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PREFACHE

e —

Tris book is written with the object of supplying the student with
directions for examining practically the most important of the subjects
included under the heading Chemical Physiology, or Physiological
Chemistry. At the same time it is intended to serve as an elementary
text-book of the subject.

The plan of the work is the same as that adopted by Professor
SCHAFER, in his * Essentials of Histology.,” The practical lessons are
followed by a brief description of the matter of which they treat. Each
of the elementary lessons may be supposed to occupy a class for one
hour. The advanced lessons will take more time—usually two hours.

The practical lessons are those which I have been using for many
years past in my own classes. Their original source is the * Syllabus of
Lectures * published by Professor J. Burbox SANDERSoN in 1879, and
althongh some few of the lessons are but little altered, the greater
number have been very considerably modified to inelude the results of
recent researches.

The illustrations have for the most part been transferred from my
text-book of ¢ Chemical Physiology and Pathology.” A few additional
figures have been éxpressly drawn for this work. Figs. 4, 10, and 15
have been taken from Yro's ¢ Physiology'; figs. 16 and 17 from
McEexprick's ‘ Physiology '; figs. 51 and 52 from Bryant’s ¢ Surgery ' ;

and fige, 73 and 74 from Warnrer's ¢ Physiology.’ For leave to use
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ESSENTIALS

OF

CHEMICAL PHYSIOLOGY

INTRODUCTION

Chemical Physiology, or Physiological Chemistry, as it is some-
times termed, deals with the chemieal composition of the body, and
also of the food which enters, and the exeretions which leave, the body.

When a chemist examines living things he is placed at a disadvan-
tage when compared with an anatomist ; for the latter can with the
microscope examine cells, organisms, and structures in the living con-
dition. The chemist, on the other hand, cannot at present state any-
thing positive about the chemical structure of living matter, as 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 its most 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
gimple cells, In the later stages various tissues become differentiated
from each other by the cells becoming grouped in different ways, by
alterations in the shape of the cells, by deposition of intercellular
matter between the cells, and by chemical changes in the living matter
of the cells themselves. Thus in some situations the eells are grouped
into the varions epithelial linings ; in others the cells become elongated,
and form muscular fibres; in the connective tissues we have a pre-
ponderating amount of intercellular material, which may become
permeated with fibres, or be the seat of the deposition of caleareons
salts, as in bone. Instances of chemical changes in the cells them-

B



2 ESSENTIALS OF CHEMICAL PHYSIOLOGY

gelves are seen on the surface of the body, where the superficial layers
of the epidermis become horny (i.e. filled with the chemieal substance
called keratin) ; in the mucous salivary glands, where the cells become
filled with mucin, which they subsequently extrude ; and in adipose
tissue, where they become filled with fat.

In spite of these changes, the variety of which produces the great
complexity of the adult organism, there are many cells which still re-
tain their primitive structure ; notable among these are the white
corpuscles of the blood.

A cell may be defined as a mass of living material containing in its
interior a more solid structure called the nucleus. The nucleus
exercises a controlling influence over the nutrition and subdivision of
the cell.

Living material is called protoplasm, and protoplasm is charac-
terised by its (1) power of movement (seen in amceboid movement,
ciliary movement, muscular movement) ; (2) its power of assimilation,
that is, it is able to take in nutrient material or food, and convert it
into protoplasm ; (8) its power of growth ; this is a natural conse-
quence of its power of assimilation; (4) its power of reproduction ;
this is a variety of growth ; and (5) its power to excrete, to give out
waste materials, the products of its other activities.

The chemical structure of protoplasm can only be investigated
after the protoplasm has been killed. The substances it yields are
(1) Water ; protoplasm is semifluid, and at least three-quarters of its
weight, often more, are due to water. (2) Proteids. These are the most
constant and abundant of the solids. A proteid or albuminous sub-
stance consists of ecarbon, hydrogen, nitrogen, oxygen, with sulphur
and phosphorus in small quantities only. In nuclein, a proteid-like
substance formed in the nuclei of cells, phosphorus is more abundant,
White of egg is a familiar instance of an albuminous substance or
proteid, and the faet (which is also familiar) that this sets on boiling
into a solid will serve as a reminder that the greater number of the
proteids found in nature have a similar tendency to coagulate under
the influence of heat and other agencies. (8) Various other sub-
stances oceur in smaller proportions, the most constant of which are
lecithin, a phosphorised fat; cholesterin, a monatomic aleohol ; and
inorganie salts, especially phosphates 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
gtudy ; the food from which it is built up is also complex, for animals
do not possess to such an extent as plants do the power of building
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up complex from simple materials. We may now proceed to an
enumeration of the chemical constifuents of the animal body, and
group them in a systematic way.

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, silicon, sodium,
potassium, caleium, magnesium, lithium, iron, and occasionally man-
ganese, copper, and lead.

Of these very few occur in the free state. Oxygen (to a small ex-
tent) and nitrogen are found dissolved in the blood ; hydrogen is formed
by putrefaction in the alimentary canal; particles of carbon breathed
in with the air may be found in the tissues of the lungs. With some
few exceptions such as these, the elements enumerated above are found
combined with one another to form what are called compounds.

The compounds, or, as they are generally termed in physiology, the
proximate principles, found in the body are divided into—

(1) Mineral or inorganic compounds.

(2) Organic compounds, or compounds of carbon.

The inorganic compounds present are water, various aeids (such
as hydrochlorie acid in the gastric juice), ammonia (as in the urine),
and numerous salts, such as calecium phosphate in bone, sodinm
¢hloride in blood and urine, and many others.

The organic compounds are more numerous: they may be sub-
divided into—

1. Various groups of aleohols and organic aecids, and their com-
pounds, such as the fats and carbohydrates.

2. Various derivatives of ammonia, amides, amines, urea, &e.

3. Aromatic bodies, or derivatives of benzene.

4. Proteids, the most important of all, and substances allied to
proteids like the albuminoids, pigments, and ferments.

If we study the chemical composition of foods we find that they also
may be subdivided by chemiecal analysis into proximate prineiples, and
these we may conveniently group as follows : —

Inorganic Salts—e.g. chlorides and phosphates of sodium

and caleinm,

3 Proteids—e.g. albumin, myosin, casein.

Albuminoids— e.q. gelatin, chondrin, nuelein.
l Simpler mitrogenouws bodies—e.g. lecithin,
creatine,

‘ g’ MZ_;E'!{;' h:ﬂlLter, fats of adipose tissue.

s . | Carbohydrates—e.g. sugar, starch,

| Non-nitrogenous l Simple organic bodies—e.g. alcohol, vegetable
acids, and salts,

{ Water.

Nitrogenous

Organic -

D 2
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Many of the substances enumerated above only oceur in small quan-
tities. The most important are the inorganic substances, water and
salts ; and the organic substances, proteids, carbohydrates, and fats.
It is necessary in our subsequent study of the principles of chemieal
physiology that we should always keep in mind this simple classifica-
tion ; the subdivision of organie substances into proteids, fats, and
carbohydrates forms the starting point, the A B C, as one might say,
of chemical physiology.

I will conclude this introductory chapter by giving a list of the
apparatus and reagents necessary for a practical study of the subject,
and some tables which 1t will be often found convenient to refer to,

The following set of reagents conveniently contained in 4 to 6 oz. glass
stoppered bottles should be provided for each two students : — :
1. Sulphurie acid, concentrated.

: 3 »» 20 per cent.
- 1 L | 1
. Nitrie acid, concentrated.
. Fuming nitric acid.
Hydrochlorie aecid, concentrated.

-+ » 02 per cent.!
. Acetic acid, glacial.
s » 20 per cent.
Y e . .
11. Canstic potash, 20 per cent.
ToN, 1o e
13. Ammonia.
14. Sodinm carbonate, 1 per cent.
15. Ammonium sulphide solution.
16. Silver nitrate, 1 per cent.
17. Barium chloride, saturated solution.
18. Ammonium molybdate solution.
19, Millon's reagent.*
20. Bolution of ferrocyanide of potassium,

==l o

o=l s W=rle TN

21. = litmus.
29, . sodinum phosphate,
23. = iodine in potassium iodide.

24, Methylated spirit.

25. Ether, -

26. Eshach's reagent.”

27. Solution of copper sulphate, 1 per cent.

The following additional reagents will be required by those taking the
advanced course :—

28. Solution of mercurie chloride.

29, 3 otassium ferricyanide.

30. SBodium earbonate, saturated solution.

* Made by adding 94 c.c. of water to 6 c.c. of the concentrated hydrochloric
acid of the British Pharmacopeeia.

* Mereury is dissolved in its own weight of strong nitric acid. The solution
so obtained is diluted with twice its volume of water. The decanted clear liquid
is Millon’s reagent.

* Ten grammes of picrie acid and 20 grammes of citric acid are dissolved in
800 to 900 c.c. of boiling water, and then sufficient water added to make up a litre.
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81. Sodinm chloride, saturated solution

B2. - e 10 per cent. solution
83. Magnesium sulphate, saturated .,
84. Ammonium o " 1

85. Lime water.

86. Baryta mixture.'

87. Bodinm acetate solution.”

88. FPhosphorie acid, 0'5 per cent.

89. Absolute aleohol.

In addition to these, there should be kept in stock in the laboratory, to
be given out for the lessons in which they are used, the following :—

1. Solid sodinm chloride.

2. ,, magnesinm sulphate.

8. ,, ammonium i

4, ,, sodio-magnesium sulphate.
5, Standard solution of uranium acetate or nitrate for estimating
phosphates.®

6. Standard solution of mercuric nitrate for estimating urea.

7. T T " 1 1 chlorides.

8. " silver " n "

¥

9. Fehling's solution.

10. Caustic soda, 40 per cent.

11. Bromine.

12. Solution of potassium bichromate.

18. Phenyl hydrazine hydrochloride.

14. Solid sodinum acetate.

15. Phospho-tungstic acid.

16. Glacial phosphorie acid.

Each student should be provided with—

1. A bunsen burner.
2. 1 dozen test-tubes in test-tube stand.
8. 2 or 3 4-0z. flasks.
4. 2 flat porcelain dishes.
5. 2 or 4 4-0z. beakers.
6. 2 small glass funnels and a funnel stand.
7. A glass stirring-rod and a small pipette.
B. 1 burette.
9. An iron tripod with wire gauze.
10. Filter papers and litmus papers.
- 11, A 100-c.c. eylindrical measuring glass.
- 12. A thermometer marked in degrees Centigrade.

13. A urinometer.

14. A tin can on a stand to be used as a water-bath.

Apparatus which is not so frequently used, such as that employed in
generating carbonie anhydride, earbonic oxide, or sulphuretted hydrogen,
may be given out as required. The laboratory should also possess a good
balance, with its accessories, water and air baths, kept at various temperatures,
retorts, and analyfical apparatus generally. The mieroscope, polarimeter,
spectroscope, dialyser, are also frequently employed in chemico-physiological
investigations.

! Made by mixing 1 volume of barium nitrate solution with 2 of bariom hydrate
golution, both saturated in the cold. ;

* Prepared as follows :— Sodium acetate, 100 grammes ; water, 900 o.0. ; glacial
acetic acid, 100 c.c.

! Instructions how to make standard solutions will be given in the lessons
where they are used.
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WEIGHTS AND MEASURES

The weights and measures usually employed in science are those of the
metric system, but as in this country the practical physician still largely
uses English grains and ounces, we may compare the two systems in the
following way :—

Weights.
(English System.)

1 grain 0-0648 "gramime
1 ounce = 4875 grains 28:83595 grammes
1 1b. =16 oz.= 7,000 grains = 453:5925 yb

Thescruple = 20 grains = 1'296 gramme,and the drachm = 60 grains = 3-888
grammes, are retained in use, but neither is an aliquot part of the ounce;
though for practical purposes an ounce is considered to consist of 8 drachms.

(Metric System.)

1 milligramme = (0001 gramme = 0:015432 grain
1 centigramme = 001 i = 0154828

1 decigramme = 01 3 - 1-548285 ,

1 gramme = = 1543285 grains
1 decagramme =10 grammes = 1548285 ,,

1 hectogramme = 100 o = 1543'235 i

1 kilogramme — 100 i = 1548235 ;

=21b. 802.119'8 ,,

Measures of Length.
(English System.)

1 inch = 25'4 millimetres
1 foot =12 inches = 304:8 millimetres

(Metric System.)

The standard of length is the metre ; subdivisions and multiples of which,
with the prefixes milli-, centi-, and deci- on the one hand, and deca-, hecto-,
and kilo- on the other, have the same relation to the metre as the subdivi-
sions and multiples of the gramme, in the table just given, have to the
gramme, thus :

1 millimetre = 0001 metre= 008987 inch
1 centimetre =001 0 08987 o,

1 decimetre =01 e 3-98707 inches
1 metre 89-87T079 ,,

Measures of Capacit _,r..
(English System.)

0:059 eubie centimetre

8:549 cubie centimetres
28:398 "
567086 3
4-54837 litres

1 minim

1 fluid drachm = 60 minims

1 fluid ounce =8 fluid drachms
1 pint =20 fluid ounces

1 gallon =8 pints
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(Metric System.)

In the metric system the measures of capacity are intimately connected
with the measures of length; we thus have cubic millimetres, cubic centi-
metres, and so forth, The standard of capacity is the litre, which is equal to
1,000 cubie centimetres ; and each cubie centimetre is the volume of 1 gramma
of distilled water at 4° C.t

1 eubie centimetre (generally written e.c.) =16:931 muinims,
1 litre = 1,000 e.e. =1 pint 15 oz. 2 drs. 11 m. = 852154 fluid ounces.
1 eubie inch = 16:386 c.c.

THERMOMETRIC SCALES

The scale most frequently used in this country is the Fahrenheit scale;
in this the freezing point of water is 32°% and the boiling ﬁﬂinﬁ 212°, On the
Continent the Réanmur scale is largely employed, in which the freezing point
is 0% and the boiling point 80°. In scientific work the Centigrade scale has
almost completely taken the place of these; in this system the freezing point
is 0°, and the boiling point 100°.

To convert degrees Fahrenheit into degrees Centigrade, subtract 32 and
multiply by § or C=(F—382)§. Conversely, degrees Centigrade may be con-
verted into degrees Fahrenheit by the following formula: F = §C + 82.

TENSION OF AQUEOUS VAPOUR IN M1
MERCURY FROM 10° TO 25" C.

10°. 9126 14°, 11-882 187 15-351 22°, 19-675
11°, 9751 15° 12-677 19°. 16-345 23°%, 20:909
12°, 10-421 16°, 18:519 20°. 17-396 24°, 22:211
157, 11-130 17°. 14-400 21°% 18:505 25° 28:582

TABLE OF THE DENSITY OF WATER AT TEMPERATURES
BETWEEN 0° AND 30° C.

8°. 099988 16°. 0-99900 24°, 0-99738
9°. 099982 17°, 099884 25°. 0-99714
10°, 0-99974 18°, 0-99866 26°, 0-99689
11°% 099965 19°, 0-99847 27°, 0-99662
12°. 0-99955 20°, 099827 28°, 0:99635
18°%, 0-99942 21°, 099806 29° 0-99607
147 0-99930 22°, 0-99785 B0°, 0:99579
15°% 099915 28°, 0:99762

! 479 (. is the temperature at which water has the greatest density. For prac-
tical purposes measures are more offen construeted so that a eubie centimetra holds
o gramme of water at 16° C., which is about the average temperature 'le L0011 S,
The true cubic centimetre nuntmns only 00099 gramme at 16° C, S
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BELEMENTARY COURSHE

LESSON I
THE CARBOHYDRATES AND FATS

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

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

8. Trommer's test for derfrose.—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,
on adding more potash, redissolves, forming a blue solution. On boiling this
a yellow or red precipitate (cuprous hydrate or oxide) forms.

4, Dextrin.—Add iodine solution to solution of dextrin, and a reddish-
brown solution is produced. The colour disappears on heating. :

5. Starch.—(a) Examine microseopically the scrapings from the surface
of a freshly cut potato. Note the appearance of the starch grains with their
concentric markings.

(6) On builiw:l with water an opalescent solution is formed,

° which, if s latinises on cooling.
(e) Add iodine "solution. An intense blue colour is produced, which
disappears on heating, and if not heated too long reappears on cooling,
N.B.—Prolonged heating drives off the iodine, and consequently no
blue colour returns after cooling.
(d) Conversion into dextritt and dextrose. To some starch solution in a
flask add a few drops of 25-per-cent. sulphuric acid, and boil for
15 minutes. Take some of the liquid, which is now clear, and test for
dextrin and dextrose.
6. Glycogen.—Solution of glycogen is given round: (a) it is opalescent
like that of starch.
(f) With iodine it gives a brown colour like dextrin.
(¢) By boiling with 25-per-cent. sulphuric acid it is converted into grape
sugar.
7. Lard is given round as an example of a fat. It is insoluble in water.
By hoiling with potash it yields a solution of soap.
8. Add to this solution a few drops of 25-per-cent. sulphuric aci
heating a layer of fatty acid collects on the surface.

-

CARBOHYDRATES

The carbohydrates are found chiefly in vegetable tissues, and
many of them form important foods. Some carbohydrates are, how-
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ever, found in or formed by the animal organism. The most important
of these are glycogen, or animal starch ; dextrose; and lactose, or milk
sugar.

The carbohydrates may be conveniently defined as compounds of
carbon, hydrogen, and oxygen, the two last named elements being in
the proportion in which they oceur in water.

They may be for the greater part arranged into three groups
according to their empirical formul@e. The names and formulse of these
groups, and the most important members of each, are as follows :—

lﬂ?}?z?fl' | 2 &ucmsé-.f;}:}ig?:m‘lmmus., | 3.{ aﬁfg.:;f:,
1 _ S
+ Dextrose ' + Cane sugar + Starch
- Levulose + Lactose | + Glycogen
+ Galactose Z + Maltose + Dextrin
Cellulose
Gums

The + and — signs in the above list indicate that the substances
to which they are prefixed are dextro- and levo-rotatory respectively
as regards polarised light (see Appendix).

The formulse given above are merely empirical ; and there is no
doubt that the quantity = in the starch group is variable and often
large ; hence the name polysaccharides that Tollens gives to the group.
Research has, moreover, shown that the glueoses are either aldehydes
(dextrose) or ketones (levalose) of the hemtm aleohol mannite.
The amyloses may be regarded as the anhy 5 of the glucoses
mCH,,05 —nH,0=(C;H,0;)a]. The sucroses are condensed glu-
coses—i.e. they are formed by the combination of two molecules of
glucose with the loss of one molecule of water (C;H,;0;+CgH,,0,

—H,0=C,.H,,0,,). The following are the

& chief facts in relation to each of the prin-
cipal carbohydrates.
g Dextrose or Grape Sugar.—This carbo-
< hydrate is found in fruits, honey, and
in minute quantities in the blood and
| numerous tissues, organs, and fluids of

q the body. It is the form of sugar found
in large quantities in the blood and urine
Q 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 complex acids are formed which have

Fr6. 1.—Dextrose crystals,
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a yellow or brown colour. This constitutes Moore's fest for sugar.
In alkaline solutions dextrose reduces salts of silver, bismuth, mer-
eury, and copper. The reduction of cupric to cuprous salts con-
stitutes Trommer's test, which has been already described at the head
of the lesson. Another important property of grape sugar is that
under the influence of yeast it is converted into alcohol and carbonic
acid (C.H ,,0,=2C,H;0+2C0,).

Dextrose may be estimated by the fermentation test, by the polari-
meter, and by the use of Fehling’s solution. The last method is the
most important : it rests on the same principles as Trommer’s test, and
we shall study it in connection with diabetic urine (see Lesson XII.)

Levulose.—When cane sugar is treated with dilute mineral acids it
undergoes a process known as inversion—i.e. it takes up water and is
converted avithequal parts of dextrose and levulose. The previously
dextro-rotatory solution of cane sugar then becomes levo-rotatory, the
levo-rotatory power of the levulose being greater than the dextro-
rotatory power of the dextrose formed. Hence the term nversion.
Similar hydrolytic changes are produced by certain ferments, such
as the invert ferment of the intestinal juice.

Pure levulose can be crystallised, but so great is the difficulty of
obtaining crystals of it that one of its names was unerystallisable
sugar. Small quantities of levulose have been found in blood, urine,
and musele. It has been recommended as an article of diet in diabetes
in place of ordinary sugar; in this disease it does not appear to have
the harmful effect that other sugars produce. Levulose gives the
same general reactions as dextrose.

Galactose is formed by the action of dilute mineral acids or invert-
ing ferments on lactose or milk sugar. It resembles dextrose in being
dextro-rotatory, in reducing cupric saltsin Trommer’s test, and in being
directly fermentable with yeast. When oxidised by means of nitrie
acid it, however, yields an acid called mucic acid (CzH,,0;), which
is only sparingly soluble in water. Dextrose when treated this way
yields an isomerie acid—i.e. an acid with the same empirical formula,
called saccharic acid, which is readily soluble in water.

Inosite, or muscle sugar, is found in musele, kidney, liver, and other
parts of the body in small quantities. It is also largely found in the
vegetable kingdom. It is a erystallisable substance (see fig. 2).and
has the same formula (CH,,0,) as the glucoses. It is, however, not
a sugar, It gives none of the sugar fests, and careful analysis has
shown it has quite a different chemical constitution from the true
SUgArs.

Cane Sugar.—This sugar is generally distributed throughout the
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vegetable kingdom in the juices of plants and fruits, especially the
sugar cane, beetroot, mallow, and sugar maple. It is a substance of
great importance as a food. After
abundant ingestion of cane sugar
traces may appear in the urine, but the
greater part undergoes inversion in the
alimentary canal.

Pure cane sugar is crystalline and
dextro-rotatory. It holds cupric hydrate
in solution in an alkaline liquid—that
ig, with Trommer’s test it gives a blue
solution. But only a slight reduction
occurs on boiling. After inversion it
is strongly reducing.

By boiling with water, or, more
readily, by boiling with dilute mineral
acids, or by means of inverting 'ferments, such as that occurring in
the suceus entericus, it undergoes inversion—that is, it takes np water
and is split into equal parts of dextrose and levulose (see p. 11).

C1oH5,0,, + HyO=CgH,,04+ CsH,,0¢

[cane sugar] [dexirose] [levrlose]

Fia. 2, —Inoelte crystals,

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

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

It erystallises in rhombic prisms (see fig. 8). It is much less

soluble in water than cane sugar or dex-
/ j trose, and has only a slightly sweet taste.
It is insoluble in alcohol and ether; aqueous
& solutions are dextro-rotatory.

& ﬂ Solutions of lactose give Trommer's
* 5? CE? test, but when the reducing power is tested
. Z

2 quantitatively by Fehling’s solution it is
found to be a less powerful reducing agent
than dextrose. If it required seven parts 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.

Fra. 3.-33fi1k15ugnr crystals,
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Eactose, 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.
CygH,30y, +Hy0=CgH, 305+ CgH, 5,0,

[lactose] [dextross] [Ealactose]

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

With the lactic-acid organisms which bring about the souring of
milk the lactic-acid fermentation is produced. This may also oecur
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) C,,H,,0,,+ H,0=4C,H;0,
[lactose] [lactic acid]
(2} 4G3H503=264H502+4005 +4H2

[lacticncid] [butyricacid]

Maltose is the 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 in the
form of acicular erystals; it is strongly dextro-rotatory. It gives
Trommer's test; but its reducing power, as measured by Fehling's
solution, is one-third less than that of dextrose.

By prolonged boiling with water, or, more readily, by boiling with
a dilute mineral acid, or by means of an inverting ferment, such as
occurs in the intestinal juice, it is converted into dextrose,

CyoHy,0,, + H,0=2C:H, ;0
[maltose] [dextrose]

It undergoes readily the aleoholie fermentation.

Starch is widely diffused through the vegetable kingdom. It
oceurs in nature in the form of mieroscopic grains, varying in size
and appearance, according to their source. Each consists of a central
spot, round which more or less concentrie envelopes of starch proper or
granulose alternate with layers of cellulose. Cellulose has very little
digestive value, but starch 1s a most 1mportant food.

Starch is ingoluble in cold water : it forms an opalescent solution
in boiling water, which if concentrated gelatinises on cooling. Its
most charaeteristic reaction is the blue colour it gives with iodine.

On heating starch with mineral acids, dextrose is formed. By the
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action of diastatic ferments, maltose is the chief end produet,- In both
cases dextrin 1s an intermediate stage in the process,

Fig. 4.—Section of pea showing starch and alenrone grains embedded in the protoplasm of the cells,
{ Yoo, after Sachs) : a, alearone grains § sf, starch grains; 1, intercellular spaces.

Before the formation of dextrin the starch solution loses its
opalescence, a substance called soluble starch being formed. This,
like native starch, gives a blue colour with iodine. Although the
molecular weight of starch is unknown, the formula for soluble starch
is probably 5(C,,H40¢)s0. IEquations that represent the formation
of sugars and dextrins from this are very complex, and are at present
only theoretical.

Dextrin is the name given to the intermediate products in the
hydration of starch, and two chief warieties are distinguished :—
erythro-dextrin, which gives a reddish-brown colour with iodine; and
achroo-dextrin, which does not.

It is readily soluble in water, but insoluble in aleohol and ether, e
It is gummy and amorphous. It does mnot give Trommer’s test, nor
does it ferment with yeast. It is dexiro-rotatory. By hydrating
agencies it is converted into glucose.

Glycogen, or animal starch, is found in liver and musecle, It is
also abundant in all embryonie tissues,

Glycogen is a white tasteless powder, soluble in hot water, forming,
like starch, an opalescent solution. It is insoluble in alcohol and
ether. It is dextro-rotatory. With Trommer’s test it gives a blue
solution, but no reduction oceurs on boiling.

With iodine it gives a reddish or port-wine colour, very similar to
that given by dextrin. Dextrin may be distinguished 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 basiec lead acetate and ammonia.
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(8) Glycogen is precipitated by 60 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. DBy treatment with strong
mineral aeids it is, like starch, converted into glucose, but with much
greater difficulty, The various digestive ferments have little or no
action on cellulose ; hence the necessity of boiling starch before it is
taken as food. DBoiling bursts the cellulose envelopes of the starch
graing, and so allows the digestive juice to get at the starch proper.

Cellulose i1s found in a few animals, as in the test or outer
investment of the Tunicates.

THE FATS

Fat is found in small quantities in many animal tissnes. It is,
however, found in large quantities in two situations, viz. adipose

Fii. 6.—A few cells from the margin of o fat lobule : f g, fat globule distending fat oell = », nuolsus -
m, membranous envelope of the cell § e », bunch of eryetals within a fat cell ; ¢, capillary vessel ;
o, venule; ¢ f, connective tissue cell.  The fibres of the connective tissue are not roprezented,
tissue and milk. The consideration of the fat in milk is postponed
to Lesson IV,

The contents of the fat cells of adipose tissue are fluid during life,
the normal temperature of the body (86° C., or 99° F.) being con-
siderably above the melting-point (25° C.) of the mixture of the fatg
found there., These fats are three in number, and are called palmitin
stearin, and olein. They differ from one another in chemieal cﬂl_‘lli
position and in certain physical characters, such as melting-point and
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solubilities, Olein melts at 0° C., palmitin at 45° C., and stearin at
53-66° C. It is thus olein which holds the other two dissolved at
the body temperature. Fats are all soluble in hot alechol, ether, and
chloroform, but insoluble in water.

Chemical Constitution of the Fats.—The fats are compounds of
fatty acids with glycerin, and may be termed glycerides. The term
hydrocarbon, applied to them by some authors, is wholly incorrect.

The fatty acids form a series of acids derived from the monatomie
aleohols by oxidation. Thus, to take ordinary ethyl aleohol, C,H O,
the first stage in oxidation is the removal of two atoms of hydrogen
to form aldehyde, C,H,0; on further oxidation an atom of oxygen
is added to form acetie acid, C.H,0..

A similar acid can be obtained from all the other aleohols, thus ;—

From methyl aleohol CH;.HO, formie acid H.COOH is obtained.
;» ethyl »  OgHHO, acetic ,y CH3.COOH i

» propyl ,  C3H.HO, propionic ,, C,H;,,COOH

,»  butyl s C,Hg.HO, butyric ,, C;H.COOH ,,
amyl w  CgH;,.HO, valeric e CiHLC00H .

"

and so on.

Or in general terms :—

From the-aleohol with formula C,H,,.,.HO the aecid with formula
C,_,H,,.,.CO.0H is obtained. The sixteenth term of this series has the
formula C,;H,,.C0.0H, and is called palmitic acid ; the eighteenth has
the formula C,;H,,.CO.0H, and is called stearic acid. FEach acid, as
will be seen, consists of a radicle, C,_,H,,_;CO, united to hydroxyl (HO).

Oleic acid, however, is not a member of the fatty acid series proper,
but belongs to a somewhat similar series of acids known as the
acrylic series, of which the general formula is C,_H,, ;COOH, It is
the eighteenth term of the series, and its formula is C,;Hy3.CO.0H.

Glycerin or Glycerol is a triatomic aleohol, C3H,(HO),—i.e. three
atoms of hydroxyl united to a radicle glyceryl (C;H;). The hydrogen
in the hydroxyl atoms is replaceable by other organic radicles. As an
example take the radicle of acetic acid called acetyl (CH;.CO). 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
C,H,{OH C,H,{0H OsH,{0.CH,.C0 0 H,0.CH,.CO
|OH 0.CH,.C0 0.CH,.CO |0.CH,.CO

o [ElFoering [mononeeting [dingetin] [triscetin]

Triacetin is a type of a neutral fat; stearin, palmitin, and olein
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ought more properly to be called tristearin, fripalmitin, and triolein
respectively. Each consists of glycerin in which the three atoms of
hydrogen in the hydroxyls are replaced by radicles of the fatty acid,
This is represented in the following formula :—
Aeid Raduele Fat

Palmitie acid C,.H,,.COOH Palmityl C,.H,,.CO Palmitin C,H (0C, .H,,.CO}
Stearic acid C,,H,.COOH Stearyl C,,H...CO Stearin C,H,(OC,;H,..CO)
Oleicacid  C,,H,,.COOH Oleyl C,,H,,.CO Olein GEHb(GU,;Hﬂs.Gﬂg

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 pancreatie juice), a fat combines with water
and splits into glycerin and the fatty acid. The following equation
represents what occurs in a fat, taking tripalmitin as an example :—
C;H;(0.C,;H,,C0);+ 8H,0=C,;H,(0H),+8C, ;H;,CO.0H
[palmitin—a fat] [Elyeerin] [palmitic acid—a fatty acid] *
In the process of saponification much the same sort of reaction
oceurs, the final products being glycerin and the palmitate of the base
employed, which is called a soap. Suppose, for instance, that potas-
sinm hydrate 1s used ; we get—
C;H,(0.C,;H;,C0); +8KHO=C0,H;(0H); +3C,;H;,CO0.0K
[palmitin—a fat] [glyeerin] [potassinm palmitate—a soap]
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 into very small globules, such
as ig seen in the natural emulsion—milk.
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LESSON II
THE PROTEIDS

1. Tests for Proteids.—The following tests are to be tried with a mixture
of one part of white of egg to ten of water. [Egg-whit»e contains a mixture
of albumin and globulin.)

(@) Heal Gﬂagulafm —Ta.lntly acidulate w1th a few drops of 2-per-cent.
acetic acid and boil. “ The proteid is rendered insoluble (coagulated proteid).

() Precipifation with Nitriec Aeid.—The addition of strong nitrie acid to
the original selution also produces a white precipitate.

(¢) Xanthoproteie Reaction—0On boiling the white precipitate produced
by nitric acid it turns yellow ; after cooling add ammonia j the yellow becomes
oranga,

{EJ? Millon’s Test.—Millon's reagent (which is a mixture of the nitrates of
mercury containing excess of nitric acid; see p. 4) gives a white precipitate,
which turns brick-red on boiling.

(¢) After the addition of acetic acid, potassinm ferroeyanide gives a white
precipitate.

(f) Add a drop of a 1-per-cent. solution of eupric sulphate to the original
solution and then caustic potash, and a violet solution is obtained.

2. Repeat experiment (f) with a solution of commercial peptone, and note
that a rose-red (biuret) reaction is obtained.

3. Action of Neutral Salts.—The following experiments may be performed
with gernm, which, like egg-white, contains albumin and globulin.

() Saturate it with magnesinm sulphate by adding crystals of the salt to
the serum and shaking vigorously in a flask. A white precipitate of serum-
globulin is produced. Filter. The filtrate contains serum-albumin. (Serum-
globulin is incompletely precipitated by diluting the serum with a large
quantity of water and also by adding weak acetic acid to, or passing a
stream of carbonie acid gas through diluted serum. See Lesson XXI.)

(b) Baturate similarly another portion with ammonium sulphate; a pre-

contains no proteid.
4, Repeat the last experiment with a Hnluti{m of commercial peptone. A
precipitate is produced of the albumoses or es it contains. Filter.

The filtrate contains the trne peptone. i Iphate PI‘EGIPlt[ltﬂﬂ all

cipitate is produced of both the globulin and albumin. Filter. The ﬁltmii

proteids except peptone.

The proteids are the most important substances that occur in
animal and vegetable organisms ; none of the phenomena of life
oceur without their presence ; and though it is 1mpossible to state
positively that they oeccur as such in living protoplasm, they are
invariably obtained by subjecting living structures fo analytical
processes.

:
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Proteids are highly complex and (for the most part) unerystal-
lisable compounds of carbon, hydrogen, oxygen, nitrogen, and sulphur
oceurring in a solid viscous condition or in solution in nearly all the
liquids and solids of the body. The different members of the groups
present differences in chemical and physical properties. They all
possess, however, certain common chemical reactions, and are united
by a close genetie relationship.

The various proteids differ a good deal in elementary composition.
Hoppe-BSeyler gives the following percentages :—

C H N s 0
From 6515 69 15-2 03 209
To bd-b 7:3 170 2:0 28+5

We are, however, not acquainted with the constitutional formula
of proteid substances. There have been many theories on the sub-
ject, but practically all that is known with certainty is that many
different substances may be obtained by the decomposition of proteids.
How they are built up into the proteid moleeule is unknown. The
decompositions that occur in the body are, moreover, different from those
which can be made to oceur in the laboratory ; hence the conclusion
that living protoplasm differs somewhat from the non-living proteid
material obtainable from it.

(1) Inthe body. Carbonic acid, water, and urea are the chief final
products. Glycocine, leucine, creatine, uric acid, &e. are probably in-
termediate products. Carbohydrates (glycogen) and fats may also
originate from proteids.

(2) Outside the body. Various strong reagents break up proteids
" into ammonia, carbonic acid, amines, fatty acids, amido-acids like
leucine and glycocine, and aromatic compounds like tyrosine,

TESTS FOR PROTEIDS

Solubilities.—All proteids are insoluble in aleohol and ether. Some
are soluble in water, others insoluble. Many of the latter are soluble in
weak saline solutions, Some are ingolable, others soluble in eoncen-
trated saline solutions. It is on these varying solubilities that proteids
are classified.

All proteids are soluble with the aid of heat in concentrated
mineral acids and alkalis. Such treatment, however, decomposes as
well as dissolves the proteid. Proteids are also soluble in gastrie and
pancreatic juices; but here, again, they undergo a change, being con-
verted into a hydrated variety of proteid called peptone. The inter-
mediate substances formed in this process are called profecses or

c2
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albumoses. Commercial peptone containg a mixture of proteoses and
true peptone.

Heat Coagulation,—Many of the proteids which are soluble in
water or saline solutions are rendered ingoluble when those solutions
are heated. This is true for most of the proteids that occur in nature.
The solidifying of white of egg when heated is a familiar instance of
this. The temperature of heat coagulation differs in different pro-
teids : thus myosinogen and fibrinogen coagulate at about 56° C.;
gerum albumin and serum globulin at about 75° C.

The proteids which are coagulated by heating their solutions come
under two classes—the albumins and the globulins, The full distine-
tion between these we shall see immediately. We may, however, state
here that the albumins are soluble in distilled water ; the globulins are
not, but require salts to hold them in solution. )

Indiffusibility.—The proteids (peptones excepted) belong to the
clags of substances called colloids by Thomas Graham ; that is, they

Fig. 7.—In this form of dinlyzer
the substance to be dialysed
F1G. §.—Dialyser. The lower opening of the bell jar sus- is placed within the piece of
pended in water is tightly covered with parchment tubing suspended  in the

paper. The fluid to be dialyeed is p within this I vessol of water. The
veasel 3 the erystalloids pass out into ed water tubing is made of parchment
outside through the parchment pa PAPET:

pass with diffieulty, or not at all through animal membranes. In the
construction of dialysers, vegetable parchment is very largely used
(see figs. 6 and T).

Proteids may thus be separated from diffusible (erystalloid) sub-
stances like salts, but the process is a somewhat tedious onme. If
some serum be placed in a dialyser, and distilled water outside, the
greater amount of the salts pass into the water through the mem-

TSI S
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brane ; the two proteids, serum albumin and serum globulin, remain
ingide. The serum globulin is, however, precipitated, as the salts
which previously kept it in solution have been removed.

Action on Polarised Light.—All the proteids are levo-rotatory, but
the amount of rotation they produce varies with the kind of proteid.

Colour Reactions,—The prineipal colour reactions : (1) the xantho-
proteic ; (2) Millon’s ; (8) the violet colour with copper sulphate and
caustic potash have been already given in the heading to this lesson.
Peptones behave differently from the native proteids in this last test.
They give a rose-red colour instead of a violet, if only a trace of
copper sulphate is used. The albumoses act in this respect like the pep-
tones. This rose-red colour is also given by the substance called biuret ;'
hence the test is often called the biuret reaction.

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

Solutions of the proteids arve precipitated by—

1. Strong acids, like nitrie acid.

2. Pieric acid.

3. Acetic acid and potassium ferrocyanide.

4. Acetic acid and exeess of neutral salts like sodinm sulphate.

5. Salts of the heavy metals, like ecopper sulphate, mercurie chloride,
lead acetate, silver nitrate, &e.

6. Tannin.

7. Aleohol.

8. Saturation with certain neutral salts,such as ammonium sulphate.

It 18 necessary that the words coagulation and precipitation should,
in connection with the proteids, be carefully distinguished. The term
coagulation is nsed when an insoluble proteid (coagulated proteid) is
formed from a soluble one. This may oceur—

1. When the proteid is heated—/heat coagulation.

2. Under the influence of a ferment: for instance, when a curd is
formed in milk by rennet or a clot in shed blood by the fibrin ferment—
ferment coagulation.

8. When an insoluble precipitate is produced by the addition of
certain reagents (nitric acid, pierie aeid, tannin, &e.)

There are, however, other precipitants of proteids in which the
precipitate formed is readily soluble in suitable reagents, like saline
solution, and the proteid continues to show its typical reactions. Such

' Biuret is formed by heating urea; ammonia passes off and leaves biuret,

thue :—
200N H,~ NH, =C,0,NH,

[urea] [nmmonin [bivret]
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precipitation is not coagulation. Such a precipitate is produced by
saturation with ammoninm sulphate. Certain proteids, called globu-
ling, are more readily precipitated by such means than others. Thus,
serum globulin is precipitated by half-saturation with ammonium
sulphate. Full saturation with ammoninom sulphate precipitates all
proteids but peptone. The globuling are precipitated by certain salts,
like sodinm chloride and magnesinm sulphate, which do not precipi-
tate the albumins,

The precipitation produced by aleohol is peculiar in that after a
time it becomes a coagulation. Proteid freshly precipitated by alcohol
is readily soluble in water or saline media ; but after it has been allowed
to stand some weeks under alcohol it becomes more and more in-
goluble. Albumins and globulins are most readily rendered insoluble
by this method; albumoses and peptones are apparently never ren-
dered insoluble by the action of aleohol. This faect is of value in the
separation of these proteids from others.

CLASSIFICATION OF PROTEIDS

Both animal and vegetable proteids ecan be divided into the follow-
ing six classes. We shall, however, be chiefly concerned with the
animal proteids.

Clags I. Albumins,—These are soluble in water, in dilute saline
solutions, and in saturated solutions of sodinm chloride and magnesium
sulphate. They are, however, precipitated by saturating their solu-
tions with ammonium sulphate. Their solutions are coagulated by
heat, usually at 70-73° C. The following are instances :—

(@) Serum albumin. Not precipitated by ether.

(b) Egg albumin. Precipitated by ether.

(¢) Lact-albumin (see MILK).

(Class II. Globulins.—These are insoluble in water, soluble in
dilute saline solutions, and insoluble in concentrated solutions of
neutral salts like sodium chloride, magnesinm sulphate, and ammo-
ninum sulphate. A globulin dissolved in a dilute saline solution may
therefore be precipitated—

1. By removing the salt—by dialysis (see p. 20).

2. By increasing the amount of salt. Magnesium sulphate added
to saturation is the best to employ.

The globulins are coagulated by heat; the temperature of heat
coagulation varies considerably. The following are instances :—

(@) Fibrinogen

(b) Serum globulin (paraglobulin) } in blood plasma. A
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(¢) Globin, the proteid constituent of hemoglobin.

(d) Myosinogen in muscle.

(e) Crystallin in the erystalline lens.

If we compare together these two classes of proteids, the most im-
portant of the native proteids, we find that they all give the same general
tests, that all are coagulated by heat, but that they differ in solubili-
ties. This difference in solubility may be stated in tabular form as
follows :—

Eaturnted saline
Water Dilute saline solution {NaCl, or Mg50,)
solution
Albumins . soluble soluble soluble
Globulins . insoluble soluble msoluble

The remaining classes of proteids we shall consider more fully in
subsequent lessons,

Class ITI. Albuminates.

(@) Acid albumin or syntonin.
(&) Alkali albumin.
(See next lesson.)

Class IV. Proteoses | These products of digestion will be studied

Class V. Peptones } in Liessons VI. and VII.

Class VI. Coagulated Proteids—There are two subdivisions of
these :—

(@) Proteidsin which coagulation has been produced by heat; they
are insoluble in water, saline solutions, weak acids, and weak alkalis ;
soluble after prolonged boiling in concentrated mineral acids; dis-
solved by gastric and pancreatic juices, they give rise to peptones.

(b) Proteids in which coagulation has been produced by ferments :—

i. Fibrin (see Broob).
ii, Myosin (see MuscLE).
iii. Casein (see MILK).

iv. Gluten (see Frour).

Tables illustrating the methods of testing for and separating pro-
teids will be found at the end of this elementary course.
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LESSON III

THE ALBUMINATES AND ALBUMINOIDS

1. Action of Acids and Alkalis on Albumain.—Take three test-tubes
and label them A, B, and C.

In each place an equal amount of diluted egg-white, similar to that used
in the last lesson.

To A add a few drops of 0°1-per-cent. solution of caustic potash.

To B add the same amount of (1-per-cent. solution of caustic potash.

To C add a rather larger amount of 0-1-per-cent. sulphuric acid.

Put all three into the warm bath* at about the temperature of the body
(86 —40° C.)

After five minutes remove test-tube A, and beil. The proteid is no
longer congulated by heat, having been converted into alkalt-albwmin. After

F1e. 8.—Simple warm bath, ns described in footnote.

cooling, colour mf;]: litmus solution and neutralise with 0-1-per-cent. acid.
At the neutral point a precipitate is formed which is soluble in excess of
either acid or alkali.

Next remove B. This also now eontains alkali-albumin. Add to it a few

' A convenient form of warm bath suitable for class purposes may be made b
placing an ordinary tin pot half full of water over a bent piece of iron whicg
acls as & warm stage as in the figure. The stage is kept warm by a small gas
flame. Such a warm bath may be placed between every two or three students.

i i it i e

e
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drops of sodinm phosphate, colour with litmus, and neutralise as before.
Note that the alkali-albumin now requires more acid for its precipitation
than in A, the acid which is first added converting the sodinm phosphate into
acid sodinm phosphate.

Now remove C from the bath. Boil it. Again there is no coagulation,
the proteid having been converted into acid-albumin, or syntonin. After
cooling, colonr with litious and neuntralise with 0-1-per-cent. alkali. At the
neuntral point a precipitate is formed soluble in excess of acid or alkali.
(Acid-albumin is formed more slowly than alkali-albumin, so it is best to
leave this experiment to the last.)

2. Take some gelatin and dissolve it in hot water. On cooling, the
solution sets into a jelly (gelatinisation).

3. Add a few drops of acetic acid to some saliva, A stringy precipitate
of muein is formed.

4. A tendon has been soaked for a few days in lime water. The fibres
are not dissolved, but they are loosened from one another owing to the
solution of the interstitial or ground substance by the lime water. Take
some of the lime-water extract and add acetic acid. A precipitate of mucinis
Ebé;lz}inﬁi The fibres themselves consist of collagen, which yields gelatin on

oiling.

ALBUMINATES

Albuminates are compounds of proteid with mineral substances.
‘Thus, if a solution of copper sulphate is added to a solution of
albumin, a precipitate of copper albuminate is obtained. Similarly,
by the addition of other salts of the heavy metals, other metallic
albuminates are obtainable.

The albuminates which are obtained by the action of dilute acids
and alkalis on either albumins or globuling are, however, of greater
physiological interest, and it is to these we shall chiefly confine our
attention. The general properties of the acid-albumin, or syntonin,
and the alkali-albumin which are thereby respectively formed will
be gathered from the practical exercise which stands at the head of
this lesson. They are insoluble in pure water, but are soluble in
either acid or alkali, and are precipitated by neutralisation unless dis-
turbing influences like the presence of sodium phosphate are present.
It may also be added that, like globulins, they are precipitated by
saturation with such neutral salts as sodium chloride and magnesium
sulphate. They are not coagulated by heat.

A variety of alkali albumin (probably a compound containing
a large quantity of alkali) may be formed by adding strong potash to
undiluted white of egg.  The resulting jelly is called Lieberkiihn's jelly.

Caseinogen, the chief proteid in milk, was at one time regarded as
being a native alkali-albumin, It certainly is precipitated by acid,
but we shall find that there are several reasons why it is no longer
considered an alkali-albumin,
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ALBUMINOIDS

~ The albuminoids are a group of substances which, though similar

to the proteids in many particulars, differ from them in certain other

points. The prineipal members of the group are the following :—

1. Collagen, the substance of which the white fibres of connective
tissueare composed, Someobserversregard it as the anhydride of gelatin,

2. Ossein, This is the same substanece, derived from bone.

3. Gelatin. This substance is produced by boeiling collagen with
water. It possesses the peculiar property of setting into a jelly when
a solution made with hot water cools. It gives most of the proteid
colour tests. Many observers state, however, that it contains no
sulphur. On digestion it is like proteid eonverted into peptone-like
substances, and is readily absorbed. Though it will replace in diet
-a certain quantity of proteid, acting as what 1s called a ‘proteid-
sparing ' food, 1t cannot altogether take the place of proteid as a food.
Animals fed on gelatin instead of proteid waste rapidly. Chondrin,
the very similar substance obtained from hyaline cartilage, appears
to be a mixture of gelatin with mueinoid materials.

4. Mucin. This is a widely-distributed substance, ocewrring in
epithelial ecells, or shed out by them (muecus, mucous glands, goblet
eells) ; and in connective tissue where it forms the chief constituent of
the ground substance or intercellular material. .

The muein obtained from different sources varies in composition
and reactions. There are probably several
mueins ; they all agree in the following
points :— ’

(a) Physical character. Viseid and
tenacious.

(b) Precipitability from solutions by
acetic acid : they all dissolve in dilute
alkalis like lime water.

i D e R (e) FThe],r are all eompounds of a pro-
b iaom, o Sopsbys VOI) Wil oashalyiinate il S i
ﬂjnr']-'ﬂ‘::'.:]E']!:Et.'fﬂ;t.r{'ffrtrnﬂ.ﬂﬁﬁ?’ gum, which by treatment with dilute
(Schiifer.) ‘ " mineral acid can be hydrated into a re-

dueing but non-fermentable sugar.

5. Elastin. This is the substance of which the yellow or elastic
fibres of connective tissue are composed. It is a very insoluble
material. The sarcolemma of muscular fibres and certain basement
membranes are very similar.

6. Nuclein, the chief constituent of cell-nuelei. A similar substance

T,
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iz also found in milk and yolk of egg. Its physical characters are
gomething like muein, but it differs chemically in containing a high
percentage of phosphorus. Nuclein appears to be identical with the
chromatin of histologists (see fig. 9).

7. Nucleo-albumin,—Compounds of proteids with nuclein. . They
are found in the protoplasm of cells. Caseinogen of milk and vitellin
of eggz-yolk are similar substances. In physical characters they often
closely simulate muein; in fact, the nucleo-albumin of bile is still fre-
quently called muein, They may be distinguished from muecin by the
fact that they do not yield a reducing sugar on treatment with mineral
acid ; they yield on gastric digestion not only peptone but also an in-
soluble residue of nuclein which is soluble in alkalis, precipitable by
acetic acid from such a solution, and contains a high percentage of
phosphorus.

Some of the nucleo-albumins also contain iron, and it i1s probable
that the normal supply of iron to the body is contained in the nueleo-
albumins, or hematogens (Bunge), of plant and animal cells.

8. Keratin, or horny material, is the substance found in the sur-
face layers of the epidermis, in hairs, nails, hoofs, and horns. It is
very insoluble, and chiefly differs from proteids in its high percentage
of sulphur. A similar substance, called neuwrokeratin, is found in
neuroglia and nerve fibres. In this connection it is interesting to note
that the epidermis and the nervous system are both formed from the
same layer of the embryo—the epiblast.



28 ESSENTIALS OF CHEMICAL PHYSIOLOGY

LESSON IV

MILK, FLOUR, BREAD

A. Milk.—1. Examine a drop of milk with the microscope.

2. Note the specific gravity of fresh milk with the lactometer, and observe
that the specific gravity is increased by the removal of the lightest con-
stitnent —the cream.

3. The reaction of fresh milk is usually neutral or slightly alkaline.

4. Warm some milk in a test-tube to the temperature of the body, and
add a few drops of rennef. After standing, a curd is formed from the conver-
sion of caseinogen, the chief proteid in milk, into casein. The easein en-
tangles the fat globules; the liguid residue is termed whey. No curd forms
if the rennet solution is previously boiled. Heat kills ferments.

5. To another portion of warm milk diluted with water add a few drops
of strong acetic acid. A lumpy precipitate of caseinogen entangling the fat
is formed.

6. Filter off the eurd, and in the whey test for lactose or milk sugar by
Trommer's test (see Lesson 1.); for lactalbumin by boiling, or by Millon's
reagent (see Lesson I1.); and for earthy (that is, caleium and magnesium)
phosphates by ammonia, which precipitates these phosphates.

7. Fat (butter) may be extracted from the curd by shaking it with ether;
on evaporation of the ethereal extract the fat is left behind, forming a greasy
stain on paper.

8. Caseinogen, like globulins, is precipitated by saturating milk with
sodium ehloride or magnesium sulphate, but differs from the glnTmlins in not
being coagulated by heat. The precipitate produced by saturation with salt
floats to the surface with the entangled fat, and the clear salted whey is seen
below after an hour or two.

B. Flour.—Mix some wheat flour with a little water into a stiff dough.
Wrap this up in a piece of muslin and knead under a tap or in a capsule of
water. The starch grains come through the holes in the muslin (identify by
iodine test), and an elastic sticky mass remains behind. This is a proteid
called gluten (identify by xanthoproteic or Millon’s reaction).

C. Bread contains the same constituents as flour except that some of the
starch has been converted into dextrin and dextrose during baking (most
flours, however, contain a small quantity of sugar). Extract bread with cold
water, and test the extract for dextrin (iodine test) and for dextrose (Trommer's
test). If hot water is used starch also passes into solution.

THE PRINCIPAL FOOD-STUFEFS

We can now proceed to apply the knowledge we have obtained of
the proteids, carbohydrates, and fats to the investigation of some im-
portant foods. We do not actually use as food the various organie
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proximate principles in the pure condition; it is necessary that in a
suitable diet these should be mixed in certain proportions, and in
nature we find them already mixed for us, The chief proximate
prineiples in food are :—

1. Proteids

2, Carbohydrates porganie.
8. Fats

g‘ éﬁ;ﬁ-:r }inﬂrgﬂ.uic,

In milk and in eggs, which form the exclusive food-stuffs of young
animals, all varieties of these proximate principles are present in suit-
able proportions. Hence they are spoken of as perfect foods. BEggs,
though a perfect food for the developing bird, contains too little car-
bohydrate for & mammal. In most vegetable foods carbohydrates are
in excess, while in animal food, like meat, the proteids are predomi-
nant. In a suitable diet these should be mixed in suitable propor-
tions, which must vary for herbivorous and earnivorous animals. We
must, however, limit ourselves to the omnivorous animal, man.

A healthy and suitable diet must possess the following cha-
racters : —

1. It must contain the proper amount and proportion of the
various proximate principles, obro Glhe

2, It must be adapted to the climate; age, and sex of the individual
and to the amount of work done by him.

8. The food must contain not only the necessary amount of proxi-
mate principles, but these must be present in a digestible form, Asan
instance of this many vegetables (peas, beans, lentils) contain even
more proteid than beef and mutton, but are not so nutritious, as they
are less digestible, much passing off in the feeces unused.

The nutritive value of a diet depends chiefly on the amount of
carbon and nitrogen it containg, A man doing a moderate amount of
work will eliminate, chiefly from the lungs in the form of earbonie 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
metabolism of the tissues, and various forms of energy, work and heat
being the chief, are simultaneously liberated. During musecular exer-
cise the output of carbon greatly inereases ; the increased excretion of
nitrogen is so small as to be negligible. 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 carbon to nitrogen should be the saine as in the exeretions : 250 to 15,
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or 16'6 to 1. The proportion of carbon to nitrogen in proteid is, how-
ever, 53 to 15, or 8'5 to 1. The extra supply of carbon must come
from non-nitrogenous food—viz., fat and carbohydrate.

Moleschott gives the following daily diet :—

Proteid 120 grammes.
Fat 90 18
Carbohydrate 333 4

Ranke's diet closely resembles Moleschott’s ; it 18—

Proteid 100 grammes.
Fat 100 1
Carbohydrate 250 4

MILK

Milk, which we have seen is an approximately perfect food, 1s not
absolutely so. Bunge has shown it contains too little iron. The
microscope reveals that it consists of two parts: a clear fluid and a

Fia. 11.—a, b, colostrum
corpuscles with fine
and coarse fat globules
respectively : e, d, e,
pale cellz devoid of fat.
{Heidenhain.}

o [l [

Fia. 10.—Microscopic appearance of milk in the
early stage of lactation, showing ecolostrum
corpuscles. (Yeo.)
number of minute particles that float in it. These consist of minute
oil globules, varying in diameter from 0-0015 to 0:005 millimetre.

The milk secreted during the first few days of lactation is called
colostrum. It contains very little caseinogen, but large quantities of
globulin instead. Microscopically, cells from the acini of the mammary
gland are seen, which contain fat globules in their interior: they are
called colostrum corpuseles.

Reaction and Specific Gravity.—The reaction of fresh cow’s mill
and of human milk is generally neutral or slightly alkaline. In
carnivora the milk is acid. All milk readily turns acid or sour as the

s el il
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result of fermentative ehange, part of its lactose being transformed
into lactic acid. The specific gravity of milk is usually aseertained
with the hydrometer. That of normal cow’s milk varies from 1028 to
1084. When the milk is skimmed the specific gravity rises, owing to
the removal of the light constituent, the fat, to 1083 to 1037. In all
cases the specific gravity of water with which other substances are
compared is taken as 1000.

Composition.—Frankland gives the following table, contrasting the
milk of woman, ass, and cow :—

- Woman Aes Cow
Por cent. Por eent. FPor cont.
Proteids (chiefly caseinogen) . 27 1-7 4:2
Buotter (fat) . . ¢ 35 13 88
Lactose . : : ; : 50 45 | 3-8
Salts . : ;- . . - -2 05 i 07 |

Hence, in feeding children on cow’s milk, it will be necessary to dilute
it, and add sugar to make it approximately equal to natural human
milk.

The Proteids of Milk. The prinecipal proteid in milk is called
caseinogen ; this is the one which is coagulated by rennet to form
cagein. Cheese consists of casein with the entangled fat. The other
proteid in milk is an albumin, It is present in small quantities only ;
it differs in some of its properties (specific rotation, coagunlation
temperature, and solubilities) from serum-albumin ; it is called lact-
albuman. ;

The Coagulation of Milk.—When milk is allowed to stand the
chief change that it undergoes is a conversion of part of its lactose into
lactic acid. The acid so formed precipitates a portion of the ecaseino-
gen. This, however, must not be confounded with the formation of
casein from caseinogen. Sometimes milk does undergo true eoagula-
tion. This is produced by certain bacterial growths that act like
rennet. Rennet, however, is the agent usually employed for this
purpose : itis a ferment secreted by the stomach, especially by sucking
animals, and is usually obtained from the calf.

The curd consists of the casein and entangled fat: the liquid
residue called whey contains the sugar, salts, and albumin of the milk,
There is also a small quantity of a new proteid ecalled whey-proteid,
which differs from caseinogen by not being convertible into ecasein.
It is produced by the decomposition of the caseinogen molecule,

The curd formed in human milk is more finely divided than that
in cow’s milk ; hence it is more digestible, In feeding children and
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invalids on cow's milk, the lumpy condition of the curd may he
obviated by the addition of lime water or barley water to the milk.

Caseinogen itself may be precipitated by acids such as acetic acid,
or by saturation with neutral salts like sodium 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 caleium salts is present. We shall find that in blood also
the presence of calclum salts is necessary for coagulation. Caseino-
een is often compared to alkali-albumin. The latter, however, does:
not clot with rennet, and is, unlike caseinogen, readily soluble in acids.
Caseinogen ik not a globulin, thongh it is like globulins precipitated
by neutral salts. It differs from a globulin in not being coagulated
by heat. It appears to be a nueleo-albumin; a compound that is of
a proteid, with the proteid-like but phosphorus-rich material called
nuclein. :

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 eaproin. The relation between these varies somewhat, but the
proportion is roughly as follows:—Olein, 2 ; palmitin, 1 ; stearin, X ;
butyrin, eaproin, and caprylin, {;. The old statement that each fat
globule is surrounded by a film of easeinogen is not now regarded
as true by most authorities. Milk also contains small quantities of
lecithin, a phosphorised fat; of cholesterin, an aleohol which re-
sembles fat in its solubilities (see Bire), and a yellow fatty pigment or
lipochrome.

Milk Sugar, or Lactose.—This is a sanshmnse (CaHgs0y4). Iis
aeneral properties have already been deseribed in Lesson I. (p. 12).

The formation of lactic acid from lactose by the activity of certain
fungoid growths gives rise to the souring of stale milk. Milk sugar
by inverting ferments is changed into dextrose and galactose. When
yeast is added, as in the preparation of koumiss, these sugars undergn
the alcoholic fermentation.

The Salts of Milk.—The chief salt present is caleinm phosphate ;
a small quantity of magnesium phosphate is also present. The other
salts are chiefly chlorides of potassinm and sodinm.

FLOUR

The best wheat flour is made from the interior of wheat grains,
and contains the greater proportion of the starch of the grain and
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most of the proteid. Whole flour is made from the whole grain minus
the husk, and thus contains not only the white interior but also the
harder and browner outer portion of the grain, This outer region
contains a somewhat larger proportion of the proteids of the grain.
Whole flour contains 1 to 2 per cent. more proteid than the best white
flour, but it has the disadvantage of being less readily digested.
Brown flour contains a certain amount of bran in addition : it is still
less digestible, but is useful as a mild laxative, the insoluble cellulose
mechanically irritating the intestinal canal as it passes along.

The best flour contains very little sugar. The presence of sugar
indicates that germination has commenced in the grains., In the
manufacture of malt from barley this is purposely allowed to go on.

When mixed with water, wheat flonr forms a sticky adhesive mass
called dough. This is due to the formation of gluten, and the forms
of grain poor in gluten cannot be made into dough (oats, rice, &ec.).
Gluten does not exist in the flour as such, but is formed on the
addition of water from the pre-existing globuling in the flour (see
more fully Lesson XVI.).

The following table contrasts the composition of some of the more
important vegetable foods :—

Constitucnts Wheat | Barley | Oats | Rice Lentils | FPeas Potatoes |
Water ~ . - .| 186 | 188 | 124 | 181 | 125 I 14-8 76:0
Proteid . X | 12:4 | 111 | 104 70 | 248 : 287 2:0
10T T s . 14| 29| 52| 09 19| 148 02
Starch . > .| 679 | 649 | 678 | T65 | 54'8 | 498 206
Cellulose . ; | L 58 | 112 | 06 56| T:b 07
Mineralgalts . .| 18| 27| 80| 10| 24| 81 10

We see from this table—

1. The great quantity of starch always present.

2. The small quantity of fat; that bread is generally eaten with
butter is a popular recognition of this fact.

3. Proteid, except in potatoes, is pretty abundant, and especially
s0 in the pulses (lentils, peas, &c.). The proteid in the pulses is nof
gluten, but consists of vitellin and other globulin-like substances.

In the mineral matters in vegetables, salts of potassium and
magnesinm are, as a rule, more abundant than those of sodium and
caleium,

BREAD

Bread is made by cooking the dongh of wheat flour mixed with
yeast, salt, and flavouring materials. A ferment in the flour acts
D
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at the commencement of the baking, when the temperature of the
oven is little over that of the body, and forms dextrin and sugar from
the starch, and then the alcoholic fermentation, due to the action of
the yeast, begins, The bubbles of carbonic acid, burrowing passages
through the bread, make it light and spongy. This enables the
digestive juices subsequently to soak into it readily and affect all
parts of it. In the later stages of baking, the gas and aleohol are
expelled 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 of proteid, 55 of earbo-
hydrates, 1 of fat, 2 of salts, and the rest water.

COOKING OF FOOD

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 use-
ful ends :—

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

2. 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 the granulose. !

3. In the case of animal foods it converts the insoluble collagen
of the universally distributed connective tissues into the soluble
gelatin, By thus loosening the binding material, the more important
- elements of the food, such as muscular 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 7igor mortis to pass off.

Of the two chief methods of cooking, roasting and boiling, the
7£c:rmer is the more economical, as by its means the meat is first

surrounded with a coat of coagulated proteid on its exterior, which
keeps in the juices to a great extent, letting little else escape but the
dripping (fat). Whereas in boiling, unless both bouillon and bouilli
are used, there is considerable waste. Cooking, especially boiling,
renders the proteids more insoluble than they are in the raw state ; but
this is counterbalanced by the other advantages that cooking possesses.

In making beef tea and similar extracts of meat it is necessary
that the meat should be placed in cold water, and this 1s gradually and
carefully warmed. In cooking a joint it is usual to put the meat into
boiling water at once, so that the outer part is coagulated, and the
loss of material minimised.
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LESSON V

SALIVA

1. To a little saliva in a test-tube add acetic acid. Muecin is precipitated
in stringy flakes.

2. Filter some fresh saliva to separate cells and mucus, and apply the
xﬁnthopmtﬁic or Millon's test to the filtrate; the presence of proteid is
shown.

3. Put some 0-5-per-cent starch solution into two test-tubes. Add some
filtered saliva to one of them, and put both in the water-bath at 40° C.
After five minutes remove them and test both fluids with iodine and
Trommer’'s test. The saliva will be found to have converted the starch into
dextrin and sugar (maltose).

4, The presence of potassinm sulphoeyanide (KCNS) in saliva may be
shown by the red colour given by a drop of ferric chloride. This colour is
discharged by mercurie chloride.

5. The reaction of saliva is alkaline to litmus paper.

The saliva is the first digestive juice to come in contact with the
food ; it is secreted by three pairs of salivary glands, the parotid, sub-
maxillary and sublingnal. The secretions from these differ some-
what in composition, but they are mixed in the mouth, the secretion
of the minute muecous glands of the mouth and a certain number of
epithelial cells and débris being added to it. The so-called * salivary
corpuseles * are derived from the glands themselves,

The secretion of saliva is 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 contained in the
chorda tympani (a branch of the seventh cranial nerve) which supplies
the submaxillary and sublingnal, and in a branch of the glosso-
pharyngeal 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 ealled a serous or albuminous gland ; before
secretion the cells of the acimi 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. 12).

o d
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The submaxillary and sublingual glands are called mucous glands :
—I:ha'u: secretion contains muecin. Muecin is absent from parotid saliva.

Fra, 12.—Alveoli of serons gland': A, loaded befors secretion ; B, after a short p eriod of active
secration ; O, after a prolonged period. (Langley.)

Fii. 18.—Mucous eells from a fresh submaxillary gland of dog : a, loaded with mucinogen granules
before secretion ; &, after secretion: the granules ara fewer, 1.~|.-:|14.':.:EE|§1_1.r at the attached border of
the cell ; af and # represent cells in a loaded and discharged condition respectively which have
been frrignted with water or dilate acid. The mugous grannles are swollen into & transparcnt
mass of muein traversed by a network of protovlasmic cell-substance. (Foster, after Langley.)

Fie. l4,—Section of partof the human submaxillary gland. (Heldeahain.) To the cight iz a group
. of mucous alveoll, to the left a group of serons alveoli.

The granules in the cells are larger than those of the parotid gland.
They.are composed of mueinogen, the precursor of mucin (see fig. 18).

e il
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In a seetion of a mucous gland prepared in the ordinary way the
mucinogen granules are swollen out, and’ give a highly refracting
appearance to the mucous acini (see fig. 14).

COMPOSITION OF SALIVA

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

Of the three forms of saliva which contribute to the mixture found
in the mouth the sublingual is richest in solids (2'75 per cent.). The
submaxillary saliva comes next (2:1 to 2:5 per cent.). When artificially
obtained by stimulation of nerves in the dog the saliva obtained by
stimulation of the sympathetie is richer in solids than that obtained
by stimulation of the chorda tympani. The parotid saliva is poorest
in total solids (0'8 to 0'5 per cent.), and contains no muein, Mixed
saliva contains in man an average of about 0-5 per cent. of solids ; it is
alkaline in reaction, due to the salts in it ; and has a specific gravity of
1,002 to 1,006. :

The solid constituents dissolved in saliva may be classified
thus :—
¢ @. Muein : this may be precipitated by acetic acid.
Organic | - Ptyalin : an amylolytic ferment.
¢. Proteid : of the nature of a globulin.

. d. Potassinm sulphocyanide.

¢ €. Sodium chloride: the most abundant salt.

] f. Other salts: sodium carbonate, caleinm phosphate
Inorganic - and carbonate ; magnesium phosphate ; potassium
chloride,

THE ACTION OF SALIVA

The action of saliva is twofold, physical and chemical.

The physical use of saliva consists in moistening the mucous
membrane of the mouth, assisting the solution of soluble substances
in the food, and in virtue of its muein lubricating the bolus of food to
facilitate swallowing.

The chemical action of saliva is due to its active prineiple, ptyalin.
This substance belongs to the eclass of unorganised ferments, and to
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that special class of unorganised ferments which are called amylolytic
(starch splitting) or diastatic (resembling diastase, the similar ferment
in germinating barley and other grains). A general description of fer-
ments will be found at the end of this lesson.

The starch is first split into dextrin and maltose ; the dextrin is
subsequently converted into maltose also : this occurs more gquickly
with erythro-dextrin, which gives a red colour with iodine, than in the
other variety of dextrin called achroo-dextrin, which gives no colour
with iodine. Brown and Morris give the following equation :—

10(C¢H ,40;)n+4nH,0

[starch] [water]

— 4EG12HEEU[1 +{:GEH100j)n+ (CEHIUD-';;IH

[maltosal [achroo-dextrin]  [erythro.dextrin]

Ptyalin acts in a similar way, but more slowly on glycogen ; it
has no action on cellulose ; hence it is inoperative on uncooked starch
grains, in which the cellulose layers are intact.

Ptyalin acts best at about the temperature of the body (35-40°).
It acts best in nentral medinm ; a small amount of alkali makes but
little difference ; a very small amount of acid stops its activity. The
conversion of starch into sugar by saliva in the stomach stops after
15-80 minntes, before any free acid appears; the acid which is just
poured out combining with the proteids in the food, and acid proteid
retards salivary action. Free hydrochlorie acid immediately destroys
piyalin, so that it does not resume work when the semi-digested
food onee more becomes alkaline in the duodenum.

FERMENTS

The word fermentation was first applied to the change of sugar
L into alecohol and carbonie acid by means of yeast.
The evolution of carbonie acid causes frothing and
bubbling ; hence the term  fermentation.” The agent
yeast which produees this is called the ferment.
Microscopie investigation shows that yeast is com-
posed of minute rapidly growing unicellular or-

ganisms (torule) belonging to the fungus group of

F1G. 15,—Cells of the yeast
plant in proecss of hnd- plﬂ.nts.

ding,  between. which The souring of milk, the transformation of urea
are  some  Bocterfa. : ; g 5
(Yeo's Physiology.) into ammonium carbonate n ﬂEGGﬂlPDEng urine,

and the formation of vinegar (acetic acid) from aleohol are produced

by very similar organisms. The complex series of changes known as

putrefaction which are accompanied by the formation of malodorous

e i e e ———
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gases, and which are produced by the various forms of bacteria, 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 temperature or

FiG. 16.—Typieal forms of Schizomyeetes (after Zopf) : &, Micrococeus; b, macrococous; ¢ bae-
terium ; o, bacillus ; e, chlostridiom ; £, Monas Okendi ; g, leptothrix ; &, 1, vibrio; &, spirillum ;
I, spirulina ; m, splromonns ; », spirechmte ; o, cladothriz.

by certain substances (carbolic aeid, mercuric chloride, &c.) called
antiseptics.

The ¢ germ theory ' of disease explains the infections 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 mierobes ;
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 proteid in nature.
The existence of poisonous proteids is a very remarkable thing, as no
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chemical differences can be shown to exist between them and those
which are not poisonous, but which are ugeful as foods.

There is another class of chemical transformations which differ
very considerably from all of these. They, however, resemble these
fermentations in the fact that they oceur independently of any apparent
change in the agents that produce them. The agents that produce
them are not living organisms, but chemical substances, the result of
the activity of living cells. The change of starch into sugar by the
ptyalin of the saliva is an instance.

Ferments may therefore be divided into two classes :—

1. The organised ferments—toruls, bacteria, &e.

FiG. 17.—Bacillus anthracis, the agent that produces anthrax or splenie fever (Koeh) @ A, Bueilli,
mingled with blood corpuscles from the blood of guinea-pig, some of the bacilli dividing ; B, the
same after three hours' culture in a drop of aqueous humour. They grow out into long leptothrix-
like filaments, which subsequently divide up, and 2pores are developed in the segments.

2. The unorganised ferments or enzymes—like ptyalin.

Fach may be again subdivided according to the nature of the
chemical change produced.

In digestion, the study of which we are just commenecing, it is the
unorganised ferments with the action of which we have chiefly to deal.

The unorganised ferments may be classified as follows :—

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

(&) Proteolytic—those which change proteids into proteoses and
peptones. Examples: pepsin, trypsin.
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(¢) Steatolytic—those which split fats into fatty acids and glycerine.
An example, steapsin, is found in panereatic juice.

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

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

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

1. Conversion of cellulose into earbonic acid and marsh gas (me-
thane) by putrefactive organisms.

(C;H,,0;)n+nH,0 = 8nCO,+8nCH,

[eelluloss] [water] [earbonic [methane]
acid]

2. Inversion of cane sugar by the unorganised ferment invertin :—
Cy2H30,, +H;0 = CgH 304+ CgH, 104

[cane sugar]  [water] [dextrose] [levulose]

A remarkable fact concerning the ferments is that the substances
they produce in time put a stop to their activity; thus in the case
of the organised ferments the alcohol produced by yeast, the phenol,
cresol, &ec., produced by putrefactive organisms from proteids, first
stop the growth of and ultimately kill the organisms which produce
them. In the case of the unorganised ferments, the products of their
activity hinder and finally stop their aetion, but on the removal of
these products the ferments resume work.

All ferments act best at a temperature of about 40° C. Their
activity is stopped, but the ferments are not destroyed by cold ; it is
stopped and the ferments killed by too great heat. A certain amount
of moisture and oxygen is also necessary ; there are, however, certain
micro-organisms that act without oxygen, and are called anaérobic
in contradistinetion to those which require oxygen, and are called
aérobie.

The chemical nature of the enzymes or unorganised ferments is
very difficult to investigate; they are substances that elude the grasp
of the chemist to a great extent. So far, however, research has taught
ug that the ferments arve either proteid in nature or are substances
closely allied to the proteids.
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LESSON VI

PEPTIC DIGESTION

1. Half fill four test tubes—
A with water.
B with 0'2 per cent. hydrochlorie acid.
C with 0-2 per eent. hydrochlorie acid.
D with solution of white of egg (1 to 10 of water).

2. To A add a few drops of glycerine extract of stomach (this contains
pepsin) and a piece of a solid proteid like fibrin.

To B also add pepsin solution and a piece of fibrin,

To C add only a piece of fibrin.

To D add a few drops of pepsin solution and fill up the tube with
02 per cent. hydrochloric acid.

8. Put all four tubes into the water-bath at 40° C., and observe them from
time to time. -

In A the fibrin remains unaltered.

In B it becomes swollen, and gradunally dissolves.

In C it becomes swollen, but does not dissolve.

4, Examine the solution in test-tube B.

(@) Colour some of the liquid with litmus and neutralise with dilute alkali.
Acid-albumin, gyntonin, or parapeptone is precipitated.

(b) Take another test-tube, and put into it a drop of 1-per-cent. solu-
tion of copper sulphate; empty it out so that the merest trace of copper
sulphate remains adherent to the wall of the tube; then add the solution
from test-tube B and a few drops of strong caustic putash A pink colour
(biuret reaction) is produced. This should be carefully compared with the
violet tint given by unaltered albumin.

(¢) To a third portion of the fluid in test-tube B add a drop of nitric acid ;
albumoses or propeptones are precipitated. This precipitate dissolves on
heating and reappears on cooling.

5. At the end of the lesson-these three tests should be repeated with the
dip;esteﬂ white of egg in test-tube D.

THE SECRETION OF GASTRIC JUICE

The juice secreted by the glands in the mucous membrane of the
stomach varies in composition in the different regions, but the mixed
gastric juice, as it may be termed, is a solution of a proteolytic
ferment called pepsin in a saline solution, which also contains a little
free hydrochlorie acid.

The gastric juice can be obtained during the life of an animal by
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Fig. 19.—A pyleric gland fromx
a section of the dog's stomach
{Ebstein) § m, Mouth : n, neck =
fr, & deep portion of tubule cut
tranaversely.

F1a: 18.—A eardine gland from the dog’s stomach {Klein) :  J, Duct or mouthof the gland : & base
or fundng of one of its tubules ; on the right the baze of n tubule fs more Liglly magnified ; 0,
central cell ; p, parfetal cell.
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means of a gastric fistula. Gastric fistule have also been made in
human beings, either by aceidental injury or by surgical operations,
The most celebrated case is that of Alexis St. Martin, a young Canadian,
who received a musket wound in the abdomen in 1822. Observations
made on him by Dr. Beaumont formed the starting-point for our correct
knowledge of the physiology of the stomach and its secretion.

" 'We now make artificial gastrie juice by mixing weak hydrochlorie
' acid (02 per cent.) with the glycerine ex-
tract of the stomach of a recently killed
animal. This artificial juice acts like the
normal juice.

Two kinds of glands are distingnished in
the stomach, which differ from each other
in their position, in the character of their
epithelium, and in their secretion. The car-
diac glands are those situated in the cardiac
part of the stomach : their ducts are short,
their tubules long in proportion. The latter
are filled with polyhedral cells, only a small
lumen being left ; they are more closely
granular than the corresponding cells in the
pyloric glands. They are called principal
or central cells. DBetween them and the
basement membrane of the tubule are other
cells which stain readily with aniline dyes.
They are called parietal or oxyntic cells.
The pyloric glands, in the pyloric part of
the stomach, have long duets and short
: tubules lined with cubical granular cells.
Fig. 20.—A cardiac gland of simple ' There are no parietal cells.

rm o L?E,,;T:;Tmftﬁﬂﬂf The central cells of the cardiac glands
ley): o Colmmuar epithelinh 1 the cells of the pylorie glands are loaded

of the surface; n, neck of the

gland, with central and parietal = = - =
:.'EIIS'.':.I'"_-IJMEDPIHIJIIHS.NEEPMII Wlﬂ] gru,uulas. Dunug secretion f.lhE-j' dis-

CHLEDY Tl i or ;ﬁ:ﬁﬂfﬁj charge their granules, those that remain
Shnuinted towards the lumenof - being chiefly situated near the lumen, leaving
in each cell a clear outer zone (see fig. 20).

These are the cells that secrete the pepsin. Like secreting cells generally,
they select certain materials from the lymph that bathes them ; these
materials are worked up by the protoplasmic activity of the cells into the
secretion, which is then discharged into the lumen of the gland. The
most important substance in a digestive secretion is the ferment. In the

case of the gastric juice thisis pepsin. We can trace an intermediate
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step in this process by the presence of the granules. The granules
are not, however, composed of pepsin, but of a mother-substance
which is readily converted into pepsin. We shall find a similar
ferment precursor in the cells of the pancreas, and the term zymogen
is applied to these ferment precursors. The zymogen in the gastrie
cells is called pepsinogen. The rennet-ferment or rennin that causes
the curdling of milk is distinet from pepsin, but is apparently formed
by the same cells,

The parietal cells undergo merely a change of size during seere-
tion, being at first somewhat enlarged and after secretion they shrink.
They are also called oxyntic cells, because it is believed that they
secrete the hydrochloric acid of the juice. Heidenhain succeeded in
making in one dog a cul-de-sac of the fundus, in another of the
pyloric region of the stomach ; the former secreted a juice containing
both aecid and pepsin; the latter, parietal cells being absent, secreted a
viseid alkaline juice containing pepsin. The formation of a free acid
from the alkaline blood and lymph is an important but puzzling
problem. Thereis no doubt that it is formed from the sediwaa chloride 4J
of the blood and lymph, and of the many theories advanced as to how
this is done, Maly's is, on the whole, the most satisfactory. He con-
giders that it originates by the interaction of the caleium chloride with
the disodium hydrogen phosphate of the blood, thus ;—

INa, HPO, +8CaCl, = Cas(PO,),+ 4NaCl +2HCI

[elisodinm [caleinm [ealeium [zodinm [hydro-
hydrogen chloride] phosphate] chloride] chloric
phosphate] acid]

Composition of Gastric Juice

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

e —

Constituents Human Dog |
Water : : : 0944 9780
Organic substances (chiefly
pepsin) . : : : 0-82 171
HEL . . . ‘ . 002 030
Gilllsin g —w e 0:006 0-06 |
{7 NI R 0-14 0:25 |'
ECl . . : - : 0:05 0:11 =
BEEGEE o e o 0:05-
CRIED e TR i s y 017
L M POS,.. o e L 001 0:02
1 A i el | 0008

=—

One sees from this how much richer in all constituents the gastrie
juice of the dog is than that of man. Carnivorous animals have
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always a more powerful gastric juice than other animals ; they have more
work for it to do; but the great contrast seen in the table is, no doubt,
partly due to the fact that the persons from whom it has been possible
to collect gastriec juice have been invalids. In the foregoing table one
also sees the great preponderance of chlorides over other salts ; appor-
tioning the total chlorine to the various metals present, that which
remains over must be combined with hydrogen to form the free acid
of the juice.

Pepsin stands apart from nearly all other ferments by requiring
an acid medium in order that it may act. Probably a compound of
the two substances called pepsin-hydrochloric acid is the really active
agent. Other acids may take the place of hydrochloric acid, but
none act so well. Lactic acid is often found in gastric juice : this
appears to be derived by fermentative processes from the food.

THE ACTION OF GASTRIC JUICE

The principal actions of the gastrie juice have been already prac-
tically studied ; the action of pepsin in converting the proteids of the
food into the diffusible peptones is its chief action. The curdling of
milk by rennet will be found described in Lesson IV.

There is still a further action—that is, the gastric jnice is anti-
septic ; putrefactive processes do not normally oceur in the stomach,
and the organisms that produce such 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 hydration; peptones
may be formed by other hydrating agencies like superheated steam
and heating with dilute mineral acids, There are certain intermediate
steps in this process: the intermediate substances are called pro-
peptones or proteoses. The word ¢ proteose’ 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 (gelatinoses) and elastin (elastoses).

Another intermediate step In gastric digestion is called para-
peptone : this is acid albumin or syntonin; it-also, though with some
difficulty, is converted into peptone. The products of digestion may
be classified in various ways. It will be convenient to take albumin as
our example, remembering that globulin, vitellin, and all the other
proteids form corresponding products, The products of digestion
may be classified, according to their solubilities, as follows :—
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1. Parapeptone ; - . : ; : ; acid albumin.

The primary albumoses, i.e.

(@) Proto-albumose e f d

2. Propeptone 4 (b) Hetero-albumoge ( k108 Whioh are forme
(¢) Deutero-albumose

8. Peptone.

But a more important classification may be called the physio-
logical classification, and it is the following :—

The albumin molecule may be considered to be made up of two
parts called respectively hemi-albumin and anti-albumin. The former
yields ultimately hemipeptone, the latter antipeptone. The interme-
diate albumoses have similar names i(—

Albumin
|
Hemi-albumin Anti-albumin
Hemi-albumose Anti-albumose and aeid albumin
Hemip!aptuna Antipeptone

The hemipeptone differs from the antipeptone in the manner it is
affected by the prolonged action of the next digestive juice, the pan-
creatic secretion ; hemipeptone yields leuecine and tyrosine, antipeptone
does not. This will be fully discussed in our next lesson.

Peptones.—These are the final products of the action of gastric
Jjulce on native proteids.

They are soluble in water, are not coagulated by heat, and are
not precipitated by nitric acid, copper sulphate, ammonium sulphate,
and a number of other precipitants of proteids. They are precipi-
tated but not coagulated by alcohol. They are also precipitated by
tannin, pieric acid, potassio-mercuric iodide, phospho-molybdic acid,
and phospho-tungstic acid.

They gave the biuret reaction (rose-red, with a trace of copper sul-
phate and caustie potash or soda).

Peptone is readily diffusible through animal membranes. The
utility of the formation of diffusible substances during digestion is
obvious,

Proteoses.—These are the intermediate produets in the hydration
of native proteids into peptones,

They are not coagulated by heat; they ave precipitated but not
coagulated by alecohol ; like peptone they give the biuret reaction.
They are precipitated by nitric acid, the precipitate being soluble on






LESSON VII

PANCREATIC DIGESTION

1. A l-per-cent. solution of sodium ecarbonate, to which a little glycerine
extract of pancreas has been added, forms a good artificial pancreatic fluid.
92, Half fill three test-tubes with this solution.
A, To this add half its bulk of diluted egg-white (1 in 10).
B. To this add a piece of fibrin.
(. Boil this; cool; then add fibrin.

8. Put all into the water-bath at 40° C. After half an hour, test A and B
for alkali-albumin by neutralisation, for albumoses by nitrie acid, and for
albumoses and peptone by the biuret reaction.

4. Note in B that the fibrin does not swell up and dissolve, as in gastrie
digestion, but that it is eaten away from the edges to the interior.

5. In Cno digestion occurs, as the ferments have been destroyed by boiling.

6. Take a solution of starch, equal quantities in three test-tubes.

D. To this add a few drops of pancreatic extract.
E. To this add a few drops of bile,
F. To this add both bile and pancreatic extract.

7. Put these into the water-bath, and test small portions of each every
half-minute by the iodine reaction. It disappears first in F'; then in D;
while E undergoes no change. Test D and F for maltose by Trommer's test.

8. Shake up a few drops of olive oil with artificial pancreatic juice. A
milky fluid (emulsion) is formed, from which the oil does not readily separate
on standing.

9. The foregoing experiments illustrate the action that pancreatic juice
has on all three classes of organic food.

i. On Proteids.—Fibrin, albumin, &e. are converted into proteoses and
peptone by the ferment frypsin in an alkaline medium.

1. On Carbohydrates—Starch is converted into sugar (maltose) by the
ferment amylopsin, especially in presence of bile.

iii. On Fats—These are emulsified. In the body they are also partly
saponified by the ferment sfeapsin ; but this cannot he shown with the arti-
ficial juice, as steapsin is not soluble in glycerine.

The panecreas is a compound racemose gland, like the parotid. There
are, however, histological points of difference between them. Miero-
gecopic examination of the gland-cells in different stages of activity
reveals changes comparable to those already deseribed in the case of
salivary and gastric cells, Granules indieating the presence of a
- zymogen which is called irypsinogen (that is, the precursor of trypsin,
E
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the most important ferment of the pancreatic juice) crowd the cells
before secretion: these are discharged during secretion, so that in an
animal whose pancreas has been powerfully stimulated to secrete, as
by the administration of pilocarpine, the granules are seen only at the
free border of the cells (see fig. 21).

As in gastric juice, experiments on the pancreatic secretion are
usually performed with an artificial juice, made by mixing a weak

p—

I g .

Fra, 21.—Part of an alveolus of the rabbit’s panoreas: A, before discharge ; B, after,
{ From Foster, aiter KEilhne and Lea.)

alkaline solution (1 per cent. sodium carbonate) with glycerine extract
of pancreas.

Quantitative experiments on human pancreatic juice gave the
following results : —

Water 0976 per cent. |
Organie solids 18 5 |
Inorganic salts 06 '

F] |

The organic substances in panereatic juice are— ,
(@) Ferments. These are the most important both quantitatively |
and functionally. They are four in number : —
i. Trypsin, a proteolytic ferment.
ii. Amylopsin or pancreatic diastase, an amylolytie ferment.
iii, Steapsin, a fat-splitting ferment.
iv. A milk-curdling ferment.
(b) A small amount of proteid matter, coagulable by heat.
(¢) Traces of leucine, tyrosine, xanthine, and soaps.
The inorganic substances in pancreatic juice are—
Sodium chloride, which is the most abundant, and smaller quanti-
ties of potassium chloride, and phosphates of sodinm, caleium, and
magnesium. The alkalinity of the juice is due to phosphates and
carbonates, especially of sodium.



PANCREATIC DIGESTION ol

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 medlum.

(4) It aects more rapidly than pepsin, but the same series of
proteoses can be detected as intermediate products in the formation of

peptone.
(¢) An albuminate of the nature of alkali-albumin is formed in

place of the acid-albumin of gastric digestion.

(d) It acts more powerfully on certain albuminoids (such as elastin)
which are difficult of digestion in gastric juice.

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

(f) Trypsin acts further than pepsin, on prolonged action partly
decomposing the hemipeptone which has left the stomach into simpler
products, of which the most important are leucine and tyrosine. It
leaves the antipeptone unaffected.

2. Action of Amylopsin.—The conversion of starch into maltose
is the most powerful and rapid of all the actions of the pancreatic
juice. It is much more powerful than saliva, and will act even on
unboiled starch. The absence of this ferment in the panereatic juice
of infants is an indieation that milk, and not starch, is their natural
diet.

3. Action on Fats.—The action of pancreatic juice on fats is a
double one: it forms an emulsion, and it decomposes the fats into
fatty acids and glycerin by means of its fat-splitting ferment steapsin.
The fatty acids unite with the alkaline bases to form soaps (saponifica-
tion). The chemistry of this is described on p. 17. The fat-splitting
power of pancreatic juice cannot be studied with a glycerine extract,
as steapsin is not soluble in glycerine : either the fresh juice or a
watery extract of pancreas must be used.

The formation of an emulsion may be studied in this way. Shake up
olive oil and water together, and allow the mixture to stand ; the finely-
divided oil globules soon separate from and float on the surface of the
water; but if a colloid matter like albumin or gum is first mixed with
the water, the oil separates more slowly. A more permanent emulsion

is formed by an alkaline fluid, and especially when a small amount of
E 2
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free fatty acid is being continually liberated ; the acid combines with
the alkali to form a soap, which is stated to form a thin layer on the
outside of each oil globule, and so prevents them running together
again. Pancreatic fluid possesses all the necessary qualifications for
forming an emulsion :—
“i. It is alkaline.
ii, It is viscous from the presence of proteid.
iii. It has the power of liberating free acids.
4, Milk-curdling Ferment.—The addition of pancreatic jnice to
milk causes clotting; but this action can hardly ever be called into

play, as the milk upon which the juice has to act has been already
curdled by the rennin of the stomach.

INTESTINAL DIGESTION

The pancreatic juice does not act alone on the food in the in-
testines. There are, in addition, the bile, the suceus entericus (secreted
by the erypts of Lieberkiihn), and bacterial action to be considered.

The bile, as we shall find, has little or no digestive action by itself,
but combined with pancreatic juice it assists the latter in all its
actions. In our practical exercise we have already seen this is true for
the digestion of starch, It is also true for the digestion of proteid,
and very markedly so for the digestion of fat. Occlusion of the bile-
duct by a gall-stone or by inflammation prevents bile entering the
duodenum. Under these circumstances the fmces contain a large
amount of undigested fat.

The succus entericus appears to have to some extent the power of
converting starch into sugar; whether it acts on proteids or fats is
very doubtful; its most important action is due to a ferment it con-
tains called invertin, which inverts saccharoses'—that is, it converts
eane sugar and maltose into glucose.

Bacterial Action.—The gastriejuice is an antiseptie ; the panereatic
juice is not. A feebly-alkaline fluid like pancreatic juice is just the
most suitable medinm for bacteria to flourish in. Even in an arti-
ficial digestion the fluid is very soon putrid, unless special precautions
to exclude or kill bacteria are taken. Itis often difficult to say where pan-
ereatic action ends and bacterial action begins, as many of the bacteria
that grow in the intestinal contents, having reached that situation in
gpite of the gastrie juice, act in the same way as the juice itself. Some

! The original use of the term * inversion ' has been explained on p. 11, If may

be extended fo inelude the similar hydrolysis of other saccharoses, although there
may be no formation of levorotatory substances.
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form sugar from starch, others peptone, leucine, and tyrosine from
proteids, while others, again, break up fats. There are, however,
certain actions that are entirely due to these putrefactive organisms.

i. On carbohydrates. The most frequent fermentation they set up
is the lactic acid fermentation : this may go further and result in the
formation ofgearbonic acid, hydrogen, and butyric acid (see p. 18).
Cellulose is broken up into carbonic acid and methane. This is the
chief eause of the gases in the intestine, the amount of which is
increased by vegetable food.

ii. On fats. In addition to aeting like steapsin, lower acids (valerie,
butyrie, &e.) are produced. The formation of acid products from fats
and carbohydrates gives to the intestinal contents in the lower part of
the intestine an acid reaction.

iii. On proteids. Fatty acids and amido-acids, especially leucine
and tyrosine, are produced ; but these putrefactive organisms have a
special action in addition, producing substances having 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 products. It is
possible that, in digestion, poisonous alkaloids are formed. Certainly
this is so in one well-known ecase. Leeithin, a material contained in
small gnantities in many foods, and in large quantities in egg-yolk
and brain, is broken up by the pancreatic juice into glycerine, phos-
phoric acid, stearic acid, and an alkaloid called choline. We arve,
however, protected from the poisonous action of choline by the bacteria,
which break it up into carbonic acid, methane, and ammonia.

LEUCINE AND TYROSINE

These two substances have been frequently mentioned in the pre-
ceding pages. As types of the decomposition products of proteids they
are important, though probably only small quantities are normally
formed during digestion.

They belong to the group of amido-acids. On p. 16 we shall find
a list of the fatty acids; if we replace one of the hydrogen atoms in a
fatty acid by amidogen (NH,), we obtain what is called an amido-aeid,
Take acetie acid : its formula is C,H,0,; replace one H by NH,, and
we get C,H,(NH,)0,, which is amido-acetic acid or glycocine. If we
take caproie acid—a term a little higher in the series—its formula is
CgH, 0, ; amido-caproie acid is CgH,,(NH,)0,, which is also called
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leucine. Tyrosine is, however, a little more complicated, as it is not
only an amido-acid, but also contains an aromatic radicle. Propionic
acid has the formula C;H0,; amido-propionic acid is CyH,(NH,)O,,
and is called alanine. If another H in this is replaced by oxyphenyl

Fio. 22.—Leucine crystals. Fig. 23 —Tyrozine crystals.

(C;H,.0H), we get C;H,(C;H,.0H)(NH,)0,, which is oxyphenyl-amido-
propionic aeid, or tyrosine. Figs. 22 and 23 represent the crystalline
forms of leucine and tyrosine.

EXTIRPATION OF THE PANCREAS

Complete removal of the pancreas in animals and diseases of the
pancreas in man produce a condition of diabetes, in addition to the
loss of pancreatic action in the intestines. Grafting the pancreas from
another animal into the abdomen of the animal from whom the pan-
creas is removed relieves the diabetic condition.

How the pancreas acts other than in produeing the pancreatic
juice is not known. It must, however, have other functions 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 speecial worlk, 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

e ity s
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1. Ox bile is given round. Observe its colour, taste, smell, and reaction
to litmus paper.

2. Acidulate a little bile with acetic acid. A stringy precipitate of a
muecinoid substance 1s obtained. Filter this off and boil the filtrate; no
proteid coagulable by heat is present.

3. Prepare some acid-albumin and add a drop or two of bile, or of the
above filtrate, or of a solution of bile-salts, The acid-albumin is precipitated.
This illustrates the fact that bile-salts precipitate all unpeptonised proteid.

4. Pettenkofer'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 sulphuric
acid. A purple colour is prodnced. This oceurs more quickly on the applica-
tion of heat.

5. Gmelin's Test for Bile Pigments.—On to a little fuming nitrie acid in
a test-tube pour gently a little bile. Notice the suceession 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 nitric acid in the middle
of a thin film of bile ; it becomes surrounded by rings of the above-mentioned
colours.

6. Examine erystals of cholesterin microscopically.

7. To a few cholesterin erystals add a drop of iodine solution and a drop
of concentrated sulphurie acid. A play of blue and red colours is produced.

LESSON VIII
BILE

Bile is the secretion of the liver which is poured into the duo-
denum ; 1t has been collected in living animals by means of a biliary
fistula ; the same operation has occasionally been performed in human
beings, After death the gall bladder yields a good supply of bile
which is more concentrated than that obtained from a fistula.

Bile is being continuously poured into the intestine, but there is an
increased discharge immediately on the arrival of food in the duo-
denum ; there is a second increase in secretion a few hours later.

Though the chief blood supply of the liver is by a vein (the portal
vein), the amount of blood in the liver varies with its needs, being
inereased during the periods of digestion, This is due to the fact that
in the area from which the portal vein collects blood—stomach, intes-
tine, spleen, and pancreas—the arterioles are all dilated, and the
capillaries are thus gorged with blood. Further, the active peristalsis
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of the intestine and the pumping action of the spleen are additional
factors in driving more blood onwards to the liver.

The bile being secreted from the portal bloed is secreted at much
lower pressuge than one finds in such glands whose chief blood supply
is arterial, 8eh as the salivary glands. Heidenhain found that the

' ille duct of the dog aﬁera,gerl 15 mm. of mereury, which
C at in the portal vein.

The seeef@™increase in the flow of bile—that which oceurs some
hours after the arrival of the semi-digested food (chyme) in the intes-
tine—appears to be due to the effect of the digestive produets carried
by the blood to the liver, stimulating the hepatic eells to activity : this
ig supported by the fact that proteid food increases the quantity of bile
secreted, whereas fatby food which is absorbed, not by the portal vein,
but by the lacteals, has no such effect,

The chemical processes by which the constituents of the bile are
formed are obscure. We, however, know

that the biliary pigment is produced by % ﬂ
the decomposition of hemoglobin. Bili- ’n
rubin is, in fact, identical with the iron- f a o o

= " ) ; m
free derivative of h@moglobin called n. E &‘

h@®matoidin, which is found in the form
of erystals in old blood-clots such as oceur = '5 . .','; 3
in the brain after cerebral hemorrhage g > g

(see fig, 24), % @t. .u-a.
ction of hsmoglobin into the

Pﬂrtiﬂ.-l S O oL auhatancos ke watar Fra, 24.—Hmematoidin erystals
which liberate hamoglobin from the red blood corpuscles produces an
increase of bile pigment. If the spleen takes any part in the elabora-
tion of bile pigment, it does not proceed so far as to liberate hsemoglobin
from the corpuseles. No free heemoglobin is discoverable in the blood
plasma in the splenic vein.

The amount of bile seereted is differently estimated by different
observers ; the amount secrefed in man appeais to vary from 500 c.c.
to 1 litre (1,000 c.c.).

THE CONSTITUENTS OF BILE

The constituents of the bile are the bile salts proper (taurocholate
and glycocholate of soda), the bile pigments (bilirubin, biliverdin), a
mucin-like nuecleo-albumin, small quantities of fats, soaps, eholesterin,
lecithin, urea, and mineral salts, of which sodium chloride and the
phosphates of iron, caleium, and magnesium are the most important.

Bile is a yellowish, reddish-brown, or green fluid, according to the
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relative preponderance of its two chief pigments. It has a musk-like
odour, a bitter-sweet taste, and a neutral or faintly alkaline reaction.

The specific gravity of human bile from the gall bladder is 1026 to
1082 ; that from a fistula, 1010 to 1011. The greater centration
of gall bladder bile is partly but not wholly explaine addition
to it from the walls of that cavity of the mu rial it
secretes.

The amount of solids in bladder bile is from 9 cent,, in
fistula bile from 1'5 to 3 per cent, The following table shows that
this low percentage of solids is almost entirely due to want of bile salts.
This can be accounted for in the way first suggested by Sehiff —that
there is normally a bile eirculation going on in the body, a large
quantity of the bile salts that pass into the intestine being reabsorbed
and again secreted. Such a eirculation would obviously be impossible
in cases where all the bile is discharged to the exterior.

The following table gives some important analyses of human

bile :—

Fistula bile !' 15i1] ile {oase o
Constituents ﬂl&l];j:‘ﬂ: gﬂ?" n?:;:%ilirl:ulﬂao o h;ﬂﬁ!}ﬁii;
'! Winstou) St
Sodium glycocholate . . | : 0165 .
Sodium taurocholate . . ;} Ll 0:055 s
Cholesterin, lecithin, fat . 0-0990 0058 1:18
| Muciroid material . . 0:1725 0148
Pigment S E 00725 '.
| Inorganic salta T 0-4510 0-878 | 8
Total sotide L : 1-4230 1284 ‘ 14:08
| Water (by dljference} - 95-5a370 98716 85:92
ll 100:0000 100000 | 100:00

—

Bile Mucin.—There appears to be a small amount of true muein in
the bile, but recent observations have shown that the greater part of
the mucin-like substance in the bile is a nuclec-albumin. (For the
characters of Mucix see p. 26; of NUucLEo-ALBUMIN, p. 27.)

The Bile Salts.—The bile contains the sodinm salts of complex
amido-acids called the bile acids. The two acids most frequently
found are glycocholic and taurocholic acids. The former is the more
abundant in the bile of man and herbivora ; the latter in earnivorous
animals, like the dog. The most important difference between the

two acids is that taurocholic acid contains sulphur, glycocholic acid
not.
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Glycocholie acid (C,;H,3NO;) is by the action of dilute acids and
alkalis, and also in the intestine, hydrolysed and split into glycocine
or amido-acetie acid and cholalie acid.

CygH s NOg + H,0=C0,H;NOy 4 Cy,H,0;

[elycocholic acid] [glycocine] [ololalie acid]

The glyu‘htﬂ of soda has the formula GNH_.{NENUE. :
Taurocholic acid (C.;H,;NO;S) similarly splits into taurine or
amido-isethionie acid and cholalic acid.

CysH sNO,S + H,0=C,H,NO48 + CyH,,0;

[tauroehiolie acid] [tanring] [eholalie acid]

The taurocholate of soda has the formula C, H, ,NaNO. 5.

The colour reaction called Pettenkofer's reaction, described in the
practical exercises at the head of this lesson, is due to the presence
of cholalic acid. The sulphuric acid acting on sugar forms a small
quantity of a substance called furfuraldehyde, in addition to ether
products. The furfuraldehyde gives the colour with cholalic acid.

The Bile Pigments.—The two chief bile pigments are bilirubin
and biliverdin. Bile, which containg chiefly the former (such as dog’s
bile), is of a golden or orange-yellow colour, while the bile of many
herbivora, which contains chiefly biliverdin, is either green or bluish
green. Human bile is generally described as containing chiefly bili-
rubin, but there have been some cases in which biliverdin was in
excess. The bile pigments show no absorption bands with the spec-
troscope : their origin from the blood pigment has already been stated
(p- 57).

Bilirnbin has the formula C,;H,;N,O,: it is thus an iron-free
derivative of hemoglobin. The iron is apparently stored up in the
liver cells, perhaps for future use in the manufacture of new hemo-
globin. The bile contains only a trace of iron.

Biliverdin has the formula C,;H, N,0, (i.c. one atom of oxygen
more than in bilirubin): it may occur as such in bile; it may be
formed by simply exposing red bile to the oxidising action of the
atmosphere; or it may be formed as in Gmelin's test by the more
vigorous oxidation produced by fuming nitrie aeid.

Gmelin's test consists in a play of colonrs— green, blue, red, and
finally yellow, produced by the oxidising action of fuming nitric acid
(that ig, nitric acid containing nitrous acid in solution). The end or
yellow product is called choletelin, C);H,N,O,.

Hydrobilirubin.—If a solution of bilirubin or biliverdin in dilute
alkali is treated with sodium amalgam or allowed to putrefy, a
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brownish pigment is formed called hydrobilirubin, C4,H,,N,0,. With
the spectroscope it shows a dark absorption band between b and F,
and a fainter band in the region of the D line,

The interest of this substance arises from the fact that many phy-
siologists believe it is identical with stercobilin, the pigment of the
feeces, and, according to some, with urobilin, the chia[ﬁuent of the
urine, There are, however, certain differences (of so ity, spectro-
seopic appearances, &e.) which show that the three pigments, though
probably closely related, are not absolutely identical.

Cholesterin.—This substance is contained not only in bile, but
very largely in nervous tissues. Like lecithin, it is an abundant
constituent of the white substance of Schwann. It is found also in
blood corpuscles. In bile it is normally present
in small quantities only, but it may oeceur in
excess, and form the concretions known as
gallstones, which are generally more or less
tinged with bilirubin,

Though its solubilities remind one of a
fat, cholesterin is not a fat. It is, in fact,
chemically speaking, a monatomic alcohol. Its
formula is CysH,3HO, or, according to more
recent observation, C,,H, ;. HO.

T L,'rmm_ From aleohol or ether containing water

it erystallises in the form of rhombic tables,

which contain one molecule of water of crystallisation : these are
easily recognised under the mieroscope (see fig. 25).

It gives the following colour tests:—

1. With iodine and eoncentrated sulphuric acid the erystals give
a play of red, blue, and green.

2, Heated with sulphuric acid and water (5:1) the edges of the
crystals turn red.

3. A solution of cholesterin in chloroform, shaken with an equal
amount of sulphuric acid, turns red, and ultimately purple, the sub-
jacent acid acquiring a green fluorescence.

‘The mode of origin of cholesterin in the body has not been
clearly made out. Whether it is formed in the tissues generally, in
the bload, or in the liver, is not known ; nor has it been determined
conclusively that it is derived from albuminous or nervous matter. It
is also doubtful if we are to regard it as a waste substance of no use
to the body, as its presence in the blood-corpuseles, in nervous matter,
in the egg, and in vegetable grains, points to a possible function of a
histogenetic or tissue-forming character.” (MeKendrick.)
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THE USES OF BILE

One of the most remarkable facts concerning the bile is its
apparently small use in the digestion of food. It is doubtless, to a
large extent, excretory. Some state it has a slight action on fats and
carbohydrates, but it appears to be rather a coadjutor to the pan-
ereatic juice (especially in the digestion of fat) than to have any inde-
pendent digestive activity (see p. 52).

Bile is said to be a natural antiseptic, lessening the putrefactive
processes in the intestine. This is also very doubtful. The bile
itself is readily putrescible, and the power it has of diminigshing
putrescence in the intestine is due chiefly to the fact that by inereas-
ing peristalsis it hastens the passage of putrescible matter through the
bowel.

When the bile meets the chyme the turbidity of the latter is in-
creased owing to the precipitation of unpeptonised proteid. This is an
action due to the bile salfs, and it has been surmised that this econ-
version of the chyme into a more viscid mass is to hinder somewhat its
progress through the intestines; it elings to the intestinal wall, thus
allowing absorption to take place. The nentralisation of the acid
gastric juice by the bile then allows the alkalinity of the panecreatic
juice to have full play.

THE FATE OF THE BILIARY GDHSTITUEHTS

We have seen that fistula bile is poor in solids as compared
with normal bile, and that this is explained on the supposition that
the normal bile cireulation is not occurring—the liver cannot excrete
what it does not receive back from the intestine. Schiff was the first
to show that if the bile is led back into the duodenum, or even
if the animal is fed on bile, the percentage of solids in the bile ex-
creted is at once raised. It is on these experiments that the theory of
a bile eirculation is mainly founded. The bile circulation relates, how-
ever, chiefly, if not entirely, to the bile salts: they are found but
sparingly in the feces ; they are only represented to a slight extent in
the urine : hence it is caleulated that seven-eighths of them are re-
absorbed from the intestine. Small quantities of cholalic acid,
taurine, and glycocine are found in the feces ; the greater part of
these products of the decomposition of the bile salts are taken by
the portal vein to the liver, where they are once more synthetised
into the bile salts. Bome of the taurine is absorbed and excreted
as tauro-carbamic acid in the urine. Some of the absorbed glyco-
cine may be excreted as urea. The cholesterin and mueus of the
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bile are found in the faces; the bile pigment is changed into sterco-
bilin, a substance like hydrobilirnbin. Some of the stercobilin may be
absorbed, and finally leaves the body as the urinary pigment, urobilin.

THE FZECES

The eonstituents of the freces may be classified as follows :—

1. Water : in health from 68 to 82 per cent. ; in diarrheea it is
more abundant still.

2. Undigested food ; that is, if food is taken in execess, some
escapes the action of the digestive juices. On a moderate diet un-
altered proteid is never found.

8. Indigestible constituents of the food: eellulose, keratin, muein,
chlorophyll, gums, resins, cholesterin.

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

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

6. Bacteria of all sorts and débris from the intestinal wall; cells,
nuclei, mueus, &e.

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

MECONIUM

Meeconium 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.

ABSORPTION

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

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

! Stercobilin may originate also from the hematin of the food. {(MacMunn.)
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Foods such as water and soluble salts like sodium chloride are
absorbed unchanged. The organic foods, however, are considerably
changed, colloid materials like starch and proteid being converted re-
spectively into the diffusible materials sugar and peptone. :

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
filtration. We must also take into account the fact that the eells
through which the absorbed substances pass are living, and in virtue
of their vital activity not only select materials for absorption, but also
change those substances while in contact with them. These cells are
of two kinds—(1) the colummnar epithelium that covers the surface ;
and (2) the lymph cells in the lymphoid tissue beneath. It is now
generally accepted that of the two the former, the columnar epithe-
lium, is the more important.

Absorption of Carbohydrates.—Though the sugar formed from
starch by ptyalin and amylopsin is maltose, that found in the blood is
glucose. Under normal circumstances little if any is absorbed by the
lacteals. The glucose is formed from the maltose by the suceus enteri-
ens, and perhaps also by the vital action of the epithelial cells. Cane
sugar and milk sugar are also converted into glucose before absorption.

Glucose is taken to the liver, and there stored up in the form of
glycogen—a reserve store of carbohydrate material for the future needs
of the body. Glycogen, however, is found in animals who take no
carbohydrate food. It must, then, be formed by the protoplasmic
activity of the liver cells from their proteid constituents. The carbo-
hydrate store apparently leaves the liver in the blood of the hepatic
vein ag glucose (dextrose) once more.

Absorption of Proteids.—A certain amount of soluble proteid is
absorbed unchanged. Thus, after taking a large number of eggs, egg
albumin is found in the urine. Patients fed per rectum derive nourish-
ment from proteid food, though proteolytic ferments are not present
in this part of the intestine.

Most proteid, however, is normally absorbed as peptone and pro-
teose (albumose). Peptones and proteoses are absent from the blood
under all eircumstances, even from the portal blood during the most
active digestion. In other words, during absorption the epithelial
cells change the products of proteolysis (peptones and proteoses) back
once more into native proteids (albumin and globulin).

The greater part of the proteid absorbed passes into the blood; a
little into the lymph vessels also; but this undergoes the same change.

When peptone (using the word to include the proteoses also) is
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injected into the blood stream, poisonous effects are produced, the
coagulability of the blood is lessened, the blood pressure falls, secretion
ceases, and in the dog 03 gramme of ‘peptone’ per kilogramme of
body weight is sufficient to kill the animal,

The epithelial cells of the alimentary eanal thus protect us from
those poisonous effects by
converting the harmful
peptone into the wuseful
albumin.

Absorption of Fats.—
The fats undergo in the
intestine two changes : one
a physical change (emulsi-
fication), the other a che-
mical change (saponifica-
tion). The lymphatic ves-
sels are the great channels
for fat absorption, and
their name, lacteals, is de-
rived from the milk-like
appearance of their con-
tents (chyle) - during the

absorption of fat.

' e The way in which the
Fia. 26.—Section of the willug of o rat killed during fat- . )

absorption (E. A, Schifer): ep, E]ﬁl:llei_ium; str, 'ﬁl-.l‘liﬂtﬂfl minute fﬂ..tr glﬂbl’llES Pass

E"jf,ff,;.’ﬁﬁgﬂ"cﬁﬁ'flﬁ[‘,,ﬁ;é{:ﬂﬂ‘mﬁ;ﬂ,ﬁt}’;;’ifﬂgﬂ'ﬂif; from the intestine into the
lacteals has been the sub-
ject of much controversy,
The course they take may
be studied by killing ani-
mals at varying periods
after a meal of fat, and
making osmic acid miero-
scoplc preparations of the
z villi. Figs. 26 and 27 il-
T e e L SR

bﬂrdI*E;T,!!_E'll;ph‘uEﬁ;: !'Hn::t‘z:;].p N % observed.

The columnar epithe-
lium 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 amceboid cells of the

i




BILE 65

lymphoid tissue beneath: these ultimately penetrate into the cen-
tral 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 thoracic duct, and after an abundant
fatty meal the blood plasma is quite milky; the fat droplets are so
small that they circulate without hindrance through the capillaries.
The fat in the blood after a meal is®eventually stored up in the
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 both from proteid and from
carbohydrate.

The great difficulty in fat absorption iz how the fat first gets
into the columnar epithelimm: these cells will not take up other
particles, and it appears certain that the epithelial cells do not in the
higher animals protrude psendopodia from their borders. This, how-
ever, does ocenr in the endoderm of some of the lower invertebrates.

Recent research has shown that particles may be present in the
epithelium cells while no fat is being absorbed. These particles are
apparently protoplasmic in nature, as they stain with reagents that stain
protoplasmic granules; they however also stain darkly with osmic
acid, and so are apt to be mistaken for fat. It also appears that the
epithelial cells have the power of forming fat out of the fatty acids
and glycerine into which they have been broken up in the intestine.
Munk, who has performed a large number of experiments on the
subject, considers that the splitting of fats imto glycerine and fatty
acids oceurs to a much greater extent than is generally supposed ;
that these substances being soluble pass readily into the epithelium
cells ; and that these cells perform the synthetic act of building them
into fat once more, the fat so formed appearing in the form of small
globules, surrounding or becoming mixed with the protoplasmic
granules that are ordinarily present.! Another remarkable faect
recently made out is that after feeding an animal on fatty acids the
chyle contains fat. The necessary glycerine must have been formed by
protoplasmic aectivity during absorption.

! Munk’'s views require confirmation before they can be fully accepted. One
objection to them is that the largest fat globules are seen near the free border of
the cell, whereas if synthesis were occurring one would expect to find the smallest
globules in this situation.
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LESSON IX

THE BLOOD

Blood Plasma

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

2. The coagulation of the blood in specimen B has been prevented by the
addition of 02 per cent. of potassium oxalate in normal saline solution.
The oxalated (decaleified) plasma has been siphoned off.

3. Put a small quantity of A into three test-tubes and dilute, each with
about ten times 1ts volume of liqud :

A1l. With distilled water.

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

A 3. With the same.

4, Pat A1l and A2 into the water-bath at 40° C. 3 leave A3 at the tem-
perature of the air. A1 coagulates slowly or not at all; A2 coagulates
rapidly ; A 8 coagulates less rapidly than A 2.

5. Add to some of plasma B a few drops of dilute (2 per cent.) caleinm-
chloride solution : it coagnlates, and more quickly, if the temperature is 40° C.

Hemoglobin

6. Direct the spectroscope to the window and carvefully foeus Franen-
hofer’s lines. Note especially D in the yellow, and E, the next well-marked
line, in the green.

7. Direct the spectroscope to a gas flame: these lines are absent. Place
a little sodinm chloride in the flame. Notice the bright yellow line in the
position of the D line.

B. Take a series of six test-tubes of about equal size. TFill the first with
diluted defibrinated ox-blood (1 part of blood to 81 of water); then fill the
second tube with the same mixture dilnted with an equal bulk of water
(1 in 64); half fill the third tube with this and fill up the tube with an equal
bulkk of water (1 in 128), and so on. The sixth tube will contain 1 part of
blood to 1,024 of water, and will be nearly colourless.

9. Into another series of six test-tubes put a few drops ef ammonium
sulphide ; then pour in some of the contents of each of the first series and
warm very gently.

10. Examine the tubes with the spectroscope and map out on a chart the
typieal absorption bands of oxyh@®moglobin in the first series, and of (reduced)
hemoglobin in the second series. Notice that in the more dilute specimens
of hemoglobin the bands are no longer seen, whereas those of oxyhemoglobin
in specimens similarly diluted are still visible.

11. Take a tube which shows the single band of reduced hmmoglobin
and shake it with the air; the bright red colour returns to it, and it shows
spectroscopically the two bands of oxyhmemoglobin.

‘Lo
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12. Mix a drop of defibrinated rat’s blood on a slide with a drop of water,
or mount it in a drop of Canada balsam, Examine the erystals of oxyhmmo-
globin as they form.

18. Smear a little blood, obtained by pricking the finger, on a slide and
allow it to dry; cover, and run glacial acetic acid under the cover glass,
and boil. Examine microscopically for the dark brown erystals of hemin.

COAGULATION OF BLOOD

Mieroscopic investigation of vertebrate blood shows that it consists
of a fluid which holds in suspension large numbers of solid bodies—
the red and the white corpuscles and the blood tablets.

After blood is shed it rapidly becomes viscous and then sets into
a solid red jelly. The jelly soon contracts and squeezes out a straw-
coloured fluid called the serum, in which the shrunken clot ultimately

floats.
With the microscope filaments of fibrin are seen forming a network

throughout the pla.?m, many radiating fron clumps of blood
tablets. It is the formation of fibrin whic essential act of

Fi. 28.—Fibrin filaments and blood tablets. A, network of fibrin shown after washing away the
eorpuscles from a preparcation of bleod that has been allowed to clot. Many of the filaments
ralite from small elumps of blood tabletz ; B (from Osgler), blood corpuseles and blood tablets

within n small vein,
coagulation : this entangles the corpuscles and forms the elot. Fibrin
is formed from the plasma, and may be obtained free from corpuseles
when blood plasma is allowed to clot, the corpuscles having previously
been removed. It may be also 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 washing with water,
Serum is plasma minus fibrin. The relation of plasma, serum, and
clot can be seen at a glance in the following scheme of the constituents

of the blood :—
Sernm

Plasma { Fibein
Blood Clot

Corpuseles

It may be roughly stated that in 100 parts by weight of blood

.EU—EE parts consist of plasma and 85-40 of corpuscles.
P2
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The buffy coat is seen when blood coagulates slowly, as in horse's
blood. The red corpusecles gink more rapidly than the white, and

the upper stratum of the clot (buffy coat) consists mainly of fibrin and
white corpuscles.

Coagulation is hastened by—

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

9. Contact with foreign matter.

3. Agitation.

4, Addition of calecium salts.

Coagulation is hindered or prevented by—

1. A low temperature. In a vessel cooled by ice, coagulation may
be prevented for an hour or more.

2. The addition of a large quantity of neutral salts like sodium
sulphate or magnesium sulphate.

3. Contact with the living vascular walls,

4, Contact with oil,

5. Addition of nxﬁtes: these precipitate the caleium necessary

for coagnlation as le calcium oxalate. =

6. Injection ‘of mereial peptone (which consists chiefly of
albumoses) into the cireulation of the living animal. The albumose
probably acts also by combining with the caleium salts of the blood.

7. Addition of leech extract. This acts in virtue of an albumose
it contains.

The theory generally received which accounts best for the coagula-
tion of the blood is that of Hammarsten, and it may be briefly stated
as follows :—

When blood is within the vessels one of the constituents of the
plasma, a proteid of the globulin class called fibrinogen, exists in a
soluble ferm.

When the blood is.ghed the fibrinogen molecule 15 split into two
parts : one part is a globulin, which remains in solution, the other is
the insoluble material fibrin.

This change is brought about by the activity of a special un-
organised ferment called the fibrin ferment.

This ferment does not exist in healthy blood contained in healthy
blood vessels, but is ome of the products of the disintegration of the
white corpuscles and blood tablets that occurs when the blood leaves
the vessels or comes into contact with foreign maltter.

To this it may be added, as the result of recent research, that a
soluble caleium salt is essential for the effective action of the fer-
ment ; that probably the fibrin ferment is a proteid allied to the
nueleo-albumin elass, That other nucleo-albuming (Wooldridge's tissue- ‘
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fibrinogens) obtained from most of the cellular organs of the body
produce intravaseular clotting when injected into the circulation of
a living animal,

THE PLASMA AND SERUM

The liquid in which the corpuscles float may be obtained by em-
ploying one or other of the methods already described for preventing
the blood from coagulating. The corpuscles being heavy sink, and the
supernatant plasma can then be removed by a pipette or siphon, or
more thoroughly by the use of a centrifugal machine (see fig. 60).

On counteracting the influence which has prevented the blood from
coagulating, the plasma then itself coagulates. Thus plasma obtained
by the use of cold clots on warming gently ; plasma which has been
decnleified by the action of a soluble oxalate clots on the addition of
a caleium salt; plasma obtained by the use of a strong solution of
salt coagulates when this is diluted by the addition of water, the
addition of fibrin ferment being necessary in most cases ; where coa-
gulation oceurs without the addition of fibrin ferment, no doubt'some
i1s already present from the partial disintegration of the corpuscles
which has already oceurred. Pericardial and hydrocele fluids resemble
pure plasma very closely in composition. As a rule, however, they
contain few or no white corpuscles, and so do not clot spontaneously,
but after the addition of fibrin ferment or liquids like serum that
contain fibrin ferment they always yield fibrin.

Pure plasma may be obtained from horse's veins by what is known
as the ¢ living test tube’ experiment. If the jugular vein is ligatured
in two places, so as to include a quantity of blood within if, then re-
moved from the animal and hung in a cool place, the blood will not
coagulate for many hours. The corpuscles settle, and the super-
natant plasma can be removed with a pipette.

The plasma is alkaline, yellowish in tint, and its specific gravity is
about 1026 to 1029,

Its chief constituents may be enumerated as follows:—

1000 parts of plasma contain—

Water g . ; y : . . 902:90
Solids : ; ; : 97:10
Proteids: 1, yield of fibrin . : : 4:05

2, other proteids : 3 . 7884
Extractives (including fat) : : ; 566

Inorganie salts ; : : i : 8:55
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In round numbers plasma contains 10 per cent. of solids, of which
8 per cent. are proteid in nature.

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

Proteids of Plasma | Proteids of Serum
Fibrinogen ', Serum globulin
Serum globulin Serum albumin
Serum albumin Fibrin ferment

The gases of the plasma and serum are small quantities of oxygen,
nitrogen, and carbonic acid., The greater part of the oxygen of the
blood is combined in the red corpuscles with h@moglobin; the car-
bonic acid is chiefly combined as carbonates.

We may now consider one by one the varions constitnents of the
plasma and serum.

A. Proteids.—Fibrinogen.—This is the substance acted on by
fibrin ferment. It yields, under this action, an insoluble product
called fibrin, and a soluble proteid of the globulin class.

Fibrinogen itself is a globulin. It differs from serum globulin, and
may be separated from it by the fact that half-saturation with sodium
chloride precipitates it. It coagulates by heat at the low temperature
of 56° C.

Serum globulin and serwm albumin.—The properties of these
substances have been already considered (see Lesson IL.).

Fibrin ferment.—Schmidt’'s method of preparing itis to take sernm
and add exeess of aleohol. This precipitates all the proteids, fibrin
ferment included. After some weeks the alcohol is poured off ; the
serum-globulin and serum-albumin have been by this means rendered
insoluble in water; an aqueous extract is, however, found to contain
fibrin ferment, which is not so easily coagulated by alechol as the
other proteids.

B. Extractives.—These are non-nitrogenous and nitrogenous. The
non-nitrogenous are fats, soaps, cholesterin, and sugar; the nitro-
genous are urea (0:02 to 0°04 per cent.), and still smaller quantities of
urie acid, ereatine, xanthine, and hypoxanthine.

C. Balts.—The most abundant salt is sodimm chloride : it consti-
tutes between 60 and 90 per cent. of the total mineral matter. Potas-
sinm chloride is present in much smaller amount. It constitutes
about 4 per cent. of the total ash. The other salts are phosphates and
sulphates.

>
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Schmidt gives the following table : —

1000 parts of plasma yield—
Mineral matter ‘ . . : . . B550
Chlorine . ; - g . ; : . 8640
B0, . ' A : - . . . . 0115
B et e N il ¥y 5 (101
Potassinn ‘ . 3 : i g . 0828
Sodium . ; : : : ; - . 8841
Caleium phosphate . - - . = . 0311
Magnesium phosphate . ; 5 : . 0222

THE WHITE BLOOD CORPUSCLES

Our chemical knowledge of the white corpuscles is small. Their
nucleus consists of nuelein, their cell-protoplasm yields proteids belong-
ing to the globulin and nucleo-albumin groups. The nueleo-albumin
obtained from them is probably the same thing as fibrin-ferment, or
it may be the zymogen of that ferment, the addition of a caleium salt
converting it into the ferment. The protoplasm of these cells often
contains small quantities of fat and glycogen.

THE RED BLOOD CORPUSCLES

The red blood corpuscles are much more numerous than the white,
averaging in man 5,000,000 per cubie millimetre, or 400 to 500 red to
each white corpuscle. The method of enumeration of the corpuscles
ig described in the Appendix.

They vary in size and structure in different groups of vertebrates.
In mammals they are biconcave (except in the camel tribe, where they
are biconvex) non-nucleated dises, in man averaging 455 inch in
diameter ; during feetal life nucleated red corpuscles are, however,
found. In birds, reptiles, amphibians, and fishes they are biconvex
oval discs with a nueleus: they are largest in the amphibia.

Water causes the corpuscles to swell up, and dissolves out the red
pigment (oxyhsmoglobin), leaving a globular colourless stroma. Salt
solution causes the corpuscles to shrink: 4
they become crenated or wrinkled. The
action of water and salt solution suggests E 9 @ @ O
the existence of a membrane on the surface
of the corpuscles throngh which osmosis
takes place, but the existence of such a
membrane is still & matter of discussion.  water on ared blood corpusels s
If there is no actual membrane, the outer  “lution . s netion of thmin oh
denser portion of the stroma plays the "™ copuele
role of one during osmotic phenomena. Dilute alkalis (02 per
cent. potash) dissolve the corpuscles. Dilute acids (1 per cent. acetic
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acid) act like water, and in nucleated corpuscles render the nucleus
distinet, Tannic acid caunses a discharge of hemoglobin from the
stroma, but this is immediately altered and precipitated, It remains
adherent to the stroma as a brown globule, consisting probably of
hematin. Boracic acid acts similarly, but in nucleated red corpuscles
the pigment collects chiefly round the nucleus, which may then be
extruded from the corpuscles. .
Composition.—1000 parts of red corpuseles contain—

Water . . : . . . 688  parts
Solids | F}rg&niﬁ. : : ; . B0BRE
inorganic . ! ; ; 8:12

100 parts of dried corpuscles contain—

Proteid . : : ; . b 1012 parts
Hemoglobin . / : ] s [ RS
Lecithin . ; : ; . I8 5
Cholesterin =~ . y : . 01 fe

The proteid present appears to be idenfical with the cell-globulin
(nueleo-albumin ?) of white corpuseles. The mineral matter consists
chiefly of chlorides of potassinm and sodium, and phosphates of caleinm
and magnesinm. In man potassinm chloride is more abundant than
sodinm chloride ; this, however, does not hold good for all animals.

Oxygen is contained in eombination with the hemoglobin to form
oxyhemoglobin, The corpuscles also contain a certain amount of
carbonic acid (see RESPIRATION, at the end of this lesson).

Hemoglobin and Oxyhemoglobin.—The pigment is by far the
most abundant and important of the constituents of the red corpuscles.
It is a substance which gives the reactions of a proteid, but differs
from other proteids in containing the element irom, and in being
crystallisable.!

! Hemoglobin and oxyhmmoglobin are both crystallisable ; like other proteids
they have enormously large molecules, and so are indiffusible. Though crystalline
they are therefore not crystalloid in Graham’s sense of that term (see p. 20).
Blood pigment is, however, not the only erystallisable proteid. Long ago crystals
of proteid (globulin or vitellin) were observed in the aleurone grains of many seeds,
and in the similar proteid oceurring in the egg-yolk of some fishes and amphi-
bians. By appropriate methods these have been separated and recrystallised.
Thecrystals do not appear to be pure proteid, but compounds with some inorganic
substance like lime or magnesia. Further egg-albumin itself has been crystallised.
1f a solution of white of egg is diluted with half its volume of saturated solution
of ammonium sulphate, the globulin present is precipitated, and is removed by
filiration. The filtrate is now allowed to remain some days at the temperature of
the air, and as it becomes more concentrated from evaporation, minute spheroidal
globules of varying size, and finally minute needles, either agoregated or separate,
make their appearance. Whether these are pure egg-albumin or compounds of
egg-albumin with the ammonium sulphate is at present a matter of dispute.
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It exists in the blood in two conditions: in arterial blood it is
combined loosely with oxygen, is of a bright red colour, and is ealled
oxvh@moglobin ; the other condition is the deoxygenated or reduced
hemoglobin (better called simply heemoglobin), This is found in the
blood after asphyxia. It also oceurs in all yenous blood—that is,
blood which is returning to the heart after it has supplied the tissues
with oxygen. Venous blood, however, always contains a considerable
quantity of oxyhsmoglobin also. Hamoglobin is the oxygen-carrier
of the body, and it may be called a respiratory pigment.

Crystals of oxyh@#moglobin may be obtained with readiness from
the blood of such animals as the rat, guinea-pig, or dog ; with diffieulty
from other animals such as man, ape, and most of the common
mammals. The following methods are the best :—

1. Mix a drop of defibrinated blood of the rat on a slide with a drop
of water; put on a cover glass; in a few minutes the corpuscles are
rendered colourless, and then the oxy- 3
hzmoglobin erystallises out from the ’

solution so formed.

2. Microseopical preparations may
also be made by Stein’s method, which
consists in using Canada balsam in-
stead of water in the above experi-
ment.

8. On a larger scale the crystals
may be obtained by mixing the blood
with one-sixteenth of its volume of
ether ; the corpuscles dissolve and the
blood assumes a laky appearance,
After a period, varying from a few
minutes to days, abundant crystals are
deposited. : :

Theaccompanying figures represent Fmﬁi“?Tﬁﬁkﬁ?.ﬁﬂ i S e
the form of the EI‘}‘St&]E 30 obtained. guinea-pig ; 8, sgquirrel ; 4, hamster,

In nearly all animals the erystals are rhombic prisms; in the
guinea-pig they are rhombie tetrahedra (four-sided pyramids) ; in the
squirrel, hexagonal plates; in the hamster, rhombohedra and hexa-
gonal plates.

_ The crystals also contain a varying amount of water of crystal-
lisation : this may in part explain their different erystalline form and
solubilities.

Different observers have analysed hemoglobin, They find carbon,
hydrogen, nitrogen, oxygen, sulphur, and iron. The percentage of
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iron is 04, The amounts of the other elements are variously given,
but, roughly, they are the same as in the proteids. We know at pre-
sent as little of the chemical structure of h@moglobin as of the
proteids generally.

On adding an acid or alkali to hsemoglobin, it is broken up into
two parts—a brown pigment called hsmatin, which contains all the
iron of the original substance, and a proteid of the globulin class
called globin. Hsmatin shows different spectroscopic appearances
in acid and alkaline solutions, and yields certain produets, which will
be more fully studied in Lesson XX, For the present we will be con-
tent with investigating two of these, called h#min and hamato-
porphyrin.

Hemin is of great importance, as the obtaining of this substance
in a crystalline form is the best chemical test for blood. Heemin
erystals, sometimes called, after their discoverer, Teichmann’s crystals,

are from a chemical standpoint

_ﬁ_-rt". v %‘r"“ 3 composed of the hydrochloride of
,ri-!?;f-f = N\ hsematin, They may be prepared
Ll S E ...,,._:'1*1_ for microscopic examination by

se & PNy o~ boiling a fragment of dried blood
s %g >3 =3 with a drop of glacial acetic acid
|~"| 4 2 4 on a slide; on cooling, triclinic

-— s o T i 2
T ’ 71 *, 17" plates and prisms of a dark brown
oy 'E-'E"' e s + colour, often in star-shaped clusters
it T g % and with rounded angles (fig. 81),
T A ot separate out.

Fii. 3.—Hmemin erystals magnified. (Preyer.)

In the case of an old blood-stain
it is necessary to add a crystal of

sodium chloride in addition. Fresh blood contains sufficient sodium

chloride in itself.

The action of the acetic acid is (1) to split the hemoglobin into
h@matin and globin; and (2) to evolve hydrochloric acid from the
sodium chloride. The h@matin unites with the hydrochlorie acid, and

thus hemin is formed.

Hamatoporphyrin is iron-free hematin; it may be prepared by
mixing blood with strong sulphuric acid: the iron is taken out as

ferrous sulphate.

This substance is also found sometimes in nature ;

it occurs in certain invertebrate pigments, and may also be found
in certain forms of pathological urine.

Heemoglobin may be estimated (1) by the amount of iron in the
ash, or (2) by colorimetric methods, which are more fully deseribed in

the Appendix.
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Heemoglobin forms at least four compounds with gases :—

1. Oxyhezmoglobin,

2. Methemoglobin,

With carbonic oxide. 8. Carbonic oxide hemoglobin.
With nitric oxide. 4. Nitric oxide heemoglobin.

With oxygen

These compounds have similar erystalline forms: they each pro-
bably consist of a molecule of hemoglobin combined with one of the
gases in question. They part with the combined gas somewhat readily ;
but they are arranged in order of stability in the above list, the least
stable first,

Oxyhzmoglobin is the compound that exists in arterial blood.
Many of its properties have been already mentioned. The oxygen
linked to the h@moglobin, which is removed by the tissues through
which the blood ecirculates, may be called the respiratory oxygen of
hemoglobin. The processes that occur in the lungs and tissues,
resulting in the oxygenation and deoxygenation respectively of the
hemoglobin, may be imitated outside the body, using either blood or
pure solutions of h@moglobin. The respiratory oxygen can be re-
moved, for example, in the Torricellian vacnum of a mercurial air-
pump, or by passing a neutral gas like hydrogen through the blood, or
by the use of reducing agents like ammonium sulphide or Stokes’
reagent.! The older observers estimated that 1 gramme of hmemo-
globin will combine with 1:6 c.c. of oxygen.*

If any of these methods for reducing oxyhemoglobin is used, the
bright red (arterial) colour of oxyhamoglobin changes to the purplish
(venons) tint of hmmoglobin. On onee more allowing oxygen to
come into contact with the hmmoglobin, as by shaking the solution
with the air, the bright arterial colour returns.

These colour-changes may be more accurately studied with the
gpectroscope, and the constant position of the absorption bands seen
constitutes an important test for blood pigment. It will be first
necessary to deseribe briefly the instrument used.

The Spectroscope.—When a ray of white light is passed through
a prism, it is refracted or bent at each surface of the prism ; the whole
ray is, however, not equally bent, but it is split into its constituent
colours, which may be allowed to fall on a screen. The band of
colours beginning with the red, passing through orange, yellow, green,

! Btokes' reagent must always be freshly prepared : it is a solution of ferrous
sulphate to which a little tartarie acid has been added, and then ammonia till the
reaction is alkaline.

* Bohr has recently stated that oxyhmmoglobin is a mixture of several com-
pounds of hemoglobin with different amounts of oxygen in each.
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blue, and ending with violet, is called a spectrum : this is seen in
natare in the rainbow. It may be ebtained artificially by the glass
prism or prisms of a spectroscope.

The spectrum of sunlight is interrupted by numerous dark lines
crossing it vertically called Frauenhofer’s lines, These are per-
feetly constant in position, and serve as landmarks in the spectrum.
The more prominent, lettered A, B, and C, are in the red; D, in
the yellow; ¥, b, and I, in the green; G and H, in the violet.
These lines are due to certain volatile substances in the solar atmeo-
sphere, If the light from burning sodium or its compounds be
examined spectroscopically, it will be found to give a bright yellow
line, or, rather, two bright yellow lines very close together. Potas-
sium gives two bright red lines and one violet line ; and the other
elements, when incandescent, give characteristic lines, but none so

Fr. 32.—Dingram of spectroscope.

simple as sodium. If now the flame of a lamp be examined, it will
be found to give a continuous spectrum like that of sunlight in the
arrangement of its colours, but unlike it in the absence of dark lines ;
but if the light from the lamp be made to pass through sodium
vapour before it reaches the spectroscope, the bright yellow light will
be found absent, and in its place a dark line, or, rather, two dark
lines very close together, oceupying the same position as the two
bright lines of the sodium spectrum. The sodinm vapour thus absorbs
the same rays as those which it itself produces at a higher tempera-
ture. Thus the D line, as we term it in the solar spectrum, is due
to the presence of sodium vapour in the solar atmosphere. The other
dark lines are similarly accounted for by other elements.

The large forms of spectroscope (fig. 82) consist of a tube A, called
the collimator, with a slit at the end 8, and a convex lens at the end L.
The latter makes the rays of light passing through the slit from the
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source of light parallel : they fall on the prism P, and then the
spectrum so formed is focussed by the telescope T.

The third tube, D, seen in the next figure (fig. 33), carries a small
transparent scale of wave-lengths, as in accurate observations the
position of any point in the spectrum is given in the terms of the
corresponding wave-lengths,

If we now interpose between the source of light and the slit S
a piece of coloured glass (H in fig. 32), or a solution of a coloured
substance contained in a vessel with parallel sides (the hmmatoscope
of Herrmann, I in fig. 83), the spectrum is found to be no longer
continuous, but is interrnpted by a number of dark shadows, or

Fia. 33.—Spectroscope : A, collimator with adjustable slit at one (left) end and collimating lens ot
the other (right) end ; B, telescope moving on graduated are divided into degrees: O, prism or
combination of prisms; D, tube for seale; B, mirrer for illuminating scala; F, vessel with
parallel glass sides for holding Auid, shown with the flat side towards the reader : I, long spectro-
seape bottle for exﬁmininﬁad&p lnyer of duid; H, Argand burner ; (r, condenser for concen-

teating the light from on the slit. (From a photograph taken by Dr. MachMunn, from
MeEemlrick's* Physiology.”)

absorption bands corresponding to the light absorbed by the coloured
medium. Thus a solution of oxyhsmoglobin of a certain strength
gives two bands between the D and E lines ; hsemoglobin gives only
one ; and other red solutions, though to the naked eye similar to
oxyhsmoglobin, will give characteristic bands in other positions,

A convenient form of small spectroscope is the direct wvision
spectroscope, in which, by an arrangement of alternating prisms of
erown and flint glass, placed as in fig. 84, the spectrum is observed
by the eye in the same line as the tube furnished with the slit—
indeed slit and prisms are both contained in the same tube,

Such small spectroscopes may be used for class purposes, and may
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for convenience be mounted on a stand provided with a gas-burner
and a receptacle for the test-tube (see fig. 85).

Crownglass . Crownglass Crownglass

Flintglass Flintglass

Fig, 34 —Armangement of prisms in direct vision spectroscope,

Fri:. 35 —8tand for direct vizion spectroscops @ &5, spectroscope @ T, test-tube for colonre] sobztanes

nndler investigation,

The next figure illustrates a method of representing absorption
spectra diagrammatically. The solution was examined in a layer
1 centimetre thick. The base line has on it at the proper distances the
chief Franenhofer lines, and along the right-hand edges are percentages
of the amount of oxyhsmoglobin present in I, of hemoglobin 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 oxyhsmogloblin, as it actually
appears through the spectroscope, is seen 1n the next figure (fig. 87,
spectrum 2). There are two distinet absorption bands between the
D and E lines; the one nearest to D (the « band) being narrower,
darker, and with better defined edges than the other (the /3 band).
As will be seen on looking at fig. 86, a solution of oxyhamoglobin of
concentration greater than 0'65 per cent. and less than 0-85 per. cent.
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(examined in a cell of the usual thickness of 1 centimetre) gives one thick
band overlapping both D and E, and a stronger solution only lets the
red light through between C and D, A solution which gives the two
characteristic bands must therefore be a dilute one, The one band
(v band) hemoglobin (fig. 87, spectrum 8) is not so well deﬁned_as
the a or /3 bands. On dilution it fades rapidly, so that in a solution
of such strength that both bands of oxyhmmoglobin would be quite
distinet the single band of hemoglobin has disappeared from view.
The oxyhsmoglobin bands ean be distinguished in a solution which
contains only one part of the pigment to 10,000 of water, and even in

D Ed F
1T

Fii. 36.—Graphic representations of the amount of - absorption of light by solution of (1) oxyhemo-
glohin, (11} of hemoglobin, of different strengths. The shading indicates the amount of absorp-
tion of the spestrum ; the figures on the right border express percentages. (Hollete.)

more dilute solutions which seem to be colourless the o band is still
visible.

Compared to oxyhmmoglobin, the other compounds of hemoglobin
with gases are comparatively unimportant. The main facts concerning
each may be briefly stated as follows :—

Metheemoglobin.—This may be preduced artificially in various
ways, but as it also may oceur in certain diseased conditions in the
urine, it is of considerable practical importance. It can be crystallised,
and ig found to contain the same amount of oxygen as oxyh@moglobin
only combined more firmly. The oxygen is not removable by the air-
pump, nor by a stream of a neutral gas like hydrogen. It ean, how-
ever, by reducing agents like ammonium sulphide, be made to yield

- &
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hemoglobin, Methemoglobin is of a mahogany-brown ecolour, and
gives a characteristic absorption band in the red between the ¢ and D
lines (fig. 87, spectrum 5),

Carbonic oxide hemoglobin may be readily prepared by passing
a stream of carbonic oxide through blood or throngh & solution of oxy-
hemoglobin, It has a peculiar cherry-red colour. Its absorption
spectrum is very like that of oxyh@moglobin, but the two bands are
slightly neaver the violet end of the spectrum (fig. 87, spectrum 4).
Reducing agents, like ammonium sulphide, do not change it; the
gas is more firmly combined than the oxygen in oxyh@moglobin.
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FiG. 37.—1, Solar spectrum ; 2, spectrum of oxyhmemoglobin (0087 per cent, solution); 3, spectrom of
hmmoglobin; 4, spectrum of CO-hmmoglobing 6, spectrnm of metluemoglobin (concentrated
solution),

CO-hemoglobin forms crystals like those of oxyhemoglobin : it resists

putrefaction for a very long time.

Carbonic oxide is given off during the imperfect combustion of
carbon such as oceurs in charcoal stoves: this acts as a powerful
poison by combining with the hsemoglobin of the blood, and thus inter-
fering with normal respiratory processes. The colour of the blood
and its resistance to reducing agents are in such cases characteristie,

Nitrie Oxide Hazmoglobin.—When ammonia®is added to bloed.
and then a stream of nitric oxide passed through it, this compound is
formed. It may be obtained in erystals isomorphous with oxy- and
CO-hemoglobin. It also has a similar spectrum. It is even more
stable than CO-hemoglobin ; it has no practical interest, but is only
of theoretical importance as completing the series,
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Recently C. Bohr has advanced the theory that hmmoglobin forms a
ecompound with carbonie acid. He considers that the union is, like oxy-
hemoglobin, a dissoeiable one, and that dissociation leading to evolution of
the gas takes place in the blood vessels of the pulmonary alveoli. If this is
really the case, hemoglobin appears to be not only an oxygen carvier but a
earbonic-neid earrier. It has long been known that the red corpuseles econtain
carbonie acid, but it has always been supposed that this was not in actual com-
bination with the pigment ; and even Bohr does not consider that the gas is
united to the hiemoglobin in the same way as oxygen is. Perhaps it may be
united to the proteid globin rather than to the iron-containing constituent.
The subject, however, cannot yet be considered settled. CO_-h@moglobin, if it
does exist, shows no spectroscopic differences from hemoglobin ; and no one
disputes that there is, in addition to the carbonic acid of the corpuscles, a
much larger amounnt dissolved in the plasma, chiefly in the form of earbonates

and bicarbonates.

CHEMISTRY OF RESPIRATION

The consideration of the blood, and especially of its pigment, is so
closely associated with respivation that a brief account of that process
follows conveniently here.

The lungs consist essentially of numerous little hollow sacs, in the
walls of which is a close plexus of capillary blood vessels. These air
cells, or alveoli, communicate with the external air by the trachea,
bronchi, and bronchial tubes. Inspiration is due to a museular effort
that enlarges the thorax, the closed cavity in which the lungs are
sitnated. Owing to the atmospheric pressure the lungs become dis-
tended. The atmospheric air does not, however, actually penetrate
beyond the largest bronchial tubes; the gases which get into the
smaller tubes and air cells do so by diffusion. TExpiration is ordinarily
brought about by the elastic rebound of the lungs and chest walls, and
is only a muscular effort when forced; but even the most vigorous
expiratory effort is unable to expel the alveolar air. This air and the
blood in the capillaries are only separated by the thin capillary and
alveolar walls. The blood parts with its excess of carbonie acid and
watery vapour to the alveolar air; the blood at the same time re-
ceives from the alveolar air a supply of oxygen which renders it
arterial.

The intake of oxygen is the commencement, and the eutput of
carbonie acid the end, of the series of changes known as respiration.
The intermediate steps take place all over the body, and constitute what
is known as tissue respiration. We have already seen that oxyhsemo-
globin ig only a loose compound, and in the tissnes it parts with its
oxygen. The oxygen does not necessarily undergo immediate union
with earbon to form carbonie acid, and with hydrogen to form water,

&



82 FESSENTIALS OF CHEMICAL PHYSIOLOGY

but in most cases, as in musecle, is held in reserve by the tissue itself.
Ultimately, however, these two oxides are formed: they are the chief
produets of combustion, Certain other products which represent the
combustion of nitrogenous material (urea, urie acid, &e.) ultimately
leave the body in the urine. All these substances pass into the venous
blood, and the gaseous products, carbonic acid, and a portion of the
water find an outlet by the lungs.

Inspired and Expired Air.—The composition of the inspired or

atmospherie air and the expired air may be compared in the following
table :—

l T

| — Inspived Adr | Expired Air

| Oxygen . 2 > .| 20:96 vols. per cent. 16:6 vols. per cent.
Nitrogen . ; - . T Fh i i o o
Carbonic acid . - : 04, T 44 ,, P
Watery vapour . : - variable saturated
Temperature . . & 5 that of body (862 C.)

The nitrogen remains unchanged. The chief change is in the propor-
tion of oxyzen and carbonic acid. The loss of oxygen is about 5, the
cain in carbonic acid 43. If the inspired and expired airs are carefully
measured at the same temperature and barometric pressure, the volume
of expired air is thus rather less than that of the inspired. The
conversion of oxygen into earbonie acid would not cause any change in
the volume of the gas, for a molecule of oxygen (0,) would give rise
to a molecule of carbonie acid (CO,), which would occupy the same
volume. It must, however, be remembered that carbon iz not the
only element which is oxidised. Fats contain a number of atoms
of hydrogen which during metabolism are oxidised to form water;
a certain small amount of oxygen is also used in the formation
of urea. Carbohydrates contain sufficient oxygen in their own
molecules to oxidise their hydrogen; hence the apparent loss of
oxygen is least when a vegetable diet (that is, one consisting largely
of starch and other carbohydrates) is taken, and greatest when mueh
{(;(:Eaﬁ;i]];egﬁ 15 called the

: : .. 45 : ;
respiratory quotient. Normally it is = 0-9, but this varies con-

fat and proteid are eaten. The quotient

siderably with diet, as just stated. It varies also with museular
exercise, when the output of carbonie acid 15 much inereased.

Gases of the Blood,—Irom 100 volumes of blood about 60 volumes
of gas can be removed by the mercurial air-pump. The average
composition of this gas in dog’s blood 15—
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— ] Arterinl Blood | Venons Blood |
Oxygen . - = : 20 | 81012 |
Nitrogen . - : - 1to 2 1to2 =

| Carbonic acid . . . 40 | 46 |

The nitrogen in the blood is simply dissolved from the air just as
water would dissolve it: it has no physiological importance. The
other two gases are present in much greater amount than can be
explained by simple solution ; they ave, in fact, chiefly present in loose
chemical compounds. Less than one volume of the oxygen and about
two of carbonic acid are present in simple solution in the plasma.

Oxygen in the Blood.—The amount of gas dissolved in a liquid
varies with the pressure of the gas; double the pressure and the amount
of zas dissolved is doubled. Now this does not occur in the case of
oxygen and blood ; very nearly the same amount of oxygen is dissolved
whatever be the pressure. We thus have a proof that oxygen is not
merely dissolved in the blood, but is in chemical union ; and the fact
that the oxygen of oxyhmmoglobin can be replaced by eqguivalent
quantities of other gases, like carbonic oxide, is a further proof of the
same statement. The tension or partial pressure of oxygen in the air
of the alveoli is less than that in the atmosphere, but greater than that
in venous blood ; hence oxygen passes from the alveolar air into
the blood ; the oxygen immediately combines with the hmmoglobin,
and thus leaves the plasma free to absorb more oxygen ; and this goes
on until the heemoglobin is entirely, or almost entirely, saturated with
oxygen. The reverse change oceurs in the tissues when the partial
pressure of oxygen is lower than in the plasma, or in the lymph that
bathes the tissue elements ; the plasma parts with its oxygen to the
lymph, the lymph to the tissues; the oxyhmemoglobin them vndergoes
dissociation to supply more oxygen to the plasma and lymph, and this
in turn to the tissues once more. This goes on until the oxyhmmo-
globin loses a great portion of its store of oxygen, but even in asphyxia
it does not lose all.

The avidity of the tissnes for oxygen is shown by Ehrlich’s experi-
ments with methylene blue and similar pigments. Methylene blue is
more stable than oxyh@moglobin ; but if it is injected into the cireu-
lation of a living animal, and the animal killed a few minutes later,
the blood is found dark blue, but the organs colourless. On exposure
to oxygen the organs become blue. In other words, the tissnes have
removed the oxygen from methylene blue to form a colourless reduction
product ; on exposure to the air this once more unites with oxygen to
form methylene blue.

G 2
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Carbonic Acid in the Blood.—What has been said for oxygen holds
good in the reverse direction for carbonic acid. Compounds are formed
in the tissues where the tension of the gas is high: these pass into
the lymph, then into the blood, and in the lungs the compounds
undergo dissociation, earbonic acid passing into the air of the alveolar
air, where the tension of the gas is comparatively low, though it is
greater here than in the expired air.

The relations of this gas and the compounds it forms are more
complex than in the case of oxygen. If blood is divided into plasma
and corpuseles, it will be found that both yield carbonie acid, but the
yield from the plasma is the greater. If we place blood in a vacuum
it bubbles, and gives out all its gases; addition of a weak acid
causes no further liberation of carbonic acid. But when plasma or
serum is similarly treated the gas comes off, but about 5 per cent.
of the carbonie aeld is fixed—that is, requires the addition of some
stronger acid, like phosphoric acid, to displace it. Fresh red corpuscles
will, however, take the place of the phosphoric aeid, and thus it has
been surmised that oxyhsmoglobin has the properties of an acid.

One hundred veolumes of venous blood contain forty-six volumes of
carbonic acid. Whether this is in solution or in chemical combina-
tion is determined by ascertaining the tension of the gas in the blood.
One hundred volumes of blood plasma would dissolve fifty velumes of
the gas at atmospheric pressure, if its solubility in plasma were equal
to that in water. If, then, the carboniec acid were in a state of solution,
its tension would be equal to that of the atmosphere, but it proved to
be only equal to 5 per cent, of an atmosphere. This means that when
venouns blood is brought into an atmosphere containing 5 per cent. of
carbonic acid, the blood neither gives off any carbonic acid nor takes
up any from the atmosphere. Hence the remainder of the gas, 95 per
cent., 1s in a condition of chemical combination. The chief compound
appears to be sodium bicarbonate.

Bohr's recent researches have shown that probably the purely
physical process of diffusion will not satisfactorily explain the manner
in which carbonic acid is discharged from the blood into the alveolar
air. Much recent physiological research has shown that we must
largely abandon physieal theories for what are called vitalistic theories ;
in other words, the vital processes of selection possessed by living
protoplasm may counteract or supplement physical processes. Thus,
in our study of absorption, we have seen that mere filtration or
diffusion will not explain the passage of the digested foods into the
blood stream or the lacteals. Heidenhain has further shown that
lymph is not merely a transudation from blood plasma through the

SIS S SR
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thin walls of the eapillary blood vessels. Sugar injected into the
blood passes into the lymph, but soon the percentage in the lymph is
found to be higher than in the blood—a phenomenon which can only
be ascribed to the secretory activity of the endothelial cells of the
vessel walls. In the same way it seems that the discharge of carbonic
acid from the blood is dependent on the secretory activity of the
epithelium lining the pulmonary alveoli. If Bohr's figures are ulti-
mately found to be correct, it is difficult to avoid such a conclusion.
His figures from the dog ave :—

Tension of carbonie acid in alveolar air . . 8:56 per cent.
" " 1 venous blood . . B4 5
- . - arterial ,, . . 28 1

If we compare the temsions of the gas in venous blood and alveolar
air, we see that in accordance with the laws of diffusion the earbonic
acid has passed from a region of high to one of low tension. Dut, on
looking at the figure for arterial blood, this change has gone on beyond
the establishment of eguilibrium, and that, in faet, the earbonic acid
has passed from a medium where its tension is low to one where its
tension is higher,

Certain Continental observers have siated that certain noxious
substances are ordinarily contained in expired air which are much
more poisonous than carbonie acid, but researches in this country have
entirely failed to substantiate this. If precautions be taken by absolute
cleanliness to prevent admixture of the air with exhalations from skin
and clothes, the expired air only contains one noxious substance, and
that 1s earbonic acid.

Tissue-Respiration.—DBefore the processes of respiration were fully
understood the lungs were looked upon as the seat of combustion ; they
were regarded as the stove for the rest of the body where effete
material was brought by the venous blood to be burnt up. The
impossibility of this was shown when it was pointed out that, if all
the heat of the body was produced in the lungs, their temperature
would be raised so high as to destroy them.

Physiologists next transferred the seat of the combustion to the
blood ; but sinee then innumerable facts and experiments have shown
that it is the tissues themselves, and not the blood, where ecombustion
oceurs,  The methylene-blue experiments already deseribed (p. 83)
show this; and the following experiment is also quite conelusive. A
frog can be kept alive for some time after salt solution is substituted
for its blood. The metabolism goes on actively if the animal is kept
in pure oxygen. The taking up of oxygen and giving out of carbonie
acid must therefore oceur in the tissues, as the animal has no blood.
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LESSON X
URINE

1. Test the reaction of urine to litmus paper.

2. Determine its specific gravity by the urinometer.

8. Test for the following inorganic salts :—

(@) Chlorides.—Acidulate with nitrie acid and add silver nitrate ; a white
precipitate of silver chloride, soluble in ammonia, is produeed. The object
of acidulating with nitrie acid is to prevent phosphates being precipitated by
the nitrate of silver.

(b) Sulphates.—Aeidulate with hydrochloric acid and add barium chloride.
A white precipitate of barium sulphate is produced. Hydrochloric acid is
again added first to prevent prempma.t.mn of phosphates.

(¢) Phosphates.—i. Add ammonia; on standing a white floceulent pre-
cipitate of earthy (that is, calcinm and magnesinm) phosphates is produced.
The alkaline (that is, sodium and potassium) phosphates remain in solution.

il, Mix another portion of urine with half its volume of nitric acid ; add
ammoninm molybdate, and boil. A yellow erystalline precipitate falls.
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Fit:. 38.—Simple uren apparatis.

4. Urea.—Take some urea crystals. Observe that they are readily soluble
in water, and that effervescence oecurs when fuming nitrie acid is added to
the solution, The effervescence is due to the breaking up of the urea.
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Carbonie acid and nitrogen come off. A similar bubbling, due to evolution
of nitrogen, oecurs when an alkaline solution of sodinm hypobromite is
added to another portion of the solution.

5. Heat some urea erystals in a test-tube. Biuret is formed, and ammonia
comes off. Add a drop of copper-sulphate solution and a few drops of potash.
A rose-red colour is produced. ;

6. Quantitative estimation of urea.

The burette F is connected by the tube B to the bottle D, as in the fignre,
both D and F being filled with water to the same level. The bottle A con-
tains 25 c.c. of alkaline solution of sodium-hypobromite (made by mixing
2 c.e. of bromine to 23 ec.e. of a 40-per-cent. solution of eaustic soda).
Measure 5 c.c. of urine into the little bottle I3, and carefully lower it into A.
Cork A tightly, and connect it by the tube C to the bottle D, as in the fignre.
Bring the water in the bottle D and the burette I to the same level, and then
read the burette. By inelining A, mix the urine and hypobromite together.
Cool A by immersing it in a vessel of water. The carbonie aeid resulting from
the decomposition of urea is absorbed by the excess of soda in A ; the nitrogen
is evolved and pushes the water in D) into the burette. Carefully measure
the water so displaced, bringing the water in D and I to the same level.
Its volume is equal to that of the nitrogen evolved: 854 c.c. of nitrogen are
vielded by 0-1 gramme of urea. From this the guantity of ureain the 5 e.c. of
urine and the percentage of urea can be calculated. If the total nrea passed
in the twenty-four hours is to be ascertained, the twenty-four hours' urine
must be carefully measured and thoroughly mixed. A sample is then
taken from the total for analysis; and then, by a simple sum in proportion,
the total amount of urea is ascertained.

.

The kidney is a compound tubular gland, the tubules of which it
is composed differing much in the character of the epithelinm that
lines them in various parts of their course. The true secreting part
of the kidney is the glandular epithelinm that lines the convoluted
portions of the tubules ; there is in addition to this what is usnally
termed the filtering apparatus : tufts of capillary blood vessels called
the Malpighian glomeruli are supplied with afferent vessels from the
renal artery; the efferent vessels that leave these have a smaller
calibre, and thus there is high pressure in the Malpighian capillaries.
Certain constituents of the blood, especially water and salts, pass
through the thin walls of these vessels into the surrounding Bow-
man's capsule which forms the commencement of each renal tubule,
Bowman'’s capsule is lined by a flattened epithelinm, which is reflected
over the capillary tuft. Though the process which occurs here is
generally spoken of as a filtration, yet it is no Rprely. mechanical pro-
cess, but the cells exercise a selective influence, and prevent the
albuminous constituents of the blood from escaping. During the
passage of the water which leaves the blood at the glomerulus through
the rest of the renal tubule, it is in part reabsorbed ;: the urine also
gains the constituents urea, urates; &e., which are poured into it by
the seereting cells of the conveluted tubules. ]
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The term eaxcretion is better than seeretion as applied to the
kidney, for the constituents of the urine are not actually formed in
the kidney itself (as, for instance, the bile is formed in the liver), but
they are formed elsewhere ; the kidney is simply the place where they
are picked out from the blood and eliminated from the body.

GENERAL CHARACTERS OF URINE

Quantity.—A man of average weight and height passes from 1400
to 1600 c.c., or about 50 oz. daily. This contains about 50 grammes
(15 oz.) of solids. The urine should be collected in a tall glass vessel
capable of holding 8000 c.c., which should have a smooth-edged neck
accurately covered by a ground glass plate to exclude dust and avoid
evaporation. The vessel, moreover, should be graduated so that the
amount may be easily read off. From the total quantity thus collected
in the twenty-four hours samples should be drawn off for examination.

~ Colour.—This is some shade of yellow which varies considerably
in health with the concentration of the urine. It appears to be due to
a mixture of pigments, of which urobilin is the only one of which we
have any accurate knowledge. Urobilin is undoubtedly derived from
the blood pigment, and, like bile pigment, is an iron-free derivative
of hemoglobin. The theory usually accepf®d concerning its mode
of origin is that bile pigment is in the intestines converted into
stercobilin ; that most of the stercobilin leaves the body with the
froces ; that some is reabsorbed and is excreted with the urine as
urobilin. Both stercobilin and urobilin are very like the artificial re-
duction produet of bilirubin called hydrobilirubin (see p. 60).

Reaction,—1 he reaction of normal urine is acid. This is not due
to free acid, as the uric and hippurie acids in the urine are combined
as urates and hippurates respectively. The acidity is due fo acid
sodium phosphate. Under certain cirenmstances the urine becomes less
acid and even alkaline ; the most important of these are as follows :—

1. During digestion. Here there is a formation of free acid in
the stomach, and a corresponding liberation of bases in the blood
which passing into the urine diminish its acidity, or even render it
alkaline. This is called the alkaline tide ; the opposite condition, the
actd tide, oceurs aftera fast—for instance, before breakfast.

2. In herbivorous animals and vegetarians. The food here con-
tains excess of alkaline salts of acids like tartarie, eitrie, malic, &c.
These acids are oxidised into carbonates, which passing into the urine
oive it an alkaline reaction.

Specific Gravity.—This should be taken in a sample of the twenty-
four hours’ urine with a good urinometer (see fig. 89),
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The specific gravity varies inversely as the quantity of urine passed
under normal conditions from 1015 to 1025, A specific gravity
below 1010 should exeite suspicion of hydruria ; one over 1030, of a
febrile condition, or diabetes, a disease in which it may rise to 1050.
The specific gravity has, however, been known to sink as low as

" o Fi. 40.—Crystals of urea @ o, four-sided

e e prisms; b, indefinite crvstals, such

Fiiz., 380 —Urinometer floating in urine in as are nsually formed from aleohol
o testing glass, solutions

1002 (after large potations, urina potus), or to rise ag high as 1035
(after great sweating) in perfectly healthy persons.

Composition.—The following table gives the average amounts of
the urinary constituents passed by a man in the twenty-four hours :—

Water : : : ; - 1500000 grammes
Total solids . ; : : ; T72:00 .
Uren . 3 4 A ] 4 358-18 i
Urie acid : : % : ; 055 .
Hippurie aeid : : ; : 0-40 :
Creatinine . : : ; : 091 5
Pigment and other organic substances : 10:00 £
Sulphurie acid - : : : 2:01 "
Phosphorie acid . : : . 3-16 T
Chlorine : ] . - . 750 T
Ammonia - : ; . - 057 T
Potassinm . : : ; : 2-50 o
Sodinm i ; 3 t : 11:09 2
Caleinm : : : : : 026 5
Magnesinm . : ! . ; 0-21 =

The most abundant constituents of the urine are water, urea, and
sodium chloride. In the foregoing table the student must not be
misled by seeing the names of the acids and metals separated. The
acids and the bases are combined to form salts, urates, chlorides,
sulphates, phosphates, &e.
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UREA

Urea, or Carbamide, CO(NH,),, is isomerie (that is, has the same
empirical, but not the same structural formula) with ammoninm
cyanate (NH,)CNO, from which it was first prepared synthetically by
Wohler in 1828, Since then it has been prepared synthetieally in
other ways., Wdohler's observation derives interest from the fact that
this was the first organic substance which was prepared synthetically
by chemists.

It may be erystallised out from the urine by a rather complicated
process (see Liesson XXVI.), and it is then found to be readily soluble

Fia. 41.—w, nitrate; & oxalate of urea,

both in water and alechol: it has a saltish tasie, and is neutral to
litmus paper. The form of its erystals is shown in fig. 40.

When treated with nitrie acid, nitrate of nrea (CON.H;HNO;) is
formed ; this erystallises in octahedra, lozenge-shaped tablets, or
hexagons (fig. 41, ). When treated with oxalic acid, flat or prismatic
crystals of urea oxalate (CON,H, H,C,0,+H,0) are formed (fig. 41, b).

These crystals may be readily obtained in an impure form by
adding large excess of the respective acids to urine which has been
concentrated to a third or a quarter of its bulk.'

Undertheinfluence of an organised ferment, the torula or micrococeus
urese, which grows readily in stale urine, urea takes up water, and is
converted into ammonium ecarbonate [CON,H,+2H,0=(NH,),CO;].
Hence the ammoniacal odonr of putrid urine.

By means of nitrous acid, urea is broken up into carbonic acid,

_ ! The preparation of urea nitrate is postponed to the next lesson, when other
microscopie crystals will also be under examination.

i o
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water, and nitrogen, CON,H,+2HNO,=C0,+8H,0+2N,. This
may be used as a test for urea. Add fuming nitric acid to a solution of
urea, or to urine; an abundant evolution of gas bubbles takes place.
Hypobromite of soda decomposes urea in the following way :—
CON,H, + 8NaBr0 = CO, + N, + 2H,0 + 3NaBr

[uren] [Eodinm [oarbonic [nitrogen] [water] [eodlinm
hypolromite] noid] bromide]

This reaction is important, for on it one of the best methods for
estimating urea depends. There have been various pieces of apparatus
invented for rendering the analysis easy ; but the one deseribed in the
practical exercise at the head of thiz lesson can be easily made from
the bottles and burettes which are always at hand in a laboratory.
The stoppers to the bottles must not be leaky, or some of the nitrogen
will be lost. If the experiment is performed as directed, nitrogen
is the only gas that comes off, the carbonic acid being absorbed by
excess of soda. The amount of nitrogen is a measure of the amount
of urea.

The quantity of urea is somewhat variable, the chief cause of
variation being the amount of proteid food ingested. In a man in a
state of equilibrium the quantity of urea secreted daily averages
48 grammes (500 grains). The normal percentage in human urine
i1s 2 per cent.; but this also varies, because the concentration of the
urine varies considerably in health. In dogs it may be 10 per cent.
The exeretion of urea is usually at a maximum three hours after a
meal, especially after a meal rich in proteids. The urea does not
come, however, direct from the food ; the food must be first assimi-
lated, and become part of the body before it can break down to form
urea. An exception to this rule is to be found in the case of the amido-
acids, especially leucine, which are formed in the intestinal canal
from proteids during digestion. Leucine is carried to the liver, and
is converted into urea; but only a very small fraction of the urea
in the urine is formed in this way. Urea is increased by food first
because food stimulates the tissues to activity, and so metabolism is
increased, and seecondly it stimulates the kidney to activity, and so
waste accumulated products are got rid of. The more proteid food is
given, the more waste products do the tissues discharge from their
protoplasm, in order to make room for the new proteid which is built
into their protoplasm, to be later on displaced in the same way.

Muscular exercise has little effect on the amount of urea dis-
charged. TIn very intense museular work there is a slight increase of
urea, but this is quite insignificant when compared to the increase of
work. This is strikingly different from what oceurs in the case of
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carbonic acid ; the more the museles work, the more carbonie acid do
they send into the venous blood, and the more carbonic aecid finds
its way into the expired air. Musecular work falls upon the carbon
rather than on the nitrogen of the musele substance.

Where is Urea formed ?—The older authors considered that it
was formed in the kidneys, just as they also erroneously thought that
carbonie acid was formed in the lungs. Prévost and Dumas were the
first to show that after complete extirpation of the kidneys the forma-
tion of urea goes on, and that it accumulates in the blood and tissues.
Similarly, in those cases of disease in which the kidneys cease work,
urea is still formed and accumulates. This condition is called uremia
(or urea in the blood), and unless the urea be discharged from the
body the patient dies. There is no doubt, however, that it is not urea
but some antecedent of urea that acts most poisonously, and is the
canse of death.

If, then, the kidneys are not specially the seat of urea formation,
where is this special seat, or is there any special seat ? There can be
little doubt that urea is formed in all tissues of the body in ~which
proteids are present. It may not be that the formation of urea is
perfected in each tissue, for if we look to the most abundant tissue,
the muscular tissue, urea is absent, or nearly so. Yet there can be no
doubt that the chief place from which urea ultimately comes is the
muscular tissue. Some intermediate step occurs in the museles; the
final steps oceur elsewhere.

In muscles we find a substanee called creatine in fairly large quan-
tities. If creatine is injected into the blood it is discharged as erea-
tinine. But there is very little creatinine in normal urine; what
little there is is accounted for by the ereatine in the food ; the mus-
cular creatine is discharged as urea; in fact, urea can be artificially
obtained from creatine in the laboratory.

Similarly, other cellular organs, spleen, lymphatic glands, secreting
elands, participate in the formation of urea; but the most important
appears to be the liver: this is the organ where the final changes
take place. The urea is then carried by the blood to the kidney, and
is there excreted.

The facts of pathology point very strongly in support of the theory
that urea is formed in the liver. The principal are the following :—

1. In diabetes the metabolic processes in the liver are much in-
creased ; there is sugar in the urine, and also a larger amount of urea
than normal.

2. In opposite conditions, when degenerative processes occur in the
liver, there is a lessened formation of urea. This is very marked in
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a disease called acute yellow alrvophy ; here leucine and tyrosine are
found in the urine, and urea i1s almost absent. In eirrhosis of the
liver the urea is also much lessened, and its place is taken by
ammonia.

The next question that confronts us is, What are the intermediate
stages between proteid and urea? This question is diffieult to answer.
Ordinary chemieal processes carried out in the laboratory do not lead
to the formation of urea from proteid ; and it is only quite recently
that Drechsel has by new methods succeeded in artificially produeing
urea from casein. We have already seen from theoretical considera-
tions that ereatine is probably one of the prineipal intermediate stages ;
urie acid is perhaps another. At any rate, chemists can obtain urea
artificially from both creatine and uric acid. Other amido-acids, such
as glycocine (amido-acetic acid) and leucine (amido-caproie acid), are
probably to be ineluded in the same category. The introduetion of
glycocine or leucine into the bowel, or into the circulation, leads to an
increase of urea in the urine; and doubtless a small quantity of urea
normally originates from the leucine formed during pancreatic diges-
tion. 'There is no evidence that tyrosine acts in the same way. In
acute yellow atrophy the appearance of amido-acids in the urine in
place of urea lends support to this theory.

If, now, we glance at the formul® of these amido-acids—

Glyeocine, C,H,NO,
Leueine, C,H,;NO,
Creatine, C,H,N,0,

—we see that the carbon atoms are more numerous than the nitrogen
atoms. In urea, CON,H,, the reverse is the case. The amido-acids
must therefore be split into simpler compounds, which unite with one
another to form urea. Urea formation is thus, in part, synthetic.
There have been various theories advanced as to what these simpler com-
pounds are. Some have considered that cyanate, others that carbamate,
and others still that carbonate of ammonium is formed. Sechrider's
recent work proves that ammonium carbonate is one of the urea pre-
cursors, if not the principal one. The equation which represents the
reaction is as follows :—
(NH,),CO,—2H,0=CON,H,

[nmmoninim [water] [urea]

garhonate |
Schroder’s prineipal experiment was this: a mixture of blood and
ammonium carbonate was injeeted into the liver by the portal vein ;
the blood leaving the liver by the hepatic vein was found to contain
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urea in great abundance. This does not ocenr when the same experi-
ment is performed with any other organ of the body, so that
Sehrider’s experiments also prove the great importance of the liver in
urea formation.

THE INORGANIC CONSTITUENTS OF URINE

The inorganic or mineral constituents of urine are chiefly chlorides,
phosphates, sulphates, and carbonates; the metals with which these
are in combination are sodinum, potassium, ammonium, caleium, and
magnesium. The total amount of these salts varies from 9 to 25
grammes daily, The most abundant is sodium chloride, which
averages 1n amount 10 to 13 grammes per diem. These substances
are derived from two sources—first from the food, and secondly as the
result of metabolic processes. The chlorides and most of the phos-
phates come from the food; the sulphates and some of the phosphates,
as a result of metabolism. The salts of the blood and of the urine
are much the same, with the important exception that, whereas the
blood contains only traces of sulphates, the urine contains abundance
of these salts. The sulphates are derived from the changes that oceur
in the proteids of the body; the nitrogen of proteids leaves the body
as ures and uric acid ; the sulphur of the proteids is oxidised to form
sulphurie acid, which passes into the urine in the form of sulphates.
The excretion of sulphates, moreover, runs parallel to that of urea.
The chief tests for the various salts have been given in the practical
exercises at the head of this lesson,

Chlorides.—The chief chloride is that of sodinm. The ingestion of
sodium chloride is followed by its appearance in the urine, some on the
same day, some on the next day. Some is decomposed to form the
hydrochlorie acid of the gastric juice. The salt, in passing through
the body, fulfils the useful office of stimulating metabolism and
secretion,

Sulphates.—The sulphates in the urine are principally those of
potassinm and sodium. They are derived from the metabolism of
proteids in the body. Only the smallest trace enters the body with the
food. BSulphates have an unpleasant bitter taste (for instance, Epsom
salts) ; hence we do not take food that contains them. The sulphates
vary in amount from 1-5 to 3 grammes daily.

In addition to these sulphates there is a small quantity, about one-
tenth of the total sulphates, that are combined with organie radieles :
these are known as ethereal sulphates, and they originate from putre-
factive processes oceurring in the intestine. The chief of these




URINE 95

ethereal sulphates are phenol sulphate of potassium and indoxyl
sulphate of potassinm. The latter originates from the indole formed
in the intestine, and as it yields indigo when treated with certain
reagents it 1s sometimes called indican. It is very important to
remember that the indican of urine is not the same thing as the
indican of plants. Both yield indigo, but there the resemblance ceases.

Carbonates.—Carbonates and bicarbonates of sodium, ealeium,
magnesium, and ammonium are generally present in alkaline urine.
They arise from the carbonates of the food, or from vegetable acids
(malie, tartarie, &c.) in the food. They are, therefore, more abundant
in the urine of herbivora and vegetarians, whose urine is thus rendered
alkaline. Urine containing carbonates becomes, like saliva, cloudy on
standing, the precipitate consisting of calcium carbonate, and also
phosphates.

Phosphates.—Two classes of phosphates oceur in  normal
urine :—

(1) Alkaline phosphates—that is, phosphates of sodium (abundant)
and potassium (scanty).

(2) Earthy phosphates—that is, phosphates of caleium (abundant)
and magnesinm (seanty).

The composition of the phosphates in urine is liable to variation.
In acid urine the acid salts are generally present, and give the urine an
acid reaction. These are chiefly—

Sodium dihydrogen phosphate, NaH,PO,, and caleium dihydro-
gen phosphate, Ca(H,PO,),.

In neutral urine, in addition, disodinm hydrogen phosphate
(Na,HPO,), calcium hydrogen phosphate, CaHPO,, and magnesium
hydrogen phosphate, MgHPO,, are found. In alkaline urine there may
be instead of, or addition to, the above the normal
phosphates of sodium, ealeium, and magnesium
[NagPO;, Cay(PO,)e, Mgy(PO,),].

The earthy phosphates ave precipitated by ren-
dering the urine alkaline by ammonia. In decom-
posing urine ammonia is formed from the urea : this
also precipitates the earthy phosphates. The phos-
phates most frequently found in the white creamy
precipitate which oceurs in decomposing urine are—

(1) Triple phosphate or anmmoenio-magnesium
phosphate (NH,MgPO,+6H,0). This crystallizses Fo. 42.— Ammonio-
2 magnesinm or traple
in ¢ coffin-lid " erystals (see fig, 42) or feathery stars,  phosphate

(2) Btellar phosphate, or caleium phosphate, which crystallises in
star-like elusters of prisms.
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LESSON XI
URINE (continued)

1. Urea Nitrate.—Evaporate some urine to a quarter of its bulk. Pour
the concentrated urine into a watch-glass; let it cool, and add a few drops of
strong, but not fuming, nitric acid. Crystals of urea nitrate separate out,
Examine these microscopically.

9, Uric Acid.— Examine microscopically the erystals of urie acid in some
urine, to which 5 per cent. of hydrochloric acid has been added twenty-four
hours previously. Note that they are deeply finged with piginent, and to the
naked eye look like granules of eayenne pepper.

. Dissolve the crystals in caustic potash and then carefully add excess of
hydrochlorie acid. Small erystals of uric acid again form.

Place a little uric acid, or a urate (for instance, serpent’s urine), in a
capsule ; add a little dilute nitrie acid and evaporate to dryness. A yellowish-
red residue is left. Add ammonia. This is best done by helding the capsule
upside down over the month of a bottle of ammonia. The residue turns to
violet. This is due to the formation of murexide or purpurate of ammonia.
On the addition of potash the colour becomes bluer.

8. Deposit of Urates or Lithates (Lateritions Deposit).—The specimen of
urine from the hospital contains excess of urates, which have becomne deposited
on the urine becoming cool. They arve tinged with pigment, and have a
pinkish eglour, like briﬂiadush; hence the term * lateritions.’ Examine miero-
scopically. The deposit is usually amorphous—that is, non-erystalline.
Sometimes dérystals of caleium oxalate (envelope crystals —oetahedra) ave
S0En,

The deposit of urates dissolves on heating the urine,

4. Deposit of Phosphates.—Another specimen of pathological urine contains
excess of phosphates, which have formed a white deposit on the urine be-
coming alkaline. This precipitate does not dissolve on heating; it may be
increased. It is, however, soluble in acetic acid. Examine microscopically
for coffin-lid crystals of triple phosphate (ammonio-magnesiun phosphate),
for erystals of stellar (caleinm) phosphate, and for mueus. Mucus is floceulent
to the naked eye, amorphous to the microscope.

N.B.—On beiling neutral or alkaline urine it may become turbid from
deposition of phosphates. The sclubility of this deposit in a few drops
of acetic acid distinguishes it from albumin, for which it is liable to be
mistaken.

Some of the facts deseribed in the foregoing exercises have been already
dwelt upon in the preceding lesson. They are, however, conveniently
grouped together here, as all involve the use of the microscope.

We have now studied urea, the principal nitrogenous constituent
of urine, at some length. There are still left for our consideration a
H
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number of other nitrogenous constituents, the most important of which
are urie acid, hippurie acid, and creatinine.

URIC ACID

Urie Aecid (C,N,H,0;) is in mammals, next to urea, the medium
by which the largest quantity of nitrogen is excreted from the body.
It is, however, in birds and reptiles the principal nitrogenous con-
stituent of their urine. It is not present in the free state, but is
combined with bases to form urates. |

It may be obtained from human urine by adding 5 c.c. of hydro-
chlorie acid to 100 c.c. of the urine, and allowing the mixture to stand
for twelve to twenty-four hours. The erystals which form are deeply
tinged with urinary pigment, and though by repeated solution in

caustic soda or potash, and reprecipitation

,,;'..’;\;\ <> by hydrochlorie acid, they may be obtained

ﬁa — fairly free from pigment, pure uric acid is
more readily obtained from the solid nrine of

V=4 W x a serpent or bird, which consists principally
1) of the acid ammonium urate. This is dis-
W‘ a Q %, solved in soda, and then the addition of

< « hydrochloric acid produces as before the

ﬂ . @ , = erystallisation uf.urm aecid i:mm‘the solution.
The pure acid erystallises in colourless

rectangular plates or prisms. In striking

9 fﬂ C% contrast to urea it is a most insoluble sub-

, stance, requiring for its solution 1900 parts

Fig. 43.—Uricacid erystals. — of hot and 15000 parts of cold water. The

forms which urie acid assumes when precipitated from human urine,

either by the addition of hydrochloric acid or in certain pathological

processes, are very various, the most frequent being the whetstone

shape ; there are also bundles of crystal resembling sheaves, barrels,
and dumb-bells (see fig, 43).

The murexide test which has just been deseribed among the
practical exercises is the principal test for urie acid. The test has
received the name on account of the resemblance of the colour to the
purple of the ancients, which was obtained from certain snail-like
creatures of the genus Murez.

Another important reaction that urie acid undergoes (though it is
not applicable as a test) is that on treatment with certain reagents
urea and oxalie acid can be obtained from it. The importance of this
factis that probably uric acid may be in the body an antecedent of
urea. Ixcess of urie acid and of oxalie acid generally go together ; and

—
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in deposits of urates, erystals of calcium oxalate are often found as
well.

Urie acid is dibasic, and thus there are two classes of urates—the
normal urates and the acid urates. A normal urate is one in which
two atoms of the hydrogen are replaced by two of a monad metal like
sodium ; an acid urate is one in which only one atom of hydrogen is
thus replaced. The formul® would be—

O;H,N,0,=uric acid
. H,NaN,0;=acid sodium urate
(';H.Na,N,0;=normal sodium urate

The acid sodium urate is the chief constituent of the pinkish deposit of
urates, which, as we have already stated, is called the lateritions deposit.

The quantity of uric acid exereted by an adult varies from 7 to
10 grains (05 to 075 gramme) daily.

The best method for determining the quantity of uric aeid in the
urine is that of Hopkins. Ammonium chloride in erystals is added to
the urine until no more will dissolve. This saturation completely
precipitates all the urie acid in the form of ammoninm urate. The
precipitate is collected on a filter and dissolved in weak alkali, From
this solution the uric acid is precipitated by neutralising with hydro-
chloric acid. The precipitate of uric acid is collected on a weighed
filter, dried, and weighed.

Origin of Urie Aecid.—Uric acid is not made by the kidneys.
When the kidneys are removed urie acid continues to be formed and
accumulates in the organs, especially in the liver and spleen. The
liver has been removed from birds, and urie acid is then hardly formed
at all, its place being taken by ammonia and lactic acid. It is there-
fore probable that ammonia and lactic acid are normally synthesised
in the liver to form uric acid.

The two conditions which lead to an increase of urie acid in the
urine are—

1. Increase of meat diet and diminution of oxidation processes,
such as ocenr in people with sedentary habits.

2. Increase of white corpuscles in the blood, especially in the
disease known as lencocytheemia. This latter fact is of great interest,
as leucocytes contain large quantities of nuclein. Nuelein yields
nitrogenous bases (adenine, C;H,N; ; hypoxanthine, C,;H,N,0) which
are closely related to uric acid,

HIPPURIC ACID

Hippurie acid (C,HNO,), combined with bases to form hippurates,

is present in small quantities in human urine, but in large quantities
i 2
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in the urine of herbivora, This is due to the food of herbivora con-
taining substances belonging to the aromatic group-—the benzoie acid
series. If benzoic acid is given to - man, it unites with glyeocine
with the elimination of a molecule of water, and is excreted as hippuric
acid—

C,H,;.COOH + CH, NH,=CH,NH.CO.C;H; + H,0

| |
COOH  COOH

[benzoic acid] [elyeocine] [hippuric aciid)] [water]

This is a well-marked instance of synthesis carrvied out in the
animal body, and experimental inves-
tigation shows that it is aceomplished
by the living cells of the kidney itself ;
for if a mixture of glycoeine, benzoie
acid, and blood is injected through
the kidney, their place is fonnd to have
been taken by hippuric acid.

CREATININE

The creatinine in the urine is
nearly all devived from the ereatine
contained in the meat of the food.
There 18, however, a small amount in
the urine cven during starvation: this probably represents a small
percentage of creatine in the muscles which has escaped decomposition
into urea.

The formation of creatinine from creatine is represented in the
following equation :— .
C,H,N;0,—H,0=C,H.N,0

[ereatine] [water] [erentinine]

P, 44 —Hippuric acid ervetals.

The small quantity of creatinine in the nrine (7 to 10 grains, or 0'5 to
0:9 gramme) will not account for the large quantity of creatine in
the muscles (90 grammes), As already stated, it is probably mostly
converted into urea. Urea is obtainable artificially from ereatine, and
it may be that similar reactions oceur in the body. The equation that
represents the formation of urea from creatine that can be carried out
in the laboratory is as follows :—
CH,N,0,+H,0=C;H,NO,+CON,H,

[ereatine] [water] [sarcosine] [rren]

The two substances formed are urea and sarcosine. Barcosine is
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methyl-glycocine—that 15, amido-acetic aeid in which one H is replaced
by methyl (CH
y yl (CH;) NH.CH,
CH.{goon
It is not found in the body, and so it is broken up, probably in the
liver, forming ammonium carbonate and then urea.

Frg. 45.—Creatine cryatals, Fig. 46.—Creatinine ervstals.

Creatinine with zine chloride gives a characteristic crystalline
precipitate (groups of fine needles) with composition C,H;N;0.ZnCl,..

URINARY DEPOSITS

The different substances that may occur in urinary deposits are
formed elements and chemical substances.

The formed or anatomical elements may consist of blood cor-
puseles, pus, muens, epithelinm cells, spermatozon, casts of the urinary
tubules, fungi, and entozoa. All of these, with the exception of a small
quantity of mucus,! which forms a floceulent cloud in the urine, are
pathologieal, and the microscope is chiefly employed in their detection.

The chemical substances are uric acid, urates, calcium oxalate,
caleium carbonate, and phosphates. Rarer forms are leucine, tyrosine,
xanthine, and cystine. We shall, however, here only consider the
commoner deposits, and for their identification must use the microseope
and certain chemical tests as well.

Deposit of Uric Aeid.—This is a sandy reddish deposit regsembling
cayenne pepper. It may be recognised by its erystalline form (fig, 43,
p. 98) and the murexide reaction. The presence of these crystals
generally indicates an increased formation of urie acid, and, if execes-

! Recent observers state that urinary mucin, like bile muein, is not true muein,
but a nucleo-albumin,
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sive, may lead to the formation of stones or caleuli in the bladder.
The way in which uric acid is split off from the urates is of great
interest to pathologists, and will be found fully discussed in Sir W.
Roberts's Croonian Lectures.!

Deposit of Urates.—This is much commoner, and may, if the
urine is concentrated, occur in normal urine when it cools. They
are generally found in the concentrated urine of fevers; and there
appears to be a kind of fermentation, called the acid fermentation,
which oceurs in the urine after it has been passed, and which leads
to the same result. The chief constituent of the deposit is the acid
sodinm urate, the formation of which from the normal sodinm urate
of the urine may be represented by the equation—

20;H.Na.N,0, + H,0 4+ CO, = 2C,;H,NaN,0; 4+ Na,CO;

[normal soadinem [water] [earbonic [nefd sodinm [Eodinm
nrate] acid] urate] carbonute]

This deposit may be recognised as follows :—

1. It has a pinkish colour; the pigment called wro-erythrin is
derived from the pigment of the urine, but the exact relationship of
the two is not known.

2. It dissolves upon warming the urine.
3. Microscopically it is usually amorphous, but erystalline forms
similar to those depicted in the next two figures may oceur.

)

LSt R
I._p;'
Frig. 47.—Ackd sodinm uratc: Frii, 48.—Achl amymoninm nrte.

Crystals of calcium oxalate may be mixed with this deposit
(see fig. 49).

Deposit of Caleium Oxalate.—This occurs in
envelope crystals (octahedra) or dumb-bells.

It is insoluble in ammonia, and in acetic acid.
\ 1 It is soluble with difficulty in hydrechlorie acid.
O tatainm omaies, " Deposit of Cystin,— Cystin (C4H, ,N,8,0,) is re-

cognised by its colourless six-sided erystals \fig. 50).

These are rave : they ocecur only in acid urine, and they may form

coneretions or caleuli.
! Published by Smith, Elder, & Co. London, 1892,
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Deposit of Phosphates.—These occar in alkaline urine. The urine
may be alkaline when passed, due to fermentative changes occurring in
the bladder. All urine, however, if exposed to
the air, will in time become alkaline owing to
the growth of the micrococcus wree. This O
forms ammonium carbonate from the urea.

CON,H, + 2H,0 = (NH,),C0, @ O

[trea] [water] [ammoninm
carbonnte] O O @

The ammonia renders the urine alkaline
and precipitates the earthy phosphates. The
chief forms of phosphates that oceur in urinary deposits are—

1. Caleium phosphate, Caz(PO,), ; amorphous.

2. Triple or ammonio-magnesium phosphate, MgNH PO, ; coffin-
lids and feathery stars (fig. 51).

3. Crystalline phosphate of ecaleium, CaHPO,, in rosettes of
prisms, in spherules, or in dumb-bells (fig. 52),

Fri. 60.—Cystin crystals.

Fie. 51.—Triple phosphate crystals, Fii. 52.—Crystals of phosphate of lime
(stellnr phosphate).

4. Magnesium phosphate, Mg,(PO,), +22H,0, occurs oceasionally,
and crystallises in Jong plates.

All these phosphates are dissolved by acids, such as acetic acid,
without effervescence.

They do not dissolve on heating the urine; in fact, the amount of
precipitate may be inereased by heating. Very often neutral or
alkaline urine will hecome cloudy when boiled : this may be due to
albumin or to phosphates. It is very important to distingnish be-
tween these two, as albuminuria is a serions condition. They may he
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distinguished by the use of acetic acid, which dissolves phosphates but

not albumin.

A solution of ammonium ecarbonate (1-in-5) eats magnesinm
phosphate away at the edges ; it has no effect on the triple phosphate.
A phosphate of ecaleium (CaHPO,+2H,0) may oceasionally be

deposited in aeid urine.

Pus In urine is apt to be mistaken for

phosphates, but can be distingunished by the mieroscope.
Deposit of caleium carbonate, CaCO,; appears but rarvely as

whitish balls or biscuit-shaped bodies.

of herbivora (see p. 88).
with effervescence.

It 18 ecommoner in the urine

It-disselves in acetiec or hydrochloric acid,

The following is a summary of the chemical sediments that may

oceur 1in urine :—

CHEMICAL SEDIMENTS IN URINE

Ix Ao UniNe

Uric Acid.—~Whetstone, dumnb-
bell, or sheaflike aggregations of
Eﬁ:é stals deeply tinged by pigment

43)

Umtr.w — Generally amorphons.
The acid urate of sodium (fig. 47) and
of ammonium (fig. 48) may some-
times occur in star-shaped clusters
of needles or spheroidal clumps with
projecting spines. Tinged briek-red.
Soluble on warming

Calcium D:mlaﬁe — Octahedra,
so-called envelope crystals (fig. 49). |
Insoluble in acetic acid.

Cystin.—Hexagonal plates (fig.
50). Rare.

Leweine and Tyrosine.— Rare.

Calcium Phosphate,

CaHPO, + 2H,0.—Rare.

| C,H,(NH,),.N,0,. —

In Argarixe URINE

FPhosphates.—Caleinm phosphate,
Cay(PO,),. Amorphous.

Triple phosphate, .
MgNH,PO, + 6H,O. Coffin-lids or
fenthely stars (figs. 42 and 51).

Caleium hydrogen phosphate,
CaHPO,. Rosettes, spherules, or
a:]umb-he]]s.

nesium phosphate,

lim{P&L +22H.,0. Long plates.

All soluble in acetic acid without
effervescence.

Caleium Carbonate, CaCO,.—
. Disenit-shaped ecrystals. Soluble in
acetic acid with effervescence.

Ammonium Urafe,
' Thorn-apple
spherules.

Leucineand Tyrosine.—Veryrare.

e
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, LESSON XII
PATHOLOGICAL URINE

1. Urine A is pathological urine containing albumin, It gives the usual
proteid tests. The two following are most frequently used in practice :—

(@) Boil the top of & long column of urine in a test-tube. If the urine is
acid, the albumin is coagulated. If the quantity of albumin is small, the
clondiness produced is readily seen, as the unboiled urine below it is clear,
This is insoluble in a few drops of acetic acid, and so may be distinguished
from phosphates. If the urine is alkaline, it should be first rendered acid
with a little dilute acetic acid.

(b) Heller's Nitric-acid Test.—Pour some of the urine gently on to the
surface of some nitrie acid in a test-tube. A ring of white precipitate oceurs
at the junction of the two liquids. This test is unsed for small quantities of
albumin.

2. Estimation of Albumin by Esbach's Albuminometer.— Esbach’s reagent
for precipiating the albumin is made by dissolving 10 grammes of pieric
acid and 20 grammes of citric acid in 800 or 900 c.e. of boiling water and
then adding sufficient water to make up to a litre (1000 c.c.).

Fra, 53 —Albnminometer of Eshacly,

Pour the urine into the tube up to the mark U; then the reagent up to
the mark R. Close the tube with a cork, and to ensure complete mixture,
tilt it to and fro a dozen times without shaking. Allow the corked tube to
stand upright twenty-four hours; then read off on the scale the height of the
coagnlum. The figures indicate grammes of dried albumin in a litre of urine.
The percentage is obtained by dividing by 10. Thus, if the coagulum stands
at 8, the amount of albumin is 8 grammes per litre, or 0:8 gr. in 100 e.c.
If the sediment falls between any two figures, the distance 1, 1, or § from
the upper or lower figure can be read off with sufficient accuracy. Thus the
surface of the sediment being midway between 3 and 4 would be read as 3:5.
When the albumin is so abundant that the sediment is above 4, a more
aceurate result is obtained by first diluting the urine with one or two volumes
of water, and then multiplying the resulting fignre by 2 or 3, as the
case may be. If the amount of albumin is less than 05 per cent., it cannot
be accurately estimated by this method.

8. Urine B is diabetic urine. It has a high specific gravity. The presence
of sugar is shown by the reduction (yellow precipitate of cuprous oxide) that
oceurs on boiling with Fehling’s solution. Fehling’s solution is an alkaline
golution of copper eulphate to which Rochelle salt has been added. The
Rochelle salt (double tartrate of potash and soda) holds the cuprie hydrate
in golution. Fehling's solution shouldealways be freshly prepared, as, on
standing, racemic acid ig formed from the tartarie acid, and this substance
itself reduces the cupric to euprous oxide. Fehling's solution should, there-
fore, always be tested by boiling before it is used. If it remains clear on
boiling, it is 1n good condition.
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4. Quantitative Determination of Sugar in Urine.—IFehling's solution is
prepared as follows :—84:680 grammes of copper sulphate are dissolved in
- about 200 c.c. of distilled water; 178 gramines of
Rochelle salt are dissolved in 600 c.e. of a 14-per-
cent. solution of caustic soda. The two solutions are
mixed and diluted to a litre. Ten c.c. of this solu-
tion ave equivalent to 0:05 gramme of dextrose. Dilute
10 c.c. of this solution with about 40 c.c. of water, and
boil it in a flask. Run into this from the burette (see
fig. 54) the urine (which should be previcusly diluted
with nine times its volume of distilled water) until
the blue colour of the copper solution disappears—
that is, till all the cupric Ii\yi]raf:e is reduced.! The
mixture in the flask should be boiled after every
addition.” The quantity of diluted urine used from
the burette contains 0°05 gramme of sugar. Caleulate
the percentage from this, remembering that the urine
has been diluted to ten times its original volume.

The following formula will be found useful in con-
verting grammes into grains :—

x =number of grains of sugar in the 24 hours.

a =number of ounces of urine in the 24 hours.

1 ounce = 28-806 c.c.

b = number of e.c. of urine used from the burette
to decompose 10 e.c. of Fehling's solution (equivalent
to 005 gramme = 0°77 grain of sugar).

Then

o = g % 28:396 = 077 =E; % 21-865.

Fii, bd-—"T'wo buretbes on
gtaml. (Sutton.)

The full significance and cause of pathological urine cannot be
appreciated until a theoretical and practical acquaintance with disease
is obtained, and we shall briefly consider only those abnormal eon-
stituents which are most frequently met with.

PROTEIDS IN THE URINE

There is no proteid matter in normal urine, and the most common
cause of the appearance of albumin in the urine is disease of the
kidney (Bright's disease). The best methods of testing for and esti-
mating the albumin are given in the practical heading to this lesson.
The term ‘albumin’ is the one used by elinical observers. Properly
speaking, it is a mixture of sernm albumin and serum globulin.

A condition called ©peptonuria,’ or peptone in the urine, is ob-
served in certain pathological states, especially in diseases where there
is a formation of pus, and particularly if the pus is decomposing owing

' It is somewhat difficult for the gnpractised observer to determine accurately
the exact point at which the blue disappears. The blue colour, if any remains,
will be seen by holding the flask up to the light. Some prefer a white poreelain

basin instead of a flask; the blue can then be seen against the white of the basin.
* On cooling the blue colour reappears, owing to reoxidation.
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to the action of a bacterial growth called staphylococeus ; one of the
products of the disintegration of pus cells appears to be peptone ; and
this leaves the body by the urine. The term ‘ peptone,’. however, in-
cludes the * proteoses.” Indeed, in most cases of so-called peptonuria,
true peptone is absent. In the disease called ‘ osteomalacia’ a pro-
teose is usually found in the urine.

SUGAR IN THE URINE

Normal urine econtains no sugar, or so little that observers are not
agreed whether it is sugar or not. It occurs in the disease called
diabetes mellitus, which can be artificially produced by puncture of the
medulla oblongata, or by extirpation of the pancreas. The disease as
1t occurs in man may be due to disordered metabolism of the liver, to
disease of the pancreas, or to other not fully understood causes.!

The methods usually adopted for detecting and estimating the sugar
are given at the head of this lesson. The sugar present is dextrose.
Lactose may oceur in the urine of nursing mothers. Diabetic urine
also contains hydroxybutyrie acid, and may contain or yield on dis-
tillation acetone and ethyl-diacetic acid.

Fehling’s test is not absolutely trustworthy. Often a normal urine will
decolorise Fehling's .solution, though seldom a red precipitate is formed.
This appears to be due to excess of urates and creatinine. Another substance
called glycuronic acid (C,H,,0,) is, however, very likely to be confused with
sugar by Fehling's test; the cause of its appearance is sometimes the
administration of drugs (chloral, camphor, &e.); but sometimes it appears
independently of drug treatment. The cause of this is not known, but the
condition has not the serions meaning one attaches to diabetes; hence, for
life assurance purpeses, it is most necessary to confirm the presence of sugar
by other tests.

_ Then, too, in the condition called aleaptonuria, eonfusion may similarly
arise. Aleapton is a substance which probably orizinates from tyrosine by
an unusual form of metabolism. It gives the urine a brown tint, which
darkens on exposure to the air. It is an aromatic substance, and the recent
researches of Baumann and Wolkow * have identified it with homogentisinic
acid (C,H,.(0OH),CH,.COOH).

The best confirmatory test for sugar is the fermentation fest, which
is performed as follows :—

Half fill a test tube with the 'grine and add a little German yeast.
Fill up the tube with mercury; insert it in a basin of mercury, and
leave it in a warm place for twenty-four hours. The sugar will undergo
l'.em?entﬂl:mn; carbonic acid gas acenmulates in the tube, and the
liquid no longer gives the tests for sugar, or only faintly, but gives
those for aleohol instead. A control experiment should be made with
yeast and water in another test-tube, as a small yield of carbonie acid

i8 sometimes obtained from impurities in the yeast.

! Transitory glycosuria is found in many diseases,
* Zeit. physiol. Chem. xv. p. 228, .
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BILE IN THE URINE

This oceurs in jaundice. The urine is dark-brown, greenish, or
in extreme cases almost black in colour. The most readily applied
test 1s Gmelin's test for the bile pigments. Pettenkofer’s test for the
bile acids seldom succeeds in urine if the test is done in the ordinary
way. The best method is to warm a thin film of urine and cane
sugar solution in a flat porcelain dish. Then dip a glass rod in strong
sulphuric acid, and drvaw it across the film. Its track is marked by
a purplish limne. Excess of urobilin should not be mistaken for bile
pigment.

BELOOD AND BLOOD PIGMENT IN THE URINE

When hemorrhage oceurs in any part of the urinary tract, blood
appears in the urine., It is found in the acute stage of Bright's
disease. If a large quantity 1s present, the urine is deep red.
Miecroscopic examination reveals the presence of blood corpuscles, and
on speetroscopic examination the bands of oxyh®moglobin are seen.

If only a small quantity of blood is present, the secretion—espe-
cially if acid—has a characteristic reddish-brown colour, which
physicians term ‘smoky.’ )

The blood pigment may under certain cireumstances appear in the
urine without the presence of any blood-corpuscles at all, This is
produced by a disintegration of the corpuscles ocenrring in the eircula-
tion, and the most frequent canse of this is a disease allied to ague,
which is called parozysmal hemoglobinuria. The pigment is in the
condition of meth@moglobin mixed with more or less oxyh@moglobin,
and the spectroscope is the means used for identifying these substances
(see p. 80).

PUS IN THE URINE

Pus oceurs in the urine as the result of suppuration in any part
of the urinary tract. It forms a white sediment resembling that of
phosphates, and, indeed, 1s frequently mixed with phosphates. The
pus corpuscles may, however, be seen with the microscope; their
nuclei are rendered evident by treatment with 1-per-cent. acetic aecid,
and the pus corpuseles are seen to resemble white blood corpuscles,
which, in fact, they are in origin.

On the addition of liquor potass® to the deposit of pus cells a ropy
welatinous mass is obtained. This is distinetive. Mucus treated in
the same way is dissolved. Some of the proteid constituents of the pus
cells—and the same is true for blood—pass into solution in the urine,
8o that the urine pipetted off from the surface of the deposit gives
the tests for albumin.

e i e M S W il

-



DETECTION OF PROXIMATE PRINCIPLES 109

DETECTION OF PHYSIOLOGICAL PROXIMATE PRINCIPLES

~ Bubsequent lessons may be very usefully employed by the class in testing
for the various substances the properties of which they have studied. The
following scheme will form a rough guide to the tests to be employed :(—

1. Note reaction, colour, clearness or opalescence, taste, smell.

2. Coloured liquids suggest blood, bile, urinary pigment, &e.

3. Opalescent liqnids contain starch, glycogen, or certain proteids.

4, Add iodine.

Coloration produced :

Blue: Starch. Confirm by converting inlo sugar by saliva at 40° C., or
boiling with dilute sulphurie acid.

Reddish brown: Glycogen or dextrin. Glyecogen forms an opalescent
solution in water, and readily precipitates by alcohol. Tt is precipitated by
basic lead acetate. Dextrin forms a clear solution : it is not precipitated by
basie lead acetate unless ammonia is added also. It 18 not precipitated
by aleohol unless a large excess is added. Both dextrin and glycogen are like
starch convertible into sugar.

5. Add copper sulphate and caustic potash.

(@) Blue solution: boil ; yellow or red precipitate. Dextrose, maltose, or
lactose (for distinguishing tests see Lesson XIIL.).

(6) Blue solution; very slight reduction on boiling ; boil some of the
original solution with dilute sulphuric acid, and then beil with copper sulphate
and caunstic potash ; abundant yellow or red precipitate: Cane sugar.

(¢) Vieolet solution: Proteids (albumins, globulins, albuminates). In
presence of magnesinm sulphate the potash causes also a white precipitate of
magnesia.

(d) Pink solution; biuret reaction. Peptones or albumoses (proteoses). =
In presence of ammoninm sulphate very large excess of potash is necessary
for this test. Only a trace of copper sulphate must be used.

6. When proteids are present proceed as follows: Boil the original
solution (after adding a trace of 2-per-cent. acetie acid),

(@) Precipitate produced ; Albumins or globulins,

(4) No precipitate : Albuminates, proteoses, or peptones.

7. If albumin or globulin is present, saturate a fresh portion with
magnesinm sulphate ; filter; the precipitate contains the globulin, the filtrate
the albumin, Test temperature of heat congulation.

8. If albumin or globulin is absent ;—
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() Neutralisation causes a precipitate soluble in excess of weak acid or
alkali. Acid-albumin or alkali-albumin, according as the reaction of the
original liquid is acid or alkaline respectively. If the original liquid is
newvtral, acid-albumin and alkali-albnmin must be both absent.

(b) Neutralisation produces no such precipitate : Proteose or peptone.

9. If proteose, or peptone, or both, are present, saturate a fresh portion
with ammoninm sulphate :

(a) Precipitate: Proteose. (b) No precipitate : Peptone.

If both are present, the precipitate contains the proteoze, and the filtrate
the peptone.

10. To a fresh portion add nitric acid (proteids having been proved to be
present). .

(@) No precipitate, even thongh excess of sodinm chloride be also added :
Peptone. '

(b) No precipitate, until excess of sodinm chloride is added: Deutero-
proteose.

(¢) Precipitate which disappears on heating and reappears on cooling :
Proteoses. This is the distinetive test of all the protecses or albumoses, and
is given by all of them. For one of them, however (deutero-proteose), excess
of sodinm chloride must be added also.

(d) Preecipitate little altered by heating : Albumin or globulin,

In all four cases nitrie acid plus heat causes a yellow colour, turned orange
by ammonia.

11. Confirmatory tests for proteids :—

(a) Millon's test.

(b) Ferrocyanide of potassium and acetic acid causes a precipitate (except
in the case of peptones and some proteoses).

(e) To test for fibrinogen : —

i. It congulates by heat at 56° C.

ii. It is changed into fibrin by fibrin ferment and caleium chloride.

(d) To test for caseinogen :—

1. It is not coagulated by heat.

ii. It is changed into casein by rennet and ealeinin chloride,

.12, If blood is suspected—

(@) Examine spectroscopically, diluting if necessary.

i, Oxyh®emoglobin shows two bands between D and E.

ii. Add ammoninm sulphide ; one band only appears.

iii. Carbonic oxide hmemoglobin shows two bands also, but will not
reduce with ammoninm sulphide.

iv. Methemoglobin gives a typical band in the red between C and D.

v, Hematin &ec. show special spectra (see Lesson XX.).

(5) Dry; boil with glacial acetic acid and a erystal of sodium chloride
on a glass side under a cover glass. Hwemin erystals are obtained,

(¢) If the blood is old and dry, and its hmmoglobin converted into
hematin :

1. Try h®emin test.
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ii. Dissolve it in potash; add ammonium sulphide, and examine for
spectrum of hemochromogen (see Lesson XX.).

18. If bile is suspected—

(¢) Try Gmelin's test for bile pigments. This is the test for bile in urine.

(b) Try.Pettenkofer’s test for bile-salts,

14. Miscellaneons substances :

(@) Mucin, Precipitated by acetic acid or by aleohol. The precipitate is
soluble in lime water, By collecting the precipitate and boiling it with
25.per-cent. sulphuric acid, a reducing sugar is obtained. Mucin gives the
proteid colour tests.

(b) Gelatin, This also gives the proteid colour tests. It is not coagnlated,
but dissolved in hot water. The solution gelatinises when cold.

(¢) Urea. Very soluble in water. The solution effervesces when sodinm
hypobromite or fuming nitric acid aee added. Concentrate a fresh portion,
add nitrie acid, and examine for erystals of urea nitrate.

(d) Uric acid. Very insoluble in water ; soluble in potash, and precipitated
from this solution in erystals by hydrochlorie acid. Urie acid erystals from
human urine are deeply pigmented red. Try murexide test.

(e) Cholesterin. Characteristic flat crystalline plates. Play of colours
with iodine and concentrated sulphurie acid.

15. Urine. Normal constituents:

(@) Chlorides. Acidulate with nitrie acid; add silver nitrate; white
precipitate.

(b) Sulphates. Acidulate with hydrochlorie acid; add barium chloride ;
white precipitate.

(¢) Phosphates. Acidulate with nitric acid; add ammoninm molyhdate ;
boil ; and a yvellow crystalline precipitate forms. To another portion add am-
monia ; earthy (4.e. caleivm and magnesinin) phosphates are precipitated.

(d) Urea (see above).

(e) Urie acid. To 100 c.c. of urine add 5 c.e. of hydrochlorie acid; leave
for twenty-four hours, and pigmented erystals of uric acid are formed. For
tests see above.

{f) Hippuric acid. Evaporate the urine with nitrie acid, and heat the
residue in a dry test-tube. A smell of oil of bitter almonds is given off.

(g} Creatinine. Take 250 ec.c. of urine; add milk of lime and ealeinm
chloride in excess to precipitate phosphates ; filter, and evaporate filtrate to
a small bulk; to this add 50 c.c. absolute aleohol, and let the mixture stand
six hours; add 10 to 15 drops of an aleoholic sclution of zine chloride.

Crystals (rosettes) of creatinine zine chloride form in the course of a day
or two.

16. Urine. Abnormal constituents.
(@) Blood. Microscope (blood corpuscles). Spectroseope (for oxyhwmo-
globin or metheoglobin). IHemin test.

(b) Blood pigment may be present without blood corpuscles. Spee-
troscope.

{c) Bile. Gmelin’s test.
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LESSON XIIT
CARBOHYDRATES

1. Glycogen.—A rabbit which has been fed five or six hours previously
on carrots is killed by bleeding. The chest and abdomen are opened quickly,
and a cannula inserted into the portal vein, and another into the Vena L‘ﬂ."::ﬂ
inferior. A stream of salt solution is then allowed to pass throngh the liver
until it is uniformly pale. The washings are collected in three beakers
labelled a, b, and e.

The liver is cut out quickly, chopped into small pieces, and thrown into
boiling water acidulated with acetic acid. The acidulated water extracts a

Firi. dh.—Hot-nir oven with gas regalator (), (Gschpidlen.)

siall quantity of glyeogen. The pieces of scalded liver are then ground p
in a mortar with hot water, and thoroughly extracted with boiling water.
Filter. A strong solution of glveogen is thus obtained.

Test the solution with 1odine.

To separate the glycogen ' evaporate the solution to a small bulk on the
water-bath and add excess of aleohol ; the glycogen is precipitated as a

' This method of preparation of glyeogen has the advantage that only traces
of proteid are mixed with it. In Kiilz’ method (extraction with dilute potash)

there is more proteid. This is precipitated by the alternate addition of hydro-
chloric acid and potassio-mercuric iodide.
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flcceulent powder, which is collected on a filter and dried in an oven at the
temperature of 100° (see fig. 55).

If the experiment is to be a quantitative one, the piece of liver taken and
the glyveogen obtained must be weighed.

2, Examine the washings of the liver in the beakers a, b, and ¢ for sugar,
This may be done in a rough guantitative manner as follows :—Take equal
quantities of @, b, and ¢ in three test-tubes ; to each add an equal amount of
Fehling's solution, and boil : @ will give a heavy precipitate, b one not so
heavy, and ¢ least of all, or none at all.

Fia. 56.—Phenyl-glucosazone x 120,

4. Phenyl Hydrazine Test for Sugars.—To 50 c.c. of the suspected fluid (e.g.
diabetie urine) add 1 to 2 grammes of phenyl hydrazine hydrochloride, 2 gr.
of sodinm acetate, and heat on the water-bath for half an hour. On cooling,
if not before, a ecrystalline or amorphous precipitate separates out. If
amorphous, dissolve it in hot alechol ; dilute the solution with water, and
boil to expel the aleohol, wherenpon the compound or osazone separates out
in yellow crystals.

Examine the erystals with the microscope. Dextrose gives a precipitate of
phenyl-glucosazone (C, . H,,N,0,), which erystallizses in yellow needles (melt-
ing-point 205° C.). Levulose yields an osazone identical with thie.

Galaetose yields a very similar osazone (phenyl-galactosazone), It differs

12
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from phenyl-glucosazone by melting at 190-198° and in being optically
inactive when dissolved in glacial acetic acid. Cane sugar does not form
a compound with phenyl-hydrazine,

Maltose yields phenyl-maltosazone (C, H,N,0,). It crystallises in
yellow needles much wider than those yielded by glucose or lactose (melting-
point 205° C.). Unlike phenyl-glucosazone it dissolves in 75 parts of hoiling
water, and is still more soluble in hot aleochol.

Lactose yields phenyl-lactosazone (C, H N O). It erystallises readily

FiG. 67.—Fhenyl-lactosazone x 120,

in needles, nusually in clusters (melting-point 200° C.). Tt iz soluble in 80-90
parts of boiling water.’

4. Barfoed's Reagent.—Dissolve 1 part of eupric acetate in 15 parts of
water; to 200 c.e. of this solution add 5 c.c. of acetie acid containing 38 per

' The chemistry of tne reactions is represented in the following equations,
dextrosejbeing taken as an example of the sugar used : —

1. CH,OH GH{{}H}LEH[DH]GDH +H.N. WH(!GEH,,}
[Dextrose] [p]lnrms] iyidrazine]

— CH.OH [GH{IJH]LGH{GH}(}H
H —~NH(CH,) + H.0

[Hydrazone] [water]

11. CH,0H GH[(}H}LGH{DH}GH + C,H, NH—NH,
3 N —NH(CH,)

[Hydrazone] [phenyl-liydrazine]

= CH,0H[CH(0H)],C - CH
oo +H:; + HO
OH,NH-N . N-NHC,H,
[Osnzone] [hydrogen]  [watcr]
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LESSON XIV
ACTION OF MALT UPON STARCH. MALTOSE

1. Prepare a [{ulutwn of starch

2. Prepare sorhe malt extract by digesting 10 grammes of powdered malt
with 50 e.c. of water at 50° C. for three hours, and snbsequently straining.
This extract eontains the diastatic or malting ferment,

Solutions 1 and 2 may be conveniently prepared beforehand by the
demonstrator.

3. To the starch solution add one-tenth of its volume of malt extract,
and place the mixture in & water-bath at 40°C. From time to time test por-
tions of the liqguid by mixing a drop with a drop of iodine solution on a
testing slab. The blue colour at first seen is soon replaced by a violet (mixture
of blue and red), and then by a red reaction (due to erythro-dextrin) which
gradually vanishes. Alcohol added to the liquid when all starch and erythro-
dextrin have gone still canses a precipitate of a dextrin, which, as it gives no
colour with iodine, is called achroo-dextrin. The liquid also contains a re-
ducing sugar, maltose.

4. Treat the solution of starch as before with one-tenth of its volume of
malt extraet, and keep it in the warm chamber (50° C.) for three hours. This
may be conveniently done beforehand by the demonstrator.

5. Take 50 e.c. of the product (which is a solution of maltose) and
determine how much of it is necessary to reduce 10 c.c. of Fehling's solu-
tion. The manner of eprrying out Fehling's quantitative method 1s given in
Lesson XII.

6, Take another 50 c.c. and boil it with1 e.c. of strong sulphuric acid for
half an hour in a flask, This converts it into dexirose. After cooling bring the
liguid to its original volume (50 c.c.) by adding water and again determine
its increased reducing power with Fehling’s solution. If x=c.c. of maltose

solution necessary to reduce 10 ¢.c. of Fehling's solution, then i—z = c.c. of

dextrose solution necessary for the same purpose. The strength of the
maltose solution ean be calenlated from the fact that 10 c.c. of Fehling's
solution corresponds to 0005 gr. of dextrose.

(See * Chemiecal Physiology and Pathology,” pp. IGE—IDE, §14, 815.)

il
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" LESSON XV
COAGULATION OF MILK

1. Prepare & solution of rennet by extracting the fourth stomach of the
sncking calf with glycerine. Clark’s rennet, which is sold for making
junkets, will do equally well. :

2, Prepare a solution of pure caseinogen in the following way :—Saturate
milk - with magnesium sulphate by shaking it with excess of the powdered
salt. Allow it to stand for a few hours, and then filter. The caseinogen and
fat remain together on the filter. Save the filtrate, and label it A. Wash

the precipitate on the filter with saturated solution of magnesium sulphate

until the washings contain no albumin. Add water to the precipitate. The
caseinogen dissolves, the fat being insoluble. In this way a solution of
caseinogen in weak magnesinm sulphate is obtained. So far the operations
should be performed beforehand by the demonstrator.

3. To this solution add acetic acid. The caseinogen is preecipitated ;
collect it on a filter; wash the acid away with distilled water. Dissolve the
precipitate in lime water by grinding it up in a mortar withm lime water ;
filter, and an opalescent solution of caseinogen is obtained.

4. To a portion of this solution add a few drops of rennet extract. Put
it in the water-bath at 40° C., and if the caseinogen has been thoroughly
washed no coagnlation will ocenr.

5. Treat another portion in the same way, adding, however, a few drops
of 0r3-per-cent. phosphoric acid as well as the rennet. Warm to 40° C.
Coagulation—that is, formation of casein from caseinogen—usually occurs in
a few minutes.

6. Examine the filtrate A (see above). Saturate a portion with sodinm
chloride. A small amount of precipitate of a proteid comes down. This is
the so-called lacto-globulin, This contains only a trace of true globulin: it
18 mostly caseinogen previously left in solution, together with caleium
sulphate.

7. Heat another portion of A to 777 acidifying faintly with a few drops
of 2-per-cent. acetic acid, Laetalbumin is coagulated at this temperature.

8. Ringer's method of showing the conversion of caseinogen into casein :—
Milk is strongly acidified with acetic acid. This precipitates the caseinogen
and entangled fat. The precipitate is collected on a filter, thoroughly washed
with distilled water, and ground up in a mortar with caleinm earbonate.
The mixture 18 thrown into excess of distilled water. The fat rises to the
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LESSON XVI
FLOUR

A. Prepare some gluten by washing a quantity of flour in a muslin bag
(see Lesson IV.). It is sticky and elastic. Treat small portions as follows :—

1. Add 10-per-cent. sodium chloride solution; no gluten dissolves. The
liquid may become slightly turbid if all the starch has not been washed away
from the gluten.

2. Grind up some with alcohol in a mortar. Filter. The filtrate is
opalescent, it having dissolved out a proteose from the gluten. The residue
is not sticky, and is called gluten-fibrin. Test the filtrate as follows:—Add
distilled water ; this gives a white precipitate. Boiling gives no precipitate.
A wrace of copper sulphate and caustic potash give a pink colour (binret
reaction).

B. Flour has been extracted with 10-per-cent. sodium chloride solution.
After twenty-four hours the supernatant fluid is siphoned off. This extract
has the following characters :—

1. Reaction is nentral.

2. JTodine gives a reddish-brown colour due to erythro-granulose.

3. Copper sulphate and potash give a violet colour.

4. Magnesinm sulphate added to saturation gives a dense precipitate of
globulin and proteose.

9. Saturation with sodium chloride also gives a precipitate. This is less
dense, and eonsists chiefly of globulin. Filter.” The filtrate gives a precipitate
of proteose with acetic acid.

6. Boil the original liquid. Globulin is coagulated. Filter. The filtrate
contains the proteose, and gives the following tests:—(a) Biuret reaction.
(8) Saturation with magnesium sulphate or sodinm chloride gives a preei-
pitate ; the precipitate with sodium chloride is, however, not very dense
unless acetic acid be added also. (y) Acetic acid gives a precipitate.
(8) Nitrie acid gives a precipitate in the cold, which dissolves on heating and
reappears on cooling.

C. Examine the residue of the flour after extraction with 10-per-cent.
sodium chloride solution. Wash it in a muslin bag and observe that very
little gluten is obtainable, as the proteids, which are the precursors of gluten,
have been previously extraeted by the salt solution.

(For Vegetable Proteids see *Chemieal Physiology and Pathology,
pp. 181-187.)
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LESSON XVII
THE ALBUMOSES

1. Witte's peptone contains very little true peptone, but consists chiefly
of albumoses, which are soluble, like peptone, in neutral saline solutions.

2. Make a sclution of this substance in 10-per-cent. sodium chloride
solution, and filter. Very little residue is left on the filter. This consists of
dysalbumose, an insoluble form of hetero-albumoge, formed during the process
of preparing the substance. If hot saline solution is used instead of cold as
a solvent, this amount of insoluble residue is increased, hetero-albumose
being to a slight extent precipitated by heat.

3. The solution gives the following tests :—

(@) Biuret reaction (due both to peptone and albumoses).

(b) A drop of nitric acid gives a precipitate, which dissolves upon heating
and reappears on cooling. (This is due to the albmmosges present.)

(¢) It does not coagulate on heating.

Otherwise it gives the ordinary proteid reactions.

4. For the separation of the albumoses and peptone proceed as fﬂllﬂws —

(@) Saturate the solution with ammonium snlphate, and filter. The
filtrate contains the peptone and the precipitate the albumoses. The peptone
is not precipitated by nitric acid, nor by most of the reagents that precipitate
other proteids. It is precipitated completely by aleohol, tannin, and potassio-
mercurie iodide ; imperfectly by phospho-tungstic and phospho-maolybdic acid.
It gives the biuret reaction, but in the presence of ammonium sulphate a
large excess of caustic potash is necessary.

(b) Dialyse another portionn of the solution; hetero-albumose is pre-
cipitated,

(¢) Saturate another portion of the solution with sodium chloride after
faintly acidulating with acetic acid. Proto-albumose and hetero-albumose
are precipitated. Filter. The filtrate contains the deutero-albumose and
peptone.

The proto- and hetero-albumose may be redissolved by adding distilled
water, and may be separated from each other by dialysis (see b).

Deutero-albumose may be separated from the peptone by saturation with
ammoninm sulphate, or by the addition of a erystal of phosphorie acid.
These reagents precipitate the deutero-albumose, but not the peptone.

Deutero-albumose gives the nitrie-acid reaction (see 8, b) characteristic of
the albumoses only in the presence of excess of salt, If the salt is removed
by dialysis, nitrie acid then causes no precipitate.

(See ¢ Chemical Physiologzy and Pathology,’ pp. 128-181 and 645-648.)
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LESSON XVIII
DIGESTION

1. Examine the comparative digestive power of the glycerine extracts of
two stomachs. Take in two test-tubes an equal small weighed quantity ot
fibrin stained with earmine. Add to each 10 e.c. of 0-2 per cent. hydrochloric
acid. Add to one a measured quantity of one glycerine extract, and to the
other an equal quantity of the other glycerine extract. As the fibrin is
digested the carmine is set free, and colours the liquid; that which is more
deeply stained is that which contains the more active preparation of pepsin.

2. Pancreatic digestion. A finely divided ox-pancreas has been allowed to
digest at 40° C. for twenty-four to thirty-six hours in a litre of 1 per cent.
sodium carbonate to which the white of an egg has heen added every ten
hours. Note the odour, due to putrefaction. Another preparation has been
similarly made except that thymol has been added to prevent decomposition.
These should be got ready by the demonstrator.

3. Filter some of the extract and examine for leucine and tyrosine as
follows :

(a) To some of the liquid add Millon's reagent and filter off the pre-
cipitated proteid. Boil the filtrate. The presence of tyrosine is indicated
by a red colour. If tyrosine is abundant the red colour appears without
boiling.

() Boil another portion of the filtrate; filter off the proteid thus coagu-
lated ; reduce the filtrate to a small bulk by evaporation on the water-bath
at the boiling temperature. Examine a drop microscopically for erystals of
leucine and tyrosine. Treat the remainder with excess of alechol to pre-
cipitate the albumoses and peptones and again filter. Concentrate the
filtrate on the water-bath till it becomes sticky from the presence of leueine.
Examine some of the concentrated fluid with the microscope ; leucine will be
found in erystalline spheroidal clumps.

4. Examine microscopic specimens of leucine and tyrosine which have
been prepared by the demonstrator.

The first of these additional exercises on digestion illustrates the prineciple
of Griitzner's method of comparing the digestive powers of solutions. In
the original method the amount of carnune set free is estimated by an
artificinl seale consisting of ten solutions of earmine of different known
strengths.

The earmine solution for staining the fibrin is prepared by dissolving
1 gramme of earmine in about 1 c.e. of ammonin; to this 400 c.c. of water
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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 clear. It is chopped
fine 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.

(See ‘ Chemical Physiology,’ pp. 645, 654-603.)

ADDITIONAL EXERCISES

Among the important reactions of proteids is Piotrowski's reaction—that
is, the coloration produced by copper sulphate and a ecaustic alkali; the
term * biuret reaction'is applied to the rose-red colour which proteoses and
peptones give with these reagents, because biuret (a derivative of urea) gives
a similar colour. It does not, however, prove that biuret is contained in the
proteid molecule. Biuret and proteid both contain some radiele to which
the colour is due. Gnezda ' thought it was eyanogen, and that the eyanogen
was differently combined in the peptones and native proteids (albumins and
globulins) respectively ; hence the rose-red given by one group and the violet
by the other. More recent work by Pickering,* however, points to a CONH
group rather than cyanogen. Gnezda found that if a dilute solution of
nickel sulphate is nsed instead of copper sulphate, the native proteids give
different colours from the peptones and proteoses, and Pickering has found

the same with cobalt. Their results may be given in the following
table :

: e . g
Copper aul- | Copper sul- | Nickel sul- | Nickel sul- l Cobalt sul- | Cobalt sul-

Proteid phate and | phate and | phate and | phate amd | phate and | phate and |
ammaonia | protash | AnImonin potash Ammonia potash

Albnming amd ) | [ i 7t : ; = Heliotrope- |

Flobiling Bine Vinlet Hil Yellow | Hil | purple I

, !

Proteoses al ) fo7 : x : | Y ‘ Red-lnown
peptones h Violet TRoae-rodl Y ellow Orange il ail-lrow

e - — —— - Es

Another delicate test recently introduced by MeWilliam may here be
mentioned : Salicyl-sulphonic acid precipitates albumins and globulins; on
heating the precipitate is coagulated. The same reagent precipitates proteoses.
On heating the precipitate dissolves and reappears on cooling. It does not
precipitate peptones.

Tests for Free Hydrochlorie Acid

(@) Gunsberg’s reagent consists of 2 parts of phlorogluecinol, 1 part of
vanillin, and 80 parts of rectified spirit. A drop of filtered gastric juice

! Pyoc. Roy. Society, vol. xlvii. p. 202, :

* Journal of Physiology, vol. xiv. Most of the other colour reactions of pro-
teids depend on the aromatic radicle they contain (see Chemical Physiology and
Pathology, p. 123).
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LESSON XIX

SECRETION OF SALIVA. ZYMOGEN GRANULES.
BLOOD CRYSTALS

1. Demonstration.—In a dog which has been anwsthetised the snbmaxil-
lary gland with its vessels, nerves, and duct has been exposed.! A ecannula
is inserted into the duct. Stimulation of the chorda tympani leads to (a)
vaso-dilatation ; (b) seeretion of saliva. Btimulation of the cervieal sympa-
thetic leads to (@) vaso-constriction ; (b) a scanty secretion of very viseid saliva.

After the administration of atropine, the effects of stimulating the nerves
on the vessels 18 still seen, but there 1s no secretion of saliva.

2. Examine microscopically, mounting in aqueous humour or serum (or
in glycerine after treatment with osmie aeid vapour) small pieces of the
pancreas, parotid and submaxillary glands in a normal guinea-pig, and also in
one in which profuse secretion has been produced by the administration of
pilocarpine.

Note that zymogen granules are abundant in the former, and scarce in the
latter, being situated chiefly at the free border of the cells.

3. The guninea-pigs in the above experiments should have been killed by
bleeding : collect the blood and defibrinate it by whipping. It may then be
utilised as follows :

(@) To a drop add a drop of water and cover; in a short time crystals of
oxyhemoglobin are formed.

(b) Mount another drop in Canada balsam. Crystals of oxyhemoglobin
soon form. These preparations keep for a long time.

(¢) Shake up some of the blood with a sixteenth of its volume of ether ;
let it stand for 20-80 minutes, and mouant a drop of the laky flnid. Crystals
again form.

These three methods are those most frequently used for obtaining
oxyhemoglobin crystals ; but there i1s a considerable difference in the
readiness with which erystallisation ocenrs in the blood of different animals.
The guinea-pig is one in which crystallisation oceurs readily. The erystals
are, however, of an exceptional form. In most animals they are rhombie
prisms. In the guinea-pig they are rhombie tetrahedra. In the squirrel
they are hexagonal (see fig. 80, p. 73).

(d) Instead of ether in experiment ¢, use amyl nitrite ; on shaking
vigorously the lignid changes to a mahogany colour, and erystals also form.
These consist of methemoglobin, and resemble in form those of oxyhsmoe.
elobin, '

(See ¢ Chemieal Physiology and Pathology,” on Saliva, pp. 616-629; on
Zymogens, pp. 634- 636, 655 ; on Blood Crystals, pp. 268-274.)

' Directions for this digseetion will be found in the Handbook for the Physio-
logical Laboratory, p. 470.

D vl o e b ol 5w
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LESSON XX
HAEMOGLOBIN AND ITS DERIVATIVES

Defibrinated ox-blood suitably diluted may be used in the following
experiments as in those described in Lesson IX,

1. Place some in a hematoscope (see fig. 83, p. 77) in front of the
larze spectroscope. Note the position of the two characteristic bands of
oxyhiemoglobin, which is replaced by the single band of hemoglobin
after reduction by the addition of Stokes' reagent or ammonium sulphide.
By means of a small rectangnlar prism a comparison spectruim showing the
bright sodium line (in the position of the dark line named D in the solar
spectrnm) may be obtained, and should be focussed with the absorption
spectrum.

3, Obtain similar comparison spectra by the use’of the microspectroscope.
For this purpose a cell containing a small quantity of oxyhmmoglobin
solution may be placed on the microscope stage, and a test-tube contain-
ing carbonic oxide hwemoglobin in front of the slit in the side of the in-
strument. Notice that the two bands of carbonic oxide hemoglobin are
very like those of oxyhemoglobin, but are a little nearver to the violet end
of the spectrum. _

Carbonic oxide hemoglobin may be readily prepared by passing a
stream of coal gas through the diluted blood. It has a cherry-red colour, and
is not reduced by the addition of ammoninm sulphide.

3. Methemoglobin,.—Add a few drops of ferricyanide of potassinm to
dilute blood and warm gently. The colour changes. FPlace the test-tube in
front of the small direet vision spectroscope. Note the characteristic band
in the red. On dilution other bands appear. Treat with ammoninm sulphide,
and the band of heemoglobin appears.

4. Acid Heematin,—Add a few drops of glacial acetic acid to dilute blood,
and examine with the spectroscope. Compare the position of the absorption
band in the red with that of methemoglobin ; that of acid hematin iz further
from the I} line.

Take some undiluted blood and add glacial acetic acid as before. Extract
this with ether by gently agitating it with that fluid. The ethereal extract
should then be poured off and examined spectroscopically. The band in the
red is seen, and on further diluting with ether three additional bands make
their appearance.

5. Alkaline Hematin.— Add to diluted blood a small quantity of strong
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Friz, 50.—1, Solar spectrum. 2, Spectrnm of oxyhemoplobin (0-37 poe. solution).  Firzst band, A 559-
664 : second band, A 585-517. 3, Spectram of hemoglobin. Band, A 507-535. 4, Spectrum of CO-
hemoglobin. First band, A B83-664 ; second band, A §17-521. &, Spectrim of methemoglobin
{eoncentrated solution). 6, Spectrum of methemoglobin (dilute solution). First band, A G47
422 - gopond band, A BE7-571: thind band, A §52-532 ; fourth band, A 514-480. 7, Epectrum of
acid hematin (ethereal solution), TFirst band, A 656-06156; secomd band, A 5B8-577 ; third bamd, A
BET-620: fourth band, A 617-488. & Bpectrum of alkaling loematin, Band from A 630-531.
9, Spectrum of hemoshromogen {reduced hemating, First band, A S60-542 ¢ secomd band, A
535-604, 10, Spectrum of acld hematoporpliyrin.  First band, A 607-583 3 second band, A 655
n3f. 11, Bpectrum of alkaline hmmatoporphyrin,  First band, & 633-612 ; second band, A 580-564 ;
thilrd Baiidd, A 549-=5 fourth band, & 518-488. The above messurements (aiter Macdunn) are
fu millionths of n netre,  The ligoid was examined in a layer 1 centimetre thick. The
etlges of ill-de ds vary & good deal with the concentration of the solutions,
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LESSON XXI
SERUM

1. The following methods of precipitating sernm-globulin (paraglobulin)
should be performed : —

() Panum's Method.—Dilute sernm with fifteen times its bulk of water.
It becomes eloudy owing to partial precipitation of the sernm-globulin. Add
a few drops of 2-per-cent. acetic acid; the precipitate becomes more abun-
dant, and it dissolves in excess of the acid. It was formerly called * sermm-
casein.’

(4) Alexander Schmidt's Method.— Dilute sermm with twenty times its bulk
of water and pass a stream of carbonic acid through it. A fairly abundant
precipitate of serum-globulin falls. TLet it seftle, and an additional precipi-
tate can be obtained from the decanted liquid by treating it with a trace of
acetic acid (the*serum-casein’ mentioned above). Repeat the carbonic acid
method without dilation ; no precipitate forms.

(¢) By Dialysis.—Put some serum in a dialyser with distilled water in the
outer vessel. The water is frequently changed. In order to prevent decoim-
position a few crystals of thymol are added. In a few days the salts have
passed out; the proteids remain behind: of these the serum-albumin is still
in solution; the serum-globulin is precipitated, as it requires a small quantity
of salt to held it in solution.

() By Addition of Salts:—

(i.) Schmidt’s method. Saturate some sernm with sodinm chloride. A
precipitate of serum-globulin is produced.

(ii.) Hammarsten's method. Use magnesium sulphate instead of sodium
chloride. A more abundant precipitate is produced, because this salt is a
more perfect precipitant of serum-globulin than sodium chloride. In order
to obtain complete saturation with these salts it is necessary to shake the
mixture of salt and sernm for some hours.!

(iii.) Kauder's methed. Half saturate serum with ammonium sulphate.
This is done by adding to the serum an equal volume of saturated solution
of ammonium sulphate. This precipitates the globulin. Complete satura-
tion with the salt precipitates the albumin also.

2, Heat Coagulation.—Saturate sermm with magnesium sulphiate and
filter off the precipitate; preserve the filtrate and label it * B." Wash the
precipitate on the filter with saturated solution of magnesinm sulphate until
the washings do not give the tests for albumin,® then dissolve the preeipi-

' This may be conveniently done by a shaking machine before the class meets.

* On aecount of the prolonged nature of these operations they must neces-
sarily be performed by the demonstrator beforehand.

e W &
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tate by adding distilled water. It readily dissolves owing fo the salt adherent
to it. The solution is opalescent. Label it ¢ A

Render A faintly aeid with a drop of 2.per-cent. acetic acid, and heat in a
test-tube. The temperature of the test-tube may be raised by placing it in
a flask of water sradually heated over a flame. A thermometer is placed in
the test-tube, and should be kept moving so as to ensure that all parts of the
liguid are at the same temperature. The quantity of liguid in the test-tube
should be just sufficient to cover the bulb of the thermometer. A flocenlent
precipitate of coagulated sermm-globulin separates out at about 75°

Now take the filtrate B. This contains the serum-albumin, Dilute it
with an equal volume of water; render it faintly acid as before, testing the
reaction with litmus paper. Heat. A floceulent precipitate («) falls at about
78° C.; filter this off; note that the filtrate is less acid than that from
which the precipitate has separated, or it may even be alkaline. If so, make
it acid again, and heat; a precipitate falls at 77-79° C. (8). A third precipi-
tate is similarly obtained at 84-86° C. (y). Inthe serum of the ox, sheep, and
horse the 8 and y precipitates only oceur; in cold-blooded animals only the
a variety.

3. Take a fresh portion of B, and saturate it with sodium sulphate. The
sernm-albnmin is precipitated (completely after prolonged shaking). This is
due to the formation of sodio-magnesinm sulphate. B was already saturated
with magnesium sulphate (MgS0, + TH,0); on adding sodium sulphate this
donble salt (MgS0O,.Na,S0, +6H,0) is formed. Shake some serum with
sodinm sulphate alone. A small precipitate of globulin is produced. Saturate
another portion of the serum with sodio-magnesiuin sulpbate ; both globulin
and albumin are precipitated.

Of the methods used for precipitating serum-globulin practically only
two are used now. These are Hammarsten's and Kauder's. The other
methods only precipitate the globulin incompletely. Kauder’'s method is rapid
and efficacions : if the globulin is filtered off, the albumin may be precipitated
in the filtrate by complete saturation with the same salt, ammonium sulphate.
This method avoids the trouble of using two salts as deseribed under 8. This
last method is instructive, but not nearly so quick as Kander's.

With regard to the separation of serum-albumin into a, 8, and y varieties
by the use of the method of fractional heat coagulation, it must be men-
tioned that at present no further difference has been shown to exist between
them, and the opinion has been very freely expressed that the results obtained
are not trustworthy. I am convineed that the method is a good one, especially
as in other cases (see Muscrg) the proteids so separated can be shown to
possess other differences. In the case of serum, however—and the same is
true for egg-albumin—the matter must still be considered sub judice.

(See ‘ Chemical Physiology and Pathology,’ p. 280 ef seq.)

K 2
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LESSON XXII
COAGULATION OF BLOOD

1, Sodium sulphate plasma has been prepared by receiving blood into
an equal volume of saturated solution of sodinm sulphate. After the cor-
puscles have been separated by the centrifagal machine (one form of this is
represented in the next figure), the supernatant plasma is pipetted off.

Dilute some of this with ten times its bulk of water and divide it into five
parts—A, B, C, D, and E.

T
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F s, 0.—Centrifugal mactine as made by Bunne, of Basel, Glass vessels containing the substances
to be centrifugalised are placed within the six metallic tubes which Lhang vertically while the dise
is at rest ; when the machinery is zet going they fly out into the horizontal position. A wator
wotor or gas engine may be used to work these instruments, A small but effective bandscentri-
fuge 15 made by Watson, Laidlnw & Co., Glasgow.

Leave A at the temperature of the air. It clots slowly or not at all.

Put B into the warm bath at 40° C. Tt clots more quickly. This shows
the influence of temperature in accelerating coagulation. It coagulates
beeanse the dilution with water has removed the_inhibitory influence of the

#*
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strong saline solution on the fibrin ferment which is present as the result of
corpuseular disintegration.

To C add a few drops of sernm,

To D add a piece of bufly coat.

To E add solution of fibrin ferment dissolved in a weak solution of
caleium echloride. Put ¢, D, and E into the warm bath at 40° C. On
account of the presence of abundance of fibrin ferment they clot more quickly
than B. The presence of calcimmn is also essential (see OXALATE Prasma,
Lesson IX.).

8. Heat a portion of the undiluted plasma to 60° C. The fibrinogen is
precipitated (coagulated by heat) at 56° C. Filter. Treat the filtrate as in
E, diluting it first. No coagulation oceurs.

4, Hydrocele Fluid.—This does not clot spontaneously, or only very
slowly. Divide it into four parts—A, B, C, and D.

To A add an equal volume of serum.

To B add a few drops of fibrin-ferment solution.

To C add a piece of bnffy coat.

Put them into the warm bath, and coagulation takes place in each. The
sermm or the buffy coat supplies the missing fibrin ferment, The sermm
does not produce ite effeet in virtue of the sernm-globulin it contains;
hydrocele fluid eontains both fibrinogen and sernm-globulin, as the following
experiment shows : —

Take the portion I and half saturate it with sodium chloride by adding
to it an equal bulk of saturated solution of sodium chloride. Fibrinogen is
precipitated. The precipitate is a small one, and on standing aggregates
together, and so becomes more apparent. Filter, and saturate the filtrate
with sodium chloride, or, better, magnesium sulphate ; serum-globulin is
precipitated.

5. Demonstration.—A solution of nucleo-albumin from the thymus has
been prepared beforehand by the demonstrator. It may be prepared in one
of two ways.

() Wooldridge's Method,—The gland is ent up small and extracted with
water for 24 hours. Weak acetic acid (0'5 c.e. of the acetic acid of the
* Pharmacopeeia * diluted with twice its volume of water for every 100 c.c. of
extract) is then added to the decanted liguid. After some hours the pre-
cipitated nucleo-albumin (ealled tissue-fibrinogen by Wooldridge) falls to the
bottom of the vessel. This is collected and dissolved in 1-per-cent. sodimm
earbonate solution.

(b) The Sodium Chloride Method,—The finely-divided gland is ground up
in a mortar with about an equal volume of sodium chloride in a mortar.
The resulting viscous mass is poured into excess of distilled water, The
nucleo-albumin rises to the surface of the water, where it may he collected
and dissolved as before.

A rabbit is anwmsthetised, and a cannula inserted into the external
jugular vein. The solution is injected into the eireulation through
this. The animal soon dies from cessation of respiration; the eyeballs
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LESSON XXIII
MUSCLE

1. A rabbit has been killed and its muscles washed free frem blood by a
stream of salt solution injeeted through the aorta. The muscles have Leen
quickly removed, chopped up small, and extracted with 5-per-cent. solution
of magnesinm sulphate. This extract is given out.

2. The extract will probably be faintly acid. The acid is lactic acid. It
may be identified by the following reaction :—

A solution of dilute ferrie ehloride and earbolie acid is made as follows :—

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

20 e.e. of distilled water.

1 drop of the lignor fervi perchloridi of the British Pharmacopeeia.

' On mixing a solution confaining only 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 0°2 per cent. of
hydrochlorie acid) are necessary to decolorise the test solution.

3. The coagulation of muscle is very like that of blood. This may be
shown with the salted musele plasma (the extract given out) as follows:
Dilute some of it with four times its volume of water; divide 1t into two
parts ; keep one at 40° C. and the other at the ordinary temperature. Coagu-
lation, that is, formation of a clot of myosin, oceurs in both, but earliest in
that at 40° C. =

4, Add a few drops of 2-per-cent. acetic acid to some of the extract; a
stringy precipitate of myosinogen is produced.

5. Remove the clot of myosin from 3; observe it is readily soluble in
10-per-cent. sodium chloride, and also in 02.per-cent. hydrochloric acid,
forming syntonin.

6. Perform fractional heat coagulation—

() With the original extract. Coagula are obtained at 47°, 56° 638°
757 C.

(6) With the ligquid (salted musecle sernm) in 8, after separation of the
clot. Coagula are obtained at 68° and 78° C.

(¢) With mmusele extract which has been saturated with magnesinm
sulphate and filtered. The globulins are thus separated. Coagunlation now
occurs at 78° C., but the amount of eoagulum is small.
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The following table represents these facts coneisely 1 —

| | Goagnle= | S
Name of proteil | ti::::llljgbl;q:lh | Action of MgBO, I:r!ﬁltlLﬁmI:::‘: Fate
peratiune | |
1. Museulinor 1| 40 | T P These go to form
pmﬂ.m;,rnsmug,en [ g precipitated globulin | the muscle clot
2. Myosinogen . | 56° C. 3i i | (myosin)
8. Myo-globulin . | 63° C. Y - Tliﬁ:;‘ﬁg!fé" Al
4, Myo-albumin . | 73° C. | not precipitated = albumin | | =0

7. Pigments of Muscle:—

(a) Notice the difference between the red [I.-'lll.'l pele museles of the rabbit.

(%) Examine a piece of red muscle (e.g. the diaphragm) spectroscopically
for nx],rhmmﬂglahm (or it may be more convenient to make an aqueons
extract of the muscle and examine that).

| | g l !
a|BC D [ % lr‘ G M
Sl e 8 8 g 8
7
2

Fig. 6l.—1; Absorption hpmbn:m of myoluematin, as seen in muscle rendered transparent by
glyecrine, 2, Abeorption spectrom of modified myohamatin,

(¢) A piece of the pectoral muscle of a pigeon has been soaked in glycerine,
Press a small piece between two glass slides and place it in front of the
spectroscope. Observe and map out the bands of myohematin.

(d) Pieces of the same muscles have been placed in ether for twenty-four
hours. The ether dissolves out a yellow lipochrome from the adherent fat.
A watery fluid below contains modified myohematin, Filter-it; compare
its spectrum with that of hemochromogen. The mychsmatin bands are
rather nearer the violet end of the spectrum (fig. 61) than those of hemo-
chromogen (fig. 59, spectrum 9).

(2) Take some of the red fluid deseribed in 7, d, and let it evaporate to
dryness in an exsiccator over sulphuric acid (fig. 62).
In a day or two erystals of ereatine tinged with myohwmatin separate out.

i 5 i b s S el i
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(B) Take an aqueous extract of muscle, like Liebig's extract or beef-tea;
add baryta water to precipitate the phosphates, and filter. Remove excess
of baryta by a stream of carbonie acid; filter off the barium carbonate and
m';L;:nm:ute the filtrate on the water-bath to a thick syrup. BSet it aside to

Fig, 69.—An exsiceator, (Gscheidlen.)

cool, and in a few days crystalline deposits of creatine will be found a##the
bottom of the vessel. These are washed with alcohol and dissolved i#*hot
water. On concentrating the aqueous solution erystals once more separate
out, which may be still further purified by recrystallisation. -

(See * Chemical Physiology and Pathology,’ Chap. XX, p. 398 et seq.)
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LESSON XXIV "
UREA AND CHLORIDES IN URINE

If all the exercises described in the following paragraphs are performed,
it may be found convenient to subdivide this lesson intagwo.

The most important ones are first to estimate the urea by Liebig's method,
and then the chlorides, and make the necessary allowance for these; the final
result should then be controlled by the use of Dupré’s apparatus.

ESTIMATION OF UREA

£ albumin is present it must be first separated by boiling after acidulation
with acetic acid if necessary, and filtering off the flakes of ecoagulated proteid.
The two.ehief methods of estimating urea are

(a) The mereuric nitrate, or Liebig's method.

(b) The hypobromite, or Hiifner's method.

(@) Liebig's Method,—The combination between urea and mercury has the
formula (CON,H,),Hg(NO,), + BHgzO. It forms a white precipitate, insoluble
in water and weak M]mﬁnﬁ golutions. It is therefore necessary to prepare
a standard solution of mereuric nitrate, and to have an indicator by which to
detect the point when all the urea has entered into combination with the
mercury, and the latter slightly predominates. This indicator is sodium
carbonate, which gives a yellow colour with the excess of mercury, owing to
the formation of hydrated mercuric oxide.

Theoretically, 100 parts of urea should requive 720 parts of mercuric
oxide ; but practically 772 of the latter are necessary to remove all the urea,
and at the same time show the yellow colour with alkali; consequently the
solution of mereuric nitrate must be of empirical strength in order to give
aceurate results. :

The following solutions must be prepared :—

1. Standard mercuric nitrate solution. Dissolve 77-2 grammes of red oxide
of mereury (weighed after it has been dried over a water-bath), or 71'5 gr. of
the metal itself, in dilute nitric acid. Expel excess of acid by evaporating
the liquid to a syrupy consistence. Make up to 1000 c.c. with distilled water,
adding the water gradually. This solution is of such a strength that 19 e.c.
will precipitate 10 c.c. of a 2-per-cent. urea solution. Add 52'6 c.c. of water
to the litre of the merecuric nitrate solution and shake well ; then 20 c.c.
(instead of 19) = 10 c.c. 2-per-cent. urea solution, z.e. 1 c.c. =01 llrem%,—‘,
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i, Baryta mixture. This is a mixture of two volumes of solution of
barium hydrate with one of solution of barium nitrate, both saturated in
the cold.

Analysis.—Take 40 c.c. urine. Add to this 20 c.c. baryta mixture and
filter off the precipitate of barium salts (phosphates and sulphates). Take
15 c.c. of the filtrate (this corresponds to 10 c.c. of urine) in a beaker. LHun®
into it the mereurie nitrate solution from a burette, until on mixing a drop
of the mixture with a drop of a saturated solution of sodium carbonate on a
white tile a pale lemon colour appears. Then read the amount used from
the burette, and calculate thence the percentage of urea.

Corrections.—This method only approaches accuracy when the gquantity
of urea present is about 2 per cent., which is about the normal percentage of
urea in urine. The chlorine in the urine must also be estimated, and the
quantity of urea indicated reduced by the subtraction of 1 gramme of urea
for every 1'8 gramme of sodinm chloride found. If the urine contains less
than 2 per cent. of urea, 0-1 ¢.c. of mercuric nitrate solution must be deducted
for every 4 c.c. used; if more than 2 per cent. of urea, a second titration
must be performed with the urine diluted with half as much water as has
been needed of the mercurial solution above 20 c.c. Suppose, then, 28 c.c.
have been used in the first titration, the excess 18 B c.c.; therefore 4 c.c. of
water must be added to the urine before the second titration is made. When
ammonium carbonate is present, first estimate the urea in one portion of
urine, and the ammonia by titration with normal sulphuric acid in another ;
0:017 gramme of ammonia = 0'030 of urea. The equivalent of ammmonia must
be added to the urea found in the first portion of urine.

For modifications of this method which have been proposed see * Chemical
Physiology and Pathology,’ p. 811.

b. The Hypobromite Method.—This is a far more accurate and easler
method.

The method consists in decomposing urea into water, carbonic acid, and
nitrogen by means of an alkaline solution of hypobromite of soda; the
carbonie acid combines with the soda, and the nitregen which is evolved is
measured, and the quantity of urea therefrom calculated. There are many
kinds of apparatus for performing this operation, but the best yvet devised are
those of Dupré and Gerrard.

The apparatus and reagents one requires for the determination are as
follows :—

i. A Dupré’s apparatus® or a Gerrard’s apparatus.®

ii. A 5 cubic centimetre pipette.

ili. A strong glass eylinder with a well-fitting glass stopper.

iv. A 40-per-cent. solution of eaustic soda.

v. Tubes containing 2 and 4 e.c. of bromine.

The two last-named reagents are required for the making of the hypo-
bromite solution, which spoils by keeping (bromate of soda being formed).
It should therefore be prepared fresh before every determination.

! How & Co., Farringdon Street.  * Gibbs, Cuxson & Co., Wednesbury.
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The hypobromite solution is made by introducing 28 c.e. of the soda
solution into the gﬁma eylinder, then gently dropping in a tube containing
2 ¢.e. of bromine. The tube is then broken by shaking the eylinder, which
is stoppered; the bromine escapes and combines with the soda. This
method prevents any inconvenience arising from fumes of bromine. The

" quantity of solution so prepared is sufficient for one estimation. This
method is, as Dupré points out, one of the most valuable points about his
method ; the solution can be made with per-
fect safety by the bedside.

Method 1 (Dupré).—Measure 5 c.e. of
urine, and introduce it into the test-tube
attached to the caoutchoue stopper seen on
the upper left-hand side of fig. 63; this will
be found simpler to use than the pipette (¢ f)
ficured below.

Measure 25 c.c. of hypobromite of soda
solution, and introduce 1t into the bottle, c.

Close the bottle carefully with the stopper
just mentioned, taking care to upset none of
the urine in the test-tube attached to it. This
stopper is perforated by a glass tube, which
is eonnected by indiarubber tubing to the
tube, @, by a T-piece. Open the pinch-cock,
d, and lower the tube, ¢, until the surface
of the water, with which the outer cylinder
is filled, is at the zero point of the graduation.

Close the pinch-cock, d, and raise @ fo
ascertain if the apparatus is air-tight; then
lower it again. Tilt ¢ so as to upset the
urine, and shake well for a minute or so.

Immerse ¢ in a large beaker containing
water of the same temperature as that in
the eylinder. After two or three minutes
raise the measuring-tube, @, until the surfaces
of the liquid inside and outside coincide.

Read off the quantity of nitrogen that
results from the decomposition of the 5 c.c.
of urine by means of the graduations on a.
Some of the tubes of Dupré's apparatus are graduated in divisions corre-
sponding to pereentages of urea.

The total quantity of urine passed in the twenty-four hours being
measured, the total amount of urea excreted in the day can be caleulnted.
If the nitrogen is measured in c.c., 854 c.c. of nitrogen corresponds to (-1
cramme of uren.

Reactions and Corrections.—The reaction by which urea is decomposed
in this proceeding may be denoted by the following formula :—

CON,H, + BNaBrO = €O, + N, + 2H,0 + 3NaBr.

Fid. t]3,—T.|‘I.I'EF[‘|’:::'5 urea appeirabing.

*
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From 1 gramme of nrea 0°46 gramme of nitrogen = 8727 c.c. are obtained.

In practice, however, it is found that only 354'3 c.e. are obtained,' except
in diabetic urine, in which the urea yields nearly the normal amount of
nitrogen. Moreover, nrine contains small quantities of ereatinine and urates,
which yield some of their nitrogen when acted on by sodie hypobromite.
When great exactitude is required these must be removed—creatinine by an
alcoholie solution of zine chloride, and the urates by acetate of lead followed
by sodie phosphate (Yvon).

5 e.c. of a 2-per-cent. solution of urea in urine yield 354 c.c. of nitrogen.
This quantity is taken as representing 2 per cent. of urea, and serves as a
basis for the graduations of the tubes
which are marked in percentages.

When very great exactitude is re-
quired, the quantity of nitrogen must
be measured in cubie centimetres, and
the volume obtained corrected for tem-
perature, pressure, and tension of
aqueons vapour by the formula below.®

Method 2 (Gerrard).—In this me-
thod the hypobromite solution is pre-
pared as before, and introduced into
the bottle, « (fiz. 64). A stout test-
tube containing 5 c.e. of urine is care-
fully lowered by forceps into this.

By means of the short tube, e, the
long graduated one is filled with water
up to the zero mark: @ is now con-
nected to this latter tube by india-
rubber tubing, asin Dupré’s apparatus.
The urine and hypobromite are mixed
by tilting the bottle, @; the nitrogen
comes off, and is measured in percent-
ages of urea by the graduations on the tube, U. After wailting ten minutes to
allow the temperature of the apparatus and the contained gas to reach that
of the atmosphere, the water in the two tubes is brought to the same level
by lowering the tube, ¢; the reading is then made, and corrected, if neces-
sary, for temperature, pressure, and tension of aqueous vapour as before.

Fit. fd.—Gerrard's nrea apparatiz,

'1The cause of this loss of nitrogen has been investigated by Luther, Zeit.
physiol. Chem. xiii, p. 500. He finds part is combined as a nitrate, and partinan
unlinu:-:-'n organic compound which gives off ammonin when distilled with alkali.

V' =correct volume; V=vol. observed: B =barometrie pressure corrected

fur temperature; ¢=femp. in degrees Centigrade ; T =tension of aqueous vapour
in millimetres of mercury at ° (see table, p. 7). Then

'i‘.l'r= V)ﬂ{uﬂ-T} e
760 x (1 + 0-0036651)
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ESTIMATION OF CHLORIDES

The ehlorides in the urine consist of those of sodium and potassinm, the
latter only in small quantities.

The method adopted for the determination of the total chlorides consists
in their precipation by a standard solution of silver nitrate or mercurie
nitrate.

(@) Mohr's Method.—Precipitation by silver nitrate.

The following solutions must be prepared :—

(a) Standard silver nitrate solution. Dissolve 29-075 grammes of fused
nitrate of silver in a litre (1000 c.c.) of distilled water; 1 e.c. =001 gramme
of sodium chloride.

(b) Saturated solution of neutral potassium chromate,

Analysis.—Take 10 c.c. of urine ; dilute with 100 ¢.c. of distilled water.

Add to this a few drops of the potassium chromate solution.

Drop into this mixture from a burette the standard silver nitrate
solution ; the chlorine combines with the silver to form silver chloride, a
white precipitate. When all the chlorides are so precipitated, silver chromate
(red in colour) goes down, but not while any chloride remains in solution.
The silver nitrate must therefore be added until the precipitate has a pink
tinge.

Read off the quantity of standard solution used, and ealeulate therefrom
the (uantity of sodium chloride in the 10 e.c. of urine taken, and thence the
- pergentage.

Sources of Error and Corrections.—A high-coloured mrine may give rise
to difficulty in seeing the pink tinge of the chromate of silver: this is over-
come hjr diluting the urine more than stated in the preceding paragraph.

1 ¢.c. should always be subtracted from the total number of c.c. of the
silver nitrate solution used, as the urine containg small quantities of certain
compounds more eagily precipitable than the chromate.

(b) To obviate such sources of error the following modification of the test,
as deseribed by Sutton,! may be used :—10 e.e. of urine are measured into a
thin porcelain capsule and 1 gramme of pure ammonium nitrate added ; the
whole is then evaporated to dryness, and gradually heated over a small
spirit lamp to low redness till all vapours are dissipated and the residue
becomes white. It is then dissolved in a small quantity of water, and the
carbonates produced by the combustion of the organic matter neutralised by
dilute acetic acid ; a few grains of pure caleium carbonate to remove all free
acid are then added, and one or two drops of potassinm chromate. The
mixzture is then titrated with decinormal silver solution (16966 gr. of silver
nitrate per litre) until the end reaction, 4 pink colour, appears. Each c.c. of
silver solution represents 0:005837 gr. of salt; consequently, if 125 c.c. have
been nsed, the weight of salt in the 10 e.c. of urine is 0007296 gr., or 0:7296
per cent. If 50 c.c. of urine are taken for titration, the number of c.e. of
silver solution used will represent the number of parts of salt per 1000 parts

of urine.
' Volumelric Analysis, p. 309.
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(¢) Liebig’s Method.—Precipitation by mercuric nitrate.

The following solutions must be first prepared :—

i. Standard mereuric nitrate solution: 20 grammes of pure
mercury in boiling nitric acid; then dilute to nearly a litre. To dilute this
to the right strength, preliminary experiments must be performed with a
standard solution of pure sodium chloride, 20 grammes to the litre. Take
10 c.e. of the standard sodium chloride solution, add to this 2 e.e. of a 4-per-
cent. solution of urea and 5 c.c. of a saturated solution of sodium sulphate.
Into this mixture allow the mereuric nitrate solution to flow from a burette,
stirring the mixture the while. A precipitate forms, which redissolves on
stirring ; add the mereuric nitrate solution till a permanent precipitate (not
an opalescence) forms; the reaction is then complete. The strength of the
merenrial solution is thus determined, and it is then diluted so that 20 g.e.
=02 gramme of sodinm chloride =10 e.c. of the standard sodinum chloride
solution ; 1 e.c., therefore, currespunds to. !} 01 gramme of sodium chloride, or
0:006059 gramme of e¢hlorine.

ii. Baryta mixture. This is made by adding two volumes of barium
hydrate solution to one of bariun nitrate solution, both saturated in the
cold.

iii, Dilute nitric acid (1 in 20).

Analysis.—Take 40 c.c. of urine.

Add 20 c.c. of baryta mixture. Filter off the precipitate which forms,
which econsists of sulphate and phosphate of barium.

Take 15 c.c. of the filtrate: this corresponds to 10 c.e. of the Dr]"l]][l.l
urine.

Render this slightly acid with dilute nitrie acid. i

Run in the standard mercurie nitrate solution from a burette, stirring ﬂm
mixture well until a permanent precipitate appears. =5

Read off the number of c.c. used; multiply by 0:01. This gire_s_ﬂie
amount of chlorine as sodium chloride contained in 10 e.c. urine.

Explanation and Corrections.—This test depends on the fact that wheu
mereurie nitrate and sodinm chloride in solution are mixed, sodinm nitrate
and mercurie chloride, which are both soluble in water, are formed. It is not
till all the ehloride in the urine is so decomposed that mereuric nitrate begins
to combine with the urea present to form a permanent white precipitate.
Hence the necessity of estimating the chlorides when using Liebig's method
for the determination of urea.

In order to obtain the exact point at which the precipitate becomes a
permanent one, the process must be repeated in another specimen. The
advantage of this process is its simplicity : its disadvantage is that the end
point is rather obseure.

If the urine used is albuminous, the albumin must be first removed by
boiling, after the addition of a few drops of acetic acid, and filtering off the
precipitated albumin.
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LESSON XXV
ESTIMATION OF PHOSPHATES AND SULPHATES IN URINE

ESTIMATION OF PHOSPHATES

The phosphorie acid in the urine is combined with soda, potash, lime, and
nagnesia.

s (a) Estimation of the total phosphates.

For this purpose the following reagents are necessary :—

i. A standard solution of uranie nitrate. The wuranic nitrate solution
contains 855 grammes in a litre of water; 1 ¢.c. corresponds to 0:005 gramme
of phosphoric acid (P,0,).

ii. Acid solution of sodinm acetate. Idissolve 100 grammes of sodic acetate
in 900 c.c. of water; add to this 100 c.c. of glacial acetie acid.

iii. Solution of potassinm ferrocyanide.

Method.—Take 50 e.c. of nrine. Add 5 e.c. of the acid solution of sodium
acetate. Heat the mixture to 80° C.

Run into it while hot the standard nranium nitrate solution from s burette
until a drop of the mixture gives a distinet brown ecolour with a drop of
potassinm ferrocyanide placed on a poreelain slab. Read off the quantity of
solution used and calenlate therefrom the percentage amount of phosphorie
aecid in the urine.

(b)) Estimation of the phosphoric acid combined with line and magnesia
(alkaline earths).

Take 200 c.c. urine. Render it alkaline with ammonia. Lay the mixture
aside for twelve hours. Colleet the precipitated earthy phosphates on a filter;
wash with dilute mmmonia (1 in 8). Wash the precipitate off the filter with
water acidified by a few drops of acetic acid. Dissolve with the aid of heat,
adding a little more acetie acid if necessary. Add 5 c.c. of the acid solution
of sodinm acetate. Bring the volume up fo 50 e.e., and estimate the phos-
phates in this volumetrically by the standard uranium nitrate as before.
Subtract the phosphoric acid combined with the alkaline earths thus obtained
from the total quantity of phosphorie acid, and the difference is the amount
of acid combined with the alkalis soda and potash.

(¢) Instead of uranium nitrate a standard solution of uranium acetate
may be used. The directions for the making of these standard solutions
will be found in Sutton’s ¢ Volumetric Analysis.” As a rule, it is less trouble-
some, and not mueh more expensive, to purchase standard solutions ready-

made.
ESTIMATION OF SULPHATES

The sulphates in the urine are of two kinds: the pre-formed sulphate —
viz. those of soda and potash, and the combined or ethereal sulphates.
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(@) For the determination of the total amount of sulphurie acid (S0,) (d.e.
pre-formed and combined sulphurie aeid together) in the urine, one of two

1. Volumetrie method.

2, Gravimetrie method.

Both methods will be given here; the former is, however, better suited
for class experiments.

1. Volumetric Determination.—This process consists in adding to a given
volumne of the urine a standard solution of chloride of barium so long as a
precipitate of barium sulphate is formeds

The following solutions are necessary :—

i. Standard barium chloride selution : 80:5 grammes of erystallised ehloride

of barium in a litre of distilled water; 1 c.c. of this solution corresponds to
0-01 gramme of sulphurie acid (SO,).
ii. Solution of sulphate of potash: 20 per cent.

iii. Pure hydroehlorie acid.
Method.—100 c.e. of urine are taken in a flask. This is rendered acid by

5 c.e. of hydrochlorie acid, and boiled. The combined sulphates are thus
converted into ordinary sulphates, and give a precipitate like them with
barium chloride. The ehloride of barinm solution is allowed to drop into this
mixture as long as any precipitate oceurs, the mixture being heated before
every addition of barimm chloride to it. After adding 5 to 8 c.e. of the
standard solution, allow the precipitate to settle ; pipette off a few drops of
the clear, supernatant fluid into a watch-glass; add to it a few drops of the
standard barinm nitrate solution. If any precipitate oecurs, return the whole
to the flask and add more barium chloride; again allow the precipitate to
settle, and test as before; zo on in this way until no more barinm sulphate is
formed on the addition of barium chloride.

Excess of barium chloride must also be avoided; when only a trace of
excess is present a drop of the clear fluid removed from the precipitate gives
a eloudiness with a drop of the potassium sulphate solution placed on a glass
plate over a black ground. If more than a clondiness appears, too large a
quantity of barimm echloride has been added, and the operation must be
repeated. From the gquantity of barium chloride solution used, the percentage
of sulphuric acid in the urine is calenlated.

2. Gravimetric Determination (i.e. by weight).—This method consists in
weighing the precipitate of barinm sulphate obtained by adding barium ehloride
to o known volume of urine ; 100 parts of sulphate of barinm correspond to
34'38 parts of sulphuric acid (80,).

Method (Salkowski).—100 e.c. of urine are taken in a beakar This is
boiled with 5 e.c. of hydrochlorie acid as before.

Chloride of barinm is added till no more precipitate ocenrs.

The precipitate is collected on a small filter of known ash, and washed
with hot distilled water till no more barinm chloride oceurs in the filtrate—
i.c. until the filtrate remains clear after the addition of a few drops of hydric
sulphate, Then wash with hot alcohol, and afterwards with ether. Remove

L
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the filter, and place it with its contents in a platinum erucible. Heat to
redness. Cool over sulphurie acid in an exsiccator; weigh, and deduet the
weight of the crucible and filter ash; the remainder is the weight of barium
sulphate formed.

Error—When the experiment is carried ont as above there is a slight
error from the formation of a small guantity of sulphide of barinm. This
may be corrected as follows: After the platinum erucible has become cool
add a few drops of pure sulphuric acid (H,80,). The sulphide is converted
into sulphate. Heat again to redness to drive off excess of sulphurie acid.

(b) The following iz Salkowski's' method of estimating the combined
sulphuric actd—that is, the amount of 80, in ethereal sulphates:—100 e.c.
of urine is mixed with 100 e.c. of alkaline barimm chloride solution, which is
a mixture of two volumes of solution of barium hydrate with one of barinm
chloride, both saturated in the cold. The mixture is stirred, and after a few
minutes filtered ; 100 c.c. of the filtrate (= 50 c.c. of urine) are acidified with
10 e.c. of hydrochloric acid, boiled, kept at 100° C. on the water-bath for an
hour, and then allowed to stand till the precipitate has completely settled ; if
possible, it should be left in this way for twenty-four hours. The further
treatment of this precipitate ( = combined sulphates) is then carried ont as in
the last case.

Caleulation.—233 parts of barium sulphate correspond to 98 parts of
H,S0,, or 80 parts or 50, of 32 partsof 5. To caleulate the H,50,, multiply

the weight of barium sulphate by ﬁ:f - = (4206 ; to caleulate the 50, multiply
b;,r 233 = 084835 ; to caleulate the S multiply by 2’ - =018734. This method
of caleulation applies to the gravimetrie estimation both of total sulphates
and of combined sulphates.

(¢) To obtain the amount of pre-formed sulphurie acid subtract the amount
of combined SO, from the total amount of S0, The difference is the pre-
formed S0,

Example: 100 c.c. of urine gave 0°5 gramme of total barinm sulphate.
This multiplied by ;;r 0171 gr. = total SO, Another 100 c.c. of the same

urine gave 0°05 gr. of barium sulphate from ethereal sulphates; this mul-
tiplied by .B“ ~0:017 gr. of combined SO, Total SO,—combined SO,
=0171 -0 {]l'i' =0-154 gr. of pre-formed S0,.

! Zeit. physiol. Chem. x. p. 8346. This method iz a modification of Baumann’s
original method, ibid. i. p. T1.
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LESSON XXVI
URINE. MISCELLANEOUS EXERCISES

1. Estimation of Uric Acid.—Saturate a known volume, say 100 e.c., of
urine with crystals of ammonium chloride. Colleet the precipitate on a
filter, wash it with saturated solution of ammenium chloride, and then dis-
solve the precipitate in weak abkali (2 per cent. potash).

Neutralise the alkali by the addition of hydrochlorie acid. Urie acid is
thus precipitated, and is collected on a weighed filter, dried, and weighed,

The above method is that introduced by Hopkins. (For other methods see
¢ Chemieal Physiology and Pathology,’ pp. 807-80%.)

2. Estimation of Creatinine.—The crystalline compound which creatinine
forms with zine chloride is employed in estimating the quantity of creatinine
mn urine ; 100 parts of the compound correspond to 62:42 of creatinine,

Method.—Take 250 c.c. of urine. Add milk of lime and caleie chloride
in excess to precipitate the phosphates. Filter, and evaporate the filtrate to
a small bulk ; to this add 50 ec.c. absolute aleohol, and let the mixture stand
for six hours. Then add 10 or 15 drops of an aleoholic solution of zine
chloride ; the erystals form, and after two or three days’ standing in a
dark place may be collected on a weighed filter.

Wash with 90 per cent. aleohol, dry and weigh, and thence caleulate the
percentage of creatinine. (For CREATINE and CREATININE see °Chemical
Physiology and Pathology,’ pp. B4, 418, 421, 726, 727, 787, 818.)

8. Urobilin.—Add neutral and then basie lead acetate to urine until there
is no further precipitate. This precipitate carries down most of the pigment
with it. Filter; the filtrate is clear and almost colourless. Extract the
urobilin from the precipitate by alechol acidulated with sulphurie acid;
filter. The filtrate is yellow. Agitate it with chloroform and examine the
ehloroformie solution (concentrated, if necessary) with the spectroscope. Note
the shading in the region of the F line (see *Chemical Physiology and
Pathology,’ Chap. XLI. p. 747).

4, Preparation of Urea from Urine.—1. Evaporate the urine to a small
bulk., Add strong pure nitrie acid in excess, keeping the mixture cool
during the addition of the acid. Pour off the excess of fluid from the erystals
of uren nitrate which are formed; strain through muslin and press between
filter paper. Add to the dry produet barinun carbonate in large excess. This
forms barinm nitrate and sets the urea free. Mix thoroughly with sufficient
methylated spirit to form a paste. Dry on a water-bath and extract with

L2
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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. 65, C), the centre of which is ruled into ; millimetre
squares and surrounded by a glass rim } millimetre thick. It is provided
with measnring pipettes (A and B), a vessel (D) for mixing the blood with
a saline solution (sulphate of soda of specifie gravity 1015), a glass stirrer (11),
and a guarded needle (I7).

Nine hundred and ninety-five cubic millimetres of the saline solution are

- _|r-l$_al|ﬂn_:ﬂ'
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Fro 83, —Hmmaey tometer of Dr, Gowers,

measured out by means of A, and then placed in the mixing jar; b5 ecubie
millimetres of blood are then drawn from a puneture in the finger by means
of the pipette B, and blown into the solution. The two fluids are well
mixed h:f the stirrer, and a small drop of this diluted mixture placed in the
centre of the slide C, a cover glass is gently laid on (so as to touch the drop
which thus forms a layer 3 millimetre thick between the slide and cover
glass), and pressed down by two brass springs. In a few minutes the
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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 tbis multiplied
by 10,000 gives the number in a cubic millimetre of blood. The average
number of red corpuscles in each square ought therefore in normal human
blood to be 45-50.

Gowers's Hemoglobinometer.—The apparatus consists of two glass tubes,
C and D, of the same size. D contains glyeerine 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
out by the capillary pipette, B. This is blown out into the tube C, and diluted
with distilled water, added drep 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
same as the standard when the tube is filled up to the graduation 100, the

Fi, 66.—Huemoglobinometer of Dr. Gowers,

quantity ot oxyhemoglobin in the blood is normal. If it has to be diluted
more largely, the oxyhemoglobin is in exeess; if to n smaller extent, it is
less than normal. If the blood has, for instance, to be diluted np to the
graduation 50, the amonnt of hemoglobin is only half what it ought to be—
50 per cent. of the normal—and so for other percentages.

The instrument only yields approximate results, but is extremely useful
in elinical observations.

Von Fleischl's Hemometer.—The apparatus (fig. 67) consists of a stand ‘

bearing a white reflecting surface (5) and a platform. Under the platform is
a slot carrying a glass wedge stained red (K) and moved by a wheel (R).
On the platform is a small eylindrical vessel divided vertically into two coni-
partments, a and .

Fill with a pipette the compartment a” over the wedge with distilled
water. Fill about a quarter of the other compartment (a) with distilled
water. -
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Prick the finger and fill the short capillary pipette provided with the
instrument with blood. Dissolve this in the water in compartment «, and
fill it up with distilled water.

Having arranged the veflector (S) to throw light vertically through both
compartments, look down through them, and move the wedge of glass by
the milled head (T) until the colour in the two is identical.

Read off the scale which is so constructed as to give the percentage of
hemoglobin.

Specific Gravity of Blood.—Of the numerous methods introduced for taking
the specific gravity of fresh blood, that of Hammerschlag is the simplest. A
drop of blood from the finger is placed in a mixture of chloroform and
benzene. If the drop falls, add benzene till it just begins to rise: if the drop

P, 67.—Fleischl'a hamometer,

rises, add chloroform till it just begins to fall. The fluid will then be of the
same specific gravity as the blood. Take the specific gravity of the mixture
in the usnal way with an accurate hydrometer.

Schmalz’s capillary picnometer is a more accurate method.’

POLARIMETERS

Soleil's 8accharimeter.—This instrument (see fig. 68) consists of a Nicol's
prism, d, called the polariser : the polarised beam passes next through a quartz
plate (b in fig. 68), 575 mmn. thick, one half of which (d in fig. 69) 1s made
of dextrorotatory, the other half (7 in fig. 69) of levorotatory quartz.

The light then passes through the tube containing the solution in the
position of the dotted line in fig. 68, then through a quartz plate cut per-
pendieularly to its axis (g in fig. 69), then through an arrangement called

\ Deulsch. Arch. f. klin. Med. xlvii. p. 145.
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a compensator (» in fig. 69), then through a second nicol called the analyser,
and lastly through a telescope (L in fig. 69).

The compensator consists of two quartz prisms (RR, fig. 69) cut perpendi-
cularly to the axis, but of contrary rotation to the plate just in front of them.
These are wedge-shaped and slide over each other, the sharp end of one
being over the blunt end of the other. By a screw the wedges may be
moved from each other, and this diminishes the thickness of quartz inter-
posed; if moved towards each other the amount of quartz interposed is
mcreased. :

The effect of the guartz plate (d, g) next to the polariser (¢ in fig. 69)

FiG. 68.—20leil's saceliarimeter,

is to give the polarised light a violet tint when the two nicols are parallel to
each other. DBut if the nicols are not parallel, or if the plane of the
polarised light has been rotated by a solution in the tube, one half the field
will change in colour to the red end, the other to the violet end of the
spectrum, because the two halves of the quartz act in the opposite way.

The instrument is first adjusted with the compensator at zero, and the
nicols parallel, so that the whole field is of one colour. The tube containing
the solution is then interposed ; and if the solution is optically inactive the
field is still uniformly viclet. But if the solution is dextrorotatory the two
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P, 69, —Diagram of optical arrangements in Baleil's sacoliarimetor,

halves will have different tints, a certain thickness of the compensating
quartz plate which is levorotatory must be interposed to make the tint of
two halves of the field equal again; the thickness so interposed can be read
off in amounts corresponding to degrees of a cirele by means of a vernier and
scale (E in fig. 69) worked by the secrew which moves the compensator. I%
the solution is lmvorotatory, the screw must be turned in the opposite
direction.

Zeiss's polarimeter is in principle much the same as Soleil’s; the chief
difference is that the rotation produced by the solution is corrected not by a
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quartz compensator but by actually rotating the analyser in the same
direction, the amount of rotation being directly read off in degrees of a
cirele.

Laurent's polarimeter is a more valuable instrument. Instead of using
daylight, or the light of a lamp, monochromatie light (a sodium flame pro-
duced by volatilising common salt in & colonrless gas flame) is employed ;
the amount of rotation varies for different colours; and observations are
recorded as having been taken with light corresponding to the D or sodinm
line of the spectrum. The essentials of the instrument. are, as before, a

FiG. 7ih—Lanrent’s polacimeter.

polariser, a tube for the solution, and an analyser. The polarised light before
passing Into the solution traverses a ¢uartz plate, which, however, covers
only half the field, and retards the rays passing through it by half a wave-
length. 1In the 0% position the two halves of the field appear equally illumi-
nated ; in any other position, or if rotation has been produced by the solution
when the nicols have been set at zero, the two halves appear unequally
iHuminated. This is corrected by means of a rotation of the analyser that
can be measured in degrees by a seale attached to it.

Specific rotatory power of any substance is the amount of rotation in
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degrees of a circle of the plane of polarised light produced by 1 gramme of

the substance dissolved in 1 c.c. of lignid examined in a column one deci-
metre long.

If @ = rotation observed.
w = weight in grammes of the substance per eubic centimetre.
{ = length of tube in decimetres.

(@), = specific rotation for light with wave-length corresponding
to the D line (sodimn flame).
]
wl’

In this formula + indicates that the substance is dextrorotatory, — that it
is lievorotatory.

If, on the other hand, (), is known, and we wish to find the value of
w, then

Then (&), =

i

w = =+ R
= l-.ﬂ'}n iy {

THE SPECTROPOLARIMETER

This instroment is one in which a spectroscope and polarising apparatus
are combined for the purpose of determining the eoncentration of substances
which rotate the plane of polarised light. It was invented by E. v, Fleischl
for the estimation of diabetic sugar in urine. Its chief advantage is that no
difficulty arises of forming a judgment as to the identity of two coloured

N e |
@"h—-—-.-nnh-n-— | |
¥
— H
=

Fiit. T1.—Epectropolarimeter of v. Fleisohl,

surfaces, asin Soleil's saccharimeter, or of two shades of the same colour, as
in Laurent's instrument, The licht enters at the right-hand end of the
instrument, is polarised by the Nicol’s prism b, and then passes through two
quartz plates, ce, placed horizontally over each other. One of these plates
is dextro-, the other lievo-rotatory, and they are of such a thickness (775 mm.)

ki =S S
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that the green rays between the E and b lines of the spectrum are cireularly
polarised through an angle of 90° the one set passing off through the upper
quartz to the left, the other through the lower to the right. The light then
continues through a long tube, ff, which contains 15 c.e. of the solution under
examination. It then passes through an analysing nicol, d, and finally
through a direct vision spectroscope, e.  On looking through the instrument,
the tube ff being empty, or filled with water or some other optically inert
substance, two spectra are seen, one over the other, but each shows a dark
band between E and & owing to the extinction of these rays by the circular
polarisation, produced by the guartz. The analyser can be rotated: a
vernier, ¢, is attached to, and moves with it, round a circular dise (seen in
section at &) graduated in degrees. The two bands in the spectra coincide
when the zeros of vernier and scale correspond. If now the tube f is filled
with an optically active substance like sugar, the bands are shifted, one to the
right, the other to the left, according to the direction of rotation of the sub-
stance in f. The rotation is corrected by rotating the analyser into such a
position that the two bands exactly coincide once more as to vertical position.
The number of degrees through which it is thus necessary to move the
analyser measures the amount of rotation produced by the substance in f,
and is a measure of the concentration of the solution. The degrees marked
on the circular scale are not degrees of a cirele, but an arbitrary degree of
such a length that each corresponds to 1 per cent. of sugar in the given
length of the column of fluid in F (1772 mm.).

PFLUGER'S MERCURIAL AIR-PUMP

! is a large glass bulb filled with mercury ; from its lower end a straight
glass tube, m, about 8 feet long, extends, which is connected by an india-
rubber tube, n, with a reservoir of mereury, o, which can be raised or lowered
as required by a simple mechanical arrangement. From the upper end of
the bully, I, a vertical tube passes ; above the stopeock, k, this has a horizontal
branch, which can be closed by the stopeock, f. The vertical part is continued
into the bent tube, which dips under mercury in the trough, h. A stopeock,
J» 1s placed on the course of this tube. Beyond f the horizontal tube leads
into a large double glass bulb, @ b ; a mercurial gange, ¢, and a drying-tube,
d, filled with pieces of pumice-stone moistened with sulphuric acid being
interposed. @ is called the blood-bulb, and the blood is brought into it by
the tube, ¢; the gnses, as they come off, canse the blood to froth, and the
bulb, b, is ealled the froth-chamber, as it intercepts the froth, preventing it
from passing into the rest of the apparatus.

The pump is used in the following way : [ is filled with mercury, the
level in I and o being the same ; % is closed; o is then lowered, and when it
is 80 inches lower than the stopcock %, the mereury in I falls also, leaving
that bulb empty ; j being cloged and f open, k is then opened, and the air in
a, b, d, &e. rushes into the Torricellian vacuum in #; fis closed and j opened ;
the reservoir, o, is raised ; the mereury in ! rises also, pushing the air before
it, and it bubbles out into the atmosphere through the mercury (the tube, I,
18 not at this stage in position). When ! is full of mereury, & and j are once
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% and f ave opened, j being closed. The gas from a and b rushes into the
bulb I, being dried as it passes through d; f is then closed and j opened ; the
reservoir o is raised, and as the mereury in ! rises simultaneously, it pushes
the gases into the cylinder, &, which is filled with mercury and inverted over
the end of the bent tube. This gas can be subsequently analysed. Dy
alternately raising and lowering o, and regulating the stopeocks in the manmer
already described, all the gas from the quantity of blood used can be ulti-
mately expelled into L.

A good grease for the stopeocks is a mixture of two parts of vaseline to
one of white wax.

Alvergniat’s pump has the advantage over Pflliger’s of fewer connections,
and all of these are surrounded by mereury, which effectually prevents
leakage ; it has the disadvantage of a rather small bulb in place of I, and
thus it is more labour to obtain a vacuum.

ANALYSIS OF GASES

Waller's modification of Zuntz’s more complete apparatus will be found
very usefnl in performing gas analysis,
say, of the expired air: a 100 c.c. mea-
suring-tube graduated in tenths of a eubie
centimetre between 75 and 100; a filling
bulb and two gas pipettes are connected
up as in the diagram.

It i1s first charged with acidulated
water up to the zero mark by raising
the filling bulb, tap 1 being open. It
is then filled with 100 c.c. of expired
air, the filling bulb being lowered till
the fluid in the tube has fallen to the
100 mark. Tap 1 is now closed. The
amount of carbonie acid in the expired
air is next ascertained; tap 2 is opened,
and the air is expelled into the gas pipette
containing strong caustic potash solution
by raising the filling bulb until the fluid
has risen to the zero mark of the mea-
suring tube. Tap 2 is closed and the air
left in the gas pipette for a few minutes,
during which the earbonic acid is absorbed
by the potash. Tap 2 is then opened and
the air drawn back into the measuring
tube by lowering the filling bulb. The
volume of air (minus the carbonic acid)
is read, the filling bulb being adjusted so —
that its contents are at the same level as Fiii, 73.—~Waller's apparatus for gas
the fluid in the measuring tube. The AIRTAS
amount of oxygen is next ascertained in a precisely similar manner by send-
ing the air into the other gas pipette, which contains sticks of phosphorus
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in water, and measuring the loss of volume (due to absorption of oxygen)
in the air when drawn back into the tube.

KJELDAHL'S METHOD OF ESTIMATING NITROGEN

This simple and accurate method has very largely replaced the older
complicated processes.

I take the following account of the method with the modifications pro-
posed by Warington from Sutton's ‘ Volumetric Analysis.”

From 0-1 to 1 gramme of the dry powdered substance is put into a boiling
flask holding about 100-120 c.e. The acid used for the destruction of the
organic material is made by mixing 200 e.c. pure oil of vitriol with 50 c.c.
Nordhausen oil of vitriol, and 2 grammes of phosphorie acid in sticks ; all these
must, of course, be free from ammonia: 10-20 c.c. of this mixture is poured
over the substance in the flask and heated on wire gauze over a small Bunsen
flame. The temperature must be kept below boiling ; with prolonged heating
the organie matter is graduoally destroyed, and the lignid becomes clear and
quiet. The nitrogen originally present is thus converted into ammonia, and
this may be hastened by adding to the liguid very minute pinches of pure
potassium-permanganate. A violent commotion takes place with every
addition, but there is no fear of any ammonia being lost. The operation is
ended when the mixture becomes permanently greenish (from one to two
hours), and moderate heat is continued for a few minutes more. The flask
is cooled, some water added, and the contents washed out into a large flask
of 700 c.e. capacity with as little water as possible. It is then made alkaline
with excess of either pure caustic soda or potash solution (sp. gr. 1-8). A little
metallie zine is added to prevent bumping during the subsequent distillation.
The flask is then rapidly closed with a perforated eaoutchoue stopper, through
which passes an upright tube with two bulbs about an inch in diameter
hlown upon it : these arrest and carry back any spray of soda from the liguid.
The tube above the bulbs is bent over and connected to a condenser, and the
delivery end of the condenser leads into a flask containing a measured excess
of standard acid. The mixture in the flask is then distilled, the ammmonia
passes over into the acid. Distillation is continued from forty-five to sixty
minutes. The amount of acidity is then determined in the distillate by
titration with standard potash or soda, methyl orange being used as the
indicator of the end of the reaction. (This gives.a pink colour with aecid,
yellow with alkali.)

Hrample—Suppose (*15 gramme of a nitrogenous substance is taken,
treated with acid, nentralised, and the ammonia distilled over and received by
100 e.c. of a decinormal solution of hydrochloric acid (=10 ec.c. normal acid).
The distillate is then titrated with decinormal soda, and it is found that the
neutral point is reached when 60 e.c. of the decinormal soda have been added.
The other 40 c.c. must therefore have been neuntralised by the anumonia
derived from the nitrogenous substance under investigation. This 40 ec.c. of
decinormal acid =4 c.c. of normal acid =4 c.c. of normal ammonia =4
0017 =0068 gramme of ammonia: 015 gramme of the substance
therefore yields 0:068 gramme of ammonia, and this amount contains 0:056

bl i ™
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gramme of nitrogen; 100 granmnes of the substance will therefore contain
100 = 0056
015

The following figure represents the apparatus as modified by Willfarth.
In this, oxidation is assisted by adding a small quantity of metallic mercury

= 378 gramunes of nitrogen.

H,50,

Fra, 74.—Kjeldahl's method. (Waller, after Argatinsky.)

(about ¢4 e.c.). To avoid bumping during distillation tale is added instead
of zine. 12 c.c. of strong potassinm sulphide solution are also added.

Decinormal sulphurie aeid is used as the standard aeid, and this is con-
veniently contained in the bulbs shown in the figure.

MICRO-CHEMICAL DETECTION OF PHOSPHORUS

The method of Lilienfeld and Monti is as follows :(—The sections of the
fresh organ are placed in a strong solution of ammoninm molyvbdate ; after
about half an hour they are transferred to a 20-per-cent. solution of pyro-
gallic acid dissolved in ether. They are left here for a few minutes, trans-
ferred throngh spirit to clove oil, and mounted in Canada balsam. The
yellow or brown colour, best marked as a rule in the nueclei, indicates the

presence of phosphorus. This reaction may be used for distingunishing
nneleg-albumin from muein.

MICRO-CHEMICAL DETECTION OF IRON

The tissue is hardened in aleohol, and the sections are transferred to o
strong solution of potassinm ferrocyanide, acidulated with hydrochlorie acid.
The blnish-green colour seen indicates the presence of iron.

MICRO-CHEMICAL DETECTION OF GLYCOGEN IN LIVER CELLS

A thin piece of liver from a rabbit, fed six hours previously on ecarrots, is
hardened in 90 per cent. alecohol. BSections are cut by the free hand, or after
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A

Amnsorerion, 62 ; of earbohydrates, 63 ;

of proteids, 63 ; of fats, 64

Absorption bands, 77

Absorption speetra of hemoglobin and
its derivatives, 80, 128 ; of myohse-
matin, 136 ; of urobilin, 147

Acétone in nrine, 107

Acetyl, 16

Achroo-dextrin, 14, 38, 118

Acid albumin, 28, 24, 25; in gastric
digestion, 46, 47

Acid hmmatin, 127

Adenine, 99 |

Adipose tissue, 15

Atrobie ferments, 41

Air, inspired and expired, 82

Air-pumps, mercurial, 155-157

Alanine, 54

Albuminates, 23, 24, 25

Albuminoids, 26

Albuminometer of Ksbach, 105

Albuminous glands, 35

Albumins, 22 ; in urine, 105, 106

Albumoses, 46, 47, 48 ; separation of,
122

Aleaptonuria, 107

Aleohol, action of, on proteids, 22

Alechols, 16

Aldehyde, 16

Alenrone grains, 72

Alexis St. Martin, 44

Alkali-albumin, 23, 24, 25

Alkaline hematin, 127

Alvergniat’s pump, 157

Amido-acetic acid, see Glycocine

— caproic acid, see Tieucine

— propionic acid, 54

Ammonium carbonate as a urea pre-
cursor, 93

— cyanate, 90

— sulphate, action of, on proteids, 18,
22, 180, 181

Amylolytie ferments, 40

Amylopein, 50, 51

Ampyloses, 10

Anagrobie ferments, 41
Anti-albumose, 47

— peptone, 47

| Apparatus necessary for practical work,

4
Agqueons vapour, tension of, 7
Atmosphere, 82
Atropine, action of, on salivary secre-
tion, 126

B

Bacrerm, 39, 40, 41 ; in intestine, 52

Barfoed’'s reagent, 116

Beaumont, Dr., 44

Beef tea, 34, 187

Benzoic acid, 100

Bile, 56-62 ; mucin of, 58 ; pigments
of, 59 ; salts of, 58, 61 ; in urine,
108

Bilirubin, 57, 59

Biliverdin, 57, 5%

Biuret reaction, 18, 21, 122, 124

Blood, 66-81 ; coagulation of, 67, 132 ;
plasma and gerum of, 69, 130-133 ;
corpuscles of, 71 ; pigment of, 72-81,
126-128 ; gases of, B2-85 ; in nrine,
108

Bohr's researches on respiration, 81,
a4

Bread, 28, 33
Bright's disease, 106
Butter, 28, 32

C

CALCIUM OXALATE IN URINE, 102

Caleium salts,importance of, in eoagula-
tion of milk, 82, 119, 120 ; of blood,
GG, G2, 153

Cane sugar, 11, 12

Carbamide, see Urea

Carbohydrates, tests for, 9 ; classifiea-
tion of, 10 ; absorption of, 63

| Carbonates in blood, 84 ; in urine, 95,

104
L
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Carbonic acid in air, 82 : in blood, 84 [

—- oxide hemoglobin, 80, 127

Cardiac glands, 43, 44

Carmine-stained fibrin, 123

Casein and caseinogen, 25, 28, 31, 119

Cells, differentiation of, 1

Cellulose, 13, 15

Central cells of stomach, 44

Centrifugal machine, 132

Cervical sympathetie, stimulation of,
126

Chlorides of urine, 86, 94 : estimation
of, 142

Cholalic acid, 59, 61

Cholesterin, 2, 60

Choline, 53

Chorda-tympani, stimulation of, 126

Chromatin, 27

Circulation of hile, 58, 61

Coagulated proteids, 23

Coagulation of blood, 67, 132 ; of milk,
31, 119 ; of proteids, 21 ; of musele,
135 ; of hydrocele fluid, 133

Coagulative ferments, 41

Cobalt sulphate, action of, on proteids,
124

Collagen, 25, 26

Colloids and erystalloids, 20

Colostrom, 30

Compounds, found in body, 3

Cooking of foods, 34

Cream, 28

Creatine, 100 : in musecle, 136 ;
urea precursor, 92

Creatinine, 100 ; estimation of, 147

Crypts of Lieberkithn, 52

Crystallin, 23

Crystallisable proteids, 72

Crystalloids and ecolleids, 20

Crystals from blood, 73, 126

Curds and whey, 28, 81

Cystin, 102

a3 &

D

Derosrrs % Unixe, 97, 101-104

Deuntero-albumosze, 47, 122

Dextrin, 9, 14, 38, 118

Dextrose, 9,10, 115, 118 ; in urine, 105,
107

Diabetes, 54, 105, 107

DMacetin, 16

Dialysers, 20 :

Dialysis of albumoses, 122; of sernm,
130

Diet, 29

Digestion, salivary, 87 ; gastrie, 42,
123 ; pancreatic, 49, 123 ; intestinal,
a3

Dupré’s urea apparatus, 140 |

INDEX

E

Eas-ausuany, 18, 22

Eggs, 29

Ehrlich's experiments with methylene
blue, 88, 856

Elastin, 26

Elasztoses, 46

Elements found in body, 3 ; symbols
and atomic weights of, 8

Emulsion, 17, 51

Enzymes, 40

Epithelium of intestine, 64

Erythrodextrin, 14, 38, 118

Esbach’s tubes, 105

Ethereal sulphates in urine, 94, 144;
estimation of, 146 '

Ethyl diacetic acid, 107

Expired air, 82

Exsiceator, 137

Extractives of blood, 70 ; of musecle, 137

F

. Fxces, 62

Fats, tests for, 9, 15 ; constitution of,
16; absorption of, 64; of milk, 28,
32

Fatty acids, 16

Fehling's zolution, 11, 105, 107

Fermentation, 38 ; test for suogar in
urine, 107

| Ferment-coagulation, 21
| Ferments, 88, 41 ; of saliva, 37; of

gastric juice, 45 ; of pancreatic juice,
a0
Fibrin-ferment, 70, 71, 133
Fibrinogen, 22, 70, 132
Fleischl's hemometer, 50 ;
polarimeter, 154
Flour, 28, 32, 121

spectro-

| Foodstuffs, 28

Fractional heat-coagulation, 131

| Frauenhofer's lines, 66, 76

G

| Garnacrose, 11

Gas analysis, 157

(zages of blood, 82
(zastric fistula, 44
Gastric juice, 42-48, 123
Gelatin, 25, 26
(zelatinoses, 46

' Germ theory, 39

Gerrard’s urea apparatus, 141
Globin, 28

Globulins, 22

Globulozes, 46

Glucoses, 10

Gluten, 28, 33, 121
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Glycerin, 16; as a solvent of ferments,
42, 44, 49

Glycerol, see Glycerin

Glyceryl, 16

Gilycine, see Glycocine

Glycocholic acid, 59

Glycoeine, 59, 61; as 4 urea precursor,
1]

Glycogen, 9, 14, 114, 159

Glycosuria, see Diabetes

Glycuronie acid, 107

Gmelin's test, 56, 59, 103

Gnezda on biuret renction, 124

Gowers’ bhmmacytometer, 149; hemo-
globinometer, 150

Grape sugar, see Dextrose

Griitzner's stained fibrin, 123

Gunsberg's reagent, 124

H

H=ayacyromerer, 149

Hematin, 74, 127

Hmematogen, 27

Hmematoidin, 57

Hematoporphyrin, 74, 129

Hzmin, 74

Hemochromogen, 129

Hemoglobin, 66, 72, 127-129 ; in urine,
108

Hemoglobinometer, 150

Hemmometer, 150

Hammarsten's theory of blood coagu-
lation, 68 ; method of precipitating
serum-globulin, 130

Heat-coagulation of proteids, 18, 20; of |
| Lecithin, 2, 53

serum, 130

Heller's test for albumin, 105

Hemi-albumose, 47

Hemi-peptone, 47, 51

Hetero-albumose, 47, 122

Hippurie acid, 99, 100

Homogentisinic acid, 107

Hopking' method of estimating uric
acid, 99, 147

Hiifner's method of estimating urea,
133

Hydrobilirabin, 59

Hydrocele fluid, 133

Hydrochloric acid of gastrie juice, 42,
44, 45, 47 : tests for, 124

Hydrolysis, 41

Hydroxybutyric acid, 107

Hypobromite of soda, action of, on urea,
87, 91, 180

Hypoxanthine, 99

1
Ismicas, 06

Indiffusibility of proteids, 20

163

| Indole, 53

Indoxyl sulphate of potassium, 05
Inosite, 11

Ingpired air, 82

Intestinal digestion, 52
Intravascular coagulation, 133
Inversion of sugar, 11, 12
Inversive ferments, 41

Invertin, 52

| Iodine test for starch &e., 9, 13, 14
| Iron in hemoglobin, 73, 74; in milk,

30

JAUKDICE, 108

K

Kavner's method of precipitating serum-
globulin, 130

Keratin, 27

Kjeldahl’s method, 158

L

Lacransvans, 22, 28, 31, 119

Lactic acid fermentation, 13; in milk,
31 ; in muscle, 135

Lactometer, 28

Lactose, 12, 28, 32; tests for, 116 in
urine, 107

Lard, 9

Lateritious deposit, 97

Laurent’s polarimeter, 153

Leucine, 53, 123; as a urea precursor,
91, 93 ; in urine, 101, 104

Levulose, 11

Lieberkiihn's crypts, 52 ; jelly, 25

\ Liebig's extract, 137 ; method of esti-

mating urea, 138 ; chlorides, 143

Lilienfeld and Monti on detection of
phosphorus, 139

Lipochrome in muscle, 136

Lithates, see Urates

Liver, function of, in relation to urea,
82 : to uric acid, 99

Lungs, 81

M

McWinnian's test for proteids, 124

Magnesinm sulphate, action of, on pro-
teids, 18, 21, 22, 180

Malt, action of, 118

MhMaltose, 18, 88, 116-118

Measures and weights,
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Meconinm, 62
L[idﬁulla oblongata, diabetic punctore of,
T

Mercurial air-pumps, 155-157

Mercuric nitrate, method of estimating
urea, 138; chlorides, 143

Methemoglobin, 75, 79, 127; crystals
of, 126 ; in urine, 108

Methylene blue, 83, 85

Microchemieal detection of phosphorus,
iron, and glycogen, 159

Micrococens urean, 90

Microspectroscope, 127

Milk, 28, 29, 30-32; coagulation of,
119

Milk-curdling ferment of pancreas, 50,
52; of stomach, see Rennet

Milk-sugar, see Lactose

Millon's reaction, 18, 21

Mt;i];gs method of estimating chlorides,

Moleschott's diet, 30

Mono-acetin, 16

Monti, see Lilienfeld

Moore's test for sugar, 11

Mucic acid, 11 :

Muein, 25, Eﬁ; in- galiva, 35, 36; in
bile, 88 ; in urine, 101

Mumnugen a6

Munk’s views on fat-absorption, 65

Murexide test, 97, 98

Musele, 185 ; plasma of, 136 ; pigments
of, 186 ; extractives of, 136

Muscle-sugar, see Inosite

Muscolar exercise and carbonie acid, |

82; and urea, 91
Musgculin, 136
Myo-albumin, 136
Myo-globulin, 136
Myo-h®matin, 136
Myosin, 135
Myosinogen, 28, 136

N

NEUROKERATIN, 27

Neutral salts, action of, on proteids, 18,
21, 22, 122, 180, 136

Nickel sulphate, action of, on profeids,
124

Nitrate of urea, 90, 97

Nitric oxide hmemoglobin, 80

Nitrogen, estimation of, 158

Nitrous acid, action of, on urea, 90

Nuclein, 2, 27 ; bases from, 99

Nucleo-albumin, 27, 68, 133; in bile,
48 : in urine, 101

INDEX

0
{OLEIC AcID, 16 v
Organised Iermente. 40
Osazones, 115-117
Ossein, 20
Osteomalaecia, 107
Oxalate of caleiom in urine, 102: of
urea, 90; plasma, 66, 133
Oxygen in the blood, 83
Oxyhemoglobin, 66, 72, 75, 126, 127 ;
in muscle, 136
Oxyntic cells, 44
Oxyphenyl-amido-propionie acid, 54

P
Pararric acn, 16
Panecreas, 49, 50 ; extirpation of, 54, 107
Pancreatic digestion, 49-52, 123 =~
Pancreatic juice, secretion of, 49;
composition of, 50 ; action of, 51
Panum’s method of precipitating serum-
globulin, 130
Paraglobulin, se¢ Serum-globulin
Paramyosinogen, 136
Parapeptone, 47
Parietal cells of stomach, 44, 45
Parotid, 35, 37
Paroxysmal hemoglobinaria, 108
Partial pressure of gases, 83, 84, 85
Pathological urine, 105
Pepsin, 42, 44, 45, 46
Pepsinogen, 45
Peptic digestion, 42, 123
Peptone, 20, 23, 46, 47, 48, 122; in
uring, 106
Pettenkofer's test, 506, 59, 108

. Pfliiger's mercurial air-pump, 155

Phenaol, 53

Phenol sulphate of potassium, 95

Phenyl-hydrazine test for sugars, 115

Phosphates of urine, 86, 95, 97, 103 ;
estimation of, 144

Phosphorus, microchemical detection
(3] bt L

Pickering on colour reactions of pro-
teids, 124

Pigment of blood, sée Hemoglobin; of
musecle, 136

Piotrowski’s reaction, 124

Plasma of blood, 66, 67, 69, 132, 133 ;
of muscle, 135

| Poisonous proteids, 39
! Polarimeters, 151-155

Polarised light, action of carbohydrates
on, 10, 11 ; of proteids on, 21

i Polysaccharides, 10

Potassinm sulphocyanide in saliva, 35
Precipitants of proteids, 21

| Prineipal cells of stomach, 44
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Propeptone, 47

Proteids, 18; tests -for, 18, 19 ; compo-
gition of, 19; ulnssiﬁnn.tiﬂn of, 22
from protoplasm, 2; of milk, 31;
poisonous, 39 ; absorpiion uf. [jﬁ;
digestion of, see Gastric and pancre-
atic digestion; of blood plasma and
serum, 70, 130-134; of flour, 121;
of musele, 135 ; in urine, 105, lﬂﬁ

Proteolytic iermants 40

Proteoses, 23, 46; in urine, 107 ;
also Albumoses

Proto-albumose, 47, 122

Protoplasm, 2

Proximate principles, classification of, 3;
of food, 29 ; scheme for detentmg, 109

Ptﬂmmnes H!'.l

Ptyalin, 87

Purpurate of ammonia, see Murexide

Pus in urine, 108

Pylorie glands, 43, 44

Sed

R
Rixgre’s preT, 30
Reagents necessary for practical work, 4
Red blood corpuscles, T1 ef seq.
Rennet, 28, 31, 45, 119
Rennin, 45
Respiration, chemistry of, 81-85
Respiratory quotient, 82
Ringer on caseinogen, 119

SAccHARIC acin, 11

Baccharimeters, 151

Baccharoses, 10

Salicyl-sulphonic acid, action of, on
proteids, 124

Saliva, 35-38 ; secretion of, 126

Salivary corpuscles, 35

Salts, in protoplasm, 2; of milk, 32;
of bload, 70 ; of urine, 86, 94

Saponification, 17, 51

Sarcosine, 100

Schmidt’s methods of precipitating

serum-globalin, 130

Sediments in urine, 101-104

Serous glands, 35

Serum of blood, 69; proteids of, 180 ;
of muscle, 136

Serum-albumin, 18, 22, 70, 130

Sernm-eagein, 130

‘-_Eerumvglnhuhn 22, 70, 130

Silver nitrate method of estimating
chlorides, 142

Skatole, 53

Smoky urine, 108

Soap, 17

!
|

165

Sodio-magnesium sulphate, action of,
on proteids, 131

Sodium chloride, action on proteids of,
22 130 : on nucleg-albuming of, 1588 ;
se¢ also Chlorides

Sodium sulphate plasma, 66, 132

Soleil’s saccharimeter, 151

Soluble starch, 14

Specific gravity of blood, 151 ; of milk ;
51 ; of urine, 88

Specifie rotatory power, 153

Spectra, see Absorption spectra

Spectro-polarimeter, 154

Spectroscope, 66, T5-80

Btarch, 9, 13: soluble, 14: action of
malt on, 1185; digestion of, see
Saliva and panereatic juice

Steapsin, 50, 51

Btearic acid, 16

Steatolytic ferments, 41

Stellar phosphate, 95, 103

Stercobilin, 60, G2

Stomach, glands of, 43, 44

Sublingual gland, 37

Submaxillary gland, 36, 37, 126

Hucens entericus, 52

Sucroses, 10

Sugar in urine, 105; 107

Sulphates of urine, 56, 94 ; estimation
of, 144

Syntonin, see Acid albumin

ey

Taivrixe, 59, 61
Taure carbamie acid, 61
Tauro-cholic acid, 59
Teichmann's erystals, 74
Tension of aqueous vapour,

gases, 83-85
Thermometric scales, T
Tissue respiration, 81, 85
Tissue-fibrinogens, 68, 133
Torula ures, 50
Triacetin, 16
Triolein, 17
Tripalmitin, 17
Triple phosphate, 95, 103
Tristearin, 17
Trommer’s test, 9, 11
Tropsmolin test, 125
Trypein, 50, 51
Trypsinogen, 49
Tyrosine, 53, 125 in urine, 93, 101, 104
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UxoneARISED FERMENTS, 40
Urates, 97, 99, 102
Uren nitrate, 90, 97
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8vo, 75 64, (Interleaved, 10s.)
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Lond. ; Member of the Court of Examiners, and late Senior Examiner in
Arts al Apothecaries’ Hall, &c.  Crown 8vo, price 1os. 64,

SISLEY. KS by RICHARD SISLEY, M.D.
EPIDEMIC INFLUENZA. Notes on its Origin and Method of Spread.
Royal 8vo, 71. Gl

A STUDY OF INFLUENZA, and the Laws of England coneerping
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35 O




S WORKS ON MEDICINE, SURGERY &«

SMALE AND COLYER. DISEASES AND INJURIES OF
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of 1,000 Cases to Exemplify its Duration and Modes of Arrest, By
C. J. B. WILLIAMS, M.D., LL.D,, F.R.5., F.R.C.P., Senior Consulting
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Re-written by Dr, C, THEODORE WILLIAMS., With 4 Coloured Plates

and 10 Woodcuts. &vo, 16+

YOUATT.—WORKS by WILLIAM YOUATT,
THE HORSE. Revised and Enlarged by W. WATSON, M.R.C.V.S.
Woodculs, Svo, 75 64\
THE DOG, Revised and Enlarged. Woodeuts. 8vo, 6s.

General Screntific Worhs,

ARNOTT., THE ELEMENTS OF PHYSICS OR NATURAL
PHILOSOPHY. By NEIL ARNOTT, M.D. Edited by A. BAIN,
LL.D. ‘and A. S, TAYLOR, M.D., F.R.S. Woodcuts. Crown S8vo,
125, 6d.

BENNETT AND MURRAY. A HANDBOOK OF CRYP-
TOGAMIC BOTANY. By A. W. BENNETT,M.A., B.Sc., F.L.S.,
;ntl GEI;':DHGE R. MILNE MURRAY, F.L.5. With 378 Illustrations.
vo, 16s.

CLERKE. THE SYSTEM OF THE STARS. By AGNES M.
CLERKE, Author of “A History of Astronomy during the Nineteenth
Century.” With 6 Plates and Numerous Illustrations. 8vo, 21s.

I —

CLODD. THE STORY OF CREATION. A Flain Account of
Evolution. By EDWARD CLODD, Author of “The Childhood of the
World,” &c.  With 77 Illustrations. Crown 8vo, 35. 64,

e

CROOKES. SELECT METHODS IN CHEMICAL ANALYSIS
(chiefly Inorganic). By W. CROOKES, F.R.5, V.P.C.S., Editor of
*“The Chemical News.” Second Edition, re-written and greatly enlarged.
INustrated with 37 Woodcuts. Svo, 24s.
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CULLEY. A HANDBOOK OF PRACTICAL TELEGRAPHY.
By R. 5. CULLEY, M.I.C.E., late Engineer-in-Chief of Telegraphs to the
Post Office. With 135 Woodcuts and 17 Plates, 8vo, 165

EARL. THE ELEMENTS OF LABORATORY WORK. A
Course of Natural Science for Schools. By A. G. EARL, M.A., F.C.5., late
Scholarof Christ College, Cambridge; Science Masterat Tonbridge School. With
57 Diagrams and numerous Exercises and Questions. Crown 8vo, 4r. ba.

GANOT. ELEMENTARY TREATISE ON PHYSICS;
Experimental and Applied, for the use of Colleges and Schools. Translated
and edited from Gaxor's Eldwents de Physiyie (with the Author’s sanction)
by E. ATKINSON, Ph.D., F.C.S., Professor of Experimental Science, Staft
College, Sandhurst.  Fourteenth Edition, revised and enlarged, with g Coloured
Plates and 1,028 Woodcuts. Large crown 8vo, 155

NATURAL PHILOSOPHY FOR GENERAL READERS
AND YOUNG PERSONS; Being a Course of Physics divested
of Mathematical Formule, and expressed in the language of daily life.
Translated from GANOT'S Conrs de Physigue (with the Author’s sanction) by
E. ATKINSON, Fh.D., F.C.5. Seventh Edition, carefully revised ; with 37
pages of New Matter, 7 Plates, 569 Woodcuts, and an Appendix of Questions,
Crown 8vo, 7. 64

GIBSON. A TEXT-BOOK OF ELEMENTARY BIOLOGY.
By R. J. HARVEY GIBSON, M.A., F.R.5.E., Lecturer on Botany in
University College, Liverpool. With 192 Illustrations. Crown 8vo, 65,

GOODEVE.—WORKS by T. M. GOODEVE, M.A., Barrister-al-

Lawwr ; Professor of Meckanics al the Novwal School of Science and ithe Reval Scheol
Mines,

PRINCIPLES OF MECHANICS. New Edition, re-written and

enlarged. With 253 Woodcuts and numerous Examples. Crown 8vo, 6s

THE ELEMENTS OF MECHANISM. New Edition, re-written

and enlarged. With 392 Woodcuts. Crown 8vo, 6s.

A MANUAL OF MECHANICS: an Elementary Text-Book for

Students of Applied Mechanies. With 138 Illustrations and Diagrams, and
141 Examples taken from the Science Department Examination I"apers, with
Answers. Fep. 8vo, 25 64,
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HELMHOLTZ.—woRrkS by HERMANN L. F. HELMHOLTZ,
MDD, FProfessor of Plystes i the University of Berlin,

ON THE SENSATIONS OF TONE AS A PHYSIOLOGICAL
BASIS FOR THE THEORY OF MUSIC. Second English
Edition ; with numerous additional Notes, and a new Additional Appendix,
bringing down information to 1885, and specially adapted to the use of
Musical Students. By ALEXANDER ]J. ELLIS, B.A., F. B RE G
&c., formerly Scholar of Trinity College, Cambridge. With 68 Figures
engraved on Woed, and 42 Passages in Musical Notes, Royal Svo, 255

POPULAR LECTURES ON SCIENTIFIC SUBJECTS. With
68 Woodeuts. 2 Vols. erown 8vo, 35 6. each.

—— e e =

HERSCHEL. OUTLINES OF ASTRONOMY. By Sir JOHN F.
W. HERSCHEL, Bart., K.F.; &c., Member of the Institute of France.
Twelfth Edition, with 9 Plates, an1 numerous Diagrams. Svo, 12

HUDSON AND GOSSE. THE ROTIFERA OR *WHEEL
ANIMALCULES.? By C. T. HUDSON, LL.D., and P. H. GOSSE,
I.R.5. With 3o Coloured and 4 Uncoloured Plates. In 6 Parts. 4lo, price
105, Gd. each; Supplement, 125, 64. Complete in Two Volumes, with
Supplement, 4to, £4 4-.

*." The Plates in the Supplement contain figures of almost all the Foreign
Species, as well as of the British Species, that have been discovered since the
original publication of Vols. I. and IL.

IRVING. PHYSICAL AND CHEMICAL STUDIES IN ROCK-
METAMORPHISM, based on the Thesis written for the D.Se. Degree in
the University of London, 1888. Dy the Rev. A, IRVING, D.Se. Lond.,
sSenior Science Master at Wellington College.  8vo, 5s. -

JORDAN. THE OCEAN: A Treatise on Ocean Currents and Tides ani
their Canses. By WILLIAM LEIGHTON JORDAN, F.R.G S. 8vo, 21,

KOLBE. A SHORT TEXT-BOOK OF INORGANIC CHE-
MISTRY. By Dr. HERMANN KOLBE, late Professor of Chemistry
in the University of Leipzig, Translated and Edited by T. S. HUM-
PIDGE, I'h.I)., B.Sc. (Lond.), late Professor of Chemistry and Physics in
the University College of Wales, Aberystwyth. New Ldition. Revised Ly
H. Lrovp-Sxare, Ph.D., IS¢, (Lond.), Professor of Chemist ry in the Uni-
versity College of Wales, Aberystwyth, With a Coloured Table of Spectra
and 66 Woodeuts, Crown 8vo, 8s. 6d.
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LADD.—WORKS by GEORGE T. LADD, Professor of Philosophy in

Vale Unfrersity.

ELEMENTS OF PHYSIOLOGICAL PSYCHOLOGY: A
TREATISE OF THE ACTIVITIES AND NATURE OF
THE MIND FROM THE PHYSICAL AND EXPERI-
MENTAL POINT OF VIEW. With 113 Illustrations. 8vo, price 21,

OUTLINES OF PHYSIOLOGICAL PSYCHOLOGY. With

numerous Illustrations. 8vo. 125

LARDEN. ELECTRICITY FOR PUBLIC SCHOOLS AND
COLLEGES. With numerous Questions and Examples with Answers,
and 214 Illustrations and Diagrams. By W. LARDEN, M.A. Crown 8vo, bs.

LINDLEY AND MOORE. THE TREASURY OF BOTANY,
OR POPULAR DICTIONARY OF THE VEGETABLE
KINGDOM : with which is incorporated a Glossary of Botanical Terms.

Edited by J. LINDLEY, M.D., F.R.S., and T. MOORE, F.L.S. With
20 Steel Plates, and numerous Woodcuts. 2 Parts, fep. 8vo, price 125,

PRSI S ——— e ———

LOUDON. AN ENCYCLOPZADIA OF PLANTS. By J. C.
LOUDON. Comprising the Specific Character, Description, Culture, His-
tory, Application in the Arts, and every other desirable particular respecting
all the plants indigenous to, cultivated in, or introduced into, Britain. Cor-
rected by Mrs. LOUDON, 8vo, with above 12,000 Woodcuts, price 42s.

MARTIN. NAVIGATION AND NAUTICAL ASTRONOMY.
Compiled by Staff Commander W. R. MARTIN, R.N., Instruclor in
Surveying, Navigation, and Compass Adjustment ; Lecturer on Meteorology
at the Royal Naval College, Greenwich. Sanctioned for use in the Royal
Navy by the Lords Commissioners of the Admiralty. Royal 8vo, 18s.

MENDELEEFF. THE PRINCIPLES OF CHEMISTRY. By
D. MENDELEEFF, Professor of Chemistry in the University of St
Petersburg. Translated by GEORGE KAMENSKY, A.R.5.M. of the
Imperial Mint, St. Petersburg, and Edited by A. J. GREENAWAY, F.L.C;,
Sub-Editor of the Journal of the Chemical Society. With g7 Illustrations.
2 Vols. Bvo, 36

MEYER. OUTLINES OF THEORETICAL CHEMISTRY.
By LOTHAR MEYER, Professor of Chemistry in the University of Tiibin-
gen. Translated by Professors P. PHILLII'S BEDSON, D.5c., and W.
CARLETON WILLIAMS, B.Sc. 8vo, gs.
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MILLER.—WORKS by WILLIAM ALLEN MILLER, M.D., D.C.L.,
LL B, late Professor of Chemisivy in King's Collaze, London,

THE ELEMENTS OF CHEMISTRY, Theoretical and Practical.

Part I, INORGANIC CHEMISTRY. Sixth Edition, revised
throughout, with Additions by C. E. GROVES, Fellow of the Che-
mical Societies of London, Paris, and Berlin, With 376 Woodcuts.
8vo, price 245

Parr III. ORGANIC CHEMISTRY, or the Chemistry of Carbon
Compounds. Hydrecarbons, Alcoliols, Ethers, Aldekides and Faraffinoid
Arids. Fifth Edition; revised and in great part re-written, by H. E.
ARMSTRONG, F.R.S., and C, E. GROVES, F.C.5. 8vo, price
315 Ed.

MITCHELL. MANUAL OF PRACTICAL ASSAYING. By
JOHN MITCHELL, F.C.5. Sixth Edition. Edited by W. CROOKES,
F.R.85. With 201 Woodecuts, 8vo, 31s. 64,

MORGAN. ANIMAL BIOLOGY. An Elementary Text Book. By
C. LLOYD MORGAN, Professor of Animal Biology and Geology in
University College, Bristol. With numerous Illustrations, Crown 8vo, 8s. 6.

ODLING. A COURSE OF PRACTICAL CHEMISTRY, Arranged
for the use of Medical Students, with express reference to the Three Months'’
Summer Practice. By WILLIAM ODLING, M.A., F.R.5. With 71
Woodcuts. Crown 8vo, 65,

D

OSTWALD. SOLUTIONS. By W. OSTWALD, Professor of Chemistry
in the University of Leipzig. Being the Fourth Book, with some additions,
of the Second Edition of Ostwald’s ** Lehrbuch der Allgemeinen Chemie,”

Translated by M. M. PATTISON MUIR, Professor of Gonville and Caius
College, Cambridge. 8vo, 105 6d.

PAYEN. INDUSTRIAL CHEMISTRY ; A Manual for use in Tech-
nical Colleges or Schools, also for Manufacturers and others, based on a
Translation of Stohmann and Engler’s German Edition of PAVEN's Prdcrs de
Chimie Industrielle.  Edited and supplemented with Chapters on the Chemistry
of the Metals, &c., by B. H: PAUL, Ph.D. With 698 Woodcuts.

8vo, 425,

REYNOLDS. EXPERIMENTAL CHEMISTRY for Junior Students,
By J. EMERSON REYNOLDS, M.D., F.R.5., Professor of Chemistry, Uniy.
of Dublin. Fep. 8vo, with numerous Woodcuts.

PART L.—7ntroductory, 1s5. Gd.

Part IL.—Non-Metals, with an Appendix on Systematic Testing for
Acids, 25, 6d.
PartT IIL.—Metals and Allted Bodies, 35, 64,

PArT INV.—Chemistry of Cardon Contponnds, 4s.
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PROCTOR.—WORKS by RICHARD A. PROCTOR,

OLD AND NEW ASTRO- |
NOMY. Ini1zParis. Price 2s. 64, |

each ; supplementary section, 15, ;
complete, 365 cloth.

LIGHT SCIENCE FOR
LEISURE HOURS;:; Familiar
Essays on  Scientiic Subjects,
Matural Phenomena, &c, 3 Vols.
crown 8vo, 55, each.

THE ORBS ARQOUND US: a
Series of Essays on the Moon and
Flanets, Meteors, and Comets.
With Chart and Diagrams, crown
8vo, §5.

OTHER WORLDS
Studied underthe Light of Recent
Scienlific Researches. With 14
Illustrations, crown 8vo, 5s,
Cheap Edition, crown, 3s. 64

THE MOON ; her Motions, As-

pecis, Scenery, and FPhysical
Condition. With Plates, Charts,
Woodeuts, and Lunar TIhoto-
graphs, erown 8vo, 55

UNIVERSE OF STARS; Pre-

senting Researches into and New |

Views respecting the Constitution
of the Heavens. With 22 Charts

and 22 Diagrams, Svo. 105 64,
LARGER STAR ATLAS for

the Library, in 12 Circular Maps,
with Introduction and 2 Index
Pages. Folio, 155, or Maps
only, 125, 64,

NEW STAR ATLAS for the

Library, the School, and the Ob-
servatory, in 12 Circular Maps
(with 2z Index Plates). Crown
SV0, 5f.

THE STUDENTS ATLAS.

In 12z Circular Maps on a Uni-
form Drojection and 1 Scale,
with 2 Index Maps. Intended as
a wade-meceeme for the Student
of History, Travel, Geography,
Geology, and Political Economy.
With a letter-press Introduction
illustrated by several cuts. 3s,

THAN |
OURS ; The Plurality of Worlds |

|
|

ELEMENTARY PHYSICAL
GEOGRAPHY. With 33 Maps

and Weodceuts.

LESSONS IN ELEMENTARY
ASTRONOMY ; with Hints for
Young Telescopists. With 47
Woodecuts. Fep. 8vo, 15, 6d.

FIRST STEPS IN GEOME-
TRY : a Series of Hints for the
Solution of Geometrical FPro-
hlems: with Noles on Euelid,
uselul Working Propositions, ancd
many Examples. Fep. 8vo, 35 64,

Fep. 8vo, 15 6.

EASY LESSONS IN THE
DIFFERENTIAL CALCU-

LUS : indicating from the Outset
the Utility of the Processes called
Differentiation and Integration.
Fep. 8vo, 25. 6d.

THE STARS IN THEIR SEA-
SONS. An Easy Guide to a
Knowledge of the Star Groups, in
12 Large Maps. Imperial 8vo, 5.

STAR PRIMER. Showing the
Starry Sky Week by Week, in 24
Hourly Maps. Crown 4to, 2r. 64\

ROUGH WAYS MADE

SMOOTH. Familiar Essays on
Scientific Subjects, Crown 8vo, 5r.
Cheap Edition, crown, 3. 64,

HOW TO PLAY WHIST:
WITH THE LAWS AND ETI-
QUETTE OF WHIST. Crown
8vo, 35 bd.

HOME WHIST : an Easy Guide
to Correct Play. 16mo, 1.

OUR PLACE AMONG INFI-
NITIES., A Series of Essays
contrasting our Little Abode in
Space and Time with the Infini-
ties around us, Crown 8vo, 5s.

sTRENGTH AND HAPFI-
NESS. Crown 8vo, 55
[Continuad.
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PROCTOR.—HWORK'S by RICHARD A. PROCTOR—conlinued.

STRENGTH : Howtoget Strong MYTHS AND MARVELS OF
and keep Strong, with Chapters ASTRONOMY. Crown 8vo, 55.

on Rowing and Swimming, Fat, Cheap Edition, crown Svo, 3s. 64,
Age, and the Waist. With o II- CHANCE AND LUCK ; a Dis-
lustrations, Crown 8vo, 25, cussion of the Laws of Luck,
Coincidences, Wagers, Lolteries,

THE EXPANSE or HEAVEN. and the Fallacies of Gambling,
Essays on the Wonders of the &c. Crown 8&vo, 25 boards,
Firmament. Crown &vo, 35-. 25, 6d. cloth.

. . NATURE STUDIES. Ly

THE GREAT PYRAMID, OB- GRANT ALLEN, A. WiLsox,
SERVATORY, TOMB, AND T. Fosteer, E. CrLopp, and
TEMPLE. With Illustrations. E. A. Procror. Crown 8vo, 55
Crown 8vo, 5. Cheap Edition, crown 8vao, 35, 6.

. : LEISURE READINGS. ByE.
PLEASANT WAYS IN Cropn, A, WiLson, T. FosTER,

SCIENCE. Crown 8vo, 355 - A. C. Ruxvarp, and R, A.
Cheap Edition, crown 8vo, 35. 6. ProcTor. Crown 8vo, 5s.

SCOTT. WEATHER CHARTS AND STORM WARNINGS.

By ROBERT H. SCOTT, M.A.,, F.R.5. With numerous Illustrations.
Crown 8vo, 6.

SLINGO AND BROOKER. ELECTRICAL ENGINEERING
FOR ELECTRIC LIGHT ARTISANS AND STUDENTS.
(Embracing those branches prescribed in the Syllabus issued by the City and
Giuilds Technical Institute.) By W. SLINGO, Principal of the Telegraphists’
School of Science, &c., &c., and A. BROOKER, Instructor on Electrical
Iingineering at the Telegraphists’ School of Science. With 307 Illustrations,
Crown 8vo, Ios Gd. ]

SMITH. GRAPHICS; OR, THE ART OF CALCULATION
BY DRAWING LIN ES, applied to Mathematics, Theoretical Me-
chanics and Engineering, including the Kinetics and Dynamics of Machinery,
and the Statics of Machines, Bridges, Roofs, and other Engineering Structures,
By ROBERT H. SMITI, Professor of Civil and Mechanical Engineering,
Mason Science College, Birmingham.

Part I. Text, with separale Atlas of Plates—Arithmetic, Algebra,
Trigonometry, Vector, and Locor Addition, Machine Kinematics, and Statics
of Flat and Solid Structures. 8vo, 155

THORPE. A DICTIONARY OF APPLIED CHEMISTRY.
By T. E. THORPE, B.Se. (Vict.), Ph.D., F.R.S,, Treas. C.S., Professor of
Chemistry in the Royal College of Science, London, Assisted Ly Eminent

Contributors, To be published in 3 vols. 8ve, Vols, I, and II. £2 25 cach,
Vol. TIL. £3 3s.
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TYNDALL.—WORKS by JOHN TYNDALL, F.R.S., &¢.
FRAGMENTS OF SCIENCE. 2 Vels. Crown 8vo, 16s.
NEW FRAGMENTS. Crown 8vo, 105, 64.

HEAT A MODE OF MOTION. Crown 8vo, 125,
SOUND. With 204 Woodcuts, Crown 8vo, 1os. 6d.

RESEARCHES ON DIAMAGNETISM AND MAGNE-CRYS-
TALLIC ACTION, including the question of Diamagnetic Polarity.
Crown 8vo, 125,

ESSAYS ON THE FLOATING-MATTER OF THE AIR
in relation to Putrefaction and Infection. With 24 Woodcuts. Crown 8vo,
7. Gd.

LECTURES - ON LIGHT, delivered in America in 1872 and 1873.
With 57 Diagrams. Crown 8vo, 5.

LESSONS IN ELECTRICITY AT THE ROYAL INSTITU-
TION, 1875-76. With 58 Woodcuts. Crown 8vo, 2s. 6.

NOTES: OF A COURSE OF SEVEN LECTURES ON
ELECTRICAL PHENOMENA AND THEORIES, delivered at

the Royal Institution. Crown 8vo, Is. 64,

NOTES OF A COURSE OF NINE LECTURES ON LIGHT,

delivered at the Royal Institution. Crown 8vo, 15, 64,

FARADAY AS A DISCOVERER. Crown 8vo, 3s. b

WATTS' DICTIONARY OF CHEMISTRY. Revised and entirely
Re-written by H. FORSTER MORLEY, M.A., D.Sc., Fellow of, and lately
Assistant- Professor of Chemistry in, University College, Londen ; and M. M.
PATTISON MUIR, M.A., F.R.5.E., Fellow, and Prelector in Chemistry,
of Gonville and Caius College, Cambridge. Assisted by Eminent Contributors.
To be Published in 4 Vols. 8vo.” Vols. 1. II. 425 each. Vol. II1. 505

[Now ready.

WRIGHT. OPTICAL PROJECTION : A Treatise on the Use of the
Lantern in Exhibition and Scientific Demonstration. By LEWIS WRIGHT,

Author of **Light : a Course of Experimental Optics.” With 232 Illustra-
tions.  Crown Svao, 65,

goco.bog BRADBURY, AGNEW, & CO. LD., PRINTERS, WHITEFRIARS.
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