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Relation of Adrenal Gland and Hypophysis to Blood Sugar Levels
Following Administration of Alloxan.*

ArTHCUR KirscHBatM, LEMEN J. WELLS, AND Davio MOLANDER,

From the Departments of Awatomy and Pathoiogy, University «f Minncsota Medical School,
Minuncapolis.

Following the administration of alloxan and
preceding the establishment of diabetes, the
blood sugar of alloxan-treated animals showed
an immediate rise which was followed by a
severe hypoglycemia, the latter resulting from
release of insulin by damaged. islets of Langer-
hans.’* Following the hypoglycemic phase a
final hyperglycemia ensued. - If the adrenal
glands were extirpated preceding the adminis-
tration of alloxan, an initial hvperglycemia did
not appear, although the test animals became
diabetic.} Destruction of the adrenal medulla
of rabbits by injection of formalin produced
the same result as adrenalectomy.?® It was
concluded that the adrenal medulla is con-
cerned in the initial hyperglycemia.?

The present investigation was undertaken to
determine the role of the adrenal cortex (and
medulla) and hypophysis in governing the re-
action to alloxan. Alloxan was injected either
intravenously (100 mg/kg) or subcutaneously
(200 mg/kg) into young adult rats which had
been fasted for 12 hours.
minations were made at intervals after injec-
tion, as indicated below, under ether anes-
thesia.

Fifteen normal rats were injected with
alloxan (10 IV and 5 SC). Tables I and
II present blood sugar levels of these
animals following alloxan administration.

* This investigation was aided by a grant from
the research funds of the Graduate School of the
University of Minnesota. Alloxan monohydrate
was kindly supplied by the American Cyanamid
Company, Stamford Rescarch Laboratories, Stam-
ford, Conn. The authors are indebted to Marjorie
B. Davis for valuable technical assistance.

1 Jacobs, H. R., Proc. Soc. Exr. BioL. ANp MED,,
1937, 87, 407.

2 Ridout, J. H., Ham, A. W,, and Wrenshall, G.
A., Science, 1944, 100, 57.

3 Goldner, M. G., and Gomori, G., Endocrinology,
1944, 85, 241.

Blood sugar deter-.

TABLE T
Blood Sugar Levels in mg ¢z Following Injection
of 100 mg/kg of Alloxan Intravenously into
Normal Rats.

TTours
Iosting 1 2 3 4 5 6 24
105 124 192 100 844
133 208 109 500
134 154 250 250 244 609
124 250 161 149
125 263
138 261
136 208 148 112 132
102 76 66 72 323
128 105 71 167
140 130 )
TABLE IIL

Blood Sugar Levels in mg 9% Following Injection
of 200 mg/kg of Alloxan Subcutaneously
Into Normal Rats.

Hours
Fasting 4 23 46
125 98 72 384
102 122 70 500
109 113 46 400
104 89 43 286
113 118 100 234

Y

A definite initial hyperglycemia was demon-
strated within 4 hours after intravenous in-
jection of alloxan in 7 of 10 intact rats. In
those injected subcutaneously the hypogly-
cemic phase appeared at approximately 23 hr,
and the initial hyperglycemic phase, if it oc-
curred, sometime between 4 and 23 hr after
injection.

Fourteen rats were adrenalectomized 24 hr
or more preceding the administration of
alloxan (9 IV and 5 SC); 3 animals were
operated upon immediately preceding IV in-
jection. Three rats received alloxan IV 4
weeks following adrenal enucleation. By this
procedure all of the adrenal glands except their
connective tissue capsules are removed.*® From

" 4 Evans, G., Am J. Physiol., 1936, 114, 297.



ADRENAL-HYPOPHYSIS AND ALLOXAN DIABETES

TABLE 1II,
Blood Sugar Levels in mg% of Adrenalectomized
Rats Following Injection of 100 mg/kg
of Alloxan Intravenously.

Adrenalectomy performed 24 hr preceding alloxan
injection

Maintenance Fasting 2 hr 4 hr 6 hr
Salt 92 59 45 hge o
7 64 40 hge*
) 66 28 2
i 67 41 7
0 72 35 12
Cortieal extr 105 48 7
” 108 44 *?

Adrenalectomy performed immediately preeeding
administration of alloxan

125 89 73 44 hge
Animals possessing only the adrenal cortex
(following adrenal enucleation)
118 161 161 208
120 118 128 133

Animals from which regenerated adrenal cortical
tissuc was removed immediately preceding admin-
istration of alloxan
161 98 37 hge
133 85 35 7

E hge = hypoglycemic convulsions.

the latter, functional cortices regenerate—the
glands possess no functional medulla. Two
animals received alloxan IV immediately fol-
lowing extirpation of regenerated adrenal
cortices (previously enucleated glands). Re-
generated adrenal cortices were serially sec-
tioned. Of 12 such glands a single island of
medullary tissue was found in one. Table
I1I records ‘the blood sugar levels in this series
of animals.

Hypoglycemic convulsions appeared within
5 hours in fasting adrenalectomized animals
injected with 200 mg/kg of alloxan subcutane-
ously. Compare with blood sugar levels in
intact animals alloxanized with this dose
(Table II).

Eight rats were alloxanized 72 hr after
hypophysectomy by intravenous injection; 3
additional rats were injected IV following a
sham hypophysectomy, and 2 rats were hypo-
physectomized immediately preceding the IV
administration of alloxan. Table IV records
the blood sugar levels in this series of animals.

The results indicate that the adrenal cortex
rather than the medulla was concerned in the
initial hyper- and hypoglycemic reactions to

5 Ingle, D. J., and Griffith, J. Q., The Rat in
Laboratory Investigation, p. 389, 1942, J. B. Lip-
pincott Co., Philadelphia, Montreal, London.
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alloxan. In these experiments all of 15 intact
animals survived the injection of alloxan with-
out the development of hypoglycemic convul-
sions. All of 14 adrenalectomized and 9 of 10
hypophysectomized rats similarly treated de-
veloped hypoglycemic convulsions within 6 hr
after injection. Three of these animals were
adrenalectomized and one hypophysectomized
immediately preceding the injection of alloxan,
indicating that the role of these glands is
active, and that the rapid development of
hypoglycemic convulsions in alloxanized-
adrenalectomized or hypophysectomized ani-
mals is not merely secondary to an initially
lower blood sugar at the moment of injection

TABLE IV.
Blood Sugar Levels in mg % of Hypophysectomized
Rats Following Injection of 100 mg/kg of
Alloxan Tntravenously.

Hypophysectomy—72 hr preceding injection

Pre- Tuost- Hours

op op 1 2 3 4 5 6
122 78 hge

80 66 ”

140 125 100 83 48 hge

128 172 184 181 39 hge

133 113 35 hge*

128 114 76 7

139 95 32

133 125 100 42 hige

Hypophysectomy-—immediately preceding injection
Convulsions in 8 hr.
One animal survived injection.
Sham liypophysectomy—72 hr preceding injection

125 267
138 264
140 130

* hge — hypoglyeemic convulsions.

TABLE V.
Summary of Results Following Intraveaous
Administration of Alloxan (100 mg/kg)

No.
No. with with Liypo-
No. of Previous initial glyeemie
animals treatment  hyperglycemia convulsions
10 none 7 0
9 adrenalectomy 0 9

3 adrenal enucleation

corticul regeneration 1% 0

2 extirpation of regen-
crated adrenal cortex 0 2
10 hypophysectomy 0 9
3 sham hypophysectomy 2 0

Results following subcutaneous administration of
alloxan 200 mg/kg
5 none ¢
5 adrenalectomy ? 5

* 9 animals tested.
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of alloxan. In 3 animals possessing only the
adrenal cortex hypoglycemic convulsions did
.not occur following the injection of alloxan:
one of the 2 animals tested showed an initial
hyperglycemia. That extra-adrenal chrom-
affine tissue was not responsible for this pro-
tection against the hypoglycemia of convulsive
level is demonstrated by the fact that hypo-
glycemic convulsions occurred in 2 alloxanized
animals from which adrenal cortices had been
removed. It would seem that the hypophy-
seal-corticoadrenal mechanism antagonizing
the action of insulin is concerned in the initial
reaction to the injection of alloxan.

MAPHARSEN AND BROMSULPHALEIN RETENTION

Summary. An initial hyperglycemia did
not appear in either adrenalectomized or hypo-
physectomized rats injected with alloxan. With
the doses of alloxan used, hypoglycemic con-
vulsions did not appear in any of 15 intact
animals whereas convulsions occurred within
6 hr in all of 14 adrenalectomized and 9 of 10
hypophysectomized animals. In the absence
of the adrenal medulla the reaction to alloxan
was the same as in intact animals; removal of
the adrenal cortex (regenerated cortex follow-
ing adrenal enucleation) resulted in the same
reaction as total adrenalectomy.
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Effect of Mapharsen on Bromsulphalein Retention in Normal Dogs.*
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Various arsenicals have been used as experi-
mental agents to produce and study hepatic
damage. Thus, liver injury produced by
arsphenamine has been studied in relation to
the protein, carbohydrate and fat content of
the diet.1* More recently methionine has been
reported to counteract the increased icterus
index produced by Mapharsen in protein de-
pleted dogs® TRecently we studied the effect
of oxophenarsine hydrochloride (Mapharsen)
on the liver function of normal dogs and noted
(1) that the bromsulphalein retention pro-
duced by a single injection of Mapharsen
varied considerably and (2)-that-the dogs
rapidly acquired a tolerance to Mapharsen, as
judged by the rapid return of the liver func-

* Aided by a grant from the Fluid Research Fund
of Yale University School of Medicine, The authors
algo wish to thank Dr. Oliver Kumm of Parke, Davis
and Company for the Mapharsen used in the ex-
periments.
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tions to normal on subsequent injections.
Methods. The dogs used in the experiments
were healthy adult animals receiving a stock
diet of Purina chow. After control brom-
sulphalein determinations were made on the
animals each dog was injected intravenously
with 0.06 g of Mapharsen in 10 cc of distilled
water. Bromsulphalein determinations were
then made 6 hr and 24 hr after the Mapharsen
injection. In some of the dogs the Mapharsen
injections were repeated at weekly intervals.
The 5 mg/kg dose of bromsulphalein was
used to estimate the degree of hepatic dys-

. function, and the reported readings were read

directly against the 2 mg standards. There-
fore, by using the 2 mg standard the retention
values may range above 1009%. The control
dye retentions were between 5 and 12%, so
that any retention above 15% was considered
as evidence of decreased liver function.?
Results. Of 17 dogs injected with 60 mg
of Mapharsen, 59% showed a retention of
bromsulphalein 6 hr later. A bromsulphalein
test 24 hr after the mapharsen injection showed

4+ Drill, V. A, and Ivy, A. C,, J. Clin. Invest.,
1944, 23, 209.





