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Growth Hormone and Carbohydrate Tolerance in Adrenalectomized Rat.*!
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Little information is available on the
adrenal requirement for producing growth
hormone diabetes in the rat. Tt was stated
earlier that anterior lobe pituitary extract was
diabetogenic in the partially pancreatecto-
mized-adrenalectomized rat only when adrenal
cortical extract was administered simultane-
ously with the diabetogenic one(1). How-
ever, the significance of this finding is clouded
by the fact that the amounts of adrenal corti-
cal extract used in these experiments them-
selves induced glycosuria. The paucity of in-
formation as to diabetogenic effect of purified
growth hormone in the adrenalectomized rat
prompted the present investigation of adrenal
requirement for production of hyperglycemia
and glycosuria in the rat. Using a recently
published procedure(2), which obviated use
of partially pancreatectomized animals, the
hyperglycemic influence of purified growth
hormone was investigated in the tube-fed
adrenalectomized rat maintained with various
forms of adrenal cortical supportive therapy.

Materials and methods. Male rats of the
Vanderbilt strain, weighing approximately 250
g at start of experiment, were housed in in-
dividual metabolism cages in a temperature
controlled room maintained between 78-80°F.
They were adapted to tube-feeding of a high
carbohydrate diet(3) during an initial 5-day
period. Thereafter, they received a total of
28.0 ml of diet in 2 equal feedings per day
(full tube-feeding) at 8:00 a.m. and 4:00 p.m.
On the 8th day of full tube-feeding, bhilateral
adrenalectomy was performed and the animals
were placed into 6 groups which received the
following types of supportive therapy: (1)
1% saline ad lib., (2) 0.5 mg DOCA/day,
(3) 0.1 mg DOCA/day, (4) 0.25 mg cortisol/
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day, (5) 0.50 mg cortisol/day, (6) 1.0 mg
cortisol/day. All injections were by the sub-
cutaneous route and were continued through-
out experiment. On 8th and 9th days follow-
ing adrenalectomy, baseline values for blood
glucose and urinary sugar were obtained.
From the 10th through the 13th days follow-
ing adrenalectomy, each animal received
either 2.0 mg of growth hormone/100 g of
body weight or a control injection of bovine
serum albumin at time of morning feeding.
On the 12th and 13th days, blood glucose and
urinary sugar values were obtained. This
dose of growth hormone regularly induces hy-
perglycemia and glycosuria in intact tube-fed
rats(4). Blood glucose was determined by
the glucose oxidase method(5) on tail vein
blood obtained 3 hours following injection of
growth hormone or serum albumin and tube
feeding. Urinary glucose was determined on
24-hour collections by the method of Benedict
(6). Completeness of adrenalectomy was
determined at end of the experiment by ability
of the rats to survive a potassium load and by
direct observation at autopsy.

Results. The influence of growth hormone
administration on glycemia and glycosuria of
adrenalectomized rats receiving various
amounts of cortisol supportive therapy is il-
lustrated in Fig. 1. There was no significant
difference between baseline values and those
obtained following administration of bovine
serum albumin in all 3 groups. Growth hor-
mone administration to the animals main-
tained on 0.25 mg of cortisol/day had no ef-
fect on blood glucose level and did not result
in glycosuria. However, growth hormone ad-
ministered to rats receiving 0.5 mg cortisol
per day resulted in a significantly greater
blood glucose level (p<C.01) than in the in-
jected control rats. Six of the 7 animals in
this group developed a mean glycosuria of
1.04 + 0.22 g/rat/day during the 4-day
growth hormone treatment period.
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FIG. 1. TInfluence of growth hormone on gly-

cemia and glyeosuria of adrenalectomized, tube-fed
rats maintained on various levels of cortisol.

IPIG, 20 Tnfluence of growth hormone on glyce
mia of adrenalectomized rats after prolonged mai-
tenance on 0.25 mg cortisol/day.

FIG. 3. Influence of growth hormone on gly-

cemia of adrenalectomized, tube-fed rats main-
tained on saline ad ltibitum or DOCA.

In the group maintained with 1.0 mg cor-
tisol/day and receiving growth hormone,
there also was a significant elevation (p<.01)
of blood glucose over the baseline and the in-
jected control value. Seven of the 8 growth
hormone-treated rats in this group exhibited
glycosuria during the 4-day treatment period
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which amounted to 1.0 + 0.23 g per rat per
day.

In hoth groups with glycosuria, the amount
of sugar was slight on the first day of growth
hormone administration, reached a maximum
on the 2nd and 3rd days and became minimal
again on the 4th day.

Administration of growth hormone to the
rats receiving 0.25 mg of cortisol was repeated
at a time when these animals had received
cortisol for a period of 5 weeks (Fig. 2). A
small but statistically significant (p<C.01) ele-
vation of blood glucose concentration was ob-
served, but no glycosuria. This may have
been due to the cumulative effect of the micro-
crystalline suspension of cortisol.

The results of growth hormone administra-
tion to adrenalectomized rats receiving either
saline or DOCA in doses of 0.5 and 1.0 mg/
day as supportive therapy are illustrated in
Fig. 3. Growth hormone had no significant
influence on blood glucose concentration or
urinary glucose excretion under these condi-
tions.

Discussion. The results of this study are
consistent with the report that anterior lobe
pituitary extract induces glucosuria in pan-
createctomized-adrenalectomized rats main-
tained with adrenal cortical extract, but not
saline(1). In the earlier work with anterior
pituitary extract the significance of the re-
sponse was uncertain since the dose of adrenal
extract used itself permitted glycosuria. The
present study was designed to eliminate this
defect by using subdiabetogenic supportive
doses of cortisol and, in addition, employed
purified growth hormone.

The results obtained support the concept
of a species difference regarding the influence
of the adrenal cortex and its secretory prod-
ucts in production of growth hormone dia-
betes. Thus the rat, which requires a gluco-
corticoid for development of hyperglycemia in
response to growth hormone, is unlike the dog,
which does not require any adrenal cortical
hormonal substitution therapy(7-9), and the
cat, which seems to need a functional adrenal
gland(10,11). The results with the small dose
of cortisol (0.25 mg/day) indicate that mag-
nitude and duration of adrenal substitution
therapy are important factors in the rat. Pre-
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sumably, this may reflect a critical level of
adrenal cortical activity which must be at-
tained in the rat to permit the hyperglycemic
response to become apparent. In our experi-
ment this may be attributed to an accumula-
tion of depot cortisol over the 5-week period.
The glucocorticoid requirement for growth
hormone hyperglycemia in the rat, demon-
strated herewith, agrees with data indicating
an adrenal steroid requirement for the inhibi-
tory effect of anterior pituitary extract and
growth hormone on glucose uptake by the
isolated rat diaphragm. Growth hormone in-
jected into adrenalectomized rats has been
found incapable of inhibiting glucose uptake
by the diaphragm #n vitro unless the animals
were pretreated with cortisone(12-14).
Summary. Growth hormone in a dose
which regularly leads to hyperglycemia and
glycosuria in normal tube-fed rats has no such
effect in saline or DOCA maintained tube-fed
adrenalectomized rats. Treatment with sub-
diabetogenic doses of cortisol restores the hy-
perglycemic response to growth hormone in
adrenalectomized rats. These results are com-
pared to previous studies of growth hormone
effects in adrenalectomized cats and dogs.

We are indebted to Upjohn, Kalamazoo, Mich.,
for hydrocortisone (Cortef) aquecus suspension; to
Ciba Pharmaceutical, Summit, N. J., for desoxy-

745

corticosterone acetate in sesame oil (Percorten) and
to Endocrinclogy Section, Nat. Inst. Health, for
growth hormone.
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When mucoprotein fractions from phenyl-
hydrazinized rabbits’ urine were assayed for
erythropoietic activity, it was noted that
spleens of receptor rats showed marked in-
crease in weight, within 48 hrs. after the first
of 2 injections of extracts given one every 24
hours. No correlation was seen between
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splenic and erythropoietic response, as meas-
ured by plasma iron turnover, and uptake of
Fe™ in erythrocytes. Greatest splenic re-
sponses were noted in rats injected with ex-
tracts of urine of normal rabbits devoid of
erythropoietic activity. Histology of hyper-
trophic spleens was strikingly similar to that
described by Rich(1,2) for acute splenic tu-
mor, and now recognized as a characteristic
resdonse of spleen to antigens(3). In view of
the magnitude of the response observed in re-



