The chemical investigation of gastric and intestinal diseases : by the aid of
test meals / by Vaughan Harley and Francis W. Goodbody.

Contributors

Harley, Vaughan.
Goodbody, Francis W.

Publication/Creation
London : Edward Arnold, 1906.

Persistent URL

https://wellcomecollection.org/works/b3x5peb6

License and attribution

This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/




22101682498
















o480

THE CHEMICAL INVESTIGATION OF
ASTRIC AND INTESTINAL
DISEASES

BY THE AID OF TEST MEALS

BY

YAUGHAN HARLEY/{M.D.Eniv.
M.R.CP., F.C.E

L ESS0E OF PATHOLOGICAL CHEMISTREY,

AND
FRANCIS W. GOODEBODY, M.D.DusL.
M.R.C.T. .

ABBISTANT PROFESREOR OF PATHOLOGICAL CHEMISTRY,
UXNIVERESITY COLLEGE, LOXNDON

LONDON
EDWARD ARNOLD
41 & 43 MADDOX STREET, BOND STREET, W.
1906

[AE reshls rezerved]

0


















INTRODUCTION

Moper~ Medicine has advanced along scientific lines, so that
to-day the clinician is compelled to call Science to his aid in the
investigation of disease. Just as the surgeon requires X-rays
to elucidate certain problems, and bacteriological methods of
investigation are imperative in the diagnosis of some diseases,
so the physician, in treating diseases of the stomach and bowels,
requires the aid of chemical analyses for making an accurate
diagnosis. More especially is this the case in functional diseases
in which there may be no physical signs, and in which the
symptoms may be very misleading.

The methods of investigating diseases of the stomach and
bowels are very numerous, and it is impossible in a book like
the present to enter at all fully into the subject. We will, there-
fore, confine our attention for the most part to chemical methods
which we have ourselves employed for some twelve years with
more or less useful results. The results summed up in this
work must not be regarded as conclusive, but merely as a pre-
liminary to more careful chemical investigation of stomach
and bowel diseases. We shall only cursorily mention micro-
scopic appearances as these have not been especially investi-
gated: and bacteriology we shall leave entirely alone, not
hecause we under-rate its importance, but because its import-
ance is so great that it ought only to be described by
bacteriologists themselves.

It was originally intended to discuss more or less completely
the views held by other observers, but as the work progressed, one
found the results to be so numerous and so conflicting, that to
deal with them at all would make a book far too unwieldy for
practical use; it has, therefore, been our endeavour to keep
the book within clinical limits, and to lay stress only on those
points which have especially come within our own cognisance.

Chemical methods for ordinary analyses are fully given, while
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2 : INTRODUCTION

those methods which we only occasionally use have been merely
sketched, or reference made to works where they are fully
described. All the methods described in this book have been
tested again and again by us and our pupils, and are as reliable
as we describe them to be. :

It is practically impossible to diagnose many of the functional
diseases of the stomach from the symptoms alone, and the clini-
cian who does not call chemical tests to his aid is bound to mass
together under one or another heading, various functional dis-
orders which ought to be kept entirely separate. Thanks to
the introduction of the stomach-tube, one is now able to obtain
the contents of the stomach, and find out what chemical changes,
if any, are present, thus enabling one to draw conclusions as
to the sub-division of the various functional diseases of the
stomach. :

In organic diseases of the stomach, chemical analysis is not
nearly so important, since in these there are several signs and
symptoms which point in one direction or the other.

It must be understood that the results obtained from the chemi-
cal analysis of the gastric contents can never alone be sufficient
for the formation of a definite diagnosis of the various forms
of gastric dyspepsia; each case has to be carefully considered
in connection with the various symptoms and physical signs
present, and the stomach analysis is merely to be regarded as
an aid in making a more careful and detailed diagnosis.

The idea that any one chemical factor is pathognomonic of
any special condition must also be at once put aside. The
diagnosis of carcinoma of the stomach from the absence of free
hydrochloric acid in the gastric secretions has now to be regarded
as non-conclusive, unless the history and physical signs support
the diagnosis. This is analogous to the fact that the presence
of albumen in the urine is not pathognomonic of Bright’s disease
unless one has negatived its attribution to cardiac, digestive,
or other causes, and has, in support of the Bright’s disease theory,
various other symptoms with possibly other chemical results,
which point in that direction. The fact that albumen is not
pathognomonic of Bright’s disease does not, however, detract
from the value of the urine analysis.

The chemical methods now employed in the diagnosis of
stomach diseases have opened up a large field in the various
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functional disorders of the stomach. The more one studies
the chemistry of the stomach the more one realises what a vast
number of dyspeptics there are who suffer from funectional
disturbance of the stomach, the number of such patients being
out of all proportion to the number of those who suffer from
structural diseases of the stomach. It would appear that in
everyday practice, where we have to deal with functional
diseéase of the stomach more than with organie, it is practically
essential to use chemical methods if we hope to arrive at
a correct diagnosis. It is not sufficient, in cases of gastric
dyspepsia, to say that the individual is suffering from acid
dyspepsia ; before one can hope to do any good by treatment
of such a condition, one must isolate the particular form of acid
dyspepsia present, whether it is due to increased hydrochlorie
acid, or to increased volatile acids. It must also be remembered
that in cases of dyspepsia where the secretion of the gastric
juice is found to be perfectly normal, the motor-power of the
stomach may be found to be abnormal, leading to certain
chemical changes in the gastric contents which account for the
indigestion. In other cases again, where the chemistry and
the motor-power of the stomach appear to be in no way out of
order, the patient may, owing to alterations in the sensibility
of the stomach, be suffering from wvarious symptoms of indi-
gestion, and the analysis of the gastric contents will, in such
cases, enable one to make a diagnosis of gastric hypermesthesia.

The investigation of intestinal diseases is complicated by
the necessity of employing fixed diets of known composition,
as the kind of diet taken has so great an influence on the normal
appearance of the stools. If one examines the motions with
merely a rough idea of the food which has been taken by the
patient, one may be considerably misled in the conclusions
arrived at, and further, it is imperative in the more complicated
cases, to examine several motions on a fixed diet, since the com-
position—and more especially the quantity—of the normal
feeces may vary from day to day, with the result that a true
knowledge of the normal appearance of the stools can only be
gained after a period of from three to five days.

For instance, in slight cases of catarrh of the bowels, only
whitish mucus may be seen—possibly not in sufficient quantity
to be considered pathological—while, if a series of motions



4 INTRODUCTION

are examined, mucus may be found, in some of the specimens,
so loaded with epithelial cells and leucocytes as to lead to an
undoubted diagnosis of catarrh of the bowels,

Or again, in ulcerative colitis, unless there is very extensive
ulceration, one may not find blood in all the motions, and,
perhaps, only occasionally, leucocytes or sloughs in sufficient
quantity to enable one to be sure of making a correct diagnosis.
Such being the case in organic diseases of the bowel, one
naturally expects to have a yet more varied picture in functional
disturbance, making the necessity of a long period of observation
more important,.

In describing the alterations in the fweces in various diseases
of the bowel, we have given analyses of cases on different diets
by way of illustration; we have included the urine analyses in
order to give a rough idea of how the general metabolism is
influenced. We have not discussed the results of the urine
analysis, as it appeared to open up too large a field in general
metabolism to be admissible in the present work, but the results
given are of value in trying to gain a scientific insight into the
general chemical changes which occur in the organism.

The results found in the chemical analyses of the fmces are
discussed as showing the alterations produced in the different
diseases of the bowel under consideration, and must only be
taken as types to give a general idea of the conditions found.
Our present knowledge of the alterations produced in the fmces
in disease of the intestine does not allow of more definite conclu-
sions, but when more facts have been accumulated in this con-
nection, one may hope to be able to classify, not only the organie
diseases of the bowels, but also the functional alterations which
may occur in the intestines or secretions, just as is now possible
in the case of the stomach.
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DISEASES OF THE STOMACH

CHAPTER I

METHOD OF OBTAINING GASTRIC CONTENTS AND TEST
MEALS

TuE investigation of the alterations produced in the stomach
by disease when one only had the vomited matter to examine
was most unsatisfactory, and it was not until other methods
of obtaining the gastric contents were introduced that the
physician was able to gain accurate knowledge of the changes
oceurring in the stomach when that organ is deranged. Kuss-
maul * first made use of the stomach-tube as a means of
obtaining the gastric contents for clinical diagnosis, and to this
method is due all our present knowledge of the different forms
of functional dyspepsia.

The idea that patients object to swallowing the tube has
been found by all who employ it to be entirely fallacious. The
majority of patients do not make the slightest objection, and
even those few who do at first very soon become accustomed to
it. In neurotic patients especially, where the stomach analysis
is most valuable in making a diagnosis, one finds that the tube
1s easily swallowed in the majority of cases. |

It is unnecessary in a book like the present to describe the
stomach-tube in detail, as those who read these pages will be
already familiar with the various tubes ordinarily employed,
and it is only necessary to mention a few points which we
have found useful. American tubes differ from the English
. ones in having the lower opening larger than the other eyelet.
The size of the stomach-tube employed in practice is 19-23 of

1 Dewd. Archiv. Klin. Med., vol. vi. p. 455.
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the English scale, and if is advisable to use the largest size, as
1t diminishes the sensation of retching, owing to the wsophagus
more easily contracting on the tube, and preventing any of the
gastric contents coming up outside. Several operators have
preferred having the stomach-tube and funnel made out of one
piece of rubber, and in such a case, the complete apparatus will
be 180 ¢m. long. The disadvantage of the continuous rubber
tube is the impossibility of noting the stomach contents as they
pass along. The most convenient form in practice 1s a piece
of glass tubing about 8 em. in length, inserted into the ordinary
stomach-tube ; from this a suitable piece of tubing, about 70
em. long, is connected with a large glass funnel. This form
of apparatus is easily cleaned, and when not in use can be taken
to pieces so that each part can be kept hanging straight. This
is an important point, as all tubes should be kept straight, and
not rolled. After use, the stomach-tube with rubber attachment
should be washed by passing a large quantity of hot water
through it, then some disinfectant, such as perchloride of
mercury (1 in 1000), and finally, a stream of cold water, after
which it should be hung up in some cool place until required for
further use  If it is merely desired to obtain the gastric contents
for purposes of analysis, it is unnecessary to have a fresh tube
for each patient 1f the foregoing precautions with regard to
cleansing have been taken. In cases of long-continued lavage
of the stomach, it is desirable for the patient to have his own
tube, and, needless to say, special tubes must be kept for
syphilitic and tubercular patients.

Insertion of the Tube.—When inserting the tube,
it is very important that the operator should make no fuss, as
the patient is apt to become nervous in such a case. If one
takes the tube quietly, and dips it into warm water, and passes
it down the patient’s throat, the tube is in his stomach before
he realises what is going on. Most of the difficulties one hears
of in practice are caused by the doctor going through an elaborate
process of oiling and greasing the tube, or other preparatory
measures previous to its passage. In our experience, it has
never been found necessary to use any form of lubrication
except dipping the tube into warm water. In very rare cases
it may be necessary to spray the patient’s throat with a 5
per cent. solution of cocaine. The patient should be made
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to sit upright, and it is convenient to have tied round his neck
an apron of waterproof material long enough to reach the slop-
pail ; by this means, the saliva will run down to the pail and
prevent the soiling of the floor or the patient’s clothes. The
patient is directed to bend his head a little forward, and cautioned
against throwing his chin up when attempting to swallow the
tube. The natural tendency to throw the head back should
be discouraged, as it narrows the opening of the wmsophagus
instead of widening it. The tube is then passed over the tongue
to the back of the throat, and the patient told to swallow ;
while he is in the act of swallowing, slight pressure engages the
tube in the cesophagus, and, by its muscular force, the tube is
carried on into the stomach. In the event of any difficulty
being experienced in getting the tube into the cesophagus,
it is better to withdraw it at once and try again, as the
patient is apt to become nervous if the tube does not go down
quickly. The ordinary passage of the tube will occupy only a
few seconds.

Obtaining the Stomach Contents.—If the stomach
contents do not begin to flow when the tube reaches the stomach,
it is advisable to move the tube slightly up and down so as to
make sure that it has not doubled on itself, and that it has reached
the level of the fluid. The patient is then directed to take some
deep respirations, and if this is insufficient, to bear down with
his abdominal muscles. If these methods are not efficacious,
some operators have advised massage of the front of the abdomen,
by which means, peristalsis appears to be set up and the stomach
contents voided. Aspiration must at times be employed, and
frequently it is sufficient merely to grasp the stomach-tube with
the left hand, and with the right hand press out the air in the
lower part of the rubber tubing ; the fingers of the right hand
are then tightly closed on the tube, and the left hand loosened.
By repeating this manceuvre several times, a sufficient vacuum
1s obtained to raise the stomach contents to the level of the
patient’s mouth, when the syphon action begins. Boas' re-
commends a bulb tube for this purpose; the proximal end of
the tube, after its introduction into the stomach, i1s pressed
and the bulb squeezed, when the distal end is clamped and the
bulb allowed to expand. By this method, a partial vacuum

L Boas, ** Diagnostik und Therapie der Magenkrankheiten,” 3rd Auf, p. 128,
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is produced in the tubing, and the gastric contents will begin
to flow.

The simple apparatus of Rosenau' has many advantages
over other more complicated apparatus. It consists of a
graduated bottle with a capacity of 200-300 em., which can
be connected to an ordinary stomach-tube and closed by an
india-rubber stopper. The stopper has three valved apertures,
any of which can be opened by a rotary movement, and com-
municate with an elastic bag, so that the atmogpheric pressure
within the bottle can be exhausted or increased at will.

The objections to using methods of aspiration in obtaining
the stomach contents are that it complicates the apparatus,
making the patient imagine that the operation is more important
than it really is, and the danger of causing too great a vacuum
and so sucking some of the mucous membrane of the stomach
into the eyelets, and detaching it from the stomach wall, thereby
leaving a raw surface. With the apparatus described above,
the suction can be regulated, so that the latter danger is avoided.
It must always be borne in mind that if one is to obtain gastric
contents in a suitable condition for analysis, no water whatever
must be added. It is perfectly impossible to obtain correct
results where this has been done ; however carefully the quantity
of water put into the stomach is measured, one can never be
sure what allowance to make for the quantity of water added,
as it is extremely difficult to empty the stomach completely.

It has frequently been stated that the use of the stomach-
tube is attended with danger, but in our opinion it can, under
certain conditions, be used with impunity in practically all
cases. (Jne must naturally use common sense, and not employ
it in advanced valvular disease when compensation has failed
if there is the slightest straining on the part of the patient. It
is probably better not to use the stomach-tube in cases of
arterio-sclerosis with high tension; in aortic aneurism, one
certainly ought to beware of using it, as also in some lung condi-
tions, severe bronchitis, and pulmonary tuberculosis in the
advanced stages. In cases of gastric ulcer where there has been
recent hsemorrhage, the tube should not be used ; but, in doubt-
ful cases, no harm will probably arise from its use. When one
considers how soft the rubber tube is, one would hardly expect

L Brit, Med. Journ,, April 23, 19 (4, y. £38.



GASTRIC CONTENTS AND TEST MEALS 9

it to cause much damage to the mucous membrane. In short,
it may be said that, under ordinary conditions, there is not the
least danger incurred in passing the tube.

Capacity of the Stomach.—After having obtained
the stomach contents by means of the stomach-tube, the estima-
tion of the capacity of the stomach can be conveniently carried
out by one or other of the following methods :

(1) Before removing the tube, one can fill the stomach with
a measured quantity of water from the funnel until the patient
complains of feeling distended. The drawback to this procedure
is that the water presses the larger curvature of the stomach
downwards, and tends to enlarge the capacity of that organ,
while there is no certainty that the water has reached the cardiac
end of the stomach when the patient complains of distension.
In fact, the feeling of discomfort and pressure may cause
attempts at vomiting when the stomach is not completely
filled, and individual idiosynerasies may lead to feelings of dis-
comfort before the stomach is really distended with water.

(2) To obviate the disadvantage and discomfort of the water
method of estimating the capacity of the stomach, it has been
proposed to introduce air by means of the Boas bulb, or by
attaching a Higginson’s syringe in order to distend the stomach
and determine the position and capacity by means of percussion.
In this case also, the condition of the stomach wall prevents an
accurate application of the method. In cases of atony, the
stomach wall very easily becomes over-distended, although only
slight pressure has been produced as measured by means of the
manometer.

(3) Various chemical methods have been employed for dis-
tending the stomach, such as giving the two portions of a seidlitz
powder dissolved in water one after the other, or a small
quantity of citric acid in water is administered to the patient,
and immediately afterwards a solution of sodium carbonate.
The liberated carbonic acid distends the stomach, and, by means
of percussion, one is able to estimate its capacity.

Ost ' has collected the results of various observers with refer-
ence to the capacity of the stomach, and he gives a table as
follows :

1 * Beitriige zur Bestimmung der Capacitiit des Magens,” quoted from Boas®
* Magenkrankheiten,” i. p. 10.
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= Ewald : : 2 z % 5 250-1680 em.
Luschka : : ; . J . 1500-2000 .,
Schiiren ; : > : 2 3 2430 ,,
Beneke - : : : z : 3000,
Brinton . ; : : : 2 : 3130 .,
Soemmering . - . z . . 2500-5500 ,,
Henle . - : ; . : . 2500-5500

Kussmaul found the capacity of the stomach to b2 2600 cm.
It must be remembered that a correct estimation of the capacity
of the stomach depends, to a great extent, on the condition of
the patient, whether he is nervous or the reverse, whether he
18 familiar with the stomach-tube, or, in the case of chemical
means being used, accustomed to the sensation of being distended.
All these points have to be taken into consideration before one
is in a position to express an opinion as to the stomach being
pathologically enlarged or not. As a general rule, one may
say that if the stomach will contain more than 3000 cm. of
water, it is probably dilated. The condition in which it is most
important to obtain an idea of the size of the stomach is when
it is uncertain whether the resonance found on percussion in
the region of the umbilicus is due to a dilated stomach, or to
an enlarged transverse colon. Any of the methods mentioned
can be used to determine the approximate size of the stomach,
while by means of a long rectal tube, the transverse colon can
be filled with air, and the percussion note will decide whether
the clear note varies during the latter procedure or not, and
one can tell whether one has to deal with a tympanitic note
due to dilated colon or to a dilated stomach.

TEST MEALS

It must be remembered that different food materials, as shown
by Pawlow, excite the secretion of gastric juices in different
proportions, and it is, therefore, very important, if one wishes
to compare one analysis with another, to note exactly what
diet the patient has taken, and the period of time since he took
it ; otherwise, the chemical analysis is worthless. The experi-
ments of Pawlow! show that different kinds of food have a
corresponding definite hourly rate of secretion, and call forth
characteristic alterations in the proportion of the juice. On

1 Pawlow, * The Work of the Digestive Glands,” translated by W. H. Thomp-
son, p. 3o.
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a meat diet, the maximum rate of secretion occurs during the
first and second hours, and in both, the quantity of gastric juice
is approximately the same. Bread gives a maximum secretion
of gastric juice during the first hour, while in the case of milk
it occurs during the second and third hours. On the other
hand, the most active formation of juice occurs with meat during
the first hour, with bread during the second and third hours,
and with milk during the last hour of secretion. We thus see
that the maximum out-flow, as well as the whole curve of
secretion, is characteristic for each diet.

These valuable results of Pawlow show how important it
is, in comparing one case with another, to have a fixed diet
for patients. It is practically immaterial what diet one uses,
but for the sake of convenience, we have preferred to use a test
breakfast.

In giving a test meal, it is important to see that the stomach
is empty, otherwise, the analysis may be vitiated; if the
remains of food from the previous day are still present in the
stomach, one cannot obtain a proper quantitative analysis
representing the juice excreted for the new meal.

The various test meals employed in practice for the diagnosis
of stomach diseases can now be described.

(1) Test Breakfast.—Ewald' long ago recommended,
as a test breakfast, that the patient should take one roll of
white bread about 35 grams and 400 c.c. of water or weak
tea without milk or sugar, and, that one hour afterwards,
the contents of the stomach should be syphoned off for
examination.

In practice we find it more convenient to give two cups of
weak tea with a little milk, and two slices of dry toast. The
advantage of either of these meals is that one 1s able to
obtain the stomach contents one hour afterwards; the semi-
fluid contents easily flow up the tube without any blocking
which is apt to occur when the larger ingesta, more especially
meat, are given. The meal can be also taken by patients with
weak digestions or intolerant stomachs. The disadvantage is
that the meal has a very slightly stimulating effect on the
gastric secretion, but this is negatived when one remembers
that the object of its use is to obtain comparative results.

1 Ewald, ** Klin. der Verdanungskrankheiten,” ii. 1893, p. 285,
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(2) Boas’s Test Meal.!—This consists of a teaspoonful
of rolled oats and 1000 c.c. of water boiled down to 500 c.c.
and given with the addition of milk, but without any salt. The
stomach contents are removed for examination one hour later.
The meal was introduced by Boas with the special object of
estimating the quantity of lactic acid present in the stomach
with particular reference to carcinoma. The bread or toast
given in the ordinary test breakfast always contains some
lactic acid, and such meals are, therefore, not suitable when the
quantity of lactic acid present in the stomach has to be estimated.

The following precautions must be observed before the Boas
test meal is given if one is to obtain a satisfactory analysis.
The previous night, the stomach must be washed out with
water until the fluid returns absolutely clear, and this process
should be repeated just before giving the test meal. Otherwise,
there is a great chance of some of the lactic acid from the
previous meal being retained in the stomach, thus wvitiating
the results. :

(3) Riegel’s Test Meal.”—The patient takes, while fast-
ing, a soup-plateful of bouillon or broth, 150 to 200 grams of
beef steak, and 50 grams of purée of potatoes. In order to
prevent, the lumen of the tube becoming obstructed, it is advis-
able to have the meat finely minced.

Leube * has recommended a similar meal, passing the stomach-
tube after seven hours. If one finds the stomach then empty,
one can consider that the motor-power is not delayed, but one
obtains no evidence as to whether the gastric secretion is normal.
In many pathological conditions, when the ingesta are passed
on into the duodenum in the normal, or even a shorter space
of time, chemical analysis proves that the gastric contents have
either a deficiency or excess of hydrochloric acid. It would
appear that the time for passing the tube after this meal varies
in different individuals. In some cases, it can be passed after
two or three hours, while in others, one has to wait for five or
six hours before the results are obtained. Riegel states that
he finds four hours after the ingestion of the meal the best time
for carrying out the first diagnostic examination. If the stomach

Zeitschr. f. Klin. Med., vol. xxv.
Riegel's * Magenkrankheiten,” p. 82,
Deutsch, . Klin, Med., vol. v. p. 33.

[N ]
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is found to be empty by that time, one has learnt that the motor-
power is normal, if not accelerated, but no information whatever
is obtained as to the hydrochloric acid or peptic digestive power.
In those cases where the stomach empties itself in four hours,
it is necessary to repeat the meal and pass the tube at an earlier
time, preferably two hours after the meal. On the other hand,
if at the end of four hours, there is still a large amount of diges-
tive material in the stomach, one repeats the operation at a
later period. In no case ought one to be content with only
one investigation for the drawing of coneclusions.

The disadvantage of this test meal is that, if one wishes
to make a chemical examination, one has very mixed gastric
contents to deal with, and the comparative results, in our own
experience, have not been very satisfactory. On the other
hand, for microscopical examination, this method is very valuable
in showing starch granules or muscular fibres in a more or less
digested condition. Undoubtedly, the principal value of the
meal is in showing the motor-power of the stomach, and not
the estimation of the gastric digestive power.

(4) Salzer's Test Meal.!—Salzer’s test meal consists
of giving two meals, one after the other, The first consists of
30 grams of finely minced cold roast beef, 250 c.c. of milk, and
50 grams of rice with one soft-boiled egg. Four hours later, a
second meal of tea and roll as in Ewald’s test breakfast, is
given, the contents of the stomach being syphoned off one hour
after the second meal. In this method, Riegel’s test meal
is combined with the test breakfast. As has been already
shown, the stomach which possesses normal motility would be
empty in about five hours after Riegel's meal, so that, if the
motor-power is normal or slightly in excess, there ought to be no
remains of the first meal in the stomach contents, but merely
the residue of the test breakfast for analytical purposes.

The disadvantage of this method is that complication in the
gastric stimulation is caused by the administration of two meals
so closely following each other, as we have shown to be pointed
out by Pawlow in his experiments. It is also found that the
comparison of the analyses obtained in different cases does not
give very constant results. We therefore prefer to use Riegel's
test dinner for investigating the motor-power of the stomach,

1 Boston, ** Clinical Diagnosis,” p. 316,
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and not to complicate it with the analysis after the test break-
fast, leaving the latter till another occasion.

(5) Klemperer’'s Test Meal. — The patient takes
while fasting, 500 c.c. of milk, and two rolls of white bread, the
stomach contents being removed two hours later. It is essential,
if one wishes to obtain maximum results on a milk diet, to
remove the gastric contents at a longer interval than one hour,
since the secretion has not reached its maximum by that time ;
Pawlow having found in his careful investigations that milk
does not give its maximum stimulation to the gastric contents
for two or three hours. In this diet, therefore, one has no
advantages over the ordinary test breakfast, and in making
comparisons, one must remember that the quantity of hydro-
chloric acid will be higher than that obtained when the simple
test breakfast is given.

(6) German See Test Meal.'—The patient takes, while
fasting, 100 to 150 grams of bread, 60 to 80 grams of finely
minced meat and one glass of water, the stomach contents
being removed two hours later.

When employing this diet, one obtains gastric contents which
are stimulated by proteid (meat, the gastric secretion of which
would be at its highest in two hours), and by carbohydrates
(bread, which would give its maximum stimulation in the
first hour). And the diet appears to us to have no advan-
tages over the others deseribed.

1 Acad. de Med., Paris 1888, 3rd series xix. p. 72



CHAPTER II

MACROSCOPIC AND MICROSCOFPIC EXAMINATION OF
GASTRIC CONTENTS

Tue gastric contents having been obtained after any of the test
meals described, should be inspected, and the appearance,
colour, and odour noted. For this purpose, it is advisable to
place the contents in a conical vessel, noting the various layers
which form, and isolating, by means of a pipette, specimens from
these layers for separate examination.

The test breakfast yields gastric contents which form three
distinet layers in the vessel, the lowest, consisting of a dense
mass of finely divided starch residue, above this, a deeper layer
of turbid fluid, while the uppermost layer consists of clear liquid
with some froth on the surface, and showing bubbles of gas
slowly rising on the top. Increased gas fermentation will be
found to occur in all cases of motor insufficiency, leading to
stagnation of the gastric contents. In cases of motor insuf-
ficiency, 1t is not at all uncommon to find the lowest layer contain
distinet lumps of toast, in spite of mastication having been
well carried out. One of the functions of the motor-power of
the stomach is its churning action, allowing the gastric juice
to act more easily on the ingesta and thus break them up, so
that any diminution in the movements of the stomach will be
shown by the insufficient breaking-down of the toast.

Reigel’s test dinner gives gastric contents, in which—if they
are removed before the stomach is empty—one finds in the
lowest layer a dense precipitate of partially digested pieces of
meat. In those cases where there is excessive digestive activity,
the lower layer may be almost converted into fluid, and only
some remnants of muscular fibres and a few starch granules
are to be seen by the naked eye examination. A rough idea
of the digestive power of the stomach can be obtained by inspec-
tion. The gastric contents in some cases give no reaction for
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free hydrochloric acid, and in spite of its absence, one finds only
finely broken-up residue ; while, in other cases, one finds a large
quantity of coarsely divided food. The quantity and the
breaking-down of the two classes of gastric contents show very
great differences, for in the first case, the peptic digestion is
far better than in the second. In the first, the stomach very
nearly approaches the normal, the proteids having been digested,
although the gastric secretion has not gone quite far enough
to form free hydrochloric acid. In the second case, the
production of free hydrochloric acid has been much below the
normal, as shown by the large quantity of undigested or partially
digested pieces of meat, and if this gastric contents had been
examined chemically, one would have found a very marked
diminution in the quantity of hydrochloric acid.

The conical vessel allows one to see if there is any blood,
mucus, bile, or pus present in the gastric contents, specimens
of which can be obtained for further examination by means of
a pipette.

It is very important in all cases of stomach disease to take
special note of the odour of the gastric contents obtained after
the employment of one or other of the test meals. In normal
gastric contents after a test breakfast, there ought to be no
objectionable smell present, whilst in pathological conditions,
it may vary from a slightly sour to a more or less putrid stinking
odour. The irritating smell of butyric acid is most characteristic,
and, as mentioned later, practically does away with the necessity
of chemical examination for this substance. In cases of atony
of the stomach, where there 1s long-continued stagnation
of the gastric contents, one may obtain a definite smell of
sulphuretted hydrogen, and occasionally, a sufficient quantity
of this substance is present to blacken moist lead paper. In
malignant disease, it is not uncommon to have a distinctly
putrid smell in cases where the gastric carcinoma has ulcerated.
In cases of intestinal obstruction, or where an abnormal connec-
tion between the stomach and intestine has arisen, one may
obtain a faecal odour.
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MICROSCOPIC EXAMINATION OF THE GASTRIC
CONTENTS

The microscopic examination of the contents removed from
the stomach after any of the various test meals is not so important
as the macroscopie, and far less so than the chemical examination.
It has already been pointed out that, if the gastric contents are
put in a conical vessel, one can, by means of a pipette, separate
any portions desired for microscopic examination.

One finds in some cases after Riegel’s test meal that the
muscular fibres still retain their cross striation, and have been
little acted on by the gastric juice. The chemical analysis will
prove the absence or diminution of hydrochloric acid, and
probably, a decrease of pepsin. In other cases, one finds
microscopically that the muscular fibres have been well digested,
but that the starch digestion has not proceeded at an equal
rate. In these cases, one generally finds that one has to deal
with hyperhydrochloria. The deficiency of starch digestion
is very easily demonstrated by means of the microscope if one
uses a solution of potassium lodide and iodine, which stains the
starch a blue colour,

Quantities of fat are sometimes recognised in the stomach
contents by aid of the microscope, but they have little patho-
logical significance.

Epithelial cells will be found in the sediment, but they are
not of much diagnostic value, although in rare cases cancer cell
nests may be found in the particles of the sediment of gastric
contents. We, however, agree with Riegel that these are of
Very rare occurrence.

In washing out the stomach with water after having removed
the gastric contents by syphoning, or in washing out a fasting
stomach, it 1s not uncommon to find in the wash-water small
pieces of gastric mucosa. Einhorn' has made a special study
of these, and gives in his book numerous plates showing the
various forms found in this way ; the conclusions to be drawn
from the examination of such specimens are, however, unreliable,
as Einhorn himself has stated.

In some cases the microscope may reveal the presence of blood
corpuscles ; very small quantities can be distinguished by this
1 Einhorn, * Diseases of the Stomach,” p. 78.

B
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means where no positive chemical reaction can-be obtained.
And it must not be forgotten that blood in such small quantity
may come from the pharynx, owing to slight bruising or
straining with the tube, and may have little significance.

It is unnecessary here to describe the various miero-organisms
which may be recognised by the aid of the microscope. Oppler
and Boas! have drawn special attention to a form of bacillus
which they consider to be present in the gastric secretion in
cases of carcinoma. This bacillus is easily recognised by its
large size and immobility, and Kaufmann has shown that it
possesses the power of converting various sugars into lactic acid.
The question of the presence of lactic acid in malignant disease
will be discussed later on, but it is important to remember that
in most cases of carcinoma one finds this lactic acid bacillus.

The view that the stomach is not essential for the digestion
of proteids, and that the hydrochloric acid present in the gastric
secretion really acts as an inhibitor of the various micro-organ-
isms which have been swallowed by the mouth, is strongly held
by Bunge * and others. It has, however, been definitely proved
that the addition of hydrochloric acid to the gastric contents
does not entirely destroy micro-organisms, and there are
numerous cases in which, in spite of an excess of hydrochloric
acid, micro-organisms are present. At the same time, it will
be found in these cases that the condition is accompanied by
diminished motility of the stomach. In all probability, the
hydrochloric acid does inhibit, to a certain extent, the micro-
organisms present in the stomach, provided that it is performing
its functions healthily. The cholera bacillus, certain strepto-
coccl, &e., are killed by the gastric juice, while others, especially
spores, are not acted upon. Also gastric juice diminishes the
action of certain toxalbumins, such as tetanotoxin and diphtheria
toxin, as has been shown by Nencki, Sieber, and Schounow.?
Under pathological conditions, the hydrochloric acid—owing
to its weak action—is insufficient to be of material service.

Numerous varieties of sarcine have been described, but the
cultivation of the different varieties is of more scientific than
practical interest. The presence of sarcine in the stomach

1 Dewd. Med, Wochensehr., 1895, No. 5.
2 Lebrbuch der physiol. Chemie, 1887.
3 Centralh, {. Bacteriol, vol, xxiii.
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CHAPTER 111

CHEMICAL EXAMINATION OF GASTRIC CONTENTS—TOTAL
ACIDITY, VOLATILE ACIDITY

TueE quantitative estimation of the amount of acidity in a
given quantity of gastric contents is among the most useful
analytical data we have in making a diagnosis in gastric diseases.
Total Acidity.—Ewald! describes a method for estimating
the acidity due to hydrochloric acid, organic acids and acid
phosphates, which is generally known as “ total acidity.”
Method .—Ten c.c. of filtered gastric contents are measured
into a small beaker, and 20 to 30 c.c. of distilled water added,
and, as an indicator, three drops of 1 per cent. alcoholic solu-
tion of phenolphthalein. The solution is kept constantly
stirred, during which time a decinormal solution of sodium
hydrate is allowed to run, drop by drop, into the beaker until
the red colour which at first appears does not deepen on the
addition of a further drop. The number of e.c. of sodium
hydrate used is then read off, and this multiplied by ten will
give the quantity of decinormal sodium hydrate required to
neutralise 100 c.c. of gastric contents. This number 1s that which
18 generally known as “ total acidity ” in modern books on
diseases of the stomach. It must, however, be remembered,
as we have stated above, that this is really the amount of total
acids in 100 c.c. of gastric contents, and should never be taken
to represent the amount of hydrochloric acid actually present,
being in reality only the total acidity due to hydrochlorie acid,
the various organic acids and acid phosphates present in the
stomach. In describing the method of estimating the quantity
of volatile acids, we will show how the total amount of volatile

1 Klinik der Verdawungskrankheiten, vol. ii. 1893, p. 34. Proceeding first
recommended by Geigel and Blasg, ** Procentuale und absolute Aciditit des
Magensaftes,” Zeitsehr. f. Klin, Med., vol. xx. No. 3, and also by Geigel and
Abend, ** Die Salzsiure Secretion bei Dyspepsie Nervosa." Virchow's Arehiv.
vol. cxxx. No. L
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acids can be estimated, and, by subtracting the acidity due to
volatile acids from the total acidity found by the above method,
we have the acidity which is represented by the quantity of
hydrochloric acid and acid phosphates; and, since the aecid
phosphates are, as a rule, only small in amount, this quantity
may be taken as roughly representing the total acidity due to
hydrochlorie acid.

The normal acidity in the gastric contents as estimated by
the above method, is found, after taking a test breakfast, to
vary between 40 and 60.

The lowest total acidity that we have met with amongst a
large number of stomsch analyses, was 14, when 13-6 of the
acidity was found to be due to volatile acids. This was in a
case of malignant disease at the cardiac end of the stomach.

As a general rule, the total acidity is found not to be less than
from 18 to 20 in cases of hypohydrochloria, with volatile acids
varying from 2 to 3-5.

In cases of hyperhydrochloria, which are very much more
frequent than cases of hypohydrochloria, the acidity as a rule
varies from 80 to 100, although it is not at all uncommon to get
a total acidity as high as 120 or even higher. :

Volatile Acidity.—Gastric contents have always been
found to contain, after any test meal, volatile acids in greater
or smaller quantities.

Butyric acid, acetic acid, and fatty acids are probably the
chief volatile acids present in the stomach contents, and they
are especially increased if there is any stagnation; and as
will be shown later, they may be present in increased quantities
when free hydrochlorie acid exists in normal quantity, or even
in excess.

The recognition of these acids is generally a simple matter,
owing to the intensely acid smell which one notices when obtain-
ing the gastric contents by means of the stomach-tube.

If some of the gastric contents are placed in a test-tube and
a strip of blue litmus paper (previously moistened), stretched
over the top, one finds, on gently heating the tube, reddening
of the paper, owing to the liberation of the volatile acids.

For the estimation of the volatile acids, Hermann Strauss!?
introduced a method by which fresh unfiltered gastric contents

1 Deut. Med. Wochenschr., 1896, No. 38.
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were poured into large sterilised fermentation tubes. The
fermentation tubes were then placed in an incubator at 37° C.
for twenty-four hours. The proportionate amount present is
estimated as follows :

One or more bubbles of gas Very slight fermentation.
Tube filled to one fifth with gas Slight fermentation.
Tube filled between one fifth and?

one half Moderate fermentation.

Tube filled between one half and) Much ;
three- quarters E- Much fermentation.

It is obvious that this method cannot be very accurate, as
the gastric contents are under totally different conditions from
the normal, being removed from the modifying influence of
gastric secretions, saliva, and mucus.

Other methods have been introduced, none of which appear
to be very satisfactory. Some ten years ago, a method which
has been found to yield very satisfactory results, was introduced
in the Department of Pathological Chemistry, University College,
London. The method has the merit of being feasible for clinical
work.

Harley’s Method of estimating the Total Vola-
tile Acids in the Gastric Contents.—A certain quantity
(preferably about 25 c.c.) of unfiltered gastric contents is
poured into a distillation flask, and 100 or more c.c. of water
added. A current of superheated steam is driven through the
flask, and a small flame placed underneath it. The superheated
steam, raising the contents to boiling-point, drives off the volatile
acids which distil over through a condenser into an Erlenmeyer
containing about 10 c.c. of decinormal solution of sodium
hydrate. After about thirty minutes, the Erlenmeyer is removed
and a few drops of neutral solution of litmus added to the sodium
hydrate solution. The fluid is then titrated by rapidly running
into it a decinormal solution of sulphuric acid until a neutral
reaction is obtained. The quantity of decinormal solution of
sodium hydrate neutralised by the volatile acids is then easily
obtained. Multiplying the number by four, if 25 c.c. of gastric
contents were taken, will give the quantity of volatile acids in
100 c.c. of gastric contents.

This method is somewhat similar to that originally employed
by von Mering, in which the gastric contents with water are
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distilled, and when boiled down to about one-third of their
volume, a fresh quantity of water is added, and again boiled
to about one-third ; this process is repeated some four or five
times, the liberated volatile acids being collected by means of
a condenser in a decinormal solution of sodium hydrate and
titrated as above. The von Mering method has possibly the
same accuracy as the one which we have described, but it is
more difficult to carry out, and needs more looking after.

Both these methods have one possible cause of error,—some
of the organic matter, as proteids or fat, may be broken up by
the superheated steam, and lead to too high a quantity of
volatile acids. At the same time, even if this should be the
case, the quantity broken up when control analyses are done
is equal, for we have found the control analyses to be sufficiently
accurate for all diagnostic purposes.

As an example of the accuracy of this method for the
quantitative estimation of the volatile acids expressed in c.c.
of one-tenth Normal NaOH," the following results may be given ;

1 36 2:8 control,
2 32 e
3 T-0 e
4 70 T

In the above we have illustrated two analyses with a small
quantity of wvolatile acids, and two analyses with a large
quantity of volatile acids, and it appears that the results are
very close, and are certainly sufficiently accurate, as before
stated, for all diagnostic purposes.

The normal amount of volatile acids, as estimated by Harley’s
method, varies from 2 to 5, although we have found as much
as 11 in an individual apparently suffering from no gastric
disturbance. 1In all cases where we have found a larger quantity
than this, there have been definite symptoms of dyspepsia, and
as a rule, in those cases where the quantity is above 5, the patient
1s suffering from symptoms of acid dyspepsia.

In one case we found 16 with a total acidity of 62, and in
another, 25 with a total acidity of 60. DBoth these patients
had neurotic histories, and showed signs of delayed motility
with some dilatation of the stomach.

In a case of chronic tubercular disease of the lungs (healed),

1 Harley and Leney, B.M.J., Oct. 27, 1899, p. 1271
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where there was marked increase of mucus in the gastric con-
tents, and evidently chronic gastric catarrh, we found volatile
acids varying from 18 to 30, with a total acidity varying from
40 to 70 in some ten analyses after test breakfasts.

In a case of malignant disease of the cardiac end of the
stomach, we found 22-4 volatile acids with a total acidity of 47.

In hypohydrochloria, we found wvolatile acids 14 with a total
acidity of 30.

It will thus be seen that the quantitative estimation of volatile
acids is of considerable importance in determining how much
of the total acidity is due to volatile acids.

In hyperhydrochloria it will be found that, even where the
total acidity is considerably increased, one may get an increase
in the quantity of volatile acids. As a general rule, however,
in marked cases of hyperhydrochloria, the volatile acids are
only slightly, if at all, increased.

In some cases where the total acidity is higher than normal—
say, 70 to 90—it may be found to be due, not to the increase
of hydrochloric acid, but to marked increase in the quantity
of volatile acids, so that increased total acidity is really only
an apparent increase in consequence of the great increase in
the volatile acids.



CHAPTER IV

CHEMICAL EXAMINATION OF GASTRIC CONTENTS (conlinued)—
QUALITATIVE AND QUANTITATIVE METHODS FOR THE
RECOGNITION OF FREE HYDROCHLORIC ACID

(1) Methyl-Violet.! —A very diluted watery solution of
methyl-violet is placed in two test-tubes, each about one-
third full. To one of these, one c.c. of filtered gastric contents,
and to the other, an equal quantity of distilled water, 1s added.
The two test-tubes being held up to the light, one notices the
appearance of a violet colour if free hydrochlorie acid is present,
the colour gradually changing to blue on standing.

The methyl-violet test can also be employed by allowing a
drop of filtered gastric contents to come in contact with a drop
of methyl-violet solution in a porcelain capsule, thus obtaining
a violet colour changing to blue on standing, at the junction
of the two fluids.

This test is mainly of historical interest, V. d. Velden
having employed it for detecting the presence of free hydro-
chloric acid in his classical work on *° Carcinoma of the Stomach.”
The test is not a delicate one.

(2) Congo Red.—A watery solution of congo-red or filter-
paper previously soaked in congo-red solution, 1s dried and kept
in stock, cut up into strips.

A drop of gastric contents placed on congo-red paper gives
an intense blue colour if free hydrochlorie acid is present.

A drop of gastric contents and one drop of congo-red solution
are allowed to come In contact with each other in a porcelain
capsule, when, in the presence of free hydrochloric acid, a blue
colour will appear at the junction of the two fluids.

The congo-red solution is a very sensitive reaction for free
hydrochloric acid.

(3) Tropaolin 00.—A solution of tropiolin, or filter-paper

1 V. d. Velden, Deut. Arch. f. Klin. Med. 1879, Bd. xxiii. 49.
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previously soaked with tropiolin, is used in the same manner
as the congo-red solution ; in the presence of free hydrochloric
acid, one obtains a lilac or blue colour,

This method is not so sensitive as congo-red, and only acts
with free hydrochloric acid, the organic compounds of hydro-
chloric acid not giving the reaction.

(4) Gunzburg’s Solution.'—The solution employed
by Giinzburg consists of :

Phloroglucin : ! . 2 grams.
Vanillin . ‘ - . 1 gram.
Abszolute Aleohol. E - 30 grams,

This solution must be kept in a dark glass bottle, as light
easily decomposes it.

A few drops of Giinzburg’s solution are added to a few drops
of filtered gastric contents in a porcelain capsule, and gently
heated over a small flame. If free hydrochloric acid is present,
a bright red colour appears at the margin, gradually extending
over the whole surface. It is advisable to hold the capsule
in the fingers in order to avoid over-heating, and consequent
charring, as, should this be the case, a yellow colour appears,
and no conclusions can be drawn. This is a very pretty test
and used to be considered the most delicate for clinical purposes :
it is useful for demonstration purposes.

(5) Dimethyl-amido-azo-benzol.—The method for de-
tecting the presence of free hydrochloric acid by the use of
0.5 per cent. of alcoholic solution of dimethyl-amido-azo-benzol
was first introduced by Topfer.®

One or two drops of dimethyl-amido-azo-benzol solution,
when added to gastric contents, will yield a beautiful erimson
colour in the presence of free hydrochloric acid, while if free
hydrochloric acid is not present, one merely observes a dirty
yellow colour.

This method of Toépfer is undoubtedly the most valuable
we have at the present moment for demonstrating the presence
of free hydrochloric acid. Its advantages are :

(@) A solution of dimethyl-amido-azo-benzol keeps for a con-
siderable time.

(b) It is by far the most easily applied test for recognising

1 Centralblatt, . Klin. Med., 1887, No. 40.
2 Zewtschr. f. Physiol. Chemie, Bd. xix, Heft 1.
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the presence of free hydrochloric acid of all those in common
use. It is the most certain in reaction, as neither excess of lactic
acid nor the presence of acid phosphates will cause the colour
to appear, and t alone is all that is necessary for elinical purposes
in definitely clinching the presence or absence of free hydro-
chloric acid.

(¢) It is not necessary to filter or prepare the gastric contents
in any way.

QUANTITATIVE ESTIMATION OF HYDROCHLORIC
ACID

As hydrochloric acid is the most important acid secretion of
the stomach, it has been thought that the knowledge of the
quantity present in pathological conditions is of great import-
ance in the proper diagnosis of diseases of the stomach, and a
great number of investigators have carried out researches in
the subject. Numerous methods for the quantitative analysis
of free hydrochloric acid have been introduced, and each has
its own supporters. We have repeatedly tried most of these
methods, and have found one or other more or less useful. But
after some years teaching, and after the experience gained in
seeing the manner in which the methods have been employed
by advanced students, we have slowly come to employ only
two methods, which appear to us to be the most accurate and
most easily carried out.

(1) Leo’s Method.'—This method depends upon the fact
that all the acids, including the proteid combined hydrochloric
acid, present in the gastric contents, are neutralised by calcium
carbonate, while the acidity due to the acid phosphates and
other alkaline substances is not altered, so that one titrates
one portion of the fluid direct, and the other after treating it
with calcium carbonate.

To ten c.c. of gastric contents, five c.c. of chloride of calcium
solution are added, a few drops of phenophthalein being used
as an indicator ; one titrates with one-tenth normal solution
of sodium hydrate. A further fifteen c.c. of gastric contents
are treated with one gram of dry powdered calcium carbonate
and filtered through ash free filter-paper. Ten c.c. of the filtrate

1 Hoppe-Seyler’s Chemischer Analyse, 1903, p. 519,
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are then taken, and after passing a stream of air through to
remove any excess of carbonic acid, five c.c. of concentrated
calcium chloride solution are added, using phenophthalein as
an indicator, and again titrated with one-tenth normal solution
of sodium hydrate.

The difference between the two results obtained gives the
total acidity, provided that the stomach contents do not contain
lactic acid or volatile fatty acids. In these cases, it is necessary,
previous to carrying out the analysis, to extract the lactic acid
and volatile fatty acids with ether.

(2) The Prout-Wynter Method.—The unfiltered gastric
contents are measured off, and one must see that the quantity
is sufficient to allow of its being divided into three equal parts
for this analysis; it i1s advisable to employ not less than fifteen
c.c., and in practice we prefer thirty c.c.

(a) Ten c.c. of unfiltered gastric contents are placed in a
platinum capsule, and ten to twenty drops of saturated solution
of sodium carbonate added. The capsule is then placed on
a sand-bath, and gradually evaporated to dryness, care being
taken that none of the contents are lost through * spitting.”
When thoroughly dry, the contents are incinerated, and after
all the organic matter has been burnt off, the capsule is heated
to redness. The contents are then washed into a beaker by
means of a small quantity of distilled water, and labelled,
No. 1.

(b) A further ten c.c. of unfiltered gastric contents are
measured into a second platinum capsule, and dried down on
a sand-bath until all the fluid has disappeared; just before
charring begins, ten to twenty drops of sodium carbonate solution
are added, run over the whole surface, and the fluid again
evaporated to dryness. The contents are then incinerated,
raised to red heat, and washed with distilled water into a beaker
labelled, No. 2. '

(¢) A third ten c.c. of gastric contents are placed in a platinum
capsule, carefully dried down on the sand-bath, incinerated and
raised to red heat, the residue being washed with distilled water
into a beaker labelled, No. 3.

To each beaker a few drops of nitric acid are added, until
effervescence ceases, and fifteen c.c. of decinormal solution of
silver nitrate.
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The contents are filtered into beakers correspondingly
numbered, and the residue washed three or four times with
distilled water.

To the filtrate a few drops of iron alum solution are added
as an indicator. It is then titrated by rapidly running in a
solution of decinormal potassium sulphocyanide, quickly stirring
until a salmon-pink appears, and remains for a minute.

Each c.c. of decinormal silver nitrate equals a c.c. of decinormal
sulphocyanide of potassium, and each c.c. represents (-00365
grams of hydrochloric acid.

The number of c.c. of decinormal sulphoeyanide of potassium
used in each case is read off, subtracted from the quantity of
decinormal solution of silver nitrate originally taken, and the
remainder multiplied by 000365, by which means one obtains
the quantity of hydrochloric acid contained in each ten c.c. of
gastric contents,

The rationale of the method is as follows :

To the first capsule one adds sodium carbonate in nrder to
convert all the hydrochloric acid present into sodium chloride,
none of which chlorine will be driven oft by heating, and the
number of c.c. of potassium sulphoeyanide required gives the
total amount of hydrochloric acid present.

The contents of the second capsule are dried before the sodium
carbonate is added ; therefore, all the hydrochloric acid present
as free hydrochloric acid is driven off, while the addition of the
sodium carbonate prevents the hydrochloric acid combined
with the proteids from being driven off.

The third capsule only gives the amount of hydrochlorie acid
present in the form of mineral salts, as in drying down, the free
hydrochloric acid is lost, and in incinerating, the hydrochlorie
acid combined with the proteids is driven off, so that only the
chlorine combined with the mineral salts 1s left. Therefore,

No. 1 Capsule = total hydrochloric acid.
No. 1 minus No. 2 = free hydrochloric acid.
No. 2 minus No. 3 = proteid hydrochloric acid.
No. 3 == mineral hydrochloric acid.

This method is very accurate, as shown by comparison of the
results obtained with control analyses. The following table
of four analyses may be taken as an average specimen of the
results one may expect to find in normal gastric contents :
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TABLE I.—-SHOWING THE ACCURACY OF THE PROUT-WYNTER
METHOD

Total HCL Free HCL Proteid HCL Mineral HCL

e

1y 0-32 0-020 0-23 0-070
0-31 (Control) | 0-010 (Control) 0-23 (Control) 0-070 (Control)

(2) 0-32 0-020) J 025 0-0350

an D.‘UE{) " u F?—-'L £y [' "]5{} EE]

(3) 0-30 0-006 0-27 0-025
028 o 0006 i 0-25 3 0025 o

(4) 032 0004 0-27 0-050
(31 o 0-007 = 0-27 5 0040 25

e

If many stomach analyses have to be done, it is as well to
have at least three capsules. It 1s possible to use the same
capsule for the three separate analyses, but much time is
thereby lost, and the method becomes very tedious.

(3) Topfer's Method.'—In this method, filtered gastric
contents have to be employed, and one must have sufficient to
divide into three quantities.

(@) Ten c.c. of filtered gastric contents are placed in a beaker,
and a few drops of aleoholic solution of phenophthalein 1 per
cent. added as an indicator ; titration with a decinormal solution
of sodium hydrate is then carried out in exactly the same way
as previously described in the estimation of total acidity.

(b) Ten c.c. of the same gastrie contents are placed in a beaker,
and a watery solution of alizarin 1 per cent. (monosulphate
of sodium) used as an indicator. One titrates with a decinormal
solution as before. The end point is reached when the colour,
which at first was yellow, turns to violet. Since alizarin does
not act with proteid hydrochloric acid, the difference between
(e) and (b) will indicate the amount of proteid hydrochloric
acid.

(¢) To ten c.c. of filtered gastric contents, an alcoholic solution
of dimethyl-amido-azo-benzol 0-5 per cent. is added, and the

1 Fec. cit., p. 25.
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mixture is titrated with one-tenth normal solution of sodium
hydrate. This will give the quantity of free hydrochloric acid.

The difference between («) and (b) + (¢) will give the acidity
referable to organic acids and acid salts.

This method of Topfer is much more rapidly performed than
that of Prout-Wynter, but it has the great disadvantage that
the end colour with each titration is not sharply defined, and
hence may lead to great personal variations.

It has been found, in a class of advanced students, that while
the results obtained with the Prout-Wynter method tend to
be more or less in accordance, those obtained with Topfer’s
method seldom, if ever. agree.

If one individual, however, is carrying out a research, he
becomes in time so skilled, and in his hands the end reaction
18 so sharp that he cbtains, by means of the Tépfer method,
correct results as compared with control experiments. In such
a case, the method is accurate and useful for comparing different
stomach analyses, but for those who only occasionally do quanti-
tative stomach analyses, it is undoubtedly better to rely on the
more tedious method of Prout-Wynter.



CHAPTER V

CHEMICAL EXAMINATION OF GASTRIC CONTENTS (confinued)—
LACTIC ACID, BUTYRIC ACID, ACETIC ACID
C H,
LACTIC ACID— Ic H (OH)
i:: 00 H

The recognition of lactic acid in the gastric contents is made
by employing Uffelmann’s reaction.

Chemical Test for Lactic Acid.—A few drops of
perchloride of iron solution are added to a test-tube of water,
so that the solution is so pale as to be almost colourless.
The solution is then divided equally between two test-tubes,
and to each tube one adds a few drops of 2 per cent. carbolic
acid solution, which has for some time previously been exposed
to the air, this rendering it more sensitive. The solution when
ready for testing should be pale amethyst blue. One adds a
few drops of filtered gastric contents to one of the test-tubes,
when, in the presence of lactic acid, a marked yellow or greenish-
yellow colour will be observed. This colour is easily recognised
by comparing it with that of the control test-tube.

Since alcohol, sugar, and phosphates give Uffelmann’s reaction,
it is better to take five c.c. of gastric contents and shake them
with thirty c.c. of pure ether, free from alcohol. The separated
ether is then evaporated, and the residue dissolved in a little
water, and tested with Uffelmann’s reagent.

Quantitative Estimation of Lactic Acid (Boas’s
Method).!— Ten c.c. of filtered gastric contents (which, in the
case of free hydrochloric acid being present, must be evaporated
to a syrup after the addition of barium carbonate) are taken,
and a few drops of phosphoric acid added, the carbonic acid
removed by boiling and the residue extracted on cooling with

1 Simon, ** Clinical Diagnosis,” p. 160,
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100 c.c. of pure ether free from aleohol. The ether is evaporated
after separation, and the residue shaken up with forty-five c.c
of distilled water, and treated with sulphuric acid and manganese
dioxide. The flask is closed by a doubly perforated stopper ;
through one aperture, a bent tube passes to the distilling appara-
tus, and a straight tube provided with a piece of rubber tubing
clamped off through the other. The mixture is then distilled until
about four-fifths of the contents have passed over, excessive heat
being carefully avoided, or the aldehyde will be decomposed. The
distillate 1s collected in an Erlenmeyer containing twenty c.c.
of one-tenth normal solution of iodine, and mixed with twenty
c.c. of 56 per cent. solution of potassium hydrate. The mixture,
after being well shaken, is allowed to stand for a few minutes.
In order to liberate the hypiodite and the iodine in combination
with the potassium not used in the reaction, twenty c.c. of
hydrochlorie acid and an excess of sodium bicarbonate in sub-
stance (some of the latter should remain undissolved at the
bottom), are added, and the excess of iodine determined by
titration with one-tenth normal solution of sodium arsenite.
The titration i1s carried to the point of decolourisation, when
freshly prepared starch solution is added, and the mixture again
titrated with one-tenth normal solution of iodine until the blue
colour is permanent. The number of c.c. of one-tenth normal
solution employed (i.e., twenty), minus the number of c.c. of one
tenth normal solution of sodium arsenite, will indicate the number
of c.c. of the former required for the formation of iodoform, 7.e.,
the amount of lactic acid present in ten c.c. of gastric contents.
As one c.c. of one-tenth normal solution of iodine has been found
to indicate the presence of 0-003388 grams of lactic acid, it is
only necessary to multiply the number of c.c. used by this figure
and the result by ten, in order to obtain the percentage.”

According to numerous observers, this method of Boas is
sufficiently accurate for clinical purposes, but we have found
it too tedious for general use.

The presence of lactic acid in the gastric contents after the
usual test meals is of little importance clinically, since the lactic
acid may be produced by the action of bacteria in the mouth,
or even be preformed in the diet. It will be found that lactic
acid 1s present in small quantities after all ordinary test meals,
so that if one wishes to examine especially for this substance

Cc
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in the gastric contents, it is necessary to go through a special
technique,

The stomach having been previously washed out, the patient
is given a Boas meal of oatmeal soup, and one or two hours
later, the stomach contents are obtained by means of the stomach-
tube. The gastric contents under normal conditions will be
found, under these circumstances, to give no reaction with
Uffelmann’s reagent. If lactic acid is present, one gets a very
distinet reaction, and it has been shown by Boas that the
Uffelmann reaction only occurs in cases of carcinoma of the
stomach. The presence of lactic acid after the oatmeal diet
in carcinoma of the stomach iz due to the fact that the lactic
acid bacillus is present. The question of why carcinoma should
cause the presence of the lactic acid bacillus has not, up to the
present, been satisfactorily settled. The eclinical importance,
however, is very great, as anything which helps to recognise
carcinoma of the stomach in its early stages—when one may
hope to do some good by surgery—is very valuable, and it is
considered that lactic acid is present in the very early stages
of carcinoma of the stomach, before the disease can be recognised
by any other means.

C H,

I
BUTYRIC ACID— (C H,),

I
COOH

Increased fermentation occurs in the stomach whenever there
is stagnation of the gastric contents, and in these cases one finds
butyric acid.

For clinical purposes, it is, as a rule, sufficient to recognise
the presence of butyric acid by the rancid, butter-like odour
of the gastric contents,

Chemical Test for Butyric Acid.— An ethereal
extract of gastric contents is obtained by shaking ten c.c. with
an equal volume of ether, and slowly evaporating it in a glass
capsule. After the disappearance of the ether, there will be left
a few drops of water which have been extracted from the gastric
contents. Ii necessary, a few more drops of distilled water may
be added, and then some small pieces of caleium chloride. After
well stirring the solution, one observes numerous oil-drops floating
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on the surface of the liguid, and these give off a characteristic
odour of rancid butter.

The clinical significance of the presence of butyric acid corre-
sponds to that of volatile acids, since it occurs, as already stated,
where there is fermentation going on in the stomach, which is
especially apt to take place where there is retention of the
stomach contents for any length of time. In some cases one will
find that the increase of butyric acid accounts for the marked
acidity complained of by the patient, when there is no increase
in the hydrochloric acid in the stomach contents.

Hﬂ-

C
ACETIC ACID— |
COOH

Amongst the volatile acids which may be present in cases
of gastric stagnation, one has to include acetic acid.

Chemical Test for Acetic Acid.—Ten c.c. of gastric
contents are shaken up with ether, and the ether pipetted off
and filtered. The residue is shaken up with distilled water, and
neutralised with a solution of sodium hydrate, when, on the
addition of a drop of perchloride of iron, a dark red colour is
obtained if acetic acid is present.

The presence of acetic acid has practically the same significance
as that of butyric acid.



CHAPTER VI

CHEMICAL EXAMINATION OF GASTRIC CONTENTS (confinued)—
GASTRIC FERMENTS

TuE gastric juice contains, under normal circumstances, three
ferments—pepsin, rennin, and lipase.

Pepsin.—The most important of the three ferments present
in the gastric contents is pepsin or its enzyme, pepsinogen.

Pepsin is recognised by its power, in the presence of free acids
(more especially hydrochloric acid), of converting coagulated
proteid into soluble albumen.

Coagulated Egg Albumen Test for Pepsin.—
The white of a hard-boiled egg is cut into cubes of roughly 0-5
em., which can be easily done with a double-bladed knife. Three
test-tubes are prepared as follows :

(1) Four c.c. of filtered gastric contents.

(2) Two c.c. of filtered gastric contents and two c.c. of four
per mille hydrochlorie acid solution.

(3) Two c.c. of distilled water and two c.c. of four per mille
hydrochloric acid solution.

Into each of these test-tubes is placed a cube of egg albumen,
and the tubes are put into a thermostat or water-bath at 37° C,
In the presence of pepsin of sufficient quantity, the whole of
the proteid will be converted into soluble albumen in from half
an hour to an hour, so that the fluid becomes quite clear in
test-tubes Nos. 1 and 2. If the albumen has been properly
coagulated, it will remain unaltered in test-tube No. 3, and
this is the object of its use—as a control tube.

The gastric contents, when they contain an insufficient quantity
of hydrochloric acid, or when only pro-enzyme is present, will
only show digestion in test-tube No. 2, an additional quantity
of hydrochloric acid having been added to make up for the
deficiency of hydrochloric acid present In the case of
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pepsinogen only being present, the free hydrochloric acid which
has been added has converted the pepsinogen into active pepsin.

Carmine-Red Fibrin Test.—Some fibrin from bullock’s
blood is quickly washed free from all traces of colouring-matter,
this being important so as to avoid decomposition of the fibrin.
The fibrin is then dried with alcohol and ether, and stained with
an alcoholic solution of carmine-red until the colour does not
deepen. Any excess of carmine is removed by washing in water,
and the fibrin thus prepared is kept in glycerine.

Method of carrying out Test.—Three test-tubes are
prepared as follows :

(1) Four c.c. of filtcred gastric contents.

(2) Two c.c. of filtered gastric contents and two c.c. of a four
per mille hydrochlorie acid solution.

(3) Two c.c. of filtered gastric contents and two c.c. of distilled
water.

A small piece of carmine fibrin which has been washed clear
of glycerine is placed in each of the test-tubes, which are then
placed in a water-bath at 37° C., being taken out and shaken
every two or three minutes. The time when the flud is
first coloured by carmine is noted. Pepsin, in the presence
of hydrochloric acid, dissolves the fibrin, converting it into
soluble fibrin, thus liberating the carmine which becomes
diffused through the fluid, and indicates that digestion has
commenced.

If pepsin and hydrochloric acid are present in the gastric
contents in normal amounts, it will be found that test-tube
No. 1 will show a red colouration in from three to five minutes.
In the event of vhe hydrochloric acid in the gastric contents
being normal, the additional quantity of hydrochloric acid in
test-tube No. 2 will tend to make it excessive, and thus
hinder digestion.

In hypohydrochloria, or in cases where the proenzyme and
not pepsin is present, test-tube No. 2 will show a red colouration
before the other test-tubes.

In hyperhydrochloria, it will be found that test-tube No. 3,
which has been diluted with water, will show distinct digestion
of the fibrin before test-tubes Nos. 1 and 2, since the pepsin will
not act as rapidly if hydrochloric acid is in excess in the gastric
contents.
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As examples of these three conditions, we will give three
typical cases.

(A) Euchlorhydria.

(1) Red colouration in 3 to 5 minutes.
(2) Red colouration in 3 to 5 minutes.
(3) Red colouration in 5 to 10 minutes.

(B) Hyperhydrochloria.
(1) Red colouration in 7 to 15 minutes.
(2) Red colouration in 3 to 7 minutes.
(3) Red colouration in 3 to 12 minutes.

(C) Hypohydrochloria.

(1) Red colouration in 10 to 30 minutes.
(2) Red colouration in 5 to 30 minutes.
(3) Red colouration in 30 to 120 minutes.

In practice we find that this carmine fibrin test is easily carried
out, and gives a great insight into the powers of digestion of the
gastric contents. Another advantage is the fact that the fibrin
can be prepared and kept for a long time, provided it is covered
with plenty of glycerine,

Quantitative Estimation of Pepsin, —For the
quantitative estimation of pepsin, more accurate methods are
required than the foregoing digestive method.

Leube’s Method.—Two test-tubes of filtered gastric con-
tents are taken, and to each is added either carmine fibrin or
egg albumen, and to one a little pepsin. If the proteid is
more rapidly digested in the test-tube to which pepsin has been
added, it shows that an msufficient quantity of pepsin is present
in the gastric contents.

In some cases in which hydrochloric acid is absent from the
gastric contents, the stomach appears to be excreting no pepsin,
though in reality pepsin is present in the form of its enzyme,
pepsinogen. Jaworsky ' has recommended in such cases the
introduction, into the stomach of the fasting individual, of 200
c.c. of one-tenth normal hydrochloric acid solution ; half an
hour later, the stomach contents are removed, and the flmd
thus obtained tested for pepsin.

L Zettschr. f. Klin, Med., Bd, xi. p. 113.
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Mett’'s Method of Estimating the Quantity of
Pepsin.'—A solution of white of egg is sucked up into fine
glass tubes of 1 to 2 mm. lumen, and quickly coagulated by
plunging the tubes into hot water at 95° C. The tube thus
prepared 1s cut into small lengths, and placed in one or two
cm. of the fluid to be investigated. The whole is kept in a
thermostat at 37° C. After the termination of ten hours, the
length of the pieces of tube and that of the undigested remains
in the proteid column is measured off by the aid of a millimetre
scale, a microscope of low-magnifying power being employed.
The difference gives the length of the digested proteid in milli-
metres and fractions of a millimetre. The quantity of pepsin
1s the square of the albumen column dissolved in the same time.
If one of the fluids digests a column of 2 mm. of proteid, and
the other a column of 3 mm., the relative quantity of pepsin
in each is not expressed by the figures 2 and 3 respectively,
but by the squares of these figures, i.e., by 4 and 9. The second
fluid is, therefore, two and a quarter times stronger than the
first.

Rennet Ferment or Rennin.—The ferment next in
importance to pepsin is rennin, the analysis of which has been
very little utilised in the diagnosis of gastric diseases,

Hammarsten’s Method.—Ten c.c. of unboiled milk
of neutral reaction are placed in a capsule, adding one or
two c.c. of previously filtered and neutralised gastric contents.
It is necessary not to add too great a quantity of gastric con-
tents, as the dilution of the milk may either hinder the rapidity
or interfere with the proper coagulation. The mixture is kept
at body temperature, and if rennin is present, the miik will in
ten to twenty minutes be coagulated into a solid mass, without
any alteration in its chemical reaction. If the milk has been
too much diluted, there will be no firm clot even in the presence
of rennin, but only masses of flocculi settled at the bottom
of the vessel.

The diminution or absence of rennin in gastric catarrh has
been shown by Boas and Bouveret® to demonstrate how far
the gland tissue has been destroyed, and may be of value in

1 Pawlow's * The Work of the Digestive Glands ™ (translated by W. H.

Thompson), 1902, p. 26.
2 Gaz. Med. de Pariz, 18393, No. 22,
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coming to a conclusion as to the degree of recovery one may
expect in such cases from proper treatment. It is found that
the quantity of rennin as a general rule rises and falls with
the quantity of pepsin. Up to the present, most clinicians
have been content with estimating the peptic action of the
gastric contents, and have neglected the rennet ferment.

Lipase: Fat-splitting Ferment of the Stomach.—
The normal stomach contains, in addition to pepsin and rennin,
the ferment lipase, which is capable of breaking up neutral fat
into fatty acids and glycerine. Some of the fat acids are then
further saponified in the stomach.

Recognition of Lipase.—Some olive-oil 1s shaken up
with sodium hydrate in a test-tube, and the oil decanted so that
it has an alkaline reaction, since ordinary olive-oil generally
contains some free fatty acids. Litmus solution or some other
indicator is added to some of the neutral olive-oil in two test-
tubes ; to one of these some previously filtered and neutralised
gastric contents are added, and to the other an equal quantity
of water. The two test-tubes are then well shaken and placed
in a water-bath at 37° C., the tubes being periodically shaken.
If lipase is present, the test-tube containing the gastric contents
and the olive-oil will gradually show an acid reaction by turning
the litmus red. So far, no experiments have been done on the
presence or absence of lipase in different diseases of the stomach.



CHAPTER VII

CHEMICAL EXAMINATION OF GASTRIC CONTENTS (continued)—
GAS FERMENTATION IN STOMACH

U~NDER normal conditions, a certain amount of air is swallowed
with the food, and apparently some carbonic acid is given off
from the blood-vessels of the stomach wall itself, while it is
possible that some gas passes from the intestine through the
pylorus into the stomach. The quantity of gas present in the
stomach under ordinary circumstances is so small that it is
unnoticed by the individual. The swallowing of gas, on the
other hand, may cause the patient to eructate large quantities,
this being especially seen in nervous eructation. In such cases,
the air is swallowed either into the cesophagus or into the
stomach itself, and later eructated with loud reports. This
nervous eructation is one of the manifestations of a neurotic
taint, and can be easily recognised by the facts that the repeated
gas has neither taste nor odour, and that on placing a cork
between the molars, the eructation ceases.

The gases found in the stomach.are nitrogen, carbonic acid,
oxygen, and sometimes, hydrogen, while under pathological
conditions, sulphuretted hydrogen or marsh gas may occur. A
rough analysis of the gases of the stomach can be easily carried
out.

A eudiometer is filled with gastric contents, inverted over
water—or better, mercury—and kept for twenty-four hours
at 37° C. The gas which collects in the endiometer can be first
examined for carbonic acid by inserting a strong solution of
sodium hydrate, and measuring what amount of gas has been
absorbed. Some pyrogallic acid is then added, which will dis-
solve any oxygen present, and if necessary, the hydrogen
can be estimated by sparking (after the addition of some pure
oxygen), and the nitrogen estimated by the residue. Sulphuretted
hydrogen can be recognised by inserting some lead acetate
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paper, which will become distinetly blackened if this gas is
present.

The chemical examination of the gases of the stomach is of
little importance for clinical purposes.

The formation of gas in the stomach, or gas reaching the
stomach from the intestine, may be so much increased as to
produce marked symptoms—sometimes becoming even the
chief symptom complained of by the patient.

In pyloric stricture, owing to the putrefaction of the proteids
in the stomach, one may obtain large quantities of sulphuretted
hydrogen which may be very objectionable to the patient on
account of the odour. As a pathological novelty which has
several times been observed, a patient may eructate inflammable
gas, and cases have been described wheére patients have been able
to ignite the eructated gas at the end of a cigar-holder. Boas!
. states that sulphuretted hydrogen is more often present in
benign disease of the stomach, while, where there is gas formation
due to malignant disease, it is almost invariably absent.

In some cases the patient eructates marsh gas, this gas being
formed by the decomposition of the cellulose; but it is still a
question whether it can be formed in the stomach itself, or
whether—as seems more probable—it reaches the stomach from
the intestines.

L Deut. Med. Wochenachr., 1892, No. 49.



CHAPTER VIII

ORGANIC DISEASES OF THE STOMACH—ACUTE, CHRONIC AND
ALCOHOLIC CATARRH, ACHYLIA GASTRICA

(GasTrRIC catarrh is very commonly diagnosed, and probably in
practice many cases of functional disease of the stomach have
been erroneously included under this heading.

True gastric catarrh is accompanied by structural changes
in the stomach wall, so that one has an inflammatory process
to deal with. In the mildest forms, it may be merely an
inflammatory desquamation of the epithelium covering the
mucous membrane of the stomach, while in more severe cases
the inflammation extends into the glandular parenchyma. In
even more advanced cases, it extends into the fibrous tissue of
the stomach wall itself.

Gastric catarth may, for the sake of convenience, be divided
into acute and chronie, according to the intensity and duration
of the disease, but it must be remembered that the dividing-line
between the two is purely arbitrary.

The general symptoms of gastric catarrh have not here to be
dealt with, but merely the alterations in the activity of the
secretions of the stomach, as shown by the examination of the
vomited matter, or more definitely and accurately determined
by the analysis of the gastric contents after a test meal.

In the normal stomach, neither the vomited matter nor the
gastric contents after a test meal contain mucus in any large
quantity. Schiile ' considers that mucus is present in the
normal stomach on a carbohydrate diet, while Heidenhain has
shown that mucus only occurs in very small quantities in
carnivora, and in larger quantities, in herbivora.

The normal quantity of mucus present in a healthy stomach
cannot be easily recognised in the gastric contents obtained
after an ordinary test breakfast. Where there is a diminution

L Zeilschr, . Klin, Med., Bd, xxviii. p. 481,
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of hydrochloric acid, Schmidt * has shown that one finds glassy
swollen lumps resembling saliva, while, if hydrochloric acid is
present in normal, or even increased quantities, the mucus
has a filamentous, flocculent, or shreddy appearance. It has
been shown that mucus takes twice the time for digestion that
an equal quantity of albumen requires.

It is necessary to make certain that the mucus found in the
stomach contents really comes from the stomach, and not from
the other passages. The mucus from the back of the pharynx
or nares can easily be recognised by its darkened colour, being
stained more or less by carbon in town-dwellers, while that
coming from the saliva will be found, not intimately mixed
with the gastric contents, but distinctly separate. In all cases
of gastric catarrh, one will find more mucus than the mere
trace found in a healthy stomach, and much more than is found
in any other stomach disease, except possibly mucoid gastritis,
(if it is considered desirable to separate this from the ordinary
chronic gastritis). In the majority of cases of gastritis, one may
expect to find the gastric secretions—with the exception of
mucin—to be decreased, the ferments being also decreased.
When atrophy of the mucous membrane has set in, not only
hydrochloric acid, but also ferments, entirely disappear from
the gastric contents. In consequence of the decrease of hydro-
chloric acid and pepsin in cases of gastric catarrh, the proteid
digestion is diminished. In most cases of catarrh, hydrochloric
acid 18 not entirely absent, and there 1s a small quantity of pepsin
present, which explains the partially digested food in the vomit ;
the digestion of starch taken in the diet 1s lLittle, if at all,
interfered with. As already stated, the excretion of rennet
ferment, as a rule, runs parallel with that of hydrochloric acid
and pepsin, and, according to Boas and Bouveret,* the quantity
of rennin present in gastric catarrh is of very great eclinical
importance in deciding the intensity and prognosis of the disease.
The organic acids tend to be slightly increased in cases of catarrh
of the stomach, and these acids are very considerably increased
when, in addition to the catarrh, one has some stagnation of the
gastric contents. In hardly any cases of simple catarrh of the
stomach is there a large quantity of lactic acid found, though

1 Deutsch. Avchiv. Klin. Med., vol. lvii. p. 72,
2 Loc. cil. p. 39.
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there is considerable increase of butyric and other fatty acids;
and this distinguishes simple catarrh of the stomach from catarrh
accompanying malignant disease of the stomach.

ACUTE GASTRITIS

The vomit in acute gastritis consists of undigested residue
of food mixed with muecus, and often has an unpleasant taste,
even when the emesis does not occur until some hours after the
last meal. If the vomiting has been frequent, the residue of
food becomes less and less, until the later vomits may consist
entirely of mucus, more or less bile-stained.

The chemical examination of the vomit in acute gastritis
shows an acid reaction, although the total acidity is never verv
high; and in cases where there has been frequent vomitivg, the
later vomits may be neutral, or even faintly alkaline. The
tests for free hydrochloric acid, as a rule, are negative, although
one sometimes obtains a feeble reaction. On the other hand,
the organic acids, more especially butyric and acetic acids, will
be found to be increased. Bile is often present, and when the
emesis has been frequent the vomit may contain merely bile-
stained mucus, which gives a very distinet reaction with cold
nitric acid for bile pigments.

Blood in small quantities is not uncommonly found in acute
gastric catarrh. The gastric juice, by its action on the hamo-
globin, has, however, generally converted most of the blood
present into hwematin, and when only small quantities are
present, it may be impossible to recognise it without chemical
means. If some of the brown mass is collected in a pipette, and
dissolved in sodium hydrate, after filtration and the addition
of ammonium sulphide, it can be examined by the spectroscope
for hemochromogen, when, in an alkaline solution, one obtains
two absorption bands—a marked band between D and E (556-4
wave length), and the second band, which is not so dark, between
E and b (520-4 wave length).

The first severe symptoms having passed off, a more thorough
analysis of the alterations in the gastric secretions can be obtained
after the administration of a test breakfast. The toast appears
very little altered, and looks as if it had been simply swallowed,
mixed with a certain amount of mucus.
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The breaking up of particles of food in the healthy stomach
13 in great part due fo the churning movements of the stomach
wall, by means of which the gastric secretions are intimately
mixed with any solid contents, the mechanical action at the
same time kneading the contents into a homogeneous consistency.
In acute catarrh of the stomach, there is a deficiency of both
the gastric secretions and motor-power of the stomach wall—
hence the appearance of the gastric contents.

TABLE IL.—ANALYSIS OF GASTRIC CONTENTS IN ACUTE
GASTRIC CATARRH

Cualitative, Quantitative,
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In Table II. the analysis after a test breakfast of three cases
of acute gastric catarrh is given. In these three cases it so
happens that the reaction is acid, although it is not uncommon
to find it neutral.

Qualitative Analysis.—The chemical tests for free hydro-
chloric acid gave no reaction in any of the three cases, which
is what is to be expected in acute gastritis, though one occasion-
ally obtains a trace.

Lactic acid is, as a rule, found to be present where the ordinary
test breakfast has bheen given, and it is essential to give Boas’s
oatmeal soup if one wishes to compare the results with what
will be found in cases of carcinoma of the stomach. Butyric
acid was present in the three cases given above, and this is the
general rule, although we have sometimes known it absent.

Mucus is found to be present in considerable quantities; in
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some cases it is extremely frothy, and the gastric contents
contain bubbles in the mucus, while on other occasiops, one
finds not so much gas, though the mucus is always intimately
mixed throughout the fluid.

Quantitative Analysis.—The total acidity will be found
after test breakfasts to be always, comparatively speaking, low,
varying in the three cases which we have given as types from
24 to 44.

The volatile acids are, as a rule, increased, varying from 5
to 15, while in the cases we have given, they vary from 7
to 11. In cases of acute gastric catarrh, where there are
complications, such as pyloric obstruction with considerable
stagnation of the gastric contents, the volatile acids may be
very much higher than these figures.

Quantitative Analysis of Hydrochloric Acid.—The
Prout-Wynter method shows that the total quantity of hydro-
chloric acid varies from 0-16 to 0-28 per cent., the tendeney being
towards the lower figure. In the three cases we have used as
types, free hydrochloric acid was absent, and if present, the
quantities will be extremely small. Hydrochlorie acid combined
with proteids is seen in the first two of these cases to be low,
0-02 and 004 per cent., and only in the last case, where there
is the highest total acidity, does the proteid acidity reach 0-18
per cent. The chlorine combined with the minerals is large in
amount in the first two cases, 0-14 and 0-15 per cent., while in
the last case, where the total hydrochloric acid was found to be
highest, it is 0-10 per cent. In fact, in the first two analyses,
nearly all the chlorine present in the stomach contents is com-
bined with the minerals.

Digestion.—One at once obtains a clue as to the presence or
absence of pepsin or pepsinogen in making digestive tests with
carmine fibrin. In two of the cases given, we find that there is
no digestion of the fibrin in any of the tubes even up to the
lapse of thirty minutes, so that we can say that neither pepsin nor
pepsinogen was present in these two cases. In the other case,
test-tube No. 1 (containing gastric contents and fibrin alone),
showed the first signs of digestion after ten minutes, while test-
tube No. 2 (containing gastric contents and an equal quantity
of four per mille hydrochloric acid) showed the first appearance
of digestion in four minutes. In test-tube No. 3 (to' which an
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equal quantity of water was added), digestion was delayed for
fifteen minutes. It is seen that in this case the hydrochloric
acid was diminished, and digestion did not occur at all rapidly
except with the addition of hydrochloric acid ; but since digestion
did oceur in test-tubes 1 and 3 after a certain length of time,
pepsin was present as pepsin and not only as pepsinogen, the
delayed digestion being entirely due to the lack of hydrochloric
acid. The fact that in the case in which most hydrochlorie acid
was present there was no digestion with the fibrin test, is of
interest, as it shows that neither pepsin nor pepsinogen were
present. In this case the analysis was carried out during
an attack of acute catarrh in a patient who was probably
suffering from chronic alcoholic catarrh: hence the difference
of analytical results in this case from the first two, in which there
was only simple acute gastric catarrh.

CHRONIC GASTRITIS

The quantity of the vomit in chronic gastritis is never very
large, and considering the regularity of the vomiting, is quite
remarkable for its smallness. In severe cases, one finds remnants
of undigested food looking as if they had been simply swallowed ;
the particles are intimately mixed with mucus, so that the thick
slimy gastric contents can only with great difficulty be poured
from one vessel to another, and in some cases where the vomit
is very small in amount, it will adhere so firmly to the vessel
that the latter can be turned upside down without upsetting
the contents. The mucus produced in the stomach is always
intimately mixed with the fluid together with some balls or
flakes, while the mucus coming from the mouth, pharynx, or
nares floats in stringy masses in the gastric contents. Only in
washing out an empty stomach does one find, in chronic gastritis,
flocculi of mueus which have been washed away from the stomach
wall, and deposited at the bottom of the vessel receiving the wash-
water. Not only is the examination of the gastric contents
after a test meal of importance in chronie gastritis, but it is well
also to examine the morning vomit or the water used in washing
out the fasting stomach. This will be found to be rich in mueus,
with a feebly acid or neutral reaction, as a rule containing no
free hydrochloric acid,



ORGANIC DISEASES OF THE STOMACH 49

The microscopic examination of the vomit may reveal numerous
epithelial cells and nuelei mixed up in the mucus, and, in some
cases, fragments of gland tissue may be found. Einhorn' lays
great stress on the presence of small particles of mucous mem-
brane in the wash-water, which are not due to any injury pro-
duced by the stomach-tube, but are the products of a special
form of catarrh of the stomach accompanied by erosion. In
some cases one finds pus on microscopic examination, and it
is important to consider whether the stomach itself is the source.
In severe infectious diseases, such as puerperal fever, empyema,
&e., it is possible that interstitial purulent inflammation of the
stomach may be present; still further, where a tumour has
been felt in the region of the stomach and has become smaller
or disappeared, one may have to deal with gastric abscess or
perforation of an abscess, or perforation of an abscess from
some neighbouring viscus into the stomach.

In cases of chronic gastric catarrh, there 1s often a certain
amount of diminished motility, which will produce objective
signs in the vomit or test meal, such as the remains of former
meals. In rare cases one gets increased motility, causing the
ingesta to pass on to the intestine in a shorter period than
normal. In such cases, on passing the tube at the ordinary
time after a test meal, the stomach will be found to be empty.

The qguantity of gastric contents after a test breakfast will be
found to vary very much, according to whether there is delayed
motility or not. In the five cases which we have taken in
Table III. to illustrate the condition, the quantity varied from
70 to 200 c.c.; the general tendency, however, is for the
quantity to be small.

The reaction in most cases will be found to be feebly aeid,
although on occasion it may be neutral (such cases have not
come under our observation).

Qualitative Analysis.—The test for free hydrochloric
acid gives, as a rule, a very feeble reaction, and generally fails,
as in three of the cases given.

If Boas’s oatmeal soup has been given, lactic acid is absent,
or in any case, will be very small in amount. This is of great
importance when we consider that many chronie gastric catarrhs
yield chemical analyses very closely resembling those of catarrh

! Einhorn, * Diseases of the Stomach,” 2Znd edit. 1893,
D
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accompanying carcinoma of the stomach; while in the latter,
the presence of excessive quantities of lactic acid will help . to
confirm the diagnosis, the absence or small quantity of lactic
acid will enable one to recognise a case of simple chronic gastric
catarrh.

TABLE III.—ANALYSIS OF GAST.RIG.GDNTEE’TS IN CHRONIC
GASTRIC CATARRH -
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In most cases of chronic gastric catarrh, butyrie acid is found
to be present in the stomach, sometimes in fairly large amounts.

In all cases, as has already been stated, mucus in excessive
quantity is found.

Quantitative Analysis.—The total acidity varies from 20
to 54 in the cases which we have chosen as examples; the
tendency is to be low, and when one considers how much of this
acidity is due to volatile acids, one sees that the total quantity
of hydrochloric acid and acid phosphates is very small indeed.

The volatile acids are inereased, varying from 52 to 16:6:
where there is delayed motility, a larger quantity of volatile
acids is generally found.

Quantitative Analysis of Hydrochloric Acid.—
The total hydrochloric acid, as estimated by the Prout-Wynter
method, is low, varying from 0°15 to 0°26 per cent. Free hydro-
chloric acid is, as a rule, not present, although it may be as much
as 001 per cent. The general tendency in caszes of chronie
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gastric catarrh is for the hydrochlorie acid combined with the
proteids to be extremely low (although not so much so as is found
in acute catarrh), the amounts varying between 005 and 0-18
per cent. The chlorine combined with the minerals is not found
to be increased, varying from 007 to 0-10 per cent., and only in
one case is it as high as 0-20 per cent.

Digestion.—The carmine fibrin test shows the digestive
powers in all cases to be decreased ; in the majority of cases,
there is no digestion whatever of carmine fibrin, except with the
addition of four per mille hydrochloric acid. In two of the
examples which we have taken for illustration, there was
digestion in twelve to fourteen minutes, and with the gastric
contents alone. There was no digestion in test-tube No. 3 (in
which the gastric contents were diluted with water), except in
one case where there were signs of digestion after seventeen
minutes. In the cases which we have taken as types, we find
the digestion in test-tube No. 2 (to which four per mille hydro-
chloric acid was added), to vary from three to twenty-two
minutes. It would, therefore, appear that in all these cases
either pepsin or pepsinogen was present, although in some cases
of chronic gastric catarrh—more especially those which have
advanced very considerably—even pepsinogen may be absent,
dnd in these cases, rennin will also be absent.

Further examination of these cases showed that in one case
blood in small amount was present (being only identified by
chemical means), and the microscopic examination showed, in
some cases, masses of epithelial cells entangled in mucus.

ALCOHOLIC CATARRH

We can now discuss four cases of chromie catarrh in aleoholie
subjects. These are of interest as showing analyses differing
from those of ordinary catarrh, and if further observers confirm
these results, they will be of value in helping to diagnose chronic
gastrie catarrh of alcoholic origin.

The quantity of gastric contents in these four cases, see
Table IV., was small, as one finds in ordinary catarrh.

The reaction in all cases was acid.

Qualitative Analysis.—Free hydrochloric acid was found
to be present, giving a distinet reaction.

The volatile acids, acetic and butyric, were found to be in-
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creased. Lactic acid was not especially sought for by Boas’s
oatmeal soup, but butyric acid was very evident by the odour
and was also demonstrated by chemical tests.

As in all cases of ordinary gastric catarrh, mucus was present ;
but in these cases it seemed to be thicker and of a more tenacious
consistency than is found in simple catarrhs.

TABLE IV.—ANALYSIS OF GASTRIC CONTENTS IN
ALCOHOLIC CATARRH

Ounalitative, Quantitative. Ii
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Quantitative Analysis.—The total acidity varied from
76 to 88, showing a distinet increase, even when one com-
pares it with the normal gastric contents, the increase being
more marked in comparison with the total acidity which one
finds in simple chronic catarrh.

The volatile acids varied from 7 to 16, showing an increased
fermentation in the stomach.

Quantitative Analysis of Hydrochloric Acid.—The
total quantity of hydrochloric acid varied in the four cases from
027 to 0-37 per cent., corresponding with what one usually finds
in the analysis of normal gastric contents. The qualitative
analysis for free hydrochlorie acid gave a distinet reaction, and
the quantitative analysis of all the cases indicated the figure
0-02 per cent., except one (0°01 per cent.), a peculiar coincidence,
showing only a very slight decrease from the quantity of free
hydrochloric acid one usually finds in health after a test break-
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fast. The quaniity of chlorine combined with proteids varied
from 0-15 to 0-26 per cent., resembling the quantity of proteid
hydrochloric acid found in healthy individuals, and which we
have found in cases of ordinary gastric catarrh. The quantity
of chlorine combined with the minerals varied from 007 to 0°15
per cent.

Digestion.-—In three of the four cases one sees that the
digestion was fairly rapid, in fact, two of the test-tubes showed
digestion well within normal limits, and from the results obtained
by the digestion of fibrin alone, one certainly would not be able
to detect the presence of any pathological condition. In one
case the digestion was distinctly delayed, and in test-tube No. 2,
even after the addition of four per mille hydrochloric acid, it
took twelve minutes as against tube No. 1 with gastric contents
alone, which required thirteen minutes. So one sees that the
delayed digestion is not due to pepsinogen only being present,
but to a decrease in the activity of the pepsin. This case is
of especial interest as it occurred in a beer taster.

It would appear that in chronic gastric catarrh of alcoholic
origin, there is a greater proportion of mucus than can be ac-
counted for by the diminution in the quantity of gastric secretion,
as indicated by the quantity of hydrochloric acid or pepsin. We
have a tendency to mucus catarrh, if one is to consider that such
a thing exists, and if there is destruction of the glandular cells in
the stomach in alcoholic catarrh, it would appear that the active
cells secrete hydrochloric acid and pepsin to an excessive degree.
One can consider that in aleoholic catarrh there is, in addition
to the catarrhal process going on in the stomach, a hyper-
hydrochloria which accounts for the results obtained by analysis.

ACHYLIA GASTRICA

Chronic gastric catarrh may be completely cured or may
slowly pass, with destruction of the glandular elements of the
mucous membrane, into atrophy of the stomach., Fenwick'
considered that there is a form of atrophy of the stomach as
a disease—sui generts—leading to a condition very much
resembling pernicious anmmia. HEinhorn® states that the
microscopic examination of the débris found in the wash-water

1 Lancel, 1877. 2 <« Diseases of the Stomach,” 2nd edit. 1898,
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of cases of achylia gastrica reveals portions of mucous membrane
with some normal glands still present. He describes a case
which lasted for five years, and then slowly recovered ; the
secretory acidity increasing so that the food was more or less
digested, and hydrochloric acid gradually appearing in the
gastric contents. He attributes this case of achylia gastrica,
not to total absence of the gastric secretory glands, but to
nervous disturbance, inhibiting for the time being the secretion
of both hydrochloric acid and pepsin.

The gastric contents, after a test breakfast, have a brownish-
white colour, and on standing, quickly separate into two layers,
the upper an almost colourless fluid, and the lower a brown mass
of solid particles of food, the toast being distinetly irregular in
shape, and appearing not to have been acted on by digestion.
There is very little finely divided material such as one finds in
healthy gastric contents after a test breakfast, and as a rule,

TABLE V.—ANALYSIS OF GASTRIC CONTENTS IN
ACHYLIA GASTRIEA
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there is no increase in the quantity of mucus. The odour is
not at all unpleasant, resembling in fact the food before it was
introduced into the stomach.

In the above table we have given three cases, illustrative of
achylia gastrica. The first is a typical case of the condition, which
was verified by post-mortem three vears later. The last case,
although the analysis is not entirely in favour of achylia gastrica,



ORGANIC DISEASES OF THE STOMACH 55

has been included because the blood examination in this patient
showed results exactly similar to those one finds in pernicious
angemia, and therefore the case ought to be included in this group.

The reaction in most cases will be found to be very feebly acid.

Qualitative Analysis.—In typical cases of achylia
gastrica no reaction for free hydrochloric acid will be obtained,
although in the third case given above, the analysis showed a
trace of hydrochloric acid ; in two previous analyses, however,
of the same individual, no free hydrochloric acid had been found.

As a general rule the volatile acids are found not to be in-
creased unless there is delayed motility. Lactic acid, if present
at all, will be found only in traces. Thisis an important factor
in distinguishing achylia gastrica from carcinoma. In both con-
ditions we have a diminution or possible absence of hydrochloric
acid, but in malignant disease, one finds lactic acid in increased
quantities, whereas in achylia gastrica it is usually absent, or
only present in traces. Of the three examples, lactic acid was
only found to be present in one—after Boas’s oatmeal soup.

Butyric acid appears to be, as a rule, absent. and is only
present in one of the three cases in our table.

Mucus, if present, is intimately mixed with the food, and
occasionally one sees long stringy masses which come from
the posterior nares or back of the throat. It should be
remembered that these patients often suffer from relaxed
throats, and in noting the amount of mucus present in the
gastric contents, this fact should be borne in mind.

Quantitative Analysis.--The total acidity will be found
to be decreased. In cases where the condition has advanced to
complete atrophy of the mucous membrane of the stomach, the
total acidity may be as low as 4. In the case which was veri-
fied at the autopsy, the total acidity was found to vary from
10 to 16, and in the analysis given it was 15; in the other
two cases in which the disease was not so advanced, it was 40,

In achylia gastrica, the quantity of volatile acids is not, as a
rule, increased. In some cases, accompanied by dilatation of
the stomach, there may be an increase of volatile acids, but
even this would appear to be of rare occurrence.

Quantitative Analysis of Hydrochloric Acid.—
The Prout-Wynter method shows either total absence of
hydrochloric acid in all its forms, or marked diminution.
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Unfortunately, in the case which was verified by post-mortem
later, a quantitative analysis was not done; in the other two
cases we see that the total quantity of hydrochloric acid varied
from 010 to 015 per cent. Free hydrochloric acid was
absent in both cases, and the proteid hydrochloric acid was
in one case only 0°03, while in the other it was 007 per cent.

The chlorine combined with the minerals was very low, being
(07 and (008 per cent.

Digestion.—The carmine fibrin test showed, in the first and
second cases, a total absence of pepsin and pepsinogen. In the
third case, there was only very slight digestion in thirty minutes
in the test-tube containing gastric contents and fibrin alone, while
on the addition of four per mille hydrochloric acid, there was
digestion after twenty minutes. From the chemical analysis
alone, one might at first consider that this was a case of malignant
disease of the stomach, although against such a diagnosis was
the fact that the volatile acids were only slightly increased, and
still further, in three separate analyses, lactic acid was absent.
The general symptoms of the patient and a more detailed
examination of the urine and blood indicated pernicious ansmia,
while the fact that he lived for five years after the analysis shows
the importance of taking into account all the symptoms and
other methods of diagnosis, since from the chemical analysis
of the stomach contents alone, a diagnosis of carcinoma of the
stomach might have been made.

The movor-power of the stomach is, as a rule, normal. In the
first case after Riegel's test meal, the stomach was found to be
completely empty between the fourth and fifth hours, and this
patient suffered as a rule from no symptoms of indigestion,
except occasionally from flatulency.

On washing out a fasting stomach in an individual suffering
from achylia gastrica, it is not uncommon to find traces of blood
or particles of mucous membrane, showing that the stomach
walls are more easily wounded by the stomach-tube than in
health, and this was especially marked in the first case tabulated.
Schmidt * and Riegel * state that large quantities of mucus may
be present in cases of achylia gastrica, but in the cases which
have come under our observation, this has not been confirmed.

1 Deut. Arch. f. Klin. Med., vol. lvii.
2 Die Erkrankungen des Magens, 1897, p. 616.



CHAPTER IX

ORGANIC DISEASES OF THE STOMACH (continued)—
GASTRIC ULCER

THE symptoms of pain and vomiting in gastric ulcer, although
not strictly chemical, are of such importance as to necessitate
a few remarks before discussing the chemical analysis.

The typical pain of gastric ulecer is commonly supposed to
occur immediately after the food has been taken, while in practice
it is found that the pain occurs at various times; it may be
immediately after food, or it may be delayed for two or three
hours. Numerous cases of undoubted gastric ulcer occur, in
which the first symptom is the vomiting of blood without any
pain, and therefore pain can only be considered as one of many
symptoms of ulceration of the stomach.

There is a tendency for the emesis to occur at the height of
the pain, whether it occurs immediately or two or three hours
after the ingestion of food, and unlike the emesis which occurs
in hyperhydrochloria, the vomiting causes almost immediate
relief. The vomiting in gastric hypersecretion, occurring as
it does at irregular intervals, and that of gastric ulcer occurring
at a more or less constant interval after the taking of food in
each special case, helps to differentiate these conditions, in spite
of the similar chemical analyses.

The vomit in cases of gastric ulcer shows a different appearance
according to the quantity of food or the period of time which
has elapsed since it was taken. The longer the interval between
the taking of the food and the vomiting, the better digested
the stomach contents appear to be, the food often being very
finely broken up, thus indicating a good motility as well as an
active secretion. The vomit has a very acid taste, so that the
patient may complain of the sourness.

Hamatemesis is of so great importance in the diagnosis of
gastric ulcer that one may regard it as the most important sign,
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- and unless it is present, or the history of a previous hemorrhage
has been obtained, it is difficult to diagnose a case as one of
gastric ulcer. We must remember that the finding of blood,
even in comparatively large quantities, 1s not invariably a sign
of gastric ulcer, as it may be due to circulatory changes either
in the stomach wall itself or the lower end of the cesophagus,
such as one finds in cirrhosis of the liver.

Blood, when present in large quantit-ies'. in the vomit, may have
a normal bright red appearance, while if in small quantities, or
if it has been retained in the stomach for some time after the
heemorrhage has occurred, one gets the well-known coffee-ground
appearance. And in the latter case it may sometimes be neces-
sary to make a chemical analysis in order to recognise that it is
blood. Blood in gastric ulcer is, as a rule, present in more or less
large quantities, the ha@morrhage being generally accompanied
or preceded by some pain; in a few cases, however, as already
mentioned, there may be hamorrhage without any previous
symptoms to lead one to suspect the possibility of ulceration.

The total acidity of the vomited matter is generally increased,
and the tests for free hydrochloric acid give a very marked
reaction. When vomiting occurs immediately after the food
is taken, the hydrochloric acid is naturally not so much increased,
but even in these cases one obtains a reaction. Gastro-succhorea
not infrequently occurs with gastric uleer, and may possibly
explain the reaction for free hydrochloric acid immediately after
the taking of food.

It is generally considered that the stomach-tube should not
be employed in cases of gastric ulcer, and it should not, as a rule,
be used immediately after a heemorrhage has occurred, although
in some cases of repeated hwmorrhage the washing-out of the
stomach may be of great service. Possibly it is better not to
use it at all if a diagnosis can be made without it, but in
doubtful cases it would appear that there is little objection to
using it, provided ordinary care is taken. The chances of
injury are small, and there is certainly less danger of injury
being occasioned by a soft rubber tube than by the violent
retching caused by vomiting,

The stomach contents after a test breakfast—unless the uleer
is situated at the pyloric end of the stomach, causing dilatation
of that organ—are not at all large in quantity.
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In all cases a distinctly acid reaction is present.

Qualitative Analysis.—The test for free hydrochloric
acid shows an unmistakable reaction, enabling one at once to
recognise that it is present, and in the majority of cases, the
test alone will indicate that it is in excess.

TABLE VI—ANALYSIS OF GASTRIC CONTENTS IN
' GASTRIC ULCER
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The absence or presence of lactic acid in cases of gastric ulcer
seems of little importance. If Boas’s oatmeal soup has been
given, lactic acid will not be present, though after an ordinary
test breakfast, a reaction may be obtained. Butyric acid 1s, as
a rule, absent, but in some cases—especially where dilatation
of the stomach accompanies the ulceration—one may obtain a
reaction,

As a rule mucus is not present in gastric ulcer, although
in some few cases it may be found ; it is never, however, present
in anything like the quantity accompanying gastric catarrh.
The cases in which mucus does occur can also be easily distin-
auished from gastric catarrh by the high total acidity which
oceurs in gastric ulcer.

Quantitative Analysis.—In all cases where uleeration of
the stomach has been found to be active—as in the cases in the
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above table which have been demonstrated by operation during
the process of a gastro-enterostonomy—the total acidity is
found to be high, varying from 87 to 118. In one case, in
which the gastric ulcer was latent, it is only 64; unfortunately
this case was not confirmed by operation, but heemorrhage and
other symptoms of gastric ulecer had preceded the analysis.

The volatile acids as a rule are very slightly increased, although
in some cases where there is dilatation of the stomach, there
is a marked excess, as in two of the cases given above, which were
136 and 15 respectively. In the other cases, the volatile acidity
is seen to vary from 3 to 6.

Quantitative Analysis of Hydrochloric Acid.—In
all the cases of gastric ulcer which were confirmed by operation,
hydrochloric acid is present in large quantities. In the four
certain cases we find from 0°40 to 042 per cent., while in the case
in which no operation was performed, and the last hemorrhage
had oceurred one month previously, the hydrochloric acid
was only 0-28 per cent. Free h}rdmuhlﬂri-:z acid is always present,
and in the cases above given it varies from 001 to 012 per
cent. The quantity of hydrochloric acid combined with proteids
shows a considerable increase, the variations in the above cases
being from 0-20 to 0-32 per cent. ; only in the exceptional case is it
less, 0'18 per cent. The general tendency appears for the chlorine
combined with the minerals to be, comparatively speaking, low ;
in the above cases it varies from 0°06 to 011 per cent.

Digestion.—The carmine fibrin test in cases of gastric ulcer
shows a tendency to increased rapidity of digestion. This is
generally more marked in the test-tube containing gastric juice
alone than in the tube to which four per mille hydrochloric acid
has been added ; the additional hydrochloric acid tending to hinder
rather than to increase digestion. In the cases given as examples,
it will be noted that the digestion is sometimes apparent in two
minutes, and in only one case was it as slow as ten minutes in
the test-tube containing gastric juice alone. In this latter case,
the digestion, when hydrochlorie acid was added, was more rapid,
taking only seven minutes. The tube to which water had been
added digested in five minutes; the explanation is difficult to
give. In the other cases, it is seen that the dilution with
water did not cause very marked alterations in the activity
of the pepsin.






CHAPTER X

ORGANIC DISEASES OF THE STOMACH (confinued)—
GASTRIC CARCINOMA

IN malignant disease of the stomach, the situation of the
growth gives rise .to certain characteristic symptoms which atve
indicated in the gastric contents. In carcinoma of the cardiac
end of the stomach, when the growth has increased so as to cause
stenosis, true vomiting does not occur, but one sees regurgitation
of food, mixed with large quantitics of mucus which accumulate
in the lower end of the cesophagus immediately above the narrow-
ing. The vomit in these cases occurs with great regularity,
and as a rule, immediately after the taking of food. In such
cases, the position of the growth can be demonstrated by means
of the stomach-tube, and portions of the growth are occasionally
found in the eye of the tube; these will be invaluable in making
a diagnosis by microscopic examination. The examination of
the patient by X-rays is of very great service, especially if milk
containing bismuth sub-nitrate has been given, and its passage
watched along the cesophagus.

In carcinoma of the pyloric end of the stomach, when the
growth has advanced so far as to cause narrowing of the pylorus,
so that the gastric contents can only with difficulty pass into
the duodenum, dilatation of the stomach is gradually produced,
and it 1s not at all uncommon to see distinet peristaltic waves
on inspection of the patient’s abdomen. The vomiting in such
cases is very obstinate, occurring every few days, or sometimes
daily, and as time goes on the periods between the vomiting
diminish in length. It is found that in pylorie carcinoma, the
vomiting usually oceurs in the afternoon or evening, thus dis-
tinguishing it from the vomiting of simple gastric catarrh, which,
as a rule, occurs in the early morning. The quantity of vomited
matter in pyloric carcinoma is as a rule large, from half to one
litre, which also distinguishes it from gastric catarrh, where a
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small quantity of vomited matter is noted. The vomit consists
mostly of food in an undigested or semi-digested condition, and
aften the remnants of the food of previous days.

Carcinoma of the stomach may exist for long periods without
any vomiting, and this is especially apt to occur when the smaller
or larger curvature or posterior wall of the stomach are involved
in the malignant growth. In some cases where there has been
frequent vomiting, and carcinoma either of the cardiac end of
the stomach, or the lower portion of the cesophagus, has caused
such constriction that not even the finest stomach-tube can be
passed, the passage will suddenly become free and the vomiting -
cease. This is due to the fact that the growth has ulcerated,
causing disappearance of the stenosis, and it will then be found
that a large tube can be easily passed into the stomach. Simi-
larly, in cases of carcinoma of the pylorus accompanied by
obstinate vomiting, the intervals may become longer and longer,
until the vomiting. altogether ceases, owing to the softening and
sloughing of the tumour.

The appearance of the vomited matter varies according to
the food taken ; in all cases, however, it shows a marked want
of efficient motility and of breaking up of the food, even in
spite of peristaltic waves being noted on examination of the
abdominal wall ; and remnants of food from previous days are
generally present. Bile is practically never found in malignant
disease of the stomach, but there are often large quantities of
mucus, intimately mixed with the stomach contents. In nearly
all cases, blood in small quantities will, sooner or later, be found
in the vomit. But the blood in carcinoma, as distinguished
from that found in ulceration, is small in amount, since it comes
from small superficial abrasions, and to demonstrate its presence
it is often necessary to resort to chemical tests. In rare cases,
owing to the brLa]-.mg down of the growth, there may be erosions
of large vessels leading to copious hemorrhage which may be
difficult to distinguish from those of gastrie ulcer.

Chemical Examination of the Vomited Matter
in Carcinoma of the Stomach.—In a case of ecarcinoma
of the stomach verified by autopsy, Golding Bird," of Guy’s
Hospital, first showed in 1842 that the free hydrochloric acid,

1 “ Contribution to Chemieal Pathﬂlog}' of some Forms of \Iﬂrlnd Diges-
tion,” Lond. Med. Gaz., 1842, vol. ii. p. 391
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which was present in considerable quantities in the early stages
of the disease, gradually diminished in amount as the strength
of the patient decreased, and that the organic acids gradually
increased as the free hydrochloric acid diminished.

Vanden Velden' in 1879 again drew attention to the fact that
in carcinoma of the pylorus, free hydrochloric acid was absent
from the stomach contents. Since this period, a number of
writers both for and against the absence of free hydrochloric
acid have taken the field. The discrepancies in the opinions
of the various writers are partly due totheir not recognising the
difference between free and combined hydrochloric acid. The
diminished secretion of hydrochloric acid and the absence of free
hydrochloric acid are not, however, pathognomonic of carcinoma ;
1t was long ago shown by Van den Velden that both in gastritis and
* fever, one may find absence of free hydrochlorie acid. Riegel®
has further shown that in amyloid disease of the mucous mem-
brane of the stomach, toxic gastritis, atrophic catarrh, and
certain forms of nervous disease—and sometimes even in phthisis
and heart disease—free hydrochloric acid is absent from the
stomach contents. In most cases, the other signs and symptoms
help one to diagnose whether its absence is due to malignant
disease or other causes, and it must be remembered that one
would rarely venture to diagnose carcinoma of the stomach
from an analysis of gastric contents alone.

The question of how soon in carcinoma of the stomach hydro-
chloric acid disappears is a very difficult one to settle; it
certainly seems that, as the disease advances, the quantity of
hydrochloric acid diminishes, and in some cases free hydro-
chloric acid is entirely absent at a very early stage when no
other signs or symptoms of carcinoma are present. On the
other hand, there are certain cases of carcinoma in which one
finds free hydrochloric acid to be present for a long time, and
further one even occasionally gets hyperhydrochloria. Those
cases in which hydrochloric acid remains present throughout—
even, it may be, in increased quantity—are usually associated
with ulceration, partaking of a carcinomatous nature.

Thiersch ® described a very interesting case in which free hydro-
chloric acid was present, and at the autopsy, cancer was found

1 Loc. eit, p. 25. 2 Die Erkrankungen des Magens, 1897, p. 788.
3 Miinchener Med. Waochensehrift, 1886.
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to be growing on the site of an old gastric ulcer. We can say
with confidence that, when the signs and symptoms point to
malignant disease, the absence of free hydrochloric acid from
the vomit is a very great factor in confirming the diagnosis
of carcinoma, and, unless there is some evidence to lead one
to suspect the presence of gastric ulcer, the presence of free
hydrochloric acid in such cases would negative such a diagnosis.

Microscopic Appearance of the Vomited Matter
in Carcinoma of the Stomach.—In examining the
sediment obtained from the vomit or washings of the stomach
in malignant disease of that organ, it is not at all uncommon
to find epithelial cells, sometimes arranged in the character-
istic nests found in carcinoma. Reinboth' describes how
in small blood elots obtained from the washing out of a malignant
stomach, small particles of the growth are sometimes found.
Unfortunately, the microscopic recognition of carcinoma is
not, in most cases, possible till the later stages of the disease,
and the diagnosis may be made earlier by other means.

In the vomited matter of carcinoma of the stomach, one
generally finds remains of muscular fibres, vegetable cells, starch
granules, and fat globules, which are easily recognised. Sarcinse
are usually absent, and Oppler ® has shown that if one introduces
pure cultures of sarcin® into a carcinomatous stomach, they
disappear within twenty-four hours, a dilated malignant stomach
being a very bad nourishing chamber for these organisms ; this
is contrary to what occurs in ordinary atonic dilatation of the
stomach. It is not at all uncommoén to find yeast cells in the
stagnated contents of a carcinomatous stomach. In almost all
cases of carcinoma, one finds long filamentous bacilli which are
productive of lactic acid.

Boas® has observed more or less large quantities of pus cells
in malignant disease of the stomach, but Riegel* considers that
these are more often due to accidental contamination than to
the malignant disease itself.

Chemical Examination of the Gastric Contents
after a Test Breakfast.The appearance of the gastric

1 Deutzeh. Archiv. f. Klin. Med., Bd. lviii. 89.
o Miinchen. Med, Weochenselr., 1894, No. 29,
3 Diagnostik w. Therap. der Magenkrankheiten 1., Theil, 1896, p. 184.
& [hie Erkrankungen des Magens, 1897, p. 788,
E
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contents obtained after one hour in malignant disease varies
very considerably according to the position of the growth.
When the disease occurs towards the pylorus, leading to
obstruction, one has the complication of a more or less dilated
stomach, which does not occur when the growth is at the
cardiac end. Unless special precautions are taken m cases
where the malignant disease is in the pylorus and dilatation is
present, it is not uncommon to find mixed with the tea and
toast some remains of the previous day’s food. And if one

TABLE VIL—ANALYSIS OF GASTRIC CONTENTS IN
GASTRIC CARCINOMA
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wishes to obtain a proper gastric analysis in such cases, it is
necessary to wash out the stomach on the evening or morning
before the test breakfast is given.

The quantity of gastric contents varies considerably according
to the situation of the carcinoma. In early cases of malignant
disease at the cardiac end while the tube can still be passed,
there is a tendency to deerease in the quantity of gastric con-
tents, which is apparently due, not so much to inereased motor-
power, as to the diffieulty of removing the contents, for, on
washing out with water, one continues to obtain contents for
some time, showing marked difficulty in thoroughly cleaning
the stomach. Scarcity of pure material often hampers analysis.

In the above table we give four cases of malignant disease
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of the stomach, which, soon after analysis, were verified by
autopsy. In the first two cases, the carcinoma was either
at the greater curvature or towards the cardiac end. In the
two latter, there was malignant disease involving the pyloric
orifice,

The gastric contents in all the cases showed large particles
. of toast which had been little broken up, mixed with a certain
amount of mucus in three of the cases. In no case was any
blood found.

The reaction was in all these cases distinetly acid, and it would
appear rare to obtain a neutral reaction in carcinoma. In these
four cases, the various tests for free hvdrochloric acid were
negative. In describing the vomited matter in cancer of the
stomach, we have remarked how sometimes free hydrochloric
acid may be present, and the repetition of these remarks is
UNNECcessary.

In all cases, the test for lactic acid gave a marked reaction.
We have already mentioned the fact that long filamentous
bacilli which produce lactic acid are considered by Boas to be
always present in malignant disease. It would appear that in
carcinoma there is a greatly increased quantity of lactic acid
after a test breakfast, and that even when Boas’s oatmeal soup
has been given, lactic acid will be found. Its presence is a very
early symptom in carcinoma, and is, therefore, of great diag-
nostic value. At the same time, Hammerschlag' has shown
that it is not uncommon to find lactic acid only slightly increased
in those cases of malignant disease where the proteid digestion
is normal, or only very slightly reduced.

One finds butyric acid present in most cases of carcinoma.
Even when there is no obstruction to the pylorus, there appears
to be a tendency to stagnation of the contents in the stomach,
so that butyric acid occurs in the early stages of malignant
disease. Of the four cases given above, butyric acid was easily
recognised in all except one ; in this case, there was a suspicion
of its presence, though the quantity of material was not sufficient
to allow of a very detailed analysis.

Mucus is, as a rule, present in carcinoma, this being due to
the fact that a certain amount of catarrh generally accompanies
the disease. Undoubtedly there are cases of malignant disease

1 Archiv. §. Verdauungskrankheiten, vol. il. part i.
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in which mucus is not increased, and in one of the cases described
above it was absent.

The total acidity in carcinoma is, as a rule, decreased, as is
well illustrated in the examples taken. In rare cases, where
the carcinoma has followed upon gastric ulcer, one may find,
as has been described, no decrease in total acidity.

In all casesof carcinoma in which we have been able to do a
quantitative analysis of the volatile acids, we have found them
increased. Of the four cases which were verified by autopsy,
there were sufficient gastric contents in only two to allow of
an estimation of the volatile acids, and in these two cases, they
amounted to 15 and 22°4 respectively.

The total quantity of hydrochloric acid in most cases of
carcinoma of the stomach is decreased. In one of the cases
given above, the total hydrochloric acid was 032 per cent., but
in this case the analysis was done some months before the
autopsy, at which a tumour was found extending towards the
pyloric orifice ; in the other cases it is seen that the total hydro-
chloric acid is decreased.

In all uncomplicated cases, free hydrochloric acid is absent ;
one has to remember, however, the cases where gastric ulcer
precedes the malignant disease, when this will not be the case.

In the majority of cases, it would appear that the combined
hydrochloric acid is decreased, and in some cases entirely absent.
We see in the table that in the one case in which the total
quantity of hydrochloric acid was apparently normal, no less
than 0°16 per cent. was combined with the proteids.

The mineral hydrochloric acid is, as a rule, very large in
amount. In the two cases in which analyses were carried out
it was 0'11 and 0°16 per cent., resembling what one finds in
acute gastric catarrh.

The carmine fibrin test shows for the most part absence of
digestion. The diminution of pepsin is not pathognomonic of
the disease, since in all cases of secondary gastritis or atrophy
of the stomach there is a tendency to diminution of pepsin
and pepsinogen, as well as of other ferments. In malignant
diseage of the stomach, one finds both pepsin and rennin as a
rule diminished, and it is not at all uncommon to find both these
ferments entirely absent. In three of the four cases given in
the table, this was the case. In only one case was there a slight






CHAPTER XI

FUNCTIONAL DISEASES OF THE STOMACH—SECRETORY NEU-
ROSES, HYPERHYDROCHLORIA, GASTRO-SUCCHOREA, HYPO-
HY DROCHLORIA

In functional dyspepsia one is now able, thanks to the intro-
duction into general practice of the stomach-tube, to recognise
the changes produced in the gastric secretion, as well as the
changes in the condition of the stomach wall itself, so that one
can classify the pathological state with a certain amount of
scientific accuracy.

The majority of cases of chronic gastric dyspepsia which come
under the notice of medical men will, when careful chemical
examination of the stomach contents has been made, prove to
be due to functional disturbance and not to organic disease.
Functional disturbance of the stomach may, for the sake of
convenience, be divided into three groups, due to alterations in :

(@) The secretions of the stomach.
(b) The motor-power of the stomach.
(¢) The sensibility of the stomach.

It will be found in all cases of functional disease of the
stomach that the more often one is able to obtain an analysis
after a test meal, the more accurate will be the diagnosis; in
looking through our notes of gastric analyses the importance
of having a series of analyses is very apparent. In all cases
where this has been possible, there has not been the slightest
difficulty in classifying the condition of the stomach, while
in those cases where only a few, or possibly only one analysis
has been made, one may easily be led into error in diagnosis,
especially when the results of chemical analysis are not very
typical of the condition present.

It is important also, in diagnosis by means of chemical analysis,
not to diagnose functional disease of the stomach until organic
disease has been negatived by a very careful examination
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of the symptoms and physical signs present. Funetional
dyspeptics, as a rule, show other nervous symptoms, such as
neurasthenia, &e., which help one in making a diagnosis, but
on this account, the error must not be made of overlooking
possible organic disease in a neurotic patient.

Functional dyspepsia is especially prevalent in the upper
and middle classes who are in the habit of cultivating their
brains more than their bodies, and one finds many instances
of it in the legal and medical professions, and in over-worked
business and literary men, &c. The condition is found most
frequently in persons of active middle life, rather than in the
young or old, and secretory dyspepsia would appear to be more
common in men than in women, while motor derangement of
the stomach is more frequently met with in women than in
men. One would naturally expect that a single function of
the stomach would seldom be alone at fault, and in practice
it 1s not at all uncommon to have two or three functions dis-
turbed at the same time in the same individual, so that hyper-
hydrochloria, together with hypersesthesia and atonic dilatation
of the stomach, may be present in the same patient.

When the motor-power of the stomach is interfered with, one
gets various groups of symptoms, according to the part of the
stomach especially affected; In some cases, pyloric spasms
seem to be the principal symptom, in others increased peristalsis,
and in others again, loss of tone may give rise to atonic dilatation.

With these prefatory remarks, we may now.go on to sub-
divide the various forms of functional dyspepsia met with in
practice, and illustrate them with analyses of cases. The
analysis given in each table is a single one chosen from a series
of analyses of a separate case, as illustrating the condition
generally found ; by this means one gets a better picture of the
condition present in that particular disease.

As an example, we will take one case of hyperhydrochloria
in which a series of analyses was carried out. It will be seen
in this case (Table VIIL.) that the various analyses correspond in
general and enable one to recognise the case as one of purely
functional disease. On two occasions mucus was present, and
the volatile acids were sometimes increased; these analyses
alone might lead one to believe that there was some gastric
catarrh, but on looking at the analyses as a whole, one sees
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that no catarrh was present, and that it was a case of
hyperhydrochloria, the increased volatile acids being due to
temporary motor insufficiency. The lactic acid which 1s shown
to be present in all the analyses was only found in very small
quantities, and is due to a test breakfast only being employed,
and not Boas’s oatmeal soup.

TABLE VIIL.—ANALYSIS OF GASTRIC CONTENTS IN
A CASE OF HYPERHYDROCHLORIA
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SECRETORY NEUROSIS OF THE STOMACH

That the secretions of the stomach are under the control of
the nervous system has long been believed, and naturally so,
since other secretory glands have been demonstrated to be under
the control of the nerves. Numerous observers have tried to
show how the nervous secretions of the stomach are influenced
by stimulation or inhibition, but no experiments on either the
vagus or sympathetic seemed to give any definite and constant
results in animals.
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It was not until Pawlow and his pupils, with their more refined
methods of experimenting and their careful use of antiseptics,
showed that gastric secretion was under the control of the vagus,
that our knowledge from the experimental side was established.
In dogs in which he had made @sophageal and gastrie fistula, he
was able to prove that the mere psychological stimulus of seeing
food, &e., sufficed to cause secretion of the stomach juice. That
the gastric juice really came from the psychological stimulus,
he demonstrated by his ingenious method of dividing the stomach
into two parts, so that he had a small stomach isolated from
the esophagus with a gastric fistula in it. By feeding these
dogs—when there was no possibility of food entering the
stomach from the wsophagus—he was able to collect absolutely
pure gastric juice from the small isolated stomach. Section of
the vagi with certain precautions caused complete absence of any
psychological secretion in dogs thus fed, and still further, stimula-
tion of the peripheral end of the vagus produced a distinct flow
of gastric juice. Pawlow' was thus able to demonstrate that
the secretory nerve of the stomach was the vagus, and that it pro-
bably contained not only stimulating, but also inhibitory fibres.

All Pawlow’s work 1s so interesting and so experimentally con-
clusive, that we must refer our readers to the book itself, since it is
of great importance in enabling us to understand how functional
changes produced in the stomach may account for dyspepsia.

Richet: had under observation a patient with obstructed
cesophagus and gastric fistula in whom, after chewing flavoured
food—although none of it reached the stomach—he found a
copious flow of gastric juice, just as has been now demonstrated
in animals by Pawlow.

Having seen that the gastric secretion is so easily influenced
by psychological stimulation, we can readily understand how
in disease either stimulation or inhibition of the vagus may act
on the gastric glands so as to affect the secretions. The
chemical reflex caused by gastric secretion may be found to
play an important rgle in the pathological alterations of the
composition of the gastric juice, but the subject is too recent
to be discussed here.* In cases of stimulation of the vagus,

1 Loc. cit. p. 10.

2 Journ. de U Anatom. el de la Physiol., iii. No. 6.
3 Starling, Croonian Lectures, June 1905,
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one would expect increased gastric secretion, leading to hyper-
hydrochloria when food is taken, or, when such stimulation
occurs in the fasting individual, gastro-succhorea. While, on
the other hand, in cases where inhibition of the vagus occurs,
one may get hypohydrochloria.

Pathologically, hypersecretion of the gastric juice may occur

TABLE IX.—ANALYSIS OF GASTRIC CONTENTS IN
HYPERHYDROCHLORIA
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in two forms, that present during digestion, which is recognised
as hyperhydrochloria, and that from a fasting stomach, which
18 known as gastro-succhorea,

HYPERHYDROCHLORIA

The condition of hyperhydrochloria is best defined as an
excessive secretion of gastric juice occurring during digestion,
either the gastric secreting cells or the secretory fibres of the
vagus being more sensitive than is normal, so that the excitation
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of the food causes an excessive secretion of juice. The analysis of
such gastric contents will show not only increased total acidity,
but also an increase in both free and combined hydrochloric
acid. In this condition the ferments, pepsin and rennin, are
usually increased, as well as the acids normally present in the
gastric juice.

In all cases of functional disease of the stomach, it 1s important,
as already stated, to have a series of analyses ; in this way one
obtains more definite results than is possible when one attempts
to make a diagnosis from a single analysis. In Table IX. we
have put together the results of nine analyses of different indivi-
duals as types of the various forms of hyperhydrochloria which
one meets with in everyday practice.

The quantity of gastric contents found after a test breakfast
is, as a rule, somewhat increased in cases of hyperhydrochloria ;
at the same time, this is not always demonstrated, owing to
the fact that the condition is often accompanied by increased
motility, so that one does not obtain such a large quantity of
gastric contents after the hour’s interval as one would expect
to find where there is excessive secretion of gastric juice.

Qualitative Amnalysis.—A markedly acid reaction is
present in all cases of hyperhydrochloria.

One would naturally expect to find a very marked reaction
with the various tests for free hydrochloric acid in cases where
there is a hypersecretion of gastric juice, and in cases of hyper-
hydrochloria, one will find that the reaction for hydrochloric
acid is always very distinct.

When the ordinary test breakfast has been given, one generally
obtains a slight colour reaction with the test for lactic acid,
but when Boas’s oatmeal porridge has been given as a test diet,
the test for lactic acid will be negative.

Butyric acid is often found in hyperhydrochloria ; the condition
is accompanied by some diminution in the motor-power of the
stomach, the butyrie acid being due to this delayed motility.

In uncomplicated cases, mucus is not, as a rule, present,
although in some cases we have found it in a single analysis ;
when, however, several analyses have been carried out, we have
found that the presence of mucus was not constant, and was
apparently accidental. One sees, on comparing a series of
analyses of the same individual, that mucus is, as a rule, absent
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in cases of hyperhydrochloria, while in cases of catarrh of the
stomach, it is always present. It would appear that in simple
hyperhydrochloria, mucus is not so often present as it is in cases
complicated with gastric uleer,

Quantitative Analysis.—The total quantity of acid
present in hyperhydrochloria varies from 60 to 130, or even
more. In the series of cases which we have given as types, it
varies from 75 to 125. In most cases of uncomplicated hyper-
hydrochloria the acidity will be about 100, and it should be
considered that any increase above 60 of acidity verges on
hyperhydrochloria. The line of demarcation between normal
gastric secretion and the slight excess which occurs in mild
cases of hyperhydrochloria is difficult to define, as the symptoms
may be very marked in some cases where the acidity is only
slightly increased, owing to hyperasthesia being also present.
Conclusions as to the class of functional diseases of the
stomach in which such cases are to be placed can only be
made by a series of analyses.

In hyperhydrochloria, the volatile aecidity will be found to
be normal, while there is a tendency in some cases for it to be
increased. In three of the cases it was increased to as much
as 9. This increase in the volatile acidity will generally be
found to be due to diminished motility accompanying the
condition.

Quantitative Analysis of Hydrochloric Acid.—
The total hydrochloric acid is always increased. In the
series of analyses given, the lowest figure i1s 0-34 per cent.,
and the highest 0-48 per cent., the analyses generally tending
towards the higher figure rather than the lower.

Free hydrochloric acid, as already stated, is always found
by chemical tests to be present. The quantitative analysis
varies in the cases given from 001 to 006 per cent., though
higher figures may occasionally be reached.

The quantity of hydrochloric acid combined with proteids
will always be found to be increased, varying from 0-21 to 0-30
per cent. in the examples quoted.

The quantity of chlorine combined with the minerals in
hyperhydrochloria varies, but the general tendency is for the
quantity not to be markedly increased. In the examples
given, it varies from 006 to (-10 per cent.
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Digestion. — In hyperhydrochloria, one finds, with the
carmine fibrin test, rapid digestion, so that in some cases the
fibrin is dissolved and the carmine liberated in as short a time
as two minutes. The addition of hydrochloric acid to the
gastric contents in test-tube No. 2 may, in some cases, tend
to delay digestion owing to the excess of hydrochloric acid
hindering the action of the pepsin. The general conclusion
to be deduced from the examination of several cases of hyper-
hydrochloria is that pepsin and pepsinogen are present in
normal or even increased quantities.

The examination for rennin, when the gastric secretion has
been previously neutralised, will also show a tendency to in-
creased activity.

The chemical analysis in cases of hyperhydrochloria is seen
to correspond with that of gastric ulcer, and this is not remark-
able when one considers that in gastric uleer one has a condition
of hypersecretion. The differential diagnosis between gastric
ulcer and hyperhydrochloria is therefore extremely difficult,
and can only be arrived at by considering the symptoms and
clinical history. In cases where one gets an undoubted history
of hematemesis, the diagnosis is comparatively easy, but in
other cases one must rely on the general history and symptoms,
and it would appear that the stomach-tube i1s of very little aid
in coming to definite conclusions.

GASTRO-SUCCHOREA

In healthy individuals, a resting stomach contains no gastric
secretion, so that on passing the stomach-tube in a fasting
individual, no gastric contents should be obtained. It is
important before making a diagnosis of gastro-succhorea, when
one finds gastric contents in a fasting individual, to wash out
the stomach the previous night in order to be sure that the
gastric contents are not due to the excitation of remnants of
food or secretion which has irritated or stimulated the stomach.
If, having previously washed out the stomach, one still finds
gastric contents on passing the stomach-tube, one may safely
consider that the patient is suffering from gastro-succhorea.

The frequency of this condition would appear to vary con-
siderably according to different observers, and the countries
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in which the observations have been made. It appears to
be quite common in Norway amongst badly fed individuals,
and Dr. Grieg, of Bergen, who worked in our laboratory, was
good enough to send us a series of analyses of patients suffering
from gastro-succhorea. The analyses simply show normal
gastric juice, and it is unnecessary to reproduce them here.
Not only is hydrochloric acid present in such cases, but also
pepsin and generally rennin.

HYPOHYDROCHLORIA

We have already shown that hyperhydrochloria is due to
excitation of the secretory fibres of the vagus nerve, the con-

TABLE X.—ANALYSIS OF GASTRIC CONTENTS IN
HYPOHYDROCHLORIA
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trary condition—diminished secretion of gastric juice or hypo-
hydrochloria—being produced by the excessive action of the
inhibitory fibres of the vagus nerve. The diminished secretion
which occurs in gastrie catarrh or in earcinoma of the stomach
must at once be separated from this purely neurotic condition
of hypohydrochloria, In the former cases, there is often abso-
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lute destruction of the gastric juice secreting glandular cells
of the mucous membrane, while funectional hypohydrochloria
is accompanied by no destruction of the secreting cells, but
merely inhibition through the vagus nerve causing diminished
secretion. Hypohydrochloria is found in practice to be a much
more rare complaint than the opposite condition of hyper-
hydrochloria. This is only what one would expect on physio-
logical grounds, since the inhibitory function is not so strongly
represented in the vagus nerve as the excitatory function.

In Table X. we have put together seven cases illustrative of
this condition. It is found that after a test breakfast a large
quantity of gastric contents is, as a rule, obtained, showing that
delayed motility usually accompanies the condition.

Qualitative Analysis.—The reaction in all cases of
hypohydrochloria which have come under our notice has been
acid or feebly acid; in no case have we obtained a neutral
reaction.

In hypohydrochloria the ordinary tests for the presence of
hydrochloric acid occasionally give a reaction, but in more
numerous cases, free hydrochloric acid 1s absent.

Lactie acid has been found to be present in nearly all the cases
we have examined after the ordinary test breakfast, but when
Boas’s oatmeal porridge has been given, it is very often absent,
and never found in any inereased quantity. This is of con-
siderable help in distinguishing this condition from that of
malignant disease of the stomach, in which one finds the exces-
sive quantity of lactic acid already mentioned.

In the majority of cases, butyric acid will be found to be
present, though in some few cases it is absent.

In typical hypohydrochloria, mucus is absent, though in
taking a series of analyses—as in hyperhydrochloria—one may
occasionally find it present. The importance of a series of
analyses in these cases in helping one to distinguish the condition
from carcinoma of the stomach is very apparent, for, in carci-
noma of the stomach, the majority of analyses will reveal the
presence of mucus, whereas in hypohydrochloria, it will be
abscnt.

Quantitative Analysis.In hypohydrochloria the total
acidity is found to vary from 18 to 40 in the cases we have taken
as types, and some show an even smaller acidity.
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In uncomplicated hypohydrochloria one would expect the
volatile acidity to be normal. In the cases which we have
taken as examples, it has occasionally been almost normal, but
in the majority of cases it tends to be increased, from 8 to
11. This is partly due to delayed motility causing the
stagnant gastric contents to ferment, the inhibitory action of
the hydrochloric acid being no longer sufficient to stop the
action of bacteria. This is what one would naturally expeet,
if the views of Bunge and others, who hold that hydrochlorie
acid acts merely as an inhibitor of bacterial action, are correct.
In no case of hypohydrochloria where there has not been delayed
motility, have we been able to find St morbid increase in the
volatile acidity.

Quantitative Analysis of Hydrochloric Acid.—
The total hydrochloric acid in cases of hypohydrochloria
varies in the cases we have given from 0:26 to 009 per cent.
The majority of cases, however, vary from 012 to 019 per
cent.

In some cases, a trace of free hydrochloric acid may be present,
although, as a rule, one finds total absence of this substance.

The quantity of chlorine combined with the proteidsis always
low, the quantity varying from 001 to 0-13 per cent. Unlike
what one finds in organic disease of the stomach, we have never
come across a case of hypohydrochloria of purely neurotic
origin where proteid chlorine was entirely absent.

The chlorine combined with minerals varies very much. In
some cases the quantity is low—0'07 per cent.—while in others
it 1s increased, and may reach as much as 0:20 per cent.

Digestion.—In hypohydrochloria there is a tendency
for the digestion to be distinctly delayed, so that no digestion
occurs until one has added a four per mille solution of hydro-
chloric acid to convert the pro-pepsin present into active
pepsin.  But in some cases digestion does occur even without
the addition of hydrochloric acid. It would appear from diges-
tion experiments that the ferments are rarely absent, and that
the delayed digestion is due to the diminished quantity of
hydrochlorie acid ; at the same time, we have seen undoubted
cases of functional hypohydrochloria in which pepsin and
pepsinogen were entirely absent,in some of these cases rennin
alzo having been absent,



CHAPTER XII

FUNCTIONAL DISEASES OF THE STOMACH (continued)—MOTOR
NEUROSES, HYPERMOTILITY AND HYPOMOTILITY

Tue motility of the stomach being under the control of the
nervous system, both as regards its activity and muscular tone,
this function can be alteréd in two directions :

(@) Hypermotility, or increased functional activity, which may
affect the whole organ and sometimes causes a condition of
peristaltic restlessness, or may excite rumination. The in-
creased motility may be limited to different parts of the stomach,
such as the pyloric or cardiac region, leading to muscular spasm.

(b) Hypomotility, which includes the loss of both motor-power
and tone through deficient nerve impulses. The former, when
affecting the body wall of the stomach, produces atonie dilatation
of that organ; the latter, if the insufficiency is limited to the
cardiac end, may cause regurgitation of food, or if the pyloric
region is affected, leads to pyloric insufficiency.

(a) Hypermotility.—General hypermotility of the stomach
may in some individuals be habitual, so that the food taken is
more rapidly passed on into the duodenum than occurs in a
healthy individual. In one case which we had under observa-
tion—that of a surgeon-major in the Indian army—we found
that after a test breakfast the stomach was always empty within
twenty minutes ; on washing out the stomach after this interval
no remains of toast, &ec., could be obtained. A meat meal was
also found to leave the stomach very rapidly, so that it would be
found empty in one hour. Unfortunately, only a few experi-
ments could be carried out in this case, as the patient, being
perfectly well, objected to the use of the stomach-tube. As a
general rule, we may consider that hypermotility is accompanied
by no disag.reea,hle sensations, and in the case in question, the
individual did not even feel hungry in consequence of the rapid
emptying of the stomach. The diagnosis is easily made by

iy
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passing the stomach-tube at various intervals after a test meal.
In a pure case of hypermotility, one will find the stomach con-
tents perfectly normal if the interval after the test meal has
been taken is short enough. In many cases, however, one finds
other gastric functions disturbed, more especially the secretory
functions, leading to—in the majority of cases—hyperhydro-
chloria.

A condition of the stomach known as peristaltic restlessness,
has been described by Kussmaul® in which the muscular dis-
turbance of the stomach wall was due to the peristaltic nerve
apparatus being upset ; in fact, a true motility neurosis. The
peristaltic movements, in these cases, occur early in the morning,
so that the fasting stomach which only contains air is felt by
the patient to be in a state of unrest, and the peristalsis can in
some cases be observed by the physician. The condition is
increased to a marked extent after taking food. Unfortunately,
we have no record of analyses showing the chemical composition
of the gastric contents under such circumstances; it would,
however, appear that peristaltic restlessness is very often
accompanied by gastro-succhorea.

Increased peristalsis, causing sensations of pain in the stomach,

may also occur when there is stenosis of the pylorus or duodenum,
but this can hardly be considered as purely functional.
. Rumination, although partly due to insufficiency of the
cardiac sphineter, can probably be included under hypermotility,
since in a pure case of rumination the gastric contents are
brought up by the muscular contraction of the stomach wall.
Sometimes the cardiac sphincter of the stomach remains under
the will-power of the patient, who, whenever he pleases, can
bring up the food into his mouth. In other cases it appears
that the will-power has not sufficient control, and the patient
is periodically troubled with rumination. In the analyses of
ruminating patients, we have on occasion found the gastric
contents to be of normal composition, although it is not un-
common to find the secretions functionally altered, generally
tending in the direction of hyperhydrochloria.

Spasm of the cardia may occasionally occur, causing a painful
cramp. The condition of cardiac spasm is easily recognised
when one attempts to pass the stomach-tube ; 1t will suddenly

1 Volkmann's Sammd. Kiin. Vortrdage, No. 181, 1880,

i &
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stop In its passage along the cesophagus, and if one attempts
to force it, 1t will tend to turn on itself. While—as distinguished
from what would occur in organic disease—if one allows the
tube to remain a few minutes above the constriction, the cramp
suddenly relaxes, and the tube slips into the stomach.

Spasm of the pylorus causes a distinet cramp in the pylorie
region of the stomach which may lead to sensations of faint-
ness. When such spasm lasts for any length of time, one may,
after a test breakfast, find an excessive quantity of gastric
contents. Spasm of the pylorus is not uncommonly accom-
panied by hyperhydrochloria, and it is necessary in such cases
to be very careful in making a diagnosis so as not to confound
them with gastric ulcer, leading to narrowing of the pyloric end
of the stomach.

(b) Hypomotility.— Diminished motility of the stomach may
be either a temporary or a more or less permanent condition.
One of us, together with Dr. Leney,! has already published an
account of a patient, who under ordinary circumstances had a
normal motor-power with normal gastric secretions, but who,
when suffering from migraine with some nausea, evinced marked
delay in the motor-power of the stomach.

TABLE XI—DELAYED MOTILITY DUE TO MIGRAINE

| T Vaolatile
o e ‘ Free Proteid | Mineral “";..t;‘;:: Acidity iu |
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; g NaOH. |
|ES DS e Eiasl Al
| | | |
| 0:330 | 0010 ‘ 0-270 I 0:050 | 0280 | 160 |
1
2 0-310 0014 | 0235 | 0065 0-249 110 |
|
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3 0335 | 0015 | 0265 | 0050 | 0-280 80
4 0345 | 0042 | 0225 | 0080 | 0267 60
| |
Average 0-330 ‘ 0-020 i 0-249 001 0-264 100

The above table illustrates this point by four different analyses.

1 “ An Experimental Enquiry into the Quantity of Volatile Acids in the
Stomach.” L. Leney and Vaughan Harley.—Brit. Med. Jouwrn., May 1899.
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The chemical analyses of the gastric contents in this
patient showed that, in spite of delayed motility, there was
no variation from the normal in the secretion of hydro-
chloric acid. The volatile acidity, on the other hand, was very
markedly increased, the total in four analyses varying from
6 to 16.

Permanent hypomotility, or atonic dilatation of the sf:«omach
is a condition very frequently met with in practice. These are
among the cases in which one finds the well-known stomach
splash, the patients so often complaining that they feel as if
they had a hot-water bottle inside them.

TABLE XIL—ANALYSIS OF GASTRIC CONTENTS IN MOTOR
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In Table XII. we have given ten cases with their analyses
as types of the condition of uncomplicated dilatation of the

stomach. In most cases one finds an increased quantity of
gastric contents after a test breakfast.
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Qualitative Analysis.—The reaction in nearly all cases
of true motor insufficiency which we have come across has
been distinctly acid; in few cases have we found even a
neutral reaction.

Free hydrochloric acid is present in the majority of cases,
although a negative reaction is sometimes obtained.

Lactic acid would appear to be increased in most cases, and even
when Boas’s oatmeal porridge has been given, lactic acid will
generally be found, though never in any great quantity, thus
helping to distinguish the eondition from that of gastric car-
cinoma.

Butyrie acid is seen to be present in all the cases of hypo-
motility which we have given in the table, and this is due to
stagnation of the gastric contents leading to butyric fermenta-
tion.

Mucus is sometimes found in cases of atonic dilatation of the
stomach, although in the most typical cases it is absent. In
the table we see that the latter occurred in six cases out of ten.

Quantitative Analysis.—The total acidity in motor
insufficiency wvaries very considerably, some analyses showing
excessive acidity, while in others it is diminished, according to
the direction in which the secretory functions are affected. In
the cases given, the total acidity varies from 37 to 100.

The volatile acids in cases of atonic dilatation of the stomach
appear always to be increased; in some cases the increase is
slight (in these it is generally found that hyperhydrochloria
is marked), and the excess is never to be compared with what
one finds in organic constriction of the pyloric region, leading
to dilatation of the stomach. In the cases in the table, the
volatile acids are seen to vary from 6 to 18-8.

Quantitative Analysis of Hydrochloric Acid.—
The total hydrochloric acid in these cases of atonic dilata-
tion of the stomach varied from 0-17 to 0-41 per cent., so that
the same wide range which we found in the total "acidity
occurs also in the quantity of hydrochloric acid in the gastric
contents.

#iln some cases there is an entire absence of {ree hydrochloric
acid, while in others it may be as high as 0:03 per cent.

The amount of chlorine combined with the proteids varies
very much, but in no purely functional case that we have seen
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has there been an entire absence of hydrochloric acid combined
with proteids. In the table, it ranges between 0°10 and 0-28
per cent.

i The quantity of chlorine combined with {he minerals varies
as much as the other chlorides; in the cases given, from 006
to 0-14 per cent. : :

Digestion.—The digestion experiments with carmine
fibrin show the same differences as have been found in the
substances already mentioned. In only two cases was the
ferment in the form of pepsinogen, requiring the addition of
hydrochloric acid before it became active. In other cases the
digestion is practically normal, while in others again there is a
tendency to delay. In no case, however, of atonic dilatation
of the stomach have we noted an absence of both pepsin and
pepsinogen.

It will thus be seen that the quantitative analysis gives us
little assistance in making a diagnosis, except so far as the
volatile acids are concerned. The chemical analysis in cases
of atonic dilatation of the stomach or motor insufficiency shows
that the condition may be accompanied by either hyperhydro-
chloria or hypohydrochloria. In spite of the chemical analysis
not enabling us to make a diagnosis, the use of test meals is
invaluable. For by this means, we are able to recognise delayed
motility even when a test breakfast only is given, while the
recognition is even more simple when a test meal containing
meat is given and one finds considerable delay in the passage
of food from the stomach.

Insufficiency of the cardiac end of the stomach may lead to
regurgitation so that, for no apparent reason, the food suddenly
returns into the mouth. The chemical analysis in such cases
not uncommonly shows hyperhydrochloria, although one does
sometimes find regurgitation where only very slight alterations
in the gastric secretions oceur. In a group of cases of psychical
regurgitation, the gastric contents may be found by chemical
analysis to be perfectly normal, the regurgitation being due
to some peripheral or central stimulation of the vagus leading
to inhibition of the nerves of the cardiac end of the stomach.

Insufficiency of the pylorus is not often perceptible to the
patient, and 1s, therefore, seldom brought to the notice of the
doctor. When sodium carbonate and citric acid are given so






CHAPTER XIII

FUNCTIONAL DISEASES OF THE STOMACH (continued)—SENSORY
NEUROSES, HYPER.ESTHESIA, GASTRALGIA, AN/AESTHESIA,
AND VOMITING NEUROSIS

HYPERZESTHESIA, or increased sensibility of the stomach, can
be divided into hypermsthesia causing general sensations de-
scribed by the patient as dyspepsia, and the more exaggerated
condition known as gastralgia. Hyperwesthesia ought to
include all sensations of indigestion—whether of pain or dis-
comfort—in cases where one does not find safficient alterations
in the stomach or its contents to account for such sensations ;
since the process of digestion ought to be insensibly carried on.

In Table XIII. we have placed together, under the heading
of Gastric Hypermsthesia, eight cases in which the patient
suffered from very severe pam or discomfort at periods varying
from one to two hours after food, or in the middle of the night.
Examination of the motor-power of the stomach showed no
real delay in motility.

The quantity of gastric contents after a test breakfast varies
very considerably, and gives no definite information.

Qualitative Amnalysis.—The reaction in all cases was
distinetly acid, and in no case was there even a neutral reaction.

Free hydrochloric acid was absent in two of the cases, the
other six giving a distinctly positive reaction.

Lactic acid was present after the ordinary test breakfast,
but in no case was there any apparent excess.

Butyric acid was absent in four of the cases, and in those
in which it was present there was never a very large quantity.

Mucus was found in two of the cases, but it was not constant.

Quantitative Analysis.—The total acidity in these
cases, as would be expected from our definition, was prac-
tically normal. In one of the cases it was as much as 77
which would allow of its being classified as hyperhydrochloria ;
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at the same time, the degree of pain and discomfort in this ease
was altogether out of proportion to the amount of acidity when
we consider that the stomach may have an acidity of 100 without
any marked symptoms of dyspepsia, and it is, therefore, as well
to include the case in hyperesthesia, especially as there was no
increase in the wvolatile acids. The rest of the cases show a
practically normal acidity.

TABLE XIII.—ANALYSIS OF GASTRIC CONTENTS IN
GASTRIC HYPER.ESTHESIA
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The volatile acids are seen to be not much increased, only in
two cases amounting to 5. We have often noted that an
increase of butyric acid or of the volatile acids causes an exces-
sive degree of pain, and if the pain in these cases was caused
by ever so small an amount of acidity, one sees that a sensa-
tion of pain is very casily set up in a hyper-sensitive stomach
by this irritant.

Quantitative Analysis of Hydrochloric Acid.—The
total hydrochloric acid can be regarded as normal in all the cases,
free hydrochlorie acid being present in all but two of them.
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The quantity of hydrochloric acid combined with proteids
was, in all cases, what one would expect to find in normal gastric
contents, and shows nothing of interest.

The chlorine combined with the minerals was what one finds
in stomach analyses where there 1s not much the matter.

Digestion.—The experiments with carmine fibrin showed
that in all but one case pepsin was present, and even in this case,
digestion occurred in eight minutes with the addition of four
per mille hydrochlorie acid, showing that pepsinogen was present.
In all probability, rennin is also present in the majority of cases.
' It would appear from the consideration of these analyses
that when the motor-power of the stomach is found to be normal,
one must recognise that, under certain circumstances, a condition
of hyperwmsthesia may exist. The fact that the analysis is
negative makes it all the more wvaluable, as it precludes the
possibility of any gastric disease accounting for the symptoms
of indigestion. The testimony of a normal gastric juice secretion
justifies one in considering the case to be one of gastric hyperzs-
thesia of the mucous membrane, and treating it as an entirely
neurotic condition. Still further, seeing that the digestion is
really normal in these cases where the patients complained of
indigestion, it is best in the matter of diet not necessarily to
order that which is the most easily digested and assimilated,
but rather to give a generous diet, and ensure th> patient’s
faking a proper amount of nourishment, thus educxting the
necvous system to stand a stimulating and normal diet.

GASTRALGIA

(Cases where one gets acute pain, sometimes deseribed as
agony, and almost resembling that which oceurs in gastrie ulcer,
may be diagnosed as gastralgia. In such cases, it must be
remembered that unless one finds the gastric contents normal
in a series of analyses, one is not justified in calling it gastralgia.
Where hyperhydrochloria accompanies the condition, one will
be prepared to diagnose it as a case of gastric ulcer, while in
cases where hypohydrochloria is found, one might be led to
diagnose carcinoma of the stomach. So that, in gastralgia as
in hyperwmsthesia, the chemical analyses, although they give
normal results, are of great value in helping to make a diagnosis.
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GASTRIC ANASTHESIA

The condition of dimimished sensibility of the stomach is
difficult to recognise in cases where the gastric contents are
found to be normal, since, in the normal stomach, digestion is
carried on so peacefully that no inconvenience is attached to
it, and no sensations of either pain or discomfort are experienced
after the taking of food. This being the case, we can see that
the healthy individual has a non-sensitive stomach. On the
other hand, chemical analysis will show that there are cases
m which this non-sensibility of the stomach is ecarried to
extremes, In the examination of healthy individuals, such
as students in the laboratory, &c., it is not at all uncommon
to find that after the taking of a test meal, the stomach contents
are anything but normal, although the patient has suffered from
no symptoms of indigestion, and is rather indignant at being
told that his stomach is not secreting normal gastric juice. We
have come across several cases where hyperhydrochioria existed
to a considerable extent in an individual suffering from no
gastric symptoms whatsoever. In Table XIV. we give one
case of gastric anmsthesia to illustrate this condition.

TABLE XIV.—ANALYSIS OF GASTRIC CONTENTS IN
GASTRIC ANESTHESIA

e e e e

Crualitative, Quantitative,
Digestion in
T F e _H__,:-_' x T minmtes (),
Case, 5 E = = E HCL.
.E — o | e é ..-",_- g *. oy =i
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= 2| S|® |2 | 8| £ 2 = stz | e
1 | 2= =} = = =
| e I 0 B = |
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B. 52 meid| 4+ | + | @ | o [118] & | O 004 | 0:27 | 0-11 3 | 4 [ 6
& |
() Expressed in e, of |I-'- N, solution of Na (O,
ify 1, Filterod Gastrie contents and carmine fibrin,
a at o ke 23 and equal quantity 04 poe. TICL,
3. = i 2 & . o of water.

In a healthy doctor, aged thirty, the analysis of the gastric
contents after a test breakfast showed a condition of hyper-
hydrochloria with slightly increased volatile acids. On looking
at the table, one sees that otherwise the digestion was carried
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on well, and in spite of this hyperhydrochloria, the patient

suffered from no symptoms of indigestion whatsoever. When -
one remembers that hyperhydrochloria with a total acidity of

about 100 will sometimes cause considerable symptoms of acid

dyspepsia, one must recognise that, in addition to a condition

of hyperasthesia, which has already been illustrated, there is

also a condition of gastric analgesia.

VOMITING NEUROSIS

A full desecription of neurotic vomiting need not be given here,
but a few words must be said with regard to the vomiting due
to nervous causes, as it is of great importance in making a
diagnosis to recognise that such ecases are due to nervous influ-
ences, and are not true dyspepsia. Cerebral vomiting, due to some
lesion in the brain, is not at all uncommon, and at the commence-
ment of a case of cerebral vomiting, one finds that the gastric
contents contain a considerable quantity of butyric acid, due
to delayed motility. When the vomiting has been frequent,
the later vomits no longer contain butyric acid, and may consist
simply of bile-stained fluid, containing a little mucus. In cases
where one has been able to give a test breakfast, one finds the
gastric analysis to differ very little from what one expects
to find in health. In spinal lesions, the same is found, and
the gastric crisis of tabes dorsalis is also illustrative of this
condition. In neurasthemia 1t 18 not at all uncommon for
neurotic vomiting to occur periodically, while in hysteria, one
gets hysterical vomiting. In these cases, which are apparently
due to irritation of the vomiting centre, the chemical analysis
of the vomit is not sufficiently pathological to account for the
condition, and the diagnosis must be made by careful investiga-
tion of the symptoms and other signs of the disease, a detailed
analysis being of little use to the clinician, who must take each
case on its own merits,



PART 1II. DISEASES OF THE
INTESTINES

CHAPTER XIV

TEST MEALS FOR THE INVESTIGATION OF INTESTINAL DISEASES
—MILK, SCHMIDT'S, MIXED AND MEAT DIETS

APPARENTLY for sesthetic reasons, the examination of the feces
has been very much neglected by medical men in general, and
in spite of the fact that it is impossible to diagnose some of the
diseases of the bowel without a thorough examination of the
feces, our knowledge of the chemical composition of the stools
under pathological conditions is very much less than our know-
ledge of the stomach contents in gastric disease. It 1s un-
fortunate that such should be the state of affairs, since many of
the slighter forms of intestinal dyspepsia lead to alterations in
the feces, and the recognition of these is a considerable aid in
making a diagnosis.

As a consequence of investigations into the feces having been
made so scantily, our knowledge is most imperfect, and it will
be impossible for us to give more than a sketchy outline of the
general alterations which oceur in the stools in certain patho-
logical states.

The faeces, as we know, consist of undigested and indigestible
substances taken in the food; at the same time, they also
consist of more or less changed digestive secretion which is
poured into the alimentary canal, together with numerous
bacteria, the bacteria of the fmces having been shown by
Strashurger ! to represent in health no less than one-third of the
dry substance, while under pathological conditions the propor-
tion may be very much larger.

1 Zeid. f. Klin, Med., 46, 1902, p. 413 and 48 ; 1903, p. 495,



94 INTESTINAL DISEASES

Thanks to Strasburger and Schmidt, we have an excellent
work ** Die Faces des Menschen,” which comprises the general
facts at present known as regards the analysis of the lweces.

The diet has a very marked influence on the appearance of
the fweces, and in comparing the stools under pathological con-
ditions, it is absolutely essential to have some fixed diet. We
all know how widely the stools of an individual on milk
alone differ from those of an individual on an ordinary mixed
diet, and if the normal white stool which one sees on a milk
diet occurred on a mixed diet, it would be pathological. The
proper investigation of the fweces, therefore, necessitates certain
diets being given, comparison being made of the feeces on these
diets only. It is further necessary to keep the patient on the
same diet for a period of three to five days, so as to obtain a
normal motion on the special diet. In all chemical investigation
of the fmces, whether in health or disease, it is necessary to
collect all the motions belonging to a three- to five-day period,
giving some Indicator so as to isolate—both at the commence-
ment and at the end of the period during which the diet is being
taken—the stools passed on the fixed diet. The faeces are then
collected from the first appearance of the indicator up to the
time when the second dose is seen to appear in the stools. All
the motions passed during this period are either separately
analysed, or to save time, the whole may be analysed together
alter being thoroughly mixed.

With regard to the choice of diets for analysis, it 1s necessary
to have a selection, so that one may suit individual requirements
in the various pathological conditions. One must also bear in
mind the necessity of providing the various ingredients (carbo-
hydrates, fat, and proteid) in convenient quantities, and in a
form which will be more or less easily utilised by the alimentary
canal.

The diets which we have found the most useful for analytical
purposes are four in number; these are found to simplify the
normal standards for comparison, while providing sufficient
variety to enable one to deal with patients suffering from divers
diseases, in some of which a more substantial diet could not be
tolerated.
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I.—MILK DIET

Milk is the simplest of all diets, containing as it does, proteid,
fat, and carbohydrates in a form comparatively easily absorbed,
thus affording a diet which can be employed in cases of severe
intestinal derangement where no other food could be given.

The milk is best given at two-hour intervals, the quantity
being varied according to the weight and general condition of
the patient. As a rule, ten ounces of milk every two hours
from 8 A.M. to 10 p.Mm.—making a total of four pints in the
twenty-four hours—is a suitable diet, and this contains 85:00
arams of proteid, 8400 grams of fat, and 10640 grams of carbo-
hydrates, so that the individual receives a total of 156184
Calories in the twenty-four hours.

In cases where the patient is unable to take milk, and as pre-
digested milk cannot be employed in the investigation of absorp-
tion, one must endeavour to get over the difficulty by decreasing
the quantity, giving it hot or cold according to the idiosyncrasy
of the patient, or adding a small measured quantity of lime
or barley-water to each glass of milk. When the latter plan
13 adopted, it must be remembered that barley-water contains
a certain amount of carbohydrates, and the carbohydrates
thus obtained must be added to those contained in the milk
itself in calculating the total Calories. In cases where the bulk of
fluid is the patient’s difficulty, the amount of nourishment in a
given quantity of fluid may be increased by evaporating the miik
to one-third its volume over a water-bath.

II.—SCHMIDT’S DIET"

730 am.—Milk 174 oz. (or if milk is very badly borne,
cocoa made from § oz. cocoa-powder, } oz. sugar, 1 oz. water,
31 0z. milk), and 6 biscuits.?

9 A.Mm.—Gruel made from 1% oz. oatmeal, 3 oz. butter, T oz.
milk, 10} oz. water, 1 egg, and 2 biscuits.

1 p.yM.—4} oz. (raw weight) minced beef, lightly fried in
1 oz. butter (so that the interior remains raw), and potato

1 fie Funktionspriifung des Darmes mitlels der Probekost, &e. Wiesbaden,
1904, p. 7.

2 Schmidt gives rusks, but we find it more convenient to employ Mackenzie's
toast biscuits, the analysis of which is given in the Appendix.
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T

purde made from 7 oz. mashed potatoes, 7 oz. milk, 1 oz
butter.

4-30 .y, —Milk 17} oz.

7-30 p.M.—Same as at 9 A.M.

This diet contains 118:00 grams proteid, 104:86 grams fat,
and 20448 grams carbohydrates, so that the total quantity
given each day will be 2297-37 Calories.!

The advantage of Schmidt’s diet over a simple milk diet is
that it gives us various constituents of food more resembling
a normal diet ; at the same time, the food has not been so altered
in the culinary process that the ingredients are difficult to
recognise microscopically.

The feces which are passed on Schmidt’'s diet can be very
easily examined both microscopically and chemically, and 1t
is undoubtedly a very useful diet in the investigation of most
intestinal comj laints. On the other hand, the diet has che very
serious disadvantage that English patients, as a rule, object to
taking it for many consecutive days. It cannot, therefore, be
called a suitable diet for making metabolism observations.

III.—MIXED DIET

The mixed diet, which, after twelve years of experimental
work on human metaboelism, we find to yield the best results
for the investigation of absorption and general metabolism
of patients suffering from malnutrition, is as follows :

8 AM.—10 oz. hot water.

9 A.M.—3 oz. whiting, 4 Mackenzie’s toast biscuits, } oz.
butter, 10 oz. tea, 2 oz. milk.

12 noon.—10 oz. hot water.

1 p.M.—3 oz. mutton, 3 oz. cabbage, rice pudding (} oz
rice 10 oz milk),> 4 biscuits, ¥ oz. butter.

4-30 P.M.—10 oz. tea, 2 oz. milk, 2 biscuits.

6 p.M.—10 oz. hot water.

7T P.M.—3 oz. plaice, 3 oz. chicken, 3 oz. spinach, rice
pudding (1 oz. rice 10 oz. milk), 2 biscuits, § oz. butter.

1 Schmidt gives 102 grams proteid, 111 grams fat, and 191 grams carbo-
hydrates, with a caloric value of 2234 Calories, but our figures are the results of
repeated analyses of the food-stuffs we employ.

2 This rice pudding is very fluid unless carefully prepared, and requires extra
time in cooking ; so that sometimes it is preferable to use only 8 oz. milk.
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10 p.M.—10 oz. milk.

This diet contains 130-81 grams proteid, 72-19 grams fat, and
119-35 grams carbohydrates, so that 1697-03 Calories are -given
in the twenty-four hours.

According to the weight and appetite of the patient, the diet
may be increased to 4 oz., or decreased to 2 oz. If 1t 1s
desired to increase the Calories in a certain direction, the easiest
way is to add a measured quantity of milk, taking as a
standard that 10 oz. of milk contain 10-63 grams proteid,
10-50 grams fat, and 1330 grams carbohydrates, making a
total of 19520 Calories.

For purposes of analysis, we-give in the Appendix an ana-
Iytical résumé, of the various food-stuffs employed in the mixed
diet given for metabolism experiments. The tables given
are based on averages obtained in numerous analyses, specimens
of each article of diet having been taken before administration
to the patient. By substituting another food-stuff for any
article of food given in the above diet, the individual idiosyncrasies
of patients may be suited.

The feces on this mixed diet can easily be compared with
one another, and for quantitative chemical analyses, it would
appear to be the best suited. The diet is a more desirable one
than Schmidt’s, as the patients can be kept on it for a much
longer period without being nauseated, and the results are,
therefore, more accurate. The disadvantage of the diet is that
in cooking, &c., the food is so much altered that microscopic
examination does not give such definite results as are obtained
in Schmidt’s simpler diet.

We find it advisable in many cases to put the patient for a
short period on Schmidt’s diet, in order to give an opportunity of
making a microscopic examination, and having a qualitative
chemical examination of the fmeces, and to follow this by a
second test period on a mixed diet, during which a quantitative,
as well as a qualitative, analysis can be carried out.

IV.—.MEAT DIET

In some cases where the condition of the patient does not
allow of Schmidt’s diet or a mixed diet, and where one cannot
give milk on account of some individual idiosynerasy, we have

G






CHAPTER XV
QUANTITY OF F.ECES, COLOUR, CONSISTENCY, AND ODOUR

IN the organism of a healthy individual there are various
factors which have a great influence on the quantity of feces
passed. V. Oefele ! shows that a single motion may contain from
100 to 250 grams with thirty to forty grams of solids, while
Lynch ® describes a case of prolonged constipation in which no
less than twenty kilos were passed.

The quantity of motion passed under ordinary circumstances
varies from day to day, so that no conclusions can be drawn
from the examination of a single stool, it being essential to take
the average of a period of observation ; the longer the period,
the more accurate will be the conclusions drawn as to the average
daily quantity. Individual sensations must not be taken as
any indication of the quantity of stools passed, for it will be
found thatin most people the estimation of the quantity of fwmces
is influenced by the hardness of the motions, thus leading to a
false and often exaggerated idea of the quantity passed.

The fwces, even during a period of fasting, are found to show
individual variations. Cetti, during a ten days’ fast, passed
an average of no less than 22 grams of fresh fwces per
diem, the fwces containing 3-4 grams of dried substance ; while
Breithaupt, during a six days’ fast, passed 9-5 grams of fresh feeces
containing 2 grams of dried substance (Fr. Miiller).?

The age of the individual under observation has a marked
influence on the quantity of fwmces passed, as is shown in
table XV,

It is seen that there is a general tendency to an increase in
the daily quantity of fwces progressive with the age of the

1 Siatistische Vergleichstabellen zur practischen Koprologie, &e., Jen. G.
Fischer, 1904, 8. 58.

2 Coprologin Tesis, Buenos Aires, 1396, p. 38,
3 Berlin, Klin. Wochenschr., 1887, p. 434.
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patient under observation. It will be noticed that a child on
ordinary cow’s milk tends to pass a larger quantity of feeces
than when sucking the breast. This is in great part due to
the quantity of nourishment given; when artificial feeding is
properly arranged, it has been found that the addition of cream
in a child being reared on cow’s milk will make the faeces more
closely resemble those found on mother’s milk.

TABLE XV.—INFLUENCE OF AGE ON THE QUANTITY OF FAECES1

—— e . B

Average quantity
Ao, Driet. of fresh feecs (hseryver.
por diem. {
| 1 month Mother’s milk | 33 grams |Camerer & Hartmann 2|
2-3 months = G5 i i
2-3 months Cow’s millk 51-6 = Escherich 3
7 months According to the food 15-56 ., Varions
9 months Cow’s milk | 59 - Camerer 4
$-2 years Mixed [ 37 . »
4 years 5 101 o Camerer &
G years - | 134 - .
9 years 117 - -
11 years . 128 = o,
Adult 5 131 i Pettenkofer and Voit &

The frequency of the motions has a marked influence on the

total quantity of feeces passed, and a diet which causes frequent
motions tends also to increase the total quantity. Tt is well
known that in health the kind of diet has a great influence on
the stools, a diet rich in meat tending to cause constipation,
while a diet rich in vegetables tends to increase the peristalsis
of the bowel, causing more frequent stools and a larger quantity
of faces.
' We have already shown how we prefer to employ one of four
diets for the purpose of examination of the fmeces under patho-
logical conditions, and it is only necessary for us to describe
the quantity of feeces found on these four diets, leaving further
details, which are purely physiological, out of consideration.

1 Strasburger and Schmidt, Iie Feces des Menschen, p. 11,
2 Zeilschr. f. Biologie, xiv. 1878, p. 383.

3 Jakeb. f. Kinderheilkunde, xxvii. 1888, p. 104.

4 Zeitschr. f. Biologie, xxxix. 1899, p. 37.

& Ihid. xvi. 1888, p. 33.

& Ihid. ii. 1866, p. 48R,
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Quantity of Faeces on a Milk Diet. —In individuals
on a milk diet, the quantity of feces varies, according to our
analyses, from 60 to 288 grams, the average being 1333 grams.
The quantity of milk given has a very marked infiuence on the
quantity of feeces passed.

TABLE XVIL—QUANTITY OF F.ECES ON MILK DIET

Tints. Casrs, Hizhest in Liowest in | Averaze in
Lrams. LTHInNS, srams,
|
4 8 o 60 | 1352
4} 6 288 | 79 ‘ 1426
5 2 159 | 144 151-5 -
i} 2 142 134 1350 [

b

In Table XVI. we have put together observations in which
the patient took 4, 4}, 5 or 6 pints of milk per diem, and it is
seen that the quantity of fmces passed on these quantities
shows a tendency to increase with the increased quantity of milk.

Quantity of Feeces on a Schmidt’s Diet.—On
this diet, the quantity of feces varies from 56 to 135 grams,
the average being 89-8 grams, thus showing that Schmidt’s diet
tends to cause a smaller quantity of feeces than a simple milk

diet.
TABLE XVIIL—QUANTITY OF FECES ON SCHMIDT'S DIET

i

| Cases Hichest in Lowest in Average in
| Fariet LTAmS, TS, s

1

_[ 8 135 i 898

Quantity of Feeces on a Mixed Diet.—The faoces
on an ordinary mixed diet show a variation from 30 to 282 grams
per diem, the average being 102-3 grams.

TABLE XVIIL—QUANTITY OF FECES ON MIXED DIET

| Hirhest in

Case | Lowest in |  Average in |
: HEEs grams, Lrams, s, -
! | |
| | I
| 30 102-8 |

I

I

115 | 282
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In discussing mixed diets in connection with examination
of the bowel, we mentioned that the introduction of milk was
the easiest method of increasing the Calories; it is as well,
therefore, to give here the effect of increasing the quantity of
milk in a mixed diet on the quantity of feeces. In Table XIX.
the effects of the addition of 1} pints, 2 pints, 2} pints and
3 pints respectively are separately given.

TABLE XIX.—QUANTITY OF FACES ON MIXED DIET + INCREASING
QUANTITIES OF MILK

5 S Hirhest in Lowest in Averaze in |
Tints. Cazes, CrATIA, | oraes, grams: |
! - — —
| 1
11 35 ald o2 | 1173
E | !
2 24 [ 283 | a0 101 -G .
21 12 | 283 : 82 1376 i
3 | o | 225 | G5 | 139-4

It is seen that on 1} pints of milk the quantity of fieces varied
from 52 to 314 grams, yielding an average of 117-3 grams. When
2 pints were added to the ordinary mixed diet, the quantity
of faeces varied from 55 to 283 grams, giving an average
of 101-6 grams, showing a slight tendency to decrease in the
average quantity. When 2} pints of milk were added to the
diet, the quantity of {xcces varied from 82 to 282 grams, yielding
an average of 1376 grams, while on the 3 pints of milk, the
quantity of feeces varied from 65 to 225 grams, averaging 1394
grams. In making a general comparison of results, it will be
seen that there i1s a tendency to increase in the quantity of
feeces in proportion to the increased guantity of milk given.

Quantity of Feeces on a Meat Diet.—The quantity of
fzeces on a meat diet varied from 41 to 72 grams, the average of
six cases being 545 grams. It will be noticed that this is a
much smaller quantity than those found on the other diets
which we employ in the investigation of diseases of the bowel.

TABLE XX.—QUANTITY OF FECES ON A MEAT DIET

| |
Highest in Lowest in | Average in
i ETamns STRTNS | R
| = L ~ 2hy i g i N
1
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COLOUR, CONSISTENCY, AND ODOUR

Colour.—The colour of the interior of the fwces is not
always the same as that found on the surface, so that it is
important, when noting the colour, to have the motions
thoroughly broken up. :

The normal colour of the stools is in part due to the diet. On
a mixed diet, the tendency is for the motions to be of a definite
brown colour, while if meat preponderates in the diet, the colour
may be blackish-brown, or even almost black. On a mixed diet
containing a large quantity of vegetable matter, the colour tends
to be light brown or greenish-brown. In the majority of cases,
the green colour is due to chlorophyll which occurs when large
quantities of cabbage, salad, or more especially spinach, are
taken. Quincke has also shown that the lightness of colour
on a vegetable diet is partly due to bubbles of gas which are
entangled in the large amount of residue left. The green colour
may be due to bacteria, while under pathological conditions,
it can be caused by bile.

The colour of the fmees 1s also influenced to a certain extent
by the length of time they have remained in the large intestine,
since the normal absorption of water which occurs in the large
intestine especially influences the surface of the fweces; so that
one may note a darkening of the outer layer (due to the greater
drying) and on moistening, the colour becomes distinctly lighter
(Fleischer).

On a milk diet, on the other hand, the feces are white or
pale orange colour.

The colour of the fmces is not influenced by bile as such, since
bile, as bilirubin or bilhiverdin, does not oceur in normal motions.
The colour is in great part due to urobilin, which has been formed
frem the biie in 1ts passage along the intestine after it has reached
the emcal valve. On extracting the feces with acid alcohol, one
is able to remove the greater part of the urobilin, which is easily
recognised by means of the spectroscope ; but even after repeated
extraction, the residue still has some colour.

As already stated, bilirubin as such is never normally present
in the stools of adults, although in early infancy it is always
present. In the ordinary breast-fed child, one gets a yellowish-
coloured motion due to bilirubin which is very easily converted
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into biliverdin, and excreted as such when there is any disturb-
ance of the digestion, in which case we get the green motion
so commonly noticed in children. The conversion of the bili-
rubin into biliverdin would appear to be due to the acids (acetic
and butyric acid) which are formed by the disturbed digestion.
The green motions seen in children may, however, be due, not
to biliverdin, but to the products of a special bacteria causing
a green pigment.

In adults, biliverdin is never found in the motions cxcept
after calomel or under pathological conditions.

In cases where the bile duct is obstructed, one gets the well-
known pipe-clay coloured stool which is in part due to the
absence of urobilin from the faces. The light-coloured stool
found in jaundice is also partly due to the large amount of fat
present in the stools; on extracting the fat with ether, one
obtains brownish-coloured fmces due to the hmmatin residue
of the meat diet.

That colourless stools may oceur in the absence of obstruction
of the bile duct was shown by Walker' in two cases, in bcth of
which it was demonstrated that the bile ducts were patent ; and 1t
would appear that the absence of the pancreatic juices explains
the deficiency of colour.

Dr. Walker drew attenfion to the fact that one may have
colourless stools without any jaundice. In fact, the normal
brown colour of the stools is due to the action of the pancreatic
juice on the bile pigments. He described two cases :

(1) T. W., a medical practitioner, passed colourless stools
for some twenty-four years. The stools were described as
large, colourless stools with a peculiar putrid, rather than feecal,
odour. In course of time, the dejecta were accompanied by
free oil or fat which floated either as liquid or solid substance
on the surface of the water, and the stools themselves were
greasy. During many years, the patient remained in good
health, and then had a slight attack of pneumonia, during which
he had some jaundice, with deep staining of the conjunctiva,
skin, and urine, thus conclusively showing that when real ob-
struction to the bile ducts appeared, jaundice occurred. When
on an exclusively milk diet, the motions were snow-white ; they
were usually the large, rather relaxed putrescent, greasy, clay-

; 1 Med. Chir. Trans., 1889, vol. Ixxii. p. 257.
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coloured stools noted at the commencement of the disease. At
the age of ninety-one he died. At the autopsy, the liver was
normal, the pancreatic duct was dilated, and, at the entrance to
the duodenum, was blocked by an irregular calculus,

(2) The second patient passed some colourless stools, and
at the autopsy, there was found to be no obstruction of the bile
ducts, but the opening of the pancreatic duct was blocked by a
duodenal cicatrix.

In some cases where there is no obstruction to the bile duct,
and apparently no increased quantity of fat to cause a colourless
motion, it would appear that the urobilin normally present in
the fmeces has been converted into leuko-urobilin which is
colourless, and after exposure to the air, gradually becomes by
oxydation reconverted into urobilin, giving a coloured motion.

Medicaments may influence the colour of the stools. As
is well known, one gets, after bismuth, black feeces ; this used
to be considered due to the sulphide of bismuth, but as Quincke’
has now shown, it is really due to the reduction of the bismuth
sub-nitrate to bismuth sub-oxide. Calomel also influences
the fwces by causing an increased excretion of bile, hastening
the bile along the alimentary canal and, in some cases, allowing
the biliverdin to be eliminated as such, instead of as urobilin.
Rhubarb, senna, and satonin cause yellowish-coloured stools
which, on being rendered alkaline, become more red.

Consistency.—The consistency of the fwces, in absence
of disease of the bowel, depends on: (1) The amount of water
present ; (2) the amount of fat present ; (3) the amount of mucus
present ; (4) the amount of indigestible remains of vegetable
imatter,

The stools may be formed, and if hard, are more or less in
the shape of sausages, the size of the sausage depending upon
the size and tone of the anal orifice. If the rectum is narrowed
by stenosis, one may get pencil or ribbon-like motions. It has
been shown by Boas * that in true stenosis of the bowel, it is much
more common to get a pultaceous motion containing some long
or short pencil-like cylinders than the narrow feeces alone. This

1 Vortrag in der Sitzung des physiolog. Vercing zu Kiel am, 13, vii. 96.—
Referivt Miinch, med. Wochenschr., 1896, p. 854,

2 Diagnostik w. Therapic der Darmkrankheiten, Leipzig, 1898 ¢ vol. i, pp. 95
and 96,
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alteration in shape is not conclusive evidence of narrowing of
the rectum or anal orifice; in simple muscular spasm of the
muscles of the rectum or the anal orifice, or in paralysis of the
lower part of the large intestine, one gets some appearance of
pencil-like motions. The diagnosis is at once cleared up by the
insertion of the finger into the rectum.

Large, sausage-like motions are often found to be made up
of small balls massed together, while in other cases one has a
cylinder with one or two balls pressed into it. These scybala
coming from the sacculi coli are remains of some previous days’
food, this being easily demonstrated when charcoal has been given.

The formed motions in constipation tend to be less and less
sausage-shaped, and more and more like sheeps’ motions, the
feecal balls having facets, while in chronic constipation the balls
may become more and more isolated until one gets distinct
round balls or typical scybala. These scybala are due to the
long delay in the large intestine, and point to imperfect power
of contraction of the muscles of the large intestine.

Loose motions may be divided into pultaceous motions
like those passed by cows, and watery motions which one
gets in cases of diarrhcea. There may be all kinds of gradations
between the pultaceous and the serous exudations which one
gets in cholera. It can be easily understood that, in cases of
diarrhcea, it is not at all uncommon to find a pultaceous, or
even a fluid, motion mixed up with some scybala, the explana-
tion of which has already been given.

It must be recognised that the pultaceous motion, when not
due to excess of fruit or vegetables in the diet, fat in the stools,
or aperients, is always pathological. The quantity of fat or
mucus in the stools has a great influence on the softness of the
motions, but these alterations will be considered in discussing
the pathological cases.

The brittleness of the motion depends, to a certain extent,
upon the equal mixture of its constituents. When milk 1s well
digested, one gets a very tenacious motion, while, when lumps
of casein are left owing to imperfect digestion, the motions
become less coherent.  Again, in fasting or on a pure meat diet,
the motions are very coherent. Where vegetables are given,
leaving a large amount of cellulose residue, one often gets more
or less brittle feces.
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Odour.—The distinctive smell of faeces is due to the skatol
and small degree of indol normally present in them. Skatol
and indol are derived from the putrefaction of proteids in the
large intestine, and therefore the degree of odour present in the
faeces is dependent on the quantity of proteids in the diet, and
the quantity of putrefactive bacteria present in the large intes-
tine. On a milk diet in health, smell is almost absent in con-
sequence of the very small quantity of proteid reaching the
large intestine. A milk diet, when fermentation takes place
in the intestine, is very apt to cause acid-smelling faeces, due
to the presence of acetic and butyric acid.

Motions which contain a large amount of mucus often have
a seminal smell, which i1s very characteristic, though difficult
to explain.

Under certain conditions, the feces have a putrid smell, quite
distinctive from indol and skatol; this very often occurs in
malignant disease of the bowel, and also in dysentery.

Having briefly deseribed the general characteristics of the
freces so far as colour, consistency, and odour are concerned,
we can now group together the microscopic appearance of the
feeces in individuals taking one or other of the four diets which
we employ in observation of bowel disease.

Colour, Consistency, and Odour on a Milk Diet.—
The colour of the feeces on a pure milk diet tends to be yellowish-
white or white tinged with orange. As a rule, the feces are not
so well formed as those on an ordinary diet, and the rolls show
a tendency to have small lumps cemented together, while in
other cases the firm sausage-shaped stool is accompanied by
some soft paste. The hard white fweces passed on a milk diet
very often show a distinet pink shade of colour in patches on the
outside of the lump: or rolls, due to the products of bacteria.

In constipation, the feces on a milk diet take the form of
sheeps’ motions or isolated scybala. Where the latter are
present, they are often so hard that they rattle like stone;
when in a jar, and on breaking them up in a mortar they show
marked resistance, the pieces flying apart as though dry clay
pellets were being broken up. In such cases, it is not at all
uncommon to notice a definite earthy smell.

In diarrheea on a milk diet, the appearance of the fweces
resembles Devonshire cream, the consistency being such that
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they can be poured from the jar into a capsule in a thick, s'imy
mass, leaving a considerable quantity sticking to the glass.
Bubbles of gas are seen on the surface, and on shaking the
feeces, they will become wvery frothy. The odour of feces in
diarrhcea often resembles that of decomposed cheese, while
in other cases they may smell like putrid proteid.

Colour, Consistency, and Odour on a Schmidt’'s
Diet.—The fweces, on a Schmidt’s diet, are generally of a light,
brownish-yellow colour, tending to a darker colour on the outside
than is found in the interior. Usually they are well-formed
rolls, while in some cases there are formed lumps or scybala.
The odour of the feces on Schmidt’s diet is peculiarly earthy.
The fwces are frequently brittle, and are easily broken up into-
a fine powder on drying. In fact, they are more brittle and
more easily broken up than any feeces we have examined.

In constipation, the feeces on Schmidt’s diet consist of lumps
massed together into sheep-like motions, or scybala faceted
or 1solated as in other diets.

In diarrheea, the faeces on a Schmidt diet resemble those
found on a milk diet.

Colour, Gonsmtenc}’ and Odour on a Mixed Diet.
—The fweces on a mllk'dlet are generally nut-brown or olive-
green in colour. The latter is, as has already been explame&
due to the chlorophyll from the vegetables given in the
food. From day to day the colour varies considerably ; for
instance, in one day on a mixed diet, one may get distinctly
brown faces, and on another day green, or perhaps a mixture
of the two, while, on a third day, they may be a dirty slate
colour. The motions on a mixed diet are generally in the form
of a sausage about 1} in. in diameter, and it is not at all un-
common to find, joined to these rolls, small round or flattened
lumps firmly embedded in the mass. On being dried, the
firm normal fieces on a mixed diet are rather brittle, easily
broken up and ground down in a mortar. On the other hand,
when one gets pasty or fluid feces on a mixed diet, they tend
on drying, to become hard and glassy, with almost the appear-
ance of flint, and can only be ground down with great difficulty.

In constipation, the fmces on a mixed diet are dark brown
or black scybala, showing pressure facets; mucus is generally
found in the crevices between these lumps. In some cases,



QUANTITY OF FACES - 109

the scybala are so hard that they resemble stones, and rattle
like the constipated fices on a milk diet. The lumps are ex-
tremely difficult to break down when well-formed seybala are
present. The odour of these fieces is generally not very distine-
tive of skatol and indol.

In diarrheea, the fweces are very dark-brown, nearly black ;
the consistency is that of thick paste, and floating about in this
thick paste are small rolls or seybala about one to two inches
in diameter. The feeces are very sticky, and sometimes adhere
closely to the glass jar. Soft paste and fluid motions present
on a mixed diet have generally a very offensive odour.

The feeces in a mixed diet to which considerable quantities
of milk have been added in order to raise the Caloric value, tend
to be of a light-brown colour, and according to the quantity
of milk added, resemble more and more the faeces seen in a milk
diet. The consistency is never so firm as that of feces in an
individual on a mixed diet, without the addition of milk.

Colour. Consistency, and Odour on a Meat Diet.
—The colour of the faeces on a meat diet is very dark brown,
almost black. The consistency tends to: be very firm, the
rolls varving in length. As a rule they are not longer than
two or three inches, and are generally quite separate from each
other. The odour on a pure meat diet is that of skatol and
indol, and under normal eircumstances, is not very offensive.



CHAPTER XVI

GENERAL EXAMINATION OF F.AECES, MACROSCOPIC: AND
MICROSCOPIC

AFrTER having noted the colour, consistency, and odour of the
fieces, it is necessary to make a general examination, and for
this purpose, 1t 1s advisable, after well mixing the feces, to-divide
them up, reserving the greater part for chemical analysis and
a smaller portion for macroscopic and microscopic examination,

MACROSCOPIC EXAMINATION

A portion about the size of a walnut is put into a mortar, and
by slowly adding water and grinding, the whole is brought to a
pea-soup consistency. It is well to have a glass dish, one half of
which 1s coloured black, and to pour the pea-soup-like mixture
into the dish. On running it about over the surface, one gets a
very good idea of the residue or particles of mucus that may be
left after breaking up the fwces. The examination will show
particles of mucus, fibrin, &c., connective or muscular tissue, and
any remnants of vegetable matter, and the particles can be taken
out if desired, and mounted on a slide for microscopic examination.

Mucus will only be recognisable under pathological conditions,
and if found to be coloured yellow with bilirubin, it will indicate
that the mucus comes from the small intestine, while that coming
from the large intestine or the rectum will be very slightly yellow,
or more probably white. Floating about in the faeces may be seen
small sago-like bodies resembling frog-spawn, which used to
be attributed to mucus coming from the intestinal follicles, but
are now known to be the remains of vegetable matter. These
sago-like bodies have only been found by us after a mixed diet ;
and in individuals who have been taking a large quantity of
vegetables, they are almost invariably present in the faeces.
They have no pathological significance.
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Connective tissue or remains of tendon will be Ifmmd 1n
some cases where minced meat has been given, or a diet con-
taining under-cooked meat. The macroscopic appearance of this
connective tissue very much resembles that of mucus, but if
small particles are put under the microscope, they can be dis-
tinguished from mucus by the addition of acetic acid, which
removes the striation from connective tissue, while in the case
of mucus it produces striation. Small quantities of connective
tissue are occasionally found under normal conditions, but when
large quantities are present, it points to insufficient digestive
- power of the stomach. The residue of muscular fibres can
- occasionally be seen by the naked eye as small brown or reddish-
brown points, which will be immediately recognised under the
microscope. If large quantities of meat have been given in
the diet, these remains of muscle will be found in normal diges-
tiori, but on the ordinary test-dief, more especially the mixed
diet, any muscular tissue which can be easily recognised by the
naked eye must be considered pathological, and points to dis-
turbance of the digestive power of the small intestine.

Ammonium magnesium phosphate, or triple phosphate
crystals are, in some cases, so large as to be seen macroscopically.
They are not present on an ordinary test-diet, if the famces
examined are perfectly fresh ; if, however, the fieces have been
passed one or two days before examination, they are nearly
always present, especially if the feces tend to be alkaline, or if
there is increased putrefaction. They probably have no patho-
logical significance.

Blood or pus can often be recognised in the thin layer floating
on the black half of the dish, or on the transparent half, if held
up to the light. Remains of undigested particles of food, bones,
bits of egg-shell, cellulose, or intestinal worms can also be recog-
nised by the naked eye.

MICROSCOPIC EXAMINATION

For the microscopic examination of the fmces, it is well to
prepare three or four slides to receive the pea-soup-like mixture.
Muscular fibres will be easily recognised under the microscope ,
their significance, when large quantities of meat have been given
in the diet is very slight, but when only small quantities of meat
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have been taken, their presence is indicative of disease of the
alimentary canal. If muscular fibre is found distinetly striated,
it is evident that intestinal digestion is hindered.

The recognition of connective tissue under the microscope is
merely confirmatory of its observance by the naked eye.

On a milk diet, when the digestion is disturbed, it is not at
all uncommon to find small flocculi of casein which will be easily
recognised, showing a distinet tendency to disturbed intestinal
digestion.

Yellow lumps, as described by Nothnagel, are very often
found. They can sometimes be seen by the naked eye, having
the appearance of small yellow points the size of a small pin’s
head. Under the microscope, they will be seen to consist of
irregular-shaped masses of structureless yellow substance, very
often surrounded by mucus. On the addition of sodium hydrate
they slowly dissolve, the solution being much hastened by heat-
ing. On the addition of acetic acid, these structureless masses
swell up, and if ferrocyanide of potassium is added, yield a
white precipitate. On the addition of Millon’s solution and
heating, one obtains a red colour.

From the microchemical examination of these yellow lumps
it would appear that they are of an albuminous nature, and
coloured with bilirubin. The fact that they are coloured with
bilirubin, and not with urobilin, shows that a normal reduction
of bile is not being carried on in the intestine, and, since the
yellow maszes are so often embedded in mucus, and since they
do not occur in normal motions, they are evidently significant
of some inflammatory affection of the small intestine accompanied
by mucus formation.

Fat, if present in large quantities, would be recognised
macroscopically ; microscopically, one can recognise smaller
quantities, and in nearly all specimens of faeces, a certain amount
will be found to be present. If the fat has a low melting-point,
one will find 1t iv the form of drops, while the higher melted fats
will be in regular flakes. On heating the slide, the neutral fat
will melt, and, on cooling again, form drops which will be easily
dissolved by hot alcohol, ether or chloroform, and will be un-
altered by the addition of sodium hydrate.

Fatty acids will be found partly in flakes, but much more
easily recognised in the needle-like erystals, which will give the
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same reaction as the neutral fat, except that they are easily
soluble in cold alcohol and sodium hydrate. The soaps also
appear in the faces, partly in flakes and partly in crystals. Soap
flakes are less shiny, of a firmer consistency, and have sharp
corners, so that, practically, one is able to distinguish them from
the fatty acid or neutral fat flakes. They are easily dissolved
in hot water or alcohol, and on warming the preparation, they
melt in the same manner as the fatty acids and the neutral fats.

Under normal circumstances, one finds, on a meat diet, some
fat drops, while crystals of fat or fatty acids are rarely present
on the ordinary test-meals; the presence of soaps is also not
characteristic of any special pathological condition, unless we
find them coloured with bilirubin, instead of urobilin; this
condition will indicate diminution in the reduction of bile in
the intestine.

It is not at all uncommon to find remnants of starch in the
feeces by the aid of the microscope, on using chemical tests,
The ordinary method of testing for starch is by adding a solution
of potassium iodide iodine, when the starch will become indigo
black. When any quantity of potato or other starchy food is
given in the diet, one obtains a very distinct colour reaction
with iodine. It is extremely difficult to say what degree of starch
in the faeces one ought to consider pathological, and a diagnosis
of want of carbohydrate absorption or breaking-up is probably
better made by Schmidt’s fermentation test.

Ammonium magnesium phosphates are the commonest
crystals found in feces, and are never coloured by bile ; and, as
we said when discussing the triple phosphate crystals macro-
scopically, they are in some cases so large that they can be
detected in the process of grinding. Crystals of triple phosphate
are easily soluble in dilute acetic or other acids, and on the
addition of ammonium solution, the erystals reappear. They
are uninfluenced by the addition of ammonium carbonate solution
and are thus distinguished from the basic magnesium phosphate.

Neutral phosphate of lime crystals (di-calcium-phosphate) are
not at all uncommon in the fwces, and are occasionally stained
by the bile pigments, which never occurs with the ammonium
magnesium phosphate crystals. They are soluble in all acids and
ammonia. Their significance seems to be practically the same

as that of the ammonium magnesium pbosphates.
H
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Calcium oxalate crystals are extremely common on a mixed
diet. In fact, if large quantities of vegetables are given,
one finds in nearly all instances these characteristic crystals in
the feeces. On a meat or milk diet they are usually absent.
Therefore, when large quantities of vegetable have been taken
in the diet, they have no pathological significance, but if no
considerable quantity of vegetable has been given, their presence
in any great number points to some intestinal dyspepsia.

Cholesterin crystals are very often recognised in the fecces
by the aid of the microscope ; they are so characteristic that
the chemical reaction need not here be given.! The more careful
the examination of the feeces, the more often cholesterin will be
found, and it would appear that, in all cases where there is any
great increase in mucus excretion, cholesterin is always present.

Charcot-Leyden’s crystals, which are so easily recognised
by their characteristic shape, are often found in the feaeces,
embedded in mucus. It used to be thought that the presence
of these ctrystals was especially characteristic of the presence
of intestinal parasites, but this is not the case. One finds
intestinal worms when Charcot-Leyden’s crystals are not to
be recognised, and vice wversi. Charcot-Leyden’s crystals are
also found not uncommonly embedded in the mucus of mem-
branous enteritis, and they would appear to have no special
significance.

Various forms of epithelial cells and leucocytes are found in
the freces, and these are of great value in helping to make
a diagnosis. When mucus-containing fweces, microscopically
examined, show that the mucus contains numerous leucocytes
or epithelial cells, one obtains very conclusive evidence of catarrh.
In some cases where the epithelial cells show very little sign of
breaking down or digestion, one may consider that the catarrh
is in the rectum or lower part of the bowel, while in cases
where the epithelial cells are very much broken up, one may
make a diagnosis of catarrh in the small intestine. In our
experience, the examination of the epithelial cells found micro-
scopically in the fmces has been of little use in helping to
locate the position of the catarrhal process; the presence or
absence of bile-stained mucus is a much better indicator of
the situation of the catarrh. It will be found that in catarrh

1 The chemical tests for cholesterin will be found under Gall Stones.






CHAPTER XVII

CHEMICAL EXAMINATION OF FACES—REACTION, WATER,
AND SOLIDS

In investigating diseases of the intestine, the chemical analysis
of the feces is most important. It is unnecessary for us here
to discuss the various chemical processes which go on in the
intestinal tract, and the alterations which take place in the
food in its passage along the bowel, due to the action of the
bile or pancreatic secretions or intestinal juices. For, although
it is of great importance to know what is going on in the intestine
itself, we are only here interesting ourselves in making a
diagnosis on the alterations which are found to occur in the
feeces, due to pathological changes in the intestine.

Reaction.—The reaction of the faeces wvaries, according
to the diet taken, both in health and disease, and although the
reaction itself is not of great importance in making a diag-
nosis, it gives certain evidence of changes going on in the bowel
itself, the knowledge of which may be useful. At the present
moment, our knowledge of the reaction of the fmces is very
limited, and it is considered sufficient to know whether the
fieces are alkaline, acid, or neutral. Quantitative alterations
in the acidity oralkalinity have not up to the present been
much utilised.

Method.—In the examination of the faces, it is necessary
to remember that the reaction of different parts of the motion
varies, and it is not at all uncommon to find that the surface
reaction is quite different from that of the centre, so that, in
making any observations on the reaction of a stool, it is necessary
to mix the fwces thoroughly before testing. Certain changes
take place in the stool on keeping, and the reaction may become
more acid or more alkaline as the case may be; it is therefore
essential in noting the reaction of a motion to examine it as
fresh as possible.
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If the faeces are fluid, it wiil be sufficient simply to mix them
well, but in the case of solid motions, it is as well to rub up the
freces in a mortar with distilled water until they assume a pea-
soup consistency, and use this mixture for testing the reaction.
It will then only be necessary to dip a glass rod into the mixture,
and apply it to some red or blue litmus paper which has been
previously moistened ; one can then easily note the reaction
on the reverse side of the paper.

The different indicators, such as cochineal, methyl orange,
phenophthalein, &c., being very sensitive to certain bases or
acids, will often give a reaction entirely at variance with that
found with litmus. At the same time so little has been done
in practice with the different indicators that for ordinary pur-
poses, the litmus reaction is considered sufficient.

Quantitative Estimation of Alkalinity or Acidity.
—Twenty to fifty grams of fresh feces are well mixed and
ground up in a mortar, as described in the macroscopic
examination of the fwces, ten volumes of water being added.
The mixture thus prepared is then titrated by allowing one
tenth normal solution of sodium hydrate or one-tenth normal
hydrochloric acid solution—according to whether the fweces
have previously given an acid or an alkaline reaction—to run
in with frequent stirring, until, by employing a glass rod, the
litmus paper gives a neutral reaction. The tested acidity or
alkalinity can easily be caleulated by multiplying by five if
twenty grams of fresh fwces have been used, or by two if fiity
grams have been employed.

Reaction in Health.There is a variation in reaction
even in normal stools. As a rule, however, they deviate only
very slightly from the neutral reaction.

Meconium, or fasting stools—which may both be regarded
as the normal products of the excretions from the alimentary
tract unvitiated by any food residue—give a faintly acid re-
action, owing to the large quantity of fatty acids which they
contain.

The diet has a great influence on the reaction of the fieces,
so it will be well to make a few observations with regard to the
normal reaction found on the four test diets which we employ
in the examination of the fmces for the investigation into the
condition of the intestinal tract.
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Reaction on a Milk Diet.—The reaction of infants’
feeces differs according to whether they are fed with human
or cows’ milk. The normal reaction of the fmces of a breast-
fed child is faintly acid owing principally to the preponderance
of lactic acid, and in less degree, of the other volatile fatty acids.
The fweces of a child brought up on the bottle usunally give a
neutral or very faintly alkaline reaction, owing to the increased
amount of casein present in cows’ milk. At the commencement
of most of the minor intestinal troubles in children, one gets a
very marked acid reaction, owing to the formation of lactic
and butyric aecid. In more complicated intestinal disease
such as enteritis, intestinal tuberculosis, typhoid, dysentery,
and cholera, the feces of a child give a distinetly alkaline reaction
owing to the putrefaction of the proteids causing an excess of
ammonia, and, at the same time, are very foul-smelling.

The normal fmces yielded by a milk diet in an adult give a
neutral or very faintly alkaline reaction. Pathological altera-
tions in the bowel cause, in adults, similar changes in the reaction
of the fwces to those found in children.

Reaction on Schmidt’s Diet.—The reaction of the
freces on Schmidt’s diet is neutral or very faintly acid, where
there is a healthy condition of the intestine. In cases where
there is a tendency to intestinal fermentation, causing imperfect
breaking-down of the carbohydrates and the formation of lactic
and butyric acids, the stools, as a rule, are acid. In increased
putrefaction, where the effect of the bacteria in the large intestine
18 to cause excessive breaking down of the proteids with increased
formation of ammonia, the feeces will give a distinetly alkaline
reaction. '

Reaction or a Mixed Diet.—On an ordinary mixed
diet with a fair digestion, the reaction of the fweces is very uniform,
and there should be only a very slight deviation from the neutral,
or very faintly alkaline reaction. The tendency to alkaline
reaction on a mixed diet is due to the putrefaction of the proteid,
which causes formation of ammonia. An acid reaction is, how-
ever, produced where there is any increased breaking down of
carbohydrates, leading to excess of lactic or butyric acids.
Schmidt ' found that on a diet rich in starch, the total acidity
equalled 80, while the same stool, after standing in a hot-air

1 Schmidt and Strasburger, Die Feees des Menschen, p. 108,
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cupboard at 37° C. for twenty-four hours, showed an acidity of
320. This illustrates the importance of examining the fmces
in a fresh condition. Increased quantities of fat in the diet, or
insufficient absorption of fat, often lead to an acid reaction of the
feeces, owing to the excess of fatty acids in the stools.

In diseases of the stomach, if not complicated by intestinal
disorder, the reaction of the faeces remains neutral. Obstruction
of the bile-ducts causes a markedly acid stool, owing to the
decreased absorption of fat. When the pancreatic secretion
13 absent—although there i1s an increased quantity of fat in
the stools, due to the greatly decreased breaking-up and
absorption of th: fati—th> presence of the excess of fatty
acids, which would otherwise cause an acid reaction, 1s masked
by the increased putrefaction of the proteid, so that the stools
are strongly alkaline. In intestinal disturbance resulting from
the imperfect digestion of carbohydrates, leading to the forma-
tion of lactic and butyric acids, one obtains an acid reaction.

Reaction on a Meat Diet.—On a meat diet, the re-
action of the faeces is, as a rule, faintly alkaline, or it may
be markedly so, owing to the increased quantity of ammonia
formed by the breaking down of proteid in the large intestine.

WATER AND SOLIDS

The casual examination of the feces gives a very misleading
idea of the quantity of water present in any specimen, for one
sees more or less fluid motions due to the increased quantity
of mucus, or even to some of the low-melting fats, which are
accompanied by no increase in the quantity of water as evidenced
by analysis.

Method of Estimating the Quantity of Water in
the Fasces.—The estimation of the quantity of water in
the feces 1s not so simple as would at first sight appear. The
fieces have to be dried down to some constant temperature
which must not be too high, as otherwise, in obtaining dryness,
one is apt to drive off volatile substances, and the weighing of
the residue gives no true indication of the actual loss of
weight which is due to water alone. In practice, it is advisable
to take a small quantity of well-mixed fweces in a capsule and
dry them over a water-bath with continual stirring. When
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they have thus been rendered as dry as possible, the capsule
should be placed in an oven kept at some fixed temperature
for a certain number of hours, after which it iz placed over
sulphuric acid in a desiccator, allowed to cool, and then
weighed. This is repeated till the capsule remains at constant
weight. We obtain the best results by keeping our drying
cupboard at 60° C., using this as our constant temperature
for obtaining standards of comparison.

If the fwces contain a large quantity of fat, it will not be
possible to dry them by this method ; it is essential in such
cases to mix the feces, previous to drying, with a weighed quantity
of sand, which has been prepared by extracting with water,
alecohol, and ether. This addition of sand will greatly simphfy
the drying, the method being otherwise as above described.

Quantity of Water in the Feeces under Normal
Conditions.—The quantity of water in the fmces is in-
fluenced by the activity of the large intestine and the diet
taken, so that, before discussing the quantity of water present
in the faeces on our test meals, 1t is necessary to make a few
remarks on the factors influencing the dryness of the feces.

A diminution in the quantity of water in the faeces 1s produced
by any stagnation of the intestinal contents in their passaga
along the large intestine, since the greater quantity of water
is absorbed from the feces during its passage along the colon.!

Stagnation of the intestinal contents may be due to diminished
peristalsis or insufficient stimulation of the mucous membrane.
This takes place when the food leaves little residue, as, for example,
in fasting, on a pure meat diet, or milk diet. Diminished
peristalsis of the large intestine may also be attributable to the
insufficient action of the musecles of the bowel, such as occurs in
simple neurasthenia, or want of accustomed exercise in people
confined to bed from whatever cause. Dryness of the faeces
may also be due to increased absorption of water by stimula-
tion of the epithelium covering the mucous membrane of the
large intestine ; this 1s the apparent explanation of the dry
feeces which occur in some cases at the commencement of taking
certain alkaline springs.ﬂ

1 Vaughan Harley, * The Influence of the Removal of the Large Intestine
and Increased Quantities of Fat in the Diet on General Metabolism in Dogs "'—
Proc. Roy. Soc., vol. Ixiv. 1898,

2 Hoppe-Seyler.—Physiol. Chende, Berlin, 1881, p. 363.
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An inecreased quantity of water in the faces may be due to
diminished absorption of water, arising from insufficient activity
of the water-absorbing function of the epithelium of the mucous
membrane of the large imtestine. Insufficient activity of the
epithelium of the large intestine may be produced in mal-
nutrition, and also when the chymus has been pathologically
altered so that salts with high water co-efficient are present in
the intestine, or when certain medicinal salts are taken which
cause an increased quantity of water in the faeces.

All abnormal intestinal contents appear to stimulate peristalsis,
and the more irritable the mucous membrane of the intestine,
the less the stimulant necessary to cause increased peristalsis,
so that in inflammatory or in nervous (central) conditions, one
frequently obtains an increased quantity of water in the feces.

In all inflammatory conditions of the mucous membrane of
the intestine, one sees, in addition to increased peristalsis, a
tendency to an increased exeretion of fluid from the mucous
membrane itself, and at the same time, a secretion of mucus,
which together give rise to an increased quantity of water in
the fweces. In diseases of the small intestine, inflammatory
products are often no longer recognisable in the faces; one
gets an increased quantity of water, and 1t is impossible to say
whether it is due to exudation or to transudation. The increased
quantity of water in the stools of cholera—Schmidt ' describes
cases in which only 12 to 15 per cent. of dry substances were
found in the stools—is considered to be principally due to trans-
udation, in the same way as the watery stools which oceur after
taking senna appear to be due to exudation. If one finds,
together with an increased quantity of water in the fweces, inflam-
matory products from the mucous membrane, such as epithelial
cells, mucus, pus, or blood, one may consider the condition
to be probably due to exudation, while, if one {inds increased epi-
thelial cells and flocculi of epithelial cells (as in cholera) indi-
cating the destruction of the surface layers of the mucous mem-
brane, one may consider the condition to be due to transudation.

With these preliminary remarks we may now go on to
consider the quantity of water usually found in fresh fieces.
In the cases which we have examined, the quantity of water
has varied from 578 to 93:9 per cent., and in health on

1 Strasburger and Schmidt, Die Feeces des Menschen, p. 113.



122 INTESTINAL DISEASES

ordinary diets one may consider that the quantity varies from
70 to 80 per cent., giving an average of about 75 per cent.

Quantity of Water present in the Fseces on a
Milk Diet.—As we have already shown, the quantity of
water in the feces is partly dependent on the amount of
residue left in the chymus; on a milk diet, therefore, which
leaves very little residue, one would expect a decrease in the
quantity of water. At the same time, milk contains a large
quantlt} of fat, and this has an influence on the quantity of
water in the faeces, increased quantities of fat tending to increase
the total quantity Df water in the feces.'

TABLE XX.—PERCENTAGE OF WATER NORMALLY PASSED
IN THE F./ECES ON A MILK DIET

Mk in Number Highest per Lowest per Average per
| pints, of cases, cent, cent, cent,
| [
! 4 E 81-23 7345 76-09
44 1 83-06 7174 TG00
3 2 | 8303 7471 . 79-32
i 2 : 73-52 73-06 l 73:29

We have put together in Table XX. the results obtained
on a milk diet in individuals who apparently suffered from
no intestinal derangement. It will be seen that the quantity
of milk daily taken causes an alteration in the quantity of
water present in the feces. When four pints of milk were
given daily, the largest quantity of water found in the fweces
was 8123 per cent., and the lowest quantity 7345 per cent.,
the average of the six cases being 76:9) per cent. In four
normal individuals taking 43 pints of milk per diem, the
highest quantity of water present in the feeces was 83-96
per cent., and the lowest 71'74 per cent., the cases yielding an
average of 76:00 per cent. In these cases, the increase of } pint
of milk per diem had no tendency to increase the average quantity
of water in the fwces. In two individuals to whom five pints
ot milk were given daily, the highest quantity of water found
in the freces was 83-93 per cent., while the lowest quantity was
7471 per cent., giving an average of 79-32 per cent., thus showing

1 Vaughan Harley, {oc. cit. p. 283.
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a tendency to increased quantity of water in the faces when
the increased quantity of milk was given in the diet. In two
further individuals, the quantity of milk was increased to six
pints per diem, when the maximum quantity of water in the
freces was 73:52 per cent., and the minimum quantity 73-06
per cent., giving an average of 73-29 per cent., so that, in these
two cases, there appeared to be no increased quantity of water
in the fieces consequent on the increased quantity of milk given
in the diet. Inreviewing all the cases, we note a general tendency
to increase in the quantity of water in the fweces, consequent

TABLE XXI—PERCENTAGE OF WATER NORMALLY PASSED IN
THE FAECES ON SCHMIDT'S DIET

Number of cases. Highest per cent. | Lowest per cent. Averaze per cent.

6 83-15 ? 7166 75-05

on increased quantities of milk given in .the diet. This is
probably partly explained by the increased quantity of fluid
taken, which undoubtedly has some influence on the quantity
of water in the faeces, but the increase is principally due to the
increased amount of fat taken in the diet, leading to an increased
quantity of water in the stools.

Quantity of Water in the Fseces on Schmidt’s Diet.

We have put together in Table XXI. the results obtained
on a Schmidt’s diet in six individuals who apparently suffered
from no intestinal disorder. We see that the maximum quantity
of water found in the faces was 8315 per cent., while the
minimum quantity was 7166 per cent., the cases yielding an
average of 75:95 per cent. In discussing the Schmidt diet, we
have already shown that it is a diet very easy of assimilation
and absorption, and, therefore, one leaving little residue to
cause stimulation of the bowel and increased peristalsis. At
the same time, this diet 1s not so rich in fat as a milk diet, and
this is the partial explanation of a smaller average of water
being found in the feces on a Schmidt diet than on a residue-
free diet, such as milk.

Quantity of Water in the Feeces on a Mixed Diet,
~—In eighty-seven cases (Table XXII.) cn an ordinary mixed diet
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in which no milk was given as such, but merely in the form of
puddings, &c., the maximum quantity of water in the faeces was
83:21 per cent., and the minimum quantity 67-60 per cent., the
cases giving an average of 7572 percent. It is thus seen that

TABLE XXII.—PERCENTAGE OF WATER PASSED IN THE FAECES
ON A MIXED DIET

Number of eases, | Hizhest per cent., Lowest per cent, | Average per cent.
e | LR e e s N |
R7 ’ 83-21 G760 To-72 -

on the mixed diet which we employ in the examination of the
bowels, there is very little residue to stimulate intestinal peri-
stalsis, with the result that the quantity of water found in the
faeces very much resembles that found on a Schmidt diet.

Quantity of Water in the Faeces on a Mixed Diet
and Increasing Quantities of Milk.-——We have already
pointed out that fat has an influence on the quantity of water
present in the fwces, and it is necessary, in comparing the
quantity of water found in the fmces of patients on a mixed
diet, to have some idea of the increase caused by adding milk
to the diet, when this has been done to increase the Caloric
worth of the patient’s rations.

TABLE XXIII.—PERCENTAGE OF WATER PASSED IN THE F./ECES
ON A MIXED DIET + INCREASING QUANTITIES OF MILK

! Milk in Number | Highest per Lowest per | Average per
| pints, of cases, cent. cent. | cent.

14 | 25 B2-65 G542 | T4:57

2 21 51:09 G845 7379

21 ' 11 "2-18 GS-10 T4-30

3 ' 5 | 83-21 7480 | 79°19

In twenty-eight cases (Table XXIII.) in which 1} pints of
milk were given in addition to the ordinary mixed diet, the
maximum quantity of water in the feeces was found to be 82:65
per cent., and the minimum quantity 65-42 per cent., the cases
giving an average of 74'57 per cent.
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On inereasing the quantity of milk to two pints daily, in twenty-
one cases, the highest quantity of water in the feeces was 8109
per cent., and the lowest 6845 per cent., the average in these
twenty-one cases being 7379 per cent.

A further increase of milk to 2§ pints daily in eleven cases
was seen to yield a maximum quantity of water of 82:18 per
cent., and a minimum of 68:10 per cent., the eleven cases giving
an average of 7430 per cent. of water found in the faces.

In five cases the quantity of milk was increased to three pints
per diem, and in these cases the highest quantity of water
found in the fweces was 83-21 per cent., and the lowest T4-80 per
cent., the average being 79-19 per cent.

On reviewing these cases in which increasing quantities of

TABLE XXIV.—PERCENTAGE OF WATER NORMALLY PASSED IN
THE FAECES ON A PURE MEAT DIET

— — _— -

Number of cases, Hichest per cent. Lowest per cent, Averace per coenf,

[ 80-97 G859 7426

milk were added to an ordinary mixed diet, we find a general
tendency to increase in the quantity of water found in the feces,
if we take into consideration the progressively diminishing
number of cases on increased quantities of milk, which causes
individual variations to play a greater part than if we had a
larger number from which to make our average.

Quantity of Water in the Feeces on a Meat Diet.
—In the preliminary discussion on the absorption of water
from the intestine, we showed that the quantity of residue
in the diet had a considerable effect on the stimulation of the
large intestine, and that resulting stagnation of the contents
might be produced by the diminished residue, leading to deficient
stimulation. A meat diet, yielding as it does, a stool resembling
that of the fasting individual, is, therefore, very apt to cause
constipation. In the cases we have examined, constipation has
sometimes been present, but not always, and this is probably due
to the fact that the large quantity of water given with the diet
hindered the constipating effect of the small residue.

In the six examples given in Table XXIV., all the cases of
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constipation have been eliminated, the results including only
those in which no constipation or other apparent bowel trouble
had arisen. The maximum quantity of water present in the
faeces was found to be 80-97 per cent. ; considering that the diet
given yielded so little residue, this is high, but as there was appa-
rently no intestinal derangement to account for such a large
quantity of water in the feces, we have included it in the list.
The percentage of water found in the other cases was 68-86 per
cent., 7843 per cent., 7595 per cent., 7276 per cent. and—the
lowest—68-59 per cent., making an average for the six cases
of 74:26 per cent. It is thus seen that, on a pure meat diet, there
is a distinct tendency to a small quantity of water being eliminated
in the feces, and this 1s all the more marked when we consider
that we have included one case with a particularly high excretion
of water. We may, therefore, say that the average amount
of water excreted in the feeces tends to be less on a meat diet
than on any of the other diets which we employ for the obser-

vation of diseases of the bowels.



CHAPTER XVIII

CHEMICAL EXAMINATION OF FECES (continued)—NITROGEN,
ALBUMEN, ALBUMENOSE, PEPTONE, AND MUCUS

Ouvr knowledge of the total nitrogen in the faces is very com-
plete since Voit's School at Munich made its numerous observa-
tions in general metabolism, and V. Noorden applied the same
methods to metabolism in disease. The walue, however, of
the estimation of the total nitrogen in the faces, in the diagnosis
of intestinal diseases, has not been found to be so great as was
at first hoped. It is possible that want of sufficient accuracy
in comparing results on different diets has crippled the use of
the knowledge in diagnosis, and that with extended knowledge
we shall find it of real value.

Method of Estimating the Total Quantity of
Nitrogen in the Faeces.—Kjeldahl's method for estimating
the nitrogen in the feeces is the one most usually employed, and
as it yields very good results, it seems fo be all that is required.

A weighed quantity of fresh faeces can be employed in
estimating the quantity of nitrogen in the feces by Kjeldahl’s
method, although in practice we prefer to use a weighed
quantity of dried feces.

The daily quantity of fwces is thoroughly mixed, or in the
case of an analysis of a period being carried out, the total three
to five days fmeces are thoroughly mixed, so that one obtains
a fair average specimen. In practice, we generally prefer to
make a daily analysis, in order to avoid the danger of losing any
nitrogen from the feces on standing. The weighed quantity
of fweces is placed in a capsule, and one-tenth normal sulphuric
acid solution poured over it in the proportion of 15 to 20 c.c. to
each hundred grams of moist feces; this i1s to prevent any
loss of ammonia in the process of drying. The capsule is then
placed over a water-bath and, with frequent stirring, is allowed
to dry, until the feces are fairly hard. The capsule is then
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. removed, placed in a hot-air oven at 60° C. for two hours,
and cooled over sulphuric acid in a dessicator, as in the method
for estimating the total quantity of water in the fweces. The
contents of the capsule, when cool, are transferred by means
of a spatula into a mortar, and ground until all visible lumps
have disappeared, and a fine powder remains.

One gram of the powder is placed in a Kjeldahl’s destruction
flask with 25 c.c. of strong sulphuric acid and one gram of sodium
pyrophosphate added to hasten oxydation. The flask is allowed
to stand for a few hours (if immediately heated, the contents
are apt to foam), and then heated over a Bunsen burner; it is
necessary to have the flask placed well on its side, and it is of
great assistance to have a small conical glass stopper (Fig. 1),
which will arrest any of the boiling sulphuric acid which may
spit, and allow it to flow back into the flask. The heating must
at first be gentle, and a full power of gas used
later, otherwise, there will be too much foaming.
The contents of the flask, having been heated
till they become perfectly colourless, are allowed to
cool. The rationale of the process is the conversion
of all the nitrogen present in the faces into
ammonium sulphate, and the destruction of all the
organic matter by oxydation.

The cold contents of the flask are carefully
washed, rinsing three or four times with about
600 c.c. of water, into a large distillation flask." Some granules
of zine are added to prevent much bumping when distillation
is carried on, and a strong solution of sodium hydrate added
until the contents of the distillation flask are alkaline. The
sodium hydrate will, by this method, liberate any ammonia
from the ammonium sulphate, and it is only left to collect the
ammonia by distilling. The distillation flask 1s connected so
that the liberated ammonia can be distilled over into a
measured quantity of deci-normal solution of sulphuric acid.
The distillation 158 carried on until all the ammonia which is
present in the distillation flask has been driven over into the
one-tenth normal sulphuric acid, and has formed there
ammonium sulphate. The measured quantity of sulphuric acid
is now titrated with deci-normal sodium hydrate solution, using

Ty T

TFria. 1.

1 Flasks can now be obtained which do for both destruction and distillation.
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neutral litmus as an indicator, until one gets a neutral reaction.
The quantity of deci-normal sodium hydrate solution required
to neutralise the measured quantity of deci-normal sulphurie
acid having been subtracted from the original amount, the
remainder will give the quantity of sulphuric acid which has
been neutralised by the ammonia distilled over, and the calcula-
tion of total nitrogen is easily made.

Quantity of Nitrogen in the Normal Feeces.—
Formerly 1t was considered that the nitrogen found in the stools
was the remains of undigested proteid, but it is now generally
TABLE XXV.—DAILY EXCRETION OF NITROGEN IN THE FACES

IN FASTING1

Cetti 2 3 ; : ; : 0316 grams

Breithaupt ; : : ! ) 0116,
Obstruction of the (Esophagus . - 0446,
First fasting lunatic . : , : 0223 .
| Second fasting lunatic . . . 0-17
Average ) : . . (0-254 grams nitrogen

recognised that the amount of nitrogen left over from digestion,
in cases where the food is well prepared and easily assimilated,
does not play the only #dle ; we have also to deal with the
nitrogen from the human body itself. Epithelial layers of
mucous membrane are being continually shed, and these,
together with the mucus and intestinal secretion, ereate a certain
amount of nitrogen residue. In addition to this, we have the
bile and pancreatic secretions thrown into the intestine, and
these nitrogenous constituents, when not absorbed, add their
quantum. The numerous bacteria normally present in the
intestine also yield no inconsiderable quantity of nitrogen ;
some of this nitrogen, being due to the breaking-up of proteid
by the bacteria in the intestine, yields nitrogenous residue as
well as a certain amount of indol and skatol. And a not in-
considerable quantity of nitrogen is normally due to the bacteria
present in the intestines themselves. In fact, Schmidt and
Strasburger * consider that, on a diet yielding only a small residue,
the quantity of nitrogen which may be put down as derived
from bacteria is no less than } to {1 of the total nitrogen present
in the stools.

1 Schmidt and Strasburger, Die Feces des Menschen, p, 119,
2 fhid. p. 120

1
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Our knowledge of the amount of nitrogen derived from the
intestines themselves in human beings has, of late years, been
greatly amplified, thanks to the observations of Fr. Miiller on
the fasting individuals, Cetti and Breithaupt. '

In Table XXV. one sees that there is a considerable quantity
of nitrogen daily eliminated in fasting individuals ; the enormous
individual variations in the quantity of nitrogen excreted are
also very clearly brought out, so that one must remember, in
calculating the quantity of nitrogen in the faeces, to take into
account individual variations. The latter are even greater in
metabolism experiments, for it is found that the same individual
on the same diet during different periods excretes varying
quantities of nitrogen. These individual variations, and the
varations m the same individual from time to time, render the
results obtained by analysis, as to the quantity of nitrogen in
the feeces, difficult to deal with.! The way the varying quantity
of uric acid in the urine is known to fluctuate is analogous to
the nitrogen fluctuation found amongst individuals in the feeces.

The quantity of nitrogen shown in Table XXV. only holds
good in absolute fasting, for it has been shown by Rieder?® in
three experiments in which he gave nitrogen-free diets, that no
less than 0-73 grams of nitrogen were excreted in the faces per
diem. The fact that the quantity of nitrogen excreted by the
alimentary canal is larger when food is taken than in fasting,
has been shown by several observers, as also the fact that pro-
gressive increase in the quantity of non-nitrogenous diet causes
a progressive increase in the quantity of nitrogen excreted in
the faces. This is merely what one would expect when one
considers that the digestive secretions would be greatly increased
by taking a non-nitrogenous diet, compared with the secretions
in a fasting individual. The greater the guantity of the non-
nitrogenous diet, the greater the quantity of secretion required
for its digestion, and, therefore, the greater the quantity of
nitrogen left in the residue.

Having shown that a certain quantity of the nitrogen present
in the stools is undoubtedly derived from the alimentary canal
itself in fasting or on a nitrogen free diet—the quantity vary-
ing according to whether digestive secretions are required or

1 V. Noorden, Lefirbuch der Pathologie des Stoffwechsels, Berlin, 1893, p. 39.
~ Zeitsclr. {. Biologie, vol. xx. 1884, p. 378,
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not—we now go on to see what influence diet has on the
nitrogenous residue. It has been clearly shown by experi-
ments that when food is properly prepared, so that it yields
only a very small residue, and requires a minimum amount
of digestive juice for its absorption, the quantity of nitrogen
eliminated i1s small. In human beings, one always finds on
a meat diet (which is the best absorbed of all diets), some
undigested muscular fibres in the stools. Rubner' showed that
on a pure meat diet, 1-12 to 1-2 grams of nitrogen were ex-
creted per diem.

When a diet contains a good deal of residue, more especially
cellulose, the quantity of nitrogen is naturally very much in-
creased.

TABLE XXVI.—-NITROGEN IN DIET YIELDING RESIDUE 2

e

5 - Perecentaze of
Diily excretion o

Food, : nitrogen in Aunthor,

[ of nitrowen, et

= : s A
Potatoes (3078 grams) . 2 369 grams | 3.93 Rubner
Black bread (1360 grams) : 426 ' 368 | e
Peas (600 grams) . - - Y (S | T35 »
Carrots (5133 grams) . Ny (L | a0l . "

| Savoy cabbage (3831 grams) . | 24 2 - 3-39 | 3
Generous Vegetarian Diet ; 346 —_ Yoit

! : | § Rumpf and

L o= e L i : SR | = 5} | { Schumm

In Table XXVI. we see that the quantity of nitrogen daily
excreted in the fweces on diets which contained a certain amount
of cellulose—and, therefore, greatly increased residue—is quite
considerable. In fact, the quantities are, as will be found later
on, above those observed on our ordinary test meals.

It would seem that the larger the quantity of nitrogen taken
in the diet, the less the proportion found in the faces, so that
an increased quantity of nitrogen in the diet would appear to
aid digestion. As a matter of fact, this is not really the case ;
the digestion is not improved, but the total quantity of nitrogen
excreted from the alimentary canal being falsely considered
as the nitrogen given in the proteids (whereas only a given

1 Zeitschr. f. Biologie.,vol. xv. 1879, p. 159.
2 Schmidt and Strasburger, Die Feces des Menschen, p. 122,
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quantity is taken in the diet), makes it appear too high ; while,

if one is giving such a diet as meat, where nearly all the proteid

is absorbed, the increased quantity of nitrogen taken in the food

yields a relatively smaller quantity of nitrogen in the fweces.

TABLE XXVIL—INFLUENCE OF INCREASED QUANTITY OF DIET
ON THE NITROGEN IN THE F.ECES1

Diiet, Daily exeretion of nitrogen. |
Meat (854 grams) ; ; g . 1-2 .
e [ 2 b T | : : : . 1-12 :
White bread (689 grams) : : : 1-95 I

| . (1327 LR ; : ; 244
| Peas (600 grams) . . : . 357 !
SR ] ; ; : : 909 !
| .

On the other hand, when a diet yielding more residue is taken,
such as a diet of white bread or peas, the quantity of nitrogen
excreted in the fmces increases with the quantity taken in the
diet, as shown in Table XXVII. (Rubner)

On diets relatively free from residue, the quantity of nitrogen
found in the fweces is very small, as shown by Table XXVIIL

TABLE XXVIIL—QUANTITY OF NITROGEN IN THE FACES ON
RESIDUE FREE DIETS 2

Percentamre of
nitrogen in dried
Tweces,

Dadly excretion of

Foodl. nitrosen,

= = e — —— e ——eeeeeeee

Macaroni (695 grams) 1-86 grams G588
White bread (689 grams) . - Lgh . S:30 l
Rice (G638 grams) . : = e kbt o Fird 185
Maize (750 grams) D 4G

The quantity of nitrogen present in the feeces is seen to be
influenced by the amount of residue left in the fweces, together
with the different kinds of diets given, and still further, by
individual variations.

It is now necessary for us to consider the quantity of nitrogen
present in the faces when individuals are on one or other of the
four diets which we are in the habit of using for the investigation
of intestinal disease. In all the cases, the numbers given are

1 Behmidt and Strasburger, e Feeces des Menschen, p. 123,
2 fhid. p. 122,
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the result of a series of analyses extending over a period of at
least three, and generally five days, so that although the number
of cases investigated is not great, the results may be considered
sufficient for the deduetion of general conclusions.

Quantity of Nitrogen in the Feeces on a Milk Diet.
—In breast-fed children, less nitrogen is excreted in the
feeces than in children fed on cows’ milk. Biedert' made
caleulations from a large number of cases, and found in breast-
fed children (15 grams of nitrogen in the faeces, and in children
fed on cows’ milk, 0-41 grams of nitrogen in the fmces.

In adults, Schmidt and Strasburger considered that the
quantity of nitrogen present in the fieces on a milk diet was
about 111 grams per diem, but this is a larger quantity than
we have found in the cases which have come under our notice.

TABLE XXIX.—QUANTITY OF NITROGEN IN THE FECES AND
ABSORPTION OF THE SAME ON A MILK DIET

.4 . Higlhest, Lowest. I Averaze.
Milk in | Number | : o e \ bl o 5
pimts, of cases, | Nitrogen | Absorbed | Nitrogen | Absorbed | Nitrooen | A bsorbed
in grams, | per cent. | ingrams. | per cent. |in grams. per cent,

| | |

4 5] e & D537 063 | 91:39 084 | 9382
41 o 1-20) D65 053 | 9216 076 0503
0 2 1-20

0459 | 092 | 9294 | 106 | 9376

In Table XXIX. it is seen that when four pints of milk were
given daily, the largest quantity of nitrogen excreted per diem
was 1'17 grams, and the lowest quantity, 0-63 grams, the cases
giving an average of ('84 grams per diem. If one calculates
the quantity of nitrogen given in the food, and subtracts from
that the quantity of nitrogen found in the faces, one obtains
a general idea as to the amount of nitrogen absorbed, although,
as has already been shown in the general discussion of nitro-
gen in the feces, a considerable quantity of the nitrogen is due
to the residue of the digestive secretions, epithelial cells, and
baeteria, &e., so that absorption calculated by this method is
not absolutely correct. As at present we have no means of
estimating the quantity of nitrogen eliminated by the human

1 Die Kinderndhrung im Saiiglingsalter, &e. iv. Aufl,, Stuttgart, F. Enke,
1900, p. 59.
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being himself, it is essential in these calculations to take for
granted that all the nitrogen present in the fwces represents
the nitrogen which has not been made use of by the organism.
It is seen that in these cases the highest absorption of nitrogen
was 9537 per cent., and the lowest 91:39 per cent., so that
the average absorption of proteid in the six cases was 93-82 per
cent.

Five cases of individuals who were taking 4} pints of milk
per diem were investigated, and it was found that the maximum
quantity of nitrogen present in the feces was 1'20 grams, and
the minimum quantity, 0-53 grams, making an average of 076
grams of nitrogen excreted per diem. On making a calculation
of the absorption on this diet, it was found that the highest
absorption was 96'53 per cent., and the lowest, 92:16 per cent.,
giving an average absorption in the five cases of 9503 per cent.

TABLE XXX.—QUANTITY OF NITROGEN IN THE F.ECES AND
ABSORPTION OF THE SAME ON A SCHMIDT'S DIET

| Highest, Lowest, Average.
Number | . A = A |
of eascs. | Nitrogen | Absorbed  Nitrogen | Absorbed | Nitrogen | Absorbed
in grams. | per cent. | in grams, | per cent. | in grams, | per cent,
| |
11 1-90 ‘ 9777 043 | 89-04 -BH 95-29
|

On increasing the diet to five pints of milk per diem, only two
cases were investigated. The highest quantity of nitrogen
excreted was found to be 1-:20 grams, and the lowest, 0-92 grams,
giving an average of 106 grams per diem. The absorption in
these two cases was 9459 and 9294 per cent. respectively,
giving an average of 93-76 per cent.

We see, therefore, that on a milk diet the quantity of nitrogen
present in the feeces is considerably less than the results obtained
by Schmidt and Strasburger on the same diet.

The absorption of nitrogen on a milk diet seems to vary
between 94 and 95 per cent., which is a very good absorption,
especially when one remembers that most of the nitrogen present,
as previously mentioned, is due to that derived from the mucous
membrane, digestive secretions, &c., thus masking the real
absorption of the nitrogen taken in the diet.
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Quantity of Nitrogen in the Faeces on Schmidt’s
Diet. Eleven cases, in whom there was no sign of gastro-
intestinal disturbance, were investigated on a Schmidt’s diet.

In Table XXX. it is seen that the highest quantity of nitrogen
eliminated in the fieces was 190 grams per diem, and the lowest
quantity 0-43 grams per diem, giving an average of 0'88 grams
per diem. It is thus seen that the average quantity of nitrogen
present in the fieces on Schmidt’s diet is slightly larger than
that found on a milk diet, except when large quantities, such
as five pints per diem of milk, were taken.

The highest absorption of nitrogen on this diet was 9777
per cent., and the lowest 8994 per cent., the cases giving an
average of 9529 per cent. This is higher than any of the
absorptions on the milk diet, and is explained by the fact that
the quantity of nitrogen eliminated by the bowel is masked
by the increased quantity of nitrogen in the food.

Quantity of Nitrogen in the Feeces on a Mixed
Diet.—No less than seventy-five cases taking a mixed diet
(without the addition of milk, except in the form of puddings,
&c.) were investigated, none of the cases showing signs of any
gastro-intestinal derangement.

TABLE XXXI.—QUANTITY OF NITROGEN IN THE FACES AND
ABSORPTION OF THE SAME ON A MIXED DIET

e ==

Highest, | Lowest. | Averagoe.
Number | A 2| e ; o - 2
of cases, | Nitrogen | Absorhed | Nitrogen | Absorbed | Nitrogen | Absorbed
in grame, | per cent. | in grams | per cont. | o grams. | per cont,
|
‘ 75 155 | 9707 ‘ 030 | 9012 | 097 | 9346

In Table XXXI. it is seen that the highest excretion of nitrogen
was 1'55 grams, and the lowest 0-30 grams, the cases yielding
an average of 0-97 grams of nitrogen in the freces per diem. It
is seen that the quantity of nitrogen on this diet 1s considerably
larger than that found on either the milk or Schmidt’s diet, and
this is explained by the increased amount of residue, especially
the cellulose residue from the cabbage in the diet.

The highest absorption on a mixed diet was seen to be 97-C.
per cent., and the lowest 90-12 per cent., the average of the cases
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being 93-46 per cent.; these amounts very closely resemble
those found on a milk diet, and are considerably less than those
obtained with Schmidt’s diet.

Quantity of Nitrogen in the Faeces on a Mixed
Diet + Increasing Quantities of Milk. The effect on
the nitrogen in the fieces of adding increasing quantities of milk
to a mixed diet, is brought out in the following table :

TABLE XXXIIL.—QUANTITY OF NITROGEN IN THE FAECES AND THE
ABSORPTION OF THE SAME ON A MIXED DIET +
INCREASING QUANTITIES OF MILK

—_ e A

| | Hizhest. Lowoesr. Averaoe,
Milk in | Xumber | 4 =% | - o4 i - :
pints. | of ecases, | Nitrogen| Absorbed | Nitrogen| Absorbed Nitrogen | Absorbed
Iil| RIS . per cent, |in oraIns, | per cent, |in Srains,  per cent.
| |

—
(3
—
b
e -
=

|
2-00 ‘ oi-as | 057 G010 [ | ! b Bt
|

[ 2] L-G0 97-55 | (068 03-13 084 | 9409
[ 2% . A0 2-14 0666 0-85 9341 1-30 Q460
| 3 ‘. 3] 2-39 9726 0654 0323 144 | 94°T1

It is seen that when 1} pints of milk daily were added to the
diet of twenty-six cases, who showed no sign of intestinal trouble,
the highest quantity of nitrogen execreted in the fweces was 2-00
grams, and the lowest 0-57 grams, the cases yielding an average
of 1'11 grams per diem. This average is greater than that found
in any of the previous diets, and the range between the lowest
and the highest figures is also considerably wider than noted
in the other diets, being due to individual variations.

The absorption in these twenty-six cases varied from a
maximum of 97-34 per cent. to a minimum of 90-10 per cent.,
the cases giving an average of 93-84 per cent.

On a mixed diet to which two pints of milk were added per
diem, twenty-one cases were investigated. The highest quantity
of nitrogen was seen to be 160 grams, and the lowest 0-68
grams, the cases yielding an average of (094 grams of nitrogen
excreted per diem in the feeces. It will be noticed that when
two pints of milk were added to the diet, the fluctuations were
not so great as with 11 pints of milk, and the average quantity
of nitrogen in the feeces was also not quite so high.

The absorption of nitrogen, when two pints of milk were
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added to the mixed diet, is seen to vary from 97-55 per cent. to
¥3°13 per cent., the cases averaging 94-99 per cent. per diem.

On a mixed diet when 24 pints of milk were added, ten cases
were investigated. The maximum excretion of nitrogen was
found to be 2-14 grams, and the minimum excretion (-85 grams,
the average of the cases being no less than 1-30 grams of nitrogen
excreted per diem in the stools. Here we have a larger quantity
of total nitrogen in the fmces than in either of the previous diets.

The absorption in these ten cases on a mixed diet with two
pints of milk added daily, varied from 96-66 per cent. to 93-41
per cent., the average proteid absorption in the cases being
94-G0 per cent. in the twenty-four hours.

On a mixed diet when three pints of milk were taken daily,
we only have the analyses of five cases. The highest guantity of
nitrogen found in the feeces was 2-39 grams, and the lowest 0-64
grams, the cases giving an average of 1-44 grams of nitrogen
in the feces per diem, this being a greater quantity than had
been seen in any of the diets which we have just discussed.

The highest absorption was 97-26 per cent. and the lowest
9323 per cent., the cases yielding an average of 94-71 per cent.

On glancing over these cases on a mixed diet with the addition
of milk, one sees a distinet tendency to increase in the quantity
of nitrogen corresponding with the increase in the quantity
of milk given. In the case of two pints of milk being given, it
is seen that there was no increase in the quantity of nitrogen
excreted, but individual variations have to be considered, and
one must draw general conclusions from the results as a whole,
regarding the non-increase of nitrogen on two pints of milk as
an exception.

The absorption of nitrogen tends also to increase with in-
creasing quantities of milk in the diet,

Quantity of Nitrogen in the Fseces on a Meat
Diet.—Table XXXIII. gives the results in five cases which
were investigated on a pure meat diet.

It is seen that the maximum quantity of nitrogen excreted
was (°T9 grams, the minimum being very low, only (26 grams,
and the average (52 grams, while the average quantity of
nitrogen in the fieces in fasting has already been shown to be
(25 grams in the twenty-four hours.

The absorption of nitrogen on a purely meat diet varied from
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97-16 per cent. to 91-48 per cent., the average of the cases being
95-32 per cent.

Since a meat diet yields very little residue, and is even better
absorbed than a milk diet, there is a tendency for the quantity
of nitrogen in the fweces to be extremely low ; at the same time,

TABLE XXXIIL—QUANTITY OF NITROGEN IN THE F/ECES AND
ABSORPTION OF THE SAME ON A PURE MEAT DIET

Hizhoest, | Lowest. Averame,
A I A A,

Number | -
ol cases, | MNitrogen

Absorbed | Nitrogen 'l Absorbed
in erams,

per cent, | in grams, | per cent.

Absorbed | Nitrogen
per cent. | in grams,

91-48 :62: | 9532

3] 0-749 ‘ 9716 026

owing to the large quantity of nitrogen relatively present in
the diet, the absorption of nitrogen is very good.

ALBUMEN, ALBUMENOSES, AND PEPTONE

The tests for albumen, albumenoses, and peptone, can be
roughly considered together.

Test for Albumen.—Fresh feces should be well mixed
with water, and then rubbed up in a mortar, filtered through a
folded filter paper, and the filtrate tested for albumen. If the
feeces are alkaline, one also gets, in solution, casein and mucus,
which can be prevented by previously using dilute acetic acid.

(1) To the bottom of the filtrate in a test-tube a layer of cold
nitric acid is run in, when a white precipitate forms at the
junction of the liquids if albumen is present.

(2) The upper layers of the watery extract of the fweces are
heated in a test-tube, when a precipitate will form. Two to
three drops of dilute acetic acid can be added, and, if albumen
is present, the precipitate remains, and sometimes increases in
quantity.

Test for Albumenoses and Peptone: Hofmeister’'s
Method.'—To well-rubbed-up faeces 01 volumes of con-
cenfrated hydrochloric acid are added; then phosphorstungstic
acid and hydrochloric acid are alternately added until no more

1 Hoppe-Seyler’s Chemische Analyse. Edited by Thierfidler, 7th edition,
p. 454,
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precipitate is formed ; after gently heating, the thick precipitate
is collected on a filter-paper, which is well washed with water,
and dissolved in sodium hydrate solution. The resulting deep
blue liquid is heated over a flamie on a gauze until it turns a
dirty yvellow; some of the fluid is then poured into a test-tube,
cooled, and tested for the biuret reaction, the propeptone or
albumose giving a violet or reddish colour.

Presence of Albumen.—In healthy children there ought
to be no albumen present in the feces, but when there is any
enteritis or summer diarrheea, albumen is always found to be
present in the fweces,

In adults on ordinary diets albumen is not to be found in the
feeces under normal conditions. It is difficult to distinguish
between unabsorbed albumen and that which 1s derived from
the alimentary tract itself. The albumen present in cases of
simple diarrheea or jaundice seems to be due to the unabsorbed
residue of the food. On the other hand, the albumen found in
the stools in cases of cholera may be derived from the ali-
mentary tract itself; also when mucus, blood, or pus, are present
in the motion, albumen may be due to these substances. One
has to remember that the large intestine will absorb considerable
quantities of albumen, and, therefore, when albumen appears in
the feeces, there must be great disturbance of the alimentary
tract. In pathological conditions, such as enteritis and colitis,
one finds a very marked quantity of albumen. In chronie
mucoid conditions of the bowel, there is generally a slight
albumen reaction. In chronic constipation, as a rule, one finds
a mere trace of albumen, or it is absent. In all cases of diarrheea,
from whatever cause, it would appear that there is a marked
reaction for albumen in the faeces.

MUCUS

Mucus, as glycero-proteid which can be broken up into proteid
and carbohydrates, is distinguished from the neucleo-proteids
or nuclein by th= latter containing phosphorus. Small particles of
mucus can be easily recognised in the fwces, and can be picked
out with forceps, and shaken in a test-tube with 2} per cent.
alcoholic sublimate solution, so as to break up the larger particles ;
if necessary, a glass rod may be used to disintegrate any large
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floceuli. It is then allowed to sediment, and is washed with
distilled water, after which a few drops of Ehrlich Brondi tri-
acid solution® are poured over it. With this reagent, the
flocculi of mucus, if not containing fat and epithelial cells, are
stained green or blue-green, all other tissue substances except
nuclein being red.

Chemical Test for Mucus: Hoppe-Seyler's Method.—
Fresh fmces are well mixed with lime-water, and the lime-water
extract precipitated with acetic acid. The mucus thus pre-
cipitated must be free from phosphorus, and, on heating with
7'5 per cent. hydrochloric acid, will yield a reducing substance.
The reducing substance is tested bw, neutralising the filtrate
with sodium hydrate, and boiling with a few drops of copper
sulphate solution, when a reduction of the copper is obtained.

Ordinary mucus in the feces is often so much mixed up with
fat and epithelial cells that it can only, with great difficulty, he
dissolved in lime-water. This Hoppe-Sevler method has the
disadvantage that it also precipitates nuclein and nucleo-pro-
teids, and in order to make sure that one is dealing with
mucus, it is necessary to ascertain that the precipitate contains
no phosphorus, and to see that one is able to obtain a reducing
substance from it after boiling with acid. As a general rule,
mucus can be recognised macroscopically and microscopically
with sufficient accuracy to justify one in dispensing with chemical
analysis.

The mucus found in membranous enteritis 1s always so
mixed with epithelial cells and fat, that it is insoluble in lime-
water, and only soluble in strong sodium hydrate solution.

Presence of Mucus. The normal feces contain no
mucus except in very early childhood. In adults, a small
quantity of mucus may coat a solid motion even in health,
and in constipation, one always finds a certain amount of slimy
mucus between the lumps or seybala.

1 Ehrlich Brondi three-coloured mixture consists nl' saturated solution of
Orange (. acid fuchsin and methyl green, as follows

Saturated solution of Orange G. . : . 24-27 c.c.
Acid fuchsin : : : : - . 16-33 c.c.
Methyl green . : : ’ : : 36 c.c.
Water ! . ! : J ; (if} c.c.
Absolute ale nh:ﬂ : ; ; i - 40 c.c.
Glycerine 200 c.c.

(The mixture should be 11|l::-‘|.'. ud to st uul {ul Gne or lwu weeks before using. )






CHAPTER XIX
CHEMICAL EXAMINATION OF FECES (continued)—FAT

THE qualitative reaction of fat in the faeces is of very little
importance, since, in all cases, a certain quantity of fat will be
found in the stools.

The total ether extract is, as a rule, taken to represent the
fat in the estimation of its quantity in the feces, and the thorough
isolation of the fatty acids, soaps, neutral fats, and cholesterin
has not so far been found to repay the trouble entailed.

Quantitative Estimation of Fat.—A weigh(:d quantity
of finely powdered dry fmces, after having been dried down
with sulphuric acid, as in the estimation of total nitrogen,
or with the addition of 1 per cent. of hydrochloric acd, is
taken for the estimation of the fat. It is necessary to dry
down the fweces with an acid so as to split up any of the soaps
present, and render them soluble in ether. The powder is
placed in a fat-free filter-paper in a Soxhlet apparatus, connected
with a reflux cooler, and extracted with ether until no further
fat is obtained on extraction. The ether extract, after being
dried, 1s dissolved in water-free ether, and filtered into a weighed
Erlenmeyer, the ether evaporated off, and, when dried, weighed.
The increased weight thus obtained yields the total ether
extract, and for all purposes of analysis is sufficiently accurate
to be called fat.

Chemical Analysis to Estimate the Quantity of
Neutral Fat, Fatty Acids, and Soaps.'—Some faces,
after being well mixed, are dried at 90° C., placed in a
Soxhlet apparatus, and extracted with ether until all the
soluble matter is dissolved. The ether mixture is then dried
and redissolved in absolute ether, sp. gr. 0720, and filtered

1 Vaughan Harley, * On the Breaking-up of Fat in the Alimentary Canal
under Normal Circumstances and in the Absence of the Pancreas.”— Proc.
Roy. Sec., vol. Ixi. °
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through a fat-free filter-paper into a weighed wvessel, in which
it is dried and afterwards weighed.

The ether residue thus obtained is then treated mth a watery
ﬁc}lutlon of sodium carbonate, which converts free fatty acids
into soaps ; after again drying, the neutral fat, cholesterin, &c.,
are extracted from this by means of ether filtered thrcrugh a
fat-free filter-paper and weighed. The difference between this
and the first weighing is taken to equal the quantity of free
fatty acids present. 1

The neutral fat present in the last ether extract is then

TABLE XXXIV.—QUANTITY OF FAT PRESENT IN THE F.ECES IN
FASTING INDIVIDUALS!1

|
| 'ereent- Nentral
[ | age of fat Total fat per | fatsand | oo 0qe Soaps.
l in dried diem. chioles-
F feces. terin.
1
Cetti . ; : 35-46 1:21 grams | 55:02 9F | 37646 9 T=B8:-50
| Breithaupt . : 2842 057 470 9 | 41'6 9, | 11:6 97
| Case of obstruc-
tion of cesophagus 2(-3 114 .,
I :

saponified by the addition of aleoholic sodium hydrate solution
and evaporated to dryness, when it is again extracted with
ether. It is necessary to repeat this saponification with alcoholic
sodium hydrate solution until all the neutral fats are removed.
The ether extract left will contain cholesterin.

The original substance which was extracted with ether is
treated with dilute hydrochloric acid in order to liberate from the
soaps any fatty acids which may be present. It is then dried
at 90° C., and when completely dry, again extracted with ether.
The quantity of ether extract which is then obtained represents
the fatty acids present in the form of soaps.

Fat in Normal Feeces.—In discussing the nitrogen in
the normal faces, we showed that a certain quantity of the
nitrogen in the stools has nothing to do with the diet taken,
and, in the same way, we find in the normal feeces that a certain
amount of fat is derived from the excretions of the alimentary
canal itself. This fat represents not only the quantity of fat

1 Schmidt and Strasburger, Die Feces des Menschen, p. 155
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contained in the digestive juices, but also that derived from
the mucous membrane in the breaking-up of the epithelial cells
which are continually thrown off from the intestinal wall.

Fr. Miiller carried out a series of analyses of the quantity of
fat in the faeces of fasting individuals, similar to those which
have been already described in the case of nitrogen.

It is seen in Table XXXIV. that the average excretion of
fat in a fasting individual is no less than 0-79 grams per diem.
It 1s also seen that the daily exeretion of fat varies very consider-
ably in different individuals, the maximum being 121 grams,
and the minimum 057 grams in the twenty-four hours. We

TABLE XXXV —INFLUENCE OF MELTING-POINTS OF FATS ON THE
PERCENTAGE ABSORPTION1

e —

Kind of fat, Melting-point * . Eeresningn
| excreted,
e s 60 0186
| Mixture of stearin and almond ail : i l 106

Mutton suet = . ; ; : H2 015
| Mutton suet 5 - . : ; 49 T4
Bacon fat : ; : : ; 43 2-58
| Pork fat . . . : . iz 34 25
Goose fat : . . . ; I 95 ! g-5
Olive oil . ; : . y el Liguid | 2-3

thus see that there is great individual variation in the quantity
of fat daily excreted from the alimentary canal in fasting
individuals, and in all analyses on the quantity of fat in the
fieces, we must bear in mind these individual variations, just
as we had to do in the case of nitrogen.

Kobert and Koch * examined a patient with an artificial anus
at the commencement of the ascending colon, and they were
able to wash out daily from the large intestine 0-97 grams of
dry substance, which contained from 6-8 to 9-3 per cent. of fat.
This would yield about 009 grams of fat per diem excreted
from the large intestine itself, so that when we compare the
quantity of fat in a fasting individual with the quantity of fat
which is evidently excreted from the large intestine, we see

I Schmidt and Strasburger, Die Feces des Menschen, p. 156,
2 Dewdsche Med, Wochenschr., 18304, No. 47,
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that the greater portion of the fat must be excreted by the small
intestine or in the bile and pancreatic juice.'

The quantity of fat excreted by the alimentary canal also
appears to be influenced by the diet taken, irrespective of the
diet containing any fat, for Rubner found on a fat-free diet
consisting of bread and dumpling, no less than 3°1 to 65 grams
of fat daily excreted in the fmces,

Influence of Melting-points of Different Fats on
Absorption.—The fats taken in the diet vary very much
as regards their melting-points, and the facility of absorption
is thereby very considerably influenced.

It is seen in Table XXXV, that the lower the melting-point,
the better the absorption of fat. It has also been found that
the better the fat is emulsified in the process of digestion, the
better it is absorbed; so that butter and other pure fats are
more easily digested than, for instance, mutton suet. There
would appear to be individual variations in the assimilation of
fat, since Hultgren and Landergren * found, on a similar diet,
individual differences in the quantity of fat absorbed. On
margarine, from 955 to 92'3 per cent. of fat was absorbed,
while when butter was given, 97.3 to 93°T per cent. was absorbed.

The guantity of fat present in the food has an influence on
the quantity absorbed. In a diet containing a small quantity
of fat, it is not at all uncommon to find more fat in the fwces
than had been taken in the food. It is easily understood that
part of this large quantity of fat found in the feeces is derived
from the excretions of the body itself.

Malfatti ® found in an individual on a diet of peas, which
contained only 406 grams of fat, that he was able to recover
451 grams in the feces in twenty-four hours. V. Hosslin*
on taking 1'2 grams of fat in the food, found that he obtained
171 grams of fat in the feces, and in another case when 36
grams of fat were given in the diet, no less than 3-75 grams of

fat were found in the faces.

1 The composition of the excretion of the loop of the large intestine is given
in * The Influence of Removal of the Large Intestine and Increasing Quantities
of Fat in the Diet on General Metabolism in Dogs.”—Vaughan Herley, Proe.

Roy. Sce., vol. Ixiv.
2 Pfliiger Archives, vol. Ix.
3 Quoted by J. Konig, Chemie der menschl. Nahrungs w. Genussmittel, 1889,

iii., aufl. i. p. 36 ff.
4 FVirchow's Archiv, vol. lxxxix., 1882, p. 95.
K
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Increasing quantities of fat in the diet are shown to give
relatively better absorptions of fat. V. Noorden' found that
when he gave 42 grams of fat in the diet, 57'1 per cent.
of it appeared in the fwmces, while when he increased the
fat in the diet to 42'2 grams, the quantity of fat in the feces
was 109 per cent., and on still further increasing the fat
in the diet to 80'2 grams, only 6:36 per cent. of the fat was
lost,

It will be seen from these results that it 1s impossible when
a small quantity of fat is given in the diet, to come to any conclu-
sions as to its absorption ; at the same time, when an ordinary
diet is taken, containing a fair amount of fat, we may consider
that the excretion from the human body itself remains more
or less constant, and we are, therefore, justified in making a
calculation of the absorption by estimating the quantity of fat
found in the faces.

Rubner considered that the assimilation of fat reached its
maximum when 350 grams of fat (butter) were taken in the diet
per diem.

We now come to consider the quantity of fat present in the
feeces on the various diets which we employ for the examination
into intestinal diseases.

Quantity of Fat in the Feeces on a Milk Diet.—
Breast-fed children yield from 10 to 20 per cent. of dry substance
in the feces as fat, while the amount on cows’ milk is from 14
to 23'8 per cent. The absolute quantity of fat lost in the feeces
on cows milk is greater than that on mother’s milk, owing to
the larger quantity of faeces. Uffelmann reckoned that 0-8
to 09 grams of fat were excreted per diem on cows’ milk, as
against (44 grams on mother’s milk.

In adults, the quantity of fat found in the faces varies with
the quantity of milk taken, Schmidt and Strasburger stating
that from 97 to 93 per cent. of the fat given in the diet is
absorbed, the average being 93-93 per cent. ; the daily quantity
of fat excreted in the fwces, according to these observers, is
I'5 to T'5 grams per diem. It may be roughly stated that on
a milk diet in infants, 949 to 93 per cent. of the fat given is
absorbed, while in adults from 956 to 934 per cent. of the fat
given in the food is absorbed.

U Lehwbuch der Pathologie des Stoffwechsels, Berlin, 1893.
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We will now give the results of some analyses illustrating
what we have found on a milk diet.

TABLE XXXVI.—QUANTITY OF FAT IN THE FACES AND ABSORP-
TION PER CENT. ON A MILK DIET

e

Highest, Liovwest. Average.
Milk in | Number | . * ~ | r & L - -,
pints, |of cases.| Fatin | Absorbed | Fatin | Absorbed | Fatin | Absorbed

arams, per come. STamS, per cent, £rams. Per cent.

4 | 6 314 08-67 112 096-26 2°18 0740
4 | 6 340 9773 1-14 03-23 2-95 95-82
o 2 522 95°19 005 09503 513 B5-11

In Table XXXVI. it is seen that six cases taking four pints
of milk per diem were analysed, there being no gastro-intestinal
disturbance. The highest quantity of fat in the fwces was 3-14
grams, and the lowest 1°12 grams, the cases yielding an average
of 2'18 grams of fat daily excreted in the fweces.

The absorption in these cases on four pints of milk varied from
98:67 per cent. to 96:26 per cent., the average absorption of
fat per diem being 9740 per cent. The absorption of fat is
thus better than the absorption of proteid on a milk diet.

Analyses of six cases on 4} pints of milk per diem show the
highest quantity of fat in twenty-four hours to be 540 grams,
and the lowest 1°14 grams, giving an average of 2:95 grams of fat
in the fweces per diem.

The highest absorption on 43 pints of milk was 97'73 per cent.,
and th lowest 93-23 per cent., the average absorption of fat
per diem being 9582 per cent.

In two further cases, analyses were carried out, the individuals
taking five pints of milk per diem. These cases yielded 522
grams and 505 grams of fat in the fmces respectively, the
average being 513 grams.

The absorption in these two individuals taking five pints of milk
daily, showed a maximum absorption of 95°19 per cent., the
minimum absorption being 9503 per cent., giving an average
of 95:11 per cent. of fat daily absorbed.

On looking through these cases on a milk diet, we see that
there is a general tendency to an inerease in the quantity of
fat in the faeces on increased quantities of milk. This is only
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what one would expect, as the increased quantity of fat con-
tained in the increased quantity of milk would, in all probability,
lead to increased residue. On the other hand we see that with
an inereased quantity of milk the tendency is for the absorption
of fat to decline, so that there is apparently a tendency to
decrease in actual absorption with increased quantities of
milk, contrary to what one finds when fat 1s increased in an
ordinary mixed diet.

Quantity of Fat in the Feeces on Schmidt’s
Diet.—On Schmidt’s diet, ten cases were examined, none of
whom evinced any tendency to intestinal derangement.

TABLE XXXVIL—QUANTITY OF FAT IN THE FECES AND ABSORP-
TION PER CENT. ON SCHMIDT'S DIET

Hizhest, Lowest, [ Averase,
Number | - A - A | A -
of ecasvs, IFat in A bsorbed Fat in A haorbed Fat in | Absorbed
ramns, per cont. orams. per eent, grams, per cent. ;
10 647 ‘ 0755 2412 ‘ 0463 426 i 9615 ‘

In Table XXXVII. the highest quantity of fat in the faces
is seen to be 6:47 grams per diem, and the lowest 2-12 grams,
giving an average, in the cases examined, of 426 grams of fat
excreted in the fieces per diem on Schmidt’s diet. The variation
in the quantity of fat is very considerable when one takes into
consideration the fact that the diets given were exactly the
same, and it shows how great individual variations may be.

The absorption of fat in these ten cases on Schmidt’s diet
showed a maximum of 97:55 per cent., and a minimum of 94.63
per cent., making the average daily absorption of fat 96:15 per

TABLE XXXVIIL—QUANTITY OF FAT IN THE F/ECES AND ABSORP-
TION PER CENT. ON A MIXED DIET

Highest, Lowest, Averare,
Numhber e A = — A = i 3 i
of tases, Fat in A bsorined Fat in A lzorhed Fat im A eEorhed
CTILE. per cent. ETiLnSE, per cent, ST IR, per cent,
T4 G107 U8-5l 1-13. | 9019 3:20 9500
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cent. We see that the absorption of fat on Schmidt’s diet
very closely resembles that found on a milk diet.

Quantity of Fat in the Feeces on a Mixed Diet.—
On a mixed diet, in which no milk was given except in the
form of puddings, &e., seventy-nine cases were investigated.

In Table XXXVIIIL. results of the seventy-nine cases are
given. The maximum quantity of fat excreted was 607 grams,
and the minimum 113 grams, the cases giving an average of
329 grams of fat in the fweces per diem.

The absorption in these seventy-nine cases taking a mixed
diet varied from 98:51 to 90°19 per cent., and yielded an average
daily absorption of 9505 per cent. The absorption, therefore
on a mixed diet was not so good as the absorption on either
Schmidt’s or the milk diet.

Quantity of Fat in the Fseces on a Mixed Diet
with the Addition of Increasing Quantities of
Milk —The influence on the fat in the fwces of increasing
quantities of milk in the diet was investigated in a series of cases,
and in Table XXXIX. the highest and lowest results found in
the analyses of some sixty-two cases, together with the average
absorption obtained on these diets, are given :

TABLE XXXIX.—QUANTITY OF FAT IN THE FACES AND ABSORP-
TION PER CENT. ON A MIXED DIET + INCREASING
QUANTITIES OF MILK

Highest, Lowest, | Average. |

5,

Milk in | Xumber | - ~ | | - ~ |
pints. | of eases. | Fatin | Absorbed | Fatin | Absorbed | Fat in | Absorbed |
grams. | per cent. | Srams. | per :‘.uul-.i grams, | per cent.
|

1} 26 785 | 0828 | 196 | 9137 | 375 | 9562
I 685 | 9843 | 171 | 9177 | 335 | 9620
or | 10 -| 541 | 9818 | 289 ‘ 01:86 | 424 | 0547
3 | 9511 | 375

| 5 527 | 9764 | 250 375 | 06-68

It is seen that when 1} pints of milk were added to the
ordinary mixed diet, the highest quantity of fat found in the
fieces was T'85 grams, and the lowest 196 grams, the cases
giving an average of 375 grams of fat in the fmces per diem.
It is interesting to notice the very large individual variations
in the quantity of fat eliminated on an ordinary mixed diet



150 INTESTINAL DISEASES

with the addition of 1} pints of milk, when there was
apparently no intestinal trouble.

The absorption of fat on a mixed diet with 1} pints of milk
varied from 9828 per cent. to 91'37 per cent., the average of
the twenty-six cases being 95-62 per cent.

On a mixed diet to which two pints of milk were added, twenty-
one cases were investigated, and showed a maximum of 685
grams of fat in the faeces, a minimum of 171 grams, and an
average daily excretion of 3-35 grams.

The absorption on a mixed diet with the addition of two pints
of milk varied from 98-43 per cent. to 9177 per cent., making
an average absorption of 96-20 per cent. per diem.

On a mixed diet to which 2} pints of milk were added, ten
cases were Investigated, and these showed a maximum fat
excretion of 541 grams and a minimum of 239 grams, the
average daily excretion of fat in the faeces being 4:24 grams.
TABLE XL.—QUANTITY OF FAT IN THE FECES AND ABSORPTION

PER l|:I"~.I ﬂl‘ﬁ A PURE MEAT DIET

|
Hizhest. Lowest, | Averaspe,
Number = A = ’ = = .
of ecases, | Fat in A bsorhed Fat in Ahsorbed Fatin | Absorbed
ETHINS, per cont, LTINS, per cont, grams. | per cent.
. |
A PRV 5% =i 53l | | S
1) i 243 | LH-00 0-33 0210 ; O4-77
I i |

The uhmrptmu of fat on a mlxed du.t mth 3%. pmt.s of milk
varied from 9218 per cent. to 9186 per cent.., making an aver-
age daily absorption of 9547 per cent.

On a mixed diet to which three pints of milk were added daily,
five cases were analysed, and of these the highest quantity of
fat found in the freces was 527 grams, and the lowest 2:50 grams,
giving an average of 3'75 grams of fat excretion per diem.

The absorption of fat on the mixed diet when three pints of
milk were added varied from 9764 per cent. to 9511 per cent.,
the average daily absorption of fat being 9668 per cent.

On looking over these results, we notice a tendency for the
quantity of fat to be increased in the faces when increased
quantities of milk were given in the diet. At the same time,
the increase is not nearly so marked as when the milk was
increased, and no other diet taken.






CHAPTER XX

CHEMICAL EXAMINATION OF FAECES (confinued) —SUGAR AND
CARBOHYDRATES

SUGAR can be examined for either with fresh or dry fameces.
Alcoholic Method of Estimating Sugar.—A
weighed quantity of either fresh or dried feces is placed in an
Erlenmeyer, and ten volumes of absolute aleohol added ; after
having been thoroughly mixed and filtered, the residue is washed
with alcohol containing a little water. The alcoholic filtrate
1s evaporated to dryness in a capsule, and the residue dissolved
in water. By this means, the albumen and albumoses are
removed from the sugar-containing solution. If a quantitative
analysis 1s to be made, it is desirable to allow the faeces to stand
in contact with absolute alcohol for at least two or three days
with frequent shaking before filtration, so that the proteids
may form a more insoluble precipitate with the alcohol. The
filtrate can be tested for sugar either by Fehling’s solution or

by fermentation.
Blauberg's Lead Acetate Method.'—Some dried

feeces, which have been extracted with ether, so as to render
them more or less free from fat, are extracted with Thymol
water by heating on a water-bath, filtered, and washed with
Thymol water. The filtrate is precipitated with lead acetate
or basic acetate of lead. The excess of lead is removed by
passing a stream of carbonic acid through it, and the fresh
filtrate 1s tested for sugar.

Either of these methods may be employed, but we have found
in practice the alcoholic method to be the more convenient.

Presence of Sugar.—In children fed on milk, a small
quantity of sugar is found in the fwces. In children taking
the breast, Pusch and Callomon ® found by means of the fermen-

I Quoted by Schmidt and Strasburger, Die Faces des Menschen, p. 172,
2 Experimentelle und kritische Studien iiber Siuglingsfeeces, Berlin, 1897, p. 39.
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tation test, a fair quantity of sugar even in cases where there
was no marked diarrheea.

Cohnheim ' found sugar present in the faeces in individuals
suffering from diarrheea.

Under ordinary circumstances it is found that the faeces
contain no sugar. In fact, so far as our experience has gone,
we have never recognised any sugar in the faeces, and similar
results have been found by Rubner,? Uffelmann,? &e.

[}

CARBOHYDRATES

Starch is, as a rule, easily recognised in the fweces by the aid
of the microscope, especially when a solution of iodine and
potassium iodide has been employed, and, for ordinary purposes
we have found this ample (see p. 113).

Method of Estimating the Carbohydrates in
the Feeces.— A weighed quantity of either fresh or dried
fieces free, as far as possible, from any mixture of mucus, is
placed in a flask to which 2 per cent. solution of hydrochloric
acid is added. The flask is connected with ‘a reflux cooler, and
heated on a sand-bath for one or two hours. The filtrate,
having been neutralised with sodium hydrate, is tested for sugar
by Allihn’s method.

To about 100 c.c. of filtrate, 60 c.c. of Fehling’s solution is
added in a small flask, and after covering with a watch-glass,
well hoiled.

Allihn’s glass tubes require to very carefully filled with
asbestos, the ashestos having been previously prepared with
boiling water and afterwards with alcohol and ether. It is
essential in filling the Allihn tube with ashestos to be very
careful, otherwise there may be difficulty in the filtration. It
is well first to use long pieces of ashestos, carefully packing them
with a glass rod, and then washing on to the top of the packed
ashestos some finely cut ashestos suspended in water so as to
make a fine surface on the top, which will prevent any of the
copper oxide from coming through the filter. It is important
in stopping these filters to take care not to pack them too
tightly, as otherwise there will be great difficulty in filtration.

L Vorselungen iber allgemeine Pathologie, 1882, Bd. ii. p. 140,
2 Zeuschr. f. Biologie, vol. xv., 1879, p. 130.
3 Pfliger's Arehiv., vol. xxix., 1882, p. 356.
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The Allihn tube, having been carefully prepared, is dried and
weighed. The sugar-containing solution, after being well
boiled with Fehling’s solution, is then filtered by the aid of a
suction pump through the asbestos filter, the flask being well
washed with boiling water, and all the copper oxide washed on
to the ashestos by means of a glass rod tipped with rubber.

ALLIHN'S TABLE1—QUANTITY OF SUGAR CALCULATED FROM
THE WEIGHT OF COPPER OR COPPER OXIDE

Sugar. Copper. IL‘::]mur oxide. ||  Sogar. Copper. | Copper oxide, I
| . !
6.25 1504 I — [ 36 824 | 92-8 I
12 328 l 368 [ 37 84-4 | 05-1
13 340 392 [ it 86:5 | 974
14 370 41-6 | a9 HE-5 | o9-7
15 | 391 439 | 40 | 905 1019
16 |‘ 412 463 I 4] | 02 -G 1042
17 433 437 42 | 046 1065
. 15 454 510 43 GG -6 1088
| 19 475 534 44 08 6 111°1
20 496 558 45 1007 113-4
a1 al7 o8-1 | 46 1027 1157
22 53-8 00-5 | 47 104-7 118-0)
23 b5-0 G20 45 1067 120-2
24 a3 G52 449 1088 ' 1225
25 G-l G676 _ &) 1108 I 1248
26 621 699 ' al 1128 1271
27 64-2 722 | a2 1149 | 129-4
| 28 H6-2 T4°5 | a3 116-9 1317
| 29 G8-2 768 [ 04 1190 134-0
S0 702 79:1 4] 1210 1363
3l 723 81-3 | 511 1230 1386
&2 T4-3 B0 | 67 | 1251 140°9
a3 763 B5-0 ; o8 127-1 143-2
S T84 582 7] 1292 1455
| 35 204 90-5 GO 1312 1478

After washing with hot water, alcohol, and ether, the tube is
sucked as dry as possible, after which a stream of hydrogen
is allowed to pass through it, and while passing through the
asbestos, the asbestos part of the tube is heated in a flame to
redness. By this means the copper oxide will be reduced to
metallic copper. On cooling, the tube is again weighed, and
from the quantity of reduced copper found in the tube, the
quantity of sugar is calculated by referring to Allihn’s table.

1 Schmidt and Strasburger, Die Feces des Menschen, p. 176,
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Strasburger prefers to use Volhard-Pfliiger’s Copper Cyanide
Method because, in the above-described method, there may
be, besides the collection of copper on the Allihn’s filter, some
impurities from the filtrate in the feeces collected on the asbestos.
Most of these foreign substances, however, would be burnt during
the heating of the tube in the flame, as well as which the method
of estimating carbohydrates in the fices by converting them
into sugar by boiling with dilute hydrochlorie acid is not accurate,
becanse other substances besides carbohy-
drates, such as mucus, can hardly help being
broken up in the process, thus yielding copper
reducing substances, and tending to make
the results obtained by the method of ana-
Iysis too high.

Method of Estimating Carbo-
hydrates by Schmidt’s Fermen-
tation Tests. —Schmidt' has introduced
an ingenious method of estimating the amount
of fermentation going on in the faces, thus
obtaining a rough idea of the quantity of
carbohydrates present in the stool.

About five grams of faeces, or if very fluid,
a quantity sufficient to yield about one gram
of dry substance, 1s put into fermentation
tube A (Fig. 2), and well mixed with water.
An indiarubber stopper connected with tube
B 15 1inserted into the fermentation tube,
avoiding any bubbles of gas, tube B having
been previously filled with water and con-
nected with tube ' which has a small
opening at the top, and contains no water. 1 .uual size.
The apparatus, put together as seen in Fig. Fic. 2.

2 is then allowed to stand in an oven at
37° €. for twenty-four hours; the gas formed in the faeces
passes up into tube B and drives the water over into tube C.

If, from a given quantity of starch, a given quantity of gas
was developed, this method would be very accurate for the
quantitative estimation of carbohydrates in the fwces, but,
unfortunately, this is not found to be the case. Schmidt

1 Schmidt and Strasburger, Dhie Feees des Menschen, p. 178,
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considered that by this fermentation method one ought not to
get normally more than one-quarter of B filled with gas from
one gram of dried fieces. In employing this method, we have
found it essential to use very fresh fwmces, otherwise, the process
seems to be most inaccurate.

Presence of Carbohydrates.—The presence of starch
in the fmces, although of undoubted importance, has not,
unfortunately, been investigated by us so thoroughly as the
presence of mitrogen and fat, partly because of the difficulty
of carrying out the methods with sufficient accuracy to draw
definite conclusions, and partly because the micro-chemical
reaction has seemed to us to be sufficient for making a diagnosis
when the alternative is working with inaccurate methods.

When finely prepared starch is given in the diet, such as
white bread made from very finely ground flour, only a very
small quantity of carbohydrates, if any, 1s found m the feces.

TABLE XLIL—INFLUENCE OF THE FINENESS OF PREPARATION
OF THE FOOD!1

e = — —

|
Carbo. | Carlo-
Kind of food, | hydrates in | bydrates m | Author.
! the food, . the foeees,
| x
| |
| Fine white flour : : ; 5288 583 Riibner
| Medium flonr . : : ; 5079 | 13-10 i
Whaole meal . : . . S04-5 | 3723 .
Bread made from ground rye . al5-G _ 457 Wicke
Bread made from whole rye : 481G G614 -
Rice s ; ; ; : 4493 40 Riibner
Dumplings ; : . - B37h 0+ S
Maize . 3 E . . 3 1580 =
Peas : : i ; - oR7T0 | 410 i
| |

In Table XLI,, the influence of fineness of preparation of the
carbohydrates on the quantity present in the feces is well
illustrated.

It has been shown by Riibner that when 5288 grams of white
flour were given, only 5-83 grams of carbohydrates were found in
the feeces; while, when 4816 grams of whole rye were given,
no less than 614 grams of carbohydrates were found in the
fwces,

1 Schmidt and Strasburger, Die Feces des Menschen, p. 181,






CHAPTER XXI

CHEMICAL EXAMINATION OF FECES (continued)—PHENOL,
INDOL, AND SKATOL

THE three substances, phenol, indol, and skatol, which are
derived from the breaking-down of the proteids by the action
of bacteria in the large intestine, can well be described in a
group.

Hoppe-Seyler’'s Method of Analysis.'—The specimen
of faeces to be examined is mixed with water until it forms a
paste,”and, after adding more water, is placed in a distillation
flask which is connected with a cooler and heated over a free
flame, and distilled to one-third its volume. The distillate
(1) will contain free fatty acids, phenol, indol, and skatol. This
distillate 15 mixed with sodium carbonate solution in order to
convert the free fatty acids into sodium soaps, and thus render
them no longer volatile., After the further addition of water,
it is again distilled, and this time phenol, indol, and skatol will
come over in the distillate (2).

The distillate (2) is rendered strongly alkaline by the addition
of caustic potash and again distilled, when indol and skatol
will be distilled over, the phenol remaining behind. Since
indol is not so volatile in steam as skatol, the first portion of
the distillate will contain the most skatol, and by fractional
distillation, one is able to separate the indol from the skatol.

OH
FON
H—-C CH
PHENOL.—C,H,OH = | I
H—C CH
i
H

Phenol forms long needles which are soluble in fifteen parts

of water, melts at 40° C., and boils at 181° C.

v Handbuch der Physiol. uw. Pathol. Chemischen Analyse, vii. Aufl. 1903,
pp- 217-240.
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Tests for Phenol.—(1) On heating a solution containing
phenol with Millon’s reagent, one immediately obtains a red
colour or red precipitate.

(2) On adding bromine water to a solution containing phenol,
one obtains a milky cloud, which slowly forms a yellowish-white
precipitate consisting of silky shiny needles or cheesy flakes
of tribromphenol.

.l B
0 H

(3) On adding a few drops of perchloride of iron solution to a
solution containing phenol (which must have a neutral reaction)
one obtains a violet colour, quickly changing to blue.

H
ZON
HC  C—NH\
HC = ¢ CHy
B
CH

Indol crystallises from hot water as small shiny leaves, with a
distinetly faecal colour, easily soluble in hot and less soluble in
cold water. Indol has a melting-point of 52° C. and a boiling-
point of 245° C.

Tests for Indol.—(1) A solution containing indol, on
adding nitric acid which contains some nitrous acid, gives a red
colour, and eventually a precipitate of nitrate of nitrosoindol
C,HN (NO). Nitrosoindol is slightly soluble in water, easily
soluble in aleohol, and insoluble in ether : on heating to dryness,
it explodes.

(2) An alcoholic solution of indol, into which a chip of pine-
wood moistened with hydrochloric acid is inserted, gives a
cherry-red colour, nitrosoindol.

(3) Legal’s Test.—To a solution containing indol one adds a
very dilute solution of sodium nitro-prusside, and, on the further
addition of a few drops of sodium hydrate, one obtains a deep
violet colour which turns to blue on the addition of hydrochloric

acid or acetie acid.
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H
Z0N
HC C—NH>
—{3 —CH N = il CH
SKATOL.—(/> METHYL INDOL).—", Hl: &0
; B UHh
CH

Skatol erystallises in colourless leaves which have a feetid
odour and, as we have already said, is less soluble in water and
more easily distilled than indol. The crystals of skatol have a
melting-point of 95° C. and a boiling-point of 265° C. Skatol
readily unites with hydrochloric acid, forming crystals (C,HyN,)
HCI., which are insoluble in ether and water and readily soluble
in alcohol.

Tests for Skatol.— (1) A solution containing skatol,
when nitric acid containing nitrous acid is added, does not give
a red colour as when the acid 1s added to the indol solution, but
merely a whitish cloud.

(2) A solution containing skatol on the addition of concen-
trated hydrochloric acid gives a violet colour.

(3) An alcoholic or water solution of skatol on the addition of
a chip of pine-wood moistened with hydrochloric acid gives no
red colour, as distinguished from indol. If a chip of pine-wood
is put into a hot aleoholic solution of skatol and then into cold
concentrated hydrochloric acid, one gets a cherry-red colour
which changes into a dark violet.

(4) On the addition of diluted sodium nitro-prusside and a
further addition of sodium hydrate, a solution containing
skatol gives a yellow colour which, on adding a half-volume of
glacial acetic acid and heating to boiling, turns a violet colour.

(5) On warming a solution of skatol with sulphuric acid one
gets a purple-red colour.

The above-described methods of recognising the presence of
phenol, indol, and skatol may occasionally be of interest, but
for diagnostic purposes they are of very little use.

The quantitative estimation of phenol, indol, and skatol is
extremely complicated, and we personally have no experience in
the matter. The methods are described by Schmidt and Stras-
burger,! and those who desire to carry on the research are referred
to these authors.

1 Schmidt and Strasburger, Die Faces des Menschen, p. 144,
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For clinical purposes one can obtain, by the examination of
the urine, very valuable information as regards the increase of
intestinal putrefaction in connection with the formation of
phenol, indol, and skatol. By estimating the quantity of aro-
matic sulphates in the urine one obtains direct evidence as to
whether these aromatic substances are increased or not, as
well as which the examination for indican gives satisfactory
evidence of the increase or the reverse of this substance. To
test for indican in the urine, the following method is sufficient
for all elinical purposes.

Test for Indican in the Urine.—To a specimen of
urine in a test-tube, concentrated nitric acid is added to the
bottom of the test-tube by means of a pipette. A reddish ring
appears at the junction of the two layers if indican is present.
If it is only slightly in excess, a pink colour appears in five to
ten minutes. Excessive indican in the urine is shown by the
appearance of the reddish colour immediately the acid is added,
which deepens within two or three minutes. When a very
marked increase of indican is present in the urine, this red
colour becomes almost black on standing.

In making a series of analyses in our laboratory on the amount
of indican in the urine as indicated by the nitric acid method,
and comparing it with the methods of Jaffe, &c., we have found
the nitric acid test to be all-sufficient for clinical purposes.

Presence of Phenol, Indol, and Skatol.—The
quantity of phenol, indol, and skatol in the feeces under various
pathological conditions has been very little investigated, the
subject being a difficult one owing to the want of easy quanti-
tative methods of analysis. On the other hand, it is easy to form
an idea of the amount of intestinal putrefaction going on in the
alimentary canal, and leading to the production of phenol, indol
and skatol by estimating the indican or the aromatic sulphates
in the urine. But it must be remembered that the estimation of
the quantity of indican or aromatic sulphates in the urine gives
no absolute indication of the amount of phenol, indol, and skatol
formed in the alimentary canal, since we do not know what cir-
cumstances influence its rate of absorption from the bowel : we
therefore only gain definite evidence as to the increase of indican
or aromatic sulphates in the urine. There may be no increase in
indican or aromatic sulphates in the urine together with in-

L
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creased formation of phenol, indol, and skatol in the alimentary
canal, in cases where there is hindered absorption of these sub-
stances.

Phenol, indol, and skatol, according to Senator,! are not
present in meconium, and when one considers that these sub-
stances are derived from the breaking-up of proteid by the action
of bacteria in the intestine, one would not expect them to be
present in meconium, since we know that bacterial putrefaction
does not go on in the bowels of the feetus. The fasting indi-
vidual, as we have already shown, normally passes a certain
amount of fieces which are derived from the digestive secretions
in the intestinal canal, the formation of mucus, and the residue
of epithelial cells which are continually thrown off from the
alimentary tract. These substances, which are more or less rich
in proteid, lead to a certain degree of intestinal putrefaction,
i.c., phenol, indol, and skatol, which have always been found
present in the stools of fasting individuals.

Normal feseces, according to numerous observers, contain a
varying quantity of phenol, indol, and skatol, according to the
quantity of bacteria present in the intestine—the latter being
influenced by the rapidity of transit of food along the alimentary
canal and also by the composition of the diet. The diet given
to the individual under observation would naturally tend to
have a very marked influence on the quantity of phenol, indol,
and skatol formed, since we know that these substances are
principally derived from the proteid in the food. A diet rich
in carbohydrates and poor in proteid would, under normal con-
ditions, tend to form very little of these aromatic substances.
On the other hand, a milk diet, though it contains a considerable
quantity of proteid, causes a very small quantity of aromatic
substances to be present in the feeces, owing to its being made
rapid use of in the alimentary canal and leaving a very small
residue in the bowels for the action of bacteria. On a purely
meat diet, with its increased quantity of proteid, and its
tendency to cause constipation, one gets, relatively speaking,
a very marked increase in the quantity of phenol, indol, and
skatol. The rapid transit of food along the alimentary canal
also tends to diminish the quantity of phenol, indol, and skatol,
and 1t i1s found that even in slight cases of increased peristalsis

v Zeitschr. |, Physiol. Chemie., iv. 1880, p. 1.
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due to nervous causes there is a marked tendency to decrease
in the quantity of aromatic sulphates in the urine as well as in
the quantity of indican. A smart purge, such as any of the
salines, owing to its effect of hastening the food along the alimen-
tary tract, leads to a diminution in the quantity of phenol, indol,
and skatol in the faces. The most marked reduction of these
substances occurs when calomel is given : in such cases we not
only have the increased peristalsis tending to cause a diminution
in the amount of phenol, indol, and skatol, but we have in addi-
tion the action of the calomel on the bacteria of the bowel, as
calomel seems, of all drugs, to be the best of the intestinal
antiseptics.

In constipation, or where the action of the bowel tends to be
sluggish, we should expect to find an increase in the quantity of
phenol, indol, and skatol, and it is found in most of these cases
that the indican and aromatic sulphates are increased in the
urine.

In would appear from the observations of Nothnagel that
phenol, indol, and skatol are not so markedly increased in
diseases of the large intestine as they are when the disease
occurs in the small intestine,



CHAPTER XXII

CHEMICAL EXAMINATION OF FECES (continued)—BILE, UROBILIN,
AND BLOOD

BiLg, in the form of bile acids or pigments, may occasionally
oceur in the faeces, and a few remarks on the subject are necessary
here.

Glycocholate and taurocholate of soda are the two principal
substances present in the human bile in their passage along the
intestine.  They are, however, for the most part, absorbed in the
small intestine, only a very small proportion of the bile acids pass-
ing through the ileo-cecal valve. The bile acids, on reaching the
large intestine, are acted upon by the putrefactive bacteria and
broken down into glycocol and taurin; and the cholalic acid
united with the soda forms cholate of soda. Consequently,
under normal circumstances, no bile acids appear in the feces.

Cholate of soda, however, is normally present in the stools ;
but, its pathological significance up to the present being negative,
it is unnecessary to describe it here. The method for its recog-
nition is given by Hoppe-Seyler.!

Method of Testing for Bile Acids.—In cases where
bile acids are present in the feces, one is able to obtain Petten-
koffer’s reaction. A small portion of fmces is placed on some
white porcelain, adding a little sugar or a very dilute solution of
furfurol, and allowing some concentrated sulphuric acid to
come in contact with the feeces on the plate—care being taken
¢chat heating does not cause charring. In the presence of bile
acids, one obtains a bright erimson colour. This test is not
very accurate, however, as the albumen, &ec., present in the
feeces often mask the reaction,

Presence of Bile Acids.—As already said, the bile
acids, under normal conditions, are absorbed or broken up in
their passage along the intestine, so that none appear in the

L Handbuch der Physiologisch und Pathologisch Chemischen Analyse, Aufl. vii,
1938, p. 271.
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stools. In cases, however, of very rapid passage of the alimen-
tary contents along the bowel, allowing little time for the action
of putrefactive bacteria in the large intestine, bile acids may
be found in the faces.

Bile Pigment.—The recognition of bile pigments in the
freces is a great deal easier than that of bile acids, and conse-
quently is much more generally utilised in practice. In using,
in the later parts of this book, the term bile as being present
in the feces under pathological conditions, we refer to bile pig-
ments and not to bile acids. Bile pigments may be recognised
in the feeces either as bilirubin or biliverdin.

Methods of Recognising Bile Pigment: (1)
Schmidt’s Reaction.—This is, undoubtedly, the most decisive
method of recognition of bile pigments in the feces. On the
addition of a concentrated solution of corrosive sublimate to
either dry or wet faeces, a bright green colour will be obtained if
bile is present. This green colour may be obtained even with
very small particles of fwces, so that the test can be used as a
micro-chemical one. The green colour produced by the subli-
mate is due to the bilirubin being converted into biliverdin.

(2) Gmelin's Test.—Some feces are smeared on a white tile,
and a few drops of nitric acid containing nitrous acid are run
on to the edge of the fwces, when, in the presence of bile pig-
ments, a play of ‘colours i1s produced. Green must be recognised
Among the colours before one can definitely say that bile pigment
is present. If the feces are coloured green by chlorophyll or
bacteria, it is necessary to make a watery extract and allow a
drop of nitric acid to come in contact with a drop of the watery
solution, when a play of colours will appear if bile is present.

(3) Huppert's Test.—About fifteen grams of moist faeces are
well mixed with milk of lime and, after shaking, filtered : the
precipitate is washed with water until no more colour appears
in the filtrate. The precipitate is then collected and extracted
with hot aleohol which has been previously acidulated with sul-
phuric acid. The extract, in the presence of bile, will have a
light green colour, due to biliverdin.

Presence of Bile Pigment.—The bile pigments which
reach the intestine in their passage along the bowel undergo
certain transformations. It is found that the contents of the
bowel in the upper third of the small intestine are of a yellowish
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colour, due to bilirubin ; and it has been shown by one of us!
that the contents in the middle third are of a white or greyish
colour, the green colour only appearing again in the lower third
of the small intestine. Under ordinary circumstances, when
the ileo-caecal valve is passed, the normal colour of the faces
appears, the bile pigments having been converted by the action
of putrefactive bacteria into urobilin. It would appear that
in health the bile pigments in the middle third of the small intes-
tine are present in some chromogenic form until they are coloured
green after reaching the lower third of the small intestine. Since
bile pigments are converted into urobilin after their passage
into the large intestine, and, in some cases, even into the lower
part of the jejunum, no bile pigment under normal circumstances
is present in the fmeces. In cases of diarrhcea, more especially
the so-called jejunal diarrheea of Nothnagel, bile pigment is
always present in the stools.

UROBILIN

The colouring-matter, urobilin, as it is found in the faces,
has been known by the name of hydrobilirubin or stercobilin ;
but since the wurobilin found in the fwces, when properly
purified, has been demonstrated to be identical with the
urobilin, when equally purified, that is found in the urine,
it seems a pity to complicate matters by giving them dif-
ferent names. We shall, therefore, refer to urohilin in the
feeces under the head of urobilin, and not of hydrobilirubin
or stercobilin.

Test for Urobilin in the Feeces: Schmidt's Test.—
When a concentrated solution of perchloride of mercury is
applied to either wet or dry feeces, a bright red colour is developed
in the space of a few minutes if urobilin is present. The rose-
colour extract, when separated and examined with the spectro-
scope, shows an absorption band of urobilin between F and b.
It is possible by this method to recognise very small quantities
of urobilin. The colour is distinetly visible on a fragment of
feeces aflter treatment with perchloride of mercury when examined
under the microscope. If urobilin is present in very marked

k 1 Vaughan Harley, * Formation of Urobilin.""—Brit. Med. Journ., Oct. 3,
1896,
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excess, the pink colour will be very distinet within five minutes,
while, in only slight excess, the colour appears within five to
fifteen minutes : if only a very little urobilin is present it may
be thirty minutes or longer before one gets a reaction, and the
most marked reaction will be seen at the end of some twenty-
four hours. This test-for urobilin is so satisfactory that it is
unnecessary to describe the older methods of recognising urobilin
in the faeces.

Presence of Urobilin.—In discussing bile pigments
we showed how bile pigments are converted into urobilin in the
large intestine. The greater part of the urobilin present in the
intestinal contents or in the faces is probably in the form of the
chromogen urobilinogen, since we find that in some cases, larger
quantities of urobilin are found in the faces when they have
stood for some time. In the case of new-born children, no
urobilin is present in the stools or in the urine, meconium being
always found to be entirely free from urobilin. In healthy
adults, 1t would appear that under normal conditions urobilin
is not found in the bowel until it has reached the ileo-cacal valve.
In autopsies, as a general rule, perchloride of mercury will give
a red colour to urobilin in the intestinal wall in the same way as
it gives to the faces a pink colour.?

By this method one is able to see where the urobilin is first
formed. We have found that, as a general rule, it is not formed
until it has passed the ileo-caecal valve, while in exceptional cases
the urobilin formation extends some way up the jejunum.

It has been shown by Gerhardt® that in cases of complete
obstruction of the bile-duct, the faxces contain no urobilin. In
fact, as long as the bile-duet is obstructed, urobilin 1s absent from
the feces, except in some few cases which are possibly explained
by the absorption of bile from the gall-bladder, and the excretion
of it into the bowel. That urobilin does not appear in the feces
in obstruction of the bile-duct is of interest in diagnosis. We
may describe one case, that of a man with marked jaundice
whose faeces contained no trace of urobilin : he was given daily
by means of the stomach-tube from 25 to 125 grams of pigs’
bile absolutely free from urobilin : on the second day after its
administration, urobilin appeared in the feces, and on the third

1 Loe. eil. p. 166,
2 Ueber Hydrobilirubin und seine Bezichungen zum Ikerus.—Inaug. Diss,
Berlin, 1881,
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day, it was detected in the urine : when the administration of bile
ceased, urobilin disappeared from the fwces and wurine. This
clearly demonstrates that the urobilin present in the fweces is
derived from the bile in the individual, and, under ordinary
conditions, one expects to find urobilin present in the feeces. In
cases of increased intestinal putrefaction, there is a tendency to
an increase in the quantity of urobilin in the feces.

The quantity of urobilin in the urine is, to a certain extent,
indicative of the quantity formed in the stools, but we must
remember that the amount of absorption going on at any time
is not exactly proportionate to the amount of urobilin in the
bowel, just as the amount of indican does not definitely indicate
the amount formed in the intestine.

In meconium, urobilin is always absent and bile pigments only
found present. In the case of colourless stools unaccompanied by
any jaundice, it is often found that urobilin is absent as such and
only urobilinogen is to be recognised ; th= latter can, by exposure
to the air, be converted into urobilin, the feces then becoming
coloured. In the colourless fces sometimes seen in fat stools,
urobilin 1s present, as a rule, in normal quantities, the colour only
being masked by the excess of fat : removal of the fat by ether
will at once reveal the colouration.

BLOOD

In blood which is derived from the stomach or from the
upper part of the small intestine—unless there is extremely
rapid peristalsis and the haemorrhage is considerable—the
oxyhemoglobin 1s entirely converted into hsematin in its
passage along the bowels. In hsemorrhages which occur low
down in the bowel, such as the rectum, or when the haemorrhage
occurs in the large intestine and there is increased peristalsis,
oxyh@moglobin itself may be present.

Methods of Recognition.—(1) As a general rule, when
fresh heemorrhage occurs and the blood has not been altered by
the process of digestion, it can be recognised by the naked
eye ; or doubtful specimens can be examined under the micro-
scope and red blood corpuscles recognised. If the blood is
present in the form of oxyhemoglobin and the doubtful specimen
is dissolved in water, examination with the spectroscope will
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reveal the two characteristic absorption bands between D 589-3
to H77-8 wave-length and E 556-2 to 528-8 wave-length,

(2) Guaiacum Test.—To a watery extract of faeces which appear
to contain blood, a few drops of turpentine which has been exposed
to the air for some time or some ozonic ether are added. On
the addition of a little freshly prepared tincture of guaiacum, one
obtains a bright amethyst-blue colour. This test is not very
satisfactory for fwces, since they may themselves contain suffi-
cient oxygen carriers to complete oxydation in the absence of
blood-corpuscles.

(3) Teichmann’s Hemin Test.—When the stools contain blood

so altered that it is already formed into hmatin it is necessary
to use further tests, and Teichmann’s is one of the most useful.
A small specimen of faeces containing blood is placed on a warm
.glass slide and rubbed up with glacial acetic acid, a trace of
sodium chloride being added. After warming over a flame,
being careful to avoid over-heating, the preparation is dried,
and if examined by the microscope there will be seen, in the
presence of blood, the characteristic heemin erystals as irregular-
sized rhombic crystals of a brownish or reddish-brown colour.

(4) Weber's Test.'—A portion of faces, after being extracted
with ether and all excess of fat removed, is mixed with water
and one-third its volume of acetic acid : it is then rubbed up into
a fluid consistency, placed in a large test-tube, and ether added.
The ether, in the presence of blood, takes up the heematin and
becomes a brownish-red colour, and if separated can' be easily
examined with the spectroscope, when it shows the four absorp-
tion bands of acid heematin: a small marked band in the red
between C and D i. 654:7 to 652:6 wave-length, and two fainter
bands between D and E ii. 5893 to 5778 wave-length and
iii. 553.3 to 5366 wave-langth, with a broad band at F iv.
0168 to 4906 wave-longth, which is very often difficult to see.

Presence of Blood in the Stools.—It is stated
that when Weber’s test i1s employed, one obtains a reaction if
blood sausages or underdone meat have been taken in the diet.
With the ordinary tests, unless raw meat or blood has been
taken in the diet, the results are certainly negative. In hemor-
rhages from the stomach or small intestine, the blood is intimately
mixed with the fwces, and, as already stated, is present in the

L Berl. klin. Wochenschr., 1893, No. 19,






CHAPTER XXIII

MOTOR-POWER OF THE INTESTINAL TRACT—DIARRH(EA AND
CONSTIPATION

Berore discussing diarrheea and constipation, it is important to
consider the general motility of the bowel.

The frequency of the action of the bowels varies very con-
siderably in different individuals, this being partly due to the
mode of life and the diet taken. Any diet leaving a large residue
in the bowel tends to cause more or less bulky stools accompanied
by frequent motions ; so that on a large vegetable diet, or more
especlally amongst vegetarians, it is not at all uncommon to
find a habit of passing two or three motions daily. On the other
hand, a diet leaving very little residue, such as milk or meat,
tends to diminish the frequency of the motions, so that one
may only have an action of the bowels once in two or three days.
The knowledge of the peristaltic condition of the alimentary
tract 1s of very great importance to the physician both in the
diagnosis and treatment of diseases of the bowels. By noting
the time it takes for any easily recognised substance to reappear
in the feces after having been taken by the mouth, one gets
an idea of how long it takes for food to pass from the mouth
to the anus ; but one obtains no clue, in cases of delay, as to
how much of the delay is due to want of motor-power in the
stomach. In discussing the motility of the stomach, we have
already shown how the motor-power of the stomach can be
easily investigated ; and if the motility of the stomach has been
found to be normal, any delay in the appearance of food in the
fxces must be attributed to the bowels. On the other hand,
if we have found delayed motility of the gastric contents, the
amount of delay occurring in the stomach must be subtracted
from the total delay in the passage along the alimentary tract,
and we shall thus learn how much delay is incurred in the passage
along the bowels. In order to make more decisive calculations
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with regard to the motor-power of the alimentary canal, a diet
well mixed with bismuth sub-nitrate has been given and the
course of food along the alimentary tract observed by means of
X-rays. Sicard and Infroit* found by this method that the food
took seven hours to pass along the small intestine and reach
the ileo-ceecal wvalve: another period of fourteen hours was
required for the passage of food along the ceecum and ascending
colon, the rest of the large intestine taking a further period of
three hours. The question of whether the large or small intestine
is responsible for the delayed motor-power cannot be settled by
any method at present known which is applicable to ordinary
practice.

In cases of increased peristalsis, one gets, by examination of
the faeces, some idea whether the increased peristalsis is in the
large intestine ; for it is found that when mucus, stained with
biliverdin, is present in the faeces, or when, by chemical methods,
bile is recognised in the stools, one may conclude that the in-
creased peristalsis is in the large intestine: otherwise, the ile
would have been converted into urobilin in its passage along
the greater bowel.

Investigation of the motor-power of the alimentary tract by
means of the recognition of different particles of food in the
feeces is not very satisfactory. The regularity of the motions
has long been known by investigators in metabolism not to
indicate the rate of passage of substances along the bowel, for it
has been found that the fwces passed on any occasion are not
necessarily derived from the food taken during the preceding
twenty-four hours, and that it 18 not uncommon to find par-
ticles of a former day’s food which have remained behind in
the sacculi of the colon and have not been passed in the stools
which had previously appeared. It is, therefore, necessary in
metabolism experiments, where one wishes to separate the
stools of the different diets given, to have some means of recog-
nising the feces belonging to each period. For this purpose,
finely ground bone was given by Voit, charcoal and carmine
having been given by other investigators., It appeared to us
that this method of separating the stools on different diets could
be well applied to investigating the motor-power of the alimen-
tary tract, and for the purpose, we have used either finely ground

. 1 L Presse Medicale, 1903, No. 99,
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vegetable charcoal or cachets containing carmine in five-grain
doses, the former having been found by us to be the more con-
venient. Two drachms of vegetable charcoal are dropped into
a wineglassful of water and allowed to stand over-night, the
charcoal thus getting into fine suspension, being both mixed
and swallowed more easily than when simply stirred in milk or
water. The mixture i1s given before breakfast and the motions
collected, noting the time when each is passed. A point which
malkes the charcoal more valuable than the carmine method is
that in very dark-coloured motions it is sometimes difficult to
recognise the carmine, whereas small particles of charcoal can
be easily detected by microscopic examination. The charcoal
method of investigating the motility of the bowels has been
employed by us for over twelve years, during which time a
great number of cases have come under our observation.

In the chart which follows we have put together the results in
518 cases. One notices the wide range of hours which elapse in
different individuals before the reappearance of charcoal in the
feeces, In no less than four cases it appeared within the first
hour after its administration, and this from examination of the
patient’s symptoms and the chemical analyses was found to be
due to increased peristalsis of nervous origin, accompanied by no
organic changes in the bowel, On the other hand, we have
fourteen cases of chronic constipation in which the charcoal took
from 100 to 165 hours to reappear in the feeces : in none of these
cases was there any real obstruetion in the bowel, and the delayed
peristalsis appeared to be due to sluggish action of the bowel
from purely functional causes. In rare cases the delayis a great
deal longer than this, but we have made no special investigations
on this subjeet, it having been our habit to use enemata or some
other means of obtaining the faeces in cases of delay beyond
100 hours.

It is well known that in normal individuals living an ordinary
life on a mixed diet there is a tendency to pass a motion every
twenty-four hours: it would appear that, by training from
youth upwards, the nervous motor-controlling influences of the
howel have become accustomed to operating every twenty-four
hours, and thus the habit is produced.s We see this very markedly
in some individuals who, if they are hindered from relieving their
howels at the usual hour, have to wait till the same hour next
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day before they can get relief. In the chart we have drawn up,
the interesting fact is brought out that there is a tendency—
even in cases where there is great delay in the passage of food
along the alimentary tract—for the bowels to act at intervals of
twenty-four hours. Of the 518 cases examined, the charcoal
reappeared in the faeces between the twenty-third and twenty-
eighth hours in no less than 174 cases: that is to say, 33-59
per cent. of the individuals observed passed their motions within
this period. During the second period of twenty-four hours, of
the 279 cases who passed the charcoal at a longer interval than
twenty-eight hours after its administration, no less than 100
had an action of the bowels at periods varying from forty-seven
to fifty-two hours : that is to say, 3548 per cent. had an action
of the bowel during the second period. During a third period
in which 124 cases did not pass their charcoal till after fifty-two
hours, the charcoal appeared in no less than thirty-seven of the
cases between seventy-one and seventy-six hours : so that 29-83
per cent. passed the charcoal during the third period. During
a fourth period, out of thirty-six cases in whose feces the charcoal
did not appear for seventy-six hours, no less than eight, or 22-22
per cent., passed their charcoal during the ninety-sixth hour
after its administration by the mouth.

This periodicity of the action of the bowels—even after so long
a delay as seventy-six hours—is most interesting and suggestive,
as it shows how important it is, in cases of fecal accumulation
where there is no real obstruction, and where one wants to get
maximum results with a minimum drug stimulation, to administer
drugs or enemata so that they shall act during one of these
twenty-four-hour periods.

In some of the above cases where there has been long-delayed
appearance of the charcoal, the patients have,in the interval,
passed one or more motions belonging to the previous diet.
One meets with numerous cases in practice where the patient says
that he or she has no constipation since there is a regular action
of the bowels. By means of the charcoal method, however,
one finds that the passage of food along the alimentary canal
requires a longer period than under normal conditions; and
only by this method is it possible to recognise that, in spite of
the daily motion, there is a long delay in the transit of food
along the alimentary canal. In several cases where the
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chemical examination of the urine and the symptoms of the
patient have led one to believe that there was stercoral
poisoning, this charcoal method has shown that such was not
the case, but that there was a delay in the passage of food along
the bowel, in spite of a daily motion having occurred. It will
also be found by the charcoal method that scybala, blackened
with charcoal, will appear three or more days after the charcoal
has been given, and that, in the meantime, stools of normal colour
which have evidently passed along the bowel without carry-
ing with them the blackened seybala, have been obtained.

DIARRHEA

The term diarrhcea does not apply to the frequency of the
motions, for we all know of individuals who have three or four
motions of a solid consistency daily : the term diarrheea is more
rightly reserved for motions of liquid or pultaceous consistency.

The factors which cause a pultaceous or liquid stool may be
grouped under four headings :

(1) The pu]taceous or fluid motion due to i:h{: increased quan-
tity of water in the faeces, this being a true diarrheea stool.

(2) The pultaceous motion due to the increased quantity of
fat in the feces, this condition being known as ** fat diarrhcea.”

(3) The pultaceous motion caused by the increase of mucus.

(4) The pultaceous stool which one gets in various pathological
conditions of the bowel, due to organic disease of the mucous
membrane of the bowel itself. The latter condition will be
described later in treating of various organic diseases,

Diarrhcea Due to the Increased Quantity of Water
in the Feeces.—An increased quantity of water in the faeces,
rendering them pultaceous, can be produced by any factor
which leads to increased peristalsis and rapid hurrying of food
along the large intestine. The normal condition of the large
intestine with regard to the absorption of water may also be
interfered with and thus, without increased peristalsis, give
rise to an increased quantity of water in the stools, due to in-
hibition of the water-absorption power of the large intestine.
In cases where there is a rapid hurrying of food along the large
and the small intestine, the motions will probably contain some
bile pigment which has not been converted into urobilin.
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In functional diarrhcea there would appear to be always in-
creased peristalsis, and, if the opportunity arizes to administer
charcoal, it will be found to appear in the stools very shortly
after its administration 1y the mouth (we have found it in as
short a period as fifteen minutes).

General Appearance of the Stools in Diarrhcea.
—The motions may vary in colour from a wery pale cream
to dark chocolate-brown, according to the cause of the diarrheea,
and in some degree, to the diet taken.

The consistency of the motions varies between pultaceous
masses and almost pure water. In cases where the diarrhcea is
of short duration, it 1s not uncommon to find some scybala mixed
up with the pultaceous motions.

The odour of the stools in diarrheea vaiies very considerably.
At the commencement of the attack, or where there has been
delay in the large intestine, the motions are, as a rule, extremely
offensive. But where there is marked peristalsis with frequent
motions, the odour steadily diminishes, and in cases of pure
jejunal diarrheea, there may be scarcely any feecal odour at all.

Chemical Examination of Diarrhcea Stools. Mucus.
—In most cases of functional diarrhcea mucus in sufficient
quantity to be recognised by the naked eye (as described in the
macroscopic examination of the fwces) 1s found to be present.
In all cases where there is increased peristalsis of the large intes-
tine, involving the rapid elimination of the contents of the small
intestine, mucus will be found intimately mixed with the feces,
and 1t is not at all uncommon to find it stained more or less green
by biliverdin.

Albumen.—In all the cases of diarrheea which we have ex-
amined, we have always found a marked guantity of albumen in
a watery extract.

Blood.—In simple diarrheea, blood or its pigments are not
found in the farces : if it is present, it arises from some extraneous
source, such as hemorrhoids, or it indicates organic disease of
the bowel.

Bile.—In cases of diarrhcea, the reaction for bile is not always
successful, Bilirubin or biliverdin will be found to give a marked
reaction in cases where there has been a very rapid passage of
the intestinal contents along the bowel, more especially in
cases of jejunal diarrhcea. As already mentioned, it is not
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uncommon to find mucus stained with bile pigments where there
is increased peristalsis in the large and small intestine.

Urobilin.—The chemical examination of the feces for urobilin
will, in most cases of diarrheea, show only a slight reaction, though
~at the commencement of the diarrhcea, urobilin may be present in
increased quantities. In true cases of jejunal diarrheea, however,
no urobilin reaction will be obtained.

Microscopic Appearances.—The microscopic examina-
tion of the feces shows an increased residue of food, vegetable

TABLE XLIIIL—-DISEASE—SIMPLE DIARRH(EA

Dier: Mixed 4 milk, confaining 32-82 grams nitrogen, 8801 grams fat, 13158
grams carbohydrates, 220735 Calories, 2520 c.c. fluid.

Date, Dec. 1900 : . 7 8 ‘ 9 10 f.-hfemgﬂ,!
| :
Weight in kilos a . | 618 G138 G2-3 G20 619 |
Calories per kilo : - | 3530 3530 3502 3517 35°19
: Urine : Quantitative Analysis
| Quantity - b 3 2300 1400 | 2130 1620 | 1563
Specific gravity : : 1021 1022 1021 1022 1022
Nitrogen ; ; i [ 2328 | 3506 23-97 2566 |
Urea : : : .| 6060 | 4522 | 6713 | 4531 54°57
Uric acid. = . - 0506 0-71 087 0-81
Ammonia : — — — — —_ |
Phosphates (P,0;) —- 343 496 359 309
Chlorides. - - - 10-00) 700 10-458 GG T
£ (Total - 222 425 614 4-31 4-23
= [;‘:.Ikﬂline (A . . | 104 404 585 414 4-00
E—ql\:‘:.rmlmtic B) .. .| o2 | o221 | 029 | 017 | o023
& \Ratio A: B : s | TE:1 | 192:0 | 20001 | 24°3:1 | 1741
Feeces :  Quantitative Analysis
Date, Dec, 19040 : i B 0 1 11 Average
No. of Motions : = 2 2 3 2 4 days, |
Quantity : : : 361 306 344 118 282
Water per cent. 2 . | 82497 8391 8485 7700 52'18
Nitrogen : : . 273 2:16 248 1-21 214
Fat - - : 2 G-58 5:50 G:24 303 541
Absorbed nitrogen per cent. — — - — 9348
o fat per cent. - — — e - 93-91
|

cells, muscular fibres, and increased quantities of fat and

starch. Crystals of calcium salts of bile acids, calcium

oxalates, and ammonium magnesium phosphate crystals are

generally found. The most important microscopic observation
M
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in the fweces of diarrheea is the fact that the mueus present
contains few, if any, epithelial cells—this fact enabling one to
diagnose the case as one of simple diarrheea, as against catarrh
of the bowels.

Quantitative Analysis of the Feeces in Diarrhcea.
—The quantitative analysis of the faeces in cases of diarrheea
may be considered of minor importance. In ordinary slight
cases there is usually no increase in the excretion of nitrogen,
while in acute cases, more especially those of jejunal diarrhcea,
one may expect to find an increased quantity of nitrogen. In
children, even in the mildest forms of diarrhcea, such as that
accompanying dentition, an inereased quantity of fat will be
found in the stools.

Simple Diarrhoea,—We had the opportunity of observ-
ing in some metabolism experiments an individual who suffered
from an attack of diarrheea during the period of analysis.

In the above case, Table XLIII., a male, aged thirty-seven,
suffering from traumatic neurasthenia without any marked
intestinal symptoms, had an attack of diarrheea as indicated by
the frequency of the stools and their unformed semi-fluid consis-
tency. During the period of four days’ analysis, the first charcoal
given took no less than fifty-two hours to appear in the stools, the
motion at that time being well-formed rolls, coloured black by
charcoal. Six hours later, a brown, unformed, pultaceous motion
was passed, and, in the next two days, the patient passed two or
three motions daily. The second charcoal was given on the
fourth day, and took sixty hours to appear in the motions. The
last motions before the appearance of the second charcoal were
dark-brown formed rolls of a normal consistency. It is seen on
looking at the table that the last-formed motion contained only
77 per cent. of water : on the previous day, on which there were
three motions, the percentage of water was 8485 per cent. The
analysis of the first day was rather vitiated by the fact that the
second motion, which was unformed, was mixed with the first
charcoal-formed motion and the two analysed together. We see
that in this case the quantity of freces was very markedly increased
during the time that the diarrhcea occurred, as also the quantity
of water—since on an ordinary mixed diet, with the addition of
milk, the average percentage of water in the feces is found to be
74 per cent.
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The quantity of nitrogen in the fweces is seen to be increased on
the days of diarrheea, being more than 2 grams per diem, while
on the last day of normal feeces the nitrogen was only 1:21 grams,
We have shown that the average daily quantity of nitrogen present
in the faeces on a mixed diet with the addition of milk is about 1
gram, so that in this case of diarrhcea from no apparent cause

TABLE XLIV.—DISEASE—SIMPLE DIARRH(EA

Dier: Milk, containing 1577 grams nitrogen, 92'82 grams fat, 9996 grams
carbohydrates, 167709 Calories, 2380 c.c. fluid

Date, July 1904 | 17 I8 19 20 |Average.
Weight . : A . | 82:01 ! B2-67 3145 8171
Calories per kilo : .| 2045 | 2053 | 2059 20052

Urine ;: Quantitative Analysis
Quantity : . < | 440 a7 a70 B27
Specific gravity - . | 1026 1030 1027 1028
Nitrogen g : .| 1074 14:42 14:24 1313
Urea g : . : 2276 2896 SO0 2727
Uric acid. - ; - 0-19 036 0-41 0-32
Ammonia ; : O (M | 1:27 1-65 1-23
Phosphates (P,0:) . < | 240 305 2-46 264
Chlorides. : : : | 221 286 2-86 264
% [ Total : 1:39 196G 185 1 W}
= l‘.-‘klku]ine {A) : S [ e 175 1-6G3 170
E—lﬁrmnatiu (B) . : ‘ 016 0:21 022 0-20
& \Ratio A: B 1iE e e T ) Ry S | 85:1
Fieees : Quantitative Analysis

Average

No. of motions. . : 2 4 1 1 3 days.
Cuantity L : - 972 713 174 426 T42
Water per cent. . . | 9325 9485 M-G5 | 95°10 447
Nitrogen 5 : : 223 125 0-31 0-79 1-53
Fat : - - : 475 267 067 1G9 326
Absorbed nitrogen per cent. — -— -- - 8992
iz fat per cent. : — — — — 0649

and probably entirely due to increased peristalsis of the intestine,
the quantity of nitrogen excreted was increased to double its
normal amount. Instead of the normal proteid absorption of
about 95 per cent., the average in this case was 93-48 per cent.—
not a marked decrease when one considers the quantity of nitrogen
present in the feeces, The fat in the stools during the time that
the diarrheea lasted was large in amount, being 6 grams per diem,
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while on the fourth day, on which one motion only was passed,
there was only 3-03 grams of fat. On referring to the normal
absorption on such a diet, we see that the last day corresponds
with what is usually found in normal cases, while on the other
days it is diminished. The normal absorption on such a diet
is, roughly, 96 per cent., while in this case the absorption is
diminished, being 93-91 per cent.

The analysis of the urine is given in the table, but it is un-
necessary to go into details.

We will now consider a case of simple diarrhcea (Table XLIV.)
which lasted throughout the period of observation, the patient
being on a milk diet.

In this case, on the two occasions on which charcoal was given
—at the commencement and end of the period of three days—
the charcoal appeared in the feeces in two hours the first and in
three and three-quarter hours the second time of administration.
The colour of the faeces (when not blackened by charcoal) was
creamy-yellow, and, although the bulk of the charcoal was
passed in the two motions of the first day, traces were still to
be found on the second day. The consistency of the motions
throughout was pultaceous, and the odour very offensive.

The chemical examination of the fmces showed a marked
increase of mucus and of albumen : no blood or bile was present
and throughout, the urobilin was in excess.

The microscopic examination showed very few epithelial cells
mixed up with mucus ; so that this case, in spite of the frequent
motions and their fluid consistency, could not be diagnosed as
catarrh of the bowel. The history and progress of the case
confirmed the diagnosis of simple diarrhcea.

The urine analysis showed nothing to help the diagnosis of
the bowel disorder except a tendency to increased intestinal
putrefaction, and the daily quantity of urine was very small.
On the same diet, when no diarrheea was present, this patient
passed an average of 1285 c.c. of urine per diem.

The quantitative analysis of the feces, on the other hand,
showed a very marked excess in the quantity of water. Instead
of the normal average of 76 per cent., we have the high average
of 94:47 per cent. of water, due, in all probability, to hyperaemia
accompanying the increased peristalsis.

There was a distinet increase in the daily elimination of
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nitrogen by the bowel, so that the absorption, instead of being
normal—z.e., 95 per cent. on a milk diet—was only 8992 per
cent. The fat in the stools showed a slight tendency to
increase, averaging 326 grams, and there was only a slightly
diminished fat absorption, the average being 9649 per cent.

Nervous Diarrhcea.—Having discussed a case of simple
diarrheea, due to increased peristalsis, with probably no vasa-
motor changes in the intestine leading to hypersemia and hence
only a slight increase in the quantity of fluid in the motions, and
a second case accompanied by hypersmia, we now pass on to
purely nervous diarrheea which would appear to be accompanied
by—in addition to increased peristalsis—marked vasomotor
changes in the large intestine, leading to hyperemia and causing
an excessive flow of water into the bowels. It would appear
that nerve shock or fright causes in certain individuals a sudden
fluid motion; and in others the anxiety of railway travelling
when no lavatory carriage is supplied and other mental con-
ditions are known to all of us to cause diarrhcea.

We now give a very interesting case of a maval officer, aged
fifty, who suffered from general nervousness and complained of
flatulent dyspepsia, accompanied by severe belching, which was
cured by a cork." He was periodically troubled with severe
attacks of diarrhcea, and we were able to get some analyses on
these occasions. Taking one day’s record, we find that he had
motions as follows :

2.95 AM. Bowels moved.
b 6 A Bowels moved, preceded by a great deal of belching.
9.25 A.M. Bowels moved.
9.40 A Bowels moved, with some intestinal flatulency.

10.15 a.m. Bowels moved,
1.15 =.u. i T
2.45 P.M. o i
4 oL S i
4.45 P i i

5:10 r.m. Bowels moved. When massaged, said he felt the wind
very badly, nearly choking him,

6 p.or Bowels moved.
6.15 7.0 » »
15 r.ou. s e
8.10 p.o. o o
9.20 P o ¥
10.0 p.M. P P

1.0 F.a ,,. o

R i — — —

— — B,

1 See p. 41.
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On some occasions when he complained of a great deal of
wind in the stomach, very little was found on examination : on
other occasions the stomach was distended. During the re-
maining days of the period of observation, there were only two
or three motions, and then there would be periods of freedom
from diarrheea. Charcoal was given on six occasions, and
was found to appear in the motions as follows :

1st Charcoal appeared 21 hours after administration.

2nd o - 1 hour s =
Jrd o - 4 hours . o
4th & o 25 minutes ,, -
ath 5 2 2 hours “ "
Gth e e 15 minutes .,

The motions were of uniform consistency, coloured black by
charcoal and containing a little mucus. In the intervals between

TABLE XLV.—DISEASE—NERVOUS DIARRH(EA

Drer: Milk containing 1948 grams nitrogen, 11466 grams fat, 12348 grams
carbohydrates, 206976 Calories, 2920 c.e. fluid

Date, January 1902 | g 19 | 20 21 i Average
Weight in kilos 8078 ‘ 80-33 70-88 ‘ 8033
Calories per kilo ) : 2562 2677 25'01 | 2577

Urine : Quantitative Analysis

Quantity 8 : . | 1820 1040 730 1197
Specifie gravity . . | 1020 1018 1023 1020
Nitrogen - : | 2111 | 1082 12-12 14-68
Urea . : : ) 36-05 19-57 2321 26-58
Urie acid % 5 : 050 (-39 0-58 047
Ammonia : : : 036 | 068 081 | 061
Phosphates (P,0,) . : 400 ‘ 2-70 820 | 333
Chlorides. : A : 910 385 295 5:31
j:..: Total - : ; 3:0D | 2:14 2401 2-57
= | Alkaline (A) - ; 340 24 1'83 2-42
2| Aromatic (B) . ) 015 | 010 0-18 0°15

Z \RatioA:B . .| 227:1 | 204:1 | 102:1 | 161:1

Feeces : Quantitalive Analysis

Average

No. of motions . - 14 13 14 3 days.
(uantity X " e d 5T 55 1181 1307 1011
Water per cent. 3 A 91-15 03-30 93-6G8 9274
Nitrogen ; 2 : 149 2:42 250 216
Fat . ; = ; 6'23 10-11 10-70 901
Absorbed nitrogen per cent. - — —_ 8891
5 fat per cent. : | — - — 92-14
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the charcoals the motions were thin and liquid, of a light
yellowish-brown colour, sometimes containing mucus (though
never in any large quantity) : albumen and urobilin were always
present, and occasionally a biliverdin reaction was obtained.
There was no blood and, microscopically, there were remnants
of food, with a few crystals but no marked increase of epithelial
cells.

In Table XLV. it is seen that during the three days of analysis
on a milk diet there were very numerous motions—fourteen and
fifteen per diem. The first charcoal given appeared in two and
a half hours, while the last appeared in one hour. The urine
analysis showed no increase of aromatic sulphates, and, in spite
of the great degree of diarrhcea, there was no marked decrease in
the quantity of urine passed daily ; but this is accounted for by
the large quantity of fluid taken. On the three days when the
feces were analysed the average quantity per diem was no less
than 1011 grams, containing 92-74 per cent. of water. The
nitrogen in the faeces averaged 2-16 grams, so that the absorption
was very markedly decreased, being only 8891 per cent. The
fat in the fwmces varied considerably on the different days, the
average being 901 grams per diem : the average absorption of
fat was also diminished, being only 9214 per cent.

The patient was then put on a pure meat diet (Table XLVL),
the quantity he was able to take being very small—only 9°16
Calories per kilo, body-weight. During this time he steadily lost
weight, though the loss was, comparatively speaking, slight.
Analysis of the urine showed that more nitrogen was daily
eliminated than was taken in the diet. The uric acid was larger
than that found on the milk diet, though certainly not above a
normal average. The aromatic sulphates remained the same as on
the milk diet. The analysis of the feces showed the motor-power
of the alimentary tract to be not quite so accelerated as on the
milk diet, since the first charcoal did not appear until four hours
after its administration by the mouth—the second charcoal, on
the other hand, appearing in as short a time as twenty-five
minutes. The quantity of feces on this pure meat diet was
considerably diminished, the motions varying in number from
one to five per diem, but the quantity averaging only 178 grams.
The stools were reddish brown, consistency fluid paste, con-
taining some mucus and a considerable quantity of albumen.
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TABLE KL?I.—]}ISEASE—NI:JEFOUS DIARRH(EA

Drer: Meat, containing 14-72 grams nitrogen, 36-68 grams fat, 0 grams carbo-
hvdrates, 718:32 Calories, 1680 c.c. fluid

Date, January 1902 . . | 24 25 26 27  |Average.
SEra | e

Weight in kilos . . | 7875 7853 | 7530 78:30 | T8:47

Calories per kilo d d 912 915 | %19 ' 919 | 9-16

Urine : Quantitafive Analysiz

Quantity : : C 950 0440 540 840 | 893
Specific gravity - B 1028 1027 1028 1026 1027
Nitrogen : : .l = 2153 19-57 1924 20-11
Urea : ; : .| 4445 | 39005 | 3822 | 3738 | 3078
Uric acid. 2 : - | 043 043 | 033 082 05l
Ammonia . .| 042 (-23 0-26 0-19 0-28
Phosphates (P,0,) . .| 260 | 189 | 218 | 160 | 207
Elll{}r:dm : - = | o8y 169 077 134 1-17
Total . - .| 408 391 308 4:11 402
E [:‘Hkalinn{:‘h} - : 3-90 375 384 308 387
= l Aromatic (B) . .| 018 0-16 014 013 015
o ‘Ratic A: B. . . 211 | 23] | 27401 | 30%6:1 | 2581
Fwees : Quantitative Analysis
: ' | Average
No. of motions 3 el 4 | 5 2 1 |4 days.
Quantity : r o s |98 132 62 | 173
Water per cent. : . | 9882 091-33 01-33 a1-323 O1-95
Nitrogen . . : 1-42 0-48 0-G3 0-29 | 0-70
Fat | 514 | 169 | 227 | 107 | 254
Ahsorbed mtmgm |mr -l:l}llt I -— — 95-24 |
o fat per cent. . — | = —_ — 03:07 |
| I
|

Bile pigments could not be demonstrated, and urobilin was
always found present. The water was very largely increased,
being no less than 91:95 per cent., while we have found the
average quantity of water on this diet to be 74 per cent. There
was no great increase in the quantity of nitrogen, but the fat
was double the quantity which we have found in our normal
cases. The absorption of proteid was apparently increased,
being 95-24 per cent., while the fat absorption was decreased to
93-07 per cent.

During a third period another analysis of the same individual
was done on a mixed diet (Table XLVIL.), when he took thirteen
Calories per kilo, body-weight ; and on this small diet he increased
slightly in weight. During this period it was found that he was
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TABLE XLVIL—DISEASE—NERVOUS DIARRHEA

Drer: Mixed, containing 1900 grams nitrogen, 4716 grams fat, 40°33 grams
carbohydrates, 1064:99 Calories, 1260 c.c. fluid

Date, February 1902 : 13 14 ‘ 15 16  |Average.
Weight in kilos : . | 7762 7740
Calories per kilo 3 .| 1372 | 13596 | 1360 | 1360 | 1367

-

|
78:30 | 78:30 | 7790 ‘
|
Urine : Quantitative Analysis |

Quantity : ' : a0 1660 galy | S50 )
Specific gravity g 2 1028 | 1032 1031 | 1029 1030
Nitrogen . . .| 1067 | 2358 | 19448 | 1716 | 1769
Urea . e = .| 1869 | 4314 | 3306 | 2816 | 3076
Uric acid 5 : ; 048 | 137 000 0838 BRIY]
Ammonia : : : 06l 106 | 093 007 086
Phosphates (P,0;) . = 12 | 26 2:35 220 212
Chlorides. ~ .~ . .| 274 | 530 | 046 | 519 | 492
$Total . . .| 185 | 503 | g8 | @11 | 354
= J':'*.]kalinc (A) . < 1RE L 4TE 313 2:03 312
= l;‘.mnmtic (B) - 0Ol3 (-31 25 018 (22
& \Ratio A: B. , « [ 132:0 | 1621112621 | 16:2: 1 | 142:1
Feeees : Quantitaltive Analysis
' Average

No. of motions . ; 2 2 1 2 4 days. |
Quantity ‘ - ; 89 129 70 204 123 |
Water, per cent. R . | BO78 R9-78 B-78 8855 sh41 |
Nitrogen ; : : 055 (-850 044 1538 079
Fat ; 3 : : 1-G1 2:34 1:27 4-02 | 2-31
Absorbed nitrogen per cent. — — - —_ 0584

- fat. per cent. —_ — —_ — 09510

|

practically on nitrogen equilibrium, in spite of having a tendency
to diarrhcea, the motions being hardly inereased in frequency,
but the quantity of fluid being above the normal. On the two
occasions on which charcoal was given, the first appeared in
two hours and the second in fifteen minutes. It is interesting
to note in this individual, during the three periods of analysis, how
considerably the rates varied at which the charcoal passed
through the alimentary tract ; and as there was no evidence, in
the examination of the fweces, of pathological changes to account
for this, the case appears to us to be a typical one of nervous
diarrheea.

Stercoral Diarrhecea.—In patients suffering from habitual
constipation, it is not at all uncommon to find periodical
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attacks of diarrheea. In some of these cases it would appear
that the stagnated faecal masses set up a local catarrh from some
mechanical pressure, thus causing diarrheea. There are cases,
however, without any organic alterations in the bowel where
the liberation of marsh and other gases from the fmeal lumps
cause, by their stimulation, increased peristalsis of the bowel.

TABLE XLVIIL—DISEASE—STERCORAL DIARRH(EA

Dier: Mixed + milk, containing 17:41 grams nitrogen, 12421 grams fat,
12196 grams carbohydrates, 210503 Culories, 1710 c.c. fluid

Date, June 1904 12 13 14 ‘ 15 Average.
Weight in kilos . . | 7960 75°15 75°15 7512 75-25
Calories per kilo 2785 2802 2802 25803 2798
Urine : Quantitalive Analysis
Quantity 1500 1300 1540 | 1290 1475
Specific gravity 1014 1020 1019 | 1022 1019
Nitrogen 1350 14-01 16-92 14-97 1485
Urea . 2628 2691 32-18 20-54 28-73
Uric acid. 0-40 038 0-17 0-24 0-30
Ammonia . - 009 025 042 051 0:32
Phosphates (P,0,) 214 227 3:29 276 2:6
Chlorides. 900 758 633 765 7164
g (Total . 259 2-75 5l 2-81 2-81
3 [:\]Im!ine{.—'ﬂ 2-4() 2-57 2:04 92:61 263
"_iﬂ Aromatic (B) . 0:1% 018 017 0-20 0-18
7 ‘Ratio A: B 12:6:1 | 14:3:1 | 173:1 | 13021 | 14:3: 1
Feaces : Quantitative Analysis
Date, June 1904 13 14 15 17 18 |Average
No. of motions . 1 = 2 2 1 4 days.
Quantity . 216 74 40 344 | 220 | 226
Water per cent. 700 | 82:28 | 74:30 | 9661 | 93:29 S84'84
Nitrogen . 277 076 060 (-G8 0-89 143
Fat 2 - .| 12446 | 340 2-67 303 | 400 638
Absorbed nitrogen p.e. — — — e - 01-78
Ll fat per cent. R — —_ — — 03-25

In Table XLVIII. a case of stercoral diarrheea is exhibited.
The motions, on ordinary occasions, were formed rolls made up
of masses of scybala, and were only passed at intervals of three
or four days—or at even longer intervals when no drugs were
taken. The patient had, in consequence of this constipation,
been in the habit of taking purgatives, and even then was unable
to obtain a daily evacuation. When the attack of diarrhcea
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occurred, motions of unformed paste, containing a few scybala,
were passed, and this continued for two or three days, after
which there was a return to the constipation. The analysis of
the urine merely showed an increase of indican, and no albu-
men or sugar was present. On referring to Table XVLIIL,
it is seen that the aromatic sulphates were not increased. The
quantity of phosphates was normal, while the chlorides were
seen to be increased. -In spite of the patient taking an ordinary
mixed diet with the addition of milk, the uric acid excretion
was remarkably small, although the output of nitrogen and
urea was normal. The ammonia excretion progressively
increased.

In the analysis of the fmces the first charcoal was found to
appear in twenty-eight hours after its adm.nistration, while the
second charcoal took no less than forty-one hours. On testing
the motility of the bowels on an earlier occasion, when there was
no tendency to diarrheea, the charcoal did not appear till seventy
hours after its administration.

The ordinary motions were short, dark-brown rolls, either
made up of seybala intermixed with muecus, or separate scybala,
The first motion passed after the charcoal consisted of black,
unformed soft paste, containing numerous scybala and of an
extremely offensive odour. The subsequent motions were
greenish-brown paste (that passed on the seventeenth being
almost fluid) and contained some formed rolls or scybala, the
odour being very offensive.

Mucus was increased in all the motions, and the albumen re-
action was very marked. Blood was occasionally present, while
bile was absent and wurobilin increased. The microscopical
appearances included numerous vegetable cells, muscular fibres
and starch granules, numerous crystals of ammonium magnesinm
phosphate, calcium salts of bile acids, a few epithelial cells, and
some leucocytes.

The quantitative analysis of the fieces showed that the daily
quantity varied from 40 to 344 grams, containing from 74:30 to
96-61 per cent. of water. The faeces contained a varying quan-
tity of nitrogen, and on the day on which the greatest quantity
of faeces, with the greatest quantity of water, was passed, only
(0-68 grams were present, while on the first day, no less than 2-77
grams of nitrogen were contained in the fieces, the daily average
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- being 1-43 grams. The quantity of fat varied from 2-67 to 12-40
grams in the twenty-four hours, the average being 6:38 grams.
The absorption of both nitrogen and fat was very markedly
decréased, being respectively 91-78 and 93-25 per cent.

The only remarkable point in the analysis is the presence of
blood in the motions ; "otherwise, the analysis is very similar
to that of ordinary diarrheea. It was considered, however,
that the blood was not due to ulceration or very advanced
catarrh, since there was no evidence of pus cells and only a very
few epithelial cells and leucocytes were present : the case may,
however, be put down as on the borderland.

Dyspeptic Diarrhcea.,—Under the heading of dyspeptic
diarrhcea may be grouped certain attacks of diarrhcea which
are due to errorsin diet. Some of these cases are probably due
to the diet, from mechanical reasons, causing increased peristalsis
of the bowel, while in other cases, increased peristalsis of the
bowel may be excited by the products of the fermentation of
the carbohydrates, leading to the excessive production of irritable
acids, such as butyric, lactic, and acetic acids. Further, from
the putrefaction of the proteids, sulphuretted hydrogen or other
gases may be liberated and cause increased intestinal peristalsis
(Bokki). In so-called ** fat-diarrhecea™ Tschernoft' deseribes a
case in which the guantity of fat was increased even to 48 per cent.
These attacks of dyspeptic diarrheea are especially common after
taking certain articles of food ; turnips, cabbages, pickles, fresh
fruit (especially if unripe), are all liable to set up this form of
diarrhcea. The chemical examination of the motions shows
nothing of great importance, and we have never had an oppor-
tunity of doing a quantitative analysis in a typical case of the
kind.

CONSTIPATION

In discussing intestinal motility, we showedithat in normal
individuals, the bowels tended to act every twentf-four hours, and
that the passage of food along the small intestine was very
rapid, the delay occurring in the descending colon and sigmoid
flexure, the {wces remaining there until expelled at twenty-four-
hour intervals into the ampulla of the rectum, where they
produce a sensation of desire for defecation. In cases of long

1 Jakrbuch {. Kinderheillunde, vol. xxviii. 1888, p. 1.
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retention in the ampulla of the rectum, masses of scybala may -
cause tenesmus. Physiological variations in the frequency of
action of the bowels are Very considerable, and some people
have an action only once in two or three days, while Reichmann®
deseribes cases of normal individuals feeling ‘perfectly well, and
having an action of the bowels only once in two or three weeks
or at even longer intervals. It is impossible for us to discuss
here all the wvarious causes of constipation, Obstinate con-
stipation may of course arise when there is a physical obstruction
pressing on the bowels themselves, or when there are physical
changes in the muscular structure of the bowel, such as
atrophy ; or, in rare cases, where there is great lengthening of
the large intestine.

The functional cases of constipation due to delayed peristalsis
may conveniently be considered here, since the action of the
bowel in health is dependent on the peristalsis of the muscles
of the bowel, together with the action of the extrinsic muscles
which are called into play in the act of defecation. The peri-
stalsis of the bowel i1s stimulated to a certain extent by the
composition and amount of residue present in the intestine, so
that diet plays a very important rile in this stimulation. A
diet consisting principally of vegetable material, since it contains
a large quantity of cellulose, leaves a large residue in the bowel,
which from its mechanical size alone tends to stimulate peris-
talsis. On the other hand, a diet consisting of meat or milk,
both of which are easily digested, and leave a very small amount
of residue to stimulate the bowel, are apt to cause sluggishness.
A carbohydrate diet, even if finely prepared, causes the formation
of various acid produets, such as butyric, lactic, and acetic acids,
and although there is very little residue left for mechanical
stimulation, yet these acids appear to stimulate peristalsis.
The extrinsic musecles which act in defecation may lose a certain
amount of tone from giving up any habitual exercise, such as
riding or walking, or any exercise which makes one use the
diaphragm, and in some cases the taking of regular physical
exercise helps the bowels to act. At the same time, constitu-
tional variations must be borne in mind, since one finds habitual
constipation in individuals who lead a healthy out-door life
with plenty of exercise. In neurasthenia, just as there is a

1 Quoted Nothnagel's Darmbrankheiten.
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tendency to dilatation of the stomach or gastroptosis due to
want of muscular tone, so there may be enteroptosis and loss of
tone in the large intestine, leading to constipation.

Constipation Fseces.—The stools in constipation are
very varied in form, from hard rolls to scybala matted together
in sausage-shaped masses like sheeps’ motions, or separate small
lumps of scybala varying in size from a pea to a nut. These
scybala are sometimes so hard that they rattle in a pan with a
distinet metallic sound ; they are often coated with a mucus
of a very thick and tenacious consistency, and it 1s not at all
uncommon to find streaks of blood in the mucus. The colour
of the seybala varies from dark brown to almost black, except
when the patient is on a milk diet, when one finds a slaty-grey
colour.

Markedly delayed motility is easily recognised by giving
charcoal, and, in some cases, there is a very long interval between
its administration and the appearance of the charcoal in the
stool. If charcoal does not appear after about 100 hours,
one has obtained sufficient information on the point, and the
patient can be relieved by enemata or purgatives. The odour of
ordinary scyvbala, considering the length of time they have
been retained in the bowel, is not, as a rule, very offensive.
If there is no catarrhal affection of the bowel, and no
greatly increased intestinal putrefaction, there may be little
or no odour in scybala even after long retention. If, however,
the above conditions are present, one gets inereased formation
of indol, phenol, and skatol, leading to a very foul stool. This
lack of odour is partly due to the dryness of the faeces, and in
constipation cases, where the motions have been accelerated
by purgatives, foul-smelling feeces are often found.

The chemical analysis of the feeces in constipation shows that
mucus is nearly always present, but the mucus coats the faeces,
and is not intimately mixed with the scybala as one finds in
catarrh.

Albumen is not, as a rule, obtained in the watery extract of
constipation feces.

Blood, as already mentioned, is not uncommonly found in
streaks, generally arising from injury in the passage of the
motions. In cases of congestion of the liver, where one has
venous engorgement of the intestine, so often accompanied by
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chronic constipation, one sometimes finds blood pigment
intimately mixed with the stool; also, in cases of duodenal
ulceration or ulceration of the stomach, the same may occur,
But, in functional constipation, no blood is found intimately
mixed with the sevbala. .

The examination of the fmces for hile 111va1‘:|a,l]1} gives a
negative reaction. When examined for urobilin, the scybala
generally show a tendency to excess. '

The iaicroscopic appearances in constipation fmces appear
to be of little importance. According to the diet, one finds a
certain amount of partially digested muscular fibre. On a
Schmidt’s diet, one always finds some muscular fibre, and
generally some starch granules, with a few fat drops, or even
fat crystals. On an ordinary mixed diet, remains of vegetable
cells, epithelial cells and leucac} tes are found, the latter especially
if there i1s any tendency to catarrh of the bowel, or retention
of the scybala, causing irritation of the mucous membrane.

Crystals of ammonium magnesium phosphate, and, in some
cases, of oxalate of lime, are present, and it is not at all
uncommon to find numerous cholesterin erystals.

The quantitative analysis of the faeces shows, as a rule, a very
marked decrease in the quantity of water, which varies from
50 to 70 per cent. The total nitrogen and fat in the faces are,
as a rule, found to be perfectly normal, and one may say also
that the absorption of nitrogen and fat does not vary very much
from what we have already stated to be the normal absorption ;
and this, in spite of the long retention in the bowel.

Simple constipation may have little effect on the patient,
while in other cases, individuals are so susceptible to the retention
of feeces that if they miss a daily action of the bowels, they suffer
from headache or other symptoms all day, these being due to
auto-intoxication from the absorption of products of putre-
faction from the bowel.

We will now describe two cases, one of habitual constipation
in which no symptoms were produced by the constipation itself,
and another in which marked symptoms accompanied it.

A lady suffering from Graves’ Disease, but with no symptoms
of indigestion, had always had a tendency to constipation.
Analyses were carried out during two periods. The first char-
coal appeared in 108 hours and 10 minutes after its administra-
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tion, and three days later, carmine was given as an indicator,
the latter appearing in the faces in 165% hours. The charcoal
mostly appeared in the first motion five days after being given
by the mouth, the motion consisting of 26 grams of scybala,
only partially matted together. Between the first appearance
of charcoal and the carmine appearance on the tenth day, four

TABLE XLIX.—DISEASE—CHRONIC CONSTIPATION

Dier: Mixed, containing 15°88 grams nitrogen, 77°69 grams fat, 85°78 grams
mrhﬂludmtoq 1483-64 Calories, 1400 c.c. fluid

| | | .

Date, May 1904 A es | 24 | 25 | 26 } 97 | 28 |Aver

| | + ! | age.

|
Weight in kilos . . | 43:20 | 42-53 | 42-41 | 42-30 | 42:30 ‘ 4186 | 42-43
Calories per kilo 34°11 | 34°88 | 34°98 | 3507 | 3507 | 3543 | 34'82

Urine : Quantitative Analysis
Quantity . . . | 1040 | 950 | 1260 | 1000 | 1030 | 1120 ' 1093
Specific gravity . . | 1020 | 1020 | 1020 | 1022 | 1022 | 1018 | 1020
Nitrogen . “ 15T | — | 20020 | 1742 | 17-20 | 16:24 | 1737
Urea . . : . | 20-74 | 33-80 | 30-69 | 31-50 | 3409 | 32-48 | 3355
Uric acid . : .| 094 0G0 082) 078 067 | — 0-76
Ammonia . : .| 080| 033 063| 043 | 052 | 055 | 051
Phosphates (P,0;) = 293 | 106 | 261 aag ) a3 2nn 2220
Chlorides . = | T2 475 1T 410 422 414 | 468
% Total : .| 306 292 359 310 | 283 | 287 | 308
1,% [.—kll{-ﬂ.lillﬂ (A) - | 208 2:86| 333 | 308 | 273 | 270 | 2:96
= | Aromatie (B) | 008 006 026 011 | 0710 008 | 012
;E Ratio A: B . | BT3:1|47-7:112°8:1| 28:0:1] 27°3 :1| 25:0:1| 246 :1
Feeees @ Quantitalive Analysis
Date, May 1904 . : 26 27 | 29 30 | Average
No. of motions . . 2 1 1 1 G days.
Quantity . : : G5 27 200 195 81
Water per cent. - . 5478 6382 7423 7423 G427
Nitrogen : - : 1-39 068 2-42 2-36 1-14
Fat , G02 202 10-53 10-26 06
Absorbed mfmgcu 'pc:r rﬁ-nt — — - - — G2-82
= fat per cent.. . — - —_— — 09362

small motions were passed, the total containing 123 grams,
and the quantities varying from 16 to 43 grams. The scybala
were dark greenish brown and extremely hard, the feces being
found to contain only 5586 per cent. of water.

Another period of six days was analysed, the patient having,
in the interval, received massage, which somewhat diminished
the constipation. In Table XLIX. the results are given.
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During the period on a mixed diet when 34-82 Calories per
kilo were taken, the patient did not gain weight, and it is seen
that the average quantity of nitrogen in the urine and faeces
was greater than the intake. The nitrogen and urea in the
urine varied considerably, the quantity of uric acid being practi-
cally normal, while the ammonia was increased.

The first charcoal appeared in 85 hours, and the second in
614 hours Despite this delay, the urinary analysis showed
no increase in aromatic sulphates, though there was some in-
crease of indican. The feces were greenish brown, and consisted
of hard lumps matted together so as to form rolls, having the
appearance of sheeps’ motions, and, considering their dryness,
they were very offensive. Mucus was increased, and albumen
was found to be present. No blood or bile could be recognised.
The urobilin was slightly increased, although, on some days,
only a slight reaction was obtained. The microscopic appear-
ances included nothing of note, only a few epithelial cells being
present, so that there was evidently no marked catarrh.

The daily quantity of feeces varied considerably,and the motions
obtained on the 29th and 30th occurred after the administration
of a pill. The first natural motions contained 54-78 and 53-82 per
cent. of water, while those after the pill contained 74:23 per cent.

The nitrogen in the normal motions varied from 1:39 to 0-68
grams, and the fat from 1-02 to 2-92 grams in the twenty-four
hours. In spite of the administration of the pill, the average
quantity of nitrogen was 1-14 grams, and that of fat 4-96 grams.
The absorption during the period was considerably decreased.

The second case was that of a male, aged forty-six, who
suffered from general debility, his skin having the markedly
yellow tinge so often noticed in chronic constipation. It had
been considered that he might be suffering from malignant disease
and marked an@mia. He gave a history of constipation of
many years standing, and a tendency to a weak heart. The
heart was found to be somewhat dilated with soft blowing
murmurs in the mitral area, but no other signs of cardiac failure
could be detected. The blood count, in spite of the markedly
anemic appearance, was as follows :

H=zmoglobin . : : - - : e

Red blood corpuscles . : : : . 4,380,000
Leucocytes . : . ; . - . 9,000
Ratio - - : - : . . 48T ]

N
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The patient was put on an ordinary mixed diet, and on the
evening previous to the administration of charcoal, he was given
a Pil. Col. et Hyoscy. The first charcoal did not appear in the
feeces for 78 hours, and the second charcoal, which was given
at the end of five days, did not appear for 51 hours and 20
minutes, and was only then obtained by giving a Pil. Col. et
Hyoscy. During the period of five days the patient only passed
three motions, of which the first two only can be regarded as

constipation stools, the third appearing after a pill had been
given.

TABLE L.—DISEASE—CHRONIC CONSTIPATION

Dirr: Mixed 4 milk, containing 21°14 grams of nitrogen, 111'60 grams fat,
145-30 grams carbohydrates, 2087-30 Calories, 1790 c.c. fluid

- - ' - Aver-
Date, March 1905 A 13 14 15 16 17 age.
Weight in kilos . . | 80’10 | 79'88 | 8100 L‘Bﬂ‘TB | 80-78 | 80-51
Calories per kilo. . | 26°06 | 26°13 | 25°77 | 2584 | 2584 | 2593
Urine : Quantitative Analysis
Quantity . : . | 1120 | 1330 | 1090 ] 1580 | 1130 | 1250
Specific gravity . . | 1020 | 1022 | 1024 | 1020 | 1022 | 1020
Nitrogen . : .| 17-14 | 1809 | 2060 | 1864 | 20710 | 18-91
Urea . - .| 3573|3631 | 3406 | 3855 | 3537 | 3612
Uricacid . . .| 062 | 081 | 065 033 062 | 051
Ammonia. . .| 055 ‘ 023 | 053 | 066 | 045 | 048
Phosphates (P,0;) . | 232 226 204 364 | 2:37 271
Chlorides . . 3 414 545 447 | 790 565 552
# r Total. - : 3-18 ‘ 372 410 | 411 3-50 372
' E [Alka]'me (A) - 2907 | 3562 385 386 331 350
I ﬁlﬁmmatic (B) - 0-21 { 020 025 | 025 019 022
F % Ratio A: B |14l :1 176:1] 164:0{154:1|174:1|160:1
Feees : Quantitalive Analysis
Date, March 1905 . : . | 18 | 17 18 | Average
No. of motions : : 5 1 1 1 5 days,
Quantity . : : : S R [ 1] 132 203 87
Water per cent. . : - - | 66:60 | 6922 | 8008 | 7197
Nitrogen . - s . 5 1:42 B} 170 097
Fat . : s : " ; 548 | 660 657 373
Absorbed nitrogen per cent. . : — — - 4541
o fat per cent. . - - —_ — == 9633

The urine analysis in this case (Table L.) showed an increased
quantity of urobilin and indican. The aromatic sulphates are
seen to be increased, and since this patient suffered from head-
aches, &c., there was evidently auto-intoxication. Microscopi-
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cally, the presence of calcium oxalate crystals gave credence to
the idea of the digestion not being quite normal, but otherwise, the
qualitative analysis showed nothing abnormal. During the period
of five days the patient took 2593 Calories per kilo, and the
weight remained more or less constant. The nitrogen output
in the urine was fairly equal, and the quantity in the urine and
fieces showed that the patient was practically on nitrogen
equilibrium. On turning to the analysis of the fwmces, it was
found that the patient passed hard rolls composed of masses
of scybala. The odour was very offensive only after the pill
had been given, the first two motions being noted as of moderate
odour. Chemically, mucus was found to be increased and
mixed with the lumps, some of the scybala being coated with
it. Albumen, blood, and bile were absent; the stools showed
excess of urobilin by the perchloride of mercury test. Micro-
scopically, vegetable cells, starch granules, some partially digested
muscular fibres and a few fat drops could be recognised. The
mucus contained a few epithelial cells and some leucocytes
were seen, cholesterin crystals being also present.

The quantitative analysis of the fieces showed the first two
motions, which occurred without a pill, to consist of 101 and
132 grams respectively, containing 66:60 and 60°22 per cent. of
water. The stools contained 1-42 and 1-71 grams of nitrogen
per diem, and 548 and 6:60 grams of fat respectively,
The third stool (obtained after a pill had been given) con-
sisted of 203 grams, and contained 80-08 per cent. of water ;
the quantity of nitrogen was 170 grams, and the quantity
of fat 6:57 grams, so that the pill, although it increased the
quantity of water, did not have any effect on the amount
of nitrogen and fat excreted. The average output of nitrogen
and fat, for the five days on which the patient was examined,
corresponded with what one normally finds on this diet.
The absorption of nitrogen was 9541, and that of fat 96-33
per cent., which was about normal on this diet. The after-
history of this case negatives carcinoma, and with regular
bowel treatment, the constipation was cured, and he now feels

perfectly well.



CHAPTER XXIV
INTESTINAL DYSPEPSIA

AvroueH dyspepsia literally means disturbance of the peptic
digestion, the expression * intestinal dyspepsia ” has gradually
crept in to describe those forms of indigestion which arise in
the bowel from functional derangement leading to alterations
in the succus entericus. In discussing diseases of the stomach,
we have shown how simple functional changes in the secretion
of the gastric juice can produce a varied group of symptoms,
and it is not to be wondered at that alterations in such an
important secretion as that of the succus entericus should canse
symptoms of indigestion. Faber,® in a very able paper, has
shown how various symptoms which used to be described as
gastric can really arise from disturbance in the bowel itself.
[t must, however, be realised that our knowledge of the pathology
of the succus entericus is extremely limited, and we can only
now generalise, hoping that, in the future, problems will be
unravelled by careful analyses of the stools, just as they are now
being solved by the stomach-tube in gastric pathology.

Intestinal dyspepsia, for all clinical purposes, can be divided
into two classes: (1) Excessive fermentation of the ecarbo-
hydrates in the bowel, and (2) Excessive putrefaction of the
proteid in the bowel.

Excessive Fermentation of the Carbohydrates
in the Bowel.—Schmidt and Strasburger® have specially
investigated the excessive fermentation of the carbohydrates
which occurs in the alimentary canal in cases of intestinal
dyspepsia. If, on employing Schmidt's fermentation tube,
one obtains on the test diet more than one-third volume
of gas from the fmces in twenty-four hours, one may con-
sider that there is carbohydrate fermentation; and at the

L Archiv. Verdawungskrankheiten, vol. viii. p. 15.
* Die Feeces des Menschen, p. 198,
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same time, the feeces themselves become more acid during the
process of fermentation by the development of lactic and butyrie
acids, &e.

We will now deseribe a case which seems suitable for demon-
stration of the intestinal dyspepia due to excessive fermentation,

A male, aged thirty, when over-worked or worried, was subject
to periodical attacks of pain in the bowels, coming on in the
middle of the night, the patient having suffered in the same way
three years previously. Taking hot water or food had no influ-
ence on the pain, which he described as not a true gripe,
but rather discomfort with flatulency and gurgling going on
in the intestines. There was some tendency to sluggishness of
the bowels, though no marked constipation.

During a period of four days, analyses were carried out on a
mixed diet with the addition of milk.

The qualitative analysis of the urine showed a slight increase
of indican; some few uric acid and calcium oxalate crystals
were found microscopically. On boiling, phosphates were
precipitated in the urine; at the same time, on referring to
Table LI., it will be seen that there was no real increase in the
daily quantity of phosphates. The quantitative analysis of the
urine showed that it was almost normal, the aromatic sulphates
not being increased.

The qualitative analysis of the fmeces may be now described.
The first charcoal appeared in 26 hours, and the second charcoal,
which was given on the fifth day, did not appear until 51 hours
later, in spite of there having been a daily action of the bowels.

The colour of the fwces except when charcoal was present
was, throughout the period, dark brown or greenish brown.
The consistency was formed rolls with some small lumps which
could hardly be called secybala. The odour was noted to be
offensive throughout.

Examination of the fmeces showed an excess of mucus both
on inspection and when rubbed up with water.

The watery extract of the fmces gave a distinet albumen
reaction.

Blood and bile were absent in all the motions,

The urobilin appeared to be increased in spite of the fact that
the urine analysis showed no increase of urobilin.

On microscopic examination of the fweces, some partially
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digested muscular fibres, a few starch granules and fat drops,
together with some remnants of wvegetable cells were found.
There were a few epithelial cells in the mucus, but not sufficient
to allow of a diagnosis of intestinal catarrh,

TABLE LIL—DISEASE—INTESTINAL DYSPEPSIA

Dier: Mixed 4 milk, containing 1872 grams nitrogen, 100-86 grams fat,
126-24 grams carbohydrates, 183960 Calories, 2130 ¢,c. fluid

Date, March 1905 . . 3 6 7 8 Average.
Weight in kilos . . | 7076 70-88 71-10 7043 70°79
Calories per kilo . . | 2660 25°95 2587 26-12 25°99
Urine : Quantitalive Analysis
Quantity . : - Q60 1520 | 1240 | 1420 | 1231
Specific gravity . : 1022 1024 | 1023 1023 | 1023
Nitrogen . : : —- — | 1897 1464 | 1780
Urea |, 5 ; . | 2456 4636 34-97 27-12 28-35
Uricacid . . .| 018 0-78 076 | 028 | 050

[
Ammonia . .| 004 0-41 i 0-32 038 029
Phosphates (P, ﬂ.;} ol 2:14 4-59 341 | 299 | 321
[‘hlm ides . : 480 760 |- 350 | 525 | 520
S Total . ; 7 2-37 3-02 376 | 256 315
[ Alkaline (A) . . 224 | 363 3-56 2-40 | 2:96
Aromatic (B) . ; | 013 | 029 | 020 016 0°19
Ratio A: B . A 8 by 2 1| 136: l | 17.8:1 | 15:0:1 | 18°1:1
Feeces : Quantitative Analysis
Date, March 1905 . : G 7 8 0 Average
No. of motions . A 1 1 1 1 4 days.
Quantity . i : 122 36 89 117 91
Water per cent. . : 7273 7141 71°41 7516 7268
Nitrogen 5 . . 143 044 1:09 1-25 105
Fat . x 522 1-62 400 457 3-85
Absorbed mtl ngeup B —_ — — — 04-39
o fut per cent. . — —_ — e 9618

Quantitative Analysis of the Feeces.—As already
mentioned, the patient passed a motion each day, and it

will be seen that the daily average quantity of fwmces was 91
grams, containing 72:68 per cent. of water. The quantity of
nitrogen excreted per diem was 105 grams, and of fat 3:85 grams
so that the daily average absorption of nitrogen and fat
vespectively was 94-39 and 96°18 per cent. Thus we see that
in this case there was no indication of want of absorption or
marked organic disease of the intestine,
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On Schmidt’s diet, the motions were of a light yellowish-brown
colour, principally rolls, although some soft scybala were massed
together in irregular lumps. There was apparently no marked
increase of muecus, and the chemiecal analysis corresponded with
that on the mixed diet. On the other hand, with Schmidt’s
fermentation tube, five grams of feces yielded no less than two-

TABLE LIL—DISEASE—INTESTINAL DYSPEPSIA

Dier: Mixed, containing 16°88 grams nitrogen, 7710 grams fat, 127-07 grams
carbohydrates, 1676-39 Calories, 1270 c.c. fluid

Average

Date, March 1903 [ ‘ ‘ 17 18 19
I

Weight in kilos 7380 l 7388 | 7380 | 7391 | 7384
Caloriea per kilo . . | 2270 | 22 70 | 2269 | 22-70 | 2268 | 22-69
Urine : Quantitative Analysis
Quantity . . . | 1460 | 1440 | 1400 | 1460 | 1290 | 1410
Specific gravity . .| 1021 | 1021 | 1018 | 1020 | 1021 | 1020
Nitrogen . ; . 16:35 | 16°56 | 16-94 | 17-23 | 1883 | 1718
Urea . . .| 34:16 | 3485 | 33'[!9 3475 | 3393 | 34°15
Uric acid . ; . | 090 090 | 091 092 097 092
Ammonia . - .| 065 063 | [}"29 L 060 063 056
Phosphates (P,0;) . | 257 263 2-51 2-54 249 2:56
Chlorides . : . 733 533 700 | 803 531 670
3 ( Total s | ETL 413 342 | 362 388 415
= | Alkaline {A_] - 549 311 3:17 | 335 361 390
= | Aromatic (B) A 022 0-22 025 | 027 0-27 025
o \RaticA: B - |25°0:1 | 178:1|12:7;1|124:1|13:4:1|16'6:1

Feeces : Quantitative Analysis

Date, March 1903 i ] 15 | 17 19 20 21 |Average
No. of motions . s 1 1 1 |5 days.
Quantity . E . | 333 | 66 52 88 | 68 | 121
Water per cent. . . | 8336 | 73:39 | 6939 7136 | 6912 | 7332
Nitrogen . : . L-B& | 06O 054 056 071 | 0-52
Fat . : o L 280 | 262 415 3406 445
Absorbed mtrclgcn p-e. — — | = | = — 04°55
iy fat per cent. —_ — — — — O4-23

thirds volume of gas, and on some occasions, even more. At
the fermentation test, the reaction was found to have become
markedly acid. It would, therefore, appear that this case can
well be put down as more or less typical of intestinal dyspepsis,
due to fermentation of the carbohydrates.
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Intestinal Dyspepsia Due to Excessive Putre-
fraction of the Proteid in the Bowel.—A male, aged
thirty-six, suffered from periodical attacks of marked depres-
sion accompanied by a certain amount of pain in the loins
and shoulders. He was very nervous, complained of frequent
headaches, and said he had suffered for years from so-
called nervous dyspepsia, for which he had been treated two
yvears previously by Leube. The bowels acted irregularly,
tending to constipation, though he often suffered from attacks
of diarrhcea of a few days’ duration. The patient was put on
an ordinary mixed diet, and a five days’ analysis carried out.

The qualitative analysis of the urine showed increase in
urobilin and indican, otherwise nothing special was noted.
The quantitative urine analysis merely showed a tendency to
increase in the quantity of aromatic sulphates.

The qualitative analysis of the feeces (Table LII.) showed that
the first charcoal appeared in six hours and twenty-five minutes
after its administration, and it is quite possible that in this case,
the patient being distinetly neurotic, the increased peristalsis was
purely psychological. On the first day, the patient passed two
motions, and on the other four days, one motion daily. The second
charcoal took forty-nine hours and fifteen minutes to appear in
the fieces. The motions on the five days of analysis were always
formed ; on the first day they are described as “° soft formed with
some liquid,” and on the last as ** formed rolls mixed with scybala
massed together in the form of sheeps’ motions.” The colour,
except when charcoal was mixed with the stool, was dark brown
or greenish brown. There was a good deal of mucus mixed up
in the stools, and the odour was throughout very offensive.

The chemical éexamination of the fmces showed an excess of
mucus in all the motions.

Blood and bile were absent throughout.

Urobilin was present in excess.

The microscopic examination showed nothing remarkable,
and the number of epithelial cells, mixed up with the mucus,
was so small that this case could not be put down as catarrh
of the bowels.

The quantitative analysis of the faeces shows a daily excretion
varying from 52 to 333 grams. On the first day when there was
increased peristalsis, the percentage of water was 83-36, while
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it is seen on the other days to vary from 69 to 73 per cent.
only, the daily average of fmweces being 121 grams, containing
7332 per cent. of water. The nitrogen in the fawces showed
an average of 0092 grams, and the fat an average of 445 grams.
The absorption of nitrogen was, therefore, normal, though the
absorption of fat showed a tendency to decrease, being only
94-23 per cent.

During another period, Schmidt’s diet was given, and the
motions examined by Schmidt’s fermentation-tubes. In this
case, the fermentation test showed a volume of gas of a little
over one-third ; at the same time, a neutral motion, on one
occasion, became alkaline during the process of fermentation,
and, on the other occasions, the alkalinity which was present at
the commencement seemed to increase.

In considering the urine in this case, we find that there is an
increase of urobilin and indican, together with an increased
quantity of aromatic sulphates.

With regard to odour, the motions were extremely foul, and
contained a large amount of indol, phenol, and skatol. The
increased intestinal putrefaction in this case is seen, however,
not to be accompanied by decrease in the absorption of proteid
as indicated by ordinary analysis. At the same time, we must
remember that in this case there was an excessive quantity of
mucus, and it has been generally demonstrated that increased
intestinal putrefaction is more apt to oceur in cases where there
is excess of mucus, blood, or pus in the bowel than in cases
where the increased proteid of the stool is due to deficient
absorption.

The patient suffered from comparatively slight fermentation
when compared with what one sees in corresponding cases of
intestinal dyspepsia due to fermentation of the carbohydrates.
This is owing to the fact that indol, phenol, and skatol do
not irritate the bowel, and cause increased peristalsis, or so
large an increase of gas, as is the case in fermentation of the
carbohydrates, where lactic and butyric acids act as irritants
on the mucous membrane of the bowel.



CHAPTER XXV

INTESTINAL CATARRH, ACUTE AND CHRONIC; ENTERITIS
CROUPOSA

Cararru of the bowels would appear to be a more common
disease than catarrh of the stomach; at the same time, it 18
doubtful whether it is as common as is generally supposed, since
certain cases of diarrhecea from nervous or other causes are
undoubtedly popularly called catarrh of the bowel, when, as a
matter of fact, there is no organic change in the intestine. It
seems that enteritis, when a more systematic examination of
the feces 1s undertaken, will be found not to play so important
a rdle in the pathology of bowel disease, just as gastric catarrh,
since the introduction of the stomach-tube, is often found not
to be present, the symptoms being due to functional derange-
ment of the stomach only.

Catarrh of the bowels may be produced by various causes.
Chemical substances in some cases directly irritate the mucous
membrane of the infestine, setting up a true catarrh, while in
other cases certain articles of food taken in excessive quantity—
so that the digestive functions are not sufficient to carry out
the proper preparation of the food—irritate the mucous mems-
brane of the bowel, either by reason of the bulk of the food or
the products of decomposition. In other cases again, the food
itself may be tainted, and directly irritate the mucous membrane
of both the stomach and bowel, setting up a gastro-intestinal
catarrh.

Certain bacteria may undoubtedly set up a true enteritis, 7.e.,
cholera, typhoid, and probably, in some cases, the bacillus coli
themselves. In certain individuals, cold is apt to set up true
catarrh of the bowels just as in others cold sets up catarrh
of the respiratory tract.

Since it is only our intention here to discuss the chemical
changes produced in the fwces by the process of catarrh, it is
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unnecessary for us to divide it into the various sub-divisions
according to the cause of the enteritis; it will suffice for our
purposes to divide it into two forms, acute and chronic catarrh,
treating colitis separately.

ACUTE CATARRH OF THE BOWELS

Acute catarrh of the bowels, unless it is very hmited in
extent, is practically always accompanied by a certain degree
of diarrhcea ; this is partly due to the increased quantity of
water present in the faeces, and partly to the excessive amount
of mucus thrown off from the inflamed bowel. It has to be
remembered that the consistency and not the frequency of the
stools must be designated as diarrhcea. The motions will
vary in frequency from 1 to 20 per day. In cases where
the catarrh involves both the small and the large intestine,
there is a tendency to frequency of motions. When the
catarrh is limited to the large intestine, especially the lower
end of it, the motions may be as many as 20 or more per diem,
while on the other hand, in cases of intestinal catarrh limited
to the small intestine, it is not at all unusual to have only one
motion passed daily. The first motion may be of a semi-solid
nature, quickly followed by more or less liquid stools, the later
motions tending to be frothy and extremely slimy. It i1s not
at all uncommon to find amongst the liquid stools a certain
quantity of seybala, which are really the retained motions of
previous days.

The colour of the fwces in adults varies from light brown
to a greenish colour. An absolutely green colour in adults is
only present in rare cases, and is always due to the presence of an
increased quantity of biliverdin. In children, on the other hand,
it is quite common to find green stools even in the slighter cases
of catarrh, and this may be due either to biliverdin or the pro-
ducts of bacteria themselves. The odour of the feces varies
very much according to the cause of the catarrh and the fre-
quency of the motions. The first motions in acute catarrh
are, as a rule, very offensive, but if there are numerous motions
with excessive transudation into the bowel, causing a washing-
out of the bacteria and their products from the large intestine,
the odour may become practically inoffensive, Where the
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motions are less frequent, so that the bacteria have time to
multiply in the excessive exudation, the odour is extremely
offensive. In cases of catarrh of the bowel on a milk diet, one
finds an acid odour owing to the excessive quantities of lactic,
butyric, and acetic acids.

We may now consider a typical case of catarrh of the bowels,
using it as an illustration of what one may expect to find in
ordinary cases of acute catarrh of the bowel, not affecting the
large intestine.

A male, aged twenty-three, had periodical attacks of diarrhcea
set up either by chill or slight errors in diet, and often accom-
panied by slight fever.

The qualitative analysis of the urine showed an increase of
indican and urobilin, but nothing else of note.

TABLE LIIL.—DISEASE—ACUTE CATAREH OF THE BOWELS

Dier: Mixed, containing 1836 grams nitrogen, 114-44 grams fat, 126-71
grams carbohydrates, 2051-49 Calories, 1510 c.c. fluid

|

Date, October 1904 . . 6 7 R 9 Average.
Weight in kilos : G637 G637 3750 (750 6694
Calories per kilo . - 3091 4091 30054 | 3054 J0°73

Urine : Quantifative Analysis

Quantity . y : 1300 | 1290 | 1430 | 1490 13:78
Specific gravity . . | 1026 | 1024 | 1023 | 1022 | 1024
Nitrogen . - - 18-75 | 1935 | 22-58 | 21-38 | 2049
Urea . - : - 39:52 | 3773 3804 | 3839 | 3830
Uricaeid . . .| 03| 07 | 08 | 086 | 070
Ammonia . i v 072 | 064 060 | 017 053
Phosphates (P,0;). 5 302 | 291 | 313 328 | 309
Chlorides . 2 : 741 | 765 848 937 8-23
E Tatal . . : 376 3-56 3-42 07 | 370
= [s‘hlhlliﬂﬁ{ﬁ} DS e 323 | 383 | 351
=] Aromatic (B) . - 013 | 19 019 024 | 019
Z RatioA:B . . 279:1|177:1|17:0:1 |16:0:1 | 197:1
Faees : Quantifative Analysis
Date, October 1904 5 (i1 7 : 8 | 9 | Average
No. of motions . : 1 1 : 1 ' 2 | 4days.
Quantity . ; - 211 92 42 G5 102
Water per cent. . . | B4'88 77°53 70-98 T6-46 7746
Nitrogen . . . 1G9 -0 | 065 081 106
Pat ...« e owd, el o0l S0 SwE Sy
Absorbed nitrogen p.c. . - —_ | = - 9423
,»  fat percent. |, —_— —_ | = — 06-99
|
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The quantitative analysis of the urine (Table LIII.), which
was carried out during a slight febrile attack, shows an excess
in the quantity of nitrogen eliminated above that taken in the
diet, the uric acid being also increased.

The analysis of th- fieces shows that the first charcoal appeared
two hours after i1ts admimstration ; the second charcoal, which
was given on the fifth day appearing four hours later. During
the four days of observation, the patient passed one motion
daily, except on one occasion, when there were two motions.
They consisted of soft, slimy paste, oceasionally tending to the
formation of soft rolls, but no scybala were present. The motions
appeared frothy from excessive formation of gas, and the odour
was extremely offensive throughout.

Chemical Analysis of the Fsaeces.—On inspection
of the stools, it was at once seen that mucus was present in
large excess. In all cases of catarrh of the bowel one finds this
excess of mucus, and in this case, on spreading some of the
fieces on a plate for thorough examination, the mucus was
found to be intimately mixed with the faeces; and in some of
the specimens, gelatinous lumps or strips of mucus were found.

The watery extract of the faeces gave a marked albumen
reaction.

At no time was blood found to be present, and this would
appear to be the rule in the majority of cases of acute catarrh.
In some few cases, very minute quantities of blood may be
noticed, and when this occurs, some of it is usually mixed with
the mucus.

This case gave no reaction for bile pigments, though in some
cases of catarrh of the bowel with frequent motions one may
find even in adults a distinet bile reaction, and, in many cases,
the mucus is found to be stained by bile pigment.

The examination of the faces for urobilin showed a marked
excess, and this has been our general experience.

Microscopically, the feeces showed partially digested muscular
fibres, together with vegetable cells, a few starch granules and
fat drops. The microscopic examination of the mucus showed
that it contained numerous epithelial cells, together with a
few isolated leucocytes ; in all specimens examined, the epithelial
cells were prominent. If one is to diagnose catarrh of the bowel,
it is essential that one should find numerous epithelial cells
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mixed up with the mucus, as the mere presence of mucus is not
in itself sufficient evidence that there is true catarrh going on.
If ulceration is not also present, very few leucocytes will be
found.

The quantitative analysis of the fxces showed that in spite
of their being so soft, and apparently of such a watery con-
sistency, the actual quantity of water was not increased to any
great extent. Only on the first day was it as much as 8488 per
cent., the average for the four days being 7746 per cent. The
quantity of nitrogen present in the faeces averaged during the four
days 106 grams, and the fat during the same period averaged
3-45 grams. The absorption of nitrogen was 94-23 per cent.
(being a slight decrease), while that of fat was 96-99 per cent.
It would appear that this is, as already stated, a more or less
typical case of catarrh of the bowel, in which the large intestine
18 not involved to any marked extent, the important point
being the fact that the motions did not contain any marked
increase of water although the increased quantity of mucus
very considerably altered their consistency from the normal
standard ; and it is also to be noted that the frequency was
not increased, whereas in many cases one finds a distinetly
increased number of motions. But, as we have already
remarked, this is largely dependent upon the extent to which
the lower end of the large intestine is involved.

CHRONIC CATARRH OF THE BOWELS

The difference between acute and chronic catarrh of the bowels
is one chiefly of degree, and many cases can be described as
acute catarrh, verging on sub-acute, and sub-acute verging
again on chronic, without its being possible to say definitely
what distinguishes one from the other. Generally speaking, one
may consider that in acute catarrh there i1s a tendency to
diarrhcea, while in chronic catarrh there is more apt to be a
tendency to constipation. The latter varies very much ; some-
times there may be two or three days constipation followed
by more or less diarrhcea, while in other cases one gets diarrheea
motions of a semi-solid consistency alternating with solid motions.
There is a tendency in chronic catarrh for the quantity of feces
to be larger than normal, and considering the tendency to
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constipation, this is remarkable, though it may be partly ex-
plained by the increased quantity of mucus which accompanies
the chronic catarrhal process.

The condition of the feces in chronic catarrh can well be illus-
trated by taking a case and founding our description on what
was found in this individual.

TABLE LIV.—DISEASE—CHRONIC CATARRH OF THE BOWELS

Dier: Mixed <+ milk, containing 22°'15 grams nitrogen, 83'79 grams fat,
102+59 grams carbohydrates, 176843 Calories, 1740 c.e. fluid

Date, May 1904 . : 17 18 19 20 [Average.
Weight in kilos . i R 8190 81-56 82-13 81-78
Calories per kilo . -l 2164 | 2160 2168 | 2153 2161
Urine : Quantitative Analysis
Quantity . i : 1120 1920 | 1270 1340 1413
Specific gravity . - 1020 1022 1024 1022 1022
Nitrogen : - - 14-90 2076 24-10 24:12 23-72
Urea . . - .| 2765 6221 4801 49-31 4677
Uric acid . . : 073 I'11 | 100 098 096
Ammonia . . - 016 -84 | 085 067 063
Fhosphates (P,0y) . - 105 303 | 359 2-87 2-Bi
Chlorides . : : 4-59 7210 ‘ o2l a5l 260
3 ( Total . ; : 273 597 448 442 440
E [ Alkaline (A) . : 253 507 423 414 412
= l Aromatic (B) . : 020 040 025 (-28 028
= “RatioA: B . 1 127:1|140:1 | 169:1 | 148:1 | 14'7:1
Feeces : Quantitative Analysis
Date, May 1904 . : . : 21 23 | 25 Average
No. of motions . 4 : o 1 2 | 1 4 days.
Quantity . - : . -+ 201 343 | 138 186
Water per cent. : - - 7084 7961 | 86:86 7910
Nitrogen . - . . . 373 343 | 089 201
Fat 5 L . - - 902 8-29 2:15 4-87
Absorbed nitrogen per cent. y — - ‘ - 90-93
e fat per cent. . i - — ‘ — 04-24

A male, aged thirty-six, had periodically indulged in alcohol
to excess. He was said to have frequent attacks of indigestion
together with constipation, this condition having lasted for some
years. The patient passed a motion regularly for several days
and then, for no apparent reason, he would become constipated.
He had been in the habit of taking drugs when constipated for
more than two days, so as to avoid a longer period of constipation.
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During the time of observation, a four days’ analysis was carried
out on a mixed diet with the addition of milk. The qualitative
- analysis of the urine showed an increase in the quantity of indican
and urobilin, but no sugar or albumen ; nothing else of interest
was noted.

The quantitative analysis of the urine (Table LIV.) showed,
comparatively speaking, a large quantity of urea, and the nitrogen
in the urine was slightly in excess of that given in the diet, the
total daily excretion of uric acid being high, and the aromatic
sulphates increased.

The examination of the feces during the period showed that
the first charcoal appeared in 95 hours 45 minutes after its
administration, and the charcoal given on the fifth day appeared in
51 hours, so that we have in this individual a decided tendency to
delayed motor-power of the alimentary tract, this being the usual
condition found in chronic catarrh of the bowels. The patient,
during the four days of analysis, passed motions on alternate
days, there being on the second alternate day two stools. The
fieces consisted of formed rolls with a tendency to seybala
matted together like sheeps’ motions, while, on one day, the
stool was unformed, and of a pasty consistency. The colour
was dark greenish, and the odour throughout the period was
very offensive. In simple chronic catarrh, one nearly always
finds very offensive motions, and they are always more offensive
than those of simple constipation.

The chemical examination of the feces showed a marked
excess of mueus, which on careful inspection was found to be
intimately mixed with the faeces. Albumen was found to be
present in the watery extract of the fwces, this being what we
have found inall the cases of chronic catarrh which we have
investigated. Neither blood nor bile was present, and this
would appear to be the rule in such cases. The reaction of all
the motions passed was alkaline, and the addition of perchloride
of mercury solution to the feces showed a very marked excess
in the quantity of urobilin.

In cases where the catarrhinvolves the large as well as the
small intestine, fragments of muscular fibres are found, by
microscopic examination, to be more numerous than usual.
When, however, connective tissue is also present, it shows,
according to Schmidt, that the stomach is implicated. Numerous
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vegetable cells were noticed in this case, and fat drops were also
present. The presence of an increased quantity of fat in the
stools i1s not at all uncommon in chronic catarrh of the bowels.
Crystals of ammonium magnesium phosphate and calcium salts
of bile acids were observed, and numerous epithelial cells were
intimately mixed with the mucus, but no leucocytes could be
found.

The quantitative analysis of the feeces showed that on one day
no less than 345 grams were passed, while the average for the
four days was 186 grams, this being higher than normal on
such a diet. The quantity of water present in the fwmces was
comparatively speaking, small, the average output being 7910
per cent., thus making the large quantity of fweces the more
remarkable. The nitrogen in the fwces averaged no less than
2:01 grams per diem, and the fat 4-87 grams. We see, therefore,
a very marked diminution in the quantity of nitrogen absorbed,
90-93 per cent., while there was also a diminution in the
absorption of fat, 94-24 per cent.

As already stated, this case can be taken as a general type
of chronie catarrh of the bowel. At the same time, we must
remember that analyses vary very much, and, in some cases,
the absorption of both nitrogen and fat is found to be almost
normal, while in the majority of cases it is diminished, often
markedly so. In one case of catarrh of the bowels occurring
in a possibly tubercular individual, who passed from 3 to 4
motions per diem, we found the absorption of nitrogen to be
66-40, and that of fat 82-50 per cent.

ENTERITIS CROUPOSA

The pathological condition recognised as enteritis crouposa
or, as it is more often called, diphtheritic enteritis, is a rare
disease. It is certainly extremely rare when diphtheria bacilli
themselves are the cause of the condition, and to aveid mis-
apprehension it would appear to be better to call it enteritis
crouposa except when the Loeffler bacillus is the cause of the
disease.

This condition is met with in cases of mercurial poisoning,
either surgical or medical, and it seems especially to occur in
people who are run down from any cause. Of late years, it has

0
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been not infrequently found where serous cavities have been
washed out with perchloride of mercury.

In various infectious diseases, such as pneumonia, general
septiceemia, scarlatina and smallpox, it is not unusual to find
croupous enteritis. The pathological condition of dysentery is
also included in this group.

The faeces will be found to be passed more frequently than
usual ; there 1s, as a rule, a good deal of tenesmus, and the
motions are extremely watery.

The feces will be found to be mixed with mucus, blood, and
pus ; in fact, they may consist of the latter material alone, and
not uncommonly they contain shreds of tissue.

Under the heading of “ blennorrheea intestinalis,” a group
of cases may be classed, which are more chronic than the
ordinary enteritis crouposa; as seen in tubercular or carcino-
matous patients, or other cachectic individuals, the liquid
motions are grey or almost white, and appear to be nothing but
pus, mucus, and water.

It must be especially noted, as pointed out by Nothnagel,
that purulent fmces are not found in proper catarrh of the
intestine, but merely in the croupous form of inflammation
of the bowel. Unfortunately, we are unable to give any
metabolic analyses of the condition of enteritis crouposa.



CHAPTER XXVI

COLITIS—MUCUS, ULCERATIVE (ACUTE AND CHRONIC) AND
MEMBRANOUS

Or late years, colitis has been especially brought to the notice
of medical men as a disease sui generis and for this reason we
consider it advisable to discuss it separately from catarrh. The
pathological condition of the bowels in true eolitis is of a very
varied nature. In some cases where the clinical symptoms
have been characteristic, the autopsy reveals very limited
changes in the intestines. In deseribing the chemical conditions
found in colitis, it is as well for us to make three sub-divisions
of the disease : (¢) Mucous Colitis. (b) Ulcerative Colitis (acute
and chronic). (¢) Membranous Colitis. The demarcation line
between one and the other may, in some cases, be very narrow.

(@) MUCUS COLITIS

The form of colitis most frequently met with in ordinary
practice 1s probably mucus colitis. Its etiology wvaries very
much in different cases, although we do not agree with Lockwood
that it is generally consequent on appendicitis. A great number
of cases undoubtedly follow appendicitis, but this fact does not
necessarily imply that the appendicitis is responsible for the
condition. It may rather be that the attention of the doctors
had not been drawn to the fmeces until the appendicitis had
asserted itself. In fact, the case which we are using to illustrate
mucus colitis is one of those in which mucus was never noficed in
the motions until after an attack of appendicitis, followed by
operation. Of course, we do not mean to imply that the removal
of the appendix set up mucus colitis, but that the underlying
pathological condition which ecaused the appendicitis was
probably the same as that which caused the colitis to appear
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later, and that the removal of the offending appendix was not
sufficient to hinder the progress of the colitis.

The etiology of mucus colitis is difficult to define, and pathol-
ogists incline to divide into three groups: (1) those who
hold that mucus colitis is a purely nervous disease arising
from nervous alterations in the secretions of the colon ; (2) those
who consider the condition to be one of organic disease, having
a distinet anatomical pathology ; (3) those who attribute the
condition partly to nervous and partly to anatomical changes.
It appears to us that pure hypersecretion of mucus, arising from
imperfect nervous control of the secretions of the bowel in
neurotic and hysterical individuals, is sufficient to explain the
condition in many cases. '

The symptoms occurring in mucus colitis vary very consider-
ably, and, in some cases, one gets a bizarre picture, the general
weakness and lassitude of the patient, and the degree of wasting
and malnutrition evinced being altogether out of proportion
to the amount of nourishment taken, and further, to the amount
of absorption shown by metabolism analysis. On the other
hand, there are cases in which a large amount of mucus is dis-
charged by the bowel, and where the general symptoms are so
little marked that the mucus colitis is only discovered by accident.
The ordinary signs of the condition, when looked for in these
cases, are tenderness in various parts of the colon (ascending
or descending, or more rarely the transverse), together with a
certain amount of rigidity of the muscles over the tender ‘area.

In describing the chemical conditions found in mucus colitis,
we will again take one case as an example, and base our
description on this.

A lady, aged thirty-six, who was distinetly neurotic, though
in no way an invalid, and who was leading an ordinary society
life, had always fussed about her general condition, and had
been in the habit of frequently examining her motions. She
was first seen in 1900 for indigestion with a tendeney to con-
stipation, though the latter condition was not very marked.
There was no mucus present at that time. In 1903 she had
an attack of appendicitis, for which the appendix was removed.
Some time afterwards, when entirely recovered from the appendi-
citis, she first noticed the presence of mucus in her motions ;
eichteen months later, she complained of pain along the
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whole course of the ascending and transverse colon, and general
lassitude, having great difficulty in getting through her ordi-
nary engagements., She stated that for the last year or more
she had noticed mucus in more or less large quantities in her
motions, and that she had periodical febrile attacks. The
patient was put on an ordinary mixed diet with the addition
of milk, and analyses carried out.

The qualitative analysis of the urine showed an increase of
indican, but no marked increase of urobilin, the urine being
otherwise normal except for the presence of some calcium
oxalate crystals.

TABLE LV.—DISEASE—MUCUS COLITIS

Digr: Mixed + milk, containing 1892 grams nitrogen, 58:18 grams fat
10800 grams carbohydrates, 177769 Calories, 1680 c.c. fluid

|
Date, March 1905 - - - | ‘ Average.
Weight in kilos : - - 45 6ir ‘ 48G0 48°G0 4860
Calories per kilo . ; ‘ 3658 | 36758 36°58 ! 36°58

Urine : Quantitative Analysis

Quantity . : . : : 1400 | 1370 1150 i 1307
Specific gravity . . . . 1016 | 1016 | 1023 | 1018
Nitrogen . . . - - 1148 | 1521 18-06G 14-92
Urea a . E 3 x 15-76 i 24-52 32:13 25-10
Uric acid . : = 5 SR B ) I PR o 7 0-07 0-17
Ammonia . : i : ; 018 026 0-52 0-32
Phosphates (P, 0;) . : R 2-14 2-44 207
Chlorides . - i y : | B30 562 518 537
8 rTotal . . % - ; 234 306 3-36 292
E f Allaline (). . . .| 226 291 320 | 279
2| Aromatic (B) . - - 008 015 0-16 0-13
& LRatio A: B ; . . 23 3:1|104:1|20:0:1 | 21-5:1
Feeees : Quantitative Analysis
Date, March 1905. : 3 4 5 6 Average
No. of motions . : 1 1 1 1 3 days.
Quantity . - . 106 115 63 37 108
Water per cent. . . | 8699 78:21 | G695 7275 T6:23
Nitrogen . : : 0-81 1448 | 1-27 059 1-38
Fat . . 181 328 281 1:32 307
Absorbed nitr r:-g-::u p.c. . e — — — 92-71
- fat per cent. . - — — — 9652

The quantitative analysis of the urine showed, as will be seen
in Table LV., a tendency to decrease in the quantity of nitrogen ;
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unfortunately, however, the analysis was begun immediately
the patient was put on the diet instead of three or four days
later, and hence the small quantity of nitrogen on the first day
(1148 grams). In spite of the patient taking 36:58 Calories
per kilo, there was no gain of weight during the period of analysis
and, as will be shown later, this could not be entirely explained
by the want of absorption.

The quantitative analysis of the faeces showed the first charcoal
to appear in 254 hours after its administration by the mouth, the
second charcoal taking 37 hours to appear.

During the three days of analysis, the patient passed one
motion daily, consisting of unformed paste of a brownish green
polour and with an extremely offensive odour. Some of the
motions tended to consist of formed rolls, but, as a rule, they
were quite pultaceous.

In a certain number of cases of colitis, one sees a tendency
to diarrheea of a mild type, the charcoal appearing in 6 to 8
hours after its administration. In such cases the patient may
have one or more motions daily, some of them consisting of
almost pure mucus ; in other cases, there is a distinct tendency
to delay in the appearance of the charcoal in the fwces, varying
Ircm 48 to 150 hours. These patients may pass more or less
solid motions mixed with mucus in varying amounts, and as a
rule, the motion is of the normal sausage shape with an ocea-
sional tendency to scybala, the sausage motion being, however,
always much softer than normal. It would appear that the
tendency to an excessively putrid odour is not so great as in
simple catarrh.

The chemical examination in the case we are discussing
showed a very marked excess of mucus, it being not only inti-
mately mixed with the faeces, but also in separate masses in the
pultaceous motion. The quantity of mucus varied very much
from day to day, the porridge-like motion being very shmy,
and adhering to the sides of the vessel. The mucus itself was
of a yellowish colour, occasionally tending to be streaky, though
there was never any appearance of membranous casts. §

In mucus colitis, as we have previously said, one finds large
quantities of mucus separate from the motion, as well as some
intimately mixed with the ordinary stool. The mucus, as a
rule, is shiny white, and not uncommonly it has the appearance
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of boiled sago. The white slimy mucus varies so mnch in its
consistency and quantity that one sometimes finds it difficult
to distinguish mueus colitis from the condition which we shall
later describe as membranous colitis.

The watery extract of the fmces in this case showed no
albumen reaction ; in some cases, however, of mucus colitis, one
finds a distinet albumen reaction in the watery extract of the
fieces, althongh—unlike catarrh of the bowels—it is not at all
common.

Blood and bile were absent from all the motions, and this
would appear to be the universal rule in cases of simple mucus
colitis,

In the majority of cases of mucus colitis, the reaction for
urobilin both in the feces and urine is normal, while in catarrh
of the bowel there is a tendency to increase of urobilin.

The inicroscopic examination showed some slight increase
of muscular fibre, a few starch granules, and some fat drops,
together with crystals of ammonium magnesium phosphatea
and calcium oxalate, The mucus under the microscope was
secen to consist of transparent matter containing only a very
few leucoeytes, and here and there epithelial cells.

In muecus colitis, in addition to the quantity of mucus present
in the stool, it is worthy of note that the mucus contains no
large number of epithelial cells and leucocytes, thus at once
distinguishing it from catarrh of the bowels.

The quantitative analysis of the fwces showed that during the
four days when stools were passed (representing the three days’
diet, as isolated by charcoal) the quantities varied from 37 to
115 grams, the average quantity of feces per diem being
108 grams. The quantity of water present in the fmces is
also seen to vary very considerably, from 66-95 to 86°99 per cent,
the average being 76:23 per cent. The daily quantity of nitrogen
fluetuated, the average being 1-38 grams, while the average
quantity of fat per diem was 3:07 grams. The absorption of
nitrogen was 92:71 per cent., showing a distinet tendency to
decreased absorption, while that of fat was 96:52 per cent.,
which one may regard as normal. In many cases of mucus
colitis, it would seem that the absorption tends to vary very
little from the normal, although one finds variations which are
difficult to explain. In this case, some of the increase in the
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quantity of nitrogen in the fmces can doubtless be explained
by the increased quantity of mucus, so that the real absorption
of the proteid taken in the diet was probably larger than would
appear from the analysis.

ULCERATIVE COLITIS

Under the heading of ulcerative colitis, we have to include
the two conditions, acute and chronic uleeration of the ealon,
the latter being very frequently met with in practice.

Acute TUlcerative (Colitis.—Acute ulcerative colitis
occurs both as tropical dysentery and sporadically. In true
dysentery, the chemical analysis shows abundance of mucus, and
one always obtains an albumen reaction, in addition to which
peptone is generally present. Mucoid sanguinolent stools, con-
taining numerous scybala, are frequently passed, the motions
being accompanied by considerable pain and almost constant
tenesmus. In severe cases, the discharge from the bowels becomes
thinner and thinner, and of a more greenish colour, until at last
one may obtain stools looking very much like the washings of
meat. Microscopic examination of the motions reveals, together
with numerous bacteria which we need not here describe, a large
quantity of leucocytes and epithelial cells mixed up in the
IMuUCcIsE,

Asylum dysentery has been very ably described by Mott and
Durham.! The motions passed in thig asylum dysentery very
closely resemble those passed in ordinary dysentery, and the
diagnosis has to be mainly based on the fact of having blood
together with large amounts of mucus in the stools. In a
really typical motion one may obtain, as in dysentery, a mixture
of blood and mucus with very little else, though one generally
finds some scybala. Aecording to the degree of bowel affection,
the proportions of liquid and solid feecal material vary, so that
in some cases one may have difficulty in recognising blood and
mucus ; careful examination will, however, generally reveal its
presence. In some cases of asylum dysentery, it would appear
that the patient does not continuously pass typical stools consist-
ing of blood and slime ; one gets on one day a typical stool, on
the next, merely a loose motion, and on the third and fourth

1 “ Report on Colitis and Asylum Dysentery,” May 1900, p. 15.
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days a constipated motion; but in the latter event, the motions
will be coated with shreds of blood and patches of slime.

The mucus present in asylum dysentery is generally somewhat
tenacious, and consists of a jelly-like material, translucent or
slightly opaque; the colour is whitish (except when blood is
present to redden it), or it may have a greenish hue. Micro-
scopically, numerous leucocytes will be found in the stools, and
as a general rule, only a few epithelial cells.

Chronic TUlcerative Colitis,—Under the heading of
chronic ulcerative colitis, one ought te include the wvarious
chronic ulecers which may occur in the large intestine as the
result of tubercular or syphilitic disease, carcinoma, or any
other morbid condition. The differential diagnosis between
one and the other cannot, however, be arrived at by mere
chemical analysis, so that we will content ourselves with
deseribing the form which occurs in stercoral ulceration as a
type of uleerative colitis.

It would appear that scybala, from mere pressure or from
the production of chemieal irritants, are apt to cause ulceration
of the large intestine. These scybala are especially inclined to
be retained in the ceeum, hepatie, splenic or in the sigmoid
flexure, and it is, therefore, in these positions that one most
commonly finds stercoral ulceration. |

Stercoral ulceration is very often accompanied by mmucus
colitis. That the scybala are the cause of the mueus colitis
seems doubtful. It would appear much more likely that in
those cases of mucus colitis in which there is chronie constipa-
tion or retention of scybala in certain positions, the scybala
are the cause of the uleceration, and the mucus colitis is a mere
accident.

The symptoms of chronic ulcerative colitis caused by facal
retention vary very much according to the degree of constipation
present, and also to the degree in which the individual reacts
to the constipation. As we have already said, even slight con-
stipation causes, in some people, very marked toxic symptoms,

In cases of stercoral ulceration we find by the charcoal
method that there is, as a rule, great delay in the passage of
charcoal along the alimentary tract. There are, however,
cases in which the patient shows no delayed bowel action, and
yet there is stercoral ulceration. In those cases where there
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is no absolute delay in the passage along the alimentary canal,
one finds that, in spite of the bulk of the charcoal appearing at
the end of twenty-four hours or so, some of it tends to be
eliminated in the next two or three days. It would appear that
in these cases, most of the feeces pass along the alimentary canal
fairly rapidly, while certain scybala are retained in the sacculi
of the large intestine for a longer period, some of these scybala
setting up the ulceration. :

We will now describe a case illustrative of the general condi-
tion. A male, aged thirty-four, had suffered from chronic con-
stipation for many years; he complained of general abdominal
discomfort and tenderness over the ceecum and sigmoid, pressure
over other parts of the bowels revealing no tenderness.

TABLE LVI.—DISEASE—CHRONIC ULCERATIVE COLITIS

Dier: Mixed 4 milk, containing 21-57 grams nitrogen, 120°75 grams fat,

143:60 grams carbohydrates, 2522-97 Calories, 2070 c.c. fluid

|
| = Aver-
Date, May 1903 ‘ 3 | 4 ‘ 5 | 6 ‘ 7 & | J
Weight in kilos . | 50-85 | 59-79 | 59-85 | 6109 | 6041 60-13 I 6012
Calories per kilo. | 42:33 | 42-36 | 42-33 | 40-50 | 41'92 | 42-12 | 4103
Urine :  Quantilative Analysis
Quantity . . | 1820 | 1580 | 2140 | 1120 | 1840 | 2340 | 1807
Specific gravity . . | 1016 | 1018 | 1017 | 1023 | 1014 | 1016 | 1017
Nitrogen . . 12056 | 14:85 | 24-82 | 1792 | 17-49 | 2850 | 2069
Urea | — 120770 | 53-07 | 37-07 | 32-38 | 54-99 | 41'84
Urie acid . 062 | 0-58 | 098 | 089 069 086 | 077
Ammonia . 047 | 021 ( 034 | 040 | Q68| 067 | 0-dd
Phosphates [P:!‘J | 346 | 2:61 | 396 | 2-61 | 298 | 412 | 320
Chlorides . - | 830 432| 781 | 562 | 7387|1174 753
@ (Total . . .| 394| 242| 500| 341| 3-67| 576 | 403
= [:\Ikﬂlitln (A) | 373 | 220 477 321 | 347| 544 382
g ‘l;\rmnntic (By .| 021 013| 023 | 0-20| 0:20| 0:32| 021
= \Ratio A: B  [LT7-T:117-6: 1{20-7 : 1{16-0: 1{17-5: 1{17°0: 1{18:2:1
Feeces : Quantitative Analysis
Date, May 1903 ] 1 8 9 i 10 Average
No. of motions 2 2 2 2 G days.
Quantity z 05 163 100 279 106
Water per cent. . 6323 G516 G545 76-70 764
Nitrogen 2 150 244 148 2-80 137
Fat = 533 876 532 10-02 491
Absorbed nitr ﬂgEn |JLI cent. — —_ — - 9365
2 fat per cent. . —_— Pk = —_— 9375
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The patient was put on a mixed diet with the addition of milk,
containing no less than 4193 Calories per kilo, and on this diet
he increased in weight. During a period of six days, metabolism
analyses were carried out.

The qualitative analysis of the urine showed a marked increase
in the quantity of indican, and an excess of uric acid crystals
was noted in the sediment.

The quantitative analysis of the urine (Table LVI.) showed
no marked increase in uric acid, although it was deposited in the
urine. It is seen that the quantity of nitrogen daily excreted
varied very considerably, the average, however, showing nitrogen
equilibrium.

The analysis of the fweces showed the first charcoal to appear
in 102 hours 55 minutes, while the second charcoal given on
the seventh day appeared in 50 hours 15 minutes.

During the six days of analysis, motions corresponding to
the diet were passed on only four days, there being two moticns
on each of these days. During the first three days on which
the patient passed two motions daily, the quantities of each
stool varied from 45 to 110 grams; on the last day when the
motions were passed immediately after each other, the quantity
was the largest noted, owing to the fact that a water enema was
given (on account of there being some tenesmus from the retention
of sevbala in the rectum). As soon as the motion was obtained
the water was poured off, the motion being analysed as free as
possible from water. It was noticed that some charcoal-contain-
ing scybala appeared the day after the charcoal was first recog-
nised in the feeces, that is to say, six days after its administration.
The stool consisted of hard round lumps and rolls composed
of numerous seybala massed together. Atthe same time, there
were some separate scybala, and, on one occasion, the motion
consisted entirely of separate seybala stuck together with thick
mucus, stained with blood. Small coagula of blood were also
found between the seybala. In addition to the mucus between
the lumps, some of the seybala were coated with a layer of mucus
as if they had been smeared over with vaseline, this layer of
mucus being often distinetly tinged with blood. The odour
was noted on all occasions to be extremely offensive.

The seybala in these cases of chronic ulcerative colitis are
generally found to be more or less rounded, varying in size from
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a small bean to a large walnut. In cases where mucus colitis
i1s present in addition to the stercoral colitis, one finds firm
shellac-like mucus coating the seybala, and large quantities of
slimy mucus of a bright vellow or dirty red colour are found to
be mixed up in the stool.

The chemical examination of the fmeces showed, as already
described, a great excess of mucus. On breaking up the motions
with water, only a little mucus was found mixed up in the scybala
themselves. The watery extract of the faeces gave no albumen
reaction, though in some cases of stercoral ulceration we get
a distinet albumen reaction. In this case, small quantities of
blood were found in clots adherent to the mucus or to the scybala.
Bile was not found in any of the motions, and in no case of
stercoral ulceration have we ever obtained a bile reaction.

In this case, perchloride of mercury showed a very feeble
reaction for urobilin, although in the majority of cases of ster-
coral ulceration, we have found a tendency to an increased
urobilin reaction.

The microscopic examination showed some partially digested
muscular fibres, together with numerous vegetable cells, calcium
salts of bile acids, and a few crystals of ammonium magnesium
phosphate. The gelatinous mucus was found to contain
numerous epithelial cells and leucocytes, and round some of
the clots there appeared to be some fibrous tissue containing
leucocytes ; but distinet sloughs, which could be recognised
as such, were not found.

The quantitative analysis of the faces showed various quanti-
ties per diem ; in spite of there being two motions on each of
the four days belonging to the diet of six days, the daily quantity
was not very large, and most of the delay in this case was
probably present in the rectum itself, since a large quantity
of fieces was obtained by giving a water enema, which hastened
the expulsion of the {mces by two or three days. It is seen that
the water varied from 63-23 to 6545 per cent. during the first
three days on which no enema was given. In spite of the fact
that the water was poured off as soon as the motion was obtained,
some must have remained behind, thus accounting for the
increase of water in the faeces (to 76-70 per cent.), on the last
day of analysis. The daily quantity of nitrogen fluctuated
from 1-48 to 2:80 grams, the average for the six days being
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1-37 grams, showing a slight increase of nitrogen on this
diet. The quantity of fat is seen to be very large, varying from
532 to 10:02 grams, making a daily average of 4:91 grams. It
is seen that the absorption of proteid was 93:65 per cent.,
while that of fat was 93-75 per cent., the absorption of both
proteids and fat being below the normal.

MEMBRANOUS COLITIS

It has long been recognised that the passage of distinet mem-
branes or casts occurs in certain neurotic individuals. White-
head ! gives a very full résumé of the literature on the subject,
elating the observations of these casts by the: early observers,
It has been found in the few instances where autopsies have
been carried out in individuals suffering from this membranous
colitis that there were practically no anatomical changes to.
account for the condition. DBetween the periods of attack,
the patient may suffer from no special intestinal troubles except.
possibly constipation. Colicky pains of more or less severity
are followed in two or three days by the passage of membrane
after which the patient feels very much better until the re-
currence of a similar attack. In some cases, the stools consist
almost entirely of shreds or tubular casts of membrane, which
have a more or less fecal odour ; sometimes they are colourless
when mixed with the fmeces, and on washing they are always
found to be grey or transparent white. The membranous
material can take most fantastic forms, though careful examina-
tion generally reveals, on floating in water, an almost complete
tube ; at other times branched pieces of membrane are observed.
Microscopic examination of the mass shows a glassy structure
which on the addition of acetic acid gives a cloudy striation.
One sometimes sees in the membrane numerous epithelial cells,
while in other cases practically none are present. The mem-
brane appears in some cases to be in distinct layers, between
which it is not uncommon to find remains of undigested food
or fweces. The membrane may contain numerous crystals of
ammonium magnesium phosphate and cholesterin, and, occa-
s'onally, Charcot-Leyden crystals. The chemical analysis of
the membrane when washed free from epithelial cells is found

1 British_Medical Journal, 1871, February 11 and 18.
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to consist principally, of mucus, Leathes' considered that
these casts were not mucus, since, when free from epithelial
cells, they gave no reaction for proteid, and appeared to be
composed of chitin derived from the carbohydrates. Fibrin
has been described by Guttmann® as present in considerable
quantities, though other observers appear to differ on this point,
and to consider that the presence of fibrin is to be regarded as an
exception. The appearance of the faces in cases of pure mem-
branous colitis practically differs in no way from that in ordinary
constipation. At the same time, there are numerous cases of
mucus colitis in which one periodically observes membranous
casts. We have never been able to obtain any metabolism
analyses during which the patient has suffered from the colicky
pains and passed casts, although we have had cases under
observation where membrane has been voided at various times.
The most marked case which has come under our notice is
that of a lady, aged forty-one, who had suffered from *‘ weird
abdominal symptoms for some twelve years. On occasions,
she would get girdle-like pains in the abdominal region which
would become very tender, and on the same day or the day
after, a membranous mass would be passed. Some of these
membranes were described by the patient as 3 ft. long, though
the specimens which came under our observation were never
more than 2 ft. in length when floated out in water. The mem-
branes on different occasions varied from 1 to 2 ft. in length,
and were about 1} in. in diameter. As a rule, they were
extremely thin, although sometimes the walls were consider-
ably thickened and distinct layers were evident. The mem-
branes tended to be more or less colourless, although the white
colour was sometimes masked by feces. The tubes were, as a
rule, passed separate from the faces, or only contained very small
quantities of feecal matter. When washed free from feeces, they
were perfectly colourless, and on no occasion did we find any
staining from bile. No urobilin reaction was obtained except
when contaminated by fweces, and blood was never present. The
microscopic examination showed the membrane to consist of a
colourless, structureless, glass-like substance containing a few
leucocytes, and sometimes epithelial cells, which always showed
marked fatty degeneration were found. In fresh specimens,

1 Lancef, 1905, vol. ii.
2 Deutsch. Med. Wochenschr., 1887, No. 27.
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ammonium magnesium phosphate crystals were never present,
though, on some occasions, when the specimens were examined
after some days’ delay, numerous triple phosphates were found to
be present: Charcot-Leyden crystals were never seen, although
in old specimens cholesterin crystals - were present. The
chemical examination of the washed membrane gave a biuret
reaction, and a pink colour with Millon’s reagent. On the
addition of acetic acid, the mass became more opaque, and on
further addition of the acid, almost fluid. The membrane, after
digestion with pepsin and hydrochloric acid, yielded a precipitate
which contained phosphorus. On boiling with dilute acid and
subsequent neutralisation, one obtained a reducing substance.

From these chemical tests, i1t 1s evident that the membranes
consisted of a proteid containing both nucleo-albumen and true
mucus.

In the intervals between the attacks, the patient was never
well, suffering from chronic constipation alternating with attacks
of diarrheea, the chemical analysis showing that she had chronie
mucus colitis, She described the occasional passage of liquid
motions resembling ““ pigs’ wash,” with an extremely offensive
odour and an acid smell, and of a dirty greyish-white colour.
On several occasions we were able to make a chemical analysis
of this patient’s motions, which were found to vary greatly in
gquantity ; the motor-power of the alimentary tract was also
found to show considerable variations, the charcoal appearing
on one occasion in 25} hours, and on another in 733 hours. On
other occasions when it was given, the time of its reappearance
varied between these limits, but purgatives or enemata had to
be given when there was considerable delay, as the patient
became very nervous if the constipation was of long duration.
The urine analysis showed nothing of note, and the feeces
analyses always gave results which would lead one to diagnose
mucus colitis. The absorption of nitrogen varied from 8465
to 96-68 per cent., and the absorption of fat from 8840 to 96-56
per cent. on a mixed diet during four different periods of meta-
bolism analyses in the course of two years. The worst absorp-
tion occurred immediately after an attack of so-called ** pigs’
wash,” when the motions were extremely offensive, and con-
tained a large excess of mucus. On this occasion, some blood
was found mixed up with the stools, which appeared at that
time to indicate ulceration of the bowel.
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motions (there being on the first morning of analysis no less than
nine, while six occurred in the afternoon and night, and on the
following day, eight in the morning, and five in the afternoon
and night), the first charcoal did not appear till 48 hours after
its administration by the mouth, and the second charcoal, given
on the sixth morning, did not appear until 36 hours after its
admimstration. During the five days of analysis, the motions
varied in number from 13 to 15 per diem, and in quantity from
70 to 255 grams. The motions consisted of unformed paste
of a porridge-like consistency, and only on a few occasions con-
tained any fecal lumps. The colour varied from chocolate to
reddish brown, and on the third and fourth days some pure
blood was observed in the motions. The odour was most offensive
throughout, giving the impression of large quantities of indol,
phenol, and skatol. At the same time, a distinct smell of sulphu-
retted hydrogen was noted, this being also chemically recognised.

The chemical analysis of the faeces showed that some of the
motions contained practically no increase of mucus, while in
others there was some slight increase; in fact, the quantities
of mucus alone seemed to negative the diagnosis of mucus colitis.
The mucus which was found was of a more or less yellowish
colour tinged with blood. The watery extract of all the motions
examined gave a distinct albumen reaction. During the period
of frequent motions, blood was found to be present on the third
and fourth days of feeces analysis, and, in some of the motions,
blood corpusecles in large quantities were recognised. No hile
pigments were obtained in any of the motions, while the stools,
when tested for urobilin, showed a marked excess.

Microscopically, the fwces contained a certain amount of
casein and fat globules, together with erystals of ammonium
magnesium phosphate and some salts of the fatty acids. On
the occasions when blood was found, numerous bloed corpuscles
were present, as already stated, together with a few leucocytes
and epithelial cells. No shreds of mucus could be recognised,
so that a diagnosis of ulcerative colitis was negatived.

The quantity of faeces varied very considerably, from 70 to 255
grams being passed in the twenty-four hours, and it is seen on
referring to the table that the quantity of water present in the
feeces also varied, from 76:03 to 8543 per cent. When one
considers the frequency of the motions, the average of famces
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per diem was not very high, being 173 grams, containing 81-60
per cent. cf water, the latter also not being so high as one would
have expezted to find from the apparent markedly diarrheea.
The nitrogen in the fmces varied from 055 to 2:00 grams per
diem, the average being 1-36 grams, and the quantity of fat varied
from 1-19 to 500 grams per diem, with an average of 3-73 grams.
The absorption of nitrogen was 92:67 per cent., and that of fat
9658 per cent. It is, therefore, seen that in spite of the frequency
of the motions, and in spite of their very fluid appearance, the
amount of fluid was not very great, nor the absorption much
diminished, the proteid absorption being prinecipally affected.
During the period of observation, the patient took 28:13 Calories
per kilo, and was kept entirely in bed, there being a loss of
weight in the six days from 7065 to 69-75 kilos.

The patient remained under observation another three weeks,
although no further quantitative analyses were carried out. On
several occasions, he passed blood in the motions, the quantity
steadily increasing. There was considerable flatulency, and
towards the end the patient was constantly troubled with hiccough.

The autopsy showed atheroma of the aortic valves with old
pleural adhesions. On opening the abdomen, the large intestine
bulged out, and the cacum was larger than a man’s head. The
large intestine appeared to be greatly distended, and it was so
thin that, on trying to remove it, it burst in several places. A
small villous growth was found in the sigmoid flexure, and on
examination it was seen to be ulcerated at the extremity, which
explained the periodical attacks of heemorrhage. Two erosions
were found in the large intestine, and the mucous membrane
appeared to be more red than normal.

Dr. Wakelin Barratt was good enough to make a microscopical
examination of the large intestine, and reported that the sur-
face was free from epithelial cells, this being probably due to
post-mortem changes. The mucous membrane was distinctly
thinner than normal, and 1t would appear that the case may be
taken as an example of general atrophy of the mucous membrane
of the large intestine. Nothing of note was found in the other
organs, which were fairly normal except in the particulars
described. The hemorrhage in this case was a pure accident
so far as the atrophy of the bowel was concerned. The general
symptoms, such as frequency of motions and pultaceous
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consistency of the fmces may, however, be attributed to atrophy
of the mucous membrane of the large intestine, leading to
diminished absorption of water together with diminished absorp-
tion of proteids, the fat absorption being little affected, since this

is only to a very limited extent carried on in the large intestine.

TABLE LVIIL—DISEASE—MUSCULAR ATROPHY OF THE BOWEL

DieT : Mixed, containing 8:03 grams nitrogen, 33-99 grams fat 3968 grams
carbohydrates, 683:02 Calories, 760 c.c. fluid

Date, January 1902 . 22 23 24 25 Average.
Weight in kilos G548 G303 6480 6465 | 6409
Calories per kilo 10-43 1050 1054 1057 | 10-51
Urine : Quantitalive Analysis
Quantity T30 840 750 BOH) 780
Specific gravity : 1023 1022 1024 1024 1023
Nitrogen . | 10-14 12-56G 11-76 12-99 11-86
Urea 2 : 1893 23-52 2307 25-22 2269
Uric acid . 5 065 069 0G4 G2 0G5
Ammonia . - 0-51 041 034 064 0-41
Phosphates (P,0;) 1-G1 1-85 1-80 176 176
Chlorides £ 336 420 3-81 365 376
& (Total . 2:10 235 228 2:35 22T
= [.-’ilim!inr:{ﬂ‘,l 194 217 213 2:16 2:10
= Aromatic (B) . 0-16 0-18 0-15 0-19 017
& \ Ratio A: B 12:1 -1 |[12:0=0 | T2 0| 11231 ] 1241
Feaces : Quantitative Analysis
Date, January 1902 ‘ | 24 | 26 26 Average
No. of motions I | 1 1 | 4 days.
Quantity | 84 | 50 66 | 4T
Water per cent. . & 7432 7432 7432 | T4:32
Nitrogen . ; : 4 « | 053 0-78 102 | 0-58
Fat . ; - . = .| 264 307 505 2-2
Absorbed nitrogen per cent.. = == L 0278
o water per cent. . - | — _ — 0165

(b) Atrophy of the Muscles of the Intestine.—We now come to
the description of a case which may be classed under the above
heading. A male, aged sixty-nine, had suffered from chronic
constipation (which had gradually been getting worse), together
with marked flatulency, for some twelve or thirteen years. The
heart was described as galloping and fluttering, and there was
considerable arterio sclerosis, for which the patient had been
treated at Nauheim. The flatulency when constipated was



INTESTINAL ATROPHY 229

so severe that he woke in the night with considerable breath-
lessness, and some tendency to syncope. On examination of
the abdomen, the colon was found to be distended and soft,
the rectal examination showing considerable ballooning. There
appeared, however, to be little retention of faeces in the rectum,
and the constipation was apparently due to the general weakness
of the colon itself. A four days’ period of analysis was under-
taken, during which the diet had to be very limited owing to
the patient’s dislike for food : and the most one was able to give
was 1051 Calories per kilo. The qualitative analysis of the
urine showed nothing of note.

The quantitative analysis of the urine is of interest (Table
LVIIL.), since we see that, although the patient was taking only
8 grams of nitrogen, no less than 11-86 grams were excreted
per diem. In spite of this, very little weight was lost during
the period. It is also seen that, considering the small quantity
of urea and nitrogen, the uric acid was excessive ; otherwise, the
analysis calls for no special mention.

The motor-power of the alimentary tract showed some delay,
the first charcoal appearing in 49 hours 45 minutes, and the
second in 331 hours. Motions were passed on only three of
the days corresponding to the period of four days when the diet
was given. The quantity of feeces varied from 34 to 65 grams
per diem, making an average of only 37 grams during the pericd.
The stools consisted of thin rolls mixed with some paste and a
little muecus of a brownish colour, the odour being noted as very
offensive. The average quantity of water in the faeces was only
74-32 per cent. The chemical analysis of the feeces showed that
mucus was present, but no albumen, blood, or bile, the urobilin
being only slightly increased. The daily quantity of nitrogen
averaged 0'58 grams, and that of fat 292 grams per diem. In
spite of there being a normal quantity of nitrogen and fat in
the feeces, we find that the patient had a very small absorption
of proteid, 92-78 per cent., and a still worse absorption of fat,
only 9165 per cent. In this case, it would appear that the
constipation was due to atrophy of the large intestine, which
was distended throughout, and seemed to have lost its con-
tractive power. Unfortunately, this must remain supposition,
since we were unable to have an autopsy to verify the diagnosis,
the patient being still alive.



CHAPTER XXVIII
INTESTINAL ULCERATION

Ix ulceration of the intestines, one has to include duodenal
ulcers as well as the various ulcerative conditions which may
arise in the intestine, such as tubercular, syphilitic, carcino-
matous and uremic ulcers. The differential diagnosis between
the warious ulcerative conditions which may occur has to be
made by careful analysis of the patient’s history and symptoms,
as well as by bacteriological methods. So far as chemical
analysis of the feces goes, we may say that it alone will not
enable us to differentiate between the various forms of ulcera-
tion ; all we can expect from it is aid in making a diagnosis of
intestinal ulcer, regardless of its etiology. The text-book
theory that the diagnosis of duodenal ulcers arising from extensive
burns, emboli, or thrombosis is easily distinguished from that
of gastric ulceration by noting the lapse of time between the
taking of food and the attack of pain, with various other symp-
toms, 1s, as a matter of fact, more theoretical than practical.
In considering the alterations which may oeccur in the faeces in
cases of duodenal ulcer, one 1s at once confronted by the fact
that in some cases one gets diarrheea, and in others—and in
the more numerous cases, it would appear—constipation is
present. So long as there is no heemorrhage, one may say that it
is practically impossible from the examination of the fmces to
make a diagnosis of duodenal ulcer, the diminution of fwces
observed in some cases being due to the small quantity of food
taken owing to the patient’s fear of consequent pain. If
haemorrhage oceurs, blood will be recognised in the faeces, the
appearance of the blood being practically the same as that
found in gastric ulcer,

The generally accepted idea that diarrhcea accompanies
ulceration of the intestines—more especially of the large intes-
tine—is only partially correct. The diarrheea is supposed to be
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due to the intestinal ulcer exposing parts of the howel to the
irritation of the fwces, thus producing increased peristalsis ; in
addition to which there is an increased quantity of water in the
stools, owing to the diminution of the water-absorbing surface
from the destruction of parts of the mucous membrane of the
bowel by ulceration, so that theoretically one would have an
inereased quantity of water and increased intestinal peristalsis
to produce diarrhcea. But in spite of this, one often finds in
practice cases of even extensive ulceration of either the large
or small intestine where no diarrhcea is present. We all know
that constipation is a not infrequent symptom in extensive
typhoid ulceration. It would appear that, in ulceration of the
bowel, one may have either constipation or diarrheea except in
cases where the ulceration occurs in the sigmoid flexure or
actum.

The most important sign in the examination of the feeces for
intestinal uleeration is undoubtedly the presence of blood. In
fact, if no blood is found in the motion, it is impossible to diag-
nose ulceration of the intestine from the examination of the faces.
We have already said that in duodenal ulcer there is fairly
extensive hseemorrhage in the majority of cases, while in ulcera-
tion of the large intestine, the amount of blood present at one
time is usually very limited. The quantity of blood is often
so small that it cannot be recognised by the naked eye, and is
only discovered on microscopical or chemical examination. In
cases of possible uleeration of the bowel, the discovery of blood
in the feces together with pus and some fibrous tissue, is sufficient
to justify one in considering that one has ulceration of the bowel
to deal with. When, on the other hand, blood is not found in
the feces, it is not sufficient to negative ulceration of the bowel
unless repeated examinations of the feeces have been made.

In addition to blood as an aid in diagnosing ulceration of the
intestine, we hawve also the fact that one often finds a certain
amount of pus present. In some cases one finds distinct sloughs
even on macroscopic examination of the stools. The presence
of pus in the bowel in any large quantity is, however, in favour
of a diagnosis of croupous enteritis rather than of simple ulcera-
tion. The value of the recognition of pus in attacks of ulceration
of the bowel is also very much lessened by the fact that the
higher up the alimentary tract the ulcer is situated, the more






CHAPTER XXIX
INTESTINAL CARCINOMA

Ix the lesser diseases of the bowel, more especially in catarrhs
and functional derangements, a careful examination of the
fieces, both chemical and microscopic, is essential in arriving
at a definite diagnosis. In carcinoma of the intestine, on the
other hand, whether it is the small or the large intestine or the
rectum which is involved, the symptoms and physical signs
are of much greater importance than the chemical or microscopic
examination of the fwmeces. It is, therefore, only necessary for
us to briefly describe what is found chemically and microscopi-
cally in such cases, recognising that it is far more important
to make a careful analysis of the patient’s symptoms and
physical signs in the early stages of malignant disease of the
bowel.

In cases of carcinoma in the intestine, as in cases of carcinoma
elsewhere in the body, the fact of the blood-count showing an
increased quantity of leucocytes is undoubtedly of very great
importance in helping to make a correct diagnosis, and an
increased quantity of uric acid in the urine will also be of use.

The early stages of carcinoma, which are the most important
to recognise if one hopes for any success in treatment by surgical
interference, produce practically no alterations in the faces.
If there is carcinoma of the bowel, causing some obstruction to
its lumen, one gets the symptoms of obstruction as a natural
sequence, but until the carcinoma itself has begun to ulcerate,
nothing pointing to the malignity of the growth can be detected
in the faces.

The presence of blood and pus in the feces should always lead
to suspicion of uleeration of some malignant growth of the bowel,
unless it is found that the patient is suffering from ulcerative
colitis or dysentery.

Constipation is a very frequent accompaniment of carcinoma
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of the bowel. When the obstruction is situated in the rectum
or low down in the large intestine, the motions may be of peculiar
shape, either ribbon-like or pencil-shaped. One must remember,
however, that it is not unusual to find such motions in cases
where there is no real obstruction of the bowel ; in fact, these
narrow motions are as commonly found in cases of simple spasm
of the bowel as in cases of obstruction. Boas!® has shown that in
malignant disease of the bowel it is much more common to find
a liquid motion containing some of these pencil-like ejecta than to
have the latter alone. In some cases, the constipation is relieved
by the occurrence of ulceration, and if, in such cases, the con-
stipation has been of long duration, one gets a series of very
copious motions, of a very offensive nature. In advanced cases
of carcinoma, where there is very considerable ulceration, 1t is
not -at all uncommon for the feces to have a distinctly cadaveric
odour, which is very characteristic of carcinoma of the bowel.

Diarrhoea alternating with constipation is one of the most
frequent symptoms in carcinoma of the bowel, though there are
apparently some cases where diarrhcecea 1s more or less constant
without any constipation. We thus see that in intestinal
carcinoma either constipation or diarrheea may be present. In
cases where the growth obstructs the lumen of the bowel, the
charcoal may take a very long time to appear in the feces.
The colour of the stools is not at all distinctive ; the longer the
constipation, the greater the tendency towards dark stools.
As already mentioned, the odour of the stools is always very
offensive, and when ulceration of the growth takes place, there
is a tendency for the normal odour of phenol, indol, and skatol
to be masked by the cadaveric odour.

The examination of the mucus in the feces will often show
that there is some catarrh of the bowel present. In most cases,
the watery extract of the faeces gives an albumen reaction.

The presence of blood in the stools is of great importance
in diagnosing malignant disease of the bowel. It may sometimes
be recognised in the comparatively early stages, and it seems
that blood which appears in the fieces before there is definite
evidence of uleeration of the growth is due to oozing from the
malignant growth itself. As a rule, the blood is small in quantity,
and in cases where it is derived from oozing, it may be very

Diagnostik. w. Therapie der Darmkrankheiten., Leipzig, 1898, vol. i. p. 96,
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intermittent. Where this is observed, it must be considered
of great importance, as indicating the possibility of early
malignant disease. The presence of bile in the motions of
patients suffering from carcinoma of the bowel is of little signifi-
cance except in those cases where the growth is so situated that
it obstructs the common bile duct. In most cases of intestinal
carcinoma, it will be found that the urobilin tends to be increased:

The microscopic appearances in cases of carcinomatous
disease of the bowel are only of importance in the later stages,
where one has ulceration of the malignant growth. In some
cases, as already stated, blood is found even before ulceration
has taken place ; on the other hand, pus is not present until after
the ulceration has occurred, so that the presence in small quanti-
ties of both blood and pus is of very great importance in making
a diagnosis of malignant disease of the bowel. In rare cases,
where the growth has ulcerated extensively, one may find
particles of the growth in the motions.

Chemical analyses on different diets appear to be of little
use in carcinoma of the bowel. In the few cases where we have
been able to carry them out, the results have varied very con-
siderably. One interesting case, however, came before our
notice. A barrister, aged forty-eight, had weighed 12 stone
two years previous to coming under our observation, when he
was found to weigh only 94 stone. A year previously, he had
suffered from periodical attacks of vomiting at night, and
an exploratory laparotomy was made. The cmeum showed
markedly increased peristalsis, and a malignant tumour was
found obstructing the hepatic flexure of the colon. The
growth was so closely adherent to the omentum, intestines, and
surrounding organs, that it was impossible to remove it;
communication was, therefore, made between the ascending
and transverse colon, and the patient made a good recovery
from the operation. The tumour, however, steadily grew,
though the patient gained strength and weight for two months ;
after which he began to lose weight, and a hard lump, the size of
an orange, was felt in the region of the cacum. The liver was
enlarged to 5% in. in the nipple line, and the growth in the cwecal
region extended up to the liver.

The patient was put on a milk diet, and an analysis carried out
during a period of four days. The first charcoal appeared in
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The examination of the feeces showed the stools to be only
partly formed, and on some occasions, a few scybala were
mixed up in the unformed paste. On two occasions, the motions
contained some blood, and blood-stained muecus was recog-
nised macroscopically. The microscopic examination showed,
together with débris, some blood corpuscles and numerous
leucoeytes. The mucus was found to contain both epithelial
cells and leucocytes.

The chemical analysis of the fmces showed an increased
quantity of mucus, together with albumen, and as already
stated, blood was present in two out of the four motions
analysed. The urobilin was markedly increased. During the
period of observation, the patient passed a motion each day,
the quantity varying from 75 to 105 grams, the average
being 92 grams per diem. In spite of the motions being of a
very soft consistency, we see that the water in the famces only
amounted to 74:86 per cent., the softness of the fmces being
evidently due to the inerease of mucus and fat. The stools
contained an average of 0-89 grams of nitrogen per diem, and no
less than 5:94 grams of fat. We thus see that there was only a
slight diminution in the absorption of proteid, 9400 per cent.,
of which the probable explanation is that the quantity of mucus
increased the proteid in the stools. The fat showed a very
marked diminution, being only 93-20 per cent.

A three days’ analysis on a mixed diet was also earried out,
when the same low absorption of fat was observed, being 93-08
per cent., the proteid absorption being not quite so gocd as
on the milk diet, the average on this occasion being only 92-89
per cent.

In another case of early malignant disease of the bowel, in
which a growth in the upper part of the rectum (not large enough
to encroach on the lumen of the bowel), was later found at the
autopsy, an analysis on a mixed diet with the addition of milk
was carried out.

In this case there was no distinct increase in the quantity
of uric acid present in the urine, but the aromatic sulphates
were increased. The first charcoal appeared in 261 hours
and the second 52} hours after its administration by the mouth.
The stools consisted of unformed faeces of a greenish black
colour, the chemical examination showing excess of mucus
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together with albumen, but no blood or bile; urobilin was
present in excess. The green colour of the motions was found
to be due to chlorophyll.

TABLE LX.—DISEASE—INTESTINAL CARCINOMA

Dier: Mixed + milk, containing 15-48 grams nitrogen, 67-69 grams fat,
123-04 grams carbohydrates, 153566 Calories, 1900 c.c. fluid

Date, July 1901 . S| 14 | 15 ‘ 16 17 | Average.
Weight in kilos . .| 6827 | 5850 5913 o881 ! 2508
Calories per kilo . - 2637 | 26:27 25-99 26-13 | 16-19

Urine & Owandid dlive Analysis
i)

Quantity £ ; ; 1200 165510 15820 1650 | 1580
Specific gravity . : 1018 1011 1013 1012 1013
Nitrogen : . : 15:12 12-24 14-41 12-87 i 13-66
Urea . . ; - 27-G) 4 2603 22°26 2476
Uricaeid . =~ .' =l 084 058 | 065 058 | 059

{ Ammonia . - - - — | = — —

| Phosphates (P,0;). 4 2-21 1-51 | 236 2406 | 211
Chlovides .~ . .| 492 | 495 | @13 | 526 | b8l

(e e R B (1 O T R |

= [ Alkaline (A) . : 244 | 233 263 2:24 | 2-4] I
= | Aromatic (B) . : 0-26 0-24 0-28 027 | 026
;E(H:Lting".:ﬂ : S| 94:1 | 96:1 | 94:1 | 94:1 | 94:1

Fees : Quantilative Analysis
Date, July 1901. : 15 L 18 19 |Average
No. of motions . : 2 1 4 3 4 |4days,
Quantity . : : 06 108 141 81 04 | 129
Water per cent. . « | T4I6 | 6993 | 7416 | 7783 | V402 | 7428
Nitrogen . : : 109 145 163 (30 106 1:51
Fat . . - - 3-03 526 390 2:01 385 546
Abszorbed nitrogen p.e. - - - — — 9025
ok fat per cent. - - | —- - _— 91-93

During the time of observation (Table LX.) it is seen that
the patient passed from 1 to 4 motfions per diem ; the stools
were very small in amount, varying from 14 to 65 grams, except
on one occasion, when there was one motion of 108 grams.
The daily total quantity of feeces averaged 129 grams, and in spito
of their pultaceous appearance, only 74:28 per cent. of water was
found to be present. The nitrogen in the stools averaged
1-51 grams daily, and the fat 546G grams. The absorption of
proteid in this case was 90-25 per cent., a marked diminution,
and the absorption of fat was 91-93 per cent., also a great






CHAPTER XXX
SPRUE (PSILOSIS)

Tue feces in sprue are sufficiently distinetive to require a
separate description. The chronic form of the disease is
occasionally met with in this country, and the acute form seems
to differ from the chronic chiefly in degree.

Illustrating the condition fcund we will now give a
description of a case of sprue which came under our notice.
A lady, aged forty-seven, who had lived for some years
in the tropics, was suffering from an attack of sprue accom-
panied by sickness, diarrhcea, and tenderness of the abdomen.
The ordinary symptoms of sprue—marked ansemia with a
waxy appearance, considerable wasting and raw tongue—
were present. The motions varied in number from 1 to 8 per
diem, the average being two or three motions daily. The
patient was extremely emaciated, weighing only 5 stone 9
pounds when she came under observation, and she was put
on a pure milk diet. During the period of analysis, the qualita-
tive analysis of the urine showed a marked increase of indican
with some increase of urobilin, otherwise nothing abnormal
was noted. During a period of three days the motions were
collected and analysed.

The quantitative analysis of the urine (Table LXI.) was
only carried out on the first two days of the period, owing to an
accident. The quantity of nitrogen taken in the food was 12:99
grams, and it is seen in the table that the average quantity
excreted in the urine was only 893 grams. At the same time,
when we take into consideration the relatively large quantity
found in the feces, there was a very fair proportion exereted
in the urine. There was also only a slight relative increase
in the aromatic sulphates.

On turning to the examination of the fwces, it was found
that the first charcoal appeared 24 hours after its adminstra-
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tion. During the first day only two motions were passed, one
comparatively large, and the other small. On the second
day, no less than five motions were passed, and on the third,
only one. The second charcoal, given on the fourth morning,
appeared in 5 hours and 35 minutes,

TABLE LXIL—DISEASE—SPRUE (PSILOSIS)

Drer: Milk, containing 1299 grams nitrogen, 76-44 grams fat, 82-32 grams
carbohydrates, 138114 Calories, 1960 c.c. fluid

Date, June 1904 . 203 A ‘ 28 Average.
Weight in kilos . « | ‘B6:93 36-06 | 36-73 | 36-87
Calories perkilo . .| 3740 | 3737 | 3760 | 3746
Urine : Quantitative Analysis

Quantity . : . 1100 1000 | — 1050
Specific gravity . : 1010 1013 —— 1012
Nitrogen . { o | B 0-49 — 503
Urea . g g : 1680 — - 1680
Urie aeid. . : ; 0-07 0-08 — (08
Ammonia . ; : 036 047 . — 0-44
Phosphates (P,0.) . : 1:20 134 | — 1-27
Chlorides .~ . .| 407 | s [ — | 38
& (Total . : : 1-32 161 — 1-47
2 {_uk-,ﬂim- : - 1-21 1-48 —. | 135
= | Aromatic . : 0-11 0-13 — i 0-12
7 antio;i:H : : 11-0: 1 I1-4:1 — | 118:1
Date, June 1904 . L 27 28 29 | Average
No. of motions . : 2 5 1 | 3days
Quantity . ] ' 208 a7 120 | 255

| Water per cent. . = 7904 S0-26 77°08 79-46

| Nitrogen : 2 : 128 2:G62 0-52 1-47
Fat . : : : 3128 G383 12-74 35°92
Absorbed nitrogen p.c. . — — — S8-68 [

. fat per cent. . e — i — 5301 ‘

| t

The motions, as a rule, consisted principally of paste with
some thin badly formed rolls of a very soft consistency. The
colour when not stained with charcoal was greyish-green, some-
times tending to be greyish-white. The odour throughout
was most offensive.

The chemical analysis showed an increased quantity of mucus
and some albumen, but no bile or blood pigments could be
recognised in any of the motions. In spite of the feeces being
so colourless, there was a distinet urobilin reaction.

Q
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It is difficult to make any definite statements as to the
chemical condition generally found in sprue, but the description
here given may be taken as an example of what one may
expect to find on macroscopical examination. The chemical
examination has been very much neglected, and from the
reports which one finds on the subject, the results of various
observers differ considerably. The subject is one well worthy
of further attention.

The microscopical examination in this case showed nothing
abnormal, except a possible increase of epithelial cells.

The quantitative analysis of the fweces is of interest. The
quantity of the separate motions fluctuated, the smallest being
only 31 grams, while the largest was 174 grams, the daily
quantity varying from 120 grams to 337 grams, yielding an
average of 255 grams. In spite of the apparent liquid con-
sistency of the motions, it was found that there was no great
increase of water, the average being 7946 per cent. The
quantity of nitrogen daily excreted varied considerably accord-
ing to the number of motions, the average being 1-47 grams,
showing a distinet tendency to increase. The fat is still more
remarkable, since the quantity found in the stools varied from
12:74 to 63-83 grams in the twenty-four hours—the average
quantity for the three days being no less than 3592 grams.
It is seen, therefore, that there was a distinct tendency to an
increaged quantity of nitrogen in the fmces, the absorption
being only 88:68 per cent., while the fat absorption was still
more hindered, being only 5301 per cent. This marked
diminution in absorption partly explains why the patient did
not gain weight in spite of taking a diet containing no less than
3746 Calories per kilo. In the subsequent eight weeks, during
which the motions became less frequent, and altogether more
normal in appearance, the gain in weight was only 1} pounds.



CHAPTER XXXI

INTESTINAL CONCRETIONS, GALL-STONES, PANCREATIC CALCULI,
ENTEROLITHS, AND INTESTINAL SAND

INTESTINAL CONCRETIONS

AyoxcsT the concretions found in the fmeces, one has to
include gall-stones as well as pancreatic calculi. In the
examination of caleuli, the qualitative analysis seems to be
the more important, and the quantitative analysis is, up to
the present, of pathological interest only. The first step in
the analysis of intestinal conecretions is to see how far they
consist of organic matter, and for this purpose a small portion
of the substance is placed on a platinum spatula and burnt.
It is stated that pancreatic caleuli on heating yield a peculiar
aromatic odour.

GALL-STONES

For the examination of a gall-stone, it is first necessary to
reduce it to a powder, and then extract all that is soluble by
the aid of boiling water. The residue is further extracted
with equal volumes of alcohol and ether. If carbonate of
lime is present, the residue will give off bubbles of gas on
the addition of hydrochloric acid.

A chloroform extract is made of the residue which, on
evaporation of the chloroform, can be tested for bile pig-
ments by the addition of cold nitric acid ; if bile pigments are
present, one obtains a play of colours.

The easiest method of recognising the presence of urobilin
is by the examination of the watery extract by the aid of
the spectroscope.

Cholesterin can be easily recognised by evaporating the
alcoholic ether extract, care being taken that the evaporation
is not too rapid; otherwise, the cholesterin is apt to crystal-
lise out in needles, and not in the distinctive erystalline form
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so casily recognised by the microscope. The erystals of
cholesterin thus obtained, if not recognised microscopically,
can be chemically tested.

Cholesterin Tests. Saltowski—A chloroform solution
of cholesterin treated with an equal volume of sulphuric acid
becomes bluish-red, gradually turning to violet red.

Liebermann— Burchard.—A chloroform solution of cholesterin
with ten drops of acetic anhydride and sulphuric acid added
drop by drop gives a red, then blue, and finally a green colour ;
if very little cholesterin is present, the green colour may appear
at once. -

The analysis of the various inorganic substances is of little
importance, but if desired, it can be easily carried out by refer-
ring to any qualitative chemical book.

(rall-stones can be roughly divided into three groups :

(1) Pure cholesterin caleuli of a more or less white or
yellowish colour, with a smooth or waxy surface ; on fracture,
they are seen to consist of radiating or concentric layersof erystals.

(2) Cholesterin pigment calculi, often showing facets, coloured
brown or greenish, on analysis found to be composed partly
of cholesterin, and partly of caleium bilirubin.

(3) Bile pigment calculi, which are, as a rule, smaller than
the other calculi, and of a more or less dark colour. They will
be found to contain very little cholesterin, and consist prinei-
pally of bilirubin lime, though, in some cases, one finds biliverdin,
bilifuesin, or bilicyanide. Iron and copper seem to be regular
constituents of these caleuli.

PANCREATIC CALCULI

Pancreatic caleuli are, as a rule, very small, about the size
of alinseed seed, of a greyish-white colour with a rough surface,
in some cases faceted and of a mortar-like consistency.
Chemically, they are found to consist principally of carbonate
and phosphate of lime, together with a certain amount of organic
matter, albumen, fat acids, neutral fat, soaps, and pigments.

ENTEROLITHS

Intestinal caleuli are fairly common in herbivora, but rare in
man and carnivora. In man, they are generally oval or round
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and when more than one is present, sometimes faceted. The
colour is yellowish or brownish-grev, and on section, they are
found to consist of concentric layers mainly composed of
ammonium magnesium phosphate or calcium phosphate. On
extraction with ether and aleohol, one finds varying amounts
of fat and pigment present ; in contra-distinction to gall-stones,
the pigment is found to be principally urobilin, altheugh some-
times bile pigments themselves may be present. The nucleus
1s generally found to be some foreign matter, especially fruit
stones, fish-bones, and even shreds of vegetable fibre. These
concretions are usually formed in the large intestine, more
especially in the ceecum or sacculi of the colon, occasionally in
the rectum, and rarely, if ever, in the small intestine.

Another variety of intestinal coneretion, which is very common
in countries where oat-bran is a prineipal article of diet, resembles
the hair-balls of herbivora. These caleuli consist of the remains
of oat-bran arranged in concentric layers around some foreign
body as a nucleus. They are extremely light, and largely
composed of organic matter as will be seen on caleining them.
They may contain some calcium magnesiuni phosphate, together
with small quantities of soaps and fats. Hammarsten' gives
as their composition :

Caleium magnesinm phosphate . : . 70 per cent.
Oat-bran . : 4 a . . . 15-18 per cent.
Soaps and fat . . . . . . 10 per cent.

DRUG CALCULI

The habitual use of certain drugs is not uncommonly followed
by the formation of ecaleuli, which are found in the motions.
The most common of these are undoubtedly those found after
taking Salol tabloids (Marshall and Treves). Benzoic acid
or shellac sometimes cause caleuli, and the habitual use of water
containing carbonate of lime may produce small caleul.

INTESTINAL SAND

The presence of substances resembling sand in the fweces is
not at all uncommon, these particles being,in some cases, the
seeds of fruits (such as figs, gooseberries, strawberries), not to

1 Lehrbueh 4. Physiologie Chemic.
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take into account larger substances (such as orange-pips, &ec.),
in faect, all kinds of foreign matter ; and in nervous patients who
are fond of examining their motions, the discoveries of peculiar
diseases are numerous. Such cases, however, are easily recog-
nised as spurious, and it is hardly worth while to call them
instances of false intestinal sand.

A bona-fide case of false intestinal sand has, however, been
brought before the British public by Garrod," a case due especially
to the sclerenchymatous particles of pears which became en-
crusted with earthy salts. These inorganic salts are easily
dissolved in acid, and then, under the microscope, they are seen
to be composed of “ woody cells, the thick transparent walls
of which are traversed by channels running from the narrow
cell cavities towards the surface.”

Black, sand-like material in the motions is described by
American observers as occurring in people who have eaten
bananas.

True Intestinal Sand.—True intestinal sand is not at ali
uncommon, if looked for in the motions. It occurs mostly
in patients who have mucus colitis, although it has been described
i neurotic individuals, unaccompanied by mucus colitis. It
generally occurs in women, but we have seen it in both men and
women, and one man came under our observation who had no
bowel trouble whatever, but suffered from chronic gastric ulcer,
and was in the habit of passing intestinal sand when on a milk
diet. It appears to be much more common in individuals who
are taking a milk diet, and, as far as our experience goes, we
have never found true intestinal sand in any case where the
patient has not been taking a diet largely composed of milk,

The sand varies in colour from greyish to yellowish brown,
and when washed free of dibris, is gritty, and to the touch
resembles sea sand. Chemiecally, it i1s found to contain a large
quantity of calcium and phosphorus, together with traces of
magnesium and iron. It is insoluble in potassium hydrate
solution, and soluble in strong nitric acid with the liberation
of bubbles of gas. The organic matrix left behind is soluble in
alkalies.

GGarrod found in one case of his that the sand contained, in

I Duckworth and Garrod, © Study of Intestinal Sand.”— Med. Chir. Trans.,
vol, Ixxxiv. p. 389, 1901.
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addition to urobilin (which is always present), a purple pigment
giving a spectrum not resembling any of the now-known pig-
ments. 1t would appear that true intestinal sand is probably
formed in the region of the cmeum, and some observers consider
that it 1s an excretion from the intestinal mucous membrane.
On the other hand, it is quite possible that it is simply the
inorganie calcium salts in the milk erystallising under certain
pathological conditions. Its importance, except as a curiosity,
1s very small, as although one gets in some cases colicky pains
preceding the passage of the sand, it seems not at all unusual
for the patient to have no symptoms whatever during the time
that the sand is passed.

Chemical analyses, in the cases of some observers,' give the
following results :

(1) Duckworth and Garrod :

Water : : : : : : ; . 12:40
Organic material : : ; ; ; . 26:69
Inorganic material . : : : 2 . 6131
Calcium oxide . : - : 5 B ANES 54008
Phosphorus pentoxide . : : . : . 42:35
Carbon dioxide . : . : : . . R
Eesidue, containing traces of magnesium and iron . 047

(2) Mathiew and Richaud :

Case 1 Coase 2
Organic material ; ; . 30-800 o 45-80
Tricalcic phosphate . : . 64206 .. 4668
Caleic carbonate . : : . 3418 =i a14
Various mineral substances . ; 1-576G 2 2:38
(3) Thomson and Ferguson :
Organic matter . : : : : . . 285
Inorganic matter - : s ] : . T1-5
Claleie carbonate . A : ¢ 17
Tricaleie phosphate . : 4 - : . 873
Insoluble residue (silica) - z 2 : : 1.0
(4y Berlioz :
Water - : : : . : : : 11:=2h
Nitrogenous organic material of fecal origin . . 2224
Fatty substances ‘ ; : - " . 'Traces
Phosphorie acid . g : : : : . 175G
Lime . ; : : : : ; ’ o G
Magnesia . : - - - - : . 1405
Silica : ; g ! : - : . BG83

1 Duckworth and Garrod, loc. cit.
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(5) Marquez :

Organic matter of animal origin . g 72
Inorganic matter, cﬂnmstuw of cnlcmm |ﬂma|1i1at|3
and traces of carbonate | a5
(6) Biagge :
Organic material (by difference water, iron) . - D28
Magnesium phosphate . - $ : 2 . 26-82
Caleium carbonate : ; g : - . 4300

Two specimens of sand were examined in our laboratory
by Dr. O. T. Williams. The material was practically insoluble
in water, and on heating a small quantity with Millon’s reagent,
a red colour was seen, and a positive result obtained with the
Xantho-Proteic and Biuret reactions.

The organic material contained 10 per cent. of substance
soluble in ether. This ethereal extract contained :

225 per cent. as free fatty acids.
13-4 o combined fatty acids.

After extraction with ether, the remaining sand was acidified
and again extracted with ether, and yielded 8 per cent. of fatty
acids combined with soaps. The chemical analysis vielded :

Combustible material (organic). : . 236G per cent.
Incombustible material . : ; . dd-d pe

The inorganic residue contained :

Calcium present as Ca,P,0, : ; 155 per cent.
Calcium not present as Ca,P,0, . . 14-34 =
Iron calenlated as Fe,0, : : 2-01% 3
Magnesinm ml:‘ulatcd as Mg, 0 . : 0-07 i
Phosphates caleulated as P, l} ; : 10-5 i
Carbonates : : : : : 15 o
Sulphates ; : : : : 06 2
Chlorides ! : . : 3 Trace

A specimen of both samples on combustion burnt with a
pinky-white flame.

An investigation was made (and is still continuing), to find
the nature of the material from its organic point of view.

In Specimen II. 10 per cent. of the material was soluble in
ether. Of this ethereal extract, 22'5 per cent. was present as
free fatty acid, and 13-4 per cent. as combined fatty acid. The
remaining portion of this first ethereal extract (7.e.,unsaponifiable)
gave an 1odine absorption value (Hube’s method) of 117 per cent.,
which is higher than that of Oleic acid, and lower than that
of Linoleic acid—so that it is possible that this portion









APPERENTY X

THe quantities of the different constituents of the diets used
for diagnostic purposes have been given in the text. In practice
it is found necessary to vary the quantities of the different
ingredients to suit individual patients, and for the sake of
convenience in caleulation, we have found it useful to have
tables giving the quantities of nitrogen, fat, carbohydrates, and
calories in given quantities of the different articles of diet.
When first carrying out experiments in metabolism, separate
analyses of the diets employed in each case were made, but
after an experience of a large number of different analyses, we
find it now sufficient to take periodical samples, and compare
them with the results we obtained in our early experiments.
In this way we have accumulated a large number of separate
analyses, and find that, dealing constantly with the same
tradespeople, the discrepancies in the results found are well
within the limits of experimental error. In the case of foods
which we rarely use, we have given the results obtained by
Konig. The analytical figures of London milk are those of
Professor Kenwood, and are based on the average of several
thousand cases, and the figures correspond with what we have
found in some seventy analyses during the last ten years. The
figures quoted of other articles of diet are those which we have
ourselves obtained in a series of analyses, and with the data given
in the subjoined table, caleulations as to the quantity of nitrogen,
fat, and carbohydrates, as well as calories, can be rapidly made.
This table is not only of use for the purposes of analysis, but
we have found 1t of great help when alterations in the diet are
necessary for the purposes of treatemnt; by this means, the
desired number of calories can be easily introduced, and the
food altered as to its richness in proteid, fat, or carbohydrates,
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the calories in the diet being kept the same, increased or de-
creased according to exigencies.

TABLE SHOWING THE QUANTITY OF NITROGEN FAT, CARBOHY -
DRATES, AND CALORIES IN DIFFERENT ARTICLES OF DIET

TH e Car-
Dijet. ':\.1‘1.: | Fat. boby- | Calories, Author,
il drates.
[
P]-um (cooked, 1 oz.) . .| 093 0-14 . (] 25-13 Harley anc
Whiting (cooked, 1 oz.) . o788 | o052 0 2481 || Goodbody
Sole (uncooked, 1 oz.) . : 73 043 il 2200 Konig
Beef fillet (roast, 1 oz.) . .| 116 | 067 () 3875 ]
Beefsteak (raw, 1 oz.) ; . | 0T AL 0 3914 I{ m"'l;ﬂ:;d
Mutton (roast, L oz) . . 122 367 | o0 6514 I e
Chicken (roast, 1 oz.) . 114 | 005 | 02D | 3824
Egg (boiled, one) . : e 1) G630 i 9300 1
Egg (uncooked, one) ; P [ T 505 0 B6-08 || Kénig
Cabbage (cooked, 1 oz.) . 016 | 023 | 045 8:08 || Harley and
Qs - % | Goodbody
Spinach (cooked, 1 0z.) . .| 027 | 045 | 295 | 2320
Potatoes (uncooked, 1 o0z.) .| 005 | 003 535 23-49 Kinig
Cauliflower (cooked, 1 oz.) Sl 15 s 0-20 20 181G Corlette
Rice (uncooked, | oz.) . .| 032 | 0202173 | 9915 Hn
Oatmeal (incooked, 1 oz.) . | 0449 | 180 | 2077 | 11645 8
Biscuit (Mackenzie's toast, one) | 006 000G 300 14-40 H_H rley and
Goodbody
Milk (1 oz.) . : . - 0T 1:05 1-33 19:52 | Kenwood
Pudding (1 oz rice, 20 oz
milk) . . : < | 368 | 21-20 | 4833 | 489-G1
Pudding (1 oz rice, 16 oz Hailovans
mik) . . . . |304)| 1700 | 4300 | 41106 {}::mdim] :
Pudding (}-oz. rice, 12 oz, ¥
milk) ; : : . | 2:20 | 1270 | 26-83 | 283-82
Butter (1 oz.) - 3 - 0 | 2300 O 213-90 Kinig

Barley water (1 oz.) : : 0 0 062 2:54 | Corlette
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ABSCESSE=S, gastric, 49
Absorption, see Fat and Nitrogen
Acetic Acid,

Formula for, 35

Crastric contents, in, 35, 45, 51 :

test for, 35
Acid dyspepsia, 23
Acidity of gastric contents, see Total
Acidity and Yolatile Acidity

Achylia gastrica, 53-56

Age, influence of, on quantity of
faeces, D9-100
Albumen in fmces,
Pathological fweces, in, 176,
180, 187, 193, 197, 205,
208, 215, 216, 226, 237, 238,
241

Significance of, 139

Test for, 138
Albumenoses in foces, 138-139
Alcoholic catarch, 51-53
Alimentary canal,

Fat excreted by, 143-145
Nitrogen in stools from, 130
Alimentary tract, motor power of, 171-

175, 223, 225-226, 229
American stomach tubes, 5
Ammonia, formation of, in feces, 118,

119

Ammonium  magnesinm  phosphate
crystals in feces, 111, 113, 191,
209, 215, 221, 226

Anwmwsthesia, gastric, 91-92

Analgesia, gastric, 92

Acrtic aneurism, 8

Aortic valves, atheroma of, 227

Appendicitis, mucus colitis following,
211

Aromatic sulphates in wurine. in-
creasing quantity of, in certain
]rai.thuluhu.gll conditions, 194, 200,
"[}l, 22 ol ;G .ui.l‘, 24{.}, 24[

.Ju'teriu.aclemsis, 8, 228

Aspiration, 8

Asylum dysectery, 216-217

Atony of stomach, odour of gastric
contents in, LG

Atrophy, intestinal, 224 ef seq.

BACTERIA,
Faoces, of, 93, 104, 107
Intestinal, 129, 162
Bananas, in false intestinal sand, 246
Barratt, Dr. Wakelin, cited, 227
Beef fillet, food value of, 252
Beefsteak (raw), food value of, 252
Beneke, cifed, 10
Benzoic acid, caleuli formed by, 245
Be;linz, analyzis of intestinal sand by,
247
Higggi, analysis of intestinal sand by,
248
Biedert, cif=d, 133
Bilirubin, 103, 104, 112, 113. 115, 165.
Biliverdin, 103, 104, 115, 165, 176,203
Bile,
Fxoes, in, 176-177, 205, 21
Abzence of, from
fpoes, 103
Fat excreted in, 145
Gastric contents, in, 45, 63
Reduction in intestine,diminution
m, 112, 113
Bile acids in feces, 164-165. 209
Bile duet, obstruction of, stools in, HH:
119, 167
Bile pigment caleuli, 244
Bird, Golding, cited, 63 and nole
Bismuth, colour of stools after,
Blennorrhoea intestinalis, 210
Blood,
Fweces, in, 168-170, 176, 187, 188,
190-191, 205, 215, 216, 220, 224,
226, 227, 231, 232, 234-235, 237
Ciastric contents, in, 45, 51, 56,
a3
Blood corpuscles in faces, 226, 237
Blood count in ease of constipation,
193 ; in intestinal carcinoma, 233
Boas, bulb stomach tube of, 7, 9
test meal of, 12 and nofel; quan-
titative estimation of lactie acid,
3233 . eiled, 42 and nofe, 65 and
nofed, G7, 105 and nole 2, 234
Boas and Bouveret, ciled, 39 and nofe 2,
dd and wole2”

o, 2300
normal

105
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Bokki, cited, 188

Boston * Clinical Diagnosis,” cifed.
13 nole

Bowels,

Atrophy of mucous membrane of,
224.228 ;  musenlar atrophy,
228-229

Catarrh of, see thal title

Frequency of action of, 171

Motility of, 171-175, 191-194,
197, 200, 208, 214, 217-21%8,
219, 237

Periodicity of action of, 173-174,
1585-180

Peristalsis of, effect of diets on,
155

Stenosis of, 105-106

Bread, black, nitrogen excretion on
diet of, 131
Bread, rye, 156
Bread, white. diet of, 11, 132, 157
Breithaupt, fast of, 99, 129, 130, 143
Bright's disease, 2
Brintor, cited, 10
Bronchitis, 8
Bunge, cited, 18 and note 2, 80
Burchard, cited, 244
Butter, food value of, 252
Butyric acid,
" Fmeces, in, 118, 119

Formula for, 34

Gastric contents. in,

Clinical significance of, 35

Odour of, 16

Pathological conditions, in,
45, 46, 50, 51-52, 54, 535,
59, 66, 67, 72, 74, 75, 78,
79, 84, 8H, 88, 89, 02

Test for, 34

(CABBAGE,
Food value of, 252
Nitrogen excretion on diet of, 131
Caecum, 247
Calcium salts of bile acids in fmeces,
220
Calcium oxalate crystals in feces,
114, 215 ; in urine, 195, 197, 213
Calomel, 104, 105, 163
Calories, number of, in various articles
of diet, 252
Camerer, cifed, 100 and noles4, &
Camerer and Hartmann, cited, 100
and note 2
Carbohydrates,
Faeces, in, 153-157
Fermentation of, excessive, in
the howel, 196-199
Peristalsis of intestine caused by
diet of, 189

INDEX

Carbohydrates—eontinued
Quantities of, in various articles
of diet, 252
Carbonic acid in gastric contents, 41
Carcinoma of stomach
Differential diagnosis by lactic
acid reaction, 18, 34, 4G, 49.
a0, 55, 67
Gastric contents after test brealk-
fast, 65-69
Hydrochloric acid, free, absence
of, in, 2, 64-65
H:.'Fﬂllydrmhluria.
diagnosed from, 79
Odour of gastric contents in, 16
Situation of growth, 62, 66
Test meal for investigating, 12
Vomited matter in, see Vomited
matter inCarcinoma of Stomach
Vomiting in, 62-G3
Carcinoma of intestine, 233-239
Carmine Red Fibrin test for pepsin.
37-38, 47, 51, 56, 60, 68, 77
Carnivora, 43
Uarg;:ts, nitrogen excretion on diet of,
131
Casein in feces, 112, 226
Catarrh of the bowels,
Acute, 203-206
Causes of, 202
Chronic, 206-200
Stools of, diagnosis by, 3-4, 141 :
diagnosed from diarrheea, 178,
from mueus ecolitizs, 215 ;
diagnosis of situation by, 114-
115
Cauliflower, food value of, 252
Cellulose, nitrogen excretion on diet
containing, 131
Cerebral vomiting, 92
Cetti, fast of, 99, 129, 130, 143
Charcoal, usze of, in investigating
muotility of howels, 172-175
{:]mrnut--]:eyden"a crystals in faeces,
114, 221
Chicken (roast), food value of, 252
Chlorine, combined. in gastric con-
tents, 47, 50. 52.53, 56, 60, 76,
80, 85-86G, 90
Chlorophyll in fweces, 103, 108, 238
Cholate of Soda, 104
Cholera, stools of, 121, 139
Cholera bacillus, effect of gastric juice
on, 18
Cholesterin,
Fgeces, in, 114 and note, 143, 191,
195, 221, 223
Gall-stones, recognition of, 243-
244
Coagulated egg albumen test for pep-
sin, 36-37

differential
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Cohnheim, cited, 153 and notel
Colitis,
Albumen in fieces of, 139
Membranons, 221-223
Mucus, 211-216G
Uleerative, acute,
chronie, 217-221
Colon,
Affection of, in mucus colitis, 212 ;
in intestinal atrophy, 224
Ulceration of, 216 ¢f seq., 232
Congo red test for free hydrochloric
acid, 25
Connective tissue, residue of, in feces,
111, 112
Constipation,
Accompanying intestinal  dis-
eases, 2006-207, 223, 228, 229,
230, 231, 233-234
Delayed peristalsis in, 173
Fmces of, 106, 139, 140, 190-195;
on different dietz, 107, 108,
192-195
Periodical diarrhcea alternating
with, 185-188
Some causes of, 125, 188, 190
Urine of, 163
Corlette, cifed, 252
Croupous enteritis, 231

216-217 ;

DErEcaTION, 180
Diarrheea,
Accompanying diseases of in-
testines, 203, 206G, 214, 223,
224, 230-231, 234
Definition and classes of, 175
Dyszpeptic, 188
Fameces of, 106, 139, 166, 176-178 ;
on different diets, 108, 100
Nervous, 181-185
Simple, 177-181
Stercoral, 185-188
Water in fmrees, from increased
quantity of, 175-176
Diets,
Feees, influence on, 94
Food wvalue of different articles,
252
special, for analysis, of fwces,
94-98 ; for gastric analyses, 11-
14
Digestion in—gastritis, acute, 47-8,
chronic, 51 ; aleoholic catarrh, 53 ;
achylia gastrica, 56 ; gastric ulcer,
G0-G1 ; hyperhydrochloria, 76-77;
hypohydrochloria,  80;  motor
insufficiency, 86-87 ; gastric hyper-
msthesia, 849, D0

Dimethyl-amido-azo-benzol,  testing

for free hydrochloric acid by, 26-27 |

Diphtheritic enteritis, 209-210
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Diseases of the stomach, see Einhorn

Drug caleuli, 245

Drugs, colour of fmees after different,
105

Duodenal ulcers, 230, 231

Duckworth and Garrod * Study of
;E%eatinul Sand,” cited, 246G nole.

. Dumplings, 156

Dysentery, 216, 232

Dyspepsia, funetional, 70-71 ; intes-
tinal, 114, 196-201

Dyspeptic diarrhcea, 188

Ecas, food value of, 252

Ehrlich Brondi triacid solution, 140
and neofel

Einhorn ** Diseases of the Stomach,”
cited, 17 and nole, 49 and nole,
03 and nofe 2

Empyema, 49

Enteritis, 139, 202

Enteritis crouposa, 209-210

Enteritis membranous, 141

Enteroliths, analysis of, 244-245

Epithelial cells in fmces, 114, 205-2006,
242

Eruectation, nervous, 41

Escherich, cited, 100 and note 3

Euchlorhydria, action of ecarmine
fibrin test for pepsin in, 38

Ewald, cited, 10, 2021, test breakfast
of, 11 and note

FABER, cited, 196 and nole

Feces,
Albumen in, 138-139
Albumenoses and peptone in,
138-139

Analysis of, in—diarrhcea, 176-

179 : nervous diarrhoea, 182.
185 ; stercoral diarrhoea, 186-
187 ; constipation, 180-195 ;

intestinal dyspepsia, 197-201 ;
eatarrh of bowels, acute, 203-
2006, chronie, 207-209; enteri-
tis crouposa, 210 ; mucus colitis,
212.216 :  ulcerative colitis,
216-221 : membranous colitis,
221-223 ; intestinal atrophy,
224-229 ; intestinal uleeration,
230-232 : intestinal carcinoma,
233-239 ; sprue, 240-242

Bile acids and pigments in, 164-
166

Blood in, see under Blood

Carbohydrates in, see that litle

Colour of, 103-105; on different

diets, 107-109; in diarrhoea,
176, 178, 180, 183: in con-
stipation, 190-193 ; in intes-
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Facezs—coniinued
tinal dyspepsia, 197, 200; in
acute catarrh of bowels, 203,
in chronic catarrh of bowels,
208, in colitis, 214-216; in
asylum dysentery, 217; in
carcinomsa of bowels, 234, 237 ;
in sprue, 241
Colourless stools, 103,
168
Consistency of, 105-107; in
various pathological conditions,
175, 176, 183, 1%, 197, 204,
214, 215, 217. 219, 220, 226,
227, 220, 237, 238, 241, 242
Diet, influence of, on, 94
Examination of, importance of,
o3
Fat in, see Fat in Freces
Intestinal sand in, 245-249
Macroscopic examination of, 110-
=111
Microscopic examination of, 111-
115
Mucus in. fee wnder Muocus
Nitrogen in, sce under Nitrogen
Normal, 93, 99-100, 117
Odour of, see under Odonr
Oxyhemoglobin in, 168, 170
Phenol, indol and skatol in, see
those titles
Quantity of, normal, factors in-
fluencing, 99-100 ; influence of
diets on, 101-102 ; in diarrhea,
183, 187 ; in constipation, 139 ;
in intestinal dyspepsia, 200; in
chronic catarrh of bowels, 206-
207, 208, 209 ; in colitis, 213,
219: in stercoral uleeration,
220; in intestinal atrophy,
226-227, 229 : in carcinhoma,
238 ; in sprue, 242
Renction of, 116-117, 201, 208 ;
influence of diet on, 117-119
Sugar i, 162-153
Urobilin in, see under Urobilin
Water in, method of estimating,
119-120;  normal quantity.
factors  influencing, 120-12] ;
after test meals, 122.1206
Fasting individuals, stools of, 99, 162
"ot
Absorption of, and influence of
melting- points of fats: on, 144,
145-1446 ; on test diets, 146G-151 ;
in membranouns colitis, 223
Absorption and excretion of, on
different diets, 146G-151; in
diarrheen, 177, 179-181, 184,
188 ; in constipation, 191-195 ;
in intestinal dyspepsia, 198, 199,

10:4- 105,

INDEX

Fat—continuad

201 ; in acute catarrh of bowels,
204, 206 : in chronie catarrch
of bowels, 209 ; in mucus co-
litis, 215 ; in stercoral uleera-
tion, 218, 220-221: in intes-
tinal atrophy, 227, 228, 229 : in
carcinoma, 237-238 ; in sprue,
242

Diet, in,
Reaction of fweces from, 119
Water in stools from, 122, 123,

124

Drying of feces containing, 120

Fwces, in, 112-113 ; quantitative
estimation of, 142 ; in fasting
individuals, 143-144: in nor-
mal faeces, 143-145. (See also
above, Absorption and Excre-
tion)

Quantities of, in wvarious articles
of diet, 252

* Fat-diarrhoea,” 188

Fatty acids, in feces, 112-113:
quantitative estimation of, 142-
143

Fenwick, eiled, 53 and nofe 1

Fibrin in membranons colitiz, 222

Fish-bones in fieces, 113

Flatulency, 227, 228.220)

Flour, influence of fineness of, in
food on excretion of carbohydrates,
156

GALL-STONES, analysis of, 243-244
Gastralgia, 90
Gastric carcinoma, see Carcinomsa
Gastrie catarrh, 39-40, 43-45
(iastric contents,
Acetic acid in, see Acetic Acid
Analysis of, after test breakfast,
in—catarrh, 44 ; acute gastritis,
45-48 ; alcoholic catarrh, 51-53 ;

achylia gastrica, 53, 54 : car-
cinoma  of  stomach, G66-6G9 :
motor insufficiency, 854-87 ;
hyperaesthesia, 88-00 ; gastral-
gia, 90 ; anwmesthesia, 91-02;
value of normal results in diag-
nosis, M

Butyric acid in, see that title

Dibris from, in achylia gastrica,
a3

Diagnosis by chemical analysis
of, 2

Ferments in, see Pepsin, Rennin,
Lipase

Free hydrochlorie acid
Hydrochlorie acid, free

Gases in, 41-42
Lactic acid in, se¢ Lactic acid

in, see
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{inztric contents —confinued
Mn]:-.rm-:mpic examination of, 15-
i
Method of obtaining, 7.8
Microscopie examination of, 17-19
Muzus in, #ee wnder Mucus
Quantity of, after test breakfast
in—chronic gastric eatarrh, 49 ;
alcoholic catarrh, 51: gastric
uleer, 58 : ecarcinoma, 66 ;
hyperhydrochloria, 75; hypo-
hydrochloria. 79 ; pyloric
spasm, 83 ; motor insufficiency,
54
Reastion of, 46, 48, 49, 5, 51, 59,
G, 67, 75, 79, 84-85
Retention of, 19.35
Stagnation of, azids pressnt in,
34-35
Tﬂ-‘l-t-i meals in investigating, 10-
Total acidity of, see that title
Volatile acidity of, see that title
CGastric hyperasthesia, 83-90
Grastric juice, bactericidal action of
15
Gastric mucosa from empty or fasting
stomach, 17-18
CGiastritis, acute, 45-4% : chronic, 45-51
Gastro-suechorea, 74, 77-78, 82
Geigel and Abend, eited, 20 nate
Geigel and Blass, eited, 20 nofe
Gerhardt, eited, 167 and nole2
German. See Test Meal, 14 and note
Glycocholate of soda, 164
Glycocol, 1G4
Gmelin’s test for bile pigments in
fwces, 165
Girieg, Dr., 78
Gruriacum  test for
1G9
Ginzburg’s solution for testing for
free hydrochloric acid, 26
Guttmann, cifzd, 222 and nofs 2

blood in fmezes,

HEMATEMESIS in gastric uleer, 57-58

Hematin, 163, 169, 170

Hezmorrhages from intestinal tract,
168, 169-170

Hammerschlag, cited, 39-40, 67 and
nobe, 245

Harley, Vaughan, eited, 22-24, 120 and
notel, 142 note, 145 nofel, 166 and
nofe, 167 nofe

Harley and Goodbody, ecited, 252

Harley and Leney, cifed, 23 nole

Heidenhain, cifed, 43

Henle, cifed, 10

Herbivora, 43, 244, 245

Hiceough, 227
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Hofmeister's test for albumenoszes and
peptone in faces, 133-130
Hoppe-Sevler, Chemischer  Analyse,
cited, 27 note2, 120 nofz, 138 nofe,
138 note, 164 note ; test for mucus
in feces, 140 : for indol, phenol
and skatol, 158-160 ; for bile acids,
164
v. Hisslin, eited. 145 and note 4
Hultgren and Landergren, cifed, 145
and note 2
Huppert’s test for bile pigments in
faces, 1G5
Hydrobilirnbin, 166
Hydrochloric acid in gastric contents,
Acidity due to, method of estima-
ting, 21
Funetion of, 18, 80
Quantitative analysis of, in patho-
logical conditions, 46, 47. 50,
22-53, 54, 55-56, 59, G0, GG, 65,
72, 74, 75, TG, 80, 83, §4, 83,

89-90
Hydrochlorie acid, free, in gastric
contents,

Absence of, 2, 16, G3-64
FPathological conditions, in. 45, 40,
7. 49, 50, 51. 335, 59, 66, 67, G8,
72,74, 75, 76, 79, 80, 84, 85, 88,
80
Qualitative and quantititive me-
thods for recognition of, 25-31
Hydrogen in gastric contents, 41-42
Hyperzmia, 150, 151
Hyperasthesia, gastric, 3
Hyperhydrochloria,
Acidity in, 21, 24
Accompanying gastric diseases,
53, 82, 83, 85, 86, 90, 91-92
Analysis of gastric contents in,
71-72, 74-T6
Carmine fibrin test for pepsin in,
37, 38
Definition of, 74
Diagnosis between gastric uleer
and, 77
Digestion in, 76-77
Hypermotility of stomach, 81-83
Hypersecretion, gastric, vomiting in,
a7
Hypohydrochloria,
Accompanying gastric diseases,
s, 90
Acidity in, 21, 24
Analysis of gastric contents in, 75,
50
Carcinoma diagnosed from, 79
Carmine fibrin test for pepsin in,
37, 38
Digestion, in, 80
Functional and organic, 78-79
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Hypomotility of stomach, 81, 83-87
Hysterical vomiting, 92

I\'DIGW in urine, 187, 194, 197, 200,
201, » 213 ; test for. 161
Indol, phencﬂ and skatol, characters |
and formule for, 158, l_}[l in feces, :
107, 158, 159, 201, 226
Intestinal coneretions, 243 of &
Intestinal diseases, test meals
vestigating, 3, 93-98
Intestinal EJ.}"SFII?]IEI!I, see Dyspepsia
Intestinal obstruction, odour of gastric
contents in, 16
Intestinal tract, see Alimentary tract
Intestine, large,
Activity of, factors influencing,
120-121
Bile acids in, 164
Bile pigments converted into uro-
hilin in. 167

or in-

in, 203

Passage of food along, 172

Peristalsis, inereaszed in, 172, 175-
176G, 151

Post-mortem appearance in atro-
phy, 227-228

Ulcers, chronic, in, 217

Intestine, small,

Bile acids absorbed in, 164

Bile pigments in, 165-166

Catarrh of, frequency of motions

in, 203
Fxudation
121
Fat excreted by, 145
Passage of food along, 172
Intestines, see also Bowels
Bacteria in, 129
Uleeration uf, 230-232

and traznsudation in |

JAUNDICE, 104, 139
Jaworsky, eited, 3 and note

KAavFMANN, cifed, 18

Kenwood, Prof., ecited, 251, 252

Kjeldahl’s method of estimating ni-
trogen in feces, 127-129

Klemperer, test meal of, 14

Kobert and Koch, cited, 144 and note 2

Kiinig, cited, 251, 252

Kussmaul, cited, 5 and nole, 10, 82 |
and sole

LacTric Acid,
Faoces, in, 118, 119 i
Formula for, 32
Crastrie contents, in, 12, 18, 32.

34, 44, 46, 49-50, 51-52, 54, 53,

INDEX

Lactic Acid —continued
b9, 65, 66, 67, T2, T4, 75, 78, 79,
84, 85, 88, 80
Leathes, cited, 222
Legal’s test for indol in feces, 159
Leney and Harley, cited, 83 and note
Leo, method for quantitative analy-
sis, of free hydrochloric acid, 27-28

| Leube, quantitative estimation of
pepsin by, 38; test meal of, 12
el mote 3

Leucocytes, in feces, 114
Leuko-urabilin, 105

| Liebermann, eifed, 244

Lime, neutral phosphate of erystals
of, in fmces, 113

Lipase in gastric contents, 40

Lockwood, cited, 211

Loeffler bacillus, 209

Luschka, cited, 10

| Lynch, cited, 99 and nole2
Catarrh of, frequency of motions |

Macaroxt, 132

Mackenzie's toast biscuits, D5 nole 2.
252

Maize, 132, 156

Malfatti, eited, 145 and nole 3

Marquez, analysis of intestinal sand
by, 248

Marsh gas. eructation of, 42

Mathien and Richand, analysis of in-
testinal sand by, 247

Meconinm, 161-162, 167, 168

Membranons colitis, 221-223

Mercurial poisoning, 209

v. Mering, eiled, 22-23

Methyl-Violet test for
chloric acid, 25
Metabolism, fixed dieis for the study
of, 94-98
Mett’s quantitative estimation of pep-
sin by, 39
Meat diet for metabolism, 97-98
Gastric juice secretion after, 11
Fweces from, characters of, 102,
203, 109, 119, 125-126, 131, 132,
137-138, 150-151, 162, 183-185
Fat absorption and excretion on,
150, 151
Nitrogen excretion and absorp-
tion on, 131, 132, 137-138 X
Sluggishness of bowels due to,
171, 189
Migraine, 83-84 i
Milk diet for metabolism, 95 '
Cow's milk, influence of, on fweces,
100, 118, 133, 146
Fmeces from,
Characters of 101, 103, 107-
108, 117-118, 122.123, 162

free hydro-
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Milk diet for metabolism—continued
Intestinal sand in, 246-247
Fat absorption and excretion on,
146-148
Food value of, 252
Gastric juice secretion after, 11, 14
Metabolism  on, 179-182, 225,
236-237, 240-242
Nitrogen excretion and absorp-
tion on. 133-134
Sluggishness of bowels due to,
171, 189 .
Mixed diet for metabolism, 96-97
Fweces from. characters of, 101.
L0GR, 108-108, 118-119, 123-124
Fat absorption and excretion on
148, 149
Metabolism, 135-137, 149-151,
191, 192, 199, 200-201. 237
Nitrogen excretion and absorp-
tion on, 135-136;: on mixed
diet with increasing quantities
of milk, 136-137
Mixed diet + milk. for metaboliam.

97. 102, 177, 178- 180, 186, 194,
198, 213, 218, 237- 239: water
percentage in faces from, 124-
125

Motions, shape of, in intestinal earei-
noma, 234
Mott and Durham, cited, 216 and nofe 2

Mucous membrane, particles  from
achylia gastrica, 56
Mucus,
Clasts of, in membranous colitis,
222

Digestion of, 44
Faeces, in, 107, 109, 110, 139-141 :
in pathological conditions, 176,
178, 180, 187, 190, 193, 195,
197, 200, 201, 204-206, 208-209,
214-215, 216, 219-220, 224, 226,
229, 232, 234, 237-238, 241
Gastric contents, in, 43-48, 52-55,
a9, 66-68, 71, T2, 75-TG, 79, 84,
55, 88, 89
Mucus colitis, 211-217, 223, 246
Miiller, Fr., eited, 99 and notel, 130, 144
Muszcular fibres, residue of, in faeces,
111-112, 208, 215, 220
Mutton, roast, food value of, 252

NEexcikr, Sieber and Schounow, eifed,
18 and nofe 3

Nervous diarrhoea, 181-185

Neuragthenia, 92, 189-1950

Neurotic taint, symptom of, 41

Neutral fat in feces, quantitative esti-
mation of, 142-143

Nitrogen,

Absorption of, on cifferent diets, |

Nitrogen—conlinued
133-136 ; in membranous eo-
litis, 223
Absorption and exeretion of, on
test diets in—diarrhoea, 177.

178-179, 181, 187-188; con-
stipation, 191-195; intestinal
dyspepsia, 198, 199, 201 :

catarrh of bowels, 204, 206,
209 : muecus colitis, 215-216 -
stercoral uleeration, 218, 220.
221 : intestinal atrophy, 227,
228, 229: carcinoma, 237:
sprue, 241, 242
Elimination of, in urine of—econ-
stipation, 195; acute catarrh
of bowels, 205: colitis, 213-
214, 218, 219 ; intestinal atro-
phy, 225, 228, 229 : carcinoma,
236, 238
Freces, in, 127-138 (sce also above,
~ Absorption and Excretion)
Crastric contents, in. 41
Quantities of, in various articles
of diet, 252
v. Noorden, cited, 127,
aid nole
Norway. 78
Nothnagel, eifed, 112, 163, 166, 189
nole, 210, 232

130 nofel, 140G

AT bran, 245
UEL;‘.meul (uncooked), food value of.
e
Odour.
Fmees, of,
Normal fwces, 107
Pathological faces, 176, 180,
187, 190, 195, 197, 200.
201, 203-205, 208, 214,
219, 226, 229, 234, 241
Gastric contents in achylia gas-
trica. of, 54
Oefele, v., eited, 99 and note 1
Oppler, cifed, 65 and nole 2
Oppler and Boas, eiled, 18 and nole 1
Ost, table of estimations of stomach
capacity guoted, 9 and note, 10
Oxalate of lime erystals in faeces, 101
Oxygen in gastric contents, 41
Oxyhemoglobin in fweces, 168, 170

Pan,
Butyrie or volatfle acids, due to
increase of, 8Y
Gastralgia, of, 90
Gastric ulcer, of, 57
Panecreatic calenli, 244
Pancreatic juice, 119, 145
Pawlow, cited, 10 and nofe-11, 14, 39
nofel, T3 and nofel
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Peas, diet of, and exeretion of—nitro-
gen, 131, 132: fat, 145; carbo-
hydrate, 136, 157

Pepsin in gastric contents,

Pathological conditions, in, 47-48,

531, 53, 56, 60, 68, 75, 77, 80,
86, 90

Quantitative cstimation of (me-
thods), 38-39

Tests for, 36-37
Pepsinogen in gastric contents, 36, 37,
47-48, 51, 53, 56, 68, 77, 80, 86, D0
Peptone in faeces, 138-139, 216
Peristalsis of stomach, increased, 52
Peristalsis of intestines, increased, 189,
192-193
Pettenkofer and Voit, eited, 100 and
nofe 6
Phenol, see Indol Phenol and Skatol
Phystol. chemie, Berlin, cited, 120 nofe 2
Plaice, food value of, 252
Potatoes, food wvalue of, 252
gen excretion on diet ﬂl'_ 131
Proteids (see alse Nitrogen- Absorp-
tion)
Digestion of, 18 ;
tarrh, 44
Odour of fweces from diet of, 107
Prout-Wynter Method for quantita-
tive analysis of free hydrochloric
acid, 28-30, 31, 47, 50, 55
Fuerperal fever, 49
Pus,
Chronic gastritis, in, 49
Fewces, in, 231-232, 235
Malignant stomach. in. 65
Pusch and Callomon, cifed, 152 and
nole
Pylorus,
Insufficiency of, 86-87
Spasm of, 83
Stenosis of, 82
Stricture of, 42

nitro-

in gastric ca-

QuUiNekr, eifed, 103, 105 and note 1

REctum, ulceration of, 232;
nant dizeasc of, 237-9

Regurgitation, 86

Reichmann, eited, 189 rmri nole

Reinboth, cited, 65 and note 1

Kennin in gastric contents, 39-40, 44,
al, 68, 75, 77, 80, 90

Rice, 132, 156, 252

Richet, cited, 73 and note 2

Rieder, experiments of, ciled. 130 and
nofe 2

Riegel, cifed, 56 and note2, 64 and note
i3 and noted ; test meal of, 12 and
ot 2-14 ; gastric contents yielded
by, 15, 17

malig-

| Schinidt, eited,

INDEX

Rosenau, apparatus for obtaining
stomach contents, 8 and nofe

Fubner, cifed, 131 and note, 132, 145,
146, 153 and note 2, 156, 157

Bumination, 82

Rumpf and Schumm, cifed, 131

SALKOWSKI, cifed, 244
Salol tabloids, caleuli caused by,
Ralzer, test meal of, 13-14
Sand, intestinal, 245-249 ;
false, 246
Sarcina, 18-19, 65
44 and nofe, 56 and
notel, 208 ; method of estimating
carbohydrates in feces, 155-156 :
bile pigments, 165 ; urohilin, 166-
167
Sehmidt’s diet for metabolism, 95 el
notes 97 : metabolism on, 101, 108,
118, 123, 134, 135, 148-149, 191,
199, 201
Schmidt and Strasburger, Dic Faeces
des Menschen, cifed, 94, 100 wofel,
118 and note, 121 note. 129 and
notesl and?2, 131 note 2, 132 nofes, 133,
134, 143 and noles, 144 nofel, 146,
152 nofel, 155 nole, 156 nofe, 157
note, 160 and note 1, 196 and nole 2
Schiile, eited, 43 and note
Schiiven, cied, 10
Senator, eifed, 161
Shellac, caleuli caused by, 245
Sicard and Infroit, eifed, 172 nols
Simon, ** Clinical Diagnosis,”
32 note
Skatol, see Indol, Phenol, and Skatol
Sloughs in fweces, 231
Soaps mn feces, 113, 142-143
Scemmering, cited, 10
Sole {uncooked), food nilue of, 252
Spinach, food value of, ﬂ:
Spinal 1Lbllilll‘: vomit af
Sprue [Pﬁilﬂsiﬁ}, 2{-0-242
Starch in feces, 113
starling, Croontan Lectures. eifed, 73
and nofe 3
Stenogis of the bowel, 103-106
Stercobilin, 166
Stercoral diarrheea, 185-138
Stercoral uleeration, 217-221
Stomach,
Atrophy of, 53
Capacity of, 9-10
‘ardiac end, diseases of, 24, 52
83, 86
Dilatation, atonie of, 84-87
Functional diseases of (see also
names of diseases), 70 ef seq.
Gas fermentation in, 41-42

245

irue, 240 :

ciled,
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Stomach—eondinwed
Motor power of,
Achylia gastrica, in, 56
Functional derangements of,
T0, 71, 81 ef seq.
Gastric contents in cases of
insufficiency of, 15
Giastritis, acute, in, 46

Test meals for investigating. |

12-14
Uleer, gastrie, in, Gl
Neuroses, motor, 81 ¢f seq. ; sec-
retory, 72-80 ; sensory, 88-92 ;
vomiting, 92
Organic diseases of (see afso names
of diseases), 43 ef seq.
Peristalsis, increased, 82
Pylorus, sce that title
Secretions, nervous
72-74, 78
Stomach tube, use of —different forms,
ete., 3-9; use of, in gastric uleer, 58
Strasburger, cited, 93 and note, 155
Strasburger and Schmidt, see Schmidt
Strauss. Hermann, effed, 21-22
succns entericus. 190
Sugar in feces. 152-153

of,

control

TarEs dorsalis, gastric erisis of, 92
Taurin, 164

Taurocholate of soda in feces, 164-165 |

Teichmann’s Hemin test for blood in
faeces, 169

Test meals for investigating gastric
diseases, 11-14; importance of
using, 19-11

Test diets for investigating intestinal
diseases, see Diets

Thiersch, ciled, 64 and note 3

Thomson and Ferguson, eifed, 247

Throats, relaxed, 55

Tipfer, detection and analysis of free
hydrochlorie acid, 26-27, 30-31

Total acidity of gastric contents, 46,
47, 50, 52, 54, 55, 58, 59, 60, 66, 68,
721 74:- T'.-}! Tﬁ! 73: 7”1- H4~ H'—}: HH"H‘“!
method of  estimating, 20-21;
average value of, 21

Toxalbumins, action of gastric juice
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EXTRACT FROM THE PREFACE

It is my object in this Manual to give the student a simple account ot
the science of Pharmacology, especially in so far as it will enable him to
understand the practical application of medicinal agents in the treat-
ment of disease.

Unless the practitioner of medicine has a knowledge of the changes
induced in the organism by the drugs he employs, he must of necessity
become a slave to habit and empiricism. He will prescribe in a4 routine
fashion, and drugs will be associated with diseases; his prescriptions
will become automatic, unreasoned, and without initiative.

Pharmacology, like any other science, cannot stand alone. It is
directly dependent upon physiology, chemistry, and patholcgy, and
without a knowledge of those sciences a proper grasp of the subject is
impossible.

It has been my aim throughout to cultivate the reasoning faculties of
the student, to accept as little as possible for granted, and to subject
all statements to experiment. By this treatment it is hoped that phar-
macology may be learnt like any other science, and consist in something
more than the mere committal to memory of many disjointed and often
unassociated facts as it has been too often in the past.

e e Y~ h::

“ The work is a compact review of all the leading facts and theories

in pharmacology which will be welcomed by teachers of this subject.”
Lancet.

“ The author has the great merit of having produced a comparatively
small book which covers practically the whole ground of our present
knowledge of the action of remedies in everyday use.”

Edinburgh Medical Fournal.
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