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ABSTRACT 
Background: Infertility is a prevalent problem that affects 15% of couples globally. Male infertility, which accounts for 
half of all cases, can be caused by several factors, including aging, drug use, genetic problems, and exposure to 
environmental toxins. Cyclophosphamide (CP) is a commonly utilized immunosuppressant and anticancer medication 
that can induce oxidative stress and harm the reproductive system of men. The beneficial effects of antioxidants in 
mitigating the CP-induced reproductive toxicities are well-documented. Aim: The aim of this study was to assess the 
effects of lecithin (as an antioxidant) against the CP-induced reproductive toxicity in male rats. Methodology: Thirty 
Sprague-Dawley male rats were divided into three groups: (i) the negative control group (that received sterile water 
via the intragastric route for 13 consecutive days), (ii) the positive control group (that received sterile water via the 
intragastric route for 5 days and, subsequently, a single, intraperitoneal dose of CP on day 6, followed by sterile water 
via the intragastric route for the next 7 consecutive days), and (iii) the lecithin-treated group (that received lecithin via 
the intragastric route for 5 days and, subsequently, a single, intraperitoneal dose of CP on day 6, followed by lecithin 
via the intragastric route for the next 7 consecutive days). Results: Lecithin treatment improved sperm parameters, 
plasmatic testosterone levels, and glutathione peroxidase, thereby preventing histopathological alterations in the rat 
testes. Conclusion: Lecithin demonstrated its potential protective effects against reproductive impairments and 
oxidative stress in the CP-treated rat group, and might prove promising for use in clinical practice as a protective 
agent against chemotherapy-induced male reproductive toxicity and infertility. 
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1. INTRODUCTION 
 
Infertility is a prevalent problem that affects 15% of 
couples globally. Male infertility, which accounts 
for half of all cases, can be caused by several fac-
tors, including aging, drug use, genetic problems, 
and exposure to environmental toxins [1]. Cancer 
and its treatments, such as chemotherapy and ra-
diotherapy, can cause infertility in men [2]. Cancer 
is a deadly illness that exhibits abnormal cell divi-
sion, altered gene expression, and unchecked pro-
liferation that results in the development of malignant 
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cells and the beginning of tissue invasion or 
metastasis. Different therapies are used to treat 
cancer, including hormonal therapy, immunother-
apy, radiotherapy, chemotherapy, and surgery [3]. 
Young cancer survivors often experience azoo-
spermia or prolonged and potentially permanent 
reductions in sperm counts, leading to infertility. 
Chemotherapeutic drugs can affect testicular tis-
sues and growing spermatogonia that are mitoti-
cally active. The death of these cells leads to the 
depletion of the later stages of germ cells and to a 
decrease in sperm counts [4]. Cyclophosphamide 
(CP) is the most used immunosuppressant and 
anticancer drug in chronic and acute leukemia, 
lymphomas, multiple myeloma, bone marrow 
transplantation, rheumatic arthritis, and some im-
mune-related diseases. Through the cytochrome 
P450 in the hepatocytes, CP metabolism gener-
ates active alkylating compounds such as 4-hy-
droxycyclophosphamide, aldophosphamide, 
phosphoramide mustard, andacrole-
in. Phosphoramide-mustard alkylates DNA, lead-
ing to DNA synthesis inhibition, preventing cell di-
vision, and inhibiting tumor cell growth. Many stud-
ies have shown that CP causes oxidative stress in 
the male reproductive system [5]. The toxic effects 
of CP are associated with increased oxidative 
stress and its interaction with DNA, leading to DNA 
defects, abnormal cell functions, and cell death [6]. 
CP toxicity is not specific to cancer cells and will 
affect all dividing cells, including those in the im-
mune and reproductive systems. In fact, CP inter-
feres with sperm differentiation in the testicles and 
may cause infertility in males. Studies have shown 
that CP treatment in male rats causes significant 
increases in oxidative stress and abnormal sperms 
and decreases the sperm concentration and motil-
ity, the testosterone levels, and the testicular anti-
oxidant capacity. However, due to reactive oxygen 
species (ROS) and nitric oxide production, acro-
lein exerts toxic effects on the body’s healthy cells; 
it leads to peroxynitrite production, thereby de-
stroying intracellular lipids, proteins, and DNA. 
More than 50% of male patients receiving chemo-
therapy for various solid tumors suffer severe and 
irreversible seminiferous epithelial damage. Since 
many cancer patients are treated with CP before 
and during their reproductive years and cure rates 
for several types of cancer are high, infertility 
caused by CP is a very significant concern.  

In an attempt to overcome the toxic side effects 
of anti-cancer drugs, some antioxidant agents 
were considered beneficial in decreasing oxidative 
stress. Antioxidants can reduce oxidative stress 
and protect against DNA damage, abnormal cell 
function, and cell death caused by CP. Soybean 
lecithin is a by-product from the processing of soy-

bean oil that, apart from being a source of energy, 
also serves as an emulsifier and has the potential 
to facilitate fat absorption. Lecithin is also a poly-
unsaturated phosphatidylcholine (PPC), which is 
present in all biological membranes’ energy, func-
tional, and structural elements. Moreover, lecithin 
is a naturally occurring mixture of diglycerides of 
stearic, palmitic, linoleic, and oleic acids that links 
to the choline ester of phosphoric acid [7] (Figure 
1). Notably, PPC plays a rate-limiting role in the 
activation of numerous membrane-located en-
zymes, including superoxide dismutase (SOD), 
which protect the cell membrane from damage by 
ROS. ROS-induced damage to mitochondrial DNA 
may also lead to reduced mitochondrial function. 
Lecithin can protect mitochondrial DNA, thereby 
preserving the age-related decline in mitochondrial 
membrane potentials and their activity [8].  

Lipids play a crucial role in the structural and 
functional aspects of sperm, while physiological 
processes and diet are known to influence their 
composition. The human body cannot produce the 
n-6 and n-3 polyunsaturated fatty acids (PUFA) 
alone, because they lack the necessary fatty acid 
desaturase enzymes. Therefore, the n-6 PUFA lin-
oleic acid and the n-3 PUFA alpha-linolenic acid 
must be obtained through diet. These fatty acids 
are essential for various bodily processes such as 
growth, reproduction, vision, and brain develop-
ment. There is considerable evidence that PUFA 
supplementation can influence biosynthetic path-
ways involved in prostaglandin synthesis and 
steroidogenesis, which play multiple roles in regu-
lating reproductive function [9]. 

This study aimed at investigating the potential 
protective effects of lecithin against CP-induced 
male infertility in rats, by examining alterations in 
sperm parameters and testicular histology in order 
to determine their efficacy in mitigating adverse re-
productive outcomes. 

 

 
 

Figure 1. The chemical structure of lecithin. 
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2. METHODOLOGY 

 
2.1. Chemicals and drugs used 

 
The CP (CAS NO. 6055-19-2) and lecithin (CAS 
N0. 8002-43-5) were sourced from Hangzhou 
Jinlan Pharmaceutical Technology (China), and 
prepared as a solution before each use. Testosterone 
and malondialdehyde (MDA) were obtained from 
the Cloud-Clone Corp. (USA), while glutathione 
peroxidase (GPx) was procured from Elabscience 
(USA). 

 
2.2. Animals used 

 
Thirty, previously untreated, male Sprague-Daw-
ley rats (weighing 280-350 g; aged six-weeks-
old) were obtained from the Al-Nahrain University 
College of Pharmacy. The rats were certified as 
pathogen-free and were maintained under 
specific pathogen-free conditions. The animals 
were not genetically modified, nor had undergone 
any previous experimental procedures prior to 
this study. The rats were housed in experimental 
cages measuring 20×25×35 cm, with the bedding 
being replaced twice a week using wood chips. 
The rats were given free access to food and 
water. The animal housing facility at the 
Biotechnology Centre of the University of Al-
Nahrain maintained a 12-h light-dark cycle with 
proper ventilation and a temperature of 23°C (± 
2°C). Before the initiation of this study, all rats 
were given one week to acclimate to their new 
environment. The study was approved by the 
Research Ethical Committee of the College of 
Medicine of the Al-Nahrain University (approval 
number: UNCOMIRB20240509; date: 17-Sep-
2023). 

 
2.2.1. Inclusion and exclusion criteria for the male 
rats 

 
The fertility of the male rats was evaluated by in-
troducing them to untreated females. Healthy rats 
have a well-groomed appearance, bright eyes, 
and smooth hair coat. Male rats should have a 
scrotal sac, and their penis should have a long, 
cylindrical body and a bulbous glans penis. Rats 
displaying signs of illness or pain (such as 
reduced alertness, ruffled hair, hunched posture, 
ocular or nasal discharge, abnormal feces, 
decreased activity, or mucoid discharge) were 
not used in the study. Rats displaying abnormal 
or aggressive behavior, those medicated, and 
those injured were also excluded from the study. 

2.2.2. Randomization and blinding of the used 
animals 

 
The allocation of the rats to the experimental 
groups involved randomization [10]. A computer-
based random number generator was utilized in 
order to create the randomization sequence. Each 
experimental unit (male rat) was assigned a num-
ber and then randomly arranged to determine 
group allocation. This method ensured the unbi-
ased assignment of experimental units to each 
group. The study employed several strategies so 
as to prevent potential confounding factors. These 
included randomized treatment orders and meas-
urements, rotating cage positions weekly so as to 
avoid the effects of any environmental conditions, 
and blinding the researchers to the group alloca-
tions. The individual generating randomization se-
quences was aware of the allocations but had no 
other role in the experiment. Researchers con-
ducted treatments without knowing the assigned 
groups, and assessors used the same coded iden-
tifiers throughout the experiment. Data sets were 
labeled with codes and only decoded after analy-
sis. These measures were implemented in order to 
minimize potential bias and ensure accurate 
results. 

 
2.3. Experimental design, process, and 
sampling 

 
The 30 male rats were randomly allocated into 
three groups (n=10 in each): (i) the negative con-
trol group in which the rats received sterile water 
via the intragastric route for 13 consecutive days, 
(ii) the positive control group in which the rats re-
ceived sterile water via the intragastric route for 5 
days and, subsequently, a single, intraperitoneal 
dose of CP (200 mg/kg) [11] on day 6, followed by 
sterile water via the intragastric route for the next 
7 consecutive days, and (iii) the lecithin-treated 
group in which the rats received lecithin (300 
mg/kg) [12] via the intragastric route for 5 days 
and, subsequently, a single, intraperitoneal dose 
of CP (200 mg/kg) on day 6, followed by lecithin 
(300 mg/kg) via the intragastric route for the next 
7 consecutive days). On day 14 of the trial, the an-
imals were anesthetized with a ketamine (10%) 
and xylazine (10%) mixture [13,14]. Blood samples 
were collected from a cardiac puncture with 5 mL 
syringes for the hormonal assay. The serum sam-
ples were obtained by using a centrifuge at 3,000 
rpm for 5 min, and hormonal tests were conducted 
as previously described [15]. Moreover, a testis 
was taken for histopathologic assessment (main-
tained in formalin 10%), and the other was collected 
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for the undertaking of quantitative measurements 
of oxidative and antioxidant markers by using 
ELISA assays (Elabscience, USA). 

 
2.4. Testicular homogenization and ELISA 
assays 

 
Each testicular sample weighed 100 mg and was 
homogenized in 900 μL of 0.1 M PBS at a pH of 
7.4. The samples were then centrifuged at 4,500 
rpm, for 15 min, at 4°C. The resultant liquid fraction 
was then gathered [16]. The levels of GPx and 
MDA in the homogenates were measured spectro-
photometrically through ELISA assays (Elab-
science, USA) with the use of an ELISA reader (Di-
agnostic Automation / Cortez Diagnostics®, Cali-
fornia, USA). 

 
2.5. Sperm analysis 

 
The cauda epididymis of each rat was carefully 
isolated and cleaned so as to remove the fat pad. 
It was then finely chopped in a Petri dish with pre-
warmed (37°C) liquid paraffin and 1 mL of flushing 
solution. The dish was incubated at 37°C for 5 min 
in order to allow for the dispersion of spermatozoa. 
The WHO guidelines were used for the sperm 
analysis. Sperm counts were determined by load-
ing approximately 10 μL of caudal epididymis fluid 
onto a cover slide in a hemocytometer for 7 min, 
evaluating different fields of counting chambers. 
Sperm concentration was expressed as millions 
per mL of liquid and was measured using a light 
microscope at a magnification of 400x [17]. Sperm 
motility was assessed by placing 10 μL of caudal 
epididymis fluid onto a clean slide covered with a 
coverslip and by manually evaluating it [17]. The 
percentage of motility incidence was then calcu-
lated [18]. Finally, sperm viability, the percentage 
of dead/live sperm, was determined by using the 
eosin-nigrosin staining technique [19]. 

 
2.6. Histopathological studies 

 
The testicular tissues were fixed, dehydrated, and 
embedded in paraffin, following dissolution in a 
10% formalin solution. Subsequently, 5-μm-thick 
sections were obtained and stained with 
hematoxylin and eosin. The evaluation of the 
spermatogenesis efficacy was performed by using 
the Johnsen score. The testicular injury was 
graded on a scale of 1 to 10, with “1” indicating the 
absence of seminiferous epithelium and “10” indi-
cating complete spermatogenesis and intact tu-
bules [20]. All assessments were conducted 

blindly with regard to the treatment group to which 
each sample belonged. 
 
2.7. Statistical analysis 
 
The data entry and analysis were conducted by 
using SPSS version 26. Normality tests revealed 
that the data were not normally distributed. There-
fore, the Mann-Whitney test was utilized (instead 
of the independent t-test) in order to assess the 
mean differences between groups. Results were 
deemed statistically significant at a p<0.05. 
 

3. RESULTS 
 
Table 1 shows that the rats of the CP-treated (pos-
itive control) group displayed a significant increase 
in sluggish sperm motility, immotile sperm, and 
dead sperm percentages, and a significant de-
crease in sperm concentration, progressive sperm 
motility percentage, and viable sperm percentage, 
when compared to those of the negative control 
group. Moreover, the lecithin-treated group rats 
exhibited a significant reduction in sluggish sperm 
motility, immotile sperm, and dead sperm percent-
ages, and a significant increase in sperm concen-
tration, progressive sperm motility percentage, 
and viable sperm percentage, when compared 
with those of the positive control (CP-treated) 
group (Table 1).  

Table 2 shows that the rats of the CP-treated 
(positive control) group exhibited a significant in-
crease in the levels of MDA and a significant de-
crease in the levels of testosterone and GPx, when 
compared with those of the negative control group. 
On the other hand, the lecithin-treated group rats 
revealed a significant increase in the levels of tes-
tosterone and GPx, and a significant decrease in 
the levels of MDA when compared to those of the 
positive control (CP-treated) group (Table 2). 

Finally, Table 3 shows that the rats of the pos-
itive control (CP-treated) group exhibited a signifi-
cant decrease in the histopathology score (John-
sen score) when compared with that of the nega-
tive control group, while the lecithin-treated group 
rats displayed a significant increase in the same 
score when compared to that of the CP-treated 
(positive control) group rats. The histological ex-
amination of the negative control group revealed 
that the rat testicular tissues had a normal appear-
ance, possessing intact spermatogenic cells, sem-
iniferous tube characteristics, and epithelial layers 
(Figures 2.A1 and 2.A2). The CP-treated (positive 
control) group samples exhibited a substantial loss 
of Leydig cells, resulting in the inadequate devel-
opment of spermatids and mature sperms, as 
illustrated in Figures 2.B1 and 2.B2. On the other 
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hand, rats treated with lecithin demonstrated a 
protection against the CP-induced testicular tissue 

injury, with the seminiferous tube gradually return-
ing to its predicted shape (Figures 2.C1 and 2.C2). 
 

 
Table 1. Comparison of the seminal fluid analysis findings among the studied groups. Notes: a, statistically significant 
difference (p<0.05) from the negative control group; b, statistically significant difference (p<0.05) from the negative control 
group; SD: standard deviation. 
 

 
Negative control 
group  
(mean ± SD) 

Positive control 
group 
(mean ± SD) 

Lecithin-treated 
group 
(mean ± SD) 

Sperm concentration (×10⁶/mL) 66.14 ± 24.10 18.00 ± 12.22 a 64.57 ± 15.4 b 

Sperm motility (%) Progressive (%) 96.00 ± 1.15 7.00 ± 2.83 a 87.71 ± 3.59 b 

Sluggish (%) 0.57 ± 0.53 58.43 ± 8.70 a 3.29 ± 3.3 b 

Immotile (%) 3.43 ± 0.79 33.14 ± 7.90 a 8.29 ± 3.2 b 

Sperm viability (%) Viable (%) 96.00 ± 1.29 28.00 ± 8.41 a 94.43 ± 1.72 b 

Dead (%) 4.00 ± 1.29 72.00 ± 8.41 a 5.57 ± 1.72 b 

 
Table 2. Comparison of gonadotropin and antioxidant levels among the studied groups. Notes: a, statistically significant 
difference (p<0.05) from the negative control group; b, statistically significant difference (p<0.05) from the negative control 
group; GPx, Glutathione peroxidase; MDA, malondialdehyde; SD: standard deviation. 
 

 Negative control 
group 
(mean ± SD) 

Positive control 
group 
(mean ± SD) 

Lecithin-treated 
group 
(mean ± SD) 

Gonadotropins Testosterone 
(pg/mL) 

147.93 ± 8.04 11.09 ± 1.93 a 42.04 ± 7.08 a,b 

Antioxidants MDA  
(ng/mL) 

8.80 ± 0.52 123.23 ± 7.88 a 22.32 ± 1.39 a,b 

GPx  
(pg/mL) 

967.68 ± 16.77 322.89 ± 16.42 a 410.77 ± 18.31 a,b 

 
Table 3. Comparison of testicular histopathology (Johnsen) scores among the studied groups. Notes: a, statistically significant 
difference (p<0.05) from the negative control group; b, statistically significant difference (p<0.05) from the negative control 
group; SD: standard deviation. 
 

 Negative control 
group 
(mean ± SD) 

Positive control 
group 
(mean ± SD) 

Lecithin-treated 
group 
(mean ± SD) 

Johnsen score 10.00 ± 0.00 8.00 ± 0.82 a 10.00 ± 0.00 b 

 
 

4. DISCUSSION 

 
The discovery of successful chemotherapy regi-
mens for patients with acute leukemia, malignant 
lymphoma, testicular cancer, and other neoplastic 
disorders has led to a range of new concerns re-
garding the long-term adverse effects of cancer 
treatment [2]. Since many patients with potentially 
curable cancers are under 35 years of age when 
diagnosed, the impact of cytotoxic chemotherapy 
on male fertility has become significant. Various 
strategies have been explored in order to protect 
male fertility from the harmful effects of cytotoxic 
drugs. It is recommended that before patients un-
dergo chemotherapy, germ cell cryopreservation 
(or, in some cases, testicular sperm extraction) 
should be considered [21]. Ongoing research aims 

 
to find natural or synthetic compounds that can 
help maintain male fertility without reducing the ef-
fectiveness of chemotherapy [21]. Various factors 
influence the lack of a standardized treatment for 
male infertility caused by cytotoxic drugs. Re-
search shows that the impact of cytotoxic therapy 
on male fertility is complex [22-25]. 

In the current study, hormonal and oxidative bi-
omarkers were assessed because of their signifi-
cant roles in evaluating and diagnosing reproduc-
tive issues. The chemical compound CP induces 
male infertility through various mechanisms. Re-
search has indicated that CP leads to testicular 
damage by causing oxidative stress, lipid peroxi-
dation, and apoptosis [23,24]. It disrupts normal 
spermatogenic structure, diminishes sperm count 
and motility, and increases sperm abnormalities 
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[25,26]. Additionally, CP affects testicular antioxi-
dant enzymes, serum testosterone levels, and his-
tological structures in the testes, ultimately result-
ing in infertility [27]. The drug’s impact on rapidly 
dividing cells, including those in the testes, con- 

tributes to its infertility-inducing effects. Furthermore, 
CP’s ability to alter hormonal balance also plays a 
role. In summary, CP’s complex actions on testicular 
function and sperm parameters underscore its role in 
inducing male infertility. 

 
 

 

 

Figure 2. Representative histological sections of rat testicular tissues stained with hematoxylin and eosin; microphotographs 
A1 and A2 represent the negative control group; microphotographs B1 and B2 represent the positive control group; 
microphotographs C1 and C2 represent the lecithin-treated group. The black arrow indicates a seminiferous tubule, the green 
arrow highlights a Sertoli cell, while the yellow arrow shows a sperm cell. Magnification: 10x (for A1, B1, and C1) and 40x (for 
A2, B2, and C2). 

B2 B1 

A1 A

2 

C2 C1 
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According to the WHO guidelines, male infer-

tility can be predicted through seminal fluid analy-
sis by assessing sperm parameters, which depend 
on sperm concentration, motility, and viability [28]. 
Our study has found that CP significantly de-
creased sperm concentration, hindered sperm mo-
tility, and reduced sperm viability. Testicular dam-
age caused by CP treatment is mainly due to in-
creased generation of ROS: the elevated ROS lev-
els can cause harm to the sperm plasma mem-
brane, leading to lipid peroxidation, DNA fragmen-
tation, and the depletion of mitochondrial ATP. 
These abnormalities in the sperm membrane dis-
rupt membrane fluidity and impair sperm count, 
motility, and viability [29,30]. Similar observations 
were made by Elangovan et al. [31] and Kanno et 
al. [32], both of whom have shown that CP can re-
duce the sperm concentration and lead to the pro-
duction of atypical sperm in rats. Furthermore, the 
CP-induced mitochondrial impairment in the 
sperm can damage the Na+,K+-ATPase and inhibit 
ATP synthesis, impair the sperm’s flagellar motil-
ity, and reduce the ability of the sperm cells to fer-
tilize [33]. 

The group receiving lecithin showed a signifi-
cant increase in sperm concentration, progressive 
sperm motility, and viable sperm count, along with 
a notable decrease in sluggish sperm motility, im-
motile sperm, and dead sperm percentages, when 
compared to those of the positive control group. 
Lecithin, as a source of choline, is believed to indi-
rectly impact spermatogenesis by influencing vari-
ous metabolic pathways and cellular functions. 
The presence of choline in lecithin is essential for 
the cellular membrane structure and function, and 
it may support spermatogenesis by contributing to 
the formation and function of sperm cells. Addition-
ally, choline’s role in liver and brain function as well 
as its antioxidant activity suggest its broader im-
pact on physiological functions, potentially also ex-
tending to reproductive processes like spermato-
genesis [34]. 

Testosterone levels are considered an essen-
tial measure of spermatogenic activity and can be 
used to assess male reproductive health. Testos-
terone serum levels are predictive indicators of the 
testicular function and can help identify male infer-
tility. In this study, the intraperitoneal delivery of 
CP was used in order to induce infertility, resulting 
in a substantial reduction in testosterone levels 
due to increased oxidative stress [23]. However, 
the group treated with lecithin exhibited a signifi-
cant increase in testosterone levels when com-
pared to the CP-treated (positive control) group; 
this can be attributed to the antioxidant effects of 
lecithin. Previous research suggests that antioxi-

dant therapies can lead to an increase in testos-
terone levels [35]. 

Oxidative stress occurs when there is an im-
balance between free radicals and antioxidants, 
leading to male infertility. SOD and GPx are es-
sential markers of the body’s ability to eliminate 
free radicals. The majority of the testicular GPx ac-
tivity is attributed to Leydig cells. In contrast, the 
testicular SOD activity is linked to the seminiferous 
tubules, and is critical in the steroidogenic pathway 
of Leydig cells [36]. In this study, the treatment with 
CP resulted in a significant decrease in testicular 
GPx levels. CP can increase the generation of 
ROS, particularly superoxide radicals, while simul-
taneously reducing glucose-6-phosphate dehydro-
genase (G6PD), glutathione reductase, GPx, vita-
min C, and vitamin E levels [37]. As a result, lipid 
peroxidation increases, as evidenced by the ele-
vated MDA levels. The suppression of the antioxi-
dant system leads to an increase in hydrogen per-
oxide levels, which triggers the Fenton reaction 
and the production of hydroxyl radicals. These rad-
icals have the potential to damage proteins, induce 
lipid peroxidation, and cause DNA damage, ulti-
mately leading to the degeneration of the testicular 
tissues [37,38]. In sperm, GPx plays a protective 
role in maintaining the integrity of lipids within the 
sperm membrane; therefore, it may help protect 
the sperm from any damage caused by ROS and 
oxidative stress.  

Interestingly, the administration of lecithin in 
our study led to a significant increase in GPx levels 
and a substantial decrease in MDA levels (as com-
pared to those of the CP-treated / positive control 
group). These findings align with those of previous 
research indicating that lecithin can mitigate oxida-
tive stress markers, including SOD. A study has 
also shown that lecithin can significantly increase 
the SOD activity in ethanol-induced immunomod-
ulatory settings, highlighting its potential as an an-
tioxidant [38]. 

Chemotherapy can exert detrimental effects on 
spermatozoa and the seminiferous tubules. The 
damage includes reduced tube layer thickness, 
significant loss of Leydig cells, and impaired sper-
matid production, leading to testicular atrophy [39]. 
Additionally, the same study [39] has reported sup-
pressed serum testosterone levels, disrupted 
spermatogenesis, and the presence of oligozoo-
spermia, along with a reduced Johnsen score. 
These findings are in line with the outcomes of 
Kohsaka et al. [40] and Yucel et al. [41], which 
have also demonstrated a decline in the Johnsen 
score and changes in the testicular tissue archi-
tecture following a CP injection in rats. In contrast, 
the experimental group treated with lecithin in our 
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study has exhibited a notable restoration of its tes-
ticular histomorphologic integrity and Johnsen 
score. Prior research has also shown the protec-
tive effects of other antioxidants against the CP-
induced histopathological abnormalities in various 
organs [42-44]. 

Our study’s limitations include difficulties in ob-
taining laboratory animals of the desired weight 
and age due to previous medications or interven-
tions by other researchers. In order to address this, 
researchers could consider establishing selective 
breeding programs. Limited purchasing options 
have made the prompt acquisition of experimental 
materials, kits, and specialized chemical com-
pounds challenging. Creating a university site in 
order to facilitate the researchers’ access to re-
sources and the ordering of inaccessible drugs 
from reliable sources could be beneficial. Further-
more, the limited funding available for the under-
taking of research activities has posed challenges, 
but sharing expenses and resources could miti-
gate the need for new equipment or kits. 

 

5. CONCLUSION 
 

CP administration results in significant oxidative 
stress, leading to substantial damage to the testic-
ular function and integrity of rats. Our study sug-
gests that lecithin can protect against the CP-
induced toxicity. Our findings suggest that lecithin 
might prove promising for use in clinical practice 
as a protective agent against chemotherapy-in-
duced male reproductive toxicity and infertility. 
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