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Depression is one of the most prevalent psychi-
atric disorders, and it causes severe attacks, 

domestic unrest, suicidal tendencies and significant 
socioeconomic losses in individuals. It was reported 
that approximately 21% of the population worldwi-
de is affected by depression (1,2). The prevalence of 
depression in Turkey is approximately 10% (3). Risk 
factors for depression include sex, middle age, being 
single, low income and disability, in addition to a his-
tory of depression in the family, negative childhood 
experiences, other psychiatric disorders and chronic 
conditions like diabetes (4). The pathophysiology of 
depression has not been completely understood yet. 
It has been associated with monoaminergic neurot-
ransmitters (serotonin, norepinephrine and dopami-
ne) in the brain. In clinical psychiatry, distinguishing 
bipolar and major depression is highly important (5). 
The most frequently used method in the treatment of 
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depression is prescription of antidepressant drugs (6). 
The usage rates of antidepressants increased between 
2000 and 2010 in Europe (7). Although antidepres-
sant use in Turkey has increased in recent years, it 
was reported that it is still under the OECD average 
of 63 doses per 1000 individuals per day as 44 doses 
(8). 

Free radicals are molecules containing an unpaired 
electron in an atomic orbit. In the presence of an unpa-
ired electron, these radicals are unstable and highly re-
active. The affinity of these radicals to bond with struc-
tures like proteins, lipids, nucleic acids and enzymes is 
high. When free radicals bond with biomolecules that 
are important for the maintenance of the metabolism, 
they disrupt their structures. In the normal physiolo-
gical process, antioxidant molecules can scavenge free 
radicals, but in the case that free radical production can-

A B S T R A C T

Depression is one of the prevalent psychiatric diseases in Turkey and the world. Flu-
voxamine is a strong selective serotonin reuptake inhibitor (SSRI) that is used as an 

antidepressant. No study investigating the doses of Fluvoxamine treatment that may lead 
to a disruption in the oxidant-antioxidant balance on the cellular level in addition to its 
beneficial effects has been found in the literature. For this purpose, by creating Fluvoxam-
ine application groups at the doses of 7.5, 15, 30 and 60 μM and durations of 24 and 48 
hours on human lymphocyte cell cultures, we investigated the total oxidant status (TOS), 
total antioxidant status (TAS) and oxidative stress index (OSI). According to the results 
of the study, the TOS levels of all dose groups increased significantly in the 24- and 48-
hour applications (p<0.05). While the TAS levels significantly increased in the 24-hour 
application of the doses of 7.5 and 15 μM and 48-application of the dose of 7.5 μM, they 
significantly decreased in the 24- and 48-hour applications of the doses of 30 and 60 μM 
(p<0.05). The OSI level increased significantly in the 24- and 48-hour applications of the 
doses of 30 and 60 μM. The results of our study demonstrated that, in the 24- and 48-hour 
applications of the doses of 30 and 60 μM, the antioxidant system could not compensate 
and the cells exposed to oxidative stress.

INTRODUCTION 

Keywords: 
Human lymphocyte cell culture; Total oxidant status (TOS); Total antioxidant status (TAS); Oxidative stress index (OSI); 
Fluvoxamine.

https://orcid.org/: 0000-0001-5978-8144
http://orcid.org/0000-0001-5978-8144
https://orcid.org/0000-0002-3806-6406
http://orcid.org/0000-0002-3806-6406
https://orcid.org/0000-0002-7688-7467
http://orcid.org/0000-0002-7688-7467
https://orcid.org/0000-0003-1359-5026
http://orcid.org/0000-0003-1359-5026
https://orcid.org/0000-0002-5089-3965
http://orcid.org/0000-0002-5089-3965


S.
 M

ur
at

og
lu

 S
ev

er
ca

n 
at

 a
l. 

/ H
itt

ite
 J 

Sc
i E

ng
, 2

02
1, 

8 
(1)

 7
9–

83

80

ml of chromosome medium. The cells were incubated in 
an incubator at 37±1°C for 68 hours (12). The determined 
Fluvoxamine doses were added to the cell cultures at the 
24th and 48th hours.

Biochemical Analyses

After 68 hours, the tubes were centrifuged at 2000 rpm 
for 10 min. The supernatants were collected for TAS, 
TOS and OSI measurements and kept at -80°C.

TAS Measurement

TAS level measurement was made with a Rel Assay Diag-
nostics Kit (Catalog No: RL0017). The kit’s method is ba-
sed on the antioxidants in the sample reducing the dark 
blue-green ABTS radical into a colorless ABTS form. The 
absorbance change observed at 660 nm is calculated in 
relation to the total antioxidant level of the sample. The 
experiment is calibrated with a stable antioxidant stan-
dard solution that is an analog of vitamin E and known as 
the Trolox equivalent. The results are expressed as μmol 
/ L. 

TOS Measurement

TOS level measurement was made with a Rel Assay Di-
agnostics Kit (Catalog No: RL0024). In the kit’s method, 
oxidants found in the sample oxidize the ferrous ion-
chelator complex into ferric ion. The oxidation reaction 
is prolonged by enhancer molecules that are abundantly 
present in the reaction medium. This way, the ferric ions 
create a colored complex with chromogenic in the acidic 
environment, and the total oxidant molecule amount is 
determined spectrophotometrically. The experiment is 
calibrated by hydrogen peroxide, and the results are exp-
ressed in the form of micromolar hydrogen peroxide equ-
ivalent per liter (μmol H2O2 Equiv./L).

OSI Value

The TAS and TOS units were converted into μmol, and 
the OSI value was calculated as the percentage value of 
the TOS/TAS ratio. 

Data Analysis

The SPSS (Statistical Package for the Social Sciences) ver-
sion 25 software was used to analyze the data obtained 
in the study and create tables. Kruskal Wallis test was 
used to determine the significance levels of intergroup 
differences. For the significance values of p<0.05, Mann-
Whitney U test was used to determine the significance 
of the difference between 2 groups. For the comparisons 

not be compensated by the antioxidant mechanism, oxidati-
ve stress develops. The increasing oxidative stress may lead 
to inflammation, ageing, diabetes, cardiovascular disorders 
and some types of cancer (9).

Fluvoxamine is a second-generation selective seroto-
nin reuptake inhibitor (SSRI) that is used in the treatment 
of major depressive disorder, obsessive-compulsive disorder, 
anxiety and eating disorders. In the serotonin (5-hydroxytr-
yptamine) metabolism, it specifically inhibits the reuptake 
of 5HT (10).

No study on the oxidative stress and antioxidant status 
of Fluvoxamine on cell cultures has been encountered in the 
literature. In addition to the toxic effects of drugs, it is also 
important to assess them in terms of dose-dependent oxi-
dative stress and antioxidant status. This is why we aimed 
to examine the total oxidant status (TOS), total antioxidant 
status (TAS) and oxidative stress index (OSI) in human 
lymphocyte cultures.

MATERIAL AND METHOD

For the study, individuals who were voluntary, healthy, at 
close ages to each other, did not use any medication, did 
not use any special dietary supplement and did not smoke 
were selected as blood donors (2 female and 2 male parti-
cipants at the ages of 18-25). These individuals filled out 
an informed consent form and voluntarily participated 
in the study. 

This project was approved by the Clinical Studies Et-
hics Board of Zonguldak Bülent Ecevit University on the 
date of 20.06.2019 and with the protocol number of 2019-
97-12/06. 

Chemicals

Liquid Fluvoxamine at 99% purity was purchased from 
Sigma. Fig. 1 shows its chemical structure.

Cell Culture 

The LD50 value was determined as 60 μM by conducting 
a preliminary study with the method reported by Nori-
zadeh Tazehkand and Topaktas (11). For the study, the 
Fluvoxamine dose groups were determined by starting 
with the LD50 value as 60 μM, 30 μM, 15 μM and 7.5 μM 
for applications of 24 and 48 hours. In addition to these, a 
control group on which no Fluvoxamine application was 
made was selected. A total of 36 cell cultures including 4 
cell cultures in each group were formed. The cell cultures 
were formed under sterile conditions by taking 0.2 ml of 
peripheral blood (1/10 heparinized) and adding it into 2.5 
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between 2 groups, p<0.05 was accepted as statistically 
significant. To examine the correlations between the pa-
rameters, Spearman’s correlation analysis was conducted 
between the non-normally distributed groups.

RESULTS 

The significance of the difference among all groups in 
terms of the TAS, TOS and OSI values was determined 
(respectively, p=0.000, p=0.000, p=0.001).

The TAS levels of the groups in comparison to the 
control did not differ significantly in 24-hour application of 
7.5 μM dose and 48-hour applications of 7.5 μM and 15 μM 
doses while an significantly increase was measured in the 
24-hour application of the 15 μM dose. However, the groups 
of 24- and 48-hour applications of the 30 and 60 μM doses 
significantly decreased in comparison to the control (Table 
1 and Fig. 1).

The TOS levels of the groups increased significantly in 
comparison to the control in the 24- and 48-hour applicati-
ons of all doses (Table 2 and Fig. 2).

The difference in the OSI levels in comparison to the 
control was not significant in the 24- and 48-hour Fluvo-
xamine applications at the doses of 7.5 and 15 μM. In the 
24- and 48-hour applications of the 30 and 60 μM doses, the 

Fluvoksamin 
administration  

n
Exposing time 

(hours)
TAS 

(mmol / L)
p value

Control 4 none 0,22 (0,2-0,25) -

7,5 μM  4 24 0,26 (0,21-0,28) 0,144

15 μM 4 24 0,34 (0,31-0,38) * 0,021

30 μM 4 24 0,08 (0,03-0,08) * 0,020

60 μM 4 24 0,07 (0,06-0,09) * 0,020

7,5 μM 4 48 0,24 (0,17-0,29) 1

15 μM 4 48 0,35 (0,21-0,39) 0,110

30 μM 4 48 0,08 (0,03-0,09) * 0,021

60 μM 4 48 0,07 (0,03-0,09) * 0,021

n:number of cell culture, *significant difference compare to Group 1

Table 1. TAS median (min-max) levels of all groups and significant dif-
ference

Figure 1. The TAS levels of groups 

Fluvoksamin ad-
ministration  

n
E x p o s i n g 

time 
(hours)

TOS 
(μmol / L)

p value

Control 4 none 1,04 (0,87-1,20) -

7,5 μM  4 24 1,34 (1,15-1,42) * 0,043

15 μM 4 24 1,69 (1,47-1,95) * 0,021

30 μM 4 24 1,8 (1,62-1,91) * 0,021

60 μM 4 24 1,87 (1,63-2,09) * 0,021

7,5 μM 4 48 1,25 (1,22-1,28) * 0,021

15 μM 4 48 1,48 (1,31-1,72) * 0,021

30 μM 4 48 1,8 (1,78-2,1) * 0,021

60 μM 4 48 2,13 (1,9-2,3) * 0,021

n:number of cell culture, *significant difference compare to Group 1

Table 2. TOS median (min-max) levels of all groups and significant 
difference

Figure 2. The TOS levels of groups 

Fluvoksamin ad-
ministration  n

E x p o s i n g 
time 

(hours)
OSI p value

Control 4 none 0,47(0,41-0,55) -

7,5 μM  4 24 0,53 (0,51-0,55) 0,386

15 μM 4 24 0,51 (0,42-0,58) 0,386

30 μM 4 24 2,43 (2,03-6,3) * 0,021

60 μM 4 24 2,78 (1,94-3,48) * 0,021

7,5 μM 4 48 0,55 (0,44-0,74) 0,248

15 μM 4 48 0,44 (0,42-0,62) 0,564

30 μM 4 48 2,62 (1,97-6) * 0,021

60 μM 4 48 3,52 (2,28-6,33) * 0,021

n:number of cell culture, *significant difference compare to Group 1

Table 3. OSI median (min-max) levels of all groups and significant dif-
ference
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OSI levels of the groups significantly increased when com-
pared to the control (Table 3 and Fig. 3). 

The results of the Spearman’s correlation analysis are 
given in Table 4.

Accordingly, there were negative correlations between 
the TAS and TOS levels (Fig. 4) and between the TAS and 
OSI levels (Fig. 5) (p<0.01) and a positive correlation betwe-
en the TOS and OSI levels (p<0.01) (Fig. 6).

DISCUSSION

Depression is a high-prevalence disease that reduces 
functional capacity and quality of life and causes comor-
bidities and mortalities. With the increasing number of 
cases in the last decade, many studies have been con-
ducted, and new treatment methods have been develo-
ped. There are several different antidepressants that have 
been shown to be effective in randomized studies (12). 
Fluvoxamine is an antidepressant drug which is a strong 
SSRI. It is a highly lipophilic compound, in enters the cell 
fast and is used in the treatment of anxiety, bipolar disor-
der, obsessive-compulsive disorder and especially major 
depression (13).

An increase in reactive oxygen species (ROS) may be 
scavenged in the cellular physiological process by main an-

tioxidant system enzymes such as superoxide dismutase 
(SOD), catalase and glutathione peroxidase. By interacting 
with the biomolecules of cells such as lipids, proteins and 
nucleic acids, ROS may disrupt the natural structures of 
these molecules (14). With the method they developed, Erel 
proposed the measurement of TOS products rather than 
showing the oxidation products of lipids, proteins and DNA 
(15). They also proposed measuring the total antioxidant ca-
pacity rather than measuring different antioxidant molecu-
les separately (16). They reported that it will be meaningful 
to interpret oxidative stress by calculating the percentage 
ratio of TOS/TAS (15,16).

İstifli et al. demonstrated that administration of Sertra-
line, which is an SSRI used as an antidepressant, on human 
lymphocyte cell cultures by LD50 (5 μg/mL) and 3.75 μg/mL 
for 24 and 48 hours and observed as a result that TOS and 

Figure 3. The OSI levels of groups 

Fluvoksamin admi-
nistration TAS TOS OSI

TAS
r value 1 -0,514 -0,906

p value - 0,001 ** 0,000 **

TOS 
r value -0,514 1 0,743

p value 0,001 ** - 0,000 **

OSI
r value -0,906 0,743 1

p value 0,000 ** 0,000 ** -

** Correlation is significant at the 0,01 (2-tailed)

Table 4. Correlation among parameters

Figure 4. The correlation between TAS and TOS 

Figure 5. The correlation between TAS and OSİ

Figure 6. The correlation between TOS and OSİ
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OSI increased significantly (17). In the experimental animal 
models on which they applied lipopolysaccharides, Abdel-
Salem et al. observed that, with Fluvoxamine treatment, 
oxidative stress decreased, and antioxidant molecules were 
increased in liver and brain tissues (18).

Although it has been reported that Fluvoxamine redu-
ces oxidative stress and triggers the antioxidant system as a 
treatment, it is needed to know its doses that may disrupt 
the oxidant-antioxidant balance by contact with cells. Ac-
cording to the results of our study, it was observed that the 
TOS level significantly increased in the 24- and 48-hour 
applications of the included Fluvoxamine doses (p<0.05). As 
the dose increased in the groups, the mean and median va-
lues also increased. Considering the TAS levels of the dose 
groups, significant increases in the 24-hour applications of 
the 7.5 and 15 μM doses and the 48-hour application of the 
7.5 μM dose (p<0.05), as well as an insignificant increase in 
the 48-hour application of the 15 μM dose, were observed. 
This situation indicates that, as a response to the increasing 
TOS, the cellular antioxidant system was induced. Despite 
this, the TAS levels significantly decreased in the 24- and 
48-hour applications of the 30 and 60 μM doses (p<0.05). 
The results demonstrate that, at the doses of 30 and 60 μM, 
the cellular antioxidant system is disrupted against the inc-
reasing reactive oxygen species. The finding that clarifies 
this situation best is the OSI levels of the groups. The OSI 
level significantly increased in the 24- and 48-hour applica-
tions of the 30 and 60 μM doses (p<0.05).  Although there 
was a significant increase in the TOS levels in the 24- and 
48-hour applications of the 7.5 and 15 μM doses, there was 
no significant change in the OSI levels. These findings de-
monstrate that the cell was protected from oxidative stress 
with the increase in the antioxidant system as a response 
to the increase in ROS in the 24- and 48-hour applications 
of the 7.5 and 15 μM doses. According to our correlation 
analysis results, this significant relationship was also de-
monstrated by the pairwise comparisons of the TAS, TOS 
and OSI values. 

CONCLUSION 

The results of our study showed that, although the antio-
xidant system was able to scavenge the increased reactive 
oxygen species in the 24- and 48-hour applications of the 
7.5 and 15 μM doses of Fluvoxamine which is used in dep-
ression treatment on the created human lymphocyte cell 
cultures, in the 24- and 48-hour applications of the 30 
and 60 μM doses, this oxidative status could not be com-
pensated by the antioxidant system, and the cells were 
subjected to oxidative stress.

The findings of our study clearly showed the doses of 
Fluvoxamine at which there would be oxidative stress on the 

cellular level. We believe that these results will provide a sig-
nificant insight into protection of public health by making 
an important contribution to the literature.
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