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ABSTRACT 

Docetaxel, an antineoplastic alkylating agent used to treat different types 
of cancer, exhibits adverse effects on testis and sperm cells. This study 
aimed at investigating possible protective roles of rutin against testicular 
and reproductive impairment caused by treatment with docetaxel in Wistar 
albino rats. Thirty-five male rats randomly divided into five groups (n = 7), 
received the following per kg body weight for 14 days: Control 
(physiological saline – 1 ml/kg), single dose docetaxel (30 mg/kg), rutin 
(100 mg/kg), low-dose rutin (50 mg/kg) + docetaxel (30 mg/kg) and high-
dose rutin (100 mg/kg) + docetaxel (30 ng/kg). Body and testis weight, 
sperm count, motility and viability, and serum levels of sex hormones were 
evaluated in treated rats. Docetaxel significantly decreased final body 
weights of rats and percentage sperm count and motility, while increasing 
abnormal sperm cells. Testosterone and luteinizing hormone levels were 
also affected by docetaxel treatment. Pre-treatment with rutin restored 
percentage sperm count, motility and preserved the morphological integrity 
of sperm cells. Rutin also positively modulated the compromised serum 
hormone levels observed in docetaxel-treated rats in a dose dependent 
manner. In conclusion, rutin holds potential to preserve testicular function 
and sperm parameters negatively affected in patients undergoing chemo-
therapy with docetaxel. 
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Introduction 
The taxane group chemotherapeutic agents are 
anti‐microtubule agents that have been mostly 
used for treatment of several cancer types 
including lung, kidney and prostate cancer 
(Chen, 2023; Assunção, et al., 2025).  
Docetaxel (DTX), a member of this group of 
chemotherapeutics, is a more potent semi-
synthetic analogue of paclitaxel, which was first 
produced from 10-deacetyl baccatinIII, 
extracted from the needles of the European yew 
tree (Taxus baccata L) in 1986. It was first 
approved for the treatment of locally advanced 
or metastatic breast cancer by the US Food and 
Drug Administration in 1996 (Kenmotsu & 
Tanigawara, 2015; Sati et al., 2024). It is a 
taxoid cytotoxic agent that promotes tubulin 
assembly into microtubules, stabilizes 
microtubules and inhibits their 
depolymerization, thereby causing mitotic 
arrest in the G2/M phase of the cell cycle and, 
subsequently, cell death (van Vuuren et al., 
2015; Baş & Nazıroğlu, 2019). DTX has been 
used in cancer treatments for several decades 
and still remains an approved primary treatment 
for metastatic prostate cancer, and is a standard 
adjunct agent in breast cancer treatment (Farha 
& Kasi, 2022) because of its potent and broad 
antineoplastic properties and favorable effects 
on patients’ survival (da Costa et al., 2020; 
Gupta et al., 2023). However, despite its 
positive potential to systematically address 
certain types of cancer, its use is fast becoming 
limiting as a result of its attendant significant 
side effect. DTX chemotherapy has been 
reported to elicit adverse effects in normal 
tissues, including the testis through excessive 
production of reactive oxygen species (Baş & 
Nazıroğlu, 2019). The oxidative stress induced 
by this cytotoxic agent can lead to sperm DNA 
damage and death which ultimately 
compromises the reproductive function of the 
testis, impairing male fertility (Altintas, 2015; 
Ashour et al., 2025). 
 
 

Flavonoids are potent antioxidants that inhibit 
lipid peroxidation and platelet aggregation. It 
protects tissues from free radicals by direct 
scavenging reactive oxygen species (ROS), 
reactive nitrogen species (RNS), and activating 
antioxidant enzymes (Satari et al., 2021). Rutin 
belongs to the flavanol class of flavonoids and 
is composed of the flavonol quercetin and 
disaccharide rutinose. It is naturally obtained 
from various plant species and is also found in 
apple, green tea, Betula pendula leaves, and 
other sources. Buckwheat is a known source of 
natural rutin. (Narayana, 2008; Negahdari et al., 
2021). Rutin is a strong antioxidant and has 
many pharmacological benefits including anti-
cancer, anti-mutagenic, anti-inflammatory, 
myocardial protecting activities e.t.c. (Imani et 
al., 2020; Negahdari et al., 2021). Several 
studies have suggested the protective effects of 
rutin against reproductive toxicity as a result of 
its antioxidant, anti-inflammatory, anti-
apoptotic and sex hormone modulating 
potential. These studies report that rutin 
detoxify reactive oxygen and nitrogen species 
produced in the body during the metabolism of 
various drugs and chemicals (Osawe & 
Farombi, 2018; Kandemir et al., 2020; 
Abarikwu et al., 2022; AbdElrazek et al., 2024).   
 
While several information exists on the male 
reproductive toxicity of the class of 
antineoplastics such as the alkylating agents, 
topoisomerase inhibitors, antitumor antibiotics 
and some selected mitotic inhibitors (Jahan et 
al., 2018; Abarikwu et al., 2022; AbdElrazek et 
al., 2024), there is paucity of data on the 
mechanism of DTX-induced impairment in 
reproductive function of the testis. Furthermore, 
keeping in view the protective effects of rutin, 
this study was designed to evaluate if rutin can 
protect against docetaxel-induced interference 
with reproductive indices and testes function in 
rats.  
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Materials and methods 
Drug and Chemicals 
Docetaxel (Zuvitere-80; 80mg/2ml) was 
purchased from Tonik Pharmacy (Ibadan, 
Nigeria). Rutin hydrate (> 94% HPLC #207671-
50-9), Enzyme linked immunosorbent assay 
(ELISA) kits for hormone analysis were 
procured from Cusabio Biotechnology, 
Germany. All other chemicals used were of 
analytical grade and were obtained from 
registered sales outlets. 
 
Experimental Animals and Design  
Thirty-five male albino Wistar rats (100 - 120 
kg), purchased from the Department of 
Veterinary Medicine, University of Ibadan and 
maintained in plastic cages, were used for this 
study. The animals received humane care in 
accordance with the updated Guide for the Care 
and Use of Laboratory Animals by the National 
Research Council published by the National 
Institute of Health (NIH Publication No: 85 – 
23) and approved by the Benson Idahosa 
University Ethics Committee 
(BIUREC/2026/060). Rats with similar weights 
were assigned to five groups (n = 7) and 
administered the following for 14 days, based 
on average weight of rats per group: 
 
Group 1:  Normal control (1ml/kg physiological 
saline) 
 
Group 2:  Docetaxel only (30mg/kg single dose, 
i.p) 
 
Group 3: Rutin only (100mg/kg) 
 
Group 4: Rutin (50mg/kg) + docetaxel 
(30mg/kg single dose, i.p) 
 
Group 5: Rutin 100mg/kg + docetaxel (30mg/kg 
single dose, i.p) 
 
50mg/kg and 100mg/kg of rutin was 
administered orally from day 1-14, while 
30mg/kg single dose  of docetaxel was given 
intraperitoneally on day 8. 

Body weights of all experimental rats were 
taken on day 15 after an overnight fast. They 
were thereafter euthanized by cervical 
dislocation 24 hours after last treatments. The 
testis and caudal epididymis were harvested, 
cleared of adhering tissues and weighed. Semen 
was quickly collected for sperm analysis.  
 
Semen Analysis 
Examination of Epididymal Sperm Motility 
and Count: Sperm motility was assessed by the 
method described by Zemjanis (1970) and was 
evaluated microscopically within 2-4 minutes of 
collection from the caudal epididymis and later 
expressed as percentage. Observation was done 
at X 100 magnification. Epididymal sperm was 
counted with the aid of a hemocytometer using 
the improved Neubauer chamber (Deep 1/10m; 
LABART, Munich, Germany) as described by 
Pant & Srivastava (2003).  
 
Determination of Sperm Morphology and 
Percentage Viability (live-dead ratio): An 
aliquot of semen obtained from an incision 
made into the lumen of the caudal part of the 
epididymis was mixed with 2-4 drops of 2.9% 
buffered sodium citrate (diluent). Sperm 
suspension was stained with Wells and Awa 
stain for morphological examination and 1% 
eosin B and 5% nigrosine in 3% sodium citrate 
dehydrate solution for live-dead ratio (Wells & 
Awa, 1970).  
 
Analysis of Male Sex Hormones: Plasma 
testosterone was determined by RIA matched 
assay reagent using WHO protocol as described 
by Niswender et al. (1968). Luteinizing 
hormone (LH) and Follicle stimulating hormone 
(FSH) were measured ELISA according to the 
manufacturer’s (Cusabio Biotechnology, 
Germany) instructions. 
 
 

 Int. J. Forensic Med. Invest, 2025. Vol  11.  No 2 31 



*
** **

0
20
40
60
80

100
120
140

(1
06 /

m
l)

Dose (mg/kg bodyweight)

A.                              Percentage Sperm Count

Osawe SO, Muhammad NF, Rutin ameliorates Docetaxel-induced testicular abnormalities 
 
Statistical Analysis 
Statistical analyses were performed using 
Student T-test. Data were expressed as mean ± 
standard deviation (SD). A 95% confidence 
interval was used to determine statistically 
significant differences between treated and 
control groups. The significance level was set at 
p < 0.05. 
 
Results 
Effects of Rutin on Body and Testis Weight 
of treated rats 
The body and testis weight of rats in each treated 
group are presented in Table 1. The final body 
and testis weight of the DTX-treated rats were 
significantly (p < 0.05) lower in comparison 
with the control group.  There also was a 
significant (p < 0.05) reduction in percentage 
change in body weight of rats treated with only 
DTX after 14 days. Body weight reduction in 
DTX treated rats was significantly prevented on 
pre-treatment with both 50 mg/kg and 
100mg/kg of rutin significantly. 
 
Table 1: Effect of rutin on body weight and testis 
weight of docetaxel-treated rats. 

Weights 
(g) 

Contr
ol 

DTX RT 
(100) 

RT(50) 
+ DTX 

RT(100) + DTX 

Initial 
body wt. 

200.00 
± 0.01 

278.57 ± 
5.56 

165.00± 
15.55 

182.86 ± 
8.59 

177.14 ± 2.67 

Final 
body wt. 

220.71 
± 9.32 

185.43± 
13.20* 

200.00 ± 
0.01 

190.00±
13.69 

200.00 ± 0.01 

% 
change 
in body 
weight 

10.36 -33.43* 21.21 3.90  12.91 

Testis 
weight 

1.27 ± 
0.05 

1.15 ± 
0.07* 

1.18 ± 
0.02* 

1.21 ± 
0.02** 

1.24 ± 0.02** 

DTX = Docetaxel, RT (50) = rutin (50 mg/kg); Data are expressed as 
mean ± SD, n = 7. *p < 0.05 compared with control, **p < 0.05 
compared with Docetaxel. 

 
Effects of Rutin on Serum Testosterone, LH 
and FSH levels of treated rats 
The effects of rutin on serum testosterone, LH, 
and FSH of DTX-treated rat is illustrated below 
in Table 2. Serum luteinizing hormone and 
testosterone levels were significantly (p < 0.05) 
elevated in DTX-treated in comparison with 
levels of control group. Levels of these 
hormones were significantly (p < 0.05) reduced 
when rats were pre-treated with rutin at 50 
mg/kg prior to DTX treatment compared with 

DTX-treated rats not pre-administered with 
rutin. 
 
Table 2: Effect of rutin on Serum Testosterone, LH, 
and FSH in Docetaxel-treated rats 

Hormones Control DTX RT 
(100) 

RT(50) 
+ DTX 

RT(100) 
+ DTX 

Testosterone 
(ng/mL)  

6.65 ± 
1.43 

4.44± 
0.86* 

5.82 ± 
2.20 

2.70 ± 
0.97** 

6.03 ± 
1.76 

LH 
(mIU/ml) 

1.18 ± 
0.06 

1.39± 
0.14* 

1.13 ± 
0.30 

1.16 ± 
0.10** 

1.15 ± 
0.23 

FSH 
(mIU/ml) 

4.23 ± 
0.09 

4.29 ± 
0.21 

4.19 ± 
0.99 

4.31 ± 
0.01 

4.19 ± 
0.06 

DTX = Docetaxel, RT (50) = rutin (50 mg/kg); Data are expressed as 
mean ± SD, n = 7. *p < 0.05 compared with control, **p < 0.05 
compared with Docetaxel. 

 
Effect of Rutin on Sperm Profile of 
Docetaxel-treated rats 
The effects of rutin on sperm characteristics of 
DTX-treated rats is illustrated below in Figures 
1A -D. There was a non-significant (p > 0.05) 
reduction in the percentage of motile and live 
sperm in DTX-treated rats when compared with 
the control group. However, the percentage 
count and motility of sperm in DTX-treated rats 
was significantly reduced (p < 0.05) in 
comparison with those of the control group, 
while there was a significant (p < 0.05) increase 
in the percentage number of abnormal sperm in 
DTX-treated rats compared with the control 
group. Pre-treatment with rutin at both 50 and 
100 mg/kg body weight of rats significantly (p 
< 0.05) increased percentage sperm count and 
motility and decreased the number of abnormal 
sperm cells in the DTX-treated rats when 
compared with the group administered DTX 
alone.  
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Figure 1 Effects of rutin on sperm 
characteristics of DTX-treated rats. DTX = 
Docetaxel, RT (50) = rutin (50 mg/kg); Data are 
expressed as mean ± SD, n = 7. *p < 0.05 
compared with control, **p < 0.05 compared 
with Docetaxel. 
 

Discussion 
Docetaxel (DTX), though a preferred drug for 
treatment of different types of cancers, 
especially breast and prostate cancer, is 
reportedly toxic to the male reproductive system 
(Öztürk et al., 2025; Ashour et al., 2025).  
 
In our study, the body and testis weight of rats 
administered DTX alone were significantly (p < 
0.05) reduced after 14 days of treatment. 
Reduction in body weight of patients 
undergoing chemotherapy has been consistently 
reported over the years (Halpen-Silveira et al. 
2010; Takamoshi et al., 2017; Doshi et al., 
2023; Taoka et al., 2024). Also, our findings 
align with those of previous authors who report 
a reduction in body and reproductive organ 
weights, including the testis of experimental rats 
and mice administered chemotherapeutics as 
cyclophosphamide, busulfan, cisplatin 
(Mesbahzadeh et al., 2021; Liu et al., 2021; 
Khamis et al., 2023), and earlier used taxanes as 
vincristine and vinblastine (Madhu et al., 2016; 
Veloso et al., 2023). Sperm toxicity induced by 
DTX treatment evident in the reduced number 
(count) of mature sperm cells in the epididymis 
can also account for the reduced testis weight 
observed in our study. The testis is the organ for 
steroidogenesis and spermatogenesis; key 
reproductive processes regulated by the Leydig 
and Sertoli cells respectively. In the later stages 
of spermatogenesis, spermatozoa exit through 
the seminiferous tubule lumen of the testis 
through the rete testis and into the epididymis 
for maturation (Hess & Franca, 2015). It has 
been reported that DTX interferes with the 
development of spermatozoa. It destroys sperm 
membrane via lipid peroxidation caused by 
ROS generated during its metabolism (Baş et 
al., 2019; Ashour et al., 2025). DTX also 
prevents destabilization of microtubules, 
mitotic division and arrest of cell cycle in 
prostate cancer cells leading to apoptotic death 
(Baş & Nazıroğlu, 2019). Since the dynamics  
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of cell death in the use of chemotherapy is not 
limited to cancerous cells alone but affects 
healthy cells too, it could be possible that DTX 
also causes sperm death via this mechanism. 
This reduces the number of sperm cells in the 
lumen of the testis which possibly explains its 
reduced weight on DTX treatment. A reduced 
number of sperm hence migrate into the 
epididymis reducing epididymal sperm number 
(count). DTX can also cross the blood-testis 
barrier to exert its toxic effect directly on 
spermatogenesis leading to abnormal structure 
and death of sperm cells (Ashour et al., 2025). 
This can result in reduction in the number and 
count of viable (live-dead ratio) sperm while 
increasing abnormal features of sperm as was 
observed in our study. Our results are consistent 
with earlier reports that DTX damage sperm 
quality and inhibits spermatogenesis 
(Chatzidarellis et al., 2010; Altintas et al., 2015; 
Öztürk et al., 2025). Hence our findings of 
decrease in testis weight and changed sperm 
characteristics potentiates a decreased 
reproductive capacity in males undergoing 
chemotherapy with DTX.  
 
Pre-treatment with rutin both at (50 and 100) 
mg/kg caused a significant (p < 0.05) increase in 
sperm count, ratio of live to dead sperm and 
decreased the number of sperm abnormalities in 
comparison with DTX only treated group. 
Percentage of viable and motile sperm which 
was also significantly (p < 0.05) reduced on 
DTX treatment was only restored with 100 
mg/kg rutin. The restoration of sperm function 
in rats pretreated with rutin confirms the 
protective effect of rutin against docetaxel–
induced testicular dysfunction.  
 
Furthermore, our results revealed that serum sex 
hormones were notably altered in rats 
administered with DTX alone, which is 
indicative of reproductive toxicity. There was a 
significant (p < 0.05) reduction in testosterone 
levels in rats-treated with DTX only compared 
with the control group, which suggests an 

impairment of Leydig cell steroidogenesis The 
gonadotoxic potential of taxanes, which 
generate reactive oxygen species (ROS), induce 
lipid peroxidation, and disrupt testicular 
steroidogenesis has been reported by various 
authors (Altintas et al., 2015; Baş et al., 2019; 
Veloso et al., 2023). Interestingly, testosterone 
levels were restored to values close to those of 
the control group on pre-treatment with rutin 
(100 mg/kg). This highlights the antioxidant and 
steroidogenesis-preserving properties of rutin. 
In contrast, the lower dose of rutin (50 mg/kg) 
failed to prevent testosterone depletion 
suggesting a dose-dependent protective effect of 
rutin. Serum LH levels were significantly (p < 
0.05) elevated in DTX-treated rats. This 
possibly reflects a negative feedback response 
to reduced testosterone levels. Our findings are 
consistent with those of earlier studies that 
report that chemotherapeutics such as DTX and 
other cytotoxics, disrupt Leydig cell 
steroidogenesis, reduce serum testosterone, and 
trigger compensatory increases in circulating 
LH due to altered hypothalamic–pituitary–
gonadal axis feedback (Abarikwu et al., 2022; 
Ashour et al., 2025; Veloso et al., 2023). Pre-
treatment with rutin at either 50 or 100 mg/kg 
normalized LH levels indicating restoration of 
hypothalamic–pituitary–gonadal (HPG) axis 
function. No significant differences were 
observed in FSH values across all groups. Our 
results suggests that DTX toxicity and rutin 
protection were more pronounced on Leydig 
cell function (testosterone production) and its 
regulation via LH, while FSH, primarily 
regulated by Sertoli cells, was unaffected under 
these experimental conditions. Our observation 
that rutin interacts positively with male 
reproductive functioning to modulate sex 
hormones and preserve fertility agree with the 
studies of Jahan et al. (2018), Abarikwu et al. 
(2022) and AbdElrazek et al. (2024). They 
demonstrated that the potential of rutin to 
protect or modulate the adverse effects of 
cisplatin, busulfan, and cyclophosphamide 
induced male reproductive toxicity, can be  
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explained through its ability to act as an 
antioxidant, preserving sperm structure and 
integrity, augmenting its motility and hence 
function. Taken together the results from our 
study showed that DTX induces testicular 
toxicity and affects sperm negatively by 
interference with HPG axis functioning. Also, it 
was discovered that rutin can exert protective 
effects against DTX testicular dysfunction and 
male reproductive potential. Further research is 
recommended to investigate other possible 
mechanism of DTX- induced testis toxicity and 
the pharmacological effects of rutin in 
protecting sperm cells from the toxic effects of 
DTX. 
 
Conclusion 
Summarily, our overall findings demonstrate 
that DTX impairs testosterone synthesis, sperm 
characteristics and perturbs LH regulation in 
male rats, while rutin, particularly at 100 mg/kg, 
ameliorates these adverse effects. The ability of 
rutin to restore testosterone and normalize LH 
likely reflects its antioxidant, and hormone-
modulating properties, thereby protecting the 
integrity of the HPG axis. 
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