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ABSTRACT Topotecan (TPT), an anticancer drug has been evaluated for its spermatotoxicity. Four doses of TPT, viz., 
0.25, 0.5, 0.75 and 1.0 mg/kg were administered i.p. to Swiss albino mice and 35-days post-treatment 

sampling was performed for sperm abnormality, motility, count and gonadosomatic index (GSI). TPT at 0.5 mg/kg  on-
wards induced reproductive toxicity as indicated by the dose-dependent significant increase in the frequency of ab-
normal sperm accompanied with the decrease in the motility and count. At higher doses of TPT (0.75 and 1.0 mg/kg), 
there was also a significant reduction  in the GSI compared with the solvent control (P<0.05). However, it was not a 
dose-dependent, indicating that there is no direct correlation between GSI and spermatotoxicity. Thus, TPT treatment 
needs to be taken care giving the priority to prevent/minimize reproductive toxicity, particularly in case of post-puber-
tal cancer patients. Various possible mechanisms of TPT-induced spermatotoxicity are discussed. 

1. Introduction:  
Topotecan (TPT), which received the U.S. FDA approval in 
2007 is used for the treatment of recurrent epithelial ovarian 
cancer, relapsed small cell lung cancer and cervical can-
cer.  The drug has also been demonstrated the therapeu-
tic activity in hematologic malignancies, colon and cervical 
cancers and small tumors, particularly non-small cell lung 
solid tumor [1].  Huang et al. [2] described the usage of 
TPT as a therapy for Angelman’s syndrome, which is un-
der clinical trials for the FDA approval. TPT is a semi-syn-
thetic derivative of camptothecin; a secondary metabolite 
extracted from the bark of the tree Camptotheca acuminata 
[3]. It acts as a topoisomerase-I inhibitor, and intercalates 
between DNA bases leading to prevention of DNA repli-
cation eventually promoting to cell death/apoptosis [4, 5]. 
Thus, by virtue of its cytotoxic action, currently it is one of 
the commonly used agents in cancer chemotherapy. It is 
well known that a main drawback with most of the chemo-
therapeutic agents is severe side effects such that not only 
target cells/tissues, but also normal cells are adversely  af-
fected. In case of male cancer patients, a major target for 
chemotherapy-induced toxicity is the reproductive system, 
particularly affecting the spermatogenesis [6]. Since TPT 
is relatively a new drug, reports on its toxicity with special 
reference to male reproductive system are very scanty. At-
tia et al. [7] based on male mouse-dominant lethal study 
reported that TPT is a germ cell mutagen. TPT has been 
shown to possess binding affinity to DNA-histone complex 
in chromatin structure [8, 9]. There are also some studies 
on mutagenicity of TPT in vitro [10, 11] and in vivo [ 12, 
13]. It is already well established that DNA /chromosomal 
damage is an important mechanism behind the abnormal 
features of seminal parameters, particularly sperm head 
deformity [14, 15]. TPT has been demonstrated to induce 
oxidative stress by in vitro [16] and in vivo experimenta-
tions [7, 13].  Oxidative stress/free radical generation is an 

important factor for chemicals-induced damaging effects 
on spermatogenesis [17, 18]. Thus, considering the scanty 
reports on effect of TPT on male reproductive system, its 
high affinity for  DNA and chromatin, and induction of oxi-
dative stress, the present study was taken up to evaluate 
the TPT induced effect on semen quality (count, motility 
and morphology), using  the Swiss albino mouse as the 
test system. 

2. Material and Methods:
2.1 Chemicals:
Topotecan hydrochloride hydrate (  C23H23N3O5·xHCl·yH2O; 
CAS No. 123948-87-8; Batch No. T2705; Purity, ≥98% 
-HPLC and enzymatic) purchased from Sigma-Aldrich  was 
used as the test chemical. Cyclophosphamide (Cycloxan, 
CAS No. 50-18-0; Batch No. KB 9124003 Biochem Phar-
maceutical Industries LTD. Mumbai, India, was used as the 
positive control.  Phosphate buffered saline (PBS), Eosin-Y 
stain was obtained from SRL, India, and all other chemicals 
and reagents used were of analytical grade.

2.2. Experimental Animals:
Swiss albino mice, Mus musculus species (8–10 weeks old; 
26±2 g body weight, bred and maintained in the animal 
house of Biosciences department, Mangalore University 
were used as the experimental model. Five healthy male 
mice were used in each treatment and control group. The 
animals were maintained under absolute hygienic condi-
tion in an air-conditioned room at a temperature of 240C 
(±10C) with 12 h light/dark cycle and 50±5% humidity. 
They were fed with standard mice pellets (Lipton, India) 
and water ad libitum. Care and handling of the animals 
were according to the guidelines of CPCSEA (Commit-
tee for the Purpose of Control and Supervision on Experi-
ments on Animals), India [19]. Experimental animals were 
sacrificed by cervical dislocation and dissected to remove 
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the testes and cauda epididymis to collect the semen 
for further analysis. The present study was carried out af-
ter taking the prior approval from the Institutional Animal 
Ethics Committee (Ref. No. MU/AZ/99/2013-14/IAEC, 
dt.2.4.2013). 

2.3. Dose and Treatment Schedule:
Four sub-lethal doses of TPT, viz., 0.25, 0.5, 0.75 and 1.0 
mg/kg b.wt. were tested for dose response relationship.  
The selected doses of TPT represent sub-lethal doses, 
based on the LD50 values (Mouse i.p. LD50 40 mg/kg;  [20 
and [21]. Required concentration of the test chemical was 
dissolved in distilled water and administered intraperito-
neally (i.p.) in 0.2 ml quantity given as a single acute dose, 
followed by the post treatment sampling time of 35 days. 

2.4. Sperm Abnormality Assay:
On 35th day after the treatment with TPT, animals were 
sacrificed by cervical dislocation, and the testes were dis-
sected out and weighed. Both the cauda epididymis were 
removed and placed in a watch glass containing 1 ml PBS 
(pH-7.2). The cauda epididymis was minced thoroughly, 
and the suspension obtained was filtered through a cheese 
cloth to remove the tissue debris. The filtered suspension 
was added with 1% aqueous Eosin Y at 10:1 ratio and kept 
for 20 minutes for staining. A drop of the sperm suspen-
sion was taken on a clean microscope slide, smeared and 
air dried. The air dried slides were observed under 40X 
objective of a compound microscope with a green filter. 
A total of 2000 sperm per animal (500 sperms/slide) was 
analyzed from each treatment and control groups, to de-
termine the frequency of abnormal sperm in a population 
of normal ones. spermatozoa with abnormal shape were 
scored according to the criteria of Wyrobek and Bruce 
[22]. Individual type and total teratospermia were ex-
pressed in terms of percentage. 

2.5. Sperm Count:
An aliquot (0.05ml) from the sperm suspension (1ml) was 
removed before staining and was diluted 40 times with 
PBS (1:40) and mixed thoroughly. A sample of the diluted 
sperm suspension was introduced to the Neubaur counting 
chamber and the total sperm count in 8 squares of 1 mm2 
was determined and multiplied by 5X104 to calculate the 
number of sperm per epididymis [23].

2.6. Sperm Motility: 
Sperm motility was determined by assessing at least five 
microscopic fields to classify 100 spermatozoa (400 magni-
fications). The motility was determined by using the basic 
procedure established for routine human semen analyses 
and graded fast progressive, slow progressive and no pro-
gressive or immotile [24]. The latter three types were taken 
as the impaired motility.  The percentage frequency of mo-
tile sperm was determined by subtracting the total number 
of sperm with impaired motility from the total number of 
sperm scored for motility.  

2.7. Gonado-somatic Index (GSI): 
Body weight of the animals on 35th day of the treatment 
and testes weight collected after dissection were taken.  
GSI was determined by using the formula: GSI = Testes 
weight/ Total body weight) x 100, [25]. 

2.8. Statistical Analysis:
All the values of the results are expressed mean with 
standard deviation. The results were subjected to statisti-
cal analysis for the significance comparing with the solvent 
control by employing one-way ANOVA with Dunnett’s post 

hoc test.  

3. Results and Discussion:
Sperm morphology test, along with the count and motil-
ity, has potential use for identifying chemicals that induce 
spermatogenic dysfunction and perhaps heritable muta-
tions [26]. Oligoasthenoteratozoospermia, a condition 
representing low sperm count (oligozoospermia), poor 
sperm movement (asthenozoospermia) and abnormal 
sperm shape   (teratozoospermia) is an indication of male 
infertility. Although many of the chemotherapeutic agents 
are  known for their testicular toxicity, reports on TPT for 
its effect on male reproductive system are very scanty. 
In the present study, the test chemical was evaluated for 
its effect on certain seminal parameters by 35 days of 
post-treatment sampling, considering that as studied by 
Oakberg [27], germ cells that are exposed to chemical 
agents at late spermatogonial stage take seven weeks to 
reach the cauda epididymis after undergoing a series of 
changes to produce the matured sperms. Further, Jame-
son and De Groot [28] advocated that the total duration 
of spermatogenesis requires approximately 4.5 cycles in 
mammals, and for the mouse this is 35 days.  Most of the 
agents induce the testicular toxicity during the initial stage 
of spermatogenesis as indicated by the results of 35-days 
post-treatment samplings [29, 30]. In the present study, the 
i.p. administration of the test chemical induced a dose-de-
pendent increase in the frequency of abnormal sperm (Ta-
ble 3.1; Fig. 3.1). Among the abnormal spermatozoa, the 
highest frequency was  amorphous followed by hookless, 
banana and folded type. The exact mechanism(s) of TPT-
induced sperm abnormality is not known. However, an at-
tempt has been made here to understand the mechanism 
of action, based on the previous reports published else-
where. 

TPT by virtue of its mechanism of action as an anticancer 
drug causes double-stranded DNA damage by interfer-
ing in the functioning of topoisomerase I, an enzyme that 
plays a vital role in DNA replication; as per the fork colli-
sion model, lesions are created when the DNA replication 
fork encounters a TPT-stabilized cleavable complex leading 
to lethal double-stranded DNA damage [31, 32, 33]. There 
are many reports indicating that breakage of DNA-double 
strand leading to its fragmentation is one of the main bas-
es for teratospermia as studied from animal experimenta-
tion [34] and human samples [35, 36]. It can be speculated 
that TPT induces the teratospermia in the initial stage of 
spermatogenesis, i.e., during meiosis. The second meiotic 
division is equivalent to mitosis, where DNA replication 
occurs. Exposure of cells during S-phase of II meiotic divi-
sion to TPT leads to severe DNA damage by virtue of its 
basic mechanism of cytotoxic activity. Induction of phos-
phorylated histone H2AX (γH2AX), a cellular response to 
double strand breaks (DSBs) is used as an assay to moni-
tor the DNA damage [37]. Using γH2AX as the biomarker 
through multiparameter laser scanning cytometry, TPT has 
been shown to form the DSBs during DNA replication [10]. 
Interestingly, it is noted from a previous report that γH2AX 
levels are higher in the sperm of male infertility patients 
than in healthy men [38]. Therefore, measuring the γH2AX 
levels in sperm in response to TPT exposure would give 
further insight into the formation of DSBs paving the way 
to production of abnormal sperm. However, Attia et al [7] 
advocated from the mouse-dominant lethal study that TPT 
induces mutation in post-meiotic cells, particularly during 
early spermatid stage. 

Integrity of chromosomes both in terms of structure and 
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number, is important in maintaining the morphology of 
sperm, and any alteration either in structure or number 
or both affect the shape of the sperm, particularly head 
part; so much so many of the agents that were reported 
to induce teratospermia are potential genotoxic by caus-
ing chromosomal breakage [14, 39] and damage of spindle 
fibers [40, 41]. TPT was shown to impart the genotoxic-
ity in bone marrow cells of  the Swiss  albino  mice  through 
micronucleus and chromosomal aberration assays [42].   
Bakheet [13] also demonstrated the induction of MN by 
TPT in bone marrow cells of mice. Attia et al. [43] revealed 
from their study that TPT-induced MN formation in bone 
marrow cells was both by clastogenic (47.3%) and aneu-
genic actions (52.7%). Since TPT is not a target specific 
drug, through circulation it will reach  all types  of tissues, 
including reproductive organs, where it can impart the 
genotoxicity.   Variation in the number of chromosomes, 
i.e., aneuploidy is a main basis for sperm deformity as 
indicated by the analysis of the sperm derived from tera-
tozoospermic men, comparing with that of fertile controls 
[35, 44, 45]. The relationship between the anomalous kary-
otypes, particularly with structural aberrations and morpho-
logically abnormal spermatozoa has also been proved by 
two studies carried out on  a mouse  system [46, 47].    It 
is noted from these reports that chromosomal aberrations 
(structural or numerical or both) affect the normal morphol-
ogy of the spermatozoa.  The high frequency of sperm 
abnormality as observed in the present study may be due 
to dual action (clastogenic and aneugenic) of TPT affect-
ing the chromosomal integrity. Further studies on aneu-
genic and clastogenic action of TPT on germ cells would 
give the plausible explanation for the induction of terato-
spermia. 

By employing the spectroscopic analyses and equilibrium 
dialysis techniques, Babaei et al. [9] have revealed that 
TPT has higher affinity to chromatin compared to DNA. 
The role of protamines in packing the genomic DNA in 
mature sperm cells, and ratio of histone and protamines 
are important for sperm shape [48,  49,  50]. TPT may be 
having affinity to protamines affecting the packing of DNA 
or upon binding to histone proteins with higher affinity 
disturb the proper differentiation of sperm cells leading to 
teratospermia.  Studies may be taken up enabling further 
understanding in this aspect.  

Maiorino  and    Ursini [51]  specified that  production of Re-
active Oxygen Species (ROS) and glutathione depletion in 
mammalian male germ cells are physiological events that 
are requisite  for  the functional maturation and capacita-
tion of spermatozoa.    There are many studies proved the 
direct correlation between oxidative stress and sperm ab-
normality [52, 53]. Thus, TPT-induced sperm abnormality 
may be mediated through generation of ROS, which can 
be justified by earlier studies reporting that TPT is a potent 
inducer of ROS [13,  16].  Further, lipid peroxidation is a 
consequence of oxidative stress, which in turn leads to the 
abnormalities in sperm parameters. There are many stud-
ies, which portray the direct link between lipid peroxida-
tion and sperm abnormality [54]. TPT has been shown to 
induce an increase in lipid peroxidation and a decrease in 
antioxidant enzyme activities in healthy liver tissue of rab-
bits [55] and bone marrow of mice [13]. ROS induces per-
oxidative damage in the sperm plasma membrane leading 
to both genomic and mitochondrial DNA damage [56]. 
The similar kind of consequence may happen in the testes 
during spermatogenesis, and epidydimyl sperm leading 
to abnormal variations in the sperm parameters induced 
by TPT as observed in the present study. Further studies 

can be taken up to evaluate  the possible  role of TPT-in-
duced oxidative stress and lipid peroxidation during  sper-
matogenesis,  and in mature spermatozoa stored in cauda 
epididymis. 

In the present study, TPT was also found to affect sperm 
count and motility as indicated by the dose-dependent 
decrease in the count (oligospermia) and frequency of 
motile sperm (asthenospermia) comparing with the con-
current control group (Table 3.2; Fig. 3.1 and 3.2). Re-
duction in sperm count is an indication of germinal cyto-
toxicity. Oxidative stress has a direct role in affecting the 
quality of sperm, including the count and motility [57, 58]. 
As mentioned above, TPT is a potential inducer of ROS, 
and it may be one of the main reasons for the significant 
variation in these two parameters. TPT is known to induce 
DNA damage, and earlier reports show that DNA damage 
also affects the motility [38,  59]. Thus, the observed effect 
of TPT on motility is due to its damaging effect on DNA. 
Sperm chromosomal analysis of men teratozoospermia and 
asthenoteratozoospermia showed a 2-3 fold increase in 
the numerical anomalies compared with the normal control 
[39]. Ushijima et al. [60] carried out en elegant study and 
proved that there is a significant increase in the incidence 
of sex chromosome abnormalities in oligoasthenoterato-
zoospermia individuals. Since TPT induced the variations 
in all the three seminal parameters assessed in the present 
study, there may be a possibility of inducing sex chromo-
some abnormalities leading oligoasthenoteratozoospermia. 

It was observed that  the lowest dose of TPT tested, i.e., 
0.25mg/kg b.wt. was not found to impart the oligoasthe-
noteratozoospermia at statistically significant levels, com-
pared with the control groups (Table 3.1 and 3.2). In case 
of post-pubertal male cancer patients, chemotherapy with 
certain drugs like cyclophosphamide, mitomycin C, busul-
fan, etc., their semen samples are collected and cryopre-
served for future use in ART, in perspective of severe male 
reproductive toxicity of those drugs  at their therapeutic 
dose regimens. As far as male reproductive system is con-
sidered, compared to those anticancer drugs, whether TPT 
is safe at its therapeutic doses? The present study poses 
this question to be addressed by further studies.  The re-
sults obtained from animal studies, however, cannot direct-
ly be extrapolated to humans since species-difference is 
an important factor affecting the toxicity. Certain chemicals 
which induce the toxicity at very low doses in one species 
do not impart the same effect even at a high dose on oth-
er animal species, and vice versa [61, 62].   The threshold 
doses of chemicals to induce a particular effect vary from 
species to species. As far as the Swiss albino mouse is 
considered, 0.5 mg/kg b.wt. (or >0.25mg/kg b.wt) of TPT 
(i.p. treatment) can be regarded as the threshold dose to 
induce the spermatotoxicity. 

Gonadosomatic index (GSI), the ratio between testes 
weight and body weight, whose significant variation in re-
sponse to chemical exposure is an indication of testicular 
toxicity [25]. The test chemical induced a small, but signifi-
cant decrease in the GSI compared with the vehicle control 
group at higher two doses (0.75 and 1.0 mg/kg. b.wt; P 
< 0.05), as depicted in the table 3.3 and Fig. 3.4.  During 
the course of time (35 days), there may be recovery of tes-
tes weight loss / damage induced by TPT at lower doses. 
The observed effect at higher doses was not found to be a 
dose-dependent, and therefore, it can be said that there is 
no direct correlation between GSI and OAT condition. 

As specified earlier, TPT has been demonstrated to induce 
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aneuploidy in somatic cells with the higher efficiency than 
the clastogenicity. Sun et al. [40] proposed in their review 
papers that teratozoospermia, oligospermia and astheno-
spermia are markers of abnormal spermatogenesis, which 
is associated with the elevated sperm aneuploidy. Thus, 
considering these two aspects in conjunction with the ob-
served effects  (oligoasthenoteratozoospermia), the possi-
bility of TPT inducing aneuploidy in germinal cells is high, 
which can be confirmed by future studies.  

Thus, it can be concluded from the present study that TPT 
has a negative impact on spermatogenesis affecting all 

the three seminal parameters, viz., morphology, count and 
motility. The threshold dose required for the effects is 0.5 
mg/kg b. wt. Its testicular toxicity has also been noticed 
by significant reduction in GSI compared with the healthy 
control. Further studies may be taken up to evaluate its ef-
fect on spermatogenesis at the molecular level to under-
stand the mechanism of its testicular toxicity. Cryopreserva-
tion of semen from post-pubertal cancer patients treated 
with TPT may be required as it is there for other chemo-
therapeutic agents to restore their reproductive capacity.  

Table 3.1: Percentage FrequencyA of Different Types of 

Abnormal Sperm Induced by TPT at Different Doses and Controls After 35 Days of Treatment: 

Dose (Mg/kg b.wt) Amorphous Banana shaped Hookless Folded Double 
headed Double tailed

Abnormal sperms ±(SD)

Total

D.W. 0.88 0.07 0.31 0.06 0.02 0.03 1.37±0.54

TPT - 0.25 0.93 0.09 0.34 0.09 0.04 - 1.49±0.71

TPT - 0.5 1.9 0.72 0.46 0.17 0.07 0.05 3.02±0.98a

TPT - 0.75 2.8 0.79 0.57 0.34 0.06 0.07 4.63±0.84b

TPT – 1.0 4.9 0.82 0.67 0.39 0.09 0.07 6.94±1.02c

CP-50 1.8 0.43 1.49 0.69 0.25 0.16 4.82±0.91c

A =2000 sperm/animal; 5 animals/group
a P<0.05. b P<0.01. c P<0.001 (Dunnett’s post hoc test).

Table 3.2: AEffect of  Different Doses of TPT on GSI, Sperm Count and Motility  After 35 Days of Treatment:

Dose (mg/kg)

Gonadosomatic Index (GSI)

Sperm count/

   (x106) ±SD

%Motile spermCBody weight (g) 

Mean± SD

Testes weight

 ( g) Mean±SD

   BGSI Mean± SD

D.W. 32.15 ± 3.93 0.228±0.007 0.709±0.07 12.18 ± 2.5 83.11±9.79

TPT - 0.25 31.06 ± 2.12 0.221± 0.005 0.711±0.05 11.86 ± 2.8 79.93±8.16

TPT - 0.5 34.73 ± 3.89 0.244 ± 0.008 0.703±0.06 09.98 ± 2.1a 72.14±9.31a

TPT - 0.75 30.57 ± 1.12 0.211 ±0.006 0.692±0.07a 07.86 ± 1.3b 61.33±7.81b

TPT – 1.0 31.53 ± 3.29 0.218 ± 0.007 0.693±0.06a 06.09 ± 1.6c 49.32±7.09c

CP-50 29.12 ± 1.6 0.200 ± 0.006 0.687±0.05b 08.28 ± 0.9c 64.57±8.71b

B GSI = Testes weight/ Total body weight) x 100
D.W. – Distilled water; TPT – Topotecan; CP-Cyclophosphamide; GSI – Gonadosomatic Index
C From 100 total sperm scored 
A =5 animals/group
a P<0.05. b P<0.01. c P<0.001 (Dunnett’s post hoc test).

Fig. 3.1: Frequency of Abnormal Spermatozoa Induced 
by Topotecan and Controls

Fig. 3.2: Effect of Topotecan and Controls on Epidy-
damil  Sperm Count
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Fig 3.3: Frequency of Motile Spermatozoa in the Pres-
ence of Topotecan and Controls

Fig. 3.4: Effect of Topotecan and Controls on Gonado-
somatic Index
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