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Introduction
Male infertility accounts for about 50% of infertility cases [1]. 

Anatomic, genetic, endocrinological, environmental, behavioral and 
nutritional imbalances are critical causes of male infertility [2-5]. 
Therapeutic drugs can also adversely affect male fertility  by injuring 
testicular cells or instigate hormonal changes that lead to decreased 
semen quality (Figure 1) thereby compromising the production of 
competent spermatozoa [6,7]. The male reproductive system is a 
complex and sensitive regulated process that can be disturbed following 
exposure to toxic compounds. Besides genetic defects, it is believed 
that most of male reproductive anomalies depend on exogenous toxic 
exposures, the so called Testicular Dysgenesis Syndrome [8]. 

Underlying mechanisms of toxicity depend on the stage of exposure, 
either in-utero, puberty or adulthood. Frequent presentations comprise 
cryptorchidism, hypospadias, and anomalies of the excretory channels 
and accessory glands. Later in life, the main disturbances are reflected 
in testicular tumors and altered spermatogenesis (Table 1).

Development of medicines is a long and expensive process, with 
about 30% of failures due to toxic events [9,10]. Toxicity screening aims 
to identify cell toxicity and the underlying causes, in order to establish 
the better dose range under which a medicine can be devoid of adverse 
side-effects, with studies mainly concentrated on kidney, liver and 
neuronal cells and tissues [9,11,12]. 

However, the male reproductive system may also be a target for 
pharmacological drug toxicity and their impact on the reproductive 
function becomes nowadays a crucial aspect of research especially in 
cancer patients because their survival has increased, being patients 
more and more free of the disease still on reproductive age [13,14].

Testicular toxicity testing represents a challenging issue during 
preclinical trial stages, due to the lack of simple and robust screening 
methods [15,16]. Histopathological, hormonal and semen parameters 
evaluations are the most commonly employed methods to assess 
testicular and pharmacological drug genotoxicity [17,18]. While animal 
histopathological procedures are an accepted method to evaluate 
genotoxicity, these are mainly descriptive, being unable to measure the 
toxicity degree and to discriminate between genotoxicity and nontoxic 

testicular changes (related to immaturity or to spontaneous conditions) 
[19,20]. Over the last years, alternative methods, such as evaluation of 
testicular cell proliferation [21], changes in gene and protein expression 
[22-24] or epigenetic regulation [25,26] have been developed.  

The present study reviews the current methods and advances in the 
study of the effects and mechanisms involved in pharmaceutical drug 
toxic effects on male reproductive function.

Method
Drug development a step-by-step process

Development of medicines involves several procedures to attest 
its safety and efficacy in order to be approved and legalized as a new 
chemical entity to be population used [9].

The preclinical trial process begins within the laboratory, where a 
new compound is tested in-vitro and subsequently in-vivo, using at least 
two animal models [27]. Firstly, exploratory toxicology experiments 
are of dose-ranging nature, typically acute or of short-term. At this 
phase, which may exceed 4 years, research is dedicated to identify the 
major target organs and physiological systems affected by the drug, and 
screen for specific drug’s toxicity and evaluation of pharmacological 
effects. During the same period genotoxicity is also investigated [9,28]. 
As a substantial number of compounds do not surpass the preclinical 
investigation stage due to the lack of evaluation tools that can accurately 
monitor toxicity, efforts have been made to improve the newly available 
organ-specific toxicity detection tools through the identification and 
characterization of toxicity biomarkers [28-31].
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Abstract
Medical drug development is a crucial research field that attends to population healthcare needs, comprising 

several preclinical and clinical steps before the approval of a new compound. One major cause of pharmaceutical drug 
development failure is toxicity, especially in respect to kidney and liver. Nonetheless, the male reproductive system 
may also be a target for drug toxicity. Although the reproductive health is an important component of the person 
life, reproductive toxicology testing is rarely performed, both in pre-clinical and clinical trial phases. As reproductive 
and testicular toxicity is found at a low incidence during the early stages of drug development, companies devote 
the majority of research investments to more frequent areas of toxic occurrence. It is here suggested the inclusion 
of comprehensive studies and more precise methods to uncover the toxic reproductive effects and causes when 
developing new pharmacological drugs.

Assessing Male Reproductive Toxicity during Drug Development
Mario Sousa1,2, Carolina Ferreira1, Ana Rabaca1 and Rosália Sa1*
1Department of Microscopy, Laboratory of Cell Biology, Multidisciplinary Unit for Biomedical Research (UMIB), Abel Salazar Institute for the Biomedical Sciences (ICBAS), 
University of Porto (UP), Porto, Portugal
2Centre for Reproductive Genetics Professor Alberto Barros (CGR-ABarros), Porto, Portugal

mailto:rmsa@icbas.up.pt


Volume 6 • Issue 2 • 1000185
Andrology (Los Angel)
ISSN: 2167-0250 ANO, an open access journal 

Citation: Sousa M, Ferreira C, Rabaca A, Sa R (2017) Assessing Male Reproductive Toxicity during Drug Development. Andrology (Los Angel) 6: 185. 
doi: 10.4172/2167-0250.1000185

Page 2 of 6

When the chemical passes the preclinical trial stage, the firm creates 
an Investigational New Drug Application with the Food and Drug 
Administration (FDA), presenting the pharmacological profile and 
the preclinical results of short-term toxicity [9,32]. If the application is 
approved, clinical trials can be started after a 30 day period. 

Clinical trials are divided into three different phases: 

Phase-I are studies conducted in a small number of healthy 
volunteers designed to determine the safe dose range and toxicity [33].

Phase-II begins when the drug reveals safe to be tested in a larger 
sample of volunteers who have the medical condition to whom the 
product is intended to treat [34]. 

Phase-III starts if the compound remains promising, and is tested 
in a larger sample of subjects with the disease of interest, now using 
distinct doses and schedules [35]. 

The principal aim of this final phase is to clinically demonstrate 
the safety and efficacy of the new product. With this large number of 

Figure 1: Potential effects of pharmaceutical drugs on male reproductive system. Testicular function, including androgen secretion and the production of 
fertile sperm, can be adversely affected by pre-testicular, testicular and post-testicular mechanisms. FSH: Follicle Stimulating Hormone, INHB: Inhibin B, LH: 
Luteinizing Hormone, T: Testosterone.

  Drugs Species/Reference Possible outcome

In utero development

-Chemical pesticides Human [63,64] - Disruption of endocrine system
-Polychlorinated biphenyls Fish [65,66] - Increase of congenital anomalies (cryptorchidism and hypospadias)
-Dioxin Mice and rats [67-69]  
-Receptor antagonists used in treatment of 
cancer    

-Derivatives of estratdiol    

Puberty and adulthood

-Environmental endocrine disrupting chemicals Humans [70] - Alteration of endocrine/paracrine status (influence on accessory male 
sex glands)

-Industrial solvents Mice [71] - Alteration of testicular function (spermatogenesis) and histology (Leydig 
and Sertoli cells)

  Rats - Disruption of blood-testis barrier
    - Testicular cancer development

Table 1: Male reproductive tract toxicity during man’s developmental stage.
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in-vivo hormonal assays and semen analysis. Even though cooperative 
efforts have been made to establish strict guidelines for reproductive 
toxicity assessment during drug development, standard protocols have 
not yet been established and, as a consequence, discrepancies between 
research centres and countries still exist [48]. Drug safety relies on 
studies for genetic, carcinogenic, reproductive and development 
toxicity [49]. In order to identify the best approach for genotoxicity 
assessment, researchers have conducted numerous validation studies 
to calculate the effectiveness of current screening tools. For instance, 
it was reported that a 2-week drug treatment was sufficient to analyse 
drug toxicity-induced damages to male rat reproductive organs [48]. In 
humans, since each spermatogenic cycle takes about 76 days, testicular 
toxicity analysis should be performed at the beginning and at each two 
months [50,51].

Several animal characteristics must be taken into account when 
selecting a species for toxicological studies in order to achieve the 
most similar toxic reactions to those of humans: should have a good 
reproductive capacity; number of animals required and associated 
costs; sexually mature, with the presence of semen checked prior to drug 
exposure; spermatogenesis of immature animals may be erroneously 
misinterpreted as impaired spermatogenesis; immature animals, rich 
in spermatogonia stem cells, could be excellent animal models for 
child medicines [52]; qualitative and quantitative measurements, such 
as hormonal levels [53], animal weight and overall health status, must 
be carefully examined; determine drug cell and tissue metabolism, and 
the pharmacological curve; define length of treatment and dose used; 
document late onset events such as chronic toxicity [54-56]. Despite 
the relevant importance for human diseases, experiments should also 
minimize animal suffering [57].

Nevertheless, the ultimate conclusions will be given from human 
observations [58]. Several techniques have been developed to study 
genotoxicity in-vitro, such as testicle organ slice evaluation and sperm 
suspensions [59-61].These methods not only can provide more real 
determinations regarding drug toxic effects but can also aid to develop 
biomarkers to be latter used for toxicity monitoring [62]. Furthermore, 
researchers must acknowledge that in-vitro findings do not represent 
the real physiological conditions as lack tissue interactions [48].

Some of the most common sexual organ drug-induced lesions 
found on males exposed to therapeutic drugs include the epididymis, 
seminiferous tubules, testicular dysfunction, altered semen parameters 
and azoospermia [17]. Even though these issues are a main concern 
for patients who might possibly be treated with these drugs, most 
genotoxicity testing focus its attention on pregnancy outcomes 
and embryo development aspects. Thus, human in-vitro studies 
for reproductive toxicity are suggested to be fully introduced when 
developing new pharmacological drugs (Table 2) and before widespread 
exposure to patients. 

Discussion and Conclusion
During drug toxicity assessment it is important to evaluate male’s 

hormonal profile and reproductive tract function in order to identify 
any alterations that might result in spermatogenesis and sperm defects. 
The current methods for evaluating genotoxicity and semen quality 
in-vitro in humans are well defined and of low invasiveness and thus 
should be implemented as common practice. 

patients it is then expected to observe side effects. If adverse effects 
are not life-threatening and considered minor and rare, and if the 
treatment attains its clinical purpose, the results of all clinical stages are 
submitted as a New Drug Application to the FDA [9,28,36]

Male reproductive function concerns during the drug 
development phase

The male reproductive system is highly sensitive to toxicant-induced 
damages and the available procedures for detecting genotoxicity are 
fairly limited [37]. Medicines may cause endocrinological evident body 
changes, libido loss, anejaculation, oligozoospermia and azoospermia, 
which pose a problem during pharmaceutical drug development 
[31]. The majority of testicular toxicants show an early cell-specific 
and spermatogenesis stage-specific pattern of damage, and both 
morphological and molecular evaluations of the testis, epididymis and 
sperm may give important information [38]. 

Apart evident body changes, the reproductive function is currently 
evaluated by measuring hormonal levels and semen parameters before 
and after treatment [18]. According to World Health Organization 
guidelines men with normal semen analysis and proven fertility should 
be included in the analysis under placebo treatment [39]. Regarding 
hormones, follicle stimulating hormone, luteinizing hormone, 
estradiol, progesterone, prolactin, testosterone, inhibin B (Sertoli cell 
product), anti-Mullerian hormone (Sertoli cell product) and insulin-
like peptide 3 (Leydig cell product) can be easily performed [40,41]. 
However, changes may be undetectable in cases of mild testicular 
injury [31]. 

Consequently, other tools are also used to predict testicular 
dysfunction, such as histopathology and molecular biomarkers of 
testis and sperm function. Histopathology studies can only be used 
in experimental animals [31]. Of the sperm biomarkers, the human 
sperm membrane protein SP22 was shown to decline after exposure 
to both epidydimal and testicular toxicants in rat and ram models, 
changes in human sperm gene expression or mRNA transcript content 
[24,42-44]. DNA methylation profile during human spermatogenesis 
were correlated with impair of sperm quality (such as concentration, 
morphology and motility); and another specific group of sperm mRNA 
transcripts was shown to predict low level exposures to Sertoli cell 
toxicants in the rat [45-47]. 

In the last 5 years, early testicular toxicity was reported in a few 
drug development programs. Other treatment programs employed 
patients with distinct life profiles, rendering the effect of the drug or 
other concomitant environmental factors impossible to discern as the 
causative testicular toxicity. Additionally, some treatment regimens 
contain a mixture of different drugs, which precludes individual drug 
effects [17,18]. These observations suggest that the reproductive welfare 
should be of major concern during drug development not only on the 
recognition of clinical sexual function but also on the nonclinical signs 
of testicular and sperm toxicity in humans, with a research effort in 
developing new biomarkers or a panel of biomarkers to assess earliest 
testicular damage.

Male reproductive function evaluation during 
pharmacological drug development

Human reproductive function is dependent on complex 
interactions between numerous cells and organs. In-vitro testing 
appears critical to evaluate pharmaceutical drug toxicity in addition to 
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Diagnostic tools Possible lesions associated with drug toxicity

 General physical 
andrological 
examination

Testicular size, volume and palpation
- Hiper-atrophy and atrophy
- Testicular tumor
- Orchitis

Epididymus and Vas deferens palpation - Atrophy, obstruction or inflammation

Prostate retroperitoneal palpation - Hiperplasia
- Carcinoma

Penis - Size changes
- Erectile dysfunction

Secondary sexual characteristics
- Alterations of body proportion, fat distribution and musculature
- Voice and hair mutations
- Gynecomastia (indicative of endocrinologically active testicular tumor)

Molecular and 
Cytogenetics

Karyotyping
Fluorescence in situ hybridization
Molecular genetic diagnostics

- Structural chromosome abnormalities (such as Y chromosome 
microdeletions)
- Genetic mutations 

Endocrine 
Laboratory 
Diagnosis

Gonadotropins [Follicular 
Stimulating Hormone (FSH) and 
Luteinizing hormone (LH)]

↑ levels + ↓ T levels - Primary hypogonadism

↓ levels - Secondary hypogonadism

Testosterone (T)
- Alterations on reproductive performance
- Alterations on social behavior
- Alterations of the secondary sexual characteristics

Estradiol (E2) - Alterations on reproductive performance 
Prolactin - Alterations on reproductive performance

Inhibin B - Sertoli cell dysfunction
- Impaired spermatogenesis

Anti-Mullerian hormone (AMH) - Alterations of Sertoli cell number, function and maturation

Semen analysis

Macroscopic examination
Volume
pH
Appearance

- Infection
- Obstruction of the efferent system
- Semen secretions production dysfunction

Count - Azoospermia and/or Aspermia
- Sertoli cell-only syndromeConcentration

Motility - Asthenozoospermia
Morphology - Maturation arrest

Immunological tests Sperm agglutination - Testicular inflammation (cytotoxicity)
- Sperm motility disorders

Biochemical analysis

Zinc, citric acid and prostatic acid 
phosphatse measurement - Prostate dysfunction

Prostaglandins and fructose measurement - Seminal vesicles dysfunction
Neutral α-glucosidase, L-carnitine and 
glycerophosphocholine measurement

- Epididymal dysfunction
- Distal obstruction of the efferent system

Sperm function

Vitality - Metabolic Dysfunction
DNA integrity - Sperm DNA fragmentation and / or immature chromatin

Reactive oxygen species - Infection
- Impaired motility

Hystophatology

Target cell type

Sertoli cell 
- Tubular atrophy
- Impaired spermatogenesis
- Sertoli cell-only syndrome

Leydig cell
- Impaired spermatogenesis
- Hyperplasia
- Testicular weight decrease

Germ cell - Hipospermatogenesis to maturation arrest
- Disturbed differentiation of spermatids

Target organ

Testis
- Morphological alterations
- Tumors
- Infection
- Obstruction

Epididymis

Seminal vesicles

Prostate

Fertility assessment by fertilization 
and / or pregnancy rates

Animals Feasible but there is the need to use pubertal animals 

Humans
Not ethically feasible but may be circumvented if during clinical trials 
evaluations the control group besides presenting normal semen 
parameters present also proven fertility 

To evaluate the drug effect, the above studies should be conducted before and after (at least at the end of a spermatogenic cycle) exposure to determine the 
reversibility or permanent toxic effects.

Table 2: Monitorization of the potential male reproductive toxicity of a drug in development during pre-clinical (in vitro and in vivo) and clinical phases (in vivo).
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The current lack of reliable biomarkers for evaluation of testicular 
toxicity, either in animal models or in in-vitro human studies, is an 
exciting new field challenge for the pharmaceutical industry. In the 
future, these will turn prediction more feasible, with decreased time and 
resources needed to evaluate the safety of a new chemical compound, 
and may provide a reliable and sensitive monitoring method in the 
therapeutic setting. Nevertheless, basic research still remains crucial 
for the determination of the metabolism, pharmacokinetics and 
mechanisms of action of the drugs. 
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