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The Endocrine Hypothalamus: 
An Historical Review 
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The history of the hypothalamus 
and n e u r o e n d o c r i n o l o g y is so 
intimately related to the development 
of our ideas on the disease known 
as diabetes insipidus, that any discus
sion of the one must include a discus
sion of the other. Many authors have 
compared the history of diabetes 
insipidus to a comedy of errors. 
Indeed, the whole problem seems to 
have fared rather badly from the very 
beginning when Magnus and Schafer 
(1901), and Schafer and Herring 
(1905) demonstrated that extracts of 
the posterior lobe of the pituitary 
body had a diuretic effect rather than 
the antidiuretic effect as we know 
it today. Furthermore, from a his
tological point of view, Herring 
(1908) and later Cushing (1933) were 
of the opinion that the cellular con
stituents of the posterior lobe were 
incapable of secreting the active fac
tors attributed to that lobe and that 
consequently a search had to be 
made elsewhere for the secretory 
cells. Herring (1913) visualized the 
secreting cells as coming from the 
pars intermedia and migrating into 
the pars nervosa where they degener
ated and released the "hormones". 
Cushing (1933) fully subscribed to 
this and in 1933 stated rather em
phatically that "it is scarcely con
ceivable that the neural core of the 
lobe is capable independently of 
elaborating a hormone." 

From 1906 to 1913 various inves
tigators undertook the study of the 
effects of posterior lobe extracts in 
a variety of animals. Although most 
had to admit that their findings were 
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not constant, the results tended to 
show that the posterior lobe of the 
pituitary body contained a substance 
capable of increasing urine flow. 
Houghton and Merrill (1908) stated 
that the increased flow lasted nine
teen minutes in the dog. In 1909, Hal
liburton, Candler, and Sikes (1909) 
reported the observation of increased 
urine output in cats. This was con
firmed a year later by Ott and Scott 
(1910). Falta, Newburgh, and Nobel 
(1911) repeatedly observed a diuresis 
following an intravenous injection of 
pituitrin. De Cyon (1910) obtained 
similar results by feeding dry pitui
tary preparations. Finally, Herring 
(1913) stated that the diuretic effect 
of the posterior lobe extracts could 
be shown in all species of animals 
and that anterior and intermediate 
lobe extracts did not seem to possess 
a diuretic activity. 

In all fairness to the above inves
tigators, it must be said that they 
undoubtedly observed increased 
urine flow in a great number of cases 
even though, as we stated above, 
many of them had had to admit that 
the results were far from constant. 
Nonetheless, as Motzfeldt (1917) 
points out, all the early investigators 
made use of Schafer's recording 
method, a method which was open 
to criticism. The recording technique 
employed by Schafer consisted of 
inserting a cannula directly into the 
bladder and registering the number 
of drops excreted over a period of 
time. Under such conditions, an 
increase in the number of drops 
obtained could have been due to the 
tonic action of the bladder which 
seemed to be a constant effect follow
ing the injection of pituitary extracts. 
Furthermore, the observations were 
made only over very short periods 

of time and on animals which had 
not been previously hydrated. It is 
now known that previous hydration 
gives much more constant results, 
and it is also known that the activity 
of pi tui tary ex t rac t s should be 
measured over a period of hours 
rather than minutes. Finally, all of 
the early observations seem to have 
been made on anesthetized animals 
without taking into consideration the 
possible effects of the anesthesia on 
the mechanism concerned. The con
fusion, then, came about as a result 
of the inadequacy of the method 
employed rather than from the lack 
of close observation. 

In 1913, von den Velden (1913) and 
Farini (1913) independently demon
strated that the administration of 
posterior lobe extracts led to water 
retention in the intact human subject. 
These observations were soon con
firmed by other investigators Frey 
and Kumpiess(I913), von Konschegg 
and Schuster (1915). The idea that 
diabetes insipidus was due to a defi
ciency rather than an oversecretion 
of posterior lobe hormone gained 
further acceptance when Goldzieher 
(1913) and S i m m o n d s (1914) 
advocated it on the basis of autopsy 
findings. 

The demonstration that lesions of 
the hypophysis were responsible for 
the po lyu r i a seen in d i a b e t e s 
insipidus, led many investigators to 
attempt to study the question by the 
production of experimental lesions in 
laboratory animals. The problem was 
immediately thrown into a further 
state of confusion when Camus and 
Roussy (1913b) presented data which 
indicated that basal lesions of the 
hypothalamus which were presum
ably independent of lesions of the 
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hypophysis could also cause an 
increase in urine output and a 
polydipsia. Moreover, they reported 
that total hypophysectomy did not 
result in increased urine flow. Sub
sequent to the publication of these 
findings, two seemingly unreconcil-
able hypotheses were advanced as 
explanations for the etiology of dia
betes insipidus. One of these hy
potheses was based on the premise 
that the seat of humoral control of 
water balance lay exclusively in the 
hypothalamus, whereas the other 
hypothesis was based on the premise 
that humoral control of urine excre
tion was exclusively a function of the 
posterior lobe of the hypophysis. 

The voluminous literature on the 
arguments advanced by the "hypo-
thalamists" and "hypophysists" was 
extensively reviewed and criticized 
by Fisher, Ingram and Ranson 
(1938). I will confine myself to a 
presentation of some of the broader 
aspects of each of the two hy
potheses. 

Camus, Roussy, and their co
workers Camus and Gournay (1923), 
(1924a), (1924b), (1925); Camus, 
Gournay and Fiterre (1923); Camus 
and Roussy (1913a), (1913b), (1914a), 
(1914b), (1914c), (1920); Camus, 
Roussy, and LeGrand (1923), made 
a thorough study of the role which 
the hypothalamus plays in the con
trol of water balance in the dog. 
Their findings seemed to bear out 
three main points: 1) that total 
hypophysectomy would not result in 
permanent diabetes insipidus, 2) that 
lesions of the hypothalamus would 
result in increased urine output and 
3) that a polyuria could be elicited 
by hypothalamic puncture in totally 
hypophysectomized animals. These 
points were thought to have been 
well confirmed by Cushing (1913), 
Leschke (1919), Warner (1931), 
Mahoney and Sheehan (1936), 
Camus and co-workers Camus and 
Gournay, (1923), (1924a), (1924b), 
(1925); Camus, Gournay and Fiterre, 
(1923); Camus and Roussy, (1913a), 
(1913b), (1914a), (1914b), (1914c), 
(1920); Camus, Roussy and Le
Grand, (1923), Bailey and Bremer 
(1921), Hanchette (1922) and Reichert 
and Dandy (1936), to name but a 
few. In their criticisms, Fisher et 
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al, brought out the following 
points: first, in most instances the 
early investigators were able to elicit 
only a transient polyuria. Secondly, 
in cases where histological findings 
were reported, there seemed to be 
some doubt as to the completeness 
of the hypophysectomy. Finally, 
most of the investigators reported 
that their lesions resulted in atrophy 
of the neural lobe. From this, Fisher 
et al (1938) concluded that the pos
terior lobe could not be eliminated 
from a possible participation in the 
mechanism of water balance. 

The experimental evidence did not 
seem to support the hypophyseal 
theory to the same extent as the clini
cal evidence. As a consequence, 
the arguments presented by the 
"Hypophysists" were based on the 
rather tenuous contention that since 
the bulk of the pharmacodynamic 
factor concerned with water balance 
can be extracted from the posterior 
lobe of the pituitary, it must be se
creted at this site. Verney (1925), 
(1926), (1929), (1936) showed that the 
perfused isolated kidney excreted 
large quantities of a hypotonic urine. 
When pituitrin was added to the per
fusate, however, the urine flow di
minished and the specific gravity of 
the urine was close to "normal." He 
elaborated on this by including 
several tissues into the circuit, i.e. 
head, spleen, liver, etc. It was found 
that when the perfusate was passed 
through the head, the results were 
similar to those which were observed 
after the inclusion of pituitrin in the 
perfusate. He concluded from this 
that since the results were similar to 
those obtained by the injection of 
pituitrin in the intact animal, the 
pituitary body must be responsible 
for the proper maintenance of the 
active water reabsorption by the 
kidney. None of the "hypophysists" 
mentioned the hypothalamus except 
as a source of nerve fibers for the 
innervation of the posterior lobe. 

From their thorough review of the 
experimental and clinical evidence 
and from their own extensive obser
vations in the cat and monkey, 
Fisher et al (1938) favored a com
posite of the views advanced by the 
"hypothalamists" and by the "hy
pophysists." According to them, 

DES SCIENCES NEUROLOG1QUES 

" the hypothalamus regulated the 
secretory activity of the neural divi
sion of the hypophysis through the 
supraoptico-hypophyseal system." 
In order to accept this concept, how
ever, one would have to assume that 
the posterior lobe of the pituitary 
body contains secretory elements. 
The only elements which could per
form this function are the pituicytes 
and this was shown not to be the 
case Leveque and Scharrer (1953). 
Furthermore, one would also have 
to show that the pituicytes are actu
ally innervated by fibers from the 
supraopt ico-hypophysea l t r ac t . 
Gageland Mahoney (1936), Mahoney 
and Sheehan (1936), and Keller 
(1942) showed, however, that dia
betes insipidus does not necessarily 
result from interruption of the supra
optic t ract . According to these 
a u t h o r s , on ly l e s ions in the 
immediate vicinity of the supraoptic 
nucleus cause permanent diuresis; 
section of the pituitary stalk halfway 
between the hypotha lamus and 
pituitary was not followed by more 
than a temporary disturbance of the 
excretion of water. Another aspect 
concerns the observation of Rasmus-
sen (1938) who pointed out that there 
are many more fibers in the supra
optico-hypophyseal tract than would 
be necessary to innervate the cells of 
the neurohypophysis. Furthermore, 
only some of the investigators were 
able to demonstrate actual contact 
between nerve fibers and pituicytes 
Brooks and Gersh (1938), Tavares 
de Sousa (1943), Romieu and Stahl 
(1950). Others state that the pitui
cytes do not receive nerve terminals 
from the supraoptico-hypophyseal 
tract Hair (1938), Rasmussen (1938), 
V a z q u e z - L o p e z (1942), Green 
(1948). Actually, Vazquez-Lopez 
(1942), Hagen (1949-50), and Stotler 
(1962), showed that many fibers end 
at blood vessels in the posterior 
pituitary. These fibers do not inner
vate the vessels, but store neuro
secretory material which contains 
the posterior lobe hormones Bodian 
(1951), Hild (1952). Consequently, 
there was little if any basis for the 
assumption that the pituicytes were 
stimulated by nervous impulses 
originating in the supraoptic nucleus 
and that such stimulation caused the 
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pituicytes to produce the posterior 
lobe hormones. 

A different avenue of approach 
was opened by the observation of 
nerve cells in the hypothalamus 
which exhibited the cytological 
characteristics of secretory cells. 
Gaupp and Scharrer (1935) suggested 
that these cells possess the endocrine 
function attributed to the neural lobe. 
However, due to technical dif
ficulties, it was impossible to sub
stantiate the theory at that time. It 
was not until Bargmann and his co
workers in the late 1940's and early 
1950's Bargmann (1949a), (1949b), 
(1950), Bargmann and Jacob (1952), 
Bargmann and Hild (1949), Barg
mann, Hild, Ortmann and Schiebler 
(1950), Ortmann (1950) made use of 
the chrome alum haematoxylin 
phloxin stain developed by Gomori 
for the study of the islet cells of the 
pancreas that the phenomenon of 
neurosecretion could be definitely 
linked to the posterior lobe and its 
hormones. With this technique se
cretory granules could be demon
strated in certain cells of the supra
optic and paraventricular nuclei, and 
these granules could also be seen in 
the axons of the supraoptic-
hypophyseal tract as well as at the 
t e rmina l s of the a x o n s in the 
neurohypophysis. It has since been 
demonstrated that the stainability is 
due not so much to the presence of 
the h o r m o n e s but of a ca r r i e r 
"protein" Hild and Zetler (1952b), 
(1953a). 

As we now know, the utilization of 
the chrome alum haematoxyl in 
phloxin stain and that of other selec
tive stains, which were subsequently 
employed, led to the demonstration 
that physiological events which 
caused the release of the posterior 
lobe hormones also caused the simul
taneous decrease in stainable sub
stance. Furthermore, interruption of 
the hypophyseal stalk caused an 
accumulation of neurosecretory 
material at the proximal end of the 
cut stalk establishing the close rela
tionship between cellular activity in 
the secretory nuclei, principally the 
magnocellular portion of the supra
optic and paraventricular nuclei, and 
hormone release. This secretory 

activity has since been confirmed 
many times at the ultramicroscopic 
level. 

From the accumulated data it 
was possible to formulate a hypo
thesis which would explain the ap
parent confusion in the develop
ment of our understanding of the 
aetiology of diabetes insipidus. 

According to the new concept 
which was termed the "Neuro
secretory" concept, the supraoptic 
and paraventricular nerve cells 
synthesise the posterior lobe hor
mones which then pass along 
the fibers of the supraoptico-
h y p o p h y s e a l t r ac t to gain the 
neurohypophysis. Then the hor
mones are stored in the nerve termi
nals from which they are released 
directly into the blood vessels when
ever the physiological conditions 
demand it. Sharrer and Scharrer 
(1963), Stutinsky (1970). 

The acceptance of the role of the 
hypothalamus in endocrine mechan
isms opened up a broad new area of 
research. Indeed in the last decade 
especially, we have witnessed the 
demonstration of an ever broadening 
implication of the hypothalamus as 
a final common pathway in the modu
lation of most if not all hormonal 
activity. For that reason, and be
cause it is the site of synthesis of 
the posterior lobe hormones, and is 
also known to elaborate a great 
variety of other humoral substances, 
such as the "releasing" and "in
hibitory" factors, no matter how 
else one might classify the hypo
thalamus it has now gained the 
status of an "endocrine organ." 
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