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ESSENEIALS

OF

CHEMICAL ~PHYSIOLOGY

INTRODUCTION

Chemical Physiology or Physiological Chemistry deals with the
chemical composition of the body and with the chemical changes it
undergoes ; it also deals with the composition of the food which
enters, and the excretions which leave, the body.

When a chemist examines living things he is placed at a dis-
advantage when compared with an anatomist; for the latter can
with the microscope examine cells, organisms, and structures in the
living condition. The chemist, on the other hand, cannot at present
state anything positive about the chemieal structure of living matter,
beeause the reagents he uses will destroy the life of the tissue he
is examining. There is, however, no such disadvantage when he
examines non-living matter, like food and urine, and it is therefore
in the analysis of such substances that chemical physiology has
made very important advances, and the knowledge so obtained is
of the greatest practical interest to the student and practitioner of
medicine.

The animal organism is in its earliest embryonic state a single
cell; as development progresses it becomes an adherent mass of
simple cells. In the later stages various tissues become differen-
tiated from each other by the cells becoming grouped in different
ways by alteration in the shape of the cells, by deposition of inter-
cellular matter between the cells, and by chemical changes in the
living matter of the cells themselves. Thus in some situations the
cells are grouped into the various epitbelial linings; in others the
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INTRODUCTION 8

point of view are the complex nitrogenous compounds called Proteins.'
So far as is at present known, protein material is never absent from
living substance, and is never present in anything else than that
which is alive or has been formed by the ageney of living cells, It
may therefore be stated that Protein Metabolism is the most essential
characteristic of vitality.

The chemical strueture of protoplasm ean only be investigated
after the protoplasm has been killed. The substances it yields are
(1) Water ; protoplasm is semi-fluid, and at least three-quarters of
its weight, often more, are due to water. (2) Proteins. These are
the most constant and abundant of the solids. A protein or albu-
minous substance consists of earbon, hydrogen, nitrogen, oxygen,
with sulphur and phosphoruns in small quantities only. In nueclein,
a protein-like substance obtained from the nuelei of cells, phosphorus
is more abundant. The protein obtained in greatest abundance from
the cell-protoplasm is nucleo-profein: that is, a compound of protein
with varying amounts of nuclein. White of egg is a familiarinstance
of an albuminous substance or protein, and the fact (which is also
familiar) that this sets into a selid on boiling will serve as a reminder
that the greater number of the proteins found in nature have a
similar tendency to coagulate under the influence of heat and other
agencies. (3) Various other substances oceur in smaller proportions,
the most constant of which are lecithin, a phosphorised fat; chole-
sterin, a monatomic aleohol : and inorganic salts, especially phos-
phates and chlorides of caleium, sodium, and potassium.

It will be seen from this rapid survey of the composition of the
body how many are the substances which it is necessary we should
study ; the food from which it is built up is also eomplex, for animals
do not possess, to such an extent as plants do, the power of building
up complex from simple materials.

The substances out of which the body is built consist of
chemical elements and of chemical compounds, or unions of these
elements.

The elements found in the body are carbon, hydrogen, nitrogen,
oxygen, sulphur, phosphorus, fluorine, chlorine, iodine, silicon,
sodium, potassium, ealcium, magnesium, lithium, iron, and occa-
sionally manganese, copper, and lead.

Of these very few oceur in the free state. Oxygen and nitrogen (to
a small extent) are found dissolved in the blood-plasma : hydrogen is

' In most English text-books these substances have hitherto been ealled

Proteids. The ch i i o :
Fith Yastsoms: change to Protein brings English, American, and German usage
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ELEMENTARY COURSE

LESSON I
THE ELEMENTS CONTAINED IN PHYSIOLOGICAL COMPOUNDS

1. TAkE a fragment of meat about the size of a pea and place it in a porcelain
crucible over a Bunsen flame. Note that it chars, showing the presence of
carbon, and that it gives off the unpleasant odour of burning flesh, 1?'1111311 18
due to the fact that it contains the nitrogenous substances called proteins. In
course of time the organic material is completely burnt up, and a small
amount of white ash or inorganic material is left behind.

9. Repeat the experiment with a pure organic substance like sugar.
Note that no ash is left. Charring, as before, indicates the presence of earbon,
but there is no characteristic smell of burning nitrogenous substances (absence
of nitrogen).

3. The tests for carbon depend on the faet that when this element 1s
oxidised it gives rise to carbon dioxide ; the test for hydrogen depends on
the fact that when this element is oxidised it gives rise to water. If all the
carbon dioxide and water formed by oxidation from a weighed amount of
any organic substance under examination are collected and estimated, the
amount of carbon and hydrogen respectively which it contains can be easily
calculated. The following exercises, however, deal only with the qualitative
detection of these elements.

4. Tests for Carbon.—The following tests can be carried out with sugar.

_ (@) When burnt in the air it chars and subsequently the carbon entirely
dn_m.]ppnairﬂ, passing off in combination with oxygen as carbon dioxide (carbonic
acid gas).

(#) Mix some of the powdered sugar in a dry mortar with about ten times
the quantity of cupric oxide (which has been freed from water by previous
heating); place the mixture in a dry test-tube provided with a rubber cork
perforated by a bent glass tube which dips into either lime water or baryta
water. Heat the tube over a Bunsen flame, and as the carbon of the sugar
becomes oxidised earbon dioxide comes off and causes a white precipitate of
caleium or barinm carbonate, as the case may be.

0. Test for Hydrogen.—In the experiment just described (4 b) note that
drops of water due to oxidation of hydrogen condense in the colder parts of
the test-tube.

0. Tests for Nitrogen.—The greater number of tests for this element are
due to the cireumstance that on the breaking up of organie substances which
contain 1t, 1t 18 given off as ammonia. If the ammonia is all collected and
;?tgﬁgécg,r the amount ]f;‘ff nitrogen can be easily caleulated. Kjeldahl's
. cearrying out this quantitative analysis is described in the Appendix.

e following exercises, however, are qualitative only.







ELEMENTS CONTAINED IN PHYSIOLOGICAL COMPOUNDS 11

They show, in the first instance, how the substances with.which
we have to deal fall under the two main categories of organic and
inorganic. In some of the tissues of the body, like bone and tooth,
the inorganic or mineral material is in excess, but in the softer
portions of the organism the organic compounds are in great pre-
ponderance.

Organie chemistry is sometimes defined as the chemistry of the
carbon compounds ; carbon is in all cases present, and is usually the
most abundant element.

The most important of the nitrogenous substances are the
proteins, as already explained in the introductory chapter, and the
detection and estimation of nitrogen are thus exercises of the highest
interest.

All the proteins contain a small amount of sulphur; keratin, or
horny material, contains more than most of them do.

Phosphorus is another element of considerable importance, being
present in nuclein and nucleo-proteins, and also in certain complex
fats, of which lecithin may be taken as a type. Iodine cecurs united
to protein material in the colloid substance of the thyroid gland ; iron
in the pigment of the blood called h®moglobin; sodium, caleium,
potassium, and other metals in the inorganic substances of the body.
It would, however, lead us too far into the regions of pure chemistry
to undertake exerecises for the detection of these and other elements
which might be mentioned, and have been already commented upon.
The teacher of physiological chemistry is bound to assume that the
students who come before him have already passed through a course
of ordinary chemistry.

The main interest of the exercises selected as types lies in their
physiological application. As a rule an element is detected by
breaking up or oxidising the more or less complex molecule in which
1t oceurs into substances of simpler nature, and then performing tests
for these simpler products. Thus carbon is identified by the forma-
tion of carbon dioxide, nitrogen by the formation of ammonia, and so
forth.

A great many reactions which can be performed in the test-tube
imitate those which are performed in the body. Reactions i wvitro
and in vivo, to use the technical phrases, often, though not always,
run parallel. Life, from one point of view, is a process of com-
bustion or oxidation ; the fuel is supplied by the food; this becomes
agsimilated, and so forms an integral part of the living substance of
the body ; it is then burnt up by the oxygen brought to it by the
blood-stream, giving rise to animal heat and other manifestations of







LESSON II
THE CARBOHYDRATES

1, Note the general appearance of the specimens of grape sugar or dextrose,
eane sugar, dextrin, and starch which are given round. -

9. Put some of each into cold water. Starch is insoluble ; dextrose, cane
sugar, and dextrin dissolve after a time, but more readily in hot water.

8. Trommer's test—Put a few drops of copper sulphate solution into a |
test-tube, then solution of dextrose, and then strong caustic potash. On
adding the caustic potash a precipitate is first formed, which, owing to the
presence of the sugar, rapidly redissolves, forming a blue solution. On boil-
ing this a yellow or red precipitate (cuprous hydrate or oxide) forms. :

4, Fekling's test.—Fehling's solution is a mixture of copper sulphate,
caustic soda, and Rochelle salt of a certain strength. It is used for esti-
mating dextrose quantitatively (see Lesson XI11.). Ttmay be used as a qualita-
tive test also. Boil some Fehling's solution ; if it remains clear it 1s 1n good
condition ; add to it an equal volume of solution of dextrose and boil again.
Beduetion, resnlting in the formation of cuprous hydrate or oxide, takes
place as in Trommer's test. :

5. Moore's fest.—Add to the dextrose solution about half its velume of
20-per-cent. potush and heat. The solution becomes yellowish brown, ~ Add
to this some sulphurie acid (25 per cent.) and the odour of caramel becomes
apparent. .

6. Fermentation fest.—Add a fragment of dried yeast to the dextrose
solution in a test-tube ; fill the test-tube nup with mercury, and invert it over
mercury in a trongh. Place it in an incubator at body temperature for 24
hours. The sugar is broken up into alechol and carbon dioxide; the latter
gas collects in the upper part of the test-tube.

7. Cane Sugar.—(a) The solution of cane sugar when mixed with copper
snlphate and ecaustic potash gives a blue solution. But on boiling no redue-
fion oecurs.

(b) Take some of the cane-sugar solution and boil it with a few drops of
25-per-cent. sulphuric acid. This converts it into equal parts of
dextrose and levulose. Tt then gives Trommer’s or Fehling's test
in the typical way.

(¢) Boil some of the ecane-sugar solution with an equal volume of con-
centrated hydvochlorie acid. A deep red solution is formed. Dex-
trose, lactose, and maltose do not give this test.

- a,Bi.‘r ithnlrsh.-t—{a jta. tEx&n%énﬂ :11h1crnacnpimll:,r the scrapings from the surface
1y cut potato. Note the appearance of the starch grains with their
concentric markings.

() On boiling starch with water an opalescent solution is formed, which
if strong, gelatinises on cooling. ’

(e) Add iodine solution. An intense blue colour is produced, which dis.
appears on heating, and if not heated too long reappears on coolin
N.B.—Prolonged heating drives off the 1odine, and conse 1mnlf.
no blue colonur returns after cooling, e
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OH,.CHO +0=CH,.COOH.

[acetic aldcliyde] [neetic acid]

The majority of the simple sugars are aldehydes of more complex
aleohols than this : they are spoken of as aldoses. The readiness with
which aldehydes are oxidisable renders them powerful reducing agents,
and this furnishes us with some of the tests for the sugars.

Let us now turn to the case of the ketones. A secondary aleohol
is one in which the OH group is attached to a central carbon atom ;
thus secondary propyl alcohol has the formula

CH,.CHOH.CH,.

Its typical group is therefore CHOH. When this is oxidised, the
first oxidation product is called a ketone, thus:—

CH,.CHOH.CH, + 0=CH,.CO.CH, + H,0.

= -'I i [ L
[eecondnry propyl aleohol ] [propyl ketone]

It therefore contains the group CO in the middle of the chain.
Some of the sugars are ketones of more complex alcohols : these are
called ketoses. The only one of these which is of physiological interest
is levulose.

The aleohols of which we have already spoken are called monatomaic,
because they contain only one OH group. Those which contain two
OH groups (like glycol) are called diatomic; those which contain
three OH groups (like glycerin) are called triatomic ; and so on. The
hexatomic alechols are those which contain six OH groups. Three
of these hexatomic alcohols with the formula C;Hg(OH); are of
physiological interest; they are isomerides, and their names are
sorbite, mannite, and duleite. By careful oxidation their aldehydes
and ketones can be obtained ; these are the simple sugars; thus,
dextrose is thealdehyde of sorbite ; mannose is the aldehyde of mannite;
levulose is the ketone of mannite ; and galactose is the aldehyde of
dulcite. The sugars all have the empirical formula C.H,,0;. The
constitutional formula for dextrose is:—

EEN H O L

e |

P L 0 S
ll-lrl(!)
OH OH OH OH OH

By further oxidation, the sugars yield acids with various names.

If we take such a sugar as a typical specimen, we see that their general
formula is

GnHEmU ™
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MONOSBACCHARIDES

Dextrose or Grape Sugar.—This carbohydrate is found in fruits,
honey, and in minute quantities in the blood (0°12 per cent.) and
numerous tissues, organs, and fluids of the
body. It is the form of sugar found in
large quantities in the blood and urine
in the disease known as diabetes.

Dextrose is soluble in hot and cold
water and in aleohol. It is erystalline
(see fig. 1), but not so sweet as cane sugar.
When heated with strong potash certain

T

Y

complex acids are formed which have a
yellow or brown eolour. This constitutes
Moore's test for sugar. Inalkaline solu- Fi. 1. —Dextrose erystals.

tions dextrose reduces salts of silver,

bismuth, mercury, and copper. The reduction of cupriec hydrate to
cuprous hydrate or oxide constitutes Trommer’s test, which has been
already deseribed at the head of the lesson. On boiling it with an
alkaline solution of pierie acid, a dark red opaque solution due to redue-
tion of the picric to pieramic acid is produced. Another important
property of grape sugar is that under the influence of yeast it is con-
verted into aleohol and carbonie acid (CeH,:04=2C,H;0 +2C0,).

Dextrose may be estimated by the fermentation test, by the
polarimeter, and by the use of Fehling's solution. - The last method
15 the most important : it rests on the same prineiples as Trommer's
test, and we shall study it and other methods of estimating sugar in
connection with diabetic urine (see Lesson XII.).

Levulose.—When cane sugar is treated with dilute mineral acids
1t undergoes a process known as inversion—i.e. it takes up water and
is converted into equal parts of dextrose and levulose. The pre-
viously dextro-rotatory solution of cane sugar then becomes levo-
rotatory, the levo-rotatory power of the leyulose heing greater than
the dextro-rotatory power of the dextrose formed. Hence the term
inversion. The same hydrolytic change is produced by certain
ferments, such as the invert ferment of the intestinal juice, and of
yeast.

Pure levulose can be erystallised, but so great is the difficulty of
obtaining erystals of it that one of its names was ¢ uncrystallisable
sugar.” Small quantities of levulose have been found in blood, urine,
and muscle. It has been recommended as an article of diet in
diabetes in place of ordinary sugar; in this disease it does not

C
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With yeast, cane sugar is first inverted by means of a special
soluble ferment produced by the yeast cells, and then there is an
aleoholic fermentation of the glucoses so formed.

Lactose, or milk sugar, occurs in milk. It has also been described
as ocewrring in the urine of women in the early days of lactation or
after weaning,

It crystallises in rhombic prisms (see fig. 3). It is much less
soluble in water than cane sugar or dextrose,
and has only a slightly sweet taste. It is D
insoluble in aleohol and ether; aqueous
solutions are dextro-rotatory. & &j ﬁ

Solutions of lactose give Trommer's .
test, but when the reducing power is tested % {? a{/?
quantitatively by Fehling’s solution it is o
found to be a less powerful reducing agent S7 ¢
than dextrose. If it required seven parts Fio. §.—Milk-sugar crystals.
of a solution of dextrose to reduce a given
quantity of Fehling’s solution, it would require ten parts of a solution
of lactose of the same strength to reduce the same quantity of
Fehling's solution.

Lactose, like cane sugar, can be hydrolysed by the same agencies
as those already enumerated in connection with cane sugar. The
glucoses formed are dextrose and galactose,

C,H,,0,, + H,0=C:H,,04+CcH,,0,
[lnotos:] [dextrosa] [eralnctoze]

With yeast it is first inverted, and then aleohol is formed. This,
however, oceurs slowly.

: With the Iln-:t.it_:-a.ﬂid m-ga.nilsms which bring about the souring of
milk the lactie-acid fEI‘II.‘ElB'I‘ltlEI.-tlﬂﬂ is produced. This may also oceur
as the result of the action of putrefactive bacteria in the alimentary
canal, The two stages of the lactic-acid fermentation are represented
by the following equations :—

(1) C15H330,, + H,0=4C,H,0,
[lactose] [loctio nebd]
2) 40,H0,=2C,H,0, +4C0, + 4H,

[ncticacid] [butyric acid]

Maltose is the chief end product of the action of malt diastase on
starch, and is also formed as an intermediate product in the action
of dilute sulphuric acid on the same substance. It is also the chief
sugar formed from starch by the diastatic ferments contained in the
saliva (ptyalin) and pancreatic juice (amylopsin). It can be obtained

c2

_—
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Dextrin is the name given to the intermediate }__‘ll'-l.ﬁﬂflﬂils. in the
hydrolysis of starch, and two chi‘ef varieties are rlhstt.ngr:nslmﬂl—
erythro-dextrin, which gives a reddish-hrown colour with iodine solu-
tion ; and achrod-dextrin, which does not. ]

It is readily soluble in water, but insoluble in fnicolmlj and ether,
It is gummy and amorphous. It does not give Trommer's test, nor
does it ferment with yeast. It is dexfro-rotatory. By hydrating
agencies it is converted into glucose. |

Glycogen, or animal starch, is found in liver, muscle, colourless
blood corpuscles and other tissues. ‘ .

Gilycogen is a white tasteless powder, soluble in water, but it
forms, like starch, an opalescent solution. Tt is insoluble in a.,lmhm
and ether. It is dextro-rotatory. With Trommer's test it gives a
blue solution, but no reduction oecurs on boiling.

With iodine solution it gives a reddish or port-wine colour, very
similar to that given by erythro-dextrin. Dextrin may be distin-
euished from glycogen by (1) the fact that it gives a clear, not an
opalescent, solution with water ; and (2) it is not precipitated by basic
lead acetate as glycogen is. It is, however, precipitated by basic lead
acetate and ammonia. (3) Glycogen is precipitated by 55 per cent.
of aleohol ; the dextrins require 85 per cent. or more.

Cellulose.—This is the colourless material of which the cell-walls
and woody fibres of plants are composed. By freatment with
strong mineral acids, it is like starch, converted into glucose, but
with muech greater difficulty. The various digestive ferments have
liftle or no action on cellulose ; hence the necessity of boiling starch
before it is taken as food. Boiling bursts the cellulose envelope of
the starch grains, and so allows the digestive juice to get at the
starch proper. Cellulose is found in a few animals, as in the test or
outer investment of the Tunieates.

Salting out of the Colloid Carbohydrates—By saturating solutions of
the eolloid earbohydrates (starch, soluble starch, glycogen, and some varieties
of dextrin) with such neutral salts as magnesinm sulphate or ammoninm
sulphate the carbohydrate is thrown out of solution in the form of a white
precipitate. The remaining carbohydrates (sugars and some of the smaller
moleculed dextring like achrod-dextrin) are not precipitated by this means.
‘We shall find in connection with the proteins that this method, known as
‘salting out,’ is one largely employed there for precipitating and distinguish-
ing between classes of proteins. The student is therefore warned that a
precipitate obtained under such cirenmstances will not necessarily indieate
the presence of protein.

Fuarther information regarding the earbohydratesis given in Lesson XTII,







THE FATS 28

8. To determine melting-point of a fat or fatly acid, place a small
quantity in a very narrow test-tube strapped on to a thermometer with an
india-rubber band. Place this in a water-bath which is gradually heated,
and note the temperature at whieh it melts.

9, Emulsification.—(ax) Take two test-tubes and label them A and B.
Place water in A and soap solution in B. To each add a few drops of olive
oil and shake. In B an emulsion is formed, but not in A.

(b) Shake a few drops of raneid oil with a dilute solufion of potash; an
emulsion is formed becanse the potash and free fatty acid unite to form a soap.
Divide this into two parts, and to one of them add a little solution of gum or
egg albumin; the emulsion is much more permanent in this specimen.
These experiments illustrate the favourable action of soap and of a suspend-
ing medinwm like mueilage upon the formation of an emulsion.

Fat is found in small quantities in many animal tissues. = It is,
however, found in large quantities in three situations, viz. bone

Fii. f.—A few cells from the morei i i
1 in of a fat lobule ; 1. p., fat globule distending fat cell : 1, nuelens -
iy u_multhrnnunn envelope of the cell ; cr, banch of erystals within o fat call : 2, cnpillnlr'.' vessel
Y VERWIE 3 o b, conneative tiesoe cell. The fibres of the connoetive Hesae are not represonted,

marrow, adipose tissue, and milk. The consideration of the fat in
milk is postponed to Lesson VT,

The contents of the fat cells of adipose tissue are fluid during life
t]Em normal temperature of the body (37° C., or 99° F.) being ﬂ:;-n:
siderably above the melting-point (25° C.) of the mixture of tﬁe fats
Eouncll there. These fats are thres in number, and are called palmitin
ﬁtm::r?n, and olein. They differ from one another in chemical 1:1:1»11‘1j
posifion and in certain physical characters, such as melting-point
and solubilities. Olein melts at —5° C., palmitin at 45° C, ILIIElnStEFLI‘]' n
at 53-65° C. Thus, it is olein which holds the other two ,diss,alved at
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Glycerin or Glycerol is a triatomic aleohol, O;H;(OH),—t.e. three
atoms of hydroxyl united to a radical glyceryl (CyHp). . The.llydrogen
in the hydroxyl atoms is replaceable by other organic radicals. Iﬁs
an example take the radical of acetic acid called acetyl [UHH.(}U}.
The following formul represent the derivatives that can be obtained
by replacing one, two, or all three hydroxyl hydrogen atoms in this
WAy i—

OH OH (OH (0.CH,.CO

O, H, {DH o.H, | om C.H, | 0.0H,.C0 C,H, | 0.0H,.00

' OH |0.CH,.CO l0.CH,.CO {0.CH,.CO
[glyvoerin] [monoacetin] [dinpetin] [trincetin]

Triacetin is a type of a neutral fat; stearin, palmitin, and olein
ought more properly to be called tristearin, tripalmitin, and triolein
respectively. Bach consists of glycerin in which the three atoms of
hydrogen in the hydroxyls are replaced by radicals of the fatty acid.
This is represented in the following formulae :—

Aecid Radical Fat
Palmitic acid €, H,,.CO0H Palmityl C,,H,,.CO Palmitin C,H,(0C,,H,,.CO),
Stearic acid C,.H,,.COOH Stearyl C,.H,..CO Stearin C,H. (0CH,.CO),
Oleic acid  C,,H,,.COOH Oleyl  C,;H,,.CO Olein  C,H,(0C,;H,,.CO),

Decomposition Products of the Fats—The fats split up into the
substances out of which they are built up.

Under the influence of superheated steam; mineral acids, and in
the body by means of certain ferments (for instance, the fat-splitting
ferment steapsin of the pancreatic juice), a fat combines with water
and splits into glyeerin and the fatty acid. The following equation
represents what oceurs in a fat, taking tripalmitin as an example : —

03H5[0.015H3|G0}3 'l" EHED :ﬂa}L,I:DH};,—I- S-C':_r,H;HGO,OI'I

[palmitin—a fat] [zlycerin] [palmitic acid—a fatty neid]

In the process of saponification, much the same sort of reaction
oceurs, the final produets being glycerin and a compound of the base
with the fatty acid, which is called a soap. Suppose, for instance,
that potassium hydrate is used ; we get—

C,H,(0.C,;H,,CO), + 3KHO=C,H;(0H); 4 3C,,H,,CO.0K
[palmitin—a fat] [glycerin] [potassium palmitate—a sonp]
Emulsification.—Another change that fats undergo in the body is
very different from saponification. It is a physical rather than a

chemical change ; the fat is broken up info very small globules, such
as are seen in the natural emulsion—milk.

Lecithin (C,,H,NPO,).—This is a very complex fat, which







LESSON IV

THE PROTEINS

1. Tests for Proteins.—The following tests are to be tried with a mixture of
one part of white of egg to ten of water. (Ilgg-white contains a mixture of
albumin and globulin.) ; L . 4

(a) Heat Coagulation.—Faintly acidulate with a few drops of 2-per-cent.
acetic acid and boil. The protein is rendered insoluble (coagulated protein).

(b) Precipitation with Nitric Acid.—The addition of strong nitrie aeid to
the original solution also produces a white precipitate. A

(c) Xanthoproteic Reaction.—On boiling the white precipitate produced
by nitrie acid it turns yellow ; after cooling add ammonia ; the yellow becomes
orange. e . :

(d) Millon's Test.—Millon's reagent (which is a mixture of the nitrates
of mercury containing excess of nitrie acid ; see p. 5) gives a white precipitate,
which turns brick-red on hoiling. = .

(e) After the addition of a few drops of 20-per-cent. acetic acid, potassium
ferrocyanide gives a white precipitate. :

(f) Hose's or Piotrowski's Test.—Add one drop of a 1-per-cent. solution
of eupric sulphate to the original solution and then caustic potash, and a
violet solution is obtained.

Repeat experiment (f) with a solution of commercial peptone, and note
that a rose-red solution is obtained. This is called the biuref reaction.

(g) Eosenheim’s Formaldehyde Reaction.—Add to the solution of com-
mercial peptone a very dilute solution of formaldehyde (1: 2,500), and then
about one third of the velume of strong sulphuriec acid containing (as most
commercial specimens of the acid do) a trace of an oxidising agent such as
ferric chloride or nitrous acid. A purple ring develops at the surface of contact.
This reaction probably plays a part in the original

(i) Adamkiewics Reaction, in which glacial acetic acid was used instead
of the formaldehyde. Most commerecial specimens of glacial acgtic acid con-
tain hydrogen peroxide ag an impurity; the oxidising action of this on the
acetic acid leads to the formation of traces of glyoxylie acid and formalde-
hyde ; the necessary factors for the oceurrence of the formaldehyde reaction
are thus present. (According to Hopkins glyoxylie acid itself with pure
sulphurie acid gives the test with proteins.)

The same reactions (g and &) are given by the solution of egg-white, but
not so markedly. :

2. Action of Neutral Balts.—(a) Saturate the solution of egg-white with
magnesium sulphate by adding erystals of the salt and grinding it up
thoroughly in a mortar. A white precipitate of ege-globulin is produced.
Filter. The filtrate contains egg-albumin. The precipitate of the globulin
18 very small.

(b) Half saturate the solution of egg-white with ammonium sulphate.
This may be done by adding to the solution an equal volume of a saturated
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and recent research has since shown that the variations are even
greater than those just stated.

The same fact is brought home more vividly when the cleavage
products are separated and estimated. These differ both i1n kind
and in amount, but nearly all of them are substances which are
termed amino-acids. Emil Fischer, to whom we owe so much of our
knowledge in this direction, considers that the proteins are linkages
of a greater or lesser number of these amino-acids, and there is great
hope that in the future his work will result in an actual synthesis of
the protein molecule, and with that will come an accurate knowledge
of its constitution.

When the protein molecule is broken down in the laboratory
hy processes similar to those brought about by the digestive
ferments which occur in the alimentary canal, the essential
change is due to what is called hydrolysis: that is, the molecule
unites with water and then breaks up into smaller molecules. The
first cleavage produects, which are called proteoses, retain many of
the eharacters of the original protein; and the same is true, though
to a less degree, of the peptones, which come next in order of for-
mation. The peptones in their turn are decomposed into short link-
ages of amino-acids which are called polypeptides, and finally the
individual amino-acids are obtained separated from each other.

What we have already learnt about the fatty acids will help us in
understanding what is meant by an amino-aeid.

If we take acetic acid, which is one of the simplest of the fatty
acids, we see that its formula is

CH,.COOH.

If one of the three hydrogen atoms in the CH, group is replaced
by NH, we get a substance which has the formula

CH,.NH,.COOH.

The combination NH, which has stepped in is called the amino-
group, and the new substance now formed is called amino-acetic acid :
it is also termed glycine or glycocoll.

We may take another example from another fatty acid. Propionie
acid is C,H,.COOH ; if we replace an atom of hydrogen by the
amine-group as before, we obtain C,H +NH,.COOH, which is amino-
propionic acid or alanine. Going a little higher in the scale, and taking
caproic acid, C;H,,.COOH, we obtain from it, in an exactly similar
way, C;H,, NH,.COOH, which is amino-caproie acid or leucine,

All the three amino-acids mentioned—glycine, alanine, and leucing
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C.H,N,0; is probably also a diamino-acid, but its exact constitution
has not yet been made out with certainty.

These substances we have hitherto described as acids, but they
may also play the part of bases, the introduction of a second amino-
aroup into the fatty-acid molecules conferring upon them basic pro-
perties. The three substances

Lysine (CoH,;;N;0,)

Arginine (CoH,N,0,)

Histidine (C;HN30,)
are in fact often called the hexone bases because each of them contains
six atoms of earbon, as the above empirical formule show.

But there is still an important group of amino-acids to be con-
sidered, and these are termed the aromatic amino-acids : that is, amino-
acids unifed to the benzene ring; and of these we shall mention
three : namely, phenyl-alanine, tyrosine, and a nearly related sub-
stance called tryptophane.

Phenyl-alanine is alanine or amino-propionic acid in which an
atom of hydrogen is replaced by phenyl (C;Hj).

Propionie aecid has the formula C,H ;. COOH.
Alanine (amino-propionie acid) is C,H,.NH,.COOH.
Phenyl-alanine is C,H,.C,H; NH..COOH.
The formula of phenyl-alanine may also be written another way.
The graphic formula of benzene (C;H,) is
H
(|J
e
H—C C—H

| Il
H—C C—H

N
\G/

|
H

If the H placed lowermost in the above formula is replaced by
CH,.CH.NH,.COOH we obtain the formula of phenyl-alanine :—

$

CH,.CHNH,COOH
the remainder of the benzene ring which is unaltered being repre-
sented, as usual, by a simple hexagon.

D
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as the tendency to coagulate or solidify and the readiness with
which they are ‘ salted out,’” are shared in common with other colloids
some of which are of inorganie nature.

All proteins are soluble with the aid of heat in concentrated
mineral acids and alkalis. Such treatment, however, decomposes as
well as dissolves the protein. Proteinsare also soluble in gastric and
pancreatic juices; but there, again, they undergo a change, being
converted by hydrolysis into proteins of smaller molecular
weight called peptones. The intermediate substances formed in this
process are called profeoses. Commereial peptone contains a mixture
of proteoses and true peptone.

Heat Coagulation.—Many of the proteins which are soluble in
water or saline solution are rendered insoluble when those solutions

Fig, B—In thisform of dialyser
the substance to be dinlysed

Fig, 7.—Dinlyser. The lower apening of the bell jar ig } i
placed within the piese
suspended in water is tightly covered wlth parchment of tubing suspended iupt.]u:
paper.  The fluid to be dialysed is placed within this larger vessel of water. Tha
vessel; the orystalloids pass out into the distilled tubing is made of parchiment
water ontside through the parcliment paper, PRI,

are heated. This is true for most of the proteins that oceur in nature,
The solidifying of white of egg when heated is a familiar instance of
l;h.is. The temperature of heat coagulation differs in different pro-
teins : thus myosinogen and fibrinogen coagulate at about 56° C. ;
serum albumin and serum globulin at about 75° C.

The proteins which are coagulated by heating their solution come
for the most part into two classes—the albumins and the globulins.
The full distinction between these we shall see immediu.t-.ely. We
may, however, state here that the albumins are soluble in distilled
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sulphuric acid is added (Hopkins). Serum :?,lbumin (from some
animals) has also been similarly erystallised (Giirber). |

Action on Polarised Light.—All the proteins are leyo-rotatory,
but the amount of rotation they produce varies with the kind of
protein. See Appendix. Several of the compound proteins. (for
instance, hmmoglobin and nucleo-proteins) are dextro-rotatory,
though their protein components are levo-rotatory (Gamgee).

Colour Reactions.—The principal colour reactions have been
already deseribed in the heading of this lesson.

(1) The xantho-proteic reaction depends on the con version nf. the
aromatic group of the protein molecule into nitro-derivatives. #—

(2) Millon’s reaction is due to the presence of the tyrosine group,
and is given by all benzene derivatives which contain a hydroxyl
group (OH) replacing hydrogen.

(3) The formaldehyde reaction (and the Adamkiewicz reaction,
which is probably the same thing) is due to the presence of the trypto-
phan radical (indole-amino-propionie acid).

The presence, absence, or intensity of these colour tests in various
proteins depends respectively on the presence, absence, or amount of
the groups to which they are due.

(4) In the copper sulphate test the proteoses and peptones
behave differently from the native proteins; the latter give a violet
and the former a rose-red eolour, which is ealled the biuret reaction,
because the same tint is also given by the substance called biuret.'
The name does not imply that biuret is present in protein, but hoth
biuret and protein give the reaction because they possess the same
group or groups which are probably two CONH, groups linked either
to & carbon atom, or to a nitrogen atom, or directly to one another
(Schiff).

Precipitants of Proteids.—Proteids are precipitated by a large
number of reagents; the peptones and proteoses are exceptions in
many cases, and will be considered separately afterwards (see
Liesson VIL.).

Solutions of the proteins are precipitated hy—

1. Strong acids, like nitric acid.

2. Pieric acid.

3. Acetic acid and potassium ferrocyanide.

4. Acetic acid and excess of neutral salts like sodium sulphate,

! Biuret is obtained by heating solid urea: ammonia is given off and leaves
biaret thus :—

2CONH,= C,0,N,H, +NH,

[ureal [binret] [ammonin]
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In general terms globulins are more readily salted out t.hu,g
albumins ; they may therefore be precipitated and t-hlus EEprI‘ELItE
from the albumins by saturation with such salts as .Sﬂdmu.'l chloride,
or, better, magnesium sulphate, or by half saturation with ammo-
nium sulphate.

The typical globulins are also insoluble in water, a,nd‘ 50 may be
precipitated by removing the salt which keeps them in solution.
This may be accomplished by dialysis (see p. 38). . 1

Their temperature of heat coagulation varies considerably. The
following are the commoner globulins :—fibrinogen u.er serum
globulin in blood ; egg-globulin in white of egg, myosinogen in
muscle, and crystallin in the erystalline lens.  We must also include
under the same heading certain proteins which are the result of
ferment coagulation on globulins, such as fibrin (see Blood) and
myosin (see Muscle). |

The most striking and real distinetion between globulins and
albumins is that the latter on hydrolysis yield no glycine, whereas
the globulins do.

5. The Sclero-proteins

These substances form a heterogeneous group of substances,
which are frequently termed albuminoids. The prefix sclero- indicates
the skeletal origin and often insoluble nature of the members of the
group. The principal proteins under this head are the following :—

1. Collagen, the substance of which the white fibres of connective
tissue are composed. Some observers regard it as the anhydride of
zelatin.

2. Ossein.—This is the same substance derived from bone.'

3. Gelatin.—This substance is produced by boiling collagen with
water. It possesses the peculiar property of setting into a jelly when
a solution made with hot water cools. On digestion it is like ordinary
proteins converted into peptone-like substances and is readily

! In round numbers the solid matter in bone containg two thirds incrganic or
earthy matter, and one third organic or animal matter. The inorganic constituents
are calcinm phosphate (84 per cent. of the ash), ealeinm carbonate (13 per cent.),
and smaller quantities of calcium chloride, caleium Huoride, and magnesium
phosphate. The organic constituents are ossein (this is the most abundant ,
elastin from the membranes lining the Haversian eanals, lacung, and canalienli,
and other proteins and nuelein from the bone corpuscles. There is also a small
quantity of fat even after removal of all the marrow. Denfine is like bone chemi-
cally, but the proportion of earthy matter is rather greater. Enamel is the hardest
tissue in the body ; the mineral matter is like that found in bone and dentine;
but the organic matter is so small in quantity as to be practically non-existent
(Tomes). Enamel is epiblastie, not mesoblastic, like bone and dentine.







THE PROTEINS 45

ii. @Gluco-proteins,—These are compounds of protein with n_carlm—
hydrate group. This class includes the muecins and the .mu-:m-lds. |

The maucins are widely distributed and may oeccur in epithelial
cells, or be shed out by these cells (mucus, mucous glands, goblet
cells). The mucin obtained from different sources varies in com-
position and reactions, but they all agree in the following points :—

(a) Physical character. Viseid and tenacious.

(b) They are soluble in dilute alkalis, such as lime water, and are
precipitable from solution by acetic acid.

The mucoids generally resemble the mueins, but differ from them
in minor details. The ferm is applied to the muecin-like substances
which form the chief constituent of the ground substance of con-
nective tissues (tendo-mucoid, chondro-mucoid, &e.). Another, ovo-
mucoid is found in white of egg, and others (pseudo-muein and
para-mucin) are occasionally found in dropsical effusions, and in the
fluid of ovarian eysts.

It is probable that the differences between the muecins and the
mucoids are due either to the nature of the carbohydrate group or,
more probably, to the nature of the protein to which it is united.
The carbohydrate substance in the majority of cases is not sugar,
but a nitrogenous substance which has a similar reducing power to
sugar, and which is ealled glucosamine (C;H,,0,NH,) : that is, glucose
in which HO is replaced by NH,. _

Pavy and others have shown that a small quantity of the same
carbohydrate derivative can be split off from various other proteins
which we have already placed among the
albumins and globulins. It is, however,
probable that this must not be considered
a prosthetic group, but is more intimately
united within the protein molecule.

iii. Nucleo-proteins. These are com-
pounds of protein with a complex organic
acid called nucleic acid which eontains
phosphorus. They are found both in

Fig. 9.—Diagram of n col] » P, proto-

the nuclei and cell-protoplasm of cells. Dlasmn composed of spongiopinam
; it i A amd hynloplasm : n, 1 i
In Ph}’ﬂ-lﬂ&l characters t-h'l'_._'q-' often simu- intranuclear lmt-n'?:nrl:lzi}{lllfr;::l;.i
\ota i FLn II-T{ tut}r_-]mu: and #', nucleolns
=ehaler.

Nuclein is the name given to the
chief constituent of cell-nuclei. It is identical with the chromatin of
histologists (see fig. 9).

On decomposition it yields an organic acid called nucleie aeid
together with a variable but usually small amount of protein, Tt
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NUOLEQO-PROTEIN

subjected to gastric digestion yields

Protein converted into Nuclein, which remains as an insoluble
peptone, which goes vesidue. If this is dissolved in alkali
into solution. and then hydrochloric acid added it

yields
i A oG |

Protein converted into A precipitate consisting of nucleic acid.
acid albumin in solu- If this is heated in a sealed tube with
tion, hydrochlorie acid, it yields a number

of substances. But the best known
and constant products of its decom-
position are

|

Phosphoric acid. Purine bases, viz. Pyrimidine bases, viz.
Adenine Uraeil
Hypoxanthine Cytosine
Guanine Thymine,
Xanthine.
Protein-hydrolysis

When protein material is subjected to hydrolysis, as it is when
heated with mineral acid, or superheated steam, or to the action of
such ferments as pepsin or trypsin in the alimentary canal, it is
finally resolved into the numerous amino-acids of which it is built.
But before this ultimate stage is reached, it is split into substances of
progressively diminishing melecular size, which still retain manv of
the protein characters. These may be classified in order of fﬂrmaziml
as follows :(—

1. Infra-proteins. S N,

2. Proteoses.

3. Peptones.

4. Polypeptides.

The polypeptides are linkages of two ormore amino-acids asalread y
explained. They do not give the biuret reaction, Although most
of the polypeptides at present known are products of laboratory

synthesis, some have been definitely separated from the digestion of







LESSON VI
FOODS

A. Milk. 1. Tixamine a drop of milk with the microscope.

9 Note the specific gravity of fresh mill _mth the lactometer; compare
this with the speeific gravity of milk from which the cream lm?.heen ren__mvc&
(skimmed milk). The specific gravity of skimmed milk is higher owing to
the removal of the lightest constituent—the cream. _ ;

8. The reaction of fresh milk is neutral or slightly alkaline to litmus.

4. Warm some milk in a test-tube to the temperature of the body, and
add a few drops of rennet. After standing, a curd is formed from the con-
version of caseinogen, the chief protein in 1111_!1-:+ into casein. The casein
entangles the fat globules. The liquid residue is termedwhey. No curdling
is produced if the rennet solution is previously boiled, because heat kills
ferments. .

5. Take some milk to which 0°2 per cent. of potassinm oxalate has been
added : warm to 40° C. and add rennet. No curdling takes place because
the oxalate has precipitated the calcium salts which are necessary in the
coagulation proecess. .

Take a second specimen of oxalated milk and add a few drops of 2-per-
cent. solution of ealeium chloride, and then rennet; curdling or coagulation
takes place if the mixture is kept warm in the usual way.

6. To another portion of warm milk diluted with water add a few drops
of 20-per-cent. acetic acid. A lumpy precipitate of caseinogen entangling
the fat is formed.

.7. Filter off this precipitate, and in the filtrate test for lactose or milk -~

stgar by Trommer's test (see Lesson IL.) ; for lact-albumin by boiling, or by
Millon’s reagent (see Lesson IV.); and for earthy (that is, calcinm and
magnesinm) phosphates by ammonia, which precipitates these phosphates.
Phosphates may also be detected by adding nitric acid and ammonium
molybdate and boiling ; a yellow crystalline precipitate is formed.

8. Fat (butter) may be extracted from the precipitate by shaking it with
ether; on evaporation of the ethereal extract the fat is left behind, forming
a greasy stain on paper. The presence of fat may also be demonstrated by
the black eolour produced by the addition of osinic acid to the milk,

9. Bhake up a little milk with twice its volume of ether; the opacity of
the milk remains nearly as great as before. Repeat this, but first add to the
milk a few drops of eaustic potash before adding the ether and then shake.
The milk which lies beneath the ethereal solution of fat becomes trans-
lucent. As a matter of fact ether dissolves the fat without the addition of
alkali, and the opacity of milk is therefore not due to the fat globules alone,
but largely to their caseinogen envelope. The clearing which takes place
whep ether and alkali are added is due to an aection of the reagents on the
caseinogen.

10. Caseinogen, like globulins, is precipitated by saturating milk with
sodium chloride or magnesinm sulphate, and by half saturation with
atmonium sulphate, but differs. from the globulins in not being coagulated
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3. The food must contain, not only the necessary amount of proxi-
mate principles, but these must be present in a digestible form.
As an instance of this, many vegetables (peas, beans, lentils) containi|
even more protein than beef and mutton, but are not so nutritious, ﬂ.S\\
they are less digestible, much passing off in the feces unused.

The nutritive value of a diet depends mainly on the amount of
carbon and nitrogen it contains in a readily digestible form. A man
doing a moderate amount of work, and taking an ordinary diet,
will eliminate, chiefly from the lungs in the form of carbonic
acid, from 250 to 280 grammes of carbon per diem. During the
same time he will eliminate, chiefly in the form of urea in the
urine, about 15 to 18 grammes of nitrogen. These substances are
derived from the food, and from the metabolism of the tissues;
various forms of energy, work and heat being the chief, are simul-
taneously liberated. During muscular exercise the output of
carbon greatly increases; the increased exeretion of nitrogen is not
nearly so marked. Taking, then, the state of moderate exercise, it is
necessary that the waste of the tissues should be replaced by fresh
material in the form of food ; and the proportion of earbon to nitrogen
should be the same as In the execretions: 250 to 15, or 166 to 1.
The proportion of carbon to nitrogen in protein is, however, 53 to 15,
or 35 to 1. The extra supply of ecarbon comes from non-nitrogenous
foods—vwiz. fat and carbohydrate.

Voit gives the following daily diet :—

Protein 118 grammes.
Fat 100
Carbohydrate 333

1

n

Ranke's diet closely resembles Voit's; it is—

Protein 100 grammes.
Fat 100 5
Carbohydrate 250 i

In preparing diet tables, such adequate diets as those just giver
should be borne in mind. The following dietary (from G. N. Stewart)

will be seen to be rather more liberal, but may be taken as fairly

typical of what is usually consumed by an adult mun in the twenty-
four hours, doing an ordinary’amount of work.
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MILK

Milk is often spoken of as a * perfect food,” and it is so for infants.
For those who are older it 1s so voluminous that unpleasantly large
quantities of 1t would have to be taken in the course of the day 1;:o
insure the proper supply of nitrogen and earbon. Moreoﬂ?r, for adyins
it is relatively too rich in protein and fat. It also mnt-&}us too little
ivon (Bunge) ; hence children weaned }u,tﬁ become an@mic. :

The microscope reveals that it consists of two parts : a clear 1ﬂu1ﬁ
and a number of minute particles that float in it. These cmjsls’? n:‘:f
minute oil globules, varying in diameter from 0:0015 to 0:005 milli-
metre. = to

The milk secreted during the first few days of lactation 1s called
colostrum. It contains very little caseinogen, but large quantities
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§3, 0P @ DG corpuscles with fine
8 oo o2 and coarze fab globules
n%@ o G respectively ; e, o, &

L] : X i
5 O, M oal pale cells devoid of

zﬂ%‘i‘ Py fat. (Heidenhain.)

Fo. 10.—Microseople appearance of milk in the
early stnge of Inctatlon, showing colostrum
corpuscles (a) in additlon to fat globales, {Yeo.)

of globulin instead. Microscopically, cells from the acini of the
mammary gland are seen, which contain fat globules in their interior :
they are called eolostrum corpuscles.

Reaction and Specific Gravity.—The reaction of fresh cow’s milk
and of human milk is amphoterie. This is due to the presence of
both acid and alkaline salts; the latter are usually in excess. Milk
readily turns acid or sour as the result of fermentative change, part
of its lactose being transformed into lactic acid (see p. 19). The
specific gravity of milk is usually ascértained with the hydrometer.
That of normal cow's milk varies from 1,028 to 1,0834. When the milk
1s skimmed the specific- gravity rises, owing to the removal of the
light constituent, the fat, to 1,033 to 1,087. In all cases the specific
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or by saturation with neutral salts like sodinm chloride. This, how-
ever, is not coagulation, but precipitation. The precipitate may be
collected and dissolved in lime water; the addition of rennet then
produces coagulation in this solution, provided that a sufficient
amount of ealeium salts is present.

In milk also, rennet produces coagulation, provided that a
sufficient amount of caleium salts is present. If the calcium salts
are precipitated by the addition of potassium oxalate, rennet causes
no formation of casein. The process of curdling in milk is a double
one: the first action due to rennet is to produce a change in caseino-
oen ; the second action is that of the calcium salt, which preecipitates
the altered caseinogen as casein. In blood also caleium salts are
necessary for coagulation ; but there they act in a different way,
namely, in the production of fibrin-ferment (see CoAGurATION OF
Broop).

Caseinogen is not coagulable by heat. We have already classed
it with vitellin as a phospho-protein (see p. 44).

Caseinogen, as was originally pointed out by Hammarsten, is a protein
with acid properties: it is quite insoluble in water, but it forms soluble
galts with such metallic bases as potassium, sodium, and ecaleium. The
caseinogen as it exists in milk iz combined with caleium as caleium easeino-
oenate. When acetic acid is added to milk, we therefore get caleinm acetate,
and a precipitate of free caseinogen. On ‘ dissolving ' this caseinogen in an
alkali like soda or potash, we have the formation of sodium caseinogenate or
potassinm caseinogenate, as the case may be. The precipitate obtained in
milk by the addition of alechol, or by *saliing out,’ 1s not free caseinogen,
but caleinm caseinogenate. When we add potassinm oxalate to milk, we
get the reaction represented in the following equation :—Caleium easeino-
genate + potassium oxalate = caleinm oxalate + potassium caseinogenate.
When we add caleinum ehloride to oxalated milk, the following equation

represents what oceurs :—Potassinm easeinogenate + caleium chloride = cal-
cium caseinogenate + potassinm chloride.

Caleinm caseinogenate forms an opaleseent solution in water, and reacts
with the rennin ferment. The caseinogenates of magnesium, barinm, and
strontinm have similar characters. The caseinogenates of potassinm, sodium,
and ammonium differ from the above by forming a nearly elear golution in
water, and they do not react with the rennin ferment. (W. A. Osborne.)

The Fats of Milk,—The chemical composition of the fat of milk
(butter) is very like that of adipose tissue. It consists chiefly of
palmitin, stearin, and olein. There are, however, smaller quantities
of fats derived from fatty acids lower in the series, especially butyrin
and caproin. The old statement that each fat globule is surrounded
by a membrane of caseinogen is, according to Ramsden’s recent
work, correct. Milk also contains small quantities of lecithin, a
phosphorised fat ; of cholesterin, an aleohol which resembles fab in
its solubilities (see BiLg); and a yellow fatty pigment or lipochrome,
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MEAT

This is composed of the muscular and connective (including
adipose) tissues of certain animals. The flesh of some animals is
not eaten ; in some cases this is a matter of fashion; some flesh, like
that of the carnivora, is stated to have an unpleasant taste; and in
other cases (e.g. the horse) it is more lucrative to use the animal as a
beast of burden.

Meat is the most concentrated and most easily assimilable of
nitrogenous foods. It is our chief source of nitrogen. Its chief solid
constituent is proteingand the principal protein is myosin. In addi-
tion to the extractives and salts contained in musecle, there is always
a certain percentage of fat, even though all wisible adipose tissue is
dissected off. The fat-cells are placed between the museular fibres,
and the amount of fat so situated varies in different animals. Tt is
particularly abundant in pork ; hence the indigestibility of this form
of flesh; the fat prevents the gastric juice from obtaining ready
aceess to the muscular fibres.

The following tuble gives the chief substances in some of the
principal meats used as food :—

Congtitnents Ox Calf | Pl Haorse ! Fawl

; Pike
Water ; w10 B 756 726 743 | 708 79-3
Solids bl 2R 24-4 274 267 | 209 20-7
Proteins, includ- | -
ing gelatin., .| 200 19-4 19-9 216 2247 183
Fat . : - 15 2:9 62 2+5 41 07
Carbohydrate .| 06 (8 06 06 148 09

12 1'3 1-1 1-0 110 § 08 |

Salts . : o .

The large percentage of water in meat should be particularly
noted ; if & man wished to take his daily quantity of 100 grammes
of protein entirely in the form of meat, it would bes necessary for him
to consume about 500 grammes (i.e. a little more than 1 1b.) of meat
per diem.

FLOUR

The best wheat flour is made from the interior of wheat grains
and contains the greater proportion of the starch of the grain rmri
most of the protein. Whole flour is made from the whole eraif
minus the husk, and thus contains, not only the white interimf? but

also the harder and browner outer portion of the grain. This outer

region contains a somewhat larger proportion of the proteins of the
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starch, and then the alcoholie fm‘mentmi.nn, 'r11m:=. to the fmtmn of ﬂm.
yeast, begins. The bubbles of earbonic acid, burrowing passag}fﬁ
through the bread, make it light Emd‘ spongy. Ti‘ua enables ﬁ
digestive juices subsequently to soak into 1t readily and affect a
parts of it. During baking the gas and aleohol are expelleq from the
bread, the yeast is killed, and a crust forms from the drying of the
outer portions of the dough. '

White bread contains, in 100 parts, 7 to 10 of protein, 55 of carbo-
hydrate, 1 of fat, 2 of salts, and the rest water.

COOKING OF FO00D

The cooking of foods is a development of civilisation, and much
relating to this subject is a matter of education and taste rather than
of physiological necessity. Cooking, however, serves many useful
ends - -

1. Tt destroys all parasites and danger of infection. This relates,
not only to bacterial growths, but also to larger parasites, such as
tapeworms and triching.

9. In the case of vegetable foods it breaks up the starch grains,
bursting the cellulose and allowing the digestive juices to come into
contact with granulose.

3. In the case of animal foods it converts the insoluble collagen
of the universally distributed connective tissues into the seluble
gelatin. The loosening of the fibres is assisted by the formation of
steam between them. By thus loosening the binding material, the
more important elements of the food, such as musecular fibres, are
rendered accessible to the gastric and other juices. Meat before it is
cooked is generally kept a certain length of time to allow rigor mortis
to pass off.

Of the two chief methods of cooking, roasting and hoiling, the
former is the more economical, as by its means the meat is first
surrounded with a coat of coagulated protein on its exterior, which
keeps in the juices to a great extent, letting little else esecape than
the dripping (fat). Whereas in boiling, unless bouillon and
bouilli are used, there is considerable waste. Cooking, especially
boiling, renders the proteins more insoluble than they are in the
raw state, but this is counterbalanced by the other advantages that
cooking possesses.

Beef Tea.—In making beef tea and similar extracts of meat it is
necessary that the meat should be placed in ecold water, and this is
gradually and earefully warmed. In cooking a joint it is usual to
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reaction) is produced. This should be carefully compared with the viclet

tint given by unaltered albumin. : R ST
(¢) To a third portion of the fluid in test-tube B add a drop of nitrie acid

proteoses or propeptones are precipitated. This precipitate dissolves op

heating and reappears on cooling. . . :
5. Repeat these three tests with the digested white of egg in test-tube .

G Examine an artificial gastric digestion which has been kept o week.
Note the absence of putrefactive odour; in this it contrasts very foreibly
with an artificial pancreatic digestion under similar cireumstances.

FERMENTS

The word fermentation was first applied to the change of sugar
into alcohol and carbonic acid by means of yeast. The evolution of
carbonic acid causes frothing and bubbling; ot )
hence the term *fermentation.” The agent yeast . @&
which produces this is called the ferment.
Microscopic investigation shows that yeast is
composed of minute rapidly growing unicellular
organisms (torulie) belonging to the fungus
group of plants.

The souring of milk, the transformation of

Fia. 12.—Cells of the yeast

urea into ammonium carbonate in decomposing  plantin process of bud-
. £ . . : ding, between which
urine, and the formation of vinegar (acetic acid)  are  some bacteria,

(Yeo's * Physlology.')
from aleohol are produced by the growth of very i

similar organisms. The complex series of changes known as putre-
faction, which are accompanied by the formation of malodorous
gases, and which are produced by the growth of various forms of
baeteria, also come into the same category.

That the change or fermentation is produced by these organisms
is shown by the fact that it occurs only when the organisms are
present, and stops when they are removed or killed by a high tem-
perature or by certain substances (carbolic acid, mercuric chloride,
&e.) called antiseptics. The organisms produce fermentative effects
by shedding out soluble ferments or enzymes.

The ‘germ theory’ of disease explains the infectious diseases by
considering that the change in the system is of the nature of fermen-
tation, and, like the others we have mentioned, produced by microbes ;
the transference of the bacteria or their spores from one person to
another constitutes infection. The poisons produced by the growing
bacteria appear to be either alkaloidal (ptomaines) or protein in
nature. The existence of poisonous proteins is a very remarkable
thing, as no profound chemical differences have yet been shown to
exist between them and those which are not poisonous, but which are
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unorganised ferments with the action of which we have chiefly to
deal. The unorganised ferments may be classified as follows :—

(a) Amylolytic—those which ehange amyloses (starch, glycogen)
into sugars. Examples: ptyalin, diastase, amylopsin.

(b) Proteolytic—those which change native proteins into proteoses
and peptones. Examples: pepsin, trypsin.

(¢) Steatolytic or lipolytic—those which split fats into fatty acids
and glycerin. An example, steapsin, is found in pancreatic juice.

(d) Inversive—those which convert saccharoses (cane sugar,
maltose, lactose) into glucose. Examples: invertin of intestinal
Juice and of yeast cells.

Fi. ;-l.,---Tsm::]_'lluzt anthracis, the ngent that produces antheax or splenio fe (T . 11
mingled with blood corpuscles from the blood of guinen-pig, HHII;IJ;'TII:}EEHL?I-E Ll::;lltliriﬂftrjjaii-nh: Ilm;:'ﬂl:]]l:uII
same after three hours” enltare in a drop of aqueons humoar, They grow out into long u_F Lnt] T
like filaments, which subsequently divide up, and apores are developed in the sepments, e

1 5 ‘

(¢) Coagulative—those which convert soluble into insoluble
proteins. Examples: rennet, fibrin ferment.

Most ferment actions are hydrolytic—i.e. water is added to the
material acted on, which then splits into new materials, Thig is seen
by the following examples :—

1. Conversion of cellulose into carbonic acid and marsh gag
(methane) by putrefactive organisms,

1
(CoH,yO5)n+nH,0=382C0,+ InCH,

[cellulose] [ wrater] [carbonie  [methane)
anid] z

2. Inversion of cane sugar by the unorganised ferment invertin ;:—
C19H,,0,, +H,0=0¢H,,0,+ CeH, ,0,

[eano sugar] [water] [dextross) [lewuloss]

B
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are catalysing agents. That is to say, their presence induces a
chemical reaction to occur rapidly which in their absence also oceurs,
but so slowly that any action af all is difficult to discover. To use
the technical phrase, their action is to increase the velocify of chemieal
renctions. The enzymes are catalysts of a colloidal nature, and
certain properties, in which they differ from most inorganie catalysts
are due to this eirenmstance.

THE SALIVA

The secretion of saliva 1s a reflex action; the taste or smell of
food excites the nerve-endings of the afferent nerves (glossopharyngeal
and olfactory) ; the efferent or secretory nerves are confained in the
chorda tympani (a branch of the seventh ecranial nerve) which
supplies the submaxillary and sublingual, and in a branch of the
glossopharyngeal which supplies the parotid. The sympathetic
branches which supply the blood-vessels with constrictor nerves
contain in some animals secretory fibres also.

The parotid gland is called & serous or albuminous gland ; before
secretion the cells of the acini are swollen out with granules; after
secretion has oceurred the cells shrink, owing to the granules having
been shed out to contribute to the secretion (see fig. 15).

The submaxillary and sublingual glands are called mucous
glands: their secretion contains muecin. Mucin is absent from
parofid saliva. The granules in the cells are larger than those of
the parotid gland : they are composed of mucinogen, the precursor
of mucin (see fig. 16).

In a section of a mucous gland prepared in the ordinary way the
mucinogen granules are swollen out, and give a highly l‘ufnmting
appearance to the mucous acini (see fig. 17).

COMPOSITION OF SALIVA

On microscopic examination of mixed saliva a few epithelial
scales from the mouth and salivary corpuscles from the tonsils
are seen. The liquid is transparent, slightly opalescent, of slimy
consistency, and may contain lumps of nearly pure mucin. On
standing it becomes cloudy owing to the precipitation of caleium
carbonate, the earbonic acid which held it in solution
escaping.

Of the three forms of saliva which contribute to the mixture
found in the mouth, the sublingual is richest in solids (27 k)

as biearbonate

o per cent.).
F3
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has no action on cellulose; hence it 1s 1noperative on uncooked
starch grains, for in these the cellulose layers are intact.

Fii.

Frc. 16, ~Muoous eells from a fresh submaxillary gland of dog : lomded with I!ll-lf!Itl?}-ti'-l!!tgl‘fli-lt'llld:;
before sooretion : b, after seoretion = the granule® are fewer, espeaially at the M.“"Lf |_1:-: . i{‘iﬂ 1ir -u-
the cell; o' and & represent cells in o loaded and discharged comndition rcsn-w;:j-wuly wl.m,h :ll.i.'l.i
been irrignted with water or dilute acid. The mucous granules are 5wui]_un into a ti ||.:nnf;rn:et:
massof mucin traversed by o network of protoplasmic cell-substance, (Foster, after Tangley.)

Fie. 1T.—Zection of partof the human submaxillary gland., (Heldenhain,)
of mucons alveoll, to the left'n group of serous alveoli,

To the right 15 o group

Ptyalin acts best about the temperature of the hody (35-40°),
and in a neutral medium: a small amount of alkali makes but

_—+
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Fig, 18.—A fumdus glond from the dog's stomach (Kilein) : o, duct or mouth of the glond 3 & bose
of one of ite tubules ; on the right the base of a tubule {5 more highly magnified ; ¢ centil

cell ; p, parictal call.

Fig. 19.—A pyloric gland from a
goction of the dog's stomach
{Ebstein) : m, mouth ; n, neck
tr, o deep portion of tubule cat
transversely.
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acid originates by the interaction of sodium chloride and sodium
dihydrogen phosphate, as is shown in the following equation :—

[zcdinm di- lgodlinm [dizodinm [hydro-
hydrogen chloridea] hydrogen chlorie
phosphate] phosphate] il ]

The sodium dihydrogen phosphate in the above equation is prob-
ably derived from the interaction of the disodium hydrogen phos-
phate and the carbonic acid of the blood, thus :—

N&?HPU_JI == GDE -+ T'I!D= E&HGOJ"{' NEIIEPO.i.

Other theories have tried to explain the formation of such a strong
acid as hydrochloric by the law of ‘mass action.” We know that by
the nction of large quantities of carbonic acid on salts of the mineral
acids the latter may be liberated in small quantities. We know,
further, that small quantities of aeid ions may be continually formed
in the organism by ionisation. But in every case we can only make
use of these explanations if we assume that the small quantities of
acid are carried away as soon as they are formed, and thus give room
for the formation of fresh acid. Even then it is impossible to
explain the whole process. A specific action of the cells is no doubt
exerted, for these reactions ean hardly be considered to oeccur in the
blood generally, but rather in the oxyntic cells, which possess the
necessary selective powers in reference to the constituents of the
blood, and the hydrochlorie acid, as soon as it is formed, passes
into the secretion of the gland in consequence of its high power of
diffusion.

COMPOSITION OF GASTRIC JUICE

The following table gives the percentage composition of the
gastric juice of man and dog :—

Conatituents | Human I Dog |
"lr"lr'ut.nr_ : ; ; : 9944 g7 -80

Organic substances (chiefly |
pepsin) . . : 2 (52 1-71.
HCl . . . A ; (=200 050
Gelliv . S i 0-008 - 006
Na(Cl . ; ; : : 014 | (525
0 A e IS 0:05 | 011
PEIECTS ittty = 005
RS 2 i e i ] j 0-17
Mg, (PO,), . : : R 001 - 0-02

7] T PR N e S ()| . 0:008

=,
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and active is the juice secreted, provided the animal is hungry : the
psychical element is of great importance.

THE ACTION OF GASTRIC JUICE

The principal actions of the gastric juice have been already prac-
ticallv studied : the action of pepsin in converting the proteins of the
food into the diffusible peptones is its chief action. The curdling of
milk by rennet will be found deseribed in Lesson VI.

There is still further action—that is, the gastric juice is anti-
septic ; putrefactive processes do not normally occur in the stomach,
and the organisms that produce sueh processes, many of which are
swallowed with the food, are in great measure destroyed, and thus
the body is protected from them. The acid is the agent in the juice
that possesses this power.

The formation of peptones is a process of hydrolysis; peptones
may be formed by other hydrating agencies like superheated steam
and heating with dilute mineral acids. There are certain inter-
mediate steps in this proeess; the intermediate substances are called
propeptones or proteoses. The word  protecse ' is the best to employ :
it includes the albumoses (from albumin), globuloses (from globulin),
vitelloses (from vitellin), &e. Similar substances are also formed
from gelatin (gelatoses) and elastin (elastoses).

Another intermediate step in gastric digestion is acid-albumin or
syntonin. In classifying the products of digestion it will be con-
venient to take albumin as our example, but we must remember that
globulin, myosin, and all the other proteins form corresponding
products. The products of digestion may be classified according to
the order in which they are formed as follows :—

1. Acid-albumin.
|-' (B Brooalbimose [Tlm primary albumoses, i.e.

2. Proteoses - (h) Hetero-albumose fh Die which are formed
irst.

[c} Deutero-albumose
4. Peptone.

1. Acid albumin.—The properties of the infra-proteing which are
the first degradation produects in the cleavage of the proteins which
oceurs during digestion have been deseribed in Lesson V. (see pp. 20
and 48). We shall find later that, in pancreatic digestion, alkali-
alhumlin 18 formed instead of acid-albumin. The theory has been
put forward that a protein is capable of playing the part of a base in







THE DIGESTIVE JUICES

77

The following table gives us at a glance the chief characters of
proteoses and peptones in contrast with those of such native proteins

as albumin and globulin,

Variety of
protein heat

Albimin

Globulin Ditto
Proteoses Mot
lated
Peptonds Mot
| lared

Antion of

Coagulnted

QO gL -

O LT

Aotion of
ZII.l'ElLlll

Precipitated,
thien cong-
lafed

Dt

Procipitated
bt it co-
Agnlated

Procipitated
but not co-
agnlnted

Aotion of
nitric acid

]"rﬂ*.i.|_|'.1:|.| il
in the cold ;
not readi

Precipltated
in the cold :
readily  s0-
labls o
heating ;

the precipi-

1 LEE 't | T=|

s o
codling *

Mot precipd-
tated

Action of
ammoninm
sulphate

Precipitated
by complete
gaturation

Precipitatod

by hall satu-

ration ; also
preaipitated
by aatora-
tion with
Mg=0,

Precipitated
by saturation

Mot ]ll'l.:l.::i L1i-
tated

Action of |

copper T ey
sulphate lfji;i;:'l
and canstic !
potash
Violat Vil
colonr
Ditto Ditito
Roge-rad Slight
|'|l|_||1:||_'
{binret
repction)
Rose-red Great

colour
{biuret
repction)

! In the case of deuterc.albumose this reaction only oceurs in the presence of
excess of salt.
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of o mucinoid substance is obtained. Filter this off and boil the filtrate ; no
rotein congulable by heat is present. _
G 3. ﬁ.:‘ldﬁ few dru:;:m of lriln:sptﬂ (a) acid-albumin prepared as deseribed in
Lesson V., and (5) solution of proteoses to which half its volume of 0'2-per-
cent. hydrochlorie acid has been added. A preeipitate oceurs in each case.
Bile salts precipitate the unpeptonised protein which leaves L]1_e sp::-nmr:h.

4. Pottenkofer's Test for Bile Salts—To a thin film of bile in a capsule
add a drop of solution of cane sugar and a drop of concentrated sulphurie
acid. A purple colour is produced. This oceurs more quickly on the
application of heat. The test may also be performed as follows :—Shake up
some bile and cane sugar solution in a test-tube until a froth is formed.
Pour concentrated sulphurie acid gently down the side of the tube : it produces
a purple colour in the froth.

5. Gmelin's Test for Bile Pigments.—On to a little fuming nitrie acid
(f.e. nitric acid containing nitrous aeid in solution) in a test-tube pour gently
a little bile. Notice the succession of colours—green, blue, red, and yellow
—at the junction of the two liquids. This test may also be performed in a
capsule. Place a drop of fuming nitrie acid in the middle of a thin film of
bile : it becomes surrounded by rings of the above-mentioned colours.

6. Hay's Test for Bile Salts—Take two beakers full of water; fto
one add a few drops of bile, or solution of bile salts. Sprinkle a little
flowers of sulphur on the surface of each. It remains floating on the
pure water; but where bile is present the surface fension of the water is
reduced, and the sulphur consequently rapidly sinks. This test is very
gensitive.

7. Preparation of Glycocholie Aeid,—The preparation of the bile acids
is usually a task of some diffienlty; the following exercise is a simple one,
though unfortunately, for reasons which are not explieable, it does not always
succeed. Take a stoppered eylinder, place in it 200 c.c. of ox bile, 10 c.c. of
hydrochlorie aeid, and 25 e.c. of ether, and shake vigorously. Add a erystal
of glycocholic acid, and allow the mixture to stand in a cool place. Tn atime
varying from a few minutes to some hours, a mass of crystals of glycocholic
acid separates ont. This may be filtered off, washed, and dissolved in a little
boiling water, and filtered hot. On cooling, needle-like erystals of the acid
again scparate out.

8. Cholesterin.—(a) Examine crystals of this substance with the miero-
scope. Heat these on a slide with a drop of sulphuric acid and water (5: 1);
the edges of the crystals turn red.

(b) Salkowski's reaction. Dissolve some cholesterin in chloroform in a
dry test-tube, and gently shake with an equal amount of concentrated
sulphuric acid; the solution furns red, and the subjacent acid aequires
a green fluorescence. The chloroformic solution of cholesterin is rendered
colourless by pouring it mto a wet test-tube, and the colour is restored by
the addition of sulphuric acid.

m{c{ tLlub(irmmm‘s reaction. Two or three drops of acetic anhydride are
added to a ehloroformie solution of cholesterin and then sulphuric acid drop

Eﬂligﬁgemﬂ rose-red colour first develops ; this becomes blue and finally

THE PANCREAS

The Pancreas is a compound tubulo-racemose gland ; between
E:Jhe secreting acini are situated little masses of epithelial eells without
ducts called ‘islets of Langerhans” Hxamination of the seereting
cells in different stages of activity reveals changes comparable to
those already described in the case of salivary and gastric cells.
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The inorganic substances in pancreatic juice are :—

Sodium chloride, which is the most abundant, and smaller quanti-
ties of potassium chloride, and phosphates of sodium, ealeium, and
magnesium. The alkalinity of the juice is due to phosphates and
carbonates, especially of sodium.

ACTION OF PANCREATIC JUICE

The action of pancreatic juice, which is the most powerful and
important of all the digestive juices, may be described under the
headings of its four ferments.

1. Action of Trypsin.—Trypsin acts like pepsin, but with certain
differences, which are as follows :(—

(@) It acts in an alkaline, pepsin in an acid medium.

(b) It acts more rapidly than pepsin; deutero-proteoses can be
detected as intermediate products in the formation of peptone.
Primary (i.e. proto- and hetero-) proteoses have not been found ; the
action is apparently too rapid to admit of their detection.

(c) The first degradation product is alkali-albumin in place of the
acid-albumin of gastric digestion.

(d) It acts more powerfully on certain proteins (such as elastin)
which are diffieult of digestion in gastric juice. Collagen, however,
15 not digested.

(¢) Acting on solid proteins like fibrin, it eats them away from
the surface to the interior; there is no preliminary swelling as in
gastrie digestion.

(f) Trypsin acts further than pepsin, decomposing peptone into
simpler products, of which the most familiar are leucine and tyrosine.

Besides leucine and tyrosine, other amino-acids such as aspartic
acid, glutamic acid, lysine, arginine, and tryptophan and ammonia
are also formed. A more complete list of the eleavage produects with
their chemical constitution is given on pp. 31-35.

We know that the action of proteolytic enzymes is, by the
process of hydrolysis, to split the heavy protein molecule into
smaller and smaller molecules ; first we get proteoses, then peptones,
and finally after prolonged action simple substances like leucine and
tyrosine.

T!ﬁs-_: cleavage is more easily performed by the more powerful
tryptic enzyme than by the comparatively feeble agent, pepsin-
hydrochlorie acid. Still we have already seen that by the very pro-
longed action of the latter, leucine, tyrosine, and other aming-acids

G
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THE SECRETION OF PANCREATIC JUICE

One of the most effective ways of produecing a flow of the juice
is to introduce acid into the duodenum, and no doubt the acid of the
gastric juice is the normal stimulus for the pancreatic flow. This flow
still oceurs when all the nerves supplying the duodenum and pancreas
are cut, and it was held by Popielski and by Wertheimer and Le
Page that it must be due to a local reflex, the centres being situated
in the scattered ganglia of the panereas and of the solar plexus.
Starling and Bayliss, however, pointed out that it cannot be a
nervous reflex, sinee it oceurs after extirpation of the solar plexus,
and destruction of all nerves passing to an isolated loop of intestine.
Moreover, atropine does not paralyse the secretory action. It must
therefore be due to direct excitation of the pancreatic cells by a
substance or substances conveyed to the gland from the bowel by the
blood-stream.

The exciting substance is not acid ; injection of 0'4 per cent. of
hydrochloric acid into the blood-stream has no influence on the
pancreas. The substance in question must be produced in the
intestinal mucous membrane under the influence of the acid. This
conclusion was confirmed by experiment. If the mucous membrane
of the duodenum or jejunum is exposed to the action of 04 per cent.
hydrochloric acid, a body is produced which, when injected into the
blood-stream in minimal doses, produces a copious secretion of pan-
creatic juice. This substanes is termed secretin. It is associated with
another substance which lowers arterial blood-pressure. The two
substances are not identical, since acid extracts of the lower end of
the ileum produce a lowering of blood-pressure, but have no excitatory
influence on the panereas.

Secretin is split off from & precursor, pro-secretin, which is present
in r.u:lu.t-ively large amounts in the duodenal mucous membrane, and
gradually diminishes in amount throughout the intestine until i
entirely disappears in the ileum. Pro-secretin can be dissolved
out of the mucous membrane by normal saline solution. It has no
?nﬁtmrmle.hon the pancreatic secretion, Secretin can be split off from
it by boiling or by treatment with acid.

What secretin is chemically, we do not yet know. It is soluble in
alecohol and ether. It is not a protein, but I}l'!‘{]l}:th:,' 18 an organic
sllhst&nlc.e of low molecular weight. Tt is, moreover, the same sub-
stance 1n all animals, and not specific to different kinds of animals,

Whether there are any secretory nerves for the pancreas is at
present doubtful. Pawlow thought he had discovered them in the

a2
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Bacterial Action.—The gastric juice is an antiseptic; the pan-
creatic juice is not. An alkaline ﬂuid_lil-m IJ‘ﬂ-“'[-“'?“*t'(:F3“1‘3‘3_I 18 ]u_ﬁt'
the most suitable medium for bacteria to ﬂuurl_sh in. Even n
an artificial digestion the fluid is very soon putr:dz unless r:.:pfamul
precautions fo exelude or kill bacteria are t&lw-n,1 It |$_Diten d!ITlcult
to say where pancreatic action ends and Im.ntelrml action i)egms.._ a8
many of the bacteria that grow in the intestinal {:{:111.-{3111:3. having
reached that situation in spite of the gastric juice, act 1n the same
way as the pancreafic juice. Some form Hl}gﬂﬂ' l'rr:?n starch, nt.hz:lrs
peptone, leucine, and tyrosine from ]JI'{]LEIT‘IE,‘ while others again
break up fats. There are, however, certain actions that are entirely
or mainly due to these putrefactive organisms. .

i. On earbohydrates. The most frequent fermentation they ﬂFzL
up is the lactic acid fermentation : this may go further and result in
the formation of carbonie acid, hydrogen, and butyrie acid (see p. 19).
Clellulose is broken up into carbonic acid and methane. This is the
chief cause of the gases in the intestine, the amount of which is
increased by vegetable food.

ii. On fats. In addition to acting like steapsin, lower acids
(valerie, butyrie, &c.) are produced. The formation of acid produets
from fats and carbohydrates gives to the intestinal contents an acid
reaction. Recent researches show that the contents become acid
much higher up in the small intestine than was formerly considered
to be the case. These organic acids do not hinder pancreatic diges-
tion to any appreciable extent.

iii. On proteins. Fatty acids and amino-acids are produeed, but
these putrefactive organisms are specially efficacious in liberating the
protein ecleavage products which have an evil odour like indole,
skatole, and phenol. There are also gaseous products in some cases.

If excessive, putrefactive processes are harmful ; if within normal
limits, they are useful, helping the pancreatic juice and, further, pre-
venting the entrance into the body of poisonous produects. It is
possible that, in digestion, poisonous alkaloids are formed. Certainly
this is so in one well-known case. Lecithin, a material contained in
small quantities in many foods, and in large quantities in egg-yolk
and brain, is broken up by the pancreatic juice into glycerin, phos-
phoric acid, fatty acids, and an alkaloid called choline. We are,
however, protected from the poisonous action of choline by the

bacteria, which break it up into carbonic acid, methane, and
Ammonia,
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LEUCINE AND TYROSINE

These two substances have been frequently mentioned in the
preceding pages, and they are the final cleavage products of proteins
which have been longest known. Lewcine is usually the most
abundant of all the cleavage products (see table on p. 35).

We have already learnt that they are amino-acids, and that
leucine is amino-caproic acid (see p. 31). There are, however, several
isomeric amino-caproic acids. It was thought until quite recently

Fio. 22 —Lencine crystals, FiG, 23, —Tyrosine crystals.

that leucine was the amino-acid of normal caproic acid, but it has
been shown to be a-amino-iso-butyl-acetic acid. The difference in the
atructure of these two compounds may be represented by the following
graphic formule :(—

ok, CH,CH,
CH, i
Normal — |om, Iso-butyl CH
a-amino-caproic a-amino- CH,
acid CH.NH, acetic acid CH.NH,
COOH 7 \  COOH

Tyrosine is a little more complicated, as it is not only an amino-acid,
but also contains an aromatic radical (see p. 34). .Flgﬂ.. 29 and 23
represent the erystalline forms of leucine and tyrosine,
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EXTIRPATION OF THE PANCREAS

Complete removal of the pancreas in animals and F]ise.&ae:s‘ of
the pancreas in man produce a condition of diabetes, in gddltmn
fo the loss of pancreatic action in the intestines. Grafting the
pancreas from another animal into the abdomen of the animal
from which the pancreas has been previously removed relieves the
diabetic condition.

How the pancreas acts otherwise than in producing the pancreatic
juice is not known. It must, however, have other funetions related
to the general metabolic phenomena of the body, which are disturbed
by removal or disease of the gland. This is an illustration of a
universal truth—viz, that each part of the body does not merely do
its own special work, but is concerned in the great cycle of changes
which is called general metabolism. Interference with any organ
upsets, not only its specific function, but causes disturbances through
the body generally. The interdependence of the circulatory and
respiratory systems is a well-known instance. Removal of the
thyroid gland upsets the whole body, producing widespread changes
known as myxcedema. Removal of the testes produces, not only a
loss of the spermatic secretion, but changes the whole growth and
appearance of the animal. Removal of the greater part of the
kidneys produees rapid wasting and the breaking down of the tissues
to form an increased quantity of urea. The precise way in which
these glands are related to the general body processes is, however, a
subject of which we know as yet very little. The theory at present
most in favour is that certain glands produce an internal seeretion,
which leaves the gland via the lymph or venous blood, and is then
distributed to minister to parts elsewhere. Removal of such glands
as the thyroid or suprarenal produces disease or death because this
internal secretion can no longer be formed. In the ease of the
pancreas, the external secretion of the panereas (that is, pancreatic
juice) is formed by the cells lining the acini, and the internal secre-
tion, stoppage of which in some way leads to diabetes, has been
attributed by some to the islets of Langerhans; but if these islets
are only stages in the formation of acini, as they have been shown
to be, it is diffieult to fully accept this view.

In diabetes the oxidative powers of the body cells arve lessened, and
the capability of these cells to prepare sugar for oxidation is impaired.
In this process the sugar or its derivative glycuronic acid is gplit into
smaller molecules, and ultimately into water and carbon dioxide. The

e —— e
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THE BILE

Bile iz the secretion of the liver which is poured into the duo-
denum : it has been collected in living :‘!.-lljlmﬂ..l!-i by means of a
biliary fistula ; the same operation has ﬂr:r:usmm‘llly been performed
in human beings. At death the gall bladder yields ) good supply
of bile which is more concentrated than that abtained from &
fistula. : ‘

Bile is being continuously poured into the intestine, but t,]mf'e
is an increased discharge immediately on the arrival {}F food in
the duodenum ; there is a second increase in secretion a few hours
later.

Though the chief blood supply of the liver is hj:.-' a :l.rI::in (the Pm:tu,l
vein), the amount of blood in the liver varies with its needs, being
increased during the periods of digestion. This is due to the fact
that in the area from which the portal
vein collects blood—stomach, intestine,
spleen, and pancreans—the arterioles are
all dilated, and the capillaries are thus
gorged with blood. TFurther, the active
peristalsis of the intestine and the
pumping action of the spleen are ad-
ditiodal factors in driving more blood
onwards to the liver.

The bile is secreted from the portal
blood at a much lower pressure than
one finds in glands, such as the salivary glands, the blood supply
of which is arterial. Heidenhain found that the pressure in the bile
duet of a dog averaged 15 mm. of mercury, which is about double
that in the portal vein.

The second increase in the flow of bile—that which oceurs some
hours after the arrival of the semi-digested food (¢chyme) in the
intestine——was at one time attributed to the effect of the digestive
products carried by the blood to the liver stimulating the hepatie
cells to activity: this was supported by the fact that protein food
increases the quantity of bile secreted, whereas fatty food, which
15 absorbed, not by the portal vein, but by the lacteals, has no
such effect. The facts are now more readily explained by the
eircumstance that secretin is a stimulant of the liver as well as of
the pancreas.

The chemical processes by which the constituents of the bhile are
tormed are obscure. We, however, know that the biliary pigment is

Fiz. 4. —Hmomatoldin orystals.
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1

Fistuln bile Fistuln bile (case o 1 bil
healthy w . 3 . Kormal bile
Constituents | ( Ei\é{%ﬁi‘}?&ﬂ of Lmﬁz:‘ru:}!ﬁ and (Frerichs)
e - - - | JE— I : ._-F_ —_ oo
Sodium glycocholate . ] 06280 ( 0165 L
| Sodium taurocholate . || | 0055 i \ |
| Cholesterin, lecithin, fat 0-0990 \ 0038 _ 1-18 |
Mucinoid material . . | 0-1725 Il 0148 2:98
Pigment . b - . 00725 [} R | 5
Inorganic salts : 0-4510 | 0878 I 078
E —. | —_—— . — — | ; | : =
Total solids . ; ; 1-4230 1284 1-? ﬂfﬂ
| Water (by difference) . 98-5570 98-7T16 8592
100-0000 1O OO0 10000

|

Bile Mucin.—There has been considerable diversity of opinion as
to whether bile muecin is really muecin. The most recent work n
Hammarsten's laboratory shows that differences occur in different
animals. Thus in the ox there is very little true mucin, but a great
amount of nucleo-protein ; in human bile, on the other hand, there is
very little if any nucleo-protein ; the mueinoid material present there
is really muein. (On the general characters of Mucin and Nucrro-
PROTEINS see pp. 45 to 47.)

The Bile Salts.—The bile contains the sodium salts of complex
amino-acids called the bile acids. The acids most frequently found
are glycocholic and taurocholie aeids. The former is more abundant
in the bile of man and herbivora; the latter in carnivora like the
dog. The most important difference between the two acids is that
taurocholie acid contains sulphur, and glycocholic acid does not.

Glycocholic aeid (C;sH,;NO;) is by the action of dilute acids and
alkalis, and also in the intestine, hydrolysed and split into glyeine or
amino-acetic acid and cholalic acid.

CosHy;NO; + H,O=CH,.NH, COOH + C,,H,,0,
[Elycocholio neld] [glyoine] [eholalic acid]

The glycocholate of soda has the formula C,;H, . NaNO,.

Taurocholic acid (Cy;H,;NO;8) similarly splits into taurine or
amino-ethyl-sulphonic acid and cholalic acid,

CyeH,sNO,S +H,0=0C,H, NH,. HS0, + Co H 05
[tanrocholic noid ) [tanring] [eholalic acid]

The taurocholate of soda has the formula C,,H,,NaNO.8S.

Glycocholic and taurocholic acids have lately been prepared
synthetically from cholalic acid and glycine and taurine respectively.

The colour reaction called Pettenkofer's reaction, described in tl;e

e
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in the region of the I line. Hydrobilirubin differs from urobilin in
containing much more nitrogen in its molecule (9-2 instead of 4-1 per
cent.), and is probably a product of less complete reduction than
urobilin. (See further Lesson XXVI.) Urobilin is also formed by
the oxidation of hemopyrrol (see Haemoglobin, p. 114).

Cholesterin.—This substance is contained, not only in bile, but
very lm;r;é-l:-,r in nervous tissues. Like ig_rifvthin, it is an abundant
constituent of the white substance of
Schwann. It is found also in blood cor-
puscles, and in blood plasma as an ester
of oleic and palmitic acids. The cholesterin
of nervous tissues is, however, free. In
bile it is normally pregent in small quanti-
ties only, but it may oecur in excess, and so
form the coneretions known as gallstones,
which are generally more or less tinged
with bilirubin.

Though its solubilities remind one of a Fig. 25,—Cliolesterin erystals,
fat, cholesterin is not a fat, but 2 monatomie
alecohol, probably of the terpene series. Its formula is C,;H,;. HO.

From aleohol or ether containing water it erystallises in the form
of rhombie tables, which contain a molecule of water of erystallisation :
these are easily recognised under the microscope (fig. 25). It gives
the tests deseribed under the practical exercises on p. 79. What the
physiclogical uses of cholesterin are is entirely unknown.

A substance called iso-cholesterin, isomeric with ordinary chole-
sterin, is found in the fatty secretion of the skin (sebum) : it is largely
contained in the preparation called lanoline made from sheep’s-wool
fat. It does not give Salkowski's reaction.

THE USES OF BILE

Bile is doubtless, to a certain extent, exeretory. In some animals
1t has a slight action on fats and starch, but it appears to be rather a
coadjutor to the panereatic juice (especially in the digestion of fat) than
to have any independent digestive activity. Its auxiliary action in
starch digestion has been shown in one of our practical exercises
(p. '?:‘3). It has o similar assisting power in the digestion of
proteins.

Bile is said to be a natural antiseptic, lessening the putrefactive
processes in the intestine. This is very doubtful. Though the bile
salts are weak antiseptics, the bile itself is readily putreseible, and
the power it has of diminishing putrescence in the intestine is due
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the action of the digestive juices. On a moderate diet unaltered
protfein is never found. ‘ .

3. Indigestible constituents of the food : cellulose, keratin, mucin,
chlorophyll, gums, resins, cholesterin.

4. Constituents digestible with difficulty : uncooked starch, ten-
dons, elastin, varipus phosphates, and other salts of the alkaline earths.

5. Produets of decomposition of the food : indole, skatole, phen_ml,
acids such as fatty acids, lactic acid, &e.: hematin from h@moglobin ;
insoluble soaps like those of calcium and magnesium.

6. Bacteria of all sorts and débris from the intestinal wall; cells,
nuelel, mucus, &c. This forms a very large contribution.

7. Bile residues : mucus, cholesterin, traces of bile acids and their
products of decomposition, stercobilin from the bile pigment,!

MECONIUM

Meconium is the name given to the greenish-black contents of the
intestine of new-born children. It is chiefly concentrated bile, with
débris from the intestinal wall. The pigment is a mixture of bilirubin
and biliverdin ; it is not stercobilin.

ABSORFPTION

Food is digested in order that it may be absorbed. It is absorbed
in order that it may be assimilated—that is, become an integral part
of the living material of the body.

Hawing now considered the action of digestive juices, we can study
the absorption which follows. In the mouth and cesophagus the
thickness of the epithelium and the quick passage of the food through
these parts reduce absorption to a minimum. Absorption takes place
to a small extent in the stomach; the small intestine, with its folds
and villi to inerease its surface, is, however, the great place for absorp-
tion ; and, although the villi are absent from the large intestine,
absorption oecurs there also, but to a less extent.

Foods such as water and soluble salts like sodium chloride are
absorbed unchanged. The organie foods, however, are considerably
changed, colloid materials like starch and protein being converted re-
spectively into the diffusible materials sugar and amino-acids.

There are two channels of absorption, the blood vessels (portal
capillaries) and the lymphatic vessels or lacteals.

Absorption, however, is no mere physical process of diffusion and
filiration. We must also take into account the fact that the cells

' Btercobilin may originate also from the hematin of the food. (MaeMunn.)
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up into substances with smaller mnleculesl, and the 1'&3.{]}; diffusibility
of peptones led most physiologists to consider that protein was usually
absorbed as peptone, or as proteose and peptone. But PrOtedes
and peptone are absent from the blood and lymph under EI.-]].‘CII‘(HII]JJ-
stances, even from the portal blood during the most active digestion.
[t is fortunate that this is so, for proteose and peptone when intro-
duced into the blood produce poisonous effects ; the coagulability of
the blood is lessened, blood pressure falls, seeretion ceases, and in
the dog 0-3 gramme of commereial peptone per kilogramme of body-
weight is often sufficient to produce death.

This absence of ‘peptone’ (using the word to include the prote-
oses) did not, however, absolutely negative the idea that ‘peptone’
is the form in which proteins are absorbed, and the difficulty was met
by supposing that during absorption the products of proteolysis were
reconverted into native proteins (albumins and globuling), This
synthesis was further considered to be accomplished by the epithelial
cells that line the intestine.

This view has now had its day, and the change of opinion that
has relegated it to the past is due (1) to our increased knowledge of
the power of trypsin and erepsin;*(2) to a more careful examination
of the intestinal econtents, and of the blood during absorption. We
now know that in the intestine the proteins are, by the two enzymes
trypsin and erepsin, broken down beyond the peptone stage into
their final cleavage products, the amino-acids, and that these pro-
bably pass into the blood as such, for the amount of non-protein
nitrogen in that fluid is inereased during absorption. These amino-
acids ave partly utilised by the cells of the body to repair their
waste, but partly and to a still greater extent converted by the liver
into the waste substance urea, which is finally excreted by the
kidneys. The view that the absorptive epithelium of the alimentary
tract has any special power in building up proteins from these simpl:a
cleavage produets has not been confirmed. If an animal is fed on
the cleavage products obtained from a pancreatic digest nitrogenous
equilibrium is still maintained.

We thus see that the cells of the body possess the power of
rebuilding the proteins peculiar to themselves from the fragments
of the _nmlecules of the food proteins. This accounts for the fact that
the animal tissues retain their chemical individuality in spite of the
great variations in the composition of the diet the animal takes.

If & man wishes to build a new house, and to employ for the
purpose the bricks previously used in the building of another house,
he takes the old house to pieces and uses the bricks and stones most

H
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appropriate for his purpose, rearranges them in such a way that the
new house has its own special architectural features, and discards as
waste the bricks and stones which are not suitable. This idea under-
lies the term so often used by German writers, who speak of the
cleavage products of protein as Bausteine (building stones). Each
tissue has special architectural features in its protein molecules, and
these molecules are reconstructed by using the Bausteine that pre-
viously had been used in the building of other protein molecules,
either in another animal or in vegetable structures. The Bausteine
which are in excess or are unsuitable are simply got rid of as waste
substance.

A large number of the Bausteine are never actually built into
protoplasm, but are converted by the liver into urea, and this is dis-
charged from the body via the urine (see Urea formation, p. 148).

e —Hepeti i the villos of a rat killed doring fat-absorption (B. A. Echil._l'urji
- ]h}ﬁﬁhpi{.ﬂn‘{;ﬂ:-.[: .~:r,le.-1,ri::|ter1 border ; ¢, Iymph cells; ¢f, lymph cells n the epithelinm ;
1', eontral Incteal containing disintegrating 1ymph oells.

One can only conjecture at present which are the ones l-hil.-t. on
p. 52 we compared to diamonds, because they are unusually precious
for the synthesis of protein by tissue cells; but probably phenﬂ-
alanine and its near relation tyrosine come into this {:,E}teg::l-l‘}", for if
they are injected into the blood-stream they do not give rise to any
increase in the urea formed.

=T
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Absorption of fats.—The fats undergo in the intestine two
changes : one a physical change (emulsifieation), the other a chemical
change {:3aponiﬁmtion}. The lymphatic vessels are the great channels
for fat-absorption, and their name, lacteals, is derived from the
milk-like appearance of their contents (chyle) during the absorption
of fat.

The way in which the minute fat globules pass from the intestine
into the lacteals has been studied by killing animals at varying periods
after a meal of fat and making osmic acid microscopic preparations
of the villi. Figs. 26 and 27 illustrate the appearances observed,

The columnar epithelium cells become first filled with fatty
globules of varying size, which are generally larger near the free
border. The globules pass down the cells, the larger ones breaking
up into smaller ones during the journey ; they are then transferred
to the amaboid eells of the lymphoid
tissue beneath : these ultimately pene-
trate into the central lacteal, where
they either disintegrate or discharge
their cargo into the lymph stream.
The globules are by this time divided
into immeasurably small ones, the
molecular basis of chyle. The chyle
enters the blood stream by the thoracie
duet, and after an abundant fatty meal =
the blood plasma is quite milky ; the F'ﬂdifiﬁ?ﬂﬂfﬂfﬂﬁﬁﬂﬁﬁ,Di#éﬁﬂ.‘El?rtﬁ“:}:
fat droplets are so small that they hiari lacien — orow berder; o, lympl
circulate without hindrance through
the capillaries. The fat in the blood after a meal is eventually stored
up in connective tissue cells of adipose tissue. It must, however,
be borne in mind that the fat of the body is not exclusively derived
from the fat of the food, but it may originate also from carbo-

hydrates, and possibly, in the opinion of some physiologists, from
protein as well.

As the fat globules were never seen penefrating the striated
border of the epithelial cells, there was a difficulty in understanding
how they reached the interior of these cells ; the cells will not take
up other particles, and it is certain that they do not in the higher
animals protrude pseudopodia from their borders (this, however, does
oecur in the endoderm of some of the lower invertebrates).

"_litec:cnt research has solved this difficulty. In the first place
particles may be present in the epithelium and lymphoid cells while
no fat is being absorbed. These particles are protoplasmic in nature,

: @







LESSON IX

THE BLOOD AND RESPIRATION

'Blood Plasma.

1. The coagulation of the blood has been prevented in specimen A by the
addition of neutral salt (an equal velume of saturated godinm-sulphate
solution, or a quarter of its volume of saturated magmesium-sulphate solu-
tion). The corpuscles have settled, and the supernatant salted plasma has

sen siphoned off.
hug.h’ll‘]h: congulation of the blood in specimen B has been prevented by the
addition of an equal volume of a,0'4-per-cent. solution of potassiun oxalate
in normal saline solution, _ :

3, Put a small quantity of A into three test-tubes and dilute each with
about ten times its volume of liguid :

A 1. With distilled water.

A 2. With solution of fibrin ferment containing a little caleium chloride.'

A 3. With the same.

4, Put A 1 and A 2 into the water-bath at 40° C.; leave A B at the tem-
perature of the air. A 1 coagulates slowly or not at all; A 2 coagulates
rapidly : A 8 coagulates less rapidly than A 2. :

5. Add to some of B a few drops of dilute (2 per cent.) caleium-chloride

solution : it congulates, and more quickly, if the temperature is 40° C

Blood Serum,

Blood serum is the fluid residue of the blood after the separation of the
clot ; it is blood plasma minus the fibrin which it yields. The general ap-
pearance of fibrin obtained by whipping fresh blood will already be familiar
to the student, as he has used it in experiments on digestion.

Serum has a yellowish tinge due to serum lutein, but as generally obtained
it 18 often contaminated with a small amount of oxyh@smoglobin, and so looks
reddish. It econtains proteins (giving the general tests already studied in
Lesson IV.), extractives, and salts in solution. The proteins are serumn
albumin and serum globulin, The fibrin ferment is also a protein-like sub-
stance. It is present in only small quantities, and in the following experi-
ments is precipitated with serum globulin,

Separation of the serum proteins. —(a) Dilute serum with fifteen times
its volume of water. Tt becomes cloudy owing to the partial precipitation of

' An easy way of preparing an impure but efficient solution of fibrin ferment
is to take 5 c.c. of blood serum and dilute it with a litre of distilled water. A
partial precipitation of globulin takes place, and carries down the ferment with it.
After a few hours pour off the supernatant flnid and dissolve the precipitate in
half a litre of tap-water to which a few drops of 2-per-cent. solution of ealeium

chloride have been added. The solution ean be then given round to the class as
fibrin ferment.
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a firm red jelly. The jelly soon eontracts and squeezes out a straw-
coloured fluid called the serum,in which the shrunken clot ultimately
Hoats.

With the microscope, filaments of fibrin are seen forming a net-
work throughout the flnid, many radiating from small clumps of
blood platelets. It is the formation of fibrin which is the essential
act of coagulation : this entangles the corpusecles and forms the elot.
Fibrin is formed from the plasma, and may be obtained free from
corpuscles when blood plasma is allowed to clot, the corpuscles having
previously been removed. It may also be obtained from blood by
whipping it with a bunch of twigs; the fibrin adheres to the twigs
and entangles but few corpuscles. These may be removed by

Fiti, 28, —Fibrin flaments and blood platelets : A, network of fibrin shown nfter washing away the
corpuseles from a preparation of blood that Lias been allowed to clob. Many of the filaments
h'l.ll.:l.lll:h: from ]ail:l.l.ll.]_l elumps of blood platelets. " B (from Osler), bload corposeles and blooil platelets
within a small vein.

washing with water. Serum is plasma minus the fibrin which it
ylelds. The relation of plasma, serum, and clot can be seen at a
glance in the following scheme of the constituents of the blood :—

Blaa: 5.'5{:11‘11Im
[ 'lu"nnlli'lbl'm}

Blood [ Clot

Corpuscles

[t may be roughly stated that in 100 parts by weight of blood 60-65
parts consist of plasma and 35-40 of corpuscles.

The buffy coat is seen when blood coagulates slowly, as in horse’s
blood. The red corpuscles sink more r:ipi-:ll:,r than the white, and
the upper stratum of the clot (buffy coat) consists mainly of fibrin
and white corpuscles, ¥

Coagulation is hastened hy—

L. A temperature a little over that of the body,

. Uontact with foreign matter. h
3. Injury to the vessel walls,

Agitation,

- Addition of ealeium salis,

o

|_."|-

7

6. Injection of nucleo-protein produces intravascular clotting
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very slowly and gradually, so that there can never in normal cir-
cumstances be any massive liberation of fibrin ferment, and, further,
that there are agencies at work to neutralise the fibrin ferment as it is
formed. The most noteworthy of these neutralising agencies is
the presence in the blood of an antiferment called antithrombin,
analogous to the antipepsin and antitrypsin which, we have seen, are
efficacious in preventing the stomach and intestines from undergoing
self-digestion.

Thrombin or fibrin ferment belongs to the class of nucleo-proteins,
and other nucleo-proteins (see pp. 45, 46) obtained from most of the
cellular organs of the body produce intravaseular clotting when in-
jected into the circulation of a living animal. In certain diseased
conditions intravascular clotting, or thrombosis, sometimes occurs.
This must be due either to the entrance of nucleo-protein into the
eirculation from diseased tissues, or to a failure of the body to pro-
duce sufficient antithrombin to neutralise its effect, or to both of
these conditions together.

Thrombin is believed to originate chiefly from the blood platelets
and in part from the leucocytes. Birds' blood clots very slowly, and
the absence of blood platelets in this variety of blood will in part
account for this. Lymph which contains colourless corpuscles, but
no platelets, also clots in time, so in this case the colourless corpusecles
must be the source of the ferment. One should, however, be careful
in speaking of the disintegration of leucocytes to remember that the
word disintegration does not mean complete breakdown, leading to
disappearance ; the colourless corpuseles do not appreciably diminish
in number when the blood is shed, but what occurs in the surviving
leucocytes is a shedding out of certain products, among which fibrin-
ferment is one.

We have now traced fibrin-formation, the essential cause of blood-
clotting, to the activity of thrombin; it is next necessary to allude
to what has been discovered in relation to the origin of thrombin.
Like other ferments, it is preceded by a mother substance or
zymogen. This zymogen is called prothrombin, or thrombogen, and
ther:a appear to be two necessary agents concerned in the con-
versmn_af thrombogen into thrombin: one of these is the action
of calctum salts, the rl_mther 1s the presence of an activating agent,
;‘T:Llﬂiﬂ;::i i‘;}lﬁent.lurcrr.-zwltjurse‘{suul p.. -’5:54}, and ecalled Hm-uu.:b::fa-k-mase.

played by each is still a matter of speculation, but
we may learn a good deal by studying a little more in detajl

some of the methods already enumerated for preventing the blood
from coagulating.
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The next point to consider is Wh‘y blood obtu.inf,-d after thsf pralvirfms
injection of proteoses (or commereial 1?"311"“»"'_1'“1]I 1'1*0_ the circu “‘t"i“
should not clot. It certainly contains caleium salts, and prqhnih y
both thrombogen and thrombo-kinase, for it can I.m made to clot with-
out the addition of either ; for instance, by dilution or the passage ::}f
a stream of carbon dioxide through it. There must bfls aometlhmg in
peptone blood which antagonises the action of t-hll'er]]I-I]. : This some-
thing is an excess of antithrombin. Peptone will not hinder bl.oold
coagulation, or only very slightly if it 15 added to the blood after it 1s
ched. The antithrombin must therefore have been added to the
blood while it was cireculating in the body. We can even go further
than this and say what part of the body it is which is canclsm'nef.l in the
production of antithrombin : it is the liver, for if the liver is shut
off from the circulation, peptone is ineffective in its action. The
converse experiment confirms this conclusion, for if g is.oluhi‘ﬂn of
peptone is artificially perfused through an excised surviving ]1‘-'&3}..‘, a
substance is formed which has the power of hindering or preventing
the ecoagulation of shed blood.

We are thus justified in two conelusions :

(1) That the antithrombin which is normally present in healthy
blood in sufficient quantities to prevent intravascular clotting, is
formed in the liver.

(2) That commercial peptone in virtue of the proteoses it contains
stimulates this action of the liver to such an extraordinary degree,
that the aceumulation of antithrombin in the blood becomes sufli-
ciently great to prevent the blood from clotting even after it is shed.

It should be noted, however, that this effect upon the liver varies
in different animals, and is most marked in the dog.

We shall conelude by considering only one more of the hindrances
to eoagulation, and that by no means the least interesting. The
leech lives by sucking the blood of other animals; from the leech’s
point of view it is therefore necessary that the blood should flow
freely and not clot. The glands at the head end of the leech, often
spoken of roughly as its salivary glands, secrete something which
hinders the blood from coagulating, and everyone knows by experience
who has been freated by leeches how difficult it is to prevent a leech-
bite from bleeding after the leech has been removed; complete
cleansing is necessary to wash away the leech’s secretion from the
wound. Nowifan exfract of leeches’ heads is made with salt solution
and filtered, that fluid will prevent coagulation, whether it is injected
into the blood-stream or added to shed blood. The substance in the
extraet is ealled hirudin, and this is believed to be antithrombin itself,

\
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Pure plasma may be obtained from horse's veins by x.'rh?,t u, known
as the ¢ living test-tube ' experiment. If the jugular vmi': s I1En,tured
in two places, so as to include a quantity of blood within ft,: then
removed from the animal and hung in a cool place, the blood will not
coagulate for many hours. The corpuscles settle, and the supernatant
plasma can be removed with a pipette. d i |

The plasma is alkaline, yellowish in tint, and its specific gravity
is about 1,026 to 1,029,

Tts chief constituents may be enumerated as follows :—

1,000 parts of plasma contain—

Water . ; : : : : . 902-90
Solids ; ' : : : : 97-10
Proteins : 1, yield of fibrin . . 4-05

9, other proteins : . 7884
Extractives (including fat) : : : 566
[norganic salts . : : . : : 855

In round numbers plasma contains 10 per cent. of solids, of which
8 per cent. are protein in nature,

Serum contains the same three classes of constituents—proteins,
extractives, and salts. The extractives and salts are the same in the
two liquids. The proteins differ, as is shown in the following
table :—

Profeins of Plasma Proteins of Serum
Fibrinogen Serum globulin
Serum globulin Serum albumin
Sernm albumin Fibrin ferment (nueleo-protein)

The gases of the plasma and serum are small guantities of
oxygen, nitrogen, and carbonic acid. The greater part of the oxygen
of the blood is combined in the red corpuscles with hsmoglobin ;
the carbonie aeid is chiefly combined as earbonates (see REspiraTiON).

We may now consider one by one the various constituents of the
plagma and serum. :

A. Proteins.— Fibrinogen.—This is the parent substance of fibrin,
It is a globulin. It differs from serum globulin, and may be sepa-
rated from it by the fact that half saturation with sodium chloride
precipitates it. It coagulates by heat at the low temperature of
06° G. As judged from the yield of fibrin, it is the least abundant of
the proteins of the plasma (see table on upper part of this page).

Serum globulin and serum albumin.—These substances are con-
sidered in the practical exercises at the head of this lesson ; see also
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substance contained in a vessel with parallel sides (the hamatoscope
of Hermann, F in fig. 33), the spectrum is found to be no longer
gontinuous, but is interrupted by a number of dark shadows, or
absorption bands, corresponding to the light absorbed by the coloured
medinm. Thus a solution of oxyhsmmoglobin of a certain strength
gives two bands between the ID and B lines ; haemoglobin gives only
one ; and other red solutions, though to the naked eye similar to
oxyhemoglobin, will give characteristic bands in other positions.

A convenient form of small spectroscope is the direct-vision
spectroscope, in which, by an arrangement of alternating prisms
of erown and flint glass (see fig. 34), the spectrum is ohserved
by the eye in the same line as the tube furnished with the slit.
Such small spectroscopes may be used for class purposes, and
may for convenience be mounted on a stand provided with a gas-
burner and a receptacle for the test-tube (see fiz. 35). In the
examination of the spectrum of small coloured objects, a combina-
tion of the miecroscope and direct-vision spectroscope, ealled the
micro-speciroscope, is used.

Fig. 36 illustrates a method of representing absorption spectra

i . "
Crownglass Crownglass Crownglass

Flintglass Flintylags

Fia. 34, —Arrancement of prisma in direct-vision spectrosoone,

diagrammatieally. The solution” was examined in a layer 1 cen-
timetre thick. The base line has on it at the f_}l'ﬁ]u'l-' distances
the chief Fraunhofer lines, and along the right-hand edges ave
the percentage amounts of oxyhsmoglobin present in I, of hemo-
globin in II. The width of the shadings at each level represents the
position and amount of absorption corresponding to the percentages.

The characteristic spectrum of oxyhamoglobin, as it actually
appears through the spectroscope, is seen in the next figure (fig. 37,
spectrum £). There are two distinet absorption bands between the
D and B lines; the one nearest to D (the a band) is narrower,
darker, and has better defined edges than the other (the 3 band).
As will be seen on looking at hig. 36, a solution of oxyhemoglobin of
ﬂﬁrlfﬁfzt‘.li-l':lt]'-:':-!] greater than 0'65 per cent. and less than 085 per cent.
(examined in a cell of the usual thickness of 1 centimetre)

gives one
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thick band overlapping hoth D and E, and a stronger solution only
lets the red light through between C and D. A solution which gives

|
!
{
|
|
|
!
|
Fin. 86.—8tand for direct-vision spectroscope @ 8, epectroscope T, test-tube for colonred |
snbstance undir investigation. |
the two characteristic bands must therefore be a very dilute one. i
The one band (y band) of hemoglobin (fig. 37, speetrum 3) is not so t
L
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3. 38, —0 y ntations of the amount of absorption of light by solution (I) of oxyhmmo- i
= ':15.1;.1.:,' ?5‘:5’1‘3.?P’1§$?}‘,2;{u{;iu, of different strengtlis, The shading indigates the amount of l.]
absorption of the spectrom ; the fgores on the right horder express percentages,  (Rollett.) .

well defined as the a and 8 bands. On dilution it fades rapidly, 50 _
that in a solution of such strength that both bands of oxyh@moglobin |
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would be quite distinet the single band of h®moglobin has dis-
appeared from view. The oxyh@moglobin bands ecan be distinguished
in a solution which contains only one part of the pigment to 10,000
of water, and even in more dilute solutions which seem to be colourless
the a band is still visible.

Methemoglobin.—This may be produced artificially by adding
such reagents as potassium ferrieyanide or amyl nitrite to a solution
of oxyhmmoglobin ; it may also oecur in certain diseased conditions
in the urine ; it is therefore of considerable practical importance. It
can be crystallised, and is found to contain the same amount of
oxygen as oxyhsmoglobin, only combined differently. The oxygen
is not removable by the air-pump, nor by a stream of a neutral gas

C D Eb F G
T 1 t
8 28 3 || 8
: i : : .
o | f
3
i
4 i
2
S

Fi6, 37.—1, Solar speok; . ; ; i
s Solar spectrum ; 2, speotram of oxyhmmoglobin (0°37 per cent, solution) : 8, epectrum of

hemoglobin: 4, = 0-heemoelobin - g
'.-'nlulilfn 4 4, spectrom of OO hi‘LlIJ(:guTlllrL. B, speotrum of methemorlobin (comoeen trated

like hydrogen. It can, however, by reducing agents like ammonium
sulphide, be made to vield hemoglobin. é'll!',‘.thi{k!]'.‘ﬂ”-[['}l}il'l is of a
brownish-red colour, and gives a characteristic ;1hsem'Trtinn band in
the red between the C and D lines (fig. 37, speetrum 5).

Th-‘}l ferricyanide of potassium 'or sodium not only causes the
conversion of oxyhmmoglobin into methemoglobin, but if the reagent
is a_ulr]f:d to blood which has been previously laked by the addition of
bwice its volume of water there is an evolution of oxygen. If a small
amount of sodium carbonate or ammonia is added .-1:':1;:&“ tio pr-m-c:m
the evolution of any carbonie acid, and the oxygen is collected and
measured, it is found that all the oxXygen previously w::m'nhinedl in
oxyhmemoglobin is discharged. This is at first sight pu:;.:*:ling, because,










































































































































































































LESSON XVIIT

DIGESTION

l.l.!mt:.intr rnf Pepsin Solutions (Griitzner's Method).—Examine the com-
[arative digestive power of the glycerin extracts of two stomachs, Take, in
two test-tubes, an equal small weighed quantity of fibrin stained with carmine.
Add t? each 10 e.c. of [El"z-per-cenl-. hydrochloric acid. Add to one a measured
quantity of one glycerin extract, and to the other an equal gquantity of the
other gl_}ruurlp extract. Asthe fibrin is digested the carmine is set free, and
colours the liquid ; that which is more deeply stained is that which contains
the Lore active preparation of pepsin. In the original method the amount
of carmine set free is estimated by an artificial scale consisting of ten solutions
of carmine of different known strengths.

The carmine solution for staining the fibrin is prepared by dissolving
1 gramme of carmine in about 1 c.c. of ammonia; to this 400 e.c. of water
are added, and the mixture is kept in a loosely stoppered bottle till the smell
of ammonia has become faint.

The fibrin is stained by taking it perfectly fresh and clean. Tt is chopped
finely and placed in the carmine solution for twenty-four hours. The fluid is
strained off and the fibrin washed in water till the washings are colourless,
It is kept in a stoppered bottle with just enough ether to cover it.

2. Mett's Tubes.—A method which is now more generally employed for
estimating the proteolytie activity of a digestive juice is one originally
introduced by Mett. Pieces of capillary glass tubing of known length are
filled with white of egg. This is set into a solid by heating to 95° C. They
are then placed in the digestive fluid at 86° C., and the coagulated egg-white
is digested. After a given fime the tubes are removed; and if the digestive
process has not gone too far, only a part of the little column of coagulated
protein will have disappeared ; the length of the remaining column is easily
measured, and the length that has been digested is a measure of the digestive
strength of the Huid.! This forms a very convenient method to use in experi-
ments on veloeity of reaction. Schiltz’s Law states that the amount of action
is proportional to the square rvoot of the amount of ferment. If this rule
applies (which is doubtful) it applies only to the action of pepsin hydrochlorie

! Hamburger has used the same method in investigating the digestive action of
juices on gelatin. The tubes are filled with warm gelatin solution, and this jellies
on cooling. They are placed as before in the digestive mixture, and the length of
the column that disappears can be easily measured. These experiments must, how-
ever, be performed at room temperature, for the usual temperature (36°-40° C.) at
which artificial digestion is usually carried out would melt the gelatin. He has also
uged the same method for estimating amylolytic activity, by filling the tubes with
thick starch paste.

SN
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weid. In most cases the rapidity of action s directly propertional to the
amount of ferment present.

3. The Acid of Gastric Juice,—The digestive powers of the acids are pro-
portional to their dissociation and the number of H ions liberated. The
anions, however, modify this by having different powers of retarding the
action. The greater suitability of hydrochlorie over lactie mi-icl, for instunfm,
in gastric digestion is due to the fact that the former acid more readily
undergoes dissociation.

Hydrochlorie acid is absent or diminished in some diseases of the
stomach, especially in cancer ; this is true for cancer in general even when
the stomach is not involved ; the best eclour tests for it are the following :—

(a) Gunsberg's reagent consists of 2 parts of phloroglueinol, 1 part of
vanillin, and 80 parts of rectified spirit. A drop of filtered gastric juice is
evaporated with an equal quantity of the reagent. Red crystals form, or, if
much peptone is present, there will be a red paste. The reaction takes place
with one part of hydrochlorie aeid in 10,000. The organic acids do not give
the reaction.

(b) Tropmolin test. Drops of a saturated solution of tropeolin-00 in
94 per cent. methylated spirit are allowed to dry on a poreelain slab at 40° C.
A drop of the fluid to be tested is placed on the tropezolin drop, still at 40° C.;
and if hydrochloric acid is present a violet spot is left when the fluid has
evaporated. A drop of 0:006-per-cent, hydrochloric acid leaves a distinct
mark.

(¢) Tipfer's test. A drop of dimethyl-amino-azo-benzol is spread in a
thin film on a white plate. A drop of dilute hydrochlorie acid (up to 1 in
10,000) strikes with this in the eold a bright red eolour.

Ligetic acid is sometimes present in the gastriec contents, being dervived by
fermentative processes from the food, It is soluble in ether, and is generally
detected by making an ethereal extract of the stomach contents, and evapo-
rating the ether. If lactic acid is present in the residue it may be identified
by Uffelmann’s reaction in the following way :—

A solution of dilute ferrie chloride and earbolic acid is made as follows: -

10 c.e. of a 4-per-cent. solution of carbolic acid.

20 e.c. of distilled water.

1 drop of the liquor ferri perchloridi of the British Pharmacopeia.

On mixing a solution ‘containing a mere trace (up to 1 part in 10,000) of
lactic acid with this violet solution, it is instantly turned yellow. Larger
percentages of other acids—for instance, more than 02 per eent. of hydro-
chloric acid—are necessary to decolorise the test solution.

The reaction is not absolutely convineing, sinee other acids (though in
larger percentages) decolorise the solution, but the characteristie yellow colour
given even by dilute lactic acid is not developed. Note the decolorisation
which occurs when 02 hydrochlorie acid is added to Uffelmann'’s reagent.

Hopkins's reaction for Lactic Acid.—Place 8 drops of a 1-per-cent. aleo-
holie solution of lactic acid in a clean, dry test-tube, add 5 c.c. of concen-
hr;rt.ed sulphuric acid and 8 drops of a saturated solution of copper sulphate
'.".I}x thoroughly and place the test-tube in a beaker of boiling water for five
minutes. Then cool thoroughly under the tap, and add 2 drops of a 0-2.per-
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Fi1g. 57.—1, Solar spectrum, 2, Spectrum of oxyhmmoglobin ((+37 p.c. solution). First band, A 539-

664 : second band, A 555-617, 3, Spectrom of hemoglobin. Band, A §87-5635. 4, Spectrum of CO-
hemoglobin. Firet band, A B83-561 ; second band. A 547-621. &, Spectrum of methmmoglobin
{concentrated solution). 6, Bpestrom of methsmoglobin (dilnte solution). First band, A 647-
A22 : spconid lI‘_|.’!|.r||'|,|I A BAT=5T1: third band, A 5H62-532: fonrth band, A 61d4-490. 7, E"='|'u,'|:rr|_|;|;|;| of
achd hematin (ethereal solution). First band, A 656-615 ; second band, A 587=577 ; third baund, A

BAT-520 ;: fonrth band, A G617-488, 8B, Bpectrom of alkaline hematin, Band from A GB0-581,
gecond band, A

8, Spectrum of hemochromogen (reduesd hematin)  Fivet band, & H6D-542;

Gas-604. 10 Spectrum of acid hematoporphyrin, First band, A 007-683 ; seeond band, A 685

gab. 11, Bpectrum of alkaline ]J:'|"1:|'|:|I.I:Ll;mr'l]:.','r:iu, First band, A 633-612 : pecond bavd, A 5R9-504 ¢
The above measurements (after MacMonn) are

third band, A 549-628 ; fourth band, A 518-488.
in millionths of a millimetre. The lignid was exnmined in o lnyer 1 centimetre thick, The edges

of ll-defined bands vary o good deal with the coneentration of the solutions.
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caustic potash and boil. The eolour changes to brown, and with the
spectroscope a fanint shading on the left side of the D line is seen (fig. 57,
BpectruI &),

() The band is much better seen in an alecholie solution. Prepare the
following mixture :—150 e.c. of 90-per-cent. aleohol, and 18 e.c. of 50-per-
cent. potash. Take about 5 c.c. of this mixture in a test-tube and boil it.

G & HKL M N

Eolar SPSCLTILIE

Hl

Hhbi

Fig. 58, —The photographio spectrum of hemoglobin oxyhEmoglobin. (Gamges.)

e HK LM N O

e lobin

Oxyhs

Methemoglobin

fo i b axvhi lobin and methmmoglobin.  (Gamgee.)
¥, 59,—The photographic spectrum of xyhemoglobin and met

While still hot drop into it a few drops of undiluted defibrinated blood. Thfi
fAluid then shows the spectrum of alkaline hematin. This may then be nse
pr the next experiment. : : _ ¥
; f. Hemochromogen.—Add ammonium sulphide to the solution of alkaline

s T RO S P )]
hematin: the colour changes to red, and two bands are seen, one between
PHETHE 5
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salt solution and pass a stream of carbon dioxide through it. L‘-luming is .;lit
produced as it is in ‘ peptone * blood (which .EE.B}‘ In c:rdler to pvm;J uce_i-:.lud-
ting, excess of serum, or some fluid contamning t.hmmhm.must. e ade Ej_,"
The action of leech extract is mainly due to the fact that it contains anti-
| 11, ;

tlm;:,:bThe experiments described under d may be xl'epaatcd with leech
extract plasma, obtained from the blood !J;,r cent.pfugal;smg. whall ot m

n (f) Instead of leech extract, a solution of its active principle (hirudin)
may be used. This produces no full of blood pressure, and so contrasts

a1

e T

Fii, 80.—Centrifugal machine as made by Roune. Glass vessols containing the substances to be
centrifugalised ase placed within the six metallic tubes which hang vertically while the disc 1= at
rest ; when the machinery is set golng they fy out into the horizental pesition.

with what oceurs in ‘ peptone ’ injection. Leech extract produces a very
small fall of arterial pressure.

3. Influence of Commercial Peptones (Proteoses) on Coagulation.— I'or the
purpose of the following experiments another dog must be employed.

The animal having been anmsthetised a cannula is placed in the
external jugular vein for the injection of the * peptone.’

The carotid artery is connected to a mercurial manometer for the
registration of arterial pressure.

Another convenient artery must be exposed and a ecannula inserted into
it for the collection of samples of blood.

(a) First draw off a sample of blood and note its coagulation time.

(b) Draw a second sample into a strong solution of commercial peptone.
The coagulation time is somewhat longer than in a.

(¢) Then inject the peptone quickly, so that the animal receives (-8
gramme per kilo. of body-weight. Note during and for some time after the
injection a great fall in arterial blood pressure. This has been shown by
the oneometer to be due to vasenlar dilatation.

o2
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Take equal parts of voluntary muscle, heart muscle, rlm} plﬂ,i].t musele
(say from the stomach wall), and extract each for the sn,nmrtmm with equal
amlmmts of 0'15-per-cent. solution of sodium carbonate. Filter and add to
each filtrate acetic acid, drop by drop. The extract of voluntary musele

l——---—---- T | 1 | I el
q|BC| | D B & P G
& =
g 3 8| 83 5 4 ]
7 ]

a2

i

F16. 61.—1, Absorption spectrum of myohematin, as seen in maosele rendered transparont by
glyoerin, 2, Absorption spectrum of modified myohmmatin,

gives an opalescence only; in the case of the plain muscle there is an

abundant precipitate ; the heart musecle gives a result intermediate between
the other two.

10. Pigments of Musecle :—
(@) Notice the difference between the red and pale museles of the rabbit,

Fig. 62, —A desicentar, (Geeheldlen.) a, glass plate: b, bell.jar: o,

dish of sulphnric ama
d, stand for capsnles,

(6) Examine a piece of red muscle (e.g. the diaphragm) spectroscopically
for oxyhmmoglobin (or it may be more convenient to make an Aqueons
extract of the musele and examine that).

(¢) A piece of the pectoral musele of a pigeon has been soaked in glyeerin,
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keratin (especially abundant in white matter) is it!r.:lmtml in. the u]m_:rve m!:{le
with the proteins. The granules in nerve cells (Nizsl's bodies), which stain
readily with methylene blue, are nucleo-protein in nature. The next mm.at
&buntiant substances are of a fatty nature; the most prominent of these is
the phosphorised fat called lecithin (see p. 25). A complex f;ub:-;t-nnca
called profagon, which crystallises out on cooling a hot aleoholic cxh—m‘:t
of brain or other nervous structures is of uncertain composition. Cerebrin
is a term which probably ineludes geveral substances, which are nitro-
genous glucosides; they yield on hydrolysis the sugar called galactose
(see p. 18). They are sometimes called cerebrosides. There are other
phosphorised fats as well, of which keplalin is the best known. The crystal-
line monatomic aleohol cholesterin (see p. 98) is also a fairly abundant con-
stituent of nervons structures, especially of the white substance of Schwann.
Finally there are smaller quantities of other extractives, and a small pro-
portion of mineral =alts (about 1 per cent. of the solids).

Fresh nervous tissues are alkaline, but like most other living structures,
they turn acid after death. The change is particularly rapid in grey matter.
The acidity is due to lactic acid.

Very little is known of the chemical changes nervous tissues under-
go during activity. We know that oxygen is very essential, especially
for the activity of grey matter; cerebral anemia is rapidly followed by loss
of consciousness and death. Waller has suggested that small quantities of
earbonie acid are produced during activity, becanse the inerease in the action
eurrent (detected by the galvanometer) which oceurs after a nerve has been
repeatedly excited is very like the increase also noted on the application of small
quantitiés of this gas. Waller's suggestion has recently been confirmed by
direct experiments in which the amount of earbon dioxide formed has been
estimated. Large quantities of earbonic acid aet like an ansmsthetic, abolishing
nervous activity. Of all parts of the nervous system, the cells in the grey
matter are those which most readily manifest fatigue ; the next most sengitive
region is the termination of nervesin such endings as the end-plates. Fatigne
in a medullated nerve-trunk has never yet been experimentally demonstrated ;
Waller's view that this is due to inter-nutritional changes between the axis
eylinder and the investing medullary sheath can hardly be considered
proved, for it is just as difficult to demonstrate fatigne in non-medullated
nerves.

Chemistry of Nerve-degeneration.—Mott and I have shown that, in the
disease General Paralysis of the Insane, the marked degeneration that oceurs
in the brain is accompanied by the passing of the products of degeneration
into the cerebro-spinal fluid. Of these, nucleo-protein and choline—a decom-
position product of the lecithin (see p. 26)—are those which ean be most readily
detected. Choline can also be found in the blood. But this is not peculiar
to the disease just mentioned, for in various other degenerative nervous
diseases (combined sclerosis, disseminated sclerosis, meningitis, alcoholic
neuritis, beri-beri, &e.) choline can also be detected in these situations. The
tests employed to detect choline are mainly three: (1) The fluid is diluted
with about five times its volume of alechol and the I}rggipit&t.e[[ Pl"ﬂtﬁiﬂﬁ are
filtered off. The filtrate is evaporated to dryness at 40° C. and the residue
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dissolved in absolute alcohol and filtered ;
evaporated to dryness, and again dissolved in absolute alcohol, and this
should be again repeated. To the final aleolivlie solution, an alecholie solution
of platinum chloride is added, and the precipitate so formed is allowed to
settle and is washed with absolute aleohol by decantation : the precipitate is
then dissolved in 15-per-cent. alcohol, filtered, and the filtrate is allowed to

slowly evaporate in a watch-glass at 40° €. The crystals can then be seen

with the microscope. They are recognised not only by their yellow colour
and octahedral form, and by their solubility in water and 15-per cent. aleohol,
but also by the fact that on incineration they yield 81 per-cent. of platinum
and give off the odour of trimethylamine. There is a danger of mistaking
such erystals for those obtained from the chlorides of potassium and am-
monium ; but the presence of such contaminations may be minimised by the
use of aleohol as water-free ng possible. (2) The following test, however,
is entirely distinctive of choline and leads to no risk of confusion with other
substances. The final aleoholie solution prepared as above is evaporated to
dryness, and the residue taken up with water, to this is added a strong
solution of iodine (2 grammes of iodine and 6 arammes of potassinm
iodide in 100 c.c. of water). In a few minutes dark-brown prisms of
choline periodide are formed. These look very like hmmin crystals, If
the slide is allowed to stand so that the liquid gradually evaporates, the
crystals slowly disappear, and their place is taken by brown oily droplets,
but if a fresh drop of the iodine solution is added the erystals slowly form
onee more. (3) A physiologieal test, namely the lowering of arterial blood-
pressure (partly eardiac in origin, and partly due to dilatation of peripheral
vessels) which a saline solution of the residue of the aleoholic extract pro-
duces : this fall is abolished, or even replaced by a rise of arterial pressure, if
the animal has been atropinised. Such tests have alveady been shown to be
of diagnostic value in the distinetion between organic and so-called functional
diseases of the nervous system.

A similar condition ean be produced artificially in animals by a division
of large nerve-trunks; and is most marked in those animals in which the
degenerative process is at its height as tested histologically by the Marchi
reaction.! A chemical analysis of the nerves themselves was also made. A
series of cats was taken, both sciatic nerves divided, and the animals subse-
quently killed at intervals varying from 1 to 106 days. The nerves remain
practically normal as long as they remain irritable : that is, up to abount three
davs after the operation. They then show a progressive increase in the per.
centage of water, and a progressive decrease in the percentage of phosphorus
until degeneration is complete., When regeneration occurs, the nerves return
approximately to their previons chemieal condition. One chemical feature
of degeneration is the replacement of phosphorised by non-phosphorised faf.
When the Marchi reaction disappears in the later stages of degeneration, the

the filtrate from this is AgAin

! The Marchi reaction is the black staining that the medullary sheath of
degenerated nerve fibres shows when, after being hardened in Miiller's fluid, they are |
treated with Marchi's reagent, a mixture of Miiller’s fluid and osmic acid. Healthy
nerve fibres are but little affected by the reagent, but degenerated myelin is
blackened like the fat of normal adipose tissue.




MUSCLE AND NERVOUS TISSUE 203

non-phosphorised fat has been absorbed. This absorption ocenrs earlier in
the peripheral nerves than in the central nervous systemi. _I]]JL' I‘|0T1—phu_:-'w
phorised fat of degenerated myelin is also either richer in olein, or the olein
is more loosely combined than in the healthy medullary sheath ;r}u:nr.:c
the deeper reaction with osmie acid even in the presence of chromie acid
as in the Marchi test. The following table gives details of these experi-

ments —

Ont's seiatic nerves [

Condition Condition of
Percentage of af bloaod NETVeS
- Water, Solids | phesphoros in
golids
Mormal 061 349 1-1 | Minimal { erves irritable
1 to 3 dava after section G485 355 (] { traces of cho- | 4 and histologically
| : line present | healthy
: Irritability lost ;
5 { Choline more | | H
4 bo G o o3 307 (-4 4 + degeneration be-
] | abnndant | ginnite
8 r 682 318 LI B et v Degeneration 1.1.'1!I:l
10 i Ti0T 28-3 (155 cl"_]ml“" AL j:.-tt'.uv.'n by Marchi
13 713 OR-T {]=2 ALY reaction :
{H_ﬂ.ﬂ.‘-]li reaction
2527 - 72:] 470 traces [ Oholine much | | it..'l}]l;fir;?illllhtﬁﬁ!jm_
i . g 28 ] | less | generated fat has
sek in
( Absorption of fat
44 5 T2 | 274 il ( Oholine al- { practienlly com-
! most disap- | plete
100 to 106 T 663 438 (r | peared | Return of function,
| nerves regenerated

|

The foregoing figures relate to the peripheral portions of the nerves. Noll
has also shown that the phosphorised fat diminizhes somewhat in the central
ends of eut nerves due to ‘ disuse atrophy.’

Further, it has been found that in human spinal cords in which a unilateral
degeneration of the pyramidal tract has been produced by a lesion in the
opposite hemisphere, and which gives the Marchi reaction, there is a similar
increase of water and diminution of phosphorus on the degenerated side.

Cerebro-spinal Fluid.—This plays the part of the lymph of the central
nervous system, but differs considerably from all other forms of lymph. Tt
is a very watery fluid, containing, besides some inorganie salts similar to
those of the blood, a trace of protein matter (globulin) and a small amount
of a reducing substance, the nature of which was for a long time uncertain
but which seems now to have been proved to be sugar. It contains the
merest trace of choline; but this is not devoid of significance, for this fact
taken in conjunction with another—namely, that physiological saline solution
will extract from perfectly fresh nervons matter a small quantity of choline—
shows us that lecithin is not a stable substance, but is constantly breaking
down and building itself up afresh;dn fact, undergoing the process called

metabolism. This is most marked in the most active region of the brain—
viz. the grey matter,






















LESSON XXV

URIC ACID AND CREATININE

1L} :E:repu.rlutiun of Pure FT:ri-: Acid.—If one wishes to prepare pure uric aecid,
the solid urine of a reptile or bird, which consists principally of the aeid
ammomum salt, should be selected ; one has not then to separate any pig-
ment. It is boiled with 10-per-cent. eaustic soda or ammonia, diluted, and
then allowed to stand. The clear fluid is decanted and poured into a large
excess of water to which 10 per cent. of hydrochloric acid has been added ;
after twenty-four hours erystals of urie acid are deposited. These may be
purified by washing, re-solution in soda, and re-precipitation by aeid,

2. Estimation of Uric Acid (Hopkins's method).—The following reagents
are required : Pure chloride of ammonium, finely powdered.

A wash-bottle containing a filtered saturated solution of the same salt.

A twentieth normal solution of potassium permanganate made by dis-
solving 1-581 grammes of permanganate in a litre of water,

Measure 100 c.c. of urine into a beaker of about 150 c.c. capacity.

Add ro this 25 grammes (approximately weighed) of ammonium chloride,
stirring briskly till all the salt is dissolved. Now add 2 c.c. of strong
ammonia, and allow the mixture to stand until the precipitate of ammoninm
urate, which rapidly forms, has wholly settled to the bottom of the beaker
its subsidence is promoted by oceasional brisk stirring.

Adjust a small filter paper (7 em. diam.) in a funnel of such size that only
a small margin of glass projects above the edge of the folded paper, and
transfer to this the ammeoninm urate preeipitate.

Filtration should not be commenced until the precipitate has settled
satisfactorily, The precipitate should be as far as possible retained in the
beaker until the greater part of the clear liquid has filtered through ; finally
transfer the whole to the filter with the help of a wash-bottle containing
saturated ammonium chloride solution. After the filter has thoroughly
drained, wash the precipitate twice again with the same solution.

While the last washings are running through the paper, distilled water
should be heated to boiling in a wash-bottle provided with a fine jet. The
funnel containing the filter is now held horizontally over a small porcelain
basin (of about 50 c.c. eapacity) and the precipitate washed into the latter
with a jet of hot water, the filter itself being afterwards opened out over the
basin in order that any urate adbering fo its folds may be washed off. Not
more than 20-30 c.c. of water need be employed in this transference : if much
more has been used the liquid should be concentrated over the water-bath at
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this stage. A little strong HCI (1 c.c.} is next added to the contents of the
bagin, and the whole is then heated over a burner until it just reaches the
boiling point. It is then set aside for the uric acid to crystallise out.

If the mixture is artificially cooled all the uric acid will separate out in
two hours, otherwise it is best allowed to stand overnight or longer.

The crystals are filtered off through a very small filter paper (4 cm.
diam.); the filtrate is received into a graduated cylinder so that the
amount of mother liquid may be noted (see below). The urie acid is next
washed with cold distilled water until free from chlorides. It is unnecessary
to transfer the whole to the filter ; the greater part may be washed by decanta-
tion. Such of the erystals as are upon the filter are now washed back into
the basin (best by the aid of hot water) and the whole quantity is dissolved
by heating to boiling with 1 c.c. of 10-per-cent. sodium carbonate solution
and as much distilled water as the bagin will safely hold.

The solution is transferved to a $-litre Erlenmeyer flask, which should be
marked roughly at 100 c.e. The solution is made up to this mark with dis-
tilled water, and cooled to the temperature of the room.

Twenty c.c. of strong sulphuric acid are added to the contents of the
flask, and the mixture shaken and titrated with the standard permanganate
solution.

During the addition of the standard solution the liquid in the fask should
be kept in vigorous movement. It will be found that at first the disappear-
ance of the pink colour is so vapid that each drop as it is added is decolovised
before it has time to diffuse through the whole liquid. The first instan-
taneous appearance of a diffused flush throughout the solution indicates the
end point of the reaction. This colour rapidly disappears, but it will be found
that the effect of adding further guantities of permanganate after the end
point has been passed is quite different from the effect before the end point
was reached; each drop is now able to diffuse throughout the fluid.

FFor each e.c. of the solution necessary to produee the end point just
described (F00875 gramme of urie acid is present. To the value so obtained
1 mgm. must be added for each 15 c.c. of the mother liquor from which the
crystals separated. Thus the urie acid from 100 c.c. of a sample of urine
used up 185 c.e. of the standard permanganate solution. The mother liquor
filtered from crystals measured 25 e.c,

185 » *00375 = 0694 g,
001 = 25 = ()17
15

Total =+0711

The urine contained 71 mgms. uric acid per 100 c.e.

: 5. Estimation of Creatinine.—The following colorimetric method (Folin's)
is now generally employed for the estimation of creatinine; and with g
slight modification it may also be used for the estimation of ereatine. It i‘n
blaaeﬂ on the red eolour which Jaffé showed develops when an alkaline sn]u;
t.ufﬂ of pierie acid is added to a solution of creatinine ; this is compared
with the colour of a standard solution of potassium bichromate, the m‘lm of
the two fluids being almost identical. If creatine has to be e:-:tim;utcd, this is

P







LESSON XXVI

THE PIGMENTS OF THE URINE

The urinary pigments are numerous, and have from time to time been
deseribed under different names by various observers.

1. Urochrome.—This is the essential yellow pigment of the urine. The
word was originally introduced by Thudichum, and the substance he obtained
is now recognised to have been a mixture of several pigments, of whieh,
however, the essential yellow pigment formed a large proportion. Garrod's
method of separating it from the urine is as follows :—

The urine is saturated with ammonium sulphate and filtered. The
filtrate contains the pigment; this is shaken with alechol. The alcohol
separates readily from the saline mixture, and as it does so dissolves out
much of the urochrome. By repeated extraction all the pigment passes into
golution in the aleochol. The alecholie solution is diluted with water, and
the mixture again saturated with ammonium sulphate. The aleohol con.
taining the pigment in solution again separates out. The second aleoholice
solution is made faintly alkaline with ammonia and evaporated to dryness.
The residue is extracted once or twice with acetie ether, and then again
dissolved in strong aleohol. Finally the alcohol is concentrated till it is
deep orange in tint, and poured into an equal volume of ether. The pure
pigment is by this means precipitated as an amorphous brown powder.

Urochrome shows no absorption bands. As already stated (p. 148), it is
probably an oxidation produect of urobilin.

2. Urobilin.—Urobilin is a derivative of the blood-pigment, and is identical
with stercobilin (see pp. 92, 143). Probably both reduetion aud hydration
oceur in its formation. It is very like the substance named hydrobilirubin
by Maly, which he obtained by the action of sodium amalgam on bilirubin.

The following formule show the relationship between these allied pig-
ments :—

Hematin . ¢ - : : « CpH, N0 Fe
Bilirubin . : . : . - A S LR
Hydrobilirabin . ) 5 : : 2 W H NGO

Urobilin is probably a further stage in reduction.

Normal urine contains but little urobilin; what is present is chietly in
the form of a colourless chromogen, which by oxidation is converted into
urobilin. In numerous pathological conditions urobilin is abundant.

'_l‘he following are the two methods introduced by Garrod and Hopkins
for 1ts separation from the urine : —

(@) The urine is first satorated with ammonium chloride, and the urate
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:m_pl'ncipitm-ml is filtered off. The filtrate is then acidified with sulphurie
acid IILI'H."|. saturated with ammonium sulphate. This causes a precipitate of
urobilin, which may be collected and dissolved in water. The aqueous
::mhltiun is again saturated with ammonium sulphate, and the pigment
is thus precipitated in a state of purity. ;

(&) The urates are first removed, then the urine is acidified and saturated
with ammonium sulphate as before. The urobilin is then extracted from the
mixture by shaking it with a mixture of chloroform and ether (1:2)ina
large separating funnel. The ether-chloroform extract is then rendered
faintly alkaline and shaken with distilled water, and the urobilin passes into
solution in the water. The aqueous solution is now once more saturated
with ammonium sulphate and slightly acidified ; it then once more yields its
pigment to ether-chloroform,

By means of either of these methods urobilin is obtained in a pure con-
dition ; even normal urine will give some, for the chromogen is partly con-
verted into the pigment by the acid employed.

Urobilin dissolved in alcohol exhibits a green fluorescence, which is
greatly increased by the addition of zinc chloride and ammonia. It shows a
well-marked absorption band between & and F, slightly overlapping the latter
(fig. 63, spectrum 4).

Urobilin, like most animal pigments, shows acidic tendencies and forms
compounds with bases; it is liberated from such combinations by the
addition of an aeid.

If urobilin is dissolved in eaustic potash or soda, and sufficient sulphurie
or hydrochloric acid is added to render the liquid faintly acid, a turbidity is
produced. This turbid liquid shows an additional band in the region of the
E line (fig. 63, spectrum 6), which is probably due to the special light absorp-
tion exercised by fine particles of urobilin in suspension. It wholly dis-
appears when the precipitate is filtered off, and when it is re-dissolved the
ordinary band alone is visible.

d. Uroerythrin.—This is the colouring matter of pink urate sediments.
It may be separated from the sediment as follows :—The deposit is washed
with ice-cold water, dried, and placed in absolute aleohol. The alecohol,
though a solvent for urcerythrin, does not extract it from the urates. The
alcohol is poured off, and the deposit dissolved in warm water. From this
solution the pigment is easily extracted by amylic aleohol.

Uroerythrin has a great affinity for urates, with whieh it appears to form
a loose compound. Its solutions are rapidly decolorised by light. Hpect.rg-
scopically it shows two rather ill-defined bands (fig. 63, spectrum 7). : It
gives a green colour with eaustie potash, and red or 1}11}1{ with rnlineynl acids.
Uroerythrin appears to be a small but constant constituent of urme. lIts
origin and relationship to other pigments are unknown. ‘

4, Hematoporphyrin,—This also cecurs in small guantities in normal
urine. In some pathological conditions, especially after the {Ld]l'.lillistl'!ltiﬂ-‘]l
of certain drugs (e.g. sulphonal), its amount is inereased. Il-5+ amount 1s
stated to inerease when the urine stands; this points to the existence of a
colourless chromogen. It may be separated from the urine as follows :—
Caustic alkali is added to the urine; this causes a precipitate of phos-
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down the pigment with it : the pigment may be IIL:*.’--
The chloroform is evaporated, the l'esau!uu
dissolved in acidified alcohol. Urines rich
ther or to amylie aleohol.

phates, which carvies
solved out with chloroform,
washed with aleohol, and finally
in the pigment yield it easily to acetic e
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FiG. 63.—Chart of absorption spectra : 1, acid hematoporphyrin; 2, alkaline hemmatoporphyrin ;
3, hwematoporphyrin as found =ometimes in urate sediments; 4, acid arobilin, concentrated ;

5, acid mrobilin, dilute ; 6 the E band speatrom of urobilin ; 7, nroerythrin i 8, urorosein con-
centrated—on dilution the band shrinks mpldly from redward end. (After . G. Hopkins.)

When the urine 1s sufficiently rich in the pigment, the bands shown are
those of alkaline hematoporphyrin (fiz. 68, speetrum 2). On adding sulphurie
acid the spectrum of acid hematoporphyrin is seen (fig. 63, spectrum 1).
Ogeasionally urate sediments are pigmented with a form of the pigment which
shows a two-banded spectrum, very like that of oxyhemoglobin (fig. 63,
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spectrumn 8) ; by treatment with dilute mineral acids this changes immedi-
ately to the spectrum of acid hematoporphyrin,

9. Chromogens in Urine.—In addition to the chromogens of urobilin and
hematoporphyrin alluded to in the foregoing paragraphs there are others, of
which the following may be mentioned i—(a) Indozyl.—The origin of this
substance from indole is mentioned on p. 154. It is easily oxidised to
indigo-blue or indigo-red.

20,0, <G >CH ¢ 0,=CH, <$9 >0:0<$% > 0,1, + 21,0,

[indoxyl] [indigo-blue]

Indigo-red is isomeric with indigo-blue, its structural formula being
G“H"{EI% > 00« gﬂ%l;l >N. Itis very rare for the urine to be actually
pigmented with indigo, for the urinary indoxyl is excreted as a conjugated
sulphate which resists oxidation. When the urine is mixed with an equal
volume of hydrochloric acid, indoxyl is liberated from the sulphate. A
solution of a hypochlorite is then added drop by drop, when indigo-blue is
formed, and on shaking the mixture with chloroform the indigo-blue passes
into the chloroform. (Jaffé.) This test, however, is not a very good one, for
the hypochlorite solution has always to be freshly prepared, and even then a
small excess will eause the colour to disappear owing to oxidation of the
indigo, and it is difficult to hit off the exact amount to give the reaction. A
better test for indoxyl-sulphurie acid (indican) consists in adding 10 e.c. of
a 20-per-cent. solution of lead acetate to 50 c.c. of urine, and filtering the
mixture. The filtrate is shaken with an equal volume of hydrochlorie acid
(containing 0-2 to 04 per cent. of ferric chloride) and a few e.c. of ehloroform.
The indigo-blue passes into the chloroform (Obermagyer.) (&) Skafoxyl.
When skatoxyl is given by the mouth it passes into the urine, and yields
skatoxyl-red on oxidation. (¢) Urorosein is distinet from indigo-red. Itis
produced from its chromogen by the action of mineral acids. It frequently
appears when urine is treated with string hydrochlorie acid and allowed to
stand, but it appears more readily when an oxidising agent is added as well.
1t is readily soluble in amylie aleohol, but not in ether. The chromogen is
precipitated by saturation with ammonium sulphate. The colour ia_de-
stroyed by alkalis. It shows an absorption band between the D and T lines
(fig. 68, spectrum 8).

6. Pathological Pigments.—The most frequently appearing of a.br‘u:-rma.l
pigments are those of blood and bile. The urine may contain ac{:}denti&]
pigments due to the use of drugs (rhubarb, senna, logwood, santonin) AR
carbolie acid poisoning pyrocatechin and hydrochinon are chiefly responsible
for the greenish-brown colour of the urine, which inereases on exposure to
the air. The black or dark-brown pigment called melanin may pass into
the urine in cases of melanotic sarcoma. For alcaptonuria see p. 169.




APPENDIX

HEMACYTOMETERS

Gowers's Hemacytometer.—The enumeration of the blood corpuscles is
readily effected by the hemacytometer of Gowers. This instrument consists
of a glass slide (fig. 64, C), the centre of which is ruled into ¢ millimetre
squares and surrounded by & glass rim } millimetre thick. It is provided
with measuring pipettes (A and B), a vessel (I)) for mixing the blood with a
saline solution (sulphate of soda of specific gravity 1015), a glass stirrer (E),
and a guarded needle ().

Fini. 84.—~Humacytometer of Sir W. Gowers.

Nine hundred and ninety-five eubic millimetres of the saline solution are
measured out by means of A, and then placed in the mixing jar; 5 cubie
millimetres of blood are then drawn from a puncture in the ﬁ:?ﬂer Iln- means
uf_ the pipette B, and blown into the solution, The two H::ids':u'e well
mixed by the stirrer, and a small drop of this diluted mixture placed in the



218 ESSENTIALS OF CHEMICAL PHYSIOLOGY

centre of the slide C, a cover glass is gently laid on (so as to touch the drop,
which thus forms a layer } millimetre thick between the slide and cover
glass), and pressed down by two brass springs. In a few minutes the
corpuscles have sunk to the bottom of the layer of fluid, and rest on the
squares. The number on ten squares is then counted, and this multiplied
by 10,000 gives the number in a cubic millimetre of blood. The average
number of red eorpuscles in each square ought therefore in normal human
blood to be 45-50.

Differential counts to show the relative proportions of the varieties of
leucocytes are made in appropriately stained specimens.

Oliver's Hemacytometer.—The following method, devised by Dr. George
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Fig, 65.—0liver's hpmaeybometer.




— —
T P

—————

P, A T N T T Ly

AFPPENDIX 219

Oliver, is aready way of determining the total nmnber of corpuscles. It is,
however, not possible to determine the relative proportion of red and white
corpuscles by this means.

The finger is pricked, and the blood allowed to flow into the small
capillary pipette (fig. 65, a) until it is full. This is washed out by the
dropping tube b into a graduated flattened test-tube, ¢, with Hayem's tluid.'
The graduations of the tube are so adjusted that with normal blood con-
taining 5,000,000 coloured corpuscles per cubic millimetre, the light of a
small wax candle placed at a distance of 9 feet from the eye in a dark room
is just transmitted as a fine bright line when looked at through the tube held
edgeways between the fingers () and filled up to the 100 mark of the gradua-
tion. If the number of corpuscles is less than normal, less of the diluting
golution is required for the light to be transmitted ; if above the normal, more
of the Hayem's fluid must be added. The tube iz graduated, so as to indicate
in percentages the decrease or increase of corpuscles per cubic millimetre as
compared with the normal standard of 100 per cent.

HEMOGLOBINOMETERS

Gowers's Hemoglobinometer.—The apparatus consists of two glass tubes,
C and D, of the same size. D contains glycerin jelly tinted with carmine to
a standard colour—viz., that of normal blood diluted 100 times with distilled
water. The finger is pricked and 20 cubie millimetres of blood are measured

Fig. 66, —Hawmoglohinometer of Sir W, Gowers.

out by 15-]19: capillary pipette, B. This is blown out into the tube C, and diluted
with distilled water, added drop by drop from the pipette stopper of the
bottle, a%., until the tint of the diluted blood reaches the standard colour. The
tube C is graduated into 100 parts. If the tint of the diluted blood is the

' Bodinm sulphate 5 o ] i i
; m grammes, sodinm chlovide 1 prm. ¢ o q
0-5 grm., distilled water 200 c.c. ; Sl a
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sume as the standard when the tube is filled up to the gradunation 100, the
quantity of oxyhemoglobin in the blood is normal. If it has to be diluted
more largely, the oxyhmmoglobin is in excess; if to a smaller extent, it is
less than normal. If the blood has, for instanee, to be diluted up to the
graduation 50, the amount of hemoglobin is only half what it ought to be—
50 per cent. of the normal—and so for other percentages.

Haldane's Hemoglobinometer is more frequently used. Instead of tinted
gelatin, the standard of comparison is a sealed tube filled with a solution of
carbonic oxide hemoglobin of known strength. This keeps unchanged for
vears. A stream of coal gas is passed through the blood to be examined,
This converts all the hemoglobin present into carboxyh@moglobin ; this is
then diluted with water to match the standard.

Von Fleischl's Hemometer.—The apparatus (fig. 67) consists of a stand
bearing a white reflecting surface (8) and a platform. Under the platform is

T - b

Fic, 67.—Von Fleigehl's hmmometar,

a slot earrying a glass wedge stained red (K) f;mc'l mm'Fd hy. a wheel (R).
On the pla.t.fnn—n is a small eylindrical vessel divided vertically into two com-
yartments, @ and a'. | oy
; Fill wi’th a pipette the compartment a over the wedg.r with distilled
water. Fill about a quarter of the other cmnpnrtmlcut (a) w1tl'.‘l wuter: 1
" Prick the finger and fill the short capillary pipette provided with t-l(;
s natrument with blood. Dissolve this in the water in cumpm'tn‘lent ty ul,u-:
fill it up with distilled water, Having arranged the 1-eH|:r::t_m;i{E:? t{:hth:_:::l
artificial light vertically through both cmlllﬁjﬂ.i'l-l'.tflE!lltS, 11:“:-]ql gm:n : rul(;::u'
them, and move the wedge of glass by the 1111‘11&{1‘ head (T) until t ; colo :
in the two is identical. Read off the scale, which is so constructed as to giv

: ge moglobin, . 1
thel]ﬁ?;ziit;imi;ﬂiina;atar.—Thia method consists in comparing & specl-
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g & i = O W =} |.|.]FI.I.‘| '
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F1G, 68,— Oliver's hwmoglobinometer

: &, Btandard gradations: b, lanoct .
mensnring pipette ;

¢ oy capillary
o, mixing pipette : e, blood eell and COver gplass

Liovibond’s eoloured glasses. The

capillary pipette ¢ (fig. 68)is first filled
with blood

obtained by pricking the finger, This is washed with water
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illuminated : in any other position, or if rotatien has been produced by the
solution when the nicols have been set at zero, the twe halves appear un-
equally illuminated. This is corrected by means of & rotation of the analyser
that can be measured in degrees by a seale attached to it.

The specific rotatory power of any substance is the amount of rotation in
degrees of a cirele of the plane of polarised light produced by 1 gramme of
the substance dissolved in 1 e.c. of liguid examined in a column 1 deci-
metre long.

If a = rotation observed.
w = weight in grammes of the substance per cubic centimetre.
I = length of tube in decimetres.

[a]p = specific rotation for light with wave-length corresponding to
the D line (sodium flame).
r.l‘h. ) - - - -
21 [u]l =
In this formula + indicates that the substance is dextro-rotatory, — that it
is levo-rotatory.
If, on the other hand, [a], is known, and we wish to find the value of w,
then
L

g
lalp =i

THE SPECTRO-FOLARIMETER

This instrament is one in which a speetrosecope and polarising apparatus
are combined for the purpose of determining the concentration of substances

Fia., T7T.—8pectro-polarimeter of v. Fleizehl,

which rotate the plane of pﬂ]ﬂrlﬂ{,‘ﬂ light, It was invented by E. v. Fleischl
i“;:fha estimation of sugar in diabetic urine. Tts chief advnntnrw is that no
difficulty arises in forming a judgment as to the identity of two coloured
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pressure of blood serum is Wl ;%'%’.(E‘i=5,ﬂﬂﬂ mm. of mercury approxi-
mately, or a pressure of nearly 7 atmospheres.

The osmotie pressure of solutions may also be compared by observing
their effect on red corpuscles, or on vegetable cells such as those in Trades-
cantia. If the solution is hypertonic, i.e. has a greater osmotic pressure
than the cell contents, the protoplasm shrinks and loses water, or, if red
corpuscles are used, they become crenated. If the solution is hypotonic, e.g.
has a smaller osmotic pressure than the material within the cell-wall, no
shrinking of the protoplasm in the vegetable cell occurs, and if red corpuscles
are used they swell and liberate their pigment. Isotonic solutions produce
neither of these effects, becanse they have the same molecular concentration
and osmotic pressure as the material within the cell-wall.

Physiclogical Applications.—It will at once be seen how important all these
considerations are from the phygiological standpoint. In the body we have
aqueous solutions of various substances separated from one another by
membranes. Thus we have the endothelial walls of the ecapillaries separating

-the blood from the lymph ; we have the epithelial walls of the kidney tubules
separating the blood and lymph from the urine; we have similar epithelium
in all secreting glands; and we have the wall of the alimentary canal
separating the digested food from the blood-vessels and lacteals. In such
important problems, then, as lymph-formation, the formation of urine and
other exeretions and secretions, and absorption of food, we have to take into
account the laws which regulate the movements both of water and of sub-
stances which are held in solution by the water. In the body osmosis is not
the only force at work, but we have also to consider filtration : that is, the
foreible passage of materials through membranes, due to differences of
mechanical pressure. Further complicating these two processes we have to
take into aceount another force : namely, the secretory or selective activity of
the living cells of which the membranes in question are composed. This is
sometimes called by the name wvital action, which is an unsatisfactory and
unscientific expression. The laws which regulate filtration, imbibition, and
osmosis are fairly well known and can be experimentally verified. But we
have undoubtedly some other force, or some other manifestation of fﬂl‘l}e: in
the case of living membranes. It probably is some physical or chemical
property of living matter which has not yet been brought into line _witih the
known chemical and physical forces which operate in the inorganic wur_ld.
We cannot deny its existence, for it sometimes operates so as to neutralise
the known forces of osmosis and filtration,

The more one studies the question of lymph-formation, the more con-
vinced one becomes that mere osmosis and filtration will not explain it entirely:
The basis of the action is no doubt physical, but the living cells do .rmt.
behave like the dead membranes of a dialyser ; they have a selective action,
picking out some substances and passing them through to the lymph, while
they reject others.

}'Ir["l:u?iI question of gaseous interchanges in the lungs has been unujsller
battlefield of a similar kind. Some maintain that all mﬂ_hﬁ f‘“‘Pl“mEd
by the laws of diffusion of gases; others assert that the action 1s wholly






































































