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Oxytetracycline and Hypoglycemia with Convulsions in 
Pancreatectomized Dogs.* (31169) 

NATHAN HIATT, G. BONORRIS AND M. .G. COVERDALE (Introduced by S. Rosenfeld) 
Cedars-Sinai Medical Research Institute and Department of Surgery, Cedars-Sinai Medical Center, 

Los Angeles, Calif. 

During an investigation into the source of 
serum amylase, dogs with vagotomy, pyloro- 
plasty and staged removal of the pancreas 
and small intestine were prepared. The ani- 
mals were maintained post-operatively by in- 
travenous infusion of a solution of half nor- 
mal saline containing 518 g of glucose, 15 
units of regular insulin and 200 mg of oxy- 
tetracycline per liter. I t  was found that after 
several days, the dogs developed hypoglyce- 
mia with staggering and convulsions. In 
these animals the liver glycogen was usually 
normal and occasionally elevated. It was sub- 
sequently determined that neither the enter- 
ectomy nor the vagotomy and pyloroplasty 
was needed for the development of this condi- 
tion. It was found that pancreatectomy was 

"upported by Grant AM 3672-05A1 USPHS, 
Nait. Inst. Health. 

the only necessary operative procedure if the 
animal was maintained post-operatively by 
intravenous infusion of fluid containing oxy- 
tetracycline. 

This report describes a condition of hypo- 
glycemia with convulsions that can be in- 
duced in pancreatectomized dogs when oxy- 
tetracycline is added to intravenous fluid used 
to maintain them post-operatively. The re- 
port also describes the response of the blood 
glucose of these animals to intravenous in- 
jection of glucose and of glycogenolytic 
agents. 

Method. Inasmuch as the operative proce- 
dures other than pancreatectomy had no in- 
fluence on the experimental results, the oper- 
ated animals were pooled for analysis of the 
influence of oxytetracycline. 

Fourteen dogs of both sexes, weighing be- 
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tween 10 and 13 kg, were used. The dogs 
were anesthetized by intravenous injection of 
2 5  mg of sodium pentobarbital per kilo body 
weight. The abdomen was then opened and 
a biopsy of the liver obtained and quickly 
dissolved in boiling potassium hydroxide for 
determination of liver glycogen. The opera- 
tive procedure, which included removal of the 
pancreas, was then carried out. 

The 10 experimental animals were main- 
tained post-operatively by intravenous infu- 
sion of 5% glucose in half normal saline with 
20 meq of potassium chloride, 2 ml of water 
soluble vitamins, 200 mg of choline chloride, 
15  units of regular insulin, and 200 mg of 
oxytetracycline per liter. The 4 control dogs 
were maintained post-operatively on the same 
fluid, minus the oxytetracycline. Each dog 
received about 750 ml o f ,  solution daily 
through an indwelling catheter in an external 
jugular vein by a slow, almost continuous 
drip. 

In the experimental animals determination 
of the responses of the blood glucose to intra- 
venous injections of glucose, glucagon and 
adrenalin was made before the onset of h y p -  
glycemia. The tests were done 2 hours after 
discontinuing the intravenous infusion in or- 
der to permit inactivation of the circulating 
insulin. 

With the onset of hypoglycemia with stag- 
gering and convulsions a specimen of blood 
was obtained for determination of serum bili- 
rubin, SGOT and SGPT; and the intravenous 
'infusion was discontinued for one to two 
hours. The interval varied inversely with the 
severity of the convulsions. At the end of 
this period the response of the blood glucose 
to successive intravenous injections of glu- 
cose, adrenalin and glucagon was determined. 
These tests were done in 5 dogs before they 
were anesthetized for a liver biopsy for glyco- 
gen determination: in 3 dogs after they were 
anesthetized and the liver biopsy obtained. 
Two convulsing dogs died before any tests 
were done or liver biopsy obtained. The 4 
control dogs were anesthetized for liver bi- 
opsy 3-5 weeks after the pancreatectomy. 

Blood glucose was determined by the glu- 
costat method ( 1 ), urine glucose with Clini- 
test tablets, glycogen by the method of Good 

et aZ(2), serum bilirubin, SGOT and SGPT 
in the hospital clinical laboratory. Pancrea- 
tectomy was done by the avulsion technique 
( 3 ) .  

Results. Post-operatively there was a peri- 
od during which the animals treated with 
oxytetracycline had the moderate hyperglyce- 
mia and slight glycosuria usually observed in 
post-pancreatectomized dogs treated with in- 
sulin and glucose in the proportions de- 
scribed. During this time the response of the 
blood glucose to intravenous injection of glu- 
cose (glucose tolerance test) was a sharp, 
sustained rise. The response to intravenous 
injection of adrenalin was a sharp rise fol- 
lowed by a slower one. The response to in- 
travenous injection of glucagon was a more 
uniform rise followed by a gradual fall (Ta- 
bles I, 111, IV) .  

Subsequently each of the oxytetracycline- 
treated dogs developed hypoglycemia with 
staggering and, in 2-4 hours, convulsions. 
The time of onset was 5-9 days in 8 of the 
dogs. One began on the second day and one 
on the twelfth day. With the onset of stag- 
gering and convulsions, discontinuance of the 
intravenous infusion for 1-2 hours resulted in 
no change in clinical condition 'or blood glu- 
cose level. Now, the responses of the blood 
glucose to the intravenous injections of glu- 
cose and of adrenalin were unlike those pre- 
viously described; the response to glucagon 
was unchanged. Intravenous injection of glu- 
cose resulted in a brisk rise of the blood glu- 
cose, followed by a swift fall to the pre-injec- 
tion level (Table I ) .  A rather similar se- 
quence was observed in 5 dogs tested with 10 
times the dose (1.5 g/kilo) following the 
standard glucose tolerance test (Table 11). 

TABLE I. Glucose Tolerance* 
Paiicreatectomp and Oxytetracycline. 

Blood glucose 
Before During 

hypoglycemia hypoglycemia 
Time (inin) and  convulsions and c,o.nvulsions 

~ 

0 215 (186-244) 37 (10- 60) 
5 265 (250-281) 82 (47-112) 

30 255 (231-280) 72 (18-115) 
60 265 (231-295) 40 ( 0- 95) 
90 265 (236-294) 34 ( 8- 57) 

* I.V. injection of 0.15 g glucose per kilo body 
weight. 
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TABLE 11. Glucose Tolerance (5 Dogs) * 
Pancreatectomy and Oxytetracycline. 

Blood glucose, 
during hypoglycemia and convulsions Time (min j 

0 
5 

30 
90 

51 ( 32- 77) 
263 (213-339) 
164 (129-194) 
l 0 6 (  (50-155) 

* I.V. injection of 1.5 g glucose per kilo body wt. 

TABLE 111. Response to  Adrenalin* 
Pancreatectomy and Oxytetracycline. 

~~ ~~ 

Blood glucose 
Before During 

hypoglycemia hypoglycemia 
Time (min) and convulsions and convulsions 

0 221 (187-256) 75 (60- 95) 
5 315 (310-321 j 9G (88-107) 

30 305 (250-359) 84 (73-100) 
60 342 (300-385) 75 (63- 93) 
90 377 (344-410) 78 (69- 92) 

* I.V. injection of 10 ga,mma of adrenalin per 
kilo body weight. 

The injection of adrenalin was followed by a 
small rise of blood glucose and a quick fall to 
pre-injection level (Table 111). The intra- 
venous injection of glucagon was followed by 
the same fairly uniform rise and gradual fall 
of the blood glucose observed in the animals 
before the onset of hypoglycemia with stag- 
gering and convulsions (Table IV) . 

In 9 of the experimental animals, the hy- 
poglycemia was associated with essentially 
normal (unchanged) or even elevated levels 
of liver glycogen. Two of the three animals 
whose livers were biopsied before administra- 
tion of glycogenolytic substances showed sig- 
nificant elevations of the liver glycogen (68 
and 97 %) . In  only one dog, dead when the 
liver was biopsied, did the liver glycogen fall 
significantly (48 % ) (Table V) . 

Three of the animals given oxytetracycline 
showed a small elevation of the serum bili- 
rubin ( 1.4 to 1.8 mg%). Elevated serum bili- 
rubin occurred only in animals with enterec- 
tomy. In these dogs, swelling of the suture 
line near the duodenal papilla could make for 
a moderate degree of obstructive jaundice. 
There was no evidence of liver dysfunction 
as measured by the serum bilirubin, SGOT 
and SGPT in any of the other dogs given 
intravenous oxy te t racycline : on microscopic 

examination, sections of the livers showed no 
inflammation or liver cell degeneration (Fig. 

In  most of the animals, the convulsions 
could not be terminated by intravenous in- 
jection of glucose and proved fatal. Only one 
animal was restored to % O ~ I I I F L ~ , ~ '  by intra- 
venous injection of 50 ml of 50% glucose 
over a 5-hour period. This animal, subse- 
quently kept on the parenteral maintenance 
fluid with only 3.5 units of insulin per liter, 
developed hypoglycemia with irreversible 
convulsions in 48 hours. 

The control pancreatectomized animals, 
those maintained by parenteral fluid without 
oxytetracycline, manifested no staggering or 
convulsions in periods of from 3 to 5 weeks. 
At the time the experiment was terminated 
in these animals, the liver glycogen was un- 
changed from that of pre-operative level. 

Discussion. It appears from these experi- 
ments that the inclusion of oxytetracycline in 

1). 

TABLE IV. Response to Glucagon" 
Pancreatectomy and Oxytetracycline. 

Blood glucoee 
Before During 

hypoglycemia hypoglycemia 
Time (min) and convulsions and convulsions 

5 305 (246-367) 106 ( 94-132) 
0 260 (210-325) 60 ( 24- 72) 

30 342 (275-405) 179 (164-193) 
60 375 (302-430) 286 (233-355) 

120 386 (315-445) 280 (166-380) 
180 370 (310-435) 274 (134-406) 
240 324 (275-380) 261(103-437) 

~ ~~~~ 

* I.V. injection of 2 mg of glucagon. 

TABLE V. Liver Glycogen." 

During hypoglycemia and convulsions 
Pane reatec tomy and Oxyte traeycline 

After Before 
administration administration 

Pre-pmcre- glycogenolytic glycogenolytic 
atectomy substances substances 

7.3 12.3 
6.9 13.6 
7.1 6.9 
8.8 8.1 
7.2 6.5 
8.6 4.4 
8.0 7.4 
6.8 7.0 
6.8 7.7 
6.3 8.4 

* g per 100 g liver wt. 



492 OXYTETRACYCLINE HYPOGLYCEMIA AFTER PANCREATECTOMY 

FIG. 1. Liver of Hypoglycemic Dog. (H and E X 400). 

the appropriate intravenous fluid used to 
maintain pancreatectomized dogs induces a 
state of hypoglycemia and convulsions that 
does not usually respond to the intravenous 
injection of glucose. This state is associated 
with a normal or even elevated content of 
glycogen in the liver. 

We have found no observation in the 
literature relating oxytetracycline and hypo- 
glycemia. However, tetracyclines can damage 
the liver parenchyma (4). Hypoglycemia may 
occur when chemical toxins cause acute and 
profound parenchymal disease of the liver 
( 5 ) .  The dogs in this experiment showed no 
evidence of such liver disease. 

I t  is possible that the pancreatectomized 
dogs given oxytetracycline post-operatively 
develop an increased sensitivity to insulin. 
This would make for hypoglycemia and con- 
vulsions-the manifestations of an overdose 
of insulin in a diabetic dog. Since insulin 
stimulates glycogen synthesis in the diabetic 
dog an increased sensitivity to this hormone 

might explain the subs,tantial levels of liver 
glycogen found in some of these animals (6). 
The one dog that survived the state of hypo- 
glycemia with convulsions showed an un- 
usual sensitivity to insulin. The state re- 
curred in 48 hours with administration of 
oxytetracycline with insulin and glucose in 
the ratio of only one unit of regular insulin 
to each 15 g of glucose. 

The mechanism of the possible increase in 
sensitivity to insulin is not clear. It may in- 
volve an impaired response to adrenalin. With 
the onset of hypoglycemia, staggering and 
convulsions in the experimental animals, the 
intravenous injection of adrenalin does not 
elicit the hyperglycemia expected in diabetic 
dogs with adequate amounts of glycogen in 
the liver (6 ) .  However, the impaired response 
to adrenalin may be only apparent. Both ad- 
renalin and glucagon are believed ta bring 
about glycogenolysis by the same mechanism 
-activation of cyclic AMP( 7 ) .  Since the re- 
sponse of the blood glucose to intravenous in- 
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jection of glucagon remains unchanged in the 
experimental animals, the impaired response 
to adrenalin requires further study with 
larger doses of hormone before i t  can be 
established as a consequence of treatment 
with oxytetracycline. 

Interference with the mechanism that in- 
activates insulin could also make for an ap- 
parent increase in sensitivity to the hormone. 
Insulin is rapidly inactivated in the body; 
its half-life in man is about 40 minutes(8). 
Much of the inactivation of insulin seems 
due to an enzyme system in the liver (9).  In- 
terference with the activity of this enzyme by 
oxytetracycline would cause insulin to ac- 
cumulate and possibly reach a level that pre- 
cipitates hypoglycemia and convulsions. I t  is 
known that oxytetracycline concentrates in 
the liver and that the drug interferes with the 
activity of enzymes-those involved in pro- 
tein synthesis by staphylococci ( 10). 

The data are limited and do1 not permit 
final conclusions. However, the induction of 
hypoglycemia and irreversible convulsions by 
oxytetracycline treatment may be of signifi- 
cance in the study of hormonal control of the 
blood sugar. 

Summary. Addition of oxytetracycline to 
intravenous fluid used to maintain pancrea- 
tectomized dogs brings about a state of h y p -  
glycemia with staggering and convulsions that 
only infrequently responds to administration 

of glucose. The liver glycogen of these dogs 
is usually normal and occasionally elevated. 
During the state of hypoglycemia with stag- 
gering and convulsions the rise of the blood 
glucose following intravenous injection of ad- 
renalin or glucose (glucose tolerance test) is 
transient; the rise of the blood glucose fol- 
lowing intravenous injection of glucagon is 
large and sustained. 
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The Estrous Cycle and Splenic Erythropoiesis in the Mouse.* (31170) 

GEORGE J. FRUHMAN (Introduced by W. Etkin) 
Department of Anatomy, Albert Einstein College of Medicine, New York City  

The normal adult mouse displays signifi- 
cant splenic erythrupoiesis ( 1 ) . Among the 
many experimental manipulations that fur- 
ther stimulate this process are several which 
may have in common the evocation of an in- 
flammatory response. These include group- 
ing od male mice which results in the wound- 
ing of subordinate animals by dominant ones 

* Supported by USPHS Research Grant CA- 
03071-09. 

(2,3), graft vs host reactiow(4), and injec- 
tion of bacterial endotoxins ( 5 ) .  The periodic 
migration of neutrophilic leukocytes into the 
vagina of the mouse at termination of estrus 
is well known and presents an opportunity 
for examining the possible relationship be- 
tween a “physiological inflammation” and 
splenic erythropoiesis. Therefore, it seemed 
of interest to see whether or not this type olf 
inflammation would cause increased splenic 
erythropoiesis. 


