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CHAP. T1.] THE CONTRACTILE TISSUES, 41
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Cuav. 11.] THE CONTRACTILE TISSUES. 55

dition in the living body, it is probably somewhat greater, and the
wave also probably travels with undiminished velocity and vigour
to the end of the fibre. In general, the velocity with which the
contraction wave travels, like the duration and character of the con-
traction, varies under different circumstances, being much influenced
by temperature, by the action of drugs, and especially by those
complex intrinsic changes which we speak of as fatigue or ex-
haustion. :

' Seeing that the extreme limit of the length of a muscular fibre
is about 30 or 40 mm., it is evident that even when the stimulation
begins at one end and the wave travels at the more rapid rate,
the whole fibre is not only in a state of contraction at the same
time, but almost in the same phase of the contraction wave. In
an ordinary contraction occurring in the living body the stimulus
is never applied to one end of the fibre; the nervous impulse
which in such cases acts as the stimulus to the muscle, falls into
the fibre at about its middle, where the nerve ends in an end-plate,
and the contraction wave starting from the end-plate travels along
the muscular fibre in both directions. In such a case therefore,
still more even than in the urarised muscle stimulated artificially
at one end, must the whole fibre be occupied at the same time by
the wave of contraction.

_Changes in microscopic structure. When portions of living
irritable muscle are examined under the microscope, contraction
waves similar to those just described, but feebler and of shorter

Fia. 10, MuyscULAR FILRE UNDERGOING CONTRACTION.

The muscle is that of Telephorus melanurus treated with osmic acid. The fibre
. at ¢ is at rest, at @ the contraction begins, at b it has reached its maximum. The

right-hand gside of the figure shews the same fibre as seen in polarized light. (After
Engelmann, ) :
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AP, 1v.] THE VASCULAR MECHANISM. 123

In such a mercury manometer, the inertia of the mercury obscures
many of the features of the minor curves caused by the heart-beats.
When therefore these, rather than variations in the mean pressure, are
being studied, other methods have to be adopted.

The average pressure of the blood in the same body is greatest
in the largest arteries, and diminishes as the arteries get less; but
the fall is a very gradual one until the smallest arteries are reached,
in which it becomes very rapid. In the carotid of the horse, the
mean arterial pressure varies from 150 to 200 mm. of mercury ; of
the dog from 100 to 175; of the rabbit from 50 to 90. In the
carotid of man it probably amounts to 150 or 200.

Fia. 19. Lirse EymMosRAPHE WITH CONTINUOUS ROLL. OF PAPER.

The clock-work machinery, some of the details of which are seen, unrolls the

paper from the roll O, carries it smoothly over the cylinder B, and then winds it up
into the roll A. '

Two electromagnetic markers are seen in the position in which they record their
movements on the paper as it travels over B. The manometer, or other
recording instrument used, can be fixed either in the notch immediately in front of
B or in any other position that may be desired.

Since in all arteries the blood is pressing on the arterial walls
with some considerable force, all the arteries must be in a state of
ermanent distension, so long as blood is flowing through them
rom the heart. When the blood-current is cut off, as by a
ligature, this expansion or distension disappears.
“Not only 1s there a permanent expansion corresponding to the
mean pressure, but just as the mercury in the manometer rises
above the level of mean pressure at each systole of the heart, and
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CrAP, 1v.] THE VASCULAR MECHANISM. 153

occupying from 40 to 46 p.c. of the whole period; and being fairly
constant for different rates of heart-beat.

The observer, listening to the sounds of the heart, made a signal at
each event on a recording surface, the difference in time between the
marks being measured by means of the.vibrations of a tuning fork
recorded on the same surface. By practice it was found possible
to reduce the errors of observation within very small limits.

Now whatever be the exact causation of the first sound,
it is undoubtedly coincident with .the systole of the ventricles,
though possibly the actual commencement of its becoming audible
may be slightly behind the actual beginning of the muscular con-
tractions. Similarly the occurrence of the second sound due to the
closure of the semilunar valves may, as we have seen, be taken to
mark the close of the ventricular systole. And thus the interval
between the beginning of the first and the occurrence of the second
sound has been regarded as indicating approximatively the duration
of the ventricular systole, .e. the period during which the ventri-
cular fibres are contracting. If however we accept the view that
the ventricle still remains contracted for a brief period after the
valves are shut, then the second sound does not mark the end of
the systole, and the duration of the systole is rather longer than
the '3 sec. given above.

The propulsion of the blood into the aorta leads to an expansion
of the aorta walls, known as the pulse, which we shall study more
fully immediately. This pulse travels, as we shall see, along
the arteries at a certain rate: it is later at arterial points
more distant from the heart than at points nearer the heart. We
can calculate with approximative correctness the time it takes for
the expansion to travel from the aortic valves to the radial artery
at the wrist, for example. Now when we record, as we may do on
the same recording surface, the exact moment at which the first
sound begins, or at which the lever of the cardiograph begins to
rise in the ventricular systole, and also the exact moment at which
the expansion of the corresponding pulse at the wrist begins, and
measure the interval of time between them, we find that the interval
18 greater than is required for the expansion of the pulse-wave to
travel from the heart to the wrist. The difference gives the measure
of the time during which the ventricle by its contraction is getting
up an adequate pressure upon its contents, and during which, as yet,
blood has not escaped from the ventricular cavity and begun to ex-
pand the aorta: the measure in fact of what we called, a little while
ago, the first period of the ventricular systole. This may also be
estimated by directly measuring the time taken up by the upstroke
of the cardiographic tracing, and has been said to be on an average
about ‘085 sec. These measurements however are approximative
only and there can be no doubt that the time varies very largely,
]:-emg dependent on the quantity of blood in the ventricle, on the
blood-pressure in the aorta and on the condition of the heart,
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Cuar, 1v.] THE VASCULAR MECHANISM, 163

of the mean arterial pressure; at the next moment the pulse
expansion reaches the lever, and the lever begins to rise, and
continues to do so until the top of the wave reaches it, after which
it falls again until it is once more at rest, the wave having
completely passed by.

The nse of each lever 1s somewhat sudden, but the fall 1s more
gradual, and is generally marked with some irregularities.- The
suddenness of the rise is due to the suddenness with which the
sharp stroke of the pump expands the tube; the fall is more
gradual because the elastic reaction of the walls, whereby the tube
returns to its former condition after the expanding power of the
pump has ceased, is gradual in its action.

2. The size and form of each curve depend in part on the
amount of pressure exerted by the levers on ‘the tube. If the
levers only just touch the tube in its expanded state, the rise
in each will be i.usi%niﬁca,nb If on the other hand they be pressed
down too firmly, the tube beneath will not be able to expand
as 1t otherwise would, and the rise of the levers will be proportion-
ately diminished. There is a certain pressure, depending on the
expansive power of the tubing, at which the tracings are best
marked.

3. If the points of the two levers be placed exactly one under
the other on the recording surface, it is obvious that, the levers
being alike except for their position on .the tube, any difference in
time between the movements of the two levers will be shewn by
an interval between the beginnings of the curves they deseribe, if
the recording surface be made to travel sufficiently rapidly.

If the movements of the two levers be thus compared, it will be
seen that the far lever (Fig. 27, I1.) commences later than the near
one (Fig. 27, I.), the farther apart the two levers are, the greater is
the iferval in time between their curves. Compare the series
L to VL (Fig. 27). This means that the wave of expansion, the
pulse-wave, takes some time to travel along the tube. By exact
measurement it would similarly be found that the rise of the near
lever began some fraction of a second after the stroke of the pump.

The velocity with which the pulse-wave travels depends chiefly
on the amount of rigidity possessed by the tubing. The more
extensible (with corresponding elastic reaction) the tube, the slower
is the wave; the more rigicﬁie tube becomes, the faster the wave
travels. The width of the tube is of much less influence, though ac-
gml;dmg to some observers the wave travels more slowly in the wider

ubes. .

The rate at which the normal pulse-wave travels in the human
body has been variously estimated at from 10 to 5 metres per
second. 1In all probability the lower estimate is the more correct
one; but it must be remembered that in all probability the rate
varles very considerably under different conditions. According to
all observers the velocity of the wave in passing from the grom to

112
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Cuar. 1.] DIGESTION. 245

is impaired. By boiling for a few minutes the activity of the most
powerful juice is irrevocably destroyed. The presence in a con-
centrated form of the products of digestion hinders the process,
If a large quantity of fibrin be placed 1n a small quantity of juice,
digestion is soon arrested; on dilution with the normal hydro-
chloric acid (‘2 p.c.), or if the mixture be submiftted to dialysis to
remove the peptones formed, and its acidity be kept up to the
normal, the action recommences. By removing the products of di-
gestion as fast as they are formed, and by keeping up the acidity
to the normal, a given amount of gastric juice may be made to
digest a very large quantity of proteid material. Whether the
quantity is really unlimited is disputed; but in any case the ener-
gies of the juice are not rapidly exhausted by the act of digestion.

Nature of the action, All these facts go to shew that the
digestive action of gastric juice on proteids, ke that of saliva on
starch, is a ferment-action ; in other words, that the solvent action
of gastric juice is essentially due to the presence in it of a ferment-
hugy_ To this ferment-body, which as yet has been only ap-
proximately isolated, the name of pepsin has been given. It 1s
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 Ea.stric mucous membrane, especially of that which has
been dehydrated, contains a minimal quantity of proteid matter,
and yet is intensely active. Other methods, such as the elaborate
one of Briicke, give us a material which, though containing nitrogen,
exhibits none of the ordinary proteid reactions, and yet in concert
with normal dilute hydrochloric acid is peptic in the highest
degree, We seem therefore justified in asserting that pepsin 18 not
a proteid, but it would be hazardous to make any dogmatic state-
ment concerning a substance, obtained in small quantity only,
probably mixed with other bodies, and the chemical characters of
which we know as yet very little. At present the manifestation
of peptic powers is our only safe test of the presence of pepsin.

In one important respect pepsin, the ferment of gastric juice,
differs from ptyalin, the ferment of saliva. Saliva is active in a per-
fectly neutral medium, and there seems to be no special connection
between the ferment and any alkali or acid. In gastric juice,
however, there is a strong tie between the acid and the ferment,
so strong that some writers speak of pepsin and hydrochloric
acid as forming together a compound, peptu-ﬁrdmchluric acid.

In the absence of exact knowledze of the constitution of
proteids, we cannot state distinctly what is the precise nature of
the change into peptone. Judging from the analogy with the
action of saliva on starch, we may fairly suppose that the process
15 at bottom one of hydration; but we have no exact proof of
this, and it is at least quite as probable that peptone arises by a
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CHar. 1] DIGESTION. 251

Bernard found that with permanent fistulee the secretion altered in
nature, and lost many of its characteristic properties. Others, however,
have succeeded in obtaining permanent fistulee without any impairment
of the secretion, -

Healthy pancreatic juice is a clear viscid 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
when obtained from a temporary fistula is about 8 to 10 p. c.; but
in the thoroughly active secretion from a permanent fistula 1t is
not more than about 2 to 5 p.ec, '8 being inorganic matter,
and this is probably the normal amount. The important con-
stituents are albumin, a peculiar form of casein or alkali-albumin,
(precipitable by saturation with magnesium sulphate) peptone,
leucin and tyrosin, a small amount of fats and soaps, and a com-
paratively large quantity of sodium carbonate, to which the alkaline
reaction of the juice is due, and which seems to be peculiarly
associated with the albumin.

Since, as we shall presently see, pancreatic juice contains a
ferment acting energetically on proteid matters in an alkaline
medium, it rapidly digests itself; and, when kept, speedily changes
in character, Perfectly fresh juice appears to contain a substance
not unlike myosin giving rise to a sort of coagulation, but the
coagulum is soon dissolved. Perfectly fresh juice is also said to be
almost entirely free from leucin, tyrosin and peptone, which also
seem to be the products of self-digestion.

Action on food-stuffs. On starch, raw or boiled, pancreatic
juice acts with great energy, rapidly converting it into sugar
(chiefly maltose). All that has been said in this respect con-
cerning 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 aqueous 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 85°C, and the mixture is found to contain
peptone. The activity of the juice in thus converting proteids
into peptone, 1s favoured by increase of temperature up to 40° or
thereabouts, and hindered by low temperatures; it is permanently
destroyed by bﬂﬂlﬂ%. The digestive powers of the juice in fact
de_pf—md, like those o gastric juice, on the presence of a ferment ; to
this ferment the name trypsin has been given. . A glycerine extract
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CHAP. 1.] DIGESTION. 255

prepared from an animal some 4 to 10 hours after food has been
taken, it is very powerful; prepared from a fasting animal, it is
said to exhibit scarcely any action at all. To this point however
we shall return immediately.

Succus Entericus.

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 collects in its interior. This is spoken
of as the succus entericus, and is supposed to be furnished by the
glands of Lieberkiihn. We have no exact knowledge however as
to the extent to which such a secretion takes place under normal
circumstances; and the statements with regard to its action are
conflicting. Probably it has no direct action on either fats or
proteids; but is amylolytic in some animals, though not in all.

A small quantity of fluid free from bile, gastric or pancreatic
juice, and which may be considered as pure succus entericus, may
also be obtained by the following method known as that of Thiry.
The small intestine is divided in two places at some distance apart.
By fine sutures the lower end of the upper section is 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 success’ul cases,
union between the eut surfaces takes place, and a shortened but other-
wise satisfactory canal is re-established. Of the isolated piece the lower
end is carefully closed by sutures, while the upper is brought to the
wound in the abdominal wall and secured there. A fistula is thus
formed, leading into a short piece of intestine quite isolated from the
rest of the alimentary canal,

Succus entericus has also been said to change cane- 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.

Of the possible action of other secretions of the alimentary
canal, as of the ezeum and large intestine, we shall speak when we
come to consider the changes in the alimentary cana{)

Concerning the secretion of Brunmner's glands our information
is at {)resent imperfect. The cells of the glands resemble the
central cells of the gastric glands; and an extract of the gland

1s said to digest fibrin in an acid solution, but to have no distinct
amylolytic action.
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the latter, paralyses the former just as it paralyses the inhibitory
fibres of the vagus. Hence when the chorda is stimulated, there
pass down the nerve, in addition to impulses affecting the blﬂ?d-
supply, impulses affecting directly the protoplasm of the secreting
cells, and ecalling it into action, just as similar impulses ecall into
action the contractility of the protoplasm of a muscular fibre,
Indeed the two things, secreting activity and contracting activity,
are quite parallel. We know that when a muscle contracts, its
blood-vessels dilate; and just as by atropin the secreting action of
the gland may be isolated from the vaseular dilation, so by urari
muscular contraction may be removed, and leave dilation of the
blood-vessels as the only effect of stimulating the muscular nerve.
In both cases the greater flow of blood may be an adjuvant to, but
1s not the exciting cause of, the activity of the protoplasm.

Since the chorda acts thus directly on the secreting cells, we
should expeet to find an anatomical connection between the cells
and the nerve; and some authors have maintained that the nerve-
fibres may be traced into the cells. Buf, save perhapsin the case of
certain glands of invertebrates (so called salivary glands of Blatta),
the evidence is as yet not convineing.

When the cervical sympathetic is stimulated, the vascular
effects are the exaect contrary of those seen when the chorda
is stimulated, The small arteries are constricted, and a small
quantity of dark venous blood escapes by the vein. Sometimes,
indeed, the flow through the gland is almost arrested. The sym-
pathetic therefore acts as a constrictor nerve, and in this sense is
antagonistic to the chorda. We have already referred to the
probable existence of a local vaso-motor centre situated in the
gland itself, in which indeed there are found ganglionic cells in
abundance. The fact that section of the cervim%t[}lrmpathetic does
not cause complete dilation of the vessels of the gland—the dilating
effects of stimulation of the chorda being fully evident after pre-
vious section of the sympathetic—affords additional support to this
view. We may accordingly suppose that, while the chorda tympani
inhibits, the sympathetic exalts, the action of this local centre.

As concerns the flow of saliva brought about by stimulation of
the sympathetic, in the case of the submaxillary gland of the dog
the effects are very peculiar. A slight increase of flow is seen, but
this soon passes off, and so much saliva as is secreted is remarkably
viseid, of higher specific gravity, and richer in corpuscles and proto-
plasmic lumps, and is said to be more active on starch than the
chorda saliva. This action of the sympathetic is said not to be
affected by atropin.

In the submaxillary gland of the dog then the contrast between
the effects of chorda stimulation and t%use of sympathetic stimu-
lation are very marked: the former gives rise to vascular dilation
with a copious flow of limpid saﬁlim, the latter to vascular
constriction with a scanty flow of viscid saliva, And in other
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Crap. 1.] DIGESTION, 229

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 connexion of the sphincter with the spinal cord be
broken, relaxation takes place. If the spinal cord be divided in
the dorsal region, the sphincter, after the depressing effect of the
operation, which may last several days, has passed off, still main-
tains its tonicity, shewing that the centre is not placed higher up
than the lumbar region of the cord. The inereased or diminished
contraction following on local stimulation is probably due to reflex
augmentation or inhibition of the action of this centre. The
centre is 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 sphincter
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 defecation is the inhibition of
the lumbar sphincter centre, and consequent relaxation of the
sphincter muscle. Since the lumbar centre is wholly efficient when
separated from the brain, the paralysis of the sphincter which occurs
in certain cerebral diseases 18 probably due to inhibition of this
centre, and not to paralysis of any cerebral centre,

Thus a voluntary contraction of the abdominal walls, accom-
panied by a relaxation of the sphincter, 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 is warded off the sigmoid flexure, such a mode of defecation
would always end in leaving the sigmoid flexure full. Hence the
necessity for these more or less voluntary acts being aceompanied
by an entirely involuntary augmentation of the peristaltic action
of the large intestine and sigmoid flexure. Or rather, to descrjbe
matters in- their proper orgz, defiecation takes place in the
following manner. The sigmoid flexure and large intestine be-
coming more and more full, stronger and stronger peristaltic action
15 excited in their walls. By this means the fmces are driven
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 the contents of the rectum are ejected.

It must however be remembered that, while in appealing to
our own consciousness, the contraction of the abdominal walls and
the relaxation of the sphincter seem purely voluntary efforts, the
whole act of defiecation, including both of these seemingly so
voluntary components, may take place in the absenes 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
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lymph will be sucked in from the‘thnraci‘c ::lt_:mt, _while the increase
of pressure in the great veins during expiration is warded off from
the duct by the valve at its o%eniug. In the third place, the flow
may possibly be increased by rhythmical contractions of the
muscular walls of the lymphatics themselves; but this is doubtful,
since it is not clear whether the rhythmic variations which have
been observed in the lacteals of the mesentery of the guinea-pig are
active or simply passive, t.e. caused by the rhythmic peristaltic
action of the intestine, each contraction of the intestine filling the
lymph-channels more fully. Lastly, it is quite open for us to sup-
pose that just as osmosis may give rise to increased pressure on one
side of a diffusion septum, so the diffusion of substances from the in-
testines into the lacteals, or from the tissues into the lymphatics,
may be itself one of the causes of 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
%mat veins. We have no very satisfactory evidence that the flow of
ymph is in any way directly governed by the nervous system. We
cannot prove any direct connection between the nervous system
and absorption, though the phenomena of disease render such a
connection at least probable.

That the nervous system does exert an influence on absorption
is shewn by the following experiment, though probably in this
case the influence is an indirect one carried out through the medi-
ation of the vascular system. Of two frogs placed under the in-
fluence of urari so as to do away with muscular movements and
the action of the lymph-hearts, the brain and spinal cord are de-
stroyed in the one but in the other are left intact. Both animals
are suspended by the lower jaw; chloride of sodium solution (‘75
per cent.) is poured into the dorsal lymphatic sacs of both; and in
both the aorta is cut across. In the one where the nervous system
1s mtact, absorption from the lymphatic sac takes place copiously
and the heart pumps out large quantities of ﬂuig by the aorta,
In th.e other, absorption does not oceur; the heart, though beating.
remains empty, and the skin becomes dry. The experiment
probably shews the influence of the nervous system in maintaining
the tonicity of the blood-vessels and keeping up the connection of
the heart with the peripheral vessels, rather than any direct con-
nection between absorption proper and the nervous system.
When the nervous system is destroyed, dilation of the splanchnic
vascular area causes all the blood to remain stagnant in the portal
vessels, and probably these as well as other veins are rendered
unusually lax, so that the blood is largely retained in the venous
system, and very little reaches the heart; and with the enfeebled
circulation the absorption from the lymphatic sac is slight. So
long as the nervous system is still intact this stagnation does not
occur, the blood reaches the heart as usual, and with the more
vigorous circulation absorption from the lymphatic sac goes on
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or by less diffusible forms of proteids arising as subsidiary products

of proteolytic digestion or by carbohydrate products, deserves

attention. _

It cannot be a matter of indifference which course is taken by E

the particular digestive products. For if they pass by the perta EReTaeIC
duet weiF they fall into the general blood-current after having undergone

only such changes as they may experience in the Iymphatic system;

while if they pass into the portal vein they are subjected to the

powerful influences of the liver before they find their way to the

right side of the heart. What those influences are we shall study

in a future chapter.

Fats. As we have seen, a special mechanism is provided for
the passage of fats into the lacteals. On the other hand, it is
difficult to suppose that solid particles of fat can pass into the
interior of the blood capillaries. So that we are led & priord to
the view that the whole of the fat takes the course of the lacteals.
But we cannot say that this is definitely proved. On the contrary,
a large deficit is observed when the quantity of fat disappearing
after a meal from the alimentary canal is compared with that
flowing out through a cannula placed in the end of the thoracic
duct; and if it be true, as is stated, that the blood of the portal
vein contains during digestion more fat than the general venous
blood, some of this deficit may be explained by the fat passing
into the blood capillaries, difficult as that passage may appear.
The portal blood, moreover, during digestion contains a small but
appreciable quantity of soaps. It may be however that the deficit
observed is due to some of the fat disappearing in some way, in
the glands for instance, from the interior of the vessels in its
transit.

The fat thus entering the blood either directly or indirectly is
rapidly got rid of in some way or other, for from experiments on
dogs it would appear that the percentage of fat in the blood
after a meal rich in fat, does not, after the lapse of 20 hours
from the swallowing of the food, differ materially whether the
fat has been during the whole time shut off from the blood by
being allowed to flow out of a cannula placed in the thoracic duct,
or has been allowed to pass into the venous system in the usual
way.

Proteids. The question as to the course taken by the digested
proteids is complicated by the insufficiency of our knowledge con-
cerning the exact stages to which the digestion of proteids is
naturally carried in the alimentary canal. If we take it for -
granted that the proteids taken as food are reduced to the
condition of soluble and diffusible peptone, it seems easy to
suppose that the proteids of food pass by diffusion as eptone into
the blood capillaries which as is well known are placed in the villus
between the epithelium and the lacteal cham er; though even

20—2



308 ABSORPTION OF PROTEIDS. [Book 11.

on this view it is open for us to imagine that all the peptone
which passes t.hmug]il the epithelium 1s not intercepted by the
blood capillaries, but that some reaches and passes away by the
more centrally placed lacteal. It is difficult to imagine how
proteids in any other form than that of diffusible peptone can
pass through the walls of the blood capillaries ; though perhaps the
difficulty 1s not insurmountable, seeing that our conceptions of
nutrition are based on the assumption that the natural proteids of
the blood plasma pass from the interior of the vessels into the
extravascular elements of the tissues; and we might imagine that
an accumulation of proteids n the same extravascular spaces
might cause a reversal of the proteid current, and thus lead
to proteids other than peptone passing through the vascular walls.
On the other hand it is at least open for us to ask the question, If
solid particles of fat can pass from the interior of the a.limentﬁ
eanal into the lacteals, why should not various forms of pro '
pass in the same way into the lacteals, either in solution or even
as solid particles?

Tt would thus seem possible for some of the proteids to pass
into the lacteals and so into the system in a less digested form
than peptone; and it is further possible that the proteids thus
entering into the system in different forms may play different parts
in the nutritive labours of the economy.

But in all these considerations the fact must be borne in mind
that the intestinal walls undoubtedly possess a selective power of
a.hsantiun, which overrides the laws of diffusion and solubility.
This is shewn for instance by an observation made on a dog, in
which such fairly soluble and diffusible salts as sodium tauro-
cholate and glycocholate were found not to be absorbed h{. the
duodenum and upper jejunum even at a time when fat was bemng
rapidly absorbed in those ions, but to disappear the ileum or
lower jejunum, the glycocholate apparently being absorbed by both
the ileum and lower jejunum, while the taurocholate passed away
in the ileum alone. .

We cannot judge therefore of the course taken by the proteids,
or of the form in which they are absorbed, by deductions based on
solubility and diffusion. The problems we are discussing can only
be satisfactorily settled by direct experiment. And here we meet
with difficulties. If all proteids are converted into peptone, and
so pass into the lacteals or into the blood capillaries, we might
expect to find a quantity of peptone in the chyle or in portal
blood or in both after a proteid meal. Now all observers are
agreed that peptone is absent from chyle or at least that its

esence cannot be satisfactorily proved, in spite of the possi-
ﬂlitjr of its entering into the lacteals together with the fat. And
while some have succeeded in finding peptone in the 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
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vessels at large even after a meal containing large quantities
of proteids. Of course 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 immediately con-
verted, 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 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, 1s supported not only by the fact that peptone may be
found in the walls of the intestine even when it appears to be
absent from the blood, but also and especially by the following
observation, If an artificial circulation 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 considerable quantity of peptone placed in
the cavity of the loop, will disappear, ¢.e. will be absorbed, but
cannot be recovered from the blood which is being used for the
artificial eireculation, and which escapes from the veins after
traversing the intestinal capillaries. The disappearance is not
due to any action of the blood itself, for peptones 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 into the capillaries,
. But the argument that the absence of peptone from the blood
1s 10 proof that peptones are not absorbed into the blood may also
be applied to the chyle. We have however an indirect proof that
peptones do not pass into the chyle. We shall see hereafter that
the quantity of urea passing by the kidney may, with certain pre-
cautions, be taken as a measure of the quantity of proteid material
taken into the body. Now when a cannula is placed in the thoracic
duct of a dog so that all the chyle passes away and is lost to the
blood, the amount of urea leaving the body by the kidney does
not materially differ from the amount which, with the same food,
1s passed, t?t en f9,11 the chyle flows into the blood. Did any
quantity of peptone (or proteid) pass by the chyle we
should expect to ﬁnﬁep the urga, rEuch di".nru;JP-;LS!;;hs.=,~:lj.r Henceyexee t
on the very ?{&mbable view that proteids absorbed into the
lacteals of the villi escape from the lymphatic system before they
reach the thoracic duct, we must accept the view which seems to
follow lefgltlm_a.tely from the results of artificial digestion, that
proteid food is converted into peptone and so passes from the
alimentary canal into the blood. And we know that artificially-
formed peptone is available for nutrition ; for dogs fed on peptone
and non-nitrogenous food may actually put on flesh and gain in

weight,
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the behaviour of various inorganic salts, when taken as food or
medicine, illustrate very clearly the influence of osmosis. When
the intestine contains a large quantity of watery matter, the
surplus water passes by diffusion into the blood, just as it passes
through the membrane of a dialyser, with blood or serous fluid on
the one side, and water on the other. When an albuminous fluid
of the specific gravity of blood-serum is exposed in a dialyser to
water, about 200 parts of water pass through the membrane of the
dialyser from the water into the albuminous fluid for every one
part of the albumin which passes from the fluid into the water.
Moreover, in the living body, the blood in the mesenteric capillary,
thus diluted by diffusion from the intestinal contents, 1s con-
tinually being replaced by fresh blood concentrated by its passage
through the skin, lung, or kidney. By the help of the cireulation
an almost unlimited quantity of water can be absorbed from the
alimentary canal.

It is a matter of common experience that such inorganic and
organic salts as are readily diffusible, pass with great rapidity into
the blood (and thus into the urine) when taken by the mouth ; and
the rapidity with which they are absorbed is in large measure pro-
portionate to their diffusibility. Of course, coincident with this
passage of the salt from the intestine into the blood, there is a

roportionate current of water in the contrary direction from the
lood into the intestine; but this, though opposed to, is, under
ordinary circumstances, too small to diminish to any serious extent
the passage of water from the intestine into the blood, of which we
spoke just now, as caused by the osmotic influence of the albuminous
constituents of the blood. But, under certain circumstances, the
former may overcome the latter. Thus, when a concentrated solu-
tion of a highly diffusible salt, such as magnesium sulphate, is in-
troduced into the alimentary canal, the flow of water from the blood
into the intestine accompanying the osmotic transit of the salt from
the intestine into the blood, is so great as largely to exceed the
current in the contrary direction; and the intestine becomes filled
with water at the expense of the blood. Thisis probably the cause of
the purgative action of large doses of many saline substances. And
even the purgative action of more dilute solutions may be explained
in the same way, since in the case of some salts at least the transit
of water as compared with the transit of the salt is relatively more
rapid with very dilute solutions than with more concentrated solu-
tions. Salts such as these, which, when introduced into the intes-
tine, produces diarrhcea, bring about a contrary condition when
injected directly into the blood ; and magnesium’ sulphate, with its
her endosmotic equivalent, is more purgative in 1ts action than
sodium chloride with its lower equivalent.
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into the chest and of removing carbonic acid from it. In this way,
by the ebb and flow of the tidal air, and by diffusion between it
and the stationary air, the air in the lungs is being :::unstantly
renewed through the alternate expansion and contraction of the
chest.

In ordinary respiration, the expansion of the chest never reaches
its maximum ; by more forcible muscular contraction, by what is
called laboured inspiration, an additional thoracic expansion can be
brought about, leading to the inrush of a certain additional quantity
of air before equilibrium is established. This additional quantity
is often spoken of as complemental air. In the same way, In
ordinary respiration, the contraction of the chest never reaches 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 is always to a certain extent on the stretch; it is always, so
to speak, striving to pull asunder the pulmonary from the parietal
pleura ; but this it cannot do, because the air can have no access to
the pleural cavity. When however the chest ceases to be air-tight,
when by a puncture of the chest-wall or diaphragm, air is introduced
mto the pleural chamber, the elasticity of the lungs pulls the pul-
monary away from the parietal pleura, and the lungs collapse,
driving out by the windpipe a considerable quantity of the residual
air. Hven then, however, the lungs are not completely emptied,
some air still remaining in the air-cells and passages, It need
hardly be added that when the pleura is punctured, and air ecan

in free admittance from the exterior into the pleural chamber,
the effect of the respiratory movements is simply to drive air in
and out of that cha.mEer, instead of in and out of the lung. There
1s in consequence no renewal of the air within the lungs under
those circumstances,

In man the pressure exerted by the elasticity of the lungs alone
amounts to about 5 mm. of mercury. This is estimated by tying a
manometer into the windpipe of a dead subject and observing the
rise of mercury which takes place when the chest-walls are punc-
tured. If the chest be forcibly distended beforehand, a much larger
rise of the mercury is observed, amounting, in the case of a Eis—
tension corresponding to a very forcible inspiration, to 30 mm. In
the living body this mechanical elastic force of the lungs is assisted
by the contraction of the plain muscular fibres of the 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 of the
windpipe of an animal, the mercury will fall, indicating a negative
pressure as 1t is called, during inspiration, and rise, indicating a
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fall and rise of the diaphragm, be registered, curves are obtained,
which, while differing 1n detail, exhibit the same general features,
and more or less resemble the curve shewn in Fig. 55.

The movements of the column of air may be recorded by introducing
a T piece into the trachea, one cross piece being left open or connected
with a piece of india-rubber tubing open at the end, and the other con-
nected with a Marey’s tambour or with a receiver which in turn is con-
nected with a tambour, Fig. 22, p. 140, and Fig. 56. 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. The movements of the
chest-walls may be recorded by means of the recording stethometer of
Burdon-Sanderson. This consists of a rectangular framework constructed
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,
ave armed, the one with a tambour, the other simply with an ivory button.
The tambour also bears on the metal plate of its membrane (Figs. 22
and 56, m’,) a small ivory button (in place of the lever shewn in
Figs. 22 and 56). When it is desired to record the changes occurring in
any diameter of the chest, e.g. an antero-posterior diameter from a point
in the sternum to a point in the back, the instrument is made to encircle
the chest somewhat after the fashion of a pair of callipers, the ivory
button at one free end being placed on the spine 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 between the free ends of
the instrument being carefully adjusted so that the button of the tambour
presses slightly on the sternum, any variations in the length of the
diameter in question will, since the framework of the tambour is im-
mobile, 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 similar
to that shewn in Figs. 22 and 56, the lever of which records the varia-
tions on a travelling surface. For the purpose of measuring the extent
of the movements the instrument must be experimentally graduated.
In Marey's pneumatograph, a long elastic chamber is used as a pectoral
girdle. When the chest expands, the girdle is elongated, and the air
within it rarefied, and the lever of the tambour connected with it de-
pressed : and conversely, when the chest contracts, the lever is elevated.
The pneumatograph of Fick is somewhat similar. The movements of the
diaphragm may be registered by means of a needle, which is thrust
through the sternum so as to rest on the diaphragm, the head of the
needle being connected with a lever. Various modifications of these
several methods have been adopted by different observers,

As is shewn in Fig. 55, inspiration begins somewhat suddenly
and advances rapidly, being followed immediately by expiration
which is carried out at first rapidly, but afterwards more and
more slowly. Such pauses as are seen occur between the end of
expiration and the beginning of inspiration. In normal breathing,
hardly any such pause exists, but i cases where the respiration
becomes infrequent, pauses of considerable length may be observed.
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F1a, 56. APPARATUS FOR TAKING T'RACINGS OF THE MovEMENTS OF THE
Corouy oF Atk 1IN RESPIRATION,

The recording apparatus shewn is the ordinary eylinder recording apparatus. The
eylinder 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 serew E, the eylinder can be raised or lowered, and by means of the
screw F its speed may be increased or diminished. ‘ . i

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. Trom the other
end of the T piece proceeds a second piece of tubing b, the end of which can be either
closed or partially obstructed at pleasure by means of the screw clamp e. From the
jar proceeds a third piece of tubing d, connected with a Marey's tambour m (see
Fig. 22, p. 140), the lever of which ! writes on the recording surface. When the tube
b is open the animal breathes freely through this, and the movements in the air of
G and consequently 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 is seen a small time-marker n connected with an electro-magnet,
the current through which coming from a battery by the wires  and y is made and
broken by a clock-work or metronome.

In what may be considered as normal breathing, the respiratory
act is repeated about 17 times a minute; and the duration of the
inspiration as compared with that of the expiration (and such pause
as may exist) is about as ten to twelve.

The rate of the respiratory rhythm varies very largely, and in
this as in the volume of each breath it is very diﬂ%cult to fix
a satisfactory average, the figures given varying from 20 to 13 a
minute. It varies according to age and sex. %t is influenced by
the position of the body, being quicker in standing than in lying,
and in lying than in sitting. Muscular exertion and emotional
conditions affect it deeply. In fact, almost every event which
oceurs in the body may influence it. We shall have to consider in
geta.il hereafter the manner in which this influence is brought to

ear.

When the ordinary respiratory movements prove insufficient to
effect the necessary changes in the- blood, their rhythm and
character become changed. Normal respiration gives place to
laboured respiration, ang this in turn to dyspnoea, which, unless
some restorative event occurs, terminates in asphyxia. These
abnormal conditions we shall study more fully hereafter.

The Respiratory Movements.

When the movements of the chest during normal breathing are
watched, it is seen that during respiration an enlargement takes
place in the antero-posterior diameter, the sternum %eeiug thrown
forwards, and at the same time moving upward. The lateral width
of the chest is also increased. The vertical increase of the cavity
is not go obvious from the outside, though when the movements of
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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, together with the articulation of the sternum to the
clavicle above, permit 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 proceeds from the first downwards as far at least as the seventh,
it is 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 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 tﬁe ribs, somewhat opened
out, and thus also the transverse as well as the antero-posterior
diameter, somewhat increased. In several ways, then, the elevation
of the ribs enlarges the dimensions of the chest.

The ribs are raised by the contraction of certain muscles. Of
these the external intercostals are the most important. Even in the
case of two isolated ribs such as the fifth and sixth, the contraction
of the external intercostal muscle of the intervening 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 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
scaleni muscles in addition serve to render fixed, or to raise, the
first two ribs. So that in normal respiration, the act begins
probably by a contraction of the scaleni. The first two ribs
being thus fixed, the contraction of the series of external inter-
costal muscles acts to the greatest advantage,

. While the elevating 7.e. inspiratory action of the external
intercostals is admitted by all authors, the function of the internal
mtercostals has been much disputed. Haller may be regarded
as the leader of those who regard the internal intercostals as
inspiratory, while Hamberger was the first who successfully ad-
vocated the perhaps more commonly adopted view that while
those I:iam of them which lie between the sternal cartilages act
like the external intercostals as elevators, 7.e. as inspiratory in

Er 21
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ing a function of the lower false ribs, not very noticeable in easy
breathing, comes into play. They are depressed, retracted, and
fixed, thereby giving increased support to the diaphragm, and
directing the whole energies of that muscle to thﬁe vertical enlarge-
ment 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 inspiratory
muscle. g.Fhe quadratus lumborum and lower portions of the sacro-
lwmbalis may have a similar funection.

All these muscles may come into action even in breathing
which, deeper than usual, can hardly perhaps be called laboured.
When however the need for greater inspiratory efforts becomes
urgent, all the muscles which can, from any fixed point, act in
ni:rging the chest, come into play. Thus the arms and shoulder
being fixed, the serrvatus magnus passing from the scapula to the
middle of the first eight or nine ribs, the pectoralis minor passin
from the coracoid to the front parts of the third, fourth, and ﬁﬂ;ﬁ
ribs, the pectoralis major passing from the humerus to the costal
cartilages, from the second to the sixth, and that portion of the
latissymus dorst 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 into action. In fact, every musele which
by its contraction 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 rhomboidei by fixing the
scapula, may, in the inspiratory efforts which accompany dyspncea,
be brought into play.

Expiration. In normal easy breathing, expiration is in the
main a simple effect of elastic reaction. By the inspiratory effort
the elastic tissue of the lungs is put on the stretch; so long as
the inspiratory muscles continue contracting, 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 muscles 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. en the diaphragm descends, in pushing down the
abdominal viscera, it puts the Eﬁuminal walls on the stretch: and
hence, when at the end of inspiration the di&phra.gm relaxes, the
abdominal walls return to their place, and by pressing on the ab-
dominal viscera, push the dia hragm up again into its position of
rest, Expiration then is, in tﬁe main, simple elastic reaction; but
there is probably sore, though possibly in most cases, a very
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slight, expenditure of muscular energy to bring the ch
more rapidly to its former c:d:}mi‘.:i1;:'u::rE.jF This T:fgas we ch:i:
seen, supposed by many to be afforded by the internal inter-
costals acting as depressors of the ribs. If these do mot act in
this way, we may suppose that the elastic return of the abdominal
walls is accompanied and assisted by a contraction 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 ex-
piratory muscle.

When expiration becomes laboured, the abdominal muscles
become important expiratory agents. By pressing on the contents
of the abdomen, they thrust them and therefore the diaphragm
also up towards the chest, the vertical diameter of which is
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 muscle in the body which can either by contractin
depress the ribs, or press on the abdominal viscera, or afford ﬁxeg
support to muscles having those actions, is called into play.

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

lottis,

s In normal healthy respiration the current of air which passes
in and out of the lungs, travels, not through the mouth but through
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, 18 more efficiently warmed than it would be
if it passed through the mouth; and at the same time the mouth
is thereby protected from the desiccating effect of the continual
inroad of comparatively dry air.

During each inspiratory effort the nostrils are expanded, pro-
bably by the action of the dilatores naris, and thus the entrance of
air facilitated. 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,
perceptible in many peo le, even during tranquil breathing, becomes
very obvious in labour respiration.

When the mouth is closed, the soft palate which is held some-
what tense, is swayed by the respiratory 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
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ration, it is found that, both being dried and measured at the
same pressure, the expired air is less in volume than the inspired
air, the difference amounting to about glsth or Flyth of the volume
of the latter. Hence, when an animal is made to breathe in
a confined space, the atmosphere is absolutely diminished, as
was observed so long ago as 1674 by Mayow. The approximate
equivalence in volume between inspired and e::-:p}red air arises
from the fact that the volume of any given quantity of carbonic
acid is equal to the volume of the oxggeq consumed to produce it;
the slight falling short of the expired air 1s due to the circum-
stance that all the oxygen inspired does not reappear in the
carbonic acid expired, some having formed other combinations.

4. 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

oxygen. nitrogen.  ecarbonie acid.
Inspired air contains 20-81 7915 ‘04
Expired , , 16033 79387 4380

The quantity of nitrogen in the expired air is sometimes found
to be slightly greater, as in the table above, but sometimes less,
than that of the inspired air,

In a single breath the air is richer in earbonic acid (and poorer
in oxygen), at the end than at the beginning. Hence the longer
the breath is held, the greater the pause between inspiration and
expiration, the higher the percentage of carbonic acid in the
expired air. Thus by increasing the interval between two ex-
pirations to 100 seconds, the percentage may be raised to 7'5. When
the rate of breathing remains the same, by increasing the depth
of the breathing the percentage of carbonic acid in each breath is
lowered, but the total quantity of carbonic acid expired in a given
time 1s inereased. Similarly, when the depth of breath remains
the same, by quickening the rate the percentage of carbonic acid
i each breath is lowered, but the quantity expired in a given
time is increased. |

Taking, as we have done, at 500 c.c. the amount of tidal air
passing in and out of the chest of an average man, 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. By actual
experiment, however, Pettenkofer and Voit, of whose researches we
shall have to speak hereafter, determined the total daily excretion
of carbonic acid in an average man to be 800 grms., i.e. rather
more than 400 litres (406), containing 2181 grms. carbon, and
5810 grms. oxygen, the oxygen actually consumed at the same
time being about 700 grms. This amount represents the gases
given out and taken in, not by the lungs only, but by the whole
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332 CHANGES IN THE BLOOD. [Boox 1

The relations of Oxygen in the Blood.

 When a liquid such as water 1s exposed to an atmosphere con-
taining a gas such as oxygen, some of the oxygen will be dis-
solved in the water, that is to say will be absorbed from the
atmosphere. The quantity which is so absorbed will depend on
the quantity of oxygen which is in the atmosphere above; that is
to say on the pressure of the oxygen; the greater the pressure of
the oxygen, the larger the amount which will be absorbed. 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 is in a state of
tension, the degree of tension depending on the quantity 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 tension of the oxygen in the water is
ﬂea.ter or less than the pressure of the oxygen in the atmosphere.

ence when water 1s enlrlpused to oxygen, the oxygen either escapes
or is absorbed until equilibrium is established between the pressure
of the oxygen in the atmosphere above and the tension of the
oxygen in the water below. This result is, as far as mere absorption
and escape are concerned, quite independent of what other gases
are present in the water or in the atmosphere. Suppose a half-
litre of water were lying at the bottom of a two-litre flask, and that
the atmosphere in the Eask above the water was one-third oxygen;
it would make no difference, as far as the absorption of oxygen by
the water was concerned, whether the remaining two-thirds of the
atmosphere was carbonic acid, or nitrogen, or hydrogen, or whether
the space above the water was a vacuum filled to one-third with
gure oxygen. Hence it is said that the absorption of any gas

epends 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
combination 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. It should be added that the
process is much influenced by temperature. Hence, to state the
matter generally, the absorption of any gas by any liquid, will
depend on the nature of the gas, the nature of the liquid, the pres-
sure of the gas, and the temperature at which both stand.

Now it might be 054:31:.}311«3-3&lilE and indeed was once supposed, that
the oxygen in the blood was simply dissolved by the blood. If this
were 8o, then the amount of oxygen present m any given quanh:fv
of blood exposed to any given atmosphere, ought to rise and fall
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steadily and regularly as the partial pressure of oxygen in that
atmosphere is increased or diminished. But this is found not to
be the case. If we expose blood containing little or no oxygen to
o 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 diminishing pressures, we find that for a long
time very little is given off, and then suddenly the escape becomes
very rapid. The absorption 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 1s
in some particular combination with a substance or some sub-
stances present in the blood, the combination being of such a kind
that dissociation readily occurs at certain pressures and certain
temperatures. What is that substance or what are those sub-
stances ?

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; but such as is absorbed does follow
the law of pressures. In natural arterial blood the quantity of
oxygen whicfn can be obtained from serum is exceedingly small ; 1t
does not amount to half 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 h@moglobin. We have
already seen (p. 26) 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 exygen is associated; and to the
properties of this body we must therefore direct our attention.

Heemoglobin ; its properties and derwatives.

When separated from the other constituents of the serum,
haemoglobin appears as a substance, either amorphous or crystal-

line, readily soluble in water (especially in warm water) and in
Serum.

Since hsmoglobin is soluble in serum, and since the identity of the
crystals 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
hsemoglobin must, in natural blood, keep the latter from being dissolved
by the serum. Hence in preparing heemoglobin it is necessary first of
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Fia. 58. (After Preyer and Gamgee). THE sPECTRA oF OxY-HEMOGLOBIN IN

DIFFERENT GRADES OF CONCENTRATION, OF (REDUCED) HEM0GLOBIN AND oF CARBONIC-
OxipE-HEMOGLOBIN,

1. Solution of Oxy-Hemoglobin contaiming less than 01 p.c.
2 containing 09 p.c.
37 p-c.
b o e '8 pe
(reduced) Hemoglobin containing about *2 p.c.
carbonie oxide Hemoglobin.
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In each of the six cases the layer prought before the spectroscope was 1 c.m. in

thickness. o !
The Letters (4, a &c.) indicate Frauenhofer's lines, and the figures wave-lengths

expreased in 100,000th of a millimétre,

all to break up the corpuscles. This may be done by the addition of
water, of ether, of chloroform or of bile salts, or by repeatedly freezing
and thawing. It is also of advantage previously to remove the alkaline
serum as much as possible so as to operate only on the red corpuscles.
The corpuscles being thus broken up, a solution of hemoglobin is
the vesult, The alkalinity of the solution, when present, being re-
duced 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 alechol, the mixture, set aside in a temperature
of 0°C. in order still further to reduce the solubility of the hsmo-
globin, 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
sufficient to add ether to the blood 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.

Hemoglobin from the blood of the rat, guinea-pig, squirrel,
hedgehog, horse, cat, dog, goose, and some other animals, crystal-
lizes readily, the erystals 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 octa-
hedral, but also belong to the rhombic system; those of the
squirrel are six-sided plates. The blood of the ox, sheep, rabbit,
pig, and man, crystallizes with difficulty. Why these differences
exist is not known ; but the composition, and the amount of water
of erystallization, vary somewhat in the crystals obtained from
different animals. In the dog, the percentage composition of the
crystals is, according to Hoppe-Seyler, C. 53:85, H. 732, N. 16:17,
0. 2184, S. 0:39, Fe, *43, with 3 to 4 per cent. of water of crystal-
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 hemoglobin molecule: a fact which of
itself renders hzmoglobin remarkable among the chemical sub-
stances present in the animal body.

_ 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 hamoglobin, obtained by dis-
solving purified crystals in distilled water, has also 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
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sociation is further especially dependent on temperature, a high
temperature favouring dissociation so that at a high temperatare
less oxygen is taken up than would be taken up (or more given off
as the case may be than would be given off) at a lower

temperature, the partial pressure of the oxygen in the atmosphere -

remaining the same, i =i _
Hence the question arises, Are the conditions in which haemo-

olobin and oxygen exist in ordinary venous blood as it flows to the
lungs, of such a kind that the venous blood n passing through the
pulmonary capillaries will find the parl’ilal pressure of the_ oxygen
in the pulmonary alveoli sufficient to bring about the association of
the additional quantity of oxygen whereby the venous is converted
into arterial blood ?

expired air contains (in man) as we have seen
about 16 p.c. of oxygen, The air in the pulmonary alveoli must
contain rather 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. The question therefore stands thus, Will venous
blood, exposed at the temperature of the body to a partial pressure
of less than 16 p. c. of oxygen take up sufficient oxygen (from 8 to
12 vols. p.c.) to convert it mto arterial blood? Numerous experi-
ments have been made (chiefly on the dog) to determine on the one
hand the oxygen-tension of both arterial and venous bloed (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 hemoglobin (for the two behave in this respect very
much alike) towards an atmosphere in which the partial pressure
of oxy%en is made tovary. Without going into detail, we may state
that these experiments shew that the partial pressure of oxygen
in the lungsis amply sufficient to bring about, at the temperature
of the body, the association of that additional amount of oxygen by
which venous blood becomes arterial. 'When a solution of ﬁmniu-
globin or when blood is successively exposed to increasing oxygen
pressures, as the partial pressure of oxygen is gradually increased,
the curve of absorption rises at first very rapidly%rut afterwards more
slowly, that is to say, the later additions of oxygen at the higher
})ressures are proportionately less than the earlier ones, at the
ower pressures. And this 1s consonant with what appears to be
the fact that the hmmoglobin of arterial blood though nearly
saturated with oxygen, 1.e. associated with almost its full comple-
ment of oxygen, 18 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 air as it enters the mouth in inspiration
and exposing blood to the air as it exists in the pulmenary alveoli.
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to the latter should be augmentative to the former. Indeed the
whole matter becomes too complicated to be discussed any further
here ; and we have introduced the view not because we regard it as
an adequate explanation of the phenomena, but because it affords a
useful graphic conception of the molecular activity of these and
other automatic nervous centres. We may be at present content with
the knowledge that, as far as the vagus is concerned, the respiratory
centre as a whole may be influenced by augmentative or inspiratory
impulses which run chiefly in the trunk of the nerve and by inhibi- |
tory or expiratory impulses which run certainly in the superior
Taryngeal, apparently also in the recurrent laryngeal, and to a certain |
oxtent in the trunk also; in the latter case, however, their presence |
15 manifested under certain conditions only. And while, from the
results of simple section of the main trunk, it is clear that the ac-
celerating influences are continually at work, 1t is not so clear that
the inhibitory influences are always in action, since section even of
both superior laryngeals does not necessarily quicken respiration.
This double or alternate respiratory action of the va%i may be
taken as in a general way illustrative of the manner in w ich other
afferent nerves and various parts of the cerebrum are enabled to
influence respiration. As we know from daily experience, of all
the apsychical nervous centres, the respiratory centre is the one
which is most frequently and most deeply affected by nervous im-
ulses from various quarters. Besides the changes brought about
y the will (and when we breathe voluntarily we prﬂbailj,r make
Jse to some extent of the normal nervous machinery of respiration,
working through this, rather than sendin independent volitional
impulses direct to the diaphragm and otier respiratory muscles),
we find that emotions, and painful sensations alter prdfoundly
the character of the respiratory movements. Sometimes the
breathing thereby becomes quicker and flatter, sometimes 1t 18
deepened as well as hurried; at other times it may be slowed
or for a while stopped altogether, while occasionally expiratory
efforts are made prominent. And though these effects may
be partly indirect, the emotion modifying the heart-beat, and
so influencing the flow of blood through the respiratory centre, they
are chiefly due to the direct actions of nervous impulses reaching
that centre from higher parts of the brain. So also impulses from
almost every sentient surface, or passing along almost every
sensory nerve, may modify respiration in one direction or another,
~ the slhighter feebler impulses tending apparently to quicken, and
the stronger larger impulses to arrest or inhibit the respiratory
discharges. 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 connected with the respiratory centre is the
fifth nerve, branches of which guard the nasal respiratory channels;
the slightest stimulation of the nostrils at once affecting the
breathing and most frequently arresting it, Thus the working. of






