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Plasma insulin levels are increased
by sertraline in rats under oral
glucose overload
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Abstract

Recognition and control of depression symptoms are important to
increase patient compliance with treatment and to improve the quality
of life of diabetic patients. Clinical studies indicate that selective
serotonin reuptake inhibitors (SSRI) are better antidepressants for
diabetic patients than other drugs. However, preclinical trials have
demonstrated that not all SSRI reduce plasma glucose levels. In fact,
fluoxetine increases and sertraline decreases glycemia in diabetic and
non-diabetic rats. In the present study we evaluated plasma insulin
levels during fasting and after glucose overload after treatment with
sertraline. Adult male Wistar rats were fasted and treated with saline or
30 mg/kg sertraline and submitted or not to glucose overload (N = 10).
Blood was collected and plasma insulin was measured. The mean
insulin levels were: fasting group: 25.9 ± 3.86, sertraline + fasting
group: 31.10 ± 2.48, overload group: 34.1 ± 3.40, and overload +
sertraline group: 43.73 ± 5.14 µU/ml. Insulinemia was significantly
increased in the overload + sertraline group. There were no differences
between the other groups. No difference in glucose/insulin ratios
could be detected between groups. The overload + sertraline group
was the only one in which a significant number of individuals ex-
ceeded the upper confidence limit of insulin levels. This study demon-
strates that sertraline increases glucose-stimulated insulin secretion
without any change in peripheral insulin sensitivity.
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Depression occurs at much higher rates
(15 to 25%) in diabetic patients than in the
general population (1,2), even though de-
pression symptoms are frequently under-
diagnosed (3). In diabetic patients, recogni-
tion and control of depression symptoms is
of the utmost importance to increase compli-
ance with treatment and to improve life qual-
ity (4). However, the main concern about
antidepressant drug treatment is that several

commonly used agents alter blood glucose
levels of diabetic and non-diabetic patients
(5,6) and present important interactions with
oral hypoglycemic agents (7,8). More recent
clinical studies have indicated that selective
serotonin reuptake inhibitors (SSRI) are bet-
ter antidepressants for diabetic patients be-
cause they interfere less with plasma glucose
control (9,10). Preclinical trials have shown
that some SSRI reduce plasma glucose levels
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(11,12). In fact, sertraline has been shown to
decrease fasting and overload glycemia in
diabetic and non-diabetic rats (12). On the
other hand, within the group of SSRI, sertra-
line may be the best agent for treatment of
depression in diabetic patients (10). The
mechanism by which sertraline decreases
glycemia might be associated with an in-
crease in plasma insulin concentration after
glucose overload, reduction of glucose in-
testinal absorption, increase in peripheral
insulin sensitivity, or intracellular biochemi-
cal mechanisms. All of these mechanisms
need further evaluation. The purpose of the
present study was to evaluate plasma insulin
levels during fasting and after glucose over-
load in rats under treatment with sertraline.
Secondarily we determined the glucose/in-
sulin ratio to estimate peripheral insulin sen-
sitivity.

Forty adult male albino Wistar rats raised
in the animal house of Fundação Faculdade
Federal de Ciências Médicas de Porto Alegre
(FFFCMPA) were used in this study. The
animals were maintained in groups of five,
under controlled room temperature of 22 ±
2ºC and illumination from 7:00 am to 7:00
pm. Water was available ad libitum. Rat
chow (Nutrilab, São Paulo, SP, Brazil) was
available up to 18 h before the beginning of
experiments.

A 50% glucose solution was prepared
with glucose (D (+) glucose monohydrate;
Merck, Rio de Janeiro, RJ, Brazil) dissolved
in distilled water. One milliliter of this solu-
tion was administered to each rat by gavage.
Sertraline (Zoloftâ, Pfizer, São Paulo, SP,
Brazil), 30 mg/ml, was diluted in distilled
water containing 0.05% Tween 80. All solu-
tions were prepared immediately before use.
Sertraline treatment was administered ip in a
volume of 1 ml/kg. The control group re-
ceived vehicle.

The rats were subdivided randomly into
two groups (N = 20 animals each) submitted
to determination of fasting or glucose over-
load levels of insulin. In both groups, 10 rats

received 1 ml/kg saline and the other 10 rats
were injected with 30 mg/kg sertraline, a
dose that decreased blood glucose levels in a
previous study (12). The rats from the fast-
ing groups were sacrificed by decapitation
after 30 min, and blood was collected from
the body trunk. Thirty minutes after saline or
sertraline administration to the overload
groups, 1 ml of a 50% glucose solution was
administered by gavage and the rats were
sacrificed for blood collection 30 min later.
Plasma glucose levels were measured with a
Glucotrendâ device (Boehringer Institute,
Mannheim, Germany). Plasma insulin was
determined by radioimmunoassay using a
polyclonal antibody (Coat-A-Countâ, Diag-
nostic Products Corp., Los Angeles, CA,
USA). The Ethics Committee for Experi-
mental Procedures of FFFCMPA approved
this experimental protocol.

The insulin levels and the glucose/insu-
lin ratios (13) of the four groups were ana-
lyzed using the Sigma Stat 2.0 software
(Jandelâ, Chicago, IL, USA). One-way
ANOVA was used to compare insulin levels
or glucose/insulin ratios of the four treat-
ment groups, followed by the Student New-
man-Keuls test for post hoc comparisons.
The 95% confidence interval was calculated
to estimate the standard levels of plasma
insulin of fasting rats. The Fisher exact test
was applied to compare the number of indi-
viduals in the treatment groups whose fast-
ing insulin levels exceeded the upper limit.
Group differences were accepted when
P<0.05. Data are reported as mean ± SEM.

Mean insulinemia was 25.9 ± 3.86 µU/
ml in the fasting group, 31.10 ± 2.48 µU/ml
in the sertraline + fasting group, 34.1 ± 3.40
µU/ml in the overload group, and 43.73 ±
5.14 µU/ml in the overload + sertraline group,
with significant differences between groups
(F(3,37) = 3.700; P = 0.021). The group treated
with sertraline presented a significant in-
crease in insulinemia after the glucose over-
load (Figure 1). There was no difference
between the other groups.
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The upper 95% confidence limit of fast-
ing insulinemia of rats was 34.65 µU/ml.
After glucose overload, five of the ten ani-
mals presented insulin levels above the up-
per confidence limit (P>0.05). When 30 mg/
kg sertraline was administered to fasting ani-
mals, only three of the ten animals exceeded
the confidence limit (P>0.05). The only group
in which a significant number of individuals
showed insulin levels exceeding the confi-
dence limit (8 of 10 animals) was the one
treated with sertraline and submitted to glu-
cose overload (P>0.05).

To estimate and compare insulin sensi-
tivity, the glucose/insulin ratio was calcu-
lated for each group and found to be 2.71 ±
0.9 mg dl-1 µU/ml-1 for the fasting group and
2.84 ± 1.0 mg dl-1 µU/ml-1 for the glucose
overload group. After treatment with 30 mg/
kg sertraline, the glucose/insulin ratio was
1.86 ± 1.6 mg dl-1 µU/ml-1 in the fasting
group and 1.26 ± 3.1 mg dl-1 µU/ml-1 in the
overload group. No difference in glucose/
insulin ratios was detected between groups
(P>0.05).

The results of the present experiment
demonstrate that acute dosing with 30 mg/kg
sertraline does not change plasma insulin
levels of fasting animals but increases glu-
cose-stimulated insulin secretion.

The administration of sertraline reduces
glycemia in fasting diabetic mice (14) and
decreases fasting and glucose overload gly-
cemia in diabetic and non-diabetic rats (12).
However, in the present study, insulinemia
was increased by sertraline treatment only
after glucose overload. In fact, in fasting
diabetic mice, sertraline also does not change
plasma insulin concentrations (12). Thus,
it is possible that sertraline presents this
interesting hypoglycemia reducing effect by
more than one mechanism. This study
demonstrated that sertraline increases glu-
cose-stimulated insulin secretion without
any change in peripheral insulin sensitivity.
Additional studies will be necessary to evalu-
ate if reduction of intestinal glucose absorp-

tion or increase in intracellular cascades for
glucose utilization are the mechanisms in-
volved.

In a previous study we showed that ser-
traline decreases glucose overload glycemia.
In the present study we confirm this informa-
tion and extend it by showing that a possible
mechanism underlying this effect is an in-
crease in insulin levels. No pharmacokinetic
interaction between sertraline and insulin
has been reported even though large doses of
sertraline associated with sulfonylurea po-
tentiate hypoglycemia by enzymatic compe-
tition for the cytochrome P-450 metabolic
system (8).

Antidepressant drugs such as imipramine
and monoamine oxidase inhibitors are usu-
ally avoided by diabetic patients due to the
risk of hyperglycemia (5,6) and to the possi-
bility of disrupting the antidiabetic effects of
oral hypoglycemic agents and insulin (7,8).
Thus, treatment of depressive diabetic indi-
viduals with these agents should be pre-
scribed with caution. The present data ob-
tained with rats might be used as preclinical

Figure 1. Individual insulinemia of rats determined after fasting and after 30 min of oral
glucose overload, with or without 30 mg/kg sertraline treatment. The bold line indicates the
mean plasma insulin level of fasting animals treated with saline, and the dotted lines
indicate the corresponding upper and lower 95% confidence limits. *P<0.05 compared to
the other groups (Student-Newman-Keuls test).
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evidence to justify future clinical studies
with sertraline as an antidepressant for dia-
betic patients.

Overall, treatment of depression in dia-
betic patients increases weight loss and com-
pliance with treatment with oral hypoglyce-
mic agents, resulting in fewer hypoglycemic
crises and delaying long-term diabetes-re-
lated complications (4,15). Among the anti-
depressant drugs, the SSRI have proved to
be a good choice for depressed diabetic pa-
tients (1,16). In diabetic patients, fluoxetine
improves glycemic control, increases weight
loss and may be followed by decreased doses
of insulin or oral hypoglycemic agents (16).
However, it is possible that its beneficial
effects in reducing the doses of hypoglyce-
mic agents is due to increased sensitivity of

hepatic and peripheral insulin receptors, as
demonstrated in obese diabetic individuals
with peripheral insulin resistance (15), and
to an increase in glycogen synthetase activ-
ity with no changes in  insulinemia (4). Nev-
ertheless it is possible that sertraline is a
better agent to be administered to human
diabetics compared to fluoxetine, since ser-
traline induces only minor antimuscarinic
effects, such as dry mouth, constipation and
cognitive changes; thus, it is safe for diabetic
patients (10). Our results support the view
that sertraline is an effective SSRI agent for
depression in diabetic patients. However,
they also point to the necessity of dose ad-
justment of hypoglycemic agents since ser-
traline increases glucose-stimulated insulin
secretion in rats.
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