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The aim of this study is whether oxidative stress markers, homocysteine (Hcy), cardiac troponin I (cTnl)
and the activity of adenosine deaminase (ADA) alter following administration of different doses of
sertraline. Sixty male Wistar rats were assigned into four groups. Sertraline at doses of 20, 40 and 80 mg /
kg / day) were administered to three groups through gastric gavage for 90 days. The fourth group was
received only distilled water. After 90 days of sertaline administration, the levels of oxidative stress
biomarkers in plasma were measured. The results revealed remarkable elevation in malondialdehyde

Keywords: (MDA) and considerable reduction in Hcy, cTnl, antioxidant enzymes levels as superoxide dismutase
Sertraline, (SOD), glutathione peroxidase (GSH-Px), catalase and paraoxonase (PON)and ADA activity in the rats that
Biochemical were receive sertraline at dose of 80 mg /Kg /day. The results denoted that sertraline administration at
parameters, the dose of 80 mg/kg/day reduce cardiovascular biomarkers. Meanwhile, decrease of ADA activity may
rat suggest reduction of immune function due to sertraline administration.
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Introduction

Depression is known as a devastating disease that
impairs the numerous physical and psychosocial
dysfunction and can occur at any age with symptoms
and sometimes the power to overcome depression
induced psychosocial stress decrease. Antidepressants
drugs are known the third group of drugs that are
utilized in human medicine. Among these drugs,
serotonin re-uptake inhibitors are considered as
important ones. Sertraline is pointed out as
antidepressant drugs that is derived from
naphthylamine group which is widely applied as an
effective drug in the control and treatment of
depression (1, 2). In addition, several studies have
been reported that sertraline stimulates neurogenesis
and possesses antioxidant effects (3, 4). Oxidative
stress has a crucial role in the pathophysiology of
depression. As increased free radical production
and/or reduction of antioxidant agents (such as
antioxidant enzymes) which causes oxidative stress is
associated with depression (1, 2). Reactive oxygen
species (ROS), are incessantly produced following
metabolic reactions. Oxidative stress occurred during
the excessive production of ROS and antioxidant
deficiencies and can provoke some reactions that
ultimate to cell injury or cell death. On the other word,
oxidative stress, affects polyunsaturated fatty acids
and cause lipid peroxidation which can be utilized as
markers of stress oxidative (5, 6). Malondialdehyde

(MDA) as a product of lipid peroxidation, is known
reliable indicator to assess lipid peroxidation. It
should be noted that the neurological disease and
major depressive disorder (MDD) is related to
oxidative stress (7).

Adenosine deaminase (ADA), as one of the essential
enzymes, is involved in the metabolism of purines
maturation and function of T cells and plays
substantial effect in the nervous, immune and vascular
systems (8). ADA is called as an important enzyme in
T-lymphocyte differentiation and ADA activity is more
in T-lymphocytes than B-lymphocytes. The high
activity of ADA has been observed in inflammatory
diseases associated with cell-mediated immunity and
is pointed out as a marker of cellular immunity and T-
lymphocytes activity and close relationship between
ADA and neutrophils-mediated free radicals (nitric
oxide and ROS) production has been referred in some
studies. In addition, it was observed a correlation
between purine metabolism and anxiety (9).
Homocysteine (Hcy) is categorized as thiol-
comprising amino acid which consequently generated
during methionine metabolism. In this metabolism,
vitamin B12 and folic acid participate in the
methylation of homocysteine into methionine and
those ones deficiency play essential factor in Hcy
elevation. Hyperhomocysteinemia causes oxidative
stress and is known as one of the major risk factors of
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atherosclerosis, vascular endothelial cell damage and
nerve cells and also involves in several mental
disorders, including depression, schizophrenia and
Alzheimer disease (10).

Myofibrillar proteins such as troponin I, C and T
modulate interaction between actin and myosin
through calcium in the myocardium (11). Among
them, cardiac troponin I (cTnl) is considered as high
accurate specific biomarker of myocardium damage
(12). Following, enhancement of cardiomyocytes
permeability and damage, cTnl releases into blood as
a marker for the diagnosis of heart muscle damage
and positive correlation has been identified between
blood concentrations of cTnl and myocardial damage
(13,14).

With regards to use of SSRIs in patients, it seems that
sertraline, as one of SSRIs, affects on the some
biochemical parameters, especially cardiac
biomarkers, may involve in the management of drug
usage.

Materials and Methods

Protocol of study

In this study, sixty Wistar rats (male) (21 + 175 g)
were purchased from Urmia University. Then the rats
were arbitrarily assigned to four groups and were
kept in special cages under standard and hygienic
situation. Also the environment temperature and its
humidity were assigned 21-25 °C and 41%,
respectively and water along with pellet were placed
ad libitum. This study was approved by Veterinary
Faculty of Urmia Islamic Azad University, in terms of
ethical principles (02/13/34831).

Drug administration

After 10 days of adaptation period, sertraline (Tehran
Darou Co. Tehran, Iran) was administered by gastric
gavage for 90 days for three groups, respectively, at
doses of 20, 40 and 80 mg / kg / day) and the fourth
group only was received distilled water.

Blood sampling and determination of oxidative stress
profiles

After 3 months, all the rats were anaesthetized
(pentobarbital sodium, 50 mg / kg, ip) and blood
sampling were carried out through heart and were
transferred to heparinized tubes and part of it was
removed for determination of antioxidant enzymes
activity (CAT, SOD, GSH-Px, PON) and remained blood
samples were centrifuged for 10 minutes (5000 rpm).
Plasma MDA and PON were detected through Satoh
and Furlong methods respectively
(Spectrophotometer, Cecil, Italy). The SOD, GSH-Px,
were determined in lysed red blood cells (by auto-
analyzer, Alcyon-300, USA), (Ransod® and Ransel
kits, Randox laboratories Ltd. G.B) and CAT activity
was detected based on Aebi method (30).

Measurment of cardiac biomarkers and ADA

The cTnl was assessed by Elisa technique (Cobas Co.)
and Hcy was measured by Colorimetric method
(Spekoll 1500) (Parsazmoon company, Tehran, Iran).
The ADA activity was determined using
electrochemiluminescence technique (ECL) (Elecsys,
Roche, 2010).

Statistical analysis

Statistical analysis was accomplished in all analyses.
The data were denoted as Mean* SD. The statistical
analysis of data was performed by one-way ANOVA
test. The statistical package of SAS v9.1 (SAS Institute
Inc,, Cary, NC, USA) was allocated and significant level
was setat P <0.01.

Results

Table 1 demonstrates alterations of ¢Tnl, ADA and
Hcy in different treatment groups rather than
control group. The low level of cTnl (9.12 * 2.39)
(17%) was  observed  during  sertraline
administration in 80 mg/kg dose and reached
almost one-third of the concentration in the control
group and no remarkable alterations were resulted
in the other groups in comparison with control
group. A significantly reduction in ADA level was
observed in 80 mg/kg dose group (15.12 £ 0.67) (p
< 0.01) (21%) rather than other treatment groups
and control ones. It is worth mentioning that in 40
mg/kg dose, only significant elevation of Hcy (11.86
+0.76) (13%) was observed.

The results of Table 2 show significant elevation (p
< 0.01) of MDA (3.02 + 0.42), (4%) almost three
times of control group. in 80mg/kg treated group as
compared to other groups. In terms of antioxidant
enzymes, noticeable reduction was revealed in 80
mg/kg dose, 1028.19 + 72.59 (31%) in SOD, 35.18 +
3.61 (14%) in CAT, 41.48 + 2.29 (24%) in GSH-Px
and 31.64 + 5.16 (21%) in PON.

Discussion

Neurons and glial cells more prone than other cells
to free radicals, because levels of unsaturated fatty
acids are high and somewhat the antioxidants levels
are low. This makes them susceptible to free radical
attack. Thus, increased levels of free radicals (FR)
and/or decrease of their removal may result
oxidative stress in CNS cells (6). Oxidative stress
characterized with high MDA level, as lipid
peroxidation index, and decreased antioxidant
enzymes such as SOD, CAT and GSh-Px. MDA
possesses several harmful effects on cell
membranes (such as an increase of their
permeability) and can easily be combined with
some of the molecules in the cell membrane (5). In
addition, MDA has harmful effects on receptors of
serotonin and may cause to deterioration of
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Table 1 Comparison of cardiac biomarkers and ADA following sertraline administration with different
doses between treatment and control groups

group control 40 mg/kg/day 80 mg/kg/day 20 mg/kg/day pvalue
m

Hey (U/L) 6.86+043  11.86+0.76/ 241032 7.67 £ 1.43 p <0.005
cTnl (pg/ml)  27.47+258  3058+284  9.12+239 28.26 +1.21 p <0.004
ADA(U/L) 42.71+3.74 2838+3.57 15.12 £ 0.67 39.94 £2.71 p <0.007

Note: Data are expressed as mean + standard deviation. T as superscript in the row denotes significant difference
in comparison with control group. (p < 0.01). For example, T superscript in the Hcy demonstrates significant
difference between 40 and 80 mg/kg/day in comparison with control group.

Table 2 Comparison of oxidative stress markers following sertraline administration with different
doses between treatment and control groups

group Control 40 mg/kg/day 80 mg/kg/day 20 mg/kg/day p value
%
MDA (nmol/ml) 3.02 +0.42 3.73+0.39 9.68 + 0.93# 4.18+0.55 p<0.003
SOD(U/gHb) 1486.77 +82.66 1479.53+44.31 1028.19+72.59* 1519.66+ 126.71 p<0.008
CAT(k/gHb)  79.83+7.26 77.81+9.55 35.18 +3.61* 83.67 +11.31 p<0.008
GSH-Px(U/mgHb) 99.26 + 4.19 87.96 £ 3.77 41.48 £ 2.291 93.52 +6.56 p<0.007
PON(U/L) 81.62+9.27 7457 +6.48 1.64 +5.167 79.80 + 7.86 p<0.004

Note: Data are expressed as mean * standard deviation. T as superscript in the row denotes significant
difference in comparison with control group. (P < 0.01). For example, + superscript in the MDA parameter
demonstrates significant difference between 80 mg/kg/day group in comparison with control group.

neurons membrane phospholipids and changes
their performance and ultimately may affect the
serotonergic receptor function (6). In this study,
sertraline at dose 80 mg/kg dose increases MDA
compared with the control. A study was conducted
by Sarandol et al. and any changes were not
observed in oxidative stress parameters such as
MDA during use of 6 week different antidepressants
drugs (venlafaxine, reboxetine + sertraline,
sertraline or reboxetine) (15). In contrast, Bilici et
al. reported reduction of oxidative stress in patients
with depressive disorder during treatment with
SSRI (16). In addition, Kotan et al in 2005,
demonstrated MDA reduction in major depressive
disorder during long-term antidepressant therapy
(17). Michalakeas et al. showed a decreased MDA
level in depressed patients who received sertraline.

The overall results were not consistent with the
results of present study (18). Since MDA production
possesses a direct relationship with free radicals,
thereby possibly in dose of 80 mg, the amount of
free radicals increases and MDA is subsequently
enhanced. Kumar et al. reported reversible
conditions of low antioxidant levels as SOD and CAT
via sertraline administration at doses 5 and 10
mg/kg. Several studies have been demonstrated
neuroprotective and antioxidant effects of
antidepressant drugs (32-34) and same author
suggested antioxidant properties of sertraline on
neurons. Studies on side-effects of ROS on neurons
reveals its-induced neurons membranes viscosity
changes and consequently impression of
catecholaminergic and serotonergic receptor
functions (35). Norepinephrine and dopamine as
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catecholamines are related with the oxidative
stress, hence, elevated catecholamine metabolism
may incremental effect of radical burden. Kumar
described possible mechanism of action of
sertraline (5 and 10 mg) in the lowering of
oxidative stress and it was attributed to antioxidant
effect of sertraline in increase of net serotonergic
transmission of neurons. Battal et al. reported
elevation of oxidative stress (MDA increase and
decrement of antioxidant enzymes) in rats that
administered 80 mg/kg of sertraline which is
consistent with our study (19). Nevertheless,
sertraline effect on oxidative stress probably is
ascribed to drug dose, in the low dose as
antioxidative effect and in the high dose as trigger
of oxidative stress. Overall, mechanism of action of
sertraline-induced oxidative stress in the high dose
is controversial and debatable.

In this study, we encountered a significant
reduction in all antioxidant enzymes. Superoxide
dismutase (SOD) is known as first anti-radical
enzyme that inhibit the high-production of free
radicals. A noticeable decrease in the enzyme
activity level, in present work, observed following
administration of high doses of sertraline. Battal et
al. observed a reduced activity of the enzyme at
high dose of sertraline (19). Decreased SOD activity
could be attributed to excessive accumulation of
superoxide anion radical as one of the important
free radicals are involved in lipid peroxidation (19).
Reduced activity of catalase (CAT) which is
considered as another important antioxidant
enzyme involved in removing H,0, was observed in
the high doses of sertraline. Battal et al also
demonstrated a reduced activity of CAT
subsequently administration of three different
doses of sertraline (19). Bilici et al. reported
reduction of antioxidant enzymes activity following
administration of 3 months SSRI (16). A significant
reduction of CAT can be associated with increased
production of H20,.

Paraoxonase (PON) is pointed out as another
important antioxidant enzyme in the body that
there are three genotypes of these enzymes. PON1
is produced in the liver and is transmitted along
with HDL into blood. PON1 has antioxidant trait
and prevents LDL oxidation. PON2 possesses also
antioxidant activity and is expressed in all cells and
protects the cell from oxidative damage (20). PON3
also structurally and functionally similar to the type
of PON1 but its substrates are different with PON1.
Significant reduction of PON was observed in the
dose of 80 mg/kg. Battal et al. reported a reduction
of PON level in all groups (19) also its increase
pointed out by Kotan et al after 24 weeks of
antidepressant medication (21). Since, PON
participates in reduction of lipid peroxidation, thus,

its reduced activity could be attributed to
participation in MDA elimination.

In this study, ADA activity was significantly
increased. Herken et al. reported increase of ADA
activity in patients with depression during
antidepressant treatment and concluded its high
activity may be applied as a diagnostic biomarker in
patients with depression (22). In contrast, Elgun
and et al. showed a reduced level of ADA activity in
depression (23). ADA activity was associated with
increased T cell activity as well as an indicator of T
cell activation. On the other word, the level of ADA
activity associated with neutrophils-mediated free
radicals’ production. Hence, the possible cause of
increased activity of ADA may be ascribed to high
activity of cell-mediated immunity.

ADA catalyzes unilaterally conversion of adenosine
to inosine. Adenosine is known as potent anti-
inflammatory component  that  modulates
inflammatory reactions of immune cells. Adenosine
hinders vascular endothelial cell damage caused by
neutrophils and modulates neutrophils/endothelial
cell interaction. It should be noted that the
accumulation of adenosine and deoxy adenosine
possess harmful effects on the cells, so its
catabolism is very important for cells health. The
other factor may play essential role in elevation of
ADA activity is the catabolic effect of ADA on
destruction of excessive adenosine. In addition,
Blardi et al showed that administration of
citalopram in depressed patients is led to increased
adenosine (24). The administration of sertraline
may take part in abundant adenosine production in
immune cells (especially T-cells) and to remove the
harmful effects of adenosine, ADA expression is
elevated for prevention of adenosine enhancement.
Present study significantly indicates high levels of
Hcy in the treatment group in comparison of
control. Since a relevance between Hcy and folic
acid has been clarified, the notable increase of Hcy
determines defeat in the Hcy methylation to
methionine due to folic acid deficiency, also,
sertraline effect on methionine cycle is assumed on
Hcy enhancement. Hcy involves in the
pathophysiology of neurodegenerative disorders
and neuronal lesions and may participate to induce
neurons apoptosis. Kruman et al. revealed the effect
of Hcy on hippocampal neurons and NAD depletion
which boosts oxidative stress, neuronal apoptosis
and mitochondrial dysfunction (25). Folic acid and
vitamin B12 involve in differentiation, development
and function of the CNS and participated in the Hcy-
methionine metabolism. In addition, folic acid
possesses tremendous effect in reducing of
depression. In present study, a considerable
reduction in homocysteine was denoted in 80
mg/kg group in comparison of other ones and the
control group. The main reason of homocysteine
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reduction in 80 mg/kg dose can be attributed to
vitamin B 12 and folate sufficiency and/or
sertraline with unknown mechanisms involves in
the conversion of Hcy to methionine.

Increased plasma levels of c¢Tnl as the main
biomarker for diagnosis of cardiomyocytes damage
utilizes than lactate dehydrogenase (LDH) and
creatine kinase (CK). In this study remarkable
decrease of cTnl in high dose of sertraline (80
mg/kg) revealed in comparison of other groups.
Meanwhile, significant changes in the groups that
received 20 and 40 mg/kg was not observed than
the control ones. Xinxing et al. reported positive
impact of sertraline, as antidepressant drug, in
inhibition of stress and depression-induced heart
damage and observed that sertraline inhibits
cardiomyocytes injury in rats with chronic
unpredictable stress (CUMS). In addition, based on
the test of "evaluation of myocardial apoptosis”
anti-apoptotic role of sertraline also reported in
cardiomyocytes (26). It is worth noting that the
protective effect of sertraline on the myocardium
has been denoted by several studies such as
Serebruany et al. (27). The accurate mechanism of
protective function of sertraline in cardiomyocytes
has not been yet clearly known. But, several studies
have described that sertraline has vasodilatory role,
the antiplatelet effects and protective effects of
vascular endothelial cells and with the help of these
factors involves in the inhibition of myocardial
damage (28,29). Since, in this study we
encountered a  significant  reduction in
homocysteine and cTnl in rats in dose of 80 mg,
hence, sertraline can play fundamental role in the
heart protecting.

Conclusion

In this study, administration of sertraline in dose of
80 mg/kg firstly increased oxidative stress and
secondly involves in reduction of cTnl and Hcy.
Therefore, regulation of sertraline dose in patients
with depression can be very important to their
health. In addition, it is likely that the prescription
of antioxidant components in patients with
depression might impress an essential role in
preventing potential damage of oxidative stress.
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