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Abstract. Favipiravir is a drug which shows antiviral activity by inhibiting RNA-dependent RNA 
polymerase. Favipiravir causes severe adverse effects at high doses. The aim of this study was to 
investigate the effects of low and high dose favipiravir on ovarian and reproductive function in 
female rats. The rats were divided into three groups: HG group (healthy rats), FAV-100 group (rats 
administered 100 mg/kg favipiravir), and FAV-400 group (rats administered 400 mg/kg favipiravir) 
with 12 rats in each group. Favipiravir was administered orally twice daily for 1 week. Six rats from 
each group were euthanized and their ovaries were removed. Oxidative and antioxidant parameters 
were measured in ovarian tissues and examined histopathologically. The remaining animals were 
kept to breed. Animals receiving favipiravir had increased oxidant content, decreased antioxidant 
activity, decreased histopathological damage, infertility, and gestational delay. Favipiravir treatment 
should be used with caution, especially in women of reproductive age.
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Introduction

Favipiravir is an antiviral drug approved against influenza 
in Japan. Later, it was learned that it is effective against 
many RNA viruses such as Ebola, Norovirus, Enterovirus 
(McCreary and Pogue 2020). Based on its mechanism of 
action, favipiravir was thought to be effective against acute 
respiratory syndrome coronavirus-2 (SARS-CoV-2), and 
it was decided to be used in the treatment (Łagocka et al. 
2021). Favipiravir is converted to its active form, which is 
favipiravil-ribofuranosyl-50-triphosphate metabolite, by 
ribosylation and phosphorylation in the body (Furuta et 

al. 2013). Favipiravir exerts its antiviral effect by inhibiting 
RNA-dependent RNA polymerase (RdRp), which prevents 
genome RNA transcription and replication (Furuta et al. 
2005). As the antiviral effect of favipiravir against Ebola and 
SARS-CoV is seen at high doses, it has been recommended to 
be used in high doses in COVID-19 infection as well (Beigel 
et al. 2020). However, favipiravir causes more severe side 
effects at high doses (Pilkington et al. 2020). It is reported 
that the most common adverse effects during the use of favi-
piravir are diarrhea, nephrotoxicity, increase in serum uric 
acid and transaminase levels, and decrease in white blood 
cell and neutrophil levels; less frequently, nausea, vomiting, 
abdominal pain, skin rash, itching, delirium, hallucinations 
and convulsions are shown (Chen et al. 2020; Doğan et al. 
2021). Severe and fatal adverse effects have been reported 
to occur more frequently in men and those over 64 years of 
age (Kaur et al. 2020). Also, it has been documented that 
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favipiravir is teratogenic in more than one species and its 
use in pregnancy is contraindicated (Hayden and Shindo 
2019). Studies investigating the effects of favipiravir on 
ovarian tissue and reproductive function in animals were 
not found in the literature.

Information reported in previous test studies shows that 
reactive oxygen species (ROS) have a role in the pathogen-
esis of organ and tissue damage (Mittal et al. 2014). Also, 
whether tissue damage occurs is evaluated with the oxidant/
antioxidant balance (Aguilar et al. 2007). In various damage 
models generated in living tissues, the oxidant/antioxidant 
balance changes in favour of oxidants, and an increase in 
oxidant levels and a decrease in antioxidant levels are found 
(Iraz et al. 2006). This information remarks that the toxic 
effect of favipiravir on organs and tissues may be due to 
oxidative stress. The aim of our study was to investigate the 
effects of low and high-dose favipiravir on ovarian tissue and 
reproductive function in female rats using biochemical and 
histopathological methods.

Materials and Methods

Animals

Albino Wistar female rats used in our study were obtained 
from Erzincan Binali Yildirim UniversityExperimental 
Animals Application and Research Center. A total of 36 rats, 
weighing between 245–256 g, were housed and fed at normal 
room temperature (22°C) for 12 h in light and 12 h in dark-
ness before the test. In order for the animals to adapt to the 
environment, they had been kept in the laboratory environ-
ment where the test would be performed for one week. The 
protocols and procedures were approved by the local Animal 
Experimentation Ethics Committee (11.11.2021, meeting/
decision No: 04/18).

Chemicals 

Thiopental sodium used in the experiment was obtained 
from IE Ulagay (Turkey), favipiravir from Training and Re-
search Hospital (Turkey) affiliated to the Ministry of Health.

Experimental groups

Rats were divided into HG group (healthy rats), FAV-100 
group (rats administered 100 mg/kg favipiravir), and FAV-
400 group (rats administered 400 mg/kg favipiravir).

Experimental procedure 

For application of the test, FAV-100 (n = 12) and FAV-400 
(n = 12) animal groups were administered orally to their 

stomach by gavage at 100 and 400 mg/kg doses of favipiravir, 
respectively. Distilled water was administered orally (0.5 ml) 
to the HG (n = 12) group. This procedure was repeated twice 
a day for a week. At the end of this period, 6 rats from each 
group were euthanized with high-dose (50 mg/kg) thiopental 
anesthesia and their ovaries were removed. Malondialdehyde 
(MDA), total glutathione (tGSH), superoxide dismutase 
(SOD), total oxidant status (TOS) and total antioxidant 
status (TAS) levels were measured in the ovarian tissues 
excised. Tissues were also examined histopathologically. 
For reproduction of the remaining animals (6 female rats 
from each group) were kept in the laboratory environment 
with mature male rats for two months. During this period, 
the rats that became pregnant were taken to separate cages 
and kept alone in a suitable environment. Rats that did not 
become pregnant or gave birth within two months were 
considered infertile. In addition, the time remaining from 
the day the female rats were placed in the same cage with 
the male rats to the day the pups were born was determined. 
The normal gestation period of 21 days was subtracted from 
this period and the day on which the rats became pregnant 
was calculated.

Biochemical analyzes 

SOD activities, GSH and MDA and protein (catalogue No: 
704002) levels from the supernatants obtained from tissue 
homogenates were measured with ELISA kits obtained from 
Cayman company.

Determination of malondialdehyde (MDA) levels

The Cayman TBARS Measurement Kit (10009055) is 
a simple, repeatable, and standardized measurement tool 
for assessing lipid peroxidation in tissue homogenates. 
MDA-TBA, which is formed by the reaction of MDA and 
thiobarbutyric acid (TBA) under acidic conditions and high 
temperature (90–100°C), was measured colorimetrically at 
530–540 nm.

Determination of glutathione (GSH) levels

The Cayman GSH Measurement Kit (Item No: 703002) uses 
an optimized enzymatic recycling method via glutathione 
reductase to quantify GSH. The sulfhydryl group of GSH 
reacts with 5,5’-dithio-bis-2 nitrobenzoic acid (DTNB) to 
form yellow 5-thio-2-nitrobenzoic acid (TNB). GSTNB, 
a disulfide mixture between simultaneously produced GSH 
and TNB, is reduced by GR to recycle GSH and produce 
more TNB. The production rate of TNB is directly depend-
ent on the concentration of GSH in the sample and the 
TNB absorbance value at 405–414 nm provides an accurate 
assessment of the GSH in the sample.
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Determination of superoxide dismutase (SOD) activity

The Cayman SOD Measurement Kit (Item No: 706002) is 
based on the principle of using a  tetrazolium salt for the 
detection of hypoxanthine and superoxide radicals pro-
duced by xanthine oxidase. One unit of SOD is defined as 
the amount of enzyme required for 50% dismutation of the 
superoxide radical to occur. In SOD measurement, all three 
types of SOD (Cu/Zn-SOD, Mn-SOD, and Fe-SOD) were 
measured. This method provides a simple, repeatable, and 
rapid measurement of SOD activity in tissue homogenates.

Determination of TOS and TAS levels

TOS and TAS levels of tissue homogenates were determined 
using a novel automated measurement method and com-
mercially available kits (Rel Assay Diagnostics, Turkey), both 
developed by Erel (Erel 2004, 2005).

Histopathological procedures

For histopathological evaluation, ovary was fixed deter-
mined in 10% formalin solution. After going through rou-
tine histological tissue follow-up stages, it was embedded 
in paraffin. Sections of 5 µm thickness were taken on by the 
microtome. Sections taken were stained with Hematoxylin-
Eosin (H&E) and examined under a  light microscope 
(Olympus BX53, Japan). For histopathological evaluation, 
an average of 12–15 areas was evaluated by random sam-
pling for each animal in the groups. The histopathological 
damage severity in each ovary tissue section was scored 
between grades 0–3 (0 – normal, 1 – mild damage, 2 – mod-
erate damage, and 3 – severe damage) according to criteria 
reported in previous studies (Karacor et al. 2020). Ovarian 
tissue of all animals in the groups was examined blindly by 
the same histologist.

Statistical analysis

The results obtained from the experiments were expressed 
as mean value ±  SEM. The significance of the difference 
between groups was determined using the one-way ANOVA 
test. Then Fisher’s post-hoc LSD (least significant differences) 
test was made. All statistical operations were performed in 
the “SPSS for Windows, 22.0” statistical software and p < 
0.05 was considered significant. GraphPad Prism-8 Program 
was used for graphics.

Results

Tissue MDA, tGSH, and SOD analysis results

At least one group was statistically different when MDA 
data from study groups were evaluated (F(2,15) = 1314.711, 
p < 0.001). As can be seen from Figure 1, the amounts of 
MDA in the ovarian tissues of the FAV-100 (2.71 ± 0.15) and 
FAV-400 8.42 ± 0.05) groups were found to be significantly 
higher than in the HG group (1.42 ± 0.19) (p < 0.001). Also, 
the amount of MDA in the FAV-400 group showed a more sig-
nificant increase compared to the FAV-100 group (p < 0.001).

When animal groups were compared for tGSH (F(2,15) = 
419.510, p < 0.001) and SOD (F(2,15) = 452.396, p < 0.001) 
data, at least one group was statistically different from the 
others. Favipiravir caused a decrease in antioxidants such 
as tGSH and SOD in the ovarian tissues of animals. tGSH 
and SOD levels in the ovarian tissues of the FAV-100 (6.42 
± 0.13; 18.50 ± 0.76, respectively) and FAV-400 (1.93 ± 0.16; 
5.62 ± 0.10, respectively) groups were significantly lower 
than those of the HG (8.69 ± 0.20; 34.33 ± 0.88, respectively) 
group (p < 0.001) (Fig. 1). Moreover, tGSH and SOD levels 
were significantly decreased in the FAV-400 group compared 
to that of FAV-100 group (p < 0.001).

Figure 1. The effect of favipiravir on the amounts of MDA, tGSH and SOD in the ovarian tissues of experimental animals. Data are mean 
± SEM, n = 6. * p < 0.001 vs. HG group, ** p < 0.001 vs. HG and FAV-100 groups. MDA, malondialdehyde; tGSH, total glutathione; SOD, 
superoxide dismutase; HG, control group (healthy rats); FAV-100, rats treated with favipiravir 100 mg/kg; FAV-400, rats treated with 
favipiravir 400 mg/kg. 
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Tissue TOS and TAS analysis results

At least one group differed from the others in comparing 
TOS (F(2,15) = 739.033, p  < 0.001) and TAS (F(2,15) = 
959.170, p < 0.001) data. Favipiravir caused an increase in 
TOS level and a decrease in TAS level in rat ovarian tissues. 
When the FAV-100 (4.02 ± 0.17; 4.18 ± 0.02, respectively) 
and FAV-400 (9.19 ± 0.05; 1.40 ± 0.15, respectively) groups 
were compared with the HG (1.88 ± 0.18; 6.87 ± 0.02, 
respectively) group for TOS and TAS values, statistical dif-
ferences were found (p < 0.001). While the TOS level in the 
FAV-400 group was higher than that of the FAV-100 group, 
the TAS level was calculated to be low (p < 0.001) (Fig. 2).

Reproduction test results

As seen in Table 1, all rats in the HG group gave birth. In 
the FAV-100 group, 4 of the 6 rats included in breeding gave 
birth and 2 remained infertile. In the FAV-400 group, no 
rat gave birth within 2 months. 6 female rats in the control 
group gave birth on the 21st and 26th days. In the FAV-100 
group, 4 rats gave birth on days 33 to 36. Maternity time of 
female rats in the HG group was calculated as 2 days. In the 
FAV-100 group, this period was 14 days.

Histopathological findings

No pathological findings were found in the ovarian tissue 
of the control (HG) group (Fig. 3A). However, grade-2 dis-

ruption of follicular cell integrity and cortical fibrosis were 
observed in ovarian tissue of animals treated with 100 mg/kg 
favipiravir (Fig. 3B). In the histopathological examination 
of the FAV-400 group, deterioration of follicle cell integrity 
and cortical fibrosis were evaluated as grade 3, and follicle 
cell degeneration and necrosis as grade 2 (Fig. 3C, Table 2).

Discussion

As the antiviral effect of favipiravir against Ebola and SARS-
CoV is seen at high doses, it is recommended to be used 
in high doses in COVID-19 infection as well (Beigel et al. 
2020). Therefore, in our study, the effect of favipiravir on 
the ovarian tissue of female rats was investigated at low and 
high doses. Moreover, reproductive functions of animals 
administered favipiravir were evaluated. Our biochemical 
test results revealed that favipiravir increased oxidant levels 
and decreased antioxidant levels compared to the control 
group. High dose of favipiravir increased MDA and TOS 
levels more significantly than low dose, and decreased anti-
oxidant levels such as tGSH, SOD, and TAS. As known, MDA 
is the major product of lipid peroxidation (LPO) (Duryee et 
al. 2021). It is the ROS that cause the increase of MDA in the 
damaged tissue (Ozcicek and Halis 2020). Therefore, MDA 
is considered to be the most reliable parameter of LPO and 
oxidative damage. Therefore, an increase in MDA level in 
a tissue indicates an increase in ROS (Angelova et al. 2021). 

Figure 2. The effect of favipiravir 
on the amounts of TOS and TAS in 
the ovarian tissues of experimental 
animals. Data are mean ±  SEM, 
n = 6. * p < 0.001 vs. HG group, ** p < 
0.001 vs. HG and FAV-100 groups. 
TOS, total oxidant status; TAS, total 
antioxidant status. For more abbre-
viations, see Fig. 1.

Table 1. Reproductive process of rats in experimental groups

Group Animals taken to 
breeding Animals giving birth Infertile animals Day of birth Delay in maternity 

period (days) n

HG 6 6 0 21–26 2 6
FAV-100 6 4 2 33–36 14 6
FAV-400 6 0 6 – – 6

HG, control group (healthy rats); FAV-100, rats treated with favipiravir 100 mg/kg; FAV-400, rats treated with favipiravir 400 mg/kg; n, 
number of rats in each group. 
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MDA, which occurs as a result of LPO, is also toxic and can 
cause further destruction (Ayala et al. 2014). Our test results 
show that high dose of favipiravir can cause severe oxidative 
damage. In a study supporting our biochemical findings, it 
was reported that the adverse effects of favipiravir are mild 
at low doses and severe at high doses (Pilkington et al. 2020). 
TOS levels were measured to determine whether favipiravir 
increased other oxidant parameters other than MDA in ovar-
ian tissue. TOS is a parameter that reflects the total state of 
all oxidants in tissues (Erel 2005).

The effect of favipiravir on antioxidant parameter lev-
els in ovarian tissue was also evaluated by tGSH and TAS 
measurements. As it is known, in case that antioxidants 
are insufficient to neutralize oxidants, their levels decrease 
in parallel with the increase in oxidants (Clarkson and 
Thompson 2000). As seen in our study results, tGSH and 
TAS levels decreased in ovarian tissue with high MDA and 
TOS levels. GSH is a  tripeptide endogenous antioxidant 
molecule. GSH detoxifies by reacting with ROS and protects 
cells from the toxic effects of ROS (Owen and Butterfield 
2010). The decrease in tGSH and TAS levels in ovarian tissue 
with favipiravir indicates that the oxidant-antioxidant bal-
ance in the ovary tissue has changed in favour of oxidants. 
This condition is known as oxidative stress in the literature 
(Kisaoglu et al. 2013). In a previous study, whether dam-
age occurred in the ovaries was evaluated by oxidant and 
antioxidant levels (Salman et al. 2011). Recent studies have 
shown that histopathological damage in the ovarian tissue is 
associated with oxidant-antioxidant levels (Ince et al. 2021). 
No information was found that favipiravir caused oxidative 
damage in tissues. However, when the other antiviral agents 
are examined in terms of tissue damage, it was shown that 
long-term use, especially in HIV-positive patients, resulted 
in an increase in plasma MDA levels and a decrease in GSH 
levels (Watanabe et al. 2016). 

Our biochemical results obtained from the ovarian 
tissues of animals in this study are consistent with the his-

topathological findings. Histopathological examination of 
the ovarian tissue showed that favipiravir caused damage. 
Grade-3 disruption, cortex fibrosis, degeneration of follicular 
cells and grade-2 necrosis were observed in ovarian doses 
of the high-dose favipiravir group, which had high oxidant 
levels and low antioxidant levels. However, milder and less 
frequent histopathological findings were observed in the 
low-dose favipiravir group. There are studies showing that 
degeneration develops in follicles in ovarian tissue, whose 
oxidant levels are measured more dominantly (Kulhan et 
al. 2019). In another study supporting our biochemical and 
histopathological findings, cell necrosis in ovarian tissue was 
associated with oxidative stress (Demiryilmaz et al. 2013). 
These biochemical and histopathological findings obtained 
from the ovarian tissues of animals treated with favipiravir 
are also consistent with the reproductive test results. While 
the number of animals giving birth decreased in the low 
dose favipiravir group, it disappeared completely at the high 
dose. At the same time, a delay was observed in the maternity 
period of the animals having given birth. Unlubilgin et al. 
(2017) reported that serious histopathological damage such 
as secondary follicle degeneration and necrosis in animal 

Figure 3. Histopathological evaluation of ovarian tissues in experimental groups. A. HG group. Normal histological appearance of ovar-
ian tissue. H&E, 200×. B. FAV-100 group. A low degree of deterioration in follicular cell integrity (arrow) and fibrosis in the cortex (star) 
were observed. H&E, 200×. C. FAV-400 group. Severe disruption in follicular cell integrity (arrow), increase in connective tissue in the 
cortex (fibrosis) (star), moderate degeneration (dashed arrow) and low degree necrosis (arrowhead) in follicular cells were observed. 
H&E, 200×. For abbreviations, see Fig. 1.

A B C

Table 2. Evaluation of histopathological damage severity of ovar-
ian tissue

Group FCDP FCDG FCN CF n
HG 0.00 ± 0.0 0.00 ± 0.0 0.00 ± 0.0 0.00 ± 0.0 6
FAV-100 1.83 ± 0.2 0.00 ± 0.0 0.00 ± 0.0 2.00 ± 0.3 6
FAV-400 3.00 ± 0.0 2.00 ± 0.0 1.83 ± 0.2 3.00 ± 0.0 6

One way ANOVA was used for statistical analysis. Then Fish-
er’s post-hoc LSD test was made. The results were expressed 
as mean ± SEM. FCDP, follicular cell integrity disruption; 
FCDG, degeneration of follicular cells; FCN, follicular cell 
necrosis; CF, fibrosis in the cortex; n, number of rats in each 
group. For more abbreviations, see Table 1.
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studies led to infertility. In the test studies of Aynaoglu Yildiz 
et al. (2021) it was stated that infertility was caused by oxida-
tive ovarian damage. Ince et al. (2021) reported that oxidative 
stress causes infertility and delayed maternity period.

As a result, favipiravir caused more severe oxidative dam-
age to the ovarian tissue of animals at high doses. Infertil-
ity was developed in a proportion of animals administered 
low-dose favipiravir. In other animals that did not develop 
infertility, the maternity period was delayed. Infertility was 
observed in all animals treated with high-dose favipiravir. Our 
study was the first to reveal the negative effect of favipiravir 
on ovarian tissue and reproductive function. However, it 
cannot be said that animal studies will have the same effect 
on humans. More detailed and comprehensive studies are 
needed on this subject. Clinical studies for favipiravir should 
be completed and the appropriate dose for humans to keep 
minimum side effects to should be determined. The possible 
side-effect profile of this drug should be clearly revealed and 
should be shared with patients before treatment. Favipiravir 
should be used with caution, especially in women of repro-
ductive age, and the benefit/harm calculation should be made.
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