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ABSTRACT

In this study, the effects of two antidepressants with different mechanisms on rat blood oxidative stress parameters and
blood count findings were studied. Escitalopram is a selective serotonin reuptake blocker (35RI) derivative and bupropion
has a mechanism of action on noradrenaline and dopamine and increases their synaptic amount by inhibiting their uptake.
Adult, female, Wistar-albino rats were divided into 3 different groups with a total of 24 animals. Rats in escitalopram group
were administered with 20 mg/kg/day escitalopram and rats in the bupropion group were administered with 20 mg/kg/day
bupropion for 28 days via gastric gauge. The rats in the control group were given tap water via gastric gauge.

Hematoerit and hemoglobin parameters were significantly higher in Escitalopram and Bupropion than control group. No
significant difference was observed in weight pain at the end of 28 days. In this experimental model, 28 days of 20 mg/kg
escitalopram or bupropion use did not cause a significant increase in total oxidant status or a significant decrease in total
antioxidant status.

Oixidative stress index which combines these two findings imply a possible oxidative stress in female rat blood due to
Escitalopram treatment.
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Introduction (ESC) may be considered as a model SSRI with the

effect of pure serotonergic reuptake inhibition.

Depression is an important health problem which
causes mental as well as cardiovascular problems
wortldwide (1). Alongside with psychotherapy,
medication with chemical drugs forms the basis of
modern pharmacotherapy of depression. The classical
antidepressant effect is to block one or more of the
serotonin,  norepinephrine  and/or  dopamine
transporters, thereby augmenting monoamine levels
in relevant brain parts. This pharmacological action
mechanism is consistent with the monoamine
hypothesis in depression. In its simplest form, this
means a reduction of the monoamine in depression
and the improvement of depression by increasing the
amount of antidepressants. However, depression may
also include complex interaction between such
monoamines as well as glutamate and histamine in the
brain (2). A number of antidepressants, called
selective serotonin reuptake inhibitors (SSRIs) are
theoretically acting by blocking serotonin reuptake in
the synaptic cleft. Within this group, escitalopram

Similarly, selective norepinephrine reuptake inhibitors
(SNRI) are acting on norepinephrine reuptake
transporters. SNRI’s are also favored in treatment of
depression (3). Bupropion (BUP) which is a member
of SNRI group, transport of both dopamine and
norepinephrine is accepted as the responsible
mechanism for its shown antidepressant activity.
Although these aforementioned molecules are more
widely used for treatment due to their lower side
effects compared to previously used antidepressants
such as monoamine oxidase inhibitors or tricyclic
antidepressants (4) they are still blamed for vatrious
untoward  outcomes such as  neurological,
cardiovascular and sexual side effects (5). The use of
antidepressants is increasing all over the world and
more data is required for their impacts on different
health perspectives.

The preservation of the integrity of erythrocytes and
the optimal blood flow are important for a healthy
microcirculation and cardiovascular health (6, 7).

*Corresponding Author: Okan Arihan, Department of Physiology, Faculty of Medicine, Hacettepe University, Ankara, 06100 Turkey
Email: okanarihan@gmail.com, Telephone: +90 (536) 347 06 76
ORCID ID: Okan Arihan: 0000-0001-6201-7383, Ozlem Ergul Erkec: 0000-0001-5275-6254, Abdulahad Dogan: 0000-0002-5438-8560, Abdullah
Yildirim: 0000-0003-2585-4187
Received: 23.10.2024, Accepted: 21.05.2025


https://orcid.org/0000-0001-6201-7383
https://orcid.org/0000-0001-5275-6254
https://orcid.org/0000-0002-5438-8560
https://orcid.org/0000-0003-2585-4187

Arihan et al / Effects of 2 Antidepressants On Rat Blood

Adverse conditions, such as various chemicals and
oxidative stress, can cause oxidation of membrane
lipids or the protein skeleton in the membrane,
resulting in damage to the erythrocyte membrane and,
ultimately, its integrity (8). Oxidative stress is
classified within the etiology of certain diseases such
as Alzheimer, Parkinson, epilepsy and metabolic
diseases such as diabetes mellitus (9, 10, 11). Some
studies present results stating alleviation of oxidative
stress with antidepressants during experimental stress
models on animals (12). Most of those models
establish a depression model on the experimental
animals than testing the effect of antidepressants in
different parameters. On the other hand, there are
research results stating that antidepressants itself may
pose an oxidative stress on different tissues or organs
(13). The aim of the study is to investigate the effects
of two antidepressants with different action
mechanisms, commonly used in the treatment of
many psychiatric disorders, on erythrocytes and to
investigate the effect of oxidative stress parameters.
Since many of the research was tested on male
animals this study is conducted to assess the effects of
those antidepressants on female animals.

Materials and Methods

Animals and Experimental Procedure: 24 female
adult Wistar-albino rats were divided randomly into 3
different groups (n=8 in each group). Control group;
were given tap water with oral gauge. Escitalopram
group (ESC); administered 20 mg/kg escitalopram in
10 ml/kg volume for 28 days with oral gauge.
Bupropion group (BUP); administered 20 mg/kg
bupropion in 10 ml/kg volume for 28 days with oral
gauge. Escitalopram and Bupropion in commercial
forms were given to animals. Dosage was set
according to a study by Ortiz and Artigas (14). Food
and tap water were given ad /ibitum throughout the
experimental period. Animals obtained from Van
Yuzuncu Yil University Experimental Animal
Research Center was also kept in the same center in a
room with controlled temperature (~22C) and light
(12 hours light/12 hours dark). Weight gain of the
animals was monitored in this whole period.

An ethical permission was obtained from Van
Yuzuncu Yil University Experimental Animals Local
Ethical Committee (Date: 26.10.2017, number: 10).
At the end of this experimental procedure animals
were sacrificed under ketamine/xylazine anesthesia.
Venous blood was withdrawn into EDTA containing
tubes for hemogram analysis and also plasma was
obtained for biochemical analysis.

Complete Blood Count: Red blood cell number,
hematocrit and hemoglobin values were recorded

following venous blood sampling at the end of the
experimental procedures. Complete blood count was
performed with a coulter counter.

Plasma TAS and TOS Measurements: Total
antioxidant status (T'AS), total oxidant status (TOS)
and oxidative stress index (OSI) were investigated as
oxidative stress parameters in the plasma. A
spectrophotometric kit was used for TAS and TOS
measures (RelAssay) and OSI was calculated with a
formula basically considering a ratio between
measured amount of TOS versus measured amount

of TAS.

Statistical Analysis: Data were presented as Mean £
SEM. Kruskal-Wallis test was used to investigate
significance among groups and Mann Whitney U tests
were performed to evaluate comparisons between two
groups by using SPSS 20.0 for Windows. p<<0.05 was
accepted as statistically significant.

Results

Rats were weighed at the beginning and at the end of
the protocol. No deaths or complications were
observed in rats during the experiment and the rats
gained weight at the end of this period. Although final
weight of ESC group (229) is lower than Control
(234) and BUP (237) groups, no significant difference
was found between groups.

Oxidative Stress Parameters: At the end of the
experimental protocol, antidepressant drugs applied
to animals were evaluated for their impact on
oxidative stress parameters.

When the total oxidant status of the groups was
examined, an increase was observed in the
antidepressant groups ESC (6.918£2.252) and BUP
(7.517£1.11) compared to the control (4.931£2.598)
group but no significant difference was observed

(Table 1).

Total antioxidant status was decreased in both of the
antidepressant groups ESC (0.545%£0.318) and BUP
(0.783£0.25) compared to the control (0.976%0.313)
group but no significant difference was found (Table
1).

The OSI index calculated from TOS and TAS
parameters showed that the highest oxidative

stress index occutred in the ESC (0.1891+0.134) and
followed by the BUP (0.104£0.031) group. The
difference between the ESC group and the control
(0.059£0.039) group was significant (p<<0.05, Table
1).

Blood Count Findings: Certain differences were
observed in terms of erythrocyte count, hematocrit
and hemoglobin values due to antidepressant use.
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Table 1: Oxidative Stress Parameters of Groups

Median Mean Std. Dev. Min. Max. p

Control 4.535 4.931 2.598 1.514 8.539

TOS Escitalopram 7.082 6.918 2.252 3.386 9.764 0.198
Bupropion 7.496 7.517 1.11 6.351 9.265
Control 1.07 0.976 0.313 0.4 1.252

TAS Escitalopram 0.542 0.545 0.318 0.166 1.012 0.108
Bupropion 0.736 0.783 0.25 0.506 1.135
Control 0.047 b 0.059 0.039 0.013 0.137

OSI Escitalopram 0.132a 0.189 0.134 0.046 0.384 0.042
Bupropion 0.095 ab 0.104 0.031 0.075 0.161

TOS: Total Oxidant Status. TAS: Total Antioxidant Status. OSI: Oxidative Stress Index. p<<0.05. Different letters in the
same column indicate statistically significant difference between groups

Table 2: Blood Count Findings of Groups

RBC HCT HGB
Control 8.08%0.2 44.43+0.5"b 15.63+0.2 >
Escitalopram 8.58%0.1 47.5410.8 16.5410.2 2
Bupropion 8.48%0.2 46.06£0.9 = 16.381+0.3 =

Values are given as mean+S.E.M. RBC: Red blood cell count (x10¢/mm?). HCT: Hematoctit (%). HGB: Hemoglobin count
(g/dL). Statistical significance (¥) was set as p<0.05 compared to control. Different letters in the same column (a, b) indicate

statistically significant difference between groups

The RBC (Red Blood Cell) value, which represents
the number of red blood cells, was higher in ESC and
BUP groups compared to the control. However, no
statistically significant difference was observed in the
aforementioned values. The values observed in the
hematocrit (HCT) parameter were found to be
significantly higher in the ESC and BUP groups
compared to the control group (p<<0.05). The values
of hemoglobin were highest in the ESC and BUP
groups and the values in this group were found to be
statistically significant compared to the control group
(p<0.05). Results of blood count findings are given in
Table 2.

Discussion

Depression, which is an important health problem, is
one of the most common psychiatric disorder in
almost all societies. Although psychotherapy, exercise,
diet and lifestyle change are the approaches, the
current treatment of depression is still largely
performed with medication of antidepressant drugs.
Antidepressants have different mechanisms of action
and are known to alter the levels of serotonin,
dopamine and noradrenaline in the brain. However,
there is also information about the side effects of
antidepressants. The aim of this study was to
investigate the effect of two antidepressant drugs with

different mechanisms of action on the blood
oxidative stress parameters in female rats in the same
experimental procedure.

Women suffer more from depression than man in
aspects of frequency, severity, duration and
comorbidities (15). In addition, antidepressant therapy
is not giving similar results in two genders. Several
studies are performed to elucidate reasons in brain
wiring or sex steroids but still more studies are needed
to clarify this disparity. Thus, we have selected female
animals for experimental procedures of our study. In
the present study, it was observed that antidepressant
use was associated with increased hemoglobin (HGB),
red blood cell count (RBC) and hematocrit (HCT)
measured by complete blood count.
Hemoglobin and hematocrit usually increase or
decrease together because they both depend on the
number of RBCs. In a study conducted in support of
our findings, significant increases in RBC count,
HCT, and red cell distribution width (RDW) were
observed after 12 weeks of SSRI treatment in
adolescents with major depressive disorder (MDD)
who had not previously used medication. An
increasing trend in HGB levels was also identified by
Puangsti e a/ (16). Oxidative stress can influence
hematological parameters through both direct and
indirect mechanisms. The most commonly observed

values
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effects include erythrocyte damage, and alterations in
hemoglobin, platelet, and leukocyte levels (17).

No significant difference was observed in animal
weight analysis. The present situation can be
evaluated in terms of the fact that these 2 different
antidepressant molecules did not cause a significant
difference in food consumption and weight gain in
female rats.

Ocxidative stress refers to the situation in which the
antioxidant molecules and enzymes present at the
cellular level in blood or other tissues cannot balance
the oxidant molecules produced in metabolic or
pathological processes. Although oxidant molecules
are effective in some cellular signaling pathways, they
may cause damage to DNA and other molecules in
the cell. In the measurement of oxidative stress, lipid
peroxidation (MDA) products, glutathione (GSH)
which is an important protector against oxidative
stress, as well as the amount or activity of enzymes
such as catalase (CAT) and superoxide dismutase
(SOD) can be measured. In addition to measuring all
these different parameters another approach in the
subject is to measure total antioxidant status (TAS),
total oxidant status (TOS) and the ratio of these two
(TOS/TAS) as an index of oxidative stress (OSI).
Higher OSI values indicate increased oxidative stress.
In this study, it has been shown that ESC, which is a
selective serotonin reuptake blocker (SSRI) derivative,
did not cause a significant increase in total oxidant
status or a significant decrease in total antioxidant
status, however oxidative stress index which
combines these two findings imply a possible
oxidative stress in female rat blood. The OSI index
calculated from TOS and TAS parameters showed
that the highest oxidative stress occurred in the ESC
group compared to the control group. The difference
between the control group and the ESC group was
significant (p <0.05). In our study, the reason for
comparing different mechanisms of action in the
same parameter (OSI) is to determine which molecule
will cause more oxidative stress in the same
experimental setup in terms of oxidative stress.
Bupropion was not found to alter oxidative stress
parameters significantly in our study. There ate
studies concerning some untoward effects of
bupropion such as endoplasmic reticulum stress (18)
but no apparent effect on oxidative stress in blood
was mentioned in scientific literature. Our results are
consistent with such findings.

Studies concerning interrelation between depression
and oxidative stress show that anxiety and depression
poses patients to attenuated antioxidants, increased
oxidants and results such as lipid peroxidation. Such
negative impacts of depression are reversed with
antidepressant treatment (19, 20, 21). Studies on

experimental animals also show that SSRI’s are
effective in reversing the oxidative stress conditions
especially in experimental stress conditions such as
restrainer stress. In a study by Novio e 4/ (22), mice
were immobilized for a period of 6 hour, 5 mg/kg
fluoxetine administered prior to (30 min) acute stress
alleviated the untoward effects of stress. Similatly,
human studies showed that antidepressant treatment
increased total antioxidant capacity and lowered total
oxidant status as well as oxidative stress index (23).
Studies performed on animals and data obtained from
studies with human subjects reveal that long term (12
to 24 wecks) antidepressant treatment exert a
mitigation in oxidative stress posed by major
depression. However, high doses of some
antidepressant molecules were reported to exert
prooxidant activity revealed by iz vitro and in wvive
animal models (24). Our study is shorter compared to
such treatments (4 weeks). In such short time period,
some other studies on major depression patients (4 to
8 weeks) no significant effects were found in oxidant
and antioxidant parameters (24).

On the other hand, there are studies presenting
oxidant effect of antidepressants. An enhanced
oxidative stress on erythrocytes due to 21 days of 20
mg/kg/day sertraline administration (but not with 5
days of acute administration) was reported by Arihan
et al (25). In a study by Atli e a/ (13) 20 mg/kg
sertraline (SSRI) treatment resulted in a decreased
GSH level (p<0.05) and increased MDA level
(p<0.05) compared to control in testicular tissue of
rats. Another experimental study performed on male
Wistar-albino rats showed that median testicular
MDA levels increased in two months of 10 mg/kg
sertraline (3.2), 10 mg/kg fluoxetine (2.8 p=0.092), 10
mg/kg escitalopram (2.65) and 20 mg/kg paroxetine
(2.25) administrations compared to control (2.15).
Although none of the administration caused a
significant increase, trend in MDA increase when
considered with other studies in the subject suggests a
possible augmentation in lipid peroxidation (26). In a
study by Abdel-Salam e a/ (27), sertraline
administered in 10 or 20 mg/kg via the subcutaneous
route to mice for 10 days caused a decrease in catalase
activity, decrease in PONT1 activity in the brain. In the
liver MDA was increased and PON1 activity was
decreased  with  sertraline.  Dissimilar  results
concerning  antioxidant oxidant effect of
antidepressant drugs may be related with the dose,
mode of treatment and duration of exposure to
antidepressant molecule.

Limitation of our study is its being an experimental
animal study. Even the depression models for rats are
lacking very crucial aspects of depression such as
feeling guilty or attempt to suicide (15). In
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accordance, investigating effects of antidepressant
used in human medication on animals should always
considered as a “model” resembling but not fully
exhibiting human conditions. In addition, rats are
known to have a different serotonergic mechanism.
Their thrombocytes are more active compared to
human which means that their response to SSRI
exposure is different than human. Nevertheless, our
data reveals that SSRIs should be considered for their
possible impact on oxidative stress. It is argued that
SSRI molecules are the most selective with least side
effect. In addition, SSRI’s are known to exert
antioxidant effect on depressed patients and also in
animal models inducing depression. However, in
animals which are not depressed by external effect,
SSRIs may cause such an oxidative stress condition.
In further studies, in rats with depression model,
these drugs should be tested in a similar way, but
tested in different doses and in longer experimental
periods because longer periods with antidepressants
are shown to exert differential results than acute ones
(24). In addition, forced swimming test (in rats) and
tail suspension tests (mice) can be tested in conditions
with and without depression during escitalopram and
bupropion antidepressant treatments in future studies.

In this experimental model, 28 days of 20 mg/kg
escitalopram did not cause a significant increase in
total oxidant status or a significant decrease in total
antioxidant status, however oxidative stress index
which combines these two findings imply a possible
oxidative stress on female rat blood.

Studies in scientific literature have been conducted
mainly on male rats, which causes a bias in both
neuroscience and biomedical fields (28) whereas our
study is made on female rats. In addition, the use of
two antidepressants with different mechanisms
together is a contribution of this study to the
scientific literature.
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