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PREFACE TO THE SECOND ENGLISH
EDITION

IN preparing a second English edition of the Work or THE
DiGEsSTIVE GLANDS the translator (with the permission of the
author) has endeavoured to bring the subject-matter up to date
without materially enlarging the scope of the work. The addi-
tions are chiefly culled from the results of investigations carried
out along lines already indicated in the previous edition, by pupils
or former pupils of the St. Petersburg Laboratory. With the
exception of Lecture IV.—which is largely new and written
from material supplied by Professor Pavlov—they are widely
scattered throughout the book.

Two new chapters (X. and XIL.) on the Muscular Movements of
the Alimentary Canal have also been added by the translator. It
18 hoped they will increase the usefulness of the work. For the
gake of uniformity they have been put in lecture form. Several
new illustrations have been added, and grateful acknowledgments
are made to Professor Starling and to Dr. Arthur Hertz for their
permission to use certain of these as well as for the loan of some
of the electrotypes employed in them.

One other change has been made in this edition. English
equivalents of Russian proper names have been used for the most
part throughout.

THE TRANSLATOR

ScHOOL OF PHYSIOLOGY,
TriN1TY COLLEGE, DUBLIN.
June 1910
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PREFACE TO THE ENGLISH EDITION

THE great importance of the results obtained by Professor Pavlov,
first published in collected form in the Russian language in 1897,
was soon recognised by PHYSIOLOGICAL INVESTIGATORS all the world
over. Hence the Russian edition was quickly followed by others
in German and French.

But the work is of no less value to the PRACTISING PHYSICIAN.
To place the matter, therefore, within easy reach of every English-
speaking medical man it was felt that an English edition was
called for. B

In carrying this into effect the translator has had the ready
permission of Dr. A. Walther, and also of Mr, J. F. Bergmann,
to make use of the German text, a kindness which he desires to
gratefully acknowledge.

The present edition includes the later work of Pavlov on the
Physiology of the Bile, Succus Entericus, and Salivary Secretion,
together with more recent notes kindly supplied by the author,
thus bringing the whole up to date. It also contains two new
figures.

It is to be hoped, therefore, that in its English form the hook
will be worthy of its distinguished author.

THE TRANSLATOR

ScHOOL OoF PHYSIOLOGY,
TRINITY COLLEGE, DUBLIN.
September 1, 1902






PREFACE TO THE RUSSIAN EDITION

IT was not at all my intention, in these lectures, to treat of every-
thing which has been written concerning the work of the digestive
glands. I only wished to make known the results of an experi-
mental investigation which, I am convinced, correctly indicates
the present position of the subject, and to communicate the same
to my hearers, partly by word of mouth and partly by direct
demonstration. The subject of these lectures represents the work
of my laboratory for nearly ten years; and since every experiment
dealing with the functions of the gastric glands, and of the
pancreas, has been many times repeated, elaborated, varied, and
extended ; the material has, for us at least, lost its fragmentary
character and grown into a complete whole.

‘When I employ the word “we” in the following text, I wish
to indicate the whole laboratory. In the description of the several
experiments I always mention the investigator. But the object
of the experiment, its meaning and its position in the whole series,
is spoken of from the point of view of the laboratory, without
giving the individual opinions and views of the investigator. It
is of essential advantage to the reader to see how a uniform
guiding principle has developed, and taken shape in the form of
consistent and harmonious experiments. In its main idea the
book embodies the latest views of our laboratory; it embraces
all the facts, even the most recent, which have been constantly
tested, frequently corrected, and now appear to be securely estab-
lished. In its production all my fellow workers have taken part

individually ; but it is a joint work, the result of the principle,
xi
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THE WORK OF
THE DIGESTIVE GLANDS.

LECTURE I

A GENERAL SURVEY OF THE SUBJECT: METHODS.

General Survey : Introductory—The digestive apparatus comparable
to a chemical laboratory—Unsolved problems in the physiology of diges-
tion—Methods, their ideal requirements—Temporary and permanent
pancreatic fistule—Difficulties connected with making the latter—
Gastrie fistule : the same combined with cesophagotomy—Methods of
forming a stomach cul-de-sac—The authov’s procedure—Importance of
surgical methods in physiology—The surgical department of a physio-
logical laboratory.

GextLEMEN,—The physiology of the digestive glands has engaged the
attention of my whole laboratory—:.e., of myself and my fellow workers—
for many years, and I believe we have obtained results, both theoretical
and practical, which deserve serious consideration. The work of secretion
in the alimentary canal, so far as it concerns the most important organs
of digestion, viz., the stomach and the pancreas, is not by any means what
has heretofore been represented in text-books, and consequently exists in
the mind of the physician. A desire, therefore, to replace the older teach-
ing by a fuller and more correct representation naturally arose. With
this object I gave, in 1894, an oration* before the Festival Meeting of the
Society of Russian Physicians in St. Petersburg, which was dedicated to
~ the memory of the celebrated Russian clinician, S. P. Botkin. But in
the short space of one hour I could only give a general survey of the work
of many years, and was unable to verify my statements by documen-
tary references. In my present lectures I hope to make good these
deficiencies and to be able to convince my hearers by the relation of
actual experiments. The substance of the lectures is taken from work
which for the most part has already appeared in print. But many
unpublished facts possessed by the laboratory will also be referred to.

* Transactions of the Soc. Russ. Physicians in St. Petersburg. 1894-95
( ).



2 \ : j THD W\)R’f\ OF THE DIGESTIVE GLANDS.

'l‘ho dldeshr\b -dn,hﬂl from the chief function which it has to
perform in the living organism, may be compared to a chemical factory,
where the raw materials—the food-stuffs—are submitted to an essen-
tially chemical process. In this factory the foods are brought into a
condition in which they are capable of being absorbed into the body
fluids and made use of for the maintenance of the processes of life. The
factory consists of a series of compartments, in each of which the food,
according to its properties, is either retained for a time or at once sent
on to the next ; and each single compartment is provided with suitable
reagents. These reagents are either prepared in adjoining little work-
shops, burrowed into the walls of the laboratory itself, or else in
distant and separate organs, connected, as in other large chemical
factories, with the main workshop by a system of transmitting tubes.
These latter are the so-called secreting glands with their excretory
ducts. Bach of the workshops furnishes a special fluid, its own
particular product, endowed with definite chemical properties which
enable it to act on certain portions of the food, this latter being
ordinarily formed of a complex mixture of different ingredients.
These properties are chiefly contributed by special substances in the
reagents, the so-called ferments. The separate fluids, the digestive
juices, as they are usually termed, attack in some cases only a single
ingredient of the food, in others several. These latter combine the
properties of several distinct reagents, each of which acts in its own
special way. But even a juice which has only one ferment is a very
complex fluid, since, in addition to the enzyme, it holds other sub-
stances in solution—to wit, alkalies, acids, albumin, &e.

Physiology has learned all this by obtaining either the fluids in
question, or the pure ferments from the organism, and studying, in the
test-tube, their effects upon the:constituents of the food both singly as
well as jointly when all are present together. Indeed, it is mainly upon
knowledge so acquired that the teaching of the science with regard
to the elaboration of the food, or, as we say, of its digestion, is based.

But our conception of the digestive process, which is essentially
deductive, suffers from many and serious defects. Considerable diver-
gence undoubtedly exists between the knowledge acquired in the above
way and the physiological reality or even the empirical teaching of
dietetics. Many questions remain to be decided, many have not even
been raised. For example, why are the fluids poured out on the raw
material in one particular order and not in any other ¢ Why are the pro-
perties of certain reagents often repeated, combined with different
reagents, in other juices? Are all the constituents of a particular fluid
simultaneously poured out on the food, and does this happen indis-
criminately with every kind of food that gains entry to the digestive

-



INTRODUCTORY. 3

canal 2 Are the reagents subject to variations, and if so when, how, and
why do such alterations appear? Do these variations simply concern
the composition of the fluid as a whole, or are the separate constituents
altered in different directions according to the requirements of the raw
material ¢ .How do the reagents vary with augmented or diminished
aetivity of the whole factory ¢ Isthere not a species of contest between
the different constituents of the food, in that one ingredient may require
a special reagent the activity of which may interfere with that of other
reagents on the remaining ingredients? No one can deny that these
questions are manifestly appropriate.

The mechanism of digestion can no longer be presented in the
abstract manner current in recent physiological teaching. The
differences and complexity of the reagents indicate that the work
of the digestive canal in every single case is elaborately planned,
beautifully executed, and above all especially adapted to the task in
hand. For each meal—i.e., for each set of materials to be dealt with
—a suitable combination of reagents with special properties is pro-
duced. It cannot, therefore, be a matter of surprise that the subject of
dietetics, apart from some general and empirical principles, represents
one of the most intricate sections of therapeutics. Nor is it enough
for the physiologist to have a knowledge of the separate elements con-
cerned in the process of digestion—that is to say, the working of the
individual agencies. He must, in order fully to grasp his subject,
include within the sphere of his observation the progress of digestion
as a whole. This was recognised by many previous investigators who
attempted, and doubtless would have accomplished, the solution of the
problem had it been of a simpler nature.

A comprehensive knowledge of the processes of digestion may be
aequired in one of two ways—either by determining in what state of -
elaboration the raw material is to be found at each separate part of the
digestive canal—this was the method of Briicke, as well as of Ludwig
and his pupils—or, on the other hand, by ascertaining the éxact
quantity of the digestive fluids which is secreted for each individnal
~ constituent of the food, as well as for the meal as a whole; how this
| digestive fluid is provided, and when it is poured into the alimentary

canal. This method has been adopted by many investigators who
have studied the progress of the secretion of the digestive juices.

It is often said, and not without truth, that science advances by

stages dependent upon the results accruing from particular methods.

~ With each advance in technique we reach a higher level from which a

s ¢ field of view is open to us, and in which we see events previously

of range.
~ OQur first problem consisted, therefore, in the working out of a

/



4 THE WORK OF THE DIGESTIVE GLANDS.

method. It was necessary to know how the reagents were poured out
upon the food brought into the digestive factory. To accomplish this
in an ideal manner required the fulfilment of many and difficult
conditions. Thus it was necessary to be able to obtain the reagents
at all times, otherwise important facts might escape us. They must be
collected in absoluiely pure condition,if we were to determine how their
compositions varied, and also in accurately measurable quantities.
Lastly, it was necessary that the digestive canal should perform its
Sfunctions normally, and that the animal under experiment should be
in perfect health.

It is but natural that these difficult problems have only been
gradually solved by physiology, that not a little trouble has been spent
in vain, and that numerous investigators have seen their efforts
fruitless, in spite of the fact that many of the most distinguished physi-
ologists have devoted their attention to this field.

We begin with a consideration of the pancreas, which presents a
simple case. It may seem that here our problem is very light. Appar-
ently we have only to seek out the duct through which the secretion
of the gland is delivered into the intestine, to fasten a cannula into
it, and thereby afford the fluid a free outflow towards the exterior,
collecting it in a graduated cylinder. All this, in reality, is very easily
done, but our problem is far from being solved, for notwithstanding
that digestion may be in active progress when the operation is begun,
there is, as a rule, no flow of pancreatic juice from the tube, or if there
be, the quantity is very small and obviously sub-normal. In such a case
it would be out of the question to observe the rate of secretion, still
more to determine the alterations in the juice dependent upon the
nature of the food. On following the matter up, it becomes evident
that the gland is a very sensitive organ, and suffers such severe
disturbance from the unavoidable conditions of the operation (narcotisa-
tion, opening of the abdominal cavity), that in the majority of instances
not a trace of normal secretory action remains. This procedure is
known under the name of the “temporary” pancreatic fistula; its
want of success naturally led to attempts being made on other lines.*

It was hoped that an improvement might be attained by collecting
the juice after some time, when the disturbing influence of the opera-
tion had fully passed away. The fluid was therefore allowed to escape
freely from the excretory ducts for a considerable time. This vas

* Later investigations by Starling and others indicate that the absence of
pancreatic secretion in the acute experiment is mainly due to the lack of an
appropriate stimulus, and if this be supplied, a secretion is 1ead11y called forth,
See Lecture vii,, pp. 136, 137.
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accomplished either by tying a glass tube into the duct and leading it
through the abdominal wall (Claude Bernard), or by fastening in a
T-shaped piece of twisted lead wire (Ludwig’s School) in similar manner. 4
These were named ‘ permanent ” fistulze. Both modifications proved
effective, but only for short periods, generally from three to five days,
in exceptional instances for as long as nine days. After this the glass
tube fell out and the fistula closed up; even the lead wire was unable
to prevent this occurrence. In reality, therefore, these must also be
regarded as merely temporary fistulze. But this was not the only defect.
When the inhibitory influence of the operation had passed off after one
or two days, another abnormal condition, in many instances, set in, viz.,
an incessant irritation of the gland producing a secretion independent
of whether the dog was fed or not. The question then arose, which
was the better; the “temporary” or the “permanent” fistula?
Evidently neither was faultless. In the * temporary” form the condi-
tions were rendered abnormal by the effects of the operation ; in the
so-called “ permanent ” form by inflammatory changes in the pancreas
which often set in (especially in the older laboratories) within one or
0 Tk S :

Only one thing remained, namely, to discover a means of access to tHe
gland lumen by which the duct could be kept open for any desired length
of time ; that is to say, till the above-mentioned disturbances had com-
pletely disappeared. Such a means was first described by me in the year
1879, and afterwards independently in the year 1880 by Heidenhain.*

My method is as follows: it differs slightly from Heidenhain’s.
From the wall of the duodenum, a piece, containing the orifice of the
pancreatic duct, is cut out (Fig. 1), the bowel then stitched up, its lumen
not being appreciably narrowed, and the isolated piece of intestine (with
the mucous membrane outwards) sewn into the slit in the abdominal
wall. The whole heals quickly ; the operation, which requires no special
skill, is only of short duration (about half an hour), and is well borne
by the animals. The following are some of the details of the procedure.
The incision in the abdominal wall is made either in the linea alba or at
the outer edge of the right rectus muscle. It is 4-b cm. long and
begins above at the ensiform cartilage or margin of the ribs, as the
case may be. The duodenum is sought out, brought to the surface and
laid over towards the right side, so as to better expose the situation of
the pancreatic duct. This latter is found 1}-2 cm. above the place
where the vertical and lateral parts of the pancreas join. The duct is
often concealed behind a blood-vessel, which must be ligatured and
divided. It is sometimes difficult to find, in which case Mankovski
recommends that a small vertical slit be made into the bowel on the

* Hermann’s Handbuch der Physiologie. Bd. v.
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side away from the pancreas, and the orifice sought from the inside.
‘When the duct is found, the gland immediately around it is separated
from the duodenum and two grooved directors passed behind the latter
(see Fig. 1). A rhomboidal piece, containing the orifice in its centre,
is now cut out of the duodensal wall and transplanted into the skin
wound. Previous to closure of the latter, two strong ligatures are
passed behind the duodenum 1{-2 cm. from the situation of the duct.
These threads are brought through the abdominal wall at the wound
and serve to retain the duodenum in position, thereby guarding against
the tearing away of the duct orifice. They are removed next day.
After two weeks the animals are ready for observation. In the
healed-up wound a roundish elevation, 7 to 10 mm. in diameter, is '
to be seen. This is formed of mucous membrane, and in the more sue-
cessful cases shows the cleft-like orifice of the duct exactly in its middle.
If the animal be now supported in a suitable frame, the juice may be
collected either directly as it falls in drops from the mucous papilla, or by
means of a funnel with its wide end upwards, if there be a tendency for
the juice to flow along the abdominal wall. The two disadvantages which
beset the investigators who employed “temporary” or “ permanent”
fistulze are in this way avoided. The gland undoubtedly remains in a
normal condition, but the difficulties of the experimenter are by no
means ended. In a very short time the abdominal wall becomes
eroded by the escaping juice, and even fairly large bleeding patches
appear in places. These continuously irritate the animal and prevent
the collection of pure juice by means of the funnel. What is to be
done ¢ DMany things help—e.g., frequent washing of the macerated
skin with water and smearing with emollient ointments. The healing
is, however, still better promoted if the dog be retained for several hours
every day in its frame, with the funnel tied in position. But the best
means of all is to allow the animal constantly to lie, except during the
hours of the experiment, upon some porous material, such as a bed of
sawdust or sand or old mortar, &c. Many animals soon discover the
best position in which to lie down, so that the escaping juice is at once
absorbed by the porous material. In this way the abrasion and macera-
tion of the skin can most readily be avoided. It is interesting to relate
that the hint which led to the adoption of this last method was given
to us by one of the animals operated upon.

I may perhaps take the liberty of giving a fuller account of this
interesting case. TIn one of the dogs the eroding effects of the juice
became evident after ten to fifteen days. The treatment employed
yielded no good results. At night the dog was tied up in the laboratory,
but one morning, to our great annoyance, we found a heap of mortar
beside it, torn from the wall. The animal was then chained elsewhere



PANCREATIC FISTULA. 7

in the room. Next morning the same thing was seen : once more a

portion of the wall was damaged. At the same time we noticed that

the dog’s abdomen was dry and the appearances of cutaneous irrita-
2 pp

tion considerably reduced.
We now realised the mean-
ing of the circumstances.
A bed of sand was in
consequence prepared for
the animal, after which
the wall was no longer
damaged, and the flow of
juice gave mno further
trouble. We (Dr. Kuv-
schinski and I) acknow-
ledged with gratitude that
the intelligence of the
animal had helped us as
well as itself. It would
be a pity if this fact bear-
ing upon the psychology
of the dog werelost. We
thus overcame another
difficulty, but our final
goal was not yet attained.

Three to four weeks
after the operation, the
animals, previously to all
appearance well, became
suddenly ill. Food was
almost at once refused and
a rapidly increasing de-
bility supervened. 'This
condition wasaccompanied,
_as a rule, by convulsive
symptoms, at times even
by violent general cramps,
followed, after two or three
days, by death. Obviously
we had here a peculiar

g
F1G. 1.—Method of making a Pancreatic Fistula,

fgx_-;m*of aillment. Inanition was not the cause, for the animals
often died with almost normal body-weight. The possibility of a
septic post-operative illness, such as an insidious peritonitis, had
also to be abandoned, since neither the condition of the animals
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before death nor the appearances post mortem afforded ground for
such belief. Finally, the existence of an auto-intoxication due to the
absorption of intermediate or abnormal products of digestion, such as Dr.
Agrikolianski in his Dissertation has suggested might have arisen from
the loss of so much pancreatic juice, was also excluded. In the first place,
many of the dogs before death showed absolutely no symptoms of
digestive disturbances; neither vomiting, nor diarrheea, nor constipation.
Secondly, we have found from special experiments, in which the pan-
creatic duct was ligatured and divided, that this operation is perfectly
harmless. There remained only one supposition, viz., that the animals,
by the escape of pancreatic juice, lost something essential to the normal
processes of life. Starting with this idea, we adopted two measures to
guard against the ill effects. We had previously known that the nature
of the food exerted a powerful influence on the composition and quantity
of the pancreatic juice. We (Dr. Vasiliev) therefore omitted flesh
altogether from the dietary of these dogs, and fed them exclusively on
bread and milk. Bearing also in mind the fact that a large quantity
of alkali is lost in the pancreatic juice from the body, we regularly
added a certain quantity of sodium bicarbonate to the dietary (Dr.
Jablonskz).

By paying attention to these two rules it is tolerably easy to keep
animals for many months, or even years, in a fit condition for observa-
tion without the necessity of adopting any other special precautions.
The difficulties encountered in the management of individual animals
naturally vary, but in every four or five dogs one will generally be
found which tolerates the operation without any nursing. In what
way the sodium bicarbonate helps is not yet clear. Possibly its ad-
ministration makes good an injurious deficit of alkali in the blood, or
possibly it acts, as Dr. Becker pointed out, by diminishing the secretion
of the juice. In the latter case the nature of the substance, the loss
of which is so harmful to the organism, still remains obscure. You see,
then, of what great importance this question is, for have we not here a
new pathological condition, capable of being called forth by experimental
procedure? Dr. Jablonski has undertaken in the laboratory the investi-
gation of this question, but as yet it has not been completed.

To return to our subject: the juice is collected by means of a glass
or, better, a metallic funnel, so fastened to the abdomen by means of an
elastic band or thin elastic tube brought round the body of the animal
that its wide end receives the orifice of the pancreatic duct. Hooks are
attached to the neck of the funnel,from which a graduated cylinder hangs,
the animal being supported in its frame. These arrangementsare very
convenient for the observer, but at first less comfortable for the animal.
for the dog quickly tires and becomes restless. Nevertheless, it soon
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learns to sleep excellently, even under such circumstances, especially if
it be made more comfortable by providing a support for the head.
When first used in the laboratory it is, however, better to collect the
juice from the dogs in the lying posture. Itis then necessary to employ
a sunitable vessel pressed more or less firmly to the body-wall beneath
the opening of the duct.

I have intentionally described all these accidents which may arise
in connection with the formation of a permanent pancreatic fistula.
I wished to show how difficult an apparently easy problem may become
when dealing with material of such peculiar nature,

The solution of our problem is evidently not an ideal one. It would
be in the highest degree desirable to possess a method which would
permit us either to collect the juice from a portion of the gland only,
or simply when desired during the experiments, allowing it to return
to the Intestine during the intervals. In either of these ways not
only would much pancreatic juice be saved to the organism, but
the possibility of other serious disturbances of the digestive glands
from the effects of the fistula would also be excluded. The first object
was attained in the dog, the pancreas of which has two ducts, by
laying a fistula into the smaller instead of the larger. The fact that
the bile-duct opens into the duodenum in common with the smaller
duct introduces no appreciable difficulty. In cutting out the rhom-
boidal piece of bowel wall, the bile-duct is divided, but as the
tube courses for a considerable distance through the wall, a new
orifice can be provided by simply slitting through the overlying
mucous membrane and coat of the duct at a slightly higher level
than its old entry. In the single case in which this procedure was
carried out, the quantity of juice obtained was very small and very
irregular. Another method of achieving the same result was proposed
by Dr. Sanotskii and carried out in my laboratory. A fistula was laid
into the large pancreatic duct, and the portion of gland feeding it
separated off by a transverse incision 1 cm. above the situation of the
duet. To promote healing and prevent union with the remainder of
the gland, the detached portion was stitched up in a fold of peritoneum.
In this operation there is no difficulty in preserving the large vessels
and nerves of the gland uninjured. They run longitudinally almost
outside the gland, between it and the duodenum. The results obtained
were fairly satisfactory, but the method cannot rank as one fully
worked out.

A method which aimed at achieving the second object has been
published by the Italian investigator Fodera* and theoretically

* Moleschott’s Untersuchungen zur Nuturlehre der Menschen und der Tiere.
Bd. xvi. 1896.
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approximates to a perfectly faultless one. He succeeded in getting a
special T-shaped metallic cannula to heal into the duct, so that at will, the
juice could be either collected exteriorly or, by closing the outer end of the
tube, be diverted into the alimentary canal. This experiment possesses,
however, for the time being, an important defect; we have no guarantee
that, notwithstanding the outflow from the tube, there may not be
a considerable quantity still entering the intestine. The method, more-
over, has not hitherto been adopted by other investigators.

Recently an improvement in the making of the permanent fistula
has been introduced by Dr. Babkin, which appears to solve the diffi-
culties successfully.

It has been shown by Delezenne and Frouin that the mucous mem-
brane surrounding the fistular orifice retains the power of transforming
the inactive trypsinogen of the pancreatic juice into the active trypsin,
by virtue of the kinase which it secretes. Hence in order to obtain the
juice in the inactive condition in which it is produced by the gland,
it is necessary to remove the small oval piece of mucous membra
(usually 8 mm. by 12 mm.) from around the orifice of the fistula after the
wound has healed. This is done by careful dissection, and the sides of
the duct fastened to the edges of the new wound by four small sutures.
‘When this latter wound heals a small cutaneous scar is produced, which
constricts the orifice of the duct, so that ultimately little or no juice
escapes at ordinary times. When an observation has to be made, a small
cannula can, however, be introduced, and the fluid readily obtained in
pure condition. The abdominal wall keeps pormal, because the juice
is inactive, and also because little or none flows out except during the
observation. The method is apparently lacking in only one particular,
namely, that during the observation, digestion has to be carried on
with very little assistance from the pancreatic juice.

The evolution of a method for obtaining gastric juice and observing
its secretion was no less difficult and protracted. 'We may pass over the
old and admittedly inadequate experiments, and consider more carefully
the starting-point of the method now in use—the making of a gastric
fistula. 1In the year 1842, the idea occurred to one of our countrymen,

| Professor Bassov,* and in the year 1843, independently to the French
physician, Blondlot,t to reproduce artificially in animals a similar con-
dition to that observed by an American physician whose patient
suffered from the effects of a gunshot wound. After the recovery of
the patient, a permanent opening remained in the abdominal wall

* Bulletin de la Soc. des Nutur. de Moscou. T, xvi.
t Lraité Analytique dela Digestion. 1843.
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which led directly into the stomach. An opening through the abdo-
minal wall of a dog into its stomach was accordingly made, and a
metal tube fastened in, which was closed exteriorly by a cork stopper.
The tube healed firmly into the opening, and could be kept for many
years in position without causing the least harm to the animal.

This method raised great hopes at first, since it afforded, when
desired, easy and free access to the cavity of the stomach. But, astime
went on, the expectations gave place to disappointment, and for the
purpose of studying the action of the ferment of the gastric juice nearly
all investigators were obliged to empluy an extract made from the
mucous membrane, since only very little and very impure gastric juice
could be collected from the fistula. It was moreover very difficult to
obtain any idea of the rate of flow during digestion, or of the properties
of the juice under different conditions. Voices were, therefore, lond
in denunciation of the gastric fistula; it had justified none of the
hopes, and had proved of little value.

This condemnation was naturally exaggerated, and was mainly due
to the vexatiously slow advance of knowledge of the phenomena of
secretion in the alimentary canal and especially in the stomach.
It may, however, be asked why many important observations had not
been earlier made with the help of the gastric fistula. It only required
to be perfected by a slight modification, to enable fundamental ques-
tions to be solved by it.

In the year 1889, we (myself and Madam Schumova Simanovskaia)
performed the operation of cesophagotomy on a deg already possessing
a gastric fistula ; that is to say, we dividﬁd the gullet in the neck, and
caused both its divided ends to heal separately into an angle of the skin
incision. We thereby accomplished the complete anatomical separation
of the cavities of the mouth and stomach. Dogs so operated upon re-
cover perfectly with careful nursing, and live many years in the best of
health. In feeding, their food must naturally be brought direetly into
the stomach.

With such animals one can make the following interestinggxperi-
ment. If the dog be given flesh to eat, the food drops out again from
the upper segment of the ivided cesophagus. From the perfectly
empty stomach, previously washed out with water, an active secretion of
gastric juice, however, soon commences which confinbes as long as the
animal gats, and even for a short time longer. One can easily obtain in
this way several hundred cubic centimetres of gastric juice. In the
next lecture I hope to explain why the gastric juice flows under such
conditions, and what importance for the whole process of digestion is
to be attributed to the phenomenon, merely remarking for the present
that this method has definitely settled the problem of obtaining pure
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gastric juice. You can collect on any day or every day from a dog
thus operated upon, a couple of hundred cubic centimetres of juice,
without apparent injury to its health; that is to say, you can
procure gastric juice from a dog almost as milk is obtained from a
cow.

For experiments with pepsin we need no longer prepare an infusion
of mucous membrane, since enormous quantities of the purest juice can -
now be obtained with much greater ease and rapidity from the living
animal. The dog supplies us with an inexhaustible manufactory of
the finest product. This fact, as it appears to me, must also claim the
attention of the pharmaceutist, since it is often considered desirable by
the physician, indeed in many cases essential, to prescribe pepsin and
hydrochloric acid to patients. Exact comparative experiments made
by Dr. Konovalov, with solutions of commercial pepsin, and with natural
gastric juice, as obtained from onr dogs, showed that the latter was
incomparably superior. The possible objection that the gastric juice
is procured from a dog can hardly count as a serious obstacle to its
employment and distribution as a pharmaceutical preparation. Many
experiments in the laboratory upon ourselves bear testimony to its easy
toleration and to the absence of ill effects. The taste of the juice
is by no means unpleasant; it is, indeed, in no way different from
that of a solution of hydrochloric acid of corresponding strength. To
obviate prejudice, one might even procure gastric juice from animals
whose flesh is eaten by mankind, and I cannot but express my
regret that this substance, which at all events deserves a trial, has not
been more used in Russia, although I have frequently drawn the atten-
tion of my medical colleagues to it. For several years past we have
exported considerable quantities of the pure sterilised juice to foreign
countries, where it is employed as a therapeutic remedy as well as
a reagent for laboratory purposes.

I now come back to our methods. The problem of how to obtain
pure gastric juice haus been settled, but the method does not afford us the
means of observing the rate of secretion of the juice and of studying its
properties during digestion. Obviously to accomplish this there must be
the continuance of normal gastric digestion side by side with a quanti-
tative collection of perfectly pure juice. What was quite simple
in the case of the pancreas (where the gland duct is separate from
the alimentary canal and its food contents) becomes, in the case of
the stomach, a task of the greatest difficulty, since its glands are
microscopic and are embedded in the walls around the food ecavity.

A happy idea for overcoming difficulties of this kind was hit upon
by Thiry. In order to procure succus entericus—a secretion likewise
formed by microscopic glands embedded in the intestinal wall—and to

3
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study it in the act of formation, he isolated a cylindrical piece of gut,
formed this into a cul-de-sac, the open end of which he sewed into the
abdominal wound. The idea was employed by Klemensievicz * in 1875
for the purpose of obtaining the secretion of the pyloric end of the
stomach in pure condition. But, unfortunately, his dog lived only three
days after the operation. Heidenhain,T however, a little later suc-
ceeded in keeping an animal alive. He 1 also isolated a portion of the
cardiac end of the stomach, and formed it into a pouch which poured its
secretion externally.

In this way the above requirements were fulfilled. When the
food in the ordinary way reached the main stomach, a perfectly
clear juice began to flow from the pouch, and could easily be
measured quantitatively. But to draw conclusions with complete
certainty, concerning the normal work of the organ during digestion, it
was necessary to retain the nervous connections of the isolated piece
intact. In Heidenhain’s operation this was obviously not done, since
in making the transverse incision by which he resected the piece of
stomach, the branches of the vagus which course lengthwise along the
wall of the cavity were cut through. To overcome this disadvantage a
further improvement of the method was therefore necessary.

‘With this in view we (myself and Dr. Khizhin) have modified Heiden-
hain’s operation in the foliowing way. The first incision, which begins
in the fundus of the stomach, two centimetres from its junction with
the pyloric portion, is carried in the longitudinal direction for ten to
twelve centimetres, almost parallel to the long axis of the viscus, and
divides both the anterior and posterior walls. A triangular flap is thus
formed, the apex of which lies in the great curvature of the stomach.
A second incision is made from the inside exactly at the base of this flap,
but only through the mucous membrane, the muscular and peritoneal
coats remaining intact. Thus the serous and muscular coats, and con-
sequently the branches of the vagus nerve, pass uninjured from the wall
of the main stomach into the flap of which the main pouch is to be
formed (see Figs. 2 and 3). The technic