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diminished in the experimental and the thy- 
mectomized control groups. They were pres- 
ent and within normal limits in sham-thy- 
mectomized irradiated controls. The depres- 
sion in the thymectomized irradiated mice 
characteristically involved the small mono- 
nuclear cells. 4. I t  is concluded that recov- 
ery of the immune mechanism following total 
body irradiation takes place by means of a 
thymus-dependent mechanism. 
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The increase in adrenal glucocorticoid se- 
cretion produced by surgical trauma in dogs 
is blocked by lesions of the median eminence 
of the hypothalamus ( 1 ) . However, Egdahl 
has reported ( 2 )  that glucocorticoid secretion 
is elevated after removal of the entire hypo- 
thalamus and cerebrum. He has postulated 
that a circulating factor from the hind brain 
which stimulates the pituitary to release 
AC’TH is responsible for this elevated level 
of adrenocortical activity. I f  this hypothesis 
is correct, removal of the hind brain in addi- 
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tion to the hypothalamus should lower the 
level of adrenocortical secretion to that seen 
in animals with lesions of the median emi- 
nence. In the present studies, the effect on 
adrenocortical secretion of removal of the en- 
tire brain in dogs has been determined, and 
compared to the effects of removal of parts 
of the brain. 

Methods. Brain operations were performed 
under pentobarbital anesthesia in male mon- 
grel dogs weighing 7.5 to 16.8 kg. The oper- 
ations were as follows: Group 1. Bilateral 
craniotomy with opening of the dura only (4 
dogs); Group 2. Removal of all brain tissue 
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above and lateral to the hypothalamus and 
a wedge of tissue between the posterior hypo- 
thalamus and the pons (hypothalamic island 
-5 dogs); Group 3. Removal of all brain 
tissue rostra1 to the pons, including the hypo- 
thalamus, leaving the pituitary in place (iso- 
lated pituitary, hind brain in-4 dogs); 
Group 4. Same operation as Group 3 plus 
removal of the pituitary ( 2  dogs) ; Group 5.  
Removal of the entire brain to the level of 
the first cervical spinal segment, leaving the 
pituitary in place (isolated pituitary, hind 
brain out-6 dogs); Group 6. Section of the 
pituitary stalk via the transtemporal ap- 
proach (5 dogs). 

Four hours after completion of the brain 
operation, the adrenocortical response to sur- 
gical trauma was tested by cannulating the 
right lumboadrenal vein and collecting adre- 
nal venous blood in heparinized tubes by the 
technique of Hume and Nelson( 3 ) .  The dogs 
were then given 10 mU of ACTH (Upjohn) 
intravenously and another sample of adrenal 
venous blood collected starting 4 minutes 
later. All samples were promptly centrifuged 
and the plasma stored in the frozen state for 
subsequent determination of 1 7-hydroxycorti- 
coid content by the method of Silber and 
Porter (4).  17-Hydroxycorticoid output was 
calculated by multiplying the hormone con- 
centration by the adrenal venous plasma flow 
per minute. Body temperature was monitored 
throughout the experiment with a thermistor 
probe in the rectum, and blood pressure was 
monitored, using a cannula in the femoral 
artery, a Statham strain gauge, and a Grass 
model 5 polygraph. Body temperature was 
maintained by the use of heating pads and 
lamps as necessary. Blood from hypophy- 
sectomized donor dogs was infused to replace 
all blood loss. In the total brain removal ex- 
periments, the dogs were maintained on a 
respirator and received a constant infusion 
of isotonic saline. Vasopressor drugs were 
not used. 

In most of the dogs in Groups 2 ,  3,  and 5, 
lndia ink was infused through one carotid 
artery just before the animals were sacrificed. 
All brain and pituitary tissue above the mid- 
brain was removed at  autopsy, fixed in for- 
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FIG. 1. 17-Hydroxpcorticoid output in surgically 
traumatized dogs 4 hr after various brain opera- 
tions. Shaded areas in the diagrams of sagittal 
sections of the dog brain on the right show extent 

of brain removal in each group. 

malin, serially sectioned, and examined mi- 
croscopically. 

Results. The mean 17-hydroxycorticoid 
outputs in each group of dogs following the 
trauma of cannulation, and after 10 mU of 
ACTH, are shown in Fig. 1. The output fol- 
lowing the trauma of adrenal vein cannula- 
tion was at  least 3.6 pg/min in all groups 
except that in which the pituitary was re- 
moved. However, the output was significant- 
ly lower in both of the groups with isolated 
pituitaries than it was in the craniotomy con- 
trol group (P<O.Ol). In the isolated pitui- 
tary group with the hindbrain removed, the 
mean output was slightly but not significant- 
ly lower than it was in the group in which 
the hindbrain was not removed (P>0.3). 
There was some variation in the mean ACTH 
response from group to group, probably due 
to chance variation in adrenal size(5), but 
the differences between groups were not sta- 
tistically significant. The 10 mU dose of 
ACTH is sufficient to produce maximal glu- 
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cocorticoid output in hypophysectomized 
dogs(6).  The  blood pressure in the total 
brain removal group of animals averaged 
88/45 mm H g  a t  the time the first adrenal 
venous specimen was collected. I t  was higher 
in the other groups of animals. The  slightly 
lower 17-hydroxycorticoid output value in 
the brain removal group may have been due 
to hypo tension. 

Histologically, the isolated pituitaries were 
found to contain India ink in appreciable 
quantities. There were scattered areas of in- 
farction in the anterior lobes in many animals. 
In the few animals in which these areas were 
extensive, 17-hydroxycorticoid output was 
generally low. There were no pituitary in- 
farcts in the animals with hypothalamic is- 
lands, but the hypothalamic tissue was dis- 
rupted and hemorrhagic. 

Discussion. These results confirm Egdahl’s 
reports ( 2 , 7 )  that there are appreciable num- 
bers of patent blood vessels supplying the 
pituitary after removal of the hypothalamus 
in the dog, and that the output of 17-hy- 
droxycorticoids in such animals is consider- 
ably above the value of approximately 1 to 3 
pg/min found in surgically stressed dogs with 
lesions of the median eminence. The high 
hormone output is due to a factor secreted 
from the pituitary, presumably ACTH, since 
removal of the pituitary reduces thtl 17-hy- 
droxycorticoid output to less than 1 pg/min. 
Tt should be noted that although the 17-hy- 
droxycorticoid output is not reduced to low 
levels, it is not as high in animals with iso- 
lated pituitaries as it is in the control group 
with intact hypothalami. Removal of the 
hindbrain fails to produce a statistically sig- 
nificant lowering of the response, making it 
unlikely that a factor secreted by the hind- 
brain is responsible for the relatively high 
level of ACTH secretion. Egdahl has recent- 
ly confirmed this observation(8), and he has 
also reported that removal of the whole brain 
and the spinal cord does not depress 17- 
hydroxycorticoid output to basal levels in 
traumatized dogs with isolated pituitaries. On 
this basis, he has now retracted his original 
hypothesis, and agrees that the hindbrain is 
not the source of an  ACTH-stimulating neu- 
rohumor , 

There remains the problem of why ACTH 
output is elevated after trauma in the hypo- 
thalamic island and isolated pituitary prepa- 
rations. I t  is possible that the damaged 
adenohypophyseal tissue liberates ACTH 
autonomously, and this possibility cannot be 
ruled out in the present study. However, 
Egdahl has kept dogs with isolated pitui- 
taries alive for 5 days(2,7) and found that 
their 17-hydroxycorticoid output remains ele- 
vated. Although there are no experimental 
data on the point, it seems unlikely that 
ACTH release due to pituitary hypoxia or 
ischemia would continue for this length of 
time. 

Three other possible explanations of the 
elevated ACTH secretion deserve consider- 
ation. There could be a substance. or “wound 
hormone,” liberated during trauma into the 
circulation from some part of the body other 
than the brain that stimulates the hypothala- 
mus to release corticotropin-releasing factor 
( C R F ) .  Alternatively, there could be a 
“wound hormone” that stimulates the ante- 
rior pituitary directly. A third possibility is 
that in all these preparations, traumatizxl 
and degenerating neural elements liberate 
C R F  autonomously. I t  is impossible a t  pres- 
ent to choose among these alternatives. The 
fact that actual removal of the hypothalamiis 
dozs not lower the 17-hydroxycorticoid out- 
put to low levels does not necessarily mean 
that a postulated circulating factor must 
work directly on the anterior pituitary, be- 
cause in all the present isolated pituitary 
preparations, the posterior pituitary was 
present, and this tissue is known to contain 
C R F  and to resemble median eminence tis- 
sue(9) .  Egdahl has reported that removal 
of the posterior pituitary as well as the hypo- 
thalamus does not reduce the level of corti- 
coid secretion (8) .  However, the removal of 
all neural tissue could be proved only by ex- 
amining serial sections of the pituitary rem- 
nants, and it would be extremely difficult to 
remove all shreds of neural tissue without 
severely damaging the anterior pituitary. 

The  responses of the isolated pituitary 
dogs might be due to autonomous release of 
CRF from damaged hypothalamic or neuro- 
hypophyseal remnants, and the responses in 
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the animals with hypothalamic islands could 
also be explained on this basis because these 
islands were extensively disrupted and hem- 
orrhagic. The 17-hydroxycorticoid output in 
dogs in which the pituitary stalk had been 
sectioned acutely, interrupting the portal ves- 
sels and producing a degree of pituitary dam- 
age similar to brain removal, but leaving the 
brain intact, was similar to the output in 
isolated pituitary preparations. 

If the hypothalamus or pituitary is acti- 
vated by a humoral factor liberated from 
some portion of the body during trauma, the 
output of 17-hydroxycorticoids in dogs with 
hypothalamic islands or isolated pituitaries 
should be low in the absence of stress, while 
if the release of ACTH is autonomous, the 
rate should be high. I t  has been reported 
that in non-stressed rats with hypothalamic 
islands, the circulating corticosterone levels 
are low( 10). However, there are no data on 
the output of 17-hydroxycorticoids in the ab- 
sence of stress in dogs after similar oper- 
ations, and a truly unstressed state after such 
extensive surgery would be difficult to 
achieve. 

Summary. The adrenocortical response to 
the trauma of cannulating the adrenal vein 
has been tested in dogs 4 hours after removal 
of various parts of the brain. Compared to 
controls, 17-hydroxycorticoid output in adre- 
nal venous blood is slightly decreased in dogs 
in which all brain tissue above the pons ex- 
cept the hypothalamus has been removed. 
Output was significantly lower, but still defi- 
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nitely above basal levels in dogs in which the 
entire brain above the pons had been re- 
moved. I t  was in the same range when the 
entire brain had been removed. Acute sec- 
tion of the pituitary stalk decreased the adre- 
nocortical response to an approximately equal 
degree. Removal of the pituitary as well as 
the brain reduced output to low levels. These 
data do not support the hypothesis that the 
hindbrain secretes a factor which stimulates 
the pituitary to secrete ACTH. Other pos- 
sible explanations of the results are discussed. 

The ACTH used in these studies was provided 
by Dr. J. Stucki, Upjohn Co., Kalamazoo, Mich. 
The technical assistance of Miss Angela Boryczka, 
Miss Margaret Saari, Mrs. Annette Lowe, and Mr .  
Roy Shackleford is gratefully acknowledged. 
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Canine endotoxin shock has been success- 
fully reversed with aldosterone and angioten- 
sin II( 1 ) -7  cause endotoxin shock in the 
monkey CorresPOnds more closely to the he- 

+ Supported by u. s. Public Health Service Re- 
search Grant. 

modynamic and metabolic alterations occur- 
ring in human patients, studies were extended 
to the primate. Features of endotoxin shock 
in the monkey are hypotension, oliguria or 
anuria, hyperkalemia and terminal acidosis. 

The main objectives of the present investi- 




