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Progress in the study of toxic effects of drugs on the male reproductive system

Abstract 
This paper provides a comprehensive summary of the toxic effects of drugs on the male 
reproductive system, with a special focus on the mechanisms of testicular and sperm damage 
caused by chemotherapeutic agents, antibiotics, and immunosuppressants. Drug-induced 
reproductive toxicity usually manifests through multiple pathways including direct injury, 
interference with hormone regulation, oxidative stress, and DNA damage. These mechanisms 
can lead to impaired spermatogenesis, decreased testicular function, and long-term 
infertility, thereby seriously affecting male reproductive health. Specifically, chemotherapeutic 
drugs, such as cisplatin and cyclophosphamide, have been widely documented to cause 
direct damage to the testes, leading to significant decreases in sperm quantity and quality. 
Antibiotics and nonsteroidal anti-inflammatory drugs also negatively affect reproductive 
function by affecting mitochondrial function and inducing oxidative stress in the testicular cells. 
Although important advances have been made in recent years in the study of drug-induced 
reproductive toxicity, further exploration is needed to assess the variability of individual 
responses to drugs and develop long-term protective measures. Future research should focus 
on developing accurate toxicity assessment methods, customized therapeutic regimens, and 
enhanced fertility protection strategies, such as the use of antioxidants and methods for the 
cryopreservation of testes and sperm. Interdisciplinary collaboration will provide new solutions 
for balancing disease treatment and fertility preservation, especially in the use of high-risk 
drugs, such as anticancer therapies, where achieving both efficacy and reproductive health 
will be an important clinical challenge.
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Introduction

Pharmacotoxicology focuses on the detrimental effects of 
medications in living organisms. Its goals are to identify the toxic 
effects of medications on various body tissues and organs, and 
to provide a theoretical framework for evaluating the safety of 
pharmaceuticals. Drug toxicity has gained importance owing 
to the growing variety and application of modern drugs [1, 2]. 
Pharmacotoxicology not only assesses the safety of drugs at 
therapeutic doses, but also explores the possible negative effects 
of overdose, long-term administration, and chronic exposure 
conditions [3]. Particularly in specialized organ systems such 
as the reproductive system, the issue of medication toxicity is 
especially delicate and intricate [4].
    The testes and spermatozoa of the male reproductive 
system are essential for conception. The testes are vital organs 
for spermatogenesis and are the primary sites for androgen 
testosterone release [5]. The quantity, quality, and function of 
sperm directly determines male fertility, and proper functioning of 
the testes is crucial for sperm production and maturation. However, 
as metabolically active organs with a rich blood supply, the 
testes are highly susceptible to the effects of drugs or chemicals, 
resulting in impaired spermatogenesis and reduced sperm quality 
[4]. Thus, reproductive toxicity studies of drugs have become an 
important part of drug development, pre-market evaluation, and 
safe management for clinical drug use [6].
    Testicular and spermatotoxicity have been reported in varying 
degrees for many chemotherapeutic agents, immunosuppressants, 
and antibiotics [7]. Consequently, assessing the effects of these 
drugs on the male reproductive system and minimizing or 
avoiding their toxicity in clinical settings has become a significant 
and challenging research area [8]. Considering the importance of 
drug-induced testicular and sperm toxicity in both clinical and 
basic research and the complexity of the related mechanisms, 
this review aims to systematically summarize and organize the 
existing research findings. It explores the mechanisms of action 
of different types of drugs on the male reproductive system and 
reveals how drugs may adversely affect testicular and sperm 
functions through direct or indirect pathways. Discussions now 
frequently include ways to mitigate drug-induced damage to the 
male reproductive system through drug dose adjustment, treatment 
regimen optimization, and ancillary protective measures. Through 
this review, we hope to provide drug toxicity researchers, drug 
developers, and clinicians with insights into the effects of drugs 
on male reproductive toxicity and to help them more effectively 
identify and manage the reproductive toxicity risks of drugs in 
clinical practice.

Importance of male reproductive toxicity

Male reproductive toxicity refers to the impairment of the function 
of the male reproductive system by drugs, chemical substances, 
or environmental factors, including negative effects on the testes, 
epididymis, spermatogenesis, and sperm quality and quantity 
[9, 10]. With the widespread use of drugs for the treatment of 
cancer, chronic diseases, infections, and other conditions, there 
is increasing evidence that certain drugs have significant male 
reproductive toxicity. Chemotherapeutic drugs, antibiotics, and 
hormonal drugs, in particular, may irreversibly damage the male 
reproductive system while treating diseases, leading to infertility 
and even offspring health problems [11-13].
    Testicular and spermatotoxicity, the central components of male 
reproductive toxicity, are characterized by direct drug damage 
to the seminiferous tubules and testicular mesenchymal cells, 
or indirectly by impaired spermatogenesis through effects on 
hormone secretion in the hypothalamic-pituitary-gonadal axis. 

Additionally, drugs may cause DNA damage in testicular tissue 
cells through oxidative stress mechanisms, which, in turn, affect 
sperm production and function. Certain medications can even 
cause sperm DNA fragmentation, lowering sperm quality and 
increasing the likelihood of genetic abnormalities in progeny or 
male infertility [13]. Consequently, male reproductive toxicity 
has gained significant attention in clinical care, especially when 
young male cancer patients undergo chemotherapy, necessitating 
consideration of the possible long-term consequences on fertility.
    Globally, the issue of male infertility is increasing, with adverse 
drug reactions being a significant contributing factor. According 
to the World Health Organization (WHO), approximately 15% 
to 20% of couples of reproductive age face infertility problems, 
and testicular dysfunction caused by the toxic effects of drugs 
accounts for a significant proportion of male infertility cases 
[14]. Drug-induced reproductive toxicity is an issue that must be 
carefully considered in young patients, especially in those with 
future fertility plans. Consequently, the effects of drugs on male 
reproductive health have not only attracted widespread attention 
in the medical field but have also become an important ethical 
consideration in drug development and clinical applications.
    In recent decades, advancements in biotechnology and 
molecular toxicology have led to a better understanding of drug-
induced reproductive harm. Numerous preclinical and clinical 
investigations have demonstrated that some medications can harm 
the male reproductive system in several ways [15]. These pathways 
include direct harm to testicular tissue, resulting in spermatogenic 
cell death and preventing spermatogenic tubules from proliferating 
and differentiating, or indirect harm to reproductive function by 
interfering with the hypothalamic-pituitary-gonadal axis and 
affecting the release of important hormones, such as testosterone 
[16]. Chemotherapeutic agents such as cyclophosphamide and 
cisplatin have been widely reported to cause atrophy of the 
seminiferous tubules, disruption of spermatogenesis, and even 
permanent sterility [17, 18]. Additionally, several antibiotics, 
hormonal drugs, antipsychotics, and nonsteroidal anti-
inflammatory drugs (NSAIDs) have been shown to have varying 
degrees of reproductive toxicity [15].

Mechanisms of testicular and sperm toxicity

The testes are the primary organs of the male reproductive 
system, responsible for producing testosterone and carrying out 
spermatogenesis. The pathogenic mechanisms by which drugs 
injure the testes and spermatozoa are intricate and potentially 
disrupt a variety of biological processes and cell types. These 
processes are controlled by a range of cellular and endocrine 
factors as well as the microenvironment. Consequently, drugs can 
affect testicular and sperm functions both directly and indirectly 
through oxidative stress induction or endocrine system disruption. 
Understanding these pathways will be beneficial for both drug 
toxicity research and clinical practice.

Testicular function

As an important component of the male reproductive system, the 
testis performs two main functions: spermatogenesis and androgen 
secretion. The seminiferous tubules in the testis are responsible 
for spermatogenesis, a process that relies on the synergistic 
action of various cells including spermatogonia, Sertoli cells, 
and interstitial Leydig cells [19, 20]. The development of mature 
spermatozoa results from spermatogonia undergoing multiple cell 
divisions and differentiations during spermatogenesis. Supporting 
cells create a blood-testis barrier to shield the spermatogenic 
environment from harmful elements outside while also providing 
structural and nutritional support to spermatogenic cells as they 
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mature. Mesenchymal stromal cells, on the other hand, secrete 
testosterone, a crucial hormone for sustaining spermatogenesis 
and the development of male sexual traits [21].
    The release of testosterone is controlled by the hypothalamic-
pituitary-gonadal axis. Studies have shown that the pituitary 
gland secretes luteinizing hormone (LH), which acts on Leydig 
cells to stimulate testosterone production. Simultaneously, the 
hypothalamus secretes gonadotropin-releasing hormone (GnRH), 
which regulates the secretion of both LH and follicle-stimulating 
hormone (FSH), thereby controlling the spermatogenesis process 
[22]. Drugs may disrupt these cells and their roles in various ways, 
potentially affecting male fertility by impairing spermatogenesis, 
reducing sperm quality, or causing hormonal imbalances.

Potential mechanisms of drug-induced toxicity

(1) Direct damage. The direct mechanism of drug damage to the 
testis mainly involves affecting the structure and function of the 
seminiferous tubules, supporting cells, and spermatogenic cells. 
According to research reports, many chemotherapeutic drugs 
(e.g., cisplatin, cyclophosphamide, etc.) have now been found to 
kill rapidly proliferating cells by affecting the cell cycle, inhibiting 
DNA replication, and inducing apoptosis [23, 24]. The cytotoxicity 
of these drugs not only affects cancer cells but also the rapidly 
dividing spermatogonia, especially the spermatogonia in the 
seminiferous tubules. Chemotherapeutic drugs usually result in 
severe shrinkage of the seminiferous tubules and almost complete 
cessation of spermatogenesis, eventually causing azoospermia or 
severe oligospermia. This damage may be short-term or permanent, 
depending on the drug dose and the duration of exposure. When 
cisplatin is used to treat cancer, studies have revealed that it 
causes spermatogenic cells in the testicular tissue to undergo 
apoptosis, impairing spermatogenesis. In particular, cisplatin 
causes oxidative stress by increasing the generation of reactive 
oxygen species (ROS), which reduces testicular function and 
kills spermatogenic cells. This was confirmed by the findings of 
Ismail, H.Y., et al. who found that cisplatin could damage testicular 
tissues by decreasing serum testosterone levels, epididymal sperm 
counts, and oxidants. Additionally, an antioxidant imbalance was 
detected due to increased malondialdehyde (MDA) and decreased 
glutathione (GSH) levels in testicular tissues [25]. Hyun-Jung Park 
discovered that cisplatin had a harmful effect on spermatogenic 
cells since it drastically decreased the number of spermatogenic 
cells in the testes of mice treated with it. Furthermore, it repressed 
the expression of associated genes [26]. Additionally, the 
alkylating drug cyclophosphamide directly kills spermatogenic 
cells through its toxic byproducts, causing structural alterations 
in the spermatogenic tubules and notable suppression of the 
spermatogenic process [27, 28]. Takeshima found that when 
cyclophosphamide doses exceeded a certain threshold, the 
recovery of spermatogenesis was significantly reduced, potentially 
leading to long-term or permanent infertility [29]. Moreover, 
certain antibiotics (e.g. as tetracycline and chloramphenicol) have 
been found to have negative effects on the male reproductive 
system. These medications may disrupt mitochondrial activity by 
directly affecting testicular cells, thereby affecting spermatogenesis 
and sperm quality [25]. According to a study by Tsai, S. J., chronic 
use of chloramphenicol may cause structural damage to testicular 
cells, resulting in irreversible spermatogenic problems, and 
tetracyclines can drastically lower sperm counts and viability [30].
    (2) Hormonal interference. Drugs affecting male reproductive 
system function by interfering with the regulation of the 
hypothalamic-pituitary-gonadal (HPG) axis are a common indirect 
mechanism of toxicity. According to the current study by Dwyer 
et al., drugs can significantly affect the male reproductive system 
by interfering with the regulation of the hypothalamic-pituitary-

gonadal (HPG) axis [31]. The HPG axis is a key endocrine system 
that regulates the secretion of androgens (e.g., testosterone) and 
spermatogenesis. Any disruption of this axis results in abnormal 
testosterone levels, which can affect testicular function and 
spermatogenesis [32][31]. The hypothalamic-pituitary-gonadal 
(HPG) axis is the center of human reproduction. This axis 
includes neuroendocrine networks that integrate a wide range 
of internal and external inputs to coordinate the reproductive 
capacity. Gonadotropin-releasing hormone (GnRH) is the primary 
regulator of reproduction; GnRH controls gonadotropin secretion 
and subsequently, gonadal (testicular) function [31]. Studies have 
indicated that steroid hormones (e.g., exogenous testosterone 
or anabolic steroids) can inhibit the secretion of GnRH and LH 
(luteinizing hormone) through a negative feedback mechanism, 
which can lead to a decrease in endogenous testosterone 
production [33]. Studies by Gu Y. have shown that this inhibitory 
mechanism is particularly pronounced in exogenous testosterone 
supplementation or steroid abusers, and is characterized by 
atrophy of the seminiferous tubules, a significant reduction in 
sperm count, and possibly even azoospermia [34]. In addition, the 
regulation of the HPG axis is influenced by a variety of hormones 
and growth factors. GnRH is the core hormone secreted by the 
hypothalamus, which controls the secretion of LH and follicle-
stimulating hormone (FSH), thereby regulating testosterone and 
spermatogenesis in general [35]. It has been discovered that any 
disruption of the HPG axis, including pituitary or hypothalamic 
dysfunction, can result in insufficient gonadotropin secretion, 
leading to hypogonadism, which impairs spermatogenesis and 
lowers male fertility [36]. These studies suggest that during 
treatment with hormonal drugs or modulation of the HPG axis, 
the potential effects of these drugs on the male reproductive 
system should be carefully evaluated. Patients who abuse steroids, 
especially those who use high doses of hormones, should be alerted 
to their long-term negative effects on spermatogenic function.
    (3) Oxidative stress. Oxidative stress is one of the important 
mechanisms by which drugs trigger testicular toxicity. Oxidative 
stress is a pathological process in which reactive oxygen species 
(ROS) or free radicals are overproduced and exceed the body's 
antioxidant capacity, thereby triggering cellular damage. The 
testis is susceptible to oxidative stress because of its active 
metabolic activity and high level of cell division activity during 
spermatogenesis [37]. When ROS production of reactive oxygen 
species exceeds the scavenging capacity of the body's antioxidant 
system, spermatogenic cells, supporting cells (Sertoli cells), and 
Leydig cells in the testis are susceptible to damage [38]. According 
to Akhigbe R, chronic cocaine use leads to testicular cell death 
and loss of testicular function through the TNF-alpha/nitric oxide/
oxidative stress-mediated caspase-dependent apoptotic pathway 
[38]. Certain drugs (e.g., anticancer drugs, nonsteroidal anti-
inflammatory drugs, NSAIDs, antibiotics) can damage testicular 
cell membranes, proteins, and DNA by increasing the production 
of ROS [39]. For example, doxorubicin (DOX) is used to treat a 
variety of cancers; however, DOX-induced oxidative stress can 
lead to testicular damage [40]. However, according to Malayeri 
A., they found that Diosmin (DIO) attenuates DOX-induced 
testicular toxicity through its antioxidant activity [40]. Studies 
have shown that oxidative stress leads to apoptosis or necrosis of 
spermatogenic cells, impairs the function of Sertoli and Leydig 
cells, and destabilizes the microenvironment of the testis [41]. In 
addition, oxidative stress severely affects spermatozoa viability, 
motility, and morphology and reduces fertilization, which is 
strongly associated with male infertility [42]. Studies have shown 
that oxidative stress-induced sperm DNA fragmentation not only 
affects sperm fertility, but may also increase the risk of miscarriage 
and genetic disorders in the offspring.
    (4) DNA damage. Drug-induced DNA damage is mainly 
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characterized by damage to the DNA structure of sperm cells and 
their precursor cells. Drug-induced DNA damage is one of the 
main mechanisms that affect sperm cells and their precursor cells. 
Currently, the incidence of tumors remains high worldwide, and 
chemotherapy drugs are commonly used to treat tumors. These 
drugs not only target tumor cells but also affect normal cells [43]. 
Chemotherapy drugs significantly affect the spermatogenesis 
process by binding directly to DNA, causing cross-linking, 
breaking, and preventing its replication or repair, ultimately 
triggering apoptosis. This damage leads to the apoptosis of 
spermatogenic cells, which prevents spermatogenesis. Alkylating 
agents such as cisplatin and cyclophosphamide have strong DNA-
damaging properties. Cisplatin, a widely used platinum-based 
chemotherapeutic agent, forms DNA-protein cross-links, induces 
DNA double-strand breaks, and activates intracellular apoptotic 
pathways, leading to the death of spermatogonia and other 
spermatogonial cells [44]. According to a study by Tharmalingam, 
cisplatin exposure results in a significant reduction in the total 
number of germ cells in the human fetal testis, with a reduction 
in the initial loss of spermatogonia, the main lymphoid cells. 
Additionally, it was shown that cisplatin exposure had a similar 
effect on the total germ cell count (including spermatogonial stem 
cells) in prepubertal human testicular tissue [45]. DNA damage 
not only affects the quantity and quality of sperm but may also 
profoundly impact the genetic information that sperm passes 
on to the offspring. Sperm DNA fragmentation is considered 
an important indicator of male infertility and is associated with 

decreased sperm motility, reduced fertilization rates, poor embryo 
development, and an increased risk of miscarriage. Some studies 
have shown that even when spermatogenesis is restored in men 
after chemotherapy, the sperm produced may still carry DNA 
damage, which may adversely affect the health of the offspring. 
Overall, both chemotherapy and exogenous hormonal agents can 
interfere with the normal functioning of the male reproductive 
system by affecting hormone production, triggering oxidative 
stress, and causing direct cellular damage. Figure 1 shows effects 
of drugs on the reproductive system.

Prevention of drug toxicity

Effective preventive and control measures are crucial because 
drug-induced toxicity to the testicles and sperm can have a 
significant impact on male fertility and the health of future 
generations. In addition to using protective medications and 
implementing fertility protection measures, toxicity prevention and 
management can reduce toxicity by modifying drug dosages and 
improving treatment plans depending on the cause of drug toxicity 
(Figure 2). Furthermore, monitoring the reproductive health of 
patients is an important aspect of toxicity management.

Dose adjustment and treatment optimization

The toxic effects of drugs are usually closely related to the 
dose and duration of treatment, making dose adjustment and 

Figure 1. Effects of drugs on the reproductive system.
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optimization of treatment regimens crucial measures to reduce 
reproductive toxicity [46]. Different dosages of medication and the 
determination of the administration duration need to be tailored to 
different types of diseases. In treating cancer and chronic diseases, 
which often require prolonged treatment, individualized treatment 
regimens should be developed based on the patient's reproductive 
needs, underlying health status, and the risk-benefit ratio of the 
treatment. For example, certain chemotherapeutic drugs (e.g., 
cisplatin and cyclophosphamide) are highly toxic to reproduction, 
and clinical considerations may involve reducing reproductive 
damage by lowering the dose or shortening the course of treatment.
It has been shown that cisplat in signif icantly affects 
spermatogenesis over a range of doses, with long-term effects 
on the survival of undifferentiated spermatogonial stem cells 
in particular [47]. Therefore, reducing the dose of cisplatin or 
employing a phased chemotherapy strategy may decrease the risk 
of harm to the reproductive system. Similarly, cyclophosphamide 
dose modifications and real-time dose monitoring have been 
demonstrated to reduce harmful effects on the reproductive 
system, especially during long-term treatment [48]. In anticancer 
therapy, selecting a specific time window for dosing may help to 
minimize damage to germ cells [47]. For instance, spermatogenic 
cells are more sensitive to chemotherapeutic agents at specific 
cell cycle stages; therefore, phasing chemotherapy can minimize 
interference with spermatogenesis. Additionally, studies have 
proposed optimizing chemotherapy regimens by modulating 
the use of cell cycle inhibitors to reduce negative effects on the 
reproductive system [49]. For some chronic diseases treated over 
long periods, medication can be appropriately discontinued or 
intermittently used during the treatment cycle, potentially partially 
restoring the spermatogenic function.

Application of complementary medicines

Oxidative stress is one of the primary mechanisms through which 
many drugs trigger testicular and sperm toxicity. Hence, the use 
of antioxidants as adjunctive therapeutic agents can be effective 
in mitigating reproductive damage caused by oxidative stress. 
Common antioxidants include vitamin C, vitamin E, coenzyme 
Q10, glutathione, etc. [50]. These antioxidants can improve sperm 
quality by scavenging reactive oxygen species (ROS) from the 
body and reducing damage to testicular tissue and sperm cells.
    It has been shown that the coenzyme Q10 concentration 
in seminal plasma is directly related to semen parameters, 
especially sperm count and motility. CoQ10 concentrations vary 
in various male infertility states such as varicocele, hypospermia, 
and pharmacologic or surgical treatments for male infertility, 
suggesting that CoQ10 plays a vital role in maintaining and 
improving semen quality [51]. According to Nguyen's study, a 
micro-supplement containing 60 mg of vitamin E, 400 mcg of 
folic acid, 30 mg of selenium, 125 mg of L-arginine, 220 mg of 
L-carnitine, 7.5 mg of coenzyme Q10, 40 mg of L-glutathione, and 
20 mg of zinc citrate, supplemented for 3 months, significantly 
improved sperm quality and decreased the DNA fragmentation 
index (SDF), thereby reducing oxidative stress-induced DNA 
damage [52]. This further supports the hypothesis that antioxidants 
such as glutathione and vitamins C and E can enhance male 
reproductive health by shielding sperm cells from ROS.
    Regarding endogenous hormone suppression caused by 
exogenous hormones or chemotherapy, hormone replacement 
therapy can preserve or restore spermatogenic function. 
Specifically, after discontinuing exogenous testosterone, treatment 
with a combination of follicle-stimulating hormone (FSH) and 
human chorionic gonadotropin (HCG) can increase testicular 

Figure 2. Prevention of drug toxicity.
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testosterone production and restore spermatogenic function [53]. 
While FSH promotes sperm production by activating Sertoli cells, 
HCG functions similarly to luteinizing hormone (LH) by inducing 
testosterone secretion from Leydig cells [54]. Wenker reported 
that in a trial of 49 male patients, 95.9% experienced recovery in 
spermatogenesis following HCG combination therapy, with a mean 
recovery period of 4.6 months [53]. Furthermore, GnRH analogs 
have been utilized to increase the pulsatile release of GnRH, which 
indirectly stimulates spermatogenesis and aids in its restoration by 
modulating the hypothalamic-pituitary-gonadal axis to enhance 
endogenous gonadotropin secretion [55].

Methods of resuming treatment

For drugs that produce severe testicular and sperm toxicity, 
especially hormonal or chemotherapeutic drugs, prompt 
discontinuation may facilitate the partial or complete recovery of 
spermatogenic function. Studies have shown that some patients 
regain spermatogenesis within months to years after drug 
discontinuation. Recovery depends on the drug type, dosage, 
length of treatment, and individual patient characteristics. As 
previously discussed, cisplatin is a common platinum-based 
chemotherapeutic medication that binds to DNA, forming DNA-
protein cross-links and DNA double-strand breaks, significantly 
impairing rapidly dividing spermatogenic cells [44, 45]. In 
contrast, recovery after cisplatin chemotherapy shows that 
approximately 50% of patients regain spermatogenic function 
after two years, and this percentage can be as high as 80% after 
five years. The speed and extent of recovery are closely related 
to the chemotherapy dose and cumulative exposure time [56]. 
Cyclophosphamide and other chemotherapy drugs can also 
significantly impact spermatogenesis. The damage caused by 
cyclophosphamide to spermatogenic cells was dose-dependent, 
with greater dosages resulting in more pronounced spermatogenic 
impairment. High-dose exposures may cause long-term decreased 
fertility, but some individuals may see a return of spermatogenic 
function within 12 to 24 months of discontinuing the medication. 
Similarly, spermatogenic activity in patients taking exogenous 
hormones often returns to normal after three–12 months of 
discontinuing the medication, although some patients may require 
more time [57].

Application of reproductive protection measures

Sperm cryopreservation is a crucial fer tility protection 
technique for male patients who require extremely hazardous 
pharmacological treatments, such as cancer patients receiving 
chemotherapy or radiation therapy. According to previous studies, 
spermatogenic activity might be severely impaired and perhaps 
permanently infertile as a result of cancer therapies, such as 
chemotherapy and radiation. According to Q Li's study, sperm 
cryopreservation is now a clinically mature technique that can 
effectively preserve fertility in patients [58]. Therefore, prior 
to treatment, patients may choose to have their semen samples 
cryopreserved for future use in assisted reproductive technologies 
(ART), such as in vitro fertilization (IVF) or artificial insemination 
(IUI) to provide reproductive opportunities [59]. Significant 
variations between sperm quality and post-cryopreservation 
survival rates were found in this study, which examined the impact 
of sperm cryopreservation in patients with a range of cancer types, 
including testicular tumors and hematologic malignancies. For 
instance, patients with hematologic malignancies had a reduced 
recovery rate following cryopreservation, but individuals with 
testicular cancer demonstrated a considerable decline in semen 
quality both before and after cryopreservation, with a failure 
probability of almost 10%, whereas frozen sperm conception rates 
were approximately 28%, miscarriages were 13%, and live births 
were 20%, according to a systematic review and meta-analysis 
that included data from over 32,000 patients with cancer [58]. 
These data further support the importance of fertility preservation 
prior to cancer treatment and suggest that ART with frozen sperm 
during or after treatment can be effective in improving fertility 
chances.
    Testicular tissue cryopreservation is an alternative treatment 
for boys who have not yet reached puberty or for patients with 
azoospermia. Through cryopreservation of testicular tissue, it 
is hoped that in the future, techniques such as in vitro culture of 
spermatogonial cells or testicular transplantation will help patients 
regain their reproductive function [60, 61]. Although TTC is still 
in the experimental stage, several studies have demonstrated 
the potential for generating spermatozoa by testicular tissue 
transplantation or in vitro culture in animal models. For instance, 

Table 1. Preventive measures for different drug toxicities.

Drug type Mechanisms of toxicity Protective measure Complementary medicine/
treatment References

Chemotherapeutic agent	
	

DNA damage, oxidative 
stress

Antioxidant use, dose 
adjustment, staged therapy	

Vitamin C, Vitamin E, Coenzyme 
Q10

[43, 44], 
[50] ​

Hormone drugs	 Endocrine regulation 
disruption

Discontinuation, hormone 
replacement therapy HCG, FSH combination therapy [62]

Antibiotics	
	

Mitochondrial 
dysfunction, direct 
toxicity

Dose adjustment, 
discontinuation Coenzyme Q10, Glutathione [62, 63]

Immunosuppressant	
		

Immunomodulation, 
cytotoxicity

Dose monitoring, 
immunosuppressant 
replacement

Methotrexate, Rituximab [62]

Nonsteroidal anti-
inflammatory drug 
(nsaid)	

Oxidative stress, 
mitochondrial 
dysfunction	

Antioxidant use, reduced 
frequency of drug use Coenzyme Q10, Coenzyme A [64]
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autologous transplantation has been used to successfully produce 
viable spermatozoa in primates [61]. Although its practical 
use in humans has not yet received widespread validation, it 
might eventually prove to be a useful tool for protecting young 
cancer patients' fertility. In addition, different response protocols 
can be designated by drug class for the effects of different 
drugs on the reproductive system. For example, antibiotics, 
immunosuppressants, and non-steroidal anti-inflammatory drugs 
(NSAIDs) [62-64], whether their mechanisms of action are the 
same and whether the same prevention programs can be used 
(Table 1). 

Discussions and outlook

In this study, we focused on the toxic effects of drugs on the male 
reproductive system, particularly on the mechanisms of damage to 
the testes and spermatozoa by chemotherapeutic drugs, antibiotics, 
and immunosuppressants. The reproductive toxicity of drugs 
occurs through four main mechanisms: direct injury, hormonal 
interference, oxidative stress, and DNA damage, which lead to 
impaired spermatogenesis, impaired testicular function, and even 
long-term infertility. The toxicity of chemotherapeutic drugs, 
such as cisplatin and cyclophosphamide, significantly disrupts the 
process of spermatogenesis, and hormonal drugs indirectly affect 
reproductive function by interfering with the regulation of the 
hypothalamic-pituitary-gonadal axis. Oxidative stress mechanisms 
play an important role in the toxicity of anticancer drugs, leading 
to apoptosis and DNA damage and further affecting sperm quality. 
Despite the progress made in the study of the reproductive toxicity 
of drugs, more in-depth exploration is needed to assess individual 
differences and long-lasting protective measures.
    In the future, further development of precise reproductive 
toxicity assessment methods and individualized treatment 
protocols will help to better protect male fertility. Meanwhile, 
the optimization of adjuvant therapy and fertility preservation 
techniques, such as antioxidant application and cryopreservation 
of sperm and testicular tissues, should also be the focus of future 
research. Multidisciplinary collaboration will provide new 
solutions to minimize drug toxicity and protect patient fertility, 
especially during the use of high-risk drugs such as cancer therapy, 
where balancing therapeutic efficacy and fertility protection 
will become an important clinical challenge. A greater balance 
between treating illness and reproductive health is anticipated in 
the future by bolstering ethical considerations in clinical practice 
and medication development.

Conclusion

This review focuses on the toxic effects of drugs on the male 
reproductive system, particularly the possible mechanisms of 
damage to the testes and spermatozoa by chemotherapeutic 
drugs, antibiotics, and immunosuppressants. Difficulty in 
spermatogenesis and testicular hypoplasia may trigger male 
infertility, which is the main cause of reproductive toxicity of 
drugs. This can result from oxidative stress, hormone disruption, 
physical injury, or DNA damage. Further research is required 
to evaluate individual differences and long-term preventative 
measures, despite notable advancements in the study of 
reproductive toxicity. To effectively preserve male fertility, 
research should create customized treatment plans and techniques 
to determine reproductive toxicity.
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