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Mechanism of Hypoglycemia Responsiveness in Relation to Changes in 
Blood Eosinophile Level.* (19500) 

BRUNO W. VOLK, SYDNEY S. LAZARUS, AND Co Tux. 
From the Jewish Sanitarium and Hospital for Chronic Diseases, Brooklyn, N .  Y. ,  and 

The Creedmoor Institute for  Psychobiologic Studies, Queens Village, N .  Y .  

h the normal individual the intravenous 
administration of a small dose of insulin causes 
an abrupt decline of the blood sugar concen- 
tration which is followed within 20 to 30 
minutes by a sharp rise. This phenomenon 
is considered to be a result of stimulation of 
a homeostatic mechanism for restoration of 
normal blood sugar levels and not of the cessa- 
tion of' the activity of the injected insulin. In 
previous investigations we demonstrated that 
the moderate hypoglycemia caused by the in- 
travenous administration of 0.1 unit of crystal- 
line insulin per kg of body weight in normal 
individuals is accompanied by a significant 
rise of the absolute lymphocyte count with the 
peak at 45 !to 90 minutes after the insulin 
administration ( 1). In  a subsequent report it 

~~ - ~~ ~ ~ 

*Supported by a grant from the National Insti- 
tutes of Public Health, U. S. P. H. S. 

was shown that the mean percentage increase 
of the absolute lymphocyte count above the 
tasting value in diabetic patients given the 
same insulin dosage declined with increasing 
degrees of impairment of hypoglycemia re- 
sponsiveness (2). Moreover, 2 diabetic pa- 
tients in whom there was no evidence of 
counter-regulatory response to the falling 
blood sugar level in the Insulin Tolerance 
Test, failed to show a rise in the absolute 
lymphocyte count. This suggested that the 
same mechanism which is responsible for the 
rise of the absolute lymphocyte count is also 
responsible for antagonizing the action of in- 
sulin on the blood sugar level. 

The present study was undertaken with the 
objective of elucimdating the mechanism of the 
lymphocytosis after insulin and at  the same 
time it was hoped to clarify the trigger mech- 
anism for hypoglycemia responsiveness. Since 
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F I G .  1. Nean blood sugar lercls and mean percentage change of the eosiizophil count after 
intravenous in jrction of insulin in normal, adr.eno-dernedullated, adrenalectomizod, and hy- 

~~ophysectoniized dogs compared with saline controls. 

it  was observed that the change in the eosino- 
phi1 level paralleled the change in absolute 
lymphocyte count, for technical reasons this 
response was studied rather than the lympho- 
cyte response( 3-6). 

Material and methods. The study was car- 
ried 011 t on normal, adreno-demedullated, bi- 
laterally adrenalectomized and hypophysecto- 
mized mongrel dogs weighing from 15 to 20 
kg. -4, 125 mg Percorten tablet (Ciba) was 
inserteld subcutaneously immediately post- 
operatively in all adrenalectomized animals. 

Both the adrenalectomized and hypophysec- 
tomized animals were maintained on normal 
saline in addition to the regular diet of canned 
dog food and table scraps. The experimental 
animals were divided into 4 groups: 1. 10 
normal controls; 2. 5-adreno-demedullated 
dogs; 3. 3 hypophysectomized dogs; 4. 5 ad- 
renalectomized dogs. 

The experiments in the operated animals 
were carried out after the 14th post-operative 
day and were repeated on the same dog a t  
2-week intervals. After a 24-hour fast and 
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2 hours after the induction of intraperitoneal 
nembutal anesthesia, 0.1 unit of crystalline 
insulin (Lilly) per kg of body weight was in- 
jected intravenously. When necessary, as in- 
dicated by a returning corneal reflex, the 
animals were given additional small doses of 
anesthesia. Furthermore, 6 control experi- 
ments using saline instead of insulin were 
carried out. Duplicate venous blood samples 
were collected before and at  20, 30, 45, 60, 
90, 120, and 150 minutes after the injection 
of insulin. The blood sugar determinations 
were done on serum by the Nelson modifica- 
tion of the Folin-Wu micro method(7) and 
the eosinophil counts were done according to 
the procedure described by Randolph (8) .  
The change of the eosinophil level was ex- 
pressed in terms of the percentage change from 
the fasting value which was taken as 0%. 
The experiments were started 2 hours after 
the induction of anesthesia since it was found 
that in the untreated normal dog this time in- 
terval allowed for recovery from the initial 
stress incident to anesthetizing the animal. 

Both the blood sugar and the 
eosinophil level of the saline control animals 
showed a non-significant variation from the 
fasting level (Fig. 1, Curve A, A1). In the 
intact animal the lowest blood sugar after 
insulin was reached within 20, 30, or 45 
minutes whence it rose gradually. This was 
accompanied in all instances by a significant 
rise in the eusinophil level which reached its 
peak at 30 to 60 minutes and was then fol- 
lowed b y a  gradual decline. The mean values 
are shown in Fig. 1 (Curve B, B1). The re- 
sponse of the blood sugar level and of the 
eosinophil level of the adreno-demedullated 
animal after insulin administration was in all 
respects similar to that of the intact dog 
(Fig. 1, Curve C, Cl) . I n  the hypophysecto- 
mized and the adrenalectomized animals the 
fasting blood sugar level was depressed and 
after injection of insulin it declined progres- 
sively with no evidence of hypoglycemia re- 
sponsiveness (Fig. 1, Curve D, E). However, 
the eosinophil level in both groups, on the 
other hand, showed a significant rise which 
was similar to that of the normal (Fig. 1, 
Curve D1, El). 

Discussion. Cannon et al. (9) showed th*at 

Results. 

hypoglycemia causes a release of epinephrine. 
I n  view of the glycogenolytic action of the 
medullary secretion it has been assumed that 
hypoglycemia responsiveness is based on a 
stimulation of the adrenal medulla( 10,l l) .  
However, Zucker and Berg( 12) demonstrated 
that the radreno-demedullated animal has a 
normal response to insulin, This has been 
confirmed by our experiments. Furthermore, 
the rise of the eosinophil level in the adreno- 
demedullated animal is similar in all respects 
t o  that of the nurmal, indicating that this re- 
sponse is not mediated by activation of the 
adrenal medulla. 

However, it is generally agreed that in the 
absence of the hypphysis or the adrenal there 
is a failure of hypoglycemia responsiveness 
(13,14). This has led to the hypothesis that 
an immediate response of the pituitary-adrenal 
axis is the mechanism for hypoglycemia re- 
sponsiveness. This viewpoint is supported by 
the finding that there is a decline of adrenal 
cholesterol and ascorbic acid as a response to 
a lowered blood sugar level, indicating a re- 
lease of glucocor ticoids ( 1 5 ) . 

Since in (both the hypophysectomized and 
adrenalectomized animals the rise of the ab- 
solute eosinophil count after insulin was sim- 
ilar to that in the normal, it can be assumed 
that this response is not effected by a change 
in activity of the anterior pituitary or the 
adrenal cortex. As previously stated, the 
mechanism for the rise of the eosinophil level 
is probably identical with that of hypogly- 
cemia responsiveness. Therefore, it can also 
be inferred that an immediate response of the 
adrenal cortex and the anterior lobe of the 
pituitary are not a necessary component of the 
homeostatic mechanism even though the hypo- 
physectomized and adrenalectomized animals 
are hypoglycemia unresponsive. This is sup- 
ported by a previous hypothesis( 16) that the 
failure of hypoglycemia responsiveness which 
is observed after removal of the pituitary or 
adrenal glands may be primarily the result of 
depletion of the glycogen stores of the liver 
rather than the destruction of the mediating 
mechanism. 

Summary. 1. The intravenous administra- 
tion of 0.1 unit of crystalline insulin/kilo body 
weight to the intact anesthetized dog caused 
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an abrupt decline of the blood sugar level 
which is followed within 20 to 45 minutes by 
a sharp rise. This is accompanied by a sig- 
nificant rise of the eosinophil level which is 
thought to be mediated by the same mech- 
anisms as is responsible for the rise of the 
blood sugar level. 2 .  The adreno-demedul- 
lated animal shows normal hypoglycemia re- 
sponsiveness in the insulin tolerance test and 
an accompanying rise of the eosinophil level 
similar to that of the intact animal. This in- 
dicates that the medullary secretion is un- 
necessary for either of these phenomena. 3. 
In  the adrenalectomized and hypophysecto- 
mized animals a rise of the eosinophil level 
similar to that of the normal was demonstrated 
after insulin, even though the blood sugar 
changes showed no evidence of hypoglycemia 
responsiveness. This is interpreted to signify 
tbat the mechanism for hypoglycemia respon- 
siveness in the hypophysectomized and adren- 
alectomized animal is intact but is not ap- 
parent, due to depletion of liver glycogen in 
the absence of the anterior-pituitary and 
adreno-cortical secretions. 
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Autonomous Transplantable Pituitary Tumors Arising in Growths 
Dependent on Absence of the Thyroid Gland.* (19501) 

J. FURTH, E. L. GADSDEN, AND W. T. BURNETT, JR. 

From the Biology Division, Oak Ridge National Laboratory, Oak Ridge, Tenn. 

“Invasive,” ‘‘autonomous,” “unrestrained” 
are adjectives commonly used to characterize 
cancerous growth. The study now to be de- 
scribed indicates. the uncertainty of these 
terms in relation to neoplastic growth. 
Autonomy may be only apparent or partial, 
can never be certified to be absolute, and 
metastases may occur with conditioned neo- 
plasms. Destruction of the thyroid by 1131 

(250-300 pc) is followed by the development 
of pituitary growths 10 to 14 months later( 1). 

*Work performed under Constract for the Atomic 
Energy Commission. 

These growths can be grafted readily in the 
muscle of mice similarly radio-thyroidecto- 
mized but not in normal mice(2). They grow 
progressively in the former until the death of 
the host and almost invariably metastasize to 
the draining lymph nodes. In  over 1 0  such 
tumor-bearing mice not a single spontaneous 
regression was noted. 

The procedures of inducing and transplant- 
ing the pituitary tumors have been described 
( 2 ) .  All studies have been made in C-57 
black mice. Seven transplantable strains were 
established thus far in radio-thyroidectomized 




