EnvironmentAsia 16(3) 2023 178-188
DOI 10.14456/ea.2023.45
ISSN 1906-1714; ONLINE ISSN: 2586-8861

@ EnvironmentAsia

The international journal by the Thai Society of Higher Education Institutes on Environment

Toxic Effects of Cyclophosphamide on Male Mice Fertility
Development and Body Indicators

Heba Thakeb Yser®
Department of Biology, Education college of Pure Science, University of Basrah, Basrah, Iraq

*Corresponding author: salihkazim@yahoo.com
ORCID: 0000-0001-5669-4505
Received: March 22, 2023; Revised: April 1, 2023; Accepted: April 20, 2023

Abstract

Chemotherapy is considered one of the crucial strategies for treating cancer. However,
a variety of temporary and permanent side effects have been reported due to the use of
these chemical compounds. The current study was designed to highlight the influence of
cyclophosphamide (CYP) administration on reproductive development capability and
fertility in male mice. Thirty pre-mature male mice were divided into three groups; (1)
control groups (2) one group injected interperitoneally with 150 mg CYP, and (3) one group
with 250 mg CYP. Injections were administered for four weeks. The results indicate a
significant reduction in body and organs weights in treated groups when compared with the
control group. Similarly, the reproductive capabilities were also decreased in a increasing
trend. Zoospermia was detected in treated groups with CYP, and this reduction was more
noticable in the 150 CYP group. Luteinizing hormone levels increased significantly in
both treated groups while testosterone levels declined considerably in the CYP-treated
groups. These findings imply the risks of using this drug in cancer remediation during the
maturation period of mice fertility. More investigations are required to detect whether these
CYP-associated consequences are reversible or permanent after treatment discontinuation.

Keywords: Cyclophosphamide; Mice fertility; Reproductive ability; Sperm abnormality;
Sexual hormones

1. Introduction

Chemotherapy is considered one of
the vital steps in cancer treatment via
administration of certain classes of chemicals
called anti-cancer drugs (Alam et al., 2018).
It is well known that these materials are
characterize by their distribution capability
through the body via the bloodstream; in turn,
this characteristic increases the probability of
reaching the cancerous tissues throughout the
body (Sutradhar and Amin, 2014). In general,
the mechanism of action of these materials is
focused on growth suppression and killing
tumor cells; however, each group of these
chemicals involves distinctive mechanism
of action (Dasari and Tchounwou, 2014;
Meistrich, 2013).

Cyclophosphamide (CYP) is used to treat
several types of cancer, such as leukemia,
breast, and ovarian in addition to some solid
tumors (Gouspillou et al., 2015; Slater et al.,
2015). This drug is a nitrogenous mustard
belonging to the cytotoxic group of agents
(Singh et al., 2018). Primarily, CYP is an
inactive chemical compound and requires
inactivation by the cytochrome P450 oxidative
enzyme (Vredenburg et al., 2015). The
main mechanism of action of this material
depends on production of alkylating agents
whose main role in repressing tumor growth
was characterized to be formation of active
electrophiles that actively integrate with the
DNA structure (Giraud et al., 2010).
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Although CYP is utilized to treat
many cancers, a broad spectrum of adverse
consequences can be observed in other
physiological and structural components
in humans (Bhat et al., 2018; Zhang et al.,
2019). Most of these impairments result
from the same mechanism action of this
drug in target cancerous cells (Xu et al,
2015). Hematopoietic toxicity, nausea, and
vomiting are the most common side effects
of this drug (Lee et al., 2019). Kanno et al.
(2009) and Zhang et al. (2021) revealed
that this drug causes a reduction in body
mass and kidney weights. Furthermore,
CYP can induce hepatotoxicity and
neurotoxicity (Raza and Alghasham, 2011).
Immunosuppressive effects of CYP were
also detected by Huyan et al. (2011) who
found that low and high doses of this drug
could lead to a reduction in white blood
cells in general and lymphocyte number in
a dose-dependent manner.

To date, several studies examined
the deleterious effects of this drug on
cancer patients’ fertility (Onaolapo
et al, 2018). Pavin et al. (2018) found
that the standard treatment dose of CYP
suppresses the formation of steroid
hormones from the gonads as a result
of histopathological changes in testes.
Similarly, the spermatogenesis process was
destroyed at different stages after seven
days after a single dose owing to the direct
effect of this drug on the testicular tissue
or the indirect side effect of the CYP on
the sexual hormonal balance (Al-Niwehee
and Al-Rudaini, 2019; Smart et al., 2018).
Teratogenic effects of chemotherapy were
reported as a result of testicular functions
abnormality (Vassilakopoulou et al., 2015).
It was noticed that CYP has the capability
of'inducing congenital malformations in the
new generation (Rengasamy, 2017).

This investigation sought to evaluate
the effect of two different CYP doses of
on the reproductive proficiency and sexual
hormone levels of male laboratory mice
during their sexual maturation period.
Furthermore, this study tried to define the
concurrent toxic effects of CYP on body
mass and liver and kidney weights.
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2. Materials and methods
2.1 Study design

Thirty pre-mature Swiss male mice
(Balb/C) Mus musculus L. were provided
by the Animal House/ Biology Department/
College of Education for Pure Science/
University of Basrah were used as animal
model in current study. Mice age was five
weeks. All mice were housed individually in
plastic cages covered by stainless-steel nets.
Wood shavings were autoclaved and used as
bedding material, and water and standard food
pellets were provide ad libitum. Animal house
temperature was ranged between 22 and 23 °C,
and the light cycle was 12:12 hr light/dark.

2.2 Cyclophosphamide administration

The inter-peritoneal injection route was
used to administrate the drug. Two doses of
CYP were prepared (150 and 250 mg/kg). The
animals were divided into three groups, each
one consisting of ten animals:

1) Control group: the animals were

injected with 0.1 ml normal saline.

2) First treatment group (A): the animals
were injected with 0.1 ml of 150 mg/kg
of CYP.

3) Second treatment group (B): the animals
were injected with 0.1ml of 250 mg/kg
of CYP.

The CYP administration lasted for four
weeks as that timeframe of administration
is adequate to allow the animal to reach the
maturation period under normal conditions.

2.3 Body, liver, kidney, and testicular weight
measurements

Body weight was measured before CYP
administration when the animal age was three
weeks after which this measurement was
repeated for each animal after completing thje
course of drug administration, that is, when
the animal was postulated to be an adult.
Body weight development was calculated by
subtracting the initial weight (five weeks age)
from the final weight (adult age) while the liver,
kidney, and testicular weights were examined
at the end of the CYP administration.
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2.4 Reproductive capability

To examine the effect of CYP on the
animals’ reproductive capability, two females
were housed with each treated male in separate
cages with the standard measurements. The
number of pregnant females after a week of
housing, number of births, and the sum of
weights of births for each male were recorded.

2.5 Sperm abnormality

Animals were sacrificed and then
dissected. Afterwards, the epididymis was
removed. A sperm suspension was prepared
from each epididymis cauda after mincing
them in physiological saline. One drop of
each suspension was used to count sperm
number using a hemocytometer chamber.
Smears from the suspensions were prepared
on glass slidesnafter which each slide was
stained with drops of 1% eosin. The slides
were air-dried. All slides were examined under
a light microscope with oil immersion under
the magnification power 100X. Morphological
abnormalities for head, middle piece, and tail
for one hundred sperm cell on each slide were
recorded (Raghuvanshi ef al., 2012).

2.6 Hormone Assay

Blood samples were collected using the
heart puncture technique for which 1 ml of
blood was obtained from each animal and
placed in heparinized tubes. All samples were
centrifuged (3500 rpm for 10 min), serum was
withdrawn and kept in refrigerator (— 4 °C)
until used for further analyses.

2.7 LH Assay

Luteinizing hormone was determined
by using an enzyme-linked immunosorbent
assay (ELISA) kit (Monobind, USA). This
method uses the biotin-treptavidin system,
which interacts with the high infinity of the
internal surface.

2.8 Testosterone Assay

Testosterone levels were measured
using an ELISA kit (Monobind, USA).

The principle of this method can summarized
as a competitive reaction between sampling
hormone and hormone-enzyme conjugate
measures the number of testosterone anti-
bodies that cover tube’s internal surface.

2.9 Statistical Analysis

Statistical Package for Social Science, version
23 (SPSS, V.23) was used for both descriptive and
inferential analysis. Data distribution was tested.
Data with a Guassian distribution (body and organs
weights, and hormones level) were analyzed
using a one-way analysis of variance (ANOVA)
and applying Tukey’s honestly significant
difference (HSD) for pairwise comparisons.
Reproductive capability data followed a
non-normal distribution; therefore,
Kruskal-Wallis (K) and Mann—Whitney (U) tests
were applied. A p value <0.05 (95% Confidence
interval) consider statistically significant.

3. Results and discussion

The administration of CYP for four weeks
to male mice before they reached the adult
stage led to a significant decrease in adult
body weight when compared with the control
group, ANOVA= 30.913, p < 0.05. Pairwise
differences between the three groups using
Tukey HSD showed that the highest body
weight was in control group (27.87 £1.57 g),
while the body weights in both treated groups
decreased considerably (23.48 + 2.61 and
21.19 + 1.36 g, respectively). During
maturation, weight gain significantly
decreased (p < 0.05). The animal group that
received 250 mg of CYP showed a lower
weight gain than the group that received 150
mg of the same drug (7.13 + 1.53 g versus
4.92 +£0.98 g, respectively).

The body weight increased in all groups
from the age of five weeks until the cessation
of CYP administration (Table 1). Weight gain
(weight D) differed substantially between
the groups, (ANOVA = 89.536, p < 0.05).
A multi-comparison est revealed that the
group that achieved the highest weight was
the control group (11.29 £ 0.82 g), whereas
the lowest wright gain was found in the group
that received 250 mg of CYP (4.92 +£0.98 g)
aqs shown in table 1.
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Test weight decreased significantly
after CYP administration in adult male mice
(ANOVA = 159.722, p < 0.05) as shown
in table 1. The average testicular weight
in the control group was 0.27 = 0.013 g,
while testicular weights decreased markedly
in both the 150 and 250 mg CYP groups
(0.11£0.019and 0.09+0.021 g, respectively).
The gonadostomatic index (GSI) varied
noticeably among the groups (ANOVA=
67.688, p < 0.05). The highest value of the
GSI was detected in the control group (0.89
+ 0.077), and this index decreased with
increasing the CYP does administration to
reach to 0.42 = 0.083 in 250 mg group.

Figure 1 clearly reveals that CYP
administration caused a significant
reduction in both liver and kidney weights
(ANOVA = 23.360, p < 0.05 and ANOVA =
18.908, p < 0.05, respectively).

The highest liver weight was found
in the control group (1.59 £ 0.196 g),

and this weight decreased markedly in
in both treatment groups; however the
lowest weight was measured in group
that received 250 mg of CYP (1.03 +
0.211 g). Similarly, the kidney weight
followed the same trend. Kidney weight
decreased considerably in the 150 and 250
mg groups (0.20 £0.026 and 0.16 + 0.026 g,
respectively) when compared with that in the
control group (0.25 = 0.399 g).

A chi-squared test revealed that the
proportion of pregnant females varied
significantly among the treatment groups
(Figure 2). The highest percentage of pregnant
females was detected in the control group
(80%). This percentage declined dramatically
to reach 45% in females that had received
150 mg of CYP and 30% in females that
were treated with 250 mg while the highest
pregnancy failure was found in the female
group that received 250 mg of CYP and the
lowest was found in the control group.

Table 1. CYP effect on male mice body and testis weights (g) after four weeks of administration

(n=10)
Groups  Weight B (g) Weight A (g) Weight D (g) Testis (g) GSI %
(mean £ SD) (mean £ SD) (mean £ SD) (mean £ SD) (mean = SD)
Control ~ 16.58 +0.94 27.87 +1.57 11.29+0.82 0.25+0.013 0.89 +0.077
150 mg 1635+ 148 23.48 £2.61%* 7.13 £ 1.53**4 0.11+£0.019%** 0.46 = 0.077**
250 mg  16.27 £0.98 21.19 &+ 1.36%** 4.92 +0.98%%*4 0.09 +0.021%** 0.42 +0.083**

**significant difference at the probability of p < 0.05; Asignificant difference between 150 mg and 250 mg groups at the probability of p < 0.05;
‘Weigh B = Body weight (g) before CYP administration; Weight A= Body weight (g) after CYP administration; Weight D = Weight (g) gaining from
age 5 weeks to the end of CYP administration; GSI= Gonado-Stomatic Index = (testes weight/body weight)*100
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Figure 1. CYP administration effect on the liver and Kidney weights after four weeks of
administration
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Non-parametric analysis (Kruskul-Wallis
test (K) showed a significant decline in the
number of births in both treated groups
(K=21.118, p < 0.05) as shown in table 2
Pairwise analysis (U) between each two
groups revealed that the number of births in
the control group was significantly higher than
in the 150 and 250 mg groups (U = 23.500;
p=<0.05and U=4.000; p < 0.05, respectively),
while no evident difference was detected
between the groups that received the CYP.

In terms of new birth weights, the
inferential statistical analysis indicated to the
remarkable significant differences between
the groups (K = 119.742, p < 0.05) as shown
in figure 3. The box plot clearly reveals that
the birth weights declined significantly, and
the lowest weights were recorded in mice
group that received 250 mg of CYP (median
=0.533[0.41 —0.62]), while the highest were
found in the control group (median = 0.853
[0.656 —1.311]).

Inferential statistical analysis revealed
a high significant difference between the

three groups in total sperm counts and
the proportion of sperm morphological
abnormality, p <0.05 (Table 3). It is obvious
that the total number of sperm declined in
the groups treated with CYP and the lowest
sperm count number was recorded in group
which received 150 mg of CYP (46.583 +
11.261), while the highest sperm number
was detected in control group (77.931 +
16.297). In contrast, the percentage of sperm
morphological abnormalities were high in
the treated groups when compared with
the control group. Furthermore, five sperm
abnormalities (amorphous, lack of hook,
banana shape, fusion head with mid piece,
and lack of head) were detected in all groups
(Figure 4). However, the lowest proportion
of sperm abnormalities was observed in the
control group, while it was obvious that the
highest percentage of abnormalities occurred
in group that was injected with 150 mg of
CYP. They differed significantly from other
groups at p <0.05 and p < 0.05, respectively
(Table 3).

100

Pregnant Percentage

80
60
40
20 I
0

Control
Non P.

Control P

150mgP

Groups

150m2 250mg

25 Omg P.
Non NonP

The significant probability is p < 0.05.; Control P. = Pregnant females in control group; Control Non P. = Non pregnant
females in control group; P. = Pregnant females; Non P. = Non pregnant females

Figure 2. CYP administration effect on the percentage of pregnancy in female mice after
four weeks of treatments

Table 2. CYP effect on the number of births of treated males after four weeks of administration.

Groups Median
(minimum-maximum)
8*
Control (5-10)
150 S
e (0-6)
250 0=
me (0-6)

*significant difference at the probability of p < 0.05;
the probability of p < 0.05

Asignificant difference between 150mg and 250 mg groups at
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Figure 3. CYP administration effects on birth weights of mice after four weeks of treatment

Table 3. CYP administration effects on sperm count and morphology after four weeks of treatments

Groups Sperm count Abnormal Sperm %

million/ml Amorphous Lack of hook  Banana shape % Fusion head Lack of head

% % with mid %
piece
%
Control 77.931 +16.297* 0.04 +0.002 0.01 +0.002 0.14 +0.002 0.01 +0.005 0.03 +0.006
150 mg  46.583+11.261*4  3.23+0.012*  0.23 +0.004* 0.25+0.001*4 032+ 0.21£0.018*4
0.0.006*

250 mg 58.601 £ 18.327*A  221+0.062*  0.21 +£0.0017* 0.19 +0.004*4 0.30+0.013*%  0.13+0.002%4

*signiﬁcam difference at the probability of p < 0.05; 4 significant difference between 150 mg and 250 mg groups at the probability of p < 0.05

It is apparent that the CYP administration
induced notable differences in LH and
testosterone levels among treated and control
groups (table 4). Both hormones differed
significantly among the groups (ANOVA =
39.879, p<0.05and ANOVA =29.816, p <0.05,
respectively). LH hormone levels showed a
significant increase in the groups that were
given CYP when compared with the control
group. The lowest level of LH was detected in
the control group (2.91 + 0.501 ng) while the
highest level was found in the control group
(4.98 + 0.480 ng). Testosterone hormone
showed a significant decreased in treated
groups compared with control. A pairwise
analysis accurately defined that the control
group showed the highest level of testosterone
(6.38 +0.608 ng), while this level was reduced
considerably to 5.25 + 0.701 ng in animal
group which received 150 mg of CYP and the
lowest level was 3.84 + 1.36 ng in the group
that received 250 mg.

Clinically, CYP at different doses is
described to treat different types of cancer;
thus, the current work sought to emphasize the
negative consequences of administration of
this medicine on some body and reproductive
parameters during the maturation period.

The reduction in mice weight is considered
to be one of the most obvious consequences of
toxic compounds (Aston ef al., 2017). It was
clear from the current findings that the weight
of male mice decreased considerably after
exposure to different doses of CYP. This result
agrees with those from a study by Kanno et al.
who detected a significant variation in body
mass after six weeks of CYP administration.
The possible explanation for this output is
the integration of CYP administration with
food intake. Khorwal ef al. (2017) stated the
loss of appetite and reduction in food intake
were due to degenerative disorders in the
liver parenchyma and also mentioned that
these changes relatively correlated with the
CYP dose.

183



H. T. Yser / EnvironmentAsia 16(3) (2023) 178-188

Figure 4. Sperm abnormalities: (A) Normal (B) Amorphous (C) Lack of hook
(D) Banana shape (E) Fusion head with mid piece (F) Lack of head

Table 4. CYP effect on the LH and testosterone levels of treated males after four weeks of
administration

Groups Luteinizing Hormone (ng) Testosterone (ng)
(mean + SD) (mean + SD)
Control 291 +0.501 6.38 +0.608
150 mg 342 + (0.281*4 5.25+£0.701*4
250 mg 4.98 + 0.480%4 3.84 £ 1.36%4

*signiﬁcant difference at the probability of p < 0.05; 4significant difference between 150 mg and 250 mg groups at the probability of p < 0.05
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Similarly, testicular weights followed the
same trend as body weight. This measurement
exhibited a noticeable decrease in groups
treated with CYP, and the lowest weight was
detected in the group that received 250 mg
of the drug. Sujayraj et al. (2016) presented
similar results concerning CYP toxic actions
on testicular weight and GSI parameters.
These changes may have been related to
the histological destruction which can be
induced by CYP after taking into account two
essential characteristics of this drug: (1) it is a
non-specific medication, which may reach and
effect any part of the patient and (2) it has potency
as a cytotoxic compound (Drumond ez al., 2011).
The hepatotoxic property of cyclophosphamide is
well-defined foremost as a side effect that can
be induced by formation of two metabolites: (1)
4-hydroxycyclophosphamide and (2) acrolein in
hepatocytes via cytochrome P450 (Oyagbemi et
al., 2016). That finding provides evidence for the
low liver weights in groups treated with CYP.
Kidney weights in all treated groups showed a
significant decreased when compared with the
control group. This result is consistent with those
from previous studies, such as Rehman et al.
(2012) and Kanno et al. (2009), who reported
that CYP administration promotes kidney
weight loss. This loss in this organ’s weight is
derived from CYP’s nephrotoxic effect (Rehman
etal, 2012).

Reproductive capability parameters
showed a severe disturbance under the effect
of CYP. Chi-squared and other non-parametric
analytical tests showed a significant reduction
in the number of pregnant females, births, and
the birth weights. These results are consistent
with previous outcomes (Elangovan et al.,
2017). The feasible reasons of these findings
include the interaction of CYP with the
spermatogenesis process, a consequences that
leads to a decline in the number and activity
of sperm (azoospermia or oligospermia)
in addition to an increase in the rate of
sperm malformation. Both directions can be
attributed to the physiological and cytogenetic
adverse effects of CYP (Sujayraj et al., 2016).
Increasing the prospect of infertility with
long-term exposure or administration of CYP
can be attributed to two fundamental points:
(1) in mice, the half-life values (t;,) of CYP
is about 0.52 h after a single intraperitoneal

injection, which gives time for CYP and its
metabolites to induce toxic actions on the
testes (Sujayraj et al., 2016). Secondly, long
term administration increases the exposure
probability of testicular tissue to CYP, a
process that prolongs the drug’s influence
on spermatogenesis layers via tissue or DNA
destruction (Zhu et al., 2017). This point was
supported by current findings of sperm count
and abnormalities indicated a considerable
reduction in sperm number in animals that
jad been injected with CYP; concurrently,
a clear increase in sperm morphological
abnormalities was recorded in treated groups.

Furthermore, current results showed
impairments in sexual hormone levels. It is
well-recognizsed that sexual hormones, such
as testosterone, LH, and follicle stimulating
hormone (FSH) determine the fate of germ
cells, so depressed levels of these hormonal
secretions can induce apoptosis (Arnaud et al.,
2017). That process also explains the decline
in reproductive capability.

The abovementioned review reveals the
impact of CYPon reproductive capabilities
while it also highlights the effects of CYP
on sexual maturation. The present hormonal
disturbance is driven duringthr administration
period, and this conclusion is supported by
previous studies that report the effects of
CYP on the gonadotropin releasing hormone,
which plays the key role in sexual maturation
(Onaolapo et al., 2018). Nayak et al. (2016)
stated that the long-term exposure to CYP
led to oligospermia as a result of impaired
spermatogenesis.

4. Conclusion

CYP can cause infertility for those
patients who already received this drug before
sexual maturation via CYP’s induction of
many histological, genetic, and physiological
adverse effects. More details are still essential
for obtaining a comprehensive picture about
this medication. Immunohistochemistry during
different stages of administration to detect the
changes in the sexual hormone receptors
may shed light on several physiological
impairments. Moreover, evaluations as to
whether these consequences are reversible
or permanent are imperative.
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