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ABSTRACT

The present work was done to investigate the effect of selective serotonin reuptake
inhibitor sertraline on the hormonal regulation of blood glucose in normal and
diabetic male albino rats. This work was carried out on 36 male albino rats. The rats
were weighed and divided into two groups, A-Normal group: subdivided into three
subgroups: Group (1): is the control group, group (2): treated by oral administration
of sertraline in a dose of 30mg/kg/day through intragastric tube for one week,
group(3): treated by oral sertraline in a dose of 30mg/kg/day through intragastric
tube for three weeks. B-Diabetic group: diabetes was induced by single injection of
50mg/kg streptozotocin intraperitonealy to all rats, then rats subdivided into 3
subgroups. Group(1): is the control diabetic group, group (2): diabetic rats treated by
oral administration of sertraline 30mg/kg/day through intragastric tube for one week,
group(3): diabetic rats treated by oral administration of sertraline 30mg/kg/day
through intragastric tube for three weeks. At the end of the experiment, rat were
fasted for night, weighed, scarified, and blood samples were collected for
determination of glucose, catecholamines, glucagon, ACTH, corticosterone and
insulin levels. The results showed significant reduction of blood glucose in normal
and diabetic groups after one and three weeks of treatment by sertraline. Epinephrine
was significantly increased after one and three weeks of treatment in normal and
diabetic groups. Norepinephrine and glucagon were significantly increased after
three weeks treatment by sertraline in normal and diabetic groups. Non significant
change of insulin, ACTH, corticosterone and body weight in normal and diabetic
groups. It is concluded that sertraline treatment induced hypoglycemia and stimulated
adrenomedullary response. It is recommended to use sertraline in diabetic patients,
and to reduce the dose of antidiabetic drugs during sertraline treatment.

INTRODUCTION progression of complication associated
with diabetes®, and increased risk of

. . . o )

Patients with diabetes exhibit mortahty(.). .

higher rate of depression compared to ~ Selective  serotonin  reuptake
other peoples”. Comorbid diabetes inhibitors(SSRIs) are the drugs of
and depression are associated Wlth ChOice fOr the treatment Of depression,
hyperglycemia and poor glycemic and the majority Of Clinical Studies
control®, with an  accelerated support their use in diabetes and
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depression®. Diabetic patients treated
by SSRIs can exhibit reduced fasting
glucose levels, reduced body weight
and improved glycemic control
compared with diabetic patients using
other antidepressants. Also, selective
serotonin reuptake inhibitors thereby
effectively reduces depression and
prevents its recurrence in diabetic
patients®. Similar to other
antidepressant, SSRLs can impact
blood glucose level particularly in
diabetic patients, with an increase in
the frequency and severity of
hypoglycemia  with  absence of
hypoglycemic symptoms"”.
Hypoglycemia associated with SSRIs
thereby may be particularly a problem
for intensively managed type 1 and
type 2 diabetic patients. Intensive
insulin or glucose lowering therapies
aimed at maintaining tight glycemic
control are associated with a three-to
four fold increase in the incidence of
sever hypoglycemia with SSRIs
treatment™. As a result of recurrent
hypoglycemia, the hormonal
counterreglulatory responses normally
elicited by decrease of plasma glucose
become impaired, thus increasing the
risk for future bouts of
hypoglycemia®. Impaired
hypoglycemic counterregulation is a
component of the clinical syndrome of
hypoglycemia-associated with
autonomic  failure”.  Serotonergic
mechanisms have long been known to
modulate neuroendocrinal responses,
which are critical to hypoglycemia
counterregulation. The association
between SSRIs and hypoglycemia
may be due to SSRIs-induced
impairment of  counterregulation
mechanisms. Treatment with SSRIs in
humans suppresses basal sympathetic

nervous system activity"”.  Also
serotonin neurons located in the
caudal hindbrain are directly sensitive
to changes in glucose availability™""
Therefore, SSRIs may reduce the
sensitivity of glucose sensing neurons
that contributes to the activation of
hormonal counterreglulatory
responses."

The aim of the present work was
to study the effect of SSRIs sertraline,
on blood glucose  regulation,
autonomic  and  neuroendocrinal
responses in adult normal and diabetic
male albino rats.

MATERIALS & METHODS

36 adult male albino rats
weighing from 230-275gm  were
housed individually at  room
temperature with maintained dark
light schedule (12am: 12pm hours).
Rats were fed milk and bread and has
free water access: The rats were
divided into two groups.

A- Normal group: contained 18 rats
subdivided into three equal
subgroups each containing 6 rats:
Group (1): The normal control
rats were administrated 1/2 ml
oral saline through  small
intragastric tube.

Group (2): Rats were treated by

oral sertraline(Apex Pharma)

through small intragstric tube in a

dose of 30mg/kg/day "? for one

week.

Groups (3): Rats were treated by

oral sertraline through small

intragastric tube in a dose of
30mg/day for three weeks.

B- Diabetic group contained 18 rats.
Diabetes was induced by single
intraperitoneal ~ injection  of
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streptozotocin 50mg/kg (13). The

rats were subdivided into three

equal groups each containing 6

rats.

Group (1): The control diabetic

group, rats were administrated

1/2 ml oral saline through small

intragastric tube.

Group (2): Diabetic group treated

by oral administration of

sertraline in a dose of
30mg/kg/day for one week.

Groups (3): Diabetic group

treated by oral administration of

sertraline in a dose of
30mg/kg/day for three weeks.

At the end of the experimental
period, rats were fasted for night,
weighed, scarified and blood samples
were collected and serum and plasma
were separated for determination of:
Serum glucose level: according to the
method of Tietz*"

Glucagon level: according to the
method of Evans et al, 1.
Corticosterone level: according to the
method of Rasmussen et al., 1
Epinephrine and  nor-epinephrine
levels: according to the method of
Evans et al.,"”.

Adrenocorticotrophic hormone
(ACTH) level: according to the
method of Wilkinson and Raff ¥,
Insulin according to the method of
Burrin 2.

Statistical analysis

Results were tabulated as mean
values + DS, and analysis was
performed. = Comparison  between
studied groups were performed with
independent samples student t-test.
Analysis of variance was calculated, P
values of <0.05 were -considered
statistically significant.

RESULTS

The results of the present work are
shown in table (1):
Serum glucose level:

Sertraline treatment for one week
showed, significant reduction of blood
glucose level in normal and diabetic
rats compared with the control, P<
0.05. Also, there was significant
reduction of blood glucose level in
normal and diabetic groups treated by
sertraline for three weeks compared
with the control, (P<0.05), Fig (1).
Epinephrine level:

The results showed significant
increase in levels of epinephrine both
normal and diabetic rats, after one or
three weeks sertraline treatment
compared with control, P<0.05, (Fig
(2)

Norepinephrine level:

The  results showed non
significant change in norepinephrine
level after one week of sertraline
treatment in normal and diabetic rats.
There was significant increase of
norepinephrine level after three weeks
of sertraline treatment in normal and
diabetic groups compared with the
control, p<0.05, Fig (3)

Glucagon level:

The  results showed non
significant change in glucagon level
after one week of sertraline treatment
in normal and diabetic groups. Normal
and diabetic groups treated by
sertraline for three weeks showed
significant increase in glucagon level
compared with the control, p< 0.05,
Fig (4).

ACTH, corticosterone and insulin
levels:

The  results showed non
significant change in their levels either
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after one or three weeks of treatment
by sertraline, in normal and diabetic

groups, Fig (5,6,7).

Body weight:

The
significant change in body weight both

results

showed

non

in normal and diabetic rats after one
week and three weeks of sertraline

treatment

in normal

and diabetic

groups compared with the control, Fig

(®).

Table (1): Effects of selective serotonin reuptake inhibitor sertraline on serum
glucose, norepinephrine, epinephrine, ACTH, glucagon, corticosterone, insulin and
body weight in normal and diabetic male albino rats (mean 6+ SD)

Normal groups

Diabetic grou

S

Parameter Control One week | Three week | Control One week |Three weeks
sertraline sertraline sertraline sertraline
treatment treatment treatment treatment

Glucose(mg/dl) |107.6+3.02 | 101.2+ 1.99% |84.5+ 5.31* | 206+5.1 |183.645.51* | 164.1+ 4.89%
N"“}g‘g‘}f}%‘““e 32042.63 | 321.5+4.5 |357.5+2.88% |278.542.73 | 275.847.02 | 342+5.84*
Epinephrine | 0.1 3 | 101802.68% | 146:2.11% | 65.941.89 | 10041.6* |127.8+1.72*
(pg/ml)

G(ll:‘gcﬁl‘;“ 73.741.55 | 72.4+1.11 |1013+1.73% | 65+1.97 | 63.84+1.67 85.7+3%
ACTH (pg/ml) | 19.240.59 | 19.5+0.76 | 202+1.91 | 18.5+0.81 | 18.8+40.85 | 18.3+1.21
Corticosterone | 5, <13 | 5961162 | 31.540.51 |30.1+0.94 | 30.141.43 | 30.7+1.68

(ng/ml)
Insulin (IU/dl) | 11.6+0.78 | 11.5+0.54 | 11.5+0.53 | 734033 | 7.6+0.45 7.4+0.25
B"d(ygm;‘ght 2524752 | 25548.6 | 246.548.96 |226.5+4.76 | 225.8+1.47 | 2253472

*= Denotes statistical significance
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Fig (1): Effect of selective serotonin reuptake inhibitor sertraline on serum glucose
(mg/dl) in normal and diabetic male albino rats.
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Fig (2): Effect of selective serotonin reuptake inhibitor sertraline on plasma
norepinephrine (pg/ml) in normal and diabetic male albino rats
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Fig (3): Effect of selective serotonin reuptake inhibitor sertraline on plasma
epinephrine (pg/ml) in normal and diabetic male albino rats.
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Fig (4): Effect of selective serotonin reuptake inhibitor sertraline on plasma glucagon
(pg/ml) in normal and diabetic male albino rats.
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Fig (5): Effect of selective serotonin reuptake inhibitor sertraline on plasma ACTH
(pg/ml) in normal and diabetic male albino rats.

Corticosterone
ng /ml

control one three  control one three
normal week weeks diabetic week weeks

Fig (6): Effect of selective serotonin reuptake inhibitor sertraline on plasma
corticosterone (ng/ml) in normal and diabetic male albino rats.
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Fig (7): Effect of selective serotonin reuptake inhibitor sertraline on serum insulin
(IU/dl) in normal and diabetic male albino rats.
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Fig (8): Effect of selective serotonin reuptake inhibitor sertraline on body weight
(gm) in normal and diabetic male albino rats.
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DISCUSSION

The use of selective serotonin
reuptake inhibitors sertraline treatment
in the diabetic patients is accompanied
by intensive glucose lowering might
exacerbate the risk of sever
hypoglycemia®. The results of the
present study showed that, continuous
treatment with SSRI sertraline for
three weeks, stimulated the release of
epinephrine,  norepinephrine  and
glucagon hormones. One week
treatment by sertraline stimulated
adrenomedullary response
specifically, as there was no effect of
sertraline on norepinephrine,
glucagon, ACTH, corticosterone,
insulin or body weight in normal and
diabetic rats.”’

The reduction of blood glucose
without change in insulin level by
SSRI sertraline, may be due to the
effect of sertraline increased insulin
sensitivity. It was reported that SSRIs
caused rapid and significant elevation
in hepatic glucose uptake and
increased hepatic glycogen levels in
presence of hyperinsulinemia, but not
in normal insulin level®”. Similarly, it
was proved that, intra-portal infusion
of serotonin®?, or 5-
hydroxytryptophan®®  enhanced the
net hepatic glucose uptake in dogs,
which may be due to presence of
multiple serotonin receptor subtypes
which are expressed in the liver®.
Furthermore, SSRIs treatment in mice
was shown to reduce plasma glucose
without changing in the insulin
levels®”, which may be due to
decreased intestinal absorption of
glucose or increase peripheral insulin

receptor sensitivity'”. Moreover, it

was observed in overweight patients
with type 2-diabetes that, 4-weeks
SSRIs treatment improved insulin-
mediated glucose disposal®. The
epinephrine secretion during sertraline
treatment may be enhanced under
conditions of stress (hypoglycemia),
which may reflect the selective
innervation and recruitment of adrenal
chromaffin cell in response to various
stressful stimuli®®. The serotonergic
effects on adrenomedullary activation
may be due to systemic or central
delivery of 5HT,,, 5SHT,. or 5HT,
receptor agonists that increased
epinephrine levels in a dose-dependent
manner®”. Also, caudal hindbrain
serotonin neurons project to the spinal
cord, synapse on  sympathetic
preganglionic neurons and innervate
the adrenal medulla®, so it is
possible that, this population of
serotonin neurons expresses the key
glucose-sensing protein®”. Moreover,
it was reported that, direct application
of glucoprivic agent, 5-thioglucose
into hindbrain stimulates
adrenomedullary secretion, glucagon,
corticosterone and stimulate feeding
response®. It is possible that SSRIs
treatment modulated the response and
sensitivity of serotonin on glucose-
sensing neurons that control hormonal
counterregulation to hypoglycemia®”.
It was observed that, the mechanism
of action of SSRIs usually involved an
increase in the synaptic concentration
of serotonin, so it is possible that,
sertraline  stimulated  epinephrine
release in  response to  the
hypoglycemic effect by direct action
on the adrenal medulla, where both
serotonin reuptake transporter
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mRNA®Y and protein® are also
localized in adrenal medullary
chromaffin cells. Since tryptophan
hydroxylase, the rate limiting enzyme
in serotonin synthesis is not present in
the adrenal medulla, so it is thought
that serotonin is captured from the
blood and accumulates in chromaffin
cells via the serotonin reuptake
transporter®. It was reported that
mice lacking the serotonin reuptake
transporter exhibit an exaggerated
epinephrine response to stress®Y. It
was observed that sertraline treatment
was more effective in prolonged
treatment (3 weeks), which may be
related to the time course of SSRIs
induced changes in serotonergic
neurotransmission and  signaling.
Short treatment by SSRIs blocked the
reuptake  activity of  serotonin
transporter and increased synaptic
levels of serotonin®!" However SSRIs
treatment more than 15 days reduced

transporter binding, function,
transporter mRNA, serotonin
clearance and downregulation in
postsynaptic receptors®. The

enhancement of glucagon secretion
after three weeks sertraline treatment
may be secondary to the overall
enhanced sympatho-adrenomedullary
responses in three weeks treated
rats®®. It was observed that, there was
no effect of sertraline treatment on
ACTH or corticosterone. It is possible
that sertraline-induced hypothalamic-
pituitary-adrenal axis activation and
C-fos expression become blunted by
daily treatment. Also, the selective
effect of sertraline on
adrenomedullary activation without
any alteration in ACTH or
corticosterone, may be due to the
specific action of sertraline on the

adrenal medulla®”. The results
showed no effect of sertraline on body
weight after one or three weeks
treatment. It is possible that the
anorectic action of sertraline had no
effect on powerful feeding response
due to glucose deficit. Also, chronic
blockade of serotonin reuptake
transporter does appear to modulate
the neuronal circuitry required for the
feeding  response  elicited by
hypoglycemia®”. This may be due to
population of rostrally projecting
hindbrain  catecholamine neurons,
whose activity and function may not
be affected by sertraline®®.
Conclusion and recommendation:

It is concluded that, SSRI
sertraline treatment produced
hypoglycemia and increase
adrenomedullary  response.  Also,
sertraline  treatment impacted the
normal physiological responses to
hypoglycemia, and masked the
hypoglycemic symptoms especially
during treatment of depression and
diabetes. It is recommended to use
sertraline for treatment of comorbid
diabetes and depression, and to reduce
the dose of antidiabetic drugs during
sertraline treatment.
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