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PREFACE TO THE SECOND EDITION

The general arrangement of the material in this second edition
remains the same as in the first. However, it has been thor-
oughly checked and brought up to date throughout.

~ Attention might also be called to the fact that we have discussed
the results of the investigation of the electrophoretic fractioning
of the pancreatic juice for the first time; have added new facts con-
cerning the possible role of carbonic anhydrase in the process of
formation of the hydrochloric acid by the parietal cells; have in-
corporated data obtained by S. Wolf and H. G. Wolff on a patient
with a gastric fistula which appeared after the publication of the
first edition of this book; and have included further proofs found
by Swedish investigators of the specific action of histamine on the
parietal cells. Many other new findings have been incorporated in
the text. On the whole more than 260 new experimental investiga-
tions, which have appeared since the publication of the first edition
of this work, are reviewed and discussed.

Progress in our understanding of the secretory functions of the
digestive tract is reflected in this edition by the presence of many
completely new sections such as those on the effect on the secretory
activity of the gastric glands of pilocarpine, acetylcholine, and
caffeine; on the inhibition of gastric secretory activity by different
methods; on pancreozymine; on antagonistic and synergistic phe-
nomena in the autonomic nervous system; on secretory-inhibitory
nerves; and on nervous and hormonal regulation of the pancreatic
secretion.

My thanks are due to Miss J. F. Oswald (M.A. Edin.), T. J.
Speakman, M.Sc., M.D., and W. C. Kite, M.Sc., M.D. for their help
in preparation of the second edition.

B. P. BaBxin
Montreal, Canada -



PREFACE TO THE FIRST EDITION

=

ThlS book is based on several courses of lectures given during the
last ten vears to postgraduate students at McGill University
and on some lecture-reviews presented at University College, Lon-
don, and at the Universities of Edinburgh and Birmingham, in the
summer of 1938. It is not a monograph and I have not attempted
to review the whole of the literature concerned with the secretory
function of all the- digestive glands. The material for this book
is chiefly derived from the work performed by my co-workers and
myself, especially during the last fourteen years in the Department
of Physiology of McGill University. The book deals mainly with
the mechanisms regulating the secretory activity of the digestive
glands as exemplified in particular by the functions of the gastric,
salivary, and pancreatic glands, while other digestive glands are
also to some extent taken into consideration. In a lesser degree it
deals with the intimate processes of secretion taking place in the
glandular cells during their activity. Although in the discussion of
various problems I have proceeded along the lines of investigation
followed in our laboratory, the more important facts known in
regard to the secretory function of the digestive tract up to the
present date have as far as possible been included. This ensured a
maximum of objectivity in the discussion of various facts and also
made it possible to trace the origin and development of different
problems, aspects which are so often overlooked by younger in-
vestigators.

Not pretending to be a monograph, this volume has the more
modest aim of describing the mechanisms involved in the regulation
of the secretory activity of the principal digestive glands under
normal conditions. It may also serve as a physiological introduction
to the pathology and the clinical investigation of the diseases of the
secretory apparatus of the alimentary canal. I have therefore con-
sidered it worth while to discuss in some detail the secretory processes
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X PREFACE TO THE FIRST EDITION

of certain of the digestive glands, especially those of the stomach,
because not infrequently a physician is unable to explain”a morbid
phenomenon through being unfamiliar with the intricacies of the
physiological function of some organ.

Although we possess a fair amount of knowledge concerning the
normal functioning of the digestive glands in man and such labora-
tory animals as the dog and cat, we still do not clearly understand
the various mechanisms which regﬁlate their secretory actiyity, far
less the secretory process itself. I am firmly convinced that the
further advance of our knowledge in this field will largely depend
on the exten. of which experimental physiological investigation of
the secretory function of the digestive glands will in the future be
combined with histophysiological study, for the following reasons.
(1) Most of the digestive glands are organs of complicated structure,
each gland being composed of different groups of secretory cells
whose respective roles in the formation of the secretion have to be
investigated; (2) the glandular cells, owing to the relative slowness
of some phases of the secretory process, provide a rare opportunity
for the study of histophysiological and histochemical phenomena,
since by the morphological changes which they undergo they
testify, as it were, to the character and extent of the physiological
phenomena occurring in them under the conditions of activity or
rest; (3) the much-needed physicochemical study of the secretory
processes in the ,digaesiive glands can be successful only when a
proper knowledge of the physiology and histophysiology of the
glands has been acquired. Unfortunately all too little has been done
up to the present time in the field of combined physiological and
histological investigation of the secretory function of the digestive
glands. In our laboratory some attempt has been made to remedy
this situation. /

Another important field of research that is waiting for workers is
the relationship between the endocrine and the digestive glands.
There has been no lack of investigations on this subject, but the
great majority of them were performed before our knowledge of the
physiology of the alimentary canal had reached its present stage.
Instead of dealing with the direct or indirect effect of hyperfunction
or hypofunction of a ductless gland on the complicated mechanisms
regulating the secretory processes of different digestive glands, pre-
vious studies have mostly consisted of crude observations of the
unfavorable or damaging influence of the lack or the excess of a



PREFACE TO THE FIRST EDITION xi

hormone in the body. The proper type of investigation is only now
beginning to be performed, and it is for this reason that no data on
the relationship between the endocrine glands and the glands of the
alimentary canal have been included in this volume.

« The ingenious observations made by William Beaumont (1833)
on a patient with a gastric fistula culminated half a century later in
the introduction by my late teacher, I. P. Pavlov, of the method of
physiological surgery. Owing to causes the discussion of which is
out of place here, the once keen interest in the physiology of the
secretory function of the gastro-intestinal tract. subsequently de-
clined. The great possibilities of the method developed by Pav-
lov were never fully utilized in gastro-enterology by physiologists,
pharmacologists, or experimental pathologists, and the number
of physiological laboratories engaged in these studies was ridicu-
lously small. However, during the last few years a marked revival of
interest in both theoretical and clinical gastro-enterology has been
definitely noticeable. This gives me reason to hope that the present
volume will find readers, and that, in spite of the many shortcomings
of the work, it may prove useful to them.

B. P. Basxin
Long Beach Lodge,
Guysborough, Nova Scotia
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CHAPTER I

o

CORRELATION OF STRUCTURE AND FUNCTION
IN THE DIGESTIVE GLANDS

his volume deals with the experimental analysis of the se-

cretory function of the digestive glands in carnivorous ani-
mals and man. This work is still only in the initial stages and far
from complete. Consequently any attempts at this time to explain
the mechanism by which the digestive glands are set into activity,
and by which their activity is regulated, will of necessity be im-
perfect. Nevertheless I considered that it might be useful to sum
up our present knowledge in this province of physiology in order to
facilitate further study of physiological and pathological problems
related to the function of the alimentary canal.

GLANDS OF EXTERNAL AND INTERNAL SECRETION

The digestive glands constitute a large group of organs which
are embedded in the walls of the alimentary canal, or which lie
outside it and are connected with it by special ducts. The surface
epithelium, which forms a lining for the digestive tube and con-
tains mucous, goblet, and other cells, must also be included in this
group of secreting organs. The secretory product of the digestive
glands has been called an external secretion, because the alimentary
canal may with some justification be considered an extension of the
external surface of the body (Babkin, 1928°, p. 2). It is customary
to classify the ductless glands or glands of internal secretion as a
separate group, distinct from the glands of external secretion. This

*-distinction is based on the fact that the ductless glands discharge

their secretions directly into the blood (the Germans call them

Blutdriisen), while the glands of external secretion discharge their

secretory products on to one of the (physiologically) external sur-
1



2 SECRETORY MECHANISM OF THE DIGESTIVE GLANDS

faces of the body, such as the gastro-intestinal tract, air passages,
urinary passages, or skin. In certain respects, however, such a dis-
tinction is not altogether justifiable. It is probable that some glands
produce both a “hormone” and a “digestive juice.” Thus, for ex-
ample, the mucous membrane of the duodenum and jejunum se-_
cretes the succus entericus, containing, in addition to secretin,” at
least seven different enzymes (Volborth, 1925). The secretin mole-
cule, according to La Barre (1933, 1936), is a complex one and is
composed of two parts, namely, excretin, a hormone which stim-
ulates the secretion of pancreatic juice, and incretin, a hormone
which produces hypoglycemia. Similarly there is present in human
gastric juice a substance which stimulates the hematopoietic organs
(Castle, 1929; Castle et al., 1929, 1930). Goodfriend, Chain, and
Florey (1938) found a reticulocytogenic agent for reactive guinea
pigs in the pyloric, duodenal, and ileal secretions of the pig, in the
pyloric and duodenal secretions of the cat, and in the duodenal
secretions of the rabbit and the goat. This substance was absent
from the fundic secretions of the pig and the cat. Thus a “hormone”
formed in an organ belonging to the gastro-intestinal system may
influence the activity of organs belonging to other systems. It is
not known whether a “digestive juice” and a “hormone” are pro-
duced in one gland by cells of the same type or by two distinct sets
of cells.

The controversies over the definition and nomenclature of the
“external” and “internal” secretions, and concerning the word
“gland” itself, have been thoroughly discussed by Swale Vincent
(1927). In the present volume we shall deal with the secretory
processes of those glands and epithelia which discharge their secre-
tions into the alimentary canal, and which from time immemorial
have rightly been called the digestive glands. This will not pre-
clude some consideration of the functional relationship between the
glands of “external” and “internal” secretior

STRUCTURE OF THE DIGESTIVE GLANDS

Before discussing the mechanism of glandular activity I shall
mention a few histological and cytological facts that are helpful
in the study of this mechanism. With the outstanding exception of
R. Heidenhaim, students of the physiology of the gastro-intestinal
tract have rarely paid due attention to the morphology of the



