
ordinary starch, a clear solution.

2. Deatrins, differing from starch in forming a clear solution.
Of these there are at least two; one erythrodextiin, often spoken
of simply as dextrin, giving a port-wine red colour with iodine, and
a second, achroodextrin, \'ﬁliﬂ]!lj gives no colour at all with iodine.
The formula for dextrin is the same as that for starch, but has a
smaller molecule and might be represented by (C.H, O,),.

3. Dextrose, also called glucose or grape-sugar, giving no
colouration with iodine, but characterised by the power of re-
ducing cupric and other metallic salts; thus, when dextrose is
boiled with a fluid known as Fehling’s fluid, which is a solution
of hydrated cupric oxide in an excess of caustic alkali and double
tartrate of sodium and potassium, the cupric oxide is reduced and
a red or yellow deposit of cuprous oxide is thrown down. This
reactlon serves with others as a convenient test for dextrose.
Neither starch nor that commonest form of sugar known as cane-
sugar, give this reaction; whether the dextrins do i1s doubtful.
The formula for dextrose 1s CH, O,; it is more simple than that
of starch or dextrin and contains an additional HO for every C,.
Unlike starch and dextrin it can be obtained in a crystalline form,
either from aqueous solutions (it being readily soluble in water),
in which case the crystals contain water of erystallisation, or from
its solutions in alcohol (in which it is sparingly soluble), in which
case the crystals have no such water of erystallisation. Solutions
of dextrose have a marked dextrorotatory power over rays of light.

4. Maltose, very similar to dextrose, and like it capable of
reducing cupric salts. The formula is somewhat different, being
C,H_O,. Besides this, it differs from dextrose chiefly in its
smaller reducing power, ie. a given weight will not convert so
much cupric oxide into cuprous oxide as will the same weight of
dextrose, and in having a stronger rotatory action on rays of light.
Like dextrose it can be crystallised, the crystals from aqueons
solutions containing water of erystallisation.

Now when a quantity of starch is boiled with water we may
recognise in the viscid imperfect solution, on the one hand the
presence of starch, by the blue colour which the addition of iodine
gives rise to, and on the other hand the absence of sugar (maltose,
dextrose), by the fact that when boiled with Fehling’s fluid no
reduction takes place and no cuprous oxide is precipitated.

If however the boiled starch be submitted for a while to the
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action of saliva, especially at a somewhat high temperature such as
35" or 40°C,, it is found that the subsequent addition of iodine
gives no blue colour at all, or very much less colour, shewing that
the starch has disappeared or diminished; on the other hand the
mixture readily gives a precipitate of cuprous oxide when boiled
with Fehling’s fluid, shewing that maltose or dextrose 1s present.
That is to say the saliva has converted the starch into maltose
or dextrose. The presence of the previously absent sugar may also
be shewn by fermentation and by the other tests for sugar.
Moreover, if an adequately large quantity of starch be subjected
to the charge, the sngar formed may be isolated, and its characters
determined. When this is done it is found that while some
dextrose is formed the greater part of the sugar which appears is
in the form of maltose. As is well known starch may by the
action of dilute acid be converted into dextrin, and by further
action into sugar; but the sugar thus formed is always wholly
dextrose, and not maltose at all. The action of saliva in this
respect differs from the action of dilute acid.

While the conversion of the starch by the saliva is going on the
addition of iodine frequently gives rise to a red or violet colour
instead of a pure blue, but when the conversion is complete no
coloration at all 1s observed. The appearance of this red colour
indicates the presence of dextrin (erythrodextrin); the violet
colour is due to the red being mixed with the blue of still un-
changed starch,

The appearance of dextrin shews that the action of the saliva
on the starch is somewhat complex; and this is still further
proved by the fact that even when the saliva has completed its
work the whole of the starch does not reappear as maltose or
dextrose. A considerable quantity of the other dextrin (achroo-
dextrin) always appears and remains unchanged to the end;
and there are probably several other bodies also formed out of
the starch, the relative proportions varying according to circum-
stances. The change therefore, though perhaps we may speak
of it in a general way as one of hydration, cannot be exhibited
under a simple formula, and we may rest content for the present
with the statement that starch when subjected to the action of
saliva 1s converted chiefly into the sugar known as maltose with
a comparatively small quantity of dextrose and to some extent
into achroodextrin (erythrodextrin appearing temporarily only in
the process), other bodies on which we need not dwell being
formed at the same time.

Raw unboiled starch undergoes a similar change but at a much
slower rate. This is due to the fact that in the curiously formed
starch grain the true starch, or granulose, is invested with coats
of cellulose. This latter material, which requires previous treat-
ment with sulphuric acid before it will give the blue reaction
on the addition of iodine, is apparently not acted upon by saliva.
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Hence the saliva can only get at the granulose by trav ualng the
coats of cellulose, and the conversion of the former is thereby
much hindered and delayed.

§ 199. The conversion of starch into sugar, and this we may
speak of as the amylolytic action of saliva, will go on at the ordinary
temperature of the atmosphere. The lower the temperature the
slower the change, and at about 0" C. the conversion is indefinitely
prolonged. After exposure to this cold for even a considerable
time the action recommences when the temperature is again
raised. Increase of temperature up to about 35°—40° or even a
little higher, favours the change, the greatest activity being said
to be manifested at about 40°.  Much beyond this point, however,
increase of temperature becomes injurious, markedly so at 60° or
70°; and saliva which has been boiled for a few minutes not only
has no action on starch while at that temperature, but does not
regain its powers on cooling. By being boiled, the amylolytic
activity of saliva is permanently destroyed.

The aection of saliva on starch is most mpld when the reaetion
of the mixture is neutral or nearly so; it is hindered or arrested
by a distinctly acid reaction. Indeed the presence of even a very
small quantity of free acid, at all events of hydrochlorie acid, at
the tmnpomtuﬂ* of the bﬂ{h not only Huapumh the action but
speedily leads to permanent abolition of the activity of the juice.
The bearing of this will be seen later on.

The action of saliva is hampered by the presence in a concen-
trated state of the product of its own action, that is, of sugar. If
a small quantity of saliva be added to a thick mass of boiled starch,
the action will after a while slacken, and eventually come to almost
a stand-still long before all the starch has been converted. On
diluting the mixture with water, the action will recommence. If
the pmducts of action be removed as soon as they are formed, by
dialysis for example, a small quantity of saliva will, if sufficient
time be allowed, convert into sugar a very large, one might almost
say an indefinite, quantity of starch. Whether the particular
constituent on which the activity of saliva depends is at all
consumed in its action has not at present been definitely settled.

On what constituent do the amylolytic virtues of saliva depend?

It saliva, filtered and thus freed from much of 1ts muein and
from other formed constituents, be treated with ten or fifteen times
its bulk of alcohol, a precipitate is formed containing besides other
substances all the proteid matters. Upon standing under the
alcohol for some time (several days), the proteids thus precipitated
become coagulated and insoluble in water. Hence, an aqueous
extract of the precipitate, made after this interval, contains very
little proteid material; yet it is exceedingly active. Moreover
by other more elaborate methods there may be obtained from
saliva solutions which appear to be almost entirely free from
proteids and yet are intensely amylolytic. But even these probably
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contain other bodies besides the really active constituent. Whatever
the active substance be in itself, it exists in such extremely small
quantities that it has never yet been satisfactorily isolated ; and
indeed the only clear evidence we have of its existence is the
manifestation of its peculiar powers.

The salient features of this body, this amylolytic agent, which
we may call ptyalin, are then:—1st, its presence in minute and
almost inappreciable quantity. 2nd, the close dependence of its
activity on temperature. 3rd, its permanent and total destruction
by a high temperature and by various chemical reagents. 4th, the
want of any clear proof that 1t itself undergoes any change during
the manifestation of its powers; that is to say, the energy neces-
sary for the transformation which it effects does not come out of
wself ; if it is at all used up in its action, the loss is rather that
of simple wear and tear of a machime than that of a substance
expended to do work. 5th, the action which 1t induces is probably
of such a kind (splitting up of a molecule with assumption of
water) as is effected by that particular class of agents called
“hydrolytic.”

These features mark out the amylolytic active body of saliva
as belonging to the class of ferments'; and we may henceforward
speak of the amylolytic ferment of saliva. The fibrin-ferment
(§ 20) 1s so called because its action in many ways resembles that
of the ferment of which we are now speaking.

§ 200. Mixed saliva, whose properties we have just discussed,
is the result of the mingling in various proportions of saliva from
the parotid, submaxillary, and sublingual glands with the secretion
from the buccal glands. These constituent juices have their own
special characters, and these are not the same in all animals.
Moreover in the same individual the secretion differs in composition
and properties according to circumstances ; thus, as we shall see in
detail hereafter, the saliva from the submaxillary gland secreted
under the influence of the chorda tympani nerve is different from
that which is obtained from the same gland by stimulating the
sympathetic nerve.

In man pure parotid saliva may easily be obtained by introducing a
fine cannula into the opening of the Stenonian duct, and submaxillary
saliva, or rather a mixture of submaxillary and sublingual saliva, by

! Ferments may, for the present at least, be divided into two elasses, commonly
called organised and unorganised. Of the former, yeast may be taken as a well-
known example. The fermentative activity of yeast which leads to the conversion
of sugar into aleohol, is dependent on the life of the yeast-cell. Unless the yeast-
cell be living and functional, fermentation does not take place; when the yeast-
cell dies fermentation ceases; and no substance obtained from the fluid parts of
yeast, by precipitation with aleohol or otherwise, will give rise to alcoholie fermen-
tation. The salivary ferment belongs to the latter elass; it is a substance, not a
living organism like yeast. It may be added however that possibly the organised
ferment, the yeast for instance, produces its effect by means of an ordinary
unorganised ferment which it generates, but which is immediately made away with.
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gsimilar catheterization of the Whartonian duet. In animals the duct
may be dissected out and a cannula introduced.

Parotid saliva in man is clear and limpid, not viscid; the reaction
of the first drops secreted is often acid, the succeeding portions,
at all events when the flow is at all copious, are alkaline ; that is
to say the natural secretion is alkaline, but this may be obscured
by acid changes taking [ilface in the fluid which has been retained
in the duct, possibly by the formation of an excess of carbonic acid.
On standing, the clear fluid becomes turbid from a precipitate of
calcic carbonate, due to an escape of carbonic acid. It contains
globulin and some other forms of albumin, with little or no muein.
Potassium sulphocyanate may also sometimes be detected, but
structural elements are absent.

Submaxillary saliva, in man and in most animals, differs from
parotid saliva in being more alkaline and, from the presence of
mucin, more viseid ; 1t contains salivary corpuscles, that is bodies
closely resembling if not identical with leucoeytes, and, often in
abundance, amorphous masses. The so-called chorda saliva in
the dog, that i1s to say saliva obtained by stimulating the chorda
tympani nerve, (of which we shall presently speak), i1s under
ordinary circumstances thinner and less viseid, contains less
mucin, and fewer structural elements, than the so-called sympa-
thetic saliva, which is remarkable for its viscidity, its structural
elements, and for its larger total of solids.

Sublingual saliva i1s more viscid, and contains more salts {in
the dog about 1 p.c.), than the submaxillary saliva.

The action of saliva varies in intensity in different animals.
Thus in man, the pig, the guinea-pig, and the rat, both parotid
and submaxillary and mixed saliva are amylolytic; the sub-
maxillary saliva being in most cases more active than the parotid.
In the rabbit, while the submaxillary saliva has scarcely any
action, that of the parotid is energetic. The saliva of the cat 1s
much less active than the above; that of the dog is still less
active, indeed 1s almost ert. In the horse, sheep, and ox, the
amylolytic powers of either mixed saliva, or of any one of the con-
stituent juices, are extremely feeble.

Where the saliva of any gland is active, an aqueous infusion of
the same gland is also active. The 1mportance and bearing of this
statement will be seen later on. From the aqueous infusion of
the gland, as from saliva itself, the ferment may be approximately
isolated. In some cases at least some ferment may be extracted
from the gland even when the secretion is itself inactive. In fact
a ready method of preparing a highly amylolytic liquid tolerably
free from proteid and other impurities, is to mince finely a gland
known to have an active secretion, such for instance as that of a
rat, to dehydrate it by allowing it to stand under absolute aleohol
for some days, and then, having poured off most of the aleohol,
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and removed the remainder by evaporation at a low temperature
to cover the pieces of gland with strong glycerine. Though some
of the ferment appears to be destroyed by the alcohol a mere drop
of such a glycerine extract rapidly converts starch into sugar.

Gastric Juice.

§ 201. There is no difficulty in obtaining what may fairly be
considered as a normal saliva: but there are many obstacles in the
way of determining the normal characters of the secretion of the
stomach. When no food is taken the stomach is at rest and no
secretion takes place.  When food is taken, the characters of the
gastric juice secreted are obscured by the food with which it is
mingled. The gastric membrane may it is true be artificially
stimulated, by touch for instance, and a secretion obtained. This
we may speak of as gastric juice, but it may be doubted whether
it ought to be considered as normal gastric juice. And indeed as
we shall see even the juice, which is poured into the stomach
during a meal, varies in composition as digestion is going on.
Hence the characters which we shall give of gastric juice must be
considered as havin;f a general value only.

Gastric juice, obtained in as normal a condition as possible
from the healthy stomach of a fasting dog, by means of a gastric
fistula, 18 a thin almost colourless fluid with a sour taste and
odour,

In the operation for gastric fistula, an incision is made through the
abdominal walls, along the lirea alba, the stomach is opened, and the
lips of the gastric wound securely sewn to those of the incision in the
abdominal walls. Union soon takes place, so that a permanent opening
from the exterior into the inside of the stomach is established. A tube
of proper construction, introduced at the time of the operation, becomes
firmly secured in place by the contraction of healing. Through the
tube the contents of the stomach can be received, and the mucous
membrane stimulated at pleasure,

When obtained from a natnral fistula in man, its specific
§ra.vity has been found to differ little from that of water, varying
rom 1:001 to 1010, and the amount of solids present to be
correspondingly small. In animals, pure gastric juice seems to be
equally poor in solids, the higher estimates which some observers
have obfained being probably due to admixture with food, &e.

Of the solid matters present about half are inorganie salts, chiefl
alkaline (sodium) chlorides, with small quantities of phosphates.
The organic material consists of pepsin, a body to be deseribed
inmediately, mixed with other substances of undetermined nature,
In a healthy stomach gastric juice contains a very small quantity
only of muecin, unless some submaxillary saliva has been swallowed.
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The reaction 1s distinetly acid, and the acidity is normally due
to free hydrochlorie acid. This is shewn by various proofs, among
which we may mention the conclusive fact that the amount of
chlorine present in gastric juice is more than would suffice to
form chlorides with all the bases present, and that the excess if
regarded as existing in the form of hydrochlorie acid corresponds
exactly to the quantity of free acid present. Lactic and butyrie
and other acids when present are secondary pmrlmta arising
either by their respective fermentations from articles of food,
or from the decomposition of their alkaline or other salts. In
man the amount of free hydrochloric acid in healthy juice may
be stated to be about ‘2 per cent., but in some animals it is
probably higher.

§ 202. On starch gastric juice has no amylolytic action; on
the contrary when saliva is mixed with gastric juice any amylo-
lytic ferment which may be present in the former is at once
preventf:.d from m*tlug by the acidity of the mixture. Moreover
in a very short time, especially at the temperature of the body,
the amylolytic ferment i1s destroyed by the acid so that even on
neutralisation the mixture is unable to convert starch into sugar.

On dextrose healthy gastric juice has no effect. And its power
of inverting cane-sugar seems to be less than that of hydrochlorie
acid diluted to the same degree of acidity as itself. In an un-
health} stomach however cuntmmng much mucus, the gastric
juice 1s very active in converting cane- sugar into d(_,]{'l,lthE‘ This
power seems to be due to the presence in the mucus of a speeial
ferment, analogous to, but quite distinet from, the ptyalin of
saliva. An excessive quantity of cane-sugar introduced into the
stomach causes a secretion of muecus, and hence provides for its
OWI CONVErsion.

On fats gastric juice has at most a limited action. When
adipose tissue is eaten, the chief change which takes place in the
stomach 1s that the proteid and gelatiniferous envelopes of the
fat-cells are dissolved, and the fats set free. Though there is
experimental evidence that emulsion of fats to a certain extent
does take place in the stomach, the great mass of the fat of a meal
1s not so changed.

Such minerals as are soluble in free hydrochlorie acid are for
the most part dissolved; though there is a difference in this and in
some other respects between gastric juice and simple free hydro-
chloric acid diluted with water to the same degree of amdlt‘r as
the juice, the presence either of the pepsin or of other bodies.
apparently modifying the solvent action of the acid.

The essential property of gastric juice is the power of dissolving
proteid matters, and of converting them into a substance called
peptone,

Action of gastric juice on proteids. The results are essentially
the same whether natural juice obtained by means of a fistula or
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artificial juice, i.e. an acid infusion of the mucous membrane of
the stomach, be used.

Artificial gastric juice may be prepared in any of the following
Ways,
}rl. The mucous membrane of a pig’s or dog’s stomach is removed
from the muscular coat, finely minced, rubbed in a mortar with
pounded glass and extracted with water. The aqueous extract filtered
and acidulated (it is in itself somewhat acid), until it has a free acidity
corresponding to 2 p.c. of hydrochloric acid, contains but little of the
products of digestion such as peptone, but is fairly potent.

2. The mucous membrane similarly prepared and minced is allowed
to digest at 35" C. in a large quantity of hydrochloric acid diluted to
2p.c. The greater part of the membrane disappears, shreds only being
left, and the somewhat opalescent liquid can be decanted and filtered.
The filtrate has powerful digestive (peptic) properties, but contains a
considerable amount of the products of digestion (peptone, d&e.), arising
from the digestion of the mucous membrane itself’,

3. The mucous membrane, similarly prepared and minced, is
thrown into a comparatively large quantity of concentrated glycerine,
and allowed to stand. The membrane may be previously dehydrated
by being allowed to stand under alcohol, but this is not necessary, and a
too prolonged action of the alcohol injures or even destroys the activity
of the product. The decanted clear glycerine, in which a comparatively
small quantity of the ordinary proteids of the mucous membrane are
dissolved, if added to hydrochloric acid of -2 p.c. (about 1 c.c. of the
glycerine to 100 c.c. of the dilute acid are suflicient), makes an artificial
juice tolerably free from ordinary proteids and peptone, and of remark-
able potency, the presence of the glycerine not interfering with the
results.

Before proceeding to study the action of gastrie juice on pro-
teids it will be useful to review very briefly the chief characters of
the more important members of the group.

The more important proteids which we have thus far studied
are: 1. Fibrin, insoluble in water and not really soluble (ze.
without change) in saline solutions. 2. Myosin, insoluble in
water but soluble in saline solutions, provided these are not too
dilute or too concentrated. 3. Globulin (including para-globulin,
fibrinogen &c.), insoluble 1n water, but readily soluble in even very
dilute saline solutions. 4. Albumin, serum-albumin, soluble in
water in the absence of all salts, 5. Aeid-albumin, into which
globulins and myosin are rapidly converted by the action of dilute
acids, the particular acid-albumin into which the myosin of muscle
1s changed being sometimes called synfonin. If the reagent used
be not dilute acid but dilute alkali, the product is called alkali-
albumin, The two bodies, acid-albumin and alkali-albumin, are
very parallel in their characters, and may readily be converted

d'all These however may be removed by concentration at 40° C, and subsequent
ialysis. .
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the one into the other by the use of dilute alkali or dilute aecid
respectively. Their most important common characters are in-
solubility 1 water and in saline solutions and ready solubility in
dilute acids and alkalis. 6. Coagulated proteids. As we have
seen, when fibrin suspended in water, seram-albumin in solution,
acid-albumin or alkali-albumin suspondcd in water, or p“lr&giﬂ-
bulin suspended in water or dissolved in a dilute saline solution,
are heated to a temperature, which for the whole group may
be put down at about T75°—80" C., each of them becomes
coagulated, and after the ch'mgf, is insoluble in water, saline
solutions, dilute acids &e., in fact in everything but very strong
acids. Myosin and hhmmfren undergo a similar change at a
lower temperature, viz. about 56°C. We may, for present purposes,
speak of all these proteids thus changed under the one term of
coagulated proteids.

To the above list we may now add two other proteids, viz.:
7. A kind of albumin which forms the great bulk of the proteid
matter present in raw ‘ white of egg’, and which, since it differs in
minor characters from the albumin of blood and of the tissues, is
called egg-albumin. 8. The peculiar proteid casein, an important
constituent of milk. This may per haps be regar ded as a naturally
oceurring alkali-albumin since it has many resemblances to the
artificial alkali-albumin; but for several reasons it is desirable
to consider 1t as an independ{:nt body.

Egg-albumin like serum-albumin becomes coagulated at a
temperature of about 75°—80° C,, and though casein as it naturally
exists m milk 18 not cmgufdtu_l on bmlmg, when Si_pd.latf‘tl
out in a special way, and suspended in water in which it 1s in-
soluble, it becomes coagulated at about 75°—80° C.

It will be observed that all these proteids form, as regards
their solubilities, a f.lmcmdmg serles, 1 the if}]]mnntr order.
Coagulated Proteids. Fibrin. Amd-albumiu with Alkali- albmmu
and Unsein. Myosin, Globulins. Serum-albumin with Egg-albumin.

We must now return to the action of gastric juice.

If a few shreds of fibrin, obtained by whipping blood, after
being thoroughly washed and boiled and thus by the boiling
coagulated, be thrown into a quantity of gastric juice, and the
mixture be exposed to a temperature of from 35° to 40° C.,, the
fibrin will speedily, in some cases in a few minutes, be dissolved.
The shreds first swell up and become transparent, then gradually
dissolve, and finally disappear with the exception of some granular
debris, the amount of which, though generally small, varies accord-
ing to circumstances. If raw, that is unboiled, uncoagulated fibrin
be employed the same changes may be observed, but they take
place much more rapidly.

If small morsels of coagulated albumin, such as white of egg,
be treated in the same way, the same solution is observed. The
pieces become transparent at their surfaces; this is especially seen
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at the edges, which gradually become rounded down ; and solution
steadily progresses from the outside of the piece inwards.

If any other form of coagulated albumin (eg. precipitated
acid- or alkali-albumin, suspended in water and boiled) be treated
in the same way, a similar solution takes place. The readiness
with which the solution is effected, will depend, ceeteris paribus,
on the smallness of the pieces, or rather on the amount of surface
as compared with bulk, which is presented to the action of the juice.

Gastric juice then readily dissolves coagulated proteids, which
otherwise are insoluble, or soluble only, and that with dificulty, in
very strong acids.

When proteids, which are soluble in water or in dilute acid,
are treated with gastric juice, no visible change takes place;
but mnevertheless, it i1s found on examination that the solutions
have undergone a remarkable change, the nature of which is
casily seen by contrasting it with the change effected by dilute
acid alone. If raw white of egg, largely diluted with water
and strained, be treated with a sufficient quantity of dilute
hydrochloric acid, the opalescence or turbidify which appeared
in the white of egg on dilution (and which is due to the
precipitation of various forms of globulin accompanying the
egg-albumin in the raw white) disappears, and a clear mixture
results. If a portion of the mixture be at once boiled, a large
deposit of coagulated albumin occurs. If, however, the mixture
be exposed to 50" or 55° C. for some time, the amount of coagulation
which is produced by boiling a specimen becomes less, and, finally,
boiling produces no coagulation whatever. By neutralisation,
however, the whole of the albumin (with such restrictions as the
presence of certain neutral salts may cause) may be obtained in
the form of acid-albumin, the filtrate after neutralisation containing
no proteids at all (or a very small quantity). Thus the whole of
the albumin present in the white of egg may be, in time, converted,
by the simple action of dilute hydrochloric acid, into acid-albumin.,
Serum-albumin similarly treated undergoes, in course of time a
similar conversion into acid-albumin, and we have already seen
(§ 59) that solutions of myosin or of any of the globulins are with
remarkable rapidity converted into acid-albumin. Thus simple
dilute hydrochloric of the same degree of acidity as gastric juice,
merely converts these proteids into acid-albumin, the rapidity of
the change differing with the different proteids, being in some
cases very slow, and requiring a relatively high temperature.

If the same white of egg or serum-albumin be treated with
gastric juice instead of simple dilute hydrochloric acid, the events
for some time seem the same. Thus after a while boiling causes
no coagulation, while neutralisation gives a considerable precipitate
of a proteid body, which, being insoluble in water and in sodium
chloride solutions, and soluble in dilute alkali and acids, at least
closely resembles acid-albumin. But it is found that only a
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portion of the proteid originally present in the white of egg or
serum-albumin can thus be regained by precipitation. Though
the neutralisation be carried out with the greatest care it will be
found, on filtering off the neutralisation precipitate, that is the
acid-albumin, that the filtrate, as shewn on employing the various
tests for pmteld (see § 15) or on adding an adequate quantity of
strong alcohol, still contains a very considerable quantity of prote id
matter ; and, on the whole, the longer the digestion is carried on,
the grea,ter 1s the proportion borne by the 111‘uteid remaining in
solution to the precipitate thrown down on neutralisation; indeed,
in some cases at all events, all the proteid matter originally
present remains in solution, and there is mno neutralisation
precipitation at all, or at most a wholly insignificant one.

§ 203. The proteid matter, thus remaining in solution after
neutralisation, differs from all the proteids which we have hitherto
studied in as much as, though existing in a neutral solution, it is not
coagulated by heat, like the egg-albumin or serum-albumin from
which it has been produced ; the solution, after the neutralisation
precipitate has been filtered off, remains quite clear when boiled.,
The only other solutions of pruteitls which do not coagulate on
boiling are solutions of aeid or alkali-albumin ; but these solutions
must be acid or alkali respectively; the acid-albumin or alkali-
albumin is insoluble in a neutral solution, and when ‘:iirllll}’
suspended n water 1s readily coagulated at a temperature of 75°
This new proteid matter of which we are speaking is soluble in
neutral solutions, indeed in distilled water, and can under no
circumstances be cuagulatml by heat.

Upon examination we find that the new proteid matter thus
left in solution consists of at least two distinet proteid bodies. If
to the solution ammonium sulphate be added, part of the proteid
matter is precipitated while part is still left in solution. The
proteid body thus thrown down is called albwmose (there are
several varieties of albumose but these need not now detain us). It
approaches albumin in nature by reason of the fact that it will not
diffuse through membranes; that it differs however widely from
that proteid is shewn by its solutions not coagulating on boiling.
The body which 1s not thrown down by ammonium sulphate 1s
called pepfone; it differs from albumose in being diffusible, for it
will pass through membranes. The diffusion is not nearly so rapid
as that of salts, sugar, and other similar substances; indeed solu-
tions of peptones may be freed from salts by dialysis, But it is
very marked as compared with that of other proteids; these
through membranes with the greatest difficulty, if at all. Peptone
1s insoluble in aleohol, and may be precipitated from its solutions
by the addition of an adequate quantity of this reagent; but for
this purpose a very large excess of alcohol is needed, otherwise
much of the peptone remains in solution. It may be kept under
alcohol for a long time without undergoing change, whereas other

F. 24
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proteids are more or less slowly coagulated by alcohol. A useful
test for peptone is furnished by the fact that a solution of peptone,
mixed with a strong solution of caustic potash, gives on addition
of a mere trace of cupric sulphate in the cold a pink colour,
whereas other proteids give a violet colour. In applying this test
however care must be taken not to add too much cupric sulphate
sinee in that case a violet colour, deepening on boiling, that is the
ordinary proteid reaction (see § 15), is obtained.

There are reasons for thinking that there are several kinds
or at least more than one kind of peptone; but we may for the
present regard the substance as one. For a long time albumose
was confounded with peptone, and many of the commercial forms
of “peptone” consist largely of albumose ; indeed the two are
closely allied and have many reactions in common, the most
striking differences being that peptone is diffusible, while albu-
mose is not, or hardly at all, and that peptone is not like albumose
precipitated by ammoninm sulphate. The amount of albumose
appearing in a digestion experiment, relative to the amount of
true peptone, depends on the activity of the juice, and other
circumstances.  We may regard albumose as a less complete pro-
duct of digestion than peptone.

The precipitate thrown down by neutralisation after the action
of gastric juice on egg- or serum-albumin resembles, in its general
characters, acid-albumin. Since, however, 1t probably is distin-
guishable from the body or bodies produced by the action of
simple acid on muscle or white of egg, 1t 1s best to reserve for it
the name of parapeptone, which was originally applied to it.

Thus the digestion by gastric juice of solutions of egg-albumin
or serum-albumin results in the conversion of all the proteids
present into peptone, albumose and parapeptone, of which the first
may be considered as the final and chief product, and the other
two as intermediate produets, occurring in varying quantity, pos-
sibly not always formed, and probably of secondary importance.
‘When fibrin, either raw or boiled, or any form of coagulated
proteid is dissolved and seems to disappear under the influence
of gastric juice, the same products, peptone, albumose and para-
peptone make their appearance. The same bodies result when
myosin or any of the globulins are subjected to the action of the
Juice ; and acid-albumin or alkali-albumin is similarly converted
into albumose and peptone.

It is obvious that the effect of the action of the gastric juice
is to change the less soluble proteid into a more soluble form, the
change being either completed up to the stage of peptone, the
most soluble of all proteids, or being left in part incomplete.
This will be seen from the following tabular arrangement of
proteids according to their solubilities.
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Soluble in distilled water.

Aqueous solutions not coagulated on boiling.

Diffusible . ; : ; : . Peptone.
Not diffusible : : = 3 . Albumose.
Aqueous solutions coagulated on boiling . Albumin,

Insoluble n distilled water.
Readily soluble in dilute saline solutions

(NaCl 1 per cent.) : : : . Globulins.
Soluble only in stronger saline solutions
(NaCl 5 to 10 p.c.) . : : . Myosin,

ITnsoluble in dilute saline solutions.

Readily soluble in dilute acid (Hf‘] 1 pee) Ii?ﬁgiltlalj%ﬁllﬁ;u

in the cold . : : St
Casein.
Soluble with difficulty in dilute acid, Lhat is
at high temperature (60°C.) and after
prolonged treatment only . : . Fibrin.
Insoluble in dilute aecids, soluble only in
strong acids . ; , : : . Coagulated Proteid.

Milk when treated with gastric juice is first of all “curdled.”
This 1s the result partly of the action of the free acid but chiefly
of the special action of a particular constituent of gastric juice, of
which we shall speak hereafter. The curd consists of a particular
proteid matter mixed with fat; and this proteid matter 1s sub-
sequently dissolved with the same appearance of peptone, albu-
mose and parapeptone as in the case of other proteids. In fact,
the digestion by gastric juice of all the varieties of proteids
consists in the conversion of the proteid into peptone, with the
concomitant appearance of a certain variable amount of albumose
and parapeptone,

§ 204.  Clircumstances affecting gastric digestion. The solvent
action of gastric juice on proteids i1s modified by a variety of cir-
cumstances. The nature of the proteid itself makes a difference,
though this is determined probably by physical rather than by
chemical characters. Hence in making a series of comparative
trials the same proteid should be used, and the form of proteid
most convenient for the purpose is fibrin, If it be desired simply
to ascertain whether any given specimen has any digestive powers
at all, it is best to use boiled fibrin, since raw fibrin is eventually
dl":‘»Sﬂl‘ir ed by dilute hydrochlorie acid alone, probably on account of
some pepsin previously present in the blood becoming entangled
with the fibrin during clotting., But in estimating quantita-

24—32
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tively the peptic power of two specimens of gastric juice under
different conditions, raw fibrin prepared by Griitzner’s method is
the most convenient.

Portions of well washed fibrin are stained with carmine and again
washed to remove the superfluous colouring matter. A fragment of
this coloured fibrin thrown into an active juice on becoming dissolved,
gives up its colour to the fluid. Hence if the same stock of coloured
fibrin be used in a series of experiments, and the same bulks of fibrin
and of fluid be used in each case, the amount of fibrin dissolved may
be fairly estimated by the depth of tint given to the fluid. Fibrin thus
coloured with carmine may be preserved in ether.

Since, if sufficient time be allowed, even a small quantity of
gastric juice will dissolve at least a very large if not an indefinite
quartity of fibrin, we are led to take, as a measure of the activity
of a specimen of gastric juice, not the quantity of fibrin which it
will ultimately dissolve, but the rapidity with which it dissolves a
given quantity.

The greater the surface presented to the action of the juice, the
more rapid the solution ; hence minute division and constant move-
ment favour digestion. And this is probably, in part at least, the
reason why a fragment of spongy filamentous fibrin is more readily
dissolved than a solid elump of boiled white of egg of the same size.
Neutralisation of the juice wholly arrests digestion ; fibrin may be
submitted for an almost indefinite time to the action of neutralised
gastric juice without being digested. If the neufralised juice be
properly acidified, it may again become active; when gastric juice
however has been made alkaline, and kept for some time at a
temperature of 33°, its solvent powers are not only suspended but
actually destroyed. Digestion is most rapid with dilute hydrochlorie
acid of ‘2 p.c. (the acidity of natural gastric juice). If the juice
contains much more or much less free acid than this, its activity 1s
distinetly impaired. Other acids, lactic, phosphorie, &e. may be
substituted for hydrochlorie ; but they are not so effectnal, and the
degree of acidity most useful varies with the different acids. The
presence of neutral salts, such as sodium chloride, in excess is
injurious. The action of mammalian gastrie juice is most rapid at
35"—40°" C.; at the ordinary temperature it is much slower, and at
about 0" C. ceases altogether. The juice may be kept however at
0°C. for an indefinite period without injury to its powers. The
gastriec juice of cold-blooded vertebrates is relatively more active
at low temperatures than that of warm-blooded mammals or birds,

At temperatures much above 40" or 45° the action of the juice
is impaired. By boiling for a few minutes the activity of the most
powerful juice is irrevocably destroyed. The presence in a concen-
trated form of the products of digestion hinders the process of solu-
tion. If a large quantity of fibrin be placed in a small quantity of
Jjuice, digestion is soon arrested; on dilution with the normal hy-
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drochloric acid (-2 p.c.), or if the mixture be submitted to dialysis
to remove the peptones formed, and its acidity be kept up to the
normal, the action recommences. By removing the products of
digestion as fast as they are furmul and by keeping the acidity up
to the normal, a given amount of gastric juice may be made to
drgost a very ]au*gv quantity of proteid material. "Whether the
quantity is really unlimited is disputed; but in any case the
energies of the juice are not rapidly exhausted by the act of
digestion.

§ 205. Nature of the action. All these facts go to shew that
the digestive action of gastric juice on proteids, like that of saliva on
starch, 1s a ferment-action ; in other words, that the solvent action
of gastrie juice is essentially due to the presence in it of a ferment-
lmgy. To this ferment-body, which as yet has been only ap-
proximately isolated, the name of pepsin has been given. It is
present not only in gastric juice but also in the glands of the
gastric mucous membrane, especially in certain parts and under
certain conditions which we shall study presently. The glycerine
extract of gastric mucous membrane, at any rate of that which has
been deh}, drated, contains a minimal quantity of proteid matter,
and yet is intensely peptic. Other methods, such as the elaborate
one of Briicke, give us a material which, thuurrh containing nitrogen,
exhibits none of the ordinary proteid Ewtmm and yet in concert
with normal dilute hydrochloriec acid 1s peptic in a very high
degree. We seem therefore justified in asserting that pepsin is not
a proteid, but it would be hazardous to make any dogmatic state-
ment concerning a substance, obtained in so small a quantity
at a time that 1ts exact chemical characters have not yet been
ascertained. At present the manifestation of peptic powers is our
only safe test of the presence of pepsin.

‘In one nnpnrtaut respect pepsin, the ferment of Jt_\;'af-.trm juice,
differs from ptyalin, the ferment of saliva. Saliva is active in a per-
fectly neutral medinm, and there seems to be no special connection
between the ferment and any alkali or acid. In gastric juice,
however, there 1s a strong tie between the acid and the ferment,
so strong that some writers speak of pepsin and hydrochlorie
acid as forming together a compound, pepto-hydrochlorie acid.

In the absence of exact ]-.nnw]L(Igc of the econstitution of
proteids, we cannot state distinctly what is the precise nature of
the challlgl., into peptone; the various proteids differ from each
other In elementary composition quite as widely as does peptone
from any of them. Judging from the analogy with the action of
saliva on starch, we may fairly suppose that the process 1s at
bottom one of hydration; and this view is further suggested by
the fact that peptone closely resembling, if not identical with, that
obtained by gastric digestion, may be obtained by the action of
strong acids, by the prolonged action of dilute acids especially at
a high temperature, or simply by digestion with super-heated
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water in a Papin’s digester, that is to say by means of agents
which, in other cases produce their effects by bringing about
hydrolytic changes; beyond this we cannot at present go. We
may add however, as supporting the same view, the statement
of some observers that peptone when treated w ith dehydrating
agents or when simply heated to 140°—170"C. is in part recon-
verted into a body or bodies resembling acid-albumin or globulin.

§ 206. All proteids, so far as we know, are converted h;;. pepsin
into peptone. Luumrmng the action of gastric juice on other
nitrogenous substances more or less allied to proteids but not
truly proteid in nature our knowledge is at present imperfect.
Mucin, nuelein, and the chemical basis of horny tissues are wholly
unaffected by gastric juice. The gelatiniferous tissues are dissolved
by it; and the bundles and membranes of connective tissue are
very apLuh!} so far affected by 1f, that at a very early stage of
dlgutlun the bundles and elementary fibres of musecle which are
bound together by connective tissue fall asunder ; moreover both
prepared gelatine ‘and the gelatiniferous basis of connective tissue
in 1ts natural condition, that is without being previously heated
with water, are by it changed into a substance so far analogous
with peptone, that the characteristic property of gelatinisation is
entirely lost. Chondrin and the elastic tissues undergo a similar
change. It is not clear however how far this change is due simply
to the acid of gastric juice independently of the pepsin.

§ 207. Action of gastric juice on mall. It has long been knewn
that an infusion of calves’ stomach, called rennet, has a remarkable
effect in rapidly curdling milk, &ml this property 15 made use of 1n
the manufacture of cheese. Gastric juice has a similar effect;
milk when subjected to the action of gastric juice is first curdled
and then digested. If a few drops of gastric juice be added to a
little milk in a test tube, and the mixture exposed to a tempera-
ture of 40° the milk will curdle into a complete clot in a very
short time. If the action be continued the curd or clot will be
ultimately dissolved and digested. Milk contains, besides a peculiar
form, or peculiar forms of albumin, fats, milk-sugar and various
salines, the peculiar proteid casein. In natural milk casein is
present in solution, and ‘ curdling " consists essentially in the soluble
casein being converted (or more probably as we shall see presently,
split up) into an insoluble modification of casein, which as it 1s
being pchlpltatLd carries down with it a great deal of the fat and
so forms the ‘curd’, Now casein is readily precipitated from milk

upon the addition of a small quantity of acid, and it might be
supposed that the curdling effect of gastric juice was due to its
acid reaction. But this is not the case, for neutralized gastric
juice, or neutral rennet, is equally efficacious.

The curdling action of rennet is closely dependent on tempera-
ture, being like the peptic action of gastric juice favoured by a
rise of temperature up to about 40°. Moreover the curdling action
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is destroyed by previous boiling of the juice or rennet. These
facts suggest that a ferment is at the bottom of the matter; and
indeed, all the features of the action support this view. Moreover,
as a matter of fact, a curdling ferment may be extracted In
glycerine and by the other methods used for preparing ferments.
The ferment however is not pepsin but some other body ; and the
two may be separated from each other. If magnesium carbonate
in powder be cautiously added to gastric juice or to an infusion of
calves’ stomach a copilous precipitate is formed. If the addition
of magnmqnm carbonate be Hl:uppﬂli as soon as any further pre-
cipitation ceases to be caused by it, and the mixture be allowed
to stand, the clear fluid left above the precipitate will be found
to cnrdle milk readily, but even when acidified to have no peptie
action on proteids, shewing that the precipitate caused by the
addition of the magnesium carbonate has carried down all the
pepsin but left behind at least a good deal of the ‘eurdling’ or
rennet-ferment.

It might be thought that the rennet-ferment, rennin we may
call it, acted by inducing a fermentation in the sugar of milk,
gwmg rise to lactic acid which pre mplr.ltwl the casein by virtue
of its being an acid. But this view is dza]nm ed by the fnl]nwmcr
tacts which shew that the ferment produces its eurdling effect b_j-;
acting directly on the natural casein itself. Casein may be pre-
cipitated unchanged, that is capable of redissolving in water (the
presence of caleic phosphate being assumed) by saturating milk
with neutral saline bodies (such as sodium chloride or magnesinm
sulphate) ; and by being precipitated and redissolved more than
once may be obtained largely free from fat and wholly free from
milk-sugar. Such solutions of isolated easein freed from milk-
sugar may be made to curdle like natural milk by the addition
of rennin, shewing that the milk- sugar has nnthmg to do with
the matter Moreover the precipitate thrown down from milk
by dilute acids, lactic acid meluded, is itself unaltered or very
slightly altered casein not curd, and with care may be so pre-
pared as to be redissolved into solutions which curdle with rennin,
like solutions of casein prepared by meaus of neutral salts.

When i1solated casein 1s curdled by means of rennin two
proteids, it is stated, make their appearance, one which is soluble
and allied to albumin, and another, which is insoluble and
forms the curd. Curdling therefore according to this result
appears to be the splitting up by a ferment of a more complex
body ; and it is interesting to observe, as perhaps throwing light
on the somewhat analogous formation of fibrin, that this curdling
action will not take place if calcic phosphate be wholly absent
from the mixture. The ecaleic phosphate appears to play a peculiar
part in determining the insolubility of the curd, for there is
evidence that in the absence of caleic phosphate the ferment has
power to attack the casein and split 1t up, but that both products
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remain in solution; if caleic phosphate be present, the one, viz.
the enrd!, becomes insoluble,

Rennin is abundant in the gastric juice and in the gastric
mucous membrane of ruminants, but is also found in the gastric
juice of other animals, and cither it, or what we shall presently
‘have oceasion to speak of as the antecedent of the ferment or
zymogen 1s present also in the mucous membrane of the stomach
of most animals. A very similar if not identical ferment has also

been found in many plants.

I It might be useful, in order to distingzuish the eurd from the natural soluble
casein, to eall the former tyrein (rvpds, cheese), and so reserve the name of casein
for the latter.



SEC. 22 THE STRUCTURE OF THE SALIVARY GLANDS,
THE GASTRIC MUCOUS MEMBRANE, THE PANCREAS,
AND THE (ESOPHAGUS.

§ 208. Before we study the nature of the processes by which
the stomach and the salivary glands are able to secrete the gastrie
Juice and saliva, whose remarkable properties we have just described,
it will be desirable to say a few words on the structure of both the
above organs.

Throughout the greater part of its length, from the cardiac
end of the u,aophaguf-. to near the anus, the alimentary canal is
constructed on a certain general plan. This part of the alimentary
canal is formed out of the mid-gut of the embryo, and the L]J-lt}‘l_t'lllllll
which lines 1t 15 of hvpuhlﬂstm origin. The mouth and the anus
have a different origin; they are formed by involutions of the
external skin, the epithelium ‘of which is of epiblastic origin ; and
the plan of structure of the mouth and terminal portion of the
rectum 1s in some respects differént from that of the rest of the
alimentary canal. The transition from the epiblastic to the hypo-
blastic canal occurs in the rectum at the anus, but at the other
end 1s at some distance from the mouth close to the junetion of the
cesophagus with the stomach.

The plan of structure of the hypoblastic portion of the canal 1s
somewhat as follows.

A single layer of cylindrical, colummnar, cubical or spheroidal

“protoplasmic” eells, that is to say cells which are not transformed
into fHattened 'aca,im forms the immediate lining of the cavity.
The cells rest on a connective tissue basis, which is fine, delicate
and often of a peculiar nature unnmllafel} under the epithelium,
but becomes more open, loose and coarse at some little distance
from the cells. This connective tissne basis is richly provided
with blood vessels and lymphatics, and also contains a certain
number of nerves. The blood vessels reach up to, and fine
capillary networks are especially abundant immediately beneath,
the bases of the cells, but none pass between the cells themselves ;
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the whole of the epithelium is extra-vascular. The connective
tissue where it touches the cells forms a more or less continuous
sheet; this is often spoken of as the basement membrane and
may he ngar{'ILd as the demarcation between the extra-vascular
epithelium and the wvascular connective tissue basis. The two
together, the epithelium and the connective tissue basis, form what
1s known as the mucous membrane.

At the bases of the eylindrical cells, wedged in between them
and the basement membrane, may be seen, in certain situations
distinetly, in other situations less distinctly, small cells, that is to
say cells the body of which is small relatively to the nucleus.
These are %lli‘}l‘:r}‘*c{l to be young cells, held in reserve to replace
any of the larger cylindrical cells which may from time to time
dluql}’ll}i‘ﬂ-l“ if so the epithelium does not strictly consist always
of a single layer, though practically it may be so I'Dgfmlod

Outside the mucous membrane or mucous coat is placed the
thick muscular coat. This consists of two layvers of plain muscular
fibres, an inner thicker layer, in which the “fibres and bundles of
fibres are disposed E]‘.lt"llldll_"f round the lumen of the alimentary
canal, and an outer thinner one in which the fibres are chqpmul
longitudinally. The bundles and sheets of fibres (see § 89) are
bound together by connective tissue carrying blood vessels, lymn-
phﬁ,tlr*c: and nerves, and a thin sheet of conneetive tissue more or
less distinetly separates the thicker inner circular muscular coat
from the thinner outer longitudinal muscular coat.

The lower or outer part of the mucous membrane where it
becomes attached to the muscular coat is formed of very loose
connective tissue, the interspaces of the bundles being large and
open. This 1s El]{}kﬂt’l of as the submucous tissue or submucous
coat. It is so loose that the mucous coat can easily move over the
muscular coat, and along it the one can easily be torn away from
the other, more easily in some parts of the canal than in others.
It carries the larger arteries and veins, whose smaller branches
and capillaries pass into and from the mucous membrane. Lying
in the mucous membrane at some little distance from the rpithelium
1s found a thin layer of plain muscular fibres, called the tunica
muscularis mucosee. It 18 more n::memumza in some situations
than in others, and when complete consists of an inner single layer
of fibres disposed circularly and an outer single layer o of fibres
disposed longitudinally. The connective tissue on the inside of
the muscularis mucosa, between it and the epithelium, is generally
of a somewhat different character from that outside the musecularis
mucos®, and many places is of the kind ecalled adenoid or reticular
tissue ; of this we shall hereafter have to speak.

Lastly, from the stomach to the rectum the muscular coat of
the alimentary canal is covered by the visceral layer of the peri-
toneum. This consists of a single Ia}rer of polygonal flattened
nucleated epithelioid cells (belonging in reality as we shall see to
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the lymphatic system) resting on a thin connective tissue basis
which separates them from the longitudinal museular coat.

The general plan of structure of the alimentary canal then, in
its hypoblastic portion, is a compact muscular coat separated 'ln a
loose more or less moveable submucous coat from a faly compact
muconus coat. The mnucous coat consists of a vaseular connective
tissue basis, in which is embedded a thin special muscular sheet,
and of a single layer of special hypoblastic epithelial cells, The
muscular coat consists of a thick inner circular and a thin outer
longitudinal layer of plain muscular fibres; and the whole is covered
with an epithelioid peritoneal layer.

§ 209. Glands. The surface of the mucous membrane however
is not even and unbroken. It dips down at intervals, that is to say
it 1s involuted to form pockets or depressions sunk into the under-
lying connective tissue and differing in size and form in different
parts of the alimentary canal. "im'h an involution is called a gland.
The most simple kind of gland 1s a cylindrical depression with a
blind end, somewhat of the form of a test-tube, lined with a single
layer of epithelium cells, continuous at the mouth of the gland
with the rest of the epithelium of the mucous membrane. The
wall of the gland outside the epithelinm is supplied by the
connective tissue of the mucous membrane, which generally forms
a distinet basement membrane, and is generally also richly supplied
with capillary blood vessels. Hl. nee when two such gldnd lie side
by side, a certain quantity of connective tissue carrying blood
vessels runs up between them to reach the epithelial cells which
cover the surface of the mucous membrane between their mouths.
Such a simple tubular gland may have the same diameter through-
out, or may vary in diameter at different distances from the mouth,
anfl the epithelinm lining it may be of the same character tlmmg}mut
and similar to that on the surfaces between the mouths of the
glands; very frequently however at the lower part of the gland the
epithelium is modified and takes on certain wlwcu characters
which we shall speak of presently as those of a ‘secreting’
epithelium. When this occurs the upper part t of t]lf_' gland, where
the epithelium is not so modified, is often spoken of as ‘ the duct’
of the gland.

Very frequently the gland is not simple but branched, and the
branching may be slight or excessive. Such branched glands,
especially those in which the branching is eonsiderable, are called
compound glands; and in these there is always a very marked
distinetion between the terminal l}DI'tllJllh of the several branchings
where the epithelial cells have secreting characters, and the proximal
portions or duets where the cells have not these secreting characters,
In such a compound gland a tubular main duet (whose mouth opens
into the interior of the alimentary canal, and whose epithelial lining
is continuous with the general epithelial lining of the canal) divides,
dichotomously or otherwise, into secondary ducts, which again dwldl.,
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into smaller ducts, and this division may be repeated again and
again ; ultimately however each duct ends in a part in which the
epithelivin takes on secreting characters, and such terminal portions
of ducts which are generally wider, more swollen as it were, than
the ducts leading to them and not infrequently flask-shaped are
spoken of as alveoli. These alveoli, especially when flask-shaped,
bear a certain, though by no means close, resemblance to the indi-
vidual berries on a bunch of grapes, the ducts being the branching
stalks ; hence these compound glands are spoken of as “ racemose.”
Sometimes the gland in dividing spreads out loosely over a wide
surface, that is to say, is ‘diffuse’; sometimes the ducts and alveoli
with all the connective tissue, blood vessels, &e., belonging to them
are bound up tightly into a more or less globular mass, that is to
say, form a ‘ compact’ gland.

Glands in fact vary widely in size, form and complexity, but
they all have the one feature in common that they, being involutions
of the mueous membrane, consist of a wall of vasenlar connective
tissue lined by epithelium, and in the majority of glands there is
a distinction in the characters of the epithelium between a terminal
secreting portion and a proximal condueting portion.

Where, as in the stomach and intestine, a number of com-
paratively simple glands are closely packed together side by side,
the whole mucous membrane acquires proportionately increased
thickness ; instead of being an attenuated sheet formed of a single
layer of eells on a thin connective tissue basis it becomes a mass
whose thickness is determined by the length of the glands.

It may be added that generally but not always the gland in
its whole length lies above or outside the muscularis mucosz, so
that when a vertical seetion 1s made of a mucous membrane the
muscularis mucos@ is seen running in an even line at some little
distance below the thick layer which is presented by the longitu-
dinal sections of the glands.

Bearing in mind these general characters of the alimentary
canal and its glands we may now proceed to study some of its
special characters, and it will be convenient to begin with the
structure of the stomach,.

Structure of the Stomach.

§ 210. The stomach in its structure follows the general plan
just described, and consists of a museular coat and a mucous
membrane separated from each other by loose submucous con-
nective tissue. The muscular coat, which has considerable thick-
ness, consists of an outer somewhat thick longitudinal coat and an
inner still thicker circular coat, the innermost bundles of which
take an oblique direction and form a more or less distinet thin
oblique layer. As we shall see the movements of the stomach are
more extensive and complex than those of the rest of the alimentary
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canal. Towards the pyloric end, in what is sometimes called the
antrum pylori, the circular ]-1:,1-1 mereases in thickness, and at the
pylorus 1s developed into a thick ring called the sphincter of the
pylorus; a less marked circular sphineter is also present at the
cardiac orifice.

The size of the cavity of the stomach varies from time to time
according to the bulk of contents present, and the condition of
the muscular fibres. When the stomach is empty, the muscular
fibres are in a state of tonic contraction, and the cavity is small ;
when the stomach is full, the muscular fibres though carrying out
as we shall see more or less rhythmical movements are as a whole
relaxed and extended, so that the cavity is large. The mucous
membrane in its natural condition so to speak 1s of such a size
that 1t forms a smooth even lining to the muscular coat when this
is extended and relaxed and the cavity of the stomach distended.
Hence when the stomach is empty, and the muscular coat con-
tracted, the mucous membrane 1s thrown into folds or ruge, which
on account of the preponderance of the circular muscular coat take
a longitudinal course, the loose submmucous tissue allowing this
movement of the mueous over the muscular coat.

The mucous membrane is relatively very thick, the thickness
being due to the fact that the membrane over its whole extent is
thickly studded with glands; it may in fact be said to be almost
wholly composed of a number of short comparatively “simple”
hiands ]l:]m:ul vertically side by side and bound together by just
as much connective tissue as serves to carr y the blood ve ssels and
lymphatics. These glands vary in size, shape and character in
different parts of the stomach, and the stomachs of different
animals present in these respects very considerable differences;
but, for present purposes, we may consider them as of two Lmdw
the glands at the cardiac end of the stomach or “cardiac glands™
and the glands at the pyloric end, or “ pyloric glands.”

211. Cardiac glands. These are tubular glands, about
5 mm. to 2 mm, in length by 50 g to 100 g in width, whose
course is not wholly straight but wavy or gently tmtunuf-\ and
frequently curved or bent at the blind end. Some are simple
or unbranched, but others divide into two, three or even more
tubes. They are packed together side by side in a vertical
position so closely that in sections of hardened and prepared
stomachs in which the blood vessels are for the most part emptied
of blood and the lymph spaces of lymph, each gland seems to be
separated from its neighbours by nothing more than an extremely
thin sheet of connective tissue seen in sections as almost a mere
line. In the living stomach when the numerous blood vessels in
this connective tissue are filled with blood, and the lymph spaces
are distended with lymph, the glands are separated from each
other by a considerable space equal probably to about their own
diameter,
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The outline of each gland is defined by a distinet basement
membrane whieh appears to be formed by a number of flat
transparent connective tissue corpuscles fused together into a
sheet; in a section of a gland, longitudinal or transverse, some of
the nuclei belonging to the constituent cells may be seen embedded
as it were in the basement membrane.

Each gland may be divided into a ‘mouth,” by which it opens
into the cavity of the stomach, and which reaches about a third or
a quarter down the length of the gland, and into a ‘body” which
forms the rest of the gland, the junction of the two being called
the ‘neck.” These two parts differ fundamentally in structure.

The mouth has a wide open lumen and is lined with a single
layer of long slender conical cells called ‘mucous cells.” The lower
two-thirds of each mucous cell, including the pointed or blunt or
sometimes slightly branched end n‘-:stmg on the underlying base-
ment membrane, 1s composed of ordinary granular looking proto-
plasm, staining with the ordinary staining reagents, embedded in
the lower part of which is a small oval nueleus placed vertically.

The upper third is more clear and transparent, does not stain
readily and differs in appearance at different times. Af one time
this part of the cell is occupied by mucus; at another time the
mucus has been discharged by a rupture of the outer face or lid of
the cell, leaving a small cup-shaped cavity (containing fluid and a
remnant of mucus) the fairly distinet walls of which are continuous
with the protoplasmic lower two-thirds of the cell. We shall shortly
have to discuss more fully the nature of mucous cells in connection
with the salivary glands, and may here simply say that in the
upper third of the “cell, the cell-substance of the cell, except for a
portion which remains as the cell wall of this part of the ecell, is
transformed into mueus, and that the mucus so formed is sooner
or later discharged from the cell, its place being in time occupied
by new cell-substance which again in turn is converted into
IMUCIS,

These mucous cells not only line the mouths of the glands,
becoming shorter where the mouth joins the neck, but also
cover the ridges between the glands and so form the immediate
lining of the interior of the stomach. The free surface or lid of
each cell 1s more or less hexagonal or polygonal in outline, and in
sections of hardened stomach the hardened cell-walls of the tops
of the cells give rise to the appearance of a mosaic of hexagonal
or polygonal areas where the section presents a number of these
cells seen on end.

Lying between the bases of the mucous cells (which from the
conical form of the cells dive rge from each other) above the
basement membrane may be seen in vertical sections a certain
number of small cells, each cnnﬁi-'-,ting of a nucleus surrounded by
a cell-body, which thmtgh small stains deeply and hence becomes
conspicuous in stained sections, These as we previously said have
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been regarded as young reserve cells which will upon the destrue-
tion of any of the mucous cells grow up to take their place.

§ 212. The body of the gland is not only in 1itself distinectly
less in diameter than the mouth (so that a larger amount of
vascular conneetive tissue lies between the bodies than between
the mouths), but has a much narrower, indeed very narrow and
tortuous lumen, and is lined by cells of a wholly different character.
These are of two kinds.

Throughout its whole length below the mouth the gland is
lined continuously with a single layer of polyhedral or cubical or
at times conical cells, the outlines of which are remarkably
indistinet. The cell-body of each of these, which contains a
spherical nucleus placed near the centre of the cell but more
outside towards the basement membrane, varies, as we shall see
later on, very much in appearance according to what has been
taking place 1n the stomach, and to the mode of preparation. In
sections of a stomach hardened and prepared in an ordinary way
the cell-bodies frequently present a “faintly granular” appearance.
Cells of this kind are spoken of from their position as central cells,
or sometimes, for reasous which we shall see presently, as chief
cells.

The cells of the other kind do not form a continuous layer but
are scattered along the length of the body of the gland, being most
numerous (but smaller) in the region of the neck, and less frequent
(but larger) at the bottom or fundus of the gland. They are more-
over in the lower part of the gland and indeed over the greater

art placed outside the central cells, being wedged in between
these and the basement membrane fmd frequently causing the
latter to bulge out; they therefore in most cases do not abut on
the lumen of the i_,la,ml and their only direct connection with
the lumen 1s through spaces between the central cells. In the
neck of the ngd they may however bound the lumen. Each
cell is ovoid in form with an outline which, in contrast to that of
the central cells, 1s sharp and well defined, and possesses an ovoid
nucleus placed in the middle of a cell-body which like that of the
central cell varies in appearance according to circumstances, but
which in a section of stomach hardened and prepared in an ordinary
way is frequently ‘coarsely’ granular. Cells of this kind are called
from their position parietal cells or, from their shape, ovoid cells.
Even the smaller of them are Idrgu‘ than the central cells.

A characteristic ‘gastric gland’ then of the cardiac region of
the stomach is a tubular depression often straight and simple, but
at times bifurcating towards the lower part or otherwise dividing,
the ends frequently curling. Each depression consists of a mouth,
with a broad lumen lined by slender mucous cells, a neck in
which the mucous cells suddenly change to central cells with
numerous ovoid cells lying among them, and in which the lumen
becomes narrowed and tortuous, and a body ending in a blind
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fundus, with the lumen still narrow winding between the central
cells outside which are placed ovoid cells less numerous than in
the neck. Such glands placed side by side form the thickness of
the mueous membrane, and below them at a short distance runs in
a tolerably even line the thin muscularis mucose with its single
inner circular and outer longitudinal layers of plain muscular
fibres.

§ 213. The space between the level of the bottom of the
glands and the muscularis mucose as well as the vertical spaces
between the glands, that is all the space between the much
folded basement membrane above and the museularis mucose
below is occupied by delicate connective tissue the meshwork of
which, formed of thin narrow sheets or lamine rather than of
fibres or bundles, becomes especially close set imnmdiately under
the basement membrane. In the spaces of the meshwork a
certain number of lymph corpuscles or leucocytes may be seen.
Small arteries passing upwards from the submucosa through
the muscularis mucosie break up into capillaries encircling the
glands in the form of plexuses which are especially close set at the
summits of the spaces between the glands, that is to say at the
places where the connective tissue lies nearest to the interior of
the stomach. Small veins springing from these capillaries, espe-
cially from those last pamed, running downwards pierce the
muscularis mucosee and form the larger veins in the submucous
coat. Lymphatic vessels and structures called lymphatic ‘ glands’
are present in the mucous coat, but of these we shall speak later on.

§ 214. Pyloric glands. At the pyloric end of the stomach
the glands are less closely packed than at the cardiac end, and
differ from the cardiac glands in size, shape and structure. A
typical pylorie gland possesses a mouth which is much longer and
generally broader with a wider lumen than the mouth of a cardiac
gland, though the walls are lined with mucous cells like those of
the cardiac end. The body of the gland instead of being as in
the cardiac gland often tubular and unbranched, frequently
divides into two or more branches close to the neck, and these
branches which are relatively shorter than the body of a cardiac
gland and have a much wider lumen, may again subdivide so
that the whole gland is most distinetly branched. The whole
body with all its branches from the mouth to the several blind
ends i1s lined throughout with one kind of cell only, which is
very similar to the central cell of a pylorie gland, inasmuch
as it 1s a polyhedral or short columnar cell with indistinet out-
lines, a spherical nucleus, and a cell-body which in a specimen
prepared in the ordinary way is faintly granular. The ‘ovoid’ cell
so characteristic of the cardiac gland is absent. The arrangement
of the connective tissue with its blood vessels and lymphaties and
of the muscularis mucos® is much the same as at the cardiac end.

Thus the cardiac end of the stomach contains glands which are
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tubular and often simple, which have a very narrow lumen, and
which possess central and ovoid cells, while the pylorie end contains
glands which are branched, which have a relatively deep mouth
and wide lumen, and which possess one kind of cells only, central
cells or eells very like these. In the middle region of the stomach
the one kind of gland gradually merges into the other; in passing
from the cardia to the pylorus the ovoid cells become less numerous
and at last disappear, the mouth becomes longer, the lumen wider,
and the body of the gland becomes more and more branched.

The above supplies a general description of the gastric glands
but these vary in minor characters and to a certain extent in
distribution in different animals; and as we shall presently see
in all cases, the glands vary in condition and so in appearances
according as digestion 1s or has been going on in the stomach.

The Salivary Glands.

§ 215. The structural differences between the ‘ mucouns’ cells
lining the mouth and the ‘central’ and ‘ovoid’ eells lining the body
of a gastric gland lead us to infer that the former differ from the
latter in funection ; and we have other evidence that this 1s so, that
it is the central and ovoid cells which actually secrete the gastrie
juice, and that as far as the gastric juice is concerned, the mouths
of the glands serve chiefly (though the mucous cells have a purpose
of their own) to conduct to the interior of the stomach the juice
secreted by the body of the gland. We may therefore bl.!i’d]{ of
the body as the secreting portion and the mouth as the *duct’ of
the gland.

This distinction between a secreting portion and a conducting
portion, more or less obvious as we have said in most glands, is
especially striking in the case of the salivary glands. These are
involutions of the (epiblastic) mucous membrane of the mouth as
the gastric glands are involutions of the (hypoblastic) mucous
membrane of the stomach; but instead of being comparatively
simple they are exceedingly branched racemose glands, and the
secreting portion of the gland is removed to a great distance from
the epithelium of the mouth so that the conducting portion is
of very great length. Moreover, not only the epithelium lining the
secreting portion but also that lining the conducting portion differs
so completely from the epiblastic epithelium lining the mouth
that we may study the structure of the gland quite apart from the
structure of the lining of the mouth, whose sensory functions, in
the way of taste for instance, are so much more important than its
digestive functions that we may reserve the study of its features
until we come to deal with the senses.

A salivary gland such as the submaxillary consists of a long
main duct which pursues an undivided course backwards for
several centimetres from its opening into the cavity of the mouth

F. 25
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until it reaches the body of the gland, when it rapidly divides and
subdivides mto a number of smaller ducts. Each of the ultimate
divisions of the duct at last ends in a ‘secreting’ portion, which
is lined by a ‘secreting’ epithelium different in character from
the epithelium lining the ducts. Such a terminal secreting
portion is called an alveolus. Sometimes a duct terminates in
a single alveolus, which then appears as a swollen or somewhat
flask-shaped termination of the duct distinguished from the
duct by the size and character of its cells and by the narrow-
ness of its lumen; but more commonly a duct ends in several
alveoli, which then appear as a number of short curved somewhat
swollen tubes, branching off from the end of the duct. All the
ducts and the alveoli in which they end are bound up by connec-
tive tissue, carrying blood vessels, nerves and lymphatics, into a
compact, rounded but somewhat lobulated mass, the gland proper.
Each alveolus, or each group of alveoli, and the small duct of
which it forms the blind end 1s surrounded and separated from its
neighbours by a certain amount of connective tissue. A number
of alveoli with the duects leading to them are bound together into
a lobule by a rather larger amount of connective tissue. Groups of
these smaller lobules are bound together by connective tissue and
enveloped by a more distinet coat of that tissue, and thus form
larger or primary lobules; and these larger lobules are bound up to
form the gland itself by a quantity of connective tissue, which also
forms a wrapping or sheath for the whole gland. Hence a thin
section taken through the gland is seen, when examined under a
low power, to be divided by septa of connective tissue (continuous
with the sheath of the gland, and carrying blood vessels, &c.), into
irregular areas, which are generally angular from compression,
These areas are sections of the primary lobules, and each may
be seen to be similarly but less distinetly subdivided into similar
smaller areas, the smaller lobules. Each of these smaller lobules
will in furn be seen to be for the most part made up of rounded
bodies varying somewhat in size and shape but on the whole very
much alike, bound together by a small amount of connective
tissue; these are the alveoli which, being disposed in various direc-
tions and being frequently more or less curved, are cut in various
planes by the section. Where the section cuts the alveolus trans-
versely the outline of the alveolus is circular, where obliquely the
outline is more elliptical ; a section moreover may pass through
the mere tip or side of the alveolus and so miss the lumen
altogether; and indeed many varied appearances may be presented.
Among these alveoli are seen other bodies of a somewhat different
aspect, circular, elliptical or cylindrical in outline, or hour-glass-
shaped, or even irregular in form. These are the small tubular ducts
cut in various planes. Sections of the larger ducts of various size
may also be seen in the septa between the lobules. KEven with
quite a low power it is easy to distinguish between the alveoli or
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secreting elements and the ducts, and when we come to examine
them more closely we find that they differ markedly in structure.
Moreover, when we examine the three glands, parotid, submaxillary
and sublingual, and especially when we employ for the purpose
different kinds of animals, we find that, while the ducts have nearly
the same structure in all cases, two kinds of alveoli may be
distinguished differing from each other in the characters of the
cells lining them. In the one case the cells, for reasons which will
presently appear, are called mucous cells, in the other serous cells,
or perhaps better albuminous cells. In one gland all the alveoli
may be lined with mucous cells, in which case it is called a
‘mucous gland,” or with albuminous cells, in which case if is (:nlh:{l
an ‘albuminous gland,’” or some alveoli may be ‘mucous’ and
others ‘albuminous, the gland being a mixed one; and this dis-
tinetion between mucous and albuminous obtains also in glands
of the mucous membrane which are not distinetly salivary, for
instance in the small ‘buccal® glands of the mouth, and in the
lands of the pulmonary passages and of other structures.

§ 216. Mucous glands. The submaxillary gland of the dog is
a fairly typical mucous gland. The alveoli of this gland vary
a good deal in diameter, but are on an average about 35 u.
The outline of each alveolus is defined by a distinet basement
membrane formed of a number of flattened connective tissue cor-
puscles fused together into a sheet; in a section the long oval
nuclei of the constituent cells may be seen here and there 1|11bu:1:1du]
as 1t were, in the membrane. Outside the basement membrane
lie, as elsewhere in a mucous membrane, the lymph spaces of the
fine connective tissue.

The space defined by the basement membrane is nearly wholly
filled, a very small central lumen only being left, by cells arranged
for the most part in a single layer. The cells are large mlmwel}r
to the alveolus, so that in a transverse section of an alveolus,
about 5 or 6 cells will be seen. Each cell is more or less spherical
or rather conical in form, with 1ts broader base, which is sometimes
irregular in outline, resting on the basement membrane and the
narrower apex abutting on the lumen. The characters of the cell
differ according to the condition of the gland. If the gland has,
previous to its preparation for examination, not been actively
secreting, the cells have certain characters and may be spoken of
as ‘loaded ’ or “charged.” If the gland has been actively secreting,
these characters are replaced by others, and the cells may be
spoken of as ‘unloaded, ‘discharged.” In the ‘loaded, or as it is
often called the ‘resting’ phase, the cell, in hardened specimens, is
as a whole transparent, and stains very slightly with the ordinary
staining reagents. The nucleus, which 1 hardened specimens
appears disc-shaped and sometimes curved or bent, but in the fresh
living cell is seen to be spherical, lies at the base of the cell not far
from the basement membrane. Around the nucleus is gathered a
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small quantity of ordinary protoplasmic cell-substance, staining
readily with the usual dyes; the rest of the cell-body consists of a
transparent material, which does not stain readily, and which occu-
pies the spaces or meshes of a very delicate meshwork continuous
apparently with the staining protoplasmiec cell-substance around
the nucleus, and with a thin sheet of similar material forming the
wall of the cell. This transparent material is either mucin, which
we have seen to be a conspicuous constituent of submaxillary
saliva (in the dog) or a substance which can be easily converted
into actual mucin, that is to say an antecedent of mucin; hence
the name ‘mucous cell” A resting or loaded mucous cell then
consists largely of muecin (or ifs antecedent) lodged in the meshes
of the protoplasmic cell-substance which over the greater part
of the cell exists, in a hardened giand at any rate, as a delicate
meshwork or reticulum, but 1s gathered into a compact mass in
a small area immediately around the nucleus.

In many alveoli, a more or less triangular space left between
the diverging bases of two of the mucous cells and the basement
membrane may be seen to be occupied by one or by two or more
peculiar small cells. These on examination are found to be
irregular in form but often half-moon shaped, and are hence called
demilune cells. Each consists of deeply staining cell-substance
with a spherical nucleus. From their size, and their staining
deeply, as well as from their position, these demilune cells contrast
strongly with the mucous cells,

In the ‘discharged, or as it is often called the ‘active® phase,
the mucous cell has a different appearance, especially if the
activity of the gland has been great. The cell is now smaller,
and thus gives rise to a more distinet lumen in the alveolus,
a larger portion of the cell stains, especially on the outer side,
and sometimes the whole cell stains; the nucleus, now spherical
even In hardened specimens, occupies a more central position.
The transparent, non-staining mucin has in large part or wholly
disappeared, its place has been taken by ordinary staining proto-
plasmic cell-substance, and the distinction between the demilune
cells and the proper cells of the alveolus is much less distinet.
We shall presently have to discuss the nature and meaning of this
change from the loaded to the discharged cell.

§ 217. A small duct of the submaxillary gland, even when cut
transversely in the section so as to present like many alveoli a
circular outline, has an appearance very different from that of
an alveolus. The duct is lined by a single layer of epithelium,
but these are slender, narrow, columnar cells leaving in the centre
a relatively wide Iumen, and the outside of the duct is not so
sharply defined by a conspicuous basement membrane as is the
case 1n an alveolus. Each cell, which bears an oval nucleus placed
vertically in the cell at about the middle but rather nearer the
base, consists of a protoplasmic cell-substance which on the inner
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side of the nucleus towards the lumen has no special features, but
on the outside, towards the basement membrane or connective
tissue basis, has frequently a longitudinal striation as if made up
of a number of rods or narrow prisms placed side by side.

The larger duets running between the lobules differ from such
a small intralobular duct chiefly in the greater thickness of the
connective tissue basis, which in these is developed into a distinet
coat containing in the case of the larger branches and the main
duct plain muscular fibres. In the main duet and its chief branches
the single layer of colummar cells is replaced by two or three
layers of cubical, or sometimes flattened cells not marked with
the striation spoken of above. When a small intralobular duct
is about to end in an alveolus or a group of alveoli it becomes
narrowed, the cells lose their striation, from being slender and
eylindrical in form become short cubical, and at the very end of
the duct change into flat spindle-shaped plates, the transition
from which to the characteristic cells of the alveolus is in the
case of most animals quite abrupt. Such a modified terminal
portion of a duct is sometimes spoken of as a “ ductule.”

§ 218. Albuminous glands. These differ from the mucous
glands in the constitution of the cells lining the alveoli, but the
structure of the ducts and the general arrangements of the gland
are the same in both; indeed, as we have already said, in’ the
same gland some alveoli may bL albuminous and others mucous,

In an albuminons alveolus the cells are rather smaller than
those in a loaded mucous gland, and their outlines are rather
more angular. In each cell the nucleus, which is spherical, is
placed near the centre of the cell but rather nearer the ha:‘-;f:ment
membrane, and the cell-substance, which has the general appea
ance, In an ordinary preparation, of somewhat densely glauular
protoplasm, stains readily and uniformly all over. No eells cor-
responding to the demilunes of a mucous alveolus are present.
In fact an albuminous cell does not at first sight appear to differ
markedly from a discharged mucous cell, and does not shew the
same marked differences between a loaded and a discharged con-
dition as does a mucous ecell. There are however differences
between the loaded and the discharged albuminous cell, but to
these we shall return presently.

The parotid gland of man and indeed of all mammals is a
wholly albuminous gland, though in the dog a few cells are
mucous; the submaxillary of man is on the whole a mucous gland
but some lobules in it are albuminous; the submaxillary of the
rabbit is an albuminous gland. The sublingual may perhaps in
all mammals be regarded as a mucous gland, though it differs in
several respects from other mucous glands; the cells lining the
ducts are much shorter and less distinetly striated, the alveoli
are more obviously branched tubules, and the cells of some alveoli
contain no muein.
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The small buccal glands which lie in the substance of the
muecous membrane of the mouth, and whose secretion contributes
to “mixed” saliva, are formed, on a small scale, after the plan of
a salivary gland, that is to say, they are composed of a duect (or
duets) and alveoli which in structure are similar to those of a
salivary gland. They further resemble the salivary glands in that
some of them are ¢albuminons’ and some ‘ mucous.’

§ 219. The salivary glands have each of them a special
nervous supply of which we shall speak in detail in the following
section, and will here simply say that the fibres passing into the
glands are both medullated and non-medullated fibres, and that the
terminations of the fibres have not been as yet exactly made out ;
for, though it has been maintained by some observers that some of
the nerve-fibres end in the secreting cells, this has not been satis-
factorily proved. Numerous nerve-cells may be seen scattered
along the nerve-fibres where they pass into the gland at the “hilus’
whence the main duet issues.

Of the nervous supply of the stomach, derived partly from both
vagl nerves, and partly from the solar plexus, we shall also have to
speak later on, we may here simply say that the fibres end for the
most part in a peeuliar plexus between the circular and longitu-
dinal muscular layers, and in another peculiar plexus in the
submucous coat, the two plexuses corresponding to what we shall
describe in the small intestine as the plexus of Auerbach and the
plexus of Meissner.

The Pancreas.

§ 220. The structure of the pancreas is so similar to that of a
salivary gland that though we shall not deal with the properties
and characters of the pancreatic juice until later on, 1t will be
convenient to consider the histology ot the gland now.

Whether as in man, in the dog and in most other animals it
forms a compact mass, or as in the rabbit is spread out into a thin
sheet, the pancreas is in all cases a compound racemose gland, con-
sisting of ducts and alveoli arranged in lobes and lobules. In man
the smaller duets join one main duct, which running lengthwise
through the gland pierces the coats of the duodenum in company
with, and opens into the interior of the intestine by an orifice
common to it and to the bile duet. Not infrequently a second
but smaller main duet coming from the lower part of the head of
the gland joins the intestine lower down ; in the dog such a second
duet is a usual occurrence. In the rabbit the main duct does not
join the intestine with the bile duct, but at a considerable distance,
several centimetres, lower down, so that in this animal the bile and
pancreatic juice are not poured together into the intestine, but
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the food is for a distance exposed to the action of the former before
1t meets with the latter.

The strueture of the duects is, in all essential points, similar to
that of the ducts of a salivary gland, save that the striation of the
epithelial cells is less distinet. As in the case of the salivary
gland, the ductule, or narrow terminal portion of the duct, just as
it joins the alveoli is lined by flat spindle-shaped cells.

The alveoli also are similar to those of a salivary gland save
perhaps that they are relatively longer and more tubular; the
lumen in all cases is very narrow. As compared with a salivary
gland the alveoli are relatively more numerous than the ducts, so

that in a section of the gland relatively fewer ducts are seen cut
across. Hach alveolus is lined with one kind of ecell only, which is
much more similar to an albuminous than to a mucous cell ; there
are no demlune cells. The more minute features of the alveolus
differ accor cling as the gland has been ° resting” and so is * loaded,’
or has been ‘active” and so is ‘dischax gul The cells lining the
alveolus are more or less polyhedral in form, and each cell consists
of a clear transparent cell-body, in which oceur a number of
refractive discrete “granules;” a spherical nucleus lies at about
the outer third of the cell. In a ‘loaded’ cell these granules are
very abundant, and reach from the narrow, inconspicuous lumen to
near the outer margin of the cell, so as to leave only a narrow
clear transparent zone immediately bordering on the basement
membrane ; the cell-substance is so thickly studded with these
‘granules ’ that the nucleus is completely hidden, and the greater
part of the cell appears quite dark. In a ‘ discharged’ cell these
granules are far less numerous, and are largely confined to the
inner part of the cell aburtmrr on the ltum:n, so that there 1s
established a clear distinction between a narrow inner granular”
zone and a clear transparent outer zone, free or nearly free from
granules. The width of the granular zone varies in fact with the
condition of the gland; when the gland has been very active the
granular zone is very narrow, when moderately active, it is broader,
and when the gland has hmu for some time w}mll}f at rest and 1s
therefore loaded, the granular zone may encroach on nearly the
whole cell. But we shall have to return to these matters
presently.

In the pancreas of the rabbit and some other animals groups
of cells of a peculiar nature may be seen intercalated at intervals
in the madst of the true gl'mtluhr substance. These are rounded
or polyhedral in form, and have a clear cell-substance with a
relatively large nm,leub they do not form alveoli and they have
no ducts. Each of these groups is supplied with blood vessels
forming a capillary network more close set than elsewhere. The
exact nature of these cells is at present a matter of doubt.

The panecreas is supplied with nerves coming from the solar
plexus, and consisting partly of medullated and partly of non-
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medullated fibres. As in the case of the salivary glands nerve-cells
are found in connection with the nerve-fibres as these pass into the
gland.

The Structure of the (Esophagus.

§ 221. In the general plan of its structure the cesophagus
resembles the rest of the alimentary canal, for it consists of a
mucons membrane, with a muscularis mucos® and glands, a loose
submucous coat, and a muscular coat comprising an inner circular
and an outer longitudinal layer. But the epithelium, epiblastic
in origin, is very different from that of the stomach or intestine,
and both eircular and longitudinal muscular layers are composed
to a large extent not of unstriated but of striated fibres like those
of the skeletal muscles.

In a vertical section of the wsophagus it will be seen that the
epithelium is not arranged as a single layer of cells, but is several
cells deep. The lower cells near the basement membrane, which is
not very distinet, are eylindrical or spheroidal cells with granular
‘protoplasmic’ cell-substance, but those nearer the surface are
more flattened, and the uppermost cells are mere flattened nu-
cleated scales, the bodies of which are no longer protoplasmic
but have become changed into a peculiar material. Such an
epithelium is called a ‘stratified’ epithelium. A similar epithe-
lium lines the greater part of the pharynx and the mouth, and
is continuous with the corresponding epithelium of the skin or
“epidermis ” of which we shall have to speak later on. At the
cardiac orifice there 1s a sudden transition from this stratified
epithelium to the gastric epithelium previously deseribed.

The looseness of the submucous coat permits the mucous
membrane to be thrown into temporary longitudinal folds which
disappear when the canal is distended. But besides this, the line
of the basement membrane, of the conneetive tissue basis of
epithelium, ‘dermis’ or ‘corium’ as the corresponding part of the
skin 1s called, is raised up into a nuntber of permanent conical
elevations or papille, in which the connective tissue is especially
fine and which are richly provided with blood vessels. The surface
line of the epithelium does not follow the inequalities of the
dermis produced by these papille, but remains fairly even. In the
presence of these papillee the mucous membrane of the cesophagus
also resembles the skin, but in the latter structure the papille are
more abundant and more regular in form and size.

The dermis, or connective tissue basis of the epithelium, is a
network of fibres and fine bundles of connective tissue, with
connective tissue corpuscles and a considerable number of fine
elastic fibres; the number of leucoeytes in the meshes of the
network is relatively scanty. A few scattered masses of retiform

or adenoid tissue, of which we shall speak later on, occur here and
there.
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The mucous membrane proper is defined from the underlying
submucous tissue by a muscularis mucose of plain unstriated
muscular fibres, lying at some distance from the epithelium.
These muscular fibres are absent at the upper part of the
esophagus, appear lower down in isolated longitudinal bundles,
and eventumlly form a distinet layer, which however is not so
regular as in the rest of the alimentary canal, and consists of
longitudinal fibres only, circular fibres being absent.

In man a few but in other animals a considerable number of
small ‘mueous’ and ‘albuminous’ glands are found in the submueons
tissue ; their ducts, penctmting' the muscularis mucose where
present, open on to the surface of the mucous membrane. In man
and mammalia these glands appear to serve only the purpose of
keeping the internal surface of the cesophagus moist ; but in some
animals, as in the frog, in which the epithelium of the wsophagus
is not the many layered stratified epithelium just deseribed, but
a single layer of columnar ciliated eells mixed with mucous cells,
of the kind which we shall later on deseribe as ‘ goblet” cells, there
is a large development of glands at the lower part of the ceso-
phagus, and the cells of these glands manufacture pepsin.

As in other parts of the alimentary canal the submucous tissue
carries the larger blood vessels whose smaller branches supply the
mucous membrane ; and lvmphatma ba,,gmmmr i the mucous
membrane, form considerable plexuses in the submucous coat.

§ 222. In man both the thicker inner circular and the outer
thinner longitudinal muscular layer consist in the upper part of
the cesophagus exclusively of bundles of striated fibres, which in
their main characters are identical with ordinary fibres of skeletal
muscles. At about the end of the upper third or sooner, bundles
of plain unstriated fibres make their appearance among the
bundles of strnated fibres, and a little lower down the striated
fibres disappear, so that, in the lower half or more of the tube,
both circular and longitudinal layers are composed almost exclu-
sively of plain unstriated fibres, a few stray bundles of striated
muscle being found here and there. The relation of the striated
and unstriated fibres differs however in different animals; in some
the striated tissue reaches down nearly to the stomach.

Above, both longitudinal and circular layers merge into the
inferior constrictor of the pharynx; hLluw the longitudinal
bundles spread out in a radial f'a.wlunn to join the corresponding
longitudinal muscular coat of the stomach, and the eircular fibres
are also continuous with the ecircular and oblique layers of the
stomach, more especially with the latter. Before the cireular
fibres thus spread out over the stomach, they undergo a somewhat
increased development forming a sort of sphineter of the cardiac
orifice.

Outside the longitudinal muscular coat of the cesophagus there
is a considerable development of connective tissue forming what is
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sometimes spoken of as a fibrous sheath. In, or rather perhaps on,
this sheath in the lower part of the cesophagus run the two vagi
nerves, with the emsophageal plexus which is formed by branches
running from the one to the other. In it also run the larger
blood vessels,

§ 223. It is obvious that the cesophagus is much more a
muscular than a secreting struecture, and further that a distinction
is to be made between the upper part of the cesophagus where the
muscular fibres are striated, and the lower part where they are
unstriated. Corresponding more or less clearly to this distinetion
we find that though the whole wsophagus is supplied by nerve
fibres from the trunk of the vagus (which however it must be
remembered contains besides fibres of the vagus proper, fibres from
the spinal accessory nerve and from other sources) the supply to
the upper part takes a ditferent course from the supply to the
lower part. Thus in man the upper part is supplied by branches
of the recurrent laryngeal nerve as it runs up between the trachea
and cesophagus, while the lower part derives its nerve fibres from
the sophageal plexus formed by the two ".El,gl In various
animals the supply of the upper part varies, coming in some cases
chiefly from the pharyngeal branch of the vagus, and being in the
rabbit a distinet branch of the vagus. In all cases however it
would seem that the lower part of the cesophagus, the upper limit
being placed higher or lower in different animals, is supplied from
the cesophageal plexus. It may be remarked that the fibres in
this plexus are for the most part non-medullated fibres, but we
shall have to refurn to these nerves in speaking of the movements
of the eesophagus,



SEC. 3. THE ACT OF SECRETION OF SALIVA AND
GASTRIC JUICE AND THE NERVOUS MECHANISMS
WHICH REGULATE IT.

§ 224. The saliva and gastric juice whose properties we have
studied, though so different from each other, are both drawn
ultimately from one common source, the blood, and they are poured
into the alimentary canal, not in a continuous flow, but intermait-
tently as occasion may demand. The epithelinm cells which
supply them have their periods of rest and of activity, and the
amount and quality of the fluids which these cells secrete are
determined by the needs of the economy as the food passes along
the canal. We have now to comsider how the epithelinm cell
manufactures its special secretion out of the materials supplied to
it by the blood, and how the cell is called into aectivity by the
presence of food, it may be as in the case of saliva at some distance
from itself, or by circumstances which dcr not bear directly on
itself. In dm]mg with these matters in connection with the
digestive juices, we shall have to enter at some length into the
physiology of secretion in general.

The queqtlun which presents itself first is: By what mechanism
is the activity of the secreting cells brought into play ?

While fasting, a small quantlt‘p only of saliva is poured into the
mouth ; the buccal cavity 1s just moist and nothing more. When
food is taken, or when any sapid or stimulating substance, or
indeed a body of any kind, 1s introduced into the mmll;h, a flow 1s
mduced which may be very copious. Indeed the quantity seer eted
in ordinary life during 24 hours has been mughl} calculated at as
much as from 1 to 2 litres. An abundant secretion in the absence
of food in the mouth may be called forth by an emotion, as when
the mouth waters at the sight of food, or by a smell, or by events
occurring in the stomach, as in some cases of nausea. Evidently
in these nstances some nervous mechanism is at work. In studying
the action of this nervous mechanism, 1t will be of advantage to
confine our attention at first to the submaxillary gland.
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§ 225. The submaxillary gland is supplied with two sets of
nerves. These are represented in Fig. 62, which is a very diagram-
matic rendering of the appearances presented when the submaxillary
gland is prepared for an experiment in a dog, the animal being
placed on its back and the gland exposed from the neck. The one
set, and that the more important, belongs to the chorda tympani
nerve (ch.t”). This is a small nerve, which branches off from the
facial or seventh cranial nerve in the Fallopian canal before the
nerve issues from the skull. Whether it really belongs to the
facial proper has been doubted ; in man the fibres which form it are
either fibres coming not from the roots of the facial proper but from
the portio antermedia Wrisbergi, or, according to some, fibres
which though joining the facial in the Fallopian canal are ulti-
mately derived from another (the fifth) cranial nerve. Leaving
the facial nerve the chorda tympani passes through the tympanie
cavity or drum of the ear (hence the name) and joins or rather
runs in company (ch.t’) with the lingual or gustatory branch of the
fifth nerve. Some of the fibres run on with the lingual right down
to the tongue (these are not shewn in the figure), but many leave
the lingual as a slender nerve (ch.t), which reaching Wharton’s
duet or duct of the submaxillary gland (sm.d) runs along the duct
to the gland. As the nerve courses along the duct nerve cells make
their appearance among the fibres, and these are especially abun-
dant just after the duct enters the hilus of the gland. The fibres
may be traced into the gland for some distance, but as we have
sald their ultimate ending has not yet been definitely made out.
Along its whole course up to the gland, the fibres of the chorda
are very fine medullated fibres, but they lose their medulla in
the gland.

The other set of nerve-fibres reaches the gland along the small
arteries of the gland. These are non-medullated fibres mixed with
a few medullated fibres and may be traced back to the superior
cervical ganglion. From thence they may be traced still further
back down the cervical sympathetic to the spinal cord, following
apparently the same tract as the vaso-constrictor fibres, treated of
in § 166.

§226. If a tube be placed in the duct, it is seen that when
sapid substances are placed on the tongue, or the tongue is
stimulated in any other way, or the lingual nerve is laid bare and
stimulated with an interrupted current, a copious flow of saliva
takes place. If the sympathetic be divided, stimulation of the
tongue or lingual nerve still produces a flow. But if the small
chorda nerve be divided, stimulation of the tongue or lingnal nerve

roduces no flow,

Evidently the flow of saliva is a nervous reflex action, the
lingual nerve serving as the channel for the afferent and the small
chorda nerve for the efferent impulses. If the trunk of the
lingual be divided above the point where the chorda leaves it, as
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at n.l', Fig. 62, stimulation of the (front part of) tongue produces,
under o1 dlnar}r circumstances, no flow. This shews that the centre
of the reflex action is higher up than the point of section ; it lies
in fact in the brain.
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Fig. 62. DiscpaMyaric REPRESENTATION OF THE SUBMAXILLARY GLAXND oF THE Do
WITH IT8 NERVES AND BrLoon VEsseLs.

(The dissection has been made on an animal lying on its back, but since all the
parts shewn in the figure cannot be seen from any one point of view, the figure
does not give the exact anatomical relations of the several struetures.)

sm. gld. The submaxillary gland, into the duct (sm. d.) of which a cannula has
been tied. The sublingual gland and duect are not shewn. n.1., n.l. The lingual
branch of the fifth nerve, the part n. L is going to the tongue. c¢h.t., ch.t'., ch. :”.
The chorda tympani. The part ch. t". is proceeding from the facial nerve; at ch. t
it becomes conjoined with the lingual n. I' and afterwards diverging passes as ch. t
to the gland along the duet; the continuation of the nerve in company with tha
lingual #.!l. i8 not shewn. sm.gld. The submaxillary ganglion with its several
roots. a.car. The carotid artery, two small branches of which, «. sm. a. and r. sm. p.,
pass to the anterior and posterior parts of the gland. v.s.m. The anterior and pos-
terior veins from the gland, falling into v. j. the jugular vein. wv.sym. The con-
joined vagus and sympathetic trunks. g. cer.s. The upper cervieal ganglion, two
branches of which forming a plexus (a. f.) over the facial artery, are distributed
(n. sym. sm.) along the two glandular arteries to the anterior and posterior portions
of the gland.

The arrows indicate the direction taken by the nervous impulses during reflex
stimulation of the gland, They ascend to the brain by the lingual and descend by
the chorda tympani.

In the angle between the lingual and the chorda, where the latter
leaves the former to pass to the gland, lies the small submaxillary gan-
glion (represented diagrammatically in Fig. 62 sm. gl). This consists
of small masses of nerve cells lying on the small bundles of nerve-fibres
which spread out like a fan from the lingual and chorda tympani
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nerves (ch. t.) towards the ducts of the submaxillary and sublingual
glands. It has been much debated whether this ganglion can act as a
centre of reflex action in conmnection with the submaxillary gland, but
no conclusive evidence that it does so act has as yet been shewn ; it
probably belongs in reality to the sublingual gland.

Stimulation of the glossopharyngeal is even more effectual
than that of the lingual. Probably this indeed is the chief
afferent nerve in ordinary secretion. Stimulation of the mucous
membrane of the stomach (as by food introduced through a
gastric fistula) or of the vagus may also produce a flow of saliva, as
indeed may stimulation of the sciatie, and probably of many other
afferent nerves. All these cases are instances of reflex action, the
cerebro-spinal system acting as a centre. We may further define
the Luutn as a part of the medulla oblongata, apparently not far
removed from the vaso-motor centre.  When the brain i1s removed
down to the medulla oblongata, that organ being left intact, a flow
of saliva may still be obtained by adequate stimulation of various
afferent nerves; when the medulla is destroyed no such action is
possible. And a flow of saliva may be produced by direct stimu-
lation of the medulla itself. When a flow of saliva is excited by
ideas, or by emotions, the nervous processes begin in the hlgher
parts of the brain, and descend thence to the medulla before they
give rise to distinetly efferent impulses; and it would appear that
these higher parts of the brain are -;::IJIL(I mto action when a flow
of saliva is excited by distinet sensations of taste.

(_;un'-;-iduing then the How of saliva as a reflex act the centre
of which lies in the medulla oblongata, we may imagine the
efferent impulses passing from that centre to the gland either by
the chorda tympani or by the sympathetic nerve. Although 11;
would perhaps be rash to say that in this relation the sympathetic
nerve never acts as an efferent channel, as a matter of fact we
have no satisfactory experimental ev idence that it does so; and we
may therefore state that, PlﬂCtlL'ﬂl}, the chorda tympani is the
sole efferent nerve. Section of that nerve, either where the fibres
pass from the lingual nerve and the submaxillary ganglion to the
gland or where 1t runs in the same sheath as the lingual, or
in any part of its course from the main facial trunk to the lingual,
puts an end, as far as we know, to the possibility of any How being
excited by stimuli applied to the sensory nerves, or to the sentient
surfaces of the mouth or of other parts of the body.

The natural reflex act of secretion may be inhibited, like the
reflex action of the vaso-motor nerves, at its centre. Thus when,
as in the old rice ordeal, fear parches the mouth, it is probable
that the afferent impulses caused by the presence of food in the
mouth cease, through emotional inhibition of their reflex centre, to
give rise to efferent impulses.

§ 227. In life, then, the flow of saliva is brought about by the
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advent to the gland al::rng the chorda tympani of efferent impulses,
started chiefly by reflex actions. The inquiry thus narrows itself
to the question: In what manner do these efferent im pulses cause
the inerease of flow ?

If in a dog a tube be introduced into Wharton’s duet, and the
chorda be divided, the flow, if any be going on, is from the lack of
efferent impulses arrested. On passing an interrupted current
through the peripheral portion of the chorda, a copious secretion
at once takes place, and the saliva begins to rise rapidly in the
tube ; a very short time after the application of the current the
flow reaches a maximum which is maintained for some time, and
then, if the eurrent be long continued, gmdlml} lessens.  If the
current be applied for a short time mlh the secretion may last for
some time after the current has been shut off. The saliva thus
obtained is but slightly viscid, and under the microscope a very
few salivary corpuscles, and, oceasionally only, amorphous lnmpn
of peculiar material, probably mucous in nature, are seen. If the
gland itself be mLLchul while its activity is thus roused, it will be
seen (as we have already said, § 167) that its arteries are dilated,
and 1ts capillaries filled, and that the blood flows rapidly thnmgh
the veins in a full stream and of bright arterial hue, frequently with
pulsating movements. If a vein of “the gland be opened, this large
increase of flow, and the lessening of the ordinary deoxygenation
of the blood consequent upon the up]d stream, will be still more
evident, It is clear that excitation of the chorda largely dilates
the arteries; the nerve acts energetically as a vaso-dilator nerve.

Thus stimulation of the chorda brings about two events: a
dilation of the blood vessels of the gland, and a flow of saliva.
The question at once arises, Is the latter simply the result of the
former or is the flow caused by some direct action on the secreting
cells, apart from the increased blood-supply ? In support of the
former view we might argue that the activity of the epithelial
secreting cell, like that of any other form of protoplasm, is
dependent on blood-supply. When the small arteries of the gland
dilate, while the pressure in the arteries on the side towards the
heart is (as we have previously seen when treating generally of
blood-pressure § 120) correspondingly diminished, the pressure on
the far side in the capillaries and veins is 11101‘0:15:11 hence the
capillaries become fuller, and more blood passes thmugh them in
a given time. From this we might infer that a larger amount of
nutritive material would pass away from the capillaries into the
surrounding lymph-spaces, and so into the epithelium cells, the
result of whmi would naturally be to quicken the processes going
on in the cells, and fo stir these up to greater acblvlt_y But even
admitting all this it does not necessarily follow that the activity
thus excited should take on the form of secretion. It is quite
possible to conceive that the increased blood-supply should lead
only to the accumulation in the cell of the constituents of the
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saliva, or of the raw materials for their construction, and not
to a discharge of the seeretion. A man works better for being
fed, but feeding does not make him work in the absence of any
stimulus. The increased blood- supply therefore, while favourable
to active secretion, need not necessarily bring 1t about. Moreover,
the following facts distinctly shew that it need not. When
a cannula is tied into the duct and the chorda is energetically
stimulated, the pressure acquired by the saliva accumulated in
the cannula and in the duct may exceed for the time being the
arterial blood-pressure, even that of the carotid artery; that is
to say, the pressure of fluid in the gland outside the blood vessels
is greater than that of the blood inside the blood vessels. This
must, whatever be the exact mode of transit of nutritive material
through the vascular walls, tend to check that transit. Again, if
the head of an animal be rapidly cut off, and the chorda immedi-
ately stimulated, a flow of saliva takes place far too copious to be
accounted for by the emptying of the salivary channels through
any -,uplmml contraction of their walls. In this case seeretion is
excited in the gland though the blood-supply is limited to the
small quantity still remaining in the blood vessels. Lastly, if a
small quantity of atropin be injected into the veins, stimulation of
the chorda produces no secretion of saliva at all, though the dilation
of the blood vessels takes place as usual; in spite of the greatly
increased blood-supply no secretion at all takes place. These
facts prove that the secretory activity is not simply the result
of vascular changes, but may be called forth independently ; they
further lead us to suppose that the chorda contains two sets of
fibres, one which we may call secretory fibres, acting directly on the
secreting structures only, and the other vaso-dilator fibres, acting
on the blood vessels mlh and further that a.trupm while 1t has no
effect on the latter, par: al yses the former just as it pcu':-],ly&cs the in-
hibitory fibres of thL vagus. Hence when the chorda is stimulated,
there pass down the nerve, in addition to impulses affecting the
blood-supply, impulses affecting directly the protoplasm of the se-
creting cells, and calling it into action, just as similar impulses call
into action the cnutra,ctlllt;l.e of the substance of a muscular fibre.
Indeed the two things, secreting activity and contracting activity,
are very parallel. We know that when a muscle contracts, its
blood vessels dilate; and much in the same way as by atropin the
secreting action of the gland may be isolated from the vascular
dilation, so (in the frog at all events) by a proper dose of urari
muscular contraction may be removed, and leave dilation of the
blood vessels as the only effect of atxmulatmg the muscular nerve.
In both cases the greater flow of blood may be an adjuvant to, but
is not the exciting cause of, the activity uf the structures.

Since the chorda acts thus directly on the secreting cells, we
should expect to find an anatomical connection between the cells
and the nerve ; and some authors have maintained that the nerve-
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fibres may be traced into the cells. But,save perhaps in the case of
certain glands of invertebrates (so-called salivary glands of Blatia),
the evidence as we have said 1s as yet not convincing.

§ 228. When the cervical sympathetic is stimulated, the
vascular effects, as we have already said, § 168, are the exact
contrary of those seen when the chorda is stunulated. The small
arteries are constricted, and a small quantity of dark venous blood
escapes by the veins, Sometimes, indeed, the flow through the
gland is almost arrested. The sympathetic therefore acts as a
vaso-constrictor nerve, and in this sense is antagonistic to the
chorda.

As concerns the flow of saliva brought about by stimulation of
the sympathetie, in the case uf the submaxillary gland of the do
the effects are very peculiar. A slight flow results, and the saliva
so secreted is remarkably viscid, of higher specific gzaut}f, and
richer in corpuseles and in the above-mentioned amorphous lumps
than is the chorda saliva. This action of the sympathetic is little
or not at all affected by atropin.

In the submaxillary gland of the dog then the contrast between
the etfects of chorda stimulation and those of sympathetic stimu-
lation are very marked: the former gives rise to vascular dilation
with a (.-ﬁ[]l{)ll‘i flow of fa,nh hmpd saliva poor in solids, the latter
to vascular constriction with a scanty flow of viscid saliva richer
i solids. And in other animals a similar contrast prevails, though
with minor differences. Thus in the rabbit both chorda saliva and
sympathetie saliva are limpid and free from mucus, though the
latter contains more proteids; in the cat, chorda saliva i1s more
viscid than sympathetic halna but in both these cases, as in
the dog, stimulation of the chorda causes a copious flow with
dilated blood wvessels, and stimulation of the sympathetic a scanty
flow with vascular constriction. We shall return again presently
to these different actions of the two nerves: meanwhile we have
seen enough of the history of the submaxillary gland to learn that
secretion 1 this instance 1s a reflex action, the efferent impulses of
which directly affect the secreting cells, and that the vascular
phenomena may assist, but are not the direct cause of, the flow,

§ 229. We have dwelt long on this gland because it has
been more fruitfully studied than any other. But the nervous
mechanisms of the other salivary glands are in their main features
similar. Thus the secretion of the parotid gland, like that of the
subma,xﬂ]a,ry, 15 gcverned by two sets of fibres: one of cerebro-
spinal origin, running a,lnng the a,urlculo-temlmnl branch of
the fifth nerve but mlgmﬂ,tlng possibly in the glossopharyngeal,
and the other of sympathetic origin coming from the cervical
sympathetic. Stimulation of the cerebro-spinal fibres produces a
copious flow of limpid saliva, free from mucus, the secretion
reaching in the dog a pressure of 118 mm. mercury; stimulation
of the cervical sympathetic gives rise in the rabbit to a secretion

F. 26
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also free from mucus but rich in proteids and of greater amylolytic
power than the cerebro-spinal secretion; in the dog little or no
secretion is produced, though, as we shall see later on, certain
changes are brought about in the gland itself. In both animals
the cerebro-spinal fibres are vaso-dilator, and the sympathetic
fibres vaso-constrictor in action. Stimulation of the central end of
the glossopharyngeal produces by reflex action a secretion from the
p;rutid gland, but that of the lingual is said to be without
eftect.

§ 230. The secretion of gastric juice. Though a certain amount
of gastric juice may sometimes be found in the stomachs of fasting
animals, it may be stated generally that the stomach, like the
salivary glands, remains inactive, yielding no secretion, so long as
it is not stimulated by food or otherwise. The advent of food into
the stomach however at once causes a copious flow of gastrie juice;
and the quantity secreted in the twenty-four hours is probably very
considerable, but we have no trustworthy data for calculating the
exact amount. So also when the gastric mucous membrane is
stimulated mechanically, as with a feather, secretion is excited :
but to a very small amount even when the whole interior surface
of the stomach is thus repeatedly stimulated. The most efficient
stimulus is the nafural stimulus, viz. food ; though dilute alkalis
seem to have unusually powerful stimulating effects; thus the
swallowing of saliva at once provokes a flow of gastric juice.
During fasting the gastric membrane 1s of a pale grey colour,
somewhat dry, covered with a thin layer of mucus, and thrown
into folds; during digestion it becomes red, flushed, and tumid,
the folds disappear, and minute drops of fluid appearing at the
mouths of the glands, speedily run together into small streams.
When the secretion is very active, the blood flows from the
capillaries into the veins in a rapid stréam without losing its bright
arterial hue. The secretion of gastric juice is in fact accompanied
by vascular dilation in the same way as is the secretion of saliva.

§ 231. Seeing that, unlike the case of the salivary secretion,
food 1s brought into the immediate neighbourhood of the secreting
cells, it is exceedingly probable that a great deal of the secretion
is the result of the working of a local mechanism ; and this view
is supported by the fact that when a mechanical stimulus is
applied to one spot of the gastric membrane the secretion is
limited to the neighbourhood of that spot and is not excited in
distant parts. This local mechanism may be nervous in nature or
the effect of the stimulus may perhaps be conveyed directly from
cell to cell, from the mouth of the gland to its extreme base,
without the intervention of any nervous elements; but the
vascular changes at least would seem to imply the presence of
a nervous mechanism,

The stomach is supplied with nerve-fibres from the two vagi
nerves and from the solar plexus of the splanchnic system. The
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two va%: after forming the cesophageal plexus on the wsophagus
are gathered together again as two main trunks which run along
the cesophagus, the left in the front the right at the back, to the
stomach. The left, or anterior nerve 1s distributed to the smaller
curvature and the front surface of the stomach, forming a plexus
in which nerve-cells are present ; and branches pass on to the liver
and probably to the duodenum. The right, or posterior nerve is
distributed to the hinder surface of the stomach, but only to the
extent of about one-third of its fibres; about two-thirds of the
fibres pass on to the solar plexus. The fibres of the vagus nerves
thus distributed to the stomach are for the most part non-
medullated fibres; by the time the vagus reaches the abdomen it
consists almost exclusively of non-medullated fibres, medullated
fibres being very few; the large number of medullated fibres
which the nerve contains in the upper part of the neck pass off
into the laryngeal, cardiac and other branches.

From the solar plexus nerves, arranged largely in plexuses,
pass in company with the divisions of the coeliac artery, coronary
artery of the stomach and branches of the hepatic artery, to the
stomach. Though the two abdominal splanchnic nerves which
join the solar plexus (semilunar ganglia) are chiefly composed of
medullated fibres, the nerves which pass from the plexus to the
stomach are to a large extent composed of non-medullated fibres.
All these nerves, both the branches of the vagi and those from the
solar plexus, lie at first in company with the arteries on the sur-
face of the stomach beneath the peritoneum. From thence they
pass inwards, still in company with arteries, and form on the
one hand a plexus containing nerve-cells, between the lm:gltu-
dinal and circular muscular coats {:ﬂrreqpondmg to what n the
intestine we shall have to speak of as the plexus of Auerbach,
whence fibres are distributed to the two musecular eoats, and on
the other hand a plexus in the submucous coat, also containing
nerve-cells, corresponding to what is known in the intestine as
Meissner’s plexus. From this latter plexus fibres pass to the
mucous membrane ; some of these end in the muscularis mucosze ;
whether any are connected with the gastric glands, and if so how,
is not at present known.

There are no facts which afford satisfactory evidence that any
part of this arrangement of nerves supplies such a local nervous
mechanism as was suggested above. The importance however of
such a local mechanism whatever its nature, and the subordinate
value of any connection between the gastric membrane and the
central nervous system, is further shewn by the fact that a secretion
of quite normal gastric juice will go on after both vagi, or the
nerves from the solar plexus going to the stomach have been divided,
and indeed when all the nervous connections of the stomach are as
far as possible severed. And all attempts to provoke or modify
gastric secretion by the stimulation of the nerves going to the
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stomach, have hitherto failed. On the other hand, in cases of gastric
fistula, where by complete occlusion of the wsophagus stimulation
by the descent of saliva has been avoided, the mere sight or smell
of food has been seen to provoke a lively secretion of gastrie juice.
This must have been due to some nervous action; and the same
may be said of the cases where emotions of grief or anger suddenly
arrest the secretion going on or prevent the secretion which would
otherwise have taken place as the result of the presence of food
in the stomach. So that much has yet to be learnt in this
matter.

§ 232. The contrast presented between the scanty secretion
resulting from mechanical stimulation and the copious flow which
actual food induces is interesting because it seems to shew that
the secretory activity of the cells is heightened by the absorption
of certain products derived from the portions of food first digested.
This 1s well illustrated by the following experiment of Heidenhain.
This observer, adopting the method employed for the intestine,
of which we shall speak later on, succeeded in isolating a portion
of the fundus from the rest of the stomach; that is to say, he cut
out a portion of the fundus, sewed together the cut edges of the
main stomach, so as to form a smaller but otherwise complete organ,
while by sutures he converted the excised piece of fundus into a
small independent stomach opening on to the exterior by a fistulous
orifice.  When food was introduced into the main stomach seeretion
also took place m the isolated fundus. This at first sight might
seem the result of a nervous reflex act; but it was observed that
the secondary secretion in the fundus was dependent on actual
digestion taking place in the main stomach. If the material
introduced into the main stomach were indigestible or digested
with difficulty, so that little or no products of digestion were
formed and absorbed into the blood, such ex. gr. as pieces of
ligamentum nuchze, very little secretion took place in the isolated
fundus. We quote this now as bearing on the question of a
possible nervous mechanism of gastric secretion, but we shall have
to return to it under another aspect.

The changes in a gland constituting the act of secretion.

§ 233. We have now to consider what are the changes in the
glandular cells and their surroundings which cause this flow of
fluid possessing specific characters into the lumen of an alveolus,
and so into a duet. It will be convenient to begin with the
pancreas.

The thin extended pancreas of a rabbit may, by means of
special precautions, be spread out on the stage of a microscope
and examined with even high powers, while the animal is not only
alive but under such conditions that the gland remains in a nearly
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normal state, capable of secreting vigorously. It is possible under
these circumstances to observe even minutely the appearances
presented by the gland when at rest and I::u:u:led}:' and to watch the
changes which take place during secretion.

When the animal has not been digesting for some little time,
and the gland is therefore “loaded,” the outlines of the individual
cells, as we have already said, § 220, are very indistinet, the lumen
of the alveolus is invisible or very inconspicuous, and each cell is
crowded with small, refractive spherical granules, forming an
irregular granular mass which hides the nucleus and leaves only
a very narrow clear outer zone next to the basement membrane, or
it may be hardly any such zone at all. Fig. 63 A.

The blood-supply moreover is scanty, the small arteries being
constricted and the capillaries imperfectly filled with corpuscles.

If, however, the same pancreas be examined while it is in a
state of activity, either from the presence of food in the stomach,
or from the injection of some stimulating drug, such as pilocarpin,
a very different state of things is seen. The individual cells
(Fig. 63 B) have become smaller and much more distinet in

Bl .{1

F1e. 63. A Porrion or THE Paxcreas oF tHE Rasprr. (Kiihne and Sheridan Lea.)
A at rest, BB in a state of activity.

a the inner granular zone, which in A is larger, and more elosely studded with
fine granules, than in B, in which the granules are fewer and coarser.

b the outer transparent zone, small in A, larger in B, and in the latter marked
with faint striz.

¢ the lumen, very obvious in B, but indistinet in A. L
d an indentation at the junction of two cells, seen in B, but not oceurring in 4.

outline, and the contour of the alveolus which previously was even
is now wavy, the basement membrane being indented at the
junections of the cells; also the lumen of the alveolus is now wider
and more conspicuous. In each cell the granules have become
much fewer in number and as it were have retreated to the mner
margin, so that the inner granular zone is much narrower and the
outer transparent zone much broader than before; the latter too
is frequently marked at its inner part by delicate strie running
into the inner zone. At the same time the blood vessels are
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largely dilated and the stream of blood through the capillaries is

full and rapid. :
With care the change from the one state of things to the other

may be watched under the microscope. The vascular changes can
of course be easily appreciated, but the granules may also be seen
to diminish in number. Those at the inner margin seem to be
discharged into the lumen, and those nearer the outer margin
to travel inwards through the cell-substance towards the lumen,
the faint strize spoken of above, apparently at all events, being the
marks of their paths. Obviously during secretion, the granules
with which the cell-substance was ‘loaded’ are ‘discharged’ from
the cell into the lumen of the alveolus. What changes these
granules may undergo during the discharge we shall consider
presently.

Sections of the prepared and hardened pancreas of any animal
tell nearly the same tale as that thus told by the living pancreas
of the rabbit. In sections for instance of the pancreas of a dog
which has not been fed, and therefore has not been digesting, for
some hours (24 or 30), the cells are seen to be crowded with
granules (which however are usually shrunken and irregular owing
to the influence of the hardening agent), leaving a very narrow
outer zone. In similar sections of the pancreas of a dog which
has been recently fed, six hours before for example, and in which
therefore the gland has been for some time actively secreting, the
granules are far less numerous, and the clear outer zone accordingly
much broader and more conspicuous. With osmic acid these
granules stain well, and are preserved in their spherical form, so
that the cell thus stained maintains much of the appearance of a
living cell. But with carmine, heematoxylin &c. the granules do
not stain nearly so readily as does the cell-substance of the cells,
so that a discharged cell stains more deeply than does a loaded cell
because the staining of the ‘ protoplasmic’ cell-substance is not so
much obscured by the unstained granules; besides which however
the actual cell-substance stains probably somewhat more deeply
in the discharged cell. It may be added that in the discharged
cell the nueleus is conspicuous and well formed ; in the loaded cell
it is generally in prepared sections, more or less irregular, possibly
because in these if is less dense and more watery than in the dis-
charged cell, and so shrinks under the influence of the reagents
employed.

These several observations suggest the conclusion that in a
gland at rest the cell is occupied in forming by means of the
metabolism of its cell-substance and lodging 1 itself (§ 30)
certain granules of peculiar substance intended to be a part and
probably an important part of the secretion. This goes on until
the cell is more or less completely ‘loaded.” In such a cell the
amount of actual living cell-substance is relatively small, its place
is largely occupied by granules, and it itself has been partly
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consumed in forming the granules. During the act of secretion
the granules are discharged to form part of the secretion, other
matters including water, as we shall see, making up the whole
secretion ; and the cell would be proportionately reduced in size
were it not that the act of the discharge seems to stimulate the cell-
substance to a new activity of growth, so that new cell-substance
is formed; this however is in twrn soon in part consumed in
order to form new granules. And what is thus seen with
considerable distinctness and ease in the pancreas, is seen with
more or Jess distinetness in other glands.

§ 234 When we study an albuminous gland, the parotid gland
for instance, in a living state, we find that the changes which take
place during activity are quite comparable to those of the pan-
creas. During rest (Fig. 64 4), the cells are large, their outlines
very indistinet, in fact almost invisible, and the cell-substance
is studded with granules. During activity (Fig. 64 B), the cells
become smaller, their outlines more distinet, and the granules
disappear, especially from the outer portions of each cell. After
prolonged activity, as in Fig. 64 C, the cells are still smaller with

Fre. 64. CHaxcEs 1IN THE PAROTID DURING SucreETIoN. (Langley.)

The fizure, which is somewhat diagrammatie, represents the mieroscopie changes
which may be observed in the living gland, 4. During rest. The obseure outlines
of the cells are introduced to shew the relative size of the cells, they could not be
readily seen in the specimen itself. B. After moderate stimulation. €. After
prolonged stimulation. The nuclei are diagrammatie, and introduced to shew their
appearance and position.

their outlines still more distinet, and the granules have disappeared
almost entirely, a few only being left at the extreme inner margin
of each cell, abutting upon the conspicuous, almost gaping lumen
of the alveolus. And upon special examination it is found that
the nuclei are large and round. In fact we might almost take
the parotid, as thus studied, to be more truly typical of secretory
changes than even the pancreas. For, the demarcation of an
inner and outer zone is not a necessary feature of a secreting cell
at rest. What 1s essential is that the cell-substance manufactures
material, which for a while, that is during rest, is deposited in
the cell, generally in the form of granules but not necessarily so,
and that during activity this material is used up, the disappearance
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of the granules, when these are visible, being naturally earliest and
most marked at the outer portions of each cell, and progressing
inwards towards the lumen, the whole cell becoming smaller and
as it were shrunken.

In the cells of the parotid gland and other albuminous cells the
granules seen in the living or fresh cell differ from the granules
seen in the pancreatic cell, inasmuch as they are easily dissolved or
broken up by the action of alcohol, chromic acid, and the other
usual hardening reagents, and hence in hardened specimens have
disappeared. In consequence, in sections of hardened and pre-
pared albuminous glands the difference between resting or loaded
and active or discharged cells may appear not very conspicuous;
and this 1s especially the case in the parotid gland of the rabbit
when the activity has been called into play by stimulation of the
auriculo-temporal nerve. When however, either in the rabbit
or the dog, the cerviecal sympathetic is stimulated, though the
stimulation gives rise in the rabbit to little secretion of saliva,
and in the dog to none at all, a marked effect on the gland is
produced, and changes, in the same direction as those already
deseribed, may be observed. During rest, the cells of the parotid as
seen in sections of the gland hardened in alcohol (Fig. 65 A) are
pale, transparent, staining with difficulty, and the nuclei possess
rregular outlines as if shrunken by the reagents employed. After
stimulation of the sympathetic, the protoplasm of the eells becomes
turbid (Fig. 65 B), and stains much more readily, while the nuclei

Fia. 65, BEecrioxs oF THE Parotin oF THE Rapsrr. 4 at rest, B after stimula-
tion of the cervical sympathetic. Both sections arve from hardened gland. (After
Heidenhain.)

are no longer Irregular in outline but round and large, with
conspicuous nucleoli, the whole cell at the same time, at least
after prolonged stimulation, becoming distinctly smaller.

§ 235. In a mucous gland the changes which take place are of
a like kind, though apparently somewhat more complicated, owing
probably to the peculiar characters of the muecin which is so- con-
spicuous a constituent of the secretion,

If a piece of resting, loaded submaxillary gland be teased out,
while fresh and warm from the body, in normal saline solution, the
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cell-substance of the mucous cells (Fig. 66 a) is seen to be crowded
with granules or spherules which may fairly be compared with the
granules of the pancreas, though perhaps less dense and solid than
these.

If a piece of a gland which has been secreting for some time,
and 1s therefore a discharged gland, be examined in the same way
(Fig. 66 b) the granules are far less numerous and largely confined

Fig. 66, Muvcous CELLS FROM A FRESH SUBMAXILLARY Graxp of Doe. (Langley.)

a and b isolated in 2 p.e. salt solution : a, from loaded gland, b from discharged
gland (the nuclei are usnally more obscured by granules than is here repre-
gented),

(On teasing out a fragment of fresh in 2 to 5 p.c. salt solution, the cells usually
become broken up so that isolated cells are rarely obtained entire; isolated
cells are common if the gland be left in the body for a day after death.)

a', V', treated with dilute acid: o' from loaded, ¥ from discharged gland.

to the part of the cell nearer the lumen, the outer part of the cell
around the nucleus consisting of mdumry pmtnplmmr cell-
aubataﬂce The distinction however between an inner ‘ granular
zone’ next to the lumen and an outer ‘clear zone’ next to the
basement membrane is less distinet than in the pancreas, p: artly
because the granules do net disappear in so regular a manner as in
the panereas and partly because the outer zone of the mucous cell,
as it forms, is less homogeneous than that of the pancreatic
cell.

The ‘ granules’ or ‘spherules’ of the mucous cell are moreover
of a peculiar nature. If the fresh cell, shewing granules, (either
many as in the case of a loaded or few as in the case of a discharged
cell) be irrigated with water or with dilute acids or dilute alkalis
the granules swell up (Fig. 66 ', b) into a transparent mass, giring
the reactions of mucin, traversed by a network of ‘protoplasmic’
cell-substance. In this way is produced an appearance very similar
to that shewn in sections of mucous glands hardened and stained
in the ordinary way.
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As we have already said (§ 216) in the loaded mucous cell in
such hardened and stained preparations (Fig. 67 a) there is seen a

Fie. 67. Anveort oF Dog's SUBMAXILLARY (GLAND HARDENED IN ALCOHOL AND
sTAINED WITH carMINE. (Langley.) (The metwork is diagrammatic,)

a, from a loaded gland,

b, from a discharged gland; the chorda tympani having been stimulated at short
intervals during five hours.

small quantity of protoplasmic cell-substance gathered round the
nucleus at the outer part of the cell next fo the basement
membrane ; the rest of the cell consists of a network of ecell-
substance, the interstices being filled with transparent material,
which, unlike the network itself and the mass of cell-substance
round the nucleus, does not stain with carmine or with certain
other dyes. The discharged cell in similar preparations (Fig. 67 b)
differs from the loaded cell in the amount of transparent non-
staining material being much less and chiefly confined to the
inner part of the cell, while the protoplasmic cell-substance around
the now large and well-formed nucleus is not only, both relatively
and absolutely, greater in amount, but stains still more deeply
than in the loaded cell.

It would appear therefore that in the mucous cell, as in the
pancreatic cell, the cell-substance forms and deposits in itself
certain material in the form of granules. During secretion these
granules disappear and presumably form part of the secretion.
But the granules of a mucous cell differ from those of the
pancreatic cell in as much as they are apt under the influence
of reagents to be transformed, w'r):ile still within the cell. into
the transparent viscid material which we call muecin; hence the
appearances presented by sections of hardened glands. It seems
natural to infer that the granules consist not of mucin itself
but of a forerunner of mucin, of some substance which can give
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rise to mucin, and which we might call mucigen. And we might
further infer that during the act of secretion the granules of
mucigen are transformed mmto masses of muein and so discharged
from the cell. Under this view the appearances presented by the
hardened glands, as distinguished from the living glands, might be
interpreted as indicating that under the influence of the reagents
employed, the mucigen of the loaded cells had undergone the
transformation into muein without being discharged from the cells.
Up to the present however it has not been found possible to isolate
from the gland any definite body, capable of being converted
into muein, and there are some reasons for thinking that not
only the granules but part also of the substance between
them contributes to the formation of mucin. Apart from this
complication, however, the general course of events in the mucous
cell seems to be the same as in the pancreatic cell; the ecell-
substance manufactures and loads itself with a special product,
(or special products); during the act of secretion, this produect,
undergoing at the time a certain amount of change, is discharged
from the cell to form part of the secretion, and the cell-substance,
stirred up to incrca,scga growth, subsequently manufactures a new
supply of the product.

§ 236. The ‘central” or ‘chief’ cells of the gastric glands
also exhibit similar changes. In such an animal as the newt
these cells may, though with difficulty, be examined in the living
state. They are then found to be studded with granules when
the stomach is at rest. During digestion these granules become
much less numerous and are chiefly gathered near the lumen,
leaving in each cell a clear outer zone. And in many mammals
the same abundance of granules in the loaded cell, the same
paucity of granules for the most part restricted to an inner zone
in the discharged cell, may be demonstrated by the use of osmic
acid, Fig. 68.

When the stomach is hardened by alcohol these changes, like
the similar changes in an albuminous cell, are obscured by the
shrinking of the ‘ granules’ or by their swelling up and becoming
diffused through the rest of the cell-substance ; so that though, in
sections so prepared, very striking differences are seen between
loaded and discharged cells, these are unlike those seen in living
glands. In specimens taken from an animal which has not
been fed for some time, the cenfral cells of the gastric glands
are pale, finely granular, and do not stain readily with carmine
and other dyes. During the early stages of gastric digestion,
the same cells are found somewhat swollen, but turbid and
more coarsely granular; they stain much more readily. At
a later stage they become smaller and shrunken, but are even
more turbid and granular than before, and stain still more
deeply. This is true, not only of the central cells in the cardiac
glands, but also of the cells of which the pyloric glands are built
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up. In the loaded cell very little staining takes place, because the
amount of living staining cell-substance is small relatively to the
amount of material with which it is loaded and which does not

Fic. (8. Gasrtric Graxp oF Maymarn (Bat) purine activiry. (Langley.)

¢, the mouth of the gland with its ¢ylindrical cells. :
n, the neck, containing conspicuous ovoid cells, with their coarse protoplasmic
network.

Js the body of the gland. The granules are seen in the central cells to be limited
to the inner portions of each cell, the round nuclens of which is conspicuous.

stain readily. In the cell which after great activity has discharged
itself, the cell is smaller, but what remains is largely living cell-
substance, some of it new, and all staining readily. It would
appear also that during the activity of the cell some substances,
capable of being precipitated by aleohol, make their appearance,
and the presence of this material adds to the turbid and granular
aspect of the cell ; possibly also this material contributes to the
staining. A similar material seems to make its appearance in the
cells of albuminous glands.

In the ovoid or border cells no very characteristic changes
make their appearance. During digestion they become larger,
more swollen as it were, and in consequence bulge out the
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basement membrane, but no characteristic disappearance of gra-
nules can be observed. In the living state, the cell-substance of
these ovoid cells appears finely gmrmla,r but in hardened and
prepared sections has a coarsely granular, “reticulate ” look which
is perhaps less marked in the swollen active cells than in the
resting cells.

§ 237. All these various secreting cells then, pancreatic cell,
mucous cell, albuminous cell, and central gastric ccil exhibit thL
same series of events, modified to a certain extent in the several
cases. In each case the ‘protoplasmic’ cell-substance manufactures
and lodges in itself material destined to form part of the juice
secreted. In the fresh cell this material may generally be recog-
nized under the microscope by its optical characters as granules;
these however are apt to become altered by reagents. But we must
guard ourselves against the assumption that the material which can
thus be recognized is the only material thus stored up; we may,
in future, by chemical or other means be able to differentiate other
parts of the cell-body as being also material similarly stored up.

During aefivity, while the gland is secreting, this material,
either unchanged or after undergoing change, is wholly or partially
discharged from the cell. The cell in consequence of having thus
got rid of more or less of its load consists to a larger extent of
actual living cell-substance, this being in many cases increased by
rapid new growth, though the bulk of the discharged cell may be
less than that of the loaded cell.

This activity of growth continues after the act of secretion, but
the discharged cell soon begins again the task of loading itself
with new secretion material for the next act of secretion.

Thus in most cases there is, corresponding to the intermittence
of secretion, an alternation of discharge and loading; but it must
be borne in mind that such an alternation is not absolutely necessary
even 1n the case of intermittent secretion. We can easi [_y 1mdgme
that the discharge, say, of ‘granules” during secretion should stir
up the cell to an increased activity in forming granules, and that
the formative activity should cease when the secretory activity
ceased. In such a case the number of new granules formed might
always be equal to the number of old granules used up, and the
active cell in spite of its discharge would possess as many granules,
that is to say, as large a load, as the cell at rest. And in the {.untml
gastric cells of some » animals it would appear that such a continued
balancing of load and discharge does actually take place, so that no
distinetion in granules can be observed between resting and active
cells.

§ 238. We spoke just now of the material stored up in the
cell and destined to form part of the secretion as undergoing change
before it "was discharged. In the mucous cell we have seen that
the material deposited in the living cell has at first the form of
granules. These granules however are easily converted into a
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transparent material lodged in the spaces of the cell-substance,
which material even if not exactly identical with at least closely
resembles the muecin found in the secretion; and apparently, in
the act of secretion the granules do undergo some such change.
In the case of some other glands moreover we have chemical
as well as optical evidence that the material stored up in the
cell, is, in part at least, not the actual substance appearing in the
secretion but an antecedent of that substance.

An important constituent of pancreatic juice is, as we shall see
later on, a body called trypsin, a ferment very similar to pepsin,
acting on proteid bodies and converting them into peptone and other
substances. Though in many respects alike, pepsin and trypsin are
quite distinet bodies, and differ markedly in this, that while an
acid medinm 1s necessary for the action of pepsin, an alkaline
medium is necessary for the action of trypsin; and accordingly the
pancreatic juice is alkaline in contrast to the acidity of gastric
juice. Trypsin, can, like pepsin (§ 205), be extracted with gly-
cerine from substances in which it occurs; glycerine extracts of
trypsin however need for the manifestation of their powers the
presence of a weak alkali, such as a 1 p.c. solution of sodium
carbonate.

Now trypsin is present in abundance in normal pancreatic
juice ; but a loaded pancreas, one which is ripe for secretion, and
which if excited to secrete would immediately pour out a juice rich
in trypsin, contains no trypsin or a mere trace of it; nay even a
pancreas which is engaged in the act of secreting contains in its
actual cells an insignificant quantity only of trypsin, as is shewn
by the following experiment.

If the pancreas of an-animal, even of one in full digestion, be
treated, while still warm from the body, with glycerine, the
glycerine extract, as judged of by its action on fibrin in the presence
of sodium carbonate, is inert or nearly so as regards proteid bodies.
If, however, the same pancreas be kept for 24 hours before being
treated with glycerine, the glycerine extract readily digests fibrin
and other proteids in the presence of an alkali. If the pancreas,
while still warm, be rubbed up in a mortar for a few minutes
with dilute acetic acid, and then treated with glycerine, the
glycerine extract is strongly proteolytic. If the glycerine extract
obtained without acid from the warm pancreas, and therefore inert,
be diluted largely with water, and kept at 35°C. for some time,
it becomes active. If treated with acidulated instead of distilled
water, its activity is much sooner developed. If the inert glyce-
rine exfract of warm pancreas be precipitated with alcohol in
excess, the precipitate, inert as a proteolytic ferment when fresh,
becomes active when exposed for some time in an aqueous solution,
rapidly so when treated with acidulated water. These facts shew
that a pancreas taken fresh from the body, even during full
digestion, contains but little ready-made ferment, though there is
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present in 1t a body which, by some kind of decomposition, gives
birth to the ferment. We may remark incidentally that though the
presence of an alkali is essential to the proteolytic action of the
actual ferment, the formation of the ferment out of its forerunner
is favoured by the presence of a small quantity of acid; the acid
must be used with care, since the trypsin, once formed, is destroyed
by acids. To this body, this mother of the ferment, which has not
at present been satisfactorily isolated, but which appears to be a
complex body, splitting up into the ferment, which as we have
seen is at all events not certainly a proteid b{}fly and into an un-
deniably proteid body, the name of zymogen has been applied.
But it is better to reserve the term zymogen as a generic name
for all such bodies as not being themselves actual ferments, may by
internal changes give rise to ferments, for all * mothers of ferment’
in fact; and to give to the particular mother of the pancreatic
proteolytic ferment, the name frypsinogen.

Evidence of a similar kind shews that the gastric glands, both
the cardiac and the pyloric glands, while they contain compara-
tively little actual pepsin, contain a considerable quantity of a
zymogen of pepsin, or pepsumyen and there can be little doubt
but that this pepsinogen is udng in the central cells of the
cardiac glands and in the somewhat similar cells which line the
whole of the pyloric glands.

It is further interesting to observe that, as a general rule, the
amount of trypsinogen in a pancreas at any guLn time rises and
sinks pare passu with the granular inner zone, v.e. with the amount
of granules in the cell. The wider the inner zone and the more
abundant the granules the larger the amount, the narrower the
zone and the fewer the granules the smaller the amount, of
trypgumgen and in the cases of old-established fistule, where the
secretion is wholly inert on proteids, the inner gr: anular zone is
absent from the cells. And the same parallelism has been
observed between the abundance of granules in the central cells
and the quantity of pepsinogen present in the gastric glands.

The parallelism however, at all events in the case of the
pancreas, appears not to be absc-lute, for it 1s stated that in the
pancreas of dogs after long starvation there is little or no
trypsinogen in the gland and yet the cells exhibit a marked inner
zone of granules. Moreover we should not, in any case, be justified
in concluding that the granules of the pancreatic cell are wholly
composed of trypsinogen; for, as we shall presently see, the pan-
ereatic juice contains besides trypsin not only other important fer-
ments but also certain proteid constituents: and the granules,
which are of a proteid nature, probably supply these proteids of
the juice. Hence the parallelism between granules and trypsinogen
is at best an incomplete one. But even such an incomplete paral-
lelism is of value. The granules whatever their nature are pro-
ducts of the metabolism of the cell, lodged for a while in the
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cell-substance but eventually discharged; and certain of the con-
stituents of the several secretions, such as muecin, trypsin, pepsin
and the like appear to be in a similar way produets of the meta-
bolism of the cell, lodged for a while in the cell-substance, not in
all cases exactly in the condition in which they will be discharged
from the cell, but in an antecedent phase such as zymogen or the
like, and in all cases ultimately ejected from the cell, to supply
part and generally the important part of the secretion.

§ 239. The act of secretion itself. The above discussion pre-
pares us at once for the statement that the old view of secretion
according to which the gland picks out, separates, secretes (hence
the name secretion) and so filters as it were from the common
store of the blood the several constituents of the juice, is untenable.
According to that view the specific activity of any one gland was
confined to the task of letting certain constituents of the blood
from the capillaries surrounding the alveolus through the cells to
the channels of the ducts, while refusing a passage to others. We
now know that certain important constituents of each juice, the
pepsin of gastric juice, the muein of saliva and the like are formed
in the cell, and not obtained ready made from the blood. A minute
quantity of pepsin does exist it is true in the blood, but there are
reasons for thinking that this has made its way back into the blood,
either being absorbed from the interior of the stomach or, as seems
more probable, picked up directly from the gastric glands; and so
with some of the other constituents of other juiccs The chiet or
specific constituents of each juice are formed in the cell itself.

But the juice seereted by any gland consists not only of the
specific substances such as muein, pepsin or other ferment, or other
bodies, found in 1t alone, but dlb{} of a large quantity of water, and
of various other substances, chiefly salines, common to it, to {}lher
juices and to the blood. And the question arises, Is the water,
are the salts and other common substances furnished by the same
act as that which supplies the specific constituents ?

Certain facts suggest that they are not. For instance, as
mentioned some time ago, in the submaxillary gland of the dog,
stimulation of the chorda tympani produces a copious flow of
saliva, which is usually thin and limpid, while stimulation of the
cervical sympathetic produces a scanty flow of thick viseid saliva.
That is to say, stimulation of the chorda has a marked effect in
promoting the discharge of water, while stimulation of the sym-
pathetic has a marked effect in promoting the discharge of muecin.
To this we may add the case of the parotid of the dog. In this
gland stimulation of a cerebro-spinal nerve, the auriculo-temporal,
produces a copious flow of limpid saliva, while stimulation of the
sympathetic produces itself little or no secretion at all ; but when
the sympathetic and cerebro-spinal nerves are stimulated at the
same time, the saliva which flows is much richer in solid and
especially in organic matter than when the cerebro-spinal nerve
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is stimulated alone. And we have already seen that in this gland
the microscopic changes following upon sympathetic stimulation
are more conspicuous than those which follow upon cerebro-spinal
stimulation.

These and other facts have led to the conception that the
act of secretion consists of two parts, which in one case may
coincide, in another may take place apart or in different propor-
tions. On the one hand, there is the discharge of water carrying
with it common soluble substances, chiefly salines, derived from
the blood; on the other hand, a metabolic activity of the ecell-
substance gives rise to the specific constituents of the juice. To
put the matter broadly, the latter process produces the specifie
constituents, the former washes these and other matters into the
duet. It has been further supposed that two kinds of nerve fibres
exist: one governing the former process and, in the case of the
submaxillary gland for instance, preponderating, though not to
the total exclusion of the other kind, in the chorda tympani; the
other governing the latter process and preponderating in the
branches of the cervical sympathetic. These have been called
respectively ‘secretory’ and ‘trophic’ fibres; but these terms are
not desirable. It may be here remarked that even the former
process is a distinet activity of the gland, and not a mere filtra-
tion. For, as we have seen in the case of the salivary glands,
when atropin is given, not only do the specific constituents cease
to be ejected as a consequence of stimulation of the chorda, but
the discharge of water, in spite of the blood vessels becoming
dilated, is also arrested: no saliva at all leaves the gland. And
what is true of the salivary glands as regards the dependence of the
flow of water on something else besides the mere pressure of the
blood in the blood vessels, appears to hold good with other glands
also. Indeed it has been suggested that the very discharge of
water is due to an activity of the cell; the hypothesis has been
put forward that changes in the cell give rise to the formation in
the cell of substances which absorb water from the blood or lymph
on the one side and give it up on the other side into the lumen of
the alveolus. Such an hypothesis cannot be regarded as proved ;
but the mere putting it forward raises doubts as to the vahdity
of the distinetion on which we have been dwelling; and other
considerations point in the same direction. For instance, if the
common soluble salts present in a juice, as distinguished from the
specific constituents, were merely carried into the juice by the
rush so to speak of water, we should expect to find the percentage
of these salts eifher remaining the same or perhaps decreasing
when the juice was secreted more rapidly and in fuller volume,
But under these circumstances the percentage very frequently
increases; and in general we find that under various eircumstances
the proportion of salts secreted to the quantity of water secreted
may vary considerably. Obviously, while something determines

F. 27
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the quantity of water passing into the alveolus, something else de-
termines how much of common soluble salts that water contains, and
still something else determines to what extent that water 1s also
laden with specific constituents and other organic bodies. The
whole action is too complicated to be described as consisting
merely of the two processes mentioned above, but the time has
not yet come for clear and definite statements. Everything
however tends to shew that the cell is the prime agent in the
whole business, though we cannot at present define the nature
of the several changes in the cell, nor can we say how those
changes are exactly related to each other, to changes of the blood-
pressure in the blood vessels, or, we may add, to changes taking
place in the lymph-spaces which lie between the blood and the
cell.

We may perhaps add that, since in certain cutaneous se-
creting glands the alveolus, or what corresponds to the alveolus,
is wrapped round with plain muscular fibres, the contraction of
which appears to force the secretion outwards, the idea has been
suggested that in glands, such as we are now considering, the cell-
substance making use of “protoplasmic” contraction instead of
actual muscular contraction, may force part of the cell contents
into the lumen of the alveolus. Suech a mode of seeretion would
be comparable to the ejection of undigested material, or “excre-
tion,” by an amceba. But we have no satisfactory evidence in
favour of this view.

§ 240. Throughout the above we have spoken as if the
secretion were furnished exclusively by the cells of the alveoli or
secreting portion of the gland, as if the epithelium cells lining the
ducts, or conducting porsion of the gland, contributed nothing to the
act. In the gastric glands the slender cells lining the mouths of the
glands (which correspond to ducts) and covering the ridges between,
are mucous cells secreting into the stomach generally a small, but
under abnormal conditions a large amount, of muecus, which has its
uses but is not an essential part of the gastric juice. In the
salivary glands we can hardly suppose that the long stretch of
characteristic colummnar epithelium which reaches from the alveoli
to the mouth of the long main duet serves simply to furnish a
smooth lining to the conducting passages; but we have as yet
no clear indications of what the function of this epithelium can be.

§ 241. Before we leave the mechanism of secretion there are
one or more accessory points which deserve attention.

In treating just now of the gastric glands we spoke as if pepsin
were the only important constituent of gastric juice, whereas, as we
have previously seen, the acid is equally essential. The formation
of the free acid of the gastric juice 1s very obscure, and many
ingenious but unsatisfactory views have been put forward to
explain 1t. It seems natural to suppose that it arises in some way
from the decomposition of sodium chloride drawn from the blood ;
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and this is suplported by the fact that when the secretion of gastric
juice is actively going on, the amount of chlorides leaving the
blood by the kidney is pmpm't-iﬂnate]y diminished ; but nothing
definite can at present be stated as to the mechanism of that
decomposition. And even admitting that the sodium chloride of
the body at large is the ultimate source of the chlorine element of
the acid, it appears more likely that that element should be set
free in the stomach by the decomposition of some highly complex
and unstable chlorine compound previously generated, than that
it should arise by the direct splitting-up of so stable a body as
sodium chloride at the very time when the acid is secreted.

In the frog, while pepsin free from acid is secreted by the
glands in the lower portion of the cesophagus, an acid juice is
afforded by glands in the stomach itself, which have accordingly
been called ozyntic (¢EUvew to sharpen, acidulate) glands; but
these oxyntic glands appear also to secrete pepsin. In the
mammal the isolated pylorus secretes an alkaline juice; in fact,
the appearance of an acid juice is limited to those pmtmns crf the
stomach in which the glands contain both ‘chief’ or ¢ central,” and

‘ovold’ or ‘border’ cells. Now from what has been prev wu::-l:, said
there can be no doubt that the chief cells do secrete pepsin. On
the other hand there is no evidonce whatever of the formation of
pepsin by the ‘border’ or ‘ovoid’ cells, though this was once
supposed to be the case and these cells were unfortunately
formerly called ‘peptic’ cells. Hence it has been inferred that the
border cells seerete acid ; but the argument is at present one of
exclusion only, there being no direct proof that these cells actually
manufacture the acid.

The rennin appears to be formed by the same cells which
manufacture the pepsin, that is, by the chief cells of the fundus
generally and to some extent by the cells of the pyloric glands.
We may add that we have evidence of the existence of a zymogen
of rennin analogous to the zymogen of pepsin or of trypsin.

The mucus which is present as a thin layer over the surface
of the fasting stomach, and which especially in herbivorous animals
is increased during dlgﬂﬁtmn comes as we have said from the
mucous cells which line the mouths of the several glands and
cover the intervening surfaces.

$ 242. We previously called attention to the fact that in the
case of the stomach the absorption of the products of digestion
largely increased the activity of the secreting cells. This has led
to the idea that one effect of food is to ‘charge’ the gastrie cells with
pepsinogen, and that certain articles of food might be considered
as especially peptogenous, 7.e. conducive to the formation of pepsin.
Such a view is tempting, but needs as yet to be more fully sup-
ported by facts.

§243¢ Seeing the great solvent power of both gastric and
pancreatic juice, the question is naturally suggested, Why does

97__9
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not the stomach digest itself? After death, the stomach is
frequently found partially digested, viz. in cases when death has
taken place suddenly on a full stomach. In an ordinary death,
the membrane ceases to secrete before the circulation is at an end.
That there is no special virtue in living things which prevents
their being digested is shewn by the fact, that the leg of a living
frog or the ear of a living rabbit introduced into the stomach of a
dog through a gastrie fistula is readily digested. It has been
suggested that the blood-current keeps up an alkalinity sufficient
to neutralize the acidity of the juice in the region of the glands
themselves ; but this will not explain why the pancreatic juice,
which is active in an alkaline medium, does not digest the
proteids of the pancreas itself, or why the digestive cells of the
bloodless actinozoon or hydrozoon do not digest themselves. We
might add, it does not explain why the amceba, while dissolving
the protoplasm of the swallowed diatom, does not dissolve its
own protoplasm. We cannot answer this question at all at
present, any more than the similar one, why the delicate proto-
plasm of the amceba resists during life the entrance into itself
by osmosis of more water than it requires to carry on its work,
while a few moments after it is dead water enters freely by
osmosis, and the effects of that entrance become abundantly
evident by the formation of bulle and the breaking up of the
protoplasm.



SEC. 4 THE PROPERTIES AND CHARACTERS OF BILE,
PANCREATIC JUICE AND SUCCUS ENTERICUS.

§ 244. In the living body the food, subjected to the action
first of the saliva and then of the gastric juice, undergoes in the
. stomach changes which we shall presently consider in detail, and
the food so changed is passed on into the small intestine, where 1t
1s further subjected to the action of the bile secreted by the liver,
of pancreatic juice secreted by the pancreas, and possibly to some
extent, though this is by no means certain, of a juice secreted by the
intestine itself, and called succus entericus. It will be convement
to study the minute structure of the liver in connection with other
functions of the liver more important perhaps than that of the
secretion of bile, namely the formation of glycogen, and other
metabolic events occurring in the hepatic cells ; we have already
studied the structure of the pancreas; and the structure of the
intestine will best be considered by itself. We therefore turn at
once to the properties and characters of the above-named juices.

Bile.

Though bile, after secretion in the lobules of the liver, is passed
on along the hepatic duet, it 18 in the case of most animals not
poured at once into the duodenum but taken by the cystic duet to
the reservoir of the gall-bladder. Here it remains, until such time
as it is needed, when a quantity is poured along the common bile
duct into the intestine.

The quality of bile varies much, not only in different animals,
but in the same animal at different times. It is moreover affected
by the length of the sojourn in the gall-bladder; bile taken direct
from the hepatic duct, especially when secreted rapidly, contains
little or no mucus; that taken from the gall-bladder, as of
slaughtered oxen or sheep, is loaded with mucus. The colour of
the bile of earnivorous and omnivorous animals, and of man, is
generally a bright golden red: of herbivorous animals, a yellowish



422 BILE. [Book 11.

green, or a bright green, or a dirty green, according to circum-
stances, being much modified by retention in the gall-bladder.
The reaction 1s neutral or alkaline. The following may be taken as
the average composition of human bile taken from the gall-bladder,
and therefore containing much more mucus as well as, relatively
to the solids, more water than bile from the hepatic duct.

In 1000 parts.

Water ... S
Solids :— '

Bile Salts 91-4

Fats, &c. 9-2

(Cholesterin 2-6

Mucus and Pigment ... 298

Inorganic Salts ... 78
1408

The entire absence of proteids is a marked feature of bile;
pancreatic juice, as we shall see, contains a considerable quantity,
saliva, as we have seen, a small quantity, normal gastric juice .
probably still less and bile none at all. Even the bile which has
been retained some time in the gall-bladder, though rich in muecus,
contains no proteids.

The constituents which form, apart from the mucus, the great
bulk of the solids of bile and which deserve chief attention, are the
pigments and the bile-salts; of these we shall speak immediately.

With regard to the inorganic salts actually present as such sodium
salts are conspicuons, sodium chloride amounting to ‘2 or more per
cent., sodium phosphate.to nearly as much, the rest being earthy
phosphates and other matters in small quantity. The presence of
iron, to the extent of about ‘006 p. c., is interesting, since, as we
shall see, there are reasons for thinking that the pigment of bile,
itself free from iron, is derived from iron-holding h@moglobin ;
some, at least, of the iron set free during the conversion of hamo-
globin into bile pigment, which probably takes place in the liver,
finds its way into the bile. Bile also appears to contain a small
quantity, at all events occasionally, of other metals, such as man-
ganese and copper; metals introduced into the body are apt to
be retained in the liver and eventually leave it by the bile.

The small quantity of fat present consists in part of the complex
body lecithin.

The peculiar body cholesterin, which though fatty looking (hence
the name ‘bile fat’) is really an alcohol with the composition C,H,,0,
is conspicuous by its quantity and constancy. It forms the greater
part of most gall-stones, though some are composed chiefly of
pigment. Insoluble in water and cold aleohol, though soluble
in hot aleohol and readily soluble in ether, chloroform &e., it is
dissolved by the bile-salts in aqueous solution and hence is present
in solution in bile. Its physiological functions are obscure.
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The ash of bile consists largely of soda, derived partly from the
sodium chloride and partly from the bile-salts, of sulphates derived
chiefly if not wholly from the latter, and of phosphates partly ready
formed, and in part derived from the lecithin.

§ 245. Pigments of Bile. The natural golden red colour of
normal human or carnivorous bile, is due to the presence of Bili-
rubin. This, which 1s also the chief pigmentary constituent of gall-
stones, and occurs largely in the urine of jaundice, may be obtained
in the form either of an orange-coloured amorphous powder, or of
well-formed rhombic tablets and prisms. Insoluble in water, and
but little soluble in ether and aleohol, 1t 1s readily soluble in chloro-
form, and in alkaline fluids. Its composition is CH _N,O..
Treated with oxidizing agents, such as nitric acid yellow with
nitrous acid, it displays a succession of colours in the order of the
spectrum. The yellowish golden red becomes green, this a
ﬁreemah blue, then blue, next violet, afterwards a dirty red, and

nally a pale yellow. T hl‘: characteristic reaction of bilirubin is the
basis uf the so-called Gmelin's test for bile-pigments. Each of these
stages represents a distinct pigmentary substance. An alkaline
solution of bilirubin, exposed in a shallow vessel to the action of the
air, turns green, becoming converted into Biliverdin (CH, N O,
or C H.NO, Maly), the green pigment of herbivorous bile
Biliverdin is also found at times in the urine of jaundice, and 1is
probably the body which gives to bile which has been exposed to
the action of gastric juice, as in biliary vomits, its characteristic
green hue. It is the first stage of the oxidation of bilirubin in
Gmelin's test. Treated with oxidizing agents biliverdin runs
through the same series of colours as bilirubin, with the exception
of the initial golden red.

§246. The Bile-salts. These consist, in man and many animals,
of sodium glycocholate and taurocholate, the proportion of the two
varying in different animals. In man both the total quantity of
bile-salts and the proportion of the one bile-salt to the other seem
to vary a good deal, but the glycocholate 1s said to be always the
more abundant. In ox- -gall, sodium glycocholate is abundant, and
taurocholate scanty. The bile-salts of the dog, cat, bear, and other
carnivora, consist exclusively of the latter.

Insoluble in ether but soluble in aleohol and in water, the
aqueous solutions having a decided alkaline reaction, both salts
may be obtained by ﬁr}rstalllsd,tmn in fine acicular needles. They
are exceedingly deliquescent. The solutions of both acids have
a dextro-rotatory action on polarized light.

Preparation. Bile, mixed with animal charcoal, is evaporated to
dryness and extracted with aleohol. If not colourless, the alcoholic
filtrate must be further decolorized with animal charcoal, and the
aleohol distilled off. The dry residue is treated with absolute aleohol,
and to the alcoholic filtrate anhydrous ether is added as long as any
precipitate is formed. On standing the cloudy precipitate becomes
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transformed into a crystalline mass at the bottom of the vessel. If the
alcohol be not absolute, the crystals are very apt to be changed into a
thick syrupy fluid. This mass of crystals has been often spoken of as
bilin. Both salts are thus precipitated, so that in such a bile as that of
the ox or man bilin consists both of sodium glycocholate and sodium
taurocholate, The two may be separated by precipitation from their
aqueous solutions with sugar of lead, which throws down the former
much more readily than the latter. The acids may be separated from
their respective salts by dilute sulphurie acid, or by the action of lead-
acetate and sulphydric acid.

On boiling with dilute acids (sulphurie, hydrochlorie), or caustic
potash, or baryta water, glycocholic acid is split up into cholalic
(cholic) acid and glycin. Taurocholic acid may similarly be split
up into cholalic acid and taurin. Thus

glyeocholic acid cholalie acid glyein
C,H_NO,+H0=C,H,0, + CH,. NH, (CO. OH)
tanrocholic acid cholalic acid tanrin

C,H,NSO,+H,0=C_H,0, + C,H,. NH,.SO,H.

Both acids contain the same non-nitrogenous acid, cholalic acid;
but this acid is in the first case associated or conjugated with the
important nitrogenous body glycin, or amido-acetic acid, which 1s a
compound formed from ammonia and one of the “fatty acid” series,
viz. acetic; and in the second ecase with taurin, or amido-isethionic
acid, that is a compound into which representatives of ammonia,
of the ethyl group, and of sulphuric acid enter. The decom-
position of the bile acids into cholalic acid and taurin or glycin
respectively takes place paturally in the intestine, the glyecin and
taurin being probably absorbed, so that from the two acids, after
they have served their purpose in digestion, the two ammonia com-
pounds are returned into the blood. Each of the two acids, or
cholalic acid alone, when treated with sulphuric acid and cane-sugar,
gives a magnificent purple colour (Pettenkofer's test) with a char-
acteristic spectrum. A similar colour may however often be pro-
duced by the action of the same bodies on albumin, amyl aleohol,
and some other organic bodies.

§ 247. Action of Dile on Food. In some animals at least bile
contains a ferment capable of converting starch into sugar ; butits
actlon in this respect 1s wholly subordinate.

On proteids bile has no direct digestivé action whatever, but
being, generally at least, alkaline, and often strongly so, tends to
neutralise the acid contents of the stomach as they pass into the
duodenum and as we shall see so prepares the way for the action of
the pancreatic juice. To peptic action it is distinctly antagonistic;
the presence of a sufficient quantity of bile renders gastric juice
inert towards proteids. Moreover when bile, or a solution of bile-
salts, 1s added to a fluid containing the products of gastric diges-
tion, a precipitate takes place, consisting of parapeptone (when
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present), peptone, pepsin and bile salts, The precipitate is redis-
solved in an excess of bile or solution of bile-salts ; but the pepsin
though redissolved remains inert towards proteids. This precipi-
tation actually does take place in the duodenum, and we shall
speak of it again later on.

With regard to the action of bile on fats, the following state-
ments may be made :

Bile has a slight solvent action on fats, as seen in its use by
painters. It has by itself a slight but only slight emulsifying
power : a mixture of o1l and bile separate after shaking rather
less rapidly than a mixture of oil and water. With fatty acids
bile forms soaps. If is moreover a solvent of solid soaps, and it
would appear that the emulsion of fats is under certain cirecum-
stances at all events facilitated by the presence of soaps in solution.
Hence bile is probably of much greater use as an emulsion agent
when mixed with pancreatic juice than whenacting by itself alone.
To this point we shall return. Lastly, the passage of fats through
membranes is assisted by wetting the membranes with bile, or
with a solution of bile-salts. Oil will pass to a certain extent
through a filter-paper kept wet with a solution of bile-salts, where-
as 1t will not pass or passes with extreme difficulty through one
kept constantly wet with distilled water.

Bile possesses some antiseptic qualities. Out of the body its
presence hinders various putrefactive processes; and when 1t is
prevented from flowing into the alimentary camal, the contents
of the intestine undergo changes different from those which take
place under normal conditions, and leading to the appearance of
various products, especially of ill-smelling gases.

These various actions of bile seem to be dependent on the bile
salts and not on the pigmentary or other constituents.

Pancreatic Juice.

§ 248. Natural healthy pancreatic juice obtained by means of a
temporary pancreatic fistula differs from the digestive juices of
which we have already spoken, in the comparatively large quantity
of proteids which it contains. Its composition varies according to
the rate of secretion, for, with the more rapid flow, the increase of
total solids does not keep pace with that of the water, though the
ash remains remarkably constant.

By an incision through the linea alba the pancreatic duct (or duects)
can easily be found either in the rabbit or in the dog, and a cannula
secured in it. There is no difficulty about a temporary fistula; but
with permanent fistule the secretion is apt to become altered in nature,
and to lose many of its characteristic properties. Some, however, have
succeeded in obtaining permanent fistule without any impairment of
the secretion.
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Healthy pancreatic juice is a clear, somewhat viseid fluid,
frothing when shaken. It has a very decided alkaline reaction,
and contains few or no structural constituents.

The average amount of solids in the pancreatic juice (of the
dog) obtained from a temporary fistula is about 8 to 10 p. c. ; but
in even thoroughly active juice obtained from a permanent fistula,
is, not more than about 2 to 5 p.c., '8 being Inorganic matter;
and this is probably the normal amount. The important con-
stituents of quite fresh juice are albumin, a peculiar form of
proteid allied to myosin, giving rise to a sort of clotting, a small
amount of fats and soaps, and a comparatively large quantity
of sodium carbonate, to which the alkaline reaction of the juice
is due, and which seems to be peculiarly associated with the
proteids.

Since, as we shall presently see, pancreatic juice contains a
ferment acting energetically on proteid matters in an alkaline
medium, it rapidly digests its own proteid constituents, and, when
kept, speedily changes in character. The myosin-like clot is
dissolved, and the juice soon contains a peculiar form of alkali-
albumin (precipitable by saturation with magnesium sulphate) as
well as small quantities of leucin, tyrosin and peptone, which seem
to be the products of self-digestion and are entirely absent from
the perfectly fresh juice.

y 249.  Action on Food-stuffs. On starch, pancreatic juice
acts with great energy, rapidly converting it into sugar (chiefly
maltose). All that has been said in this respect concerning
saliva might be repeated in the case of pancreatic juice, except
that the activity of the latter is far greater than that of the
former. Pancreatic juice and the agqueous infusion of the gland
are always capable of converting starch into sugar, whether the
animal from which they were taken be starving or well fed. From
the juice, or, by the glycerine method, from the gland itself, an
amylolytic ferment may be approximately isolated.

On proteids pancreatic juice also exercises a solvent action, so
far similar to that of gastric juice that by it proteids are converted
into peptone. If a few shreds of fibrin are thrown into a small
quantity of pancreatic juice, they speedily disappear, especially at
a temperature of 353" C, and the mixture is found to contain
peptone. The activity of the juice in thus converting proteids
into peptone is favoured by increase of temperature up to 40° or
thereabouts, and hindered by low temperatures ; it is permanently
destroyed by boiling. The digestive powers of the juice in fact
depend, like those of gastric juice, on the presence of a ferment
which, as we have already said, may be isolated much in the
same way as pepsin is isolated, and to which the name trypsin has
been given,

The appearance of fibrin undergoing pancreatic digestion is
however different from that undergoing peptic digestion. In the
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former case the fibrin does not swell up, but remains as opaque as
before, and appears to suffer corrosion rather than solution. But
there is a still more important distinetion between pancreatic and
peptic digestion of proteids. Peptic digestion is essentially an
acid digestion; we have seen that the action only takes place in
the presence of an acid, and is arrested by neutralisation. Pan-
creatic digestion, on the other hand, may be regarded as an alkaline
digestion ; the action is most energetic when some alkali is present ;
and the activity of an alkaline juice is hindered or delayed by
neutralisation and arrested by acidification at least with mineral
acids. The glycerine extract of pancreas is under all circumstances
as inert in the presence of free mineral acid as that of the stomach
in the presence of alkalis. If the digestive mixture be supplied
with sodium carbonate to the extent of 1 p.c., digestion proceeds
rapidly, just as does a peptic mixture when acidulated with hydro-
chloric acid to the extent of ‘2 p.e. Sodium ecarbonate of 1 p.e.
seems in fact to play in tryptic digestion a part altogether
comparable to that of hydrochlorie acid of ‘2 p.c. in gastrie di-
gestion. And just as pepsin is rapidly destroyed by being heated
to about 40° with a 1 p.c. solution of sodium carbonate, so trypsin
1s rapidly destroyed by being similarly heated with dilute hydro-
chloric acid of -2 p.e. Alkaline bile, which arrests peptic digestion,
seems, 1f anything, favourable to tryptic digestion.

Corresponding to this difference in the helpmate of the ferment,
there is in the two cases a difference in the nature of the products.
In both cases peptone is produced, and such differences as can be
detected between pancreatic and gastric peptones are relatively
small ; but in pancreatic digestion the bye-product is not, as in
gastric digestion, a kind of acid-albumin, but, as might be ex-
pected, a body having more analogy with alkali-albumin. More-
over, before the alkali-albumin is actually formed, the fibrin
becomes altered and takes on characters intermediate between
those of alkali-albumin and of ordinary albumin ; and when fresh
raw, t.e. unboiled, fibrin is acted upon by pancreatic juice, one or
more globulins appear as initial products.

Further, there are evidences that differences, of even a more
profound nature than the above, exist between pancreatic and
gastric digestion. One of these is the appearance, in the pan-
creatic digestion of proteids, of two remarkable nitrogenous crys-
talline bodies, leucin and tyrosin. When fibrin (or other proteid)
is submitted to the action of pancreatic juice, the amount of
peptone which can be recovered from the mixture falls far short
of the original amount of proteids, much more so than in the case
of gastric juice ; and the longer the digestive action, the greater is
this apparent loss. If a pancreatic digestion mixture be freed from
the alkali-albumin by neutralisation and filtration, the filtrate
yields, when concentrated by evaporation, a crop of erystals of
tyrosin, If these be removed the peptone may be precipitated
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from the concentrated filtrate by the addition of a large excess
of aleohol and separated by filtration. The second filtrate upon
being concentrated by evaporation yields abundant ecrystals of
leucin and traces of tyrosin. Thus by the action of the pancreatic
juice a considerable amount of the proteid, which is being di-
gested, is so broken up as to give rise to products which are no
longer proteid in nature. From this breaking up of the proteid
there arise leucin, tyrosin, and probably several other bodies, such
as fatty acids and volatile substances.

As is well known, leucin and tyrosin are the bodies which
make their appearance when proteids or gelatin are acted on by
dilute acids, alkalis, or various oxidising agents, Leucin is a body,
which in an impure state crystallizes in minute round lumps with
an obscure radiate striation, but when pure, forms thin ghttering
flat crystals. It has the formula CH ,NO,or CH .NH, (CO.OH)
" and is amido-caproic acid. Now caproic acid is one of the “fatty
acid” series, so that leucin may be regarded as a compound of
ammonia with a fatty acidd. Tyrosin, CH, NO,, on the other
hand, belongs to the “aromatic” series; 1t 1s a phenyl compound,
and hence allied to benzoic acid and hippuric acid. So that in
pancreatic digestion the large complex proteid molecule is split
up into fatty acid and aromatic molecules, some other bodies
of less importance making their appearance at the same time.
We infer that the proteid molecules are in some way built up
out of “fatty acid” and “aromatic” molecules, together with
other components, and we shall later on see additional reasons for
this view. - :

Among the supplementary products of pancreatic digestion
may be mentioned the body indol (C,H,N), to which apparently
the strong and peculiarly faecal odour which sometimes makes its
appearance during pancreatic digestion 1s due. Indol, however,
unlike the leucin and tyrosin, is not a product of pure pancreatic
digestion, but of an accompanying decomposition due to the action
of organised ferments. A pancreatic digestive mixture soon be-
comes swarming with bacteria, in spite of ordinary precautions,
when natural juice or an infusion of the gland is used. When
1solated ferment is used, and atmospheric germs are exeluded, or
when pancreatic digestion is carried on in the presence of salicylie
acid, or thymol, which prevent the development of bacteria and
like organisms but permit the action of the trypsin, no odour is
perceived, and no indol is produced.

After long-continued digestion, especially when accompanied by
putrefactive decomposition, the amount of proteids which are carried
beyond the peptone stage and broken up, may be very great.

In gastric digestion such a profound destruction of proteid
material occurs to a much less extent or not at all ; neither leucin
nor tyrosin can at present be considered as natural products of the
action of pepsin.
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On the gelatiniferous elements of the tissues as they actually
exist in the tissue previous to any treafment pancreatic juice
appears to have no solvent action. The fibrille and bundles of
fibrillze of ordinary untouched connective-tissue are not digested
by pancreatic juice, which in this respect affords a striking
contrast to gastric juice. But when they have been previously
treated with acid or boiled so as to become converted into actual
gelatine, trypsin is able to dissolve them, apparently changing
them much in the same way as does pepsin. Trypsin unlike
pepsin, will dissolve muecin. Like pepsin, 1t 1s inert towards
nuclein, horny tissues, and the so-called amyloid matter.

On ﬁsﬁs pancreatic juice has a twofold action. In the first
place it emulsifies fats. If hog’s lard be gently heated until it
melts and be then mixed with pancreatic juice before it solidifies
on cooling, a creamy emulsion, lasting for almost an indefinite time,
is formed. So also when olive o1l is shaken up with pancreatic
juice, the separation of the two fluids takes place very slowly,
and a drop of the mixture under the microscope shews that the
division of the fat is very minute. An alkaline aqueous infusion of
the gland has similar emulsifying powers. In the second place pan-
creatic juice splits up neutral fats into their respective acids and
glycerine.  Thus palmitin (or tripalmitin) (C H, .CO.0),. C.H,
1s with the assumption of 3H,O split up into three molecules of
palmitic acid 3 (C H, .CO. OH} and one of glycerine (C,H,)(OH),;
and so with the other neutral fats. If perfectly neutral fat bt,
treated with pancreatic juice, especially at the body-temperature,
the emulsion which is formed speedily takes on an acid reaction,
and by appropriate means not only the corresponding fatty acids
but glycerine may be obtained from the mixture. When alkali
1s present, the fatty aecids thus set free form their corresponding
soaps. Pancreatic juice contains fats, and is consequently apt after
collection to have its alkalinity reduced ; and an aqueous infusion
of a pancreatic gland (which always contains a considerable amount
of fat) very speedily becomes acid.

Thus pancreatic juice is remarkable for the power it possesses
of acting on all the food-stuffs, on starch, fats and proteids.

The action on starch, the action on proteids, and the splitting
up of neutral fats appear to be due to the presence of three dIHLm(L
ferments, and methods have been suggested for isolating them.
The emulsifying power, on the other hand, i1s connected with the
general composition of the juice (or of the aqueous infusion of the
gland), being probably in large measure dependent on the alkali
and the alkali-albumin present. The proteolytic ferment trypsin
as ordinarily prepared seems to be proteid in nature and capable
of giving m-.e by digestion, to peptone ; but it may be doubted, as
in the case of pepsin and other ferments, w ‘hether the pure ferment
has yet been isolated. There are no means of distinguishing the
amylolytic ferment of the pancreas from ptyalin. The term pan-
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creatin has been variously applied to many different preparations
from the gland, and its use had perhaps better be avoided.

The action of pancreatic juice, or of the infusion or extract of
the gland, on starch, is seen under all circumstances, whether the
animal be fasting or not. The same may probably be said of the
action on fats. On proteids the natural juice, when secreted in a
normal state, is always active. The glycerine extract or aqueous
infusion of the gland, on the contrary, as we have already explained,
§ 237, is active 1n proportion as the trypsinogen has been converted
into trypsin.

Succus Entericus.

§ 260. When, in a living animal, a portion of the small
intestine is ligatured, so that the secretions coming down from
above cannot enter its canal, while yet the blood-supply is
maintained as usual, a small amount of secretion colleets in its
interior. This is spoken of as the succus entertcus, and is supposed
to be furnished by the glands of Lieberkiihn, of which we shall.
presently speak.

Succus entericus may be obtained by the following method, known
as that of Thiry modified by Vella. The small intestine is divided in
two places at some distance (30 to 50 em.) apart. By fine sutures the
lower end of the upper section is carefully united with the upper end
of the lower section, thus as it were cutting out a whole piece of the
small intestine from the alimentary tract. In successful cases, union
between the cut surfaces takes place, and a shortened but otherwise
satisfactory canal is re-established. Of the isolated piece the two
ends are separately brought through incisions in the abdominal
wall and their mouths carefully fastened in such a manner that each
mouth of the piece opens on to the exterior., During the process of
healing two fistulze are thus established, one leading to the beginning
of and the other to the end of a short piece of intestine quite isolated
from the rest of the alimentary canal ; by means of these openings a
small quantity of fluid can be obtained.

The quantity secreted is said to be considerably increased by the
administration of pilocarpin,

Succus entericus obtained from the dog by the above method
is a clear yellowish fluid having a faintly alkaline reaction and
containing a certain quantity of mucus. It is said to convert
starch into sugar, and proteids into peptone (the action being very
similar to that of pancreatic juice), to split up neutral fats, to
emulsify fats and to curdle milk. It is also said to convert
rapidly cane-sugar into grape-sugar, and by a fermentative action
to convert cane-sugar into lactic acid, and this again into butyric
acid with the evolution of carbonic acid and free hydrogen.

According to the above results, succus entericus 1s to be re-
garded as an important secretion acting on all kinds of food.
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But even at the best, its actions are slow and feeble. Moreover
many observers have obtained negative results, so that the various
statements are conflicting. Besides, we have no exact knowledge
as to the amount to which such a secretion takes place under
normal circumstances in the living body. We may therefore
conclude that, at present at all events, we have no satisfactory
reasons for supposing that the actual digestion of food in the
intestine is, to any great extent, aided by such a juice.

Of the possible action of other secretions of the alimentary
canal, as of the cacum and large intestine, we shall speak when
we come to consider the changes in the alimentary canal.

§ 261. (allstones. Concretions, often of considerable size,
known as gallstones are not unfrequently formed in the gall
bladder, and smaller concretions are sometimes formed in the
bile passages. In man two kinds of gallstones are common. One
kind consists almost entirely of cholesterin, sometimes nearly free
from any admixture with pigment, sometimes more or less dis-
coloured with pigment. Gallstones of this kind have a crystalline
structure, and when broken or cut shew frequently radiate and
concentric markings. The other kind consists chiefly of bilirubin
in combination with caleium. Gallstones of this kind are dark
coloured and amorphous. Less common than the above are small
dark coloured stones, having often a mulberry shape, consisting
not of bilirubin itself, but of one or other derivative of bilirubin.
Gallstones consisting almost entirely of inorganic salts, calcic
carbonates and phosphates, are also oceasionally met with. In the
lower animals, in oxen for instance, bilirubin gallstones are not
uncommon, but cholesterin gallstones are rare.

A gallstone appears always to contain a more or less obvious
‘nucleus,” around which the material of the stone has been de-
posited, and which may be regarded as the origin of the stone;
the real cause of the formation of the stone lies however in certain
changes in the bile, by which the cholesterin, or bilirubin, or other
constituent ceases to remain dissolved in the hile. But we cannot
discuss this matter here.



SEC. 5. THE SECRETION OF PANCREATIC JUICE
AND OF BILE.

§ 262. The Secretion of Pancreatic Juice. Although in some
cases, as that of the parotid of the sheep, the flow of saliva is
continuous or nearly so, in most animals, as in man, the inter-
mittence of the secretion is very nearly absolute. While food is
in the mouth saliva flows freely, but between meals only just
sufficient 1s secreted to keep the mouth meoist, and probably the
greater part of this is supplied not by the larger salivary but by
the small buccal glands. The flow of pancreatic juice, on the
other hand, is much more prolonged, being in the rabbit continuous,
and in the dog lasting for twenty hours after food. But this
contrast between the secretion of saliva and that of pancreatic
Juice is natural, since the stay of food in the mouth even during
a protracted feast is relatively short, whereas the time during
which the material of a meal is able in some way or other to
affect the pancreas is very prolonged.

The flow though continuous, or nearly so, is not uniform. In
the dog the flow of pancreatic juice begins immediately after food
has been taken, and rises to a maximum which may be reached
within the first, or as in the case furnishing the di&gmm given in
Fig. 69 the second hour, but which more commonly is not reached
until the third or fourth hour. This rise is then followed by
a fall, after which there is a secondary rise, reaching a second
maximum at a very variable time but generally between the fifth
and seventh hours. This second maximum, however, is never so
high as the first.
~ The second rise may be dye to material absorbed from the
intestines being carried in the circulation to the pancreas and
so directly exciting the gland to activity, much in the same way
as, in the case of the stomach, the absorption of digested material
promotes the flow of gastric juice, see § 232; and a similar ab-



Cuar. 1.] TISSUES AND MECHANISMS OF DIGESTION. 433

sorption may contribute to the first rise also, but it is more
probable that so marked and sudden a rise as this is carried
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Fig. 69. DiAcRAM ILLUSTRATING THE INFLUENCE oF FooD oN THE SECRETION OF
Paxcreatic Juice, (N. O. Bernstein.)

The abscisse represent hounrs after taking food; the ordinates represent in c.c.
the amount of secretion in 10 min. A marked rise is seen at B immediately after
food was taken, with a secondary rise between the 4th and 5th hours afterwards.
Where the line is dotted the observation was interrupted. On food being again
given at C, another rise is seen, followed in turn by a depression and a secondary
rise at the 5th hour. A very similar eurve would represent the secretion of bile.

out by some nervous mechanism. The details of this mechanism
have however not as yet been satisfactorily worked out.

The pancreas derives its nerves, which reach it along its blood
vessels, from the solar plexus of the splanchnic system, but the
ultimate origins of the fibres have not been traced out; some of
them however certainly come through the plexus from the right
vagus.

gStimuIatinu of the medulla oblongata, or of the spinal cord,
will call forth secretion in a quiescent gland, or increase a secretion
already going on. From this we may infer the existence of a
reflex mechanism, though we cannot as yet trace out satisfactorily
the exact path of either the atferent or the efferent impulses; all
we can say is that the latter do not reach the pancreas by the
vagus, since stimulation of the medulla 1s effective after section
of both vagi.

A secretion already going on may be arrested by stimulation
of the central end of the vagus, and the stoppage of the secretion
which has been observed as occurring during and after vomiting

F. 28
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is probably brought about in this way. This effect, which however
is not confined to the vagus, stimulation of other afferent nerves,
such as the sciatie, producing the same effect, may be regarded
(in the absence of any proof that the result is due to reflex
constriction of the panecreatic blood vessels unduly checking the
blood-supply) as an mhibition of a reflex mechanism at its centre
in the medulla or in some other part of the central nervous
system, much in the same way as fear inhibits at the central
nervous system the secretion of saliva following food in the
mouth, § 226. But if so, then we must regard the secretion of
pancreatic juice as closely resembling that of saliva in as much
as it is called forth by a reflex act. Yet it is stated that, unlike
the case of saliva, the secretion of pancreatic juice continues after
all the nerves going to the gland have been divided, an operation
which would do away with the possibility of reflex action. Such
an experiment however cannot be regarded as decisive, since it is
almost impossible to be sure of dividing all the nerves.

No evidence has yet been brought forward to prove the exist-
ence of any double nervous mechanism similar to that of chorda
fibres and sympathetic fibres in the salivary gland. All that can
be said is that, when the gland is stimulated to secrete, the blood
vessels are dilated as in the salivary gland ; and we have already,
§ 232, dwelt on the histological changes which accompany secre-
tion. We may add that when the gland 1s stimulated to increased
secretion the inerease is not merely an increase of water, the
discharge of solids is increased even more than the discharge of
water, so that the percentage of solids in the juice increases.

The quantity of pancreatic juice secreted, in the case of man,
in 24 hours has been ecaleulated at 300 c.c., but such a caleulation
is of very uncertain value,

We have seen, § 227, that in the salivary glands the pressure
which may be exerted by the fluid in the ducts is very considerable,
exceeding it may be even the blood-pressure in the carotid artery.
In this respect the pancreas differs from the salivary glands.
When, in a rabbit, a cannula connected with a vertical tube or a
manometer 1s placed in the pancreatic duct, the column of fluid
does not rise above a height corresponding to a pressure of about
17 mm. of mercury. But at this pressure the gland becomes
eedematous on account of the juice seereted passing back through
the walls of the ducts and alveoli into the connective tissue; a
much higher pressure is needed to render a salivary gland
cedematous ; and whether the low pressure observed in the pan-
creas is due to the ease with whie}z eedema takes place or to the
actual secretion not being able to reach a higher pressure cannot
be stated with certainty.

§ 262* The Secretion of Bile. The act of secretion of bile by
the liver must not be confounded with the discharge of bile from
the bile-duct into the duodenum. When the acid contents of the
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stomach are poured over the orifice of the biliary duect, a gush of
bile takes place. Indeed, stimulation of this region of the duo-
denum with a dilute acid at once calls forth a flow, though
alkaline fluids so applied have little or no effect. When no such
acid fluid is passing into the duodenum no bile is, under normal
circumstances, discharged into the intestine. The dI‘i(’hﬂ.I‘gL is due
to a contraction of the muscular walls of the gall-bladder and
ducts, accompanied by a relaxation of the sphineter of the orifice ;
both acts are probably of a reflex nature, but the details of the
mechanism have not been worked out.

The secretion of bile on the other hand, as shewn by the
results of biliary fistuls, is continuous ; it appears never to cease.
When no food 1s taken the bile passes from the liver along the
hepatic and then back along the cystic duct (the flow being aided
probably by peristaltic contractions of the muscular fibres of the
duct) to the gall-bladder, where it is temporarily stored ; hence in
starving animals, when no discharge is excited by food, the gall-
bladder becomes greatly distended with bile. But the secretion,
though continuous, is not uniform. The rate of secretion varies,
and 1s especially influenced by food ; 1t is seen to rise rapidly after
meals, reaching its maximum, in rlngq in from four to l"lght hours.
There seems to be an 1mm0d1atv sudden rise when food is taken,
then a fall, followed 511b-au]uu}tly by a more gradual rise up to
the maximum, and endmg in a final fall to the lowest pumt
The eurve of secretion, in fact, resembles that of the seeretion of
pancreatic juice in having a double rise ; and as in that case so
in this, 1t 1s very probable that the first rise 1s in part the result
of nervous action, and it is also possible that nervous influences
intervene in the second more lasting rise; but, as we shall see
presently, even nervous influences may affect the liver in a very
indirect manner, and our knowledge as to any direct action of the
nervous system on the liver is at present very imperfect.

The liver receives its chief nervous supply from the solar
plexus, and to a great extent through that part of the solar
plexus called the hepatic plexus which embraces the portal vein,
hepatic artery and bile duct, as these plunge into the liver at the
porta. The solar plexus i1s fed by the two abdominal splanchnic
nerves, major and minor, by other smaller nerves from the lower
parts of the splanchnic (sympathetic) chain, and by the terminal
portion of the right vagus nerve. Small branches from the left
vagus, rami hepatici, also pass directly to the liver from the
terminations of that nerve on the stomach, finding their way also
through the porta. The fibres thus ente 1iug the liver from the
several sources are, for the most part, non-medullated fibres; with
these, however, are mixed a certain 11umber of medullated ﬁhres

As to the funct.mns of these nerves in reference to the secretion
of bile, we may say at once that no satisfactory or exact statement
can at present be made.

282
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§ 263. It must be remembered, however, that the liver is so
peculiarly related to the other organs of digestion, and its vascular
arrangements so special that, with regard to it, as compared with
many other organs, an intrinsic nervous mechanism must occupy
a more or less subordinate position. The blood-supply of the
pancreas for instance is dependent chiefly on the width for the
time being of the pancreatic arteries; it will be affected of course
by the general arterial préssure and by any circumstances which
affect the outflow by the pancreatic veins, and therefore by the
condition of the portal venous system of which those veins form a
part ; but in the main, the amount of blood bathing the alveoli of
the pancreas will depend on whether the pancreatic arteries are
constricted or dilated. The quality of the blood reaching the
pancreas, being arterial blood drawn direct from the arterial
foundation, will be modified only by such circumstances as modify
the general mass of the blood.

Very different is the case of the liver. The supply of arterial
blood coming direct through the hepatic artery is small compared
with the mass pouring through the vena portee; it moreover, as
we shall see, is distributed in capillaries among the small inter-
lobular branches of the vena portze and has become venous,
indeed merged with the portal blood, before i1t reaches the actual
lobules. The supply of blood for the liver is mainly that through
the vena porte; and this supply is not, like an arterial supply, a
fairly uniform one, modified chiefly by the vaso-motor events of
the organ itself, but is, dependent on what happens to be taking
place in the alimentary canal and in abdominal organs other than
the liver itself. When no food is being digested and the alimentary
canal is at rest, the vessels of that canal, as we have already said in
speaking of the stomach, are like those of the pancreas and salivary
ﬁlamls, in a state of tonic constriction ; a relatively small quantity of

lood passes through them ; hence the flow through the vena porta
is relatively inconsiderable, and the pressure in that vessel is low,
When digestion is going on all the minute arteries of the stomach,
intestine, spleen and pancreas are dilated, and general arterial
pressure being by some means or other maintained (see § 194),
a relatively large quantity of blood rushes into the vena portae
and the pressure in that vessel becomes much increased, though
of course remaining lower than the general 'arterial pressure.
Moreover during digestion, peristaltic movements of the muscular
coats of the alimentary canal are, as we have seen, active; and
these movements, serving as aids to the circulation (see § 121),
help to increase the portal flow. Further the spleen, as we
shall see in speaking of that organ, is in many animals richly
provided with plain muscular fibres, and in such cases seems,
especially during digestion, to act as a muscular pump driving
the blood onwards, with increased vigour, along the splenic veins
to the liver. So that even were the liver not connected with



Cpoap. 1.] TISSUES AND MECHANISMS OF DIGESTION. 437

the central nervous system by a single nervous tie, the tide
of blood through the liver would ebb :—:md flow according to the
absence or presence of food in the alimentary canal,

An increase of blood-supply does not of course necessarily
mean an increase of secretory activity. As we have seen, § 227, in
the presence of atropine, the secretion of saliva may stand still in
spite of dilated blood vessels and the consequent rush of blood ;
but we may safely assert that, other things being equal, a fuller
blood-supply is favourable to activity. Apparently a mere change
in the quantity of blood bathing an alveolus will not start in the
cells the changes which constitute the act of secretion, any more
than an increase in the blood bathing a muscular fibre will neces-
sarily set going a contraction; but unless there be some counter-
acting influence at work, a fuller and richer lymph around a cell
will naturally lead to the cell taking up more material from the
lymph, and so will increase the cell's store of energy. Hence,
especially in the hepatie cell, which appears to be always at
work, always undergoing metabolism of such a kind as to give
rise tr:h bile, we might fairly expect the greater flow through the
portal vein tﬂ quicken the How through the bile duect.

And as a matter of fact we dn find wvaso-constrictor action
dominant over the secretion. In the various experiments which
have been made to ascertain the action of the nervous system on
the secretion of bile, it has always been found that stimulation of
the medulla oblongata, or of the spinal cord, or of the abdominal

splanchnic nerves, stops or at least checks the flow of bile. Now
t e effect of these stimulations is, as we have already seen more
than once, a powerful constricting action on the abdominal blood
vessels; by such stimulation the blood-supply of the liver is
mﬁteﬁﬂll}’ diminished, and in consequence the secretory activity
1s slackened or arrested.

But there is something besides the mere quantity of blood to
be considered in this relation. The blood which passes from the
alimentary canal at rest is ordinary venous blood, laden aunply
with earbonic acid and the ordinary products of the metabolism
of the musecular and mucous coats of the canal. When digestion
is going on the portal blood is laden, as we shall see, with some
at all events of the products of digestion, with sugar probably
and with various proteid bodies. And it 1s quite possible or even
probable that some of these bodies in the portal blood reaching
the hepatie cells stir them up to secretory activity; indeed this
view may be regarded as supported by the facts that proteid
food increases the quantity of bile secreted, whereas fatty food,
which as we shall see passes, chleﬂj, if’ not whull}, not by the
portal vein but by the lymphaties and which is probably la,rgel}v
disposed of in some way or other before it can reach the liver,
has no such effect.

Hence we may infer that at all events the second increase of
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the flow of bile which occurs during the later stages of digestion
may be to a large extent the direct effect of blood, laden with
digestive products, passing from the stomach and intestines,
especially the latter, to the liver by the portal vein, quite
independent of any direct nervous action on the liver itself;
and indeed it is possible that the first rise also may be partly
due to the increased flow of blood from the stnmzu:i}tl, aided by
the absorption from that organ of a certain amount of digested
material. Since, however, there i1s no evidence of any decrease in
blood-supply, or in the rate of absorption, corresponding to the
fall between the two rises, some Influences other than those which
we are discussing must be at work in the matter.

§ 254. The blood-supply of the liver being thus, quite apart
from any nervous supply of its own, so closely dependent on what
is going on in the alimentary canal, it will be convenient to say a
few words more concerning the vaso-motor nerves of that canal.
As we have already said in speaking of the vascular system
(§ 169), the vaso-constrictor fibres for the stomach and intestines,
large and small, issuing from what we may call the vaso-constrictor
region of the cord pass for the most part through the two
abdominal splanchnic nerves, major and minor, a small number
only passing out below the roots of those nerves. When these
splanchnic nerves are divided the vessels of the canal are dilated,
when they are centrifugally stimulated the vessels are constricted.
Whether there be any distinet vaso-dilator fibres for all or any
of the canal, and if so what course they take, is not known. When
no food has for some time been taken, the mucous membrane of the
stomach as seen through a gastrie fistula is pale ; the blood vessels
are constricted. And as far as we know a similar condition obtains
throughout the small and large intestines. When food is taken
the mucous membrane of the stomach becomes flushed ; its vessels
become dilated. This appears to be the result of an inhibition of
the previously existing tonic constriction; at least we have no
evidence supporting any other explanation. Apparently the
presence of food in the stomach starts in the mucous membrane
influences which, ascending to the central nervous system, inhibit
the vaso-motor centre for the abdominal splanchnic nerves or such
part of that centre as governs the vaso-constrictor fibres of the
stomach. By what path such afferent impulses reach the central
nervous system is not as yet definitely settled; but possibly by
the vagus nerve, if it be true, as stated, that centripetal stimu-
lation of that nerve, while it raises the general blood-pressure
by increasing, in a reflex manner, vaso-constriction in other
regions, leads to a dilation of the gastric vessels. So also it
is probable that as the food reaches succeeding sections of
the alimentary canal, these in turn in a similar manner become
flushed with blood. In the frog there is some evidence that
vaso-constrictors leaving the spinal cord by consecutive spinal
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nerves govern the blood vessels of conseentive sections of the
alimentary canal.

All this flushing of the canal with blood leads, we repeat, to an
increased flow of blood at a higher pressure through the portal vein.
Whether besides this there be any additional mechanism set to work,
such as, for instance, which some observations suggest, a rhythmical
peristaltic contraction of the portal vein, by which the blood is still
more rapidly hurried to the liver, and whether the increased venous
supply through the portal vein is accompanied by a corresponding
increase of the lesser supply of arterial blood through the hepatic
artery, is not known. It may perhaps be here remarked that there is
no need for any increase of arterial blood, since the blood from the
alimentary canal, owing to its more rapid passage through the
minute vessels, is probably like the corresponding blood in the
veins of an active salivary gland, (though probably also not to
the same extent) less venous than usual during digestion in spite
of the extra quantity of carbonic acid thrown into 1t by the
increased metabolism of the musecular coat during the peristaltic
movements,

§ 265. It 1s interesting to observe that the pressure under
which the bile 1s secreted is relatively low like that of the
pancreatic juice, not high like that of the saliva; it is much lower
than the arterial pressure in the same animal, whereas in the case
of saliva (§ 227) the pressure is greater than the blood-pressure in
the carotid artery. But, in the case of bile, since the blood which
flows through the hepatic lobules is, mainly, venous portal blood,
we have to compare the pressure of the seeretion not with arterial
pressure but with the venous pressure in the portal system ; and
in the dog it has been found that while the pressure of the bile
secreted stood at about 200 mm. of a solution of sodinum carbonate,
that is, about 15 mm. mercury, the blood-pressure in a branch of
the superior mesenteric vein stood only at about 90 mm. of the
same solution, that is, about 7 mm. mercury. Now the venous
pressure in the mesenteric veins is higher, though only slightly
higher, than that in the portal vein into which these pour their
blood (the difference of pressure being the main cause why the
blood flows from the one into the other), and is therefore certaiuly
higher than the pressure in the portal eapillaries of the hepatic
lobules. So that what is true of the salivary gland is also true,
on a different scale, of the liver, viz. that the pressure exerted by
the secretion is higher than the pressure of the blood in the vessels
feeding the secreting cells.

§ 266. If the pressure in the bile duct be artificially increased,
as by pouring fluid info the glass tube or manometer with which
the cannula in the duct is connected, a resorption of the secreted
bile takes place; and resorption will also take place within the
body, when the pressure generated by the act of secretion itself
reaches and is maintained at a sufficiently high level. Thus
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when in the living body the bile duct is ligatured, or becomes
obstructed by gallstones or otherwise, fluid is accumulated on the
near side of the ligature at a pressure which goes on increasing
until resorption of bile takes place, bile salts and biliary pigments
are thrown back upon the system, and “jaundice” results. It
would appear that in these cases resorption takes place through
the interlobular bile ducts and not through the hepatic cells or
other structures within the lobules. The high pressure in the
ducts does not lead to a reversal of the current in the hepatic
cells (at most it slackens or possibly stops the current) but the
bile secreted into the interlobular ducts escapes from these. It
further appears that the escape is not into the blood wvessels
but into the lymphatics; the bile salts, pigments and other
constituents are carried into the thoracie duet, and in an indirect
manner only find their way into the blood stream.

To complete the history of the secretion of bile we ought now
to turn to the manufacture of the biliary constituents within the
cells. But since the hepatic cells are also engaged in labours
other and more important perhaps than that of secreting bile, it
will be convenient to defer what we have to say on this point until
we come to speak of the formation of glycogen and of the general
metabolic events taking place in the liver.



SEC. 6. THE STRUCTURE OF THE INTESTINES.

The Small ntestine.

§ 257. The intestine, small and large, throughout its length
from the pylorus to close upon the rectum, follows in its structure
the general plan previously described § 208. A thin outer longi-
tudinal muscular layer, covered by peritoneum, is succeeded by a
thicker inner circular muscular layer, and this double muscular
coat is separated by a submucous layer of loose connective-tissue,
carrying the larger blood vessels, from the mucous membrane
which consists of an epithelium lying upon a connective-tissue
basis of peculiar nature, a well-developed muscularis mucosz of
longitudinal and eircular fibres marking off the mucous membrane
proper from the underlying submucous tissue.

In the small intestine the outer longitudinal muscular layer is
evenly distributed over the whole cirecumference of the tube and
is everywhere much thinner than the inner circular layer, which
1s the more important layer of the two. The individual fibre-
cells of these muscular layers of the intestine are large and well
developed. In the thin sheet of connective-tissue which separates
indistinetly the two layers lies the plexus of Auerbach, a plexus of
nerve-fibres, for the most part non-medullated, at the nodes of
which are gathered groups of very small nerve-cells, the substance
of each cell being especially scanty. This plexus supplies the two
musecular layers with nerve-fibres,

The submuecous coat contains besides blood wvessels and
lymphatics, a somewhat similar plexus of nerve-fibres, called the
plexus of Meissner; from this plexus fine nerve-fibres proceed to
the blood vessels, to the muscularis mucos®, and possibly to other
structures.

§ 2568. The Mucous Membrane. This is thrown into folds
which are not as in the case of the stomach temporary longi-
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tudinal folds, rugae, but permanent transverse folds, the valvulue
conniventes, reaching half-way or two-thirds of the way round the
tube. Each fold is a fold of the whole mucous membrane carrying
with it a part of the submucous tissue, the latter thus forming a
middle sheet between the mucous membrane on the upper surface
and that on the lower surface of the fold. The folds, which vary in
size, large and small frequently alternately, begin to appear at a
little distance from the pylorus; they are especially well developed
just below the opening of the bile and pancreatic ducts, and are
continued down to about the middle of the ileum, where, becoming
smaller and irregular, they gradually disappear. They serve to
increase the inner surface of the intestine and present an obstacle
to the too rapid transit of material along the tube.

Over and above the coarser inequalities of surface caused by
these folds, the level of the mucous membrane is broken on the
one hand by tongue-like projections, the #illi, and on the other
hand by tubular depressions, the glands or crypts of Lieberkiilin.
The latter are very much smaller and are more numerous than the
former, several crypts being placed in the interval between two
villi. Both are found on the projecting valvule as well as in the
valleys between, and both extend along the whole length of the
intestine from the pylorus to the ileocaeal valve; but while the
villi vary a good deal, being short and few immediately next to
the pylorus, very numerous and large in the duodenum and upper
part of the intestine, less.numerous, smaller, and more irregular in
the lower part, the erypts have nearly the same characters and are
uniformly distributed throughout. Very much as in the case of
the stomach, the muscularis mucos@ runs in an even line (except
for the sweeps of the valvule conniventes) at a little distance from
the bases of the closely packed crypts, and at a greater distance
(viz. the length of the erypts) from the bases of the villi; as we
shall see, however, the muscularis mucos® sends up muscular
fibres into each villus.

§ 2869. Before proceeding to describe the villi and crypts it
will be convenient to study the characters of the peculiar connective-
tissue lying between the epithelium above and the muscularis
mucosae below. The upper surface of this tissue is defined by
what may be spoken of as a basement membrane, which however
appears not to be here (at least over the villi) as in the stomach
a continuous sheet composed of flat connective-tissue corpuscles
fused together, but to have a structure which we shall presently
describe. The muscularis mucos® consists of an outer longitu-
dinal and an inner circular sheet of plain muscular fibres, in
some places the one, and in other places the other being pre-
dominant ; each sheet consists in most cases of a single layer of
fibres, the constituent fibres being cemented into flat bundles and
the bundles united by fine connective-tissue. Between the flat
bundles vessels pass to and from the submucous tissue below and
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the rest of the mucous membrane above, the muscle itself being
also well provided with blood vessels,

The connective tissue which occupies the whole of the narrow
irregular zone between the basement membrane above and the
muscularis mucosse below, except for the space taken up by the
blood vessels and definite lymphatic vessels (of which we shall
presently speak), is of a kind, which, though it is not quite the
same 1n the wvilh as Llhﬁ:‘#WhLI‘L is on the whole closely allied to
the kind known under the various names of retiform or reticular
connective tissue, adenoid tissue or lymphoid tissue, and indeed is
often called by one or other of these names,

Typical adenoid tissue such as is met with in the lymphatic
follicles of the intestine, of which we shall presently have to speak,
in lymphatic glands and elsewhere, presents the appearance of a
fine close-set and fairly regular network with meshes so small as
not to afford room for more than one or two leucocytes in each
mesh. The bars of the network are delicate fibres composed of
material which is similar to, if not identical with, that of the
fibrille of ordinary conmective tissue. At the nodal points of
the network thickenings are frequently but not always present,
and some of the more conspicuous of these thickenings may
contain nuclei either spherical in form or more or less misshapen ;
but such nuclelr are not numerous. Adenoid tissue In fact 1s
composed of anastomosing branched cells, the greater part of the
cell In most cases, and indeed the whole ﬂf the eell in some cases,
having been transformed into filamentous processes, of a differen-
tiated nature, which join freely with each other and with the
like processes of other cells to form a fine regular network, a
portion only of the cell, sometimes with and sometimes without
its nucleus (this having disappeared), being left to form a nodal
thickening. '

It may be regarded as a less developed form of connective-
tissue than the white fibrous or the ordinary areolar connective-
tissue. In the earlier stage of its development in the embryo
connective-tissue of all kinds 1s IEI]IEHEIlt{‘El by a number of nu-
cleated granular protoplasmic cells, lying in a fluid or nearly fluid
matrix. The cell-bodies are branched, the branches joining together
at intervals to form a network. In the development of ordinary
connective-tissue the outer portion of the cell-body of some of the
cells is converted into or at least gives rise to fibrillar gelatinife-
rous material, or the whole of it may be so converted, the rest of
the cell, or other cells, being left as connective-tissue corpuscles.
In adenoid tissue the cells remain as branched cells, joining into
a network, and the cell-substance is not in any part transformed
into bundles of fibrillee, though it has undergone, besides an
increase in its branching, in part at all events, a chemical trans-
formation, since the material forming the bars of the network is
in a large measure no longer ordinary protoplasmic’ cell-sub-
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stance. The meshes of typical adenoid tissue are always crowded
with, and practically filled up by, leucoeytes of various sizes; it
is only with very great difficulty that the network can be obtained
free from them. '

The connective-tissue occupying the spaces between and below
the glands of Lieberkiihn is very similar to adenoid tissue in as
much as it presents a network of delicate fibres; but the meshes
are somewhat larger and more irregular than those of true adenoid
tissue, and though they contain, are not ecrowded with, leucocytes ;
the amount of cell-substance left at some of the nodal points is
greater, nuclei are more abundant, and some of the processes of
the cells forming the bars of the network are flat expansions
rather than fibres. It i1s on the whole therefore somewhat
different from the typical adenoid tissue of lymphatic structures,
and though it is often spoken of under the same name as that
tissue, 1t will be convenient to distinguish it by some term; it
might be called reticular tissue.

The tissue which fills up the body of a villus differs still more
from true adenoid tissue; it is formed of branching cells which
have for the most part retained their nuclei and a larger amount
of cell-substance round each nucleus; the processes are partly
membranous, partly fibres, and some of them exhibit a tendency
to form minute bundles of fibrille. It 1s intermediate between
adenoid-tissue and ordinary conneetive-tissue, and may perhaps be
described as forming a loosé somewhat open sponge-work rather
than a network.

Lying loose in the meshes of this peculiar reticular connective-
tissue, both in the villi and elsewhere, are seen bodies having the
general characters of white blood corpuscles (see § 31), which,
though they are probably not all of the same kind, we may speak
of under the term of leucocytes. Sometimes these are scanty
but often are very numerous. This reticular connective-tissue
forms in fact a labyrinth of irregular passages which are occupied
by fluid but through which leucocytes can wander to and fro.
We shall later on point out that.this labyrinth of passages is
associated in a particular manner with the lymphatic vessels and
that the fluid occupying the spaces is in reality lymph. Indeed
this tissue ought perhaps to be regarded as part of the lymphatic
system.

The basement membrane spoken of above appears to be formed
largely, at least over the villi, by the expanded ends of fibres of
the reticulum which reaching the surface from below spread out
laterally beneath the epithelium, and being joined by a certain
number of cells lying flat on the surface, form together a sheet
which is not continuous but discontinuous, being broken by
openings through which the bases of the cells of the epithelium
are brought mnto contact with the fluid occupying the spaces of the
reticulum below.
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§ 260. The Villi. The villi vary in size and form in different
animals, and in different parts of the intestine in the same
animal ; each villus moreover varies in form at different times;
they may be generally described as having the shape of a flattened
finger but are frequently broader at the free end than at the
base ; they have, in man, a length of about 1 mm. and a breadth
of from "2 mm. to *5 mm.

Each villus consists of a body of reticular tissue, the outer
surface forming, as explained above, a basement membrane, which
1s covered by a single layer of epithelium cells. Two kinds of
cells, that 1s cells Eruaentmg two sets of characters, make up this
single layer of eplt linm

One kind is a columnar or conical eell, with its broader end
fnrmmg part of the free surface of the villus, and its narrower end
resting on or filling up a ﬁu,p in the basement membrane. , The
greater part of the cell-body is formed of the kind of ‘granular’
cell substance spoken of as protoplasmic, but differs in appearance
and condition according to urc,umbtanma these variations we
shall study separately. An oval nucleus 1s placed vertically at
about the lower third of the cell. At the free border of each cell
the granular cell-substance changes to a narrow band of clear
hyaline refractive material marked, in many prepared specimens
and often even in the fresh state, with fine vertical lines so as to
appear striated vertically or rather radial ly; in a section of a
villus, optical or actual, the whole villus seems to be surrounded
by a band of this clear refractive material.

A ciliated epithelium bears, as we have seen (§ 93), a similar
hyaline refractive border from which the eilia project and with which
they are connected, but which does not share in the movements of
the cilia belonging to it, remaining unchanged in form while
these are moving; its exact nature is at present uncertain. The
refractive border of a columnar eell of a villus differs from the
similar border of a cihiated cell in that on the one hand it never, in
vertebrates, bears cilia, and on the other hand does under certain
circumstances change its form. The striation spoken of above
appears to be due to the fact that the border is composed of a
number of rods imbedded side by side in a substance which 1s
sometimes of the same refractive power as the rods, in which case
the whole border appears homogeneous, but which is sometimes of
different refractive power, in which case the striation is distinet.
The rods, which are thought by some to be hyaline processes of
the unrlu*l} ing cell-substance projecting into the above-mentioned
cement-substance, are sometimes long and thin, sometimes short
and thick, the whole border being in the former case narrow, in the
latter hrﬂad Under the influence of reagents or of circumstances
the one condition may change into the other, and the change
seems to be an active not a passive process, since 1t will only take
place so long as the cells are alive. This refractive border of the
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columnar cell of a villus is obviously a peculiar and presumably an
important structure, .

§ 261. Mixed in varying proportion with the colummar cells
possessing this characteristic hyaline border, are cells of another
kind, the goblet cells. These are essentially mucous cells; in all their
important characters they resemble the mucous cells previously
described (§ 235), but receive their special name because in shape
they usually resemble a goblet or flask. In a hardened and prepared
specimen of a villus numerous goblet cells may be seen scattered
among and surrounded by colummar cells. Each goblet cell has a
base, often irregular and sometimes branched, lying on or near the
basement membrane, and a top which reaches the surface of the
villus between the refractive borders of the neighbouring columnar
cells. Near the base is placed anucleus, generally dise-shaped, owing
to the action of the reagent, surrounded by a small quantity of
staining protoplasmiec cell-substance. Above this the cell consists
of a mass of transparent mucin, lying in the meshes of a delicate
reticulum, and surrounded by a thin layer or envelope which is
prolonged upwards from the cell-substance below, and which on the
top or free surface of the cell usnally bears a distinct round orifice
or mouth. The upper part of the cell is consequently a sort of cup
filled with muecin (and reticulum) and opening into the interior of
the intestine by a somewhat narrow mouth, through which the
muein in due time escapes. -

In a villus examined quite fresh in normal saline solution some
of these goblet cells may be observed in a condition which has
been described, § 235, as the normal condition of a mucous cell.
The cell is then cylindrical or oval rather than distinetly flask-
shaped, and the upper part of the cell consists of cell-substance
studded with granules and spherules, the transparent mucin being
absent and the mouth not visible. But in perfectly fresh wvilli,
studied under even the most favourable conditions, many if not most
of the goblet cells will be seen to have become goblet shaped, to
have already undergone the transformation into transparent muein
and reticulum, and to have acquired a mouth. In such cases the
clear transparent body of a goblet cell stands out in strong contrast
with the more dim granular bodies of the columnar cells which
surround 1t, both when they are seen on their side and when they
are looked at from above. In the latter case when the microscope
15 focussed for a point a little below the free surface of the willus,
the goblet cells look like round clear droplets scattered in the dim
ground formed by the columnar cells. A similar contrast is afforded
by prepared specimens stained with carmine and certain other
dyes, which leave the transparent mucin unstained. Under certain
methods or conditions of hardening however and with certain dyes,
as with haematoxylin, the mucin may stain as deeply or even more
deeply than its surroundings.

Obviously these goblet cells are simply mucous cells somewhat
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modified by reason of their position. They are not hidden in the
recesses of an alveolus like salivary mucous cells, they do not form
a layer by themselves like the gastric mucous cells, but are secat-
tered among other cells carrying on important funetions. Hence
apparently their shape of a goblet and their well-defined mouth.
A goblet cell to start with is a cell of a more or less colummar
form and ordinary protoplasmic cell-substance. The cell-substance
manufactures and becomes studded with granules or spherules
which very speedily give rise to mucin, the cell swollen with its
load assumes a goblet shape, and the formation of a mouth in the
space between the converging refractive borders of neighbouring
columnar cells assists in the discharge of the load,

The columnar cells of the villus are, as we shall see, chiefly
occupied in the reception of material from the intestine into the
body of the villus; the goblet cells are chiefly occupied in secreting
into the interior of the intestine mucin and possibly some of the
constituents of the sucens entericus.

Below this layer of columnar and goblet cells extends the thin
basement membrane, above which, between the bases of the other
cells, may be seen small cells, that is to say, cells with a relatively
small quantity of cell-substance round the nucleus; these have
been taken to be reserve or replacement cells. But at times
clearly recognizable leucocytes may be seen between the columnar
cells; these have probably wandered into the epithelium from the
body of the villus; and it may be that some of the small cells in
question are of an allied nature.

§ 262. The centre or rather the axis of the body of the villus
is occupied by a club-shaped space, sometimes bifurcate or even
branched at the distal end, varying indeed a great deal in different
animals. This is the central lymphatic space or ‘lacteal radicle,
as it has been called, which may be filled with fatty or other
material, or, as more frm]uently is seen in hardened preparations,
may be empty and collapsed. It is lined with epithelioid plates,
and is at the base of the villus continuous with the lymphatic
passages and vessels of the mucous membrane. It will be con-
venient to defer the further study of this lymphatic space until
we come to deal with the lymphatics generally.

Between this lymph-space, and the basement membrane,
generally close underneath the latter, lies a fairly close-set net-
work of capillary vessels, especially well developed towards the
upper part of the villus. This network is fed by generally one
small artery which springing from the arteries of the submucous
tissue splits up into capillaries towards the middle of the villus;
and the blood of the capillaries passes into veins, generally two,
which in a similar manner pass down to the veins of the submucous
tissué.

Between the basement membrane and the central lymph-space,
are also found a number of plain muscular fibres, some running
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singly, others forming small bundles of two or three fibres abreast,
These vary much in number and disposition in different animals.
Some of them lie close under and end in the basement membrane ;
others lie nearer the lymph-space, to which in some animals
they form a sort of muscular sheath. These fibres belong to the
muscularis mucosa; at the base of the willus the fibres of the
muscularis mucose take an upward course, passing between the
adjacent crypts of Lieberkiihn, and run into the villus, following
most commonly a longitudinal but sometimes a more or less
oblique or even a transverse direction. By the contraction of
these fibres the form of the villus can be changed; but we shall
return to this point when we come to speak of the absorption of
digested material by means of the villi.

All the space intervening between the basement membrane
and the central lymph-space which is not taken up by the blood
vessels and the muscular fibres, is occupied by the special kind
of reticular connective-tissue described above (§ 259), the meshes
of which are to a greater or less extent occupled by leucocytes.
On the outer surface of the body of the villus this reticular
tissue is connected with, and indeed as we have seen forms
the basement membrane; in the centre it forms around the
epithelioid plates of the lymph-space the walls of that cavity,
and supplies a similar bed for the blood capillaries; the fine
connective tissue belonging to the small bundles of muscular
fibres is continuous with 1t, and some of the muscular fibres
seem to end in it; to it also is attached the connective-tissue
of the outer walls of the small artery and veins. The body of the
villus is in fact a sponge work of reticular tissue in which are
excavated the lymph-space and the blood channels with their
respective linings, into which the plain muscular fibres plunge,
and which is condensed on the outside into a basement mem-
brane. The meshes of the sponge work are further occupied, as we
have said, with leucocytes or with nucleated cells of an allied but
different nature; hence in ordinary stained specimens, not specially
prepared, the lymph-space and blood channels being collapsed, the
whole body of the villus appears a confused mass of nuclei; there
are the nuclei of the muscular fibres, the nuclei of the epithelioid
plates of the lymph-space and capillaries and of the other coats of
the artery and veins, the nuclei of the leucocytes in the meshes,
and lastly the nuclei belonging to the reticular tissue itself.

The thickness of the body of the villus, that is to say the
amount of reticular and of the other tissues lying between the
bases of the epithelium cells and the central lymph-space, varies
in different animals, being for instance considerable in the dog and
small in the rabbit; in the latter animal the muscular fibres are
very scanty. -

§ 263. The Urypts or Glands of Lieberkiihn. These are found
everywhere along the whole length of the small intestine from the
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immediate vicinity of the pylorus to the ileocwcal valve, except
immediately underneath each villus, and in the spots oceupied by
the lymphatic follicles of which we shall presently speak. The
mucous membrane of the small intestine is in fact to a very large
extent made up of a number of these short tubular glands placed
side by side and packed closely together, though not so closely as
the somewhat similarly arranged cardiac glands of the stomach ;
these glands form the greater part of the thickness of the intes-
tinal mucous membrane, and the muscularis mucose runs in a
fairly even line at some little distance below them, that is outside
their blind ends. Each gland is a straight or nearly straight tube,
rarely dividing, about 400 & long and 70w broad. The outline is
furnished by a very distinet basement membrane, in which nuclei
are imbedded at intervals, and this basement membrane is lined
with a single layer of short cubical cells, leaving a small but distinet
lumen ; the cells should perhaps be rather described as somewhat
conical, with a broader base at the basement membrane and a
narrower apex abutting on the lumen. The cell-body, surrounding
a somewhat spherical nucleus, is faintly granular except for a hyaline
free border, which however is not so conspicuous or so constant as
in the columnar cells of the villi. Similar cells cover the ridges
intervening between adjacent glands, and where a villus comes
next to a gland the short cubical cells of the gland may be traced
into the colummar cells of the villus, the hyaline border becoming
more marked and the nucleus becoming oval. Among the cubical
cells of the gland are to be found, in varying numbers, goblet cells
quite similar to those of the villi. It sometimes happens that
during the preparation of a specimen the whole epithelium is
shed en masse, the cells being much more adherent to each other
than to the basement membrane; In such a case the features of
the basement membrane are well seen.

Outside the basement membrane, between adjacent glands and
between the blind ends of the glands and the underlying muscu-
laris mucos®, is reticular connective-tissue, finer and more truly
reticular than that of the villi; it is perhaps less crowded with
leucocytes. In this reticular tissue rum, encircling the glands,
capillary blood vessels supplied by small arteries coming from
the submucous tissue, and pouring their blood into corre-
sponding veins, and with this reticular tissue lymphatics are con-
nected.

These glands of Lieberkiihn are supposed to furnish the suceus
entericus. The reasons for this view lie in their tubular form,
which is that of many secreting glands, in their lumen being too
narrow for the passage of food into it, and in the fact that, as we
shall see, they unlike the columnar cells of the villi are not
concerned in the absorption of fat; otherwise there are no definite
facts to prove that the cubical cells are concerned in secretion only
or that they may not absorb matter other than fat. The goblet
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cells in these glands as in the villi certainly secrete mucus, and may
secrete also some of the constituents of the succus entericus.

Besides these glands properly so called, that is to say involu-
tions of the epithelial (hypoblastic) mucous membrane, there are
found in the mucous membrane bodies belonging to the lymphatic
system also often called glands, viz. the solitary glands and the
agminated glands or patches of Peyer. We shall speak of these as
lymphatic follicles, and it will be convenient to study them
separately in connection with the lymphatic system,

§ 264 Immediately below the pylorus in man, but varying
somewhat in position in different animals, are the glands of
Brunner. These may be regarded as modifications of the pylorie
glands of the stomach. In each gland a duct, lined with short
columnar epithelium cells leaving a distinet lumen, extends single
for some distance, and piercing the muscularis mucosae divides in
the submucous tissue nto a number of tubes, which subdividing
take a twisted course and end in slight enlargements or alveoli
The cells lining both the branching tubes and the alveoli are
short eubical cells with an indistinet outline, similar to but, in a
fresh condition, more distinctly granular than the cells of the
gastric pyloric glands. Bundles of plain musecular fibres, stragglers
from the muscularis mucosz, are scattered among the tubes.

These glands of Brumner when traced back to the stomach are
found to pass gradually into the pyloric glands; traced along the
intestine they soon disappear, the ducts of those glands which
reach into the duodenum so far as to be found in company with
the glands of Licberkithn and villi, open into the lumina of the
former. :

It is not clear that any special purpose is served by these
glands of Brunner; an extract of the glands is said to digest fibrin
in the presence of acid,

The Large Intestine.

§ 265. The general plan of structure of the large intestine is
the same as that of the small intestine, the salient points of
distinction being the absence of villi, and a peculiar arrangement
of the longitudinal coat.

Instead of being uniformly distributed as a thin layer over the
whole circumference of the tube as in the small intestine, the
longitudinal coat is in the large intestine chiefly gathered up into
three thickened bands or bundles, being very thin elsewhere.
These bands moreover are shorter than what may be called the
natural length of the intestine, so that the tube instead of being as -
mn the small intestine of fairly uniform bore, is puckered up into
‘sacculi’ more or less divided by the three bands into groups
of three. This sacculated arrangement answers much the same
purpose as the arrangement of valvule conniventes in the small
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intestine, The circular muscular layer is thicker in the middle or
bellies of the sacculi than at the puckers, where it is very thin.

The villi as we have just said are wholly absent. In the lower
part of the small intestine they become fewer and smaller, and
none at all are found beyond the ileociecal valve. An inercase of
surface is provided by longitudinal ridges, but these like the corre-
sponding rugwe of the stomach involve the whole mucous mem-
brane, including part of the submucous tissue.

The glands of Lieberkiihn in the large intestine are in the
main like those of the small intestine but larger and better
developed, being both deeper and broader, and owing to the
absence of villi are more easily studied. The cells of the glands
have the same characters as in the small intestine except that
the hyaline border is rarely present; goblet cells are perhaps
more abundant than even in the small intestine, especially 1
some animals. On the ridges between the glands the cells become
longer and thinner, and the hyaline border, frequently striated,
makes its appearance. The marked development of these glands
n the large intestine is noteworthy since, as we shall see, absorp-
tion of material and not the secretion of digestive juice is the
characteristic work of the large intestine. It can scarcely be
imagined that absorption takes place only at the ridges between
the glands and not by the immensely larger amount of surface
which is presented by the interiors of all the glands together;
but if these glands absorb in the large intestine, they probably
act in the same way in the small intestine.

Lymphatie follicles are abundant in the large intestine, the
cecum and especially the appendix vermiformis being erowded
with solitary follicles. The patches of Peyer are absent.

§ 266. The Rectum. As the sigmoid flexure passes into the
rectum the three bands of the longitudinal musecular coat spread
out and become once more a uniform layer; and with this change
the sacculation disappears. This longitudinal coat is continued to
the anus, where 1t ends abruptly. The cireular coat at 1ts termi-
nation at the anus is developed into a distinet ring, the internal
sphincter,

The mucous membrane is thrown into numerous folds or ridges
which below are longitudinal but higher up oblique or even trans-
verse in direction; to permit the formation of these folds, which
are obliterated when the rectum is fully distended, the submucous
tissue 1s more abundant and more loosely developed than in the
rest of the intestine. .

Down to the margin of the anus the mucous membrane retains
the characters of the large intestine, glands being still present;
it then abruptly puts on the cpibld:-:.tu, characters of the epi-
dermis. The rectum has a special nervous supply, but of this we
shall speak in connection with the movements of the alimentary
canal.

292



SEC. 7. THE MUSCULAR MECHANISMS OF DIGESTION.

§ 267. From its entrance into the mouth until such remnant
of it as is undigested leaves the body, the food is continually
subjected to movements having for their object the trituration of
the food as in mastication, or its more complete mixture with the
digestive juices, or its forward progress through the alimentary
canal. These various movements may briefly be considered in
detail.

Mustication. This in man consists chiefly of an up and down
movement of the lower jaw, combined, in the grinding action of
the molar teeth, with a certain amount of lateral and fore-and-aft
movement. The lower jaw is raised by means of the temporal,
masseter, and internal pterygoid muscles. The slighter effort of
depression brings into action chiefly the digastric muscle, though
the mylohyoid and geniohyoid probably share in the matter,
Contraction of the external pterygoids'pulls forward the condyles,
and thrusts the lower teeth in front of the upper. Contraction of
the pterygoids on one side will also throw the teeth on to the
opposite side. The lower horizontally placed fibres of the temporal
serve to retract the jaw.

During mastication the food is moved to and fro, and rolled
about by the movements of the tongue. These are effected by the
muscles of that organ governed by the hypoglossal nerve.

The act of mastication is a voluntary one, guided, as are so
many voluntary acts, not only by muscular sense but also by contact
sensations. The motor fibres of the fifth cranial nerve convey
motor impulses from the brain to the above-mentioned muscles;
but paralysis of the sensory fibres of the same nerve renders
mastication difficult by depriving the will of the aid of the usual
sensations.

§ 268. Deglutition. The food when sufficiently masticated is,
by the movements of the tongue, gathered up into a bolus on the
middie of the upper surface of that organ. The front of the
tongue being raised—partly by its intrinsic muscles, and partly by
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the styloglossus—the bolus is thrust back between the tongue and
the palate through the anterior pillars of the fances or isthmus
faueium. Immediately before it arrives there, the soft palate is
raised by the levator palati, and so brought to touch the posterior
wall of the pharynx, which, by the contraction of the upper
margin of the superior constrictor of the pharynx, bulges some-
what forward. The elevation of the soft palate causes a distinet
rise of pressure in the nasal chambers; this can be shewn by
introducing a water manometer into one nostril, and closing the
other just previous to swallowing. By the contraction of the
palato-pharyngeal muscles which lie in the posterior pillars of the
fauces, the curved edges of those pillars are made straight, and
thus tend to meet in the middle line, the small gap between them
being filled up by the uvula. Through these manceuvres, the
entrance into the posterior nares is blocked, while the soft palate
is formed into a sloping roof, guiding the bolus down the pharynx,
By the contraction of the stylo-pharyngeus and palato-pharyngeus,
the funnel-shaped bag of the pharynx is brought up to meet the
descending morsel, very much as a glove may be drawn up over
the finger.

Meanwhile in the larynx, as shewn by the laryngoscope, the
arytenoid cartilages and vocal cords are approximated, the latter
being also raised so that they come very near to the false vocal
cords; and the cushion at the base of the epiglottis covers the rima
glottidis, while the epiglottis itself is depressed over the larynx.
The thyroid cartilage is now, by the action of the laryngeal muscles,
suddenly raised up behind the hyoid bone, and thus assists the
epiglottis to cover the glottis. This movement of the thyroid can
easily be felt on the outside. Thus, both the entrance into the
posterior nares and that into the larynx being closed, the impulse
given to the bolus by the tongue can have no other effect than to
propel it beneath the sloping soft palate, over the incline formed
by the root of the tongue and the epiglottis. The palato-glossi or
constrictores isthmi faucium, which lie in the anterior pillars of
the fauces, by contracting, close the door behind the food which
has passed them.

When the bolus of food is large, it 1s received by the middle
and lower constrictors of the %m,ryn:-:, which, contracting in
sequence from above downwards, thrust it into the wesophagus,
along which it is driven by a similar series of successive con-
tractions which we shall speak of immediately as peristaltic
action. This comparatively slow descent of the food from the
pharynx into the stomach, may be readily seen if animals with
long necks such as horses and dogs be watched while swallowing.
When however the morsel is not large or when the substance
swallowed is liquid, the movement of the back part of the tongue
may be sufficient not merely to introduce the food mto the grasp of
the constrictors of the pharynx, but even to propel it rapidly, to
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shoot it in fact, along the lax wsophagus before the museles of that
organ have time to contract. In such a mode of swallowing the
middle and lower constrictors take little or no part in driving the
food onward, though they and the sophagus appear to contract
from above downwards after the food has passed by them, as if to
complete the act and to ensure that nothing has been left behind.
Deglutition in this fashion still remains possible after these con-
strictors have become paralysed by section of their motor nerves,

When a second act of deglutition succeeds a first with suffi-
cient rapidity, the nervous changes which start the pharyngeal
movements of the second act appear to inhibit the wsophageal
movements of the first act; and when swallowing is repeated
rapidly several times in succession, the esophagus remains quiet
and lax during the whole time, until immediately after the last
swallow, when a peristaltic movement closes the series.

When the stethoscope is applied over the wsophagus, at
different regions, a sound 1s heard during deglutition ; sometimes
two sounds are heard. The first and most constant is coincident
with the passage of the bolus, and is due to this and to the
muscular sound of the contracting muscles. The later and less
constant sound appears to be caused by a quantity of air-bubbles
with which the bolus was entangled, lodged at the cardiac end of
the csophagus, being forced into the stomach by the sequent
peristaltic contraction of the cesophagus,

It will be seen, from what has been said, that deglutition,
though a continuous act, may be regarded as divided into three
stages. The first stage i1s the thrusting of the food through the
isthmus faucium ; this may be either of long or short duration.
The second stage is the passage through the upper part of the
pharynx. Here the food traverses a region common both to the
food and to respiration, and in consequence the movement is as
rapid as possible. The third stage is the descent through the
grasp of the constrictors. Here the food has passed the respi-
ratory orifice, and in consequence its passage again becomes com-
paratively slow, except in case of fluids and small morsels,
when, as we have seen, it may continue to be rapid. The passage
along the wmsophagus may perhaps be regarded as constituting a
fourth stage; but it will be more convenient to consider the
a@sophageal movements by themselves,

The first stage in this complicated process is undoubtedly a
voluntary act. The raising of the soft palate and the approxi-
mation of the posterior pillars may also be, at times, voluntary,
since they have been seen, in a case where the pharynx was laid
bare by an operation, to take place before the food had touched
these parts; but the movement may take place without any
exercise of the will and in the absence of consciousness. Indeed the
second stage taken as a whole, though some of the earlier com-
ponent movements are, as it were, on the borderland between the
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voluntary and involuntary kingdoms, must be regarded as a reflex
act. The third and last stage, whatever be the exact form which
it takes, is undoubtedly reflex; the will has no power whatever
over it, and can neither originate, stop, nor modify it.

Deglutition in fact as a whole is a reflex act; it cannot take
place unless some stimulus be applied to the mucons membrane of
the fauces. When we voluntarily bring about swallowing move-
ments with the mouth empty, we supply the necessary stimulus
by forcing with the tongue a small quantity of saliva into the
fauces, or by touching the fances with the tongue itself.

In the reflex act of deglutition, caused in the ordinary way by
the food coming in contact with the fauces, the afferent 1mpulses
originated in the fauces are carried up to the nervous centre by
the glosso-pharyngeal nerve, by branches of the fifth, and by the
pharyngeal branches of the superior laryngeal division of the
vagus. The latter seem of special importance, since the act of
swallowing, quite apart from the presence of food in the mouth,
may be brought out by centripetal stimulation of the superior
laryngeal nerve. The efferent impulses descend the hypoglossal
to the muscles of the tongue, and pass down the glosso-pharyngeal,
the vagus through the pharyngeal plexus, the fifth, and the spinal
accessory, to the muscles of the fauces and pharynx: their exact
paths being as yet not fully known, and probably varying in
different animals. The laryngeal muscles are governed by the
laryngeal branches of the vagus,

The centre of the retlex act lies in the medulla oblongata.
Deglutition can be excited, by tickling the fauces, in an animal
rendered unconscious by removal of the brain, provided the
medulla be left. If the medulla be de stroyed, deglutition is
impossible. The centre for deglutition lies I‘ng}u-r up than that
of respiration, so that in diseases or injuries involving the upper
part of the medulla oblongata the former act may be impaired
or rendered impossible while the latter remains untouched. It
has been said to form part of the superior olivary bodies, but
this view is based on anatomical grounds only. We shall have
to deal with this and similar matters in treating of the central
nervous system. It is probable that, as is the case in so many
other reflex acts, the whole movement can be called forth by
stimuli affecting the centre directly, and not acting on the usual
afferent nerves.

§ 269. Peristaltic movements. Putting aside the somewhat
complicated pharyngeal part of deglutition, and taking the wso-
phageal movements by t]nnnaclwa we find that these, together
with the movements of the stomach, and of the small and large
intestines right down to the anus are more or less -1I1kv, and may
be described under the general name of *peristaltic” movements.
We have already in § 92, spoken of these, but it may be well to
consider them briefly again under a general aspect, before dwelling
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on the special movements of the several parts of the alimentary
canal.

The musecular coat of the alimentary canal consists as we have
seen of two layers, separated more or less distinctly by a sheet of
connective tissue, an outer thinner longitudinal layer, and an
inner thicker circular layer; and a similar arrangement obtains in
nu:z-ul:r,:r all the muscular hollow tubes of the body, except the
arteries, in which the muscular elements are present not so much
for the purpose of illﬁll’lg the blood onward as for the sake of
regulating the irrigation.

The action of the circular coat i1s fairly simple. A contraction
starting at any part travels onwards in the same direction, generally
downwards, that is to say from a part nearer the mouth to a part
nearer the rectum, for a greater or less distance, the circularly
disposed bundles contracting in sequence. The result is a
narrowing or constriction of the tube which, travelling more or
less slowly almlg the tube, drives the contents onwards; when a
butcher empties the intestine of a slaughtered animal by qqueezmg
1t high up w ith his hand or with his thumb and finger, and car r:,rlng
the squeezing action downwards along the length of the intestine,
he makes the passive intestine do very much what the circular
coat does actively, by contraction, in the living animal.

The action of the longitudinal coat is perhaps not so clear;
but a contraction of the longitudinal coat taking place in any
segment of the tube would tend to draw the tube over the contents
lying immediately above, or below, the segment, very much as a
glove 1s drawn over a ﬁngtr And a succession of such contractions
travelling along the tube would lead to a movement of the contents
in the same direction. Were the circular coat absent a longitudinal
coat might by itself possibly suffice to propel the contents along the
tube. In the presence of the circular coat, the action of the longi-
tudinal coat in any segment of the tube, if ta]-.mg place 1mmedmtel}r
before the ecircular contraction would, by filling the segment with
contents, render the squeezing action of the circular coat more
efficient ; 1if taking place immediately after the circular contraction,
it would help in quickening the return of the tube to its normal
calibre, for the contraction of the longitudinal coat tends to shorten
and widen the segment, and thus would prepare it for new con-
tents. We can hardly imagine that the two coats would contract
at the same time, since they would tend to neutralize each other’s
action. Indeed we may probably go farther and assume that in
each segment of the canal first the longitudinal coat contracts while
the circular coat 1s relaxed, and that then the eireular coat contracts
while the longitudinal relaxes. When we come to deal with
respiration we shall meet with a similar double antagonistic and
successive action between inspiratory and expiratory muscles; we
shall further see reason to think that the processes which start
the expiratory act tend to check or inhibit the inspiratory act



Crap. 1.] TISSUES AND MECHANISMS OF DIGESTION. 457

and vice versii; and very possibly a like see-saw of stimulation and
inhibition obtains in the muscles of the alimentary canal.

It must be remembered that the circular coat is always much
thicker than the longitudinal coat; and we may infer that while
the chief work of driving the contents onward falls on the former
the latter assists the work, either in the way which we have
suggested or in some other way.

In the small intestine the tube is hung loosely and much
twisted so that many loops are formed ; the contents moreover are
largely fluid. Hence the steady onward movement, such as is seen
when more solid contents pass along the straight and somewhat
firmly attached wsophagus, is complicated by movements due to a
loop being projected forward by the entrance of fluid from above, or
being dragged down by the “ught of its new contents, or, on the
other hand, due to a loop being retracted by the driving onward of
its contents and the emptying of itself, and the like. In this way
a peculiar writhing movement of the bowel is bronght about, and
the phrase ¢ peristaltic movement’ is generally used to denote this
total effect of the contraction of the muscular coats; 1t will
however be best to restrict the meaning to the progressive
contraction of the circular coat assisted, in most cases, by a similar
progressive contraction of the longitudinal coat.

§ 270. Movements of the (Hsophagus. These as we have just
said are fairly simple, The circular contraction begun by the
constrictors of the pharynx is continued a mlg the LIIL[ILLI‘ coat of
the cesophagus and assisted by an accompanying contraction of the
longitudinal coat, the direction being always, save in the abnormal
action of vumiting, from above downwards,

It will be remembered (§ 222) that the muscular bundles of
the msophagus are composed of striated fibres in the upper part,
and of plain unstriated fibre-cells in the lower part, the transition
occupying a different level in different animals. Nevertheless, as
far as the peristaltic movement is concerned, the two kinds of
fibres behave in the same way except that the peristaltic wave if
we may so call it travels more rapidly in the striated region.

These per istaltic movements of the esophagus may, like those
of the intestine, be seen after removal of the organ from the body ;
and indeed may continue to appear upon stimulation, for an
unusual length of time. They may therefore be carried out by
the muscular elements, with or without the help of the nervous
elements embedded in them, apart from any action of the central
nervous system. Nevertheless, in the living body, the move-
ments of the eesophagus seem to be in a spe cial way dependent
on the central nervous system; the contractions are not started
and carried out by the walls of the tube alone and so transmitted
from section to section in the walls of the tube itself; but afferent
impulses started in the pharynx and passing to the medulla
oblongata, give rise to reflex efferent impulses which descend along
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nervous tracts to successive portions of the organ. If the eesophagus
be cut across some way down, or if a portion of the middle region
be execised, stimulation of the pharynx will produce a peristaltic
contraction, which travelling downwards will not stop at the cut
or excision but will be eontinued on into the lower diseonnected
portion by means of the central nervous system. And it is stated
that ordinary peristaltic contractions of the lower part of the
wsophagus can be readily excited by stimulation of the pharynx,
but not by stimuli applied to its own mucous membrane. In
the reflex act which thus brings about the peristaltic contraction
of the cesophagus the afferent nerves are those of the pharynx,
viz. the superior laryngeal nerve and pharyngeal branches of
the vagus, branches of the fifth, and in some animals at least
branches of the glossopharyngeal, but chiefly the first; and
ewsophageal movements can easily be excited by centripetal
stimulation of the superior laryngeal. The centre lies in the
medulla oblongata, being a part of the general deglutition
centre ; and the efferent 1mpulses pass along fibres of the vagus,
reaching the upper part of the cesophagus by the recurrent
laryngeal merves and the lower part through the asophageal
plexuses of the vagus (Fig. 70). Section of the trunk of the vagus
renders difficult the passage of food along the cesophagus, and sti-
mulation of the peripheral stump causes cesophageal contractions.

The force of this movement in the wsophagus is considerable ;
thus in the dog a ball pulling by means of a pulley against a
weight of 250 grammes has been found to be readily carried down
from the pharynx to the stomach,

At the junction of the eesophagus with the stomach the circular
fibres usually remain in a more or less permanent condition of
tonic or obscurely rhythmie contraction, more particularly when
the stomach i1s full of food, and thus serve as a sphincter to
prevent the return of food from the stomach into the esophagus.
Upon the arrival of the bolus of food at the end of the cesophagus,
the centre for this sphincter is inhibited and the orifice is thus
opened up. Possibly the patency of the orifice is still further
secured by a contraction of the longitudinal muscular fibres which
radiate from the end of the wsophagus over the stomach.

§ 271. Movements of the Stomach. While the objeet of the
cesophageal movement is simply to carry the swallowed bolus with
all due speed to the stomach, and while the intestinal movement
has, in like manner, simply to carry the intestinal contents
onward, the twisted course of the looped path ensuring all the
mixing of the constituents of the contents that may be necessary,
the movements of the stomach have a double object: on the one
hand to provide an adequate exposure of the contents of the
dilated chamber to the influence of the gastric juice, and on the
other to propel the partially digested food, when ready, into the
duodenum. We may accordingly distinguish between what we
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may call the “churning ” and the “ propulsive ” movements of the
stomach.

When the stomach is empty all the muscular fibres as we have
said, longitudinal, circular and oblique, fall into a condition which
we may pwhapa spmk of as an obscure tonic contraction. The
whole stomach is small and contracted, its cavity is nearly obli-
terated, and the mucous membrane, owing to the predominance
of the circular coat, 1s like the lining membrane of an empty artery,
thrown into longitudinal folds. As more and more food enters
the stomach all the coats become relaxed, with the exception of
the pylorie sphineter, which remains at first permanently closed,
and the less marked cardiac sphincter, which merely relaxes from
time to time at each act of swallowing. No sooner however do
the coats thus become relaxed than they set up obseure rhythmical
peristaltic contractions, giving rise to the “churning ” movements,
These movements have been described as of such a kind that
the contents flow in a main current from the cardia along the
greater curvature to the pylorus, and back to the eardia along
the lesser curvature, subsidiary currents mixing the peripheral
portions of the contents with the more central ; 1t may be doubted
however whether any such regularity of flow is marked or constant,
and it is not easy to see by what combination and sequence of
contractions in the three coats, longitudinal, circular and oblique,
such a regular flow can be produced. But in any case, by such
rhy thmical contractions the food and gastric juice are rolled tlb:mt
and mixed together. These churning movements are fecble at
first, even though the stomach be filled and distended by a large
meal rapidly eaten; they become more and more pronounced as
digestion proceeds.

Before digestion has proceeded very far the *propulsive’
movements begin. These occur at intervals, and are repeated at
first slowly but afterwards more rapidly. Each movement consists
in a contraction of the eircular muscular fibres more powerful than
any taking part in the churning movements, and leading to a circular
constriction which, beginning apparently at about the obscurely
defined groove which marks the beginuing of the antrum pylori,
travels down towards the pylorus, propelling the food onward.
This movement is accompanied or rather preceded by a relaxation
of, that is to say in all probability an inhibition of the permanent
contraction of, the sphineter pylori itself, in order that the gastric
contents may pass into the duodenum. But the occurrence of this
relaxation is determined by the nature of the gastric contents; for if
the propulsive movement drives large undigested pieces towards
the pylorus, the sphineter is apt to close again, the result of which
is that the undigested morsels are carried back into the main
body of the stomach.

The combined effect then of the churning and of the propulsive
movements is, after a certain part of the meal has been reduced to
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a thick fluid condition somewhat resembling pea soup and often
called chyme, to strain off this more fluid part into the duodenum,
and to submit the remaining still solid pieces to the further action
of the gastric juice.

As digestion proceeds, more and more material leaves the
stomach, which is thus gradually emptied, the last portions which
are carried through being those parts of the food which are least
digestible, and any wholly indigestible foreign bodies which happen
to have been swallowed; the latter may perhaps never leave the
stomach at all. The presence of food leads to the development of
the movements; but evidently it is not the mere mechanical
repletion of the organ which is the cause of the movements, since
the stomach is fullest at the beginning when the movements are
slight, and becomes emptier as they grow more forcible. The
one thing which does increase pari passu with the movements
is the acidity, which is at a minimum when the (generally alkaline)
food has been swallowed, and increases steadily onwards. It has
not however been definitely shewn that the increasing acidity is
the efficient stimulus, giving rise to the movements.

The movements of even a full stomach are said to cease during
sleep. The nervous mechanism of the gastric movements had
better be considered in connection with that of the intestinal
movements.

§ 272 Vomating. Ina conscious individual this act is preceded
by feelings of nausea, during which a copious flow of saliva into the
mouth takes place. This being swallowed carries down with it a
certain quantity of air, the presence of which in the stomach,
by assisting in the opening of the cardiac sphineter, subsequently
facilitates the discharge of the gastric contents. The nausea is
generally suceeeded at first by ineffectual retching in which a deep
ispiratory effort is made, so that the diaphragm is thrust down as
low as possible against the stomach, the lower ribs being at
the same time forcibly drawn in; since during this inspiratory
effort the glottis is kept closed, no air can enter into the lungs;
but some is drawn into the pharynx, and thence probably descends
by a swallowing action into the stomach. When retching passes
on to actual vomiting this inspiratory effort is succeeded by a
sudden violent expiratory contraction of the abdominal walls, the
glﬂttif-:- still being closed, so that the whole force of the effort is
spent, as we shall see it is in defecation, in pressure on the
abdominal contents. The stomach is therefore foreibly compressed
from without. At the same time, or rather immediately before
the expiratory effort, by a contraction of its longitudinal fibres
the cesophagus 1s shortened and the cardiac orifice of the stomach
brought close under the diaphragm, while apparently by an
inhibition of the cireular sphincter, aided perhaps by a contraction
of the fibres which radiate from the end of the wesophagus over
the stomach, the cardiac orifice, which is normally closed, is
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somewhat suddenly dilated. This dilation opens a way for the
contents of the stomach, which, pressed upon by the contraction
of the abdomen, and to a certain but probably only to a slight
extent by the contraction of the gastric walls, are driven forcibly
up the esophagus. The mouth being widely open, and the neck
stretched to afford as straight a course as possible, the vomit is
ejected from the hodiy. At this moment there is an additional
expiratory effort which serves to prevent the vomit passing into
the larynx. In most cases too the posterior pillars of the fauces
are approximated, in order to close the nasal passage against the
ascending stream. This however in severe vomiting is frequently
ineffectual.

Thus in vomiting there are two distinet acts; the dilation of
the cardiac orifice and the extrinsic pressure of the abdominal
walls in an expiratory effort. Without the former the latter, even
when distressingly vigorous, is ineffectual. Without the latter, as
in urari poisoning, the intrinsic movements of the stomach itself
are rarely sufficient to do more than eject gas, and, it may be, a
very small quantity of food or fluid. Pyrosis or waterbrash is
however probably brought about by this intrinsic action of the
stomach.

During vomiting the pylorus is generally closed, so that but
little material escapes into the duodenum. When the gall-bladder
1s full, a copious flow of bile into the duodenum accompanies the
act of vomiting. Part of this may find its way into the stomach,
as in bilious vomiting, the pylorus then having evidently been
opened.

The nervous mechanism of vomiting is complicated and in
many aspects obscure. The efferent impulses which cause the
expiratory effort must come from the respiratory centre in the
medulla ; with these we shall deal in speaking of respiration. The
dilation of the cardiac orifice is caused, in part at least, by impulses
descending the vagi, since when these are cut real vomifing with
discharge of the gastric contents, if it takes place at all, becomes
difficult through want of readiness in the dilation. Such intrinsic
movements of the stomach as do take place, and the movements of
the eesophagus appear to be carried out by the usual nerves. The
efferent impulses which cause the flow of saliva in the introductory
nausea also descend along’ the usual nerves such as the chorda
tympani. These various impulses may best be considered as starting
from a vomiting centre in the medulla, having close relations with
the respiratory centre. This centre may be excited, may be thrown
into action, in a reflex manner, by stimuli applied to peripheral
nerves, as when vomiting is induced by tickling the fauces, or by
irritation of the gastric membrane, or by obstruction of the
intestine due to ligature, hernia, ete. That the vomiting in the
last instance is due to nervous action,and not to any regurgita-
tion of the intestinal contents, is shewn by the fact that it will
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take place when the intestine is perfectly empty and may be
prevented by section of the mesenteric nerves. The vomiting
attending renal and biliary calculi is apparently also reflex in origin.
Vomiting in fact as a rule is a reflex action, the afferent impulses
passing along one or other nerves, but most frequently along
those connected with the alimentary canal, that is along afferent
fibres running in the vagus or in the.splanchnic nerves. The
centre however may be affected directly, as probably in the cases
of some poisons, and in some instances of vomiting from disease
of the medulla oblongata. Lastly, it may be thrown into action
by impulses reaching it from parts of the brain higher up than
itself, as in cases of vomiting produced by smells, tastes or
emotions, or by the recollection of past events, and in some cases
of vomiting due to cerebral disease. |

Many emetics, such as tartar emetic, appear to act directly on
the centre, since, introduced into the blood, they will produce
vomiting after a bladder has been substituted for the whole
stomach. Others again, such as mustard and water, act in a re-
flex manner by irritation of the gastric mucous membrane. With
others, again, which cause vomiting by developing a nauseous
taste, the action involves parts of the brain higher than the
centre itself.

§ 273. Movements of the Small Intestine. These, as we have
already said, are the typical peristaltic movements, simple except
in so far as they are complicated by the existence of the pendent
loops, the peculiar oscillating movements of which appear to be
produced chiefly by the longitudinal fibres.

The peristaltic movements, as a rule, take place from above
downwards, and a wave beginning at the pylorus may be traced
a long way down. But contractions may, and in all probability
occasionally do, begin at various points along the length of the
intestine. A movement started by artificial stimulation some
way down the intestine, may travel not only downwards but also
upwards ; 1t has been disputed however, whether in the living
body any natural backward peristaltic movement really takes
place. In the living body the intestines have periods of rest,
alternating with periods of activity, the oceurrence of the periods
depending on various circumstances; the intensity of the move-
ments also varies very considerably.

§ 274. Movements of the Large Intestine. These are funda-
mentally the same as those of the small intestine, but distinet in
so far as the latter cease at the ileo-cmecal valve, at which spot the
former normally begin; they are simpler, in as much as the
pendent loops are absent, and not so vigorous, since relatively to
the diameter of the tube, the amount of muscular fibre is less.
Along the colon where the sacculi are well developed (§ 266) the
movement may perhaps be deseribed as almost intermittent from
sacculus to sacculus, the contents of one sacculus being driven
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by the peristaltic contractions of its circular fibres into the next
sacculus, which prepares to receive them by a relaxation of its
circular and a contraction of its longitudinal fibres.

Since the lips of the ileo-cecal valve are placed transversely
across the ceeum, not only does distension of the cmcum, by
stretching the valve along the line of the lips, bring them into
apposition, but the pressure exerted by the peristaltic movement
has the same effect. In this way any return of the contents from
the large to the small intestine 1s prevented.

Arrived at the sigmoid flexure, the contents, now more or less
solid fieces, are supported by the bladder and the sacrum, so that
they do not press on the sphineter ani.

§ 275. Defwcation. This is a mixed act, being superficially
the result of an effort of the will, and yet carried out by means of
an involuntary mechanism. Part of the voluntary effort consists
in producing a pressure-effect, by means of the abdominal musecles.
These are contracted forcibly as in expiration, but the glottis
being closed and the escape of air from the lungs prevented, the
whole force of the pressure is brought to bear on the abdomen
itself, and so drives the contents of the descending colon enward
towards the rectum. The sigmoid flexure is by its position sheltered
from this pressure; a body introduced per anum into the empty
rectum is not affected by even forcible contractions of the
abdominal walls.

The anus is guarded by the sphincter ani, which is habitually
in a state of normal tonic contraction, capable of being increased
or diminished by a stimulus applied, either internally or externally,
to the anus. The tonic contraction is in part at least due to the
action of a nervous centre situated in the lumbar spinal cord. If
the nervous connection of the sphincter with the spinal cord be
broken, relaxation takes place. If the spinal cord be divided
somewhat higher up, for instance in the dorsal region, the
sphincter, after the depressing effect of the operation, which may
last several days, has passed off, regains and subsequently main-
tains 1ts tonicity, shewing that the centre is not placed higher up
than the lumbar region of the cord. The increased or diminished
contraction following on local stimulation is probably due to reflex
augmentation or inhibition of the action of this centre. The
centre 1s also subject to influences proceeding from higher regions
of the cord, and from the brain. By the action of the will,
by emotions, or by other nervous events, the lumbar sphineter
centre may be inhibited, and thus the sphincter itself relaxed; or
augmented, and thus the sphincter tightened. A second item
therefore of the voluntary process in defmcation is the inhibition of
the lumbar sphincter centre, and consequent relaxation of the
sphincter musele. Since the lumbar centre may remain wholly
efficient when separated from the brain, the paralysis of the
sphineter which oceurs in certain cerebral diseases is probably due
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to inhibition of this lumbar centre, and not to paralysis. of any
cerebral centre.

Thus a voluntary contraction of the abdominal walls, accom-
panied by a relaxation of the sphinecter, might press the contents
of the descending colon into the rectum and out at the anus.
Since however, as we have seen, the pressure of the abdominal
walls 1s warded off the sigmoid flexure, such a mode of defeeation
would always end in leaving the sigmoid flexure full. Hence the
necessity for these more or less voluntary acts being accompanied
by an involuntary augmentation of the peristaltic action of the
large intestine, sigmoid flexure and rectum.

In the movements of the rectum we can trace out more
distinctly than in other regions of the alimentary canal the
separate actions of the longitudinal and ecircular fibres. The
former, by means of contractions travelling from above downwards,
shorten the reetum, and sinee the anus affords a more or less fixed
support pull the rectum and its contents down; the latter, by
means of contractions travelling from above downwards but taking
place somewhat later, narrow the rectum and so squeeze the
contents onwards and outiards.

Defiecation then appears to take place in the following manner.
The large intestine and sigmoid flexure becoming more and more
full, stronger and stronger peristaltic action is excited in their
walls. By this means the fieces are driven into the rectum and
so, by a continuance of the movements increasing in vigour,
against the sphincter. Through a voluntary act, or sometimes at
least by a simple reflex action, the lumbar sphincter centre is
inhibited and the sphincter relaxed. At the same time the
contraction of the abdominal muscles presses firmly on the descend-
ing colon, and thus, contractions of the levator ani assisting, the
contents of the rectum are ejected.

It must however be remembered that, while in appealing to
our own conscionsness, the contraction of the abdominal walls and
the relaxation of the sphincter seem purely voluntary efforts, the
whole act of deficcation, including both of these seemingly so
voluntary components, may take place in the absence of conscious-
ness, and indeed, in the case of the dog at least, after the complete
severance of the lumbar from the dorsal cord. In such cases the
whole act must be purely reflex, excited by the presence of faeces
in the rectum.

§ 276. The nervous mechanisms of gastric and intestinal
movements. Both the stomach and intestines when removed
from the body and thus wholly separated from the eentral nervous
system may, by direct stimulation, be readily excited to move-
ments; and indeed in the absence of all obvious stimuli, movements
which seem to be spontaneous may at times be observed. The
movements of which we are speaking are orderly movements of a
peristaltic nature, not mere local contractions of a few bundles of
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plain muscular fibres. The alimentary canal therefore, like the
heart, though to a less degree, possesses within itself such
mechanisms as are requisite for carr ying out its own movements ;
and, as in the case of the heart, there is no adequate evidence
that the ganglia scattered in its muscular walls, those namely
forming the plexus of Auerbach, play any prime part in developing
these movements.

On the other hand, powerful movements of a peristaltic kind
may be induced, not only as we have already seen in the
cesophagus but also in the stomach, in the small intestine, and
even in the large intestine by stimulation of the vagus nerve.

The chief and usual cause of the movements of the stomach
and intestines is the presence of food in their interior. But we
do not know definitely the exact manner in which the food
produces the movement. It may be that the food, by stimulating
the mucous membrane, sends up afferent impulses, and that these
give rise by reflex action to efferent impulses which descend the
vagus fibres to successive portions of the canal, in a manner
similar to that already deseribed in reference to the wsophagus.
If this be so the efferent impulses reach the stomach and upper
part of the duodenum by the terminal portions of the two vagi,
Fig. 70, R.V. L.V, and reach the intestines by the portion of the
right or posterior vagus, Fig. 70, B’ V", which passes into the solar
plexus and thence by the mesenteric nerves, The afferent im-
pulses from the stomach travel also apparently by the vagus; the
paths of those from the intestines have not yet been determined.

But that such a reflex action through vagus fibres 1s not the
only means by which the presence of food brings about the move-
ments in question, is shewn by the fact that these continue to be
developed after section of both vagus nerves. Probably the whole
action 1s a mixed one which we may picture to ourselves some-
what as follows. The alimentary canal possesses a power of
spontaneous movement, feeble it is true, very inferior to that of
the heart, and very apt to be latent, but still existing. The
presence of food in some way or other, by some direct action quite
apart from the central nervous system, is able to increase this
power so that, without any aid from the central nervous system, as
after section of the vagl, adequate peristaltic movements cun,
under favourable cireumstances, be carried out. Nevertheless in
the normal course of events satisfactory movements are still
further secured by the reflex action through vagus fibres just
deseribed. Thus, in the dog, the act of swallowing food or even
the mere smell of food has been observed to increase the move-
ments of a plece of intestine isolated from the rest of the alimen-
tary canal but retaining its connections with the central nervous
system. Under this view the peristaltic movements produced by
centrifugal stimulation of the vagus in the neck are comparable
not so much with the contraction of a skeletal muscle when its
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motor nerve is stimulated as with the beats which may be called
forth in an inhibited or otherwise quiescent heart by stimulation
of the cardiac augmentor fibres.
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Fra. 70. DIsGRAM TO ILLUSTRATE THE NERVES OF THE ALIMENTARY
Caxarn ¥ THE Doo.

The figure is for the sake of simplicity made as diagrammatic as possible, and does
not represent the anatomieal relations.

(¢ to Ret.—The alimentary canal, wsophagus, stomach, small intestine, large
intestine, rectum.

LV. Left vagus nerve, ending on front of stomach. r.l recurrent laryngeal nerve
gupplying upper part of wsophagus. R.V. right vagus, joining left vagus in
weophageal plexus, oe. pl., supplying the posterior part of stomach and con-
tinued as R. V', to join the solar plexus, here represented by a single ganglion and
connected with the inferior mezenterie ganglion (or plexus) m. gl.—a. branches
from the solar plexus to stomach and small intestine, and from the mesenterie
ganglion to the large intestine.

Spl. maj. Large splanchnic nerve arising from the thoracic ganglia and rami
communicantes r.c. belonging to dorsal nerves from the 6th to the 9th (or 10th).

Spl. min. Small splanchnic nerve similarly arising from 10th and 11th dorsal
nerves. These both join the solar plexus and thence make their way to the
alimentary canal.

C.r. Nerves from the ganglia &e. belonging to 11th and 12th dorsal and 1st and
2nd lumbar nerves, proceeding to the inferior mesenteric ganglia (or plexus)
m. gl. and thence by the hypogastriec nerve n. hyp. and the hypogastrie plexus
pl. kyp. to the circular muscles of the rectum.

Lr. Nerves from the 2nd and 3rd sacral nerves, 52, S3 (nervi erigentes), proceed-
ing by the hypogastric plexus to the longitudinal museles of the rectum.
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Indeed we may perhaps call the vagus fibres which pass to the
stomach and intestines (and these we may remark are, like the
cardiac augmentor fibres, non-medullated fibres along the greater
part of their course) angmentor fibres rather than motor fibres,
We have all the more reason to do so since there exist companion
but antagonistic inhibitory fibres. If while lively peristaltic
action is going on in the bowels, the splanchnic nerves be
stimulated the bowels are bronght to rest, often in a very abrupt
and marked manner. Inhibitory fibres therefore run in the
splanchnie nerves, Fig. 70, Spl. maj. and min., passing along them
from the spinal cord to the abdominal plexuses, and thence to
the alimentary canal ; probably some of the fine medullated fibres
which may be observed along this track are of this nature.

It will be noticed that the splanchnic nerves while containin
vaso-constrictor i.e. augmentor fibres for the blood vessels of the
intestines, carry inhibitory fibres for the muscular coat; and
probably the vagus while containing augmentor fibres for the
muscular coat carries ihibitory dilator fibres for the blood vessels.
It may further be remarked that the vagus while supplying aug-
mentor fibres for the muscular mechanisms of the alimentary canal
carries, as we so well know, inhibitory fibres for the cardiac
muscular mechanism.

In the above statement we have purposely used the general
term peristaltic movement, but as we have seen, in the movements
of the aliment canal, two sets of muscles are concerned, the
circular and thﬂmgitudinal. Now in the rectum we are able to
recognise that the two sets of muscles have quite distinet nervous
supplies. The longitudinal coat is favemed by nerve-fibres which,
in the dog, leave the spinal cord in the anterior roots of the
second and third sacral nerves, Fig. 70, 82, 83, pass along the
branches of those nerves, frequently spoken of as the nervi eri-
gentes, I. r., to the hypogastric plexus, pl. hyp., and thence to the
rectum. Stimulation of these nerves causes contractions of the
rectum which are confined to the longitudinal coat and as we
have said pull the rectum down. The circular coat is governed
by fibres which leave the spinal cord by the anterior roots of
the lower dorsal and first two lumbar nerves, Fig. 70 (coming
from the lower part of that spinal region from which as we have
seen § 169 the vaso-constrictor fibres take origin), and, early losing
their medulla, pass to the rectum by the inferior mesenteric
ganglia, the hypogastric nerves and hypogastric plexus, Fig. 70,
m. gl., n. hyp. pl., hyp. Stimulation of these fibres gives rise to con-
tractions which are confined to the circular coat, and squeeze out
the contents of the rectum. A similar double nervous supply
probably governs the longitudinal and circular coats along the
whole alimentary canal; but the details of such a supply are at
present unknown.

Our knowledge moreover concerning the details of any special
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nervous mechanisms, by means of which the more complicated
movements of the stomach, including the closing and opening of
the sphincters, are carried out, i1s at present very imperfect. We
cannot add to what we have incidentally said in speaking of
vomiting.

The movements of the rectum, including the sigmoid flexure,
appear to be much more closely dependent on the central nervous
system than are those of the rest of the alimentary canal. As
we have said the movements of both large and small intestine
are rather assisted and augmented than primarily called forth by
impulses descending from the central nervous system along the
vagus fibres. As the large intestine however passes into the
rectum government by the vagus is replaced by government
through the lumbar cord and the nerves just previously mentioned ;
and this government appears fo be not so much mere augmen-
tation as the actual carrying out of the movements through reflex
action. Hence this is the part of intestinal movement which fails
in diseases of the central nervous system; the failure leading to
obstinate constipation if not to actual difficulty of defwcation. The
presence of fieces in the sigmoid flexure no longer stirs up the
reflex mechanism for their discharge; meanwhile the more in-
dependent movements of the higher parts of the canal continue
to drive the contents onward; and hence the faces accumulate
in the sigmoid flexure and colon awaiting the delayed action
of the imperfect reflex mechanism. With regard to the exact
manner in which the presence of food acts as a stimulus it may
be worth while to remark, that, though in the stomach as we
have seen mere fulness is not the efficient cause of the movements,
since these become more active as digestion proceeds and the bulk
of the contents diminishes, yet in the intestine distension of the
bowel up to certain limits most distinctly increases the vigour of
the movements just as distension of the cardiac cavities within
certain limits improves the cardiac stroke. This is well seen in
obstruction of the bowels in which cases the bowel distended
above the obstruetion is frequently thrown into violent peristaltic
movements. This effect is in part at least due to the distension
extending the muscular fibres and so in a direct manner promoting
their contraction (see § 81), but may be in ]Eart due to augmentor
impulses excited in a reflex manner. Probably in an intestine
isolated from the central nervous system, food provokes peristaltic
movements much more by causing distension and so stretching
the muscular coats than by acting as a stimulus to the mucous
membrane either through chemical action or in any similar way.

§ 277. Next to the presence of food in the interior of the
alimentary canal, a deficient oxygenation of the blood supplied
to the walls of the canal or the sudden cutting off of the supply
of blood, may be regarded as the most powerful provocatives
of peristaltic action. When the aorta is clamped or when the
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respiration 1s seriously interfered with, peristaltic movements
become very pronounced. Thus, in death by asphyxia or suffoca-
tion, an involuntary discharge of faeces, which is in part at least
the result of increased perstaltic action, is not an unfrequent
result; and the mml\ccr peristaltic movements which are so
frequultly seen in an animal when the abdomen is laid open
immediately after death, appear to be due to the cessation of the
circulation and the consequent failure in the supply of blood to
the walls of the ahmantarv canal and not, as has been hugﬂmtod
to the contact with air of the ‘{)Lrltmluﬂ surface. Since it is
blood which brings oxygen to the tissues, failure in the supply of
blood is tantamount to failure in the supply of oxygen; but the
blood current brings other things besides oxygen and also takes
things away ; and the failure of this action also probably, as well
as failure in the supply of oxygen, provokes the movements in
nestion.

The movements thus produced are to some extent the result
of the deficient supply of hiuml acting directly on the walls of the
canal, though in asphyxia at all events this effect may be inereased
by the too venous 1}1} ol ﬁtlmulatmg the central nervous system
and thus sending augmentor impulses down the vagus.

With regard to the mode of action of the drugs which promote
peristaltic action it will be sufficient here to say that while some
such as nicotin appear to act directly on the walls of the canal,
others such as strychnia produce their effect chiefly by acting
through the central nervous system.



SEC. 8. THE CHANGES WHICH THE FOOD UNDERGOES
IN THE ALIMENTARY CANAL.

§ 278. Having studied the properties of the digestive juices
as exhibited outside the body, and the various mechanisms by
means of which the food introduced into the body is brought
under the influence of those juices, we have now to consider what,
as matters of fact, are the actual changes which the food does
undergo in passing along the alimentary canal, what are the steps
by which the contents of the canal are gradually converted into
freces. The events which lead to this conversion are two-fold. On
the one hand the digestive juices do bring about, inside the alimen-
t&r{v canal, changes which in the main are the same as those observed
in laboratory experiments outside the body and deseribed in previous
sections, though the results are somewhat modified by the special
conditions which obtain within the body. On the other hand
absorption, that is to say, the passage from the interior of the canal
into the blood vessels and lymphatics, of digested material in com-
pany with water, is going on along the whole length of the canal,
and especially in the small and large intestines. It will be con-
venient to confine ourselves at present to the study of the first
class of events, the changes effected in the canal, merely noting
the disappearance of this or that product, and deferring the
difficult problem of how absorption takes place to a subsequent and
separate discussion.

In the mouth the presence of the food, assisted by the move-
ments of the jaw, causes, as we have seen, a flow of saliva. By
mastication, and by the addition of mucous saliva, the food 1s
broken into small pieces, moistened, and gathered into a convenient
bolus for deglutition. In man some of the starch is, even during
the short stay of the food in the mouth, converted into sugar; for
if boiled starch free from sugar be even momentarily held in the
mouth, and then ejected into water (kept boiling to destroy the
ferment) 1t will be found to contain a decided amount of sugar.
In many animals no such change takes place. The viscid saliva
of the dog serves almost solely to assist in deglutition ; and even
the longer stay which food makes in the mouth of the horse is
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insufficient to produce any marked conversion of the starch it may
contain. During the rapid transit through the w@sophagus no
appreciable change takes place.

The amount of absorption of digested material, or even of
simple water from the mouth or esophagus, must always be
insignificant.

The Changes in the Stomach.

§ 279. The arrival of the food, the reaction of which is either
naturally alkaline, or is made alkaline, or at least is reduced in
acidity, by the addition of saliva, causes a flow of gastric juice.
This, already commencing while the food is as yet in the mouth,
increases as the food accumulates in the stomach, and as, by the
churning gastric movements, one part after another of the food is
brought into contact with the mucous membrane.

T%le characters of the juice appear to change somewhat as the
act of digestion proceeds. The amount of pepsin in the gastric
contents increases for some time after food is taken, and probably
the actual secretion increases also. The acidity of the gastric
contents 1s at first very feeble; indeed in man, in some cases at
least, for some little time after the beginning of a meal no free
acid 1s present, and duriug this j)eriud the conversion of starch into
sugar may continue. This condition however is temporary only ;
very soon the contents become acid, arresting the action of and
ultimately destroying the amylolytic ferment; and, since the rate
of the secretion of acid appears to be fairly constant, the contents
of the stomach, unless fresh alkaline food be taken, become more
acid as digestion goes on.

The gross effect of gastrie digestion is to break up and partly
to dissolve the larger lumps of masticated food into a thick
greyish soup-like liquid called chyme, with which are still mixed
in variable quantity larger and smaller masses of less changed
food. This is the result, partly of the solution of proteid matters,
partly of the solution of the gelatiniferons connective-tissue
holding the proteid elements together. In a fragment of meat,
for instance, the muscular fibres, through the solution of the
connective-tissue binding them together, fall asunder, the sarco-
lemma is dissolved, and the fibres themselves split up somefimes
longitudinally but most frequently by transverse cleavage into
discs, and are ultimately more or less reduced partly into a
granular mass, partly to actual solution. In a piece of tissue con-
taining fat, the connective-tissue binding the fat cells together and
the envelopes of the fat cells are dissolved, so that the fat, fluid at
the temperature of the body, is set free from the individual cells
and runs together into larger and smaller masses. In vegetable
tissue the proteid elements are in part dissolved and, though there
it no evidence that in man cellulose is dissolved in the stomach,
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the whole tissue is softened and to a certain extent disintegrated.
Milk is eurdled and the curd subsequently more or less dissolved.

The thick soup-like acid chyme consists accordingly partly of
substances which have entered into actual solution, partl c{ of mere
particles or droplets of proteid, fatty or other nature and partly of
masses small or great, which may be recognized under the micro-
scope as more or less changed portions of animal or vegetable
tissue. The amount of material actually dissolved is in most
specimens of chyme exceedingly small.  When the solid parts are
removed by filtration the clear filtrate contains besides salts, pcpsm
and free hydrochloric acid (the constituents of the gastric Jume)
small amount of sugar, of parapeptone and of peptone. The sugar
is often absent, the parapeptone 1s not always present, and the
amount of puptnm (or albumose) is always small.

During gastric digestion the chyme “thus formed is from time
to time L]LLtE‘(l through the pylorus, accompanied by even large
morsels of solid less-digested matter. This may oceur within a
few minutes of food having been taken; but the larger escape
from the stomach probably does not in man begin till from one to
two, and lasts from four to five hours, after the meal, becoming
more rapid towards the Lnd, and such pieces as are the least
broken up by the gastric juice and movements being the last to
leave the stomach.

The time taken up in gastrie digestion probably Vallt‘: in the
same animal not only with different articles of food but also with
varying conditions of the stomach and of the body at large. In
different animals it varies very considerably, being from 12 to 24
hours in the dog after a full meal, while the stomachs of rabbits
are never empty but always remain largely filled with food, even
during starvation. In man the stomach probably becomes empty
between the usual meals.

The total amount of change which the food undergoes in the
stomach, that is the share taken by the stomach in the whole
work of digestion, seems to vary largely in different animals, and
in the same animal differs according to the nature of the meal.
In a dog fed on an exclusively meat diet, a very large part of the
digestion is said to be carried out by the stomach, very little work
apparently being left for the intestines ; that is to say, the larger
part of the meal 1s reduced in the stomach to actual solution and
a considerable quantity is probably absorbed directly from the
stomach. In such cases the amount of peptone found in the
stomach during the digestion of the meal is found to be fairly
constant, from which it may be inferred that the peptone is absorbed
as soon as it is formed. There is also evidence that fat may to
a certain extent undergo in the stomach changes leading to
emulsion, similar to those which, as we shall see, are carried out
in the small intestine.

But such cases as these cannot be regarded as typical cases of
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gastric digestion, and in man, at all events, living on a mixed diet
the work of the stomach appears to be to a large extent preparatory
only to the subsequent labours of the intestine. It is true that
our information on this matter is imperfect, being chiefly drawn
from the study of cases of gastric or duodenal fistula, in which
probably the order of things is not normal, or being in large
measure deductions from experiments on animals, whose economy in
this respect must be largely ditferent from our own; but we are
probably safe in concluding that, in ourselves, the chief effect of
gastric digestion is by means of the disintegration spoken of above
to reduce the lumps of food to the more uniform chyme and so
to facilitate the changes which take place in the small intestine.
During that disintegration some of the proteid in the meal is
converted into peptone; and the peptone so formed is probably
absorbed at once ; but much proteid remains unchanged or at least
is not converted into peptone, and the fats and starches undergo in
themselves very little change indeed.

In the act of swallowing, no inconsiderable quantity of air is
carried down into the stomach, entangled in the saliva, or in the
food. This is returned in eructations. When the gas of eruetation
or that obtained directly from the stomach 1s examined, it is found
to consist chiefly of nitrogen and carbonie acid, the oxygen of the
atmospheric air having been largely absorbed. In most cases the
carbonie acid is derived by simple diffusion from the blood, or
from the tissues of the stﬂmacE, which similarly take up the
oxygen. In many cases of flatulency, however, it may arise from
a fermentative decomposition of the sugar which has been taken
as such in food or which has been produced from the starch, the
gas being either formed in the stomach or passing upwards from
the intestine through the pylorus.

The enormous quantity of gas which is discharged through the
mouth in cases of hysterical flatulency, even on a perfectly empt
stomach, and which seems to consist largely of carbonic acic{
presents difficulties in the way of explanation; it is pessible that
1t may be simply diffused from the blood, but it is also possible
that 1 many cases it is derived from air which the patient has
hysterically swallowed, the oxygen baving been removed, in the
stomach, by absorption and replaced by carbonic aeid.

In the Small Intestine.

§ 280. The semi-digested acid food, or chyme, as it passes
over the biliary orifice, causes as we have seen (§ 253) gushes of
bile, and at the same time the pancreatic juice flows into the
intestine freely. These two alkaline fluids, especially the more
strongly and constantly alkaline pancreatic juice, tend to neutralize
the acidity of the chyme, but the contents of the duodenum do not
become distinetly alkaline until some distance from the pylorus is
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reached. The rapidity with which the change in the reaction is
completed is not the same in all animals, and in the same animal
appears to vary according to the nature of the food, and various
eircumstances. In man, living on a mixed diet, the contents have
probably become distinctly alkaline before they have passed far
down the duodenum. On the other hand in dogs, the contents of
the small intestine have been observed to be acid throughout, and
that, not only when fed on starch and fat, which might, by an acid
fermentation of which we shall presently speak, give rise to an acid
reaction, but even when fed on meat.

The conversion of starch into sugar, which as we have seen is
sconer or later arrested in the stomach, 1s resumed with great
activity and indeed completed by the pancreatic juice, possibly
assisted by the succus entericus, the presence of bile being said to
increase the activity of the ]]]]a.ncruatic aamylﬂlﬁti(: ferment. The
conversion begins as soon as the acidity of the chyme is sufficiently
reduced and continues along the intestine; portions however of
still undigested starch may be found in the large intestine, and
even at times in the fxces,

The pancreatic juice, as we have seen, emulsifies fats, and also
splits them into their respective fatty acids and glycerine. The
fatty acids thus set free become converted by means of the alkaline
contents of the intestine into soaps; but to what extent saponifica-
tion thus takes place is not exactly known. Undoubtedly soaps
have to a small extent been found both in portal blood and in the
thoracic duct after a meal; but there i1s no proof that any large

uantity of fat is introduced in this form into the circulation. On
the other hand, the presence of neutral fats in the lacteals, and to
a slight extent in portal blood, is a conspicuous result of the diges-
tion of fatty matters; and in all probability saponification in the
intestine 1s a subsidiary process, the effect of which is rather to
facilitate the emulsion of neutral fats than to introduce sovaps as
such into the blood. For the presence of soluble soaps favours the
emulsion of neutral fats. Hence a rancid fat, 7.e. a fat containing a
certain amount of free fatty acid, forms an emulsion with an
alkaline fluid more readily than does a quite neutral fat. A drop
of rancid oil let fall on the surface of an alkaline fluid, such as a
solution of sodium carbonate of suitable strength, rapidly forms a
broad ring of emulsion, and that even without the least agitation.
As saponification takes place at the junction of the oil and alkaline
fluid currents are set up, by which globules of oil are detached
from the main drop and driven out in a centrifugal direction; the
intensity of the currents and the consequent amount of emulsion
depend on the concentration of the alkaline medium and on the
solubility of the soaps which are formed. Now the bile and
pancreatic juice supply just such conditions as the above for
emulsionizing fats : they both together afford an alkaline medium,
the pancreatic juice gives rise to an adequate amount of free fatty
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acid, and the bile in addition brings into solution the soaps as they
are formed. So that we may speak of the emulsion of fats in the
small intestine as being carried on by the bile and pancreatic juice
acting in conjunction ; and as a matter of fact the bile and pancreatic
juice do largely emulsify the contents of the small intestine, so that
the greyish turbid chyme is changed into a ereamy-looking fluid,
which has been sometimes called chyle. It is advisable however
to reserve this name for the contents of the lacteals. Many of the
fats present in food, for instance, butter, already contain some fatty
acids when eaten ; for these fats the initial action of the pancreatic
Juice is less necessary.

This mutual help of bile and pancreatic juice in producing an
emulsion explains to a certain extent the controversy which long
existed between those who maintained that the bile and those who
maintained that the pancreatic juice was necessary for the diges-
tion and absorption of fatty food. That the pancreatic juice §ﬂe$
produce in the intestine such a change as favours the transference
of neutral fats from the intestine into the lacteals, is shewn by the
fact that in diseases affecting the pancreas, much fatty food
frequently passes through the intestine undigested, and great
wasting ensues; but it cannot be maintained that the pancreatic
juice is the sole agent in this matter, since in animals in which the
pancreatic ducts have been successfully ligatured chyle is still
found in the lacteals. On the other hand, that the bile is of use
in the digestion of fat is shewn by the prevalence of fatty stools
in cases of obstruction of the bile-duets; and though the operation
of ligaturing the bile-ducts, and leading all the bile externally
through a fistula of the gall bladder, is open to objection, since it,
in some way or other, so exhausts the animal as indirectly to affect
digestion, still the results of experiments in which the resorption of
fat was distinctly lessened (the quantity of fat in the lacteals
falling from 32 to ‘02 p.c.) by the ligature and fistula, obviously
point to the same conclusion. That 1n man the suceus entericus
possesses a wholly insufficient emulsifying power is shewn by the
observation of a case in which the duodenum opened on the surface
by a fistula in such a way that the lower part of the intestine
could be kept free from the contents of the upper part containing
the bile and pancreatic juice and matters proceeding from the
stomach. Fats introduced into the lower part, where they could
not be acted upon either by the bile or by the pancreatic juice
were but slightly digested. Without denying the possible assist-
ance of the succus entericus, or even of gastric juice, we ma
conclude that the digestion of fat is in the main carried out by the
conjoint action of bile and pancreatic juice.

§281. We have seen, § 247, that the addition of bile to a
digesting mixture gives rise to a precipitate. This is partly a
coarse flocculent precipitate, consisting of parapeptone with some
amount of bile acids, and partly of a finer more granular pre-



476 CHANGES IN THE SMALL INTESTINE, [Book IL

cipitate, which is longer in falling down, and consists chiefly
of bile acids with a variable amount of peptone; the latter 1s
re-dissolved on the further addition of i}e even though the
reaction of the mixture remain acid. In the upper part of the
duodenum the inner surface, if examined while digestion is going
on, is found to be lined by a coloured flocculent and granular
material, which is probably a precipitate thus formed; the purpose
of this precipitation is probably to delay the passage of the un-
digested parapeptone along the duodenum. Moreover, apart from
this precipitation, bile arrests the action of pepsin, even while the
reaction of the mixture still remains acid; and as soon as an
alkaline reaction is established the pepsin is apparently destroyed
by the trypsin, so that with the flow of bile and pancreatic juice
into the duodenum the processes which have been going on in the
stomach come to an end. In fact it would seem that the juices of
the various districts of the alimentary canal are mutually destrue-
tive ; thus, while pepsin in an acid solution destroys the active
constituents of saliva and of pancreatic juice (probably also those of
the succus entericus), it 1s in its turn antagonized or destroyed by
the bile and the other alkaline juices of the intestine. Hence
pancreatic juice introduced through the mouth must lose its powers
in the stomach and can only be of use as an alkaline medium
containing certain proteid matters. On the other hand if, as we
have reason to believe, the contents of the stomach as they issue
from the pylorus still contain a large quantity of undigested
proteids, these must be digested by the pancreatic juice (with or
without the assistance of the snceus entericus), the action of which
scems to be assisted or at least not hindered by bile. And in
dogs fed through a duodenal fistula, so that all gastric digestion is
excluded, proteids are completely digested and give rise to quite
normal fieces. To what stage the pancreatic digestion is carried,
whether peptone is, practically, the only product, or whether
the pancreatic juice in the body, as out of the body, carries on its
work in the more destructive form, whereby the proteid material
subjected to it is so broken down as to give rise to appreciable
quantities of leucin and tyrosin, is at present not exactly
known. Leucin and tyrosin have been found in the intestinal
contents, and may therefore be formed during normal digestion,
but whether an insignificant quantity or a considerable quantit
of the proteid material of food is thus hurried into a crystal-
line form cannot be definitely stated. The extent to which the
action is carried is probably different in different animals, and
probably varies also according to the nature of the meal and the
condition of the body. Possibly when a large and unnece
quantity of proteid material is taken at a meal together with other
substances, no inconsiderable amount of the proteids undergo this
profound change, and, as we shall see, rapidly leave the body as
urea, without having been used by the tissues, their contribution
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to the energy of the body being limited to the heat given out
during the changes by which they are converted into urea. To
this appn,rc,ntl;-, wasteful use of pmtuda we shall return in speaking
of what is called the ‘ luxus consumption’ of food.

§ 282. In dealing with the action of pancreatic juice we drew
attention, § 249, to the difference between the results of pure
tnptlc {11g1 Htlull and those obtained when bacteria or other
micro-organisms were allowed to be present. We saw that indol,
for example, was the product of the action of these organisms, not
of trypsin.  Now indol 1s formed, in varying quantity, dululg the
fllgc:atmn which ar,tl.nll} takes place in the mtestine, some of it at
times appearing in the urine as indigo-yielding substance (indican).
Moreover bacteria and other micro-organisms are present in the
intestinal contents. Hence we must regard the changes taking
place in the intestine not as the pure results of the action of the
several digestive juices, but as these results modified by or mixed
with the results of the action of micro-organisms. We spoke
above, § 247, of bile as being antiseptic, but this must be under-
stood as meaning not that the presence of bile arrests the action
of all micro-organisms within the intestine, but that 1t modifies
their action, keeping it within certain limits and along certain
lines.

Concerning the exact nature and extent of the changes thus
due to micro-organisms our knowledge 1s at present very imperfect.
The proteids and the carbohydrates seem to be the food stuffs on
which these organisms produce their chief effect. Out of the
proteids they give rise not only to indol but to several other
compounds, among which may be mentioned phenol (C,H,0), of
which a small quantity may be rn:mmgnmd in the faeces, the rest
being absorbed and appearing in the urine in the form of certain
phenol-compounds, such as phenyl-sulphuric acid. ~ Out of proteids
they may also form the peculiar poisonous bodies called plomaines,
which appear in the ordinary putrefaction of proteids. But their
most conspicuous effects are those on the carbohydrates. As the
food descends the intestine, the presence of lactic acid becomes
more and more obvious; indeed in some cases the naturally
alkaline reaction of the intestinal contents may in the lower part
of the intestine be changed into an acid one by the presence of
lactic acid. Now lactic acid may be formed out of sugar by
means of a special organism inducing what is spoken of as the
lactic acid fermentation. And we have every reason to believe
that in even normal digestion, a certain quantity of sugar, either
eaten as such, or arising from the amylolytic conversion of starch,
does not pass away from the intestine into the blood as sugar, but
undergoes this fermentation into lactic acid. To what extent this
change takes place we do not know; the amount probably varies
according to the amount of carbohydrates eaten, the condition of
the alimentary canal, and other circumstances. It may be under
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certain circumstances simply a part of normal digestion; under
other circumstances it may be excessive and give rise to troubles.

That fermentative changes may occur in the small intestine is
further indicated by the facts that the gas there present may
contain free hydrogen, and that chyme after removal from the
intestine continues at the temperature of the body to produce
carbonic acid and hydrogen in equal volumes. This suggests the
possibility of the sugar of the Intestinal contents undergoing the
butyric acid fermentation during which, as is well known, carbonic
anhydride and hydrogen are evolved. By this change the sugar is
removed from the carbohydrate group into the fatty acid group;
it is thus, so to speak, put on its way to become fat. We shall
see hereafter that sugar may be somewhere in the body con-
verted into fat; this conversion however takes place chmﬂy 1f not
wholly in the tlS&llLﬁ, and such change as may take place in the
alimentary canal is to be regarded as suggestive rather than as
important.

The hydrogen thus occurring in the intestine may also arise
from the proteid decompositions spoken of above. However arising
it may act as a reducing agent, reducing sulphates for instance, an
thus giving rise to sulphides and to sulphuretted hydrogen; as a
reducing agent it assists in the formation of the faecal and urinary
pigments.

Thus during the transit of the food thmugh the small intestine,
by the action of the bile and pancreatic juice, and pus:.mbl}r to some
extent of the succus entericus, assisted by various micro-organisms,
the proteids are largely dlssﬂlved and converted into peptone and
other pr oduets, the starch is cha,nged into sugar, the sugar possibly
being in part further converted into lactic or other acids, and the
fats are largely emulsified, and to some extent saponified. These
products, as they are furmed pass into either the lacteals or the
portal blood vessels, so that the contents of the small intestine, by
the time they reach the ileo-cecal valve, are largely but by no
means wholly deprived of their nutritious constituents. So far as
water 18 concerned, the seeretion of water into the small intestine
maintains such a relation to the absorption from it that the
intestinal contents at the end of the ileum, though much changed,
are about as fluid as in the duodenum.

In the Large Intestine.

§ 283. The contents, whether alkaline or not in the ileum
now become once more distinctly acid. This, however, is not
caused by any acid secretion from the mucous membrane : the
reaction of the intestinal walls in the large as in the small
intestine 1s alkaline. It must therefore arise from aeid fermenta-
tions going on in the contents themselves; and that fermentations
do go on is shewn by the appearance of marsh gas as well as
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hydrogen in this portion of the alimentary canal. The character
and amount of fermentation probably depend largely on the nature
of the food, and probablﬁ' also vary in different animals,

Of the particular changes which fake place in the large in-
testine we have no very dehinite knowledge ; but it is exceedingly
probable that in the voluminous emeum of the herbivora a large
amount of digestion of a peculiar kind goes on. We know that in
herbivora a considerable quantity of cellulose disappears in passing
through the alimentary canal, and even in man some is digested.
It seems probable that this cellulose digestion takes place in
the large intestine, and is the result of fermentative changes
carried out by means of micro-organisms, marsh gas being one
of the products formed at the same time.

Be this as it may, whether digestion, properly so called, is all
but complete at the ileo-cecal valve, or whether important changes
still await the chyme in the large intestine, one great characteristic
of the work done in the colon is absorption. By the abstraction of
all the soluble constituents, and especially by the withdrawal of
water, the liquid chyme becomes as it approaches the rectum con-
verted into the firm solid faeces, and the colour shifts from the
bright orange, which the grey chyme gradually assumes after
admixture with bile, into a darker and dirtier brown.

The Feeces.

§ 284. These consist in the first place of the indigestible and
undigested constituents of the meal : shreds of elastic tissue, hairs
and other horny elements, much cellulose and chlorophyll from
vegetable, and some connective tissue from animal food, fragments
of disintegrated muscular fibre, fat-cells, and not unfrequently
undigested starch-corpuseles. The amount of each must of course
vary very largely according to the nature of the food, and the
digestive powers, temporary or permanent, of the individual. In
the second place, to these must be added substances not distinetly
recognisable as parts of the food but derived for the most part
from the secretions of the alimentary canal. The frces contain
mucus in variable amount, sometimes albumin, cholesterin, butyric
and other fatty acids, ime and magnesia soaps, colouring matters,
and inorganic salts, especially earthy phosphates, crystals of
ammonio-magnesia phosphates being very conspicuous. The
reaction 1s generally but not always acid. They also contain a
ferment similar in its action to pepsin, and an amylolytic ferment
similar to that of saliva or pancreatic juice. The bile salts are
represented by a small quantity of cholalic acid, or some product
of that body, and sometimes a very small quantity of taurin. The
glyein and most or all of the taurin have been absorbed from the
intestine, and the cholalic acid has been partly absorbed and partly
decomposed. The fact that the fwces become ‘clay-coloured’
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when the bile is eut off from the intestine shews that the bile-
pigment is at least the mother of the fwcal pigment; and a
special pigment, which has been isolated and calle stercchllm 18
said to be identical with the substance called urobilin, which may
be formed from bilirubin. As other special constituents of the
faeces may be mentioned excrefin, a somewhat complex nitrogenous
body, whose exact chemical nature 1s at present uncertain, and
skatol (C,H,N), a nitrogenous body which like indol is derived
from the decomposition of proteids by means of miero-organisms,
and which is the chief cause of the fiecal odour, since only a small
quantity of indol remains in the feeces. These odoriferous bodies
are derived directly from the food; at the same time it is quite
possible that other specific odoriferous substances may be secreted
f.llI‘LCt]} from the intestinal wall, especially from that of the large
intestine,



SEC, 9, THE LACTEALS AND THE LYMPHATIC
SYSTEM,

§ 286. We have seen that absorption does, or at least may,
take place from the stomach. We have also stated that a large
absorption, especially of water, occurs along the whole large nfes-
tine. Nevertheless 1t 1s during the transit of food ﬁmg the
small intestine that the largest and most important part of the
digested material passes away from the canal, partly into the
lacteals, partly into the portal vessels. The portal vessels are
simply parts of the general vascular system; the lacteals, into
which we may at once say the greater part of the fat passes, are
similarly parts of the general lymphatic system, being in fact the
lymphatic vessels of the alimentary canal, and especially of the
small intestine. The only reason for the special name of lacteals
is that, unlike the lymphatic vessels of other parts of the body,
the lymphatics of the intestine contain at times a fluid of a
milky white appearance. Hence for the better understanding of
absorption by the lacteals it will be desirable to study at some
length the whole subject of the lymphatic system

The lymphatic vessels may be said to bl.,gm in  minute
passages, possessing special characters, known as Ilymph-capil-
laries. Broadly speaking these I}mph capillaries are found,
in the mammal, in all parts of the body in which connective
tissue is found; and they have special connections with those
minute spaces in connective tissue which we have already more
than once spoken of as lymph-spaces. Of all the varied functions
of connective tissue perhaps the most important is this relation
to the lymphatic system; in nearly every part of the body
connective tissue serves as the bed or origin of lymphatic vessels.

These lymph-capillaries, which, as we shall see, are frequently
arranged in plexuses, are continuous with other passages also
minute but of a different and more regular structure, the
lymphatic vessels proper, which are gathered into larger and
larger wvessels, all running like the blood vessels in a bed of
connective tlssue, until at last all the lymphatic vessels of the

F. gl
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body join either the great thoracic duct which opens by a valvular
orifice into the venous system at the junction of the left jugular
and subclavian veins, or the small right lymphatic trunk which
similarly opens into the junction of the right jugular and sub-
clavian veins. The latter course is taken by the lymphatics of
the right side of the head and neck, the right arm, the right side
of the chest, the right lung and the rlght side of the heart, as well
as by some vessels coming from part of the upper surface of the
liver; all the rest of the lymphatics including the lacteals fall into
the thoracic duct,

The lymphatic vessels, while like the veins they join in their
course into larger and larger trunks, do not increase in calibre so
rapidly or so regularly as do the veins; they may run for some
distance without greatly increasing in size; :-mci{ further they,
unlike the veins, freely anastomose, forming plexuses. Moreover
during their course they enter into peculiar relations with struc-
tures known as lymphatic glands.

It will be advantageous to consider separately the lymphatic
vessels other than the lymph-capillaries, the lymph-capillaries
themselves, and the lymphatic glands.

The Lymphatic Vessels.

§ 286. On these we need not dwell at length since their
structure, in all essential respects, resembles that of the veins.
The thoracie duet, which in man has at its lower end where it
is widened into what is sometimes called the receptaculum chyli a
diameter of six or seven millimetres, but is narrower higher up,
may be said to possess three coats. The inner coat consists of a
layer of fusiform epithelioid cells, not unlike those in a vein but
more elongate and with a tbndunc}? to be sinuous in outline, and
of a slender elastic lamina on which these rest. The middle coat
consists of fine bundles of plain muscular fibres, which are for the
most part disposed circularly but also to a certain extent obliquely
and even longitudinally. The spaces between the bundles of muscu-
lar fibres are oceupied by connective tissue and networks of elastic
fibres. The outer coat, which is not well defined either from the
middle coat on the one side or the connective tissue surruundmg
the duct on the other side, consists chiefly of connective tissue
with elastic elements, a few muscular fibres being sometimes

resent. The wall of the thoracic duct is essentially muscular,
and from the scantiness of connective tissue and of elastic elements
18 more tender, more apt to be torn than the wall of a vein of
corresponding size. Numerous valves are present, these like the
valves of the veins being foldings of the inner coat.

The smaller vessels resemble in structure the thoracie duet,
the coats being of course more slender. In the majority of even
smaller lymphatic vessels the muscular fibres are abundant.
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Valves are especially numerous, and in many of the vessels, as for
instance in those of the mesentery, just above each valve, where
the tube is somewhat swollen, the muscular fibres, which elsewhere
are chiefly disposed circularly, run in various directions so as to
form a contractile network.

The smallest vessels, springing from the distinet lymph-
capillaries to be immediately deseribed, consist of hardly more
than an epithelioid lining resting on a scanty connective tissue
basis. The epithelioid cells are still fusiform and regular in shape,
and the calibre of each vessel 1s fairly uniform though, owing to the
valves which are exceedingly numerous, there 1s a great tendency
to become beaded. These smaller vessels like the others also
anastomose freely.

Lymph-Capllaries.

§ 287. The smallest lymphatic vessels just described might,
from analogy with the blood wvessels, almost be considered as
capillary vessels; but the name lymph-capillaries is given to
vessels which joining and feeding those just described possess
very different characters. They are on the whole larger in calibre
than these, and distinetly larger than blood capillaries; they are
exceedingly irregular in shape, and in their junctions with each
other form irregular labyrinths rather than formal plexuses;
they possess no valves and their only coat is an epithelinm of a
very striking character. Like the blood capillaries their structure
is revealed by the action of silver nitrate. When a pieee of tissue
containing lymph-capillaries, ex. gr. one taken from the tendinous
portion of the diaphragm, is examined after proper treatment with
silver nitrate, numerous spaces, on the whole tubular but highly
irregular in form, joining into an irregular labyrinth, are seen to
be lined with a layer of epithelioid plates of a peculiar kind. Each
plate or cell, which is more or less polygonal or at least not dis-
tinctly fusiform, is marked out by lines which are not straight and
even, but very markedly sinuous, the several bulgings of one cell
dove-tailing into the depressions of its neighbours and vice versa,
Such epithelioid plates of sinuous outline, or such a sinuous
epithelium, as we may for brevity's sake say, is characteristic
of the lymph-capillaries. A lymph-capillary 1s in fact merely
a space or areola of connective tissue, sometimes more or less
tubular but frequently irregular in form, lined by a single layer
of flat, transparent, nucleated epithelioid plates, each of which
possesses a remarkably sinuous outline. The lymph-capillaries
anastomose freely with each other and open into or join the
smallest regular lymphatic canals, which, many of them smaller
than the lymph-capillaries, are distinguished from these by their
more regular disposition, by their epithelioid plates being fusiform
with very little sinuosity of outline, and by the presence of valves.

31—2
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The lacteal radicle of a villus (§ 262) is such a lymph-
capillary, more or less tubular in form, or perhaps club-shaped
and sometimes bifurcate or branched, c})laced by itself in the midst
of the reticular tissue of the villus, ending, or as we should perhaps
say beginning, blindly near the apex of the villus and joining
below by a valvular mouth a regular lymphatie canal forming part
of the network of regular lymphatic vessels with which as well as
with lymph-capillaries the connective tissue of the mucous mem-
brane is furnished.

In other parts of the br.:-diy where connective tissue runs,
lymph-capillaries are more or less abundant, all passing their
contents on to the more regular lymphatic canals. In certain
parts, as for instance in the central nervous system, the smaller
blood vessels are surrounded by large lymph-capillaries, or by
regular lymphatic vessels, in the shape of tubular sheaths. In
these cases the lymph-capillary forms a sort of hollow jacket
around the artery or vein which, covered with a layer of sinuous
epithelioid plates, lies in the middle of a tubular space lined with
similar sinuous plates. The plasma which exudes through the
walls of the blood vessel passes accordingly at once into the
tubular space or interior of the lymph-capillary, whence it is
carried away into the regular lymphatic canals. Such an arrange-
ment is spoken of as a “ perivascular lymphatic.”

§ 288. The lymph-capillaries may in one sense be regarded
as the beginnings of the lymphatic system; they are the first
lymphatic passages definitely lined with a continuous epithelium.
But lymph exists outside these capillaries. In treating of connec-
tive tissue § 105 we more than once spoke of the spaces between
the interlacing bundles of fibrillee as lymph-spaces; and indeed
they are during life occupied by fluid which may be spoken of as
lymph. It is fluid which has in some way or other passed into
them from the blood stream, through the walls of the capillaries
and other minute blood vessels. We shall speak of this passage as
a process of transudation and shall consider its nature later on.
Many of the larger of these spaces, the areole of areolar connec-
tive tissue, are completely lined by epithelioid plates with sinuous
outlines; these are in fact lymph-capillaries. But many spaces,
especially the smaller ones, are not so lined ; these lie outside
the lymph-capillaries. Nevertheless they contain lymph, which
reaching them by transudation through the walls of the blood
vessels, streams from them in some way or other into the lymph-
capillaries and so into the other lymphatic vessels. Coloured
fluid injected by means of a fine syringe into these spaces soon
finds its way into the lymphatics; and besides, in the vast majority
of cases, a certain number of these spaces always intervene between
the wall of the capillary or other small blood vessel from whence
the lymph comes and the lymph-capillary to which the lymph
goes ; the lymph must have some means or other of passing from
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the spaces into the lymph-capillary. It is of course possible that
the lymph ftransudes from the lymph-space into the lymph-
capillary through the continuous sheet of epithelioid plates, in
the same manner that it transudes from the blood-capillary into
the lymph-space through the similarly continuous wall of the
capillary ; but there are some reasons for thinking that, at places.
the eplthelmld hnmg of a lymphatic capillary may be imperfect
and so allow the interior of the lymph-capillary to open out
into a connective-tissue space.

It will be remembered that, in the case of some of these spaces,
a connective-tissue corpuscle may be found lying on the face of, or
partly imbedded in, one of the bundles which form the walls of the
space ; and In some cases the space appears as it were imperfectly
lined with scattered flat cells, which may perhaps be regarded as
transitional forms between an ordinary branched econnective-tissue
corpuscle and a sinuous epithelioid plate. We may perhaps
regard the epithelioid plate as a differentiated connective-tissue
corpuscle, whose sinuosities of outline are the remains of its
previously branched condition. If this be so we may consider
the lymph-capillary as a differentiated connective-tissue space,
and consequently may fairly expect that the one, if it does not
as suggested actually open into, should be at all events in easy
communication with the other. We seem justified at least in
concluding that the completely lined lymph-capillaries draw their
supply of lymph from the incompletely lined connective-tissue
spaces.

We may probably go a step still further. Many of the con-
nective-tissue corpuscles are imbedded in, lie in cavities excavated
out of, the cement substance which umtes the fibnllae into bundles
and sometimes joins the bundles together; in some situations the
corpuscles are similarly imbedded in a humngumom ground sub-
stance which has not become differentiated into fibrille. The
cavities In which these corpuscles lie are, like the corpuscles them-
selves, branched and generally flattened ; they appear moreover to
be generally larger than the corpuscles so as to leave a small space
which can be occupied by ﬂuuf Where two corpuscles lie near

each other their spaces may, by means of the branches, communi-
cate ; and in some situations, as in the body of the cornea where a

number of flattened corpuscles are 1mdede in the lamina of
ground substance which unites each two adjacent parallel (or
rather concentric) laminz of fibrillated bundles, the series of
cavifies, uniting by their branches may be regarded as con-
stituting a labyrinth of passages, largely but not entirely filled by
the corpuscles, space being left for some amount of fluid. That
fluid we need hardly say is lymph. And though the view is not
one admitted on all hands, there are reasons of some weight for
thinking that these cavities belonging to the corpuscles open out
into the connective-tissue spaces just treated of or even more
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directly into the lymph-capillaries. When a piece of connective-
tissue, such for instance as that lying between the radiating
bundles of the tendon of the diaphragm on the pleural side 1s
treated in a particular way, the result is what is called a “negative
staining ”; the matrix is stained brown but the corpuscles and
cavities are left unstained, and appear as irregularly branched
clear patches standing out in contrast with the brown matrix.
In such a preparation many of these clear spaces are seen to
abut upon and apparently to lose themselves in a neighbouring
lymph-capillary, which also always stands out in contrast to the
matrix, appearing as a clear space marked with the sinuous
outlines of its plates.

Without insisting too much on the argument drawn from this
negative staining, and resting rather on the facts previously
mentioned and on general considerations, we may probably conclude
that all the spaces of connective-tissue, including the cavities of
the corpuscles, form a labyrinth of passages which is to be con-
sidered as the real beginning of the lymphatics, and that this
irregular labyrinth is in some way or other in fairly free communi-
cation with the more regular but still labyrinthine lymph-capillaries,
lined by a definite epithelioid lining, and that from thence the
lymph passes on to the regular and valved lymphatic canals.

All over the body wherever blood vessels go connective-tissue
and lymph-spaces go too. Certain parts of the plasma of the blood
passing through the walls of the blood vessels become lymph in
these lymph-spaces. As such 1t soaks through not only the bundles
of gelatiniferous fibrillee of the connective-tissue itself, but also
the basement membrane and so the epithelium of the mucous
membrane and its glands, the unstriated muscular fibre, the sarco-
lemma and muscle substance of the striated fibre, the neurilemma
and contents of the nerve-fibre of nerves, in fact the elements of all
the tissues which are supplied with blood vessels. More than this,
lymph goes where blood vessels do not go, and in these situations
the value as lymph-passages of the cavities of the corpuscles seems
most striking. In the cornea for instance blood vessels and
definitely constituted lymphatic vessels cease near the periphery,
and the greater part of the nutrition of the cornea (beyond that
effected by what we may call mere imbibition, that 1s by the
passage of fluid between the molecules of the actual substance of
the tissue) is carried on by the stream of lymph through the cor-
puscular cavities. In a similar way in bone lymph finds its way
from the blood vessels of the periosteum, marrow and Haversian
canals through the very substance of the bone by means of the
labyrinth of lacun® and canaliculi. And in cartilage we have
reason to think that minute passages in the matrix facilitate the
transmission of lymph from the perichondrium through the body
of the cartilage from cartilage cell to cartilage cell, far more
efficiently than if its progress were left to mere imbibition. The
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somewhat peculiar relations of the lymphatics in the central
nervous system we shall consider when we come to treat of that
system. Meanwhile we have said enough to form a general idea
of the arrangements by means of which the very elements of all
the tissues are bathed with lymph, and by means of which that
lymph is carried back from the elements of the tissues along
nregular and regular lymphatic channels back to the blood from
whence 1t originally came.

§ 289. The Serous Cavities. In the mammal lymph-spaces are
for the most part minute and microscopic; but in some other
animals they may attain considerable size; in the frog for instance
in which lymph-capillaries and lymphatic vessels are scanty, the
large subcutaneous spaces which are disclosed when the skin of the
back is eut through are in reality lymph-spaces lined by sinucus
epithelioid plates. Both in the mammal and other animals certain
large cavities, known as serous cavities, such as the peritoneal,
pericardial, pleural and other cavities, must be considered as parts
of the genﬂral lymphatic system, and indeed the ‘serous fluid’
which they contain is in reality lymph. The subarachnoid space
surrounding the brain and spinal cord may also perhaps be regarded
as a part of the lymphatic system, but this and the contained
cerebro-spinal fluid we shall consider in connection with the central
nervous system.

In the abdomen of the frog, on each side of the vertebral
column, behind or above, 7.e. dorsal to the peritoneal cavity, lies a
large lymph-space spoken of as the cisterna magna lymphatica, the
cavity of which is separated from the peritoneal cavity by a thin
membranous sheet consisting of a median basis of connective-tissue
covered on the peritoneal side by peritoneal epithelinm and on the
cisterna side by lymphatic epithelium. The latter consists, as in a
lymphatic capillary, of flat epithelioid plates with sinuous outlines;
the former is made up also of flat epithelioid plates but these are
more or less polygonal in shape and have outlines which are not
distinetly sinuous. If a piece of this partition, after being stained
with silver nitrate, be spread out and examined either with the
peritoneal or with the cisterna side uppermost, it will be seen that
in each case here and there a group of cells assuming a triangular
form appear to converge to or radiate from a centre which some-
times, especially on the lymphatic side, 1s a mere point but some-
times 1s a larger or smaller hole, which in other words 1s an orifice
or stoma, sometimes closed but sometimes more or less open. On
the peritoneal surface thé stoma is surrounded and guarded by a
crown of what appear to be small granular cells placed at the
apices of the converging epithelioid plates, but which are held by
some to be the displaced nuclei of the epithelioid plates themselves.
Around each stoma which is in reality a perforation leading from
the peritoneal cavity into the cisterna, the connective-tissue basis
between the two epithelioid layers is arranged in a concentric
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manner; the whole arrangement serves as a communication from
the peritoneal cavity into the cisterna, and by these stomata the
peritoneal fluid passes into the cisterna and so into the general
lymphatie system. Dwin}[:;' to causes which we shall study presently
the contents of the small lymphatic vessels and such spaces as the
cisterna are continually being drained by the vascular system ; the
cisterna is continually tending to empty itself and so to draw fluid
from the peritoneal ﬂawiti,-' through the stomata. In the female
frog the small granular cells encircling the stomata are, during the
breeding season provided with cilia, the action of which increases the
current from the peritoneum through the stoma into the cisterna.

In the mammal similar stomata place the serous cavities in
connection with the lymphatics of the walls of those cavities.
They may be readily seen in the tendon of the diaphragm.
The peritoneal membrane of the mammal as of the frog consists
of a single layer of flat epithelioid plates lying on a connective-
tissue basis; the plates, smaller than those in the frog, are polygonal
in form, and their outline is not sinuous. On the tendon of the
diaphragm the epithelioidd plates over the radiating spaces, or
clefts between the radiating bundles of the tendon, are smaller than
over the bundles themselves, and along the lines of these radi-
ating intertendinous spaces may be seen stomata, orifices guarded
by small cells, similar to but smaller than and less conspicuous
than those just described as seen in the frog. These stomata
open into the lymphatics which are abundant in the connective
tissue lying between the radiating bundles of the tendon of the
diaphragm, and through them the fluid of the peritoneal cavity
passes away into the lymphaties of the diaphragm and so into the
general lymphatic system. The movements of the diaphragm in
breathing, of which we shall have to speak presently, greatly assist
the flow through the stomata; and even passive movements of
the diaphragm are effectual for this purpose. If a quantity of
injection material, such as a solution of Berlin blue, be injected
into the peritoneal cavity of a living animal it soon enters into and
mjects the lymphatics of the diaphragm, and a similar injection
may be obtained in a dead but recently killed animal by placing
the animal with its head downwards, injecting the colouring
matter into the abdomen, or even pouring it into the hollow of
the diaphragm, and then producing movements of the diaphragm
by a rhythmically repeated artificial respiration. Not only
coloured fluids but coloured material merely suspended in fluid
and such things as the globules of fat in milk, or even red blood
corpuscles may thus find their way from the peritoneal cavity into
the lymphatics of the diaphragm. Indeed if a piece of the
diaphragm of a recently killed animal be stretched out and milk
poured upon it, the fat globules of milk may be seen with the aid
of a lens or microscope to disappear through the stomata in a
number of minute vortices,
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By similar stomata the pleural cavity is put into communica-
tion with the lymphaties not only of the diaphragm (on its
pleural surface) but also of the lungs, and to a smaller extent of
the thoracic walls, and during the movements of the chest in
breathing the contents of the pleural cavity are continually being
pumped away, partly into the lymphatics of the lungs partly into
those of the diaphragm and chest walls. In a similar manner
pericardial fluid passes away from the pericardial cavity, and the
fluid in other smaller serous cavities such as that surrounding the
testis, passes away from the respective cavities into the general
lymphatics. The quantity of fluid in even the largest of these
cavities is at any one time in normal conditions very small, but
that fluid appears to be continually renewed, old fluid passing
away to the lymphatic system, and new fluid taking its place.
The serous cavities therefore are to be regarded as expanded
initial reservoirs from which as well as from the lymph-capillaries
and lymph-spaces of the tissues the lymph stream is continually
being fed.

The Structure of Lymphatic Glands.
§ 290. Solitary Follicles and Peyer's Patches. All along the

small intestine and at various points of the circumference are
found, partly in the submucous tissue but reaching up to the
surface of the mueous membrane, small rounded bodies, of the
size of a small pin’s head, more numerous perhaps in the lower
than in the upper part of the bowel, often called ‘solitary
glands.’ They are not glands however in the sense (§ 209) of
being involutions of the mucous membrane, and it is better
perhaps to speak of them as solitary follicles. At the free border
of the small intestine, opposite to the attachment of the mesentery,
the mucous membrane contains long oval patches, Peyer’s patches,
placed lengthways, there being some twenty or thirty of these;
they are most numerous in the ileum and disappear towards the
duodenum. Each patch is practically a group of solitary follicles,
and indeed these patches are sometimes spoken of as agminated
Jollicles. In the large intestine especially at the emcum, and in
man particularly in the vermiform appendix, solitary follicles are
abundant, but here they lie wholly in the submucous tissue below
the muscularis mucos®. In the stomach also, in young people,
there occur in the mucous membrane, generally between the
mouths of the glands, structures which are very similar to solitary
follicles and which are sometimes called “lenticular glands.”

A solitary follicle consists essenfially of a spherical mass of
fine adenoid tissue the meshes of which are crowded with
leucocytes. In the intestine as we have seen (§ 259) the con-
nective tissue lying between the epithelium above and the
muscularis mucose below has a reticular arrangement and
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contains leucocytes; but in the follicle the network is finer, closer
and more regular than elsewhere, the meshes are almost com-
pletely filled with leucocytes, and the spherical mass breaking
through the muscularis mucoss reaches some way down into the
submucous tissue. Over the surface of the follicle, which bulges
somewhat into the interior of the intestine, villi may be present,
but the glands of Lieberkiithn are pushed aside and are found only
at its circumference. Into this mass of adenoid tissue one or
more small arteries enter and break up into a capillary network
the blood from which is carried away by one or more small veins.
Around the mass there is placed a more or less well developed
spherical lymph space, lined with sinuous epithelioid plates and
continuous with the neighbouring lymphatic vessels. This lymph
space or lymph-sinus as it is called thus forms a hollow jacket
filled with lymph round the spherical mass of adenoid tlssue, but 1s
not complete, being broken by the entering and issuing blood
vessels, or by imperfect partitions passing from the tissue without
to the adenoid tissue within. The blood vessels and bridles in
question are covered by a layer of epithelioid plates continuous
with that lining the outer wall of the jacket, as also with the one
which more or less completely invests the inner mass of adenoid
tissue.

The leucocytes which occupy the meshes are of different sizes.
Some are as large or almost as large as white blood-corpuscles,
from which indeed they chiefly differ in the fact that their nuclei
exhibit a nuclear network which as we have seen (§ 28) is
apparently not present in the white corpuscle of the blood. Thc
majority however are much smaller than white blood corpuscles,
their smallness being chiefly due to the small amount of cell-
substance surrounding the nucleus; in some only a mere film of
cell-substance can be detected so that the nucleus appears almost
as a so-called ‘free’ nucleus. Many of the leucocytes may be seen
to be undergoing karyomitosis, indicating that they are multi-
plying by division; and indeed there are many reasons for
thinking that in the adenoid tissue of these follicles and other
similar structures a very considerable multiplication of leucocytes
takes place. Many of the leucocytes of these follicles exhibit
under favourable circumstances amceeboid movements, and the
smaller leucocytes, indeed even the smallest, seem at fimes as
active as the larger ones,

A solitary follicle then may be considered as consisting in
the first place of a rounded capillary network fed and drained by
small arteries and veins, all supported by a minimal amount Df
ordinary connective tissue. In the second place the interstices
of this vascular network are filled up with adenoid tissue the fine
meshes of which are crowded with leucocytes of variable but on
the whole small size. Lastly the rounded mass thus constituted
is surrounded by a lymph sinus, the fluid of which on the one hand
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bathes the mass and on the other hand is free to pass away into
the neighbouring lymphatic canals. As the blood streams through
the capillary network part of the plasma passing through the
capillary walls becomes lymph in the meshes of the adenoid tissue.
Hence, after probably acting on and being acted on by the
leucocytes, it passes into the lymph sinus and so away into the
general lymphatic stream. In all probability the lymph sinus is
chiefly filled from the fluid thus coming from the adenoid tissue,
s0 that a main current flows from the lymph sinus into neighbour-
ing lymphatics in all directions; but it may be that the lymph
sinus is partly supplied by the lymphatics around, so that some of
the lymph from adjoining structures, while flowing in the sinus
around the adenoid tissue, is subjected to the action of that tissue.
In all probability too the transit of material from the blood to the
adenoid tissue 1s accompanied by a reverse current from the
adenoid tissue to the blood, so that the blood in passing through
the follicles not only gives but also takes.

Since multil‘t:]ica.tmn of leucocytes appears to be continually
going on in the adenoid tissue and since the follicles do not
increase indefinitely in size some of the lencocytes must disappear.
There is every reason to think that they pass away into the lymph
sinus and so joining the general lymph stream become the
corpuscles of the lymph of which we shall presently speak. If the
central adenoid mass 1s, as some think, invested with a continuous
coat of sinuous epithelioid plates, the leucoeytes which leave the
follicle must pass through the coat in the same manner that the
white corpuscles of the blood migrate through the walls of the
blood vessels; but it i1s more prnﬂhlc that, as others think, the
coating is discontinuous, the spaces of the adenoid tissue opening
freely at intervals into the lymph sinus, and thus affording an easy
path not only for the leucocytes but also for the fluid.

The lenticular glands of the stomach appear to be only less
condensed, less completely arranged masses of adenoid tissue; and
as we shall see hereafter small masses of adenoid tissue more or
less condensed, more or less transformed into definite follicles are
met with in various parts of the body.

§ 291. A Peyer's Patch is, as the phrase “ agminated gland”
indicates, merely an aggregation of solitary follicles. A well
formed Peyer’s patch consists of a variable number, in man fifty
or even a hundred or fewer, of solitary follicles arranged in a
single layer close under the epithelium, but stretching down into
the submucous tissue, the distinetion of which from the mucous
membrane proper is to a great extent lost by the breaking
up of the muscularis mucos®. Between the constituent follicles
glands of Lieberkiihn are found encircling the follicles, and villi
project from the surface, while between and below the glands
blood vessels and lymphatics are abundant. Over each follicle
both glands and villi are absent so that the upper surface of the
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follicle is in contact with the epithelium of the intestine, which is
here shorter and more cubical than elsewhere.

Each follicle consists of a somewhat spherical vascular mass
of adenoid tissue surrounded more or less completely by a lymph
sinus ; in fact the structure of each of these aggregated follicles
repeats so completely that of a solitary follicle that the same
description and discussion will serve for both.

§ 292. Lymphatic glands. 1f the structure of a follicle just
described be borne in mind, that of a Iymphatic gland is
made more easy; for, as a Peyer’s patch is a mere aggregation of
otherwise unchanged follicles, so a lymphatic gland 1s a collection
of similar follicles differentiated into a compact and somewhat
complex organ,

A typical lymphatie gland has, though the form varies a good
deal, the shape of a kidney, in so far at all events that a more or
less convex side can be distinguished from a concave side in which
is placed the hilus where the blood vessels enter and issue; from
the hilus also issue lymphatic vessels, which since they carry
lymph away from the gland are called efferent lymphatics. The
afferent vessels carrying lymph to the gland pass into the gland in
a scattered fashion on the convex side.

The gland is invested by a capsule of connective tissue,
containing in the case of many animals a very considerable
number of plain muscular fibres. Two layers may at times be
distinguished in the capsule: an outer layer of coarser and an
inner layer of finer connective tissue, a rich plexus of lymphatic
vessels being placed between the two. From the capsule a
number of partitions or trabecule, starting from various points of
the surface and consisting, like the capsule, of closely interwoven
bundles of connective-tissue mixed up with a variable number of
plain muscular fibres, pass into the gland in a direction converging
towards the hilus. In the outer or circumferential part of the

land these trabecula are large, run in a straight direction, are
but little branched, and are so arranged that they cut up the
outer part of the gland into a number of chambers, having more
or less the form of truncated pyramids, converging to or radiatin

from the inner portion of the gland near the hilus. These
chambers have been called alveoly, and constitute together the
cortex of the gland, the inner portion being called the medulla.
On reaching the medulla the trabecule, the course of which as we
have just said is in the cortex on the whole straight and unbr&nﬂhed
rapidly divide becoming thinner and more slender and, running
and joining together in all directions, form an Jrregular open
network giving rise to a labyrinth of passages into which the
alveoli of the cortex open.

The trabecule in fact starting from the capsule divide the
gland into a number of spaces which in the cortex are arranged
in a regular manner and have the form of converging chambers or
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alveoli, communicating laterally with each other to a small extent
only, but which in the medulla rapidly diminish in size and,
opening freely into each other on all sides, form a labyrinth. At
the hilus the medulla comes to the surface of the gland, but
elsewhere is separated from the surface by the cortex. The
number of and regularity of division among the alveoli, and the
sharpness of distinction between the cortex and the medulla
differ in the glands of different animals.

Each alveolus of the cortex consists in its central part,
constituting about two-thirds or more of the whole chamber, of a
mass of adenoid tissue crowded with leucocytes; this mass which
follows the form of the chamber, is wholly like, in fact repeats
almost exactly the structure of the mass of adenoid tissue of a
solitary follicle of the intestine; it is spoken of as the follicular or

landular substance or more briefly the follicle, of the alveolus.
This follicle is separated on all sides from the capsule and trabecula
which form the walls of the alveolus (or from the trabecula alone
where as in some cases the alveolus is a small one lying between
the larger superficial alveoli and the true medulla) by a space
which is occupied as a rule not by true adenoid tissue but by a
coarser more open reticular tissue, the meshes of which are larger
and less regular and the bars of which are more membranous,
having more the characters of being branches of nucleated
branched-cells than, as we have seen, is the case with true adenoid
tissue., The meshes of this reticulum like those of adenoiud tissue
are occupled by leucocytes; but these are not so numerous, and
moreover more readily escape from this situation than from
the follicles, so that when a section of a fresh gland is brushed
with a camel’s hair penecil or shaken up in normal saline solution,
the spaces of which we are speaking are to a large extent cleared
of the leucocytes previously present, while the follicular substance
still remains crowded with them. After treatment with silver
nitrate it is seen that the surface of the trabecul® (and capsule)
bordering this space in each alveolus is lined with sinuous
epithelioid plates, and a coating of similar plates may sometimes
be made out on the surface of the follicular substance. In other
words this space between the trabecule and the follicular
substance is a lymph-space corresponding to the lymph sinus of
the solitary follicle of the intestine, and indeed is spoken of as the
lymph sinus or lymph channel ; the lymph sinus of an alveolus of a
lymphatic gland differs from the lymph sinus of a solitary follicle of
the intestine in its space being much broken up by reticular
tissue.

The irregular passages of the medulla are similarly oceupied
by a central mass of follicular substance surrounded by a lymph
sinus; but, whereas in the alveoli the masses of follicular substance
take on the form of more or less pyramidal blocks, in the medulla
the follicular substance is arranged in the form of branching and
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anastomosing cords, the medullary cords, surrounded by a tubular
branching and anastomosing jacket of lymph sinus. At the junction
of the cortex and medulla the follicles of the alveoli of the former
branch off into and become the medullary cords of the latter, and
the lymph sinuses of the former are similarly continuous with the
labyrinth of lymph sinuses of the latter.

The gland in fact may be considered as consisting of three
parts :—the skeleton supplied by the capsule and trabecule and
dividing the interior of the gland into the regular alveoli of the
cortex and the labyrinth of the medulla; the follicular substance
occupying the centre both of the alveoli and of the labyrinth and
continuous throughout both, as if it had originally filled up the
whole of the spaces of the skeleton and had subsequently shrunk
away on all sides; and lastly the lymph channel occupying all the
“spaces left between the follicular substance and the skeleton, and
thus forming a labyrinth of its own throughout the gland.
Obviously a lymphatic gland is a consolidated and differentiated
collection of lymphatic follicles or Peyer's patch. In a Peyer’s
patch each follicle is distinet and independent; in a lymphatic
gland the follicles are fused together, partially so in the cortex but
completely so in the medulla.

The afferent lymphatic vessels, which are small or medium
sized vessels with the structure described in § 286, after forming a
plexus between the two layers of the ecapsule open out into the
lymph sinuses of the alveoli beneath the cortex; these lymph
sinuses are practically lymph-capillaries into which the regular
afferent lymphatic vessels break up. The efferent l}'mpiatic
vessels are similarly connected with the lymph sinuses of the
medulla at the hilus; here the lymph-capillaries of the me-
dulla open mto and form the regular lymphatic vessels which
issue from the gland at this point. In the afferent vessels the
lymph is flowing as we shall see, at a certain rate and under a
certain pressure; it continues to flow through the labyrinth of the
lymph sinuses of the gland, bathing as it flows the follicular
substance, its course being retarded by the reticulum of the
lymph sinuses ; it finally issues by the efferent vessels.

The small arteries entering the gland at the hilus run along
the skeleton of trabecule, dividing as they go; at intervals they
send oft small branches which, leaving the trabecular support,
traverse the lymph sinus and plunging into the follicular substance
break up into capillaries. By far the greater part of the blood
sent to the gland thus runs in capillary networks in the follicular
substance of the alveoli and medulla. From these capillaries the
blood finds its way back by veins through the lymph sinus to the
trabecule, and so 1ssues from the gland at the hilus.

§ 293. Obviously here, as in the lymphatic follicle of the in-
testine, the adenoid tissue, or follicular substance, is the seat of an
interaction between the blood and the lymph ; here the blood gives
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something to and takes something from the lymph, or at least is
in some way changed ; here the lymph takes from and gives up to
the blood. We may be conﬁdult that these changes take place,
though our knowledge as to the exact nature of these changes is
at present very limited.

One event taking place in the gland seems tolerably certain.
The leucocytes which oceupy the meshes of the follicular substance,
and the characters of which are similar to those of the leucocytes
of a follicle of the intestine, multiply in the follicular substance.
(Clell-division appears to be pa,rtlcularl}f active in, but not exclusively
confined to, certain areas in the follicles %pokcn of as lymph-knots.
In nuclear-stained sections, that is in preparations so treated that
while the nuclei are stained deeply the cell bodies are very lightly
stained or not at all, there may be frequently seen in a follicle an
area (or more than one arca) consisting of a very light centre
surrounded by a deeply stained ring. In the light centre the cell
bodies of the leucocytes are, relatively to the nuclei, larger than in
the surrounding zone ; and since the cell bodies are not stained the
central portion &ppeam lighter. It isin the clearer central area that
nuclei undergoing mitosis, and indicating cell division, are especi-
ally abundant. The surplus cell population thus arising appears
to pass, chiefly at all events, into the lymph sinus, and to leave
the gland by the efferent l}fmphatic vessels ; on nxamixmtiﬂn 1t 1s
found that lymph which has passed through a number of glands is
richer in lymph corpuscles than the lymph which is coming to the

lands.

: Many lymphatic glands contain a quantity of black pigment
which is chiefly deposited in the branched cells of the reticulum of
the lymph sinuses. This 1s probably, in many cases at all events,
pigment brought to the glang in the lymph vessels, and arrested in
its course through the lymph sinus; and in the br onchial lymphatic
glands the pigment simply consists of minute particles of carbon
introduced into the bronchial passages by the inspired air, and
carried from the bronchial passages to the glands. In some cases,
however, pigment is also found in the bodies of the leucocytes of the
follicular substance, and this pigment has probably a different
origin ; its history and purpose are not however as yet known.



SEC, 10. THE NATURE AND MOVEMENTS OF LYMPH
(INCLUDING CHYLE).

§294. From what has been said in the preceding section we
are led to regard the multitudinous spaces, both small and great,
{}f connective tis..t-:ue all over the body, including among these the

“serous cavities,” as forming the beginning or roots of the
lymphatic system. Into these spaces certain parts of the plasma
of the blood transude and so become lymph ; (whether the epithe-
lioid lining of the large serous cavities pla}s any distinet part in
regulating the transudation of serous fluid, 1.e. of lymph into those
cavities we do not know); from these spaces the lymph is con-
tinually flowing through the lymph-capillaries into the lymphatic
vessels, and so by the thoracic duct and right lymphatic trunk
back into the blood system.

The amount of lymph occupying the lymph _spaces, lymph
capillaries, and minute lym phatic vessels of any region varies from
time to time according to circumstances. A hand for instance
which has been kept hanging down for some time becomes swollen
and the skin tense; if it be raised the swelling lessens and the
skin becomes loose ; and a similar temporary swelling of the skin
of the limbs, and of the skin generally, is frequently the result of
active exercise. Such a swelling is partly due to the blood vessels
being dilated, or to the return flow along the veins being retarded
so that the blood capillaries become distended with blood, but is
much more largely owing to the lymph-spaces and lymphatic
vessels of the skin and underlying structures being unusually filled
with lymph. On the other hand the skin may become shrivelled
and dry from a deficiency of lymph in the lymph-spaﬂes and
vessels. Under even normal circumstances the quantity of lymph
in thé tissues may vary considerably, and under abnormal circum-
stances a very large amount of lymph may greatly distend the
spaces of the connective tissue of the skin and other structures,
giving rise to edema or dropsy. Obviously there are agencies at
work in the body by which the appearance of lymph in the spaces

or its removal thence along the lymph-channels, or both, may be
either inereased or diminished.
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The Characters of Lymph.

§ 295. As it slowly flows from its origin in the tissues
to the mouth of the thoracic duct (we may for simplicity's sake
omit the right lymphatic trunk) the lymph is subjected to the
influence of the lymphatic glands, and is possibly affected by the
walls of the lymph-vessels. Moreover the lymph coming from one
tissue differs more or less in certain characters from the lymph
arising in another tissue, just as the venous blood of one organ
differs from the venous blood of another organ; and these
differences may be exaggerated by the activity of the one or other
tissue. Of these differences by far the most striking is that
between the lymph coming from the alimentary canal during
active digestion and known as chyle, and the lymph coming from
other parts of the body. When digestion is not going on, and
when consequently no considerable absorption of material from
the alimentary canal into the lacteals is taking place, the fluid
flowing along the lacteals 1s lymph, not differing from the lymph
of other regions to any marked degree.

The fluid accordingly which flows along the thoracie duct in
an animal which has not been fed for some considerable time
may be taken as illustrating the general characters of lymph.
The contents of the thoracie duct may be obtained by laying bare
the junetion of the subclavian and jugular (in the dog the junction
of the axillary and jugular) veins, and introducing a cannula into
the duct as it enters nto the venous system at that point. The
operation is not unattended with difficulties

Lymph, so obtained, is a clear transparent or slightly opalescent
fluid, which left to itself soon clots. The eclotting is not so
pronounced as that of blood, but clotting is caused as in blood by
the appearance of fibrin. The fibrin which is formed though scanty,
‘05 p.c., is identical apparently with that of blood, and as far as we
km:m all that has been said previously, §§ 14—23, concerning the
naturc of clotting in blood a,ppllcf-s equally well to hmph

Examined with the microscope lymph contains ‘a number of
corpuscles, lymph-corpuscles, which in all their characters as far as
1s at present known are identical with white blood corpuscles;
they vary in size from 5pu to 15u, and the smaller corpuscles
are much more abundant in lymph than in blood. Like the
white blood corpuscles of blood they exhibit amoeboid move-
ments. Their number varies in different animals, and, apparently,
in the same animal, according to circumstances; on the whole
perhaps it may be said that lymph corpuscles are about as
numerous in lymph as white corpuscles in blood. Even when
every care 1s taken fo avoid admixture with blood, lymph, and
especially chyle, not unfrequently contains a certain number of

blood corpuscles; sometimes these are sufficient to give the

F. 32
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lymph (or chyle) a reddish tinge. They have been observed
within the living lymphatic vessels, even within small ones, and
have probably in some manner or other made their way from the
blood into the lymph channels.

§ 296. The chemical composition of lymph, even when taken
in each case from the thoracic duct, varies a good deal. The total
solids are much less than in blood, amounting in general to not
more than 5 or 6 p.c. Hence the venous blood of a vascular area
contains rather more solids than the arterial blood of the same
area, since the blood in giving rise to the lymph during its passage
through the capillaries from the arteries to the veins has parted
with relatively more water than solid matter.

The proteids amount on the average to about 3 or 4 p.c, that
is to say, to about half as much as in blood, the particular proteids
present being the same as in blood, viz. albumin, paraglobulin and
antecedents of fibrin. In lymph, as distinguished from chyle, the
quantity of fat is small, and consists of the usual neutral fats and
the soaps of their fatty acids, together with lecithin; cholesterm
may also be present. A certain amount of sugar (dextrose) appears
to be always present, and several observers have found an appreci-
able quantity of urea. The ash of lymph like that of blood serum
contains a considerable quantity of sodium chloride, while phos-
phates and potash are scanty; it also contains iron, apparently
in too great a quantity to be accounted for by the few red
corpuseles which may be present. From lymph a certain amount
of gas can be extracted, consisting chiefly or almost exclusively of
carbonic acid, with a small quantity of nitrogen, the amount of
oxygen present being exceedingly small. The importance of this
we shall see when we come to study respiration.

Broadly speaking we may say that all the substances present
in blood-plasma are present also in lymph, but are accompanied
by a larger quantity of water.

§ 297. Lymph may also be obtained from separate regions of
the body, as from the lower or upper limbs, for instance, by intro-
ducing a fine cannula into a lymphatic vessel. In its general
features the lymph so obtained resembles that taken from the
thoracic duct. Analyses of the lymph distending the subcuta-
neous connective tissue in cases of dropsy shew that this contains
much less solid matter than normal lymph taken from the thoracie
duct or larger lymphatic vessels. From this it has been inferred
that the lymph normally existing in the lymph-spaces, lymph-
capillaries and minute vessels contains an excess of water; and
indeed it has been asserted that the per-centage of solids
mcreases 1n passing from the smaller to the larger vessels; but
this cannot be regarded as distinetly proved. The number of cor-
puscles however, as we have already said, appears to be increased
in passing through the lymphatic glands. It has also been stated
that the lymph in the finer lymph-vessels clots even less firmly than
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that in the thoracic duct. From this we may infer that some of
the leucocytes in the adenoid tissue of the follicles of a lymphatic
gland find their way into the lymph-sinus, and so into the efferent
lymphatics, and that some of the fibrin factors are added to the
lymph, or at least that some changes favourable to clotting are
brought about.

§298. We shewed in § 289 that the large serous cavities of
the peritoneum, pericardium &c. were to be considered as parts of
the lymphatic system, and that the serous fluid’ in these cavities
was continually joining the lymph stream; indeed pericardial or
other serous fluid has all the general characters of lymph. Wae
have already said, § 20, that these fluids when taken fresh from
the body, clot (this 1s, at least, the case in most animals); the clot
when examined microscopically is found to consist of colourless
corpuscles like those of lymph or of blood entangled in the meshes
of fibrin. Both in their proteid and other chemical constituents
these serous fluids resemble lymph. Analyses of the accumulations
of fluid occasionally occurring in these cavities shew that they
contain sometimes less and sometimes more solid matter than
ordinary lymph. The aqueous humour of the eye contains very
little solid matter; and the cerebro-spinal fluid is so peculiar that
it had better be considered by itself in connection with the
nervous system,

§299. Chyle. In fasting animals the fluid flowing along the
lacteals, as may be seen by inspection of the mesentery, is clear
and transparent; it is lymph, differing as we have sald in no
essential respects from the lymph flowing along other l:,rmp]mtic
vessels.  Shortly after a meal containing fat (and every meal does
contain some fat), the lymph becomes white and opaque like milk,
the more so the richer the meal is in fat; it is then called chyle.
Owing to the relatively large quantity of this milky fluid which
for some time after a meal continues to be poured into the
thoracic duct, the contents of that duct also become milky, and are
also called ch yl{. In the thoracic duct the chyle of the lacteals is
more or less mixed with lymph from other ly mphatic vessels, but
the former is so preponderating that the contents of the duct may
be taken as illustrating the nature of chyle.

Chyle differs from lymph in one important respect, and one
only: whereas lymph ordinarily contains a small quantity only of
fat, chyle contains a very large amount. The actual amount of
fat present in the chyle of the thoracic duet varies, as may be
expected, very considerably accnrdmg to the nature of the meal,
the stage of digestion, and various circumstances. Five per E.Lut.
1s a very common amount; in the dog it has been found to vary
from 2 to 15 per cent. The increase in fat is chiefly if not ex-
clusively due to an increase in the neutral fats; thmlgh whether
the small quantity of soaps and of lecithin PthLnt 1s greater
than in lymph has not been distinctly ascertained. Cholesterin

322
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is probably present in greater amount than in lymph, since it
probably comes from the bile poured into the intestine during
digestion ; but this is not certain. How far the nature of the fat,
that is, the proportion of the various kinds of fat, of stearin, &c.,
varies with the fats present in the meal has not been definitely
ascertained.

The condition of the fat in chyle is peculiar. Some of it
exists, like the fat in milk, in the form of fat globules of various
sizes, but all small. A very considerable quantity however is
present in the form of exceedingly minute spherules or granules,
far smaller than any globules to be seen in milk ; these exhibit
active ‘Brownian movements! The fat present in this form is
spoken of as the ‘melecular basis’ of chyle, and 1s very distinctive
of chyle. In the emulsified contents of the intestine, often called
chyle, the fat is finely divided, and to a large extent into small
globules, but there is nothing corresponding to this molecular
basis ; the fat does not assume this condition until it has passed
out of the intestine into the lacteals. Lymph examined with the
microscope shews besides the white corpuscles only very few
oil-globules, and nothing of this molecular basis. Just as in fact
lymph is, broadly speaking, blood minus its red corpuscles, so
chyle 1s lymph plus a very large quantity of minutely divided
neutral fat.

The total amount of lymph or of chyle which enters the blood
system through the thoracic duct, though it probably varies con-
siderably, is probably also always very large. It has been calculated
that in a well-fed animal a quantity equal at least to that of the whole
blood may pass through the thoracie duct in 24 hours, and of this
it 1s supposed that about half comes through the lacteals from
the alimentary canal, and therefore to a large extent from food,
and the remainder from the body at large. These caleulations are
based on uncertain data, and cannot therefore be taken as of exact
~ value, but we may use them for the sake of an illustration. Thus
in a man of average weight, that is, about 154 kilos,, the quantity
of blood (§ 38) being ; of the body weight is about 12 kilos.
The quantity of lymph or chyle therefore discharged into the
blood in an hour would be according to this calculation half a
kilo, or something less than half a litre; and since the flow
must vary considerably in the 24 hours, would be sometimes less
and therefore sometimes even more than this.

The Movements of Lymph.

§ 300. Making every allowance for the uncertainty of the
calculation detailed in the preceding paragraph, it is obvious that
the lymph must flow with a not inconsiderable rapidity (if we
take about half the above estimate, the rate will be about 5 c.c.
per minute) through the thoracic duct, and therefore must also be
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continually streaming into that duct, along the various lymphatie
channels from the manifold lymph-spaces of the body. This
onward progress of the lymph is determined by a variety of
cireumstances. In the first place, the remarkably wide-spread
presence of valves (§ 286) in the lymphatic vessels causes every
pressure exerted on the tissues in which they lie to assist in the
propulsion forward of the lymph. Hence all muscular movements
increase the flow. If a cannula be inserted in one of the larger
lymphatic trunks of the limb of a dog, the discharge of lymph
from the cannula will be more distinetly inereased by movements,
even passive movements, of the limb than by anything else.
When we come fo speak of the entrance of chyle into the lacteal
radicles of the villi we shall see that, at all events according to
one view, the muscular fibres of the villus aect as a kind of
muscular pump, driving the chyle past the valved end of the
lacteal radicle into the ly mphatw canals below. In addition
to the presence of valves along the course of the vessels, the
opening of the thoracic duct into the venous system is guarded by
a valve, so that every escape of lymph or chyle from the duet into
the veins becomes itself a help to the flow. In the second place,
we have already seen that the blood-pressure in the capillaries
and minute vessels 1s considerably greater than that in the large
veins, such as the jugular; in fact this difference of pressure 1s the
cause of the flow of blood from the capillaries to the heart. Now
the lymph in the lymphatic spaces outside the capillaries and
minute vessels undoubtedly stands at a lower pressure than the
blood inside the capillaries; otherwise the transudation from the
blood into the tissues would be checked; but the difference is
probably much less than the difference between the pressure in
the capillaries and that in the large venous trunks. So that the
lymph in the lymph-spaces of the tissues may be considered a.
standing at a higher pressure than the blood in the venous trunks,
for instance in the jugular vein. That is to say, the lymphatic
vessels as a whole form a system of channels lcadmg from a
region of higher pressure, viz. the lymph-spaces of the tissues, to
a region of lower pressure, viz. the interior of the Jllgu]al mld
subclavian veins. This difference of pressure will, as in the case
of the blood vessels, canse the lymph to flow onward in a con-
tinuous stream. Further, this flow, caused b} the lowness of the
mean venous pressure at thc subelavian vein, will be assisted at
ever reqplra,tury movement, since at every Implratmn the pressure
in the venous trunks becomes, as we shall see in dealing with
respiration, negative, and thus lymph will be sucked in from the
thoracic duct, while the increase of pressure in the great veins
during expiration is warded off from the duct by the valve at its
opening. In the third place, the flow may be increased by
rh;-,rt-hmlf-n,l contractions of the walls of the lymphatics themselves
which, as we have seen, are remarkably muscular; and the
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peculiar interlacing of the muscular fibres above each valve
suggests that the walls here act after the _fashmp of a tiny he':‘i.rt.
and by a rhythmical systole drive on the fluid, which by the action
of the valve below collects at the spot. We have however no
experimental proof of this; for, though rhythmic variations have
been observed in the lacteals of the mesentery, it is maintained
that these are simply passive, i.e. caused by the rhythmic peristaltic
action of the intestine, each contraction of the intestine filling the
lymph-channels more fully, and are not due to contractions of
the walls of the lacteal vessels themselves. In some of the lower
animals, for instance in the frog, the muscular walls of the vessels
are developed at places into distinctly contractile propulsive-organs,
spoken of as lymphzhearts, of which we shall have something to
say presently. Lastly, it is at least open for us, on the strength
of the analogy that osmosis may give rise to increased pressure on
one side of a diffusion septum, to suppose that the very processes
which give rise to the appearance of lymph in the lymph-spaces
of the tissues, tend themselves to promote the flow of lymph. We
have at least, under all circumstances, one or other of these causes
at work, promoting a continual flow from the lymphatic roots to
the great veins, They are together sufficient to drive, in man, the
lymph from the lower limbs and trunk, against the effects of gravity,
into the veins of the neck. In the upper limb, the influences of
gravity owing to the varied movements of the limb, are as often
favourable to, as opposed to, the natural flow of the lymph ; but as
we have already said, a long-continued unfavourable action of
gravity, especially in the absence of the aid of movements in the
skeletal muscles, as when the arm hangs down motionless for some
time, leads to accumulation of lymph at its origin in the lymph-
spaces. The strength of the causes combining to drive on the
lymph is strikingly shewn in animals when the thoracic duct is
ligatured ; in such cases a very great distension of the lymphatic
vessels below the ligature is observed.

§ 301. Although the phenomena of disease and, perhaps,
general considerations render it probable, that the nervous system
governs in some way the stream of lymph, regulating it may be
not only the flow along the definite lymph-canals but also the
transit of plasma into the lymph-spaces and the escape of lymph
thence into the definite canals, our knowledge on these points is
very imperfect. We bave no proof that the muscular fibres in the
walls of the lymphatic vessels are governed by nerves, or that the
lymph spaces are influenced directly by nervous action ; and most
of the attempts to demonstrate any direct action of the nervous
system on the lymphatics have hitherto failed.

It 1s very difficult to dissociate any such direct action from an
indirect influence through vaso-motor changes; for the condition
of the vascular system largely affects the formation and hence
the flow of lymph. Thus if, in a dog, cannul@ having been placed
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in the lymphatic trunks leading from each of the hind feet, the
sciatic nerve on one side is divided, the flow of lymph from
the foot on that side is greater than on the intact side, but is
diminished on stimulation of the peripheral end of the nerve, the
diminution being followed by a subsequent increase. The section
of the nerve however leads to arterial dilation, the stimulation of
the nerve to arterial constriction; and until other reasons be
shewn, we may attribute the increased or diminished flow of
lymph to an increased or diminished transudation from the fuller
or emptier blood vessels. And this interpretation is supported by
the fact that when stimulation of the nerve is so conducted as to
lead to arterial dilation (§ 168) the result is not a diminished but
an increased flow of lymph. Again if the cervical sympathetic in
a rabbit be divided on one side and a solution of the blue pigment,
sulphindigotate of soda, be injected into the venous system, the
ear on that side becomes blue before the other, because the
pigment passes more rapidly from the blood vessels into the lymph-
spaces of the connective tissue and the blueness also passes away
sooner because it is sooner washed away by the subsequent
uncoloured lymph. But here too the increased transudation may
be regarded as simply the result of the greater fulness of the blood
vessels.

§ 302. The passage of material, namely, of water containing
certain substances in solution, from the interior of the blood vessel
where they form part of the plasma into the lymph-capillary
where. they are called lymph consists of two steps: the passage
from the blood vessel into the lymph space, and the passage from
the lymph space into the lymph-capillary ; for, as we have seen, it
is only in particular places that the lymph-r_a,plllal y immediately
surrounds the blood vessel. Once arrived in the lymph-capillary
the lymph finds an open path along the rest of the lymphatic
system, but the connection between the lymph-space and the
lymph-capillary is, as we have seen, peculiar and at least not a free
and open one,

The passage of material from the blood vessel into the lymph-
space we speak of as transudation. What can we say as to the
nature of this process? There are two known physical processes
with which we may compare it: diffusion through a membranous
or other porous partition, and filtration through a similar partition.
Diffusion, though influenced by fluid pressure, 1s not the direct result
of fluid pressure but may on the contrary be the cause of differences
of pressure on the two sides of the partition, and may work against
fluid pressure. When a strong solution and a weak solution of
salt are separated by a diffusion septum, diffusion takes place
whether the columns of fluid be at the same level on the two
sides of the septum or at different levels; and if the columns be
at the same level to start with, that of the stronger solution soon
comes to exceed the other in height, on account of the osmotic
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flow of water from the weaker into the stronger solution. Filtra-
tion on the other hand is the direct result of pressure; without
difference of pressure filtration does not take place; and, the
filter remaining of the same nature and in the same condition, the
amount of filtrate is dependent on the amount of pressure. May
we speak of the process of transudation as a simple process of
diffusion or a simple process of filtration, that is to say, can all the
phenomena of transudation be explained as simply the results of
one or other of these physical processes ? Diffusion by itself will
not account for the results; for the proteids of the blood-plasma
are indiffusible or very nearly so and yet the lymph contains a
considerable quantity of these proteids. We have no satisfactory
knowledge of the exact composition of lymph as it exists in the
lymph-spaces. In the lymph of the larger lymph-trunks the
diffusible saline substances are present in about the same pro-
portion, and the indiffusible proteids to about or less than half
as much as in blood-serum ; and we may perhaps assume that
the lymph in the lymph-spaces contains relatively less proteids
but has otherwise the same composition as blood-plasma. Mere
diffusion would not give rise to a fluid of such a nature. Can
we speak of transudation then as a filtration? The blood is
undoubtedly flowing through the capillaries and other small
vessels under a certain pressure; we have seen (§ 116) that the
pressure is roughly speaking about 30 mm. Hg.; and 1t would be
possible to select such a filter or porous partition as would at
about this pressure permit the passage of a certain quantity of
the inorganic and erystalline constituents of blood-plasma to pass
through In company with a relatively smaller quantity of the
proteids and a large quantity of the water, the red and white
corpuscles being excluded. Such a filtrate would be more or less
of the nature of lymph; and so far we might be justified in
speaking of the transudation of lymph as a process of filtration.
But the transit through the living wall of the blood vessel is
affected by circumstances in a manner so different from the
manner in which the same circumstances affect the transit through
an ordinary lifeless filter, that we gain but little, and may be
led into error by speaking of the process as a filtration. Sub-
stances in solution or otherwise, pass through a filter when the
pressure is sufficient to drive them through the passages furnished
by the interstices existing in the substance of the filter. In the
case of an ordinary filter tia substance of the filter is within limits
permanent, and the passages correspondingly constant. The living
wall of a capillary however is not a constant unchanging thing.
The epithelioid plates and other elements which constitute it
are alive, and being alive are continually undergoing change and
are especially subject to change; moreover, as we have seen,
(8§ 22, 23) the vascular walls appear to be continually acting upon
and being acted upon by the blood. Hence a change in the blood
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tends to cause changes in them ; and these changes may materially
affect in one direction or another their action as filters. In an
ordinary filter increase of pressure necessarily entails increase of
filtration ; in a living filter it may or may not, and the same
increase of pressure may according to eireumstances produce very
different results as regards the transudation of lymph.

Thus it seems reasonable to suppose as we have suggested
(§ 227) that, other things being the same, an inerease of blood-
pressure should necessarily increase the transudation of lymph.
Hence when a small artery dilates, since the pressure in the
still smaller branches and capillaries of that artery is, as we have
more than once pointed ouf, increased, more lymph appears in the
lymph-spaces; indeed it is one of the main purposes of the
widening of small arteries to supply the elements of the tissue
with more lymph, that is, with more food. But it does not
therefore follow that under all circumstances w idening of the
artery should increase the passage of lymph; something may
occur to counteract the natural effect of the increased pressure in
the blood vessels. An instance of this seems to be afforded by
the case of the submaxillary gland, when the chorda nerve is
stimulated while the gland is under the influence of atropin. As
we have seen, though the arteries dilate, no secrefion takes place;
and we cannot explain the absence of a flow into the alveoli by
supposing that the extra amount of lymph which would in nermal
circumstances form part of the secrefion, and in the case of a fairly
coplous secretion would be ﬂﬂﬂﬂldf‘l"’l,b](‘ now passes away by the
lymphatics without reaching the cells of the alveoli, for in such
cases no extra flow in the lymphatics leading from the gland has
been observed, and there is no accumulation of Iymph in the con-
nective tissue of the gland. Apparently, for some reason or other,
in spite of the increased pressure in the blood vessels more lymph
than usual does not pass into the lymph-spaces.

Then again, as we shall presently have occasion to point out,
an increase of pressure in the blood vessels produced by obstruetion
to the venous outflow is much more efticient in promoting an
Increase of transudation, at all events an abnormal inerease, than
is an increase of arterial pressure ; and the difference between the
two cases appears to be too great to be accounted for on the
ground that an obstruction to the venous outflow raises the
pressure within the capillaries and small vessels more readily
and to a higher degree than does the widening of the arteries.
Moreover that obstruction to venous outflow does not produce its
effects in the way of transudation simply and merely by raising
the ca.pﬂlm y pressure is shewn by the fact that the same amount
of obstruction may or may not give rise to excessive transudation
according to the condition of the blood or other circumstances.
For instance, though the obstruction produced by ligaturing a
vein frequently causes excessive transudation, 1t does not always
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cause if, and the femoral vein of a dog may be ligatured without
any excessive transudation taking place; yet if, after the ligature,
certain changes be induced in the blood excessive transudation
occurs in the leg, the vein of which has been ligatured but not
elsewhere. Pointing towards the same conclusion is the fact that
excessive fransudation more readily occurs when a vein is plugged
by a thrombus arising from abnormal conditions of the vascular
system than when a vein is simply ligatured. And in general
we may say, and this is a point to which we shall return, that two
things chiefly determine the amount of transudation: the pressure
of the blood in the blood vessels, and the condition of the vascular
walls n relation to the blood, the latter being at least as important
as the former.

Another aspect of the matter moreover deserves attention. In
filtration the movement takes place through the filter in one
direction only, whereas in the living body, the passage of material
through the capillary wall takes place in two opposite directions.
In all the tissues, though more perhaps in certain tissues than in
others, the passage from the blood vessel into the lymph-space is
accompanied by a passage from the lymph-space into the blood;
while food for the tissue passes in one direction, waste products
pass in the other. In a secreting gland the greater part of the
lymph coming from the blood vessels, the water and other matters,
pass away into the lumen of the alveolus after undergoing changes
in the cell; but even in such a case there is some return from the
cells into the blood vessels, carbonic acid for instance if nothing
else is given up by the cells to the blood ; and in such organs as a
muscle or the liver, the backward stream of material from the tissue
to the blood is extensive and important. Moreover this back-
ward stream works against pressure ; indeed, as may be seen in a
muscle, it is when the blood vessels are dilated and the pressure
in the capillaries and small vessels highest, as during and after the
contraction of the muscle, that the passage from the tissue into the
blood is most energetic. Many of the waste products of the tissue
are 1t is true diffusible, and we might be tempted to say that while
the lymph which feeds the fissue fraverses the vascular wall by
filtration in the direction of pressure the waste products return to
the blood against pressure by diffusion ; but such a view cannot at
present be regarded as proved ; and if it be true as is maintained
by some, that lymph, including the proteids, may at times be
re-absorbed from the tissue into the blood vessels, it is distinetly
contradicted. We shall have to return to this question when we
come to deal with the secretion of urine; but meanwhile we may
adopt the conclusion, which is especially supported by the phe-
nomena of disease, that while diffusion and filtration play their
respective parts, diffusible substances passing in and out of the
blood more readily than indiffusible substances and an increase of
pressure tending to promote transudation, the condition of the
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vascular wall so profoundly influences the transit of material as to
render the process very complex. We may probably regard it as
too complex to be compared even with filtration through a filter
capable of widely changing in texture from time to time, and as
more nearly resembling the process of secretion.

Concerning the passage of the lymph from the confined
lymph-spaces into the open gangways of the lymph-capillaries
we know very little. If, as some think, the cavity of the
lymph-capillary is shut off on all sides and completely by a
continuous lining of sinuous epithelioid plates, then the passage
from the lymph-space into it must be regarded as a sort of
repetition of the passage from the blood-capillary into the lymph-
space, as a second transudation. But if as others think, and as on
the whole seems more probable, the lymph-spaces open, at places,
directly into the lymph-capillaries the passage is a simply
mechanical affair determined by the freedom of these openings.

In either case the flow from the lymph-spaces will be
facilitated by all events which promote, and checked by those
which hinder the flow of lymph along the lymph-capillaries and
the other lymphatic channels.

We may here remark as influencing the quantity of lymph in
the lymph-spaces and vessels, that the quantity of lymph taken
up from the lymph-spaces by the actual elements of the tissue
may vary considerably. We remarked in § 30 on the peculiar
relations of living tissue to water, and there are reasons for
thinking that the very substance of a cell or a fibre (a muscular
fibre for instance) may hold in itself a larger quantity of water
at one time than at another. The water thus taken up or given
out, and the substances which may be carried in solution by that
water, come from and go to the lymph. The condition of the
tissue determines by itself the amount of lymph in the lymph-
spaces.

§ 303. Under the influence of all these several actions the
lymph in the various lymph-spaces of the body varies in amount
from time to time, but umE:r normal circumstances never exceeds
certain limits. Under pathological conditions those limits may be
exceeded, and the result is known as cedema or dropsy. Similar
excessive accumulations of lymph may occur not in the ordinary
lymph-spaces, but in those larger lymph-spaces, the serous cavities,
any large excess of fluid in the peritoneal cavity being known as
ascites.

The possible causes of edema are on the one hand an obstrue-
tion to the flow of lymph from the lymph-spaces, and on the other
hand an excessive transudation, the lymph gathering in the lymph-
spaces faster than it can be carried awa,:,-'%)y a normal flow; with
the former the lymphatic system itself, with the latter chiefly
the vascular system is concerned. As a matter of fact however
edema is almost always, if not always, due to abnormal conditions
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of the vascular system, and is the result not of hindered outflow
but of exeessive transudation.

Owing to the numerous anastomoses of the lymph-vessels and
the consequent establishment of collateral streams, obstruction
in the lymph-passages themselves rarely if ever gives rise to
eedema ; and it may be here remarked that owing to the same free
collateral communication between the lymph-vessels the laby-
rinthine passages of the lymphatic-glands do not offer the serious
obstacle to the onward flow of the general lymph-stream as might
at first sight be supposed. Nor have we at present any knowledge
which would lead us to suppose that any physiological changes in
the walls of the lymphatic-vessels or of the lymph-capillaries, or in
the lymph-spaces, by giving rise in some way to obstacles to the
flow of lymph, ever lead to an accumulation of lymph in the latter.

One kind of cedema we have already touched upon in speaking
of the capillary circulation (§ 183), viz. the “inflammatory” cedema.
In this kind of cedema owing to changes in the vascular walls a
larger amount of transudation passes into the lymph-spaces, and
that transudation is richer in proteid matters, and contains a
larger amount of the fibrin factors or at all events is much more
distinctly coagulable than ordinary lymph, as well as erowded with
migrating corpuscles. Allied to this inflammatory cedema is the
increase of lymph, also apparently changed somewhat in character,
which appears as “effusion” in the serous cavities when these
are inflamed, as in pleurisy and peritonitis.

One of the most common forms of edema is an cedema of
primarily, though not wholly, mechanical origin, cedema arising
from obstruction to the venous flow; under these cireumstances
more lymph passes into the lymph-spaces than the lymph-vessels
are able to carry away. If the femoral vein be tied the leg may
become cedematous, and, as we have said, eedema is a common
result of the plugging or obstruction of veins through disease;
the cedema which is so common an accompaniment of heart-
disease involving obstruction to the return of venous blood to
the right side of the heart, and the ascites which follows upon
hindrance to the portal flow are instances of cedema of this kind.
We have already remarked on the relation of transudation to
blood-pressure ; and in venous obstruction the rise of pressure
within the small blood vessels is distinguished from that due to
arterial dilation by being accompanied with a want of adequate
renewal of the blood ; this probably affects the epithelioid lining
of the blood vessels in such a way as to increase the transu-
dation. And indeed, as is seen in cases of heart disease with
prolonged or repeated venous obstruction, the cedema as time
goes on and the tissues become impaired is more easily excited
and with greater difficulty removed, though the actual amount
of obstruction, the actual inerease of pressure in the small vessels,
remains the same, or at least is not proportionally increased.
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Still another kind of cedema is one due to changes taking
place in the blood, quite apart from variations of blm}g pressure.
This kind of mdcm-l 1s seen in some diseases of the kidney, in
“ Bright's disease” for instance. In such cases the blood contains
less proteids, and indeed less solids, is more watery and of lower
specific gravity than is normal. But the eedema 1s not in these
cases to be explained on the view that the more watery blood
passes more readily through the capillary walls, for it may be shewn
experimentally that the mere thmnmg of the blood, as by the
injection of normal saline solution into the blood vessels, will not at
once lea.d to cedema, at least in the limbs and trunk, and 1t 1s these
which in Bright’s dlELa::.L. esp{,(.lall:,r become @dematous. In all
probability the cedema of Bright's disease if it be really due to the
abnormal character of the blood, is produced by the abnormal
blood so acting on the blood vessels that these allow a transu-
dation greater than the normal.

But these are pathological questions into which we must noi
enter here. We have touched upon them because they illustrate
the important processes taking place in the lymph-spaces, and as
we have more than once insisted the lymph in the lymph-spaces is
the middleman of all the tissues, and hence facts illustrating the
laws which govern the flow of lymph into and out of the lymph-
spaces are of fundamental physiological importance.

§ 304. Lymph-hearts. In the frog and other amphibia and
in reptiles the flow of lymph into the venous system is assisted by
rhythmically pulsating muscular lymph-hearts, which present
many curious analogies with the blood-heart. The frog possesses
four lymph-hearts. ~Of these two, belonging to the hind limbs, are
placed one on each side of the coceyx, near its end, and, being covered
only by aponeurosis and the skm may, without dissection, be seen
beating. Two anterior- ones are placed on the transverse pro-
cesses of the third vertebrae, and are covered from view by the
shoulder girdle. Each lymph-heart is a more or less oval sac

% in one of those lymph sacs or cavities lined with sinuous
eplt elioid plates, which as we have said are present in the frog.
It is continued at one end, by an orifice guarded with valves,
into a small vein which opens, in the case of the posterior heart,
into a crural vein, and in the case of the anterior hearts, into a
jugular vein. The wall consists of muscular fibres arranged in a
plexiform manner, and supported by a considerable amount of
connective tissue. These fibres are striated and branched, and
are intermediate in character between cardiac and skeletal mus-
cular fibres. Nerve fibres terminate in these muscular fibres, and
the muscular wall, unlike that of the blood-heart, is supplied with
capillary blood vessels. The interior is lined with epithelioid
plates of sinuous outline, and this lymphatic lining is continued
along a number of openings or pores, by which the cavity of
the heart opens into the surrounding lymph-space. When the
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heart contracts the contents are driven into the vein, the lym-
phatic pores being closed by the approximation of the contracting
muscular fibres; when the heart dilates, the fluid in the vein is
prevented from returning by the valves at its mouth, while the
lymph enters readily from the surrounding space through the now
open pores. In the frog regular lymphatic vessels are scanty;
hence these lymph-hearts become of considerable importance in
promoting the flow of lymph. The lymph-hearts of repfilia are
similar in structure and function. In the frog, in which they
have been chiefly studied, the action of the lymph-hearts is in a
measure dependent on the spinal cord. The posterior lymph-hearts
belonging to the hind limbs are connected by means of the delicate
tenth pair of spinal nerves with a region of the cord opposite the
sixth or seventh vertebra, in such a way that seetion of the nerve
or destruction of the particular region of the cord suspends or
destroys their activity. The anterior pair are similarly connected
with a region of the spinal cord opposite the third vertebra. Each
pair therefore seems to have a ‘centre’ in the spinal cord; but it
1s probable, though observers are not wholly agreed, that the
hearts, after destruction of their spinal centre, ultimately resume
their rhythmic beats, so that the dependence of their activity on
the spinal centre is not an absolute one. Like the heart of
the blood-system, the lymph-hearts may be inhibited, and that
in a reflex manner, the inhibition centre being moreover in the
medulla oblongata. If a frog be carefully observed, the activity
of the lymph-hearts will be found to vary largely, and these
variations appear to be in part due to nervous influences; so
that in this way the movement of lymph, and hence the pro-
cesses of absorption, are in this animal directly dependent on
the nervous system,



SEC. 11. ABSORPTION FROM THE ALIMENTARY
CANAL.

§305. We may now return to consider the absorption of the
products of digestion, that is to say, the passage of these bodies
from the interior of the alimentary canal, where they are really
outside the body proper, into the body itself. For mmphmt}s
sake we may consider digestion in a broad way as the conversion
of practically non-diffusible proteids and starch into more diffusible
peptone and highly diffusible sugar, and as the emulsifying, or
division into minute particles, of fats. We have seen reason to
believe that some of the sugar may be changed into lactie acid or
even into butyric or other acids, that some of the proteids are
carried beyond the peptone condition into leucin and other bodies,
and that some of the fat may be saponified ; and it may be that
some of the proteid material of the food passes into the body as
albumose or even as parapeptone, or in some other little changed
condition. But we may probably with safety, for present purposes,
assume that the greater part of the proteid 1s absorbed as peptone,
that carbohydrates are mainly absorbed as sugar, and that the
greater part of the fat passes into the body as emulsified but
otherwise unchanged neutral fat; and we may neglect the other
conditions of digested food as submhaq, and as far as absorption
18 concerned, ummpurt&ut

We have seen that two paths are open for these products of
digestion, one by the capillaries of the portal system, the other by
the lacteals. It cannot be a matter of indifference which course is
taken. For if the products pass by the lacteals they fall into the
general blood-current after having undergone only such changes

as they may experience in the lymphatic system; while if they
pas*?-. into the portal vein they are subjected to certain powerful
influences of the liver (which we shall study in a future chapter)
before they find their way to the right side of the heart. We
may therefore consider first which of the two paths is, as a matter
of fact, taken by the several products, and subsequently study the
mechanism of absorption in the two cases.
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The Course taken by the Several Products of Digestion.

306. From what has already been said we have been led
to regard the villi as the most active organs of absorption, and
the structure of a villus leads us further to conelude that the dif-
fusible peptones and sugar pass, together with the water in which
they are dissolved, into the superficially placed capillary network
of the villus and so into the portal system, while the merely
emulsified fat, unable to traverse the wall of the capillary, passes
on to the deep-seated lacteal radicle, and so finds its way into
the lymphatic system. And the results of observation and experi-
ment, as far as they go, support this view.

Futs. After a meal containing fat the lymph of the lacteals
contains fat, and is now called chyle; and the richer the meal in fat
the more conspicuouns is the fat in the lymph-vessels. We cannot
however prove that all the fat of a meal absorbed from the
alimentary is poured by the thoracic duct into the venous system.
If a meal containing a known quantity of fat be given to a dog
and the small quantity of fat present in the faces corresponding
to the meal be subtracted from that amount, we ean determine
the amount of fat absorbed, for we have no evidence whatever
that any appreciable amount of fat undergoes a destructive
decomposition in the alimentary canal. Collecting by means of a
cannula inserted into the thoracic duct the whole of the chyle
during and after the meal so long as 1t remains milky, shewing
that fat is being absorbed, we can ascertain the quantity of
absorbed fat, which would, but for the operation, have passed into
the venous system. When this has been done, a very remarkable
deficit, amounting it may be to 40 or 50 p.c. has been observed ;
that 1s to say, of every 100 parts of fat which disappear from the
alimentary canal only about 60 parts find their way through the
thoracic duct into the venous system.

Are we then to conclude that the missing quantity finds its
way into the portal system? Now the portal blood does, during
tligﬂsti{}rl, contain a certain quantity of fat; indeed the serum is
said at times to appear milky from the presence of fat. But the
whole uir{:ulatinﬁ blood during the digestion of a fatty meal
contains, for a while, the fat poured into it by the thoracic duet;
and 1t has been ascertained in the dog that the blood of the portal
vein during digestion contains not more but less fat than the
blood of the carotid artery, so that the fat which appears in the
portal blood during digestion is, for the most part at least, not fat
absorbed by the capillaries of the alimentary canal but fat absorbed
by the lacteals. Moreover, when the chyle of the thoracic dnet is
diverted through a cannula, and not allowed to flow into the blood,
the quantity of fat in the portal blood as in the blood at large is
very small indeed. Lastly, when a villus of an intestine in full
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digestion of fat is treated with osmic acid, fat cannot be recognized
by the microscope within the capillaries or other blood vessels,
though 1t abounds outside them in the substance of the villus
and in the lacteal radicle.

We may probably therefore infer with safety that all or at
least very nearly all the fat absorbed from the intestine takes the
path of the lacteals. As to the deficit mentioned above, that is as
yet without explanation. It may be that in some way, on its
course, in the lymphatic glands, for instance, the fat is taken away
from the chyle, hidden so to speak somewhere away from both
chyle and blood; but on this point we have no exact infor-
mation.

§ 307. Water and Salts. If, in an animal, the rate of flow of
lymph or chyle through a cannula placed in the thoracic duct be
watched, and water or, to avoid the injurious effect of simple
water on the mucous membrane, normal saline solution be then
injected in not too great quantity into the intestine, no marked
increase in the flow of chyle through the cannula is observed.
From this we may infer that the water of the intestinal contents
is absorbed not into the lacteals but into the portal system. If
however a very large quantity of the normal saline solution be
injected so as to distend the intestine, then the flow of chyle is
increased to some extent. It would appear therefore that while
under normal conditions the water passes from the intestine mainly
into the portal blood, some of it may under circumstances pass into
the lacteals.

With regard to the course taken by ordinary saline matters we
possess no d%:tailed information. When special salts such as potas-
sium iodide and others, easily recognized by appropriate tests, are
introduced into the intestine, they may be speedily detected
both in the blood and in the contents of the thoracic duct;
but whether, in such cases, these salts find their way into the
thoracic duet by the lacteal radicle of the villi, or pass into the
lgmph stream at some later part of its course, we do not know.
Nor can we with regard to such a salt as sodium chloride, state
absolutely that it passes mainly with the water into the portal
blood, though we may fairly suppose this to be the case.

§ 308. Sugar. Both %lﬂod and chyle contain, normally, a
certain small amount of sugar; and careful inquiries shew that
the percentage of sugar in chyle and in general blood 1s fairly
constant, neither being to any marked extent increased by even
amylaceous meals; on the other hand, a meal containing sugar or
starch does temporarily increase the quantity of sugar in the
portal blood. From this we may infer that such portions of the
sugar of the intestinal contents as are absorbed as sugar pass
exclusively by the portal vein. We may however here call
attention to the difficulties attending an argument of this kind.
In the first place the quantitative determination of a small amount

F. 33
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of sugar in so complex a fluid as blood is attended with great
difficulties and uncertainties. In the second place a very large
quantity of blood is at any one moment streaming through the
capillaries of the alimentary canal; and we may perhaps speak of
the quantity which passes through them during the whole period
of digestion as being enormous. Hence though each 100 ce. in
passing through the capillaries might take up a quantity of sugar
so small as to fall almost within the limits of errors of observation,
yet the whole quantity absorbed during the hours of digestion
might be considerable; or to put it in another way, an error of
observation, unavoidable with our present means of analysis, on a
sample of blood taken from the portal vessels might lead to a
wholly unwarranted conclusion that sugar was or was not being
absorbed. Making every allowance however for these difficulties,
the increase of sugar which has been observed in the portal blood
during digestion seems too great to permit of any other conclusion
than that sugar is really absorbed from the alimentary canal by
the blood vessels,

When however a large quantity of sugar dissolved in a large
quantity of water is present in the intestine, the sugar in the
chyle is said to be increased. In such a case the excess of water,
as stated above, passes into the lacteals, and 1n so doing appears to
carry some of the sugar with it.

§ 809. Profeids. The difficulties attending the experimental
determination of the path taken by proteids are greater even than
in the case of sugar; for the exact quantitative estimation of
peptone in blood (and we are assuming that proteids are mainly
absorbed as peptone) is a task of the greatest difficulty, one
compared with which that of estimating sugar appears almost
easy. Bearing this in mind we may state that all observers are
agreed that peptone is absent from chyle or at least that its
presence cannot be satisfactorily proved. On the other hand,
while some observers have succeeded in finding peptone in the
portal blood after food, but not during fasting, many have failed
to demonstrate the presence of peptone in the blood either of the
portal vein or of the vessels at large even after a meal containing
large quantities of proteids. Of course, as we argued in speaking
of the absorption of sugar, the quantity of peptone passing into
the portal blood at any moment might be small, and yet a
considerable quantity might so pass during the hours of digestion.
We may suppose moreover that that which does pass is imme-
diately converted, possibly by some ferment action, into one or
other of the natural proteids of the blood, or otherwise disposed
of; and indeed peptone injected carefully and slowly into a vein
disappears from the blood, though little or even none passes out
by the kidney. And the view that peptone is so changed, possibly
in the very act of absorption, is supported not only by the state-
ment that peptone may be found in the practically bloodless wall,
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that is, mucous membrane, of the intestine removed from a dead
animal even when it appears to be absent from the blood, but also
and especially by the following observation. If an artificial circu-
lation of blood be kept up in the mesenteric arteries supplying a
loop of intestine removed from the body, the loop may be kept
alive for some considerable time. During this survival a con-
siderable quantity of peptone placed in the cavity of the loop will
disappear, 7.e. will be absorbed, but cannot be recovered from the
blood which is being used for the artificial circulation, and which
escapes from the veins after traversing the intestinal capillaries.
The disappearance is not due to any action of the blood 1itself, for
peptone introduced into the blood before it is driven through the
mesenteric arteries in the experiment may be recovered from the
blood as it escapes from the mesenteric veins. It would seem as
if the peptone were changed before it actually gets from the
interior of the intestine info the interior of the capillaries.

But the argument that the absence of peptone from the blood
is no proof that peptone is not absorbed into the blood may also
be applied to the chyle, and thus leaves us unable to draw a
conclusion as to the path of the proteids. The following indirect
proof that peptone does not pass into the chyle has been offered,
but it too 1s open to objection. We shall see hereafter that the
absorption of proteid material leads to an inerease in the elimi-
nation of urea by the kidneys. So marked 1s this inerease, that
unless there be clearly some other causes at work leading to an
merease of urea, such as fever for instance, an inecrease of urea in
the urine following upon the administration of proteid food may
be taken as a proof that the proteid food has been digested and
absorbed. Now if in a dog the thoracic duct be successfully
ligatured so that the chyle cannot pass as usual into the blood,
and the dog be fed on proteid food, as free as possible from fat, so
as not unnecessarily to load the obstructed lacteals, an increase
in the urea of the urine is observed as usnal. Obviously in such
a case the proteid food is absorbed, and obviously also does not
pass into the blood through the thoracie duct (the success of the
ligature having been proved by post mortem examination). DBut
the experiment, though as far as it goes supporting, does not
rigorously prove the view that the proteids are absorbed by the
capillaries of the alimentary canal; for the thoracic duct and
lymphatics below the ligature were found largely distended, and
lymph and chyle appear to have escaped from the vessels; hence
it is possible that some at least of the proteids were absorbed by
the lacteals of the intestine, but finding their usual path blocked
made their way into the blood stream.

We may therefore say that the results of experiment while
they do not definitely prove, give some support to, and at
least do not contradict, the view which we a little while ago put
forward as probable, namely that the proteids, transformed into

da=2
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diffusible peptones, pass into the blood vessels and not into the
lacteals.

But, if this view be provisionally accepted, it must be on the
understanding that it is probable only; and it may be that
proteids do not take the same paths and are not absorbed in the
same condition in all animals. The experiments just related were
performed on dogs, that is to say on carnivorous animals whose
(natural) food contains a considerable quantity of fat, and whose
lacteals might therefore be considered as preoccupied in the
absorption of fat. The food of herbivora on the other hand
contains a relatively small amount of fat; and if in these animals
all the proteids and carbohydrates are absorbed by the blood
vessels, there is comparatively little left for the lacteals to do.
Yet in these anmimals the lacteals and the lymphatics are well
developed. In the villus of a herbivorous guinea-pig or rabbit,
though the reticular tissue 1s very scanty as compared with that
present in the villus of a dog, the lacteal chamber is, relatively
to the diameter of the villus, not merely as large as but much
larger than in the dog. It is difficult to suppose that this wide
chamber is intended solely for the absorption of the relatively
small amount of fat present in vegetable food. The question
which we are discussing 1s clearly at present to be regarded as
by no means settled,

The Mechanism of Absorption.

§ 310. The Absorption of Fats. We have now to consider
the manner in which these several substances pass into either the
lacteal radicle or the capillary blood vessel. It will be con-
venient to begin with the absorption of the fats.

We have seen reason § 280 to think that the fats, remaining
chiefly as neutral fats, are emulsified in the intestine, by means of
the bile and pancreatic juice, the small quantity of soap which is
formed probably serving simply the purpose of facilitating the
emulsification.

The neutral fats so emulsified pass in the first instance into
the bodies of the colummnar cells of the villi. It has, it is true,
been maintained by some that they pass befween the cells and
not into them; but the evidence is distinetly against this view.
The cells may again and again be seen crowded with fat, and
the cases in which the fat has been seen between the cells and
not in them are due to the extrusion of the fat, during the shrink-
ing of the villus in the course of preparation, from the cells into
spaces between the cells. In the frog, in which there are no villi,
and i which the folds of mucous membrane serving the purposes of
villi do not so readily shrink, the presence of fat globules in the
cells after a fatty meal can always be easily demonstrated by
osmic acid preparations. Since no such collections of fat globules
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are seen in the cubical cells of the glands of Lieberkiihn we infer
that these have nothing to do with the absorption of fat.

How the fat enters into the substance of the cell we do not
know. We may presume that the striated border plays some part,
but what part we do not know. Though, as we have seen, the rods
making up the border appear able to move, to change their form,
we have no evidence that the fat is introduced into the cells by
means of any movements of these rods. We may imagine that the
globules pass into the cell substance by help in some way of these
rods, throngh ameboid movements comparable with the ingestive
movements of the body of an ameba; but we have no positive
evidence to support this view. We said (§ 247) that bile promotes
the passage of fat throngh membranes, possibly by in some way
promoting a closer contact between the particles of fat and the
substance of the membrane ; but even if bile has this effect on the
surface of the cells, its action in this respect can be subsidiary only.

Within the columnar cell the fat may be seen, both in osmic
acid preparations, and in fresh living cells, to be disposed in
globules of various sizes, some large and some small, each globule
laced 1n a space of the protoplasmie cell substance. It does not
follow that the fat actually entered the cell exactly in the form of
these globules; it may be that the fat passes the striated border
in very minute spherules which, reaching the body of the eell,
run together into larger globules; but whether this 1s so or not
we do not know.

From the columnar cell the fat passes into the spaces of the
reticular tissue of the villus. It has, it is true, been contended
that it passes along the substance of the bars of the reticulum;
but in carefully prepared osmic acid specimens of a villus in active
digestion of fatty food, the fat may be distinetly recognized as
largely filling up, still in the form of globules of various sizes, the
spaces In the meshes of the reticulum which are not occupied by
the leucocytes or allied wandering cells. We have seen (§ 260)
that the bases of the colummar cells, through the gaps in the
basement membrane, directly abut upon the labyrinth of spaces;
and the fat once out of the base of the cell is free in the
spaces of this labyrinth. How it issues from the cell we do not
exactly know : possibly by a process analogous to the excretion of
solid matters by an amaeba.

From the labyrinth of spaces of the reticulum of the villus the
tat passes into the cavity of the lacteal radicle ; and it is worthy
of note that in the passage it undergoes a change. In the interior
of the intestine, in the substance of the columnar cell, and ap-
parently in the labyrinth of the reticulum it is simply emulsified
fat consisting of globules small and large ; within the lacteal radicle
it consists partlf' of the same easily recognized globules but partly
of the extremely divided ‘molecular basis’ (§ 299); 1t is now no
longer emulsified fat but chyle. How and by what means this
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extremely minute division of the globular fat into the ¢ molecular
basis’ t;j{n_-.r:, place we do not know; nor do we know the exact
manner in which the fat passes from the spaces of the reticulum
into the interior of the radicle. If the sheet of sinuous epithelioid
plates which forms the sole wall of the chamber is discontinuous,
presenting here and there gaps between the plates, the passage
presents no difficulty in itself, but does raise the difficulty why
there is so great a difference between the chyle inside the chamber
and the fat outside. On the other hand, if as observations seem to
shew the lining in question is actually continuous, the fat must pass
into the lacteal radicle either through the substance of the plates
or throngh the junction lines of cement. Such a passage presents
difficulties ; but at the same time we can conceive that in the
struggles of such a passage some of the fat might be converted
into the molecular basis.

We may here perhaps remark that the contents of the lacteal
radicle consist not exclusively of fat, but of fat accompanied by
the proteid and other substances which go to make up the chyle.
Proteid and other substances besides fat are also present in the
lymph which occupies in part the labyrinth of the body of the
villus, and are derived, like the lymph elsewhere, from the blood
of adjacent capillaries; at least, they are in part so derived,
though it may be not wholly, for as we have just seen the passage
of proteid material from the intestine into the substance of the
villus past the capillaries though not proved, must still be con-
sidered as possible.

We have seen (§ 262) that the spaces of the reticulum of the
villus are more or less occupied by wandering cells of which we
spoke under the general term of leucocytes. These do not all
present the same appearances and most probably are not all of the
same kind. A number of them may be distinguished by the fact
that the cell body is loaded with discrete granules which stain
readily and deeply with certain anilin dyes, and which though not
of a fatty nature turn black with osmic acid.

Some of these leucocytes wander not only through the labyrinth
of the retieculnm but pass into the epithelium between the cells,
and may project processes into, or even make their way eventually
into the interior of the intestine; or following the reverse course
may wander from between the epithelium cells into the body of
the villus; some of them moreover undoubtedly contain fat.
Hence the view has been suggested that these leucocytes are
important agents, indeed the chief agents in the absorption of fat.
It has been supposed that they, receiving the globules of fat into
their cell substance, in fact eating the fat exactly after the manner
of an amceba, either while projecting between the columnar cells,
in which case they carry their burden of fat through the epithelium
into the villus, or while wandering in the labyrinth of the villus,
bear it away bodily into the lymphatic system. But the number of
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leucocytes really containing any appreciable quantity of fat is too
small to account for the amount of fat absorbed ; since as we just
pointed out in a certain kind of these cells, and this kind is often
very abundaunt, the granules in the cell substance which stain with
osmic acid are not fat. Nor is the abundance of leucoeytes in the
mucous membrane during the period of digestion a sure proof that
they are concerned in absorption, but rather an indication only
that active changes of some kind are going on, since after the
administration of a saline such as magnesium sulphate, which
produces effects the very reverse of absorption, these lencocytes are
present in unusual numbers. Moreover under some circumstances,
as in the villi of a new-born puppy after a meal of milk, they
are absent even when digestion of fat is rapidly going on and the
lacteals are filling with fat. In fact, what we stated above
concerning the presence of fat in the bodies of the columnar cells
shews that leucocytes can have little to do in transferring fat from
the interior of the intestine into the body of villus; and there are
no adequate reasons for attributing to them any real share in the
transference of fat from the body of the villus into the lacteal
chamber.

§ 311. The lacteal chamber opens at the base of the villus
into the valved lymphatic vessels lying below, and in these the
flow of lymph (chyle) is being promoted by the various causes
detailed in § 300. The pressure for instance exerted by the
peristaltic contractions of the intestine helps to empty the lym-
phatic vessel mto which a lacteal chamber opens and so promotes
the emptying of the latter. In addition to this the plain muscular
fibres of the villus supply a special muscular pump for the empty-
ing and filling of the lacteal chamber. These fibres and small
bundles of fibres though running in various directions (§ 262) and
varying in number and arrangement in different animals, take on
the whole a longitudinal direction parallel to the luu% axis of the
villus. It has been supposed that in contracting and shortening
the villus they compress the lacteal and thus empty it, and that
when they relax and the villus elongates again, the emptied chamber
fills once more. But a different interpretation of their action has
been offered somewhat as follows. When the muscular fibres
contract they shorten the villus. In thus becoming shorter the
body of the villus becomes proportionately broader, since probably
no great change of bulk in the reticulum takes place; 1 this
broadening the part to give way will be the lacteal chamber, which
thus becomes broader and larger. When the muscular fibres relax,
the reticulum, the bars of which have been put on the stretch in
a lateral direction, by elastic reaction brings back the villus to its
former length, and the lacteal chamber elongates and narrows. On
this view the muscular contraction expands and so fills, while the
relaxation narrows and so empties the lacteal chammber. Which-
ever view we adopt, we may at least conclude that contractions
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and relaxations of the muscular fibres in some way or other
alternately fill and empty the lacteal chamber, and in all probabi-
lity, at all events during dlgc'-‘»tmn rhythmical contractions of these
fibres are ﬁnntlmm,]lj,r going on. When the villus is shortened by
the contraction of the muscular fibres, the ecolumnar cells are
compressed, becoming longer and nﬂrrﬂwe:'; when the muscular
fibres relax and the villus elongates, the columnar cells return to
their previous form. The alternating changes of form to which
the eolumnar cells are thus subjected, and the alternating changes
of pressure taking place in the reticulum, may also serve to promote
the passage of material through the one and through the other.

§ 312. The Absorption of Diffusible Substances and of Water.
On the provisional assumption which we have made that the
proteids are converted into peptone, we may consider, for the
present at all events, peptone, sugar and soluble salts as together
forming a class distinguished from fats by their being diffusible,
some more so than others. And we have made the further
provisional assumption that these pass into the blood vessels and
not into the lacteals.

The network of capillary blood vessels is spread as we have
seen (§ 262) immediately beneath the basement membrane, and
all the material which enters the lacteal chamber has to run
the gauntlet of the meshes of this network. During digestion the
capillaries of the intestine are filled and distended, so that at a
time when absorption is taking place these meshes between the

:111111&11::% are uuuhuallv narrow. From the interior of these

capillaries, here as elsew here, transudation is taking place ; these
capillaries supply the lymph which helps to fill up the Iab}rrlnth
of the reticulum and the lacteal chamber. But to a much greater
extent than elsewhere (cf. § 302) this current of transudation from
within the capillary to without is accompanied by a reverse current
from without to within. The diffusible substances in question
pass from the intestine through the layer of epithelium cells,
through the attenuated reticular lymph-space between the base-
ment membrane and the capillary wall, and through the capillary
wall into the blood current. Their passage consists of two stages ;
that through the epithelinum cells from the intestine to the lymph-
space, and that from the lymph-space into the blood vessels. These
two stages may be expected to differ, seeing that the structures
concerned are different; but we may at first consider them as
one, and speak of the passage from the intestine into the blood as
a single event,

In aputthng of these substances as diffusible we are using the
term in reference to the well-known passage of such substances
through thin membranes or porous partitions. When a strong
solution of sugar or of common salt 1s separated by a thin mem-
brane (vegetable parchment, dead urinary bladder, dead intestine,
&c.) from a weak solution of sugar or of salt, the sugar or salt
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passes with a certain rapidity from the stronger to the weaker
solution, and water passes from the weaker solution to the
stronger; if, to begin with, simple water be substituted for the
weaker solution the effect is at first still more striking. Peptone
passes in the same manner but as we have seen much more slowly.
The process is spoken of as a physical one since it is not accom-
panied, necessarily, by any chemical change in the diffusing
substance, nor is there any necessary change in the membrane or
partition. The rate at which a substance diffuses, and the total
amount of diffusion which ean take Pl.lce, are determined by
certain qualities of the substance (which we may eall phulml
though they depend on the chemical nature of the substance) in
relation to certain qualities of the membrane ; thus two salts may
diffuse through the same membrane at different rates, with
different rates in the associated current of water, the osmotic
current as it is called, from the weaker to the stronger solution ;
and the same substance may pass at different rates through
different membranes. By a number of observations, in which
various substances in solution and several known membranes or
partitions have been employed, a certain number of “laws of
diffusion ¥ have been established.

Now if by the statement that diffusible substances pass by
diffusion into the blood-capillaries of the intestine we are led
to expect that the passage takes place exactly according to the
laws established by observations on ordinary membranes we should
be led into error; for the disappearance of these substances from
the interior of the intestine does not take place according to the
laws which regulate their disappearance from one side of an
ordinary diffusion septum. This can be ascertained by introducing
solutions of the substances, of various strength, into a loop of
intestine, isolated in the living animal by the method deseribed in

250, and watching their disappearance by analysis of the contents
of the loop. No very large number of experiments have been made
in this way, but such as have been made all shew the difference
on which we are dwelling. For instance, sodium sulphate passes
through an ordinary diffusion septum with a rapidity rather
greater than that of dextrose, whereas dextrose disappears from
the intestine distinctly more rapidly than sodium sulphate;
peptone which diffuses very ‘:I:lei; indeed through an ordinary
diffusion septum (11%&1[}_'[)1;11‘% rapidly (though not so rapidly as
dextrose) from the intestine; and when the details of the disap-
pearance from the intestine of weak solutions of two salts which
diffuse through an ordinary membrane at different rates, which
have as it is said different osmotic equivalents, are studied, these
details are quite different from those of ordinary diffusion. The
more the matter is studied the more decidedly apparent becomes
the difference between ordinary diffusion and the absorption of
diffusible substances from the intestine.
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Moreover, in such experiments on an isolated loop of intestine,
the disappearance of material from the intestine is accompanied
by the appearance of material in the intestine, namely proteid and
other substances; these are derived from the blood. And the
question arises, If we allow ourselves to regard the passage of
material from the interior of the intestine into the blood as
carried out by ordinary diffusion, why we should not regard the
passage of material from the blood into the interior of the intestine
as being also carried out b}' means of diffusion? But such a
passage we speak of elsewhere as a “secretion”; and everything
which we have hitherto learnt has led us to the conclusion that
secretion is a different and much more complex thing from mere
diffusion. Even admitting that the succus entericus is of subor-
dinate importance i carrying out digestive changes, we cannot
doubt that the glands of Lieberkiihn secrete, and may with some
reason suppose that the columnar cells of the villh do so also.
Hence even if we assume the existence of an ordinary diffusion
current from the blood into the intestine, accompanying and
complementary to an ordinary diffusion current from the intestine
into the blood, we are compelled to admit that with this there
coexists, at times at all events, and in varying intensity, a current
of a different and more complex nature, a current which is the
result of secretory activity. And results which at first sight seem
explicable by the former, may, after all, be due to the latter.
Thus the flow of water into the intestine with the subsequent
production of a watery stool, which follows upon the introduction
mto the alimentary canal of a concentrated solution of magnesium
or sodium sulphate, may at first sight seem to be simply the
osmotic current passing from the weaker solution of the salt,
namely the blood, to the stronger solution of the salt, namely the
intestinal contents. But the difference between these effects of a
dose of magnesium sulphate and those of a corresponding dose of
sodium chloride are much greater than can be accounted for by
the diffusion phenomena, by the differing osmotic equivalents of
the two substances; and the more the matter is studied the more
reason have we to believe that the flow of water produced by
the former is to a large extent the result of suddenly increased
secretory activity. So also the fact that the contents of the small
intestine throughout its length retain the same amount of water
relatively to the solids, that is to say maintain the same or nearly
the same fluidity, whereas in the large intestine the water relatively
diminishes until at last the faeces become firm and even dry, cannot
be wholly explained without calling into our aid variations in active
secretion as distinguished from mere physical diffusion. And in
the case of a purgative such as croton oil producing a watery
stool, when only a minimal, we might almost say an infinitesimal
amount of its own substance can at any one time be present in
the intestinal walls, the result is obviously due to active secretion.
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If, however, we are thus driven to the conclusion that the
passage from the blood into the intestine is a manifestation of
secretory activity in which epithelium cells play a part, gradually
becoming little by little more intelligible to us, why Hﬁnuld we
not admit that the passage from the intestine to the blood, which
as we have seen does not accord in its phenomena with known
processes of ordinary diffusion, is also brought about by the
activity of cells, 1s in fact a kind of inverted seeretion, and
hence like ordinary secretion presents problems which cannot be
solved by any off-hand references to known physical processes ?
Indeed this is the conclusion towards which observation and
experiment seem to be steadily leading us. Were the alveolus of
a salivary gland habitually filled with a fluid of mixed and varied
nature like the contents of the alimentary canal, we should
probably in our study of the gland find ourselves compelled to
speak of a double current as existing in the gland, of a current
from the cells to the lumen of the alveolus, and of a current from
the lumen to the cells. And all along the intestine both the
columnar and cubical cells, which everywhere bear the marks of
being “active ” cells, may perhaps be regarded as engaged in a like
double function. Over the villi the receptive function, in the
glands of Lieberkiihn the ejective function is predominant ; but as
we have suggested, § 265, in the glands reception probably is not
wholly absent, and we may imagine that in the villi some
amount of ejection (quite apart from the action of the goblet
cells) may take place.

If this view be accepted, if we admit that the entrance of
digested food does not take place by ordinary diffusion, the question
may be asked why are the digestive changes directed towards
increased diffusibility, why are proteids converted into diffusible
peptones, and why is starch eonverted into sugar? Because though
the cell is not an apparatus for diffusion, diffusion is an instrument
of which the cell makes use. When we say that peptone does not
enter the blood by ordinary diffusion we do not mean that diffusion
has nothing to do with the matter. The activity of a living cell 1s
an activity, built up upon and making use of various chemical and
physical processes; in it the processes of ordinary diffusion play
their part as do the processes of ordinary chemieal decomposition ;
but the cell uses and modifies them for its own ends. If as we
have every reason to believe the cell of a villus passes the sugar
unchanged from the intestine into the blood eapillary, it makes use
of diffusion to effect that passage ; and if it does change the proteid
into something else before 1t passes it on, 1t receives it into itself in
the first instance by help of diffusion. When we say that substances
do not enter the blood by ordinary diffusion we mean that the dif-
fusion which takes place in a living cell is something so different in
the results from ordinary diffusion through a dead membrane that
it is undesirable to speak of it by the same name. In ordinary
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diffusion the results depend on the relation of the molecules of the
diffusing substance to the minute pores or canals or spaces in the
diffusion septum. These canals or spaces are constant In an
ordinary septum ; but a film of a living cell may be conceived of
as a diffusion septum the pores of which are continually varying,
and moreover as closing up or opening out at the touch of this
or that substance; hence the passage of material through the
pores of a living, cell takes place according to laws quite different
from those of ordinary diffusion.

§ 313. The whole act of the absorption of substances with
which we are dealing consists, as we have said, of two parts:
the passage from the interior of the intestine through the
epithelinm cell into the lymph-spaces or reticulum of the villus,
and the passage thence through the capillary wall into the blood-
stream. In the experiments referred to above it has not been
possible to distinguish between these two stages of the whole
process ; in each case we have had to make use of the terms * from
the interior of the intestine into the blood " and ¢ from the blood into
the interior of the intestine.’ Nevertheless the remarks which
have just been made may be taken as referring more especially to
the first stage. They lead us to the conclusion that both fats
and diffusible subtances, though in different ways, are carried
into the interior of the villus by the activity of the epithelium
cells,

In respect to the second stage of the absorption of diffusible
substances, 1t might be expected that part of one or other of these
substances, part of the sugar for instance, arrived inside the
basement membrane should slip by the capillary blood vessel and
passing through the meshes of the capillary network make its
way into the lacteal. And indeed, as we have seen, § 308,
under certain circumstances some amount of sugar appears to
take this course. But, as we have also seen, under ordinary
circumstances the current, whatever be its exaet nature, from
the narrow lymph-spaces lying between the epithelium and the
capillary into the blood-stream is strong enough to carry all or
nearly all the sugar into the blood. In the establishment of this
current, in this second stage of absorption diffusion always plays
a part, and probably a still more conspicuous and decided part
than in the first stage, seeing that the epithelioid plate of the
capillary wall is a far less active structure than the columnar cell
of a villus. Indeed it might be open for us to contend that this
second stage was merely a matter of diffusion, whatever might be
the nature of the first stage. But remembering what was said
above, § 302, in discussing the transudation of lymph, it seems
more in accordance with what we already know, to conclude that
in this second stage also diffusion is the servant and not the
master of the living capillary wall.

A word may be added concerning the special case of the
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peptones. As we have said, the peptones in being absorbed appear
to undergo a change somewhere in the mucous membrane. We do
not know exaetly where or how the change takes place. It seems
probable that so marked and difficult a c%lzmgu should require the
intervention of some active living tissue, and we may therefore
suppose that it is effected by the epithelium cells; but we have no
exact knowledge on this point. If the change be thus carried out
by means of the epithelium cells, then the latter stage of the

absorption of proteids, namely the passage from the LplLl'll]l'llI'll
into the interior of the capillary is not a passage of diffusible
peptone, but of some other non-diffusible kind of proteid. It
may be however that the change takes place during the very
pa.ssaﬁm of the material through the capillary wall.

The view that leucoeytes are the agents of the absorption of
fat, by bodily taking up the fat into their cell-substance, has by some
been e:-zturzgul to proteids; 1t has been urged that these take up
proteids either as peptones or in some other form and so carry
them into the lymphatic system. But the evidence for this view
is even less convineing than in the case of fat.



CHAPTER II.

RESPIRATION.

SEC. 1. THE STRUCTURE OF THE LUNGS AND
BRONCHIAL PASSAGES,

§ 314, ONE particular item of the body’s income, viz. oxygen,
is peculiarly associated with one particular item of the body’s
waste, viz. earbonic acid, in as much as the means which are
applied for the introduction of the former are also used for the
getting rid of the latter. Both are gases, and the ingress of the
one as well as the egress of the other is far more dependent on
the simple physical process of diffusion than on any active vital
processes carried on by means of tissues. Oxygen passes from
the air into the blood mainly b} diffusion, and mainly by diffusion
also from the blood into the tissues; in the same way carbonic
acid passes mainly by diffusion from the tissues into the blood,
and from the blood into the air. Whereas, as we have seen, in
the secretion of the digestive juices the epithelium-cell plays an
all-important part, in respiration the entrance of oxygen from the
lungs into the blood, and from the blood into the tissue, and the
passage of carbonic acid in the contrary direction, are affected, if
at all, in a wholly subordinate manner, by the b(,h{u 1our of the
pulmmml y, or of the cn,]nlhu y (=p1thb]1um What we have to deal
with in respiration then is not so much the vital activities of any
particular tissue, as the various mechanisms by which a rapid
interchange between the air and the blood is eftected, the means
by which the blood is enabled to carry oxy gen and carbonic acid
to and from the tissues, and the manner in which the several
tissues take oxygen from and give carbonic acid up to the blood.
We have reasons for thinking that oxygen can be taken into the
blood, not only from the lungs, but also to a certain small extent
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from the skin, and, as we have seen, from the alimentary canal
also; and carbonie acid certainly passes away from the skin, and
throngh the various secretions, as well as by the lungs, Still the
lungs are so eminently the channel of the interchange of gases
between the body and the air, that in dealing at the present
with respiration, we shall confine ourselves entirely to pulmonary
respiration, leaving the consideration of the wubaldmn respiratory
processes till we come to study the secretions of which they
respectively form part. We may turn at once to the strueture
of the lungs and bronchial passages, including in the latter the
trachea but leaving the larynx until we come to study the voice.

§ 315. The lung takes origin as a diverticulum from the
-llunenta,rj canal, and we may consider it as a large branched
specially-modified gland lined with mucous membrane and con-
sisting of a l:‘undut,tmg portion and a secreting portion; the
trachea, the two bronchi into which this divides, and the numerous
hrunchn, or smaller pasmm s branching out from these, represent
ducts, and the secreting alveoli of an ordinary gland are repre-
sented by what we shall presently describe as air-cells or pulmonary
alveoli; but it must be borne in mind that, as we have just said,
a,ctwe secretion by the epithelium lining these pulmonary alveoli
1s reduced to a minimum or possibly absent altogether.

The complex structure of the mammalian hmg will be rendered
easier of comprehension if we first say a few words on the structure
of a much simpler lung, such as that of the newt or the frog.

The lung of the newt is a long oval sac opening by a short
single bmnc:%ms into a very short trachea. It may, by ‘inflation,
be l:-i,rg ly distended, and when the pressure is removed cu’tlrlpwﬂ
and shrinks to a very small bulk. Its walls are therefore highly
elastic, in the sense 1 which we have so often used that word.
They consist, like mucous membrane elsewhere, of an epithelium
resting on a connective tissue basis. This connective tissue basis,
which is very thin when the lung is distended, contains a very
large number of elastic fibres of various sizes but mostly small ;
these give the wall the elasticity just spoken of The puhlmnar}'
artery, carrying venous blood, divides near the neck of the sac
into branches which, running in the connective-tissue of the wall,
break up into an exceedingly close-set network of capillaries
immediately underneath the epithelium. The capillaries are
themselves relatively wide but the meshes are very narrow, being
in many cases less than the diameter of a capillary. The r[nth(--
lium over the whole of the sac consists of a amglv layer of cells,
which, except at the neck of the sae, are modified into thin p]atoa
in a somewhat peculiar manner. Three or more cells converge
together towards the middle of each of the islands or meshes of
the capillary network. The nucleus of each cell is placed within
the area of the mesh or island near the convergence of the cell
with its neighbours, but a large part of the cell stretches over the
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capillary surrounding the island to meet a similar extension of
another cell whose nucleus is placed in the next island. The
part of the cell in which the nucleus is placed, though thin, has
some little depth, but the pdrt of the cell stretching over the
C"l-]]lllf.l.l:]r is reduced to the merest film. Hence each island or
mesh is occupied by the nuclei and by the thicker parts of two,
three or more converging cells, while th{, capillary network sur-
rounding the island is supﬂ,mm,d from the interior of the lung by
the extremely thin flat expansion of cells belonging to that and
to the mneighbouring islands. The blood passing through the
capillary 1s 1n consequence separated from the air in the lung b
nothing more than the capillary wall itself and a film, which has
not even the thickness of a flat epithelium cell but is only a
wing-like extension of a cell itself flat. The capillaries are in fact
imbedded as it were in the epithelial layer. By this means the
partition between the blood and the air is reduced to almost the
narrowest possible limits. Near the neck of the sac the network
becomes more open, and at the neck the peculiar epithelium just
described somewhat suddenly changes into a single layer of rather
short but otherwise ordinary columnar ciliated cells.

The outer part of the connective tissue basis, away from the
epithelium, becoming somewhat looser in texture but still richly
prov 1ded with elastic fibres, contains besides the small arteries and
veins belonging to the caplllm:-,r networks many small bundles of
plain muscular fibres, chiefly running in a circular or transverse
direction. Small banhcs:- of the vagus nerve pass to the lung,
running in company with the pulmonary veins; connected with
these, towards the upper part of the lung, are numerous small
groups of nerve cells. The nerve fibres, which are chiefly non-
medullated, though medullated fibres are also present, end probably
in the muaculm fibres or in the blood vessels. Branched pigment
cells are also present.

§ 316. The lung of the frog repeats, in structure, most of the
features of the newt’s lung just described, but is more complicated.
The cavity of the sac, especially in its upper part, is broken up by
a number of partitions or septa projecting into the mterior. Each
septum is a fold of the wall of the cavity, and consists of a middle
basis of connective tissue, covered on each side with epithelium.
From these primary septa start in a similar manner secondary
septa of a similar structure, projecting into the open chambers or
divisions of the whole sac, formed by the primary septa, and
dividing these into smaller open chambers; and many of these
secondary septa bear in a similar manner similar tertiary septa,
dividing the secondary chambers into tertiary chambers, or alveoli.
In this way, especially in its upper part, the cavity of the lung is
divided into a honeycomb of chambers or alveoli, the smaller or
tertiary alveoli opening into the secondary chambers, the secondary
into the primary, and the primary into the general cavity of the
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lung, which in the upper part of the lung is reduced to a central
passage surrounded by the honeycomb work of the chambers. 1In
passing down from the upper to the lower part of the lung, we
find the septa become fewer, and the honeycomb more open; the
tertiary septa soon fail, then the secondary, and at the very buttmn
or end of the lung even the primary septa are absent,

Each septum consists of a middle basis of connective tissue,
rich in elastic elements, provided with close-set networks of
capillaries and covered on each side with epithelium, the characters
of the epithelium and its relation to the capillaries being much
the same as in the newt. Hence in each septum the blood is
freely exposed to the air on each side of the septum; and the
cu*rangum;nt of the honeycomb work uf' the alveoli inereases
largely the total surface exposed to the air, and so increases the
exposure of the blood.

The plain muoscular fibres present in the general wall of the
lung pass to a certain extent into the septa. As in the newt, at
the neck of the sac the peculiar flat ‘ respiratory’ epithelium, for
now we may perhaps so call it, changes into ciliated epithelium ;
traces of ciliated epithelinm are also present at the extreme
ends of the septa.

§ 317. Each of the lobes of which the mammalian lung is
made up, may be seen, at times somewhat indistinctly, to be
divisible into lobules. The bronchia, or divisions of the right and
left bronchus respectively, dividing dichotomously, and running
between the lobules as interlobular bronchia, accum]mnn,d by
branches of the pulmonary artery and pulmmmr} veins, finally
plunge into and end in lobules as “lobular’ bronchia. Within the
lobules the lobular bronchia divide in a more or less rectangular
manner mto smaller ‘intralobular’ bronchia or bronchioles, often
spoken of also as alveolar passages. Each such bronchiole ends in
an enlargement having more or less the form of an inverted cone,
called an infundibulum. Each infundibulum repeats to a certain
extent the structure of the whole lung of the frog, or rather is
intermediate between the lung of the frog and that of the newt.
The more or less conical chamber of the infundibulum Narrowing
into 1ts bronchiole is divided by a number of septa into secondary
chambers of a somewhat polygonal form, the septa being simple
and not as in the frog bearing secondary and tertiary septa. Each
of these secondary chambers is called an alveolus; it has a base
which 1s part of the wall of the infundibulum, hldEF_'- which are
formed by the septa, and a mouth which opens into the general
cavity of the infundibulum and so into the bronchiole. Similar
but less developed septa are projected into the more tubular
cavity of the bronchiole itself, dividing it, less completely, into
alveoli; hence the name alveolar passage ; these wholly disappear
before the bronchiole on its way out from the lobule becomes a
definite bronchium.

F. 34
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Each infundibulum is surrounded by connective tissue carrying
blood vessels and lymphatics. A number of infundibula with their
‘LHI)L‘LEWL bronchioles are bound together by connective tissue
carrying larger blood vessels to form a lobule, the bronchioles
joining “to form the lobular bronchia. A number of lobules are
bound together with interlobular bronchia and still larger blood
vessels to form a lobe, and several lobes join to form the lung.
When a lung is inflated, and when as after death the blood vessels
are for the most part emptied of blood, the infundibula with their
alveoli form by far the greater part of the bulk of the lung. Hence
a section taken thmugh a hardened and prepared inflated lung
seems to be made up almost wholly of a number of polygonal or
frequently hexagonal spaces, which are sections of alveoli, and
tmmng which are seen sections in various planes of bronchia, small
and large, and of blood vessels; here and there the section may
disclose the opening of a bronchiole into an infundibulum, and
the division of one of the lobular bronchia into a number of
bronchioles,

§ 318. The infundibulum repeats in structure as we have
said the lung of the newt or the frog. A septum or wall between
two contiguous alveoli consists of a thin median basis of connective
tissue, crowded with a close-set capillary network, and covered on
cach side with an epithelinm. The connective tissue is richly pro-
vided with fine elastic fibres, but the ordinary gelatiniferous fibrilla
are imperfectly developed, the blood vessels bein g toa Lu‘ge extent
imbedded as it were in a homogeneous matrix. The septum,
especially towards 1ts summit, 1s often so thin that the capillary is
exposed to the air on both sides. The cells of the epithelium,
which is much better shewn in the lung of a young animal, and
indeed 1s in the adult very difficult to see, are for the most part
rmmfbumd into small flat transparent plates from which the
nuelel have disappeared; their outlines may be distinetly shewn
by silver nitrate treatment but otherwise are often very indistinet.
Between these clear Hat plates there occur small groups of cells
distinguished by possessing nuclel, and by their cell-substance being
granular and staining with the ordinary reagents. These g‘l{mul&]
eells, which are thicker than the clear plates, are placed in groups
in the meshes of the capillary networks, so that the capillaries
themselves are covered only by the thin nucleus-less plates.

The wall of the lufuudlbulum which forms the bases of the
several alveoli has a similar structure, and is lined with an
epithelilum of similar character, the chief difference between the
sides and the base of an alveolus being that while the blood in the
capillaries of the latter is exposed to the air of the alveolus on one
side only, that of the former is often exposed on both sides of even
the same capillary.

§ 319. In describing the bronchial passages we had perhaps
better begin with the trachea.
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The trachea consists of a cihated mueous membrane, 1thmg on
a coat of connective tissue, strengthened with hoops or imperfect
rings of -:_+11t1h1gv and pmvldml with a certain amount of plain
muscular tissue. A vertical section of the mucous membrane
shews an epithelium consisting of three or more layers of cells,
those in the uppermost layer being columnar ciliated cells (§ 93),
and those in the lower layers small rounded cells, the cell-
substance being scanty in proportion to the nueleus; it is supposed
that some of these small cells may at times (ii"\rf_ﬁlt}p{_’ into ciliated
cells in order to replace loss. Among eiliated cells are seen a certain
number of goblet cells (§ 261). Beneath the epithelium runs a
fairly distinet basement membrane, and below this in turn is seen
some fine reticular tissue, like tha,t. in the small intestine (§ 259),
containing in its meshes a certain number of leucocytes. Mixed
up with the reticular tissue, which in different animals varies much
in the amount present, are seen a certain but variable number of
fine elastic fibres. These structures mnwtitutv together the mucous
membrane, below which is a somewhat conspicuous hl'-,m of elastic
fibres, arranged more or less in a network, but running distinetly
longitudinally and forming a longitudinal elastic layer separ: mnfr
the mucous membrane above from the loose submucous {:umwctm
tissue below. In this submucous fissue are placed a number
of small mucous or albuminous glands, like those of the esophagus,
the duets of which passing through the elastie layer, reticular
tissue and epithelium, open into the canal of the trachea. The
outer part of this submucous tissue forms a somewhat denser coat
of conneetive tissue, in which are lodged hoops of hyaline cartilage,
that is to say, rings v.hmh are imperfect behind. htrvtﬂ,hm;j tr:mh—
versely between the ends of each hoop of cartilage are several
bundles of plain muscular fibres, completing the ring as it were
by a muscular band; a few lnngltudnmllv disposed muscular
bundles may also be seen uutaulv the transverse bundles. These
two sets of muscular fibres may be taken as being the remains of
the original complete double muscular coat of the alimentary
canal, almost obliterated by the introduction of the cartilaginous
Emupf-.

The main purpose sery ved by these several structures is to
provide a wide flexible elastic l:ubv the bore of which remains
large and open and the lining smooth during the bending of the
Lubu The mucous fluid secreted by the gublut cells and small
glands helps to arrest solid particles carried in by the inspired air,
while the cilia are continually driving that muecus, with the
particles entangled in it, upwards to the larynx and so into the
mouth. The elastic layer adapts the mucous membrane to the
variations in the length of the tube during its bending, and so
keeps it smooth. The transverse muscles by mntmeting can some-
what narrow the bore, when required; but their effect in this
direction can be slight only.

34—2
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§ 320. In passing from the trachea to the bronchi and larger
bronchia, the chief changes to be observed are that the cartilages
are no longer in the form of regular hoops, but are plates placed
irregularly, becoming smaller and more irregular in disposition the
smaller the tube, and that the transverse musecular fibres become
more and more prominent, forming a distinet ecireular coat of some
thickness. The cartilages, supported by a fibrous coat of con-
nective tissue, lie entirely outside the muscular coat, and the small
glands have their ducts lengthened so that the bodies of the glands
mstead of ]}'mg in the submucous tissue, lie outside the muscular
layer which is ]]wlcad by their duets. The tube becomes now
dhtmctl}r a muscular tube, though the patency of its bore and a
certain amount of rigidity combined with flexibility is still secured
by the scattered plates and flakes of cartilage. After death, owing
to the contraction of the ecircular muscular fibres, the mucous
membrane, like the internal coat of an artery in the same circum-
stances, 18 thrown into longitudinal folds.

In the smaller bronchia the cartilages disappear altogether, and
the tube then consists of an outer coat of connective tissue with
abundant elastic fibres and a considerable number of circularly
disposed muscular fibres, and an inner coat of mucous membrane
with its own elastic layer; the supply of small glands still
continues, : :

As one of these bronchia plunging into a lobule divides into
bronchioles, the columnar cells of the mucous membrane lose their
cilia, become shorter so as fo be cubical, and are disposed in
a single layer or at most in two layers only. At the same time
the muscular fibres become more scanty, and are disposed not as a
continuous coat but in scattered rings, the connective tissue coat
becomes thinner, and the glands disappear.

In the bronchioles themselves as they prepare to open into
infundibula, the epithelinm cells become flat though still retaining
granular cell-bodies. Among these however may now be seen
patches in which the cells are flat transparent plates, many of
which do not possess a nucleus; and towards the infundibulum
these patches inerease in number until the epithelium assumes the
character which we previously described as characteristic of the
alveoli. The muscular fibres disappear or spread out longitudi-
nally, and the previously compact layer of elastic fibres now becomes
scattered and spread out over the alveoli of the infundibulum and
bronchiole. In this way the structure of the bronchiole gradually
merges into that of an alveolus.

§321. In an infundibulum and in each of its constituent
alveoli what we may consider as the original wall of a pulmonary
passage, namely, a mucous membrane separated by submucous
connective tissue from a musecular coat, 1s reduced to a thin sheet
of conmective tissue in which bundles of fibrille are scanty or even
absent, and which is rather to be considered as a membrane
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of homogeneous nature containing imbedded in itselt a large
number of elastic fibres and fibrils with a few connective tissue
corpuscles, and a network of capillaries so close set that the
membrane seems to be merely elastic material filling up the
meshes of the network. On the outside, this capillary membrane,
if we may so call it, is continuous with the looser ordinary
connective tissue, still however containing abundant elastic
clements, which carries the small arteries and veins going to and
coming from the capillary network, and which unites the infun-
dibula and bronchioles mto lobules. On the inside lies the
attenuated epithelium, all the cells of which are flat and some of
which are mere nucleus-less plates. The muscular fibres have
either wholly flimppﬂun,{l or, according to some observers, persist
as a few k.tla,gg ing fibres spreading over the infundibulum. The
terminal portion of the pulmonary passage is a sac, whose walls
are reduced to almost the greatest possible thinness consistent
with their retaining very great elastic power.

The bronchial passages of medium size are essentially elastic
muscular tubes, capable like the arteries of varying their calibre,
but unless thuir muscular fibres are thrown into unusually power-
ful contractions, remaining always fairly open; the smaller ones
however, those which are devoid of cartilage, may perhaps close
by collapse. These passages are lined by mucous membrane, the
cells of which are well formed and active, some secreting mucus,
and others by their cilia driving that mucus onwards towards
the trachea. The air which passes into the lungs is frequently
laden with impurities, these are entangled in the mucus of the
passages, especially the smaller ones, and so are either carried
upwards in the muecus, or as we shall see otherwise disposed of.

The larger passages are open flexible tubes becoming more
rigidly open, and less susceptible to change in calibre by muscular
contraction the larger they are.

§ 322. The lungs are well provided with lymphatics. The
reticular tissue underlying the epithelium of the mucous membrane
is here and there developed into masses of true adenoid tissue
crowded with leucoeytes, that is to say, into more or less completely
differentiated lymphatic follicles, and similar follicles are met with
in deeper parts. Among the flat polygonal epithelioid plates which
form the surface of the pleural membrane investing the lung are
numerous stomata (§ 290); and during the rhythmic movements
of the lungs in breathing the lymph or serous fluid of the pleural
cavity is continually being pumped into the lymphatic vessels of
the lungs. These lymphatic vessels, arising from lymph-spaces
all parts of the lungs mcluding the connective tissue around the
a.lvccrh and running in the connective fissue binding together
111flllldlhl1|&, bronchial tubes and blood vessels into lobul es, and the
lobules into lobes, find their way at last, after traversing several
lymphatic (bronchial) glands to the roots of the lungs, whence
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they pass from the left lung to the thoracic duect, and from the
right lung to the right lymphatic trunk.

The impurities in the inspired air spoken of above as arrested
in the mucus lining the bronchial passages often make their way
fhlmlgh the epithelium into the lymphatics below and, carried
away in the lymph stream, are often retained in the bronchial
lymphatic glands. At times these glands become in this way
loaded with particles of carbon.

The blood vessels of the lungs do not call for any special
comment save perhaps that the pulmonary veins are destitute
of valves; and that special arteries, the bronchial arteries, starting
from the aorta, are distributed to the walls of the bronchial
passages, to the blood vessels, to the lymphatic glands and to the
sub-pleural tissue, the blood returning from them along the
bronchial veins into the right vena azygos on the right side, and
into the superior intercostal vein on the left side.

§ 323. The nerves to the lungs come chiefly from the vagus.
As, on each side, the vagus nerve winds round the root of the
lung it gives oft in front branches to form the anterior pulmonary
plexus, and then, behind, stouter branches to form the posterior
pulmonary plexus. Buth these, but especially the latter, are
joined by filaments from the sympathetic system, more prmnlh
from the second, third, and fourth thoracie ganglia; and it is
maintained by some Hmt fibres pass direct from the spinal
(intercostal) nerves into these pulmonary plexuses. The upper
part of the trachea is supplied by twigs from the recurrent
laryngeal nerve on each side, and the lower part by twigs,
(tracheal branches) coming direct from the vagus trunks.

Some of the nerve fibres thus reaching the lung along the
vagus nerve are efferent fibres for the muscular fibres of the
bronchial passages and trachea. But, as we shall see, the chief
and most important fibres are afferent fibres concerned in the
regulation of respiration. The functions of the fibres coming from
the sympathetic system have not yet been clearly ascertained
but there is evidence that some of the fibres coming from the
thoracic ganglia are vaso-motor (constrictor) fibres for the pulmo-
nary vessels,
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§ 324. The lungs are placed, in a state which is always one of
distension, sometimes greater, sometimes less, in the air-tight
thorax, the cavity of which they, together with the heart, great
blood vessels and other organs, completely fill. By the contraction
of certain muscles the cavity of the thorax is enlarged. The lungs
must follow this en ".ugunwnt and be themselves enlarged ; other-
wise the pleural cavities would be enlarged, but this is 1|11pu~.-s.h1h|v.
so long as the walls are intact. The enlargement of the lung
consists chiefly in an enlargement or expansion of the pulmonary
alveoli, the air in which becomes by the expansion rarified. That
15 to say the pressure of the air within the lungs becomes less than
that of the air outside the body; and this difference of pressure
causes a rush of air through the trachea into the lungs until an
equilibrium of pressure is established between the air inside the
lungs and that outside. This eonstitutes iur-:pimtiun. Upon the
relaxation of the inspiratory muscles (the muscles whose contrae-
tions have brought about the thoracic expansion), the elasticity of
the lungs and chest-walls, aided perhaps to some extent by the con-
traction of certain muscles, canses the chest to return to its original
size ; in consequence of this the pressure within the lungs now
becomes greater than that outside, and thus air rushes out of the
trachea until equilibrium 1s once more established. This consti-
tutes {"{'pll‘ﬂ.tll‘.:‘ll the 11|=-,lnmtm'\ and ml:-lratm*}' act together form-
ing a respiration. The fresh air introduced into the upper part of
the pulmonary passages by the inspiratory movement contains more
oxygen and less carbonic acid than the old air previously present in
the lungs. By diffusion the new or fidal air, as it 1s frequently
called, gives up its oxygen to, and takes carbonic acid from, the old
or stationary air, as it has been called, and thus when it leaves the
chest in expiration has been the means of both introducing oxygen
into the chest and of removing carbonic aeid from it. In this way,
by the ebb and flow of the tidal air, and by diffusion between it
and the stationary air, the whole air in the lungs is being
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constantly renewed through the alternate expansion and con-
traction of the chest.

§ 325. In ordinary respiration, the expansion of the chest
never reaches its maximum ; by more forcible musecular contrac-
tions, by what is called laboured inspiration, an additional thoracic
expansion can be brought about, leading to the inrush of a certain
additional « 1uantit3 of air before equilibrinm is established. This
additional quantity is often spoken of as complemental air.  In the
same way, in urdnmr} respiration, the contraction of the chest
never ru—mhu its maximum, By calling into use additional muscles,
by a laboured expiration, an additional quantity of air, the so-called
reserve or supplemental air, may be driven out. But even after the
most forcible expiration, a considerable quantity of air, the residual
air, still remains in the lungs. The natural condition of the lungs in
the chest is in fact one of partial distension. The elastic pulmonary
tissue 1s always to a certain extent on the stretch ; it 1s always, so
to speak, striv ing to pull asunder the pulmonary from the parietal
pleura ; but this it cannot do, becanse the air can have no access to
the ]Jl-LLlI‘d.l cavity. When, however, the chest ceases to be air-tight,
when by a puncture of the chest-wall or diaphragm, air is freely
introduced into the pleural chamber, the elasticity of the lungu
pulls the pulmonary away from the pﬂru,ta] pleura, and the lungs
collapse, {hwmg out by the w indpipe a considerable quantity of
the residual air. Even tth however, the lungs are not -::umplLteh
emptied, some air still remaining in them; this is probably air
imprisoned in the infundibula by collapse of the bronchioles, which
as we have seen have flaceid and not rigid walls. If in a living
animal the pressure of the atmosphere continue to have access to
the outside of a lung the air thus imprisoned 1s gradually absorbed
and the lung becomes solid. The same result may occur from the
pressure of fluid accumulated in the pleural cavity.

It need hardly be added that when the pleura is punctured,
and air can gain free admittance from the exterior into the
pleural chamber, since the resistance to the entrance of the
air into the pleural chamber is far less than the resistance to
the entrance into the lungs, the effect of the respiratory move-
ments 1s simply to drive air in and out of that chamber,
mnstead of in and out of the lung. There is in consequence no
renewal of the air within the lungs under those circumstances.
If there be a sufficient obstacle to the entrance of air into the
pleural chamber, such as a fold of tissue blocking up the opening,
the expansion of the chest may still lead to a distension of the
lungs; and in this way in some cases puncture of the chest walls
has not seriously interfered with respiration. The parietal and
pulmonary pleura are, in normal circumstances, separated by a
very thin layer only of fluid, so that we may perhaps speak of
them as being in a state of ‘adhesion,” such as obtains between
two wet membranes superimposed. And it has been suggested
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that this adhesion, having to be overcome before the two surfaces
can separate, assists in preventing the entrance of air into the
pleural eavity after puncture of the thorax; but it has not been
clearly shown that this is really of importance in the matter.

§ 826. Before birth the lungs contain no air; they are in the
condition called atelectatic. The walls of the alv wh the epithelial
lining of which is at that time well developed, consisting of
distinetly nucleated cells with granular cell-substance, are in
contact, the cavity of the alveolus not havi ing as yet come into
existence ; the walls of the bronchioles are 5111111*111v in a collapsed
condition, with their walls touching ; the more rigid bronchia, like
the trachea, possess some amount of lumen w]uch hmwwr is
occupied by fluid. When the chest expands with the first breath
taken, the pressure of the inspired air has to overcome the “ad-
hesion,” obtaining between the walls of the alveoli thus in contact
with each other and also those of the bronchioles. The force spent
in thus opening out and unfolding, so to speak, the alveoli and
bronchioles is considerable, and in the expiration succeeding the
first mspiration most of the air thus introduced remains, T.]w force
exerted by the chest in returning to its previous dimensions after
the hr{*alimﬁ in, and the elastic action of the alveoli being in-
sufficient to brlng the walls of fhe alveoli again into contact.
Succeeding breaths unfold the lungs more and more until all the
alveoli and bronchioles are opened up, and then the whole force of
the expiratory act is directed to driving out the previously in-
spired air.

It is not, however, until sometime after birth that the lungs
pass into that further distended state of which we spoke above.
In a newly-born animal there is no negative pressure obtaining
in the pleural cavities, the lungs when at rest are not on the
stretch, and ope mng the thorax does not lead to collapse of the
lungs. The state of things nhlﬂlulllg later on is established, not
at once but gradually, and is apparently brought about by the
thorax growing more rapidly, and so becoming relatively more
capacious than the lungs. The distension of ‘the lungs in the
adult may be familiarly deseribed as being due to the chest being
too large for the lungs.

§ 327. In man the pressure exer ted by the elasticity of the
lungs alone amounts to about 5 or 7 mm. of mercury. This is
estimated by tying a manometer into the windpipe of a déad
subject and observing the rise of mereury which takes place when
the chest-walls are punctured. If we t« ol T-6 mm. as the pressure,
this would be just 1/100 of the pressure of the atmosphere. If
the chest be forcibly distended beforehand, a much larger rise of
the mercury is observed, amounting, in the case of a “distension
corresponding to a very forcible 111%1111.11;1011 to 30 mm. In the
living body this mechanical elastic force of the lungs may be
assisted by the contraction of the plain muscular fibres of the
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bronchi: the pressure, however, which can be exerted by these
probably does not exceed 1 or 2 mm,

When a manometer is introduced into a lateral opening or the
windpipe of an animal, the mercury will fall, indicating a negative
pressure as it 1s called, during inspiration, ‘and rise, indicating a
positive pressure, during expiration, both fall and rise being slight
and varying according to the freedom with which the air passes in
and out of the chest. When a manometer is fitted with air-tight
closure into the mouth, or better, in order to avoid the suction-
action of the mouth, into one nostril, the other nostril and the
mouth being closed, and efforts of mspiration and expiration are
made, the mercury falls or undergoes negative pressure with
111&1111"11;1:111 and rises, or 11111;101‘;:{{105 positive pressure dunng
expiration. It has bw&n found in this way that the negative
pressure of a strong mspiratory effort may vary from 30 to 74 mm.,
and the positive pressure of a strong ?1}111‘3,1:1:111 from 62 to
100 mm.

The total amount of air which can be given out by the most
forcible expiration following upon a most forcible inspiration, that
15, the sum of the complemental, tidal and reserve airs, has been
called ‘the vital capacity;’ ‘extreme differential capacity’ is a better
phrase. It may be measured by a modification of a gas-meter called
a spirometer ; “and though it varies largely, the average may be put
down at 3—4000 c.c. (200 to 250 cubic inches).

Of the whole measure of vital capacity, about 500 c.e. (30 c.
inch) may be put down as the average amount of tidal air, the
remainder bumg nearly equally divided between the Lmnpfunultfﬂ
and reserve airs. The quantify left in the lungs after the deepest
expiration amounts to about 1400 or 2000 c.c.

Sinece the respiratory movements are so easily affected by various
circumstances, the simple fact of attention being directed to the breath-
ing being sufficient to cause modifications both of the rate and depth of
the I'E‘-al}ll.ltlﬂll it becomes very difficult to fix the volume of an average
breath. Thus various authors have given figures varying from 53 c.c.
to 792 c.e. The statement made above is the mean of observations
varying from 177 to 699 c.c.

§ 328. Graphic Records of Respiratory Movements. These
may be obtained in many various ways,

The simplest, readiest and perhaps the most generally useful method
is that of recording the movements of the column of air. This may be
effected by introducing a T piece into the trachea, one cross piece
being left open, and the other connected with a Marey’s tambour or
with a receiver which in turn is connected with a tambour, see Fig.
37, and Fig. 71. The movements of the column of air in the
trachea are transmitted to the tambour, the consequent expansions
and contractions of which are transmitted to the recording drum by
means of a lever resting on it.
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Fis. 71. Arpanarus roit TaKING Tnracixags ofF THE MOVEMEXTS OF THE
Coruus oF Atk 15 RESPIRATION.

The recording apparatus shewn is the ordinary cylinder récording apparatus,
The cylinder A covered with smoked paper is by means of the friction-plate B put
into revolution by the spring clock-work in C regulated by Foucault’s regulator D.
By means of the screw E, the eylinder can be raised or lowered, and by means of
the serew F its speed may be inereased or diminished.

The tracheotomy tube ¢ fixed in the trachea of an animal is connected by india-
rubber tubing a with a glass T piece inserted into the large jar G. From the other
end of the T piece proceeds a second piece of tubing b, the end of which can be either
elosed or partially obstrueted at pleasure by means of the serew elamp e. From the
jar proceeds a third piece of tubing d, connected with a Marey's tambour m (see
Fig. 37), the lever of which ! writes on the recording surface. When the tube
b iz open the animal breathes freely through this, and the movements in the air of
G and eonsequently in the tambour are slight. On closing the clamp ¢, the animal
breathes only the air contained in the jar, and the movements of the lever of the
tambour become consequently much more marked.

Below the lever iz seen a small time-marker n connected with an electro-magnet,
the current through which coming from a battery by the wires x and y is made and
broken by a clock-work or metronome,

If, a receiver being used, the open end of the p= he closed, the
animal breathes into and out of the receiver, and the movements of
the tambour are greatly increased. This has the disadvantage that
the air in the receiver soon becomes unfit for further respiration.
A similar increase of the movements of the lever of the tambour
may be obtained by connecting a piece of india-rubber tubing to the
open end of the |=. By increasing the length of this tube, or slightly
constricting it, the movements of the lever may be increased without
very seriously interfering with the breathing of the animal.

In another method the movements of the chest are recorded. When
a small animal such as a rabbit is used, the whole animal may be
placed in an air-tight box, breathing hmng carried on h}’ means of a
tube inserted into the tmchc. and carried through an air- tlght orifice
in the wall of the box. By another orifice and tube the air in the box
is brought into connection with a tambour, which accordingly registers
the changes of pressure in the air of the box produced by the move-
ments of the chest (and body) and thus indirectly the movements of
the chest. In man and larger animals the changes in the girth of the
chest may be conveniently recorded by means of Marey’s pneumograph.
This consists of a hollow elastic cylinder, or a cylinder with elastic
ends, the interior of which is connected with a tambour. By means
of a strap attached to each end of the cylinder the instrument can be
buckled round the chest like a girdle. When the chest expands, the ends
of the cylinder are pulled out, and the air within the chamber rarefied ;
in consequence the lever of the tambour connected with its interior is
depressed ; conversely, when the chest contracts, the lever is elevated.
The pneumatograph of Fick is somewhat similar. Or changes in one
or other diameter of the chest may be recorded by what may be
called the ‘callipers’ method, as in the recording stethometer of
Burdon-Sanderson. This consists of a rectangular framework con-
structed of two rigid parallel bars joined at right angles to a cross
piece. The free ends of the bars, the distance between which can be
regulated at pleasure, are armed, the one with a tambour, the other
simply with an ivory button. The tambour bears on the metal plate
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of its membrane {*i'.‘rl-' Fig: 37) a small ivory button in ]ilm:p of the
lever. When it is desired to record the changes occurring in any
diameter of the chest, e. - an antero-posterior (h.unetu from a point in
the sternum to a point in the back, the instrument is made to encirele
the chest somewhat after the fashion of a lﬂn- of callipers, the ivory
button at one free end being placed on the xpme of a vertebra behind
and the tambour at the other on the sternum in front in the line of the
diameter which is being studied. The distance hetween the free ends
of the instrument being carefully adjusted so that the button of the
tambour presses lightly on the sternum, any variations in the length
of the diameter in question will, since the framework of the tambour is
immobile, give rise to variations of pressure within the tambour. These
variations of the ‘receiving’ tambour as it is called are conveyed by a
flexible tube containing air to a second or ‘recording’ tambour, the
lever of which records the variations on a travelling surface. For the
purpose of measuring the extent of the movements the instrument
must be experimentally graduated. Other forms of callipers may of
course be used.

By still another method the variations in intra-thoracic pressure,
by means of which the movements of the chest walls produce the
movement of air In the lungs, may be recorded. This may be effected
by introducing carefully, to the total exclusion of air, into a pleural
cavity, or into the pericardial eavity, a cannula connected by a rigid
tube with a manometer. With each inspiration a negative pressure,
or rather an increase of the existing negative pressure, is produced, the
mercury, or fluid, in the manometer 1etu11111|tr at each expiration. An
easier method of recording this intra-thoracic pressure is to introduce
into the wsophagus an elastic sound (similar to the E'Ll*l.'lm.{, sound
Fig. 37) connected with a tambour. The Lmelmgm within the thorax
like the heart and great vessels, as we shall see, is affected as well as
the lungs by the variations of intra-thoracic pressure brought about by
the respiratory movements,

In yet another method the movements of the diaphragm which, as
we shall see, serve as the prime agent in bringing about the enlarge-
ment of the thoracic cavity are recorded. This may be done hy
inserting, through an incision in the abdominal wall, a flat elastie
bag between the diaphragm and abdominal organs. When in inspi-
-ation the diaphragm descends it exerts on the bag a pressure which,
by means of a tube, may be communicated to a tambour. Or a needle
may be thrust through the chest wall so as to rest upon or transfix
the diaphragm, and the head of the needle outside the body connected
by a thread or otherwise with a lever; each upward and downward
movement of the head of the needle, GDHE&-[JGIII.HIIE to the downward
and upward movements of the [Imphmgm is registered by the lever.

Various modifications of these several methods have been adopted
by various observers. They all, however, leave much to be desired. A
very ingenious method of registering the contractions of the diaphragm
has recently been introduced. In the rabbit two slips of muscular
fibres forming part of the diaphragm, one on each side of the ensiform
cartilage, are so disposed and possess such attachments that one, or
both of them, may be isolated, without injury to either nerves or blood-
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vessels, and arranged so that while one end of the slip is securely fixed
to the chest wall as a fixed point, the other end can by a thread be
brought to bear on a lever. The slip, even when thus arranged,
appears to contract rhythmically in complete unison with the con-
tractions of the whole rest of the diaphragm ; it serves so to speak as a
sample of the diaphragm ; and hence its contractions like those of the
whole diaphragm may be taken as a record of respiratory movements.
The record has to be corrected for variations in the position of the fixed

point.

5 829. In these varlous ways curves are obtained, which,
while differing in detail, exhibit the same general features, and
more or less resemble the enrve shewn in I'lg T

o I/ g
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Fia. 72. Tracise oF TrHoracie Reseikarory MovEMENTS OBTAINED BY
MEANS oF MAREY's PREUCMOGRAVH.

A whole respiratory phase is comprised between a and «; inspiration, during which
the lever descends, extending from a to b, and expiration from b to a. The
undulations at ¢ are caused by the heart’s beat.

As the figure shews, inspiration begins somewhat suddenly and
advances l‘ﬂ,llldlj., being followed immediately by expiration, which
1- carried out at first rapidly, but afterwards more and more

slowly. Such pauses as are seen usually occur between the end of
L xlnmtmn and the beginning of nspir ation. In normal bl‘ﬂ}lthlllg
hardly any such pause exists, but in cases where the respiration
ha.cmnm infrequent, pauses of considerable length may be observed.
As we shall see in detail hereafter, the several parts of the whole
act vary much, under various circumstances, in relation to each
other. bﬂlllttllnﬁ,': prn ation, sometimes inspiration is pmlmlged
and either inspiration or expiration may be slow or rapid in its
development. At times the chest may remain for a while at the
height of inspiration, thus making a pause between inspiration and
expiration.

In what may be considered as normal breathing, the respiratory
act is repeated about 17 fimes a minute, the duration of the
inspiration as compared with that of the expiration (and such
pause as may exist) being about as ten to twelve; but the rate
varies very largely; and in this as in the volume of each breath it
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is very difficult to fix a satistactory average, the figures given
varying from 20 to 13 a minute. It varies according to age and
sex. It is imfluenced by the position of the body, being quicker in
standing than in lying, and in lying than in sitting.  Muscular
exertion and emotional conditions affeet it deeply. In fact, almost
every event which oceurs in the body may influence it.  We shall
have to consider in detail hereafter the manmer in which these
imfuences are brought to bear.

When the ordinary respiratory movements prove insufficient to
effect the necessary elmngm in the blood, their rhythm and
character become changed. Normal respiration gives place fo
laboured respiration, and this in turn to dyspneea, which, unless
some restorative event occurs, terminates in asphyric. These
abnormal conditions we shall htud]; more fully hereafter.

The Respiratory Movements.

§ 330. When the movements of the chest during normal
breathing are watched, or when a graphic record 1s taken by one or
other of the methods just deseribed, 1t 1s seen that {|lumg IS piri-
tion an enlargement takes place in the antero-posterior diameter,
the sternum being thrown forwards, and at the same fime moving
upward. The lateral width of the chest is also inereased. The
vertical increase of the cavity is not so obvious from the outside,
though when the movements of the diaphragm are watched by
means of an nserted needle or otherwise, 1t 1s clear that the upper
surface of that organ descends at each inspiration, the anterior
walls of the abdomen bulging out at the same time. In the female
human subject, the movement of the upper part of the chest is very
conspicuous, the breast rising and falling with every respiration ;
in the male, however, the movements are almost entirely confined
to the lower part of the chest. In laboured respiration all parts of
the chest are alternately expanded and contracted, the breast
rising and falling as well in the male as in the female. We have
now to consider these several mov ements in greater detail, and to
study the means by which they are carried out.

§ 331 Impn'ﬁtmu There are two chief means by which the
chest is enlarged in normal inspiration, viz. the descent of the
diaphragm and the elevation of the ribs. The former causes that
movement in the lower part of the chest and abdomen so
characteristic of male breathing, which is hence called diaphragm-
atic; the latter causes the movement of the upper chest character-
istic of female breathing, which is called costal. These two main
factors are assisted by less important and subsidiary events.

Even in the female human subject, the share taken in respira-
tion by the diaphragm is an important one, in the male the
diaphragm must be regarded as the chief respiratory agent, and in
some animals its use, for this purpose, is so prominent that the
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movements of the ribs may in normal breathing be almost
neglected. In the rabbit for instance, in normal hreathing almost
all the respiratory work is done by the contractions of the dia-
phragm.

The descent of the diaphragm is effected by means of the
contraction of its muscular fibres,. When at rest the diaphragm
presents a convex surface to the thorax; when contracted it
becomes much flatter, and in consequence the level of the chest-
Hoor is lowered, the vertical diameter of the chest being pro-
portionately enlar ged.  In descending, the diaphragm presses on
the abdominal viscera, and so causes a projection of the flaceid ab-
dominal walls. From its attachments to the sternum and the false
ribs, the diaphragm, while contracting, naturally tends to pull the
sternum and the npper false ribs downwards and inwards, and the
lower false ribs upwards and inwards, towards the lumbar spine.
[In normal breathing, this t.ulflmm} produces little effect, being
counteracted by the accompanying general costal elevation, and b}'
certain special muscles to be mentioned presently. In forced
mspiration, however, and especially where there 1s any obstruction
to the entrance of air into the lungs, the lower ribs may be
so much drawn in by the contraction of the diaphragm, that the
girth of the trunk at this point 1s obvmuulj diminished.

§ 332. The elevation of the ribs is a much more complex
matter than the descent of the diaphragm. If we examine any one
rib, such as the fifth, we find that while it moves freely on its
vertebral articulation, it inelines when in the position of rest in an
obligue direction from the spine to the sternum; hence it is
obvious that when the rib is raised, its sternal attachment must
not only be carried upward, but also thrown forward. The rib
may in fact be regarded as a radius, moving on the wvertebral
articulation as a centre, and causing the sternal attachment to
deseribe an arc of a circle in the vertical plane of the body; as the
rib is carried upwards from an oblique to a more horizontal position,
the sternal attachment must of necessity be carried farther away
in front of the spine. Since all the ribs have a downward slanting
direction, they must all tend, when raised towards the horizontal
position, to thrust the sternum forward, some more than others
according to their slope and length. The elasticity of the sternum
and costal cartilages, assisted by the articulation of the sternum
to the clavicle above, permits the front surface of the chest to be
thus thrust forwards as well as upwards, when the ribs are raised.
By this action, the antero-posterior diameter of the chest is
enlarged.

Since the ribs form arches which increase in their sweep as
one prucLth from the first downwards as far at least as the
seventh, it 18 evident that when a lower rib such as the fifth is
elevated so as to occupy or to approach towards the position of the
one above it, the chest at that level will become wider from side to
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side, in proportion as the fifth arch is wider than the fourth.
Thus the elevation of the rib increases not only the antero-posterior
but also the transverse diameter of the chest. Further, on account
of the resistance of the sternum, the angles between the ribs and
their cartilages are, in the elevation of the ribs, somewhat opened
out, and thus also the transverse as well as the antero-posterior
diameter, somewhat increased. In more than one way, then, the
elevation of the ribs enlarges the dimensions of the chest.

§333. The ribs are raised by the contraction of certain
muscles, Of these the external intercostals are perhaps the most
important. Even in the case where two ribs, such as the fifth and
sixth, are isolated from the rest of the thoracic cage, by section of
the structures occupying the intercostal spaces above and below,
the contraction of the external intercostal muscle of the inter-
vening space raises the two ribs, thus bringing them towards the
position in which the fibres of the muscle have the shortest
length, viz. the horizontal one. This elevating action is, in the
entire chest, further favoured by the fact that the first rib is
less moveable than the second, and so affords a comparatively fixed
base for the action of the muscles between the two, the second in
turn supporting the third, and so on, while the sealeni muscles in
addition serve to render fixed, or to raise, the first two ribs. So
that in normal respiration, the act may probably be described as
beginning by a contraction of the scaleni. The first two ribs
being thus raised or at least fixed, the contraction of the series of
external intercostal muscles acts at a great advantage.

While the elevating, i.e. inspiratory action of the external
intercostals 1s admitted by nearly all authors, the function of the
internal intercostals has been much disputed. Some regard their
action as wholly inspiratory ; others maintain, what 1s perhaps the
more commonly adopted view, that while those parts of them
which lie between the sternal cartilages act like the external
intercostals as elevators, i.e. as mspiratory in funection, those parts
which lie between the osseous ribs act as depressors, v.e. as ex-
piratory in function.

In the well-known model consisting of two rigid bars, repre-
senting the ribs, moving vertically by means of their articulations
with an upright representing the spine, and connected at their free
ends by a piece representing the sternum, it is undoubtedly true
that stretched elastic bands attached to the bars in such a way as
to represent respectively the external and internal intercostals, viz.
sloping in the one case downwards and forwards and in the other
downwards and backwards, do, on being left free to contraet, in the
former case elevate and in the latter depress the ribs. Such a
model however does not fairly represent the natural conditions of
the ribs, which are not straight and rigid, but peculiarly curved
and of varying elasticity, capable moreover of rotation on their own
axes, and having their movements determined by the characters of

F. 35D
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their vertebral articulations. The mechanical conditions in fact
of these muscles are so complex, that a deduction of their actions
from simple mechanieal principles, or from the direction of the
fibres, must be exceedingly difficult and dangerous. Actual experi-
ments on the cat and dog tend to shew that in these animals the
contraction of the internal intercostals, along their whole length,
takes place, in point of time, alternately with that of the
diaphragm, and thus afford an argument in favour of these muscles
being expiratory in funetion.

Next in importance to the external intercostals come the
levatores costarum, which, though small muscles, are able, from
the nearness of their costal insertions to the fulerum, to produce
considerable movement of the "sternal ends of the ribs. The
external intercostals and the levatores costarum with the sealeni
may fairly be said to be the elevators of the ribs, i.e. the chief
muscles of costal inspiration in normal breathing.

It must be added however that some observers den}r that either
set of intercostal museles take any important part in raising the
ribs. They hold that the chief if not the only use of these muscles
1s by their contraction to render the intercostal spaces firm and the
whole thoracic eage rigid, so that the thorax is moved as a whole
by the other muscles mentioned, and the intercostal spaces do not
give way during the respiratory movements.

Additional space in the transverse diameter is afforded probably
by the rotation of the ribs on an antero-posterior axis; but this
movement is quite subsidiary and unimportant. When the chest
1s at rest, the ribs are somewhat inelined with their lower borders
directed inwards as well as downwards. When they are drawn up
by the action of the intercostal muscles, their lower borders are
everted, Thus their flat sides are pra,‘:-ﬂntml to the thoracie cavity,
which is thereby slightly inereased in width.

§834. Laboured Inspiration. When respiration becomes
laboured, other muscles are brought into play. The scaleni are
strongly L(JlltlstL’{l S0 as {hatmctl} to raise or at least give a very
fixed support to hu first and second ribs. In the same way the
serratus posticus superior, which descends from the fixed spine in
the lower cervical and upper dorsal regions to the second, third,
fourth, and fifth ribs, by its contractions raises those ribs. In
laboured breathing a funetion of the lower false ribs, not very
noticeable in easy breathing, comes into play. They are depressed,
retracted, and fixed, thereby giving inereased support to the
haphmﬁm, and directing the whole energies of that musele to
the vertical enlargement of the chest. In this way the serratus
posticus inferior, which passes upward from the lumbar aponeurosis
to the last four ribs, by depressing and fixing those ribs becomes
an adjuvant ir:s;pira,tﬂr}-' muscle. The quadratus lumborum and
lower portions of the sacro-lumbalis may have a similar function.

All these muscles may come into action even in breathing
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which, though deeper than usual, can hardly perhaps be called
lubuure{l When, however, the m,l:,d for greater inspiratory efforts
becomea urgent, all the muscles’which can, from any fixed point,
act in enlarging the chest, come into pia.y Thus the arms and
shoulder being fixed, the serratus magnus passing from the scapula
to the middle of the first eight or nine ribs, the pectoralis minor
passing from the coracoid to the front parts of the third, fourth,
and fifth ribs, the pectoralis major passing from the humerus to
the costal cartilages, from the second to the sixth, and that portion
of the latissimus dorsi which passes from the humerus to the last
three ribs, all serve to elevate the ribs and thus to enlarge the
chest. The sterno-mastoid and other muscles passing from the
neck to the sternum, are also called info action. In fact, every
muscle which by its confraction can either elevate the ribs or
contribute to the fixed support of muscles which do elevate the
ribs, such as the trapezius, levator anguli scapule and rhomboidel
by fixing the scapula, may, in the inspiratory efforts which
accompany dyspneea, be brought into play.

§ 335. thimfimz In normal easy brLat.hing, expiration is
in the main a simple effect of elastic reaction. By the inspiratory
effort the elastic tissue of the lungs 1s put on the stretch; so long
as the inspiratory museles continue eontracting, the tissue remains
stretched, but directly those muscles relax, the elasticity of the
lungs comes into play and drives out a portion of the air contained
in them. Similarly the elastic sternum and costal cartilages are by
the elevation of the ribs put on the stretch : they are driven into a
position which is unnatural to them. When the intercostal and
other elevator musecles cease to contract, the elasticity of the ster-
num and costal cartilages causes them to return to their previous
position, thus depressing the ribs, and diminishing the dimensions
of the chest. When the diaphragm descends, in pushing down the
abdominal viscera, it puts the abdominal walls on the stretch: and
hence, when at the end of inspiration the diaphragm relaxes, the
abdominal walls return to their place, and by pressing on the ab-
dominal viscera, push the diaphragm up again into its position of
rest. Expiration then during easy hre;nthmg 18, in the main,
simple elastic reaction; but there is probably some, though
possibly in most cases, a very slight, expenditure of muscular
energy to bring the chest more rapidly to its former condition.
This is, as we have seen, supposed by many to be afforded by the
internal intercostals acting as depressors of the ribs. If these do
not act in this way, we may suppose that the elastic return of the
abdominal walls is accompanied and assisted by a confraction of
the abdominal muscles. The triangularis sterni, the effect of
whose contraction is to pull down the costal cartilages, may also be
regarded as an expiratory muscle.

When expiration becomes laboured, the abdominal muscles
become important expiratory agents. By pressing on the contents

35—2
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of the abdomen, they thrust them and therefore the diaphragm
also up towards the chest, the vertical diameter of which 1s
thereby lessened, while by pulling down the sternum and the
middle and lower ribs they lessen also the cavity of the chest in its
antero-posterior and transverse diameters. They are, in fact, the
chief expiratory muscles, though they are doubtless assisted by
the serratus posticus inferior and portions of the sacro-lumbalis,
since when the diaphragm is not contracting, the depression of the
lower ribs which the contraction of these muscles causes, serves
only to narrow the chest. As expiration becomes more and more
forced, every musele in the body which can either by contracting
depress the ribs, or press on the abdominal viscera, or afford fixed
support to muscles having those actions, 1s called into play.

§ 336. Facial and Laryngeal Respiration. The thoracic
respiratory movements are accompanied by associated respiratory
movements of other parts of the body, more particularly of the
face and of the glottis.

In normal healthy respiration the current of air which passes
in and out of the lungs, travels, not through the mouth but thr ngh
the nose, chiefly through the lower nasal meatus. The ingoing air,
by exposure to the vascular mucous membrane of the narrow and
winding nasal passages, is more efficiently warmed than it would be
if it passed through the mouth ; and at the same time the mouth
15 thereby protected from the deqmt,atmg effect of the continual
inroad of comparativ el} dry air.

During each inspiratory effort the nostrils are expanded, pro-
bably by the action of the dilatores naris, and thus the entrance of
alr facilitatﬂd. The return to their previous condition during expi-
ration is effected by the elasticity of the nasal cartilages, assisted
perhaps by the compressores naris. This movement of the nostrils,
perct.ptlbie m_many people even during tranquil breathing,
becomes very obvious in laboured respir ation.

When the mouth is closed, the soft palate which is held some-
what tense, is swayed by the r@spimtm}r current, but entirely in a
passive manner, and it is not until the larynx is reached by the in-
going air that any active movements are met with. When the
larynx (the details of which we shall have to deal with at a later
part of this work) is examined with the laryngoscope, it is frequently
seen that, while during inspiration the glottis is widely open, with
each expiration the arytenoid cartilages approach each other so as
to narrow the glottis, the cartilages of Santorini projecting inwards
at the same time. Thus, synchronous with the re%plratnrj expan-
sion and contraction of the chest, and the respiratory elevation
and depression of the al® nasi, there is a rhythmic widening and
narrowing of the glottis. Like the movements of the nn:-st-ril, this
respiratory action of the glottis is much more evident in laboured
than in tranquil breathing. Indeed in the latter case it is
frequently absent. The manner in which this rhythmic opening



Cuap. 11.] RESPIRATION., 549

and narrowing is effected will be deseribed when we come to study
the production of the voice. Whether there exists a rhythmic
contraction and expansion of the trachea and bronchial passages,
especially the smaller and more exclusively musenlar ones, effected
by means of the plain museular tissue of those organs and
synchronous with the respiratory movements of the chest, is
uncertain.



SEC. 3. CHANGES OF THE AIR IN RESPIRATION.

§ 337. During its stay in the ]uug% or rather during its stay
in the bronchial passages, the tidal air (by means of diffusion
chiefly) effects _exchanges with the St&tlﬂllﬂl‘j air; in consequence
the expired air differs from inspired air in several important
particulars.

The temperature of expired air 1s variable, but under ordinary
circumstances 1s higher than that of the inspired air. At an
average temperature of the atmosphere, for instance at about
20" C.,, the temperature of expired air is, in the mouth 33:9°, in the
nose 353 When the external temperature 1s low, that of the ex-
pired "Lil" hi!lkﬁ- somewhat, but not to any great extent, thus at
— 63" C. it 1s 208°C. When the external temperature is high,
the Lx[nred air may become cooler than the inspired, thus at
419" it has been found to be 38:1°. The expired air takes
its temperature from that of the body, that 1s, of the blood, and
this as we shall see later on while generally higher may, at times,
be lower than that of the atmosphere. The exact temperature of
the expired air in fact depends on the relative temperatures of
the blood and inspired air, and on the depth and rate of breathing.
The change in temperature takes place not in the lungs but in
the u pper passages, and chiefly in the nose and pharynx.

§ 338. The expired air is loaded with aqueous vapour. The
point of saturation of any gas, that 1s, the utmost quantity of water
which any given volume of gas can take up as aqueous vapour,
varies with 1its temperature, being higher with the higher
temperature. For its own temperature expired air is, according
to most observers, saturated with aqueous vapour. The moisture,
like the warmth, is imparted not in the depth-«, of the lung but in
the upper passages. The inspired air as it passes into the bronchia
is already saturated with moisture.

§ 339. The expired air contains about 4 or 5 p.c. less oxygen,
and about 4 p.c. more carbonic acid than the inspired air, the
quantity of nitrogen suffering but little change. Thus

OXyEen. nitrogen. carbonic acid.
Inspired air contains 20-81 7915 04
Expired ,, = 16033 79587 4-38
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The quantity of nitrogen in the expired air is sometimes found
to be slightly greater than, as in the table above, but sometimes
equal to, and sometimes less than, that of the inspired air.

In a single breath the air is richer in carbonic acid (and poorer
in oxygen) at the end than at the beginning of the breath.
Hence the longer the breath is held, the greater the (artificial)
pause between inspiration and expiration, the higher the per-
centage of carbonic acid in the expired air. Thus by increasing
the interval between two expirations to 100 seconds, the per-
centage may be raised to 7-5. When the rate of breathing remains
the same, by inereasing the depth of the breathing the percentage
of earbonic acid in each breath is lowered, but the total quantity
of carbonic acid expired in a given fime is increased. Similarly,
when the depth of breath remains the same, by quickening the
rate the percentage of carbonie acid in each breath is lowered, but
the quantity expired in a given time is increased.

Taking, as we have done, the amount of tidal air passing in
and out of the chest of an average man at 500 c.c., such a person
will expire about 22 c.c. of carbonic acid at each breath; this,
reckoning the rate of breathing at 17 a minute, would give over
500 litres of carbonic acid for the day's production. Actual de-
terminations however give a rather smaller total than this; thus
in a series of experiments of which we shall have to speak
hereafter, the total daily exeretion of carbonic acid in an average
man was found to be 800 grms., 7.e. rather more than 400 litres
(406), containing 2181 grms. carbon, and 581'9 grms. oxygen, the
oxygen which actually disappeared from the inspired air at the
same time being about 700 grms. This amount it should be
sald represents, owing to the manner in which the experiment
was conducted, the gases given out and taken in, not by the
lungs only, but by the whole body; but the amount of carbonic
acid given out by other channels than the lungs is, as we shall see,
very slight (10 grms. or even less), so that 800 grms. may be taken
as the average production of carbonic acid by an average man.
The quantity however, both of oxygen consumed and of ecarbonic
acid given out, is subject to very wide variations; thus in the
observations of which we are speaking the daily quantity of car-
bonie acid varied from 686 to 1285 grms., and that of the oxygen
from 594 to 1072 grms. These variations and their causes will be
discussed when we come to deal with the problems of nutrition.

§ 340. When the total quantity of tidal air given out at any
expiration is compared with that taken in at the corresponding
inspiration, it is found that, both being dried and measured at the
same temperature and pressure, the expired air is less in volume
than the nspired air, the difference amounting to about JL;th or
:th of the volume of the latter. Hence, when an animal is made
to breathe in a confined space, the air is absolutely diminished in
volume. The approximate equivalence in volume between inspired
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and expired air arises from the fact that the volume of any given
quantity of carbonic acid is equal to the volume of the oxygen
consumed to produce 1t; the slight falling short of the expired air
is due to the LlI‘LlllIlbt-.LIlCL that all the oxygen inspired does not
reappear in the carbonic acid expired, some having formed within
the body other combinations.

§ 341. Besides carbonic acid, expired air contains various
substances which may be spu)kul of as impurities, many of an
unknown nature, and all in small amounts. Traces of ammonia
have been detected in expired air, even in that taken directly
from the trachea, in which case its presence could not be due
to decomposing food lingering in the mouth. When the expired
air is condensed by being conveyed into a cooled receiver, the
aqueous product is found to contain organic matter, which, from
the presence of 1111Lm-urgamsmb introduced in the 1115p1red air,
is very apt rapidly to putrefy. The organic substances thus
shewn to be present in the expired air are the cause in part of
the odour of breath. It is probable that some of them are of a
poisonous nature, either poisonous in themselves as coming direct
from and pwductd in some way or other in the pulmonary
apparatus, or poisonous as bung the products of putrefactive
decomposition ; for various amimal substances and fluids give rise
h}' dempumtmn to distinet pmaunnus pmductaﬁ, known as
ptomaines, and 1t is possible that some of the constituents of
expired air are of an allied nature. In any case the substances
present have a deleterious action, for an atmosphere containing
simply 1 p.c. of carbonic acid (with a corresponding diminution of
oxygen) has very little effect on the animal economy, whereas an
atmosphere in which the carbonie acid has been raised to 1 p.c. by
breathing, is highly injurious. In fact, air rendered so far impure
by breathing that the carbonic acid amounts to ‘08 p.ec. is dis-
tinetly unwholesome, not so much on account of the carbonie acid,
as of the accompanying impurities. Since these impurities are of
unknown nature and cannot be estimated, the easily determined
carbonic acid 1s usually taken as an indirect measure of their
presence. We have seen that the average man loads, at each
breath, 500 c.c. of air with carbonic acid to the extent of 4 p.c. He
will accordingly at each breath load 2 litres to the extent of 1 p.c.;
and in one hour, if he breathe 17 times a minute, will load rather
more than 2000 litres to the same extent. At the very least then
a man ought to be supplied with this quantity of air hourly; and
if the air is to be kept fairly wholesome. that is with the carbonic
acid reduced considerably below ‘1 p.c., he should have even more
than ten times as much.



SEC. 4 THE RESPIRATORY CHANGES IN THE BLOOD.

§ 342. While the air in passing in and out of the lungs is
thus robbed of a portion of its oxygen, and loaded with a certain
quantity of carbonic acid, the blood as it streams along the
pulmonary capillaries undergoes important correlative changes.
As it leaves the right ventricle it is venous blood of a dark purple
or maroon colour; when it falls into the left auricle it is arterial
blood of a bright scarlet hue. In passing through the capillaries
of the body from the left to the right side of the heart, it 1s again
changed from the arterial to the venous condition. We have to
inquire, What are the essential differences between arterial and
venous blood, by what means is the venous blood changed into
arterial in the lungs, and the arterial into venous in the rest of
the body, and what relations do these changes in the blood bear
to the changes in the air which we have already studied ?

The facts, that venous blood at once becomes arterial in
appearance on being exposed to or shaken up with air or oxygen,
and that arterial blood becomes venous in appearance when kept
for some little time in a closed vessel, or when submitted to a
current of some indifferent gas such as nitrogen or hydrogen,
prepare us for the statement that the fundamental difference
between venous and arterial blood is in the relative proportion of
the oxygen and carbonic acid gases contained in each. From both,
a certain quantity of gas can be extracted by means which do not
otherwise materially alter the constitution of the blood ; and this
gas when obtained from arterial blood is found to contain more
oxygen and less carbonic acid than that obtained from venous
blood. This is the real differential character of the two bloods ;
all other differences are either, as we shall see to be the case with
the colour, dependent on this, or are unimportant and fluctuating.

If the quantity of gas which can be extracted by the mercurial
air-pump from 100 vols. of blood be measured at 0° C, and a
pressure of 760 mm., it is found to amount, in round numbers, to
G0 vols.
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Fic. 73, Diicrauarie Innuvsrrarion ofF Lupwic's Mercopian Gas-Foae.

A and B are two glass globes, connected by strong india-rubber tubes, a and b,
with two similar glass globes A' and B’. A is further connected by means of the
stopeock ¢ with the receiver C containing the blood (or other fluid) to be analysed,
and B by means of the stopeock d and the tube ¢ with the reeeiver D for receiving
the gases. A and B are also conneeted with each other by means of the stopeocks
f and g, the latter being so arranged that B also communicates with B’ by the
passage ¢’. A’ and B’ being full of mercury and the cocks &, f, g, and d being open
but ¢ and g’ closed, on raising A’ by means of the pulley p the mercury of A’ fills A,
driving out the air contained in it, into B, and so out through e. When the mereury
has rizen above g, f is closed, and g’ being opened, B’ is in turn raised till B 15
completely filled with mercury, all the air previously in it being driven out through e.
Upon closing d, and lowering B', the whole of the mercury in B falls in B’, and a
vacuum consequently is established in B, On eclosing ¢', but opening g, f, and & and
lowering A', a vacuum is similarly established in A and in the junction between
A and B, If the cock ¢ be now opened the gases of the blood in C escape into the
vacuum of A and B. By raising A', after the closure of ¢, and opening of d, the
gases so set free are driven from A into B, and by the raising of B’ from B, through
¢ into the receiver D, standing over mereury.
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The vacuum produced by the ordinary mechanical air-pump is in-
sufficient to extract all the gas from blood. Hence it becomes necessary
to use a mercury pump capable of producing a large Torricellian
racuum.  In the form of mercurial pump which bears L‘LJ.E]WI”‘-. name
(Fig. 73) two large globes of glass, one fixed and the other moveable,
are connected h} a flexible tube the fixed globe is made to com-
municate by means of air-tight Etﬂptﬂbks alternately with a receiver
containing the blood, and with a receiver to collect the gas. When the
moveable globe filled with mercury is raised above the fixed one, the
mercury from the former runs into and completely fills the latter, the
alr previously present being driven out. After adjusting the cocks, the
moveable globe is then depressed thirty inches below the fixed one,
in which the consequent fall of the mercury produces an almost
complete vacuum. By turning the proper cock this vacuum is put into
connection with the receiver containing the blood, which thereupon be-
comes proportionately exhausted. By again fl{]Juhtlll" the cocks ;I.Ili.l.
once more elevating the moveable ;Jlulm the gas thus extracted i
driven out of the fixed globe into a receiver. The vacuum is tlum
once more established and the operation repeated as long as gas con-
tinues to be given off from the blood.

A modified form of pump working on the same principles as that of
Ludwig, but involving the use of only one globe to be made vacuous and
one moveable reservoir for mercury, has been constructed by Pfliger.
It presents several advantages over the one just described, the chief
being that (i) non-defibrinated blood may be used for the extraction of
its gases, (i) the vacuum into which the gases are evolved is large, (iii)
this vacuum is kept dry by being connected laterally with a vacuous
chamber containing sulphuric acid. The details of its construetion are
however ct::mph-::.lt{:*d and the greatest care is required in its use to avoid
breakage. Of later years a simplified fﬂrm of pump has heen introduced
for L-Irl.'lﬂl*.'l_-t-tjl‘j." work. It was first used by Gréhant and Paul Bert, and is
now frequently called an Alvergniat's pump, from the name of its present
maker. Fig. T4 gives a diagrammatic represent: wtion of its construction.

4dis a ﬂLL{-ﬁ-} bulb some five inches in diameter, blown on to a glass
tube a belu)w and on to a vertical tube & above. The lower end of a is
conneeted by a thick-walled india-rubber tube with a reservoir for
mercury 5, which can be raised and lowered by means of a string
passing over a pulley e. The vertical tube b is thickened at one lrl:wp
and into this thickened portion a three-way tap d is ground. The
upper end of b is prolonged (above the three-way tap) into a fine point,
This point passes by a tight joint through the bottom of a vessel e,
which can be partly filled with mercury, and over which a receiver f
filled with mercury for the collection of the gases, can be inverted. A
tube g fused on laterally to one opening of the three-way tap ¢ places
the latter in connection with a thick-walled Woulfi’s bottle €' con-
taining a layer of strong sulphuric acid. The second tubulure of this
bottle is similarly connected by an elastic tube with the vessel /), into
which blood or other fluid may be introduced by means of the tap A
All the moveable joints of the apparatus are protected by india-rubber
tubes into which water can be poured, and a metal casing round the
tap d, which may also be filled with water, similarly prevents the
possibility of any leakage here.
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The pump is used as follows. By placing the tap d in the position
shewn in the figure and raising 5, the bulb 4 may be filled with mercury

Fig. 74, DiacraM oF ALVERGNIAT'S Poue.

up to the top, the contained air being expelled through the upper end
of b. By a slight turn of the tap all connection between A and
either the tube ¢ or the upper part of & may be cut off, and on lowering
B a vacuum 1s established in the bulb 4 and part of the tube a. A
may now be connected by the tap d with the tube g, and hence with ¢
and D, and, & being closed, a partial vacuum is established in ' and D.
By means of the tap J the air in 4 may be cut off from g, and on
raising £ and placing the plug of . as shewn in the figure this air may
be expelled through the upper end of & By slightly turning d and
lowering B a vacuum is again established in 4, and as before a further
portion of air in (' and £ may be allowed to pass over into 4 and the
vacuum in D and (' increased. In this way all the air in D can
be extracted, the final stages being facilitated by the admission of a
little water into [, the last traces of air being driven over into 4 by
the rush of vapour from the water. A known volume of blood having
heen collected over mercury in a small tube is now allowed to enter 1)
through the tap & and yields up its gases to the vacuum. A repetition
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of the processes by which the air in D was originally extracted will now
remove the gases which have been given off from the known volume of
blood, the only difference being that now the tube f filled with mercury
is inverted in the trough e over the upper end of the tube . In this
way the gases originally in D are not allowed to escape into the air, as
was the case when the apparatus was being originally made vacuous,
but are collected in f for subsequent analysis. During the extraction
of the gases from the blood the bulb D is immersed in a vessel of warm
water, to facilitate the exit of the gases and, by causing the formation
of large quantities of aqueous vapour, to sweep the gases rapidly over
into 4. The sulphuric acid chamber (' dries the vacuum before the
admission of the blood into /), and hence makes it more perfect and
causes the most complete and rapid evolution of gases from the blood.

The average composition of the gas thus obtained from each of
the two kinds of blood (the arterial blood being taken from a large
artery, and the venous blood from the right side of the heart) is,
stated 1n round numbers, as follows :

From 100 vols. may be obtained
Of oxygen, of carbonic acid, of nitrogen.
Of Arterial Blood, 20 vols. 40 vols. 1 to 2 vols.
Of Venous Blood, 8 to 12 vols. 46 vols. 1 to 2 vols.

all measured at 760 mm. and 0° C.

That is to say, venous blood, as compared with arterial blood,
contains 8 to 12 p.c. less oxygen and 6 p.c. more carbonic acid. It
must be remembered, however, that while arterial blood from
whatever artery taken has always nearly the same proportion
of gases, or at all events the same amount of oxygen, the amount
of oxygen in venous blood, even when taken from the same veln,
may vary a good deal, still more so when it is taken from different
veins. The reason of this we shall see hereafter.

It will be convenient to consider the relations of each of these
gases separately.

The relations of Owxygen in the Blood.

§ 343. When a liquid such as water is exposed to an
atmosphere containing a gas such as oxygen, some of the oxygen
will be dissolved in the water, that is to say, will be absorbed from
the atmosphere. The quantity which is so absorbed will depend
on the pressure of the oxygen in the atmosphere above; the
greater the pressure of the oxygen, the larger the amount which
will be absorbed. If the pressure of the whole atmosphere remain
the same, at 760 mm. of mereury for instance (the ordinary at-
mospheric pressure), the pressure of the oxygen may be increased
or diminished by inereasing or diminishing the proportion an
oxygen in the atmosphere. So that with an atmosphere remain-
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ing at any given pressure the quantity of oxygen absorbed will
depend on the quantity present in that atmosphere. If on the
other hand water, already containing a good deal of oxygen dis-
solved in it, be exposed to an atmosphere containing little or no
oxygen, the oxygen will escape from the water into the atmosphere.
The oxygen, in fact, which is dissolved in the water, like the
oxygen in the atmosphere above, stands at a certain pressure, the
amount of pressure deLndmg on the qﬁﬂlltlt} dissolved ; and
when water containing oxygen dissolved in it is exposed to any
atmosphere, the result, that is, whether the oxygen escapes from
the water into the atmosphere, or passes from the atmosphere into
the water, depends on whether the pressure of the oxygen in the
water is greater or less than the pressure of the oxygen in the
atmosphere. Hence when water is exposed to oxygen, the oxygen
either escapes or is absorbed until equilibrinm is established
between the pressure of the oxygen in the atmosphere above and
the pressure of the oxygen in the water below. This result 1s, as
far as mere absorption and escape are concerned, quite inde-
pendent of what other gases are present in the water or in the
atmosphere. Suppose a half-litre of water was lying at the
bottom of a two-litre flask, and that the atmosphere in the flask
above the water was one-third oxygen; it would make no dif-
ference, as far as the absorption of oxygen by the water was
concerned, whether the remaining two-thirds of the atmosphere
was carbonie acid, or nitrogen, or hydrogen, or whether the space
above the water was a vacuum filled to one-third with pure
oxygen. Hence it is said that the absorption of any gas depends
on the partial pressure of that gas in the atmosphere to which
the liquid is exposed. This is true not only of oxygen and
water, but of all gases and liquids which do not enter into
chemical eombination with each other. Different liquids will of
course absorb different gases with differing readiness; but, with
the same gas and the same liquid, the amount absorbed will
depend directly on the partial pressure of the gas in the overlying
space. It should be added that the process is much influenced
by temperature. Hence, to state the matter generally, the ab-
sorption of any gas by any liquid will depend on the nature of
the gas, the nature of the liquid, the pressure of the gas, and the
temperature at which both stand.

Now it might be supposed, and indeed was once supposed,
that the oxygen in the blood was simply dissolved by the blood.
If this were so, then the amount of oxygen present in any
given quantity of blood exposed to any given atmosphere, ought
to rise and fall steadily and rLgulm‘l} as the partial pressure
of oxygen in that atmosphere is inereased or diminished; the
absorption (or escape) of oxygen ought to follow what is
known as the Henry-Dalton law of pressures. But this is
found not to be the case. If we expose blood containing little or
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no oxygen to a succession of atmospheres containing increasing
quantities of oxygen, we find that at first there is a very rapid
absorption of the available oxygen, and then this somewhat
suddenly ceases or becomes very small; and if on the other hand
we submit arterial blood to successively y diminishing pressures, we

find that for a long time very little oxygen is given off, and then
suddenly the escape becomes very I“'Lpld The ah«-;m'ptmn of
oxygen by blood does not follow the general law of absorption
according to pressure. The phenomena on the other hand suggest
the idea that the oxygen in the blood is in some particular
combination with a substance or some substances present in the
blood, the combination being of such a kind that it holds good
during a lowering of pressure down to a certain limit, and that
then dissociation readily oceurs; we may add that this Hmit is
very closely dependent on tcmpuul,t.ure I't 18, however, not to be
supposed that as the pressure is lowered, no oxygen whatever is
given off from the substance until a certain point is reached, and
that at that point the whole store is in an instant {ll‘nbU[.ldtLtL no
more remaining to be given off. The case is rather that while
pressure is being lowered down to a certain point, no appreciable
dissociation takes place, and that then having begun it increases
rapidly with each further lowering of pressure until the whole of
the oxygen 1s gwnn off. During this narrow range, between the
first b(,‘glmnng to give off oxygen and the Lmnplml{m of the giving
off, the compound “of the oxygen with the substance or substances
may be spoken of as partly, that is more or less, dissociated.
What is the substance or what are the substances with which the
oxygen is thus peculiarly combined ?

If serum, free from red corpuscles, be used in such absorption
experiments, it is found that, as compared with the entire blood,
very little oxygen is absorbed, about as much as would be
absorbed by the same quantity of water; and such as is absorbed
does follow the law of pressures. In natural arterial blood the
quantity of oxygen which can be obtained from serum is exceed-
mgly small ; 1t does not amount to halt a volume in one hundred
volumes of the entire blood to which the serum belonged. It is
evident that the oxygen which is present in blood is in some way
or other peculiarly connected with the red corpuscles. Now the
distinguishing feature of the red corpuscles is the presence of
haeemoglobin.  We have already seen (§ 24) that this constitutes
90 per cent. of the dried red corpuscles. There can be d priori
little doubt that this must be the substance with which the
oxygen 1s associated ; and to the properties of this body we must
therefore direct our attention.

§ 344. Hemoglobin. When separated from the other con-
stituents of the serum, h&moglobin appears as a substance, either
amorphous or erystalline, readily soluble in water (especially in
warm water) and in serum.
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Since hwemoglobin is soluble in serum, and since the identity of the
erystals observed occasionally within the corpuscles with those obtained
in other ways shews that the heemoglobin as it exists in the corpuscle is
the same thing as that which is artificially prepared from blood, it is
evident that some peculiar relationship between the stroma and the
haemoglobin must, in natural blood, keep the latter from being dissolved
by the serum. Hence in preparing hmmoglobin it is necessary first of
all to break up this connection and to set the hsmoglobin free from
the corpusecles. This may be done by the addition of water, of ether,
of chloroform or of bile salts, or by repeatedly freezing and thawing ;
blood so treated becomes ‘laky,’” ef. § 24. 1t is also of advantage
previously to remove the alkaline serum as much as possible so as to
operate only on the red corpuscles, The stroma and heemoglobin being
thus separated, a solution of hwmoglobin is the result. The alkalinity
of the solution, when present, being reduced by the cautious addition
of dilute acetic acid, and the solvent power of the aqueous medium
being diminished by the addition of one-fourth its bulk of aleohol,
the mixture, set aside in a temperature of 0°C. in order still further
to reduce the solubility of the hsmoglobin, readily crystallizes, when
the blood used is that of the dog, cat, horse, rat, guinea-pig, &e. In
the case of the dog indeed it is simply suflicient to add ether carefully
to the blood until it just becomes ‘laky,” and then to let it stand
in a cool place; the mixture soon becomes a mass of crystals. The
crystals may be separated by filtration, redissolved in water and re-
crystallized.

Hwemoglobin from the blood of the rat, guinea-pig, squirrel,
hedgehog, horse, cat, dog, goose, and some other animals, erystal-
lizes readily, the crystals being generally slender four-sided prisms,
belonging to the rhombic system, and often appearing quite
acicular. The crystals from the blood of the guinea-pig are
octahedral, but also belong to the rhombic system; those of the
squirrel are six-sided platm The blood of the ox, sheep, rabbit,
pig, and man, crystallizes with diffieulty. Why these differences
exist is not known ; but the composition and the amount of water
of crystallization vary somewhat in the crystals obtained from
different animals. In the dog, the percentage cﬂmpﬂsitiﬂn of the
crystals has been determined as C. 53:85, H. 732, N. 1617,
0. 21'84, S. 039, Fe. 43, with 3 to 4 per cent. of water ﬂf cr}@.tal—
lization. It will thus be seen that hemoglobin contains, in
addition to the other elements usually present in proteid sub-
stances, a certain amount of iron; that is to say, the element iron
is a distinet part of the hwmoglobin molecule: a fact which of
itself renders hwmoglobin remarkable among the chemical sub-
stances present in the animal body.

§ 345. The crystals, when seen in a sufficiently thick layer
under the microscope, have the same bright scarlet colour as
arterial blood has to the naked eye; when seen in a mass they
naturally appear darker. An aqueous solution of h@moglobin,
obtained by dissolving purified erystals in distilled water, has also
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the same bright arterial colour. A tolerably dilute solution placed
before the spectroscope is found to absorb certain rays of light in
a peculiar and characteristic manner. A portion of the red end of
the spectrum is absorbed, as is also a much larger portion of the
blue end; but what is most striking is the presence of two
strongly marked absorption bands, lying between the solar lines D
and E. (See Fig. 75.) Of these the one towards the red side,
sometimes spoken of as the band a, is the thinnest, but the
most intense, and in extremely dilute solutions (Fig. 75, 1) is the
only one visible ; its middle lies at some little distance to the blue
side of D.  Its position may be more exactly defined by expressing
it in wave-lengths. As is well known the rays of light which
make up the spectrum differ in the length of their waves, diminish-
ing from the red end, where the waves are longest, to the blue end,

where they are shortest. Thus Frauenhofer's Ilm D corresponds
to rays having a wave-length of 589-4 millionths of a millimeter.

Using the same unit, the centre of this absorption band @ of haemo-
globin corresponds to the wave-length 578: as may be seen in
Fig. 75, where however the numbers of the divisions of the secale
indicate only 100,000 of a millimeter. The other, sometimes called
3, much broader, lies a little to the red side of E, its blueward
edge, even in muduatel} dilute solutions (Fig. 75, 2) coming close
up to that line ; its centre corresponds to about wave-length 539.

Each band is thu kest in the middle, and gradually thins away at
the edges. These two absorption bands are extremely character-
istic of a solution of hzmoglobin. Even in very dilute solutions
both bands are visible (they may be seen in a thickness of 1 e,
in a solution containing 1 grm. of hemoglobin in 10 litres of
water), and that when scarcely any of the extreme red end, and
very little of the blue end, is cut off. They then appear not only
faint but narrow. As the strength of the solution is increased,
the bands broaden, and become more intense ; at the same time
both the red en_d, and still more the blue un(l, of the whole
spectrum, are encroached upon (Fig. 75, 3). This may go on until
the two absor ptiﬂn bands become fused together into one broad band
(Fig. 75, 4). The only rays of light which then pass through the
haemoglobin solution are those in the green between the blueward
edge of the united bands and the general absorption which is now
rapidly advancing from the blue end, and those in the red between
the united bands and the general ab;-.mptmn at the red end. If
the solution be still further increased in strength, the interval on
the blue side of the united bands becomes absorbed also, so that
the only rays which pass through are the red rays lying to the red
side of D; these are the last to disappear, and hence the natural
red colour of the solution as seen by transmitted light. Exactly
the same appearances are seen when crystals of hamoglobin are
examined with a microspectroscope. They are also seen when
arterial blood itself (diluted with saline solutions so that the

F. 36
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Fre. 75. (After Preyer and Gamgee.) TuE SreEctra oF Oxy-HEMOGLOBIN IX
DIFFERENT GRADES OF CONCENTEATION, OF (BEDUCED) HEMOGLOBIN AXD OF
Canpoxic-Oxipe-HEMoaLonin.

1to 4. Solution of Oxy-Hiemoglobin containing (1) less than 01 p.c., (2) -09 p.c.,
(3) *87 p.c., (4) '8 p.c.

i T n (reduced) Hemoglobin containing about *2 p.e.

6. . v+ carbonic oxide Hemoglobin.

In each of the six caszes the layer brought before the spectroscope was 1 e.m. in
thickness. The letters (4, a &ec.) mdicate Frauenhofer's lines, and the figures wave-
lengths expressed in 100,000th of a millimetre.
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corpuseles remain in as natural a condition as possible) is examined
with the spectroscope, as well as when a drop of blood, which from
the necessary exposure to air is always arterial, is examined with
the micro-spectroscope. In fact, the spectrum of h@moglobin is
the spectrum of normal arterial blood.

§ 346. When crystals of haxmoglobin, prepared in the way
described above, are subjected to the vacuum of the mercurial air-
pump, they give off' a certain quantity of oxygen, and at the same
time they change in colour. The quantity of oxygen given off is
definite, 1 grm. of the crystals giving off 1'59 c.em. of oxygen
measured at 760 mm. Hg and 0°C. In other words, the crystals
of hemoglobin, over and above the oxygen which enters 111t11]13ti‘1}-
into the composition of the molecule (and which alone 1s given in the
elementary composition previously stated), contain another quantity
of oxygen, which is in loose combination only, and which may be
dissociated from them by subjecting them to a sufficiently low pres-
sure. The change of colour which ensues when this loosely combined
oxygen is removed, is characteristic ; the erystals become ‘darker and
more of a purple hue, and at the same time dichr ole, so that while
the thicker ridges are purple, the thin edges appear greenish.

An ordinary solution of h@moglobin, like the erystals from
which it 1s formed, contains a definite quantity of oxygen in
a similarly peculiar loose combination ; this oxygen it also gives
up when subjected in the air-pump to a sufliciently low pressure,
becoming at the same time of a purplish hue. This loosely
combined oxygen may also be removed by passing a stream of
hydrogen or other indifferent gas through the solution; the
stream of hydrogen acts like an oxygen-vacuum to the hwmo-

globin and thus dissociation is effected. Carbonic acid gas is
unbmtabIL for this purpose, since, as we shall see, being an
acid 1t acts in another way on the h&:mnglahin. The oxygen may
also be removed from the h@moglobin not only by physical but
also by chemical means, as by the use of 1'educmg agents. Thus
if a few drops of ammonium sulphide or of an alkaline solution of
ferrous sulphate, kept from precipitation by the presence of
tartaric acid, be added to a solution of hamoglobin, or even to an
unpurified solution of blood corpuscles such as is afforded by the
washings from a blood clot, the oxygen in loose combination with
the hwmoglobin is immediately seized upon by the reducing
agent. This may be recognised at once, by the characteristic
change of colour; from a bright scarlet the solution becomes of a
purplish claret ml:}ur when seen in any thickness, but greenish
when sufficiently thin : the colour of the reduced solution is exactly
like that of the Er}stalh from which the loose oxygen has been
removed by the air-pump.

Examined by the spectroscope, this reduced solution, or solution
of reduced hemoglobin, as we may now call it, offers a spectrum
(Fig. 75, 5) very different from that of the unreduced solution.

J6—2
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The two absorption bands have disappeared, and in their place
there is seen a single, much broader, but at the same time much
fainter band, whose middle occupies a position about midway
between the two absorption bands of the unreduced solution,
though the redward edge of the band shades away rather farther
towards the red than does the other edge towards the blue; its
centre corresponds to about wave length 555. At the same time
the general absorption of the spectrum is different from that of
the unreduced solution ; less of the blue end is absorbed. Even
when the solutions become tolerably concentrated, many of the
bluish-green rays to the blue side of the single band still pass
through. Hence the difference in colour between hamoglobin
which retains the loosely combined oxygen', and hsemoglobin
which has lost its oxygen and become leduLed In tolerably
concentrated solutions, or tolerably thick layers, the former lets
through the red and the orange- }LII{J‘H rays, the latter the red and
the bluish-green rays. Accordingly, the one appears scarlet, the
other purple. In dilute solutions, or in a thin layer, the reduced
haemoglobin lets through so much of the green rays that they
preponderate over the red, and the resulting impression is one of
green. In the unreduced hwemoglobin or oxyhwmoglobin, the
potent yellow which is blocked out in the reduced hamoglobin
makes itself felt, so that a very thin layer of oxyh®moglobin, as in
a single corpuscle seen under the microscope, appears yellow
rather than red.

It must be remembered that when we speak of reduced
haemoglobin (or more briefly hemoglobin), with a purple colour
and a characteristic onebanded spectrum, we mean h@moglobin
which has lost all its loosely associated oxygen. If a quantity of
oxyvhamoglobin be exposed to an insufficiently low pressure, or to
the action of an insufficient quantity of the reducing action, it
gives up a part only of its oxygen; it is only partly reduced.
Such a partly reduced solution still shews the two bands of
oxyhmemoglobin.

§ 347. When the hwemoglobin solution (or erystal) which has
lost 1ts oxygen by the action erther of the air-pump or of a reducing
agent or by the passage of an indifferent gas, is exposed to air
containing oxygen, an absorption of oxygen at once takes place.
If sufficient oxygen be present, the hamoglobin seizes upon
sufficient oxygen to obtain its full cu}mplement each gramme
takmg up in combination 1-59 c.em. of oxygen; if there be an
insufticient quantity of oxygen the haemogl bm still remains partly
reduced ; or perhaps we may say that a part only of the hamo-
globin gets its allowance while the remainder continues reduced.
If the amount of oxygen be sufficient, the solution (or erystal), as

1 For brevity's sake we may call the hamoglobin containing oxygen in loose
combination, cxyhemoglobin, and the hemoglobin from which this loosely combined
oxygen has been removed, reduced hemoglobin or simply hemoglobin.
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it takes up the oxygen, regains its bright scarlet colour and its
characteristic absorption spectrum, the single band being replaced
by the two. Thus if a solution of oxyh®moglobin 1 a test-
tube, after being reduced by the action of a drop or two of
ammonium sulphide solution and thus shewing the purple colour
and the single band, be shaken up with air, the bright scarlet
colour at once returns, and when the fAuid is placed before the
spectroscope, 1t is seen that the single faint broad band of the
reduced hzmoglobin has wholly disappeared, and that in its
place are the two sharp thinner bands of the oxyh®moglobin. If
left to stand in the test-tube the quantity of reducing agent still
present is generally sufficient again to rob the hsemoglobin of the
oxygen thus newly acquired, and soon the scarlet hue fades back
again into the purple, the two bands giving place to the one,
Another shake and exposure to air will however again bring back
the scarlet hue and the two bands; and once more these may dis-
appear. In fact, a few drops of the reducing fluid will allow this
game of hsemoglobin taking oxygen from the air and giving it up
to the reducer to be played over and over again; at each turn of
the game the colour shifts from scarlet to purple, and from purple
to scarlet, while the two bands exchange for the one, and the one
for the two.

§ 348. Colour of Venous and Arterial Blood. Evidently we
have in these properties of hwemoglobin an explanation of at least
one-half of the great respiratory process, and they teach us the
meaning of the change of colour which takes place when venous
blood becomes arterial or arterial venous.

In venous blood, as it issues from the right ventricle, the
oxygen present is insufficient to satisty wholly the h@moglobin
of the red corpuscles; the hamoglobin is, to a large extent,
reduced, hence the purple colour of venous blood. When ordinary
venous blood, diluted without access of oxygen, is brought before
the spectroscope, the two bands of oxyhwmoglobin are seen. This
1s explained by the fact that in partly reduced haemoglobin, which
we may conveniently regard as a mixture of oxyhsmoglobin and
(reduced) hmmoglobin, the two sharp bands of the former are
always much more readily seen than the much fainter band of the
latter. Now in ordinary venous blood there is always some loose
oxygen, removable by diminished pressure or otherwise; the hsemo-
globin is only partly reduced, there is always some, indeed a
considerable quantity, of oxyhmzmoglobin as well as (reduced)
hzemoglobin. It is only under special circumstances, as for instance
after death by what we shall presently speak of as asphyxia, that
all the loose oxygen of the blood disappears; and then the two
bands of the oxyhxzmoglobin vanish too. If even only a small
quantity of oxygen be present so distinct are the two bands that a
solution of completely reduced hamoglobin may be used as a test
for the presence of oxygen; if oxygen be present in any fluid
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to which the reduced hamoglobin is added, the single band
immediately gives way to the two bands of oxyhsmoglobin.

As the venous blood passes through the capillaries of the lungs,
this reduced hamoglobin takes from the pulmonary air its comple-
ment of oxygen, all or nearly all the hzmoglobin of the red
corpuscles becomes oxyhamoglobin, and the purple colour forthwith
shifts into scarlet. For careful observations shew that the hamo-
globin of arterial blood 1s saturated or nearly saturated with
oxygen ; it probably falls short of complete saturation by about
1 vol. of oxygen in 100 vols. of blood. By increasing the pressure
of the oxygen, an additional quantity may be driven into the blood,
but this, after the heemoglobin has become completely saturated,
is effected by simple absorption. The quantity so added is
extremely small compared with the total quantity combined with
the hiemoglobin.

Passing from the left ventricle to the capillaries of the tissues
the oxyhamoglobin gives up some of its oxygen to the tissues,
becoming, in part, reduced h@moglobin, and the blood in conse-
quence becomes once more venous, with a purple hue. Thus the
red corpuscles by virtue of their h@moglobin are emphatically
oxygen-carriers. Undergoing no intrinsic change in itself, the
haemoglobin combines in the lungs with oxygen, which it carries to
the t1~ﬁur,5, these, more greedy of oxygen than itself, rob it of
its charge, and the reduced himoglobin hurries back to the lungs
in the venous blood for another portion. The change from venous
to arterial blood is then in part (for as we shall see there are other
events as well) a peculiar combination of heemoglobin with oxygen,
while the change from arterial to venous is, in part also, a reduc-
tion of oxyhmmoglobin; and the difference of colour between
venous and arterial blood depends almost entirely on the fact that
the reduced hamoglobin of the former is of purple colour, while
the oxyh@moglobin of the latter is of a scarlet colour.

There may be other causes of the change of colour, but these
are wholly subsidiary and unimportant. When a corpuscle swells,
its refractive power 1s diminished, and in consequence the number
of rays which pass into and are absorbed by it are increased at the
expense of those reflected from its surface; anything therefore
which swells the corpuscles, such as the addition of water, tends to
darken blood, and anything, such as a concentrated saline solution,
which causes the corpuscles to shrink, tends to brighten blood.
Carbonic acid has apparently some influence in swelling the
corpuscles, and therefore may aid in darkening the venous blood.

§ 349. We have spoken of the combination of h@moglobin
with oxygen as being a peculiar one. The peculiarity consists in
the facts that the oxygen may be associated and dissociated, with-
out any general disturbance of the molecule of h@moglobin, and
that dissociation may be brought about very readily. Haemoglobin
combines in a wholly similar manner with other gases. If carbonic
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oxide (monoxide) be passed through a solution of hmwmoglobin, a
change of colour takes place, a peculiar bluish tinge making its ap-
pearance. At the same time the spectrum is altered ; two bands
are still visible, but on aceurate measurement it 1s SELH that they
are placed more towards the blue end than are the otherwise
similar bands of oxyh@moglobin (see Fig. 75, 6) ; their centres corre-
sponding respectively to about wave-lengths 572 and 533, while
those of oxyhwmoglobin as we have seen correspond to 578 and
539. When a known quantity of carbonic oxide gas is sent through
a haxmoglobin solution, it will be found on examination that a
certain amount of the gas has been retained, an equal volume of
oxygen appearing in its place in the gas which issues from the
solution. If the solution so treated be crystallized, the crystals
will have the same characteristic colour, and give the same
absorption spectrum as the solution ; when subjected to the action
of the mercurial pump, they will give off a definite quantity of
carbonic oxide, 1 grm. of the erystals yielding 1'59 c.cm. of the gas.
In fact, hamoglobin combines loosely with ecarbonie oxide just as it
does with oxygen ; but its affinity with the former is greater than
with the latter. While carbonic exide readily turns out oxygen,
oxygen cannot so readily turn out carbonic oxide. Indeed,
carbonic oxide has been used as a means of driving out and
measuring the quantity of oxygen present m any given blood.
This property of carbonie oxide explains its poisonous nature.
When the gas is breathed, the reduced and the unreduced hamo-
globin of the venous blood unmite with the carbonie oxide, and
hence the peculiar bright cherry-red colour uhqewahlca in the blood
and tissues in cases of poisoning by this gas. The carbonic oxide
hemoglobin, however, 1s of no use in 1'La]11rat1011 it 1s not an
{:-}u:-,gcll-(*a,l‘rlvr, nay meore, 1t will not readily, Thmlgh 1t does so
slowly and eventually, give up its carbonic oxide for oxygen, when
the poisonous gas ceases to enter the chest and is replaced by pure
air. The organism is killed by suffocation, by want of oxygen, in
spite of the blood not assuming any dark venous colour; t0 adopt
a phrase which has been used, the cor puscles are pamlpt .

Haxmoglobin similarly forms a compound, having a character-
1stic speetrum, with nitric oxide, more stable even than that with
carbonic oxide.

It has been supposed by some that the oxygen thus associated
with h@moglobin is in the condition known as ozone; but the
arguments urg{,{l in support of this view are inconclusive.

Products of the decomposition of Hwmoglobin.

§ 350. Although a crystalline body, ha&emoglobin diffuses with
great difficulty. This arises from the fact that it is in part a
proteid body ; it consists of a colourless proteid, associated with a
coloured substance, which may be separated out from the hamo-
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globin, though not in the exact condition in which it naturally
exists in the compound; this substance when separated out
appears as a brownish-red body known as hematin. All the iron
belonging to the haemoglobin is in reality attached to the hematin.
A solution of h@moglobin when heated, coagulates, the exact
degree at which the coagulation takes place depending on the
amount of dilution:; at the same time it turns brown from the
setting free of the hsematin. If a strong solution of hamoglobin
be treated with acetic (or other) acid, the same brown colour, from
the appearance of hwmatin, is ﬂbﬁerved The proteid constituent
however is not coagulated, but by the action of the acid passes
into the state of acid-albumin. On adding ether to the mixture,
and shaking, the hwmatin is dissolved in the supernatant acid
ether, which it colours a dark red, and which, examined with the
spectroscope, is found to possess a well-marked spectrum, the
spectrum of the so-called acid h®matin of Stokes (Fig. 76, 6).
The proteid in the water below the ether appears in a coagulated
form owing to the action of the ether. In a somewhat similar
manner alkalis split up h@moglobin into a proteid constituent
and hmmatin.

The exact nature of the proteid constituent of hamoglobin
has not as yet been clearly determined. It was supposed to
be globulin (hence the name h@matoglobulin, contracted into
hamoglobin), but though belonging to the globulin family, has
characters of its own; it is possibly a mixture of two or more
distinet proteids. It has been provisionally named globin and is
said to be free from ash.

§ 361. Hamatin when separated from its proteid fellow, and
purified, appears as a dark-brown amorphous powder, or as a scaly
mass with a metallic lustre, having the probable composition of
Cyp Hy N, Fe, O, It is fairly soluble in dilute acid or alkaline
solutions, and then gives characteristic spectra (Fig. 76, 1, 2, 5).

An interesting feature in hzmatin is that its r:.'.ﬁkaH*.-w solution
1s capable of being reduced by reducing agents, the spectrum
changing at the same time (Fig. 76, 3), and that the reduced
solution will, like the h@moglobin, take up oxygen again on
being brought into contact with air or oxygen. This would
seem to indicate that the oxygen-holding power of hzmoglobin
is connected exclusively with its hseematin constituent.

By the action of strong sulphuric acid heematin may be robbed
of all its iron, It still retains the feature of possessing colour, the
solution of iron-free hasmatin being a dark rich brownish red ; but
is no longer capable of combining loosely with oxygen. This
indicates that the iron is in some way associated with the peculiar
respiratory functions of h@moglobin; though it is obviously an
error to suppose, as was once supposed, that the change from
venous to arterial blood consists essentially in a change from a
ferrous to a ferric salt.
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Though not crystallizable itself, hsematin forms with hydro-
chloric acid a compound, occurring in minute rhombic erystals,
known as hemin crystals.

When blood is left until 1t decomposes, the hazmoglobin 1s very
apt to become changed into a peculiar body known as methwmo-
globin, in the spectrum of which a very conspicuous band is seen
in the red between C and D (see Fig. 76, 4). The same change
may be brought about by the action of weak acids, such as
carbonic acid, by ozone, and by other agents such as nitrites and
potassium permanganate. When a stream of carbonic acid 1is
driven through blood or through a solution of h@moglobin the
band in the red characteristic of metha&moglobin soon makes
its appearance. Meth@moglobin differs but little if at all in

elementary composition from hsmoglobin; it is maintained that

it contains the same quantity of oxygen as oxy-h@moglobin but
in a more stable condition, more intimately associated with the
molecule.

In conelusion, the condition of oxygen in the blood is as
follows. Of the whole quantity of oxygen in the blood, only a
minute fraction is simply absorbed or dissolved according to the
law of pressures (the Henry-Dalton law). The great mass is in a
state of combination with the hsemoglobin, the connection being of
such a kind that while the hmnwglobm readily combines with the
oxygen of the air to which 1t is exposed, dissociation readily oceurs
at low ]}reuuureu or in the presence of indifferent gases, or by the
action of substances having a greater affinity for oxygen than has
hiemoglobin itself. The difference between venous and arterial
blood, as far as oxygen 1s concerned, is that while in arterial
blood the hmmuglnbm holds nearly its full complement of oxygen
and may be spoken of as nearly wholly oxyhzmoglobin, in venous
blood the hwmoglobin is to a large but variable extent, reduced ;
and the char El{':t-l. ristic colours of venous and arteral blood are in
the main due to the fact that the colour of reduced ha@moglobin
is purple, while that of oxyhwmoglobin is scarlet,

The rvelations of the Carbonic Acid in the Blood.

§ 362. The presence of carbonic acid in the blood appears to
be determined by condifions more complex in their nature and at
present not so well understood as those which determine the
presence of oxygen. The carbonic acid is not simply dissolved in
the blood; ifs absorption by blood does not follow the law of
pressures. 1t exists in association with some substance or sub-
stances 1 the blood, and 1its escape from the blood is a process of
dissociation. We cannot however speak of it as being associated,
to the same extent as is the oxygen, with the hamoglobin of the
red corpuscles. So far from the red corpuscles containing the
great mass of the carbonic acid, the quantity of this gas which is
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present in a volume of serum is according to some observers
actually greater than that which is present in an equal volume of
blood, z.e. an equal volume of mixed corpuscles and serum ; that is
to say, the carbonic acid is much more largely associated with the
serum (or, in the living blood, with the plasma) than with the red
corpuscles.

When sernm is subjected to the action of the mercurial pump,
by far the greater part of the carbonic acid is given off; but a
small additional quantity (2 to 5 vols. per cent.) may be extracted
by the subsequent addition of an acid. This latter portion may
be spoken of as “fixed’ carbonic acid in distinction to the larger
‘loose " portion which 1s given off to the vacuum. When however
the whole blood is subjected to the vacuum until the earbonie
acid ceases to be given off, the subsequent addition of acid is
sald not to set free any further quantity ; so that when serum is
1|11'{ed with cnrpuqcleq all the ecarbonic acid may be spoken of

s ‘loose’; and it is stated that the excess of carbonic acid in
& qmmt-it-:f of serum over that present in the same bulk of entire
blood, corresponds to the fixed portion in serum which has to
be driven off by an acid. Moreover, even those who maintain
that the quantity of carbonic acid in entire blood is less than that
in an equal volume of serum, admit that the carbonic acid exists
in some way or other at a higher pressure in, and is more readily
given off from entire blood than from serum.

If these statements be accepted it seems probable that the
carbonie acid exists associated with some substance or substances
in the serum, or rather plasma, but that the conditions of its
association (:md therefore of its dissociation) are determined by
the action of some substance or substances present in the cor-
puscles. It has been suggested that the association of the
carbonic acid in the plasma is with one or other of the proteids
of the plasma: but it has also been suggested that the association
15 one with sodium as sodium bicarbonate, and further that the
haemoglobin of the corpuscles plays a part in promoting the
dissociation of the sodium bicarbonate or even the ecarbonate,
and thus keeping up the carbonie acid of the entire blood. Other
observers however maintain that the plasma does not hold this
exclusive possession of the carbonie acid, but that a considerable
quantity of this gas is in some way associated with the red
corpuseles. Indeed further investigations are necessary before the
matter can be said to have been placed on a satisfactory footing.

The relations of the Nitrogen in the Blood.

§ 363. The small quantity of this gas which is present in both
arterial and venous blood seems to le‘-.t in a state of simple solu-
t1om.



SEC. 5. THE RESPIRATORY CHANGES IN THE LUNGS.

The Euntrance of Ozygen.

§ 354 We have already seen that the blood in passing
through the lungs takes up a certain variable quantity (from 8 to
12 vols. p.c.) of oxygen. We have further seen that the quantity
so taken up, putting aside the insignificant fraction simply absorbed,
enters into direct but loose combination with the hamoglobin.
In drawing a distinction between the oxygen simply absorbed
and that entering into combination with the h@moglobin, it
must not be understood that the latter is wholly independent
of pressure. On the contrary, all chemical compounds are in
varlous degrees subject to dissociation at certain pressures and
temperatures ; and the existence of the somewhat loose compound
of oxygen and h@moglobin is dependent on the partial pressure of
oxygen in the atmosphere to which the h@moglobin is exposed.
Not only will a solution of h@moglobin or a quantity of blood
either absorb oxygen and thus undergo association or undergo
dissociation and give off oxygen according as the partial pressure
of oxygen in the atmosphere to which it 1s exposed 1s high or low,
but also the amount taken up or given off will depend on the
degree of the partial pressure; the hamoglobin as we have seen
may be partially as well as wholly reduced. The law however
according to which absorption or escape thus takes place is quite
different from that observed in the simple absorption of oxygen by
liquids. The association or dissociation is further especially depen-
dent on temperature, a high temperature tavouring dissociation, so
that at a high temperature less oxygen is taken up than would be
taken up (or, as the case may be, more given oftf than would be
given off) at a lower temperature, the partial pressure of the
oxygen in the atmosphere remaining the same.

Moreover in the blood we have to deal not with hemoglobin
in simple solution, in which the molecules are dispersed uniformly
through the solvent, but with the hzmoglobin segregated into
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minute isolated masses, bottled up as it were in the individual
corpuscles. The h@moglobin of each corpuscle is separated from
its fellows by a layer, thin it may be but still a distinet layer, of
colourless, heemoglobinless plasma. As the corpuscle makes its
way through the narrow capillary paths of a pulmonary alveolus,
it 1s separated from the air of the alveolus by a thin layer of
plasma as well as by the film of the conjoined capillary and
alveolar walls; and a like layer of plasma separates it from its
fellows as it journeys in company with them through the wider
passages of the arteries and veins. Through this layer of plasma,
which containing no h@moglobin ean hold oxygen in simple
solution only, the oxygen has to pass on its way to and from the
corpuscle ; and every corpuscle may be considered as governing, as
far as oxygen is concerned, a zone of plasma immediately surround-
ing itself. The corpuscle takes its oxygen directly from this zone
and gives up its oxygen directly to this zone ; and the pressure at
which at any moment the oxygen exists in this zone will depend
on the pressure of oxygen outside the zone, in the air of the
pulmonary alveolus for instance, and on the smaller or greater
amount of oxygen associated with the hwmoglobin of the cor-
pusele,

The film of the conjoined capillary and alveolar wall is a thin
membrane soaked with lymph and wet; we cannot speak of it
as actually secreting a liquid secretion into the alveolus, for the
cavity of the alveolus is filled with air which, thongh saturated
with moisture, is air, not a liquid ; still enough passes through
the film to keep it continually moist. Through this film the
oxygen has to make its way in order to gain access to the plasma
and so to the corpuscle; it makes its way dissolved in the fluid,
that 1s the lymph, which keeps the film moist. This film more-
over is composed of living matter, and the considerations which
a little while back (§ 312) we urged concerning the diffusion
through a hving membrane of solid substances in solution, hold
good also for the diffusion of gases in solution.

We have now to consider the question, Are the conditions in
which hwemoglobin and oxygen exist in ordinary venous blood as
it flows to the lungs, of such a kind that the venous blood in
passing through the pulmonary capillaries will find the partial
pressure of the oxygen in the pulmonary alveoli sufficient to bring
about the association of the additional quantity of oxygen whereby
the venousis converted into arterial blood ?

We may say at once that we have, at present at all events, no
satisfactory evidence that the film spoken of above exerts any
influence, as a living film, on the entrance of oxygen from the
alveolus into the blood. Nor have we any evidence that as a
mere membrane or scptum it exerts any such influence; the
oxygen appears to pass into the blood in the same way that it
would, 1f the blood were freely exposed without any intervening
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partition to the alveolar air. Further, the evidence, so far as it
goes, seems to shew that blood absorbs oxygen in the same way
as an aqueous solution of hamoglobin of the same concentration ;
the zone of plasma spoken of above as surrounding each corpuscle
behaves as far as regards the passage of oxygen to and from the
corpuscles in no essentially different respect from the way the
molecules of water, belonging to a molecule of dissolved hamo-
globin, behave in regard to the absorption or the giving-off of
oxygen by an aqueous solution of h@moglobin,

355. In man, as we have seen, expired air contains about
16 p.c. of oxygen. The air in the pulmonary alveoli must contain
less than this, since the expired air consists of tidal air mixed
by diffusion with the stationary air. How much less it contains
we do not exactly know, but probably the difference is not very
great. At the urr]mary atmn'«pheuu pressure of 760 mm. 16 p.c.
is equivalent to a partial pressure of 122 mm. The question
therefore stands thus, Will venous blood, exposed at the tempe-
rature of the body to a partial pressure of less than 122 mm.
(less than 16 p.c.) of oxygen take up sufficient oxygen (from 8
to 12 vols. p.c.) to convert i1t into arterial blood? Numerous
experiments have been made (chiefly but not exclusively on the
dog) to determine on the one hand the oxygen-pressure of both
arterial and venous blood (i.e. the partial pressure of oxygen in
an atmosphere exposed to which the arterial blood neither gives
up nor takes in oxygen, and the same for venous blood), and on
the other hand the behaviour at the temperature of the body or at
ordinary temperatures of blood or of solutions of haemoglobin (for
the two as we have just said behave in this respect very much
alike) towards an atmosphere in which the partial pressure of
oxygen is made to vary. Without going into detail, we may state
that these experiments shew that the partial pressure of oxygen
in the lungs 1s amply sufficient to bring about, at the temperature
of the body, the association of that addltlmml amount of oxygen
by which venous blood becomes arterial. When a solution of
hzemoglobin or when blood is successively exposed to increasing
oxygen pressures, as the partial pressure of oxygen is gradually
mereased, the curve of ahburptmu rises at first very rapidly but
afterwards more slowly; that is to say, the later additions of
oxygen at the higher pressures are proportionately less than the
earlier ones at the lower pressures. And this is consonant with
what appears to be the fact that the haemoglobin of arteral blood
though mnearly saturated with oxygen, i.e. associated with almost
its full complement of oxygen, is not quite saturated. When
arterial blood is thoroughly exposed to air it takes up rather more
than 1 vol. p.c. of oxygen; and that appears to represent the
difference between exposing blood to pure air, such as enters or
ought to enter the mouth in inspiration, and exposing blood to the
air as it exists in the pulmonary alveoli. The greater relative
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absorption at the lower pressures has a beneficial effect in as much
as it still permits a considerable quantity of oxygen to be absorbed
even when the partial pressure of oxygen in the air in the lungs is
largely reduced, as in ascending to great heights.

Observations made both with dog’s blood and ox's blood seem
to shew that arterial blood ceases to take up oxygen and begins to
give off oxygen, in other words, that dissociation begins to take
place, when the partial pressure of the oxygen in the atmosphere
to which it is exposed sinks to about 60 mm. of mercury, that is
to say, when the whole atmospheric pressure is reduced from
760 mm. to about 300 mm. or when the percentage of oxygen
in the atmosphere is reduced by decidedly more than half. And
this accords with the observation that, in man, when the oxygen
of inspired air is gradually diminished, without any other change
in the air, symptoms of dyspncea do not make their appearance
until the oxygen sinks to 10 p.c. in the inspired air and must
therefore be less than this in the pulmonary alveoli. We may
remark that at ordinary altitudes, even taking into account the
diminution the oxygen undergoes before it reaches the pulmonary
alveoli, the partial pressure of the oxygen in the atmosphere
leaves a wide margin of safety. But at an altitude of 5500
metres (17000 feet) at which the pressure of the whole atmo-
sphere stands at about the limit given above of 300 mm., the
partial pressure of the oxygen will be such that the venous blood
cannot take up the quantity of oxygen proper to convert it
into arterial blood, since at this limit arterial blood begins to
give off oxygen. We may add that it is at this altitude that
breathing becomes especially difficult, but to this we shall return.

§ 366. The statements made so far refer to ordinary breathing,
but the question may be asked, What happens when the renewal
of the air in the pulmonary alveoli ceases, as when the trachea is
obstructed ? In such a case the oxygen in the alveoli is found to
diminish rapidly, so that the partial pressure of oxygen in them
soon falls below the oxygen-pressure of ordinary venous blood.
But in such a case the blood is no longer ordinary venous blood ;
instead of being moderately, 1t is largely and increasingly reduced ;
instead of containing a comparatively small amount, 1t contains 2
large and gradually creasing amount, of reduced hxmoglobin,
And as the reduction continues to increase, the oxygen-pressure of
the venous blood also continues to decrease; it thus keeps below
that of the air in the lungs. Hence al)pmbutly even the last
traces of oxygen in the lungs may be taken up by the blood, and
carried away to the tissues.

The Eait of Carbonic Acid.

§ 357. It seems natural to suppose that the carbonic acid
would escape by diffusion from the blood of the alveolar capillaries
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into the air of the alveoli. But in order that diffusion should
thus take place, the carbonic acid pressure of the air in the
pulmonary alveoli must always be less than that of the venous
blood of the pulmonary artery, and ought not to exceed that of the
blood of the pulmonary vein. There are however many practical
difficulties in the way of an exact determination of the carbonic
acid pressure of the pulmonary alveoli (for though it must be
greater than that of the expired air, 1t is difficult to say how much
greater), and of the carbonic acid pressure of the blood at the same
time, so as to be in a position to compare the one with the other.
In the case of oxygen, there is always present in the lungs a
surplus of the gas, a portion only being absorbed at each breath ;
in the case of carbonie acid, the whole quantity comes direct from
the blood, and any maodifications in breathing seriously affect the
amount given out. Thus when the breath 1s held for some time
the percentage of carbonie acid i the expirved air reaches 7 or 8
p.c., but we cannot take this as a measure of the normal percentage
of carbonic aeid in the pulmonary alveoli, since by the mere
holding of the breath the carbonic acid in the blood and hence in
the pulmonary alveoli is increased beyond the normal.

The diffieulties of the prublem seem however to have been
overcome by an ingenious experiment in which there is imtroduced
into the bronchus of the lung of a dog a a catheter, round which is
arranged a small bag; by the inflation of this bag the bronchus,
whenever desired, can be completely blocked up. Thus, without
any marked [llﬁflllballti of the gcm,ml breathing, and thLILfmc
without any marked change in the normal proportions of the
gases of the blood, the L“[]]L]ll]lb]]tl.}l is able to stop the ingress
of fresh air into a limited portion of the lung. At the same
time he is enabled by means of the catheter to withdraw a
sample of the air of the same limited portion, and by analysis
to determine the amount of carbonic acid which it contains,
or in other words, the partial pressure of the carbonic acid.
The blood passing through the alveolar capillaries of this limited
portion of the lung naturally possesses the same carbonic acid
pressure as the rest of the venous blood flowing through the
pulmonary artery, a pressure which, though varying slightly
from moment to moment, will maintain a normal average. On
the supposition that carbonic acid passes simply by diffusion
from' the pulmonary blood into the air of the alveoli, because the
carbonic acid pressure of the latter is normally lower than that of
the former, one would expeet to find that the air in the occluded
portion of the lung would continue to take up carboniec acid
until an equilibrium was established between it and the carbonie
acid pressure of the venous blood. Cﬂnscquently, if after an
occlusion, say of some minutes (by which time the equilibrium
might fairly be assumed to have been established), the carbonic
acfcgl pressure of the air of the occluded portion were determined, 1t
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ought to be found to be equal to, and not more than equal to, the
carbonic acid pressure of the venous blood of the pulmonary artery.
And this 1s the result which has been arrived at; it has been
found that the pressures of the carbonic acid of the occluded air
and of the venous blood of the right side of the heart are just
about equal. Hence the evidence so far as it goes is distinetly in
favour of the view that the escape of carbonic acid from the blood
into the pulmonary alveoli is simply due to diffusion, and that
there is no need to seek for any further explanation. There is,
as far as we can see at present at all events, no uecur-;sity, any
more than in the case of oxygen, to suppose that the wall of
the pulmonary alveoli has any specific secretory power of dis-
charging carbonic acid from the blood independently of or m
antagonism to the influence of pressures, or that it exerts any
special influence at all as a diffusion septum.

There are some facts which seem to suggest that the exit of
carbonic acid from the blood is assisted by the simultaneous
entrance of oxygen, but this is not definitely proved. If such an
aid is given, it is probably brought about by the change in the
hemoglobin 1n some indirect way raising the pressure of the
carbonie acid in the blood.

As far then as can be seen at present, both the entrance of
oxygen and the exit of carbonic acid by which venous blood is
converted into arterial are the simple physical results of the
exposure of the blood in the pulmonary capillary to the air of
the pulmonary alveoli.

F. 3T



SEC. 6. THE RESPIRATORY CHANGES IN THE TISSUES.

§ 358. In passing through the several tissues the arterial

blood becomes once more venous. The oxyh@moglobin becomes
considerably reduced, and a quantity of carbonic acid passes from
the tissues into the blood. The amount of change varies in
the various tissues, and in the same tissue may vary at different
times. Thus in a gland at rest, as we have seen, the venous
blood is dark, shewing that the hamoglobin is to a large extent
in the reduced condition; when the gland is active, the venous
blood in 1its colour, and in the extent to which the hsemo-
globin is in the condition of oxyhmmoglobin, resembles closely
arterial blood. The blnud therefore which issues from a gland
at rest 1s more ‘venous’ than that from an active gland ; though
owing to the more rapid flow of blood which, as we saw in an
earlier section, accompanies the activity of the gland, the total
:ludntn} of oxygen taken up from and of carbonic acid discharged
imto the blood from the gland in a given time may be greater
in the latter. The blood, on the other hand, which comes from
an active, t.e. a cr}ntmctmg muscle, is, in spite of the more
rapid flow, not only richer in carbonic a,cld but also, though not
to a corresponding amount, poorer in oxygen than the blood which
flows from a muscle at rest.

In all these cases the great question which comes u&) for onr
consideration is this: Does the oxygen pass from the blood into the
tissues, and does the oxidation take place in the tissues, giving rise
to carbonic acid, which passes in turn away from the tissues into
the blood ? or do certain oxidizable reducing substances pass from
the tissues into the blood, and there become oxidized into earbonic
acid and other produets, so that the chief oxidation takes place in
the blood 1tself?

There are, it 1s true, reducing oxidizable substances in the
blood, but these are small in amount, and the quantit-y of carbonie
acid to which they give rise when the blood containing them is

agitated with air or oxygen, is so small as scarcely to exceed the
errors of observation.
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On the other hand, it will be remembered that in speaking of
musele, we drew attention (§ 61) to the fact that a frog’s muscle
removed from the body (and the same is true of the muscles of
other animals) econtains no free oxygen whatever; none can be
obtained from it by the mercurial air-pump. Yet such a muscle
will not only when at rest go on producing and discharging a
certain quantity, but also when it contracts evolve a very con-
siderable quantity, of carbonic acid. Moreover this discharge of
carbonic acid will go on for a certain time in muscles under
circumstances in which it is impossible for them to obtain oxygen
from without. Oxygen, it 1s true, 1s necessary for the life of the
muscle : when venous instead of arterial blood is sent through the
blood wvessels of a musele, the irritability speedily disappears, and
unless fresh oxygen be admmlhtvr(-d the muscle soon dies. The
muscle may however, during the interval in which irritability is
still retained after the supply of oxygen has been eut off, continue to
contract vigorously. The supply of oxygen, though necessary for
the maintenance of lrrlmblhtm 1s not necessary fm the manifesta-
tion of that irritability, is not neces ssary for that explosive decom-
position which developes a contraction. A frog’s musele will
continue to contract and to produce carbonic acid in an atmo-
sphere of hydrogen or nitrogen, that is, in the total absence of
free oxygen both from itself and from the medium in which it 1s
placed.

Thus on the one hand the muscle seems to have the property
of taking up and fixing in some way or other the oxygen to which
it is exposed, of storing it up in its own substance in such a
condition that it cannot be removed by simple diminished pressure
(so that the pressure of n:{ygon in the muscular substance may be
considered as always nil), and yet has not entered into any distinct
combination which we ean -,pml{ of as an oxidation, but is still
available for such a purpose. The idea has been put forward that
the oxygen in this condition is physically attached to and lies
between the molecules of the museular substance without being
chemically combined with them, and hence has been spoken of as
“intra-molecular” oxygen ; but we have no exact knowledge as to
what its condition really is at this stage. On the other hand the
muscular substance 1s alwa.}fq undergoing a dftm:-mpnaltmn of such
a kind that carbonie aecid i1s set free, sometimes, as when the
muscle is at rest, in small, sometimes, as during a contraction, in
large quantities. The oxygen present in this carbonic acid, as an
oxidation product, comes from the previously existing store of
which we have just spoken. The oxygen taken in by the muscle,
whatever be its exact condition immediatel upon its Eutmucu
into the muscular substance, in the phase wﬁic:h has been called
‘intra-molecular, sooner or later enters into a combination, or
perhaps we should rather say, enters into a series of combinations.

We have previously urged (§ 30) that all living substance may be
37—2
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regarded as incessantly undergoing changes of a double kind,
changes of building up and changes of breaking down. In the
end-products of the breaking down, in the carbonic acid given
out by muscle for instance, we can recognize an oxidation product ;
but we do not know exactly at what stage or exactly in what
way the oxygen is ecombined with the carbon. We may imagine
that the oxygen, as it comes from the blood, is caught up so to
speak by, and disappears in, the building up processes (forming,
possibly at the very beginning, with some constituent of the
muscular substance a combination like to but firmer and more
stable than its combination with hwmoglobin) and that through
those processes it 1s made part of complex decomposable sub-
stances whose decomposition ultimately gives rise to the carbonic
acid ; but, as far as actual knowledge goes, we cannot as yet trace
out the steps taken by the oxygen from the moment it slips from
the blood into the muscular substance to the moment when it
issues united with carbon as carbonie acid. The whole mystery
of life lies hidden in the story of that progress, and for the present
we must be content with simply knowing the beginning and the
end.

But if the oxygen-pressure of the muscular tissue be thus
always nil, oxygen will be always passing over from the blood-
corpuseles, in which it is at a comparatively high pressure, through
the plasma, through the capillary walls, the lymph-spaces and the
sarcolemma, into the muscular Hubhtd]lﬁﬂ, and as soon as 1t arrives
there will be in some manner or other hidden away, leaving the
oxygen-pressure of the museular substance once more nil.  Con-
versely, the carbonic acid produced by the decomposition of the
muscular substance will tend to raise the carbonic acid pressure of
the muscle until it exceeds that of the blood ; whereupon carbonic
acid will pass from the muscle into the blood, its place in the
muscular substance being supplied by freshly generated supplies.
There will always in fact be a stream of oxygen from the blood to
the musele and of carbonie acid from the musele to the blood.
The respiration of the muscle then does not consist in throwing
into the blood oxidizable substances, there to be oxidized into
carbonic acid and other matters; but it does consist in the
assumption and storing up of oxygen somehow or other in its
substance, in the building up by help of that oxygen of explosive
decomposable substances, and in the carrying out of decompositions
whereby carbonic acid and other matters are discharged first into
the substance of the muscle and subsequently into the blood.

§ 359. Our knowledge of the respiratory changes in muscle is
more complete than in the case of any other tissue ; but we have no
reason to suppose that the phenomena of muscle are exceptional.
On the contrary, all the available evidence goes to shew that in all
tissues the oxidation takes place in the tissue, and not in the
adjoining blood. It is a remarkable fact, that lymph, serous fluids,
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bile, urine, and milk contain a mere trace of free or loosely
combined oxygen, but a very considerable quantity of carbonic
acid. And we may probably assert with safety with regard to all
the tissues that in the tissues themselves, in the lymph which
bathes their lymph-spaces, and in the secretions which some of
them pour forth free oxygen is either wholly absent or so scanty
that their oxygen-pressure may be regarded as nil, while carbonie
acid is so abundant that the pressure of carbonic acid in them
may be regarded as exceeding that of venous blood. An excep-
tion seems to be presented by the case of the lymph flowing along
the larger lymphatic vessels, for in this the amount of carbonie
acid, while usually higher than that of arterial blood, is lower
than that of the general venous blood; but this probably is due
to the fact that the lymph in its passage onwards is largely
exposed to arterial blood in the conmective tissnes and in the
lymphatic glands, where the production of carbonic acid 1s slight
as compared to that going on in muscles. All the facts point to
the conclusion, that it i1s the tissues, and not the blood, which
become primarily loaded with carbonic acid, the latter simply
recelving the gas from the former by diffusion, except the (pro-
bably) small quantity which results from the metabolism of the
blood-corpuseles; and that the oxygen which passes from the
blood into the tissues is at once taken up and placed under such
conditions that it is no longer removable by diminished pressure.

In further support of this view may be urged the fact that if, in
a frog, the whole blood of the body be replaced by normal saline
solution, the total metabolism of the body is, for some time,
unchanged. The saline medium is able owing to the low rate of
metabolism, and large (cutaneous) respiratory surface of the
animal, to supply the tissues with all the oxygen they need, and to
remove all the carbonic acid they produce. It is difficult to
believe that, in such an experiment, the oxidation took place in
the saline solution itself while eirculating in the blood vessels and
tissue-spaces of the animal.

We may add, that the oxidative power which the blood itself
removed from the bﬂd} 15 able to exert on substances which are
undouhtedl:, oxidized in the body i1s so small that it may be
neglected in the present considerations. If grape-sugar be added
to blood, or to a solution of heemoglobin, the mixture may be kept
for a lnng time at the temperature of the body, without under going
oxidation. Even within the body a slight excess of sugar in the
blood over a certain percentage wholly escapes oxidation, and is
discharged uneha,ng-::r‘r Many easily oxidized substances, such as
pyrogallic acid, pass largely through the blood of a living bm‘lrxlr
and are dlschargcd in the urine without being oxidized ; thoug
perhaps in some of these cases, what appears to be an ab@encu of
oxidation 1s really an oxidation followed by a subsequent equnaa
lent reduction taking place in the urine or elsewhere. The organic
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acids, such as citrie, even in combination with alkaline bases, are
only partially oxidized; when administered as acids, and not as
salts, they are hardly oxidized at all. It is of course quite
possible that the changes which the blood undergoes when shed
might interfere with its oxidative action, and hence the fact that
shed blood has liftle or no oxidizing power, is not a satisfactory
proof that the unchanged blood within the living vessels may not
have such a power. But did oxidation take place largely in the
blood itself, one would expect even highly diffusible substances to
be oxidized in their transit; whereas if we suppose the oxidation
to take place in the tissues, it becomes intelligible why such
diffusible substances as those which the tissues in general refuse
to take up largely, should readily pass unchanged from the blood
through the excreting organs,

We have seen that in muscle the production of carbonic acid
is not directly dependent on the consumption of oxygen. The
muscle produces carbonic acid in an atmosphere of hydrogen. What
1s true of muscle is true also of other tissues and of the body
at large. It was shewn long ago that animals might continue
to breathe out carbonic acid in an atmosphere of nitrogen or
hydrogen; and this has more recently been illustrated by the
remarkable experiment, that a frog kept at a low temperature
will live for several hours, and continue to produce carbonie
acid, in an atmosphere absolutely free from oxygen. The carbonic
acld produced during this period was made by help of the oxygen
inspired in the hours anterior to the commencement of the ex-
periment. The oxygen then absorbed was stowed away from the
h@moglobin into the tissues, it was made use of to build up the
explosive compounds, whose explosions later on gave rise to the
carbonic acid. Or, to adopt a simile which has been suggested,
the oxygen helps to wind up the vital clock ; but once wound up
the clock will go on for a period without further winding. The frog
will continue to live, to move, to produce carbonic acid for a while
without any fresh oxygen, as we know of old it will without any
fresh food ; it will continue to do so fill the explosive cmnp-:mmla
which the oxygen built up are exhausted; it will go on till the
vital clock has run down.

§ 360. To sum up, then, the results of respiration in its
chemical aspects. As the blood passes through the lungs, the low
oxygen pressure of the venous blood permits the entrance of
oxygen from the air of the pulmonary alveolus, through the thin
alveolar wall, through the thin capillary sheath, through the thin
layer of blood- Lu-,m& to the red corpuscle, ‘and the reduced
hazmoglobin of the venous blood becomes wholly, or all but wholly,
oxyheemoglobin. Hurried to the tissues, the oxygen, at com-
paratively high pressure in the arterial hlnnd, passes largely into
them. In the tissues, the oxygen-pressure is always kept at an
exceedingly low pitch, by the fact that they, in some way at
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present unknown to us, pack away at every moment into some
stable combination each molecule of oxygen which they receive
from the blood. With its oxyhwmoglobin largely but not wholly
reduced, the blood passes on as venous blood. To what extent
the haeemoglobin is reduced will depend on the activity of the
tissue 1tsc§f The quantity of hzmoglobin in the blood is the
measure of limit of the oxidizing power of the body at large ; but
within that limit the amount of oxidation is determined by the
tissue, and by the tissue alone.

We cannot trace the oxygen through its sojourn in the tissue.
We only know that sooner or later it comes back combined in
carbonic acid (and other matters not now under consideration).
Owing to the continual production of carbonic aecid, the pressure
of that gas in the extravascular elements of the tissue 1s always
higher than that in the blood; the gas accordingly passes from
the tissue into the blood, and the venous blood passes on not only
with its hemoglobin more or less reduced, i.e. with its oxygen-
pressure decreased, but also with its carbonic acid pressure in-
creased. Arrived at the lungs, the blood finds the pulmonary
alr at a lower carbonic acid pressure than itself. The gas
accordingly streams through the thin vascular and alveolar w z:,ll~r
until the pressure without the blood vessel is equal to the
pressure within. At the same time the blood finds in the air
of the pulmonary alveoli a supply of oxygen, more than adequate
to convert, not entirely but nearly so, the reduced hmmoglobin
back again to oxyhemoglobin. Thus the air of the pulmonary
alveoli, having given up oxygen to the blood and taken up
carbonic acid from the blood, having in consequence a hlgher
carbonic acid pressure and a lower oxygen pressure than the tidal
air in the bronchial passages, mixes rapidly with this by diffusion.
The mixture is further assisted by ascending and descending
currents ; and the tidal air issues from the chest at the breathing
out poorer in oxygen and richer in carbonic acid than the tidal
air which entered at the breathing in.
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§ 361. Breathing is an involuntary act. Though the diaphragm
and all the other muscles employed in respiration are voluntary
muscles, 7.e. museles which can be called into action by a direct
effort of the will, and though respiration may be modified within
very wide limits by the will, yet we habitually breathe without the
mtervention of the will : the normal breathing may continue, not
only in the absence of consciousness, but even after the removal of
all the parts of the brain above the medulla oblongata.

We have already seen how complicated is even a simple respira-
tory act. A very large number of muscles are called into play.
Many of these are very far apart from each other, such as the
diaphragm and the nasal muscles; yet they act in harmonious
sequence in point of time. If the lower intercostal muscles con-
tracted before the sealeni, or if the diaphragm contracted alternately
with the other chest-muscles, the satisfactory entrance and exit of
air would be tmpossible, These museles moreover are coordinated
also in respect of the amount of their several contractions; a gentle
and ordinary contraction of the diaphragm is accompanied by gentle
and ordinary contractions of the intercostals, and these are preceded
by gentle and ordinary contractions of the scaleni. A foreible con-
traction of the scaleni, followed by simply a gentle contraction of
the intercostals, would perhaps hinder rather than assist inspiration,
and at all events would be waste of power. Further, the whole com-
plex inspiratory effort is often followed by a less marked but still
complex expiratory action. It is impossible that all these so
carefully coordinated muscular contractions should be brought
about in any other way than by coordinate nervous impulses
descending along efferent nerves from a coordinating nervous
centre. By experiment we find this to be the case.

When in a rabbit the trunk of a phrenic nerve is cut, the dia-
phragm on that side remains motionless, and respiration goes on
without it. When both nerves are cut, the whole diaphragm
remains quieseent, though the costal respiration becomes ex-
cessively laboured.
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When an intercostal nerve is cut, no active respiratory move-
ments are seen in the intercostal muscles of the corresponding
space, and when the spinal cord is divided below the origin of the
seventh cervical spinal nerve, that is below the exits of the roots of
the phrenic nerves, costal respiration ceases, though the diaphragm
continues to act,and that with increased vigour. When the cord is
divided just below the medulla, all thoracic movements cease, but
the respiratory actions of the nostrils and glottis still continue.
These however disappear when the facial and recurrent laryngeal
nerves are divided. We have ahuad} stated that after removal of
the brain above the medulla, respiration still continues very much
as usual, the modifications which ensue from the loss of the brain
being unessential. Hence, putting all these facts together, it
is clear that the respiratory movements are, as we ‘:llgffl'bt(){l
brought about by coordinated 1mpul*—;e~=.. which, (Iunlnpml m the
central nervous system and Ht&ltlng in the hl’hl, instance in the
medulla, find their way along the several efferent nerves. The
proof is completed by the fact that the removal of or extensive
injury to the medulla alone is, save in exceptional cases which
we will discuss presently, at once followed by the cessation of
all respiratory movements, even though the rest of the mnervous
system Including every musecle and every nerve concerned be
left intact. Nay more, if only a small portion of the medulla, a
tract whose limits have not been clearly defined, but which may
be described as lying below the vaso-motor centre in the im-
mediate neighbourhood of the nuclei of the vagus nerves, be
removed or 1n_1urcd respiration ceases, and death 1t onee ensues,
Hence this portion of the nervous watom was called by Flourens
the vital knot, or ganglion of life, * nceud vital” We shall speak of
it as the respiratory centre.

§ 362. The nature of this centre must be exceedingly complex;
for while even in ordinary respiration it gives rise to a whole group of
coordinate nervous impulses of inspiration followed in due sequence
by a smaller but still coordinate group of expiratory impulses of
an antagonistic nature, in laboured respiration fresh and larger
impulses are generated, though still in coordination with the normal
ones, the expiratory events being especially angmented; and in the
cases of more extreme dyspneea and asphyxia lmpu]‘:el-. m’uﬂnw S0
to speak, from it in all directions, though only gradually llhlllg'
their coordination, until almost every muscle in the body is thrown
mto contractions.

We must not however conceive of this centre as one of such a
kind that the impulses leave it fully coordinated and equipped so
that nothing remains for them but to travel, unchanged, along the
several efferent nerve-fibres to their several muscular destinations.
On the contrary we have reason to think that the respiratory motor
nerves, like other motor nerves, are connected, just as they are
about to 1ssue from the spinal cord, with a nervous machinery, i
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which nerve cells play a part—a point which we shall consider more
fully in treating of the spinal cord; we have reason to think that
the respiratory impulses starting from the respiratory centre pass
into and are modified by secondary spinal nervous mechanisms
before they issue along the motor nerve-roots. Indeed observations
shew that under particular conditions, and Eapucmlly n young
animals, respiratory movements may be carried out in the entirc
tﬂjbulcu of the medulla oblongata. Thus if in a kitten or puppy,

* young rabbit, after division of the spinal cord below the
del‘.l":l artificial respiration be kept up, and then pauses be
made in the artificial respiration, during these pauses not only
may what appear to be respiratory movements be induced, in a
reflex manner, by pinching or by blowing on the skin, but,
especially if the exeitability of the spinal cord be heightened by
small doses of strychnia, even spontaneous efforts of breathing
may occasionally be observed. These are the exceptional instances
mentioned above. Since in such cases the rhy thmica,]l} repeated
movements of the respiratory muscles are sometimes accompanied
h} rhythmic movements of the fore and hind limbs not respiratory
in nature, 1t may be doubted whether these L}{pﬂﬂlﬂbllt‘: really
prove th., existence of distinet respiratory centres in the spinal
cord ; and at most they merely shew that the respiratory nervous
mechanism is not entirely confined, as was once thought, to
the centre in the medulla, but also embraces other subsidiary
mechanisms, which may perhaps be spoken of as centres, in
the spinal cord below. It has indeed been maintained by some

that these lower spinal centres are the chief centres and that the
medullary centre acts merely in the way of r-::gulatmg these ;

but it is difficult to reconcile this view with the experience thaf
interference with the medulla, limited entirely to the medulla, so
often leads to the entire abolition of the respiratory movements.
The matter is not at present thoroughly worked out, but we shall
pmba,bl} not greatly err in regarding the respiratory nervous system
as in many ﬂ.v&;:: dlmluguua to the vaso-motor nervous system, with
its head centre in the medulla, and secondary centres elsewhere,
and in continuing to up(,a,k of the centre in the medulla as being
“the respiratory centre” while admitting that 1t works through
other nervous machinery placed lower down in the spinal cord,
and that this subordinate machinery may, in exceptional cases,

out, though inadequately, the work of the chief centre.

§ 363. Admitting then the existence of this medullary rersgira-
tory centre the question naturally arises, Are we to regard its
rhythmic action as due essentially to changes taking place in itself,
or as due to afferent nervous impulses or other stimuli which affect
it in a rhythmic manner from without? In other words, Is the
action of the centre antomatic or purely reflex ? We know that the
centre may be influenced by impulses proceeding from without, and
that the breathing may be affected by the action of the will, or by
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an emotion, or by a dash of cold water on the skin, or in a hundred
other ways ; but the fact that the action of the centre may be thus
modified from without, is no proof that the continuance of its
activity is dcpendt,ut on extrinsie causes.

In attempting to decide this question we naturally turn to the
pneumogastric as being the nerve most likely to serve as the
channel of afferent impulses setting in action the respiratory
cenfre. If both vagus nerves be divided, ruplmtum still econ-
tinues, though in a modified form. This proves distinctly that
afferent impulses ns-::ﬂnding those nerves are not the efficient
cause of the respiratory movements. We have seen that when
the spinal cord is divided below the medulla, the facial and
laryngeal movements still continue. This proves that the respi-
ratory cenfre is still in action, though its activity is unable to
manifest itself in any thoracic movement. But when the cord is
thus divided, the respiratory centre is cut off from all sensory
impulses, save those which may pass into it from the cranial nerves
of sensory function ; and that these sensory cranial nerves are not
specially concerned in developing the activity of the respiratory
centre is shewn by the fact that the division of these eranial nerves
by themselves, when the medulla and spinal cord are left intact,
does not do away with the continuance of respiration. One cranial
nerve, as we shall see, is especially concerned 1n respiration, viz. the
vagus nerve ; but if after removal of the brain above the medulla
both vagus nerves be divided, respiration still goes on; indeed
‘the respiratory impulses proceeding from the centre are, though
in a peculiar way, exaggerated. Hence though we cannot put
the matter to an experimental test by dividing every sensory
nerve in the body, while leaving the motor nerves of respiration
tact, such an {}}]l'l'ﬂtlﬁtl bemg practically impossible, we may
infer that the respiratory impulses proceeding from the respi-
ratory centre are not simply afferent impulses reaching the centre
along afferent nerves and transformed by reflex action in that
centre. They evidently start de novo from the centre 1tault,
however much their characters may be affected by afferent im-
pulses, reaching that centre at the time of their being generated.
The action of the centre is antomatic, not simply reflex.

§ 364 We find, on inquiry, that the activity of the centre 1s
profoundly influenced by two classes of events. These, as we might
expect, are on the one hand events producing changes in the
quality of the blood distributed to the medulla by the left
ventricle, especially as regards its gases, that is to say, events
modifying the interchange taking place in the lungq, and on
the other hand nervous impulses, started in various ways and
reaching the centre along various nerves or nervous tracts. It
will be convenient to consider the latter first.

Afferent nervous impulses may affect the centre in many various
ways. The whole act of breathing or of taking a breath 1s a double
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act consisting of an inspiration and an expiration, and nervous im-
pulses may especially affect the one or the other. One mode of
breathing may differ from another in the depth of the individual
breath, in the volume of air taken in and given out; and nervous
impulses may increase or may diminish the depth of a breath, the
volume of air respired. One mode of breathing again differs from
another in the rapidity with which one breath succeeds another, that
18, n the rate of rhythm ; and nervous impulses may slow or may
quicken the rate of rhythm. Then, again, combinations of effects
so numerous and varied as almost to baffle deseription may result
from the influence of various nervous impulses. Emotions may affect
a single breath or a long series of breaths, may quicken the rhythm
while making each breath more shallow or may at the same time
make each breath deeper, or may slow the rhythm in either the one
or the other manner, and may bear chiefly on inspiration or on
expiration. Moreover there is not an afferent nerve in the body
which by means of afferent impulses passing along it, may not be
the instrument of influencing the respiratory centre. Of all the
automatic centres in the body the respiratory centre is the one
whose independence is most obseured by the repeated effects of
afferent nervous impulses,

Certain afferent nerves however appear to be more closely con-
nected with it than others ; and of these the most conspicuous and
important are the two vagus nerves, which we have already
mentioned in this connection. Their importance is well illustrated
by the following experiments. If one vagus be divided in an.
ordinary way, without any special precautions, the respiration is

F1a. 77. Errect oX RESPIRATION OF SECTION OF ONE VAGUS.

The vagus was divided at the point marked x, The curve was obtained by
means of a tambour connected with a receiver into which the animal (rabbit)
breathed as shewn in Fig. 71, the lever falling in inspiration as air is sucked out of
the tambour, and rising in expiration as the air returns. Inspiration begins at a
and ends at b, Expiration begins at b and ends at e. The lever gradually falls
between ¢ and a owing to the escape of air from the apparatus.
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either not materally changed, or if affected becomes slower

(Fig. 77). If both be divided (Fig. 78) it becomes very slow, the
pauses between expiration and inspiration being markedly pro-
longed. The character of the respiratory movement too is
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Fis. T8. ErrFect o RESPIRATION OF SECTION OF BOTH VAGUS NERVES.

The enrve was obtained in the same way as Fig. 77. The second vagus nerve
was divided at x.

markedly changed ; each respiration 1s fuller and deeper, so much
so indeed that, according to some observers, what is lost in rate
is gained in extent, the amount of carbonic acid produced and
oxygen consumed in a given period remaining after division of
the nerves about the same as when these were intact: but it is
undesirable to insist too much on the exactness of this compen-
sation.

When after division of both vagus nerves in the neck, the
medulla being intact, the central stump, that connected with the
central nervous system, of one of them is stimulated with a gentle
interrupted current, the effects are not always the same; one
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Fra. 7). QuickExiNG oF RESPIRATION BY GENTLE STIMULATION OF THE CENTRAL
Exp oF THE VAGUS TRUNE,

The curve was obtained in the same way as Figs. 77, 78. Stimulation of the
vagus began at x, and ended at y.
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of two results may follow and that whichever of the two nerves be
used. In a certain number of cases, and these may perhaps be
re gardul as the more typical ones, thL le*:pu ation, which from the
division of the nerves had become slow, is quickened again (Fig. 79);
and with care, by a proper apphna,tmn of the stimulus, the normal
ILlethl y rhythm may for a time be restored. Upon the cessa-
tion of the stimulus, the slower rhythm returns. If the current
be mereased in 'itl(!lgtl‘.l the rhythm may in some cases be so
accelerated that inspiration begins before the expiration of the
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Fia. 80, STIMULATION OF VAGUS LEADING TO INSPIRATORY INCREASE.

This curve, unlike the preceding, was obtained by inserting a needle through the
body wall so as to rest on the diaphragm and attaching a lever to the needle; see
& 328. The lever rises with each contraction of the diaphragm so that inspiration
begins at « and ends at b, expiration begins at b and ends at ¢, the interval between
¢ and a corresponding to the pause.

Stimulation of the vagus beging at x. It will be seen that upon stimulation
the inspiratory rises of the lever begin long before the preceding expirations are
complete.

preceding breath is completed, Fig. 80; and this may go on until
at last the diaphragm is brought into a condition of prolonged
tetanus, and a standstill of respiration in an extreme inspiratory
phase is the result. On the other hand in a certain number of
cases the result is of an opposite character. Even though the
respiration be already slowed by division of the nerves, stimula-
tion produces a still further slowing, the pauses between each
expiration and the succeeding inspiration are prolonged (cf. Fig.
81), and in a certain number of cases, actual standstill is brought
about, but a standstill of a kind the opposite of the one just
cdeseribed, since the diaphragm which in that case was in
prolonged tetanus is, in this case, completely relaxed, and remains
for some time in the condition in which it is at the close of an
ordinary breath. In a certain number of cases, and these are not
uncommon, the result i1s intermediate between the two above
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extremes; the diaphragm stands still in a prolonged contraction
in a position which is intermediate between the height of
inspiration and expiration.

These results suggest the conclusion that the vagus nerve (we
are dealing now with the main trunk of the nerve) contains
afferent fibres of two kinds connected with the respiratory centre:
one kind angmenting the action of the centre somewhat in the
same way as the augmentor cardiac fibres angment the beat of
the heart, and the other kind having an inhibitory effect.
Apparently sometimes the one and sometimes the other kind is,
according to circumstances, most provoked by the stimulation,
much as in the same way as stimulation of the vagus in the frog,
which as we have seen, § 158, is the channel for both inhibitory and
augmentor cardiac impulses, produces, sometimes inhibition, some-
times augmentation of the heart beat. To affect the heart of
course the stimulation of the vagus must be centrifugal, directed
towards the periphery, whereas to affect the respiration it must
be centripetal, applied to the part of the nerve connected with the
brain; and while the usual effect on the heart of ordinary
stimulation of the vagus is inhibition, angmentation only oceurring
in special cases, the most common effect on respiration 1s
augmentation, though inhibition is not unfrequently seen. When
the experiment is conducted on an animal under the full influence
of chloral stimulation of the vagus generally produces inhibition
of respiration, probably because the chloral renders the respiratory
centre more susceptible to inhibitory influences.

§ 365. We said just now “the action of the centre”; but the
respiratory centre 1s a double one; it gives rise to inspiratory
and to expiratory efferent impulses, and these are antagonistic the
one to the other. If inspiratory and expiratory impulses issued
from the centre at the same time and in equal potency, there
could be no breathing at all, they would neutralize each other’s
effects ; and indeed any amount of inspiratory impulse is antago-
nistic to a simultaneous expiratory impulse, and vice versa.
Hence for the adequate services of the respiratory centre we
might expect to find that each kind of afferent impulse ascending
the vagus affected the centre in a double and opposite way,
inhibiting expiration while augmenting inspiration, or inhibiting
inspiration while augmenting expiration. If we allow ourselves
to speak of the whole respiratory centre as consisting of two parts,
one the inspiratory part, or inspiratory centre concerned in the
issue of inspiratory impulses, and the other the expiratory part, or
expiratory centre concerned in the issue of expiratory impulses,
we may suppose that these centres are so related to each other
that afferent impulses, reaching the medulla, which augment or
inhibit the one, necessarily inhibit or augment the other. We
need perhaps hardly add that of these two centres we should
expect to find the inspiratory centre the dominant and the most
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responsive one; in normal breathing it comes almost alone into
obvious use, since as we have seen the expiratory muscles have
then a very slight task only, the chest being emptied chiefly by
elastic reaction ; and, speaking generally, breathing in is the first
consideration, we breathe out mostly because we have already
breathed in.

There are many facts which support this view of the double
antagonistic action of afferent respiratory impulses. If the central
end of the superior laryngeal branch of the vagus be stimulated
the effeets are much more constant than those of stimulating the
main vagus trunk, Whether the main trunk of the nerve be pre-
viously severed or not, the result of centripetal stimulation of the
superior laryngeal branch is always in the direction of a slowing
of the respiration (Fig, 81); and this may by proper stimulation
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Fia. 8l. BSrowiNe oF RESPIRATION BY STIMULATION OF SUPERIOR LARYNGEAL
NERVE.

This curve was obtained in the same way as Figs. 77, 8, 9 and the letters have
the same meaning as in those figures. Stimulation begins at x, and ends at y.

be carried so far that a complete standstill of respiration in the
phase of rest is brought about. While the main trunk of the
vagus contains fibres of two kinds, both augmentor and inhibitory
of inspiration, the superior laryngeal branch appears to contain
one kind only, those which inhibit inspiration. If now while
this experiment is being conducted on a rabbit the abdomen be
watched it will be seen that the inhibition of inspiration is
accompanied by a contraction of the abdominal muscles, that is
by an effort at expiration; the stimulation of the nerve while
inhibiting respiration provokes, to a certain extent, expiration.

§ 366. That the trunk of the vagus is the channel of these two
kinds of impulses, of a mutually antagonistic character, is further
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shewn by applying what may be considered as natural stimuli to
the endings of the nerve in the lungs; and the results so obtained
have an especial value since the artificial stimulation of a nerve
fibre at a part of its course by means of an electric current is at
best a rough process, by which we cannot hope to do more than
approximate to the results actually taking place in the living body
when the nerve is stimulated at its endings by natural stimuli ;
and the approximation is perhaps less in the case of the L‘{fllll‘-:ltl}l?
sensitive respiratory centre than in many other cases.

If in an animal in which a careful graphic record of the
respiratory movements is being taken, the trachea be suddenly.
closed at the summit of an inspiration, the result is a pause before
the succeeding inspiration follows, that is to say, a partial or
temporary inhibition of inspiration ; and if during such an experi-
ment on a rabbit a curve be taken by means of the isolated slip of
the diaphragm, § 328, it will be seen (Fig. 82 A) that the slip
elongates somewhat ; that is to say, previously in a state of slight
tonic contraction, it changes in the direction of expiration. If on
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Fia. 82. Errecrs oF DisteExsiox axp Conrarse ofF Luxc. (Head.)

Both curves are described by a lever attached, as stated in § 328, to a slip of the
diaphragm of a rabbit. A contraction of the diaphragm (inspiration) raises the
lever ; during relaxation of the diaphragm, the lever falls.

In A, the trachea is closed at x, the height of inspiration; a paunse follows
during which the lever gradually sinks until an inspiration (a very powerful one)
gets in.

In B, the trachea is closed at the end of expiration, r; there follow powerful
inspirations,

F. 35
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the other hand the trachea be suddenly closed at the end of an
expiration (Fig. 82 B), when the lungs have returned to their
emptied condition, the result is an inerease of the sequent in-
spirations, that is to say, an angmentation of inspiratory impulses.
I the chest or if the lung only be gently inflated a temporary
cessation of all inspiration may be produced, accompanied some-
times by an attempt at expiration. If on the other hand air be
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Fre. 83. Errecrs oF REPEATED Ixrrarioxs. Posimive vEsTizaTION. (Head.)

The lower curve is deseribed, as in Fig. 82, by a lever attached to a slip of the
diaphragm. The upper eurve shews the inflations from r to y, which were made
without any attempt to draw the air out at each inflation ; each rise on this curve
ilenotes an inflation. Tt will be observed that as the inflations are continued the
respiratory movements of the diaphragm are gradually * knocked down.”

sucked out of the chest, or if one lung be made to collapse by
puncture of one pleural chamber, a prolonged inspiration is the
frequent result, the diaphragm being thrown into a c})mlunged
inspiratory tetanus. If the lungs are repeatedly inflated, without
any means being taken to draw out the air after each inflation
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Fic. 84. EFFECTS OF REPEATED SvcTioNs oF THE LuNes. NEGATIVE
vENTILATION, (Head.)

The curve corresponds exactly to Fig. 83, except that the lungs are subjected to
repeated suctions without corresponding inflations. The _1‘E£=.I.'l_1t. is that the inspira-
tions are repeated in such a way as to lead almost to an inspiratory tetanus of the

diaphragm.
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(Fig. 83), a procedure which we may speak of as positive venti-
lation, the IEbT.llt. is that the inspiratory efforts are diminished, and
if the ventilation is continued may cease altogether. If on the
other hand air is repeatedly sucked out of the lungs, without
any cnneapondmg inflations, negative ventilation, the inspiratory
efforts are increased (Fig. 54} and the increase may be such as to
bring the diaphragm to a state of tetanus. And in general,
though several complications occur which we cannot discuss here,
the results of inflation of the lungs on the one hand and of suction
or collapse of the lungs on the other hand, shew that the mere
inflation or perhaps rather the mere distension of the lung tends
to inhibit inspiratory and usher in expiratory impulses, while
collapse of the lung tends to inhibit expiratory and fo develope
inspiratory impulses, the effect on the inspiratory mmpulses, as
might be expected from the dominance of the inspiratory portion
of the centre, being more marked than the effect on the expiratory
mmpulses. That the instrument by which these effects are produced
is the vagus nerve is shewn by t the fact that they are no longer
distinetly recognizable when both vagus nerves are divided. And
that the results are due to the mere mechanical expansion and
collapse of the lung in insufflation and collapse, and not to any
chemical influences exerted by the larger amount or smaller
amount of air present in the Iung in the two cases increasing or
diminishing the absorption of oxygen and escape of carbonic acid,
is shewn by the fact that the results remain in their main features
the same when some indifferent gas such as hydrogen is used for
inflation instead of air or oxygen. We infer therefore that the
expansion of the pulmonary alveoli in some way or other so
stimulates the endings in the lung of the pulmonary branches of
the vagus, that impulses are generated which ascending the vagus
trunk inhibit the inspiratory processes in the respiratory centre ;
and that conversely collapse of the lung similarly generates
impulses which are augmentative of inspiratory impulses. And,
assuming on the strength of analogy the existence in the vagus of
two sets of fibres we may say that expansion stimulates the
endings of the fibres which inhibit inspiration and concurrently
tend to augment expiration, while collapse stimulates the fibres
which inhibit expiration and augment inspiration. The respira-
tory pump may thus be looked upon as a self-regulating
mechanism : the expansion of the lungs which is the result of the
efferent inspiratory impulses tends to check the issue of these
impulses and to inaugurate the sequent expiration; and the
return of the lungs in expiration tends to set going the succeeding
inspiration.

The regulative nfluence exerted by impulses normally ascending
the vagus nerves is further shewn by the following striking ex-
periment. As we have already seen the brain above the medulla
may be removed without any extraordinary change in the respiration

38—2
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taking place. We have also seen that when both vagus nerves
are divided the respiration is slower and deeper, but is otherwise
regular. If however atter removal of the brain above the medulla
both vagus nerves are divided, if the respiratory centre be cut off
at one and the same time from impulses passing down from the
higher parts of the brain, and from 1mpul~'~ms ascending the vagus
nerves, the result 1s tha,t the respirations take on the form of a
series of long continued inspiratory spasms. It would seem as if
there were a fendency in the respiratory centre to go off into
tetanic inspiratory explosions, that this tendency 1s held in check
by impulses from the brain when the vagus nerves are divided,
and by impulses along the vagus nerves when the brain is
removed, but meets with no adequate checks when impulses from
both sources are cut off at the same time.

§ 367. Hypotheses have been put forward to explain the
changes in the respiratory centre which lead to the rhythmic dis-
charge of inspiratory and expiratory impulses, and the further
changes which result from the advent of augmenting and inhibitory
impulses; but these as yet remain mere hypotheses and it would
not be profitable to discuss them here. We may add that though
the analogy of the cardiac nervous mechanism, in which we can
&ll&t{"}llllﬂﬂ“} distinguish between augmentor and inhibitory fibres,
justifies us in bpl}-;lklllg of augmentor and inhibitory respiratory
fibres as existing in the vagus nerve, we are not as yet able to
distinguish them by anatomical methods. We may further add
that so exqusitely sensitive is the respiratory centre to these
afferent impulses, that stimuli too slight to produce any appreciable
effect when applied to afferent nerves connected with an ordinary
centre, such as a spinal reflex centre, may produce marked effects
on the respiratory centre. For instance, the feeble electric current
which is developed when the cut end of a divided vagus is
replaced in the wound, the eircuit between the cut end and the
longitudinal surface of the nerve b(.m;r_, closed through the blood
or lymph of the wound, is often sufficient to develope inhibitory
impulses. Again, when the connection of the respiratory centre
with the lungs through the vagus nerves is abolished, not by
section of the nerves but by freezing both nerves at some part of
the course of each nerve (an operation which, while completely
blocking the passage of impulses along the nerve-fibres, does not
itself act as a stimulus) the effect on the respiratory movements
15 much more in the direction of increasing and pmlﬂnging the
inspiratory act than of slowing the rhythm. Hence it would
appear that what we have pmvluub]} described as the result of
dividing both vagus nerves, is partly due to the blocking of
natural impulses and pa,rtl:,r to the section of the nerves, and
possibly to electric currents, developed as suggested above, acting
as stimuli and thus giving rise to artificial impulses.

§ 368. The double or alternate respiratory action of the vagus
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nerves on which we have dwclt above may be taken as in a general
way illustrative of the manner in which other afferent nerves and
various parts of the cerebrum are enabled to influence respiration.
As we have already said, and indeed know from daily experience,
of all the apsychical nervous centres, the respiratory centre is the
one which is most frequently and most deeply atfected by nervous
impulses from various quarters, Besides the changes brought
about by the will (and when we breathe voluntarily we probably
make use to some extent of the normal nervous machinery of
respiration, working through this, rather than sending independent,
volitional impulses direct to the diaphragm and other respiratory
muscles), we find that emotions and painful sensations alter pro-
foundly the character of the respiratory movements. And though
these effects may be partly indirect, (tlm emotion modifying the
heart-beat or the tonus of the arteries, and so 111f|ll£nﬂlllg the
flow of blood through the respiratory centre,) they are chiefly
due to the direct action of nervous impulses r{uwhmg that
centre from higher parts of the brain. So also impulses from
almost every sentient surface, or pqqfﬂng along almost every
Sensory nerve, may modify respiration in one direction or another.
The influence in this way of stimuli applied to the skin is well
known to all; but perhaps next to the vagus the nerve most
closely cmmu,terl with the respiratory centre is the fifth nerve,
branches of which guard the nasal respiratory channels; the
slightest stimulation of the nostrils at once affects the breathing
and most frequently arrests it. The effects of stimuli of various
strengths brought to bear on various nerves are very varied.
Sometimes the result is an increase of inspiration; and that
either by a quickening of the rhythm or by an increase of the
individual breaths or by a combination of the two. Sometimes
the result 1s an mhibition of mapnatmn accompanied or not by
an increase of expiration, and sometimes, as when the stimulation
causes a cough, the expiratory results may be out of all proportion
to the modifications of inspiration. While in the case of some
nerves, for instance, as we have seen, the superior laryngeal, and it
18 %md the splanchnic nerves, the Lﬂwtq are exclusively or at least
chiefly inhibitory of inspiration and augmentative of expiration,
that 1s Elp]l‘atﬂl‘j?, and 1In nthem perhaps chiefly augmentative

of inspiration or inspiratory, in the case of most nerves the effect
may be according to circumstances either in the one direction or
the other. Perhaps as a rule weak stimuli tend to augment
and strong to inhibit inspiration; but the effects of artificiall

stimulating sensory nerves are mmplicutud and often [‘{}'I‘lf'll“:.[‘f{
because powerful afferent impulses by giving rise to pain may,
through impulses generated by the pain itself and desmndmg to
the medulla from the brain, act in an indirect as well as in a
direct manner; and the prominence of the indirect painful im-
pulses will in any experiment depend on the anwsthetic used.
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We may say, however, that in all cases the effect is very largely
determined by the wudltlun at the time being of the respiratory
centre itself; and that is in turn determined not only by things
which affect its nutrition, such as the character of the blood eir-
culating in it, but also by the nature and amount of the other
afferent impulses which are playing upon it at the same time.
Thus, as we shall presently see, the effect of a stimulus applied to
the vagus, when the respiratory centre is inadequately supplied
with arterial blood, is not the same when the centre has its normal
supply of normal blood. So also a stimulus, which applied to the
vagus or to another nerve in an intact animal simply quickens
inspiration, applied in an animal whose cerebral hLll]lbphEl‘E‘-} have
been removed will call forth a prolonged tetanic lt'lbplld,t-ﬂl:f gasp.
The respiratory centre responds in fact in the most intricate and
varied manner to nervous impulses proceeding from all parts of
the body, and thus delicately adjusts the working of the respiratory
pump to the needs of the economy.

§ 369. The complicated nature of the respiratory centre
is further shewn by the fact that it appears to consist of two
lateral halves which normally work in unison and yet may be made
to work independently. If the medulla oblongata be carefully
divided in the middle line respiration may continue to go on in
nlllm, a normal fashion. If, however, one vagus be then divided, the
respiratory movements, both costal d.llf] diaphragmatic, on the ﬁl[lb
of the body on which division of the vagus has taken place, become
slower than those on the other side, so that the two sides are no
longer synchronous; and a stimulus confined to one vagus affects
the u*-puatm v movements of that side of the body only. So also
a section of a lateral half of the cord below the medulla stops
the respiratory movements on that side alone.,

§ 370. Besides these nervous influences, however, there is
another circumstance which perhaps above all others affects the
respiratory centre, and that is the condition of the blood in respect
to its respiratory changes; the more venous (less arterial) the
blood, the greater is the activity of the respiratory centre. When
bﬁ reason either of any hindrance to the entrance of air into the

est, or other interference with the due mtcr{:hangc between the
blood and the pulmonary air or of a a greater respiratory activity of
the tissues, as durlug muscular exertion, the blood becomes less
arterial, more venous, 1.e. with a smaller chargu of oxygen and more
heavily laden with carbonic acid, the respiration from being normal
becomes laboured. We may E-.]]uak of normal breathing as eupneea,
and say that this, when the blood is 1n'=,11fﬁnlentl_',r arterialized,
passes into dyspnea, an imtermediate stage in which the respira-
tory movements are simply exaggerated being known as hyperpnea.
The modifications of breathing thus caused by deficient arteriali-
zation of blood are especially characterized by an inerease in
the total energy of the respiratory impulses generated, and in this
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respect differ from the meodifications resulting from interference
with the nervous arrangements such as those following upon section
of the vagus nerves, in which case as we have seen the rhythm is
much more profoundly atfected than the amount. In dyspneea the
breathing is frequently quicker as well as deeper, there is an
increase in the sum of efferent respiratory impulses, and the
expiratory impulses, which in normal respiration are very slight,
acquire a pronounced importance. As the blood becomes, in cases
of obstruction, less and less arterial, more and more venous, the
discharge from the respiratory centre becomes more and more
vehement, and instead of confining itself to the usual tracts, and
passing down to the ordinary respiratory muscles, overflows into
other tracts and puts into action other muscles, until there is
perhaps hardly a musecle in the body which is not made to
feel its effects. The muscles which are thus more and more
thrown into action are especially those tending to carry out
or to assist expiration; and at last, if no relief is afforded, the
violent but still definite respiratory movements give way to
general convulsions of the whole body, which however have,
to a certain extent, an expiratory character. With the onset
of these convulsions dyspneea is said to have passed into asphyzia.
By the violence of these convulsions the whole nervous system
becomes exhausted, the convulsions cease and death 1s ushered
in through a few infrequent and long drawn breaths; but to
this matter we shall return. The effect of venous blood then is
to augment all those natural explosive decompositions of the sub-
stance of the central nervous system which give rise to respiratory
impulses ; it increases their amount, anﬁ: also quickens their
rhythm. The latter change, however, is much less marked than the
former, the respiration being much more deepened than hurried,
and the several respiratory acts are never so much hastened as to
catch each other up, and so to produce an inspiratory tetanus like
that resulting from stimulation of the vagus. On the contrary,
especially as exhaustion begins to set in, the rhythm becomes
slower out of proportion to the weakening of the individual move-
ments,

§ 37T1. The question naturally arises, Does this condition of the
blood affect the substance of the central nervous system, that is
to say, the respiratory centre in the medulla (and the subsidiary
spinal nervous mechanisms) directly, or does it produce its effect by
stimulating the peripheral ends of afferent nerves in various parts
of the body, and, by the generation there of afferent impulses,
indirectly modify the action of the central nervous system ?
Without denying the possibility that the latter mode of action may
help in the matter, as regards not only the vagus, but all afferent
nerves, the following facts seem to shew that the main effect is pro-
duced by the direct action of the blood on the central nervous
system and indeed on the medullary respiratory centre itself. If the
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spinal cord be divided below the medulla oblongata, and both vagi
be cut, want of proper aeration of the blood still produces an in-
creased activity of the respiratory centre, as shewn by the increased
vigour of the facial respiratory movements. If the supply of blood
be cut off from the medulla by ligature of the carotid and inter-
vertebral arteries dyspneea is produced, though the operation pro-
duces af first no change in the blood generally, but simply affects
the respiratory condition of the medulla itself by cutting off
its blood-supply, the immediate result of which is an accumulation
of carbonic acid and a paucity of available oxygen in the nervous
substance of that region. If the blood in the carotid artery in an
animal be warmed above the normal, a dyspneea is produced which,
though apparently not quite identfical with the dyspneea caused
by imperfect arterialization of the blood, shews that the too high
temperature of the blood directly affects the activity of the
respiratory centre. We may conclude therefore that the condition
of the blood affects respiration by acting directly on the respiratory
centre. Moreover 1t is the medullary centre which, at all events
in adult animals, is affected by the too venous blood, since after
division of the spinal cord below the medulla, dyspneeic thoracic
respiratory movements and convulsions do not follow upon ex-
clusion of air. They are however stated to occur in new-born
animals, indicating that the subsidiary mechanisms in the upper
spinal cord of which we spoke in § 363 may be also affected
by the too venous blood; but the doubts which we previously
urged hold good in these ca.ses also,

While the respiratory centre is thus being affected by the too
venous blood, it is, until exhaustion begins to set in, more irritable,
more ecasily and largely affected by afferent 1mpulaes than in its
normal condition. During dyspneea a stimulus which applied to
the vagus or to some other sensory nerve under normal conditions
would produce little or no effect, may start very powerful respira-
tory movements.

§ 372. Deficient acration produces two effects in blood: it
diminishes the oxygen, and increases the carbonic acid. Do both
of these changes affect the respiratory centre, or only one, and if
so, which?  When an animal is made to breathe an atmosphere
containing nitrogen only, the exit of carbonic acid by diffusion is
not affected, and the blood, as is proved by actual analysis,
contains no excess of carbonic acid. Yet all the phenomena
of dyspneea are present, and if the experiment be continued,
convulsions ensue and the animal dies in asphyxia. In this case
the result can only be attributed to the deficiency of oxygen. On
the other hand, if an animal be made to breathe an atmosphere rich
in carbonic ﬂLl{I. but at the same time containing abundance of
oxygen, though the breathing becomes markedly g{:eper and also
somewhat more frequent, there is no culmination in a convulsive
asphyxia, even when the quantity of carbonic acid in the blood, as



Cuae. 11.] RESPIRATION. 601

shewn by direct analysis, is very largely increased. On the
contrary, the increase in the respiratory movements may after a
while pass off, the animal becoming unconscious, and appearing
to be suffering rather from a narcotic poison than from simple
dyspneea; the excess of carbonic acid in the blood appears
to affect other parts of the eentral nervous system, and especially
portions of the brain, more profoundly than it does the respi-
ratory centre. It has been maintained by some that while a
deficiency of oxygen promotes inspiratory movements, an excess
of carbonic acid stimulates the expiratory movements, the nervous
mechanisms being so arranged that a lack of oxygen leads
to an effort to get more of 1t and a too great load of carbonic
acid to an effort to get rid of it; but the facts are opposed to
the existence of any such teleological adaptation. It is obvious
however that a lack of oxygen and an excess of carbonic acid
affect the respiratory centre in very different ways, and that
in ordinary cases of interference with the interchange in the
lungs, as in deficient aeration, it is the lack of oxygen which plays
the principal part in developing the abnormal respiratory move-
ments. We may infer that it too 1s chiefly concerned in regulating
the more normal respiration, but cannot as yet say what is the
exact share to be attributed to the carbonic acid.

We may here point out that it is not to be supposed that
each breath is determined by the condition of the blood flowing
through the capillaries of the medulla at the moment preceding
that breath, it is not to be imagined that each breath is the
result of the lack of oxygen felt immediately before. On the
contrary, as we have previously urged, the respiratory centre like
the cardiac substance is an automatic centre, the respiratory
impulses issue from it in rhythmic series as a result of the
molecular changes, of the metabolism going on in its substance ;
and whatever affects that rhythm, whether few or many beats be
influenced, produces its result by modifying that metabolism. A
lack of oxygen in the blood, or a nervous impulse along an
afferent fibre, both affect the centre by modifying 1ts metabolism ;
but each probably affects 1t in a different way. It is beyond our
present knowledge to explain how either the one or the other
acts. We may imagine that a lack of oxygen on the other hand
has a more profound effect in modifying the whole complex series
of metabolic changes, the whole chain of building up and breaking
down processes, thus in some way or other rendering the whole
edifice so to speak more unstable ; and that an afferent augmenting
impulse (and possibly an excess of carbonic acid) acts rather after
the fashion of what we are accustomed to call a stimulus, and
fires off a larger amount of the already stored up explosive
compounds, And we may further imagine that the special feature
of the substance of the respiratory centre is that its metabolism is
so arranged as to be thus, unlike that of other living substances,
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rendered unstable and more explosive, not simply diminished or
deadened by a lack of oxygen. But these as yet are matters
of speculation.

We may perhaps add that, under various nutritive conditions,
the sensitiveness of the metabolism of the respiratory centre to
lack of oxygen may vary widely. Thus while undoubtedly under
the normal nutritive conditions afforded by the ordinary supply of
normal blood to the medulla, lack of exygen in that blood at once
provokes increased respiratory movements, 1t need not do so
under other nutritive conditions of the medulla. transfusion

a large proportion of the hamoglobin holding b]-.mg may in an
uninml be gradually replaced by hzmoglobinless normal saline
solution. In such a case the amount of oxygen brought to the
medulla by the diluted blood must be greatly diminished, and
yet, if the change be made sufficiently slowly, no conspicuous
dyspneea is produced ; under the new strange nutritive conditions
of the diluted blood the medulla 1s not affected in the same way
as before by lack of oxygen.

§ 373. There are reasons for thinking that conditions of the
blood, other than variations in the amount of oxygen and carbonic
acid, may also materially affect the working of the respiratory
centre. It is a matter of common experience that muscular
exertion, especially if at all excessive, increases the respiratory
movements ; violent exercise soon puts a man “out of breath.”
This increased activity of the respiratory centre is in large
measure at all events caused by the character of the blood which
during and for some little time after the movements is carried
to the medulla, and not by any nervous impulses sent up to the
medulla from the mutmr,tmg muscles, This is shewn by the
fact that if in an animal the spinal cord be divided in the dorsal
or lumbar region and the hind limbs be powerfully tetanized, the
respiratory movements are increased ; the animal pants as it
would do if it had been running. In such a case the only
connection between the hind limbs and the respiratory centre
1s through the blood; it must be some change in the blood
caused by the muscular contractions which affects the medulla
when the blood passes from the hind limbs to be distributed by
the heart to the medulla. Now when a musele contracts its
consumption of oxygen and production of carbonic acid, especially
the latter (§ 63), are increased; the blood leaving the muscle
1s more venous than usual. Hence when many muscles are con-
tracting powerfully the blood carried to the right side of the
heart 1s more venous than usual ; and we might expect that it is
this unusually venous blood faili mg to be adequately arterialized in
the lungs and hence reaching the medulla from the left side of the
heart in a more venous, less completely arterialized condition than
usual, which stirs up the respiratory centre to increased activity.

On examination however it is found that the blood leaving the
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left side of the heart in such cases, is not less arterialized but if
anything more arterialized than usual. The increased respiratory
movements induced by the changed blood soon prove sufficient
or even more than sufficient to give the blood the extra quantity
of oxygen and to remove the extra quantity of carbomic acid.
Obviously the blood coming from the tetanized muscles affects
the respiratory centre by virtue of some quality which, unlike
that due to the deficiency of oxygen or excess of carbonic acid,
is not immediately affected b:,r the passage through the luuga
Whether the quality in question be dependent on an excess of
sarcolactic acid, or on some other product or produets of muscular
metabolism, we do not as yet know. But the fact that substances in
the blood may =o affect the respiratory centre is interesting since
it shews by how many safeguards the working of the lprlldtnl y
centre is carefully adaptcd to the needs of the economy.

Thus a change in the circumstances swrrounding an animal
body, or a change in the body itself, may in one or more of
several ways, by acting as a stimulus to some afferent nerves and
S50 sencllng up afferent nervous unpu]w&. to the ru[l-u'ltm y centre,
or by interfering with the interchange of gases in the lungs, or h‘}
otherwise altering the proportion of the gases present in the bloc d
reaching the respiratory centre, or by ge ncmtmg or increasing in
that blood some substance or substances tending to affect “the
nutrition of the respiratory centre, affect the wmkmg of the all
important breathing mechanism. And the affection so wrou ght has
generally an adaptative character, it generally tends to protect
the organism against the evil offsotis bf the change.

§ 374 Apnewa. When we attempt to hold our breath, we find
that we can do this for a limited time only; sooner or later a
breath must come; but, as is well known, the time during which
we can remain without breathing may on oceasion be much

prolonged, if we first of all take a series of deep breaths. It is
robable, though perhaps not distinetly proved, that when we
Ereath-:: voluntarily, or when by an act of the will we hold the
respiratory apparatus in any one respiratory phase, the nervous
impulses, generated by the will, do not pass down by a direct and
independent course to the respiratory muscles, but that the will
makes use or modifies the activity of the medullary and spinal
nervous respiratory mechanisms. The breath sooner or later in-
evitably follows because at last the natural impulses proceeding
from the respiratory centre become too imperious to be any longer
held in check by the impulses of volition passing down to the
centre from the brain. The fact that a series of gcop breaths, a
th{:tmugh ventilation of the lungs postpones the ‘L’lLf-DI‘:, of the
unconscious centre, shews that such a ventilation in some way
delays the duclﬁpnmnt‘- of the natural respiratory impulses. A
similar but still more marked dela}r may often be seen in an :mlma,l
under artificial respiration. If in a rabbit artificial respiration is
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carried on very vigorously for a while, and then suddenly stopped,
the animal does not immediately begin to breathe. For a variable
period no respiratory movements at all take place, and breathing
when it does begin oceurs gently and normally, only passing into
dyspncea if the animal is unable to breathe of itself; and even
then the transition is quite gradual. Evidently during t.hls period
the respiratory centre is in a state of complete rest, no explosions
are taking place, no respiratory impulses are being gcncr&t{ad and
the q ulLt transition from this condition to that of normal respira-
tion shews that the subsequent genLratluu of 1mpulses is attended
by no great disturbance. Not only is the centre at rest, but it
1s less irritable than the normal; impulses alf_mg the vagus or
other nerves which otherwise wauld produce respiratory explosions
are now ineffectual. This state of things is known as that of
apneea, the converse of dyspneea ; and the longer pause in breathing
mentioned above as possible after unusual ventilation of the lungs
may be regarded as a brief apncea.

Now it seemed natural to suppose that such a state of rest of
the respiratory centre was brought about by the more than neces-
sarily ample supply of oxygen afforded by the previous increased
inspiratory movements ; and indeed it was maintained that apnocea
was the result of too great, just as dyspneea is the result of too
little arterialization of the blood reaching the respiratory centre.
[t was argued that owing to the illt:!‘ﬂﬂﬁﬁg vigour of the artificial
respiratory movements the hmwmoglobin of the arterial blood,
which In normal breathing is not quite saturated with oxygen,
became almost completely so, and that at the same time the
quantity of oxygen slmph dissolved in the blood became largely
imereased and its tension largely augmented. But there are
“easons which render such a view untenable. In the first place
there is no direct and satisfactory proof that in apncea the arterial
blood 1s overloaded with oxygen as supposed; indeed during the
course of apneea before it has come to an end the blood becomes
distinetly less arterial, more venous than usual. In the second
place apneea if not GIltlTC]:-, impossible, 1s much more difficult to
bring about when both vagus nerves are divided, and 1if it does
oceur after section of the vagus nerves has not the same characters
as ordinary apnecea. Now, when artificial respiration is being
carried on section of the vagus nerves can have no effect on the
quantity of oxygen taken up by the blood in the lungs. But
the vagus nerves are the channel of impulses affecting the
respiratory centre, and this relation of the apncea to the vagus
nerves suggests another and different interpretation of apncea.
As we have seen, expansion of the lung by acting in some way
or other on the pulmonary terminations of the vagus nerve
sends up along that nerve impulses which inhibit inspiration.
And it is argued that repeated forcible inflations of the lungs
produce apneea by generating potent inhibitory impulses, which
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by a kind of summation of their effects in the medulla stop for
a whﬂe the generation of rcsl}lm-tmy impulses in the respiratory
centre. This conclusion moreover is strongly supported by the
fact that an apnwea may be produced, so long as the vagus
nerves are intact, by forcible artificial respiration with hydrogen
instead of atmospheric air; in other words, the inhibitory im-
pulses generated in the vagus nerves by the inflation are
sufficient wholly to neufralize the development of respiratory
J.mpulscq which the deficient arterialization of the blood would
otherwise have pmduced The exact nature and dev Llumeut
of such a summation of inhibitory impulses, especially in the
presence of correlative augmentative impulses called forth by the
corresponding successive collapses of the lungs, 1s too complex a
matter to be dwelt on here. Moreover an apnwa may be produced
though, as we have said, with difficulty after section of both vagus
nerves; but in this case air and not hydrogen must be used for
inflation, the use of the latter, in contrast to the result when the
nerves are intact, leading to dyspnwea. The subject cannot as
yet be considered as fully cleared up. That apncea as ordinarily
produced is in some way the result of inhibitory impulses gene-
rated by the inflations can however hardly be doubted.

§ 875. Secondary Respiratory Rhythm. Cheyne-Stokes Re-
spiration. A remarkable abnormal rhythm of respiration, first
observed by Cheyne but afterwards more fully studied by Stokes,
and hence called by their combined names, occurs in certain
pathological cases. The respiratory movements gradually decrease
both in extent and rapidity until they cease altogether, and a
condition of apneea, lasting it may be for several seconds, ensues.
This is followed by a feeble respiration, succeeded in turn by a
somewhat stronger one, and thus the respiration returns gradually
to the normal, or may even rise to hyperpneea or slight dyspncea,
after which it again declines in a similar manner. A secondary
rhythm of respiration is thus developed, periods of normal or
slightly dyspnoeic respiration alternating by gradual transitions
with periods of apneea. The cause of the phenomena is not
thoroughly understood. Whether the waning and waxing of the
resplratnr} movements be due to corresponding rhythmic changes
in the nutrition of the respiratory centre itself, or to a rhythmic
increase and decrease of inhibitory impulses playing upon that
centre from other parts of the body, for instance from higher
regions of brain, has not yet been settled. It frequently appears
in connection with a fatty condition of the heart, but has been
met with in various maladies. Closely similar phenomena have
been observed during sleep, under perfectly normal conditions;
and this fact is rather in favour of the latter of the two e:\pla_-
nations just given. The phenomena present a striking analogy
with the ‘groups’ of heart-beats so frequently seen in the frog's
ventricle placed under abnormal circumstances,



sEC. 8 THE EFFECTS OF CHANGES IN THE COMPO-
SITION AND PRESSURE OF THE' ATR BREATHED.

§ 376. The M eceding sections have shewn us that the respira-
tory mechanism 1is arranged to work satisfactorily when the lungs
are adequately supplied with air of the ordinary composition of,
and at the ordinary pressure of the atmosphere. We have further
seen that the mechanism can adapt itself within certain limits to
changes in the composition and pressure of the air supplied.
We may now consider briefly what takes place when those limits
are overstepped. The most striking effects are seen, when, on
account of occlusion of the trachea, or by breathmg in a confined
space, or for other reasons, a due supply of air not being obtained,
normal respiration gives plate through an intermediate phase of
dyspncea, to the condition known as asphyxia; this, unless lcmedla]
measures be taken, rapidly proves fatal,

Asphyaia.  As soon as the blood becomes less arterial, more
venous than normal, the respiratory movements become deeper
and at the same t-lll’li} more frequent ; both the inspiratory and
expiratory phases are exaggerated, the supplementary muscles
wpol{ul of § 334 are brought into play, and the rate of the rhythm
15 hurried., These effects, as we ha.w, seen, are chiefly to be
ascribed to the deficiency of oxygen in the blood.

As the blood continues to become more and more venous the
respiratory movements continue to increase both in force and
frequency, a larger number of muscles being called into action
and that to an increasing extent. Very soon, however, it may
be observed that the prlla,tnr} movements are hecnmmg more
marked than the IIISI}II'H.tDI"} Every muscle which can 1n any
way assist in expiration is in turn br ought into play ; and at last
almost all the muscles of the body are involved in the struggle.
The orderly expiratory movements culminate in expiratory con-
vulsions, the order and sequence of which are obscured by their
violence and extent. That these convulsions, through which
dyspneea merges into asphyxia, are due to a stimulation (by the
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venous blood) of the medulla oblongata, is proved by the fact that
they fail to make their appearance when the spinal cord has been
previously divided below the medulla, though they still oceur
after those portions of the brain which lie above the medulla have
been removed. It is usual to speak of a ‘convulsive centre’ in
the medulla, the stimulation of which gives rise to these con-
vulsions ; but if we accept the existence of such a centre we must
at the same time admit that it is connected by the closest ties
with the normal expiratory division of the respiratory centre, since
every intervening step may be observed between a simple slight
expiratory movement of normal respiration and the most violent
convulsion of asphyxia. An additional proof that these convulsions
are carried out by the ageney of the medulla is afforded by the fact
that convulsions of a wholly similar character are w itnessed when
the supply of blood to the medulla is suddenly cut off by ligaturing
the blood vessels of the head. In this case the nervous centres,
being no longer furnished with fresh blood, become rapidly
asphyxiated through lack of oxygen, and expiratory convulsions
quite similar to those of ordinary asphyxia, and preceded like them
b} a passing phase of dyspneea, make their appearance, Similar
‘angemic’ convulsions are seen after a sudden and large loss of
blood from the body at large, the medulla being similarly
stimulated by the lack of arterial blood. In mdlmlr_}, fainting,
which is loss of consciousness due to an insufficient supply of
blood to the brain, the diminution of blood supply is not great
enough to produce these convulsions,

Such violent efforts speedily exhaust the nervous system; and
the convulsions after being maintained for a brief period suddenly
cease and are followed by a period of calm. The calm is one of
exhaustion ; the pupils, dilated to the utmost, are unaffected by
light ; touching the cornea ealls forth no movement of the eyelids,
and mdeed no reflex actions can anywhere be produced by the
stimulation of sentient surfaces. All expiratory active movements
have ceased; the muscles of the body are flaceid and quiet; and
though from time to time the respiratory centte gathers su flicient
energy to develope respiratory movements, these resemble those of
quiet normal breathing, in being, as far as muscular actions are
concerned, almost entirely inspiratory. They occur at long inter-
vals, like those after section of the vagi; and like them are deep
and slow. The exhausted respiratory centre takes some time to
develope an inspiratory explosion; but the impulse when it is
generated 1s proportionately strong. It seems as if the resistance
which had in each case to be overcome was considerable, and
the effort in consequence, when successful, productive of a large
effect.

Very soon, these inspiratory efforts become less frequent;
their rhythm becomes irregular; long pauses, each one of which
seems a final one, are succeeded by several somewhat rapidly
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repeated inspirations. The pauses become longer, and the in-
spiratory movements shallower. Each inspiration is accompanied
by the contraction of accessory muscles, especially of the face, so
that each breath becomes more and more a prolonged gasp. The
inspiratory gasps spread into a convulsive stretching of the whole
body; and with extended limbs, and a straightened trunk, with the
head thrown back, the mouth widely open, the face drawn, and
the nostnls dilated, the last breath 1s taken 1n.

Thus we are able to distinguish three stages in the phenomena
which result from a continued deficiency of air: (1) A stage of
dyspneea, characterized by an increase of the respiratory move-
ments both of inspiration and expiration. (2) A convulisive stage,
characterized by the dominance of the expiratory efforts, and
culminating in general convulsions. (3) A stage of exhaustion, in
which lingering and long-drawn inspirations gradually die out.
When brought about by sudden occlusion of the trachea these
events run through their course in about 4 or 5 minutes in the
dog, and in about 3 or 4 minutes in the rabbit. The first stage
passes gradually into the second, convulsions appearing at the end
of the first minute. The transition from the second stage to the
third is somewhat abrupt, the convulsions suddenly ceasing early
in the second minute. The remaining time is occupied in the
third stage.

The duration of asphyxia varies not only in different animals
but in the same animal under different circumstances. Newly
born and young animals need much longer immersion in water
before death by asphyxia occurs than do adults. Thus while in a
full-grown dog recovery from drowning is unusual after 14 minutes,
a new-born puppy has been known to bear an immersion of as
much as 50 minutes. The cause of the difference lies in the fact
that in the quite young or rather just born animal the respiratory
changes of the tissues are much less active. These consume less
oxygen, and the general store of oxygen in the blood has a less
rapid demand made upon it. The respiratory activity of the
tissues may also be lessened by a deficiency in the circulation ;
hence bodies in a state of syncope at the time when the depriva-
tion of oxygen begins can endure the loss for a much longer period
than can bodies in which the circulation is in full swing. There
being the same store of oxygen in the blood in each case, the
quicker circulation must of necessity bring about the speedier
exhaustion of the store. So also anmsthetics may diminish the
effects and delay the final results ; large doses of anmsthetics may
prevent the exaggerated and convulsive movements. In many
cases of drowning, death is hastened by the entrance of water
into the lungs.

By training, the respiratory centre may be accustomed to bear
a scanty supply of oxygen for a much longer time than usual
before dyspnoea sets in, as is seen in the case of divers.
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The phenomena of slow asphyxia, where the supply of air is
gradually diminished, are fundamentally the same as those result-
ing from a sudden and total deprivation, The same stages are
seen, but their development takes place more slowly.

§ 377. Deficiency of air results not only in a diminution
of the oxygen but also in an increase of the carbonic acid of
the blood. We have seen however (§ 372) that the phenomena
of asphyxia are in the main due to the former, and that the
accumulation of carbonic acid in the blood has subsidiary
effects only.

If the percentage of oxygen in the inspired air be increased
instead of diminished, the total pressure of the atmosphere re-
maining the same, the partial pressure of the oxygen alone being
changed, no marked results follow. We have already seen (§ 354)
that the percentage of oxygen in the ordinary atmosphere leaves a
wide margin of safety, and that (§ 374) the phenomena of apncea
are in the main at least to be explained as the result not of
an increase in the oxygen of the blood but of nervous impulses
ascending the vagus nerves. We have no satisfactory evidence that,
provided the respiratory mechanism is in good working order, an
increase of oxygen in the inspired air even to a whole atmosphere
seriously modifies the respiratory act; and it may be doubted
whether any effect i1s produced even when the mechanism is
impaired.

§ 378. The composition of the atmosphere, the pressure
remaining the same, may be modified by the introduction of
foreign gases. To some of these the respiratory mechanism is
indifferent; for instance, h?drﬂgou may be substituted for nitrogen
without any change in the respiration, provided of course that the
oxygen is not diminished. Other gases may produce poisonous
effects, either by interfering with some of the respiratory processes
or in other ways. Thus carbon monoxide, by combining with the
hemoglobin of the red corpuscles, and so preventing the corpuscles
from a,ctmg as oxygen carriers, produces asphyxia through de-
ficiency of oxygen. Su dphumtted hydrogen interferes with the
oxygenation of the blood by acting as a reducing agent. Some
gases while allowing the ordinary respiratory changes of the blood
to go on as usual produce toxic effect by acting on one or other of
the tissues. Thus, as we have seen, an excess of carbonic aecid in
the blood seems to have a special effect on the central nervous
system and so acts as a narcotic poison. The peculiar effects of
nitrous oxide (laughing gas) are similarly due to the direct action
of the gas in the blood on the central nervous system. Some
gases are irrespirable and may interfere with respiration, even
causing suffocation, on account of their causing spasm of the
glottis, and this is said to be, to a certain extent, the case with
an atmosphere which is wholly or largely composed of carbonie
acid.

F. 39
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§ 379. The Effects of Changes in Atmospheric Pressure. Di-
manution of pressure. 'The partial pressure of the oxygen in the
inspired air may be changed, not only by altering the composition
of the air entering at the ordinary atmospheric pressure, but also by
altering the total pressure of the atmosphere without changing its
composition. The results of the latter are however complicated ;
we have then to deal not merely with the effects on the interchange
of gases in the lungs but with the effects on the whole organism.
All the complicated machinery of the body 1s adapted and arranged
to work under what we may call ordinary atmospheric pressure,
that is to say, within the limits of 760 mm. mercury at the sea
level and about 500 mm., corresponding to an altitude of 6000 feet,
this being the range of ordinary human dwellings. Any great
increase or decrease of pressure beyond these limits will affect not
only the exit of carbonic acid from and the entrance of oxygen
into the blood, but, in varying degree, all the physical and chemical
processes of the body. A gross instance of this is seen when an
animal is suddenly subjected to a great diminution of pressure, as
when it is placed in the receiver of an air-pump and the receiver
rapidly exhausted. The animal is soon thrown into fatal convulsions,
which are in part, but only in part, due to the liberation of gas
from the blood within the blood vessels; the gas so set free
mechanically interferes with the circulation, as by obstructing the
play of the cardiac valves, or by plugging the smaller blood
vessels, and thus helps to bring the machine to a standstill. The
free gas found in the vessels upon examination after death is said
to be composed chiefly of nitrogen, the carbonic acid and the
oxygen, which probably were also set free, having been reabsorbed
before the examination was made.

But, quite apart from gross effects of this kind, it is very
obvious that the organism must in many ways suffer from a
diminution of pressure. The complex and delicately balanced
vascular system is constructed to work at the ordinary atmo-
spheric pressure. The force of the heart-beat and the tonic
contraction of the small arteries are, so to speak, pitched to meet
the influence exerted on the outside of the blood vessels by the
ordinary pressure of the atmosphere; and any great diminution
of that pressure must produce a greater or less disarrangement of
the vascular mechanism until it is counterbalanced by some
compensating changes. And a little reflection will supply many
other instances.

We have already called attention (§ 354) to the fact that, the
total pressure of the atmosphere remaining the same, the partial
pressure of the oxygen in the inspired air may be reduced as low
as about 76 mm. (10 p.c.) without seriously modifying the
respiration. In order to attain this diminution of the partial
pressure of the oxygen without changing the composition of the
atmosphere, the total pressure of the atmosphere must be reduced
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to the limit of 300 mm., corresponding to an altitude of 17000 feet,
Now it is a matter of common experience that in ascending a
mountain “distress” is felt long before such an altitude is
reached. The distress felt on such occasions is probably due Imi.
50 much, if indeed at all directly, to the diminution of oxygen as

to a general diaarmng{,meut of the organism and perhaps more
particularly of the vascular system. The nose-bleeding which is
so frequent an occurrence under the circumstances shews that the
minute blood vessels more ti'uu:t]y exposed to the diminution of
pressure are profoundly affected by it; and what is true of them
15, probably, in various ways and to different degrees true of the
whole vascular system. The breathlessness which is so marked a
feature on these oceasions secems due not so much to the fact that
the blood which reaches the respiratory nervous centres is deficient
in oxygen, as to the fact that the troubled vascular system fails to
deliver to those centres their blood in an adequate fashion.

It 1s a feature of the vascular system, and indeed of the other
mechanisms of the body, in which nervous factors intervene, that
they possess the power of adapting themselves to c:lmnng con-
ditions ; and as it is well known, the human organism somewhat
rapidly becomes accustomed to these moderate altitudes. Practice
and custom have far less effect, though they have some, on the
more fundamental processes depending on the actual supply of
oxygen ; and it is at the extreme altitudes, where in addition to
the other troubles a deficiency of oxygen definitely makes itself
telt, that the body seems to fail in adapting itself to the new
cirenmstances.

The addition of these troubles not directly respiratory in
nature, when the supply of oxygen is diminished by a diminution
of the total pressure, perhaps explains why though an adequate
lowering of pressure will produce asphyxia, that asphyxia is
somewhat different from the ordinary asphyxia due to deprivation
of air or oxygen. Convulsions which are essential to ordinary
asphyxia are at times wholly absent; the nervous system under
the peculiar conditions does not respond to the stimulus of the
lack of oxygen; and other nervous symptoms, such as a rapid onset
of feebleness amonnting almost to paralysis, are apt to make their
appearance.

§ 380. The Effects of Increase of dtmospheric Pressure. These
are in many ways remarkable. Up to a pressure of several atmo-
spheres of air, the only symptoms which present themselves are
those somewhat resembling narcotic poisoning. The animal
becomes sleepy and stupid, the result probably not so much of
respiratory changes, as of the effects of the increased pressure on
the whole organism to which we have just alluded. At a pressure
however of 15 atmospheres of air, or what amounts to the same
thing, of 3 atmospheres of oxygen, and upwards, a very remarkable
phenomenon presents itself. The animals die of asphyxia and

39—2
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convulsions, exactly in the same way as when oxygen is deficient.
Corresponding with this it is found that the production of carbonic
acid is diminished. That is to say, when the pressure of the
oxygen is increased beyond a certain limit, the oxidations of the
body are diminished, and with a still further increase of the
oxygen are arrested altogether. The oxidation of phosphorus is
perhaps analogous; at H,%)ig'l‘.t pressure of oxygen phosphorus will
not burn. Not only animals but plants, bacteria, and organised
ferments, are similarly killed by a too great pressure of oxygen.



SEC. 9. THE RELATIONS OF THE RESPIRATORY
SYSTEM TO THE VASCULAR AND OTHER SYSTEMS,

§ 381. Many events in the body shew the influence which the
respiratory movements exert on the circulation. When the brain
of a living mammal is exposed by the removal of the skull, a
rhythmic vise and fall of the cerebral mass, a pulsation of the
brain, quite distinet from the movements caused by the pulse 1n
the arteries of the brain, is observed ; and upon examination it
will be found that these movements are synchronous with the
respiratory movements, the brain rising up during expiration and
sinking during inspiration. They disappear when the arteries
going to the brain are ligatured, or when the venous sinuses
of the dura mater are laid open so as to admit of a free escape
of the venons blood. They evidently arise from the expiratory
movements in some way hindering and the inspiratory move-
ments a.%i':.ting the return of blood from the brain. We have
already (§ 116) stated that during inspiration the pressure of
blood in the great veins may become negative, i.e. may sink below
the pressure of the atlnmphum and a puncture of one of these
veins may cause death by air bung actually drawn into the veln
and thus into the heart during an inspiratory movement. When
the veins of an animal are laid bare in the neck and watched,
the so-called pulsus wenosus may be observed in them, that is, they
swell up during expiration and diminish again during inspiration,
And indeed a little consideration will shew that the expansion and
contraction of the chest must have a decided effect on the flow of
blood through the thoracic portion of, and thus indirectly on that
through the whole of, the vascular system.

This is well illustrated by the effects of respiration on arterial
blood-pressure. We have seen, while treating of the ecirculation,
that the arterial blood-pressure curves are marked by undulations,
which, since their rhythm is synchronous with that of the respi-
ratory movements, are evidently in some way connected with
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respiration. Similar undulations may be observed in the pulse
tracings taken from man.

7 & - ¢ le

1, 85. Coswrarison oF Broon-PressureE CurvE wiTH CURVE oF
IxTRA-THORACIC PRESSURE. (Dog.)

a is the blood-pressure curve taken by means of a mereury manometer; it shews
the respiratory undulations, the slower beats on the descent being very marked.
b is the eurve of intra-thoracie pressure obtained by connecting one limb of a
manometer with the plearal-cavity. Inspiration begins at ¢, expiration at e
With the beginning of inspiration (i) the expansion of the chest causes a marked
fall of the mercury in the intra-thoraciec manometer; but the effect soon diminishes,
since the lessening of intra-thoraeie pressure does not bear on the manometer alone
but on the lungs also; and as the lungs expand more and more the fall in the
mereury becomes less and less until towards the end of inspiration the ecurve
becomes very nearly a straight line. Conversely, the return of the chest at the
beginning of expiration (¢) produces at first a marked rise of the mercury in the
manometer; but this soon ceases as the air leaves the chest and the lungs shrink,
wherenpon the mercury falls slowly.

When these undulations of the blood-pressure curve are
compared carefully with the respiratory movements or with the
variations of intra-thoracic pressure, what is most commonly
observed i1s that while the blood-pressure, on the whole, rises
during inspiration and falls during expiration neither the rise nor
the fall is exactly synchronous with either inspiration or expimtion
Fig. 85 shews two tracings from a dog taken at the same fime,
one, @, being the ordinary blmd-premum curve from the carotid,
and the other, b, representing the condition of the intra-thoracic
pressure as obtained by cm‘cfull} bringing a manometer into
connection with the pleural cavity. On comparing the two
curves it is evident that neither the rise nor the fall of arterial
pressure coincides exactly either with inspiration or with ex-
piration. At the beginning of inspiration (z) the arterial pressure
1s seen to be falling; it soon however begins to rise, but does not
reach the maximum until some time after expiration (e) has
begun ; the fall continues during the remainder of expiration, and
passes on into the succeeding inspiration. This suggests the idea
that, while inspiration tends to increase and expiration to diminish
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the blood-pressure, there are causes at work which in each case
delay the effect.

Extended observations however shew that such a relation as
that shewn in the figure though frequent is not constant. In fact
the effects of the respiratory movements on blood-pressure are
found to vary very widely according as the respiration is quick or
slow, easy and shallow, or laboured and deep, and especially as the
air enters into the chest readily or with difficulty. Moreover,
respiratory undulations of blood-pressure are seen not only with
natural but also with artificial respiration; in the latter the
mechanical conditions are to a large extent the reverse of those of
the former, and might fairly be expected to affect the circulation
in a different way. The causation of these respiratory undulations
is in fact complex. The respiratory act affects the vascular system
in several different ways, and the general effect varies according
as one or other influence i1s predominant. These several actions
are sufficiently interesting and important to deserve discussion.

§ 382. The heart and great blood vessels are, like the lungs,
placed in the air-tight thoracic cavity, and are subject like the
lungs to the pumping action of the respiratory movements. Were
there no lungs present in the chest, the whole force of the
expansion of the thorax in inspiration would be directed to
drawing blood from the extra-thoracic vessels towards the heart,
and conversely in expiration the effect of the return of the thorax
to 1ts previous dimensions would be to drive the blood thus drawn
in back again from the heart towards the extra-thoracic vessels.
And, even in the presence of the lungs, some of this effect is still
felt. The main purpose and the main result of the expansion of
the chest in inspiration is of course to draw air into the lungs; by
that expansion the air in the pulmonary alveoli is rarified and
brought to a lower pressure than that of the atmosphere outside
the chest ; and the difference of pressure thus set up leads to an
inrush of inspired air until an equilibrium of pressure 1s established
between the air in the lungs and that outside the chest. DBefore
however the inspired air can fill a pulmonary alveolus the elastic
walls of the alveolus have to be distended, and that distension is
effected by means of the pressure which causes the inspired air to
enter. Part of the atmospheric pressure in fact which causes the
entrance of the air into the lung is spent in overcoming the
elasticity of the pulmonary passages and cells, So that while by
the mrush of inspired air the ditference of pressure between the
air inside the pulmonary alveoli and that outside the chest,
brought about by the thoracic expansion, is completely neutralized,
the difference between the pressure to which the parts lying
within the thorax but outside the lungs are exposed and that
outside the chest is not so completely neutralized. The pressure
on these parts always falls short of the pressure of the atmosphere
by the amount of pressure necessary to counterbalance the elas-
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ticity of the pulmonary passages and alveoli. Consequently, any
structure lying within the thorax but outside the lungs, is never,

even at the conclusion of an inspiration when the lungs are filled
with air, subject to a pressure as great as that of the atmosphere.

And, since the fraction of the atmospherie pressure which is thus
spent in distending the lungs increases as the lungs become more
and more stretched, it follows that the fuller the inspiration the
greater is the difference between the pressure on structures within
the thorax but outside the lungs and the ordinary pressure of the
atmosphere. Now we have seen that the pressure necessary

to counterbalance the elasticity of the lungs, when they are com-
pletely at rest (in the pause between expiration and inspiration), is

in man about 5 to 7 mm. of mercury, and that when the lungs are
fully distended, as at the end of a forcible inspiration, the pressure
rises to as much as 30 mm. of mercury. Hence at the height of a
forcible inspiration the pressure exerted on the heart and great
vessels within the thorax is 30 mm. less than the ordinary atmo-
spheric pressure of 760 mm., and even when the chest is completely
at rest, at the end of an expiration, the pressure on the heart and
great vessels is slightly (by about 5 mm. mercury) below that of the
atmosphere.  We may add that any obstacle to the free ingress of
the inspired air, any dlﬂitultj in the full expansmn of the
pulmonary alveoli, of course increases the negative pressure to
which the thoracic structures outside the lungs are subjected by
the expansion of the chest. Hence when the trachea is closed
a very large part of the thoracic expansion 1s directed to in-
creasing the negative pressure around the heart and great blood
vessels,

During an inspiration then the pressure around the heart and
great blood vessels becomes considerably less than that of the atmo-
sphere on the vessels outside the thorax. During expiration this
pressure returns towards that of the atmosphere, but in ordinary
breathing never quite reaches it. It is only in foreible expiration
that the pressure on the thoracic vascular organs reaches or exceeds
that of the atmosphere. But if during inspiration the pressure
bearing on the right auricle and the venz cavie becomes less than
the pressure which is bearing on the jugular, subclavian, and other
veins outside the thorax, this must result in an increased flow from
the latter into the former. Hence during each inspiration a larger
quantity of blood enters the right side of the heart. This probably
leads to a stronger stroke of the heart, and at all events causes
a larger quantity to be ejected by the right ventricle ; this
causes a larger quantity to escape from the left ventricle, and thus
more blood is thrown into the aorta, and the arterial pressure
proportionately increased. During expiration the converse takes
place. The pressure on the intra-thoracic blood vessels returns to
the normal, the flow of blood from the veins outside the thorax
into the vens cavae and right auricle 1s no longer assisted, and in
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consequence less blood passes through the heart into the aorta,
and arterial pressure falls again. During forced expiration, the
intra-thoracic pressure may be so great as to afford a distinct
obstacle to the flow from the veins into the heart.

The effect of the respiratory movements on the arteries is
naturally different from that on the veins. During inspiration
the diminution of pressure in the thorax around the aortic arch
tends to expand the aortic arch, and thus to check the onward
flow of blood, and to diminish the pressure of blood within the
aorta. During expiration, the increase of pressure outside the
aortic arch of course tends to increase also the blood-pressure
within the aorta, acting in fact just in the same way as if the
coats of the aorta themselves eontracted. Thus as far as arterial
blood-pressure is concerned the effects of the respiratory move-
ments on the great veins and great arteries respectively are
antagonistic to each other; the effect on the veins being to increase
arterial pressure during inspiration and to diminish it during
expiration, while the eftect on the arteries is to diminish arterial
pressure during inspiration and to increase it during expiration.
But we should naturally expect the effect on the thin-walled veins
to be greater than that on the stout thick-walled arteries, so
much so that the direct effect on the arteries may be neglected.
That is to say, we should expect the blood-pressure to rise during
inspiration and to fall during expiration. This as we have seen
is frequently the case, and indeed when the breathing is deep and
laboured, and especially during violent and sudden respiratory
movements, the influence in this direction on the blood-pressure
curve of the pumping action of the chest is unmistakeable.

In attempting however to estimate the effect of the respiratory
movements on blood-pressure we must bear in mind what is
taking place in the abdomen. In inspiration the descent of the
diaphragm compresses the abdominal viscera, and so, while at the
very first it drives a quantity of blood onward along the inferior
vena cava, subsequently hinders the upward flow from the
abdomen and lower limbs ; at the same time by compressing the
abdominal aorta, it tends to raise the pressure in the thoracie
aorta and its branches, while lowering that of the abdominal
aorta and its branches. The effect of easy expiration would be
the converse of this; but in forced expiration the pressure of
the contracting abdominal musecles would, as in inspiration, first
tend to drive the blood onward along the vena cava but subse-
quently to hinder the flow both along the vena cava and the
aorta. The effect of the abdominal movements therefore is
mixed and variable, and their influence on the blood-pressure in
the femoral artery must be different from that on the radial artery
or other branch of the thoracic aorta. It is difficult to predict
what in all cases the effect would be; and the matter cannot be
settled by eliminating the movements of the diaphragm through
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section of the phrenic nerves, since in such a case the whole working
of the respiratory pump is materially affected.

§ 383. In addition to the influence thus exerted by the thoracie
movements on the great veins leading to, and the great arteries
leading from the heart, we have to consider the behaviour of the
pulmonary vessels themselves under the varying thoracic pressure.
These, like the venwe cave and aorta, tend to expand under the in-
fluence of the inspiratory expansion of the chest, and thus to become
fuller of blood, very much as they would if the whole lung were placed
under a large cupping-glass. The first effect of this increased filling
of the pulmonary vessels would be to retain for a while a certain
quantity of blood in the lungs and thus to lessen the amount falling
into the left auricle. But this would be temporary only ; and the
widening of the pulmonary vessels would speedily produce an
exactly contrary effect, namely, an inereased flow through the lungs
due to the diminished resistance offered by the widened passages.
Conversely, the first effect of expiration would be an increased Hlow
into the left auricle due to the additional quantity of blood driven
onwards by the partial collapse of the pulmonary vessels, followed
by a more significant diminished flow caused by the greater resist-
ance now oftered by the narrower vascular channels. Thus the
effect of inspiration in this way would be first to diminish the
flow into the left auricle and so into the left ventricle, but
afterwards, for the rest of the iurspiratiun until the be 'ntliug
of expiration, to increase the flow into the ventricle ; whﬁle con-
versely the effect of expiration would be first, for a brief period, to
increase and afterwards, during the rest of the movement, to
diminish the flow of blood into the left ventricle. Further, while
this may be considered as the effect on the pulmonary vessels,
large and small taken altogether, the influence both of the
thoracic negative pressure during inspiration, and the return
in a positive direction during expiration, will bear more on the
thin-walled pulmonary veins than on the stouter pulmonary
artery ; that is to say, as inspiration becomes established, there
will be a diminution of pressure in the pulmonary veins greater
than that in the pulmonary artery, and this will be an additional
influence favouring the flow into the left ventricle; during
expiration a similar difference of effect will be felt in the contrary
direction. During the increase of flow into the ventricle, the
quantity of blood ejected at each stroke will increase, and each
stroke will (§ 162) be increased in vigour, in consequence of which
the arterial pressure will rise. Conversely, during the decrease of
flow into the ventricle, the arterial pressure will fall. Hence
the general effect of the movements of the chest on the pulmonary
vessels will be during the beginning of inspiration fo continue
the lowering of arterial pressure which was taking place during
expiration but subsequently to raise the arterial pressure; and
conversely at the beginning of expiration to continue the rise
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of arterial pressure which was taking place during inspiration but
subsequently to lower arterial pressure. In ordinary breathing, as
we have seen, what may be considered as the normal relations of
hlﬂud-pﬂ,ﬁsum to the respiratory movements are precisely of this
kind.

§ 384. Effects of the respiratory movements, however, are seen
not only in natural but also in artificial respiration. When, for
instance, in an animal under urari, artificial is substituted for
natural respiration, undulations of the blood-pressure curve, syn-
chronous with the respiratory movements, are still observed
(Fig. 86), though generally less in extent than those seen under
natural conditions.

Now in arfificial respiration, the mechanical conditions under
which the thoracic viscera are placed as regards pressure are
the exact opposite of those existing during natural respiration,
for when air is blown into the trachea to distend the lungs, the
pressure within the chest is increased instead of diminished.
Under these circumstances, applying the considerations laid down
in the preceding paragraph with regard to natural respiration, we
should expect to find that while the first effect of an artificial
inspiration wounld be to drive an additional quantity of blood out
of the lungs into the left ventricle, and thus to raise arterial
pressure, this would be in turn followed by a fall of arterial
pressure due to the increased resistance offered both to the
passage of blood through the lungs and to the entrance of blood
throngh the vense cavie into the right auricle. Conversely, the
effect of the succeeding expiration would be an inifial continu-
ance of the fall of arterial pressure succeeded by a rise. In
other words, we should expect to find in artificial respiration
effects exactly the reverse of those which we find in normal
respiration; and indeed In many curves of blood-pressure taken
during artlﬁma,l respiration this is the case.

Both in natural and in artificial respiration, however, the
features of the blood-pressure curve vary according as the
breathlllg 1s hurried or slow, shallow or du:p, and ..a,r,uudmg to the
facility with which air enters the chest, so much so that at times
the blood-pressure curves of natural and artifieial respiration may
closely resemble each other. And a little consideration would
lead us to expect this.

We have scen that the rise in arterial pressure which marks
the respiratory undulation is in the main due to a temporary
greater amount of blood thrown into the aorta by the left ventricle,
and that correspondingly the fall of pressure completing the undu-
lation is in the main due to a temporary lessening of the amount so
thrown. Though the causes discussed in § 382 undoubtedly make
themselves prominent in laboured and violent respiratory move-
ments, we may conclude that in ordinary respiration, both natural
and artificial, the main events producing the respiratory undulations
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are those discussed in § 383. We may restate the conclusions of
that discussion by saying that the respiratory movements affect
the amount of flow of blood into the left ventricle, and so the
discharge of blood from the left ventricle into the aorta, in two
main ways. In the first place, through the widening or narrowing
of the pulmonary vessels they alter the capacity of the vessels to
hold blood for the time buug In the second place, in conse-
guence of the difference of resistance, occasioned by the widening
or narrowing, they alter the rate of How through the pulmonary
vessels, The first factor is a brief and passing one; the extra
room due to widcning 1s soon filled up, the narrowed vessels soon
discharge the quantity which they can no longer hold. But the
second factor 1s a more Iaf-shng one; so long as in the 1*13‘-,1}113,1:01':,
movement the vessels remain widened or narrowed so long i1s the
rate of flow increased or diminished. These two factors produce
nppn%lff‘ effects, and hence the total result of any lmrucular kind
of respiration will depend on their relative prommence. With
quickly repeated respiratory movements the first factor comes to
the front; when the respiratory movements are more slowly re-
peated and more slowly carried out the second factor is the more
potent. Hence it comes about that in quickly repeated artificial
respiration where the first factor is predominant, and the promi-
nent effect of each inflation is to diminish the capacity of, and
g0 to empty the pulmonary vessels and to increase the flow into
the ventricle whereby the pressure rises in inflation, tha