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Stress-induced hyperglycemia and 
hypoinsulinemia are suppressed by sulfonylurea. 

Predominant role of insulin 
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Based on the in vitro blockade of adrenal catecholamines release by sulfonylurea, 
we searched for an anti-stress activity of this drug. Stress-induced hyperglycemia 
and insulin inhibition were employed as adrenergic stress indicators. A standard 
dose of the oral sulfonylurea glipizide (200 [ig/100 g), administered 15 min before 
a 1-h restraint stress to intact or 80% pancreatectomized rats, produced total 
suppression of the stress-induced hyperglycemia-hypoinsulinemia, an effectfollowed 
by a significant post-stress hypoglycemia of 1 h duration. The latter effect was 
elicited by all the sulfonylureas assayed. 
In the 80% pancreatectomized rats, glipizide nearly halved the increases in plasma 
catecholamines at 30 min of stress, but did not modify those attained at 60 min, 
when glycemia was decreasing and insulinemia was still increasing. Moreover, 
behavioral experiments in intact stressed rats showed that the adrenergic overt 
behavior inhibition caused by propranolol was not produced either by glipizide or 
insulin, reinforcing that glipizide effect was not mediated by catecholamine inhibition. 
These findings suggest a blockade of catecholamines hepatic receptors by the 
anticipated insulin release induced by sulfonylurea. Thus, insulin fully dominated 
when insulin and catecholamines were administered in a stress-like sequence. A 
confirmation of these findings in diabetic patients subjected to surgical stress would 
allow a new therapeutic application of sulfonylurea. 
It is concluded that an anticipated insulin release plus an insulin dominant role 
over catecholamines activity might explain the anti-stress effect of sulfonylurea. 
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INTRODUCTION 

In the acute stress, hypoinsulinemia (12) and 
hyperglycemia are sensitive indicators of 
adrenergic activation in rat, monkey and 
human (1 , 7, 12, 20). Catecholamines are 
known to play a main role in the development 
of such hyperglycemia (12). Although this 
appears to be a rather fixed reaction against 
various stressors (24), hemorrhage, cardiac 
puncture and urethravesical catheterization 
increased significantly the stress hypergly
cemic response (2), inducing a transient 
diabetic condition (30), while tail tip pinching 

induced a 50% reduction of stress hyper
glycemia through opioid stimulation (24). 

The hyperglycemia and hypercatechol-
aminemia persisted under repeated stress (5, 
7,18) whereas Cortisol attained normal values 
(19, 20). Therefore, an inhibition of stress 
induced hyperglycemia means inhibition of 
the most active stress component, i.e. adren
aline oversecretion. This latter hormone, the 
most powerful hyperglycemic agent, appears 
to be indispensable for the production of stress 
hyperglycemia, since this effect disappeared 
after adrenal demedullation (23). No other 
hormone was able to replace adrenaline, since 
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neither glucagon nor growth hormone nor 
C o r t i s o l changes were eliminated by this 
procedure. 

Searching for a drug that could antagonize 
the stress-induced hyperglycemia-hypoinsu-
linemia, sulfonylureas were selected for 
their in vitro inhibitory effect on adrenal cat
echolamine release (14) and for the known in 
vivo insulin release (13), which could an
tagonize the stress-induced insulin inhibition. 
Therefore, we hypothesized that sulfonylureas 
would reduce the stress-induced catechol
amine release, resulting in an inhibition of 
stress hyperglycemia. Glipizide (GPZ) was 
chosen among the sulfonylureas due to its 
rapid action (3). 

To prevent the stress-induced hypergly
cemia, an anticipated drug administration 
before the stressor application was advisable 
considering the time for drug intestinal ab
sorption. Among the pre-stresi times assayed, 
15 min gave the best effect. The partial pan-
createctomized rat was used as a more reactive 
stress hyperglycemic model, which may 
present glycosuria (5) and transient diabetes 
mellitus when subjected to acute stress (30). 

METHODS 

Animals 

Experiments were performed on non-fasting 
male Sprague-Dawley rats reared in the Cen
tral Animal Facilities of our Faculty and 
maintained at 21° C room temperature, on a 
12 h dark/light cycle (22:00 to 10:00 h). Both 
intact and 80% pancreatectomized (80%-P) 
rats were used. Eighty percent pancreatec
tomy was performed under ether anesthesia 
by blunt dissection of the pancreas paragas-
tric region, leaving the paraduodenal portion 
(4). The rats were tested 7 days after the oper
ation. 

Before the experiment, the rats were 
acclimatized to the laboratory room during 1 
h to avoid novelty stress, with free access to 
water and pelleted food. The 60 min stress 
was performed according to standard immo
bilization procedures, allowing body and tail 
movements (23, 24). 

Rats were divided into 9 experimental 
groups (see Results). 

Drugs administration 

All doses are expressed per 100 g b.w. 
Glipizide (GPZ) was given in a standard dose 
of 200 ug (0.4 mol) and the doses for the other 
sulfonylureas were calculated from human 
pharmacologic posology (11). Sulfonylureas 
(Sigma) were administered in single oral doses 
in 0.5 ml aqueous suspension, through an 
intragastric semielastic cannula, 1, 8 or 15 
min before the stressor application. Previous 
controls with saline solution demonstrated that 
this procedure did not produce changes in 
glycemia, but a new control was done with 
0 .5% methylcellulose (see 1st group in 
Results). Sulfonylureas suspensions were 
prepared in tridistilled water under permanent 
stirring immediately before administration. 
Rapid insulin (Nordisk) and catecholamines 
(Sigma) were injected intraperitoneally (ip), 
and propranolol and diazepam (Sigma) intra-
cerebro-ventricularly (icv) in 1.0 ul saline 
solution, as described elsewhere (24). A two 
step surgical procedure was employed. In a 
first step, the skin section and needle puncture 
of the skull, made under ether anesthesia, 
increased glycemia to 30 ± 5 mg/dl at 15 min, 
with rapid recovery. After 60 min, when nor-
moglycemia had been reached, the icv injection 
was carefully made in conscious rats, with
out producing a significant hyperglycemia 
at 15 min. 

Insulin and catecholamine administration to 
mimic the chronological hormone sequence 
of the sulfonylurea experimental model 

The simulation was made in intact rats giv
ing insulin 15 min before catecholamine 
administration (0 time). The first injection 
mimicked the initial sulfonylurea-induced 
insulin release and the second, the cate
cholamine discharge at stress onset. In other 
series, .both hormones were injected at 0 time. 

Catecholamines were dissolved in 0.05 N 
hydrochloric acid and prepared just before their 
administration. 

Behavioral experiments 

In this group, the restrain stress lasted 30 min. 
Body movements , noise emissions and 
chewing movements were registered and 
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counted throughout the experiment, each rat 
being studied by one investigator. Results are 
expressed as the means of the total number of 
events. 

Glycemia, glycosuria and hormone 
determinations 

Glycemia was determined at times indicated 
in the figures by the Dextrostix-Dextrometer 
method (16, 24, 25) and the blood samples 
were obtained from one cut at the tail tip, 
without removing the rats from the cage to 
diminish handling stress. 

For hormones de te rmina t ions , blood 
samples were drawn from the abdominal aorta 
under general ether anesthesia. For catechol
amine measurements , the samples were 
collected into prechilled vacutainers (Upjohn) 
at 0° C and assayed with CATA KIT of 1.8 
pg/10 ul adrenaline sensitivity (21). Serum 
insulin was determined by radioimmuno-
analysis (9). Hormones values are expressed 
as the means of two readings per sample. 

Glycosuria was evaluated positive or 
negative using the glucose enzymatic test strip 
(Tes-Tape, Lilly) in a drop of urine taken from 
the urethra (28). 

Statistical analyses 

Results were analyzed by unpaired Student's t 
tests or three-way factorial analysis of variance 
(ANOVA) (26), p < 0.05 being considered as 
statist ically significant. The behavioral 
observations were analyzed by Wilcoxon's 
tests (26). In 80%-P rats treated with GPZ and 
not submitted to stress, a linear regression 
was calculated for the data at 60 and 120 min. 

RESULTS 

Group 1. Hypoglycemic GPZ assay 

This assay was performed on non-stressed 
80%-P rats. Figure 1 illustrates the hypogly
cemic effects produced by GPZ in single oral 
doses of 2, 20, 200 and 400 ug. A dose de
pendent effect for all doses was found, with a 
linear regression coefficient of 0.99 at 60 and 
120 min. A control assay with oral methyl-
cellulose 0.5% had no effect on glycemia 

(changes: + 2, -2, 0 and 0 mg/dl in 4 different 
rats), confirming previous controls with saline, 
proving that the oral procedure used did not 
provoke stress hyperglycemia. 

According to the above results, GPZ 200 
ug was suggested as the standard effective 
and reversible hypoglycemic dose (ANOVA, 
p < 0.005). 

The lower values of glycemia evoked by 2, 
20 and 200 |0g GPZ doses occurred at 180 
min, whereas they were observed at 60 min 
after the 400 ug GPZ dose (Fig 1). Under 
stress conditions (Fig 3), these lower values 
were displaced to the left, indicating a more 
rapid recovery, which for the 200 |ig dose 
attained normal level 1 h before the control. 

Group 2. influence of interval between 
GPZ administration and stress on 
antihyperglycemic effect 

These experiments were performed on 80%-P 
rats subjected to 1 h restraint stress. Glipizide 
was administered per os in the single standard 
dose of 200 ug. As illustrated in figure 2, the 
hyperglycemic effect of stress was clearly 
manifested at the middle and end of the stress 
period. This hyperglycemic effect was min
imally modified by GPZ given 1 min before 
the stress, but was nearly halved when the 
drug was given 8 min prior to the stress. GPZ 
presented its maximal suppressor effect when 
administered 15 min before the stressor, 
reversing the hyperglycemia into a mild hy
poglycemia at the end of the stress period. 
Thus, this optimal interval was used as the 
standard time for all the following experiments. 

6 0 120 180 2 4 0 

Fig 1. Reversible hypoglycemic response to single oral GPZ 
administration in non-stressed 80%-P rats. Doses indicated in 
the figure. Note incomplete recovery at 240 min. Ordinate, 
changes in glycemia (in mg/dl); abscissa, time (in min). Means 
± SEM's. n = 4 rats for each dose. 
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Fig 2. Influence of interval between drug administration and 
stress-induced hyperglycemia in 80%-P rats. GPZ 200 ug 
given at 1, 8 and 15 min before stressor application for 1 h. 
Suppressor hyperglycemic effect only when given at - 1 5 min. 
Ordinate, changes in glycemia (in mg/dl); abscissa, time (in 
min). Means ± SEM's. n = 3 rats for stressed control and each 
interval of pretreatment. 

Group 3. Dose-dependency of GPZ 
antihyperglycemic effect in stress 

These experiments were also performed on 
80%-P rats subjected to 1 h restraint stress. 
Figure 3 shows that the hyperglycemic effect 
of stress is prolonged for 2 h following stress. 
Doses of 2, 20 and 200 ug of GPZ, admi
nistered 15 min before the stressor, suppress
ed the stress and post-stress hyperglycemia. 
The 200 ug suppressive dose caused a post-
stress hypoglycemia (p < 0.005) of 1 h 
duration, whereas a 2 ug dose abolished hy
perglycemia without inducing hypoglycemia. 

Group 4. GPZ antihyperglycemic effect 
in stressed intact rats 

When intact rats were subjected to 1 h restraint 
stress, the hyperglycemia resolved within 1 h 
post-stress (fig 4). When the single standard 
dose of 200 ug GPZ was administered 15 min 
before stress, we observed a significant sup
pression of the hyperglycemic effect of stress, 
followed by post-stress hypoglycemia simi
lar to the one obtained in the 80%-P rat. This 
antihyperglycemic effect of GPZ 200 ug 
was closely mimicked by a single injection 
of insulin 0.3 IU given 15 min before the 
stress. 
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Fig 3 . Suppression of stress-induced hyperglycemia by 
different doses of GPZ given 15 min before 1 h restraint 
stress in 80%-P rats. 1. Control (filled circles and continuous 
line). 2. GPZ 2 ug (open circles and dotted line). 3. GPZ 20 
ug (open circles and interrupted line). 4. GPZ 200 ug (filled 
circles and continuous line), which caused post-stress hypo
glycemia with fast recovery at 180 min. Ordinate, changes in 
glycemia (in mg/dl); abscissa, time (in min). Means ± SEM's. 
n = 10 rats for each GPZ dose; n = pool of 30 rats for control. 

- 1 3 0 6 0 1 2 0 
Fig 4. Suppression of stress-induced hyperglycemia by single 
oral dose of GPZ or insulin injection. Drugs given 15 min (at 
arrow) before 1 h restraint stress. Data from intact rats, but 
similar effects were obtained in 80%-P rats. 1. Stressed con
trol (filled circles and continuous line). 2. GPZ 200 ug (filled 
circles and continuous line). 3. Insulin 0.3 IU (filled circles 
and dotted line), which effects closely mimic those of the 
hyperglycemic suppressive action of GPZ. Ordinate, changes 
in glycemia (in mg/dl); abscissa, time (in min). Means ± 
SEM's. n = 3 rats for control and each treatment. 
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Group 5. Plasmatic levels of catecholamines 
during stress. 

Figure 5 illustrates the changes in the plasma
tic levels of catecholamines observed in 
control 80%-P rats (open bars) subjected to 1 
h restraint stress: adrenaline and noradrenaline 
were markedly increased at 30 and 60 min, 
while dopamine only increased at 60 min. 
The standard dose of 200 ug of GPZ (striped 
bars), administered 15 min before the be
ginning of the stress, nearly halved the increase 
of adrenaline and reduced to nearly one third 
that of noradrenaline, at 30 min of stress (p < 
0.01, pool of both hormones), but adrenaline 
regained similar values to those of control 
stressed rats at 60 min. Contrariwise, counter-
regulatory noradrenaline and dopamine in
creases were found at 60 min of stress, sig
nificantly larger than those of control stress
ed rats (p < 0.001). These late changes in 
catecholamines levels occurred when glycemia 
was already decreasing. 

Group 6. Inverse changes in glycemia and 
insulinemia during stress. 

Simultaneous determinations of glucose and 
insulin levels in plasma were performed along 
1 h restraint stress in 80%-P rats. As illustrat
ed in figure 6, GPZ given in the single oral 
standard dose of 200 ug 15 min prior to the 
beginning of the stress caused a complete 
reversal of the changes in insulinemia and 
glycemia of the control. Thus, insulinemia 
increased 200% over control values (ANOVA, 
p < 0.005), while glycemia decreased (p < 
0.0005). 

Group 7. Insulin antagonism of 
hyperglycemic catecholamines effect 

Figure 7 illustrates the hyperglycemic effects 
of single injections of noradrenaline 200 ug 
or adrenaline 20 ug in non-stressed intact rats, 
to mimic the catecholamine liberation observed 
under stress. Adrenaline at a dosage 10 times 
lower than noradrenaline proved to be 260% 
more hyperglycemic than noradrenaline 
(calculated by averaged changes in glycemia). 

When insulin 0.3 IU was given 15 min 
before the administration of noradrenaline 
200ug, the noradrenaline hyperglycemic effect 
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Fig 5. Plasmatic levels of catecholamines during 1 h restraint 
stress in 80%-P rats. Adrenaline, noradrenaline and dopamine 
measured in blood samples obtained at 0, 30 and 60 min of 
restraint stress. Open bars, stressed control rats; hatched bars, 
stressed rats given GPZ 200 ug 15 min before stress. Ordinate, 
catecholamines levels (in pg/ml of plasma); abscissa, time (in 
min). Means ± SEM's. n = 3 rats for each point. Asterisks, p < 
0.001 vs respective controls. 
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Fig 6. Reciprocal changes in glycemia and insulinemia during 
1 h restraint stress in 80%-P rats. Left, controls; right, re
ceiving GPZ 200 ug 15 min before stress. Simultaneous 
determinations of glucose (filled circles and continuous line) 
and insulin (open circles and interrupted line). Right and left 
ordinates, changes in insulinemia (in uU/ml); middle ordinate, 
changes in glycemia (in mg/dl); abscissae, time (in min). 
Means ± SEM's. n = 6 rats for each point. 

was completely superseded by the insulin 
hypoglycemic effect (ANOVA, p < 0.005) (fig 
7A). A similar result was found when the 
same dose of insulin preceded by the same 
interval the administration of adrenaline 20 
ug (fig 7B). Furthermore, when the same doses 
of adrenaline and insulin were simultaneously 
injected, the hypoglycemic effect of insulin 
predominated (ANOVA, p < 0.005) (fig 7C). 

Group 8. Comparison of antihyperglycemic 
effects of sulfonylureas 

These experiments were performed on 80%-P 
rats subjected to 1 h restraint stress. Figure 8 
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I NA 1 A l>A 
Fig 7. Insulin effect upon the hyperglycemic response to 
catecholamines in non-stressed intact rats. I, insulin 0.3 IU; 
NA, noradrenaline 200 ug; A, adrenaline 20 ug. I. Controls 
injected with catecholamines at time 0 (dots and continuous 
line). 2. Insulin given 15 min before (A and B) or simul
taneously (C) with catecholamines (dots and interrupted line). 
Ordinates, glycemia (in mg/dl); abscissae, time (in min). Means 
+ SEM's. n = 3 rats for each control and each treatment 
schedule. 

Fig 8. Glipizide-like effect of other sulfonylureas on stress-
induced hyperglycemia. One hour restraint stress in 80%-P 
rats. 1. Control (filled circles and continuous line) (n = pool 
of 11 rats). 2. Tolbutamide 1.4 mg (open circles and interrupted 
line) (n = 3 rats). 3. Glibenclamide 200 ug (filled circles and 
continuous line) (n = 3 rats). 4. Chlorpropamide 700 ug (open 
circles and interrupted line) (n = 5 rats). Doses equivalent to 
200 ug of GPZ; administered orally 15 min before (arrow) the 
stressor application. Ordinate, changes in glycemia (in mg/ 
dl); abscissa, time (in min). Means ± SEM's. 

illustrates the changes in glycemia observed 
along the period of stress and the following 1 
h post-stress. We studied the effects of single 
oral administration of three sulfonylureas 
in hypoglycemic doses equivalent to that of 
GPZ 200 ug. We observed that glibenclamide 
200 ug (0.4 umol), chlorpropamide 700 ug 
(2.5 umol) and tolbutamide 1.4 mg (5.2 umol) 
were capable of abolishing the hyperglycemia 

induced by stress (ANOVA, p < 0.005). Their 
post-stress glycemias fell below basal levels, 
with similar intensities as those observed 
after GPZ. 

The GPZ curve (not illustrated in fig 8) 
occupies a place between curves 2 (tolbuta
mide) and 3 (glibenclamide). No statistical 
differences between the hyperglycemic 
suppressor effects of these drugs and GPZ 
were encountered. That the GPZ and gli
benclamide curves produced by 200 ug doses 
were almost identical confirms in this model 
their equivalent pharmacological activities. 

Group 9. Comparison of stress-induced 
changes in behavior and glycemia 

Figure 9 illustrates the changes in overt 
behavior induced by 30 min restraint stress 
in intact rats, and the changes in glycemia 
observed at the end of the stress period and 90 
min post-s t ress . In t racerebroventr icular 
injections of diazepam 1.0 ug or propranolol 
50 ng inhibited the overt behavioral response 
to stress (p < 0.02), but only propranolol in
hibited the stress-induced hyperglycemia (p < 
0.02), which recovered at 120 min. 

Contrarily to the above, pretreatment with 
GPZ 200 ug or insulin 0.3 IU did not modify 
the pattern of stress behavior, while both sub
stances produced the same marked hypo
glycemic effects, even 90 min after the end of 
the stress (p < 0.001). 

Group 10. GPZ inhibition of chlorpromazine 
induced hyperglycemia 

The icv administration of chlorpromazine 50 
ug produces an hyperglycemic response in 
un-stressed intact rats, peaking at 30 min 
following the injection and prolonged for at 
least 120 min, as illustrated in figure 10. The 
icv administration of GPZ 2 ug halved the 
hyperglycemia induced by the icv injection 
of such high dose of chlorpromazine (p < 0.001 
at 30 min; ANOVA, p < 0.05). Thus, GPZ 
acting centrally is able to inhibit the hyper
glycemia induced by the central application 
of chlorpromazine. 

Glycosuria 

Glycosuria was not found in the GPZ treated 
80%-P rats subjected to restraint stress. This 
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Fig 9. Propranolol and sulfonylurea effects upon stress overt 
behavior and their correlations with changes in glycemia. 
Intact rats subjected to 30 min restraint stress. Controls (open 
bars). In upper part (A), rats receiving icv diazepam 1 ug 
(hatched bars) or propranolol 50 ug (horizontally striped bars). 
In lower part (B), rats receiving GPZ 200 ug (cross-hatched 
bars) or insulin 0.3 IU (horizontally striped bars). Rats 
receiving GPZ follow closely the insulin pattern, whereas 
propranolol and diazepam treated rats exhibit an inhibition of 
overt behavior. Asterisks, significantly different from 
respective controls (p<0.05, at least). Ordinates, number of 
movements (left) and glycemia (in mg/dl) (right); abscissae 
for glycemia, time (in min). Means ± SEM's. n = 7 rats for 
each control and each treatment. 

finding must be compared with the glycosuria 
observed in 85% of the untreated stressed 
control rats (not illustrated). 

DISCUSSION 

The suppression of the stress-induced hyper
glycemia and glycosuria observed in the 80%-
P rat treated with sulfonylureas (figs 2, 3, 6 
and 8) implies abolition of the stress-induced 
transient diabetes mellitus of the untreated 
control rat (30). The working hypothesis to 
explain this sulfonylurea effect was based on 
the assumption that adrenaline and insulin were 
the main factors responsible for such effect. It 
was considered that: a) adrenaline is the most 
powerful hyperglycemic agent (23; see also 
fig 7); b) other potentially hyperglycemic stress 
hormones like Cortisol or glucagon cannot 
substi tute this hyperglycemic effect of 
adrenaline, as evidenced by the stress provoked 
in adrenal-medullectomized rats (23); c) stress-

induced hyperglycemia tends to inhibit 
glucagon secretion (12); d) other stress hor
mones like ACTH, MSH, prolactin and 6-
endorphin are not hyperglycemic agents, and 
growth hormone produces hyperglycemia but 
only after 2 h (22); e) no changes in soma-
tomedin-C occur during insulin-induced hy
poglycemia) (29), though somatomedin-C is 
an insulin- like substance. 

The sulfonylureas-induced post-stress 
hypoglycemia observed in our experiments 
(figs 3, 4 and 8) appeared not to be related to 
sympathoadrenal inhibition, because: a) cen
tral propranolol adrenergic blockade (1) or 
peripheral adrenal demedullation (1 , 23) 
abolished stress-induced hyperglycemia 
without producing post-stress hypoglycemia 
(fig 9A), indicating that the sulfonylurea effect 
cannot be explained by the sole adrenergic 
inhibitory mechanism; b) sulfonylurea in
hibited the catecholamine surge at 30 min 
stress, but not those observed at 60 min (fig 
5), just when hypoglycemia started and hy-
perinsulinism reached a high level, supporting 
the predominant role of insulin in post-stress 
hypoglycemia; c) when insulin and catechol
amine were administered mimicking the chro
nology that would occur under sulfonylurea 
treatment (i.e., first insulin and then the 
catecholamine), insulin fully dominated, an 
effect still observed when both hormones were 
administered at the same time; these powerful 
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Fig 10. Central GPZ inhibition of chlorpromazine induced 
hyperglycemia in intact rats. 1. Controls showing hypergly
cemia induced by chlorpromazine 50 ug icv (triangles and 
interrupted line). 2. Rats receiving GPZ 2 ug icv plus 
chlorpromazine 50 ug icv (dots and continuous line). ANOVA, 
p < 0.05. Ordinate, glycemia (in mg/dl); abscissa, time (in 
min). Means ± SEM's. n = 8 rats for control and combined 
treatment. 
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insulin effects help to understand why the early 
sulfonylurea-induced insulin release was able 
to neutralize the hyperglycemic effect of cate
cholamines; d) upon the overt stress behavior, 
GPZ followed the insulin pattern and not 
the propranolol one. On the basis that adrenal 
catecholamines contribute to the full behavior 
response, this last result provides another 
argument against an in vivo sulfonylurea 
inhibitory action on adrenal catecholamines 
release, as it occurred in isolated cat adrenal 
glands (14), where the insulin antagonistic 
factor is absent, a demonstrative example of 
in vitro and in vivo model differences. 

The predominant role of insulin was 
definitely favored by the 15 min pre-stress 
timing of GPZ administration, which covered 
the absorption time and produced the complete 
suppression of the stress-induced hyper
glycemic effect. Results support the hypothesis 
that the insulin released by GPZ would arrive 
earlier to the hepatic insulin receptors, block
ing the liver glycogenolytic adrenergic activi
ty. In addition, the insulin effect after 0 time 
would be facilitated by the simultaneous 
transient inhibition of catecholamine found at 
30 min, which would afford insulin a free 
opportunity to act without an adrenaline com
petitor. 

The predominant role of insulin puts into 
evidence that the stress-induced hypoin
sulinemia is necessary to avoid a risky post-
stress hypoglycemia. Therefore, the sulfo
nylurea effect represents an interesting rupture 
of the typical adaptive stress-induced glucose 
and insulin responses. It clearly suggests that 
if insulinemia and glycemia would maintain 
their physiological parallel responses, proper 
of the glucose ingestion, the insulin increased 
concentration would dominate upon the stress-
induced catecholaminergic activity. 

The anti-stress activity of sulfonylureas 
suggests an extra-pancreatic mechanism of 
action through inhibition of the growth hor
mones (GH), because: a) sulfonylureas inhibit 
GH secretion in human diabetics (15) and this 
represents a central effect; b) icv administration 
of GPZ 2 ug inhibits the hyperglycemia in
duced by icv chlorpromazine 50 ug (fig 10), 
known to be accompanied by GH secretion 
(17); c) GH administered in adequate doses 
presents an hyperglycemic effect in diabetic 
patients (22), inhibits in vivo the tissue glucose 

uptake (8), shows insulin antagonistic activity 
(10) and is an important counterregulatory 
mechanism during hypoglycemia in normal 
subjects (6). These antecedents support a 
central GH- induced inhib i t ion by sul
fonylureas, that would decrease GH insulin 
antagonism, allowing an enhancement of the 
sulfonylurea suppression of the stress-induced 
hyperglycemic effect. 

The sulfonylurea effect observed in the 
80%-P rat prompts for an application in 
diabetic type II patients, so prone to develop 
surgical stress hyperglycemia and insulin 
resistance (12). In case of a trial of this drug in 
surgical stress, the age of the patients and the 
duration of the disease must be considered, 
because of the hypoglycemic risk due to 
adrenergic neuropathy (31). The rebound cat
echolamine response found at 60 min stress 
may have had influence in accelerating the 
recovery of glycemia, since it appeared more 
than 1 h earlier when the stress was added 
(figs 1 and 3). Since GPZ 2 ug inhibited the 
stress-induced hyperglycemia without pro
ducing post-stress hypoglycemia, there is an 
ample dosage range to be assayed. 

It is concluded that the anticipated insulin 
release plus the insulin dominant role over 
catecholamines might be a main factor in the 
suppressive sulfonylurea effect on stress-in
duced hyperglycemia and hypoinsulinemia 
of the rat, the transient 30 min catecholamines 
inhibition being not responsible for the gen
eral suppressive effect. A complementary 
mechanism of action based on a probable GH 
inhibition was also discussed. 

ACKNOWLEDGEMENTS 

Special thanks to Prof Arnaldo Foradori and 
Technician Rafaela Pellegrino, from the 
Department of Nuclear Medicine, School of 
Medicine of our University, for hormone 
determinations; to Dr Ximena Solivielles and 
Mr Francisco Pardo for their collaboration in 
the second and fourth groups of experiments, 
respectively; to medical students Jorge Diaz 
de la Vega, Ignacio Valle, Teresa Rojas, Gui-
llermo Iriarte, Gema Neira and Sandra Rojas 
for their collaboration in the eighth experi
mental group. Authors are also grateful to the 
editorial office of this journal for valuable 



Biol Res 27: 135-143 (1994) 143 

suggestions on the Ms and improvement of its 
English grammar. 

Work supported by Research Grant 0815/ 
86 from the National Fund for Scientific and 
Technological Research (FONDECYT), Chi
le. Glipizide was kindly supplied by Farmitalia 
Carlo Erba Laboratório S.A., Santiago, Chile. 

REFERENCES 

1. ALBERTTNI R, VARGAS L, PAREDES MC, PARDO 
F, OLIVERI P (1987) Sympathetic nervous system 
mediates urinary kallikrein excretion in conscious rats. 
Clin Exp Pharmacol Physiol 14: 4-17 

2. ALBERTINI R, V A R G A S L ( 1 9 9 0 ) Intravesical 
catheterization through the urethra induces stress hyper
glycemia in conscious rats. Horm Metab Res 22: 449-
450 

3. AMBROGI V, BLOCK K, DARUTI S, GRIGGI P, 
L O G E M A N W , PARENTI M A , R A B I N I T, 
TOMMASINI R (1971) New oral antidiabetic. Part I. 
Arzneimittel-Forsch 21: 202-204 

4. BATES RW, GARRISON MM (1967) Quantitative study 
of the diabetogenic action of ACTH and growth hormone 
in partially pancreatectomized rats. Endocrinology 81: 
527-534 

5. CAPPONI R, KAWADA ME, VARELA C, VARGAS L 
(1980) Diabetes mellitus by repeated stress in rats bearing 
chemical diabetes. Horm Metab Res 12: 411-412 

6. DE FEO P, PERRIELLO G, TORLONE E, VENTURA 
MM, SANTEUSANIO F, BRUNETTI P, GERICH JE, 
BOLLI GB (1989) Demonstration of a role for growth 
hormone in glucose counterregulation. Am J Physiol 256: 
E835-E843 

7. EIDE R, ATERAS A (1978) Blood glucose. In: H URSIN, 
E BAADE, S LEVINE (eds) Psychobiology of Stress. A 
Study of Coping Men. NY: Academic Press, pp 99-103 

8. FINEBERG SE, MERIMEE TJ (1974) Acute metabolic 
effects of human growth hormone. Diabetes 23: 499-504 

9. FORADORI A, ARTEAGA A, MAIZ A, IDE A, LOPEZ 
G, VELASQUEZ CP, PELLEGRINO R (1978) Valida-
cion clínica del radioinmuno-análisis de la insulina sé rica. 
Rev Méd Chile 106: 626-632 

10. FOWELIN J, ATTVALL S, VON SCHENEK H, SMITH 
U, LANGER L (1991) Characterization of the insulin-
antagonistic effect of growth hormone in man. Diabeto-
logia 34: 500-506 

11. GOODMAN LS, GILMAN A (1970) The Pharmaco
logical Basis of Therapeutics. 4th ed. London: Macmillan. 
pp 1592-1594 

12. HALTER JB, BEARD JC, PORTE D Jr (1984) Islet 
function and stress hyperglycemia: plasma glucose and 
epinephrine interaction. Am J Physiol 247: E47-E52 

13. HENGUIN JC (1992) The fiftieth anniversary of hypo
glycemic sulphonamides. How did the mother compound 
work? Diabetologia 35: 907-912 

14. HSU C-Y, BROOKER G, PEACH MJ, WESTIAL TC 
(1975) Inhibition of catecholamine release by tolbutamide 
and other sulfonylureas. Science 187: 1086-1087 

15. IACONO G, GHIONNI A, COLUCCI M, VERDE G, 
CAPUTO G (1974) A clinical study of the metabolic 
effect of a new oral hypoglycemic agent: glipizide. Intl J 
Clin Pharmacol 9: 225-231 

16. JARRET RJ, KEEN H, HARDWICK C (1970) "Instant" 
blood sugar measurement using Dextrostix and a Re
flectance Meter. Diabetes 19: 714-726 

17. KATO Y, DUPRE J, BECK JC (1973) Plasma growth 
hormone in the anesthetized rat: effect of dibutyryl cyclic 
AMP, prostaglandin E, adrenergic agents, vasopressin, 
chlorpromazine, amphetamine and ct-Dopa. Endocrinol
ogy 93: 135-146 

18. KVETNANSKY R (1981) Plasma catecholamines in 
emergency situations. Adv Physiol Sci 26: 121-129 

19. LEVINE S (1978) Cortisol changes following repeated 
experiences with parachute training. In: URSÍN H, 
BAADE E, LEVINE S (eds) Psychobiology of Stress. 
NY: Academic Press, pp 51-56 

20. N A T E L S O N BH, H O L A D A Y J, MEYERHOFF J, 
STOKES PE (1975) Temporal changes in growth hor
mone, Cortisol, and glucose; relation to light onset and 
behavior. Am J Physiol 229: 409-415 

21. PEULER JD, JOHNSON GA (1975) A sensitive ra-
dioenzymatic assay of plasma catecholamines: initial in 
supine normotensive subjects. Clin Res 23: 474A 

22. PRESS M, TAMBORLANE WV, SHERWIN RS (1984) 
Importance of raised growth hormone levels in mediating 
the metabolic derangements of diabetes. N Engl J Med 
310: 810-815 

23. ROMERO G, VALDES EM, YANEZ MT, KAWADA 
ME, VARGAS L (1982) Stress hyperglycemic response 
after central and peripheral monoaminergic neurons de
struction or adrenal catecholamines deprivation. Arch 
Biol Med Exp 15: 339-345 

24. SANCHEZ R, VARGAS L (1988) Inhibition of stress-
induced hyperglycemia by tail pinching or intraventricu
lar enkephalin administration in the rat. Brain Res 452: 
147-155 

25. SAFFRANM, KUMAR GS, SAVARIAR C, BURNHAM 
JC, WILLIAMS F, NECKER DC (1986) A new approach 
to the oral administration of insulin and other peptide 
drug. Science 233: 1081-1084 

26. SOKAL RR, ROHLF FJ (1969) Biometry. The Principles 
and Practice of Statistics in Biological Research. San 
Francisco: Freeman, pp 344-356 

27. TAYLOR KW, VARGAS L, RANDLE PJ (1960) A 
pituitary-dependent inhibitor of glucose uptake by 
muscle in protein fractions of human plasma. Lancet 1: 
1313-1315 

28. VARGAS L, KAWADA ME (1974) Adrenal and liver 
participation in poststress diabetic response. Horm Metab 
Res 8: 383-388 

29. V A R G A S L, K A W A D A ME (1985) Somatomedin, 
<x2-inhibitor and hypoglycemic stress. Horm Metab Res 
17: 259 

30. VARGAS L, BRONFMAN M, KAWADA ME (1974) 
Stress, insulin antagonist and transient diabetes mellitus 
in the rat. Horm Metab Res 6: 275-280 

31. WHITE NH, SHOR DA, CRYER PE, LEVANDOSKI 
LA, BIER DM, SANTIAGO JV (1983) Identification 
of type I diabetic patients at increased risk for hypo
glycemia during intensive therapy. N Engl J Med 308: 
485-491. 




