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vi PREFACE,

commonly produced than those of the salivary glands or
pancreas, or even of the liver. The fact of the stomach being
the receptacle of the mixed and often uncooked food renders it
liable to the invasion of micro-organisms, some of which
decompose the stomach contents; while others, in certain
conditions, invade the stomach walls,

The influence of chemical pathology on the study of disease
cannot be over-estimated, and by its methods changes in
secretion and metabolism are determined. As regards changes
in secretion, the juices formed by the stomach and salivary
glands arve alone available for investigation during life. As
regards metabolism, the study is a much more intricate one,
inasmuch as changes in disease have to be determined from an
investigation of the final products of the functional changes in
the tissues, and in some cases at least it is not the final, but
the intermediate, products which produce the symptoms of
disease, Thus the metabolic changes of the liver in disease
are In many respects a matter of conjecture, or at any rate are
not so clear as the changes which occur in the stomach in
disease.

In the present work I have adopted a method of discussing
the diseases of the stomach which appears to me to be the
most rational. Dealing first with the anatomy of the organ
and the normal processes occurring in it, so far as our knowledge
at present extends, the question of food is then considered
from the point of view of a normal dietary and of the digesti-
bility of food, and of the physiological effects of excess or
diminution,

The pathology of indigestion of food is next considered,
without taking into account whether it occurs in functional or
organic disease ; and the causes of indigestion to be ascribed
to the food taken are discussed, together with the varying
acidity of the stomach contents in disease, the gases generated,
and the processes of digestion of the mixed food in the










































2 ANATOMY AND PHYSIOLOGY.

upper extremity of the lesser curvature, and to the left of the
opening, the stomach is enlarged upwards, forming the fundus,
which passes below into the greater curvature. The pyloric
portion passes directly into the duodenum, the position of the
pylorus being shown in the peritoneal coat by a sulcus, the
pyloric sulcus, beneath which is the pylorie sphincter and the
fold in the mucous membrane, called the pyloric valve. At
a point in the greater curvature, a few inches from the pylorie
sulcus, there is often a shallow groove, which marks the limit
of the pyloric antrum ; there may be a similar groove on the
lesser curvature.

Size.—The size of the stomach varies according to the age
and sex, and in the individual. It varies greatly according to
the distention of the organ. At birth the fundus is absent.
In the female the organ is, as a rule, smaller than in the
male. According to Sappey, the following are the measure-
ments of the stomach when moderately distended :—

In the greatest diameter, 24-26 cm. (94-10% inches).
From the lesser to the greater curve, 10-12 em. (4-5 inches).
From front to back, 8-9 cm. (3-33 inches).

When empty, the antero-posterior diameter disappears,
and the other measurements are—

In the greatest diameter, 18-20 em. (7-8 inches).
From the lesser to the greater curve, 7-8 em. (2§-3 inches).

These figures are averages: and in individual cases, varia-
tions will be found; the measurements being sometimes
greater, sometimes less.

Capacity—The capacity of the stomach varies. In some
anatomical works, it is stated that the capacity is from 2% to
4 litres (4 to 7 pints). This, however, is inaccurate.  Accord-
ing to Ewald’s measurements,' the capacity of the adult
stomach may be as little as 250 ce. (9 ounces), or as much as
1680 ce. (59 ounces). The average is a little over a litre, or
from 35 to 40 ounces; and if the capacity of the organ 1s
3 pints, the condition must be considered as pathological.

Position and relations (Figs. 1 and 2).—The stomach lies

1 #Klinik der Verdanungskrankheiten,” Part ii. p- 86, 3rd ed.






4 ANATOMY AND PHYSIOLOGY.

and the eardia is joined to the diaphragm by a small fold of
peritoneum, the gastro-phrenic ligament. The result of this
arrangement is that the stomach is suspended in the upper
part of the abdominal cavity, and that there is no hindrance
to the distention of the organs downwards, or upwards on the
left side. The great omentum which is attached to the greater
curve aids in keeping the organ in position, but does not
limit its movements.

The cardiae orifice (cardia) is situated within one inch

Duodenunt
FPancreas

Asecending
Colon

Fia, 2.—Position of the organs in the upper part of the abdomen.
Back view. (After Luschka.)l

(2,to 3 em.) below the cesophageal opening in the diaphragm,
and on the left side of the body of the 10th dorsal vertebra
(Fig. 2). It is about 4% inches (11 em.) from the front wall
of the trunk, and is in a line with a point one inch from the
sternal insertion of the 7th left costal cartilage.

The jundus rises 1% to 2 inches (3 to 5 cm.) above the
cardia, and is just below the lung. When greatly distended
the fundus rests beneath the central tendon of the diaphragm
and is just below the heart. In relation to the surface, the

1 Op. cit, Plate I1.
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highest part of the fundus is opposite the 6th left chondro-
sternal articulation anteriorly (Fig. 1), and posteriorly it is
opposite the 9th dorsal vertebra (Fig. 2).

The pylorus is situated on the right side of the upper
part of the Ist lumbar vertebra (Fig. 2), so that a horizontal
section through the trunk at the level of the intervertebral
disc separating the 12th dorsal and 1st lumbar vertebra
« bisects the pylorus longitudinally (Fig. 3). On the anterior
wall of the trunk, the pylorus is opposite a point somewhat

Fig. &.—Transverse section of the trunk at the level of the disc between the 12th dorsal and
1st lumbar vertebre. (From a model in the museum, University College.) 1, Intervertebral
dise ; 2, stomach near pylorus; 8, first part of the duodenum in transverse section ; 4,
gall-bladder ; 5, liver; &, right kidney ; 7, small intestine ; 8, colon ; 9, colon.

below the xiphisternum and just outside the parasternal line
(Fig. 1). In the undistended state of the stomach, the first
part of the duodenum is horizontal and passes from left to
right as well as backwards, but when the organ is distended
the pyloric region moves forward carrying a portion of the
duodenum with it: so that the first inch or so of the
duodenum runs from front to back instead of right to left,
and is seen cut transversely in a coronal section of the trunk
(Fig. 4). During the normal movements of the stomach, this
first inch or so of the duodenum is moving to and fro in the
manner described. Like the stomach it is mmpletely sur-

rounded by peritoneum.
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The lesser curvature lies for the most part vertically. It
begins at the cardia on the left side of the 10th dorsal verte-
bra, passes downwards on the left side of the bodies of the 11th
and 12th dorsal vertebrze, and then crosses the body of the 1st
lumbar vertebra, ending at the pylorus (Fig. 2). At the lower
part it is crossed by a portion of the pancreas (Fig. 6).

The greater cwrvature varies in position according to the
state of distention of the organ. When the stomach is dis-.
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Fig. 4.—Coronal section of the trunk. (From a model in the musenm, University College.) 1
heart ; 2, stomach in transverse section ; 8, gall-bladder ; 4 and 6, duodenum ; 5, liver; ¥
colon ; &, diaphragm ; 9, Inngs.

tended the lower limit of the greater curve is marked by a
transverse line drawn between the cartilages of the 9th ribs,
or sometimes the 10th (Fig. 1). This line is two fingers’
breadths above the umbilicus. When the stomach is empty,
the lower line of the greater curve is much higher, being just
observed below the edge of the liver; while the transverse
colon occupies the position above indicated. Posteriorly, the
greater curve of the distended stomach comes down as far as
the 3rd lumbar vertebra (Fig. 2).
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is not-connected with the pylorus or with the commencement
of the duodenum.

Structure—The stomach is composed of four coats (Fig. 9):
peritoneal (serosa), muscular (muscularis), submucous (sub-
maucosa), mucous (muecosa); the muscular and mucous coats
forming the greater part of the wall of the organ. The outer
peritoneal coat is a continuous covering for the organ, E'.lTlLl
beneath it lies a small quantity of connective tissue surrounding
the vessels. The muscular coat is composed of unstriped

L,

- M ucosa

—MWruscniaris
EHCOSE

]- Snbmrrecosa
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- Miuserlaris

—Serosa

Fig. 7.—Section of the normal human stomach in the pyloric region. From a photograph, x
17. The specimen was obtained from an adult male. On the left of the figure an artery
and vein are seen entering the submucosa,

muscle, and is divisible into three layers: a well developed
longitudinal coat thickened along the greater and especially
the lesser curves, and continuous above with the longitudinal
coat of the gullet; a circular coat which is well developed all
over the organ, and especially so at the pylorus, where it forms
the pyloric sphincter, there being no special development of the
circular coat at the cardia; and an internal slightly developed
oblique coat mostly over the cardiac end of the organ. The
submucous coat which lies just inside the muscularis consists of
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Fig. 8.—A pyloric gland from a
section of the dog's stomach.
m, mouth  w, neck. (Ebstein.)
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Fio. 8. —A cardiac gland from the dog's stomach (Klein

d, mouth of the gland; b,

and Noble SBwmith)

¢, epithelium ; p,
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parietal cells ; ¢, central cells,
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loose connective tissue, allowing great changes in extensibility
of the inner mucous lining. In it the arteries break up to
supply the mucous coat, and venous and lymphatic plexuses
are formed by the vessels proceeding from the inner lining.

The mucous coat is separated from the submucous by a
layer of muscular tissue, muscularis mucose, which is con-
nected with the muscle fibres between the glands. The
mucous membrane is thrown into longitudinal folds (rugm),
which are well marked, except at the pyloric end of the
stomach. In some animals, e.g. the rabbit, the pyloric end of
the stomach is sharply marked off from the cardiac, being
thinner and more transparent; and in carnivora and in man
the distinction between the two parts is evident to the naked
eye. On the surface of the stomach numerous pits are visible
under a magnifying glass, indieating the openings of the
gastric glands. These are of two classes: the cardiae or fundus,
and the pyloric glands. The cardiac glands are tubular, and
several open on the surface by one duct. They are lined by
two kinds of cells—one, forming the greatest number, are
small, granular, nucleated cells, and secrete the pepsin
(Hauptzellen of Heidenhain, chief, central or adelomorphous
cells); the other, larger but also granular
and nucleated, secrete the hydrochloric
acid of the gastric juice, and are called
parietal, delomorphous (Rollett), or oxyntic
cells (Fig. 10), (Langley). The pyloric
glands are also tubular and often branched
at the extremity; they are lined by
cardine glands of the granular nuclear cells secreting pepsin or,
;:;:;;tr::?hmf:l? e Imats cnrr:ractl:,*t gastric ju_ic:e without
cells are not quite normal, hiydrochloric acid, the oxyntic cells being

ag they are binoecleated. = " R )
A fow ohief cells are seer, 20S€NE.  The columnar cells which form

at the side of the alvealus, t.hE, E]_}it-hl:’.li&]. ]_i[]i‘_['[g {]f t-]le mucous coat
From a preparation hard-

ened in osmic acid, ana O the stomach are in part goblet cells for

stained with logwood.  the secretion of mueus, At the cardia
there is a sharp demarcation between these cells and the
stratified epithelium of the gullet, and at the pylorus the
cells lining the duodenum are distinguished from those of the
stomach by the presence of the hyaline border in the former.
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The stroma between the glands is composed of delicate
connective tissue, with some adenoid tissue, supporting the
blood vessels. Muscle fibres are also present (Fig. 11).

The submucosa contains collections of lymphoid tissue
corresponding morphologically to those in the intestine, but
they are not very conspicuous in the human stomach. They
are observed chiefly in the pylorie region.

Vascular Supply—The stomach is richly supplied with
vessels (Fig. 12). The coronary branch of the ceeliac axis

=l

Fig. 11.—Transverse soction of the glands of the cardine region of & child's stomach. From a
photograph, x §00. There is a very small amount of stroma, eonsisting chiefly of con-
nective tissue cells with blood vessels. The alveolus in the centre of the figure shows one
large (oxyntic) cell, and several small (chief) cells. From a preparation hardened in osmie
acid and stained with logwood.

passes from left to right along the lesser curve, supplying

both anterior and posterior aspects of the organ, joining on

the right branches of the pyloric or vight coronary artery (a

branch of the hepatic), and on the left anastomosing with the

aortic esophageal arteries. Along the greater curve there are
two arteries which join—the right gastro-epiploie, which is
the largest artery of the stomach, and is indirectly a branch of
the hepatic; and the left gastro-epiploie, a branch of the splenie
artery which also sends small branches to the cardiac end of
the organ (arterice gastrice lreves). All the arteries of the
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atics go through glands to the thoracic duct. The passage
of the Dblood through the liver and of the lymph to the
thoraciec duct is connected with the absorption processes which
oceur in the stomach.

Nervous Supply of the Stomach.—The stomach is supplied
by the vagus and the sympathetic nerves. The right vagus
branches out on the posterior aspect, and the left, on the
anterior ; while branches of the sympathetic are supplied by
the splanchnies and the cceliac plexus. The left vagus also
supplies branches to the liver. Only about one-third of the
trunk of the right vagus ends in the stomach, supplying the
left half of the posterior surface, while the greater portion of
the nerve passes to the semilunar ganglion. The right half
of the posterior surface is supplied mainly by the sympathetic.
Besides this there is in the muscular coat the plexus of
Auerbach, containing ganglionic cells, and in the submucous
coat the similar plexus of Meissner, both of which no doubt
play some part in the physiological processes taking place in
the organ.

PHYSIOLOGY.

Functions of the Stomach.—The physiological processes
taking place in the stomach are the digestion of the proteid
and albuminoid substances by means of the gastric juice; the
mechanical and chemical breaking up of the masticated food ;
its propulsion into the small intestine; and the absorption of
certain substances. The processes are therefore divisible into
three classes:

1. Chemical.
2. Mechanical.
3. Absorptive.

The normal processes depend chiefly on the nervous
mechanism of the stomach which governs the secretion of
gastric juice and the movements of the organ, and by means
of which the vascular supply is regulated.

Nervous Mechanism  of the Stomach.—The stomach is
directly connected with the central nervous system by the
vagus nerves, and is not only supplied by the branches of
the sympathetic from the solar plexus, but it has a ganglionic
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It was mentioned above that section of the vagi caused
pallor of the mucous membrane during digestion instead of
the usual rosy colour; this appears to show that the vascul-
arity of the organ dwring digestion is a reflex effect, the
vagus being the afferent nerve, and the sympathetic the
efferent. At any rate it must be granted that the in-
creased vascularity of the organ during digestion is not
solely due to the presence of food or of its chemical elements,
but to the action of a nervous mechanism, since it 1s a pro-
longed effect, and is necessary not only for the absorption of
certain food products, but for the manufacture of the gastric
juice and for a continuance of the automatic movements.
But little is known of the influence of the nervous system on
the secretion of gastric juice. Stimulation of the vagus does
not produce secretion: section of both wvagi, of the splanch-
nic nerves, and extirpation of the cceliac ganglion does not
abolish secretion. From a practical point of view it is, how-
ever, noteworthy that gastric juice is secreted in response to
many stimuli applied to the mucous membrane. Such an
inert body as a pebble will cause a flow of gastric juice, and
electrical stimulation of the mucous membrane will have
a similar effect. Of chemical stimulants, swallowed saliva,
dilute alkalies, sodium chloride, as well as food, cause a flow
of secretion ; facts which are of prime importance in dietetics.
The secretion of gastric juice is also effected by reflex action.
This was very evident in a case observed by Professor Richet
of Paris. In a woman who had gastrostomy performed for
an impermeable stricture of the wsophagus (caused by a cor-
rosive) it was noticed that a flow of gastric juice followed the
introduction into the mouth of any substance causing a flow
of saliva. There is no doubt a close nervous connection
between the individual glands which secrete digestive Juices
and between these glands and the special senses of sight,
smell, and taste, which are intimately connected with the
taking and enjoying of food. It is certain that there is no
secretory nerve directly supplied to the stomach glands from
the central nervous system, although there is some evidence of
a nervous connection between the central nervous system and
the secretion of gastric juice. Physiological research tends to
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show that all secretion in highly specialised animals is more
or less under the control of the nervous system: in the
stomach the nervous mechanism is probably mainly a local
one situated in the walls of the stomach and brought into
action in response to mechanical, chemical, and other stimuli
applied to the mucous membrane. The same must be said of
the muscular contractions of the stomach: the modified
peristalsis of the stomach, although more directly connected
with the central nervous system than the secretion of gastrie
juice (since stimulation of the vagi affects the contractions of
the stomach), yet goes on in a full stomach after section of
both vagus nerves. The local nervous mechanism of the
muscular contractions of the stomach possibly exists in
Auverbach’s plexus and ganglia situated in the muscular coat.

Vomiting is a reflex effect produced by many different
stimuli. The actual act of vomiting is accompanied, first, by
a flow of saliva and a pallor of the skin, with or without
increased diaphoresis; secondly, by a deep drawn inspiration
associated with a spasmodic contraction of the diaphragm,
followed by closure of the glottis; thirdly, by a sudden con-
traction of the abdominal muscles accompanied by the opening
of the cardiac orifice and some contraction of the stomach
itself.

Vomiting is dependent on the integrity of a mnervous
centre in the medulla oblongata. This centre may be directly
affected either by disease (cerebral) or by drugs, and this direct
stimulation may produce an ejection of the stomach contents.
The centre is, however, usually affected reflexly.

In the process of vomiting described above, the different
stages are the result of the effect of the stimulus on the
vomiting centre, which discharges along the secretory nerves
of the salivary glands, causing a flow of saliva; which affects
the neighbouring respiratory centre producing the deep in-
spiration, the closure of the glottis, the spasmodic contracture
of the diaphragm, and the energetic expiratory contraction of
the abdominal muscles.

The parts of the body from which vomiting is excited
reflexly are as follows:—from the fauces, soft palate, and
pharynx through the glosso-pharyngeal merve; from the

2
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stomach, lungs, liver, and gall-bladder by means of the vagus
nerves; from the uterus, kidneys, peritoneum, and intestine
by means of the sympathetic fibres (visceral nerves) supplied
to them. Vomiting is also excited by great pain, the reflex
afferent impulse passing to the vomiting centre by an ordinary
sensory nerve; and it is perhaps partly in this way that the
passage of a gallstone or a renal caleulus, or peritonitis and
hernia produce vomiting. In some cases of disease it is not
always easy to say what particular pathological factor produces
the vomiting, as, besides local disease of an organ, there may
be an inflammatory disease, the chemical products of which
may produce emesis by acting directly on the centre in the
medulla.

To sum up this part of the subject, it may be said that
the central nervous system has no direct influence on the
secretion of gastric juice or on the mechanical movements of
the stomach ; both these processes are largely automatic, and
are probably dependent on the ganglia present in the walls of
the stomach. The central nervous system is, however, con-
nected with both these processes, since the secretion of gastric
juice may be effected reflexly by the mere flow of saliva, by
emotional disturbance, and by execitation of the special senses.
The automatic movements are in closer connection with the
central nervous system than the secretion of gastric juice.

The physiological processes in the stomach—mechanical,
chemical, and absorptive—will now be considered seriatim.

Mechanical Processes an the Stomach ; Movements—In the
intervals of digestion the normal stomach, being empty, is con-
tracted, its mucous membrane lying in folds or ruge and its
muscular coat being in a state of more or less tonic contrac-
tion. Soon after the entrance of food, the movements begin
and continue during the whole time of digestion; at first
slight, they gradually increase in intensity. The first muscular
action of the stomach is the opening of the cardiac orifice
to allow the entrance of the food. This occurs by a con-
traction of the longitudinal muscular fibres surrounding the
orifice. It is a rveflex act, the proper performance of
which depends on the integrity of the vagus nerve. Section
of the vagus causes a spasmodic contraction of the cardiac
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orifice, the swallowed food collecting in the lower part of the
esophagus, and not entering the stomach. Another similar
action is the opening of the pylorus dependent on the relaxa-
tion of the circular muscular fibres forming the sphincter;
this relaxation appears to occur at irregular intervals to
allow of the exit of the liquid food, and it occurs the more
frequently the more liquid the condition of the food is. Its
nervous mechanism is not exactly known. Section of the
vagi causes a spasmodic contraction of the pyloric sphincter.
The general movements of the stomach are of two kinds—the
circular and the churning. The circular movement, due chiefly
to the contraction of the circular muscular coat, is most powerful
at the pyloric end ; it is similar to the peristaltic wave in the
intestine. It is the movement which occurs when the stomach
1s stimulated electrically, although in this case it is only
local. By the cireular movement the food is passed from one
end of the organ to the other. The churning movement
takes place near the mucous membrane, and by its means the
particles of food near the membrane are driven towards the
centre of the stomach. The effect on the food of these move-
ments is to make it pass from the cardia to the pylorus and
then back again, while it is also passing from the mucous
membrane towards the centre of the organ (p. 29).

The stomach during digestion is practically a closed bag
suspended between two more or less fixed points, viz. where
the cesophagus passes through the diaphragm and at the duo-
denum. This fixation of the two ends aids the movements of
the organ. By these movements the masticated food is mixed,
the mixing becoming more complete as the proteid constituents
of the mixed food are dissolved. At certain intervals the
pylorus opens and part of the liquid contents of the stomach
are ejected into the duodenum. But where the food taken
is chiefly solid, most of it remains in the stomach until
digestion is completed, when it is propelled into the duodenum
en masse.

The movements of the stomach are diminished by violent
exercise after a meal and cease during sleep (Busch). Violent
emotions, it is said, will also cause them to cease for a time ;
this, however, is only a matter of conjecture from the fact that
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violent emotions will inhibit the digestion of food in the
stomach, but this might occur also from an inhibition of the
secretion of gastric juice as well as of the muscular movements
of the organ.

Chemical Physiological Processes in the Stomach.—The secre-
tion of the gastric juice takes place both in the glands of the
cardiac and in those of the pyloric region; the former pro-
ducing gastric juice, containing both pepsin and hydrochloric
acid ; the latter, gastric juice containing pepsin but no hydro-
chloric acid. The acid is formed by the large parietal or
oxyntic cells previously described, which swell up during
secretory activity of the glands; the pepsin is formed in the
chief cells, which become very granular in the intervals be-
tween secretion, and discharge their granules during secretion
(Langley). The hydrochloric acid® is secreted by the cells
as such, and must of necessity be formed from a chloride and
presumably from sodium chloride. It was suggested by Maly *
that lactic acid is the means by which this salt is decomposed,
setting free the acid, according to the following equation :—

2 NaCl + 2 C,Hy0,=NaCl + NaC,H,0; + C;Hg0; + HCL
—— e e e

Sodium  Lactie Sodium Sodivm  Lactic Hydrochloric
chloride. acid. chloride. lactate. acid. acid.

Although this might occur when lactic acid is present in the
stomach contents, yet such a transformation cannot be con-
sidered the normal method of secretion by the parietal cells.
It is more probable (Maly) that di-sodium hydrogen phosphate
is decomposed by means of carbonic acid (CO,), sodium
hydrogen carbonate and sodium di-hydrogen phosphate being
formed, according to the following equation :—

Na,HPO, + CO, + H,0=NaHCO, + NaH,PO,.

1 At first it may appear an anomaly that a free mineral acid should be
secreted by an animal cell. The secretion of hydrochloric acid by the gastric
glands is not the only phenomenon of the kind in nature. A gasteropod
(Dolium galea) secretes free sulphuric acid in its ““saliva™ (quoted by Halli-
burton, ** Chemical Physiology,” p. 60 ; see also Bunge, ‘‘ Lehrbuch der physiolog.
und patholog. Chemie,” 3rd ed,, 1894, p. 144). The pupa of the Puss moth
(Dicranoura vinula) secretes potassium hydrate (KHO) to enable it to emerge
from its covering (Oswald Latter, Trans. Enfom. Soc. London, 1892, part iv.
(Dec.) p. 287).

* See Gamgee, ** Text-Book of Physiological Chemistry,” vol. ii. p. 111.
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calcium salts. The action of rennet thus differs from that of
acids, which simply precipitate the casein, or, more properly
speaking, the caseinogen or precursor of casein. As this occurs
in all cases before milk is digested by ferments (either by pepsin,
by pancreatin, or by papain) it is probable that the physical
condition of the casein in finely divided particles, and perhaps
the molecular change it undergoes, is that which 1s necessary
for the rapid and efficient digestion of the milk; and a little
consideration shows that this is so, since the precipitation of
casein, and with it the fat, separates the milk into a liquid
part containing the salts and lactose, more readily manipul-
ated than the heavy milk itself; and a solid part (casein and
fat), the casein particles of which are readily digested by the
pepsin-hydrochlorie acid, thus setting free the fat.

Although the hydrochloric acid of the gastric juice is in
sufficient quantity during full digestion to precipitate the
caseinogen of milk, the curdling ferment probably does this
more effectually and earlier in the process of digestion, since a
few seconds after milk is swallowed it becomes coagulated in
the stomach, at a period before sufficient acid has been secreted
for precipitation of the caseinogen.

A lactic acid ferment has been described by Hammarsten
which changes lactose into lactic acid. It is probable, how-
ever, that this ferment comes from the bacteria present in the
food, and is not a secretion of the gastric glands.

Cane sugar in the stomach is slowly transformed into
arape sugar, an action aseribed to the agency of the mucus of
the stomach. But such a transformation, although of great
importance in digestion and nutrition, occurs only to an
insignificant extent in the stomach, and is one of the chief
functions of the succus entericus in the small intestine.

Aetion of the Pepsin-Hydrochlorie Acid—The action of
the two principal agents of the gastric juice is solely on the
albuminous or proteid constituents of the food and on gelatin
and other albuminoids. At a temperature of between 35°
and 40° C. pepsin in the presence of a 0°2 per cent solution of
hydrochloric acid digests all proteids, transforming them into
more soluble products (albumoses and peptones) in order to
facilitate their absorption. An early stage of the transforma-
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tion is into syntonin or parapeptone, a body closely allied to
acid albumins, since it is soluble only in acid solutions, from
which it is precipitated by neutralisation; and once in the
precipitated form it is coagulated or rendered insoluble by
heat. One of the next class of products, viz. hetero-albumose,
1s somewhat allied to syntonin since it is not soluble in water,
but only in solutions of neutral salts (such as sodium chloride
or magnesium sulphate) and in dilute acids or alkalies. It is
in part precipitated from these solutions by removal of the
neutral salts or by neutralising the solution, or by boiling the
solution in neutral salts. The other albumoses, viz. proto-
and deutero-albumose, are much more soluble products, since no
salts, acids, or alkalies are requisite to hold them in solution,
and they are not precipitated by boiling the solution: peptone
has the same properties. From a practical point of view, as
when the stomach contents require to be examined chemically,
the chief digestive products to be sought for are proto- and
deutero-albumose and peptone. In normal digestion in the
stomach peptone does not appear to be found in great
quantity ; or it would be more accurate to say that an ex-
amination of the stomach contents during full digestion does
not show the presence of a large quantity of peptone. This
may be, as will be seen, because as soon as it 1s formed it is
absorbed by the mucous membrane.

The chemical reactions of the bodies under consideration
show that deutero-albumose is a produet intermediate between
proto-albumose and peptone, on account of its great solubility.
Thus all these three bodies are soluble in distilled water, cold
or boiling. Proto-albumose is precipitated by nitric acid in
the cold, the precipitate being soluble in excess of the reagent
and also soluble on warming, coming down again in cooling.
Deutero-albumose is not so precipitated unless a certain
quantity of sodium chloride or other neutral salt is present.
Peptone is not precipitated at all by either method. Proto-
albumose and deutero-albumose are both precipitated by
saturating the solution with neutral ammonium sulphate;
peptone is not so precipitated. All three bodies give a rose-
pink colour when a trace of solution of sulphate of copper
(1 per cent) and an excess of potash solution are added; this
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is the biuvet reaction. (See also Examination of the Stomach
Contents, Chapter V.)

The products of digestion just considered are formed from
so-called “native” proteids, those, namely, which exist nor-
mally in the tissues of animals or plants, such as the myosin
of flesh, the albumin of egg, the casein of milk, the gluten of
bread, the globulins of plants. This class constitutes the
most nutritious group of proteids. But there are other allied
bodies which are not so useful as food, and which are best
called “albuminoids.” These are gelatin, chondrin, and
elastin, which undergo digestion in the stomach ; and keratin,
which undergoes no change.

The kind of transformation of these bodies is the same as
that previously described. The final digestive produet from
gelatin, the most important member of the group, is called
gelatin peptone, the precursors of which during digestion are
allied to the albumoses and are called “ gelatoses.” Gelatin
peptone differs in reactions from proteid peptone, giving no
reddish precipitate on boiling with Millon’s reagent, and a
slight yellow colour (not a deep yellow) on boiling with
nitric acid. Chondrin, which is obtained from cartilage by
boiling, also yields digestive products similar to those yielded by
gelatin ; and during digestion elastoses are formed from elastin.
Gelatin is, however, the most important member of this group,
since 1t 1s the body present in the boiled connective tissue of
animal foods,

The Condition of Proteid Food as it leaves the Stomach.—
All the proteid matter taken into the stomach as food is not
digested there ; the fluid which is passed through the pylorus
into the duodenum contains the various proteid products of
digestion (syntonin, albumoses, and peptone) ; and the syntonin
is immediately precipitated with the pepsin by the alkaline
liquids (bile and pancreatic juice) in the small gut. Al-
though in human digestion a large part of the proteid
food is left for the pamecreatic juice to digest in the small
gut, yet the action of the gastric juice is a good preparation
for pancreatic digestion—just as the action of the saliva
on the starch in the mouth, although inhibited in the
stomach, is a good preparation for the completion of the
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digestion by the amylopsin of the pancreatic juice. A
little consideration will make clear this useful action of
the gastric juice. Most of the proteids taken as food are
in the cooked form, that is more or less coagulated and
insoluble.  The gastric juice acts on this insoluble proteid,
causing it to swell up and eventually to enter into solution.
In this soluble form it is more easily digested by the pan-
creatic juice. than in the insoluble. This is one action, but
digestion by the gastric juice is certainly useful in another
way. The proteids taken as food are of various kinds: animal
myosin in flesh, albumin of eggs, casein of milk, gluten of
flour, globulin and albumoses of plants and seeds—all with
certain definite characteristics, and all possessing, presumably,
a slightly varying molecular constitution. They have all to
be transformed into the proteids of the human organism, and
primarily it is supposed into the proteids of the blood—
albumin and globulin. That they must undergo this trans-
formation is shown by the fact that they are capable of
supporting the nitrogenous metabolism of the body ; that is,
that the nitrogen they contain is used to nourish the tissues
This being so, it must be allowed that one action of the
pepsin-hydrochloric acid of the gastrie juice is to prepare
these various proteids for entering the blood, to so alter their
constitution that they can readily be transformed into the
proteids of the blood ; and the action of the pancreatic juice
may be essential to complete this process.

Absorption in the Stomach—Most of the digested food is
absorbed in the small intestine; active absorption, however,
takes place in the stomach—of sugar, salts, and proteids,

The sugar absorbed is the maltose formed by the saliva
from starch and the small amount of glucose formed in the
stomach by the inversion of cane sugar. During the absorp-
tion of maltose it is transformed into glucose, since the former
is not found in the blood or the liver,

Some portion of the soluble salés is absorbed in the
stomach, but there is probably an active interchange between
the salts of the blood and those in the gastric contents during
digestion.

The proteids are absorbed chiefly as albumoses and peptone.
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Some proteids may be absorbed unchanged, as in the case uf'a
large quantity of eggs being taken as food, egg-alblmpn
appearing in the urine. Proteids in solution which are in-
jected into the rectum, where there is no digestion, have also
been proved to be absorbed unchanged. The absorption of
proteids by the stomach in the form of albumoses is the
ordinary mode, and one of the advantages of the action of the
gastric juice is that it transforms the insoluble or colloid
proteids into soluble and diffusible proteids—albumoses and
peptone. The process of absorption of these digestive pro-
ducts is not purely mechanical, not simply a question of the
diffusion of liquids, for in passing through the mucous mem-
brane, whether of the stomach or the intestine, albumoses and
peptone disappear as such. This was shown by Hofmeister,
who also demonstrated that the stomach of an animal, re-
moved from the body and kept in an appropriate warm
chamber, could also cause this transformation of albumoses
and peptone. Into what body they are changed has not yet
been demonstrated ; and although in several series of experi-
ments performed by various observers, it has been assumed
that “serum albumin” is the body formed, there is as yet no
chemical proof that this i1s the case, and these observers use
the term “serum albumin” loocsely for the proteids of the
blood-plasma, which contains serum globulin and fibrinogen
as well as serum albumin. Most physiologists consider that
the regeneration of albumoses and peptone is due to the lining
epithelinm of the alimentary canal. It is, however, certain
that during absorption the albumoses and peptone disappear
in their passage through the mucous membrane, and that
they are not found in the blood stream or in the tissues of
the healthy animal. Hofmeister some years ago stated that
he had found these bodies in the blood during digestion, but
the application of more recent methods by Neumeister has
shown that this is not the case. If absorbed as such the
albumoses would be inimical to the human body,

The question of the absorption of water in the stomach is
one which has been the subject of much discussion and
frequent investigation. It was until quite recently considered
that water was absorbed in large quantities, although this
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conclusion would be a somewhat anomalous one, since very
little water is actually absorbed in the small intestine, and
the rationale of its absorption in the stomach could not be
very evident. Tappeiner' came to the conclusion from his
experiments that very little water was absorbed by the
stomach, but that alcohol was readily taken up, and all sub-
stances soluble in it. His conclusion that peptone and glucose
were not absorbed in any quantity by the stomach was shown
to be erroneous by the experiments of von Anrep. Von
Mering ? showed conclusively in dogs that water given to the
animal to drink flowed through the pylorus in more or less
rhythmic gushes; and that the whole of the water drunk
passed through the pylorus in this manner. Very little
water is retained in the stomach when it is taken by itself.
Such an experiment as this does not quite imitate the con-
ditions in the stomach when a mixed meal with water is
taken. In this case the bulk of the food and water is
retained in the stomach for a considerable time, and absorp-
tion of water may take place, but probably not to any great
extent. Whatever amount of water is absorbed with the
soluble salts, sugar, and peptones is in all probability returned
by the blood to the stomach contents. Von Mering also
showed that carbonic acid in solution is readily absorbed by
the stomach, as well as aleohol, glucose, cane sugar, lactose,
and maltose. Dextrin and peptone are not really absorbed.
He confirms Tappeiner's observation already referred to, viz
that alcoholic solutions of the substances mentioned are more
readily absorbed than aqueous, a fact of some dietetic
importance.

The non-absorption of liquid by the stomach is, as will be
seen, an important factor in certain pathological conditions.
It is also of physiological importance since the abstraction of
water leads to a delay of digestion in the stomach and in the
small intestine.

Process of Digestion of the Mixzed Food in the Stomach.—

1 + eber Resorption im Magen,” Ztschr. f. Biol., Miinchen, Bd. xvi. p. 497,
1883 e Ueber die Functionen des Magens,” Verhandl. des XII Congress f.

innere Medicin zu Wiesbaden, 1893. See also Edkins, Jouwrn. Physiol., Cam-
bridge, vol. xiii. p. 445.
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The chemical processes of digestion in the stomach have been
discussed ; but of greater importance in its relation to disease
is the change undergone by the mixed food. The stomach is
the receptacle of all the food taken, of the carbohydrates
partially digested by the saliva, of the fats surrounded by
tissue, of the proteids and of the salts. Although only the
proteids are digested in the stomach, yet other changes occur
which must of necessity be discussed.

To make the subject clear it will be considered under the
following headings :—

1. The naked eye changes in the stomach during the
digestion of a meal.

2. The effect on the mixed food of the digestion of pro-
teids by the gastric juice and of the movements of
the stomach.

3. The presence of organic acids in normal digestion.

1. In the intervals of digestion the mucous membrane of
the stomach is a light pink culuur, and the organ is practically
empty, containing a small amount of liquid, slightly alkaline
and containing salts and a little mueus. As soon as food
enters the organ, the mucous membrane becomes more vas-
cular and the “ glands begin to discharge a clear, transparent
fluid, which continues rapidly to accumulate as aliment is
received for digestion. This fluid is invariably distinetly
acid 7 (Beaumont),

2. The food which enters the stomach to be acted upon
by the gastric juice is the mixed and masticated food ; it con-
sists of proteids, carbohydrates, fats, and organic and inorganic
salts. The proteids are in a more or less insoluble form, being
partly coagulated during the process of cooking, The fibres of
the meat, consisting of myosin, are not completely disin-
tegrated by mastication or cooking, although their connection
with each other is loosened by the effect of cooking on the in-
terstitial connective tissue, which has the result of transforming
collagen into the readily soluble and digestible body gelatin.
Of the other chief proteid foods, eggs as eaten are com-
posed of coagulated albumin, globulin, and fat; milk, of
caseinogen in solution ixed with fat and lactose; bread, of
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gluten and albumoses mixed with carbohydrates—starch and
dextrin. The starch and dextrin have been more or less
dissociated from the other constituents of the mixed food
by the action of the saliva in the mouth, so that when the
carbohydrates enter the stomach they are in part already
transformed into dextrin and maltose. The action of the
swallowed saliva can only continue for a short time in the
stomach, viz. from 15 to 45 minutes, as the increasing
acidity and the action of the pepsin destroy the activity of
the ptyalin.'

The process of digestion of this mixed food in the stomach
is twofold. As soon as the food enters the organ, the move-
ment of the walls begins, resulting in a very intimate and
continuous mixing of the food, since this not only traverses
the organ from the cardia to the pylorus along both curvatures
and back again down the middle (Brinton), but is also worked
towards the centre of the organ by the churning movement.
Brinton’s hypothesis regarding the course of the food does not
accord with the actual observations of Beaumont (op. ¢it.), or
with the experimental results of Hofmeister and Schiitz® in
their research on the automatic movements of the dog’s
stomach. Both Beaumont and Hofmeister and Schiitz con-
cluded that the food travelled along the greater curve and
back again along the lesser. From the position and shape of
the stomach this conclusion would appear probable. The
movements of the stomach not only intimately mix the food, but
reduce the size of the masticated particles and cause the gastric
juice secreted by the mucous membrane to act on all the particles
swallowed. The chemical changes which begin as soon as the
secretion of gastric juice are at first slight, owing to the slight
acidity of the stomach contents; the first portion of acid secreted
being utilised in neutralising the swallowed saliva as well as
the food if it is alkaline. But in about an hour or an howr
and a half from the ingestion of a large meal, the acidity of
the stomach rises to 02 per cent or even higher. The hydro-

1 See Langley, Journ. Physiol., Cambridge, vol. iii. p. 246 ; Langley and Eves,
ibid. vol. iv. p. 18 ; Chittenden, ete. quoted by Halliburton, op. eit. p. 628.

2 F. Hofmeister and E. Schiitz, * Ueber die automatischen Bewegungen des
Magens " ; Areh. f. exper. Path, w. Pharmakol., Leipzig, 1885, Bd. xx. p. L.
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chloric acid forms a loose compound with the proteids present.
This loosely combined acid does not give all the reactions of
the free acid. Proteids can only take up a certain proportion
of acid, and therefore as digestion proceeds the acidity due to
hydrochloric acid is produced both by the loosely com-
bined acid and by the free acid. The effect on the mixed
food of the digestion of the proteids by pepsin-hydro-
chloric acid leads to a great disintegration of the food,
although it is not a complete digestion. Thus with meat the
gelatin of the cooked connective tissue is readily digested,
loosening the fibres of the meat, which also swell up and are
partially digested. Any fat present in the meat is also
separated by this digestion, and is melted by the temperature
of the body. With eggs, the proteids are caused to swell up
and are partially digested, while the fat is freed and melted.
With milk, the casein is first precipitated with most of the
fat, which is, however, set free as the digestion of the casein-
precipitate proceeds. Thus, although one of the chief effects
of the pepsin-hydrochloric acid is the digestion of proteid sub-
stances, yet another and not less important result is the dis-
integration of the food whereby the fat is separated, and,
being melted by the body temperature, floats on the surface of
the gastric contents, and the proteids and carbohydrates which
are partly in solution are by their fine subdivision in a very
suitable condition for rapid digestion by the pancreatic juice
and bile in the small intestine. To the mixed food as it is
digested by the stomach—consisting as it does of particles of
undigested proteid and carbohydrate and melted fat floating
on an acid liquid, containing in solution, besides salts and
organic acids, the products of digested proteids (syntonin,
albumoses, and peptone), and some maltose and unaltered
cane sugar and lactose—the term “ chyme ” is applied.
Although during digestion the stomach is a closed bag, yet
the pylorus dilates from time to time as the confents become
more liquid, and allows the extrusion into the duodenum of
small quantities of the acid liquid contents. This action, which
1s not a regularly rhythmic one, but occurs at irvegular intervals,
is of great service, as, instead of a large quantity of acid liquid
being propelled into the duodenum for it to cope with, small
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quantities entering it are readily neutralised by the bile and
pancreatic juice, the pepsin and syntonin being precipitated.
Thus, while the stomach is preparing the food by partially
digesting the proteids and by trituration and mixing of the
food, the pancreatic juice and bile are already finishing the
digestion of the carbohydrates and proteids. This process of
preparation of food in the stomach and its gradual passing on
to the duodenum for completion of digestion is a very im-
portant one, and irregularity in its performance probably
forms a fruitful source of disease. If a small quantity of
liquid be swallowed with the food, very little leaves the
stomach until digestion is completed. With a large quantity
of liquid, some soon passes through the pylorus. The fat
separated from the mixed food in the stomach is the last por-
tion of food to leave the organ, probably solely because it
floats on the stomach contents.

3. The consideration of the changes in the food during diges-
tion would be incomplete without a discussion of the effect of the
organic acids and salts which are taken with the food. Thus
meat as eaten contains sarcolactic acid; fruits and vegetables
contain, either free or combined, citric, acetic, and tartaric
acids, and vinegar (acetic acid) is often mixed with food. The
salts of these acids are decomposed by the hydrochlorie acid of
the gastric juice, so that the acid is set free and the acidity of
the stomach contents increased. Moreover, after the entrance of
carbohydrate food into the stomach, it is stated that lactic
acid is formed by bacterial decomposition of the carbohydrates,
and according to Ewald, it is the chief acid in the stomach
for the first three-quarters of an hour of digestion under the
circumstances mentioned.

Ewald and Boas' investigated the process of digestion in
three young individuals, two with normal digestion and one with
vomiting neurosis. They found that ten minutes after giving
60 grammes (about 2 ounces) of white bread, lactic acid was con-
tained in the stomach contents, and that the quantity increased
for 30 or 40 minutes. Hydrochloric acid was then found,
and this increased while the lactic diminished, until it dis-
appeared. After meat a similar condition was noticed, viz,

1 Firchow's Archiv, Bd. ci. p. 325.
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first, the appearance of sarcolactic acid, then in 60 to 90
minutes both this acid and hydrochlorie acid, and in 100 to
120 minutes hydrochloric acid alone. Fish gave the same
results as meat, and with potatoes an appreciable quantity of
lactic acid was found. None was found when egg-albumin
was given as food.

Cahn and von Mering ' obtained the following results in
three healthy individuals, two of whom were on milk diet,
and one on a pure meat diet :—

Period, after
mt.lrn;_:, of | Percent- P:rg&';]:‘ P:rce;rt-—
removal of of lgct' tila
stomach alﬁli?:[‘gﬂl. a.t:itiﬂ vn{:.cﬁlé
contents. ' '
Case 1. Healthy male, aged | 3% hours| 0204 | 0 0

20, on pure meat
diet
Case 2. Healthy male, aged 4 hour | 0-058 | 0-101 | 0-003
20, on milk diet
Case 3. Healthy male, aged | [1 hour | 0034 | 002 0009
36, on milk diet 2 hours| 0-164 | 0281 | 0°075

It is evident, therefore, that even in healthy individuals
on a milk diet, that a certain amount and in some cases a
large amount of lactic acid may be present in the stomach
contents during digestion. With a meat diet, the acidity of
the stomach contents was found to be due almost solely to
hydrochloric acid, a result apparently antagonistic to that of
Ewald and Boas. Meat does contain sarcolactic acid, and it is
apparent that this will be set free in the stomach contents
during the process of digestion; it will therefore be found in
the early stages of gastric digestion, and would then either be
absorbed, or would combine with the chlorides as suggested by
Maly. At any rate, 1t disappears from the stomach as diges-
tion proceeds, and it is therefore not surprising that Cahn
and von Mering did not find any lactic acid present in the
stomach three and a half hours after a meal of meat alone.
The presence of lactic acid after a meal of bread was explained
by a decomposition of the carbohydrates of the bread occurring
in the stomach by means of bacteria. There is no necessity

! Deutsches Arch. f. klin. Med,, Leipzig, Bd. xxxix. p. 233.
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to suppose that this occurs, since during the preparation of
bread, not only acetic but lactic acid is formed. Acetic
acid is a further product of the action of yeast (sac-
charomyces cerevisie) on carbohydrates and the alcohol formed
from them. The acetic acid fermentation may oceur, and
lactic acid and butyric acid are also formed by the action
of the lactic acid and butyric acid bacilli. The acidity of
bread and of biscuits increases with keeping, even for one or
two days! It is not therefore at all surprising that after a
diet of bread alone lactic acid should be found. The presence
of lactic acid in this case has mnothing to do with the func-
tions of the stomach ; it is simply an acid taken in with the
food. And this is shown to be the case by the experiments of
Martius and Liittke 2 and of Boas,” for when food which does
not contain lactic acid is given, this acid is found only in traces
in the stomach contents. With a milk diet in healthy adults,
this question is somewhat different, as shown by Cahn and
von Mering’s results. In this case the percentage of lactic
acid in one individual half an hour after food was 0°101, and
in another individual it was in one hour after food 0-2, and
in two hours 0-281 per cent. Here there is evidence of dis-
tinct formation of lactic acid in the stomach in normal diges-
tion, and the question is how is it formed. There is no
evidence to show that in the digestion of milk by pepsin-
hydrochlorie acid, lactic acid is formed ; therefore, it must be
concluded that it is formed by fermentation of the lactose of
the milk, a fermentation by means of the lactic acid-producing
micro-organisms swallowed with the food. It is perhaps not
wise to assume from these two experiments of Cahn and von
Mering’s that lactic acid is always found in quantity when
milk is taken as a food, since there is no account given of the
milk taken (whether boiled or not) and no account of the
individuals except that they were healthy. It will be seen
that many bacteria have been found in the stomach capable
of forming lactic acid from carbohydrates (p. 73).

1 See Konig, * Die menschlichen Nahrungs- und Geniiss-Mittel,” Bd. ii. p.
615, 3rd ed., 1893,

2 “Die Magensiure des Menschen,” 1892, p. 55.
8 ¢ Diagnostik u. Therapie der Magenkrankheiten,” 1804, 3rd ed., part 1.

P 2.
3
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Lactic acid does not, however, play any great part in normal
digestion : it was at one time considered the chief acid in the
stomach. And although peptic digestion will take place in the
presence of lactic acid and even of nitric acid, it was con-
clusively proved by Bidder and Schmidt, and confirmed by
subsequent observers, that the acid secreted by the gastric
glands and acting with pepsin as the agent in digestion is
hydrochlorie acid,

In artificial digestion experiments, it is found that gastrie
digestion proceeds most rapidly in the presence of hydrochloric
acid, less rapidly in the presence of acetic or lactic acid, and
scarcely at all when butyrie acid is the only acid present.
These acids all form acid albumin when they are allowed to
act on uncoagulated egg-albumin, but with varying degrees of
facility. Hydrochloric acid is the most active in this respect,
butyric acid the least active, while acetic and lactic acids
occupy an intermediate place. The effect of these acids on
peptic digestion is shown by the following experiment :—

Into each of eight tubes, 50 cc. of a solution of egg-albumin
were placed and coagulated by heat; 50 ce. of water were
added to each. The tubes were divided into sets of two,
and 0'2 per cent HCl added to one set, 0°2 per cent acetic acid
to another, 0°2 per cent lactic acid to a third, and 0'2 per cent
butyrie acid to the fourth. Four tubes were set aside as con-
trols, and to each of the remaining four, 4 ce. of an active
solution of pig’s pepsin were added. All the tubes were then
placed in the incubator at 95° F. for 1 hour 40 minutes; and
the amount of digestion taking place was estimated by com-
paring each tube with the control, by estimating the amount
of coagulated albumin undissolved, by the amount of precipitate
on neutralising and by the intensity of the biuret reaction for
peptones.  The result is shown in the table on the next page.

From this experiment it is quite clear that in the presence
of acetic and lactic acids, pepsin is much less active than
when hydrochloric acid is alone present; and that lactic is, if
anything, less active in hindering peptic digestion than acetic
acid. With the amount of butyric acid used, no digestion
whatever occeurred, and there was no formation of acid albumin
in the absence of pepsin.
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In other experiments, it was seen that in the presence of
hydrochloric acid and of one or other of the acids mentioned, the
activity of pepsin was diminished by butyric acid, but not to a
great extent by lactic acid, as compared with a digestive
mixture in which hydrochloric acid alone was present.

It may be safely concluded, therefore, that when the stomach
contents are hyperacid from the presence of organic acids,
pepsin can have but little activity ; but that the presence of a
small percentage of lactic or acetic acid in association with
hydrochloric acid (such as commonly occurs in the normal
digestion of mixed food) is no great hindrance to the chemical
processes (see Chapter IV.).

The organic acids, whether taken in with the food or formed
from carbohydrates in the stomach, play an important réle in
the dietary, since they are a source of carbonates, thus preserving
the alkalinity of the blood and tissues; they are also anti-
scorbutic agents. Their excessive ingestion or formation in the
stomach leads, as will be discussed later, to great functional
disturbances of digestion.

Relation of Digestive Processes in the Stomach to Salivary and
Intestinal Digestion—Although the process of digestion in the
stomach is in itself an entity, yet the efficient action of the
saliva i8 a very necessary precursor to normal digestion; for
not only does the saliva aid mastication by moistening the
food, but it rapidly digests the cooked starch in the mouth, and
acts for a short time in the stomach itself until the acidity
rises to a degree sufficient to stop the action. The alkalinity
of saliva is equal to 0097 per cent of sodium carbonate
(Na,CO,), and its action is stopped by 0003 per cent of
hydrochloric acid (Chittenden and Smith).!  According to these
observers, therefore, the salivary diastase could act in the
stomach for only a very short time. Of more importance than
the action of the saliva is the change which the digested food
undergoes when it leaves the stomach. It then consists of a
pea-soupy mass, with an acidity due mostly to hydrochloric
acid, but partly also in some instances to organic acids, such as

! Trans. Connecticut Association, 1885, vol. vi. p. 143. Abstract in Maly's

Jakresbericht, 1886. The figure, 07097, was obtained as the average estimate
from fifteen specimens.
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bacteria and worms. Bacteria are, however, by no means
absent from the eaten fond, as is shown by their abundance in
the intestines.

2. The successful treatment of functional disturbances of
digestion is so largely a question of diet that it is not out of
place to consider here certain facts of first importance in the
dietary of healthy individuals. The dietary of healthy indivi-
duals has not been determined by scientifie investigation ; it is
the outcome of experience and custom; yet the scientific
investigation of such empirical diets has led to the establish-
ment of data which are true within certain limits. The diet
of a healthy individual must consist of the following con-
stituents : proteids, fats, carbohydrates, mineral salts, vegetable
acids, and water. DProteids are essential to the organism, since
they contain nitrogen in a form which after digestion is capable
of being assimilated by the tissues. They are sources of
muscular energy, as Liebig originally showed, and Pfliiger
and others have confirmed.! Fats and carbohydrates arve of
service, not only by their combustion maintaining the heat of
the body and in maintaining muscular activity, but also from
the fact that their presence in a diet up to a certain amount
enables less proteid food to be taken, thus obviating the
dangers of an excess of proteid in the diet. They are there-
fore termed proteid-sparing foods. Mineral salts and water
are necessary for the solution of proteid bodies in the liquids of
the body and for the formation of tissues (bone, ete.), sodinm
chloride and calcium phosphate being essential to every
developing tissue. Vegetable acids, free or in combination, are
of use as anti-scorbutics, and for keeping the tissues alkaline,
since they form carbonates in the system. The correct way of
regarding these food-stuffs is that they are essential for the
maintenance of the activity and metabolism of the protoplasmic
tissues; that as regards fat and carbohydrates, although they
may be said to maintain heat and muscular activity, yet they
do so by being metabolised by the tissues and not by any
chemical combustion independent of the tissues.

! For a summary of the recent work on this subject, see a paper by E. Star-

ling, M.D., *Researches on Proteid Metabolism,” Seience Progress, April 1894,
p. 141.
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the carbohydrates is as 1:14; in the adult in easy circum-
stances it is as 1:3'4; and in the workman as 1:5 or even
less. The facts just mentioned are essential for the nutrition
of the healthy organism, and although diet in disease is very
different, yet as far as possible dieting must be on the lines
mentioned (see Chapter XL.).

3. Of as great importance as the amount nf food and food-
stuffs necessary to maintain health is the digestibility of the
food taken, and in disease this question of digestibility becomes
of prime importance. Individuals may show an idiosyncrasy
with regard to the digestibility of particular articles of diet,
but of greater importance is the consideration of the digesti-
bility of the various foods and food-stuffs as these differ among
themselves, apart from any idiosyncrasy of the individual. The
digestibility of the food-stuffs as investigated by Rubner may
be stated in the following table, 100 being taken as a figure
representing complete digestion :—

DIGESTIBILITY 0F F0OD-STUFFS (PERCENTAGE DIGESTED).

Meat. | Egzs. | Milk, |Cheese, | Rice. | Potatoes, | Pens. E‘I‘L:Ef ]?1!::: Carrots.

Proteid o | aFEl 8T | 92 97 80 750 80 78 68 795
Fat 00| 95 05 05 — — 2 o —_— i
Uﬂ.rhoh_',l‘drates —_ _ - — a9 a5 85 a9 g2 82

It is thus seen that the proteids of animal foods (meat, eggs,
milk, cheese) are far more digestible than those of vegetables
(potatoes, peas, bread, etc.), and that the carbohydrates of rice
and white bread are the more digestible.

The digestibility of various starches by the pancreatic
diastase is shown in the following experiments. The starch was
prepared in a pure state, and dissolved in boiling water. Each
starch solution was of a known strength, and the diastase added
was of the same quantity and strength in each experiment,
The starches used were arrowroot (St. Vincent and Bermuda),
the starch of fresh green peas and of pea flour, of wheaten flour,
of rice, barley, and potatoes. The most digestible of these
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It is clear from this table that from the experiments in
these two individuals in whom digestion was normal, the
following conclusions may be drawn :—

1. That the flesh of animals remains from two and a half
to five hours in the stomach, the most digestible being lamb,
and then beef-steak, mutton, veal, and pork, while fish is as
digestible as mutton.

2. Starchy foods (rice, tapioca, barley) remain about two
hours in the stomach; beans, peas and potatoes and bread
remaining rather longer.

3. Even for the same food-article there are varying times
during which it remains in the stomach, showing that the
functional activity of the stomach varies at different times.

Eiffeet of an Ercess of Food.—The time during which food
remains in the healthy stomach depends to a great extent on
its bulk and its digestibility. The healthy stomach can cope
with a large amount of food taken at one meal, and digest it
with little or no disturbance. Disturbances of digestion arise, as
will be seen, when very large meals are the rule and not the
exception. Feeding a healthy man with a test meal, consisting
of soup, a “large ” beef-steak and a roll of bread, Leube found
that the stomach was quite empty in seven hours, only a clear
liquid with a few flocculi of mucus being removed by the
sound. Such a meal as this is no doubt physiologically correct
for the largest meal in the day ; smaller meals will remain a
shorter time in the stomach. If such a meal or its equivalent
be repeated during the day three times, at 9 A, at 1 pM,,
and at 7 pa, it is evident that the stomach will never be
empty, will never be resting. Kretschky, for example, found
in a patient with a gastric fistula that the time of digestion of
the breakfast was four and a half hours; of dinner, seven
hours; and of the evening meal seven to eight hours!
Although it is a matter of common observation that individuals
vary greatly in the amount of food they can eat with impunity,
yet few individuals can eat three large meals at intervals of
four to six hours during the day without sooner or later suffer-
ing from the results of excess of food.

Physiological Results of an Eicess of Food—Food taken in

! Kretschky, Eulenberg's Real-Encyclopedia, vol. iv. p. 241,
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excess of the actual requirements of the body leads to
corpulence or to disorders of digestion, the gain in weight
being chiefly in the form of fat. If the proteid con-
stituents of the diet are in excess, the organs of digestion
are overworked, and the nitrogenous tissues of the body,
especially the liver and muscles, are also overworked. It
must be remembered that the changes in the nitrogenous
tissues result in one direction in the production of a certain
amount of urea, and the amount of nitrogen in this substance
has to be made good by the nitrogen taken in as food, in order
that the nitrogenous equilibrium of the body may be
maintained. An excess of proteid food in the dietary
increases the amount of urea exereted, and thus the amount
of work thrown on the nitrogenous tissues, especially the
liver and muscles. In this way an excess of proteid food
leads in all probability to gout, for uric acid, which is one of
the features of that disease, must be derived from the tissues,
and is formed by a physiological process similar to the for-
mation of urea.

Proteid substances are to some extent a source of fat in the
body when they are mixed with the other food-stuffs in the
proper proportion of a diet (Voit); but if the proteid food-
stuffs are greatly in excess of the carbohydrates and fat, then
the body uses up its store of fat, since proteids cannot replace
the fat in a dietary. In this way, d.c. by restricting the diet
mainly to proteid substances (as meat) the body wastes, as in
Banting’s treatment of obesity. Pfliger, however, from his
recent experiments has concluded that in no case can fat be
produced in the body from the proteid of the food: and that
if proteid is retained in the body, it is retained as such and
not as fat.!

The physiological effect of an excess of fat in the diet is
an increase of the deposit of fat in the body, and if the excess
be great a diminution in the digestion of fat, which leads to a
decomposition of the fat in the intestines. The amount of
fat requisite in an average diet for the maintenance of health
is a little under 5 ounces, which would be represented in a
dietary by the fat in about 1§ ounces of butter, in 171 ounces

1 See Starling, Science Progress, April 1804, p. 145.
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salts, chiefly phosphates of potassium, and an excess of
potassium salts, besides their depressing effect generally,
increases the exeretion of sodium chloride, which is withdrawn
from the tissues.  The converse is also held to be true
(Forster), viz. that an excess of sodium chloride in the
diet increases the excretion of potassinm salts. There is no
doubt a very nice physiological balance between the sodium
and potassinm salts in the body, and it is thus possible that
an excessive ingestion of either might lead to an increased
excretion of both.

An excess of organie salts and acids (acetic, citrie, malie,
tartaric) leads to alkalinity of the urine, but as regards the
stomach they lead to delay in the digestion of food: since
whether taken as salts or as free acids (vinegar and lemon
juice, and sour fruits) they tend to diminish the digestion of
proteids in the stomach and to diminish the secretion of
gastric juice (see also p. 31 ef seq.).

An excess of liquid taken with the food also delays
digestion. This is so not only in artificial digestion experi-
ments, but also in the stomach. In artificial digestion experi-
ments, pepsin acts more energetically if the liquid, although of
the proper degree of acidity (02 per cent), is not in large
amount. DBut in digestion in the stomach this dilution of
the contents, by an excess of liquid, is of more importance ;
for although the healthy stomach can cope with a relatively
large quantity of liquid taken with the food, which is more or
less rapidly propelled into the duodenum, yet in certain cases
of functional disorders of digestion, where there is not only
defective secretion of gastric juice, but diminished movement,
an excess of liquid taken with the food delays digestion, since
it dilutes the pepsin-hydrochloric acid already present in the
stomach. At a certain stage of digestion, dilution of the
digesting mass aids the process. Thus in artificial digestion
experiments, the action of the pepsin-hydrochloric acid on
proteids stops after a time, but recommences if more liquid be
added. This effect is expressed by saying that the action of
the ferment becomes inhibited by an accumulation of its
products. Such facts as these are important in conneection
with one dietetic rule for persons with functional disorder of
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digestion, viz. that liquids are best taken at the end of a meal
or a short time after it.

The physiological purposes which liquid taken with meals
serve may be considered as two in number: a certain amount
of water (more than the food contains) is necessary for the
efficient action of the gastric juice, and a certain amount of
water is necessary for the absorption of the salts and digested
products, and for facilitating the expulsion of the chyme
through the pylorus into the duodenum.

5. Effect of Food Accessories on Digestion—Civilised man,
and for the matter of that savage man also, has his food
flavoured. Many foods either possess a natural flavour or
one becomes developed in them during the process of cooking ;
as in meat, for example. Flavouring agents are also added.
Tasteless food after a time leads to distaste of food; so that
the addition of flavouring agents is an absolute necessity in
physiological conditions of life.

Food accessories may be divided into two classes, condi-
ments, and a class containing alcoholic beverages, tea, coffee,
- and cocoa. DBoth classes of substances possess somewhat
similar physiological actions, which are mainly of two kinds,
an action on the process of digestion in the stomach, and an
action on the central nervous system.

The chief condiments in use are mustard, pepper, onions,
garlic, pimento, cloves, cinnamon, nutmeg, caraway, cardamonms,
and vinegar, to which list common salt must be added. The
active principles of these substances (with the exception of
vinegar and common salt) have a threefold action.

1. They are antiseptic; especially oil of mustard, onions,
pimento, cloves, and the other aromatics.

2. They stimulate the seevetion of the digestive juices.
They without doubt stimulate the secretion of the saliva, and
thus indirectly the secretion of the gastric juice; but it is
possible that they also stimulate directly the secretion of
gastric juice when they enter the stomach.

3. They stimulate peristalsis. Some of the active principles
(especially the aromatic oils) also act as stimulants to the
nervous system, but their effect is not great in the small doses
in which they are taken as condiments.

4
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Besides their pleasant smell and taste, and appetising
effect, these condiments are of distinet value in healthy
digestion.

The second class of food accessories is a large one, and may
be subdivided into liquids containing aleohol and those con-
taining alkaloids (such as tea, coffee, and cocoa).

Aleohol and the alkaloids, caffeine, and theine, have a
special action on the central nervous system, being in small
doses stimulant and in larger sedative. It is probable that
such drinks are largely taken for this object as well as for
their pleasant aromatic taste.

They act, moreover, and this is especially the case with
aleoholic beverages, as stimulants of the secretion of gastric
juice, which in part explains their action when taken with
meals in some cases of disordered digestion.

Lastly, they act directly on the chemical processes of
digestion in the stomach.

In artificial digestion experiments with pepsin-hydrochloric
acid, Sir William Roberts' obtained the following results :—

Proof spirit present in the digestion-mixture to the extent
of 10 to 20 per cent retarded the chemical processes. The ardent
spirits (brandy, whisky, and gin) retarded the digestion in pro-
portion to the amount of aleohol they contained ; and thus in
dietetic doses would not have any effect on the chemical pro-
cesses of digestion in the stomach. It is quite otherwise with
wines and beers: these retard digestion out of all proportion to
the alecohol they contain; tea, coffee (especially eafé¢ noir), and
beef-tea having a similar effect. The aleoholic beverages
which have the most energetic action in this respect are
sherry, port, and beer; 20 per cent of sherry, for example
(equal to 8 per cent of proof spirit), trebling the time of
digestion.  Hock, claret, and champagne are less active:

champagne having the least retarding effect, probably from
its effervescence.

! ““ Dietetics and Dyspepsia ™ (Lectures at Owens College, 1885). See also
Schellhaas, Deufsches Areh. f. Klin. Med., Leipzig, Bd. xxxvi. p- 427 ; Schiitz,
Prag. med. Wehnschr., 1885, No. 20 ; Biichuer, Deutsches Areh. f. klin, Med.,

Leipzig, Bd. xxix. p. 537.  All these researches gave practically similar results
to those of Roberts.
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It is noticeable that tea and coffee have no retarding effect
on pancreatic digestion, and wines and beer have an effect only
in proportion to their degree of acidity.

It is highly probable that part of the retarding effects of
wines and beer on the chemical processes of digestion is due to
the presence in them of organic salts (lactates, tartrates, etc.),
which in the presence of hydrochloric acid are decomposed,
the free acids being liberated. In the presence of these
acids digestion by pepsin-hydrochloric acid is retarded. Part
of the slowing action may be due to the inorganic salts present,
chiefly those of potassium. Sodium chloride up to 1 per cent
increases the chemical processes of digestion.

The effects of alcohol and alcoholic drinks on the chemical
processes of digestion outside the body which have just been
deseribed are of great interest, but do not accurately indicate
the occurrence of events in the stomach itself during actual
digestion. It is commonly said that small doses of aleohol
before meals promote digestion by increasing the secretion of
gastric juice ; this has been confirmed by experiment, although
for many reasons it is not a custom to be advocated, except in
rare instances.

An early observation of Claude Bernard! showed that the
difference between the action of alcohol and of ether on
digestion was that the former prevented while the latter
increased digestion. Thus two dogs which had the same meal
were given, the one ether and the other alcohol, in ansesthetic
doses ; both were killed in five to six hours, and digestion in
the etherised animal was far advanced or ended, while in the
alcoholised animal it had barely begun. Kretschky® made
some observations on a young girl with a gastric fistula
and found that a small dose of alcohol (3 per cent of
absolute alcohol) delayed digestion when given with the meal,
and in another case of fistula Richet® found that alcohol dis-
appeared from the stomach in thirty-five to forty minutes, and

1 ¢ Lecons sur les effets des substances toxiques et médicamentaires.” Paris,

1875, p. 430.
® Deutsches Arch. f. klin. Med., Leipzig, Bd. xviii. p. 527.
5 ¢ Recherches sur l'acidité du suc gastrique chez I'homme,” ete.—Congpt.

rend, Acad. d. Sc., Paris, tome xxxiv., 1877.
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that not only wine but pure alcohol increased the acidity of the
gastric juice. Thus, although when wine is given part of the
increased acidity is due to the acids it contains, yet this cannot
be the explanation of the increased acidity when pure alcohol
is given. As Gluzinski's' observations show, alcohol actually
increases the secretion of hydrochloric acid by the stomach.
The method he used was as accurate as such methods can be.
Individuals who were healthy and those who had disease of
the stomach, those who were accustomed to aleohol and those
unaccustomed to its use were examined. When the stomach
was empty, the patient was given the white of one egg
coagulated, and 100 cubic centimetres of distilled water. The
patient remained quiet for a certain period, after which 100
ce. of water were injected into the stomach, and the contents
removed by an aspirator.®

With this simple food, therefore, a very accurate idea could
be obtained of the process of digestion in the period after
giving the egg-albumin. The ordinary time of digestion of
this meal was investigated in each individual, when no aleohol
was given ; afterwards an exactly similar experiment was per-
formed, with the exception that instead of giving water with
the egg-albumin, 100 ce. of 25, 50, or 75 per cent alcohol
was substituted ; or a small glass of cognac. The fluid which
was withdrawn from the stomach after digestion was tested for
the degree of acidity, for the presence of alecohol, and for the
degree of digestion of the pieces of egg-albumin, and for the
digestive activity of the fluid, 7.c. as regards the amount of
pepsin it contained. Three individuals with normal digestions
were investigated: one was suffering from seiatica, the second
from hysteria, the third was convalescent from malaria. The
first patient only was accustomed to take alecohol, and that in
moderate quantities. Without going into too great detail it
may be said that the results obtained were as follows :—
Aleohol soon disappears from the normal stomach, its dis-
appearance being most rapid with a small dose, and when there
1s only a small quantity of food in the stomach. The alcohol
in 100 ce. of a 25 per cent mixture is not present in the

v Deutsches Areh. f. kitn. Med., Leipzig, Bd. xxxix. p. 405, 1886.
* Bee Chapter V., Methods of Examination of the Stomach,




EFFECT OF ALCOHOL, ETC. 53

stomach half an hour after taking it : that in 100 ce. of a 50 per
cent disappears in three-quarters of an hour, and that in 100 ce.
of a 75 per cent mixture in one hour! The most important
conclusions of Gluzinski’s experiments deal with the effect of
alcohol on the digestion of proteids by the gastric juice. The
process of digestion in the stomach when aleohol is taken with
the food may be divided into two stages.

1st Stage. There is an inhibition or prolongation of
digestion as compared with the period of digestion in the same
individual when aleohol is not taken. In this stage alcohol is
still found in the stomach, and the duration of the stage
depends on the dose given. Then in the experiment with 100
ce. of 25 or 50 per cent aleohol, the duration was fifteen to thirty
minutes ; with a similar quantity of 75 per cent alcohol it was
forty-five minutes. The secretion of hydrochloric acid is not
effected in this stage, and the prolongation of digestion may be
due to the precipitation of the pepsin by the alcohol present.

2nd Stage. When the aleohol 1s absorbed by the stomach,
the second stage begins, in which there is increased digestion,
so that with moderate doses of aleohol the digestion of the meal
agiven may be completed in about the same time as when none is
taken. This increased activity of digestion appears to depend
on a greatly increased secretion of hydrochloric acid, the
acidity of the gastric contents rapidly increasing in this stage.
Moreover, the secretion of gastric juice goes on for some time
after digestion is ended, thus showing that alecohol in this
second stage actually stimulates the gastric glands to secrete.
The mechanical powers of the stomach are but slightly
influenced by aleohol in moderate doses: it is only when large
doses are given that the movements are deficient.

Although the digestion of albumin is the most important
process that occurs in the stomach, yet when taken in such
small quantity as in Gluzinski's experiments and with
relatively so large a quantity of alcohol, the process of
digestion cannot be considered as exactly comparable to that of
a moderately large mixed meal. In one individual the

1 It may be mentioned that Gluzinski did not find any aldehyde in the
stomach, and thus could not confirm Kretschky that this body was formed from
aleohol in that organ. Aleohol appears to enter the circulation as such.
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digestion of a mixed meal was tested. A comparison was
made between the digestion without alcohol and that with
alcohol. The meal in each experiment consisted of soup, a
beef-steak weighing about 5 ounces (140 grammes), and a piece
of bread. The stomach contents were removed and examined
in three hours, four hours, and five hours. In the digestion of
three hours’ duration it was found that in the absence of
alcohol, the process had progressed more rapidly than when
aleohol was given; but that in four or five hours there was no
difference in the amount of digestion with or without aleohol.
The amount of aleohol given was 100 cc. of a 50 per cent
solution. Gluzinski’s observations deal with the action of
alcohol on digestion in the stomach; they, however, leave un-
touched the action of alcoholic drinks, all of which, except the
ardent spirits, retard very greatly the chemical processes of diges-
tion, as the experiments of Roberts, Biichner, and others show.

As a summary of this part of the subject it may be said
that the proper performance of the functions of the stomach
depend on the following conditions :—

1. As to the stomach itself, there must be a regular and
sufficient secretion of gastric juice during digestion ; the move-
ments of the organs must be also continuous and regular, so
that the food should be intimately mixed during digestion and
not too soon propelled into the duodenum.

2. As to the food taken :

() In any quantity, it must be taken at regular intervals
of not less than four to five hours.

() The food at any meal must be properly prepared and
cooked.

(¢) The food must not be too acid, and not of too great
bulk at one meal.

() The food must consist of a certain proportion of pro-
teids, carbohydrates, fats, salts, and water: a pre-
ponderance of one or other constituent of the diet
leading to disturbances both general and local.

(¢) The food accessories must not be in too great amount,
since an excess, especially of alcoholic beverages and
tea, ete., leads to digestive disturbance.
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3. Due to changes in the functions

of the stomach. a. Affecting the secretion of gastric
a. Organic disease being absent. Juice.
b. Organic disease of the organ  b. Affecting the movements of the
being present : inflamma- stomach. _
tion, degeneration, uleer, | c. Affecting the absorption.
or new growth, :

Changes in the functions of the stomach when organic
disease of the organ is absent may be due either to the food
itself or to a disease of the body other than that of the
stomach. These general causes may be tabulated as follows :—

B.—GENERAL CAUSES.

1. General and local non-infective disease affecting the
functions of the stomach: such as chlorosis, heart disease,
Bright’s disease, liver disease, gout, and functional and organic
diseases of the nervous system.

2. Infective disorders affecting the functions of the
stomach : such as tuberculosis, malaria, typhoid fever, scarlet
fever, measles, cholera, rheumatic fever, influenza.

LocAL CAUSES IN THE STOMACH.

Causes of Indigestion to be aseribed to the Food taken.—The
food taken may be a cause of its own indigestion, but in the
majority of cases it is the direct cause of the symptoms and
the means by which the disease is aggravated.

1. The first essential for good digestion in the stomach is
efficient mastication ; first, in order that some of the starch should
enter the stomach in a partially digested condition, and thus
that there should not be in the stomach a large quantity of
material which the gastric juice is unable to digest, dissolve, or
manipulate ; and, secondly and chiefly, in order that the food
should enter the organ in as finely divided a state as possible.
If the food is not well chewed, it enters the stomach in lumps,
on which not only does the gastric juice act very slowly, but
which the stomach finds extremely difficult to propel through
the pylorus. The effect of subdivision of food as an aid
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to the chemical processes of digestion is easily seen in arti-
ficial digestion in which a mixture of pepsin and hydrochloric
acid will readily digest a solution of egg-albumin which is
coagulated in fine flocculi, but will act in the same time to a

very slight extent on a piece of the white of a hard-boiled

egg.
Imperfect subdivision of food may be due to the following

causes :(—

(1) To the toughness of the food.

(2) To the habit of rapid eating and bolting of the food.
(3) To pain caused by decayed teeth.

(4) To the absence of teeth.

The first three points need no commentary. As regards
the fourth, it is important to remember that mastication of the
food is performed by the molar teeth, and people who have
lost the majority of the molar teeth use the front teeth (and
very inefficiently) for mastication. It is necessary that there
should be some teeth opposite to each other in each jaw.

In some cases, imperfect mastication of the food is the
sole cause of disordered digestion; in very many, it is one of
the causes. The manner in which it disorders digestion is
that it causes delay of food in the stomach, owing to the
gastric juice being unable to reduce to a pulp the masses of
food, which are either vomited or discharged into the duo-
denum with great diffieulty and with pain.

2. The bulk, composition, and reaction of the food are the
next points to be considered in the production of disordered
digestion (Chapter IL.).

As regards bulk, the normal stomach is capable of holding
about 35 to 40 ounces of liguid. It has been stated that
the stomach can at any one time manipulate a large quantity
of food received into it without any distress on the part of
the person. Disorders, however, arise when a large quantity
of food is regularly taken into the stomach at each meal: a
large breakfast, a large lunch, and a larger dinner. The
amount of food habitually eaten by many people in this way
daily is very great.

The daily amount of food (weighed dry) which is necessary
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for an adult man doing moderate work has already been
stated to be about 65 ounces, to which must be added about
70 ounces of water. This weight of food is frequently
exceeded in the well-to-do, and leads to disordered digestion
Jrom its mere bulk in two ways.

In the first place, a large amount of work is thrown upon
the stomach in manipulating a large meal; in the second
place, if large meals are frequently repeated, they disturb
digestion not only by the fact that one meal is not nearly
digested by the time the second is taken, and thus the stomach
is never empty, but by the fact also that the stomach
is constantly at work, and although the first stage may be one
of hypersecretion, its functions, both as regards the secretion
of gastric juice and the movements, finally diminish in
activity. Large meals therefore end in producing non-digestion
of food, and especially so when taken two or three hours before
going to bed, as during sleep digestion practically ceases. It
is quite true that many people can for years continue to con-
sume large quantities of food at each meal without any
apparent harm ; but such excess, which is apparently harmless
in young adults, becomes a habit in middle age, and it is at
this period, eritical as it is for many diseases, that the effects of
excessive eating are most apparent.

In excessive eating, the bulk of the food is only one of
the factors producing disordered digestion; the character of
the food and the quantity of food accessories taken also play
an important part.

As regards the composition of the food, the laws regulating
the diet which will maintain health have already been dis-
cussed (p. 40).

The fault in the dietary of the well-to-do is that there is a
tendency to take too much proteid food; in other words, to
excessive meat-eating. In the dietary of the poorer classes,
meat being an expensive article of diet, an excess of carbo-
hydrates is taken. Excessive meat-eating has a twofold effect,
one directly on the stomach and one on the metabolism of the
body, or, in other words, on the nutritive changes oceurring in
the tissues. A large quantity of meat eaten regularly each
day gives the stomach too much work to do, since the action
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of the gastric juice on the meat is a necessity for its digestion
which is completed by the pancreatic juice. If the practice
is continued, like all overworked organs, the stomach ceases
to secrete the proper amount of juice, and ceases to have
active movements ; the result is non-digestion of food.

The effect of excessive meat-eating on the metabolism of
the body has already been alluded to. If there is an excess
of proteid food stuff in the diet, there is usually a diminution
in the amount of fat and carbohydrates taken. Thus with a
diet in which meat preponderates largely, the body draws on
its store of fat and consequently wastes; a large amount of
work is thrown on the tissues by which the absorbed proteid
is utilised and excreted as urea.

Carbohydrates and fats differ from proteid foods, such as
meat, in the fact that they undergo no chemical change in the
stomach ; pepsin-hydrochloric acid having no action on them.
Fats are freed from their enveloping proteid material in the
stomach, and are the last part of the food to leave the organ.
When a large quantity of fat is taken it leaves the organ with
difficulty or not at all, remaining there to undergo decomposi-
tion. The actual presence of a large quantity of fat also
delays digestion in the stomach by interfering with the fine
subdivision of the food which oceurs under normal conditions.

With regard to carbohydrates, and especially starch, it is
of great importance to digestion in the stomach as to in what
condition they arrive in the organ. A partial digestion of the
starch by the saliva in the mouth, transforming it into dextrin
and maltose, aids digestion in the stomach since the products
are soluble, and are soon absorbed or pass through the pylorus.
If, however, the starch or a large quantity of it is unaffected
by the saliva, it enters the stomach in an insoluble form, and
one which mechanically interferes with the chemical processes
of digestion by the gastric juice. In many people the saliva is
but little active, and this effect is noticeable. The important
effect of an excess of one or other constituent of the dietary is
that thereby digestion is delayed, and food remains unneces-
sarily long in the stomach and, as will be seen, may undergo
fermentative changes.

Besides the effect of an excess of carbohydrates in the
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diet, which has just been referred to, there are others which
are exciting causes of the indigestion of food. The more
carbohydrates that are eaten, the more indigestible cellulose 15
taken, as this is a constituent in all vegetable food, and in
some is very abundant: also with an excess of vegetable
food, an excess of organic acids and salts is taken, which
increase the acidity of the stomach contents, but delay diges-
tion, since gastric digestion is less rapid in the presence of
these acids than in that of hydrochloric acid, and lactic, acetic,
citrie, and tartaric acids must be considered as inimical to
active digestion in the stomach.

An excess of cellulose in the diet not only delays diges-
tion in the stomach, but diminishes the total digestion and
absorption of the food, more nitrogen being present in the
farces under such conditions than when the diet is a normal
one (p. 47).

The amount of cellulose present in the commonly used
vegetable foods is a point worthy of further consideration, as it
1s one of the causes of the indigestion of vegetable foods.

The most digestible vegetable foods contain the least
cellulose : these are wheaten, barley, and rice flours, potatoes,
spinach, and cauliflower. Fine wheaten flour contains as little
as 029 per cent of cellulose, while coarse flour (“seconds”™)
will contain nearly 1 per cent, and whole meal flour 19 per
cent. Barley and rice flours each contain nearly 05 per
cent; potatoes 0-69 per cent, spinach and cauliflower nearly
1 per cent. Other cereal flours (such as oat, rye, maize)
and other vegetables contain over 1 per cent of cellulose, fine
oatmeal containing as much as 1'86 per cent. From the
point of view of the amount of cellulose present, as well as
from other points of view, wheaten flour is the most digestible
form in which earbohydrates can be administered in the form
of starch. This is particularly so, since it can readily be
prepared in a palatable form. In the case of baked flour,
some of the starch is transformed into dextrin, a transforma-
tion which is distinctly a gain to the proper performance of
digestion in the stomach ; in the form of bread, flour is really
a partially digested food, since in the process of fermentation
and baking through which the flour goes, a good deal of the
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carbohydrates is transformed into dextrin and sugar, and some
of the gluten is broken up into more soluble proteid bodies.
Bread is only indigestible when it is not porous, when it
contains too much water, or too much cellulose (as in brown
and whole-meal bread).

Of the other carbohydrates taken as food, cane-sugar is
the most likely to produce indigestion of food ; maltose, lactose,
and dextrose to a less extent.

Regarding the chemical reaction of food, it need only be
said that food which is too frequently taken in an acid con-
dition leads to delay of digestion. A certain amount of acid
(e.g. vinegar) is a necessity with some foods, eg. with veget-
ables, partly as a flavouring agent, and partly for the needs
of the organism; so too the acid fruits act beneficially in a
dietary. DBut an excess of these vegetable acids leads to
derangement, as in a case in which a man acquired the habit
of taking citric acid in water with meals and in between, for a
long period (over twelve months), with the result of producing
indigestion of food and the passage of alkaline urine, the
symptoms ceasing on discontinuing the practice,

The importance of cooking in ensuring the proper diges-
tion of food in the stomach cannot be over-estimated. Food
imperfectly prepared may have two effects. The state in
which meats are most easily digested is when the proteid
constituents (myosin, etc.) are not completely coagulated, so
that the gastric juice can readily act on them; if too much
cooked, or twice cooked, they become completely coagulated
and form a hard mass, on which the gastric juice acts slowly.
The over-cooking of meats therefore leads to delay of food in
the stomach. The cooking and preparing of certain foods
may also result in a pasty or hard mass, which it is difficult
for the stomach to manipulate ; as, for example, in imperfectly
cooked pastry and in doughy bread.

Food Accessories as a Coause of Indigestion of Food —The
physiological effects of food accessories have already been con-
sidered (p. 49). It is now necessary to deal with the eflect
they have in producing indigestion of food in the stomach.

The essential cils and other active principles existing in
condiments are beneficial to digestion in the stomach up to a
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certain point; they are, however, habitually taken not for any
effect they may have in this way, but solely as flavouring
agents in the food. In excess they act as irritants (p. 69).
Some condiments, such as pickles, which are mixed with a
large amount of vinegar (acetic acid), have a particularly
deleterious effect on digestion when taken in excess; and this
is not only due to the acid or other irritants they contain, but
to the use of vegetables containing a large amount of cellulose.

Turning now to the other food accessories, viz. alcoholic
drinks, and tea, and ecoffee; it has been shown that these have
a retarding effect on the chemical processes of digestion (p. 49)
in the stomach, and that this result is not proportional to the
amount of aleohol they contain, but is due to certain other
constituents : organic bodies and inorganie salts. Thus the
ardent spirits (brandy, whisky, ete.) have in dietetic doses but
little effect on digestion in the stomach, while port and sherry
are very harmful in this respect, and beer, hock, and claret
harmful, but to a less extent than port and sherry. Tea and
coffee act in a similar way. The retardation of the chemical
processes of digestion means a delay of the food in the stomach
and its attendant changes, but it has already been pointed out
that alcoholic drinks contain certain organic salts (lactates,
malates, tartrates, ete.) which in the stomach are decomposed,
the acid component being set free. In the presence of this
increased acidity due to organic acids, gastric digestion does
not proceed so well as when hydrochloric acid is in preponder-
ance. As regards the amount of these organic salts present in
alcoholic drinks, it may be said that the percentage is not
quite proportional to their retarding effect on the chemical pro-
cesses of digestion. Brandy and whisky contain only a trace
of organic acid (acetic); port and sherry about 0-40 to 045
per cent reckoned as tartaric acid; English beer contains
about 0-28 per cent of lactic acid; French red wine about
0°G per cent of the same acid, white wine and champagne
containing rather more.

The delay of food in the stomach caused by food acces-
sories may therefore be not only due to a retardation of the
chemical processes, but may lead to increased acidity of the
stomach’s contents, an acidity due to irritating organic acids.




INDIGESTION DUE TO ALCOHOL, ETC. 63

These effects will be the more marked, the larger the quantity
of alcoholic drink or tea and coffee taken with food, and will
be very manifest too if such drinks are taken in excess
between meals when digestion is at its height.

In the preceding paragraphs stress has been laid on the fact
that the non-observance of certain dietetic rules leads to indiges-
tion of food in the stomach and to one particular result, viz.
delay of food in the stomach. Imperfect subdivision of the
food, imperfect cooking, too great bulk of the food, too great a
preponderance of one or other constituent of the dietary, an
excessive amount of food accessories, and too great an acidity
of the food may lead to delay of food in the stomach and to
acidity of the stomach contents due to organic acids, a kind of
acidity which delays the chemical processes of digestion.
Delay of food in the stomach is the cardinal fact, and leads to
changes in the food, chiefly fermentative, and to effects on the
stomach, which will be the subject of frequent consideration
later, But the period of stay of food in the stomach may be
due not only to the conditions of the food which have been
just: considered, but to changes in the functions of the stomach
itself, whereby the secretory activity, the movements, and the
absorptive powers of the organ are affected.

The causes of delay of food in the stomach may be sum-
marised as follows :—

A.—On the Part of the Food Iisely.

1. Tmperfect subdivision
of the food.

2. Over-cooking or imper-
fect cooking.

3. Too great a bulk of
food at one meal.

Thus delaying digestion by
giving the stomach too much
~work to do, or too large
lumps of solid food to mani-
pulate.

o

4. Too great a preponderance of one or other food stuffs:
of meat, which entails extra work for the gastric juice: of
fats and carbohydrates, which are unaffected in the stomach,
and, in excess, are difficult to expel from the organ.

5. Too large an amount of indigestible matter, ¢g. cellu-
lose mixed with the food.
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6. An excessive amount of food accessories, taken with or
after meals; delaying the chemical processes of gastric
digestion. .

7. Excessive amount of vegetable acids or salts, eg. lactie,
acetic, tartaric acid and their salts; these acids are inimical
to gastric digestion, which is less vigorous in presence of these
than in that of hydrochlorie acid.

B.—O0n the Part of the Stomach Iiself.

1. Alterations in its functions, from many causes, organic
or temporary, which produce :—

(«) Diminution in the amount of pepsin and hydrochloric
acid secreted, whereby the chemical processes are
delayed.

(b) Diminution in the movements of the stomach, where-
by the food is not churned and not propelled nor-
mally through the pylorus.

(¢) Diminution in the absorption in the stomach.

2. Alteration in its structure :—

(@) The presence of a growth or ulcer in any part causing
deficient movement or defective secretion.

() Obstruction of the pylorus by a new growth, cicatris-
ing ulcer or fibrous contraction, or by pressure or
traction from without, whereby there is difficulty
of expulsion of the contents of the stomach.

The results of delay of food in the stomach are of great
importance in the study of diseases of the organ, both functional
and organic. During efficient digestion, 7.e. digestion without
disturbance, the stomach empties itself in a certain time, which
for a large meal may be reckoned as from five to seven hours,
and for a small meal as about three hours. At other times, the
stomach is resting, there are no spontaneous movements of the
organ and no secretion of gastric juice, the contents being a
small amount of alkaline liquid with a few flakes of mucus.

If the period of stay of the food is delayed from any of the
causes enumerated above, an amount of work is thrown on the
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stomach which it is unable to perform, and the difficulty is
surmounted by ejecting the food through the mouth or passing
1t in an undigested form through the pylorus, a result in either
case obtained after great distress.

The question is, however, not simply one of a large amount
of work thrown on the orcan, but the condition is aggravated
by the fact (1) that the organ is always at work, and never
empty, one meal being taken before the other is disposed of;
and (2) that the continued presence of food in the stomach acts
in the course of time as an irritant, producing congestion and
an excessive secretion of mucus, and frequently an excessive
secretion of hydrochloric acid, and also in the end acts in an
inhibitory manner on all the functions of the organ.

An apt illustration may be taken in the case of a person
who, healthy, but unaccustomed to large meals, takes a very
large meal, ¢.. at a public dinner. In this case, there are no
obvious results during the two hours or more in which the
meal is being consumed, a meal, it must be remembered, con-
sisting of a large amount of meat, flavoured in various ways, a
large amount of liquid, and a large amount of alcoholic drinks.
With such a meal, the chemical and mechanical processes of
digestion progress for a time normally; e the gastric juice
secreted acts on the proteid constituents of the meal, and
assisted by the mechanical movements reduces the food to the
proper consistence of chyme. DBut with the progress of the
meal, and after it is concluded, certain events are occurring
which interfere with the digestion of the food and cause its
delay in the stomach. Thus the bulk of food taken into the
organ becomes greater and greater, and exceeds the amount
which the organ can manipulate: this is one cause of delay.
Next, both with the food and with alcoholic drinks is taken in
the course of so large a meal a large quantity of vegetable
acids and salts, which being all in the condition of free acids
in the stomach, render the contents of the organ very acid, but
with an acidity due to organic acids which are not so favourable
to gastric digestion as hydrochloric acid: this is the second
cause of delay. Then the large amount of alcohol taken also
delays the chemical processes of digestion : this is the third cause
of delay. After the meal, therefore, all these three causes

5
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acting, the normal processes of digestion, both chemical and
mechanical, diminish and finally cease. The result is that there
is remaining in the stomach a grumous liquid, very acid, which
the organ is incapable of propelling through the pylorus. In
many instances it is therefore vomited in six to ten hours with
relief of all the symptoms experienced. These events occur in
individuals who are healthy but unaccustomed to take a large
meal with alcoholic drinks. It does not always occur, and that
it does not is dependent on the fact that the healthy stomach is
capable of doing a large amount of work at one time.

If large meals are repeatedly taken, although the stomach
may become more or less accustomed to them, in the majority
of cases disordered digestion results. The symptoms observed
are those usually aseribed to “acid dyspepsia” (gastric irritation),
in which there are acid eructations and discomfort occurring
in one to two hours after food. Fermentation of the food by
means of bacteria is not an accompaniment of this condition.
Organic acids derived from the food itself are present in the
stomach contents, and in conjunction with an excessive secretion
of hydrochloric acid, which frequently occurs, cause irritation
of the mucous membrane of the overworked stomach with
the consequent acid eructations. In this form of “acid
dyspepsia,” therefore, the acid which irritates is partly the
hydrochloric acid secreted in the gastric juice, and partly
the organic acids (lactic, acetic, butyric, ete.) taken with the
food and the food accessories (chiefly wines and beer). The
frequent repetition of large meals in the day, and day by day,
leads to more changes than these just mentioned. The delay
of acid food in the stomach is one result, but the occurrence of
this for a long period leads to a diminution in the normal
functions of the stomach; in a diminution of the amount of
gastric juice secreted, in a diminution of the normal movements
of the organ, and in a diminution in the amount of absorp-
tion.

Up to a certain point, additional work placed on any organ
of the body leads to increased work of that organ, a familiar
example being the hypertrophy of muscle during a course of
training for athletic purposes. A continuance of additional
work in time, however, leads to a diminution of the functions
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of an organ ; an over-trained athlete cannot get a proper amount
of work out of his muscles. As with a muscle, so with the
stomach, which is more constantly overloaded with work than
any other organ of the body. The frequent repetition of large
meals leads in the first instance to increased work of the organ,
frequently associated with hypersecretion of hydrochloric acid,
but eventually it leads to a diminution in the secretion of gastric
Juice and to a diminution in the movements of the stomach.
Thus the delay of food in the stomach, which is produced
by the repetition of larce meals, is increased, since by the
diminution of the gastric juice the chemical processes of diges-
tion are delayed, and by the diminution of the movements the
expulsion of the semi-digested food (chyme) through the
pylorus into the duodenum is diminished. In these prolonged
cases of functional disturbance, the delay of food in the stomach
leads to other changes in the stomach contents, viz. bacterial
fermentation of the food. Another important change also
occurs which further aggravates the condition, viz. dilatation
of the stomach. The organ never being quite empty, and
having its movements diminished by the various causes men-
tioned, and the contents undergoing fermentation, which pro-
duces gas distending it, it dilates; becoming so enfeebled that
it is mever in the normal contracted state between meals
(Chapters IV, and XIV.).

The effect, therefore, of the continued repetition of large
meals is a delay of food in the stomach, and its consequences,
viz. (1) the constant presence of an acid semi-liquid which acts
as an irritant; (2) the subsequent diminution in the normal
functions of the stomach as regards the secretion of gastric juice
and the movements; (3) the bacterial fermentation of food in
the stomach; and (4) the dilatation of the organ.

The amount of food that can be eaten with impunity by
healthy individuals varies according to the build of body, to
the age and sex, to the mode of life whether one of active
exercise or chiefly sedentary, and to the condition of the
nervous system. Healthy individuals are also susceptible to
certain articles of diet, which if eaten lead to delay of food in
the stomach and its results. Beyond a certain amount of food
all individuals, however, suffer, and especially is this so between
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the ages of forty and fifty, a critical period for many
previously healthy individuals.

It is from the point of view of food acting as an irritant
to the stomach that dietetics becomes of such great importance
in the treatment of disordered digestion. As has Dbeen just
discussed, the mere bulk of the food may act as an irritant as
well as the presence of a large amount of indigestible matter
(eg. eellulose), or of food-stuffs which cannot be easily digested
by the stomach at all (e,g. starch and fat). An increased organic
acidity caused by the food will also act as an irritant, either
when there are free organic acids taken with the food (eg.
acetic or citric acid), or when there are salts of these arganic
acids present, for they are decomposed by the acid gastric juice.
Ordinary simple articles of diet do not contain organic acids or
salts in amount sufficient to irritate the normal stomach, when
they are eaten as fresh food; when smoked or otherwise pre-
pared they may, however, be too acid. Thus meat in the fresh
condition contains from 005 to 0°07 per cent of sarcolactic
acid, but when smoked it may contain as much as 072
gramme per cent. Similarly fresh pork, containing 0-36
gramme of lactic acid in every 100 grammes, may contain
0-72 to 0-855 gramme per cent when made into sansages.
Butter (fresh) contains only a trace of free acids (0005 to 0-01
per kilo.,, Duclaux), and is a non-irritating fat; buttermilk may
contain from 0-11 to 062 gramme per cent of lactic acid, or on
an average 034 per cent (Konig). Similarly with vegetable
foods, the percentage of organic acids varies greatly. Wheaten
flour, e.9. contains practically no organic acids, while bread con-
tains a fair proportion, which increases as the bread is kept (p. 3 3).
The organic acids (lactic, butyrie, and acetic) are the products
of the fermentation of the carbohydrates during the process of
manufacture. Green vegetables, and the starchy vegetables
as well as fruits contain malic, ecitric, and tartaric acids,
which all increase the organic acidity of the stomach; while
some fruits contain oxalic acid, which is more irritating than
the other acids. With regard to the effect of these organic
acids in causing irritation of the stomach, it is not so much a
question of the quantity taken at each particular meal, but of

1 Kimerer, quoted by Kinig, op. ¢if. Bd. ii. p. 168.
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the continued use of food containing those acids or their salts,
or highly flavoured with acid sauces. When a condition of
irritation of the stomach is established, these acids greatly
aggravate the condition.

Something has already been said about the physical con-
dition of the food as regards its digestibility ; hard food and
dried food (dried meat, fish, ete.) act frequently as irritants,
since their stay in the stomach is a very prolonged one.

Of greater effect as a means of irritating the stomach is
over-indulgence in food accessories, viz. aleoholic drinks and tea.
The effect of aleoholic drinks has been shown to be a delay in
the chemical processes of digestion, and in this way by caus-
ing the food to remain a long time in the organ they act as
irritants.  Their irritant result is, however, not solely nor
chiefly, due to this effect. Alcohol is itself a local irritant,
producing dilatation of blood vessels, and thus its long continued
use leads to irritation of the stomach and a chronic catarrh.
Moreover, its physiological action on gastric digestion has
been shown by Gluzinski (see p. 52) to be divided into two
periods, in the first of which digestion is delayed and in the
second increased. This increase of digestion is due to a hyper-
secretion of gastrie juice (and especially of the hydrochloric acid)
which may continue after digestion is completed. The stomach
mucous membrane is therefore exposed to the irritating effects
of this hyperacid gastric juice when food is absent. Alcoholic
drinks lead to hyperacidity of the gastric juice also in another
way ; they contain tartrates and malates, which are decomposed
by the gastric acid forming free organic acids. Not only there-
fore by its causing a delay of food in the stomach, but by its
local action on the mucous membrane, and mainly by its effect
in causing a hyperacidity of the gastric contents, aleohol as
well as alcoholic beverages acts as an irritant to the mucous
membrane, and leads to chronic catarrh.

Of the other food accessories, tea is a very common cause
of irritation, especially the cheap kinds which contain a large
quantity of tannin, and are infused for long periods. Spices,
curry, ete., all act as local irritants to the mucous membrane,
but this effect is minimised if taken in small guantity with a

large meal.
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2. Bacterial Fermentation of the Food in the Stomach—
Bacteria are constantly being taken into the stomach with the
food, but their development is hindered chiefly by the presence
of hydrochloric acid in the gastric juice. This acid, when free,
is inimieal to the growth of micro-organisms; but when loosely
combined with proteids, its effect in this respect is much
diminished.! As Beaumont showed in the case of Alexis St.
Martin, the gastric juice when removed from the stomach can
be kept for a long period without undergoing putrefaction or
becoming altered in its properties, and more than a century ago
Spallanzani ® demonstrated the antiseptic action of the gastric
juice. Some observers, indeed, consider that the chief rdle of
the gastric juice is that of preventing the entrance of micro-
organisms into the alimentary tract. DBunge® has expressed a
very decided opinion from this point of view, and considers
that the chief action of the hydrochloric acid is an anti-
septic one. This is an exaggerated view to hold, and cannot
be maintained in face of the facts relating to the fermenta-
tive activity of the pepsin-hydrochloric aecid, which have
already been described (Chapter I.). Although it is pro-
bable that the pancreatic juice is the chief agent in digestion,
yet the action of the gastrie juice is essential, as we have seen,
not only in preparing the mixed food for intestinal digestion,
but for reducing the proteids to a condition in which the
trypsin of the pancreatic juice can readily and efficiently act
upon them.

Bacteria are taken into the stomach chiefly with uncooked
food and unboiled liquids. If fresh food, properly cooked, is
eaten hot, very few micro-organisms are swallowed. On the
other hand, with food, especially meat and green vegetables,
which have been over-cooked and preserved (either tinned or
otherwise), bacteria are in some cases present, and some of the
most virulent cases of bacterial gastro-intestinal infection occur
in this way.

! Hamburger, Abstract in Contralld, f. d. med. Wissensch, Berlin 1890, p- 726,
* * Dissert. relative to the Nat. History of Animals and Vegetables,” vol. i.,
Dissert. 6, p. 251, London, 1784,

° Bunge, *“ Lehrbuch der physiolog. und patholog. Chemie,” 8rd ed., 1804,
p. 140 ef seq.
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It is known that the acid contents of the healthy stomach
do not kill the majority of the bacteria taken with the food,
although their development is hindered, and it has been
proved by direct experiment that they can pass in a living
state through the stomach into the intestines (eg. staphy-
lococcus aureus, micrococcus tetragenus) (Macfadyen); and
the spores of bacteria more readily pass than the developed
forms. Large numbers of bacteria do pass through the stomach
unharmed, since they are found in abundance in the intestine,
and may be obtained by cultivation from the intestinal con-
tents.

Although much work remains to be done in the way of
distinguishing the bacteria of the stomach and intestine, and in
the study of their life-history and injurious effects, yet it is
sufficient to add here that some of these bacteria under certain
circumstances enter the mucous membrane, and produce an in-
fection of the stomach and intestines (Chapter IX.), while others
affect the stomach and intestinal contents decomposing them,
and producing bodies which are harmful. It is the effect of
the latter class of micro-organisms that will now be considered.

In a bacteriological investigation of the stomach contents
in thirty individuals, Capitan and Moreau! found only three
kinds of micro-organisms, two of which were moulds and one a
bacillus.  Abelous® in an investigation on himself found
sixteen different forms in the stomach washings: seven of
them were known, viz. sarcina ventriculi, bacillus pyocyaneus,
bacterium lactis aerogenes (Escherich), bacillus subtilis, bacillus
mycoides, bacillus amylobacter, vibrio rugula—of the remaining
forms, eight were bacilli, and one was a coccus. These micro-
organisms were found able to withstand the action of hydro-
chloric acid (0-17 per cent) for a long time, especially if they
contained spores. Four of them peptonised the casein without
coagulating it, nine coagulated the milk and dissolved the
coagulum, and four coagulated the milk without dissolving the
clot. Carbohydrates (lactose, cane-sugar, glucose, and starch)
were more or less affected by the micro-organisms.

Owing to the presence of hydrochloric acid in the stomach

! Compt. rend. Soc. de Biol., Paris, tome xli. p. 25.
2 Ibid. tome xli. p. 86.
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contents, the bacteria taken in with the food do not develop
during normal digestion ; but when there is a deficiency of the
hydrochloric acid, then they can develop and produce their
harmful products. A certain proportion of hydrochloric acid
undoubtedly acts as an antiseptic, preventing the development
of micro-organisms, but the resistance of individual miero-
organisms to the action of hydrochloric acid varies. As
regards the pathogenic forms, the cholera vibrio is readily
killed, bacillus anthracis not so readily, and bacillus tuber-
culosis still less readily. The acid-forming non-pathogenic micro-
organisms are said to be more resistant than the pathogenic,
i.e. their action is inhibited, but they are not killed by the
hydrochloric acid. Rummo and Ferannini' found that 0-05
per cent of the acid delayed the alcoholic, the lactic and butyric
acid fermentations; the effect being much more evident if
the percentage of acid were increased to 0-1 to 02, which is
the normal acidity of the gastric contents in full digestion.
E. Hirschfeld * also found that 0-07 to 0°08 per cent of hydro-
chloric acid was sufficient to stop the lactic acid fermentation
due to the bacillus acidi lactici (Hueppe), or the fermentation
occurring in sour milk.

The exact conditions, as far as are known, in which a
deficiency of hydrochloric acid is formed during digestion in
the stomach are discussed later (Chapter IV.). It is at this
point only necessary to state that the two conditions which
predispose to the growth of bacteria in the stomach are (1)
the delay of food, and (2) a deficiency of hydrochloric acid.

The following kinds of bacterial fermentation may occur in
the stomach contents :—

1. Aeid fermentation.
2. Aleoholic fermentation.
3. Putrefaction.

The albuminous substances, the carbohydrates, and the fats,
with which there is always an appreciable quantity of fatty
acids, are all capable of being decomposed by bacteria in the
stomach with the formation of products which are not only of

! Abstract in Maly’s Jahresbericht, Bd. xx. p. 259.
* Ibid. Bd. xx. p. 260.
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less nutritive value to the organism than the products of the
normal fermentations of the alimentary tract, but are in many
instances actually harmful.

Albuminous substances are decomposed both inside and
outside the body by pathogenous organisms, the products being
an important element in the pathology of infective disorders.
They are also decomposed by putrefactive organisms, rarely in
the stomach, more commonly in the intestines. But little is
known of the action of bacteria on neutral fats. By far the
most important food-stuffs which act as a food for bacteria
in the stomach are the carbohydrates; starch, dextrin, glucose,
lactose, maltose. Unaltered starch and dextrin, glucose and
lactose are taken into the stomach with the food, while some
dextrin and maltose are formed during salivary digestion.
Maltose is the least readily fermentable of these bodies.
Carbohydrates, unlike albuminous substances, do not putrefy,
but the result of the action of bacteria on them is to produce
acids and aleohols.

Acid Fermentation—This is the most important bacterial
fermentation occurring in the stomach, and during the process
acid bodies are formed, sometimes in great abundance, from
the carbohydrates of the food. According to the nature of
the acid formed, two kinds of fermentation are distinguished,
the lactic acid and the butyric acid fermentation.

Lactic Aeid Fermentation.—There are many micro-organisms
which form lactic acid from carbohydrates. As many perhaps
as fourteen different species have been obtained, some from
the air and some from decayed teeth; but there is one
which is par excellence called the bacillus acidi lactici, the
action of which was first described by Pasteur, although
Lister was the first to obtain it in a pure form. This bacillus
is the common cause of the souring of milk, and is found also
in decomposed beet juice and in sour bread. According to
Hueppe, it is observed as short thick cells, 1 to 1-7 p long,
and 0°3 to 04 x broad. It usually occurs united in pairs, and
in milk it forms spores.

For its growth free oxygen is necessary, it is therefore
aérobic. It grows readily on gelatine and in various liquid
media.
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At a temperature of 35° to 42° C. it forms an abundance of
lactic acid when grown in solutions of milk-sugar, eane-sugar,
dextrin and mannite; carbonic acid being also evolved.
When a certain amount of lactic acid is formed, which Hueppe
says is about 0-8 per cent, the action stops, to begin again if
the lactic acid be neutralised.

The bacillus makes milk gelatinous in fifteen to twenty-
four hours, although it does not peptonise the casein.

Starch is converted by it into sugar, from which lactic
acid is then formed. The chemical process of the formation of
lactic acid from sugar is not properly understood. Bacterial
fermentations are not simple processes; they produce in many
instances one chief product, with several bye-products. Repre-
senting the lactic acid fermentation by a chemical equation,
the transformation has been stated as follows :—

CyeHauOn + H,0 =4 C,H;0..
Lactose. Water. Lactie acid.
Or,
CyH .0, =2 C,H,0,.
Glucose. Lactic acid.
These equations do not allow for any of the carbonic acid that
is formed, but this may be accounted for by a further fermenta-
tion which really does oceur, viz. the transformation of the

lactic acid into butyric acid with the formation of carbonic
acid and of hydrogen :— :

2(CsHg0y) =C,HgO3+2 CO, +2 H,,

From the point of view at which we are studying these
changes, viz. that of disease, it is sufficient to emphasise the
fact that the lactic acid fermentation of carbohydrates in the
stomach leads to the formation of a large amount of lactic
acid and the evolution of carbonic acid gas.

Butyric Aeid Fermentation.—There are many bacteria which
form butyric acid from carbohydrates, and it is difficult to say
which of them is the one that usually produces the butyric
acid during the fermentation of food in the stomach.
Pasteur first described a baeillus butyricus, and Prazmowski,
Hueppe, and others have each deseribed bacilli with similar
powers and of sufficient activity, as also to be called bacillus
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fermentation in the stomach is not clearly known; it 1s
found only in cases of prolonged delay of food in the stomach,
with dilatation and advanced fermen-

Do ' tation, in which besides acid fermen-

gi? tation the alcoholic fermentation is
'55'9@ progressing.
4 %ﬂ' Goodsir, who first (1842) de-

Fia. 15, —Sarcina ventriculi. A, X EGI‘ibEd the sarcina, f;ﬂllﬂd 1t 1
600, seen in ome plane; B, x the stomach contents In man and
0, disgramnatic, hoving 0 o cole and also in the vomit. Tt
(Fliigge.) possesses a characteristic form,viz.that

of corded bales of goods, and is grouped together in very char-
acteristic masses. Goodsir’s sarcina ventriculi consists of colour-
less or brownish cells, 25 & (1/100 to 1/1000 inch) in diameter
arranged in groups of eight, which are also united into larger
masses. Attempts to cultivate the sarcina ventriculi have
not been very successful;! but the experiments which have
been performed show that the sarcina probably produce an
acid during their growth.

Besides the sarcina ventriculi there are other well defined
forms of sarcina which possess the same general arrangement
of cells, but differ in size and in colour. A yellow sarcina,
which commonly exists in the air, is named sarcine lutea.
The cells are smaller than those of the sarcina ventriculi, viz.
1 g in size, and grow readily on gelatin, agar, and potato. An
orange coloured sarcina, sarcina auranticea, observed in Koch's
laboratory, slowly liquefies gelatin. There is, moreover, a
sarcing alba, and there are possibly other forms which have
not been thoroughly studied; but none of these have been
found in the stomach contents, and their relation to sarcina
ventriculi is unknown.

2. Aleoholic Fermentation.—Small quantities of aleohol
are formed by the action of bacteria on the carbohydrates,
but the amount is quite insignificant in proportion to the
quantity of the other produects, viz. acid bodies, which are
produced. In the aleoholic fermentation of carbohydrates the
reverse holds good; aleohol is the chief product, while acids

! See Falkenheim, Arch. f. exper. Path. w. Pharmakol., Leipzig, 1885, Bd.
xix. p. 339,
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are only bye-products. Alcoholic fermentation takes place
from the action of yeast, of which the two most active are

beer and wine yeast. The latter (saccharomyces ellipsoideus)
i1s widely distributed in the air

(Fig. 16). Glucoses (dextrose, "m %,
lievulose, lactose) and maltose
are the carbohydrates most

’ & % W

readily acted upon; and starch,
gum and cane-sugar must be

converted into glucose before é
any fermentation oceurs. %
The products formed by

yeast from these carbohydrates Fio- 16.—Yeast. Fromaphotograph, x about
0. The prepamtion was made from a

are very {'.ﬂl'ﬂ]:l]EE : aleohol is enlture obtained from the contents of a
the chief, but other alcoholg  dilated stomach (p. 113).

(glycerin, methyl-alcohol), succinic and acetic acids, and car-
bonic aeid, are constantly found.

The stomach is not very favourable to the development of
the alcoholic fermentation; the temperature is too high. The
most favourable temperature for the fermentation is 25° C.
while that of the stomach is at least ten degrees higher.

In the stomach contents in advanced bacterial fermenta-
tion, not only are sarcina and saccharomyces present, but also
various forms of cocei and baeilli.

3. Putrefaction.—There is evidence that in rare cases
putrefaction occurs in the stomach, not only when actually
decomposed articles of food are eaten, but in conditions of
prolonged delay of food, and of its fermentation in the organ.

Carbohydrates and fats do not putrefy, and the putrefac-
tive process is one by which numerous kinds of bacteria break
up albuminous bodies with the formation of many different
kinds of products,

If an infusion of meat, for example, be exposed to the air
numerous bacteria will after a time be found to be growing in
the liquid, and the proteid bodies present will be found
decomposed. The bacteria producing this change are very
numerous, and in such an infusion as that named would be of
various kinds: they are all classed under the heading of
“ putrefactive ” micro-organisms. Some of these are atrobes,

¥
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ie. require oxygen for their growth; others are anrobes,
i.c. grow most rapidly in the absence of oxygen. In such an
infusion as we have supposed the aérobic micro-organisms
develop first, forming a scum on the surface; after the
oxygen in the liquid has been exhausted the anwrobic
develop. Some of these bacteria have been isolated and their
produets studied in pure cultivations. Our knowledge of them
is not at present sufficient to ascribe to each individual
bacterinm its exact #dle in the chemistry of putrefaction. It
is much more important from the standpoint at which we are
viewing putrefaction, to discuss the kinds of chemical sub-
stances which may be formed during the putrefactive
process,

(1) There are certain gases, such as carbonic acid, hydrogen,
and nitrogen, sulphuretted hydrogen and marsh gas; (2) there
are acids of the fatty acid series, such as formic, acetic,
butyric and valerianic; (3) other acid bodies, such as lactic,
succinic, glutamic and aspartic acids; (4) ammonia and amine
bases, such as trimethylamine; (5) foul-smelling, and in-
odorous bodies belonging to the aromatic series, indole, skatole,
tyrosine, ete.; (6) the so-called “ptomaines™; and (7)
albumoses. The albumoses are the first products in the
change which the proteids undergo; all the others are later
products. From the pathological point of view these chemical
bodies may be divided into three classes :—

1. The acid bodies which increase the acidity of the
stomach contents and thus diminish the activity of the gastric
Jjuice,

2. The gases which are eructated and which are some-
times foul-smelling, as when they contain sulphuretted
hydrogen, and inflammable as when marsh gas (CH,) and
hydrogen predominate,

3. The poisonous products. Some of these which have been
studied belong to the class of ammonia compounds (amines),
Their #éle in producing symptoms in disease of the stomach is
as yet not obvious. Still, when a patient has a putrefying
fermenting mass in the stomach, as occasionally happens, some
of the symptoms observed are to be ascribed to the absorption
of poisonous bodies from the stomach contents.







CHAPTER 1V.
PATHOLOGY OF INDIGESTION OF FOOD—(Continued).

Foop as a cause of its own non-digestion by the stomach and
the fermentative changes which may occur in the stomach
contents have been discussed in the previous chapter, and an
indication has been given of some of the changes in the
functions of the stomach which occur in disease. The normal
processes of digestion are dependent on the secretion of gastrie
juice, on the movements of the organ, and on the absorption.
In disease these functions are variously affected, either by an
inerease or a diminution of activity, and although one particular
function may be affected more than another in individual cases,
vet all the functions are altered from the physiological standard
if only one appears to be affected. It will be most convenient
to consider the subject under the following headings —

1. The acids of the stomach in disease.

The gases of the diseased stomach.

The digestive activity of the gastric juice.
The movements of the diseased stomach.
Absorption by the stomach in disease.

U

. The Acids of the Stomach.—Physiological and chemieal
mvestagatmn has settled the question as to the acid which is
the cause of the acidity of the gastric juice. The researches
of Prout, of Bidder and Schmidt and of others, have con-
clusively shown that free hydrochloric is not only present in
the gastric juice, but it is the acid which must be present in
order that gastric digestion should be efficient. Tt is true that
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lactic acid may also be present in normal digestion, especially
in the early stages, and this occurs particularly after the
ingestion of carbohydrate and other food containing lactates.
Its place, however, is soon taken by hydrochloric acid, and
this in normal digestion remains the chief acid (Chapter L.).

In disease, by an examination of vomited matters and of
the stomach contents removed during digestion (Chapter V.),
three conditions of acidity have been found.

1. Hyperacidity of the stomach contents, due to hydro-
chloric acid.

2. Diminished acidity, due to a deficiency in the amount
of hydrochloric acid secreted.

3. Increased acidity, due to organic acids (lactic, butyric,
acetic).

1. Increase in the amount of hydrochloric acid secreted by
the stomach ; hyperacidity due to hydrochloric acid—In
such cases there is a secretion of very acid gastric juice
during digestion, and this may continue after digestion is com-
pleted. There may thus always be some acid liquid and
remnants of the food in the organ. Individual cases, however,
differ : in some, a large amount of acid is secreted in half an
hour to one hour after a meal, and this continues during the
process of digestion, ceasing, however, towards the end; in
other and more severe cases, the secretion continues, even
after the mass of the food has been expelled into the duo-
denum. Hyperacidity due to hydrochlorie acid oceurs chiefly
in functional disorders of the stomach, although it may be the
first stage of catarrh, of which it is one of the causes: it
oceurs also in some cases of chronic uleer, but bears no known
pathological relation to the formation of an ulcer. The prime
factor in the causation of hyperacidity is irritation of the
gastric mucous membrane. The results of irritation of a living
tissue depend not only on the strength of the irritant, but on
the condition of the nervous system. In cases, for example,
of irritability of the nervous mechanism, a slight stimulus may
produce a good effect. In stomach disorder, hyperacidity may
be directly due to the breach of dietetic rules, food and food
accessories (especially alcohol) acting as irritants (p. 68), or it

6
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may occur when the nervous mechanism is disordered, as in
cases of “nervous dyspepsia” (neuroses of the stomach). In
ulcer both factors probably play a part in its production. The
direct observations which have been made on the occurrence of
hyperacidity in disease will now be considered.

Testing the acidity of the stomach contents in two cases
by means of a solution of methyl-violet, Reichmann’ found
that there was a large amount of hydrochloric acid present
even when the patients were fasting; the acidity reckoned as
HCI was as much as from 0°306 to 0'32 per cent, the normal
being about 0-2 per cent. Riegel obtained similar results in
certain cases® Jaworski examined the stomach contents of
222 persons during fasting and found that in 179 (81 per
cent) the contents were acid, and that this acidity was due to
hydrochloric acid® In all the cases mentioned there was no
evidence of organic disease of the stomach—ulcer or carci-
noma.

In chronic uleer of the stomach, there is in some cases
hypersecretion of hydrochloric acid, as much as 0226 to
0°325 per cent being found in the stomach contents (Roths-
child).* Korezynski and Jaworski examined twenty-four cases
of ulcer with a view of testing the secretion of acid, and found
that there was hyperacidity of the stomach contents during
digestion, and that even in the fasting stomach the contents
were acid. They concluded that a bleeding round ulcer could
not extend in the absence of hydrochloric acid, a conclusion
which is certainly not warranted by the facts known about
uleer of the stomach.® It is, however, not in all cases of ulcer
of the stomach that there is hyperacidity due to hydrochloric
acid ; in individual cases the acidity may be diminished, and
may be due to both hydrochloric acid and to organic acids.
This has been shown by Cahn and von Mering,® who investi-
gated the acidity of the stomach contents in four cases of ulcer

L Berl, klin. Wehnschr., No. 2, 1884,

2 Ztschr. f. klin. Med., Berlin, No. 11, 1886.

¥ Wien. med. Welmschr., Bd. xlix., 1886. See also Martins and Liittke,
“ Die Magen-Siiure des Menschen.”

* Inaug. Dissert. Strasburg, 1886,

S Deutsche med. Wehnschr., Leipzig, Bd. xlvii.

§ Deuitsches Areh. f. Klin, Med,, Leipzig, Bd. xxxix. p. 248, 1886,
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2. Those due to actual anatomical changes in the stomach
walls, either directly affecting its secreting apparatus (ct_}n—
gestion, catarrh, atrophy) or directly and indirectly affecting
the glandular structures, as in cancer of the stomach.

3. Those due to conditions outside the stomach which
affect the funections, either through the nervous system or by
the quality of the blood supplied to the organ. Such con-
ditions are irregularities in the mode of life; the state of fever;
chlorosis and other forms of anwmia (e. pernicious angemia);
chronic wasting diseases (cancer and other new growths); acute
infective diseases (tuberculosis, typhoid fever, measles, malaria,
scarlet fever), during the acute stage, in the chronic stage and
in or after the period of convalescence.

Deficiency in the secretion of hydrochloric acid may be
present therefore in both functional and organic diseases of
the stomach. It is difficult, however, in each of the individual
cases that have been investigated to aseribe the exact part
played by food, by anatomical changes in the gastric mucous
membrane, and by general diseases in the production of the
disordered function. In the majority of the cases the con-
ditions are not simple. The food itself leads to gastric catarrh,
and primary gastric catarrh is ageravated by the amount and
character of the food taken: with gastric catarrh and with
stomach disorders due to general disease, there may be
anatomical changes in the glandular structure of the organ,
there may be dilatation of the organ, and there may be fer-
mentation of the stomach contents: and functional disorders
may be due to the effect of the food and of the general
condition of the body. Dearing these facts in mind, the
results of the investigation of the amount of hydrochlorie acid
present in various functional and organic diseases of the
stomach may be mentioned.

In three cases of uncomplicated “ chronie dyspepsia ” Leube !
found by his method of investigation (Chapter V.) a well-marked
deficiency of hydrochloric acid. 1In chronic dyspepsia with
dilatation of the stomach (two cases) he also found a deficiency
in the secretion of hydrochloric acid. In seventeen cases of
dilatation of the stomach without ulecer or carcinoma, Kredel

V Deutsches Arch. f. klin. Med., Leipzig, Bd. xxxiii. p. 19,
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or it is present in such small quantity that, with the diminished
quantity of hydrochloric acid, it is useless for the digestion of
solid food. During convalescence, the pepsin secretion recovers
itself sooner than the acid, as is shown in the analysis of the
vomit given in Chapter V. p. 141. In chronic catarrh of the
stomach, as far as the question has been investigated, hydro-
chloric acid is present in the stomach, but is greatly diminished
in quantity; and some cases are preceded by a stage of hyper-
acidity (p. 81). In what Jaworski calls “atrophic stomach
catarrh,” the acid is absent. This is probable, and indeed the
conclusion can be extended to all cases of atrophy of the mucous
membrane of the stomach (Fenwick), and is most marked in
those cases of atrophy which result from the action of the
mineral acids and caustic alkalies on the gastric mucous mem-
brane, In these last cases, the corrosive poison not only by its
action destroys some of the mucous membrane, but sets up a
chronic congestion and fibrosis which leads to further degenera-
tion (Chapter IX.). In the early stage of the disease in such
cases, hydrochloric acid may be present in normal quantity. This
oceurred in the case of a girl, aged 24 years, who took crude
hydrochloric acid ; subsequently there developed great dilata-
tion of the stomach with stenosis of the pylorus. An examina-
tion of the stomach contents when the patient was on a milk
diet showed a percentage of 0-15 of hydrochloric acid and 0-2
of lactic acid (Cahn and von Mering). In this case there were
a large number of bacteria in the stomach.! In albuminoid
degeneration of the stomach, hydrochloric acid has been found
completely absent (Edinger)? but it is not always so. In a
case of pulmonary tuberculosis in a patient aged 28 years,
with albuminoid degeneration of the abdominal organs and of
the gastro-intestinal tract (verified post-mortem), the stomach
contents were examined twenty-six hours before death, and
0-24 per cent of hydrochloric acid, with 0:054 per cent
of lactic acid and 0042 per cent of butyric acid, were
found (Cahn and von Mering).

' W. de Bary, Avch. f. exper. Path. w. Pharmakol., Leipzig, Bd. xx. p. 249,

* Edinger used only the colour reactions (chiefly methyl-violet) in testing for
free hydrochloric acid. His results are therefore not altogether reliable. See
Chapter V.
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The conditions of acidity of the stomach in chronic wulcer
have already been discussed (p. 82).

In carcinoma of the stomach varying results have been
observed. Van der Velden® tested the stomach contents in eight
cases of cancer of the pylorus by means of the methyl-violet
reaction, and found that no free hydrochloric acid was present.
Kredel * examined nineteen cases of cancer of the stomach with
dilatation and found free hydrochloric acid absent; he used the
methyl-violet and the tropeeolin tests. Riegel® obtained the
stomach contents in cases of carcinoma one hour after food,
and found that for long periods (months) there may be no free
hydrochlorie acid in the stomach of such patients. Korezynski
and Jaworski* state that in most cases of cancer of the stomach
hydrochloric acid is absent; and in one case investigated by
Leube the acid was also deficient. On the other hand, Cahn
and von Mering by a more accurate method of investiga-
tion found that free hydrochloric acid was present in most
cases of cancer of the stomach, and that its absence was the
exception. This is most in accord with a rational view of the
disease. In cancer elsewhere than in the stomach, eg. in the
cesophagus, hydrochloric acid is present in the gastric juice in
normal amount, as I have myself observed in a patient on whom
gastrostomy had been performed. There seems no adequate
reason why a localised growth at the pyloric end of the
stomach, a region in which the hydrochloric acid is not
secreted, should affect the secretion of the acid by the glands
of the cardia: but in the later stages of the disease when
there is atrophy of the glands, either primary or secondary, or
general fibrosis of the organ, there is great diminution in the
secretion of gastric juice, and its digestive activity is
practically nil.

Cahn and von Mering investigated the acids in six cases of
carcinoma of the pylorus during life, in one case after death,
and in one case in which the diagnosis was doubtful,

1 Deutsches Arch. f. kiitn. Med., Leipzig, Bd. xxiii. p. 369
2 Dtschr. f. Klin. Med., Berlin, Bd. vii. p. 592.
% Deutsches Areh. f. kiin. Med., Leipzig, Bd. xxxvi. p. 100.
4 Dewtsche med, Wehnschr., Leipzig, No. 47, 1886.
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PERCENTAGE OF AcCIDS IN THE SToMACH CONTENTS IN (CASES
oF CAnrciNoMA VENTRICULL

Percent-
Percent- | Percent-

]“_J‘lf"gl':'r age of age of
i lactie volatile

stomach 7
conbarite. acid, acids.

Case 1. Male, wt. 48. lilla.rd tumour along con- W
tour of stomach, cancerous peritonitis, : ‘1492 0015
great cachexia. Post-mortem ; colloid gggg g‘é:‘:ﬂ 0-036
cancer of pylorns, of antrum pylnni 0-051 0547 0°043
and part of the great curvature ; can-
cerous nodules in peritoneum .

Case 2. Male, wt. 63 ; with very large tumour uf
prlorus and great dilatation of the
stomach . (-140 0-630 0-012

Case 3. Female, =t. 52, witl.‘: hard tumour of
pylorus and great dilatation of the
stomach,  Post - mortem : alveolar
cancer of the pylorus and of a large
art of the lesser curve

] 0045
Case 4. Male, wt. 52, with great angimia Emd}

0097
et 0-014

oo
[
oot
o

0001 0234 0-002

pain, great dilatation of the stomach 0-118 | 0109 | 0-003

and a pylorie tumonr the size of the fist
Case 5. Male, ®t. 36, with an immovable pyloric
tumonr, and a dilated stnmach reach-
ing to 'the symphysis and exhibit-

0-044 0-117 0-080

0-099 0-108 0-120
ing peristalsis . .

Case 6. Female, mt. 22, greatly emaciated and
with enormous dilatation of the
stomach cansed by a cancer of the

vlorns (Gastro-enterostomy success-
fully performed by Prof. Liicke) . 0:054 | 0261 | 0°054

Case 7. Male, wt. 34, with stenosis of pylorus and

eat dilatationof stomach. No tumour
Frlt. Diagnosis not absolutely certain | 0°041 | 0540 | 0-025

Many clinicians accepting van der Velden's original dictum
have asserted that the absence of hydrochloric acid in the
stomach contents is a trustworthy diagnostic sign of carcinoma
ventriculi in doubtful cases. The observations just quoted
demonstrate that this is not so, and that as Cahn and von
Mering say, “ In carcinoma pylori the presence of hydrochloric
acid is the rule, its absence the exception.” A study of the table
just given will show that in some cases only traces of the acid
were found (Case 4, first observation), but that in most cases the
percentage of acid was appreciable (Cases 2, 3, 4, and 5), while
different observations on the same patient showed that a trace
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of acid might be found on one occasion and nearly a normal
quantity on another (Case 4). The general conclusion there-
fore is that in carcinoma of the pylorus, the amount of hydro-
chloric acid secreted is below the normal, and that it varies
greatly at different times even in the presence of food in the
stomach. The other acids found in the cases observed will be
the subject of discussion when the organic acids of the
stomach are considered (p. 93); they are chiefly the products
of fermentation of the food, and are associated with the con-
dition of delay of food in the stomach and dilatation of the
organ.

The secretion of acid by the stomach is affected in general
diseases or general pathological states, as well as in cases where
the stomach itself is the primary seat of disorder or disease.
The relation of functional disorders of the stomach to other
diseases of the body will be fully discussed when the clinical
history of such cases is considered. It will be sufficient at
this point to note that the occurrence of functional disorder of
the stomach in a particular disease may be accidental and
not necessarily a question of effect and cause; or it may be a
direct effect of the disease.

In most anwmic conditions it is probable that the amount of
hydrochloric acid secreted is deficient, although extensive and
accurate observations have not yet been made. In cases of
an@mia with chronic dyspepsia Leube found a great deficiency
of hydrochloric acid after a test meal; and in one case of
pernicious angemia, fed on milk and beef-tea, Cahn and von
Mering found that three-quarters of an hour after a meal the
stomach contained no hydrochlorie acid, but a large amount of
lactic acid (0°219 per cent) and a small amount of volatile
acid (005 per cent). The observation was made three
months before death. In chlorosis, the most common form of
angemia, accurate observations have not been made.

In dnfective fevers the amount of hydrochloric acid present
in the stomach no doubt varies to a great extent from
time to time. Some accurate observations have been made
regarding the presence of hydrochlorie acid in the stomach in
such diseases. Manassein' made animals febrile by injecting

1 Firchow's Archiv, Bd. Ivi. p. 413,



90  PATHOLOGY OF INDIGESTION OF FOOD.

putrid material into them, and found that the gastric juice had
no digestive properties unless hydrochloric acid was added
to 1t.

In three cases of typhoid fever examined by Cahn and von
Mering the hydrochloric acid was greatly deficient, and in two,
as seen in the table, there was an excess of lactic acid,

Percant-

Percent- | Percent-
age of & f of
g o
E‘}.{'{éﬁ‘l{___ o || ol

SRl aeld. acids.

Case 1. Typhoid fever, with remittent fever.
ﬁiﬂt: beef-tea with egg, milk . .| 0068 | 0144 | 0-012
Case 2. Relapsed typhoid, with high fever.
Diet : cocoa, milk, beef-tea . -
Case 3. Typhoid fever in a girl with cerebral
tamour ; eontinned fever. Diet:
milk and cocoa : -

0-006 0-203 0-030

0-0 0-08 0045

The presence of lactic acid in these cases is no doubt to be
ascribed to the sarcolactic acid present in the beef-tea, and
not to the occurrence of bacterial fermentation.

In two cases of malaria, Leube observed severe dyspeptic
symptoms independent of the ingestion of food, which were not
due to a prolongation of the digestion or to an insufficiency
in the activity of the juice, as tested by his method. These
cases recovered rapidly with quinine.

In tuberculosis, more particularly tuberculosis of the lungs
(phthisis pulmonum), numerous observations have been made.
In tuberculosis of the lungs, indigestion of food is frequently
observed, both before the signs of tuberculosis are manifest, and
during the progress of the disease. It has been stated that in
pulmonary tuberculosis, hydrochloric acid is greatly deficient or
absent from the stomach, but this statement, like the similar one
with regard to earcinoma ventriculi, is too decided, and does not
apply to the majority of cases. Klemperer! found in the
cases examined by him no diminution in the secretory activity
of the stomach, and a similar result was obtained by Fr, Schetty
in the twenty-five cases of the disease which he examined.?

1 Berl. klin. Wehnschr., 1889, No, 11.
2 Deutsches Arch. f. klin. Med., Leipzig, Bd. xliv, pp. 219-243.
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Schetty tested the digestive activity by giving the patient the
whites of two hard-boiled eggs with four to six ounces of
water, and emptying the stomach in an hour. In all cases,
the stomach contents were acid, and the acidity was due to
hydrochloric acid (the phloroglucin-vanillin test was used, see
Chapter V.). Not only was the secretion of hydrochloric acid
in the majority of the patients not diminished, but in some it
was actually increased. A diminution in the amount of acid
was found in advancing cases and in those with morning fever,

Schetty’s results do not express the condition which is
found in all cases or even the majority of cases of pulmonary
tuberculosis ; the degree of acidity cannot be tested with any
accuracy by means of the colour tests he employed. O.
Brieger ! estimated the acidity in sixty-four cases of pulmonary
tuberculosis, making 300 experiments in all. His method
was to give a “ test-breakfast” (Chapter V.), and to estimate
the acidity of the stomach contents after removal. The
acidity due to hydrochloric aecid varied between 0°05 per
cent and 0°19 to 024 per cent. In severe cases of the
disease, he found that the chemical processes of digestion
were normal in only 16 per cent, deficient in the greater
number, and in 9'6 per cent completely deficient; and that
the changes in digestive power had no relation to the febrile
state of the patient. These results have not been confirmed
in all particulars by other observers. (C. H. Hildebrand?
examined the acidity in forty cases of the disease and
found that in some cases hydrochloric aeid was present and in
some absent. In the cases in which it was absent there was
fever, and no hydrochloric acid was found during the febrile
period ; the cases in which the acid was present were afebrile.
It is probable that these results are nearer the truth than those
previously quoted. The occurrence of indigestion of food in
pulmonary tuberculosis is probably not a simple question.
In some cases, but by no means in the majority, the symptoms
of dyspepsia precede the evident signs and symptoms of
the disease, and in such cases the stomach condition may be
simply looked upon as one of the predisposing causes of the

L Dewtsche med. Wehnschr., Leipzig, 1889, No. 14.
2 Ibid. 1889, No. 15.
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disease. In cases where pulmonary tuberculosis has actually
developed, the patient is suffering from a slowly progressing
disease in which there is fever, wasting, and an ansmic condition.
It is therefore only a natural sequence that the secretory and
other functions of the stomach should be affected by the
condition of fever and anmmia produced by the disease, and
that this effect would be more marked as the disease advanced.
It is, however, a remarkable fact that in many cases of
advancing pulmonary tuberculosis the digestion is normal ;
food in excess is in some cases eaten without discomfort, and
large quantities of fat are eaten with benefit. Deficient
activity of the stomach, a condition of functional gastric
insufficiency, is not the only disorder of the organ associated
with pulmonary tuberculosis: there may be hyperacidity
during digestion, due to gastric irritation; or there may be
chronic catarrh of the organ, producing degeneration of the
glandular structures and organic gastric insufficiency; or
albuminoid degeneration of the mucous membrane (p. 86).
These four conditions must be borne in mind in discussing
the alteration of stomach function in pulmonary tuberculosis.
There i1s in fact no evidence to show that there is such a
pathological condition as “ phthisical dyspepsia,” 7.c. an indiges-
tion of food produced by the development of the bacillus
tuberculosis.  Clinically, dyspepsia in pulmonary tuberculosis
is an important condition; pathologically, it has no very
direct relation to the disease.

Summary.—As regards our knowledge of the amount of
hydrochloric acid present in diseased conditions of the stomach,
and in diseased conditions generally, it may be said that in
some cases (as in cases of irritation, of nervous dyspepsia, and
of ulcer of the stomach) hydrochloric acid is secreted by the
stomach in excess, and that in other cases there is a diminution
in the amount of acid secreted. In prolonged cases of ulcer,
in chronic catarrh, and in many cases of carcinoma ventriculi,
the secretion of acid is diminished ; and in acute catarrh it is
absent. In certain febrile conditions (as typhoid fever), in
pernicious angmia, and in tuberculosis of the lungs, the acid
may be greatly diminished or even absent during digestion.
The presence or absence of hydrochloric acid in the stomach
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contents is of great importance in disease. Its presence in
excess during digestion may ensure rapid digestion of the food,
but it induces symptoms which are often severe, and it may
lead to inflammation of the organ. Without its presence in a
certain proportion digestion cannot progress normally, even if
lactic, butyrie, acetic, or any other orcanic acid is present in
the stomach contents, as none of these can take its place. It
is therefore of prime importance to remember that in the
majority of cases of functional disorders of the stomach which
constitute the greater number of cases of disease of the organ
the acid is present, and its presence shows that the glands are
still in a state (though a diminished state) of secretory activity,
and by treatment can be made to resume their normal condition.

3. Inereased Acidity of the Gastric Contents due to Organic
Acids (Lactie, Acetic, Butyric).—A certain quantity of organic
acids is present in the stomach contents during digestion in
most healthy people taking a mixed diet of proteids, fats, and
carbohydrates in the proper proportion ; indeed, certain organic
acids or their salts are essential for the needs of the economy,
such as acetic, citrie, tartarie, and malic acids and their salts,
since they not only tend to preserve the alkalinity of the
tissues by being converted into carbonates in the body, but are
to some extent antiscorbutic. When the salts of these acids
(or indeed of all the organic acids under consideration) are
taken with the food they are decomposed by the hydrochlorie
acid of the gastric juice, the acids being in great part set free.
Some of these organic acids may be formed in the stomach by
decomposition of the food. There are therefore two distinct
modes of origin of the organic acids found in the stomach
contents: (1) they are taken in with the food, and (2) they
are formed from the food in the stomach by bacterial fermen-
tation.

1. In normal conditions a certain amount of acetic acid,
citrates and tartrates, not only do no harm, but are actually
beneficial ; in excess, however, they increase the organic acidity
of the stomach and may lead to digestive disturbance. They
also in excess render the urine alkaline and increase the
alkalinity of the saliva (see p. 36). '

An increase of the organic acidity of the stomach contents
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leads to a delay of the chemical processes of digestion, but it
has another effect which is of great importance in disease.
When the stomach has for some time been the seat of disorder,
or when it is the subject of an acute affection, the increase of
the organic acidity, whether due to the vegetable acids (acetic,
tartaric, citric) or to the acids formed by fermentation (lactic,
butyric, and acetic), acts as an irritant to the gastric mucous
membrane, increasing the seriousness of the condition. The
occurrence of lactic, acetic, and butyric acids in the stomach
during normal digestion and their origin in this condition has
already been fully discussed (pp. 31, 62, and 68). It was
shown that the lactic acid found in the stomach during the
digestion of bread and meat came from the food itself, and
was not formed in the stomach.

2. The question now to be considered is the increased
acidity of the stomach contents, due to the formation of organic
acids as the result of bacterial fermentation. When the acidity
of the stomach contents rises to a certain percentage, vomit-
ing occurs, so that part of the knowledge of the hyperacidity
due to organic acids has been obtained from the examination
of vomited matters, and wvaluable information has also been
obtained of these conditions by removing the stomach contents
some time after food.

The hyperacidity due to organic acids may be divided into
three classes. In one, the commonest form of hyperacidity,
there is a large excess of lactic acid in the stomach contents.
In the second class, the excess of acid is due to the presence of
butyric acid, and in the third to acetic acid. Excess of lactic
acid and of butyric acid is the most important. All these
acids may be present in the stomach contents of any particular
case where there is bacterial fermentation of the carbohydrates
of the food, but as a rule one acid preponderates. All these
acids may be present in the food taken; but as a rule they are
present only in small amount, and their presence in large
amount in the stomach contents is a pathological condition.

An excess of lactic acid in the stomach contents is the
result of the lactic acid fermentation of the carbohydrates of
the food, due to the growth of the bacillus acidi lactici, or
possibly of other bacteria which have been found in the
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stomach, viz. bacillus lactis aerogenes (see p. 71). An excess
of butyric acid is the result of the butyric acid fermentation of
the carbohydrates of the food, or of a similar fermentation of
the lactic acid formed in the lactic acid fermentation (see p. 74).
An excess of acetic acid is the result of the alcoholic fermenta-
tion of the carbohydrates in the stomach, and possibly of the
action of sarcina, although this is doubtful, or in rare cases
perhaps of the action of mycoderma aceti.

It is quite clear that an excess of these acids in the stomach
can only be produced by bacterial fermentation; they are not
products of digestion by the gastric juice, and the amount taken
with the food never approximates the degree of organic acidity
found in the cases of disease under consideration. Another
point must be clearly borne in mind, viz., that although bacterial
fermentation leading to an excess of organic acidity of the
stomach most readily occurs in certain conditions of that organ,
more particularly in dilatation, whether due to obstruction or
not, yet it may occur, although rarely, in cases of functional
disorder, and in these cases it is associated with delay of food
in the stomach and cessation of the secretion of gastric juice
during digestion. It may not oceur in individual cases where
the econditions are favourable, as in some cases of dilated
stomach not due to obstruction. This increase in the organic
acidity of the stomach contents is indeed a change in the food
taken, which only occurs when there are certain predisposing
causes, and it cannot occur unless the bacteria producing it are
swallowed with the food or are already in the organ.

The total amount of acidity which may be present in the
stomach contents in such cases of bacterial fermentation may
be very great. In a case of dilated stomach with the vomiting
of a frothy liquid containing sarcina, the total acidity of the
stomach contents some hours after food was found equal to 043
per cent hydrochloric acid, the acidity being due to free hydro-
chloric acid, to lactic acid, but chiefly to butyric acid. In a
case of indigestion of food of fifteen years’ duration, associated
with bacterial fermentation and the presence of large numbers
of sarcina in the stomach contents, Hassall ! found the vomited
matter to have the following chemical composition :—

1 Lancet, 1853, vol. 1. pp. 838, 362.
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PERCENTAGE COMPOSITION OF VOMIT IN A CASE OF
BACTERIAL FERMENTATION.

Water . : : . i - . 97582
Free hydrochloric acid . . : - ; 0080
Free butyrie acid . : g . ) 0138
Yellow fatty matter . : : : x 0-800
Extract soluble in aleohol ; : . : 0242
Gummy extract soluble in water : . . 0400
Albumen . - : : . - . 0-200
Alkaline chlorides and basic sulphates . y ! 0-458
Caleium phosphate : : : . . 0-100

100-000

In this case butyric acid was the chief acid found, and there
was no lactic acid present.

In the case in which Goodsir! first discovered the sarcina
ventriculi, a careful analysis of the vomited matters was made
by Wilson. Hydrochloric acid was found, as well as lactic
acid, but acetic acid was present in enormous quantity and
formed the greater proportion of the free acids present in the
stomach contents. The presence of the acetic acid in such
quantity would indicate the occurrence of the acetic acid
fermentation or of the alcoholic fermentation.?

As regards the presence of lactic acid, the results of the
investigation by Cahn and von Mering have been already given
in discussing the amount of hydrochloric acid present in the
stomach contents in disease. On referring to the table (p. 85)
it will be seen that the percentages of lactic acid and of volatile
acids found in the three cases of dilatation of the stomach,
without obstructive organic disease, were not greater than
those which might be found under normal conditions. In the
cases of ulcer of the stomach (Table, p. 83) similar observations
may be made, except with regard to Case 4, in which the
amount of lactic acid was 0°149 per cent. These results
must be considered only as meaning that in some cases of

! Anatomical Memoirs,” 1868, vol. ii. p. 351. The original paper was pub-
lished in 1842,

* For more examples of the analysis of the stomach contents, see Chapter
Y. p. 141 of seq.
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simple dilatation of the stomach, and in some cases of ulcer
with dilatation, there is not a great increase, or any increase
at all, of the organic acidity of the stomach. On the other
hand, it is well known eclinically that in all such cases as
those under consideration bacterial fermentation may occur,
and that it may produce a great increase in the organic acidity
of the stomach contents,

In cases of organic obstruction of the pylorus, due to
carcinoma ventriculi, very high degrees of acidity of the
stomach contents, due chiefly to lactic acid, may be found.
Cahn and von Mering’s results are shown in the table (p. 88).
The highest degree of acidity found by them was in Case 2, in
which 063 per cent of lactic acid was present; in two other
cases (Cases 1 and 7) there was a percentage of 0:54 to 0-547
lactic acid ; in the other cases a smaller percentage, but still a
high one, was found. In these cases it was pointed out that
the amount of hydrochloric acid varied at different times in the
same individual; a similar remark applies to the amount of
lactic acid present in the same stomach at different times.
Thus, in Case 1, three different estimations of the acidity of the
stomach contents gave 0-162, 035, and 0°547 per cent lactic
acid. In Cases 3 and 4 there was a similar variation in the
amount of acid present,

2. Gases of the Stomach in Disease—1In the healthy stomach,
the gases present are nitrogen and oxygen, which are contained
in the swallowed air. In some cases there may be an excess
of earbonic acid, due to the decomposition of the carbonates of
the food by the hydrochloric acid of the gastric juice, or to the
decomposition of the carbonates of the alkaline saliva.

In disease the gas eructated is of variable composition, and
according to the gases present, two classes of cases may be
distinguished : in one the gas being composed of nitrogen,
oxygen, and carbonic acid; in the other, of the same gases
with hydrogen, and sometimes marsh gas and sulphuretted
hydrogen. The first class of cases is due either to the carbon-
ates of the food or of the swallowed saliva, which in some
cases of disordered digestion (hyperacidity) is greatly increased
(p. 116), and when swallowed leads to the evolution of
carbonic acid gas which is eructated; or it is due to the

7
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entrance into the stomach of the alkaline fluids of the duo-
denum which are decomposed by the gastric juice, evolving
carbonie acid; or to the entrance of gas from the intestines;
or to swallowed air. In hysterical flatulence, the large amount
of gas sometimes eructated has been ascribed either to swallowed
air or to a diffusion of carbonic acid from the blood. There is
some evidence that the second event can oceur ; but swallowed
air is sometimes a cause of the flatulence, and also the entrance of
gas into the stomach from the intestine. The commonest cause
of eructation of gas is, however, the bacterial fermentation of
food which oceurs in the stomach and intestine. The forma-
tion of carbonic acid and hydrogen by the lactic acid, butyrie
acid, and alcoholic fermentations has already been described
(p. T4 et seq.); and in severe cases of flatulence (excluding
“ hysterical ” flatulence) the evolution of gas is due to the
occurrence of one or other of these kinds of fermentation. In
these cases the gas eructated is composed of nitrogen and
oxygen (derived from the air) and a large quantity of carbonic
acid, together with varying proportions of hydrogen.

In other, but rave, cases the eructations contain marsh gas
(CH)) and are inflammable. In one such case described by
M‘Naught, the gas had the following composition: 92 per cent
of atmospheric air, 56 per cent of carbonic acid (CO,), 28 per
cent of hydrogen (H), and 68 per cent of marsh gas (CH,).

Marsh gas is formed from decaying vegetable matter, and
18 a product of the decomposition of albuminous substances
(p. 78). According to van Tieghem and Tappeiner (p. 75) the
butyric acid bacillus is eapable of forming from cellulose both
marsh gas and sulphuretted hydrogen. This is, however, a
result which has not been shown to oceur in the stomach, and
it is improbable that it does occur. Putrefactive decomposition
of proteids may, in rare instances, oceur in the stomach as the
result of long standing retention of food in cases of dilatation
due to organic disease; but it more commonly results from
taking as food, articles of diet in a state of incipient decom-
position.  In some of these cases the eructations contain
sulphuretted hydrogen, directly obtained from the decomposed
products in the food by means of the acid in the stomach. On
the other hand, when the gases are not directly derived from
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cannot occur unless the normal movements of the organ are
continuous throughout the whole period of digestion; for,
however powerful the gastric juice may be, the food must be
intimately mixed for the chemical process to be accomplished
within a certain time, and it must after the process is ended
be completely propelled through the pylorus.

3. The Digestive Activity of the Gastric Juice in Discase—
No quantitative estimation of pepsin as a substance that is of
any practical value can be made; the amount contained in
a particular liquid obtained from the stomach is gauged by
the rapidity of its action on albuminous substances (e.g. egg-
albumin) at a certain temperature (35° to 40° C.) in the
presence of 0:2 per cent hydrochloric acid.

The digestive activity of the gastric juice may be tested in
a particular individual in two ways :(—

(a) Either by giving a test-meal and ascertaining its
digestibility by an examination of the stomach contents which
are removed some time afterwards ;

(6) Or during fasting, by exciting the stomach to secrete
in various ways and removing the stomach contents in ten
to fifteen minutes (see Chapter V.).

Leube used in his investigation of the digestive activity of
the stomach a test-meal of soup, a large beef-steak, and a
small white roll. After seven hours, during which no other
food was taken, the stomach was washed out with a minimum
of water and the washings tested. Undigested residue was
obtained if the digestion was not complete, but in cases of
healthy people, with one or two exceptions, the digestion of
this meal was complete in seven hours. He tested the
secretory activity of the stomach by injecting into the stomach
100 ce. of ice-cold water, removing it in ten minutes by
adding 200 cc. of water. The digestive activity of this
liquid, made to the proper degree of acidity by means of
hydrochloric acid, was tested by placing some coagulated ego-
albumin into it and allowing it to stand at the temperature
of the body in an incubator. In all cases the same amount
of egg-albumin was used so that a comparison could be made
of the digestive activity of the juice in the cases observed.
Without discussing at this point the value of these methods,
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the results obtained by Leube and by other observers using
similar methods may be deseribed.

In five healthy individuals, Leube found that this test-
meal was completely digested in seven hours, and that the
gastric juice removed from the stomach digested the ega-
albumin in from one to two hours. In two apparently
healthy individuals this was, however, not the case, viz. the
test-meal was not digested in seven hours, and the digestive
activity of the gastric juice was very small.

Fourteen cases of “nervous dyspepsia” were examined : in
twelve the test-meal was digested in seven hours, in two it
was undigested. In these last, the activity of the gastric
Juice, tested separately, was greatly diminished. Out of eight
cases in which the amount of hydrochloric acid was tested,
five showed a deficiency. According to these results, there-
fore, in the majority of cases of “nervous dyspepsia,” the
chemical digestive power of the stomach is not diminished to
any extent.

In nine cases of “chronic dyspepsia” the test-meal was
undigested in seven hours, and the activity of the gastric
Juice was greatly diminished, the diminution varying in
individual cases. In six cases of chronic dyspepsia with
dilatation of the stomach a similar result was obtained ; also
in three cases of carcinoma ventriculi.

The non-digestion of the test-meal and the insufficiency in
the digestive activity of the gastric juice are most marked in
cases of acute catarrh of the stomach. During the acute
attack the test-meal was undigested ; during convalescence it
was digested, and the gastric juice secreted was very active.
In atrophic stomach catarrh, Jaworski found in some cases a
diminution of pepsin, and in some cases of pulmonary tuber-
culosis Brieger found that there was a general insufficiency of
the secretion of gastric juice.

Korczynski and Jaworski investigating twenty-four cases
of ulcer of the stomach by means of a test-meal of egg-albumin
found that the digestive activity was increased.

Riegel, and Gluzinski and Jaworski found in some patients
not suffering from ulcer, hypersecretion and increased activity
of the gastric juice.
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On the whole, the conclusion is that in the majority of
cases of functional disorder of the stomach, there is but little
diminution in the amount of pepsin secreted ; that in fact the
secretion of hydrochloric acid is more sensitive to disease than
that of pepsin. In organic disease of the mucous membrane,
such as oceurs in inflammation, degeneration, and in cancer, the
secretion of pepsin is, however, profoundly affected.

Pepsinogen.—1t was previously stated that pepsinogen was
the precursor of pepsin, that it was secreted as such by the
glands and transformed into pepsin by means of the
hydrochloric acid. In disease, therefore, it is quite possible
that pepsinogen may be secreted and not become transformed
into pepsin, owing to the deficiency or absence of hydrochloric
acid. This question, however, is very difficult to investigate,
inasmuch as the separation of pepsin and pepsinogen requires
very careful procedure: the chief differences between the two
substances being that pepsin is destroyed by sodium carbonate,
and that pepsinogen is precipitated and destroyed by a current
of carbonic acid passed through its solution (Langley). It is
easy to prove in a liquid removed from the stomach that both
pepsin and pepsinogen are absent, but very difficult to show
that one or other or both are present. Pepsinogen is more
resistant than pepsin ; and, according to Boas! it may be found
in acute catarrh and in cancer of the stomach, when pepsin is
absent. Further investigation is needed, however, before the
question of the occurrence of pepsinogen in disease can be
discussed : all that can be said is that it is probable, that in
some cases where there is a deficiency of secretion of hydro-
chloric acid, pepsinogen and not pepsin may be found in the
stomach contents. In neutral or very slightly acid vomit in
cases of catarrh, the liquid when made acid may show great
digestive activity (Chapter V. p. 141); but this is no proof that
pepsinogen is present and transformed by the addition of the acid,
as pepsin in a similar liquid would act in the same manner.

Curdling Ferment (ERennet). — The presence of this in
disease has been investigated by Boas,® and Boas and Tozebinski.
The curdling ferment has a precursor which bears the same

! ““Diagnostik n. Therapie der Magenkrankheiten,” 3rd ed. part i, p. 22.
* Op. cit. part i. p. 190.
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relation to it as pepsinogen does to pepsin, and is transformed
into the ferment by the action of acid and of warmth. These
observers found that the ferment was present in varying amounts
in different conditions of the stomach. It might be normal in
amount, even in the presence of a varying amount of hydro-
chloric acid: as in “neuroses” of the stomach. It might be
greatly diminished; as in serious organic disease— catarrh,
carcinoma, or degeneration of the mucous membrane.

4. Variations in the Movements of the Stomach (see also
Chapters V. and XIV.).—Unless the normal movements of
the stomach go on during the whole time the food is in the
organ, digestion, even in the presence of a normal secretion of
gastric juice, is not only not complete, since the digesting food
is not intimately mixed, but the stomach is never completely
emptied since the organ is incapable of propelling the last
portion of its contents into the duodenum. These two results
are of great importance in the pathology of indigestion of
food ; undigested or imperfectly digested food is propelled in
the one case into the duodenum, and in the other the stomach
always contains some food which may undergo bacterial
fermentation.

Variations in the movements of the stomach are of two
kinds ; either in the form of increased or in that of diminished
movement, the latter being by far the most common change.

Increased movements of the stomach occur both in
functional and in organic diseases of the organ. Thus they
are a feature of some cases of lienteric diarrhcea, and of
gastro-intestinal disorder, especially in children. Shortly after
food has been taken, there is rapid peristalsis starting from
the stomach and leading to the passage of a liquid stool,
which in children at any rate often contains undigested food.
Such a condition must be described as one of increased reflex
excitability. An increase of reflex excitability of the move-
ments is observed in other cases of funectional disease, especially
in cases of gastric irritation and of neurosis.

Thus spasm may occur, either of the orifices (e.q. of the
cardia) or of the whole stomach. The latter is seen when the
stomach contains very irritating food; the former is observed
in neurotic individuals, and oceurs in relation to food.
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In organic disease increased movements are observed when
there is pyloric obstruction, the peristaltic movements being
increased to overcome the obstruction (see “ Dilatation of the
Stomach,” Chapter XIV.).

In most cases of functional and organic disease, the move-
ments of the organ are diminished, and this condition is called
atony or myasthenia (Boas).

In cases of dilatation of the organ, the movements are
diminished ; dilatation is, so to speak, the expression of a
diminution in the movements. But the movements may be
diminished even when no dilatation of the organ can be
detected.

Thus in chronic gastrie catarrh, in “nervous dyspepsia,”
and in dyspepsia in pulmonary tuberculosis, the movements
have been found diminished (Klemperer, Herzog). In ulcer,
Korezynski and Jaworski also found a deficiency of movement ;
and a similar observation was made by Klemperer in cancer
of the pylorus. '

The results of these direct observations confirm what has
been noticed from clinical observation of these cases. Defi-
ciency of movement plays as great a part in the production of
disordered digestion as deficiency of secretion of gastrie juice.
It is the direct result, as has been pointed out, of irregularity
of diet, of the partaking of too large meals, and of meals with
a large quantity of indigestible matter or of food accessories,
whereby the organ has more than it can digest or manipulate,
and is active for too long a period. The over-worked organ
at last ceases to respond to stimulation, and not only the
secretion but the movements diminish and finally cease.
Indeed, a large meal may in some cases induce an actual
paralysis of the stomach wall, with the production of sudden
and acute dilatation, threatening life or even causing death
(see “ Dilatation of the Stomach,” Chapter XIV.).

This is a rare event, but a deficiency of movement of the
stomach from whatever cause is greatly influenced by the
character of the food taken, so that large meals, or meals
composed of improper and indigestible food, aggravate the
condition,

Another cause of deficient movement of the stomach is to
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be aseribed not directly to the food taken, but to some general
condition of the body which reacts on the organ. Although
not actually proved by experiment, it may be concluded as
probable and explanatory of some of the symptoms observed,
that in fever, anwmia, and in chronic wasting diseases, such
as cancer and pulmonary tuberculosis, there is a deficiency in
the movements of the stomach. The state of fever tends to
diminish muscular movements, both voluntary and involuntary ;
and an angmic condition, whether as regards simply diminu-
tion of the hemoglobin or of the red corpuscles, produces the
same effect.

The nervous system plays a great part in producing a
deficiency of movement of the stomach, a deficiency which
may be the commencement of dilatation of the organ of
varying degree. This is observed not only in the cases
classed as nervous dyspepsia, but in very many cases of
functional disorder which develop in consequence of the mode
of life of the individual, or which are associated with certain
conditions of nervous irritability, especially in women (Chapter
VIL). In organic disease of the stomach the movements are
often greatly diminished : in uleer and eancer, and in extensive
degeneration of the mucous membrane of the stomach.

There may be an actual mechanical hampering of the
movements from external causes, such as pressure on the
duodenum near the pylorus, adhesions round the organ near
the pylorus or near the cardia, in some instances due to old
peritonitis, in others to a healed pleurisy with retraction,
especially when left-sided.

The most important final result of deficiency in the motor
activity is dilatation of the organ with or without bacterial
fermentation of the food, this dilatation being, as has been
previously remarked, an expression of the deficiency of move-
ment. Another result is flaceidity and patency of the pylorus,
which allows the fluids and gases of the small intestine to
enter the stomach.

5. Absorption by the Stomach in IDiscase—It was stated
(p. 26) that normally the stomach did not absorb the
water drunk, but that it did absorb salts to some extent,
and to a greater extent alcohol and sugars (lactose, maltose,
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glucose, and cane-sugar after transformation). Peptones are
absorbed to a slight extent, and during the process disappear
as such, being retransformed by the mucous membrane into
the proteids of the blood. Reasons have been given which
render it probable that most of the digested proteids pass into
the duodenum, to be further acted upon by the pancreatic
juice and the bile, so that the non-absorption of peptones by
the stomach must be considered as a subsidiary matter in
disease.

As regards the water drunk, there is much evidence to
show that very little is absorbed by the diseased stomach.
Thus, in a dilated stomach, the contents of the stomach
contain a large quantity of water, even many hours after
food ; also, when the stomach is washed out, and liquid food
again introduced, this disappears only in small quantity after
the lapse of hours. 1In such cases of disease there is therefore
very little, if any, absorption of water by the stomach: and
the same may be said of cases where there is a deficiency of
movement without dilatation. The absorption by the stomach
depends on the proper continuance of the blood-supply to the
organ, and to some extent on the degree of concentration of
the stomaech contents. In disease, absorption may be influenced
by two conditions. The first is the secretion by the stomach
of a large excess of mucus (as in catarrh), which lines the
mucons membrane, and aets as a mechanical barrier to absorp-
tion. The second is the state of congestion of the organ. In
both mechanical and active congestion, the tendency is to
stasis of the blood-stream, in the first case due to an obstruc-
tion of the venous ecirculation, in the second to an effect on
the arteries, leading to stoppage of the circulation. Both
these conditions are very different therefore from the inereased
blood-supply of the stomach during digestion, for in this case,
as in the first stage of active congestion, there is an increased
flow of blood through the vessels with no tendency to stasis.
This increased flow of blood, or “ blushing of the stomach,” is
the great aid to absorption,

The non-absorption of the sugars by the stomach in cases
where there is delay of food in the organ, is an important
factor in the production of symptoms, since it is the sugars
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which undergo bacterial fermentation leading to the formation
of gases and of organic acids.

There is as yet no accurate method by which the
absorption of sugars and of peptones by the stomach in
diseased conditions can be studied. Attempts have been
made to study the absorptive activity of the stomach by
means of iodide of potassium, a rapidly diffusible salt which,
when taken into the stomach, is excreted in a few minutes in
the saliva and the urine. The results which have been
obtained are not without interest, but must be considered as
referring chiefly to the particular salt used, since all substances
are not absorbed in the same way. The sugars and albumoses
have to be transformed (p. 25) before they enter the blood-
stream ; iodide of potassium is absorbed as such, and is excreted
in the saliva and urine as a simple iodide. It may readily be
detected in these liquids by adding to them a little fuming
nitric acid, which sets free the iodine. The presence of this
is indicated in small amounts by turning starch paper a
violet-red, or in large amounts by turning it blue. The iodine
may also be separated by adding chloroform and shaking ;
chloroform dissolves it, and sinks to the bottom of the
mixture as a red liguid.

Zweifel! in using this method for testing the absorptive
activity of the stomach, gave about 3 grains (0-2 gramme) of
iodide of potassium in a gelatin capsule; 3% oz of water
(100 cec.) being drunk at the same time. He found that on
an average, in twenty different healthy individuals, the iodide
could be detected in the saliva in from eight to ten minutes.
It appeared somewhat later in the urine. The absorption time
does not vary much in the same individual, except when the
stomach is full. In this case the absorption time is not only
prolonged, but is very irregular in the same individual. This
prolongation of absorption in a full stomach is probably due
not only to the dilution of the iodide by the stomach contents,
but to the fact that the salivary glands are not so active some
time after a meal as in the fasting condition. The results of

1 “Die Resorptionsverhiltnisse der menschlichen Magenschleimhant,” Dewut-
sches Arch. f. klin. Med., Leipzig, Bd. xxxix. p. 349, 1886. In this paper an
abstract of the previons work on the subject is given.
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these experiments are indeed somewhat minimised from our
present point of view by the fact that it is not only the
absorptive activity of the stomach that is being investigated,
but also the exeretory activity of the salivary glands. Moreover,
it is not at all certain that the gelatin capsule with the water
swallowed does remain in the empty stomach. A small amount
of gastric juice would be secreted, which would readily dissolve
the gelatin, setting free the iodide; but it is quite possible,
and indeed probable, from what we now know of the absorp-
tion of water in the stomach, that most of the liquid containing
the iodide passes rapidly through the pylorus. The results of
the experiments may therefore express not only the absorptive
activity of the stomach and the excretory activity of the
salivary glands, but also the absorptive activity of the small
intestine.

Bearing these criticisms in mind, Zweifel's conclusions,
which more or less confirm those of previous observers, who
used a similar method, may be considered.

His conclusions are that in nearly all diseases of the
stomach there is a tendency to prolongation of the absorption ;
greatest in dilatation and in carcinoma of the stomach, least in
chronie catarrh, and only slight in ulcer. In the early stages
of ulcer, however, the absorption time may be greatly pro-
longed. Moreover, if in the fasting stomach, the absorption
time of iodide of potassium is greater than twenty minutes,
there is a probability, if ulcer be excluded, that the case is
one of stomach dilatation, or carcinoma pylori. No differential
diagnosis by this method can be made between ulcer and
chronic catarrh of the stomach; and both in ulcer and in
dilatation the absorptive activity of the organ may become
normal under treatment. Zweifel does not consider that the
results of this method of testing the absorptive activity of
the stomach are of great importance in the diagnosis in this
particular instance; but they may be of help in addition to
the elinical features of the case, and to the chemical examina-
tion of the digestive activity.

Several cases of fever were examined by him: pulmonary
tuberculosis, pneumonia, and typhoid fever, in some of which
the temperature was rising and in others falling. The absorp-
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tion time was prolonged as compared with an afebrile individual,
and bore no relation to the degree of fever. Granting that the
method used is a test of the absorptive activity of the stomach,
it would appear probable that the prolongation of the absorp-
tion time is dependent on altered conditions of eirculation in
the stomach, that is to an irregularity in the normal response to
stimulus of the blood vessels of the organ.

Summary.—The functions of the stomach which are
mainly altered in disease are the chemical processes of
digestion, dependent on the secretion of an adequate
quantity of hydrochloric acid and of pepsin, and the move-
ments of the organ. Absorption by the diseased stomach is a
condition so little known that no adequate account can be
given of it. In disease, the functions of the organ may be
either increased or diminished. The gastric juice is secreted
in response to the stimulus of the food even when it is in the
mouth, but much more so when it is in the stomach. The
direct exciter of the movements of the stomach is the presence
of food in the organ. If the stimulus is increased in an
individual case, these functions will up to a certain point also
be increased. An increased stimulus would be such as an
increased quantity of food and an increase in the condiments
and of the other food accessories. The food accessories,
especially alcoholic drink and tea, are irritants in excess.
An increased stimulus leading to increased function of an
organ soon becomes an irritant leading to diminished function.
This is the case with food, for if this is taken in repeatedly
large quantities, or with a large amount of food accessories, the
functions of the stomach are diminished and indigestion of
food resnlts. Two stages may thus be distinguished, the early
stage of increased function, and the later stage of diminished
funetion. In disease, both functional and organic, of the
stomach, it is usually the second stage which comes under
notice ; the first stage being usually of short duration. The
various degrees, however, in which the secretion of gastrie
juice and the movements of the organ are affected in disease
of the stomach are of prime importance in diagnosis and treat-
ment; and in each individual case it is the object of the
physician to discover how far these functions are affected.
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This is by no means an easy task; but in many cases it 1s
readily determined which function is the most affected.
What is known on the subject may be conveniently and
shortly stated in the following table :—

Papsin. HCL | Movements. | Absorption.
1. Gastrie irritation due Increased
to  irregularities iu} Increased. | Increased. . Doubtful.
diet : early stage : diminished. o
e e Slight
Do. late stage Diminished. | Diminished. | Diminished. &imli%ilshid.
T Slightl
2. Gastrie insufficiency Diminished. | Diminished. | Diminished. dimi%l];shid.
: Affected in :
3. Chronic catarrh : i e Slightly
% Dilabskion ssuply { pelorged. | Diaenihed. | UmtmlEhes: | geonsnfind
5. Acute catarrh . 3 Greatly Greatly .
6. Atrophy of mucous | diminished | diminished diﬁ?;?:ll?;d. Diminished.
membrane . ; ] or absent. or absent.
7. Ulcus ventriculi ; { Eﬂmﬁr 1;1?;,1]; EﬂElE Df Diminished. | Diminished.
8. Carcinoma ventriculi { dlfuc:?:?i:}lgi I:;:,HE]]:;:E::'I Diminished. | Diminished.
9. Fever . g g .| Diminished. | Diminished. | Diminished. | Diminished.
10. Ansemia : . Diminished. Diminished. | Diminished. | Doubtful.
= Normal or
P i - - hﬂ]‘m&l S
ill. “‘ Nervous " dyspepsia . Normal. Rkl dl:r:;lil;?:ll:-d, Normal.

This table does not show all the conditions present in each
particular disease, and the variations found will be more fully
discussed when the symptoms are considered. It may be
well, however, to again draw attention to the following
points :—

1. That “chronic dyspepsia™ is a condition due to three
several changes in the stomach; two of which are functional,
viz. gastric irritation and gastric insufficiency, and one of
which is due to organic disease, chronic catarrh.

2. In these conditions, the chief change in the stomach
lies in alterations in the secretion of the hydrochloric acid and
in the movements of the organ: the secretion of pepsin being
affected to a less extent.
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quiescent, but in a contracted state, and contains a small
amount of neutral or slightly alkaline liquid with a few flakes
of mucus. When the next meal is taken, the processes are
repeated, and in all cases without any sensation on the part of
the individual except one of repletion and contentment.

In disordered digestion, whether there is organic disease of
the stomach or not, the conditions are very different. Digestion
in such cases has to be carried on under four different
conditions :—

1. Where there is an increased secretion of gastrie juice.

2. Where there is a diminished functional activity of the
stomach.

3. In the presence of bacterial fermentation of the stomach
contents.

4. In varying conditions of irritability and of congestion
of the stomach walls.

1. When there is hypersecretion of gastric juice, the
chemical processes of digestion are well performed, the mixed
food being rapidly digested, and the stomach in most cases
rapidly emptied. In such cases, which may be only the early
stage of diminished functional activity of the stomach, there
are symptoms which are referable to the high degree of
acidity of the stomach contents. Diminished motor activity
‘may, however, be associated with hypersecretion, and in this
case there is delay of food in the organ with prolonged
distress.

2. When the functions of the stomach are diminished, the
chief effect on digestion is that the process is delayed. Such
diminution of function occurs not only in functional disorder
of the stomach, but also in cases of organic disease
such as long-standing cases of ulcer and in cancer. The
general result is delay of food in the organ, due not so
much to the absence of pepsin as to the diminution in the
amount of hydrochloric acid and in the movements. When
a mixed meal is taken in such conditions, there is slow mani-
pulation of the food and slow digestion owing to the insuffi-
ciency of hydrochloric acid present, which never rises to the
normal of 0-2 per cent. Instead of taking five to seven hours
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to digest, the food remains in the organ for over seven hours,
and the stomach is not empty when another meal is taken.
At this time, or before this, the chemical processes of digestion
have actually ceased ; no more pepsin and hydrochloric acid is
secreted, and the hydrochloric acid may gradually disappear by
absorption. The liquid that remains is in part expelled
through the pylorus, but owing to the weakness of the muscles
of the organs, it is not all propelled, and some remains.
The stomach, therefore, is mnever quite empty, and the
characters of its contents in over seven hours after a mixed
meal vary in different cases, according to the funectional
activity of the organ. The results of the examination of the
stomach contents are more fully discussed in Chapter V.; it
is sufficient here to say that in such conditions they are
divisible into three classes :—

(¢) Those very acid, with a large amount of undigested
residue of food, and with peptones in solution.

(b) Those slightly acid or neutral, with very little, if any,
undigested food ; peptones being present, and often
pepsin.

(¢) Those neutral or alkaline with a sweetish taste, and
containing peptones, and in some cases bile and liguid
from the duodenum.

The delay of food and of its results, as just indicated, are
greatly increased when there is dilatation of the stomach.
In such cases, whether simple or obstructive, the stomach
always contains a liquid, sometimes in large quantities, which
cannot pass through the pylorus, either because this is
obstructed or because the muscles are unable to propel it
forward.

3. The presence of bacterial fermentation of the food in the
stomach is of great importance in considering the digestion of
food by the disordered stomach. The two conditions which
favour it are the diminution in the amount of hydrochlorie
acid secreted and the delay of food in the organ owing to the
weakness of its muscular walls. The products of bacterial
fermentation which hinder digestion in the stomach are
derived from the carbohydrates, and are the organic acids—

8
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lactic, butyric, and acetic acids. There is but little known of
the products of the bacterial fermentation of proteids in the
stomach, and even if these were present, it is unlikely that
they would influence the chemical processes of digestion.

An increase in the organic acidity of the stomach contents,
whether due to lactic, butyrie, or acetic acids, is inimical to the
rapid digestion of the mixed food by the gastric juice. The
chemical processes of digestion proceed much more slowly in the
presence of these acids than in that of hydrochloric acid
(p. 34); and, moreover, when there is an excess of these acids,
as in advanced bacterial fermentation, the action of the pepsin
is actually inhibited, even though hydrochloric acid may be
present.

The conditions of bacterial fermentation are those of delay
of food in the stomach, and in such cases the stomach is never
empty, but contains after digestion has ceased an amount of
liquid varying in quantity but always very acid. 'When, there-
fore, the next meal is taken it mixes with this acid liquid and
its degree of acidity at once rises before the secretion of
hydrochlorie acid. The result is, as has been shown by actual
observation, that the secretion of hydrochlorie acid is delayed,
and thus digestion is still further embarrassed. The per-
manent acidity of the stomach due to these organic aeids, -
therefore, actually leads to a diminution in the secretion of the
hydrochlorie acid.

Another aspeet of the influence of organic aecidity on
digestion may here be mentioned, although there may be no
bacterial fermentation present in the particular cases. In
normal digestion, a relatively large quantity of certain veget-
able acids, such as acetic, citrie, tartaric, and malic acids, may
be taken without any discomfort; although their continued
use in large quantities leads to disordered digestion. More-
over, from neutral fats fatty acids may be liberated in the
stomach, and from the ordinary fats eaten, which always con-
tain free acid, this is set free. In cases of disordered
digestion, with a diminution of functional activity of the
stomach, the presence of these organic acids in the food by
increasing the organic acidity of the stomach contents delays
the chemical processes of digestion, and they act, like the
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7. Relation of Indigestion of Food in the Stomach to other
Changes in  the Alimentary Tract.—The normal relations
between the digestive processes in the stomach to those occur-
ring in other parts of the alimentary tract (the mouth and
intestines) have already been discussed (p. 36). When there
is disordered digestion in the stomach there may be changes
both in salivary and in intestinal digestion ; and although very
little is accurately known of the subject, yet certain facts
have been observed which are of pathological importance.
The chief points for consideration arise in those cases: (1)
where there is an excess of acidity of the stomach contents
during digestion, and (2) where there is a diminution in the
acidity. In the first class the excess of acidity may be due
either to hydrochloric acid or to hydrochlorie acid and organic
acids (lactic, butyric, acetie, citrie, tartaric, ete.); in the
second class there is a diminution in the secretion of hydro-
chloric acid.

With diminished acidity of the gastric contents, there is
imperfect digestion of proteids in the stomach, but a rapid
and effective digestion in the small intestine, the digestion of
starch being also very active (Boas).! But in this case, owing
to the diminution of acidity in the stomach, there is not
sufficient hydrochloric acid to decompose the bile-salts, so
that the bile acids are not set free. The contents of the
small intestine are thus liable to undergo bacterial decomposi-
tion; the chief change probably being the bacterial decom-
position of the carbohydrates, whereby lactic and butyric acids
are formed. With hyperacidity of the stomach contents, due
to hydrochloric acid, there is rapid and efficient digestion in
the stomach, but when the acid stomach contents enter the
duodenum, the intestinal contents remain acid for some time,
the digestion of the proteids progresses but the digestion of
fat and of starch is delayed, at least for a time.

In some ecases of hyperacidity which come under the
heading of “acid dyspepsia” (gastric irritation), there is, at
any rabe, in some individuals, an increased alkalinity of the
saliva, which may be equal to 0125 to 0-15 per cent HCI.
This would be an alkalinity of about 0'18 to 0°2 per cent

V Ztschr, f. Elin. Med., Berlin, Bd. xvii. p. 155.
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sodium carbonate (Na, CO,); which is much greater than the
average normal found by Chittenden and Smith (0-097 per cent,
Na, CO,). This increased alkalinity of the saliva may be looked
upon as partly a reflex effect from the action of the hyperacid
contents of the stomach, but also as an increased excretion of
carbonates by the saliva. If an excess of sodium carbonate
is injected into the blood, a large excretion of very alkaline
saliva takes place; and in the cases under consideration of an
inereased secretion of alkaline saliva, the excess of carbonates
in the blood might come from the hyperacid stomach con-
tents, from which the vegetable acids (citrie, tartaric, lactic,
acetic) are absorbed and changed into carbonates in the
system. Part of the absorbed carbonate is excreted in the
urine, but part also in the saliva. The increased secretion of
saliva probably has a salutary effect, inasmuch as when
swallowed it helps to neutralise the acids of the stomach and
thus to diminish the hyperacidity of the contents.

More important effects probably result from the entrance
into the dwodenum of hyperacid chyme, when the hyperacidity
is due to hydrochloric acid and to an excess of organic acids.
Part of the acidity will be neutralised by the bile and pancreatic
juice; but not all, so that the continued aecidity of the
intestinal contents will in the early stage of digestion delay
the digestion of fat and of the carbohydrates. The presence
of free organie acids in the duodenal contents has probably an
effect other than that due to this degree of acidity, viz. that
in small quantities they stop the digestion of starch by the
pancreatic diastase. V. Hofmeister ' found that as small a
proportion as 004 per cent of lactic acid delayed the diges-
tion of starch, while 0:05 per cent completely stopped it ; while
with acetic acid, 0°05 to 0°6 per cent diminished and 0°08 per
cent stopped digestion. So small a percentage of these acids
would not uncommonly exist in the duodenum in cases of high
organic acidity of the stomach contents in the early stages of
intestinal digestion, although later the acidity would be
neutralised. Another effect of the presence of organic acids
in the intestine, but only when they are found in large
quantities, is the production of diarrhcea.  Experimentally,

! Abst. in Maly's Jalresbericht, 1889, Bd. xx. p. 266.
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Bokai! has shown that lactic, tartarie, butyrie, formie, acetic,
propionic, caprylic, and caproic acids act in this way.
Diarrhcea alternating with constipation is one of the results
of functional disorder of the stomach (gastric irritation), and
is in part due no doubt to the presence of organic acids in
the intestine. These acids, however, do not all come directly
from the stomach, some fatty acids are formed by the pancreatic
juice by the splitting up of neutral fats into glycerine and
fatty acids, others come from the stomach contents, and others
again are formed in the small intestine, especially in the lower
part, by the bacterial fermentation of carbohydrates. For a
further discussion of the condition of the intestines, see
Chapter X. p. 307.

8. Condition of the Urine in Disease of the Stomach—In
physiological conditions, the urine varies somewhat according
to the food taken. After a mixed meal, composed of proteids,
carbohydrates, fats, and salts, the acidity of the urine (which
is due to acid sodium phosphate) diminishes, and at a varying
interval from ten to five hours, becomes alkaline; it then
regains its aecidity., The alkalinity is due to the liberation of
bases during the secretion of hydrochloric acid in digestion.
The urine passed after fasting is acid; and it is acid or only
slightly alkaline after a meal consisting chiefly of meat. The
internal administration of aecids and prolonged muscular
exertion also render the urine acid.”

From the point of view of stomach disorder, it is important
to note that there is a relation between the secretion of
hydrochlorie acid and the reaction of the urine. The urine in
stomach disease is affected by the amount of hydrochlorie acid
secreted by the stomach, by the presence of bacterial fermenta-
tion of the food and of dilatation of the stomach, and by the
presence of organic disease.

The hypersecretion of hydrochloric acid tends to produce
alkalinity of the urine; as a rule, a diminished excretion of
chlorides and an inereased excretion of phosphates. A
diminished secretion of hydrochloric acid does not affect the
reaction of urine to any great extent, even in the period

! Abst. in Maly's Julresbericht, 1889, Bd. xv. p. 208,
* See Halliburton, * Chemical Physiology,” p. 714.
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Chapter IT1.,Figs. 15 and 16). Sarcina are best studied unstained.
They are difficult to stain well, as they so readily take up
the aniline dyes, and then look like blackish patches: they
may, however, be well stained by drying a drop of the stomach
contents on a cover-glass and placing in a very weak solution of
gentian-violet (so weak as to be nearly transparent) for a few
minutes; washing in water, drying, and mounting in Canada
balsam. Yeast is best studied when faintly stained in
methylene-blue solution, viz. for half a minute in a 2 per cent
solution, afterwards washing well in water.

3. The Presence of Mucus, Pus, and Blood—The presence of
mucus in the stomach contents is evident to the naked eye:
its stringy and tenacious characters are sufficient for a
diagnosis when in large quantity. A chemical diagnosis of
the substance it contains, viz. mucin, is made by placing some
of the mucus in some cold water and gently washing it:
pouring off the water, and adding a little liquor potasse or
baryta water in which mucin is soluble and forms a solution
from which it is precipitated by acefic acid. This precipitate
by acetic acid is insoluble in an excess of the acid, and thus
differs from the precipitate of syntonin (see p. 158).

The mucus that comes from the stomach is in most cases
translucent and unpigmented. Pigmented mucus very rarely
comes from the stomach itself; only in cases of prolonged
chronic catarrhal inflammation of the mucous membrane.
When pellets of pigmented mucus are present in the vomit,
the source of the mucus is the bronchial tubes (as in bronchitis
and pulmonary tuberculosis).

The presence of pus. DPus is in some cases present in the
vomited matters. It is usmally the muco-pus from the
pharynx or bronchial tubes brought up by vomiting excited
by cough: and this is readily diagnosed by the muco-pus
occurring in pellets or in strings, many of which are pig-
mented. IPus may be present in the vomit and come from
the rupture of an abscess into the cesophagus or into the
stomach.  Abscesses of the stomach itself are rare (see
Gastritis Mycotica, Chapter IX.); and in the diffuse form
of suppuration, pus may be constantly present in the
stomach contents. Its diagnosis is made by a microscopical
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examination ; pus-cells being seen in various stages of
degeneration.

The presence of blood. It must be borne in mind that
blood may be present, diffused through the mucus in
the vomity and yet come from the lungs, the cough exciting
the vomiting. The appearances are much the same as in
slight cases of hwmatemesis (see Chapter XII1.). Blood from
the stomach is present in the vomit in varying amounts.
When the bleeding is profuse and arterial, it is bright red and
clotted ; when the bleeding is slower but still profuse, it is
brought up in black clots; with still slower hsemorrhage,
when the blood remains a long time in the stomach, it is
changed in colour, turning black or like “coffee-grounds.”
With slight haemorrhage, the blood may be seen either as
red specks in the vomit, or red or blackish streaks in the
vomit, or diffused through the mucus. The diagnosis of blood
in the vomit may in some cases be diffieult. (1) The miecro-
scope may at once decide the point by the demonstration of
red blood corpuscles, and not infrequently these are found
when there is no distinet naked-eye evidence of the presence
of blood, a faet which is of importance as showing the
necessity of a systematic microscopical examination of vomited
matters, especially in cases of uleer. (2) The guaiacum-test
may show the presence of Dblood. Two or three drops of
tincture of guaiacum are added to a little of the stomach
contents in a test-tube, and ozonic ether poured on to the
surface ; a blue colour develops where the two liquids meet.
As a test of the presence of blood in the stomach contents,
it is, however, not very trustworthy, since a similar reaction is
given by many vegetable substances, ¢g. potato, and by bile and
saliva. (3) In the case of the vomiting of the appearance of
coffee-grounds, no diagnosis of the presence of blood can be
made by the microscope, by the guaiacum-test, or by a direct
spectroscopic examination. “ Coffee-ground ” vomiting may
have to be diagnosed from vomit containing tea or coffee
drunk a short time before, or from vomit containing bile.
The last is readily diagnosed by the colour reaction with nitrie
acid (Gmelin’s Test); the first two conditions, as a rule,
present no difficulty in diagnosis. In coffee-ground vomiting,



124 METHODS OF EXAMINATION.

the red corpuscles are broken up and the hemoglobin is trans-
formed into insoluble hematin. The diagnosis of blood may
be made by the application of two tests: (a) the formation
of crystals of haemin; (8) the demonstration of the presence
of iron. (a) Hwmin erystals ave prepared in the following
manner, Take a little of the black sediment and mix if
with a little common salt on a microscope slide; add one
or two drops of glacial acetic acid, cover with a cover-glass
and heat over the spirit lamp, until bubbles begin to form.
A microscopial examination shows, if blood is present, the
characteristic reddish brown oblong crystals of hydrochlorate
of hemin. This test is said to fail in some cases with the
stomach contents even when blood is present. (8) The
presence of iron is demonstrated by the formation of Prussian blue.
The patient must of course not be taking any preparation of
iron for the test to be of value. It is performed in the
following way: to some of the black sediment in a porcelain
capsule, a small quantity of potassium chlorate is added, and a
few drops of strong hydrochloric acid. The mixture is heated
over the flame, and on the addition of a few drops of potassinm
ferrocyanide solution (5 per cent), Prussian blue is developed,
if blood is present.! This test is a very delicate one.

Meloena.—Blood in the stools is diagnosed from its appear-
ance. When mixed with the motion, as in bleeding from the
stomach and small intestine, it is dark, giving the motion a
chocolate colour; and may thus be distinguished from the
black stools when iron is taken, or the bluish-black stools
following the administration of bismuth. In any case of
doubt, a microscopical, spectroscopieal, or chemical examina-
tion settles the point.

4. Estimation of the total degree of Acidity of the Stomach
Contents, 1.e. the Aecidity due to Aeid Salts, to Acids in combination
with the Proteids, as well as to the Free Acids—Tt is desirable
in all instances to do this, as in certain cases the degree of
acidity is proportional to the amount of irritation of the stomach.

In the stomach contents, as vomited or withdrawn by the
stomach pump, the free acidity may be due to hydrochloric

! Bee Korczynski and Jaworski, Deutsche med. Wehnschr.,, Leipzig, 1887,
Nos. 47-19.
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If the Congo-red paper is made with a weak solution of the
dye, hydrochloric acid turns it to a light (Cambridge) blue.
The test is best applied with paper dipped in a saturated
solution of the dye.

9. Benzo-purpurin.— Test-papers are made by soaking
strips of filter paper in a saturated solution of the dye and
drying. With hydrochloric acid the purple colour is turned
dark blue, and this is not removed by shaking with ether.
With organic acids (butyric or lactic) the colour becomes
brownish Dblack, and the colour is removed by ether; a
mixture of these aecids and hydrochloric acid gives a similar
colour (von Jaksch).

Having settled the question of the presence of free acids,
the total acidity of the stomach contents may be estimated.
In doing this, the vomit or stomach contents must not be
filtered as an incorrect estimation would be made, but they
must be well shaken in a bottle or flask until all the particles
are broken up. There is no difficulty if the solid matter of
the vomit consists chiefly of undigested food, but if much
mucus is present, as it is in some cases of gastric catarrh, it is
impossible to do anything with the stringy mucus, and so this
is best strained off through well-washed butter muslin.
Although the result as regards total acidity is not quite
accurate, it is sufficiently near the mark for ordinary purposes.

The method of determination of the total acidity is as
follows ! (see also Toepfer’s method, p. 134):—

To 20 cc. of the stomach contents add three or four drops
of a saturated alcoholic solution of phenol-phthalein, and
dilute with water to 300 ce. I'lace 150 ce. of this mixture
in each of two flasks, and place them side by side on a sheet
of white paper. To one of the flasks add decinormal solution
of sodium hydrate,* until a red colour appears; the exact time
of appearance can be determined by comparison with the
liquid in the other flask,. When a pinkish tinge appears, the

! Bee Gamgee's ** Physiological Chemistry of the Animal Body,” vol. ii. P-
408, 1893. Also Martius and Liittke, ** Die Magen-Siiure des Menschen,” p. 50.
# Decinormal solution of sodium hydrate is of the strength of 4 grammes
of pure sodium hydrate to the litre of distilled water. The sodium hydrate must

be pure, and made from sodium. This weight of sodium hydrate (4 grammes)
will exactly neutralise 365 grammes of hydrochloric acid.
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(«) Tests for Hydrochloric Aeid—Many colour reactions
have been used for the detection of hydrochloric acid, many of
which are untrustworthy when applied in investigating the
stomach contents.'

Methyl-violet. — A solution of methyl-violet (the dye
commonly used for staining bacteria) is turned blue by
free hydrochloric and other mineral acids; afferwards the
solution becomes green and then loses its colour. Organic
acids, unless in large amount, do not affect the colour of
methyl-violet. This reaction is a delicate one for hydro-
chloric acid in pure solution; but it is interfered with by the
presence of albumin and peptones, of leucin, of acid phosphates,
of saliva, and of mucus, It is quite untrustworthy when
applied for testing the presence of free hydrochloric acid in
the stomach contents, and was the test used by van der
Velden in his work on eancer of the stomach, from which he
concluded, and many after him, that hydrochloric acid was
always absent from the stomach contents in these cases. Cahn
and von Mering have effectually disposed of the value of the
methyl-violet reaction as a test for free hydrochloric acid in
the stomach.? A reference to their work will show that they
obtained the reaction when no hydrochloric acid was present
(in one case), and In many cases no reaction was obtained,
although as much as from 005 to 0°15 per cent of hydro-
chloric acid was present.

Colowring Matter of Bordeawx Wine and of Bilberries.—Uffelmann *
recommended these two tests for free hydroehlorie acid.

A mixture is made of 0°5 ce. of red Bordeaux wine (ordinary claret),
3 cc. of aleohol, and 3 ce. of ether; this is nearly colourless. 1If a
nearly equal bulk of solution of hydrochlorie acid (even as little as 0-045
to 0°05 per cent) be added, a rose colour appears even in the presence of
albumin, peptone, and salts,

The second test is more delicate, and may be applied in test-papers,
Bilberries are crushed with a little water, and the mixture shaken witl
amylic aleohol, which dissolves out the colouring matter. The aleohol is
poured off the watery mass and allowed to soak into strips of filter paper.
The paper is stained blue or greyish blue, fainter than blue litmus.

! For a full account of these, see Martius and Liittke, op. eit. p. 38.

® Op cit., Dewtsches Arch. f. Klin. Med., Leipzig, Bd, xxxix. p. 233,

# * Die Methoden des Nachweises freier Siuren im Magenhalt,” Ztschr, f.
klin. Med., Berlin, Bd. viii. pp. 392-406.
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and performed in the manner described, the test is a sure
indicator of the presence of free hydrochloric acid.

Gunsberq’s Phlovoglucin-vanillin Test.’—The test solution
is as follows :—

Phlorogluein . . . . 2 grammes
Vanillin . : P : 2 1 gramme
Aleohol . . . : ! 30 cubic centimetres.

If a drop of this yellowish solution be mixed with a drop
of a dilute solution of hydrochloric acid and evaporated to
dryness in the water bath, a rose-red colour is developed, due
to the formation of red erystals, As little as 0°05 per cent
of hydrochloric acid will give this reaction, and the develop-
ment of the reaction is not interfered with by the presence of
organic acids, of albumin, or of peptones. Organic acids, even
in strong solution, do not give the reaction ; so that the test
is a very trustworthy indicator of free hydrochloric acid, and
is especially applicable to the examination of the stomach
contents.

Boas' Resorein Test—DBoag’ solution is made by dissolving
5 grammes of resorcin with 3 grammes of cane-sugar in
100 cubic centimetres of weak spirit. The test is applied in
exactly the same way as the previous one (Gunsberg’s), and
oives a similar rose-red ecoloration if free hydrochlorie acid be
present. A difference of delicacy between these tests cannot
be detected; neither solution gives a reaction with organic
. acids, and both detect a small quantity of hydrochloric acid
(0:05 per cent). Gunsberg’s solution is very expensive ; while
Boas” has the advantage of being cheap.

According to Salkowski and Kumagawa,® the reaction with
Gunsberg’s solution is not obtained with the acid compound of
hydrochloric acid and leuecin which exists in some cases in
the stomach contents, as Richet pointed out; leucin, however,
does not exist in the stomach in such large quantities as to
damage the practical value of the test. It must be remembered
that all these colour-reactions for hydrochloric acid indicate
only the free acid, and that they are not given by hydrochloric

! Gunsberg, Centralbl, f. klin. Med., Bonn, 1887, No. 40.
® Virchow's Archiv, bd. exxii. pp. 235-852.
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10 ce. in a capsule over a water-bath, and the concentrated
liquid is shaken, affer cooling, with about 50 cc. of ether.
The concentration gets rid of any volatile acids present, and
the ether dissolves out the lactic acid, leaving the hydrochlorie
acid in the residue. The ethereal extract is then allowed to
evaporate, and any residue is dissolved in a little (5 cc.) water.
If this watery solution is acid, the lactic acid tests may be
applied ; if it is not aeid, no appreciable quantity of lactic acid
is present in the stomach contents.

When the stomach contents are not yellow, but a nearly
colourless liquid, and readily filtered, the tests for lactic acid
may be directly applied, or they may be applied to the ethereal
extract which is obtained by shaking the liquid with twice its
bulk of ether, and pouring off the ether after allowing the
mixture to stand. The ether must, as before, be allowed to
evaporate, and the extract taken up with water.'

2. Volatile Acidity of the Stomach Contents, due to Acetic or
Butyric Aeid, or both.—No colour reactions are available for
testing for these acids. Their presence is discovered partly
by the smell and partly by their characteristic volatility and
reactions.

One method is as follows *:—

Place 50 ce. of the filtered stomach contents in a small
retort or Erlenmeyer’s flask connected with a Liebig’s condenser,
which leads into a flask to receive the distilled produet. Distil
the liquid by means of a bunsen-burner, taking care that the
contents of the retort do not char; distil until three-fourths of
the liquid have passed over. Dilute again to 50 ce., and distil
until three-fourths have passed over. Butyric and acetic acid
will be collected in solution in the receiving flask, leaving lactic
and hydrochloric acids in the retort.

In the solution of the volatile acids, butyric acid is readily
recognised, especially when a little of the liquid is evaporated
carefully to dryness, by its pungent smell of rancid butter,

! Boas las introduced a test for lactic acid, consisting in the recognition of
one of its oxidation-products, viz. aldehyde, which may be tested for by Nessler's
reagent. It is, however, too elaborate for purely clinical investigation (see
Boas, op. cit., part i. p. 178).

? Cahn and von Mering, op. cif.
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and by the following reaction: To a small quantity of the
liquid, add a small quantity of aleohol, and two drops of
strong sulphurie acid; on heating for a short time, there is a
characteristic smell of butyric ether, like that of “ pine-apple
rum.”  Acetic acid may be recognised by its smell, by the
blood-red colour which it gives with solution of perchloride
of iron, and by the formation of acetic ether in the same
manner as butyric ether. Acetates also give the cacodyl
reaction, viz. a mnauseous pungent smell, developing when
potash and a little arsenious acid are added to the liquid
containing them, and the mixture evaporated in a test-tube,
The smell of cacodyl is readily recognised and not easily for-
gotten.  Butyric acid is much less soluble in water than
acetic acid; when first mixed with water it forms little oily
drops, which on shaking disappear.

By neutralising with bariuin and ecalecium carbonate, a
butyrie or acetate is formed, and the amount of acidity due to
these acids estimated. A readier method, however, of esti-
mating the total acidity due to volatile acids is to estimate the
acidity of the distillate of the stomach contents, obtained in
the manner above deseribed, by means of decinormal solution
of sodium hydrate, and reckoning the percentage of acidity as

acetic acid.
Thus, as an example: if 70 cc. of distillate is obtained,

place two portions of 20 ce. each in two beakers, and add to
each three or four drops of solution of phenol-phthalein. If
5 ce. of decinormal solution of soda are used to neutralise,
this would equal an acidity of 0:016 gramme acetic acid, or in
70 ce., the total distillate, of 0-056 gramme acetic acid. To
obtain this distillate, 50 ce. of the gastric contents were used,
therefore the amount of volatile acidity in 50 cc. is equal to
0:056 gramme acetic acid, or 0112 gramme per cent,!

For all practical purposes it is sufficient to reckon the
volatile acidity as acetic acid.

A shorter method of estimating the volatile acidity of the

1 40 grammes of sodinm hydrate neutralise 32 grammes of acetic acid, i.e.
the 4 grammes of sodinm hydrate contained in the litre of decinormal solu-
tion would neutralise 3-2 grammes of acetic acid ; or, in other words, 100 ce. of
the decinormal solution corresponds to 0-32 gramme of acetic acid.
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stomach contents is first to estimate the total acidity in the
manner described (p. 126). Then take 50 cc. of the contents and
evaporate to small bulk in the water-bath, add distilled water,
about 50 cc., to the concentrated liquid, and again evaporate
to small bull. Finally, grind up the residue with a measured
quantity of distilled water and estimate the acidity again.
The difference between this acidity and the total acidity gives
the volatile acidity of the stomach contents, which may be
reckoned as acetic acid in the manner described.

Determination of the Total Quantity of HCl and of Organic
Aeids in the Stomach Confents—The determination of the per-
centage of each acid present in the stomach contents is a
matter of great difficulty, and can only be carried out by
complicated methods, and by those skilled in chemical mani-
pulation.

Toepfer* has suggested a method of estimating the total
acidity, as well as the acidity due to hydrochloric acid and that
due to organic acids, which he recommends for use in clinical
investigation. The following reagents are required :—

1. Decinormal selution of sodium hydrate.
2, Phenol-plithalein, 1 per cent solution in aleohol.

3. Sodium alizarin sulphonate, 1 per cent solution in water.
4. Dimethyl-amido-azobenzene, 0°5 per cent solution in aleohol.

The method is applied as follows :—

Place from 5-10 cc. of the stomach contents in three
beakers, A, B, and C. To beaker A add two drops of the
phenol-phthalein solution, and add decinormal sodium hydrate
solution until the liquid is quite dark red and the colour is
not deepened by the addition of more alkali. To beaker B
add three or four drops of the alizarin sulphonate solution, and
add decinormal sodium hydrate until the first appearance of a
violet tint, equal in depth to that given by four drops of the
alizarin solution and 5 ce. of 1 per cent solution of sodium
carbonate (Na,CO,). To beaker C add three or four drops of
the dimethyl-amido-azobenzene solution: and add deecinormal
soda until the last trace of red has disappeared, leaving only
a yellow tint.

! G. Toepfer, Zischr. f. physiol. Chem., Strassburg, Bd. =xix. pp. 104-122.
Abst, in Jowrn. Chemn. Soc., London, June 1894 : Abst. II. p. 262,
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(NH,CNS), containing 76 grammes of the salt to the litre.
This solution added to the silver nitrate solution gives in
excess a reddish colour. It must be standardised against the
silver solution, so that on mixing 10 ce. of each solution a
reddish colouration just appears.

The determination of the total chlorine is made as follows :
to 10 cc. of the shaken gastrie contents add 20 ce. of the silver
solution ; shake and set aside for a few minutes. Dilute with
water to 100 ce, and filter through a dry filter. The pre-
cipitate on the filter contains the chlorine in combination with
silver, while the filtrate contains the excess of silver solution
used. This is estimated by taking 50 ce. of the filtrate and
adding the sulphocyanate solution until a red colour appears.
The number of ce. used multiplied by two, equals the number
of ce. of silver solution used in excess. The amount of silver
in eombination with the chlorine, and thus the amount of
chlorine, are now easily calculated.

The determination of the chlorine in the form of salts is
made as follows: place 10 ce. of the gastric contents in a
platinum capsule and evaporate to dryness. Ignite the residue
until it no longer burns with a flame, and extract the chlorides
by grinding the residue with hot water up to 100 ce. Filter,
and add to the filtrate 10 ce. of the silver solution. The
excess of silver used must be estimated and the amount of
chlorine in the same way as in the first process.

The chlorine present in the form of chlorides is subtracted
from the total chlorine, and the resulting number multiplied
by 00365 gives the amount (weight) of hydrochloric acid
present in 100 ce. of the gastric contents! The whole
estimation takes about an hour to perform.

For estimating the amount of volatile acids present, the
only method is to distil the stomach contents in the manner
described on p. 132, and determine the acidity of the distillate.

For estimating the lactic acid present, the volatile acids
must first be got rid of, and the lactic acid removed by
repeated extractions with a large excess of ether and the acidity
of the extracts estimated (Cahn and von Mering). A second
method is by means of the “coefficient de partage” This latter

1 See Gamgee, op. cil.
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method depends on the fact discovered by Berthelot,! that if
a watery solution of an organic acid and a mineral acid be
shaken with an equal volume of ether, a certain amount of the
organic aeid dissolves in it, the amount varying with each
organic acid, but remaining constant for the same acid at a
given temperature. The proportion of the amount of acid
dissolved by the ether to the amount of acid in the watery
liquid below the ether is the “coeflicient de pariage.” The
method requires great care, as the temperature must be kept
constant.

It must be said that for ordinary clinical purposes, these
methods are too complicated, and that with regard to ordinary
cases the following points are the only ones that need be
examined :—

1. The total acidity of the stomach contents (p. 126).

2. The determination of the presence of free acids (p. 124).

3. The determination of the presence of free HCl by
means of the colour tests described (p. 128).

4. The determination of the presence of lactic acid by
shaking the concentrated gastric contents with ether,and testing
by means of the colour tests for the acid in the ether residue

(p. 131).
5. The determination of the presence of the volatile acids

(p. 132).

6. Determination of the Presence of the Products of Digestion
in the Stomach Contents—It is important in some cases to
detect the presence of albumoses and peptones. The presence
of these bodies in a liquid which has regurgitated, or has been
vomited or removed from the stomach shows that the organ is
capable of secreting pepsin and hydrochloric acid. A necessary
precaution must be observed in ascertaining whether peptonised
food is taken or not; if it is, no deduection can be made that
the peptones found were formed in the stomach.

Albumoses and peptones are very rarely absent from the
contents of the stomach when these are vomited or removed
by the stomach-pump. This is true if the vomit is very liquid

1 Berthelot et Jungfleish, Ann. de chim., Paris, tome xxvi. p. 396, 1872 ; also
Richet, op. cit.
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or if it has been ejected some time after food. When, how-
ever, vomiting occurs soon after food, albumoses and peptones
may not be discoverable. In cases of obstruction of the lower
end of the wsophagus the regurgitated liquid, which is some-
times in large enough quantity to be examined, does not
contain these substances, since the food has never entered the
stomach. In such a case the examination of the liquid for
albumoses and peptones is of great importance from the point
of view of diagnosis.

Method—For testing for the proteid products of digestion
the liquid must be clear. If the stomach contents have a large
amount of undigested residue or mucus, it is best to strain
them first through well-washed butter-muslin and then filter
through a thin white filter-paper. This filtrate may be either
very acid or slightly acid or neutral.

If very acid, it must be neutralised by solution of sodium
hydrate; litmus paper being used to determine when it is exactly
neutralised. If phenol-phthalein or 00 tropceolin is added to
the liquid, the pink colour which develops on neutralisation
interferes with the reactions to be performed. The precipitate
which falls on neutralisation is syntonin ; it is soluble in excess
of alkali, and may be again precipitated by acid, in an excess of
which it is also soluble. The precipitate must be filtered off
before the tests for albumoses are performed.

In this filtrate, or in the filtered stomach contents which
are very slightly acid or neutral, albumoses and peptones may
be tested for. The presence of these bodies is shown by adding
a drop of solution of copper sulphate (1 per cent) to a little
of the liqguid in a test-tube; this colours it a very faint
greenish tinge, which becomes a bright pink colour on the
addition of solution of potash, which must be added carefully
(biuret reaction). A forty per cent solution of potash or the
liquor potass@ of the B.P. may be used. Instead of a 1 per
cent solution of copper, Fehling's solution may be used; a
mere trace being added to the liquid to be tested by means of
a glass rod, and solution of potash being subsequently added.
It is sometimes recommended to pour the liquid to be tested
on to the surface of some Fehling's solution in a test-tube, the

pink colour being developed at the junction of the liquids if
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albumoses and peptones be present. This is a very rough
method, and is not comparable in delicacy to the first one
deseribed.

The biuret reaction is common both to albumoses and
peptones, and as a rule it is not necessary, clinically, to do more
than this test. If, however, it be required to know whether
albumoses are present, the following reactions may be performed.

1. To a small portion of the liquid add neutral ammoninm
sulphate ((NH,),S0,) until no more dissolves on shaking; if
albumoses are present they are precipitated and usually float
on the surface of the liquid.

2, Add nitric acid to the clear stomach contents drop by
drop; if a precipitate forms it is due to proto-albumose. It
redissolves on heating and comes down again on cooling.

In testing for ordinary clinical purposes, i.c. to determine
whether any digestion has occurred, it is sufficient to neutralise
the filtered stomach contents for the presence of syntonin, and
to perform the biuret test for the presence of the final pro-
duets of digestion, albmmoses and peptones.

7. Determination of the Presence of Pepsin in the Stomach
Contents.—The presence of pepsin in a liquid is determined by
the fact that if hydrochloric acid be added to the amount of
about 02 per cent, the liquid transforms coagulated egg-
albumin into albumoses and peptones. The actual manipulation
varies somewhat according to the composition of the stomach
contents, These must in all cases be strained and filtered
until a clear solution is obtained. This clear filtrate usually
contains albumoses and peptones; it may be very acid or only
slightly so, or it may be neutral.

1. If only slightly acid or neutral, the method employed is
as follows: A solution of egg-albumin is made by separating
the white of one egg, cutting it up with scissors and shaking
with 200 ce. of water, to which two drops of acetic acid (B.P.)
have been added. Some flocculent shreds of membrane are
allowed to settle, and the clear supernatant albuminous solution
is poured off. Twenty cubic centimetres of this are placed in a
large test-tube or flask and coagulated firmly by heat, a small
drop of acetic acid being added, if necessary, to ensure complete
coagulation. The coagulated albumin is now ready.
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To this mixture of coagulated albumin and water add the
following in order :—

Acidum hydrochloricum dilutum - A 20 drops.
Distilled water : : ; f 70 ce.
Filtrate of stomach contents . : ‘ 10 ce.

Make a similar mixture as a control experiment, but before
adding the filtrate of the stomach contents, boil it so as to
destroy any pepsin present. Place both test-tubes in the warm
chamber at 40° C. for one hour, If the stomach contents con-
tain pepsin, the coagulated albumin in the first test-tube will
be completely or nearly completely dissolved; and the biuret
reaction obtained will be much more brilliant in eolour than in
the second test-tube. The object of having a second test-tube
containing the boiled filtrate of the stomach contents is that
these already contain albumoses and peptones. The reactions
of these bodies are not destroyed by boiling, but the pepsin is,
so that at the end of the time of digestion the amount of
albumoses present in the first test-tube (which is equal to the
amount formed plus those already present) may be compared to
the amount already present in the gastric contents.

Carried out with the precautions given, this method is a
very trustworthy one for determining the presence of pepsin in
the stomach contents.

2, If the stomach contents are very acid, they must be
strained and filtered as before. The acidity may be due to
HC1 alone, or in association with the organic acids—Ilactic,
acetic, butyric. ~ Before using such a liquid for testing for
pepsin, it must be neutralised and any precipitate filtered off.
The subsequent procedure is precisely similar to that just
deseribed. The results are not quite so accurate as in the first
instance, if organic acids are present; but there is no difficulty
even in this case of determining whether active pepsin is present
in the gastric contents or not.

If a more accurate method is required, the neutralised
filtrate of the stomach contents may be concentrated to small
bulk in wacwo over sulphuric acid, and then thrown into a
large excess of aleohol: a precipitate falls which contains the
pepsin.  This precipitate is removed and dissolved in water,
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Filtrate of stomach contents . . . 1b ce.
Water containing two drops of HC1 . . b8, ‘
Coagulated egg-albumin : . . a small quantity.

This was placed in the incubator at 99° F. for one hour,
at the end of which time nearly all the albumin was dis-
solved, and the remainder dissolved on heating the liquid.
The acid liquid gave a dense precipitate on neutralising
( = syntonin) and an intense biuret reaction.

The vomit in this ease therefore contained a large quantity
of active pepsin; no hydrochlorie acid ; but albumoses, peptone,
and a large quantity of mucus. It is illustrative of the con-
dition of the stomach in cases of acute gastritis during
recovery ; a large amount of mucus being still secreted, but
the gastric glands are regaining their secretory activity,
although the amount of hydrochloric acid secreted is deficient.
The analysis may also illustrate another point, viz. that
when the remains of a meal is delayed in the stomach, the
hydrochloric acid diminishes (i.e. is absorbed), while the
pepsin and peptones are still present; hydrochlorie acid being
more readily absorbed than the former.

Case IL—ZFemale, aged 48 years, with the symptoms of
gastric irritation and of atony of the stomach ; associated with
chronic bronchitis of a mild type. She was on a diet of
bread and milk. The vomit examined was ejected an hour
and a half after breakfast.

General Appearance—Thick and white, separating into
two portions; a finely divided solid matter below, and a
turbid liquid above. The deposit is starch, since it gives a
deep blue colour with iodine. Some fat floats on the surface.
There is no sour smell ; no muecus.

Peptones—The liquid gives a brilliant biuret reaction.

Acidity—NVery acid to litmus paper ; Congo-red paper is
stained a brownish black blue.

Tropeolin 00 gives a red coloration for free acid, and
also the purple colour of the evaporation test; Gunsberg’s
solution gives a red colour. Free hydrochloric acid is there-
fore present.

The tests for lactic acid were negative when applied directly
to the vomit. The ethereal extract of the vomit contained
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neutral bouillon containing 3 per cent of sugar. Only yeast
was obtained, which in subcultures somewhat rapidly de-
cenerated (see Fig. 16).

Free Acidity—Congo-red paper turned black.

Tropeeolin : both the liquid and evaporation tests were
negative.

Gunsberg’s test : negative.

Boas’ resorcin test: negative.

Free acids were therefore present as shown by Congo-red
paper, but there was no hydrochloric acid.

Uffelmann’s earbolic iron test and the ferric chloride test
gave doubtful reactions for lactic acid, the colour of the stomach
contents interfering with the colour reaction.

Total Acidity.—Estimated in the manner deseribed : 78 ce.
of {4 NaHO neutralised 100 ce. of the stomach contents
= (0285 gramme per cent reckoned as HCL

Volatile Acidity—50 ce., distilled twice, gave 60 cc. of
acid distillate, which was neutralised by 2-1 ec. of % normal
NaHO, 4. 100 ce. of stomach contents contained a volatile
acidity which would be neutralised by 4°2 ce. 4! normal NaHO.
The distillate gave no reaction with ferric chloride; acetic
acid was absent, but butyric ether was evolved on heating
with sulphuric acid and alcohol. Since butyrie acid was the
only volatile acid present, the volatile acidity was equal to 0-37
gramme per cent butyric acid.

Fiwved Aeidity—The ether extract of the residue after
the volatile acids had been got rid of contained fat and a
free acid, which gave both the colour tests for lactic acid.

The degree of fixed acidity estimated as in the manner
described was found to be that 60 cc. {4 normal NaHO
neutralised 100 ce. = 0-54 gramme laetic acid.

The fixed acidity estimated after simply evaporating the
stomach contents to get rid of the volatile acids (see p. 133),
was proved to be of the same degree.

Digestive Aetivity—The digestive activity of the gastric
contents was tested by the following experiment.

Forty cc. of the stomach contents were neutralised with
soda, diluted to 100 ce. and three drops of HCI added. Two
hundred cc. of solution of egg-albumin were made from the
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white of an egg. Fifty cc. were placed in each of two flasks
(A, B) and coagulated by heat. To each of these flasks
50 ce. of the neutralised and diluted stomach contents were
added, and the mixture in flask B was boiled. Flask B there-
fore acted as a control in two ways: it was precisely the
same mixture as in flask A, containing the same amount of
peptones which were found in the gastric contents, but the
activity of any pepsin present was destroyed by boiling :
therefore the digestion of the albumin in flask A could be
compared with that in flask B.

The two flasks were kept at 98° F. for twenty-nine hours.
In five hours no difference could be discovered between
them. At the end of twenty-nine hours, the albumin in
flask A had diminished as compared to that in flask B, but
the difference was not great, and the biuret reaction was not
more intense in A than in B. The digestive activity of the
liquid tested was therefore practically nil.

Summary of the Analysis.—Hydrochloric acid was absent,
and the hyperacidity was due to lactic acid (0°54 per cent)
and butyric acid (0-37 per cent), derived from bacterial fer-
mentation of the stomach contents. Pepsin was practically
absent. The results are illustrative of the characters of the
stomach contents in great dilatation of the stomach with
bacterial fermentation of the food. It may be added that
in this case, as peptones were given with the food in the
form of peptonised milk or of solid peptones, their presence
in the stomach contents was no sign that any digestion had
taken place.

II.—MgTHODS OF EXAMINATION OF THE DIGESTIVE ACTIVITY,
oF THE MECHANICAL POWER, AND OF ABSORPTION
OF THE STOMACH.

It has already been pointed out that the examination of
vomited matters in many instances gives a correct indication
of the digestive activity of the gastric juice in individual cases,
since from it may be learnt the facts not only that hydro-
chlorie acid and pepsin are secreted, but that albumoses and

10
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peptones, the products of proteid digestion, are formed ; .. that
the pepsin-hydrochloric acid of the gastric juice is active.
In certain instances, also, the time of vomiting, .. the period
elapsing after the last meal, shows that the mechanical power
of the stomach is deficient, and that there is thus delay of
food in the organ. In many cases of disordered digestion,
however, vomiting is absent or is only an oceasional
occurrence, In these cases other methods may be employed
to determine the activity of the gastric juice, the mechanical
power of the stomach, and the rate of absorption.

It must be clearly borne in mind what is required to be
learnt by such methods. It is not simply that the results
obtained are of physiological interest and importance, but
that in each class of cases of disordered digestion it is requisite
to know to what degree, if any, the gastric juice (pepsin and
hydrochloric acid) is altered in quality or quantity, to what
degree the mechanical movements of the organ are affected,
and whether bacterial fermentation is present or not, so that
the treatment adopted may be on the lines of remedying any
deficiency of function discovered. DBy such methods an
attempt has been made to render the treatment of disordered
digestion more rational and less empirical. In what respects
they fail and in what they succeed will be seen after the
methods are discussed.

Methods of Eramination of the Gastric Juice—It has
already been pointed out that food is not the only stimulus
which excites the secretion of the gastric juice; mechanical,
thermal, electrical, and echemical stimuli have a similar action.
The introduction of a sound info the stomach excites the
secretion, also the drinking of hot or ice-cold water, and the
passage of an electric current through the organ by means of
a sound introduced into it.

As a chemical stimulus to secretion, a dilute solution of
biearbonate of sodium or of soda acts with the least irritation.

Mechanical and electrical stimuli are not of practical
use in obtaining the gastric juice, but both chemical and
thermal stimuli may be employed.

Leube' recommended the washing out of the fasting

1 Op. cit,
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stomach with 400 cubic centimeters of lukewarm water, the last
portions removed being tested by litmus paper for neutrality,
and then injecting 50 cc. of a solution of soda (3 per cent) ;
this was allowed to remain in the organ twelve minutes, and
was then removed by washing out the organ with 400 cc. of
water. If after twelve minutes the soda solution is neutralised,
the HCI secretion of the stomach is normal; but if the secretion
is deficient, the solution remains alkaline. The presence of
pepsin in the liguid removed can be determined in the
manner previously deseribed (p. 139).

Another method also used by Leube is to inject 100 cc.
of ice-cold water through the sound, after the stomach
has been thoroughly washed out. After remaining in the
organ ten minutes, the liquid and secretion may be removed
by washing out with 300 cc. of water. The presence of HCl
and of pepsin may be readily determined in the liquid. In
some cases, no doubt, as Leube found, these methods are
sufficient in themselves to indicate a deficiency in the secretion
of the gastric juice; but a little consideration shows that such
methods are not the most serviceable that can be employed.
They will clearly show whether hydrochloric acid and pepsin
are secreted or not ; but this is not the chief point required to
be known. In most cases of disordered digestion it is not so
much a question whether hydrochloric acid and pepsin are
secreted, for in only a few diseases are they actnally absent ;
nor is it solely a question whether stimuli, such as an alkali
or ice-cold water, will produce secretion, but whether during
the whole time that a mixed meal remains in the stomach
there is a sufficient secretion of gastric juice to digest the
proteids and to reduce it to the condition of chyme. The
secretion of the gastric juice must be a continuous one, just as
the movement must be continuous for efficient digestion to
take place. So that these methods of obtaining the gastric
juice are not of much practical importance. Indeed, for
testing the digestive activity of the gastric juice secreted, some
kind of proteid food must be given, and the effect of the
gastric juice on this during a certain period determined,

Test for the Activity of the Gastric Jwice—The most con-
venient way of doing this test is to give boiled white of egg
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when the stomach is empty, and to remove the stomach
contents in half or three quarters of an hour.

The stomach must be empty, or if not empty washed out
before the experiment. The white of one or two eggs is
separated from the yolk, thrown into 4 ounces of water,
and the mixture raised to the boiling point while kept
constantly stirred. In this way the albumin is coagulated in
fine floceuli. After cooling it is given to the patient, who is
to keep quiet. In from % to § hour, by means of the stomach
sound, 4 or 5 ounces of water are passed into the stomach, and
the whole of the stomach contents removed by the aspirator.

An examination of the liquid removed will determine
whether the solution of the albumin is complete, i.c. whether
there is any undigested residue, and whether albumoses or
peptones are present by means of the biuret reaction. The
degree of acidity and its nature can also be readily determined
and the presence of pepsin verified. In estimating the degree
of acidity of the liqguid it must be remembered that the
ascertained figure will be only one half the acidity of the
stomach contents, since an equal quantity of water was
used to wash out the stomach after digestion. There is no
method so accurate as this for determining the activity of the
gastric juice in disease. A food stuff is given which the
stomach readily digests, and which does not give rise to any
organic acidity in the organ. Moreover, although the rate of
digestion varies greatly in individuals, yet with such a single
meal as that given, in all individuals with healthy digestion,
there ought to be an appreciable digestion of the albumin in
one hour; while in those with a deficient secretion of gastrie
Juice, digestion will hardly have commenced, the liquid removed
being only very slightly acid, containing no albumoses or
peptones, and with scarcely any digestive activity.

Such a method as this determines only the activity of the
gastric juice; it does not indicate the mechanical power or
the absorptive activity of the stomach. In cases of disease it
is requisite to know not only the activity of the gastric juice,
but to have some indication of the power of the disordered
stomach to manipulate the mixed food of a moderately large
meal. This process of manipulation includes not only the
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juice in response to the stimulus of food. It may also be
used where a large meal could not be borne by a patient;
although in such cases it is best to use milk alone or white
of egg as the test-meal. A more trustworthy test-meal for
ordinary cases of disordered digestion is that used by Leube
and others. It consists of a little soup, a large beef-steak
(about 5 ounces) and a small bread roll, no water being drunk
with the meal, which is to be taken at midday. The patient
is allowed to rest after the meal, and the stomach must
previously be fasting. After five to seven hours have elapsed
the stomach contents are removed by the sound and investigated.
Under normal conditions the stomach is completely empty in
seven hours after such a meal, containing only a little neutral
liquid, with a few flakes of mucus. In five hours there is
usually some undigested musele fibres and starch grains still
in the stomach contents, which are acid and contain peptones.
In disordered conditions delay of digestion is determined by
the fact that in seven hours after such a meal the stomach
still contains undigested food, is still acid, and contains peptones.
The liquid removed from the organ may be examined by
the methods previously desecribed.

The test-meal of Leube’s was used by him in the observa-
tions previously quoted (Chapters III. and IV.); by its use a
fairly complete knowledge of the functions of the stomach in
any particular case of disease may be obtained. It is not always
necessary to allow the food to remain in the stomach seven
hours, in five hours a little of it may be removed and
examined.

Methods for Testing the Mechamical Power of the Stomach.—
The changes in the mechanical power of the stomach are of
great importance in disease, and a simple method of testing it
i1s greatly to be desired. Ewald has used the following
method. Salol, which is a compound of salicylic acid and
carbolic acid, is decomposed into its component parts by the
pancreatic juice as soon as it passes from the stomach into
the duodenum. The salicylic acid is excreted in the urine
as salicyluric acid, and is recognised by a solution of ferrie
chloride, which gives a reddish violet colour with it. Ewald

gives 1 gramme (15 grains) of salol in a gelatin capsule
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Just after the midday meal. In healthy individuals the
salicylic acid secretion appears in the urine in sixty to seventy-
five minutes. Several observers have, however, obtained very
varying results, the time of the appearance of the secretion
in  healthy individuals varying between thirty and ninety
minutes. The conclusion is therefore that the test is of service
only when the time of exeretion is much delayed. Attention
has already been drawn to one fallacy in such a method, viz.
reckoning the absorptive activity of one organ in terms not only
of the absorption but also of the excretion of a chemical substance
by another organ supposed to be healthy. This was referred to
in discussing the iodide of potassinm test of absorption by the
stomach (Chapter ITL p. 107). The salol test is much more com-
plicated, inasmuch as the substance has to be expelled from
the stomach, to be decomposed by the pancreatic juice, to be
absorbed by the intestinal mucous membrane and to be excreted
by the kidney; and for the test to be of use it is necessary to
suppose that the panereas, intestinal mucous membrane, and
kidneys are performing their functions in a normal manner.
Other considerations show that the salol test is quite
valueless as a gauge of the mechanical power of the stomach.
The gelatin of the capsule is soon dissolved in the gastric
juice, the gramme of salol is set free and is practically insoluble
in the acid liquid; the fine particles are passed through the
pylorus with some of the liquid and decomposed in the duodenum.
The quantity of liquid that passes through the pylorus during
digestion of food in the stomach varies, as has been shown,
very greatly, according to the consistency of the digesting food,
and therefore the rapidity with which the salol would be sent
into the duodenum would vary. But what is required to be
known about the mechanical power of the stomach is not that
a small amount of a substance can pass through the pylorus in
a certain time, but that in a certain limited period the stomach
can empty itself of the mixed food of a moderately sized meal.
The salol test is no reaction for this, and is indeed from a clinical
and practical point of view valueless; for although if the
reaction time were greatly prolonged (say to 120 minutes) it
would indicate diminution of the mechanical power of the
stomach, yet in mild cases of disorder in which it is most
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important to determine the degree of mechanical power of the
stomach, the test would not show the condition.

Klemperer® has used a test of the mechanical power
in which 100 grammes of oil are placed in the stomach by
means of the sound. In two hours the remainder of oil is
removed by adding some water to the stomach and aspirating.
The amount of il present in the washings is dissolved by ether,
the ether evaporated and the oil weighed. Seventy to eighty
per cent of the oil ought to be discharged into the duodenum
by a healthy stomach in two hours,

There is no doubt that this is a fair test of the mechanical
power of the stomach: it has the disadvantage, however, of
being disagreeable, and of entailing rather long chemical
manipulation, and is a method more adapted for research than
for application for ordinary elinical purposes.

Methods for Testing the Absorption of the Stomach (see p. 105).
—It may be said in conclusion that in determining the
alterations in the functions of the stomach in disease, much may
be learnt from an examination of vomited matters, not only as
recards the chemical processes of digestion, but as regards
bacterial fermentation of the stomach contents. The quantity
of vomit and the period elapsing after a meal may indicate
delay of food in the organ, and diminution of the mechanical
powers of the stomach.

In the great majority of cases of disordered digestion, it is
not necessary to apply the tests for the functions of the organ
except in those prolonged eases which appear but little amenable
to treatment of any kind, and in cases of suspected cancer.
In such cases it is of great value both from the point of view
of diagnosis and of treatment, that an accurate knowledge of
the processes occurring in the stomach during digestion should
be obtained. It is therefore not only legitimate, but it is
beneficial to the patient that the digestive activity of the
gastric juice should be determined to see whether the con-
stituents of the gastric juice (HCI and pepsin) are secreted ; or
that the digestive activity as well as the mechanical power
should be determined by giving a somewhat larger meal,
such as Leube’s test-meal.

v Dewtsche med. Welnschr., Leipzig, 1888, No. 47.
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the end of the sound is mow passed to the back of the
pharynx, along the posterior wall of which it is allowed to glide.
Telling the patient to take a deep breath, and then to swallow,
the sound may be gently pushed onwards, and once in the
wsophagus it is easily swallowed. Accidental entrance of the
sound into the larynx shows itself by coughing and dyspncea ;
it must be withdrawn immediately and passed farther back-
wards.

Conditions in which the Stomach Sound is not to be Passed.—
Before the stomach sound is passed an examination of the patient
must be made to see if any serious disease of the thorax is
present. It is contra-indicated to pass the stomach sound:

1. When there are any signs or symptoms of thoracic
aneurism present.

2. When there is a severe wasting disease or a disease
tending to syncope: advanced pulmonary tuberculosis, car-
cinoma, or serious cardiac disease.

3. When there has been recent bleeding from any part.

4. In cases of great debility or in patients of advanced age.

5. As regards diseases of the stomach: in all cases of uleer
the introduction of the sound into the organ is dangerous, and
to be avoided if possible. In advanced eases of carcinoma it is
useless as a means of diagnosis, and in many cases of functional
disorder it is unnecessary to use it, although not in itself
dangerous,
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4. Besides alterations in the secretion of the gastric juice,
and in the movements and absorption of the stomach, there are
changes in the blood supply and in the processes of innervation
which are of great importance in disease. As regards the
blood supply there may be anmmia or congestion; and as
regards the innervation, there may be either irritability or
diminished excitability (irresponsiveness of the stomach). With
irritability of the stomach, various reflex effects are observed—
gastric refleves—the clinical importance of which is very great,
although a complete explanation of their causation is not
forthcoming.

5. Lastly, food acts not only as a direct cause of the
alterations deseribed, but even when not directly the cause the
changes are aggravated by the food taken. Moreover, the pre-
sence of food, and especially of carbohydrates, is the fuel for
bacterial fermentation.

To obtain any clear idea of the processes of digestion in
disease, the symptoms which are referable to these several
pathological conditions must be considered as far as is possible,
in order to be able in any individual case to recognise the
symptoms which may be ascribed directly to indigestion of
food in the stomach ; to separate reflex effects on the normal
gastric functions from reflex effects arising from disorder of
the gastric functions; and to differentiate the effects of dis-
ordered gastric functions from those arising in the other parts
of the alimentary tract. Thus certain symptoms referable to
the stomach may be either part of a disorder of the organ or
may be a reflex or direct effect of some disease in a distant
part, as, for example, when vomiting is the result of uterine,
renal, or cerebral disease, when eructation of gas (flatulence) is
intestinal in origin, or when nervous symptoms arise not
referable to disordered digestion.

In a case, moreover, in which the symptoms are referable
directly to the stomach, the effects produced by disorder of
function of the organ have to be carefully separated from
those which are the results of local or organic disease—uleer,
carcinoma or inflammation—for although in the majority of
instances these organic diseases produce definite symptoms as
well as disordered digestion, yet in some cases the diagnosis
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with dorsal pain and tenderness. Pain in the epigastrium
due to a distended transverse colon is not infrequently
mistaken for pain due to a stomach condition, as well as the
pain and superficial tenderness present in abdominal neuralgia
and muscular rheumatism.

() Pain in the left hypochondrium and the lower part of
the left axilla is in many instances due to a dilated and full
stomach, as well as to a distended colon or enlarged spleen.

(8) A sensation of fulness, weight, or discomfort in the
stomach region without actual pain, occurring directly after
meals or some hours after. This is associated with gastric
irritation or hyperacidity, with a simple deficiency of move-
ment of the organ, with dilatation of the stomach and bacterial
fermentation and distention of the organ with gas. The
direct cause, as a rule, of these sensations is the partaking
of a meal which is disproportionate to the digestive capacity
of the disordered stomach. The bulk of the meal may be too
large for even a normal stomach, or it may contain a large
amount of indigestible matter (cellulose, fat, starch), or too
large a quantity of organic acids or salts, condiments, alecoholic
drinks, or other food accessories. In many instances, as will
be seen, the discomfort arises one to three hours after the
largest meal, indicating that the symptoms are referable to
the increasing acidity and to defective movements; for at that
time the normal acidity due to HCI and the abnormal organic
acidity (due to food or fermentation) is rapidly rising, and
the movements of the disordered stomach are diminishing.

2. Eructation and Vomiting of Stomach Contents,

(a) Aeid Eruetations (Pyrosis)—These occur after food,
within half an hour or from two to four hours after the meal.
They are sometimes more distressing towards the end of the
day, after three meals have been taken, than after breakfast.
There are varieties of acid eructations, most of which are
dependent on gastric irritation.  Acid ernctations do not
oceur in dilatation of the stomach, if this is well marked, for
the simple reason that the dilated stomach cannot expel small
quantities of liquid upwards ; vomiting occurs, but not eructa-
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following manner. After a meal in such individuals the
processes of digestion progress normally up to a certain period,
the food being broken up and the proteids being digested by
the pepsin-hydrochloric acid ; and when the chemical processes
are completed, most of the chyme is expelled into the duodenum,
but not all, since the motor power of the stomach is deficient.
What remains behind becomes completely digested, and remain-
ing in the stomach some time, the acid is absorbed, leaving a
nearly neutral fluid containing peptones. It is this fluid
which is eructated, and which by its long stay in the stomach
acts as an irritant. Such cases are observed in gastrie catarrh
and in gastric insufficiency. A last, and not infrequent
source of alkaline fluid in the stomach is the regurgitation of
bile and pancreatic juice into the organ through a Haceid
pylorus. This occurs chiefly in motor deficiency (atony) of
the stomach.

(vy) Eructations of Gas: Flatulence (see p. 97).—During
normal digestion in the stomach and small intestines, but little
gas is generated from the digesting food. In the stomach some
carbonic acid is liberated by the gastric juice from the car-
bonates taken with the food; and in the small intestine,
the acid chyme decomposes the carbonates of the pan-
creatic juice, liberating some carbonic acid gas. The amount
found, however, is small, and gives rise to no symptoms. In
disease, as has been fully discussed, a large quantity of gas,
chiefly consisting of hydrogen and carbonic acid, may be
generated in the stomach or small intestine by the bacterial
fermentation of carbohydrates. Conditions of digestion in the
stomach influence bacterial fermentative processes in the small
intestine (p. 116). Thus, if the stomach contents are but
slightly acid when expelled into the duodenum, bacterial
fermentation is more likely to take place in the small
intestine than if the stomach contents are normally or
abnormally acid. All the conditions which lead to bacterial
fermentation in the small intestine are not known, but the
fermentative processes that do take place produce lactic acid,
butyric aeid, and carbonic acid and hydrogen gases. The
practical point is that even when no bacterial fermentation
occurs in the stomach, it may occur in the small intestine,
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and indeed that the gas eructated from the stomach may
come from the intestines, regurgitating through the pylorus.
This is undoubtedly the case when the eructated gas contains
sulphuretted hydrogen and marsh gas. This and other varieties
of flatulence may be tabulated in the following manner:—

1. Flatulence due to accumulation of small quantities of
gas, chiefly carbonic acid, which are generated from time to
time in the stomach and small intestine, and not being
absorbed, not being propelled onwards owing to the motor
deficiency of the organs, are eructated by the stomach, often
towards the end of the day. This is a very common form of
flatulence, especially in the middle-aged and the old.

2. Flatulence dune fo swallowed air, which enters the
stomach partly with the food and partly with the swallowed
saliva. Saliva in the stomach is also a cause of flatulence,
since the carbonates it contains are decomposed by the acid
of the gastric juice setting free carbonic acid.

3. Flatulence due to the regurgitation of panecreatic juice
into the stomach, the carbonates it contains becoming de-
composed and setting free carbonic acid. This is a very
frequent form of flatulence, and occurs in flaccidity of the
stomach walls and patency of the pylorus; it usually comes on

towards the end of digestion.
4, Flatulence due to bacterial fermentation in the stomach ;

severe and continuous in cases of dilated stomach, passing and
accidental in cases of chronie indigestion of food.

5. Flatulence due to the exchange of gas (CO, and N)
between the blood and the contents of the stomach and
intestines. This takes place normally as “intestinal ” respira-
tion, and is supposed to be the explanation of the great evolu-
tion of gas occurring after severe pain, such as oceurs in attacks
of migraine, of biliary or renal colic, or in neurotic individuals,
Nothing definite is known as to the source of the gases
eructated in such cases, but it is surmised that they are
discharged from the blood.

(8) Vomiting of Stomach Contents,— Vomiting of the
stomach contents may or may not be a symptom of disorder or
disease of that organ. The vomiting centre, which is situated
in the medulla, by its efferent tracts controls many different

11
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muscles and secretory organs, and by its afferent tracts is
connected with many organs and mucous membranes (see
Chapter I. p. 17). The causes of vomiting may be various, and
may be summarised as follows :—

Vomiting not associated with Disorder or Discase of the
Stomach.

1. Due to mechanical causes, as where violent cough,
coming on after a meal (in pulmonary tuberculosis, chronic
bronchitis, chronic tonsillitis, and in hooping cough) ends by
causing the ejection of the stomach contents.

2. Reflex causes of vomiting from parts of the body other
than the stomach :—

(a) Infective diseases, especially at the onset in children,
are associated with vomiting, which is in relation to the
food, occurring after a meal.

(8) With severe pain (biliary and renal colic, dysmenorrhcea)
vomiting is observed.

(v) Nauseous smells, or disgusting sights lead to vomiting, and
with some people great emotion has a similar effect.
In some, particular sounds are said to cause vomiting.

(8) Cerebral disease (meningitis and cerebral tumour) is a
frequent cause of vomiting ; the effect being apparently
a direct one on the medulla.

(e) Functional disturbance of the mervous system, such as
oceurs in hysteria and neurasthenia, is frequently
associated with vomiting, which in some cases is
co-related with suppression of wurine; urea and
ammonium chloride being found in the vomit,

(&) Uremic or renal vomiting is not due to a reflex effect
of the structural changes in the kidney, but to the
formation and retention of poisonous substances,
associated with an increase of arterial tension.

(m) Vomiting in infestinal obstruction and in peritonitis.

In the diseases which have been enumerated, the stomach
may be the seat of disorder or disease as a more or less
accidental occurrence, and its condition may predispose to
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the vomiting. The diagnosis as to whether vomiting is due
to one of these conditions or to disorder or disease of the stomach
1s not always easy to determine, and will be more evident after
the consideration of vomiting in disorder of stomach. With
regard to those cases due to mechanical causes, such as cough,
the diagnosis is simple and evident; the violent cough super-
vening on a meal is a sufficient cause for the symptom. So in
infective diseases, where there is fever associated with the
specific symptoms of the disease, the diagnosis is evident; the
vomiting as a rule being only an initial symptom. In cases,
however, of cerebral disease, and more especially in hysterical
vomiting and in that associated with uremia, the distinetion
between the vomiting due to these conditions and to stomach
disease may be very difficult, if not impossible. When there
is optic neuritis and severe headache (vertical or oceipital),
the diagnosis is rendered clear; as also in cases of ursemia
when there is albuminuria, with a pulse of high tension, an
enlarged left ventricle, and retinal haemorrhages.

Vomating associated with disease or disorder of the stomach
has in many instances peculiarities which allow of its diagnosis.
These peculiarities are determined in part by the relation of
the vomiting act to the taking of food, and in part also by the
chemical and physical characters of the vomit.

Vomiting may be directly caused by food, as in the case
of eating an abnormally large mixed meal, or a meal containing
a large quantity of indigestible or irritating substances. This
kind of vomiting is readily recognised, since it occurs once and
has a definite cause, and the ejection of the contents of the
stomach relieves the symptoms. In some cases the vomiting
occurs almost directly after the meal, but in others it is delayed
for five or six or eight hours, the food becoming partly digested
but remaining in great part in the organ, owing to a diminution
of the movements. Vomiting is also due to hyperacidity of
the stomach contents, to the continued retention of food as in
dilatation of the organ, to nervous irritability of the stomach,
to the presence of inflammation, of an uleer, or of a new growth.

The acute disorders of the stomach which are associated
with vomiting, are acute gastric catarrh, toxic gastritis, and
infective gastritis, in all of which the vomiting is repeated,
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and often continuous, and is accompanied by severe and per-
sistent pain.

The chronic disorders and diseases of the stomach asso-
ciated with vomiting are neurosis of the organ, gastrie irritation,
gastric catarrh, ulcer, carcinoma, and dilatation. In these con-
ditions, there is pain caused by food (gastric irritation, catarrh,
and uleer), and independent of food (carcinoma); while in
simple dilatation, which is only a symptom of disease, there is
no pain if the condition is advaneed.

1. In gastric irritation and in gastric catarrh the vomiting
oceurs after food, from half an hour to two hours as a rule,
but the vomited matters vary greatly in the two conditions.
Thus in gastrie irritation, which is an irritative condition of
the stomach due to dietetic irregularities, there is an increased
secretion of hydrochloriec acid. The vomit therefore consists
both of digested and of undigested food, and is hyperacid, due
to the presence of hydrochloric acid (Chapter V.). In chronic
gastric catarrh, on the other hand, there is a deficiency in the
amount of hydrochloric acid secreted, and an increased secre-
tion of mucus; the vomited matters therefore consist of undi-
gested food in a slightly acid mixture, with ropy muecus. If
the food has remained some time in the stomach, only a little
undigested food is present, but peptones are found, and
although free hydrochloric acid may be practically absent,
active pepsin is present (see Case I. p. 141).

In ulcer the vomit has, except in the late stages, the same
characters as in gastric irritation, but in this case the vomiting
is produced in part by the hyperacid or normal stomach con-
tents irritating the open ulcer, and is more immediately con-
nected with the ingestion of food.

2. In carcinoma the vomiting is sometimes due to pain,
sometimes to catarrh of the mucous membrane, and sometimes
to the fact that the gastric juice is unable to digest the food
at all, which acts thus as an inert foreign body, and is ejected.
In other cases the vomiting is due to dilatation of the organ
(Chapter X VI.).

In dilatation of the stomach, the vomiting and the vomited
matters are often very characteristic. In moderate dilatation,
from whatever cause, the vomiting may be directly referable
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to a meal taken, but is usually not so, and the vomited matters
may show the characteristics of that in catarrh (viz. an
excess of mucus, and a deficiency of hydrochloric acid), or there
may be a deficiency of hydrochloric acid simply. In well-
marked dilatation of the stomach, the vomiting has no direct
reference to a meal, it occurs once a day towards the evening,
or every two days or so, when a large quantity of liquid has
collected in the organ. The characters of the vomit have
already been described, and are shown, in the presence of undi-
gested food, of a small amount of hydrochlorie acid and pepsin,
and of a large but varying amount of organic acids (see Case
ITI. Chapter V. p. 143).

3. Vomiting in neuroses of the stomach is connected with the
ingestion of food, and is characterised chiefly by its irregularity.

(e) Heematemesis (Chapters V. and XIIL).—The stomach
eonditions which produce heematemesis are : mechanical conges-
tion caused by portal obstruction, or dilated right side of the
heart (eg. in cirrhosis and acute congestion of the liver, in
portal thrombosis, in cardiac disease) ; acute congestion and in-
flammation, as in the different forms of acute gastritis; uleer
and carcinoma of the stomach. General disease also produces
hematemesis, such as acute fevers (severe malaria, bilious
typhoid, yellow fever, typhus) ansemic diseases (hamophilia,
leukemia, Hodgkin's disease, purpura, seurvy). Aneurisms
may rupture into the stomach or blood may be swallowed.
The blood which comes from the stomach may be bright red
in colour if the bleeding is sudden and profuse and im-
mediately vomited (as in cases of an ulcer opening a large
branch of an artery), or it may be dark in colour, or of the
appearance of coffee grounds, due to the action on it of the
acid gastric juice. A large amount of blood may be retained
in the stomach and undergo these changes, as in the Dblood
which exudes slowly from erosions.

This short summary indicates the symptoms directly refer-
able to the changes in the stomach in disease; but they are
only a part of the symptoms which result from disordered
digestion. The changes in the process of gastric digestion
which have been described as occurring in disease, as well as
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the pathological changes in the stomach walls, produce symp-
toms not only referable to the organ, but others which may
be called, in general, gastric reflexes. These reflex symptoms
in some cases mask the true stomach symptoms, and are
those frequently causing the most distress to the patient in
chronie cases of disordered digestion.

In many of the symptoms about to be discussed, it is
impossible to decide exactly what pathological factor is active
in producing them. These symptoms are such as referred
pains in the head, chest, or elsewhere; palpitation, cough, and
dyspncea, and a large class of symptoms referable to the nervous
system, and shown not only in affections of the higher mental
faculties, but of the emotional faculties, and in objective sen-
sations, such as vertigo, buzzing in the ear, etc., and in affec-
tions of motion and sensation.

In the explanation of such symptoms, three causes may
be considered: (1) either they are camsed by the disordered
digestion acting reflexly through the nervous system; (2) or
they are produced by certain (unknown) toxic products
formed during disordered digestion; (3) or they are pro-
duced by a disordered metabolism of the tissues caused by
the indigestion of food. Ileserving the fuller discussion of
their cause until the symptoms themselves are considered,
it is well to bear in mind that disordered digestion in the
stomach frequently oceurs in association with other conditions.
Thus it may be present in “nervous” individuals, and show
certain characteristic features, or it may be present in certain
general debilitating and wasting diseases (chlorosis, pulmonary
tuberculosis, ete.) which will stamp the disordered digestion
with certain features, or it may be associated with disorder of
digestion in the small or large intestine, and with disorder
of function of the liver and pancreas. To a great extent the
symptoms of the disordered digestion can be dissociated from
those due to a general disease, but in the case of disordered
digestion in the stomach and in the intestine, the question is
a much more difficult one, owing to the limited knowledge
possessed of functional disorders of digestion in the small
intestine, and of functional disorders of the liver and
pancreas.
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—In not a few cases of disordered digestion, the appefite
remains unimpaired or even increased during a certain stage.
In these cases, although food causes disturbance and definite
symptoms, yet the desire for food recurs at each meal; as
patients often express it,  their appetite is good, but they are
afraid to eat” Such cases are as a rule those in which dis-
ordered digestion is the result of dietetic irregularities. Up to
a certain point, the appetite may be cultivated, so that
increasing quantities of food and food accessories are taken,
and with relish. A continuance of such a habit leads, as has
been seen, to disordered digestion, while the desire for food
still remains. These cases will afterwards be considered from
their clinical aspect under the heading of gastric irritation.

As a rule in chronic disorders of digestion the appetite is
impaired. Thus whenever there is continued delay of food in
the stomach, so that the organ is not empty when the next
meal is taken, there is in time impairment of the appetite.
This, however, does not occur in the early stages. In these
the appetite for the midday or evening meals is good, while
that for breakfast is diminished. The explanation of this
common symptom (want of appetite for breakfast) is simple;
it is due to delay of food in the stomach during the night.
A meal is taken late, in a condition in which the emptying
of the stomach is delayed; the patient goes to bed too soon
after the meal, and during sleep digestion is still further delayed,
so that, often after a restless night, the stomach is not quite
empty even in the morning, and indeed vomiting of the
stomach contents may oceur on rising. Loss of appetite
accompanies dilatation of the stomach, whether simple or due
to pylorie stricture, or associated with bacterial fermentation
of the food.

The appetlte is also impaired when there are organic
changes in the ‘stomach walls. Thus in acute inflammation
(acute gastric catarrh, and other forms of gastritis) the appetite
is lost, often completely; in chronic catarrh there is great
impairment of the appetite as well as in mechanical congestion
of the stomach. In cases of atrophy, whether primary or
secondary to inflammatory processes, there is a similar loss
of appetite, and anorexia or loss of appetite is an important
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symptom in cancer. Ulcer of the stomach forms an exception,
inasmuch as in many cases, even the majority, the appetite
1s preserved.

(B) Appetite Affected by a Condition of the Central Nervous
System produced by a General Condition of the Body—The
eflfect on appetite of the condition of the central nervous
system is a most important point for consideration in dis-
ordered digestion. It is frequently stated that the state of the
appetite is no criterion of the functional activity of the
stomach.  This statement is, however, true only within
certain narrow limits, In some cases of functional disorder
(gastrie irritation) there are symptoms of indigestion of food,
although the appetite is good or even increased. In uleer too
the appetite may be unaffected. When, however, there is
diinished appetite, there is diminished functional activity of
the stomach. The conditions which affect appetite through
the nervous system are various, and may be considered under
the following headings :—

1. A direct effect on the central nervous system due to
oceupation or disease.

2. An indirect effect due to a general condition of the
body.

Healthy occupation, which means a combination of mental
and physical exercise, maintains and stimulates appetite;
absence of occupation tends to diminish it. Up fo a certain
point, the increased exercise of the mental faculties increases
the appetite; so too with physical exercise. In both con-
ditions there is an increased need of food by the organism.
But if the increase of mental or physical exercise is continuous
as well as excessive; if it is associated with mental worry
or with irregularity in the taking of meals, then the appetite
diminishes. In both excessive mental and excessive physical
exercise the effect on appetite comes through the central
nervous system. This is less apparently so in the case of
physical exercise; but in great fatigue or continued and
excessive manual labour the chief effect is not on the muscles
but on the parts that govern the muscles, viz. the spinal cord
and brain. The rest to the central nervous system given
by sleep, even of short duration, restores the appetite. Ex-
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cessive mental exercise is not the only condition which
diminishes the appetite. Probably the majority of cases
which comes under this heading are due to mental worry
and to mental hurry. Those who suffer from periods of
worry or anxiety due to their occupations or social sur-
roundings lose their appetite ; those who in the race for success
are always in a state of mental hurry suffer in a similar way.
These effects are intensified in certain individuals, especially
women, with an excitable nervous system.

The general conditions of the body which affect the
appetite are those producing anwmia and those associated
with a chronic wasting disease. In an@mic econditions, in
which there is a diminution in the amount of the hamoglobin
and in the number of the red corpuscles, the metabolic
processes of the body are not only diminished, but there is an
increased excitability of the central nervous system. In such
conditions, whether due to chlorosis or to the profound
an@mic diseases (leuksmia, lymphadenoma, seurvy, hwemo-
philia, purpura), or to hemorrhage, there is anorexia or loss of
appetite, due partly to the effect on the central nervous
system and partly to the effect on the digestive processes,
the secretion of gastric juice and the motor power of the
stomach.

In chronic wasting diseases, besides the anwemia produced,
there is the increased destruction of the tissues, chiefly fat
and muscle, which is shown in emaeciation. In malignant
disease, in chronic pulmonary tuberculosis, in chronic Bright's
disease, and in diabetes, there is increased destruction of tissue.
Up to a certain point, increased destruction leads to an
increased intake. This is seen in diabetes, where the onset of
the disease is often marked by an increase of appetite; but
eventually in all the diseases mentioned, the result is loss of
appetite : the increased destruction of tissue diminishes the
vitality of the tissues and organs and thus affects the appetite.

In both funetional and organie disease of the mnervous
system, the appetite may be affected. There may be an
increase of appetite (boulimia, polyphagia), and this is observed
in cases of hysteria, of neurasthenia and of mania. There is
sometimes loss of appetite; but the two chief effects on the
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appetite observed in disease and disorder of the central nervous
system are a varying appetite (parorexia), at one time great,
at another small, and a craving for unsuitable and even harm-
ful substances which may or may not be articles of diet. The
latter condition is observed in pregnancy and in mania; the
former is a feature of some cases of nervous dyspepsia and of
neuroses of the stomach.

2. Thirst—Thirst is one of the symptoms of disordered
digestion. It is a desire for water; and, although as a
physiological process it is not completely understood, yet
one or two facts in connection with it are of importance.
In the first place, thirst, or an increased desire for water
is developed in those conditions in which there is an
increased excretion of water from the body by the skin,
kidneys, or intestines, both in physiological and pathological
conditions. Again, thirst is not allayed if the water drunk is
allowed to flow out of the duodenum by a fistulous opening
as soon as swallowed; this has been shown by experiment.
The absorption of the water is thus necessary to allay thirst.
When thirst is present, its more distressing symptoms are
partially allayed by increasing the flow of saliva, which moistens
. the dried mouth; such as the drinking of a small quantity of
an acid liquid which causes an increased flow of saliva.

There is thus a certain proportion between the amount of
water and solids in the body which must be maintained ; if
the amount of water is diminished then thirst is developed.
In the diminution of the amount of water in the body, there is
a decreased diffusion of salts, and of the excretion products of
the tissues (the chemical produets of their metabolism). Thus,
while the circulation of the blood may not be interfered with
to any great extent, there is a diminished interchange between
the tissue salts and the salts in the blood, and with the
diminished excretion of the metabolic products there is a
diminished activity of the tissues. Thus the desire for water,
although locally exeited by the dryness of the mouth and the
emptiness of the stomach, is yet dependent on the condition of
the tissues, and no doubt arises in the central nervous system.

The main conditions with which thirst are associated

are i—
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1. An inecreased excretion of sweat, whether in physio-
logical conditions, such as after great exertion; or in patho-
logical, as in the sweating stage of fevers, or in the sweats of
chronic wasting diseases (¢.g. tuberculosis of the lungs).

2. An inereased excretion of wrine, chiefly in diseased
conditions, e.q. diabetes mellitus, diabetes insipidus, and other
cases of polyuria.

3. An increased secretion of waler by the infestines.
Thirst is present in such conditions when the increased secre-
tion of liquid is rapid, as in acute diarrheea due to irritants
(chemical or bacterial); or when the contents of the stomach
and intestines are rapidly passed out of the body, as in lienterie
diarrhcea.  In some instances, however, of disordered digestion,
thirst is present even when a large amount of liquid 18 not
passed out of the body. In these cases it is probable that the
liguid is retained in the infestinal tract for some time, and
thus is not available for the needs of the tissues. In such
cases, there is probably a diminished peristalsis (atony of the
intestinal wall) with diminished absorption; in other cases
at first, the retention and then the vomiting of the contents
of a dilated stomach leads to thirst.

4. Irritation of the stomach by certain kinds of unsuit-
able food leads to thirst. These are chiefly salted or cured
(smoked) foods, together with spices, aleoholic drinks, tea,
and other food accessories. A large proportion of salt with
the food leads to thirst to a slight extent by acting as an
irritant to the mucous membrane, but chiefly by causing an
increased flow of liquid from the blood vessels of the mucous
membrane into the gut. During normal digestion, the pro-
portion of water to solids in the digesting food in the
stomach and small intestine does not vary greatly, this being
due to the constant passage of water from the digesting food
to the vessels of the intestines, and wvice versi. When, how-
ever, the saline constituents of the food are greatly increased
in proportion to those in the blood and tissues, there is an
increased flow of liquid into the intestine, which may
remain there for some time, and lead to a temporary condi-
tion of thirst. Over-indulgence in spices and aleoholic
drinks possibly act partly in this way, but also by acting as
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irritants to the mucous membrane, delaying digestion, and
by acting as diuretics.  That irritation of the gastric
mucous membrane does lead to thirst, probably chiefly by
delaying the absorption of water, is seen in gastritis, acute
and chronie, in which thirst is often a prominent symptom.
It may partly be due to the loss of liquid by vomiting (and in
incessant vomiting thirst is an observed symptom), but it is
not solely due to this, since in cases of chronic gastritis, where
there is no incessant vomiting, thirst is not uncommonly
present.

It is now necessary to consider other symptoms associated
with indigestion of food ; symptoms, the exact origin of which
it is in many cases difficult, if not impossible, to determine,
These symptoms are those referable chiefly to the nervous
system, and consist in pain in various parts, and in disturb-
ances of the mental and emotional faculties as well as of the
motor and sensory systems. DBesides, there are symptoms
referable to the circulatory and the respiratory systems, such
as palpitation, cough, and dyspncea.

Pain.—Pain not directly referred to the stomach region
is a very common symptom in those subject to disordered
digestion. It is of various origin. In some cases it is directly
to be attributed to the process of digestion going on in the
stomach ; in others it is more directly due to the general
condition of the patient, either as regards the condition of
the blood (as in anwemia) or of the nervous system (as in
neurasthenic individuals).

Pain directly dependent on the indigestion of food is
referred to the chest, the front, back, or one or other side,
The pain in front of the chest and between the shoulders is
that most commonly observed. It is a dull pain, not sharp
and lancinating like that of neuralgia, and is commonly
deseribed as a sense of weight and oppression in the chest.
In front of the chest, the pain is not usually associated
with local tenderness, but between the shoulders there is not
uncommonly distinet and diffuse tenderness over a greater or
lesser area. With regard to these kinds of pain, it may be
said that they occur chiefly in cases of chronic indigestion of
food, and that at first they occur after a meal, in half an
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hour, or in one or two hours, and diminish or disappear as
the stomach becomes emptied. In prolonged or aggravated
cases of indigestion these pains, however, are almost constant ;
and those suffering from them will often deny that they have
any relation to meals. Close inquiry will usually, however,
elicit the fact that at first they appeared after meals. There
are two chief factors in the production of these pains; one
consists in the existence of irritation of the gastric mucous
membrane by food, either through its inherent indigestibility,
or its slow digestion and delay in the stomach. The other
factor is that indigestion of food, which is continued over
months and years, affects the general condition of the body,
and especially the nervous system, whereby the pain }is
exalted. That the pains under consideration are directly
dependent on indigestion of food is shown finally by the fact
that they are relieved by treatment directed to the cure of the
indigestion.

Pain in the left side, i.. in the lower part of the left
axilla, is not uncommonly associated with a dilated stomach,
and with flatulence. It may also be due to anamia
or to a loaded colon. Pain in the right side is not
only associated with derangement of the liver, but also with
a loaded colon. DBoth these varieties of pain are commonly
associated with areas of local tenderness. Distinet neuralgias
may occur in the course of indigestion of food, partly referable
to the stomach condition. The oceurrence of neuralgia can-
not, however, be directly attributed to the indigestion; it
almost invariably occurs in two classes of patients (omitting
the neuralgic pains due to carious teeth), viz. in neurotic
(neurasthenic) subjects, or in the anwemic, especially in
chlorotic young women. The neuralgia may be over the
area supplied by the fifth nerve, or it may be intercostal, in
which case it is not infrequently associated with herpes zoster.

Other Symptoms Eeferable to the Nervous System.—Besides
pain, there are other symptoms referable to the nervous
system, which not infrequently are the most prominent signs
in cases of indigestion of food, and give rise to a great deal of
bodily and mental distress. It is in many cases difficult to
gauge these symptoms, inasmuch as they may originate
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primarily in a disorder of the central nervous system, or they
may be secondary to indigestion of food, which acts as a
peripheral irritant starting them, or they may be associated
with local disease or disorder elsewhere than in the stomach,

These symptoms may be classified as referable to (1) the
cardiac and respiratory systems, such as palpitation of the
heart, cough, and dyspneea; (2) to the motor system, such as
a tired feeling and a sensation of the legs giving way during
walking, and also the occurrence of cramps of the limbs and
of the abdominal musecles; (3) to sensation, such as tingling
and numbness of the extremities; (4) to the special senses,
such as muscx volitantes, a sense of impaired vision, and
buzzing in the ear; and (5) to the central nervous system,
such as drowsiness, sleeplessness and bad dreams, vertigo,
mability to do mental work, and the dread of a fatal seizure,
cardiac or apoplectic.

The origin of these symptoms is complex, and in the present
state of knowledge, no pretension can be made to an accurate
understanding of them. They occur chiefly in individuals
usually described as neurotie, neurasthenie, ete., 7.e. in those
in which there is an irritability of the central nervous system.
But they do not occur solely in such individuals. They are,
for example, most apt to occur at certain periods of life, or
in certain econditions of body. They are noticed especially
at about middle age, and in women at the menopause; and
they frequently occur during pregnancy and lactation, in pro-
longed angemia, and in those leading a sedentary life as well
as an intellectual one.

Cough and dyspnea as the result of indigestion of food
is more directly referable to the morbid processes going on in
the stomach than are the other symptoms. Cough is in
some instances due to the eructation of the acid and acrid
stomach contents irritating the throat, especially when the
tonsils are enlarged or there is chronic faucio-pharyngitis or
granular pharyngitis. In some individuals, cough is excited
by a dilated or an over-distended stomach, the causation in
such a case being partly a mechanical interference with the
proper working of the diaphragm. Paroxysms of cough
occurring after meals are frequent in those suffering from
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diseases of the lungs; both in chronic bronchitis and
emphysema, and in pulmonary tuberculosis. In the case of
chronic bronchitis and emphysema the production of cough
after or even during a meal is due chiefly to the fact that
in rigidity of the chest the breathing is chiefly diaphragmatic ;
food in the stomach interferes with the proper working of
the diaphragm, hence there is an accumulation of mucus and
a deficient intake of oxygen, and cough results, so that the
attack of cough is usually brought on by large meals and
obviated by small ones. This is not a complete explanation
of the violent cough produced in such cases. When cough
follows a meal in pulmonary tuberculosis, the incidence of
the symptom is not proportional to the extent of disease in
the lungs, but is associated with cases in which the cough is
habitually violent and in which there is an@mia and nervous
irritability. In such cases the violent cough ensuing after
a meal must be considered a reflex effect, the peripheral
irritant being the food in the stomach, and the afferent nerve
the vagus conveying the impulse to the medulla. No other
explanation appears probable, and this holds good not only
for pulmonary tuberculosis, but also for chronic bronchitis.
Violent cough not related to the intake of food is usually
present in those cases in which there is anwmia or irrita-
bility of the nervous system. It must be borne in mind
also, that continued and violent cough renders the respiratory
centre in the medulla more irritable, so that a slight
peripheral irritation of the throat or other part which
would not in the normal state excite cough, brings on a
paroxysm, and also that excitation of parts which do not nor-
mally lead to cough produces a paroxysm; the stomach is
one of these parts,

Dyspneea 18 not a common result of the indigestion of
food, and when it occurs after a meal, the stomach condition
is not the sole or even the chief cause of its production. The
ingestion of food may in this case, as in the production of
cough, be the peripheral irritation starting the dyspneea. In
cases of simple indigestion of food, dyspneea is an exceedingly
rare symptom, and in such cases, patients rarely make it a
subject of complaint. But in three distinet conditions of the
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body, either the normal digestion of food or, more commonly,
its indigestion, may lead to dyspneea; viz. in angemia, in
asthma, and in cardiac disease. In anwmia and in cardiac
disease, the dyspneea supervening after a meal may be con-
sidered chiefly a circulatory effect. In anmmia it is produced
by a disturbance of the circulation, due partly to the attrac-
tion to the working stomach of too large a quantity of blood
which is deficient in oxygen and hwemoglobin, and partly by
embarrassing the heart. In cardiac disease, the dyspncea is
probably a more or less direct effect of the distended stomach
on the heart, which becomes embarrassed in its action; but
a reflex effect on the heart’s action through the nervous
system may also oceur. In asthma a special variety of the
disease has been described under the term “ peptic ” asthma,
the attacks of dyspncea chiefly supervening one to two hours
after a meal. There are no clear pathological reasons for
making such a division of the disease, for the chief pathological
changes in the two varieties are essentially the same. The
attacks coming on in relation to a meal must be aseribed to a
reflex effect from the stomach through the vagus nerve on
the respiratory centre, and the exciting causes belong to
the same category as irritating particles drawn into the bron-
chial tubes. In such cases there is usually indigestion of
food, and when this is corrected the dyspnceic attacks diminish
in severity.

Palpitation of the heart is a symptom which may be
ranged with the foregoing. It is a common symptom in
indigestion of food occurring in certain individuals. It
oceurs most commonly in the indigestion of middle age,
especially in women at the menopause, and in the neurotic;
but it also oceurs in the anemie, in cardiac disease (chiefly of
the mitral valve) and in those addicted to over-indulgence in
tea and tobacco. It is ascribable chiefly to a reflex effect
through the vagus nerve on the medulla. It is often extremely
distressing, and with the sense of weight and oppression over
the pericardium or below the left mammary region often leads
to the belief of the patient that there is heart disease, which,
however, is usually absent or is only present as a coincidence,
and not infrequently also it gives rise to a dread of impend-

12
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ing apoplexy. Such sensations are commonly associated with
chronie indigestion of food, in which there is much flatul-
ence. Another sensation described by dyspeptics is that
in which the heart appears to “stand still” or to “turn
over” and then begin beating regularly again. This symptom,
it may be said, is sometimes associated with an inter-
mittent beat of the heart, an intermittency which is com-
monly only temporary; but the conditions with which it is
almost constantly accompanied are those present in the early
or middle stages of gastric irritation. These are the passage
of acid or gaseous accumulations through the cardiac orifice
or the presence of hyperacid stomach contents. It is perhaps
not too much 'to assume that the sensations aseribed to the
heart are more or less due to those conditions, and indeed
that in most cases the sensations are really at the cardiac
orifice, and in others are reflex effects on the cardiac rhythm.

In organic disease of the heart (valvular disease, fatty
degeneration, angina pectoris) indigestion of food sometimes
produces serious symptoms. The starting of an anginal
attack may be the indigestion of a particular meal, and in
fatty heart fatal syncope may follow a large meal.

The effects of indigestion of food on the nervous system
affect not only motility and sensation, but also the higher
cerebral functions, intellectual and emotional. It is diffienlt
to determine how far these symptoms are purely nervous or
how far they may be due to vascular disturbance; in some,
both elements are evidently combined.

Drowsiness 1s a very common symptom complained of by
dyspeptics, usually, but by no means always, in those of middle
age. At first the drowsiness oceurs after a meal, but in the
later stages of the indigestion of food, it has no direct relation
to a meal. The drowsiness after a meal is allied to the condi-
tion of repose which is necessary for the good digestion of
large meals by healthy people. This repose means mental
inactivity, and is perhaps to some degree dependent on the
increased blood supply to the abdominal viscera (not only to
the stomach) during the digestion of a large meal. In the
dyspeptic, the mental and bodily repose leads to a drowsiness
which is only momentary, but is pathological. In the middle-
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aged and old a large meal actually induces sleep, lasting from
ten to thirty minutes. All these cases may possibly be ex-
plained by a deficient supply of blood to the brain, a deficiency
which, in indigestion of food, is possibly increased by the
co-existing disturbed and increased vascular supply to the
organs of digestion. In the later stage of indigestion of food,
the drowsiness has in many instances no direct relation to a
meal, but in these cases the stomach is probably never empty
between meals, there being well-marked delay of food in the
organ.

Sleeplessness is associated in individual cases with drowsi-
ness; patients complain that although they are _drowsy during
the day they cannot sleep at night. In other cases there may
be no drowsiness, and yet there is sleeplessness. Inability to
sleep is due to many causes—to organic disease of the various
organs, the heart, central nervous system, ete., to severe pain
from whatever cause, to oceupation involving intellectual strain,
worry or excitement, to over-exercise in the healthy, and
especially in the nervous and the anemic. Although these
conditions have to be investigated in each individual case to
discover the cause of the sleeplessness, yet in disordered diges-
tion the insommnia is in the majority of instances to be
ascribed to the presence of food in the stomach during sleep.
Thus it is noticed in those who partake of a large meal one or
two hours before going to bed. This may occur as an occasional
incident in those quite healthy, but it is more commonly
observed in those suffering from disordered digestion to a greater
or less degree. It is also present in disordered digestion when
it cannot be ascribed to a large meal taken shortly before
going to bed. In these cases the stomach also contains food ;
there is delay of food which is slowly digested, or the
digestion of which has progressed to a certain degree and has
then been arrested. During sleep, normal digestion is delayed
or arrested altogether; and the sleeplessness may be directly
ascribed in these cases fo the presence of undigesting food,
which is often indigestible and usually acid. It therefore
acts as an irritant, affecting the central nervous system. It
not only produces sleeplessness, but restlessness, snatches of
disturbed sleep, and horrible dreams. Similar results occur
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with a full bladder, and in the later months in some cases
of pregnancy. As soon as, during the night, the food has left
the stomach, being either vomited in the acute cases, or passed
into the duodenum in the milder cases, the patient falls
to sleep, which is often profound, waking in the morning with
a metallic or bitter taste in the mouth. Some patients do not
get rid of all the food from the stomach during the night, and
after a disturbed rest they wake and vomit the remainder of the
contents of the stomach, which are often small in quantity and
excite violent retching. This condition exists not only in the
chronic aleoholie, but in those in whom the disordered digestion
cannot be ascribed to over-indulgence in alcoholie drinks.

Vertigo is a symptom which may occur after a single
food debauch, but, as a rule, there is a prolonged history
of dyspeptic symptoms preceding the attacks of vertigo. Its
origin must be ascribed not merely to the actual process
of indigestion of food in the stomach, but also to the effect of
the chronic indigestion of food on the nutrition of the body,
whereby the nervous and vascular systems- are affected. In
cases where vertigo is constantly associated with emptiness of
the stomach, the symptom is evidently the result of a reflex
nervous action, since like the gastralgia of similar origin it is
relieved by the taking of food. The exact nervous mechanisin
18, however, not easily explained. In a second class of cases,
vertigo does not appear to be related to any particular state of
the stomach, except that, as a rule, it comes on after food
is taken, on rising from the table or not for some time
afterwards. In both classes of cases there are symptoms of
chronic indigestion of food, which is the prime cause of the
vertigo, since this is relieved when the indigestion is cured or
benefited. There are other facts which tend to show that
there is no great distinetion to be drawn between these two
classes of stomach vertigo.

The vertigo of a disordered stomach—uvertigo a stomacho
leeso '—usually occurs long after food has been taken, when
the stomach is “empty.” It is sudden in onset, and although
the patient may fall to the ground there is no loss of

U Vertige stomacnl : vertigo per consensw ventriculi, See Troussean, ** Lectures
on Clin. Med.,” New Syd. Socy., 1870, vol. iii. p. 637.
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consciousness. There may be nausea and occasional vomiting
during the attacks, as well as sensations other than vertigo
in the head, such as a feeling of emptiness in the head, a
sensation of an iron ring round the head, or even in some
cases one of impending apoplexy. There are always symptoms
referable to indigestion of food in the stomach; pain after
food in the chest or in the epigastrium, fatulence or acid
eructations, and the occasional vomiting of food which may
be mixed with glairy mucus. The bowels are usually con-
stipated, but there may be diarrheea alternating with constipa-
tion. In such cases, however, it is incorrect to speak of the
stomach as empty. Living in the ordinary way, taking three
meals a day, such patients never have an empty stomach,
there is a delay of food in the organ, due partly to inefficiency
of the chemical processes of digestion, partly to weakness of
the muscular wall, so that when the patient takes a second
meal the stomach is not resting, but contains some liquid
which is occasionally vomited. So that the term vertigo of
an empty stomach is a misnomer. Food relieves in mild cases,
as the entrance of food stimulates the organ to increased work
for a time ; but food gives no permanent relief unless the in-
digestion be treated. The severe form of stomach vertigo
which has just been discussed is not so common as the
milder forms, which are indeed very frequent in women and
in men of about middle age who are the subjects of in-
digestion of food. Such attacks of vertigo are nearly always
initiated by some exertion, such as rising from the table, or
walking soon after a heavy meal, especially in those who lead a
sedentary life involving brain-work. They may also be initiated
by reading, and by following moving objects with the eye. The
vertigo is sudden in onset, but in these mild cases the patient
does not usually fall down. There is no loss of consciousness,
and the vertigo which is in no definite direction, is of but
momentary duration. Although at the time very alarming to
the sufferer, they are not serious, and, like the more severe
attacks, are relieved by treatment directed to the relief of the
indigestion.

Vertigo is a symptom of conditions other than those due
to the stomach. Some of these are purely nervous in origin,
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while others are due to an effect of the circulation on the
nervous centres.

Of nervous origin may be cited the vertigo of Menicre's
disease, of epilepsy (petit mal), and of tumours of the brain. In
Menitre’s disease the symptoms very frequently are similar to
those of the severe cases of stomach vertigo; thus in both
there is giddiness, with buzzing in the ears, and nausea or
vomiting. But whereas in Menitre’s disease there is in the
attacks a sensation of turning round in a determinate manner,
this is not so evident in cases of stomach vertigo. Meniére’s
disease is also in many instances associated with deafness in
one ear, and is a condition which, although capable of being
relieved, is not cured; whereas, when deafness is associated
with stomach vertigo, the connection is only accidental, and
stomach vertigo is eminently curable.

In epilepsy (petit mal) the attacks of giddiness are
associated with loss of consciousness (it may be of only
momentary duration) or with the performance of determinate
acts of which the patient is not cognisant. Epileptic vertigo,
moreover, frequently alternates with more or less complete
epileptic convulsions during which consciousness is lost. Its
onset has no direet relation to exertion.

In tumour of the brain, as in stomach vertigo, there may
be headache and vomiting associated with giddiness, but apart
from the fact that vertigo is rarely the symptom complained of
by the subjects of cerebral tumour, as it is in Meniére’s disease
and stomach vertigo, the distinction between the two condi-
tions is readily made by the absence of symptoms of indigestion
of food, which always accompany in greater or less degree
stomach vertigo. Vertigo is also a symptom of tabes dorsalis
and of ataxic paraplegia. DBesides these functional and organic
diseases of the nervous system, vertigo is not uncommonly
associated with certain errors of refraction of the eye, of which
the most important are myopia and hypermetropia. The
attacks of giddiness in these cases are slight and are induced
by the weakening of the ocular muscles (muscular asthenopia).

The vertigo which is of vascular origin is somewhat various
in its causation. The prime cause of its occurrence is probably
a deficient or irregular blood supply to the brain, which may
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be sudden. It is thus particularly associated with anwemic
conditions : chlorosis, the profound angmias, and anwmia from
hiemorrhage, whether rectal, uterine, gastric, or pulmonary.
It is associated also with two forms of cardiac disease, aortic
regurgitation and fatty degeneration of the cardiac muscle,
and with chronic Bright's disease, especially the granular
contracted kidney with high arterial tension.

In the case of anemia and of the cardiac diseases mentioned,
the giddiness is associated with low arterial tension, and the
attacks are usually induced by some exertion, either by some
sudden movement such as sitting up in bed or some sudden
effort during walking.  Of these conditions chlorosis, and
even to a greater extent aortie regurgitation and fatty heart,
are closely associated with attacks of vertigo.

In many cases of chronic Bright's disease, the vertigo is
associated with high arterial tension, which results in an
irregular supply of blood to the tissues. Vertigo in Bright's
disease has, like stomach vertigo, been ascribed to the circula-
tion of poisons acting on the brain. But there is no direct
evidence of this, and it seems most probable that the attacks
are purely vascular in origin and not toxie.

There is, however, a form of vertigo which is induced by
drugs, the chief of which are quinine, the salicylates, and
strong iron preparations when given in some cases of chlorosis.
In all these instances the vertigo is associated with headache
and with buzzing in the ears, and is relieved on withholding
the drug.

It cannot be too clearly stated that in the diagnosis of
stomach vertigo, the more serious causes of vertigo must first
be eliminated. In ordinary practice, an examination readily
eliminates the different forms of anmemia, as well as diseases
of the eye, aortic regurgitation, and chronic Bright's disease,
while more difficulty will be found in eliminating Meniere’s
disease and epilepsy. In the former, however, vertigo is often
determinate in character, and is associated with deafness and
with buzzing in one ear; in the latter the giddiness is
associated either with unconsciousness or with unconscious
acts, and is thus distinguished from stomach vertigo.

But little need be said of the other nervous phenomena
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associated with chronic indigestion of food. Buzzing in the
ear is often observed with vertigo, and calls for no particular
comment.

Inability to do mental work is often a subject of
complaint, and is due partly to the continued irritation of the
slowly digesting and undigested food in the stomach and partly
to the malnutrition produced by the indigestion. 1In this case,
the relation of work to meals and of the habits of the
individual—whether sedentary or active—are of great im-
portance.

As regards affections of motion and sensation, a tired
feeling is a very common symptom of chronic indigestion of
food, as well as a feeling of the legs giving way. There may
also be cramps of the arms or legs and of the abdominal
muscles. Cramps are not uncommeonly observed in children
after the eating of indigestible food, and may be described as
a stomach reflex; but they are also seen in adults either
from dietetic indiscretions in the healthy, or more often in
the delicate, and in those convalescent from acute febrile
diseases.

Sensation may also be affected, as shown in the tingling
and numbness not uncommonly complained of, as well as a
sensation of heat (without flushing) not only in the face but
over the whole body.

It is diffieult to say how far these symptoms are directly
due to a disordered stomach, and how far to a general condition
of malnutrition induced by the dyspepsia or not; but it is
certain .that in many cases they are relieved by treatment
directed to the relief of the disordered digestion.
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they are present in organic diseases of the stomach itself,
viz. uleer, cancer, and catarrh.

What may be called primary functional disorders of the
stomach are those in which catarrh of the organ, an uleer,
and carcinoma are absent. They form by far the greater
proportion of diseased conditions of the stomach, and are of
oreat importance, since they cause a disturbance of the bodily
functions which is curable, but which may lead to permanent
mischief if attention is not paid to them.

Clinically, two groups of functional disorders of the stomach
may be distinguished. In one, gastric ¥rritation, the symptoms
and the examination of the process of digestion and of the
stomach show irritation of the organ,an irritation in which not
only the secretion of the gastric juice is affected, but also the
motor activity of the organ and the blood supply and innervation.
This group contains the largest number of cases of functional
disorder of the organ. The second group, gastric insufficiency,
is one in which the functions of the stomach are deficient in
activity owing to some general condition of the body, whether
induced by a specific disorder or by the mode of life. While
the first group of cases may be both primary and secondary
(though usually primary), in gastric insufficiency the disorder
is secondary, and includes cases usually classed as atonic dys-
pepsia. To gastric insufficiency may be added the signs of
gastric irritation, since a stomach whose functions are deficient
may still be irritated by the conditions to be discussed pre-
sently. A case which is primarily gastric insufficiency may
thus become eventually one of gastric irvitation. In both
gastric irritation and gastric insufficiency catarrh may occur,
but gastric irritation is the more closely allied to catarrh,
which not infrequently shows a first stage of hyperacidity.
A correct appreciation therefore, as far as possible, of the
clinical conditions of gastric irritation and gastric insufficiency
1s essential before a study of the organic diseases of the
stomach, gastritis, ulcer, and cancer, can be made.

Although, for practical purposes, it is convenient to
divide functional disorders into gastric irritation and gastrie
insufficiency, it may be said that nearly all cases of indiges-
tion of food—dyspepsia—show the symptoms of irritation of
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the organ, which is.in many instances predisposed to by a
condition of gastric insufficiency.

1. GAsTRIC IRRITATION.

Gastric irritation may be defined as a functional disorder
of the stomach in which there is irritation of the organ,
produced by the food itself in the form in which it is
swallowed or by the food in the process of digestion; it
may be primary (ie. oceur in healthy individuals) or it may
be associated with or predisposed to by certain diseases or
general conditions of the body. Food bears to gastric irrita-
tion and to gastric catarrh the same relation that irritating
particles and gases bear to bronchial irritation, bronchial
catarrh and bronchitis, with the exception that food being
necessarily taken by way of the stomach, acts as a continuous
irritant, whereas the irritation of the bronchial tubes is
intermittent. Both in gastric irritation and catarrh and in
bronchial catarrh the condition may be predisposed to either
by a local alteration of the organ (stomach or lungs), or by a
general condition of the body. Similar observations may be
applied to intestinal irritation and ecatarrh, and irritation
and catarrh of any mucous membrane, and the resemblance
between these conditions is not without import regarding the
treatment of stomach affections, allowance being made for the
differences in function.

(Gastric irritation includes what is usually described as
“acid dyspepsia,” but this latter ferm by no means includes
all the cases of gastric irrifation, and is not a correct designa-
tion of the numerous cases of the disorder in which the motor
activity of the organ is affected, as well as the secretory
function.

Etiology.— The chief points in the etiology of gastric
irritation have been discussed in the previous chapters, but it
is important to review them from another and a purely clinical
aspect.

Age and Ser.—Gastric irritation may occur at any age: in
the infant, whether fed by the wet nurse or by the bottle ; in the
child, in adult life, and in old age. Sex has but little influ-
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ence ; in infancy and childhood the feeding is the same for
both sexes, but in adult life, although sex still has but little
effect, yet the mode of life diverges, the woman tending to an
excess of food accessories (especially tea) and the man to an
excess of food as well as food accessories (especially alcohol).
At the beginning of life, gastric irritation is seen in some of
its acutest forms, notably in infants brought up by the bottle.
In middle age again, both in men and women, gastric irritation
frequently starts. In women at the menopause, the first
symptoms of dyspepsia may be noted, passing off as the
menstrual change disappears. In young adult life, gastric
irritation is common in both sexes, and its occurrence is
explicable by factors in the etiology of the condition other
than age.

Temperament plays some part in the causation of gastric
irritation.  Apart from any association of actual disease, those
individuals with an excitable nervous system, who are usually
described as of a “nervous temperament,” are especially prone
to gastric irritation. Some of the ecases oceurring in such
patients may aptly be described as “mnervous dyspepsia”;
others again illustrate in a minor degree the influence of
the nervous system over digestive processes. It is mnot
uncommon, for example, in non-dyspeptic individuals for a
period of worry, anxiety, excitement or disturbance to start an
attack of indigestion; and in those who have previously
suffered an attack or attacks of indigestion, and who can pre-
serve themselves free from dyspeptic symptoms by care in diet
and regulation of the mode of life, a sudden emotion of joy
or sorrow or some other disturbing influence on the nervous
system, may bring on an attack of indigestion.

Heredity—1t is always of great difficulty to determine the
part which heredity plays in disease, except in such clear
transmissions as deformities, mental peculiarities, and in such a
disease as syphilis, where the actual disease is manifested in
the infant soon after birth. 1t is always to be borne in mind
that the same disease or diseased condition present in the parents
and arising in the offspring may be the result of the mode of
life or of exposure to the same surrounding conditions, whether
of infection or not. In functional disorders of the stomach,
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heredity plays some part, although only a small one ; but the
question is not an easy one to settle or to discuss. It is the
firm belief of many that they inherited a “weak digestion ” from
their parents. This is possible. Still it must not be forgotten
that in families the children lead the same life as their parents ;
that they inherit robustness or general bodily weakness, or, as
it may be expressed, increased or diminished resistance to
disease. It is this inheritance of a general bodily condition
which alone appears to predispose to functional disorders of
the stomach. The inheritance of gout may also be a factor in
gastric irritation. Gout is so frequently associated with
stomach disorder (chiefly from the mode of living), that it has
to be considered in relation to the inheritance of a “weak
digestion.” It is, however, by no means the greater number
of cases of gout which transmit a tendeney to functional dis-
order of the stomach, and in the majority of cases this is
induced by the mode of life and by the food and food acces-
sories. The same remarks would apply to the inheritance of
the nervous temperament which is constantly transmitted from
the parents to one or more of the children.

Climate and race have no particular influence on the causa-
tion of gastric irritation, except as regards the change in the
mode of living and in the character of the food eaten. DBut
frequently functional disorders are initiated by the sudden
change from one climate to another, as from the temperate to
the tropical regions, or even from the country to the town.
Here, again, no particular effect can be ascribed to the climate,
but only to a change in the mode of living and the diet.

Mode of Living—Occupation.—For a healthy existence a
sufficiency of food and of exercise, and a congenial occupation
are necessary. An insufficiency of food, even with much
exercise, may lead to gastric derangement. But a more
frequent cause is an insufficiency of exercise. It is those
who lead a sedentary life who are subject in the greatest
degree to gastric irritation. A sedentary life means not only
very little exercise, but it means in many instances the
partaking of large meals often with a large quantity of food
accessories ; in men of alcohol, in women of tea. Again, even
when there is a sufficiency of food and a fair amount of bodily
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activity, such as walking, gastric irritation arises, owing not
only to irregularities in diet, but also to the fact that exercise
to be really beneficial must be of interest, and not merely
of necessity ; it must be recreative, and not only on business.
Gastric irritation induced by these conditions is seen not only
in the well-to-do, but in the poorer classes; in those of the
learned professions who lead a sedentary life, and in the seam-
stress who works for ten hours a day in a badly ventilated
room by gaslight. The change from an active to a sedentary
pursuit is often the beginning of gastric irritation, especially
in middle age when the desire for active exercise tends to
diminish,

Avrrangement of Meals—The question of the distribution
of meals during the day has already been partly discussed in
the preceding pages (Chapters II. and IIL). The principles on
which meals ought to be regulated are very simple, viz. that
a large meal ought to be followed by a period of bodily rest
and recreation (not sleep), and should not be succeeded by
another large meal within five hours. Meals habitually taken
hurriedly lead to indigestion of food ; so also does work, mental
or bodily, after a heavy meal. Undoubtedly the most rational
arrangement of meals is a large breakfast, a moderately large
dinner in the middle of the day, and a smaller meal in the
evening ; but in the exigencies of modern life this arrangement
is impossible, as the midday meal has to be followed by work.
In the matter of meals each individual soon finds what is best
for his digestion. One point must be emphasised, viz., that
the partaking of a meal of any size one or two hours before
going to bed 1s very prejudicial to good digestion, and if the
time of retiring is about eleven, no meal ought to be taken
after 7 P.M.

Food and Food Accessories—0Of all the factors in the
etiology of gastric irritation, food and food accessories are the
most potent. This has been fully discussed in Chapter II1. (p.
56 et seq.). Food indeed is the direct agent in the production
of all cases of gastric irritation: food from its bulk, its indi-
gestibility, and from its irritant or other properties (loc. eit.).

A meal is taken by a healthy person, which from its nature
is not digested before the next meal; this is again a large
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meal, and is succeeded in the evening by another large meal,
so that the stomach is never at rest. In time the meals are
not digested, and gastric irritation is the result. Sufficient
has been said in the previous chapters to explain this fully.
The effect is still greater if any general condition predisposing
to gastric irritation is already present. Food accessories play
as great a part as food in the production of gastrie irritation,
or even greater ; their physiological effect is one which delays
the chemical processes of digestion in the stomach (Chapter 1L);
but they are also irritants, so that aleoholic drinks, tea, spices,
and highly-flavoured sauces rank among the most potent
exciters of gastric disturbance. Two chief exciting agents of
this class are alcoholic drinks and tea taken in excess, or in
an irregular manner. As regards alcoholic drinks, even when
not taken in excess, beer may be a cause of gastric irritation,
as well as the light and heavy wines. This is to a less extent
the case with the ardent spirits, taken moderately with meals
in a diluted form. Aleoholic excess is, however, very common,
not only to the extent of habitual tipsiness and drunkenness,
but to the extent which is excess for the individual. The
digestion in one person may, for example, be affected by an
amount of aleohol which would do no harm whatever to
another. The taking of aleoholic drinks between meals has a
areater effect in the production of gastric irritation than when
drinking is confined to the meal-time. A distinction must
be made between aleoholic drinks and aleohol, reckoning the
well-watered ardent spirits (whisky, brandy, gin) as alechol.
Aleoholic drinks, such as beer and wine, have a greater effect
in retarding digestion than pure alcohol itself (Chapter I1.),
probably from the organic and inorganic salts they contain
they are therefore more harmful to “weak ” digestions. Al-
eohol itself is an irritant to the stomach, and is a cause of
acidity, as has been previously discussed in detail (Chapter IL.).

Tea is a common factor in the causation of gastric
irritation : strong tea frequently drunk during the day. It is
actually a poison to many individuals with a weak digestion.
It acts not only by retarding digestion, but as an irritant,
owing to the tanmin it contains.  Coffee and cocoa made
with milk are not so irritating.
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Starvation or insufficiency of food is In some cases a cause
of functional disorder of the stomach. Amongst the poorer
classes, such cases are sometimes seen; as when following a
period perhaps of months of great insufficiency of food there
is digestive disturbance, which is chiefly shown by the fact of
food acting as an irritant, and being undigested and ejected.

Relation of Gastric Irritation to other Diseases—Gastrie
irritation may arise in ulcer or in cancer of the stomach.
Uleer and cancer in the early stage must be looked upon as
localised diseases of the organ, not at first affecting its func-
tions of secreting a proper amount of gastric juice in response
to the stimulus of food, and not to any great extent affecting
the motor power of the organ. Soon, however, signs of gastric
irritation may arise in both diseases, and may mask the symp-
toms proper to the disease.

Other diseases bear an important relation to gastrie irritation
(Chapter IV.). They all tend to produce a diminished activity
of the functions of the stomach, and therefore the first condition
is one which would be classed under the heading of gastric
insufficiency. Still, gastric irritation often supervenes, and has
much the same characters as when primarily produced. Of
non-infective disorders, chlorosis and chronic Bright’s disease
are those most favourable to gastrie irritation ; cardiac valvular
disease to a less extent. In chlorosis, as well as in Bright's
disease, probably all the functions of the organ are diminished
in activity (see Gastric Insufficiency, p. 211).

Among infective disorders, fuberculosis, especially of the
lungs, is most favourable to the development of funetional
disorder of the stomach (p. 90). The symptoms of gastric
disturbance may precede the development of the physical
signs of the disease; and it is not improbable that, in some
cases, the presence of gastric disorder may predispose to the
development of tuberculosis. But in most cases, the gastric
disorder develops in the course of the pulmonary tuberculosis,
and is not infrequently of a severe character. There are
several features of pulmonary tuberculosis which are predis--
posing to the development of gastric irritation. The ansmia
produced, the exhausting fever, the debilitating night-sweats
all tend to produce a diminution of activity of the organs,
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among which the stomach suffers, and is thus liable to be
irritated by the food taken. The swallowing of sputum may
also act as an irritant as well as excessive cough. On the
other hand, there are very numerous cases of pulmonary tuber-
culosis in which no stomach symptoms arise, even in the last
stages of the disease.

In chronic malaria the stomach may become disordered, but
it is chiefly in the convalescent stages of certain acute diseases
that gastric irritation is apt to be induced, as well as cataxrh
of the organ. During convalescence, when the appetite is re-
turning, injudicious feeding may start a functional disturbance;
slight at first, but increasing and lasting for years. This may
oceur in convalescence from typhoid fever, scarlet fever,
measles, rhenmatic fever, and even cholera. In such diseases,
during the acute stages, the secretory and motor activity of the
stomach is diminished, and it takes some time for the organ to
recover its normal condition. Food in too great bulk or of an
indigestible character readily acts as an irritant and produces
the symptoms of gastric irritation.

In summing up the etiology of gastrie irritation, it is clear
that food and food accessories are the direct causes of the
functional disturbance in association with the mode of life.
These may be the primary and only causes, but they are aided
by other factors, such as the gastric insufficiency of some
general diseases and of the convalescent stages of certain
infective diseases.

Symptoms.—The symptoms produced by gastric irritation
are in the majority of cases quite simple, but in a certain
number are complex, owing to the effect of the stomach condi-
tion on the nervous system.

Stages of the Disorder.—Gastric irritation may be considered
as having two stages, in each of which the diseased condition
may show itself for a long period of time without anatomical
changes in the mucous membrane oceurring.

In the first stage the pathological conditions present are :—

1. A varying degree of congestion and of nervous irrta-

bility of the organ. '
9, An increased and prolonged acidity of the gastric con-

13
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tents, due chiefly to an increased secretion of the acid gastric
juice, but also to the organic acids of the food.

3. A delay of food in the organ, owing to the weakness of
the muscular walls (atony). Moderate dilatation of the organ
is not infrequently present.

In the second stage the overworked and irritated organ
shows a diminution of function by

1. A diminished secretion of the gastric juice, especially of
the hydrochloric acid.

2. A greatly diminished motor activity whereby the delay
of food is greatly increased, terminating in dilatation of the
Orgall.

The first stage is, therefore, characterised by hyperacidity,
due to hydrochlorie acid and by a varying degree of weakness
of the muscular walls ; the second stage is similar to the cases
to be described as gastric insufficiency. In both stages there
may be nervous irritability of the stomach.

Mode of Onset,—The modes of commencement of a chronic
disease are important to elucidate.  Generally speaking,
the recognition of a fully developed diseased condition is
not difficult, but the diagnosis of disease in its early stages
often presents great difficulties. Inasmuch as in diseases of
the stomach, functional disorder is frequently found in associa-
tion with organic disease, as well as existing by itself, it is
important to study the origin of functional disorder in order to
distinguish it from organic disease. Taking the average of
cases, it may be said that clinically organic disease differs
from functional disorder in the fact that there is a definite
period known to the patient during which the symptoms have
lasted, whereas functional disorder is insidious and gradual in
onset, and when its origin is sudden there is some definite cause
determining it.

Funetional disorder of the stomach may have two modes of
origin—a definite or an insidious.

1. When its origin is definite, it is often acute. By a
definite origin 1s meant the oceurrence of the diseased condition
after some pathological event in the patient’s history. Thus
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i.e. they may in a quite healthy individual lead to functional
disorder, but they are commonly combined with other conditions
which predispose to the gastric disturbance. Such conditions
are a period of worry, or of sedentary work, of work in a close
heated atmosphere, of change of diet as in moving from one
country to another, or of the mode of living, as in moving from
the country to the town or wice versd.

Symptoms and Course of Gastrie Irritation—In gastric
irritation there is a varying congestion of the organ dependent
on the presence of the food, so that there is not that normal
response on the part of the vessels to the stimulus of food
which is necessary for the continuance of normal digestion.
This varying congestion passes off as the stomach becomes
emptied or the irritant portions of the meal are expelled. In
the second place, there may be inereased irritability of the
nervous mechanism of the organ, which may show itself on
the side of increased secretion or of decreased motor activity,
both being induced by food. The inecreased activity produced
in this way is a feature of gastric irritation when developed.
The actual irritants, therefore, as it has already been fully
explained, are the food, the food accessories (especially aleohol,
tea, spices), and the increased acidity of the gastric contents
due to hydrochloric acid. There may be an increased secretion
of hydrochloric acid with a diminished motor activity; or
spasm of the organ may occur; in some cases there is a
deficient secretion of hydrochlorie acid.

Acute Gastric Irritation—Acute gastric irritation oceurs,
as previously explained (p. 65), simply as the result of large
meals or of irritating food. The symptoms in such a case
are a sense of fulness and discomfort oecurring two or three
hours after the meal, followed it may be by very acid eructa-
tions of small quantities of the stomach contents and of gas,
accompanied by nausea, and frequently terminating in the
ejection of the whole contents of the organ. Relief to the
symptoms is then obtained; but for some time the organ is
incapable of doing much work, so that for a period of twenty-
four hours there is loss of appetite, and some slight discomfort
beginning in half an hour or an hour after food and last-
ing about an hour; flatulence and nausea with occasional
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acld eructations may also be present. The irritated stomach
then recovers itself, and ordinary food can be taken without
discomfort. Actual pain may be felt in the stomach region,
the presence of pain depending on the degree of irritation and
on the condition of the nervous system, Pain, for example, is
a well-marked symptom in severe cases where high game or
tainted food causes gastric irritation, as well as in cases of
irritant poisoning.  Again, in individuals with an irritable
nervous system, pain in the epigastrinm 1s frequently a well-
marked symptom. In ordinary cases, however, when food and
food accessories cause acute gastric irrvitation, pain is not
infrequently absent.

Another result which may, in rave instances, follow the
ingestion of a large meal is acute dilatation of the organ,
practically a paralysis of the muscular coat (see Dilatation of
the Stomach, Chapter XIV.).

Physical Signs in Aeute Gastric Trritation.—During the time
that the irritant food remains in the organ, the stomach is in
some instances firmly contracted around it, in others it is
moderately dilated. The first condition is shown by a
prominence of the epigastric region; and on palpation, by
the sensation of a rounded mass with ill-defined edges.
Dilatation is shown by the pereussion note (tympanitic)
extending downwards towards the umbilicus and into the left
axillary region as high as the fourth rib. The upper region
of the abdomen is in these cases often flaceid, and splashing
of the stomach contents may be obtained on succussion. In
the majority of cases there is little or no deep tenderness
over the stomach region, but manipulation not infrequently
causes a slicht eructation of gas or of the stomach contents,
and it may even excite vomiting. A diffuse tenderness, of
varying degree, is observed only in those cases where the
irritation is great. In the period following the emptying of
the stomach, whether by vomiting or by passage of the contents
into the duodenum, the stomach may remain moderately dilated.

Symptoms not Referable to the Stomach.—Acute gastric
irritation produces a thickly coated tongue, yellow or white,
and a lingering, nasty and nauseous taste in the mouth. The
bowels are usually opened, and a loose, frequently copious
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motion is passed once or twice in the twenty-four hours.
There is a disinclination to exertion, mental or bodily, although
exercise commonly alleviates the symptoms. There is headache,
which is to be aseribed to the character and quantity of the
alcoholic drinks taken rather than to the food itself. The
complexion is pale, somewhat yellowish and “ washed out.”

These are the symptoms of what may be described as
a “food debauch” or a “bilious” attack, and they are of
importance as being explanatory of the exacerbations in chronic
gastric irritation which are so common. The repefition of
“ food debauches” is a frequent cause of chronic dyspepsia.

Chronic Gastriec Irritation.—In chronie gastric irrifation
there is prolonged functional disorder of the stomach, in which
there may be (and usually are) remissions of greater or less
duration, and in which there are commonly acute or subacute
exacerbations. The symptoms are referable to the food and
food accessories faken, and are divisible into three stages
according to the degree of irritation : the first stage may be
described as one of discomfort of digestion, and leads to the
second, in which the discomfort is more marked, and is associ-
ated with hyperacidity of the stomach contents and great
irritability of the organ. The third stage is one in which
the functions of the organ are diminished, although the signs
of irritation are not absent. The symptoms of these stages
overlap to a great extent; and, moreover, in each stage one or
more symptoms may obtain prominence and give quite a
special feature to the individual case. In the first stage, for
example, the symptoms of the gastric disturbance may be
slight, and the prominent symptoms be confined either to the
circulatory or to the nervous systems. In the second stage,
acid eructations and flatulence are the chief symptoms, although
atony of the muscular coat is a prominent sign in some cases,
while in the third stage, the symptoms of diminished func-
tional activity are shown in diminished secretion and in
dilatation of the organ, which may mask all the other
symptoms. It is, however, important to note that in each
individual case of gastric irritation, the features of the case
as shown in the symptoms maintain a certain type.

The symptoms of gastrie irritation, in whatever way it
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arises, may be divided into two classes, general and those
referable to the stomach. The latter are shown in a sense
of fulness, weight, and oppression after eating, in pain and
oppression in the chest and between the shoulders; and by
occasional flatulence and acid eructations. The more general
symptoms are those chiefly referable to the mnervous system
(Chapter VI.). They are headache, palpitation, drowsiness,
mental depression, sleeplessness, and the other symptoms
already deseribed.

The symptoms referable to the stomach always appear in
relation to food, coming on at various times after the meal,
and are usually most marked after the principal meal of the
day, or in the evening, when the stomach has had to cope with
at least three meals during the day.

The semse of fulness, weight, and oppression in the epi-
gastric region may come on directly after eating, but is often
delayed for half an hour, or for one or two hours; it may then
last four or five hours or until the next meal. Pain in the
chest and between the shoulders bears a similar relation to
the meal. The delay of most of the symptoms is ascribable
to the fact that the digesting food is most irritating to the
organ during the period of greatest acidity. In about half an
hour the amount of hydrochloric acid in the normal stomach
contents is appreciable, and the percentage then rises to a
maximum in two to four hours according to the size of the
meal, and then rapidly declines as the stomach is emptied.
In gastric irritation the secretion of acid is more rapid, and
the degree of acidity one hour after a meal may exceed the
normal. Part of the distress is aseribable to the continued
peristalsis of the organ necessary for digestion, and part
to the long delay of acid food in the organ. The symptoms
mentioned may, however, be observed in cases of hyperacidity
and rapid digestion; and the degree of acidity of the gastric
contents must be considered as their chief cause, It is notice-
able that whereas both the sense of pain and oppression in the
chest and the sensations in the epigastrium are described at
first by the patient as occurring after a meal, in prolonged
cases the relation to food is not observed owing to the fact
that the stomach is always irritated by the presence of food
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in a more or less digested condition, the organ m fact never
being empty even after a night’s rest from food in some cases.
Occasional flatulence is observed after a meal, or in the evening,
and sometimes the symptom has reference to special articles
of diet which disagree (viz. tea, carbohydrate food, ete.). Acid
eructations are sometimes complained of, but vomiting 1s very
occasional.

In the later stages of gastric irritation, the chief stomach
conditions present are hyperacidity of the contents due to
an excessive secretion of hydrochloric acid in the gastric
juice and a tendency to weakness of the muscular coat, leading
to dilatation of the organ. Although the symptoms preserve
the same type as those just described, they develop in certain
directions, viz. acid eructations with flatulence are more
frequent, vomiting is more frequent, the eating of food
becoming a source of fear to the patient. There is no
particular feature of the acid eructations; they occur, like the
pain and discomfort, in from half an hour to two hours after
a meal, and are due to a regurgitant action of the stomach
when the acid digesting food touches the cardia.

Flatulence may be excessive, and is apt to be greatest
towards the end of the day; at first coming on after a meal,
it soon apparently loses its relation to meals.

The character of the vomiting needs more particular men-
tion. The vomiting in this case is due to the presence of
irritating food in the organ, and is dependent on the condition
of the mnervous system. If there is great irritability of the
nerves of the stomach, whether as the result of long continued
gastric irritation, or of a general irritability of the nervous
system, such as occurs in “nervous” individuals and in some
an@mic subjects, in which a slight peripheral irritation
produces a great effect, vomifing is readily excited by the
presence of food in the stomach. In such cases vomiting
may occur after every meal, directly after the meal, but more
commonly it comes on in from one to two hours afterwards.
Patients suffering from gastric irritation are subject to such
attacks ; but they are only attacks, readily disappearing under
treatment. A not uncommon history is that the patient has
been the subject of indigestion of food for a long period—one,
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a time, but relief is soon obtained, as the patient has to under-
go treatment. Complete recovery is frequent, but on the
other hand, through neglect or other causes, permanent injury
may be done to the organ, whereby the digestion is always
« weak,” or a severe injury may result which requires months
of treatment to remedy. The stomach irritated in the manner
deseribed may become inflamed, catarrh being produced, or
its functions diminish in activity without inflammation occur-
ring. The first diminution is seen in the motor activity of the
organ, so that the delay of food is inereased and the organ
tends to dilate. This dilatation is only a moderate one, and
rapidly diminishes under treatment; it is frequently kept
up by an irregular and unsuitable diet. As an illustration
of this condition, the following case may be quoted:—A
woman, aged forty years, had suffered from attacks of indi-
gestion of food, “off and on,” for several years; she came
complaining of symptoms which had been present more or less
for one or two years. These consisted chiefly in pain and oppres-
sion in the chest after eating, coming on either directly or in one
hour after food. The appetite was bad, and the bowels were only
opened when an aperient was taken. Vomiting after every meal
had of late occurred, the vomit being deseribed as frothy, watery,
and sour. This was then a case of prolonged gastric irritation
which came under treatment during a subacute exacerbation.
On examination, no organic disease was discovered in any part
of the body, but the stomach was dilated. By percussion it
extended as far downwards as the umbilicus, to the right
nearly as far as the right nipple line, and in the left axillary
region as far upwards as the fifth rib: there was no tender-
ness over the stomach region. All the symptoms diminished
rapidly under treatment. In such cases dilatation of the organ
is more apt to occur between the ages of forty or fifty than
in young adult life, except where the gastrie irritation arises
in the course of chlorosis or during the convalescent stage
of acute febrile diseases; in these cases dilatation frequently
comes on very rapidly after the onset of the functional disorder
(see Grastric Insufficiency).

In the later stages of gastric irritation there may be ex-
treme dilatation of the stomach with the symptoms referable to
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that organ. In most such cases the secretion of gastric juice
1s insufficient. Their history shows that there has been a long
period of “ dyspepsia,” which has ended in the present condi-
tion ; the dyspepsia presenting the features described as
characteristic of gastric irrvitation. Besides the physical signs
of a dilated stomach (Chapter XIV.), the symptoms shown by
such patients are the following—tlatulence, pain, and vomiting.
The flatulence is often excessive. The pain is referred to the
stomach region, and is noticeable as not continuous, but coming
on at intervals. It is not related to a meal, but that it is due
to the presence of food, digested or partially digested, is
shown by the fact that it precedes vomiting, which relieves it.
Indeed, patients frequently excite vomiting in order to relieve
the pain. The vomiting is also not related to meals, but oceurs
at long intervals; once daily towards the evening, but more
frequently once every two or three days, when the large
accumulation of fluid and of partially digested food with a
little mucus is rejected by the stomach. In the intervals of
pain there is no tenderness in the stomach region, but during
the pain this symptom may be noticed. The vomit has
the characters of fluid from a dilated stomach (loe. edd.).
There is no hwematemesis or melena. Such patients are
greatly relieved by treatment, but there is permanent injury to
the organ, from which complete recovery is impossible. Per-
manent injury may be done to the organ without the case
progressing so far as we have just described. Gastrie irritation
of long duration may be relieved by treatment, but owing to
neglect of a proper regimen, the patient may always be
subject to a recurrence of the disorder. Such patients can,
however, by avoiding indiscretions in diet, lead a useful and
comfortable existence. This permanent effect of gastric irrita-
tion may be associated in middle age with a greater or less
degree of atrophy of the gastric glands.

There are other symptoms in gastrie irritation besides those
more directly referable to the stomach.

Appetite—In the early stages the appetite may be normal
or even increased, and may sometimes be described as voracious.
In cases of hyperacidity of the stomach contents due to hydro-
chloric acid, the appetite is not diminished. In prolonged
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cases of the disorder the appetite is apt to become capricious,
varying from time to time, and preserved only for dainty
articles of diet. Where there are evidences of greatly deficient
motor activity of the stomach, the appetite is almost invariably
diminished,

Mouth and Tongue—The tongue is frequently coated with
a white or yellow fur, especially in the mornings on waking.
It may, however, be clean, especially during the day. On
waking, too, there is constantly a nasty taste in the month,
which may contain a elammy mucus. The taste is nauseating,
sometimes bitter, and with the furred morning tongue, is no
doubt to be aseribed to eructations of irritating gas or liquid
from the stomach during the night. These symptoms mostly
occur in those who take late meals, which are very slowly
digested during sleep, or in those in which there is great delay
of food in the organ from whatever cause.

Salivation may occur, most frequently in cases of great
hyperacidity of the stomach contents, and in the subacute
exacerbations of gastric irritation ; it usually occurs after
meals, and during the period of distress in digestion. In pro-
longed cases, owing to the effeet on the general system, the
tongue may become pale and flabby, and tooth indented. In
some cases the sense of taste is diminished or even lost; a
symptom the origin of which it is difficult to explain. The
sense 1s usually recovered.

Powels—In some cases the bowels are regularly opened
each day. This is, however, not the rule; constipation usually
being present. The bowels are opened once in two or three
days, or may be opened only once a week. Apart from
the fact that, especially in women, constipation is a habit
which may be acquired by irregularity in going to the closet,
gastric irritation fends to produce constipation. This is very
evident in the subacute attacks which arise in the disorder.

Another condition of the howels which is not infrequently
present in the course of gastric irritation is an alternating
condition of constipation and diarrhcea. In well marked consti-
pation there may be diarrheea: the colon may contain a large
quantity of solid feces, which may cause slight diarrheea (the
passing of small liquid stools) by irritating the gut. In gastric
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irritation the condition is not always of this nature ; on one or
two days one or more liquid or semi-solid dark stools may be
passed, and on the following days there is constipation. It is
difficult to exactly determine in what conditions this alternating
diarrheea and constipation oceurs; but two of the conditions
are the continued eating of large meals consisting largely of
meat, and a sudden change of diet. The diarrhecea just con-
sidered has no direct relation to the eating of a meal. A
third condition of the bowels in gastric irritation is seen in
the onset of diarrheea directly or soon after a meal—* lienteric
diarrheea.”  There are many conditions other than gastric
irritation in which lienteric diarrheea may occur, some of
which have to do with indigestion of food in the small intes-
tine, while others are associated almost solely with disordered
innervation of the intestinal tract. DBut in certain cases of
gastric irritation, the food appears to be rapidly discharged from
the stomach and a rapid peristalsis of the intestinal tract is
initiated. That the lienteric diarrheea is to be aseribed to the
gastric irritation is shown by the fact that in the course of
the case it comes on in attacks lasting from one to three weeks,
and that it is relieved by treating the stomach condition. The
change seems primarily to be one of increased motor excit-
ability of the organ. Besides a meal, hot drinks will excite
the diarrhcea, which is shown in the passage of watery stools,
containing in many instances undigested food. It is observed
chiefly in children and women, but also in men ; and unassoci-
ated with gastric disorder, it complicates chronic febrile diseases,
e.q. pulmonary tuberculosis. The passing of a liquid stool directly
after a meal is soon succeeded by the passing of two or three
stools after meals; and in some of these later cases the patient
simply states that diarrheea is present, but does not directly
connect them with meals, unless questioned on the point.

Condition of the Urine—A small quantity of high-
coloured urine is not infrequently passed during and after a
subacute attack of gastric irritation. In the chronic disorder,
the chief changes that occur in the urine are a tendency to
alkalinity of the urine, a diminution in the quantity excreted
and an excessive excretion of phosphates.

Albuminuria only oceurs as a result of the ingestion of
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particular articles of diet, such as white of egg: albumosuria
may be found, more particularly when the organ is dilated.

Effect on General Nutrition.— Gastric irritation is not
associated with any particular build of body; it may occur
in the stout or the thin, in the well-nourished or in the badly-
nourished. In many cases of the disorder there appears to
be but little effect on the general condition of the body ;
the weight is maintained, and the strength; but a continuance
of the disorder leads to general effects which may be profound.
In the early stages, or even when gastric irritation is subacute
and in the second stage, there is usually no obvious wasting of
the body; but the face is paler than natural, and the bodily
strength diminishes. TIrritability of the muscles on tapping
(myotatic irritability) is frequently observed, especially in
individuals with an excitable nervous system. When, how-
ever, the gastric irritation has been much prolonged, more
especially as the patient approaches middle age, and in
women at the climacteric, there may be wasting. This is
particularly so when there is dilatation of the organ, associated
with the permanent defect in the digestive power which
has already been discussed. The loss of flesh has, how-
ever, some characteristics.  Although there may be some
permanent diminution of weight during the course of three
or four years, yet if the patient be weighed week by week his
weight will be found to fluctuate greatly, increasing when the
disorder is improved, decreasing on a recurrence of the
symptoms. Progressive wasting, dating from a known period,
oceurs in organic disease of the organ. It is the exception
even in the most prolonged cases of gastric irritation, and
when it occurs it is due to some other canse than the stomach
disorder.  Indeed, patients in whom a disordered gastric
digestion exists may actually gain in weight so as to become
obese, especially towards the middle period of life.

Course and Prognosis—The course of primary gastrie
irritation depends chiefly on the means adopted for its cure.
It is very amenable to medicinal and dietetic treatment, and
therefore the prognosis is good. But the usual course of gasfrie
irritation is shown in recurrent attacks of greater or less
severity, and these are almost solely due to the fact that after
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There are, however, many cases of gastric irritation, and
indeed of other disorders of the organ (gastric insufficiency),
in which certain symptoms attain such prominence as to
give a feature to the particular case. Such symptoms are
without exception referable to some change in the nervous
system, and are by some included under the terms nervous
dyspepsia and neuroses of the stomach. On the other
hand, in certain nervous conditions (hysteria, neurasthenia)
there are symptoms referable to the digestive organs, primarily
produced by the nervous condition itself, but induced by the
presence of food in the organ. The working of the nervous
mechanism of the stomach in its effects on its funetions is
only imperfectly understood, and as far as our knowledge
goes has already been discussed (p. 14). For the present pur-
pose it is sufficient to remember that the nervous mechanism
is an intricate one, and is partly local, but chiefly central, and
that not only the higher centres but the special sense centres
of sight and taste are connected with the nervous mechanism
of the organ. In gastric irritation, the irritability of the
nerves of the stomach is increased by the continued or inter-
mittent peripheral irritation. So that in one direction
gastric irrifation may lead to increased reflex effects starting
from the stomach, and excited by the presence of food itself
or of hyperacidity. Connected with this there is an inereased
excitability of the central nervous system in response to a peri-
pheral stimulus, which may be induced by the stomach condition
or by some disorder or disease elsewhere than in the stomach.
On the other hand, a disordered condition of the central nervous
system leads in some cases to gastric symptoms, which may
at first be purely nervous in origin, but which soon show the
evidence of gastric irritation: such cases occur in hysteria,
neurasthenia, and hypochondriasis, and in those conditions of
the nervous system induced by overwork, worry, and like causes,
or in the convalescent stage of acute diseases.

The nervous symptoms which may individually become
prominent have been fully discussed in the last chapter. Thus
headache, frontal, vertical, or occipital, with or without con-
stipation, may be the feature in one case, and vertigo in another.
Palpitation and flushing of the face, especially in women of
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2. Cases in which there is normal digestion, but there are
nervous symptoms either general or related to the stomach, eg.
eructatio and vomitus nervosa.

The first class of cases has already been fully considered
(Chapter VIIL.). The second class of cases occurs in those who are
the subject of the numerous manifestations of hysteria or neuras-
thenia. As regards the stomach symptoms Leube’s summary
may be taken as practically accurate, viz.,, that nervous dys-
pepsia occurs in young adults (chiefly females) above the age
of puberty, that the appetite varies, that there are numerous
gastric reflexes, and that while the proeess of digestion is good,
there are occasional attacks of wvomiting and acid risings,
There is no tumour, and the stomach is not usually dilated.
One important point of distinetion between such cases and
cases of gastrie irritation, chronic catarrh, and ulecer of the
stomach is that they do not readily yield to treatment directed
to relieve a stomach condition or to even general treatment.
They are commonly most intractable, as severe as those of
hysteria and neurasthenia, of which, indeed, they are local
manifestations.

Course and Prognosis—The course and prognosis of gastric
irritation when it presents itself in the forms of “nervous
dyspepsia” is widely different from that of simple irritation,
inasmuch as the stomach econdition is one of a series of
symptoms of more or less profound functional disorder of the
nervous system. Relapses are therefore common and much
permanent benefit is not, as a rule, to be expected, although
relief can be given to the most prominent symptoms.

Treatment.—This is twofold : a general tonic treatment,
both medicinal and hygienic (baths, exercise, massage— Chapter
XIL); and a local treatment to the stomach, consisting of seda-
tives (Chapter X.) to relieve irritability of the organ, and antacids
to relieve hyperacidity when present. The dietetic treatment is
to be prescribed on the same lines as those of simple gastric
irritation, but in the cases under consideration, much harm will
be done by reducing the diet too much or preseribing it on too
rigid lines, because such patients will not infrequently be found




NERVOUS DYSPEPSIA. 211

able to digest articles of diet, which would be irritating and
utterly unsuitable in cases of simple gastric irritation.

2. (FASTRIC INSUFFICIENCY.

The term “atonic dyspepsia,” although it includes muost,
does not include all the cases of gastric insufficiency.

Gastric insufficiency may be defined as a condition in which
the functions of the stomach are diminished. The chief functions
which are affected are the secretion of gastric juice and the motor
activity of the organ, so that there is not only a greatly dimin-
ished chemical action on the food, but there is a greater delay
of food in the organ than normal in the case of ordinary meals,
owing to the diminished motor activity. It has been frequently
explained in the previous chapters that gastric irritation may
lead to gastric insufficiency, the overworked or the irritated
organ at last showing a deficiency of funetion. In cases
classed as gastric insufficiency, the condition has been induced,
not by gastrie irritation, but either by the mode of life or the
age of the individual, or by the presence or antecedence of
some diseased condition other than of the stomach.

Etiology.—Gastric insufficiency is developed in consequence
of some general condition or disease of the body in which the
stomach shares in the almost universal diminution of activity
of the organs and tissues. Although the symptoms are directly
brought out by the presence of food in the organ, yet in the
cases under consideration, food and food accessories are not the
cause of the gastric condition. It is induced in some by the
character of occupation, by the mode of life, or by prolonged
mental disturbance. Thus it is not uncommon in those who
lead a sedentary life, with much mental work, especially if this
be combined with business or social worry. Indeed, worry and
the rush of modern life are responsible for a large number of
cases of indigestion of food due to gastric insufficiency. These
conditions, especially when associated with depressing surround-
ings and insufficient exercise, lead to a general depression of
the functions, not only of the nervous system, but also of the
other bodily functions. The appetite diminishes, the bowels
become constipated, and the stomach soon shows signs of
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deficient activity. These causes act chiefly towards the
middle period of life, and both in men and women, but more
especially in men on account of the greater amount of mental
and responsible work done. Indeed, from middle age and
onwards during the period of old age, the functions of the
gastro-intestinal tract are in the majority of instances less vigor-
ous than in youth ; it is the time of life when the daily amount
of food required diminishes, and gastric insufficiency developing
more or less suddenly, may show itself at this period for the
first time. In these cases, excess of tood or unsuitable food may
be the actual agent in aggravating the insufficiency and bringing
it to the notice of the patient. In women between forty-five
and fifty years of age, at the onset of the climacterie, gastric
insufficiency is frequently observed, and lasts in many instances
until the disturbances of the menopause (uterine, nervous, and
carcdiac) ave past, it may be during a period of two or three years.
In prolonged lactation it frequently arises. In young adults,
whether male or female, gastric insufficiency is commonly due
to some recognisable morbid condition of the body. This
functional disorder may be manifested early in life when in-
herited ; for, although a difficult matter to correctly estimate,
there is some evidence that a “ weak ” digestion may be trans-
mitted from parents to offspring.

The general conditions of the body which may with other
etiological factors induce gastric insufficiency are divisible
into two classes: (1) non-febrile debilitating conditions or
diseases, and (2) febrile conditions and diseases.

1. Non-febrile Conditions.— Gastric insufficiency is fre-
quently noticed in cases where there are repeated losses of
blood over a long period. Such h@morrhage oceurs from
haemorrhoids from which there may be frequent losses of blood
for a long time: also in cases of profuse menorrhagia and
metrorrhagia,commonlyinduced by fibroid tumours of the uterus.
Repeated hemorrhages from malignant growths, whether intes-
tinal or external, also tend to induce gastric insufficiency.
Prolonged suppuration, whether tubercular or syphilitie, as,
for example, from bone disease, is a not uncommon cause. In
hemorrhage from a non-malignant disease, the condition of
anemia produced is no doubt responsible for the deficient
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treated, may last a considerable time. This tendency to
dilatation is a feature of these cases.

After most febrile diseases, gastric insufficiency may be
observed, and last a variable time. After typhoid fever, it
is perhaps most common, and after scarlet fever; but it is
also observed after rheunmatic fever and measles, and in the
course of malaria. Gastric insufficiency occurring in chronic
pulmonary tuberculosis is partly to be aseribed to the chronie
febrile condition present, but also to the ansemia produced.

In most of the conditions above considered, it is evident
that the gastric insufficiency is of temporary duration, being
induced by some disease which has already passed away, or
which is remediable by treatment. Some of the conditions,
eg. malignant disease, are incurable. But gastric insufficiency
is sometimes associated with atrophy of the glandular and
other structures of the stomach to a greater or less extent, so
that it becomes a very grave disease (see Atrophy, p. 280).
The majority of these cases occur beyond middle age, and are
as a rule unrecognised during life. There are thus two classes
of cases which may be called gastrie insufficiency. In one, the
condition is temporary, the original cause being remediable by
treatment ; in the other, the condition is permanent, being due
to organic changes in the walls of the stomach, as in some
cases of catarrh and in cases of atrophy and cancer of the
stomach. It is not uncommon that in individual cases of
primary gastric insufficiency, gastric irritation and gastric
catarrh are induced by the action of the food as an irritant.
Indeed, in such cases gastric irritation or catarrh is the natural
sequence of the repetition of meals which the stomach cannot
digest or manipulate.

Symptoms—In gastric insufficiency, in response to the
stimulus of food there is deficient secretion of the gastric juice
(both acid and pepsin), and a deficient motor activity ; and
although Dboth these functions may be fairly active up to a
certain period of the digestion, they tend to cease bhefore
digestion is complete. There is therefore great delay of food
in the organ. The repeated effect of unsuitable meals increases
the deficiency of the organ, especially as regards its motor
activity ; dilatation therefore results. Lastly, the remains of
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the food in the organ ave apt to undergo bacterial decomposition,
especially if the orean is dilated (Chapters II1. and XIV.). The
symptoms referable to the stomach are chiefly associated with
delay of food in the organ. After an ordinary meal there is
a sense of weight and fulness in the epigastrium, such as has
been deseribed as occurring after gastrie irritation. In gastric
insufficiency, however, it is the mere presence of the food in
the organ which causes the distress, so that these symptoms
appear almost directly after a meal, and are not usually delayed
for one or two hours, as in cases of gastric irritation. With
the sense of epigastric fulness there may be an oppression
of the chest, which sometimes gives rise to actual dyspncea,
especially on exertion. These symptoms as a rule last the
whole time the food is in the stomach, commencing after a
meal and lasting for two or three hours, or until the next
meal, which gives no relief to the symptoms, as in cases of
gastric Irritation due to hyperacidity, but actually aggravates
them. Flatulence is a constant symptom, and in the majority
of cases it is not the flatulence of bacterial decomposition, but
is due to an increased formation of the gases produced during
normal digestion, or is due to regurgitation from the small
intestine (p. 161). On the other hand, the flatulence may
be due to bacterial decomposition of the food, chiefly, however,
when the stomach is dilated.

Acid risings are as a rule absent. Towards the end of the
period of digestion they may oceur in gastrie insufiiciency, but
they are not of that burning character they possess in gastric
irritation. When acid eructations occur in the course of
gastric insufficiency they are due to the onset of gastric irrita-
tion, induced by the constant presence in the organ of undigested
or slowly digesting food, or they are due to an irritability of
the organ induced by the general condition of the body.
Vomiting is not a symptom of gastric insufficiency. Such
patients may vomit, but this is as a rule due to some definite
and ascertainable cause, such as the partaking of a particularly
indigestible meal.

The reflex symptoms attributable to the indigestion of
food in cases of gastric insufficiency are very numerous. 1t is
in many cases difficult to ascribe their origin to the gastric
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condition, inasmuch as the general conditions of the body
associated with gastric insufficiency, also play a part in their
production. The reflex symptoms are chiefly referable to an
effect on the nervous system (Chapter VIL). The diseases and
conditions, however, discussed under the heading of etiology
also produce nervous symptoms, and gastric reflexes are aggra-
vated by the pathological condition present in these diseases.
Thus the condition of the nervous system induced by overwork,
worry ete., by chlorosis and anwemia generally, and in the
convalescent stage of acute diseases itself, aggravates and
exaggerates the reflex symptoms of gastric insufficiency.
Moreover, these gastric reflexes are associated with symptoms
produced by the nervous condition. It is to be noted, how-
ever, that the reflex effects ascribable to gastric insufficiency are
related in point of time with the slow process of digestion in the
stomach. This is especially so with the pain in the front of
the chest, the pain between the shoulders, and that “ below the
heart,” which is frequently directly associated with flatulence,
or the presence of a large amount of gas in the stomach. Pain
may be felt in other situations in various parts of the chest,
chiefly in the lower axilla (commonly in chlorosis); in the head,
due to constipation, or to a general condition of the nervous sys-
tem; in the abdomen, due mainly to constipation. Drowsiness
after meals is a common symptom (Chapter VIL.), also sleepless-
ness (foc. cit.), both of which have been already fully discussed.
A feeling of lassitude, disinelination for exertion, is frequent,
as well as mental inaptitude, apathy, and a melancholy view
of life. These mental effects are, however, due chiefly to
the general condition or disease producing the functional
disorder and mnot to the gastric insufficiency itself. This
aggravates the symptoms but does not produce them.

The face frequently shows the general condition associated
with gastric insufficiency ; it is often pale, perhaps anxious-
looking, but not expressive of pain. The complexion is fre-
quently “muddy.” In chlorosis and other forms of anwemia,
and in chronic Bright's disease, the face shows the character-
istics of the particular disease ; in chlorosis, the greenish-yellow
tint; in chronic Bright's disease, the opaque pallor of the face,
with baggy lower eyelids. The appetite is always diminished.
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The fongue is commonly broad, pale, flabby, and tooth-
indented, the tongue not only of anmmia but of anemia-
producing diseases or of individuals simply “run down.” It
may be coated with a light fur, but is not infrequently clean.
Thick coating of the tongue is not a sign of gastric insufficiency,
and when present may be due either to gastric irritation or
catarrh, chronic tonsillitis and pharyngitis, or to fever. Enlarge-
ment of the tonsils is not infrequently present in cases of gastrie
nsufficiency, especially when occurring in children near
puberty, who show slight signs of gastric disturbance and
constipation, with pallor and lassitude.

The bowels are usually constipated. Constipation is the
rule in gastric insufficiency, and is no doubt for the most
part due to deficient motor activify of the intestines. The
bowels are opened once in two or three days, or only once
a week in women, or even once a fortnight. As in the
case of castric irritation, constipation may alternate with
looseness of the bowels. But in this case, the looseness does
not mean that the colon is emptied, but it is due to the irrita-
tion of the scybala in the gut; so that such cases are best
remedied by aperients. Diarrhcea may be present in gastric
insufficiency, when due to a special cause, as in chronic
pulmonary tuberculosis and in the convalescence of typhoid
fever ; it is, however, not a symptom of the stomach disorder.

The pulse is weak, it is not very frequent, although the fre-
quency may be readily inereased on exertion or on any sudden
emotion. It is regular and compressible. The diminution of
arterial tension is due to the general condition, and may be
quite unassociated with any organic cardiac disease. On the
other hand, the pulse may be characteristic of the general
disease, as the high-tensioned pulse of chronic Bright’s disease.

Effecct on the General Nutrition—It is difficult in most
cases to gauge the effect of gastric insufficiency on the general
nutrition of the body, inasmuch as the stomach condition is
only a part, and frequently a small part, of a disorder or
disease of another part of the body. If the stomach disorder
is well marked, owing to the insufficient quantity of food which
the patient assimilates, wasting occurs ; and even when not well
marked there can be little doubt that gastric insufficiency in-
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creases the loss of weight which is produced by the general disease.
This is not uncommonly seen in cases of chronic pulmonary
tuberculosis in which the disease is progressive and the emacia-
tion is progressing, while there are the symptoms of inability to
digest the food. By dietetic and by medicinal treatment the
stomach condition improves, and frequently an observable
change occurs in the general nutrition. Chlorosis, again, is a
disease which, when existing by itself, does not lead to wasting,
owing, as in other forms of anmia, to the diminished
amount of oxygen carried to the tissues; yet if there is well-
marked indigestion of food, either gastric irritation or gastrie
insufficiency, some wasting may be observed. Here, again, as in
chronic pulmonary tuberculosis, a great improvement is
observed by relieving the gastric symptoms and thus enabling
more food to be digested. In gastric insufficiency induced by
the mode of life, there is some degree of wasting due as much
to the condition of the nervous system as to that of the
stomach. Some of the most intractable cases are, however,
those that arise during the convalescent stage of acute febrile
diseases, or in the course of a chronic febrile disease, such as
chronic pulmonary tuberculosis. Thus after typhoid fever
the stomach disorder may last a long period—months—during
which time the patient does not regain his weight and remains
in a weak condition. After a slight attack of malaria or of
“low fever,” gastric insufficiency may be very intractable,
owing chiefly to irregularities in diet and want of care in
regulating the mode of life. It may be said generally that
temporary gastric insufficiency does not commonly cause any
great degree of emaciation, although it is an aid to the primary
disease in producing loss of weight.

Permanent gastric insufficiency is, however, associated with
great emaciation. These are cases where there is degeneration
of the glands of the stomach (p. 214), and are discussed under
the headings of gastritis (Chapter VIIL), of atrophy (Chapter
IX. p. 280), and of cancer (Chapter XVT).

Couwrse and Prognosis of the Disorder—The castric insuffi-
ciency of old age and of those who have inherited a weak
digestion is a more or less permanent condition, the effects of
which, however, are held in check by the use of a proper diet







CHAPTER VIIIL

MECHANICAL AND ACTIVE CONGESTION OF THE
STOMACH—GASTRITIS—GASTRIC CATARRH.

IN the previous chapters, indigestion of food has been treated
as a purely functional disease, due either to the food taken
and the abnormal changes it undergoes, or to variations in the
functions of the organ (secretion and motor activity) from the
physiological standard of the individual. Indications have
been given to show that these functional changes may be associ-
ated with anatomical changes both in the glandular and
musecular structures of the organ; and a closer study of these
changes is now necessary.

The secretion of the gastric juice depends, as has been
shown, on a very delicate mechanism. It may be repeated
that in this process the pylorie portion of the stomach differs
from the cardiac, inasmuch as, althongh it secretes pepsin, it
does not secrete hydrochloric acid, the secretion of both
substances being the function of the cardiac region. A con-
tinuance of the secretion during nearly the whole period of
digestion is of prime importance in normal digestion, and
depends not solely on the anatomical integrity of the secretory
glands, but on a continuous blood supply and on the nervous
mechanism. It is quite clear from this how important slight
anatomical changes in the glands may be in disease, especially
when associated with any variation in the amount of blood
supply during the time the food is in the stomach, and any
changes in innervation. Something has already been said
regarding the irresponsiveness of the stomach to stimulus in
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|'1. Simple, ocemrring in certain infective disorders,
| or due to disorders of diet.
Acute gastritis, 4 2, Toaie, gastritis toxica, due to poisons.
13. Infective, gastritis mycotica, due to bacterial in-
fection.

Chronde gastritis {Occurring as a sequel of the acute stage, or chronie
or eatarrh. | from the first.

The gastritis occurring as the result of the invasion of
bacteria is a special variety which will be treated separately,
under the heading of Bacterial Infection of the Stomach,
Grastritis Mycotica (Chapter IX.). Toxic gastritis is also a
special condition differing from that oceurring as the result of
irritant food or in infective disorders (Chapter IX.). The
castritis of the last two varieties is best termed gastric
catarrh, acute and chronie.

Eriorocy.

In many individual cases of disease, the various patho-
logical factors which end in producing catarrh of the stomach
cannot be determined with accuracy, but in nearly all cases
the principal etiological condition ending in catarrh is usunally
evident. '

As a pathological factor in the production of catarrh,
irritation stands first. Such irritation is shown in its most
advanced form in irritant poisoning by the substances
previously mentioned; in its milder forms, the irritation is
produced by a variety of causes. In these last forms food
has been shown to act as an irritant, not only from its
bulk, but from its chemical composition and from its being
mixed with an excess of food accessories. The abuse of food
accessories is responsible for a large number of cases of eatarrh
of the stomach, both acute and chronic. Teetotallers are,
however, by no means exempt from the disease. Food is not
an irritant which in most instances aets in a short time, but
the prolonged breach of dietetic rules leads to irritation of the
organ.

In the second place, an increased acidity of the gastric
contents acts as an irritant to the mucous membrane. This
increased acidity is of three kinds, as has been shown (Chapter
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1. As a sequence of funectional disturbance of greater or
longer duration. It is chiefly in gastric irritation that catarrh
follows functional disorder, and for reasons many times
explained in the previous chapters. In gastric irrvitation in
its severe forms, the irritation is not only that of the food and
food accessories, but that of hyperacidity of the stomach
contents due to hydrochloric acid, and of a long-standing
hyperacidity.  This condition frequently leads to eatarrh,
chiefly chronic, and may end in a permanent injury to the
organ, due to inflammatory changes in the mucous membrane.
Acute catarrh may also arise in this way, but there is usually
a special reason for its incidence, eg. some particular in-
discretion in diet.  Catarrh may follow gastric insuffi-
ciency. It was seen that gastric irritation may be added to
castric insufficiency owing to dietetic irregularities; catarrh
may also follow in this way. In gastric insufficiency, how-
ever, the production of chronic catarrh is not associated with
hyperacidity due to hydrochlorie acid, but is largely dependent
on the delay of food in the stomach, and, when dilatation is
present, with bacterial fermentation of the food, which ends
in the formation of irritating organic acids (see Dilatation of
the Stomach, Chapter XIV.). Catarrh does not so frequently
follow gastric insufficiency as it does gastric irritation. In
both cases its development is an important feature, since it
may lead to serious anatomical changes in the organ.

2. Inflammation, whether acute or chronic, does mnot
depend altogether on the strength of the irritant; it may be
predisposed to by a condition of the organ, brought about by
a local or general disease. Thus acute gastric catarth may
be observed in tuberculosis, scarlet fever, measles, rickets,
py@mia, and septic diseases (puerperal fever, ete.); in pneumonia,
typhoid fever, malaria, and in cholera. It is, however, in the
convalescent stage of acute diseases that catarrh of the stomach
is likely to arise, and usually in a chronic form. Patients,
indeed, often date their stomach trouble from some acute ill-
ness they have had. In the convalescent stage, as has been
shown, the stomach is recovering from the state of functional
insufficiency which is present during the acute febrile stage of
the illness. Irregularities of diet in the convalescent stage,
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while they may produce only the symptoms of gastric insuffi-
ciency, may also lead to gastric irritation and gastric catarrh,
Besides this, there appears to be a predisposition to inflamma-
tion of the stomach in some of the diseases named, although
anything very definite cannot be said on this point. In
100 stomachs examined by Wilson Fox! acute or chronic
catarrh was found in 57. Thirty-three of these occurred in
febrile or septic diseases, 12 of which were tuberculosis of the
lungs, the others being pneumonia, septic diseases, abscess,
cholera, and typhoid fever. The other 24 cases were chronic
and non-febrile diseases: cardiac disease, with or without
bronehitis, chronic Bright’s disease, hernia, diabetes, cirrhosis
of the liver, delirium tremens, alcoholism. These results
show how frequent catarrh of the stomach is; but it cannot
be said that they necessarily show any special connection
between the particular diseases and the inflammatory con-
dition of the stomach. Some of the diseases, inasmuch as
they produce anwmia and a general state of malnutrition, may
predispose to gastric catarrh, viz. chronic Bright's disease and
chronic pulmonary tuberculosis. Cardiac disease and cirrhosis
of the liver may more directly predispose to catarrh, since
they lead to mechanical congestion of the organ (see p. 229).
It may be said, therefore, that while arising in some chronic
diseases, catarrh is frequently associated with acute febrile
diseases, arising during the acute stage or more frequently
during the stage of convalescence. As regards gout, the
gastric irritation so often present in this disease frequently
proceeds to catarrh, and the stomach condition is aggravated
by the general condition of the body, perhaps by the excess
of urie aeid.

Catarrh is a frequent accompaniment of other organic
diseases of the stomach. The injury of the mucous membrane
produced by irritant poisons leads to a prolonged inflammation of
the organ in cases of recovery from the poison (Chapter IX.). In
chronie ulcer of the stomach, and more especially in carcinoma,
catarrh mayarise. In both conditions there is a mechanical injury
to the organ produced by disease, hampering its movements,
altering its natural secretion. This local injury no doubt

1 Reynold’s ““ System of Medicine,” vol. ii. p. 890.
15
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leads to variations in the normal blood supply in response to
the stimulus of food, and to local inflammatory changes around
the injured spot, whether a simple ulcer or a carcinomatous.
Irritation of such an injured organ is . therefore likely to set
up inflammation, which in the case of the stomach is prolonged
since the irritation is continued. In ulecer of the stomach
gastric irritation is a common symptom, and is seen in its
most marked forms ; the irritation is due partly to the presence
of the sensitive uleer, and partly to the hyperacidity of the
stomach contents due to excessive secretion of hydrochlorie acid
(see Chapter 1IL; and Uleer, Chapter XV.). Catarrh, however,
is not frequently present in the early stages of ulcer, although in
the late stages it may be well marked. In carcinoma ventriculi,
besides the presence of the growth, there is an irritating dis-
charge from the ulecerated surface, and in cases of pyloric obstruc-
tion a dilatation of the organ, in which bacterial fermentation of
the food occurs, and in which the mucous membrane is exposed
for long periods to the irritating action of an excess of organie
acids. Catarrh, therefore, is a frequent accompaniment of carei-
noma ventriculi.

Lastly, irritation of the stomach leading to congestion and
catarrh may ensue from pressure on the organ from without,
and by surrounding inflammation. Examples of pressure occur
in abdominal new growths near the organ, some of which press
upon the organ near the pylorus; of surrounding inflammation,
in general peritonitis and in chronie tubercular peritonitis.

It is evident from a consideration of its etiology, that
catarrh of the stomach is a disease not closely related to the
age, sex, or temperament of the individual. Both in its acute
and chronic forms it may be met with in children and in
adults, in men and in women. Climate and race have no
influence in the production of the disease, except in so far as
the mode of life and the diet are such as to produce inflamma-
tion of the stomach.
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stomach ; pathological conditions not observed post-mortem
had to be deduced from the symptoms the patient experienced
during life, with the result of the development of many
erroneous ideas regarding the organ.

Post-mortem Softening of the Stomach (Auto-digestion, Gastro-
malacia)—This occurs when at death the stomach contains
food in the process of digestion, and is due chiefly to the action
of the gastric juice on the dead or dying fissue. It occurs at
varying intervals after death and is accelerated by a high
external temperature, and to some extent by the cause of
death, since in cerebral disease (tumour and meningitis) it
appears to begin even before the final evidences of death are
manifest.

The appearances met with are very characteristic. They
consist chiefly of softening of the walls of the organ with
transudation of the hesemoglobin in the blood vessels and ifs
transformation into heematin.  The mucous membrane, especi-
ally at the cardiac end, is softened and destroyed over a greater
or less area, and the whole of it may be lost. Sometimes the
loss of substance occurs in small areas not larger than two or
three millimeters in diameter, as if the auto-digestion had
occeurred chiefly in the small depressions into which the gastric
glands open. These areas are seen only at the cardiac end of
the organ. The softening process may extend through all the
coats, causing a rugged rupture of the organ and an ex-
trusion of its contents into the peritoneal cavity, and the part
of the diaphragm opposite the rupture may also be softened
and digested. The discoloration of the mucous membrane
due to the solution of the hiemoglobin and its transudation
presents very characteristic appearances. Along the ruge,
and especially at the cardiac end, there are dark-red or black-
red lines which show the parts where the h@moglobin has
been most affected by the acid contents of the organ.
Frequently, too, the vessels are mapped out by a surrounding
dark-red area, which is very characteristic of post-mortem
softening,

In the latter stages putrefactive decomposition is added to
the changes induced by the gastric juice.
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heematemesis, and shortly before death rapidly advancing
ascites. The liver presented the usual features of cirrhosis,
the disease being very advanced ; the spleen was enlarged, and
showed the results of mechanical congestion. The stomach
was moderately dilated, and contained a thick, dark, grumous
liquid, the remains of food mixed with altered blood. One of
the features of the naked-eye appearance of the mucous mem-
brane was pigmentation of the whole of the pyloric region,
oceurring in dots over small areas from one to two lines in
diameter, and regularly distributed. No areas of pigmentation

Fig, 1i.—Microscopical appearances of the specimen represented in Fig. 18. From a photo-
graph, = 75, The figure shows that the erosions were quite superficial, being limited to the
mueosi. The appearances are very similar to those cccnrring in auto-digestion of the
mucons membrane of the stomach. From a preparation hardened in Miiller's flnid, and
stained with log wood.

were observed in the cardiac region. The pyloric region was
otherwise pale, but the cardiac region showed areas of patchy
congestion of a dull red colour. A second feature of the
naked-eye appearances was the presence chiefly in the mucous
membrane of the cardia, but also in that near the pylorus
(the middle region of the organ being more or less free) of
numerous small pits or erosions of the membrane, not so deep as
the submucous tissue (Fig. 18). In many of these pits, which
were irregular in shape, and varied between one and two lines in
diameter a small, red blood clot was visible, showing the origin
of the heemorrhage during life. Mieroscopically, these erosions
were seen to be pits in the mucous membrane, due to a super-
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distended, and surrounding them and infiltrating the tissues
around are numerous leucocytes which have escaped from the
blood vessels. The interstitial fluid is also increased. The
leucocytes are increased up to the basement membrane on
which the epithelial cells rest. These changes are the results
of the first stage of inflammation, in which there is congestion,
exudation of lymph, and migration of leucocytes. The effect of

and tetany. From o photograph, x 125, The mucous membrane is gseen to be covered by
strands of mucus, which enclose the epithelial eells : many of these are goblet cells. On
the right of the figunre and above, there is a large collection of lencocytes, partly near the
gurface of the mneous membrane and partly in the mucns covering this. From a prepara-
tion hardened in csmic acid and stained with logwood.

these changes are shown on the epithelial cells forming a
covering for the mucous membrane, and on the cells lining the
elands situated in the submucous tissue. The epithelial cells
lining the membrane show an increase of the goblet cells
which produce mucus and are normally present in small
numbers. The increased seeretion of mucus accumulates on the
surface as round droplets or strings until it is removed (Fig. 20).
This muecous secretion contains cells which at first are the
epithelial cells with some leucocytes. As the process goes
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on the number of leucocytes (pus-cells) in the mucus
increases. The cells lining the glands situated in the sub-
mucous tissues also undergo a varied transformation; they
swell up so as in many cases to fill the lumen of the gland,
their nuclei become indistinet, and in them are seen numerous
droplets which coalesce and are finally extruded from the cell

FiG. 21.—Superficial eatarrhal inflaimmation of a bronchng: x 120, a, ciliated epithelial cells;
iy, deapor cell-layer ; b, goblet-cells ; o, o, cells showing advanced mueoid formation ; d,
muecons eells with mueoid nuelens ; o, mucaid eells, cast off from mucons membrane ; e,
cast-off ciliated eells: £, and fj, mucons exudation on surface containing pus corpuseles ;
g, opening of & gland full of muens ; &, shed epithelinm of gland ; 4, epithelinm still intact ;
k, swollen basement membrane ; I, interstitial tissue of the mucons membrane ; m, dilated
blood vessels; n, glands foll of muens; my, glands withont mueus; o, lencocytes in the
epithelial layer; p, small-celled infiltration of the interstitial tissue of the glands.
{Ziegler.)!

as mucus. The extent to which the glands are affected varies
with the degrees of inflammation, and normal glands may be
seen in the same specimen side by side with those extensively
changed in the manner described (Fig. 21).

! Ziegler, “ Lehrbuch der Pathol. Anatomie,” 5th ed., vol. i. Fig. 84.
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As the process extends there is more and more mucoid
degeneration of the epithelial cells on the surface, and
eventually the eylindrical epithelial cells may be in greater
part shed, leaving only the round cells at their base. ~When
this has happened, the secretion of mucus diminishes, and
there is an increased exudation of leucocytes, so that the
secretion of the mucous membrane becomes more purulent.

In the process of recovery from this inflammation, the
congestion diminishes, the leucocytes disappear, the epithelium
of the membrane, as well as that of the glands, is regener-
ated, while the secretion becomes less and less purulent, and
more mucoid, and diminishes until it is normal in amount.

During an acute inflammation of a mucous membrane,
therefore, an acute catarrh, as it is called, the secretion is in
the early stage watery and contains a large quantity of
albumin, it then becomes mucoid and muco-purulent, and at
the height of the process chiefly purulent, with a little'mucus ;
during recovery the pus diminishes, and mueus takes its place.

All the changes in a catarrh are well seen in the nasal
and the bronchial mucous membrane. In the latter case,
there are in many cases only the signs of bronchial irritation
with excessive secretion of mueus; in other cases there is
definite catarrh, with very slight expectoration, occasionally
muco-purulent ; and finally acute and chronie bronchitis, the
former going through the phases just described as characteristic
of acute catarrhal inflammation. The great difference, how-
ever, between the effects of a catarrh of the bronchial tubes
and those of the gastric mucous membrane is that the latter is
composed chiefly of glands, whose secretion is a necessity for
digestion, the absence of this secretion being a source of severe
symptoms.  Catarrh of mucous membrane increases the
activity of the mucin-forming cells, but it diminishes the
secreting activity of the cells of the gastric glands. This it
does partly by the condition of congestion, for active congestion
of a part means stasis of the circulation of the blood, and
therefore, in such a case, there is not that constant and
increased supply of blood to the mucous membrane which is a
necessity for the eontinued secretion of the gastric juice. But
there i1s another condition which is more serious ; the glandular
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His words may be quoted in full ' :—

“ There are sometimes formed in the internal coat of the
stomach eruptions or deep red pimples, not numerous, but dis-
tributed here and there upon the villous membrane, rising
above the surface of the mucous coat. These are at first sharp-
pointed and red, but frequently become filled with white
purulent matter. At other times irregular circumscribed red
patches, varying in size and extent from half an inch to an
inch and a half in circumference are found on the internal
coat. These appear to be the effect of congestion of the
minute blood vessels of the stomach. There are also seen at
times small aphthous crusts in connection with these red
patches. Abrasion of the living membrane, like the rolling up
of the muecous coat into small shreds or strings, leaving the
papille bare for an indefinite space, is not an uncommon
appearance. These diseased appearances, when very slight, do
not always affect essentially the gastric apparatus; when
considerable and particularly when there are corresponding
symptoms of disease, as dryness of the mouth, thirst, accelerated
pulse, ete., no gastric juice can be extracted.” Beaumont de-
scribes the secretion from such a stomach in the following
words :—* The gastric fluids extracted were mixed with a large
proportion of thick ropy muecus, and considerable muco-
purulent matter slightly tinged with blood, resembling the dis-
charge from the bowels in some cases of chronie dysentery.”
There is no doubt from the deseription that the appearances
were due to an acute catarrh of the stomach ; they give a vivid
picture which ought to be fixed in the mind of every practi-
tioner who has to treat a case of acute gastrie catarrh.

2. Chronie Catarrh of the Stomach—Chronic Gastritis—A
chronic catarrh is either a result of a definite acute attack,
or it may be chronic from the first, although in this case it
is probable that the early acute stages were slight and over-
looked or consisted only in irritation of the stomach. The
features of a chronic catarrh are chiefly two in number :

1. There is a continuous and excessive secretion of mucus.

2. There is more or less degeneration in one or more
forms of the proper gland tissue of the mucous membrane.

1 Op. cit.
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in others, that it is dead yellow in colour, soft and friable ; it
is usually thickened, but is sometimes thinner than normal,
and does not show any signs of auto-digestion.  Frequently,
however, no morbid change can be seen with the naked eye,
the condition being only discovered by means of the microseope.
The stomach may or may not be dilated, in some cases being
smaller than normal (as in cases of advanced cirrhosis of the
organ, holding only 160 ce. of water), in others being greatly
dilated and capable of holding more than 2000 ce. of water.

The surface of the mucous membrane in a few cases shows
other obvious gross changes. Over the pyloric area, it may be
raised into small irregular projections, described by Louis
(1826) and called by him état mamellonné; in other parts
small cysts may be found, and a few areas may be seen,
yellowish in colour and soft, which mark the parts where
there is fatty degeneration of the glands. Superficial erosions
are sometimes seen, as well as the smooth sears with no
puckering, which they leave on healing.

Fibrosis of the Mucous Membrane— Cirrhosis and EBtat
Mamellonné.—Fibrosis of the mucous membrane is to a greater
or less extent present in most cases of chronic degeneration of
the mucous membrane secondary fo inflammation. Those
cases in which the change is so great as to be the most pro-
minent condition are called cirrhosis, the pathological change
being in all essential particulars similar to that in cirrhosis of
the liver (Chapter XIV. p. 392).

The extent to which the mucous membrane undergoes
fibrosis varies greatly ; in advanced cases the whole extent is
involved as well as the other coats of the organ. These
advanced cases of cirrhosis are rare (loc. eit.). In other cases,
there is a lesser degree of fibrosis throughout the whole or the
greater part of the mucous membrane, as well as in the sub-
mucous coat, the muscular tissue not being involved. In still
others, the fibrosis is limited to certain areas, most commonly at
the pylorie portion of the organ (as in the dtat mamellonné), but
also in the mucous membrane of the cardiac region. These
variations in the degree of fibrosis are of some importance, the
lesser degrees being much more common than the advanced.

The microscopical appearances show that in the early stage
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there is a small-celled infiltration between the glands, well-
marked near the surface of the mucous membrane which is
denuded of epithelium (Fig. 26). In the later stages, the
small-celled infiltration in part becomes fibrous tissue, which in
contracting presses upon the glands. The glands atrophy, and
either disappear completely or form cysts which are lined by
flattened epithelial cells or contain granular débris. There may
therefore be parts of the mucous membrane in which no glands
are seen, or only the remains of the glands, or cysts (Figs.
232 and 27).

Fia. 22 —Cysat formation in the mucous membrane of the stomach. From a photograph, x 75
The specimen was taken from a female of middle age who died of pneumonia. Many parts
of the muecous membrane wers normal, but at the part shown in the figure, there was
fibrosiz with dilatation of the alveoli, resnlting in the formation of cyats. The contents of
the cysts were the degenerating cells of the glands: the submucous cont was thickened.
From a preparation hardensd in Miiller's Anid and stained with logwood.

The fibroid change may affect the muscularis mucos:e,
causing it to be greatly thickened, as well as the submucous
tissue. The muscular coat is not infiltrated.

Two conditions may be treated separately as connected
with this fibrosis of the gastric mucous membrane, viz. élaf
meamellonné and the fibrosis that occurs in carcinoma ventriculi.

Etat Mamellonné (Polyposis Ventriculi) (Fig. 23)—This is
a condition which is not very common, but has not infrequently
been noted as a sequence not only of chronic inflammation of
the mucous membrane of various origin, but of direct injury
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such as that produced by irritants and corrosives, ending in
chronic inflammation. The pyloric portion of the stomach is

most commonly affected, and presents varying appearances.
One part of the mucous membrane may be quite mnormal,
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Fia. EE.—h.&t-rnphr of the mucous membrane of the stomach with polyposis. a, mucous
membrane, normal in appearance ; b, smooth and atrophied mu . i
e i by P cous membrane ; ¢, polypi.

a.n'd adjoining it_ an area may be seen which is smooth,
thin, and atrophied, while at another part there are either

tuugh bands along the mucous membrane or projections
“papille or polypi,” varying in diameter from one to two
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lines to a quarter or half an inch. Mieroscopically, the cause
of these appearances is seen to be an increase of connective
tissue in the mucous membrane, which by contracting has
separated certain parts, and, constricting the base, raised them
above the surface in the form of fungoid growths. The sub-
mucosa is also fibrosed, and the muscular tissue may also be in
the same condition. The secretory glands also are compressed ;
their cells become degenerated and in some parts the glands
are cystic.

Fig. 24.—Gastric eatarrli @ fatty degeneration of the glands, early stage. From a photograph,
®* 850. From a case of pulmonary tuberculosis. Figs. 24, 25, and 26 represent different
parts of the same stomach. The gastrie glands are swollen, and the outlines of the cells
are completely lost ; the nuelei have disappeared in parts, and the cells are more granular
than normal, fatty granules being also seen. The stroma is normal. From a preparation
hardened in Marchi's Auid, and stained with logwood.

Fibrosis wn Carcinoma Ventriculi—In cases of cancer of the
pylorus, even when the growth is quite limited in extent, there
is usnally a considerable degree of fibrosis near it, not only in
the mucosa, but in all the thickness of the walls of the organ.
This infiltration may be in great part cancerous in nature, but
in other cases it spreads from the pylorus throughout the whole
of the organ, and is then undoubtedly a condition of cirrhosis

16
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without cancer infiltration, and is associated with hypertrophy
of the muscular coat. The naked-eye appearances of the organ
in this condition are very similar to those in the stomach, the
seat of a mon-cancerous cirrhosis. This subject is more fully
treated under © Cirrhosis Ventriculi” (Chapter XIV.), and
“ Cancer of the Stomach ” (Chapter XVI. p. 468).

9. Parenchymatous Degeneration of the Gland Tissue of the
Stomach—The degeneration of the secretory glands by com-

Fio. 25.—Gastric catarrh ; fatty degeneration of the glands. From a photograph, » 850, From
a case of pulmonary tuberenlosis,. There is ne increase of fibrous tissue in the mueouns
membrane, but the gastric glands are seen in an advanced stage of fatty degeneration.
Kearly all the cells have lost their outline; the nueclei are indistinct or have disappeared,
and the protoplasm of the cell has been transformed into fatty granules. From a
preparation hardened in Marchi's fluid, and stained with logwood.

pression by an interstitial small-celled infiltration and fibrosis,
which has just been under discussion, is a different process to
a primary degeneration of the glands. In the first, the atrophy
of the gland cells results from the interstitial infiltration; in
the second, although there may be interstitial infiltration, the
degeneration of the gland eells is a primary condition.

More than once already it has been stated that in acute
catarrh the cells of the secretory glands may undergo two forms
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of degeneration—a mucin degeneration and a fatty degeneration.
Both these processes occur in chronic catarrh, and may, indeed,
n rare cases, be well marked, and it is chiefly these degenera-
tions which lead to the formation of cysts. The changes
occurring in the glands in gastric catarrh are illustrated in
Figs. 24, 25, and 26. In the early stage (Fig. 24), the glands
are swollen, the cells are indistinetly outlined, the nuclei are
disappearing, and the protoplasm of the cell is more granular,

Fro. 26.—Fibrosis in gastric catarrh.  From a photograph, x 0. From a case of entarrh in
pulmonary tubercnlosiz. The gastrie glands are in a state of atrophy, and are widely
separated by recently-formed conneetive tissue, rich in cells. The mucons membrane had
lost its epithelial lining. The other coats of the organ were normal. From a preparation
hardened in Marchi's finid, and stained with logwood.

and fat globules are seen. When advanced (Fig. 25), the
cells are completely destroyed by fatty degeneration, their
nuclei have disappeared, and the fat granules are discharged
into the lumen of the gland. The interstitial tissne may also
become fatty. The whole of the gland may be thus affected
from its orifice to its deepest part, and in some, although
rare, instances, the deep part of the gland dilates, being
constricted above, and forms a cyst. In some parts of the
mucous membrane (Fig. 26) the gland tissue has disappeared,
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and died of very chronie tuberculosis, affecting the lungs, pleura,
perifoneum, and intestine. There was also atrophy of the
Kidneys and pancreas. The mucous membrane of the stomach
was covered with thick mucus. The walls were generally and
greatly thickened, and the mucous membrane, which was of a
pale reddish-gray colour and soft and friable, showed the
presence of bands of warty (polypoid) projections in parts, as
well as small eysts. Microscopically, under a low power, as is
represented in Fig. 27, the mucous membrane had the
appearance of a large sponge, the glands being lengthened,
dilated, and fused together, and in many parts transformed
into closed cysts of varying size. Under a higher power,
the glands could still be seen to be lined by epithelial cells,
as the nuclei were still visible, but the bodies of the cells
had undergone a mucinoid degeneration, and were in great
part fused together. There was, in fact, in no part of the
stomach any normal gland tissue remaining; the least
abnormal was along the lesser curvature. In part the inter-
stitial connective tissue was increased (hyperplasia); in
others it was atrophied, as had previously been noted by
Virchow in a case of cystic formation in chronic dysentery in
which there were cysts produced by the fusion of glands.

This case has been quoted, although the degeneration of
the mucous membrane was very advanced and occurred in a
severe case of disease (tuberculosis), because it serves as an in-
dication of the anatomical changes in some of the milder cases
of chronic catarrh of the stomach, where there is a continuous
secretion of an excess of mucus.

Anatomical Changes in the Museulor Coat of the Stomach.—
The muscular coat undergoes degeneration under certain condi-
tions, the chief of which is dilatation of the organ. In
cachectic conditions degeneration is also noticed. There may
either be simply atrophy of the musele cell or fatty degeneration.
A colloid degeneration of the muscle has also been described,'
but this is not common. Finally, where there is general fibrosis
of the stomach wall, the muscle cells are atrophied by com-
pression (Chapter XIV.).

Pathological Condition and Process of Digestion.—In gastric

I R. Maier, quoted by Ziegler, ‘‘ Lehrbuch der pathol. Anatomie,” vol. ii., 1887.
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catarrh there is great interference with the normal blood supply
to the organ during digestion. In the acute forms there is
stasis to a greater or less extent, and therefore almost complete
abeyance of the stomach functions, both secretion and
motor activity being affected. In the less acute forms and
in the chronic, there is great diminution in the amount of
hydrochloric acid secreted, pepsin being present; the secre-
tion of pepsin is affected in long-standing cases. In the early
stages, and at times during the chronic catarrh, there is fre-
quently motor irritability of the organ; but the tendency in
chronie catarrh is towards diminution of motor activity and to-
wards dilatation of the organ. Absorption in acute and chronie
catarrh is greatly affected, to some extent by the secretion of
mucus, but chiefly by the condition of the mucous membrane.

The process of digestion is greatly modif