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ABSTRACT
Objective: Although 5-fluorouracil (5-FU) is one of the most commonly used chemotherapeutics worldwide, it has been shown that 5-FU 
administration can cause reproductive toxicity in recent years. N-acetylcysteine (NAC) is the precursor of glutathione, the most important 
endogenous antioxidant molecule and is known for its effective antioxidant and anti-inflammatory properties. Although NAC is one of the 
most studied antioxidant molecules, its curative effect against ovarian damage caused by 5-FU has not been demonstrated to date. It was 
therefore aimed to investigate whether NAC is therapeutic against 5-FU-induced ovotoxicity in this study for the first time.

Methods: Rats were first exposed to a single dose of 5-FU (100 mg/kg) and then treated with NAC (10 and 20 mg/kg) for three days. The 
oxidative stress, inflammation and apoptosis markers in ovarian tissues were also determined using spectrophotometric methods. Ovarian 
tissues were also evaluated histologically.

Results: It was revealed that the levels of oxidative stress, inflammation and apoptosis biomarkers in ovarian tissue increased by 5-FU 
administration (p<.005). Treatments with NAC significantly restored these damages dose-dependently (p<.005). Moreover, these biochemical 
findings were confirmed by histological examination.

Conclusion: NAC can be considered as a potential therapeutic molecule against 5-FU-induced reproductive toxicity, as it can abolish the 
ovarian toxicity caused by 5-FU by reducing oxidative stress, inflammation and apoptosis.
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N-Acetylcysteine Ameliorates 5-Fluorouracil‐Induced Ovarian 
Injury in Rats

1. INTRODUCTION

The incidence of cancer is increasing all over the world 
and chemotherapeutic drugs are frequently used in the 
treatment of cancer (1,2). Since chemotherapeutics have a 
low therapeutic index, they affect not only target malignant 
cells but also healthy cells (3). In young women, side effects of 
chemotherapeutics are seen on the reproductive system and 
gonadal damage, permanent ovarian failure and menopause 
may develop after chemotherapy (4). 5-fluorouracil (5-FU) 
is one of the most used chemotherapeutics (2). It is a drug 
that causes decreased DNA synthesis mainly by inhibiting 
thymidylate synthase. It also interferes with RNA processing 
and protein synthesis (5). It is frequently used against 
colorectal, breast, stomach, pancreatic, head and neck 
cancers (6). In addition to leukopenia, hemolytic anemia 
and thrombocytopenia, 5-FU administration may cause 
some side effects such as stomatitis, mucositis, diarrhea and 

various organ toxicity (2). Recent studies have shown that 
5-FU, one of the most frequently used chemotherapeutics 
in the world, causes ovarian damage (5,7). Since there is 
no approved treatment protocol or a specific antidote to 
be used against the toxic effects of chemotherapeutic use, 
different toxicity prevention strategies are currently being 
studied meticulously (1,8).

N-acetylcysteine (NAC) is a water-soluble molecule and a 
precursor of glutathione (GSH) (9,10). It has been shown 
to has antioxidant, anti-inflammatory and anticancer 
activities (11,12). Although NAC has been shown to abolish 
the damage caused by various chemotherapeutics in liver, 
heart and kidney tissues (4,10,11), there is no research on 
its effect on 5-FU-induced ovotoxicity. Thus, we hypothesized 
that NAC may have therapeutic effects against 5-FU-induced 
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ovarian damage, and in this study, we aimed to determine 
the effects of NAC against 5-FU-related ovarian damage in an 
experimental model for the first time.

2. METHODS

2.1. Animals

A total of 30 healthy female Sprague-Dawley rats (weighing 
200±20 g) were used to conduct the current study. All rats 
were kept in clean plastic cages at an ambient temperature 
of 22±2°C and subjected to a 12 h photo period of light-
dark cycle. All experimental procedures were approved 
by Local Animal Research Ethics Committee of Karadeniz 
Technical University (Protocol No: 2021/30). The estrus 
stages of the rats were evaluated by vaginal smear and only 
the rats determined to be in estrus period were included in 
experiments (13).

2.2. Experimental Design

The rats were divided into five groups. Control group was 
given physiological saline for four day. 5-FU group was given 
5-FU (100 mg/kg) in 1st day and saline followed 3 days. 
5-FU+NAC groups were given 5-FU in 1st day and NAC (10 
mg/kg and 20 mg/kg, respectively) followed 3 days. Per se 
NAC group (only 20 mg/kg) was given physiological saline 
in 1st day and NAC (20 mg/kg) for 3 days. All the treatments 
were given via intraperitoneally (IP). All rats were sacrificed 
by cervical dislocation on day 5 (8,14) and their ovarian 
tissues were removed. Half of the tissues were stored at 
– 80 ℃ for biochemical examinations, while the other half 
were subjected to 10% formaldehyde fixation for histological 
analysis. Doses of 5-FU (15,16) and NAC (17,18) were 
determined according previous studies.

2.3. Biochemical Analysis

Ovarian tissue samples (approximately 20 mg) were 
homogenized in PBS using a homogeniser. The protein levels 
were determined using a commercial colorimetric kit (Pierce 
BCA Protein Assay Kit, Thermo Scientific, Rockford, IL). 
Total oxidant status (TOS) and total antioxidant status (TAS) 
levels were determined using commercial kits (Rel Assay 
Diagnostics, Gaziantep, Turkey). The ratio of TOS to TAS was 
accepted as oxidative stress index (OSI) and calculated the 
following formula (14):

Ovarian tissue samples (approximately 20 mg) were homogenized in PBS using a homogeniser. 

The protein levels were determined using a commercial colorimetric kit (Pierce BCA Protein 

Assay Kit, Thermo Scientific, Rockford, IL). Total oxidant status (TOS) and total antioxidant 

status (TAS) levels were determined using commercial kits (Rel Assay Diagnostics, Gaziantep, 

Turkey). The ratio of TOS to TAS was accepted as oxidative stress index (OSI) and calculated 

the following formula (14): 

OSI (arbitrary unit) = TOS (µmoL hydrogen peroxide equivalent/L)
TAS (mmoL trolox equivalent/L)  x 100 

Malondialdehyde (MDA) levels were determined using previously described method 

(19). The tissue levels of oxidative stress [superoxide dismutase (SOD), glutathione (GSH), 8-

hydroxy-2'-deoxyguanosine (8-OHdG)], inflammation [interleukin-6 (IL-6), tumour necrosis 

factor-alpha (TNF-α)] and apoptosis (caspase-3) biomarkers were determined using ready-to-

use ELISA kits (Fine Biotech Co. Ltd, Wuhan, China).  

2.4. Histological Analysis 

Tissue samples were fixed in in 10% formaldehyde for two days and then placed in paraffin 

blocks after routine tissue follow-up. Sections of 5 µm were stained with H&E and examined 

under a light microscope. The prepared slides were evaluated using previously described scale 

(20,21). Analyzes were performed by a histologist unfamiliar with the groups using the coding 

system.  

2.5. Statistical Analysis 

A sample size of 6 animals per group has been provided the appropriate power (1–β=0.8) to 

identify significant differences in MDA (adjusted α=0.016 for two comparisons), taking into 

account an effect size d=2.0, a two-sided t-test, and a sample size ratio=1 (G*Power 3.1.9.2, 

Kiel University, Kiel, Germany). Statistical analyses were made by using the SPSS version 23.0 

(Chicago, IL, USA) statistical package software. The Shapiro-Wilk test was used to check 

whether the data were normally distributed. Data were expressed as the median [interquartile 

range, 25-75% (IQR)] for non-normal distribution. As all of the MDA data fitted non-normal 

distribution, the Kruskal Wallis test was used for overall comparison of the groups. 

Comparisons between groups were performed using the Mann-Whitney U test with the 

Bonferroni correction. Regarding the Bonferroni correction, α=0.05/10 = 0.005 was established 

to have statistical significance.  
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the SPSS version 23.0 (Chicago, IL, USA) statistical package 
software. The Shapiro-Wilk test was used to check whether 
the data were normally distributed. Data were expressed 
as the median [interquartile range, 25-75% (IQR)] for non-
normal distribution. As all of the MDA data fitted non-normal 
distribution, the Kruskal Wallis test was used for overall 
comparison of the groups. Comparisons between groups 
were performed using the Mann-Whitney U test with the 
Bonferroni correction. Regarding the Bonferroni correction, 
α=0.05/10 = 0.005 was established to have statistical 
significance.

3. RESULTS

All biochemical findings were presented in Table 1. Results 
indicated that 5-FU administration elevated MDA, TOS, OSI 
and 8-OHdG levels compared to control group (all p=.004). 
However, the levels of oxidative stress parameters in 
5-FU+NAC (20 mg/kg) group were lower compared to 5-FU 
group (all p=.004).

The TAS, SOD and GSH levels of 5-FU group were lower than 
control group (all p=.004). In 5-FU+NAC (10 mg/kg) and 
5-FU+NAC (20 mg/kg) groups, SOD and GSH levels were 
significantly higher than 5-FU group (all p=.004).

The IL-6, TNF-α and caspase-3 levels of 5-FU group were 
higher than control group (all p=.004). In 5-FU+NAC (10 
mg/kg) group, only TNF-α levels was lower than 5-FU group 
(p=.004). The levels of all these parameters in 5-FU+NAC 
(20 mg/kg) group were lower compared to 5-FU group 
significantly (p=.004). Also, there was no difference between 
control group and per se (only 20 mg/kg NAC) group in terms 
of ovarian biochemical parameters (p>.005).

Histopathological features of ovarian tissues obtained from 
all groups were shown in Figure 1 and quantified in Table 
2. Administration of 5-FU significantly increased vascular 
congestion and edema in the ovarian tissue compared with 
control group (p=.003 and p=.004, respectively). However, 
NAC (20 mg/kg) treatment alleviated the levels of vascular 
congestion significantly compared with 5-FU group (p=.003). 
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Also, there was no difference between control group and per 
se (only 20 mg/kg NAC) group in terms of ovarian histological 
findings (p>.005).

Figure 1.  Histopathological examination of rat ovarian tissues 
stained with H&E (×100). (A) Control group; black arrow: vascular 
congestion. (B) 5-FU group; black arrow: vascular congestion, filled 
circle: edema, filled triangle: follicular degeneration, black star: 
leukocyte infiltration. (C) 5-FU+10 mg/kg NAC group; black arrow: 
vascular congestion, filled circle: edema. (D) 5-FU+20 mg/kg NAC 
group; black arrow: vascular congestion. (E) 20 mg/kg NAC (per se) 
group; black arrow: vascular congestion.

4. DISCUSSION

Although chemotherapeutics are indispensable drugs in 
cancer treatment, their low selectivity is a problem waiting 
to be solved (14). It has been suggested that increased ROS, 
inflammation and apoptosis, and suppression of antioxidant 
system are main mechanisms in 5-FU-induced tissue damage 
(6,15). ROS formation induced by 5-FU increases lipid 
peroxidation (15). It is known that increased ROS causes 
protein and DNA damage, especially lipids in cells (22-24). 
MDA is considered the most important indicator of lipid 
peroxidation level (25). The higher MDA levels obtained in 
5-FU group indicate that 5-FU induces lipid peroxidation in 
this study. NAC applications alleviated MDA formation dose-
dependent manner. Consistently, it was previously reported 
that NAC could exert tissue protective activity by inhibiting 
holoxan, cisplatin, doxorubicin and cyclophosphamide-
induced lipid peroxidation (4,10,26,27).

TOS and TAS measurement is a useful, fast and simple method 
to evaluate the complex oxidative mechanism of a pathology 
(28,29). Reduced GSH, a low molecular weight tripeptide, 
is an antioxidant molecule. It is known that increased GSH 
oxidation increases susceptibility to lipid peroxidation (27). 
The fact that 5-FU administration caused higher OSI levels 

Table 2. Histopathological findings of experimental groups

Control 5-FU 5-FU+NAC
(10 mg/kg)

5-FU+NAC
(20 mg/kg)

NAC
(20 mg/kg)

Vascular congestion 1 (0-1) 2.5 (2-3)a 1 (1-2) 1 (0-1)b 1 (0-1.25)
Edema 0 (0-0.25) 2 (1-2)a 1 (0.75-1) 0 (0-1) 0 (0-1)
Hemorrhage 0 (0-0) 1 (0-1) 0 (0-0.25) 0 (0-0) 0 (0-0.25)
Follicular degeneration 0 (0-0) 1 (0-1) 0 (0-1) 0 (0-0.25) 0 (0-0.25)
Leukocyte infiltration 0 (0-0) 1 (0-1) 0 (0-1) 0 (0-0.25) 0 (0-0.25)

5-FU: 5-Fluorouracil, NAC: N-acetylcysteine.
P-values according to Kruskal-Wallis variance analysis and followed the Mann-Whitney U test with the Bonferroni correction.
Data were expressed as medians with a 25th and 75th percentile interquartile range (IQR).
ap<.005 compared with control group, bp<.005 compared with 5-FU group.

Table 1. Effects of NAC on biochemical parameters of ovarian tissues rats

Control 5-FU 5-FU+NAC
(10 mg/kg)

5-FU+NAC
 (20 mg/kg)

NAC
(20 mg/kg)

TOS (µM H2O2 
equivalent/L)

11.9 (10.8-12.6) 34.8 (24.0-47.6)a 18.1 (15.9-23.0) 12.2 (11.5-12.7)b 12.5 (12.2-13.3)

TAS (mM trolox 
equivalent/L)

0.55 (0.51-0.57) 0.30 (0.22-0.32)a 0.33 (0.19-0.52) 0.59 (0.35-0.66) 0.51 (0.39-0.54)

OSI (arbitrary unit) 2.24 (2.14-2.31) 12.1 (10.3-14.2)a 5.99 (4.28-8.61)a 2.18 (1.87-3.36)b 2.44 (2.35-3.34)
MDA (nmol/mg protein) 16.9 (15.7-18.1) 46.3 (44.8-48.5)a 28.8 (19.9-48.7) 16.2 (12.5-22.5)b 18.4 (11.3-20.5)
8-OHdG (ng/mg protein) 3.92 (3.63-4.88) 8.47 (7.49-9.64)a 6.77 (3.52-9.02) 5.17 (4.27-5.87)b 4.57 (3.04-5.36)
SOD (ng/mg protein) 3.57 (2.44-3.76) 0.99 (0.94-1.33)a 2.17 (1.90-2.76)b 3.10 (2.30-4.43)b 2.87 (1.69-4.61)
GSH (µg/mg protein) 12.5 (9.55-15.18) 5.45 (5.1-6.33)a 8.3 (7.55-9.28)b 11.3 (9.95-14.55)b 12.1 (9.23-16.4)
IL-6 (pg/mg protein) 1166.3 (1029.7-1418.6) 3192.7 (2750.3-3515.9)a 2076.0 (1568.9-2646.4) 1343.4 (708.2-1821.1)b 1052.9 (748.2-1431.0)
TNF-α (pg/mg protein) 142.9 (129.1-161.5) 515.3 (476.4-569.4)a 257.2 (163.8-355.8)b 170.8 (143.8-182.5)b 141.6 (100.1-164.3)
Caspase 3 (ng/mg protein) 2.84 (2.43-3.41) 7.45 (6.34-9.82)a 5.37 (4.34-7.02) 3.77 (2.84-4.90)b 2.44 (1.68-3.29)

5-FU: 5-fluorouracil, NAC: N-acetylcysteine, TOS: total oxidant status, TAS: total antioxidant status, OSI: oxidative stress index, MDA: malondialdehyde, SOD: 
superoxide dismutase, GSH: glutathione, 8-OHdG: 8-hydroxy-2’-deoxyguanosine, IL-6: interleukin-6, TNF-α: tumour necrosis factor-alpha.
P-values according to Kruskal-Wallis variance analysis and followed the Mann-Whitney U test with the Bonferroni correction.
Data were expressed as medians with a 25th and 75th percentile interquartile range (IQR).
ap<.005 compared with control group, bp<.005 compared with 5-FU group.
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and lower GSH levels showed that oxidative stress mediated 
ovotoxicity. NAC treatment attenuated ovarian injury by 
modulating oxidative stress. Consistently, it was previously 
reported that NAC could exert tissue protective activity by 
modulating methotrexate, cisplatin and doxorubicin-induced 
oxidative stress (11,30-34).

DNA is one of the most important targets of ROS and shows 
increased 8-OHdG DNA damage. 8-OHdG levels in ovarian 
tissues were therefore measured to determine the level of 
free radical-mediated DNA damage in this study (20). Elevated 
8-OHdG levels in the 5-FU group indicated that DNA damage 
mediates ovotoxicity. Especially, NAC (20 mg/kg) application 
to 5-FU administered rats restored these changes. Similar 
with our results, it has been reported that NAC can exert a 
renoprotective effect against cisplatin-induced damage by 
inhibiting DNA damage (35).

SOD is one of the most important enzymes protecting the 
cell against ROS attacks (25), and 5-FU is known to increase 
tissue damage by suppressing SOD levels (6). Our results 
showed that systematic 5-FU administration suppressed SOD 
expression, while NAC treatments abolished this inhibition in 
dose-dependently. Consistently, it was previously reported 
that NAC could exert tissue protective effect against 
chemotherapeutic-induced tissue injury via modulating 
antioxidant enzymes (26,32,34).

Inflammation has been suggested as a second mechanism 
in 5-FU-induced toxicity (7). TNF-α and IL-6 are considered 
two of the main inflammatory cytokines (31). The elevated 
levels of these markers in 5-FU-treated rats indicates that 
5-FU toxicity is mediated by inflammation. NAC applications 
to 5-FU administered rats restored these changes with its 
previously demonstrated anti-inflammatory activity (8,11,20). 
Consistently, it was previously reported that NAC could exert 
tissue protective effect against chemotherapeutic-induced 
injury via modulating inflammation (31,36).

Apoptosis is proceed by the activation of caspases, which 
are cysteine-dependent aspartate specific protease (21). 
Increased oxidative stress and inflammation levels can trigger 
apoptosis through caspase-3 activation (14). Therefore, it has 
been reported that compounds with anti-apoptotic properties 
may be useful agents in the prevention of chemotherapeutic-
induced toxicity (21). The elevated caspase-3 levels in 5-FU-
treated rats indicated that 5-FU toxicity is mediated by 
apoptosis. NAC (20 mg/kg) applications to 5-FU administered 
rats significantly restored these changes. These results were 
consistent with previous reports (35,37,38).

Histological evaluation results showed signs of increased 
vascular congestion and edema in the ovarian tissue of 
rats treated with 5-FU. Treatment with NAC (20 mg/kg) 
reversed 5-FU-induced ovarian injury. Similar with our 
findings, it is reported that NAC exhibits ovoprotective 
effect against ischemia/reperfusion (I/R) injury. In the same 
study, histological examination showed that NAC treatment 
improves edema, vascular congestion, hemorrhage and 
follicular degeneration findings caused by I/R damage (20).

Our study has a few limitations. First, the therepeutic 
effect of two concentrations of NAC were evaluated in this 
study. It was determined that 20 mg/kg dose of NAC could 
restore biochemical and histological changes better than 10 
mg/kg dose of NAC against 5-FU induced ovarian damage. 
Therefore, future studies should evaluate the ovoprotective 
effect of NAC at doses above 20 mg/kg. Second, the 
molecular mechanisms involved in 5-FU-induced ovotoxicity 
or the ovoprotective effects of NAC in rats have not been 
investigated in detail. Therefore, further studies are needed to 
explain in detail how NAC improves 5-FU-related ovotoxicity. 
Third, the outcome of 5-FU and NAC administration in rats 
may not reflect the overall effects of such therapy in patients.

5. CONCLUSION

This study showed that NAC (especially the dose of 20 mg/kg) 
may have therapeutic effects against 5-FU-induced ovarian 
damage. This effect is thought to be mediated, at least in 
part, by antioxidant and anti-inflammatory activities of NAC. 
However, the use of NAC against 5-FU-induced ovotoxicity 
needs to be supported by more extensive in vivo and clinical 
studies.
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