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An Introduction to the Study of the Endocrine
Glands and Internal Secretions

Sir Edward Shiifer

LECTURE I

GeENERAL CoNSIDERATIONS ReEgirpivg INTERNAL SECRETIONS AND THE
Oreans WaIcH FurNisy THEM.

Material which is passed into the blood or lymph from any tizsne or
eell of the body forms what has been termed its #nternal secretion, and
organs which are not known {o possess any other funetion than that of
passing snch material into the blood or lymph are termed internally
secreting or endocrine orgons.® But this term is not usually extended
to organs [ike the lymphatic glands of which the material production is
of & morphologicel charscter, although until recently all such organs
used to be included slong with the true endocrine glands, the functions
of which were at that time unknown, in the general expression of ductlsss
glands. Under this last term were eomprised not only the thyroid (to
which must be added the parathyroids), the suprarensl capeules or
adrenals, the pituitary body or hypophysis eerebri, and the pinesl gland
or epiphysis cerebri, to which we now eommonly ascribe internally se-
creting functions, but also the thymus gland, the tonsils, lymph-glands
and lymph-follicles, and the spleen; with these the bone-marrow must
also be associated. Regarding the thymus gland, although some evidence
has been adduced that it may yield an internal secretion to the blood
which exereises a specific action upon the functions of growth and de-
velopment, especially of the generative organs, it appears both develop-
mentally and strueturally to present undoubted resemblance to the
tongils, which are universally allowed to be struetures of a lymphatic
natore, and most of its cells are lymphoeytie in eharscter. Some have
supposed that the spleen also provides an internal seeretion which is
destined to affeet the quantity of the panereatic juice. But the proof
of the existence of such internally seereting funetions in eonnexion
with these lymphoid organs is so inferior to that which we possess re-
garding the thyroid, parathyroids, adrenals and pituitary, and even the
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6 ENDOCRINE GLANDS AND INTERNAL BECRETIONS

pineal gland, that we may, at least provisionally, exclude them from the
class of organs which are known to secrete active chemieal agents into
that fluid for the purpose of influencing other organs. It ic to this
latter class that I intend to restriet my remarks, and it is to them and
them alone that the term ‘‘endoerine organ’’ will be applied in these
lectures. &

1t follows from what has just been said that by the expression ‘‘¢n-
doerine gland’' we imply an organ which is known to form some specific
chemical substance within its cells and to pass this directly or indirectly
into the blood stream, The substance thus formed is the active material
of its secretion, just as ptyalin is the active agent of the salivary seere-
tion. But while in the ecase of the salivary glanda the seeretion is con.
dueted by a duct to the exterior, in the case of the duetless glands the
seereted material remains within the body and circulates with the blood;
henee the term ““internal seeretion’ commonly applied to 1t

The expression “Internal seeretion” was originelly applied In a sense some-
what different from that In which It {# now used, having been firet employed by
Clande Bernard to describe the grape sugar which, &5 he showed, is passed
from the liver cells into the blood. It has also similarly been used to desiznaie
all materiale which are contributed to the blood by the tissues. In this man-
ner the carbon dioxlde and other products of metabollem which are taken up
+— the blood In fte passage through the capillaries or are received by it throngh
the medium of the Iytoph gtream would be internal secrations and every tissue
would be an internally secreting etructura. It is, however, conveplent to
repirict the term “endoecrins™ to sub ot & specific nature Iike the active
chemical agente which are produced by the duetiess glands, snd this ie the sense
in which the expression will be employed In these lectures.

But it is proved that the production of specific chemiesl agents which
are passed into the blood and earried by it to distant struetures is not
confined to the ductless glands—that an active internal seeretion may be
produced by other organs than these. A notable example is met with
in the case of the pamcreas, the obvious and long kmown funetion of
which is the produection and excretion into the intestine of pancreatie
Juice; which, by virtne of the ferments it contains, is the most active
agent in the digesiion of food stuffs within the alimentary canal. In
1889, however, it was shown by v. Mering and Minkowski that the pan-
creas possesses an internal secretory function which is of even greater
importance in the ecomomy than its long recognized external secretory
aetivity. For by totally removing the panereas in animals these ob-
servers proved that the presence of the gland and of some material
yielded by this gland fo the blood is essentiel to the proper utilisation of
earbohydrate material in the tissues, so that if the organ be removed
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grape sugar is no longer stored in the liver, and little by little split up
by the crganism into simple oxidisable substances, but is passed out from
the blood in which it is in excess by the kidneys, thus produecing glyeo-
suris. It may be added that our present knowledge of the etiology of
diabetes is mainly based on these observations.

Now it is known that the pancreas possesses, besides the seereting
alveoli which form the enlarged and blind terminations of its duects, a
speeial kind of seereting cells which are massed together into islets of
irregular shape and variable number and size, having a special kind of
blood supply. These islets, which were firat described as & distinet
element of pancreatie tissue by Langerhans, have been originally devel-
oped from and may retain a connexionm with the duects of the organ, in
this respect résembling the ordinary alveoli, But in the course of
growth they have lost all open connexion with the duets; their cells
have aequired speeific properties; and their funetion is without doubt
different from the ordinary cells of the gland, With some show of
reason the special internal secreting function which has been above men-
tioned hag been aseribed to them, and in support of this it may be stated
that in many if not most cases of diabetes these eells are found to have
undergone degeneration. They in fact form an organ within an organ,
and may be collectively regarded ss belonging to the group of internally
secreting or endoerine organs.

An example of a tissuc which is devoted to the formation of both an
external and an ioternal seerction is found in the epithelium whieh lines
the duodenum. The functions of this epithelium which have been longest
known sre those of aiding in the shsorption of digested food materials
and of helping to furnish the material known as the intestinal juice.
But 'n 1902 it was discovered by Bayliss and Starling that if an extract
of the duodenal epithelinm is boiled with dilute hydroehlorie acid and
after neutralization is injected into the blood stream of an animal a
rapid flow of panereatie juice iz determined. Tt had already been known
that the gush of acid gastrie juiee through the pylorus or the painting of
the mueous membrane of the duodenum with dilute aeid would determine
a flow of panereatie juice;, but this flow had been supposed to be brought
about as a reflex mct by excitation of a loeal nervous mechanism by the
acid. The observations of Bayliss and Starling rendered it clear, how-
ever, that thig is not the correet explanation of the phenomenon; but
that the flow must rather be regarded as due to the absorption of some
internal secretion into the blood: the materisl of this internal seeretion
being produced in an inactive form by the epithelium cells and becoming
80 altered by the dilute acid as to be converted into an agent which, after
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absorption into the blood stream, excites the secreting cells of the pan-
creas to activity.

To the active substanee which is yielded by the epithelium eells of the
duodenal mucosa the name secretine was given by Bayliss and Starling,
whilst they termed pro-secredine the inactive material contained within
the cells’ before the aetion of dilute aeid upon them. The active material
is obviously of the nature of an internal secretion; it appears, however,
not to be produced by a special strueture, certainly not by a special
organ; but so far as one can tell, by the ordinary cells which line the
mucosa and extend into its glands.

A gimilar but not identical internal secretion has been shown by Ed-
king to be produced by the cells of the mucous membrane of the pylorie
end of the stomach. When rendered sctive end absorbed into the blood
this sceretion, which is termed gasirine by Edkins, stimulates not the
cells of the panereas but those of the fundie glands of the stomach itself.

A yet more remarkable example of the coincidence of external and
internal seeretory functions in the game organ is supplied by the genera-
tive glands (ovary and testicle). It hag been kmown from time imme-
morial—the experiment is repeated daily for commercial purposes in
thousands of animals, and is still practiced upon man for domestic rea-
gong in eertain OQriental countries—thet the removal of the generative
glands in the young male animal usnally entirely prevents the develop-
ment of the aceessory generative organs, such as the prostate, and of the
fentures which characterize the male sex externally. These changes may
be prevented by successfully grafting a testicle in the castrated animal,

Again, removal of the ovaries in the young female exerts a profound
influence over the organism and prevents the development of many female
characteristics. In some cases, even in the adult, removal or atrophy of
the ovaries has been noticed to lead to the development of male charac-
ters. Insianeeg of this have been often recorded in birds. Im young
mammals removal of the ovaries is followed by arrest of development of
the uterus. This may be prevented by suecessfully transplanting the
ovaries or by grafting an ovary from another animal of the same species
into the peritoneum or elseswhere. It seems clear, therefore, that the
result of removal is due in both male and female to the absence of the
internal secretion of the generative gland,

Tae Nature awp Mope OF ACTION OF THE ACTIVE PRINCIPLES OF THE
INTERNAL SECRETIONS,

We have compared the active materials of the internal seeretions,

which are formed within eells and passed out into the bleod, to the active




