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Abstract 

Cancer is a life-threatening disease caused by genetic mutations leading to uncontrolled cell proliferation. While chemotherapy 

has improved survival, many anticancer drugs produce significant adverse effects, particularly on the male reproductive 

system. Treatment-related gonadotoxicity has therefore become a major concern among cancer survivors. Cyclophosphamide 

(CP) is a widely used alkylating agent for the treatment of various malignancies and autoimmune disorders. Despite its clinical 

efficacy, CP is well known for its detrimental effects on male fertility. Experimental and clinical studies report reduced sperm 

count, motility, and viability, increased sperm abnormalities, and impaired fertilizing capacity. Histopathological changes 

include degeneration of seminiferous tubules, germ cell loss, and disruption of Sertoli and Leydig cells, leading to impaired 

spermatogenesis and testosterone production. Although some recovery may occur depending on dose and exposure duration, 

the extent and pattern of reversibility remain unclear. The present review aims to systematically compile and critically analyze 

existing experimental and clinical evidence regarding cyclophosphamide-induced male reproductive toxicity, focusing on the 

underlying mechanisms, structural and functional alterations, dose- and time-dependent effects, and the potential for recovery. 
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Introduction 

Cancer is a disorder that results from genetic or epigenetic 

alterations in the somatic cells and has abnormal cell growth 

which may be spread to other body parts. It was predicted 

by Global demographic characteristics that about 420 

million new cases of cancer by 2025 annually, which means 

increasing cancer incidence in years (Saini et al.,2020) [38]. 

Globally about 9.6 million in 2018 deaths were estimated in 

cancer which represents the cancer is the second leading 

cause of deaths and about 1 in 6 deaths are due to cancer. 

The commonest cancers are prostate cancer (1.28 million), 

female breast cancer (2.09 million), colorectal cancer (1.1 

million), stomach cancer (1.03 million) and non-melanoma 

skin malignancies (1.04 million). There are various types of 

cancer treatments, surgery, chemotherapy, immunotherapy 

and radiation therapy which depend upon the cancer type 

(Saini et al.,2020) [38]. 

Cyclophosphamide (CP; C7H15Cl2N2O2P, with a relative 

molecular mass of 279.10 g⁄mol; N-bis(2-chloroethyl)1-oxo-

6-oxa-2-aza-1k5-phosphacyclohexan-1-amine hydrate) (Fig. 

1) belongs to the class of oxazaphosphorines is odourless, 

fine white crystalline powder that is soluble in ethanol and 

water (Supriya et al., 2022) [42]. It is a cytotoxic alkylating 

agent, extensively used in chemotherapy as an 

antineoplastic agent for the treatment of various cancers, as 

well as an immunosuppressive agent for organ 

transplantation, systemic lupus erythematosus and other 

benign diseases (Selvakumar et al., 2006) [41]. CP is 

commonly used in the treatment of various malignancies, 

including Hodgkin and non-Hodgkin lymphomas, 

lymphocytic lymphomas, small lymphocytic lymphomas, 

Burkitt’s lymphomas, and multiple myelomas, especially at 

Ann Arbor Stage III and IV (Murata et al., 2004) [31]. 

Additionally, it is used to treat ovarian adenocarcinoma, 

disseminated neuroblastoma, retinoblastoma, nephrotic 

syndrome, breast cancer, leukemia, and retinoblastoma. To 

prevent graft rejection and complications related to graft-

versus-host disease, CP is also used as an 

immunosuppressant before transplantation (Murata et al., 

2004; Olowe et al., 2024) [31, 32]. 

 

 
 

Fig 1: Chemical structure of cyclophosphamide. (Olowe et al., 

2024) [32] 

 
Mechanism of Action of Cyclophosphamide 

Cyclophosphamide (CP) induces testicular toxicity 

primarily through two major mechanisms: DNA alkylation 

leading to germ cell apoptosis, and oxidative stress mediated 

by reactive oxygen species (ROS) (Fig. 2). The first 

mechanism involves the formation of DNA cross-links 

(Ghobadi et al., 2016) [18]. CP after metabolism produces 

two active metabolites, phosphoramide mustard and 

acrolein. These metabolites are bi-functional alkylating in 

nature that can potentially produce DNA-DNA or DNA-

protein cross-links and induce single strand breaks by 

alkylating the DNA at N7 position of guanine (Tripathi and 

Jena 2008) [46]. Phosphoramide mustard exerts cytotoxic 

effects by forming DNA cross-links, thereby inhibiting 
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DNA replication and transcription, which ultimately leads to 

cell cycle arrest and apoptosis of rapidly dividing 

spermatogenic cells (Emadi et al., 2009; Ghobadi et al., 

2017) [16, 18].  

The second major mechanism is oxidative stress. The toxic 

metabolite acrolein promotes excessive generation of 

reactive oxygen species (ROS), resulting in lipid 

peroxidation, protein oxidation, and DNA fragmentation 

within testicular tissue (Ilbey et al., 2009; Selvakumar et al., 

2006) [23, 41]. Increased oxidative stress disrupts the 

antioxidant defence system by reducing levels of enzymes 

such as superoxide dismutase, catalase, and glutathione 

peroxidase, thereby enhancing cellular damage in germ cells 

and Sertoli (Selvakumar et al., 2006) [41]. Cyclophosphamide 

also impairs endocrine regulation of spermatogenesis by 

affecting Leydig cell function and testosterone synthesis. 

Several studies report decreased serum testosterone levels 

following CP exposure, which is associated with 

degeneration of Leydig cells and altered hypothalamic–

pituitary–gonadal axis signalling (Elangovan et al., 2006; 

Abarikwu et al., 2012) [1, 15].  

Anticancer drugs, while effective in eliminating malignant 

cells, also exert cytotoxic effects on normal, healthy tissues. 

The testes, as the primary male reproductive organs, are 

responsible for the production of male gametes 

(spermatozoa) and the synthesis of testosterone, the 

principal male sex hormone that regulates secondary sexual 

characteristics and reproductive. function. Any structural 

damage or functional impairment of the testes can lead to 

decreased sperm count and reduced testosterone levels, 

ultimately resulting in male infertility. Therefore, the 

present review aims to evaluate the impact of 

cyclophosphamide (CP) on the histological architecture and 

biochemical parameters of the testes. 

 

 
 

Fig 2: Mechanism of Cyclophosphamide induced testicular toxicity 

 

Methodology 

The authors followed PRISMA, the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses. 

Recommendations are a minimal collection of things based 

on evidences. The author focused on both experimental and 

non-experimental studies, using four internet databases 

including Google Scholar, PubMed, and Science Direct. 

Research articles published between and were searched for 

using these search engines. Research articles published 

between 2000 and 2025 were searched for using search 

engines. 

 

Effects cyclophosphamide on testicular toxicity 

The testes (testicles) are the primary male reproductive 

glands (gonads) responsible for producing sperm 

(spermatogenesis) and testosterone, which regulates male 

development and sexual function. The testes are composed 

of three principal cell types: spermatogonia or germ cells 

that develop into mature sperm, Sertoli cells that support 

and nurture developing germ cells, and Leydig cells that are 

responsible for testosterone synthesis (Tiwana and Leslie, 

2023) [44]. Testes are highly susceptible to toxicant-induced 

damage, which often results in reduced sperm count, 

impaired fertility, and disrupted spermatogenesis. Multiple  

experimental studies have consistently demonstrated 

significant reductions in serum testosterone levels following 

CPA exposure (Elangovan et al., 2006; Ghosh et al., 2002; 

Samak et al., 2025) [15, 19, 40]. The germ cells are particularly 

susceptible to injury by cytotoxic drugs (Hobbie et al.,2004) 

[20]. 

  

1. Effect of Cyclophosphamide on Body Weight and 

Testis Weight 

Body weight serves as an indicator of overall health, while 

testicular weight and dimensions are particularly crucial in 

toxicity studies (Benbella et al., 2025) [6]. Several 

experimental studies report significant reductions in both 

body weight and relative testicular weight following 

cyclophosphamide administration (Elangovan et al., 2006; 

Ilbey et al., 2009; Salimnejad et al., 2018) [15, 23, 39]. The 

decrease in body weight is associated to systemic toxicity, 

reduced food intake, metabolic stress, and chemotherapeutic 

exposure. Testicular weight reduction is primarily 

associated with seminiferous tubular atrophy, germ cell 

depletion, interstitial oedema, and Leydig cell degeneration. 

Loss of spermatogenic cells and shrinkage of seminiferous 

tubules contribute to reduced gonadal mass. (Ceribasi et al., 

2010; El Gharabawy et al., 2019) [9, 14]. 
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2. Histopathological Changes Induced by 

Cyclophosphamide  

Histopathological examination of testicular tissue following 

cyclophosphamide exposure consistently reveals severe 

structural damage (Anan et al., 2017; El Gharabawy et al., 

2019) [5, 14]. The antineoplastic effects of cyclophosphamide 

are associated with phosphoramide mustard, whereas 

acrolein is linked to toxic side effects like cell death, 

apoptosis, oncosis and necrosis (Jalali et al., 2011) [24]. 

Cyclophosphamide induced testicular toxicity is one of the 

most frequently reported adverse effects in males exposed to 

chemotherapy. Numerous experimental and clinical studies 

demonstrate that CPA causes severe impairment of 

spermatogenesis, leading to reduced sperm count, motility, 

viability, and increased abnormal sperm morphology 

(Mahecha et al., 2001; Selvakumar et al., 2006) [3, 41]. 

Common findings include degeneration and atrophy of 

seminiferous tubules, thinning of the germinal epithelium, 

widening of tubular lumens, and loss or exfoliation of germ 

cells into the lumen (Anan et al., 2017; Ceribasi et al., 2010; 

Elangovan et al., 2006) [5, 9, 15].  

Several studies reported vacuolization and degeneration of 

Sertoli cells, formation of multinucleated giant cells, and 

disruption of the basement membrane, indicating impaired 

support for germ cell development (Bieber et al., 2006; 

Ilbey et al., 2009; Wtwt et al., 2012) [7, 23, 29, 48]. Leydig cells 

also exhibit ultrastructural alterations such as swollen 

mitochondria, dilated endoplasmic reticulum, and reduced 

cellular density, contributing to impaired steroidogenesis 

(Anan et al., 2017; El Gharabawy et al., 2019) [5, 14]. Dose-

dependent severity of histological damage has been 

observed, with higher doses causing incomplete or arrested 

spermatogenesis and minimal recovery even after drug 

withdrawal (Drumond et al., 2011; Supriya et al., 2022) [13, 

42]. 

 
Table 1: Histological changes in testes induced by Cyclophosphamide 

 

Model organism Dose and Duration Histological Changes References 

Rat (Rattus norvegicus) 
70 mg/kg body weight for 16 

hrs 
Degeneration of seminiferous tubules; loss of germ cells Mahecha et al., (2001) 

Rat (Rattus norvegicus) 5 mg/kg/day for 28 days Reduced germ cells and spermatogenesis decreased Ghosh et al., (2002) [19] 

Rat (Rattus norvegicus) 15 mg/kg for 10 weeks Sperm abnormalities 
Selvakumar et al., (2005) 

[41] 

Mice (Mus musculus) 
50–200mg/kg body weight for 

5 weeks 
Reduced testis & epididymis size, tubular damage 

Elangovan et al., (2006) 

[15] 

Rat (Rattus norvegicus) 

Sub-chronic: 100 mg/kg (Day 

1) + 50 mg/kg (Days 2–4); 

Chronic: 6 mg/kg/day 

Germ-cell phase-specific sensitivity; mid-spermiogenic 

spermatids most affected 

Codrington et al., (2007) 

[11] 

Rat (Rattus norvegicus) 6 mg/kg/day for 28 days Impaired spermatogenesis and fertility 
Rezvanfar et al., (2008) 

[37] 

Mice (Mus musculus) 
50–200 mg/kg/week for 5 

weeks 

↓ Epididymis and testis weight, germ cell apoptosis, 

testicular degeneration 

Tripathi and Jena (2008) 

[46] 

Mice (Mus musculus) 100–250 mg/kg for 6 weeks Reduced testicular weight; abnormal spermatozoa Kanno et al., (2009) 

Rat (Rattus norvegicus) 100 mg/kg for 5 days 
 

Irregular seminiferous tubules; germ cell loss Ilbey et al., (2009) [23] 

Rat (Rattus norvegicus) 15 mg/kg/week for 8 weeks Necrosis & vacuolation of seminiferous tubules Ceribasi et al., (2010) [9] 

Rat (Rattus norvegicus) 5 mg/kg/day for 28 days 

Decreased body, testis & epididymis weight, 

degeneration and loss of germ cells, reduced 

seminiferous tubules 

Jalali et al., (2011) 

Mice (Mus musculus) 
150–200 mg/kg multiple doses 

every 4 days for 24 days 

Depletion of differentiating germ cells, partial recovery 

of spermatogenesis  
Drumond et al., (2011) [13] 

Rat (Rattus norvegicus) 
15 mg/kg twice weekly for 4 

weeks 

Reduced sperm production and abnormal sperm 

morphology 
Abarikwu et al., (2012) [1] 

Rat (Rattus norvegicus) 200 mg/kg single dose 
↓ Johnsen score; disrupted germ cell maturation; 

interstitial degeneration 
Ramos et al., (2013) 

Rat (Rattus norvegicus) 150 mg/kg single dose 

Degeneration of spermatogonia and reduced 

spermatids/spermatocytes,  

↓Sperm head count; ↓sperm motility 
Kim et al., (2013) [27] 

Rat (Rattus norvegicus) 100 mg/kg for 6 weeks 
Degeneration, vacuolation, exfoliation of germ cells; 

↓ seminiferous epithelium thickness 
Mohammadi et al., (2013) 

Rat (Rattus norvegicus) 
7.5 mg/kg on 12, 13 and 14 

day of gestation 

Reduced testis weight, smaller seminiferous tubules; ↓ 

germ cells; tumor formation; persistent infertility 
Comish et al., (2014) [12] 

Rat (Rattus norvegicus) 15 mg/kg/week for 5 weeks Tubular atrophy, reduced spermatogenic cells Suryaraj et al., (2016) [43] 

Rat (Rattus norvegicus) 
15 mg/kg twice weekly for 4 

weeks 

Impaired sperm count, motility, daily sperm production, 

and increased abnormal sperm morphology 
Ghobadi et al., (2016) [18] 

Mice (Mus musculus) 150 mg/kg/day for 2 days 

↓ Testicular weight, ↓ sperm count & motility, 

degeneration of spermatogonia & spermatocytes; 

structural testicular damage 
Onaolapo et al., (2017) [33] 

Rat (Rattus norvegicus) 60 mg/kg/week 

↓ Body, testis & epididymis weight; ↓ sperm count, 

motility & viability; ↑ abnormal sperm morphology; 

seminiferous tubule degeneration  
Torabi et al., (2017) [45] 

Rat (Rattus norvegicus) 5 mg/kg/day for 28 days 
Shrunken tubules, reduced epithelial thickness, wide 

lumen 
Anan et al., (2017) [5] 

Mice (Mus musculus) 100 mg/kg/week for 5 weeks Reduced epithelial thickness, cell detachment Salimnejad et al., (2018) 
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[39] 

Mice (Mus musculus) 100 mg/kg single dose 
↓ Sperm count & quality; seminiferous tubule shrinkage 

& germ cell loss 
Pavin et al., (2018) [35] 

Rat (Rattus norvegicus) 6.1 mg/kg/day for 50 days 
↓ Sperm count & germ cells; severe seminiferous tubule 

damage 
Hosseini et al., (2018) [21] 

Rat (Rattus norvegicus) 5 mg/kg/day for 28 days 
Thickened tunica albuginea, shrunken seminiferous 

tubules and widened interstitium with empty lumina 
Gharabawy et al., (2019) 

Rat (Rattus norvegicus) 
50 mg/kg (single or double 

dose) 

Reduced testes weight, spermatocyte & spermatogonia 

apoptosis, empty seminiferous tubules 
Al-Salih et al., (2020) [4] 

Mice (Mus musculus) 10 mg/kg/day for 5 days Increased germ cell apoptosis Liu et al., (2020) 

Mice (Mus musculus) 50. 100, 200, 250 mg/kg 
Incomplete spermatogenesis, partial recovery at lower 

doses and minimal Leydig cell damage 
Supriya et al., (2022) [42] 

Mice (Mus musculus) 150 mg or 250 mg 
Reduced body & organ weights with decreased sperm 

count 
Yser (2023) [50] 

Mice (Mus musculus) 200 mg/kg for 5 days 

Reduced body, testes & epididymis weight with 

decreased sperm motility, high abnormal sperm and 

Sertoli cell vacuolation 
Kim et al., (2023) [26] 

Rat (Rattus norvegicus) 150 mg/kg for one week 

Loss of sperm, disrupted cell layers, dead cells in lumen, 

swelling, and damaged Leydig and Sertoli cells and 

congested blood vessels 
Ghanim (2024) [17] 

Mice (Mus musculus) 100 mg/kg once a week 

Reduced sperm density and quality, vacuolated cells, 

and decrease in the height of germinal epithelium cells 

with reduced seminiferous tubules and germ cells 
Kordedeh et al., (2024) [28] 

Rat (Rattus norvegicus) 40 mg/kg for 28 days 

Reduced testicular weight, sperm count, motility and 

loss of germinal epithelium, disorganized seminiferous 

tubules and congestion of blood vessels 

Priya et al., (2024) 

Rat (Rattus norvegicus) 200 mg/kg for 8 days Distorted tubules; Leydig cell degeneration Samak et al., (2025) [40] 

Rat (Rattus norvegicus) 15 mg/kg/week for 8 weeks Loss of germ cells, spermatogenesis halted Cellat et al., (2025) [8] 

 

Biochemical Changes Induced by Cyclophosphamide 

Biochemically, cyclophosphamide-induced testicular 

toxicity is strongly associated with oxidative stress. CP 

exposure significantly increases lipid peroxidation markers 

such as malondialdehyde (MDA) while simultaneously 

reducing antioxidant defences including superoxide 

dismutase (SOD), catalase (CAT), glutathione (GSH), 

glutathione peroxidase, and glutathione-S-transferase in 

testicular tissue (Selvakumar et al., 2005; Oyagbemi et al., 

2015) [41, 34]. Hormonal disturbances are also prominent, 

with consistent reductions in serum testosterone levels and 

alterations in luteinizing hormone (LH) and follicle-

stimulating hormone (FSH), reflecting Leydig cell 

dysfunction and disruption of the hypothalamic-pituitary-

gonadal axis (Elangovan et al., 2006) [15]. Additionally, CP 

impairs steroidogenic enzymes such as 3β-hydroxysteroid 

dehydrogenase and 17β-hydroxysteroid dehydrogenase, 

further compromising androgen synthesis (Ghosh et al., 

2002; Abarikwu et al., 2012) [1, 19 ]. Increased DNA damage, 

protein oxidation, and activation of apoptotic pathways in 

germ cells have also been widely reported, reinforcing 

oxidative stress as a key mechanism underlying CP-induced 

reproductive toxicity (Tripathi and Jena 2008) [46]. 

 
Table 2: Effects of Cyclophosphamide on Biochemical Parameters 

 

Model organism Dose and Duration Biochemical Changes References 

Rat (Rattus norvegicus) 70 mg/kg body weight for 16 hrs Increased stress response genes Mahecha et al., (2001) 

Rat (Rattus norvegicus) 5 mg/kg/day for 28 days 
↓ Testosterone, ↓ 3β-HSD & 17β-HSD, ↑ 

oxidative stress 
Ghosh et al., (2002) [19] 

Rat (Rattus norvegicus) 15 mg/kg for 10 weeks ↑ Lipid peroxidation; ↓ sperm count & motility 
Selvakumar et al., (2005) 

[41] 

Mice (Mus musculus) 
50–200mg/kg body weight for 5 

weeks 
↓ Testosterone, LH, FSH 

Elangovan et al., (2006) 

[15] 

Rat (Rattus norvegicus) 6 mg/kg/day for 28 days ↑ LPO; ↓ Total antioxidant power; ↓ Testosterone 
Rezvanfar et al., (2008) 

[37] 

Mice (Mus musculus) 50–200 mg/kg/week for 5 weeks ↑ ROS; ↑ DNA damage; ↓ antioxidants 
Tripathi and Jena (2008) 

[46] 

Rat (Rattus norvegicus) 100 mg/kg for 5 days 
 

↑ MDA; ↓ antioxidant enzymes Ilbey et al., (2009) [23] 

Rat (Rattus norvegicus) 15 mg/kg/week for 8 weeks ↑ MDA; ↓ CAT, SOD, GSH Ceribasi et al., (2010) [9] 

Rat (Rattus norvegicus) 5 mg/kg/day for 28 days 
Increased oxidative stress, reduced antioxidant 

defence 
Jalali et al., (2011) 

Rat (Rattus norvegicus) 

 
15 mg/kg twice weekly for 4 weeks 

↓ Antioxidants (SOD, CAT, GSH-Px, GR, GST); 

↑ MDA & LDH; ↓ 3β-HSD & 17β-HSD 
Abarikwu et al., (2012) [1] 

Rat (Rattus norvegicus) 100 mg/kg for 6 weeks ↓ Testosterone, antioxidant levels and hair loss Mohammadi et al., (2013) 

Rat (Rattus norvegicus) 200 mg/kg for 14 days ↓ LH, FSH, Testosterone and ↑ MDA, nitrite 
Oyagbemi et al., (2015) 

[34] 

Rat (Rattus norvegicus) 15 mg/kg twice weekly for 4 weeks 
Decreased antioxidant enzymes and increased 

MDA levels, along with affecting steroidogenic 
Ghobadi et al., (2016) [18] 
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enzymes 

Mice (Mus musculus) 150 mg/kg/day for 2 days ↓ Testosterone, GSH, SOD, CAT; ↑ MDA Onaolapo et al., (2017) [33] 

Rat (Rattus norvegicus) 5 mg/kg/day for 28 days Increased oxidative stress Anan et al., (2017) [5] 

Mice(Mus musculus) 100 mg/kg/week for 5 weeks ↓ Antioxidants (SOD, CAT), ↑ MDA 
Salimnejad et al., (2018) 

[39] 

Mice (Mus musculus) 100 mg/kg single dose 

↑ Oxidative stress, lipid peroxidation, and ↓ 

antioxidant enzymes (SOD, CAT, GP, GST, and 

GR), ↓ testosterone levels 
Pavin et al., (2018) [35] 

Rat (Rattus norvegicus) 6.1 mg/kg/day for 50 days ↓ Testosterone, ↑ MDA  Hosseini et al., (2018) [21] 

Rat (Rattus norvegicus) 5 mg/kg/day for 28 days Oxidative imbalance Gharabawy et al., (2019) 

Mice (Mus musculus) 10 mg/kg/day for 5 days ↓ Testosterone Liu et al., (2020) 

Mice (Mus musculus) 150 mg or 250 mg ↑ LH, ↓ Testosterone Yser (2023) [50] 

Mice (Mus musculus) 200 mg/kg for 5 days ↓ GSH, GR, CAT, ↑ MDA Kim et al., (2023) [26] 

Mice (Mus musculus) 100 mg/kg once a week ↓ Testosterone, ↑ MDA Kordedeh et al., (2024) [28] 

Rat (Rattus norvegicus) 40 mg/kg for 28 days ↓ Testosterone, ↑ Oxidative stress Priya et al., (2024) 

Rat (Rattus norvegicus) 200 mg/kg for 8 days ↓ Testosterone, LH, FSH; ↓ antioxidants Samak et al., (2025) [40] 

Rat (Rattus norvegicus) 15 mg/kg/week for 8 weeks ↑ Inflammation, ↓ antioxidant enzymes Cellat et al., (2025) [8] 

 

Ameliorative and Protective Strategies Against 

Cyclophosphamide-Induced Testicular Toxicity 

Cyclophosphamide-induced testicular damage has prompted 

considerable interest in identifying protective strategies that 

can preserve male reproductive function during 

chemotherapy. Because oxidative stress is a major 

mechanism underlying CPA toxicity, most therapeutic 

approaches aim to strengthen the antioxidant defence 

system. Various ameliorative and protective strategies, 

primarily focused on antioxidant, anti-inflammatory, and 

anti-apoptotic agents, have been identified in preclinical 

studies (mostly in rats) to mitigate these effects (Abu-Risha 

et al., 2022) [2]. Natural compounds with antioxidant 

properties have shown significant potential in restoring 

testicular function, balancing oxidation-antioxidation levels, 

and protecting sperm parameters (Chen et al., 2025) [10]. 

Natural compounds such as rutin (Abarikwu et al., 2012; 

Ghobadi et al., 2016) [1, 18], Vitamin E (El Gharabawy et al., 

2019) [14], melatonin (Ilbey et al., 2009) [23], gallic acid 

(Oyagbemi et al., 2015) [34], Tribulus terrestris (Pavin et al., 

2018) [35], ginger extract (Mohammadi et al., 2014) [30], and 

astaxanthin (Tripathi and Jena 2008) [46] have shown 

protective effects in animal. Rutin acts as an antioxidant that 

protects germ cells from oxidative damage, while vitamin E 

preserves sperm membrane integrity by preventing lipid 

peroxidation. Melatonin enhances antioxidant defense and 

supports spermatogenesis, whereas gallic acid reduces 

oxidative stress and cell damage in testicular tissue. Tribulus 

terrestris may improve testosterone production and 

reproductive function. Ginger extract provides antioxidant 

and anti-inflammatory protection, and astaxanthin 

safeguards cellular membranes against oxidative injury. 

These agents reduce lipid peroxidation, restore antioxidant 

enzymes such as SOD and catalase, improve testosterone 

levels, and help maintain the structural integrity of 

seminiferous tubules.  

 
Table 3: Ameliorative and Protective Effects Against Cyclophosphamide-Induced Testicular Toxicity 

 

Model organism Dose and Duration Biochemical Changes References 

Rat (Rattus norvegicus) 
CP – 5 mg/kg/day 

hCG - 5 I.U./kg/day for 28 days 

hCG restored steroidogenic enzyme activity, ↑ 

testosterone, improved germ cell counts & 

spermatogenesis, ↓ oxidative stress  
Ghosh et al., (2002) [19] 

Rat (Rattus norvegicus) 
CP - 15 mg/kg orally and  

Lipoic Acid- 35 mg/kg i.p.  
LA improved the semen quality and reduced the 

oxidative stress and DNA damage 
Selvakumar et al., (2005) [41] 

Mice (Mus musculus) 
CP- 50, 100, 200 mg/kg/week 

AST- 25 mg/kg for 5 weeks 

AST treatment improved the testes weight, 

sperm count, reduced sperm abnormalities, 

minimized DNA damage. 
Tripathi and Jena (2008) [46] 

Rat (Rattus norvegicus) 

CP- 6 mg/kg/day 

SKEO- 225 mg/kg/day with olive 

oil for 28 days 

SKEO improved CP-induced changes increases 

TAP in plasma and testis, restored body weight, 

increased testosterone levels, sperm quality, 

spermatogenesis and fertility, toxic stress, and 

DNA damage. 

Rezvanfar et al., (2008) [37] 

Rat (Rattus norvegicus) 

CP- 100 mg/kg  

Melatonin- 10 mg/kg 

for 5 days 

Melatonin restored antioxidant enzymes, ↓ 

oxidative stress, improved sperm quality & 

testosterone and preserved seminiferous tubule 

structure 

Ilbey et al., (2009) [23] 

Rat(Rattus norvegicus) 

CP- 15 mg/kg/week 

Lycopene- 10 mg/kg 

Ellagic acid- 2 mg/kg for 8 weeks 

LC or EA treatments improved the CP-induced 

lipid peroxidation, sperm morphology and 

testicular histopathology. 
Ceribasi et al., (2010) [9] 

Rat (Rattus norvegicus) 

CP- 5 mg in 5 ml saline/kg/day 

Crataegus monogyna- 20 

mg/kg/day for 28 days 

Crataegus caused partial recovery of 

spermatogenesis, improved seminiferous tubule 

repopulation, improved organ weights 

Jalali et al., (2011) 

Rat (Rattus norvegicus) 

CP- 15 mg/kg twice weekly 

Rutin- 30 mg/kg in corn oil  

for 4 weeks 

RUT restored antioxidants & steroidogenic 

enzymes, ↓ MDA & LDH and improved sperm 

parameters 
Abarikwu et al., (2012) [1] 

Rat (Rattus norvegicus) CP- 150 mg/kg single dose DADS Improved sperm head count & motility Kim et al., (2013) [27] 



  

548 

Diallyl disulfide (DADS)- 100 

mg/kg for 3 days 

and reduced histopathological damage in testis 

and epididymis 

Rat (Rattus norvegicus) 

CP- 100 mg/kg single dose 

Zingiber officinale (300 & 600) 

mg/kg/day for 6 weeks 

Zingiber ↑ Germ cell counts, restored epithelial 

thickness, ↑ antioxidants, ↑ testosterone and 

improved histology 

Mohammadi et al., (2013) 

Rat (Rattus norvegicus) 

CP- 200 mg/kg  

Gallic acid- 60, 120 mg/kg for 14 

days 

GA increased MDA, LH, FSH and testosterone, 

restored antioxidants and sperm quality 
Oyagbemi et al., (2015) [34] 

Rat (Rattus norvegicus) 

CP- 15 mg/kg twice weekly 

Rutin- 30 mg/kg  

for 4 weeks 

Rutin prevented the decline in sperm quality, 

restored antioxidant and reproductive enzyme 

levels in both the testes and epididymis. 
Ghobadi et al., (2016) [18] 

Mice (Mus musculus) 

CP- 150 mg/kg/day 

Maca- 500 and 1,000 mg/kg for 28 

days 

Maca improved sperm parameters, restored 

testosterone levels, reduced oxidative stress and 

preserved seminiferous tubule structure. 
Onaolapo et al., (2017) [33] 

Rat (Rattus norvegicus) 

CP- 60 mg/kg 

Melatonin- 10 mg/kg 

Zinc oxide- 5 mg/kg for 8 weeks 

Combined effect of melatonin and nZnO was 

more effective, restoring sperm parameters, 

testicular weights and seminiferous tubule 

diameter. 

Torabi et al., (2017) [45] 

Mice (Mus musculus) 
CP- 100 mg/kg/week  

Ghrelin- 80 μg/kg/day for 5 weeks 

Ghrelin reduced lipid peroxidation, ↑ 

antioxidant capacity, improved seminiferous 

tubule structure 
Salimnejad et al., (2018) [39] 

Mice (Mus musculus) 

CP- 100 mg/kg single dose 

Tribulus terrestris- 11 mg/kg for 

14 days 

TT restored antioxidant enzymes, ↑ testosterone, 

improved sperm count & quality and testicular 

structure 
Pavin et al., (2018) [35] 

Rat (Rattus norvegicus) 

CP- 6.1 mg/kg/day American 

ginseng- 500 mg/kg/day for 50 

days 

American ginseng restored testosterone, ↓ MDA 

& DNA damage, improved sperm count & 

seminiferous tubule structure 
Hosseini et al., (2018) [21] 

Rat (Rattus norvegicus) 
CP- 5 mg/kg/day 

Vit E- 200 mg/kg for 28 days 

Vit E improved testicular structure, reduced 

tunica thickness, restored seminiferous structure 
Gharabawy et al., (2019) 

Rat (Rattus norvegicus) 

CP- 10 mg/kg  

5-Fluorouracil- 10 mg/kg/day for 

14 days 

5-FU normalized lipid profile, ↓ cholesterol, 

triglycerides & LDL, restored HDL levels. 
Yahya et al., (2022) [49] 

Mice (Mus musculus) 

CP- 200 mg/kg 

China Dust- 20,40 mg/kg on 1, 3, 

5 days 

CD aggravated oxidative stress intensified CP-

induced systemic and testicular toxicity 
Kim et al., (2023) [26] 

Mice (Mus musculus) 

CP- 100 mg/kg once a week 

Silymarin- 200 mg/kg alternate 

day for 35 days 

Silymarin restored sperm density & quality, ↑ 

testosterone, ↑ antioxidant capacity, ↓ MDA, 

improved seminiferous structure 
Kordedeh et al., (2024) [28] 

Rat (Rattus norvegicus) 

CP- 40 mg/kg 

Hesperidin- 100 mg/kg/day for 28 

days 

Hesperidin improved sperm motility & density, 

restored testosterone, ↓ oxidative stress & 

inflammation, normalized seminiferous tubules 

Priya et al., (2024) 

Rat (Rattus norvegicus) 

CP- 15 mg/kg/week 

Safranal- 200 mg/kg/day for 8 

weeks 

Safranal restored sperm quality, increased 

testosterone & antioxidants, reduced 

inflammation, preserved testicular histology 
Cellat et al., (2025) [8] 

 

Conclusion 

The collective reviewed evidences clearly demonstrates that 

cyclophosphamide exerts pronounced toxic effects on the 

male reproductive system. Testicular damage following 

cyclophosphamide exposure is consistently characterized by 

disrupted spermatogenesis, degeneration of seminiferous 

tubules, loss of germ cells, hormonal imbalance, and 

compromised sperm quality. These effects are largely driven 

by oxidative stress, DNA damage, and apoptosis, with 

developing germ cells showing the highest sensitivity. 

Although the extent of damage varies with dose, duration, 

and route of administration, many studies report long-lasting 

or irreversible fertility impairment, particularly after high or 

repeated doses. Importantly, several experimental 

investigations indicate that antioxidants, natural compounds, 

and hormonal interventions can partially alleviate 

cyclophosphamide-induced reproductive toxicity, 

highlighting oxidative stress as a key therapeutic target. 

Overall, this review emphasizes the need for fertility-

preserving strategies and protective adjunct therapies in 

patients undergoing cyclophosphamide treatment, especially 

in young males and long-term cancer survivors. 
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