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Abstract 
The aim of current study was to assess potential antioxidant status Wistar of naringenin (NG) in 
mitigating testicular toxicity induced by 5-Fluorouracil (5-FU) in rats. The experimental rats were 
divided into four groups (n=6 each): Group I-(normal saline), Group II-(5-FU), Group III-(NG) at a 
dosage of 100 mg/kg body weight-orally and Group IV received both 5-FU+NG. On 28th day, we 
observed significant reduced in testicular weights in group-II rats. In addition, results exhibited a 
significant (p<0.01) reduction in antioxidant enzyme activities (SOD, CAT and GSH) accompanied by an 
increase in lipid peroxidation (LPO). However, Group IV rats, received both 5-FU and NG displayed a 
substantial (p<0.01) increase in the activities of CAT, GSH and SOD of testis along with a decrease in 
LPO levels. The administration of NG effectively restored the compromised antioxidant status. This 
study underscores ameliorative effect of NG against 5-FU-induced testicular toxicity. 
 
Keywords: Naringinin, oxidative stress and catalase 
 
Introduction  
5-FU, an FDA-approved an antimetabolite used mostly colorectal and various solid tumors 
treatment, has been associated with testicular toxicity. It is the second most commonly used 
drug, but it associated with various organ toxicities [1]. This toxicity includes issues such 
germinal epithelial sloughing, cell death, the formation of multinucleated cells, atrophy of 
seminiferous tubules with halted spermatid development [2]

. 5-FU, mostly associated with the 
inhibition of thymidylate synthetase (TS) which further responsible for formation of breaks in 
DNA and RNA strands which further stimulation of lipid peroxidation (LPO) [3]. In addition, 
oxidative stress with controlled levels are essential for processes like capacitation, 
hyperactivation and the acrosome reaction in mammalian sperm, which are critical for 
fertilization [2]. Imbalances in antioxidant levels are linked to idiopathic infertility, while an 
increase in pro-oxidants can lead to stress on spermatozoa [4]. Chemotherapeutic agents can 
induce oxidative stress in testis and potentially impact male fertility [5]. 
NG is a naturally available phytochemical, found in fruits like oranges, grapes and are 
generally considered safe as direct human food ingredients [6]. Studies have suggested that NG 
may have protective effect against experimentally induced testicular toxicity [7]

. Additionally, 
NG have demonstrated the ability to improve antioxidant levels, sperm count and testosterone 
levels in cases of chemotherapy-induced testicular toxicity [8]. Therefore, the current study 
were conducted to investigate the potential effect of NG in mitigating testicular toxicity 
induced by 5-FU in rat models. 
 
Materials and Methods 
Experimental design 
NG (CAS No. 10236-47) were bought from Sigma (SAC-St Louis, MO, USA) and Celon 
laboratories (Hyderabad) provided 5-FU. All the chemicals of biochemical analysis were of 
analytical grade and procured from HiMEDIA Lab. Private Limited and SRL Private Limited. 
Rat feed in pellet form was bought from Jeeva life sciences in Hyderabad. 
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Adult male Wistar rats (n=28, 300 gms, assigned four 
groups), were procured from Jeeva Life Sciences, Hyderabad, 
ISO 9001:2015 certification. The experimental protocol 
received approval from the Institutional Animal Ethics 
Committee (IAEC) under form number (3/25/C.V.Sc, Hyd. 
IAEC). 
 

Table 1: Experimental design 
 

Group Treatment Number 
Group 1 Sham 6 

Group 2 Toxic control-5-FU @ 20 mg/kg b. wt  
for initial 5 consecutive days-IP 6 

Group 3 Ameliorative Naringenin @ 100 mg/ 
kg b. wt-orally 6 

Group 4 Combination of both 5-FU+NG 6 
 
After 28 days, rats were sacrificed, testes were collected and 
washed with ice cold normal saline and stored for -20 °C for 
enzyme activity. 
 
Testicular weights 
Experimental rats were sacrificed by cervical dislocation on 
28th day of study. Then testis were excised and fat was 
trimmed and weights of testes from each animal were 
evaluated by using electronic balance 
 
Analysis of oxidative stress parameters 
Homogenate of testes tissue (10% w/v) was prepared in 10 
mL of Tris HCl buffer (pH 7.2), centrifuged at 10,000 RPM 
for 20 min at 4 °C and were collected and used for antioxidant 
enzyme analysis. Total protein content of testis were 
measured as protocol given previously [9] with addition of 
Folin's phenol reagent. 
  
Estimation of Superoxide (SOD) 
SOD activity was assessed following Marklund and 
Marklund's method [10]. The resulting supernatant used for 
SOD activity determination. For the SOD assay, 0.5 ml of the 
supernatant was combined with 2 ml of pH 8.2 Tris-HCl 
buffer, 1.5 ml distilled water and 0.5 ml of 2 mm pyrogallol in 
pH 7.4 Tris-HCl buffer. The assay mixture included enzyme 
aliquots and the reaction was monitored by measuring the rate 
of pyrogallol auto-oxidation inhibition.  
 
Estimation of Catalase (CAT) 
Catalase (CAT) activity is determined following protocol 
given previouly [11]

, which is based on reduction in absorbance 
at 240 nm due to breakdown of H2O2. In brief, 0.2 ml of the 
tissue homogenate supernatant was mixed with 1 ml of 30 

mM H2O2, and the reduction in absorbance at 240 nm was 
monitored over a 3-minute period.  
 
Estimation of glutathione (GSH) 
GSH (Glutathione) activity was determined according to the 
method developed [12]. This method relies on the reaction with 
5, 5'-dithio-bis (2-nitrobenzoate) (DTNB or Ellman's reagent), 
resulting in the formation of a yellow-colored compound with 
absorbance measured at 412 nm.  
 
Estimation of lipid peroxidation (LPO) 
Lipid peroxidation (LPO) in the tissue homogenate was 
assessed using the method of Yagi [13] involving thiobarbituric 
acid (TBA). Malondialdehyde (MDA), the end product of 
lipid peroxidation, indicates oxidative stress intensity. MDA 
reacts with TBA, forming a pink-colored product.  
 
Results 
Effect of NG on Absolute Testicular weights 
Mean values of absolute testicular weights (mg) in 5-FU 
treated group rats were significantly (p<0.05) reduced when 
compared to the control group rats, whereas NG and 5-FU 
combination group results in significant (p<0.05) 
improvement in the testis weight when compared to toxic 
group. However, the absolute testis weights of NG 
ameliorative group were nearly similar to that of sham (Fig. 
1). 
 
Effect of NG on lipid peroxidation and restoration of anti-
oxidants 
5-FU leads to significant (p<0.05) increase in the 
concentration TBARs (nmoles/mg protein) compared to 
normal sham group. Whereas combination of both agents 
resulted in a significant (p<0.05) reduction of the values as 
compared to toxic group 2 rats. There was no significant 
variation observed among the values of control and NG given 
group. The anti-oxidant capacity of tissues were measured in 
terms of SOD, GSH and Catalase. Furthermore investion, we 
observed the activity of SOD, GSH and Catalase (U/mg 
protein) in testes and noted that a significant (p<0.05) lower 
concentration in toxic 5-FU treated group. Interestingly, 
significant higher mean values of these enzymes were 
observed in NG and 5-FU treated group indicating that NG 
has anti-oxidant capacity. Whereas, the values of control 
sham and NG group-3, were similar to each other indicating 
safety of this compound. The mean values were depicted in 
fig. 2. 

 

 
 

Fig 1: effect of NG on testicular weights (g) 
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Fig 2: Effect of NG on oxidative stress parameters 
 

Discussion 
ROS significantly contribute to infertility by reducing sperm 
motility, viability and causing sperm abnormalities. The 
current study revealed significant decrease in the testicular 
weights in 5-FU treated rats and this effect is then probably 
mediated by the hormonal imbalance in serum cause tubular 
atrophy which leads to significant fall in sperm density and 
causing reduced weights in testes [14]. Other potential factor 
contributing to this phenomenon could be the reduction in 
ATP production [15]. Typically, 5-FU is converted into 
flouroacetate, which inhibits the Krebs cycle, ultimately 
leading to decreased energy production and a subsequent 
decrease in active spermatogenesis [16]. These findings align 
with previous studies. Interestingly, exposure of NG to 5-FU-
treated showed maintained testicular weights which are co-
incide with previous literature. Whereas treatment with NG 
alone showed a non-noticeable response and confirmed that it 
has the protective role and no observable toxic side effects in 
control group -3 rats [17]. 
Oxidative stress, a cellular phenomenon arising from an 
imbalance in levels of antioxidants and oxidants, particularly 
ROS and free radicals. The body employs a range of 
protective mechanisms involving antioxidants such as 
glutathione, vitamin E, ascorbic acid, alpha-tocopherol, as 
well as antioxidant enzymes like SOD, CAT and GSH to 
mitigate the damage caused by radicals during oxidative stress 
[18]. Spermatozoa's plasma membranes are rich in 
polyunsaturated fatty acids (PUFA) but have low 
concentrations of the scavenging enzymes in their cytoplasm, 
rendering them highly vulnerable to the oxidative stress-
induced harm [19]. Oxidative stress also compromise integrity 
of the sperm nucleus DNA, hastening germ cell apoptosis and 
resulting in reduced sperm count [20-21]. Furthermore, it has the 
potential to significantly affect steroidogenic function of the 
Leydig cells, contributing to male infertility with a noticeable 
decline in semen quality [22]. GSH stands out as a potent 

antioxidant that plays a pivotal role in bolstering the defense 
against ROS and free radicals during exogenous toxic insults 
[20]. Abundantly present within cells, GSH exhibits the 
capability to engage with a variety of free radicals, thus 
contributing to its protective function. SOD is an enzymatic 
catalyst responsible for the dismutation of superoxide 
radicals, converting them into either H2O2 or molecular O2. 
This enzymatic activity serves to mitigate the potentially 
devastating effects of superoxide anions, thereby minimizing 
their harm [23]. Furthermore, SOD plays a protective role by 
averting lipid peroxidation and effectively safeguarding 
against tissue necrosis, thereby providing critical defense 
mechanisms against oxidative damage. MDA is best indicator 
of the oxidative stress as it is end product of multichain 
unsaturated fatty acids and it is endogenous lipid 
peroxidation. In our study there is significant increase in 
TBARS level in group-2 toxic rats. In addition to that, 5-FU 
also significant decrease in antioxidants enzymes (SOD, GSH 
and CAT). It might be due to action of 5-FU PUFAs which 
makes more susceptible for oxidative stress along with 
reminiscents of 5-FU in seminiferous tubules which make 
more susceptible for oxidative stress which are accordance 
with previous literature [24, 25]. NG has direct antioxidant 
function involving the scavenging of free radicals, by 
stimulating endogenous antioxidant system and upregulating 
the expression of glutamyl cystinyl ligase, thereby increasing 
GSH levels. Its antioxidant effects are attributed to its 
hydroxyl (OH-) substituents, which exhibit strong reactivity 
against both ROS and reactive nitrogen species (RNS) by 
reducing NADPH activity. The hydroxyl radical (OH-) can 
transfer its hydrogen to free radicals, enhancing antioxidant 
capacity [26]. Additionally, NG elevates levels of vitamin C 
and vitamin E [27] and possesses lipophilic properties that 
allow it to bind to cell membranes, reducing the formation of 
free radicals and protecting these membranes [28]. Moreover, 
NG suppresses the increase in MDA, offering protection 
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against lipid peroxidation which are same findings observed 
in previous literature on testicular toxicity [29]. Based on 
results, we conclude that NG has anti-inflammatory and anti-

oxidant properties of molecular mechanism in testicular 
toxicities (Fig.3)  

 

 
 

Fig 3: Molecular Mechanism of NG on testicular toxicity 
 

Conclusion 
In conclusion, the combination of NG and 5-FU treatment 
shows promise in mitigating complications, particularly 
inflammation, by harnessing their anti-oxidant action with 
gonadropic properties. However, further extensive research is 
imperative to elucidate the full extent of NG's benefits in 
reducing pathogencities of molecular mechanism and its 
associated pathogenicity across varying time intervals. 
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