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ABSTRACT
Background: Many studies done in past
literature focuses on gonadal toxicity of

Cyclophosphamide, but very less studies are
done on the epididymis post exposure to this
drug. Hence a sincere attempt is made in present
study to look into the cellular changes in the
epididymis through histology and TUNEL
Assay.

Subjects & Methods: Healthy male Swiss
albino adult mice, were obtained from Central
Animal Research Facility, Manipal were used
for the study.

The adult as well as prepubertal male mice were
divided into control and test groups. In test
group, the mice were injected with
Cyclophosphamide at variable doses. From each
group certain no. of mice was sacrificed on
different days. A control group was kept for
each interval. The epididymal tissue was then
extracted and used in histological and Tunnel
Assay study.

Results: Even though there was no significant
change in the number of basal cells, the apical
cells decreased marginally at higher doses of
CP. A TUNEL assay was performed in the
epididymal sections to understand its effect on
the DNA integrity. Up to 100 mg/kg, CP did not
induce any significant increase in the TUNEL
positive tubules. However, at 200 mg/kg dose
and above, there was an increase in the number

of tubules with TUNEL positive cells indicating
its DNA damaging effect. However, this
increase was statistically not significant
Conclusion: The present study highlights the
need for looking into the cellular damage of the
cells after exposure to one of the commonly
used anticancer drug- cyclophosphamide.

Keywords: Epididymal Histology, Tunnel
Assay, Cyclophosphamide, Swiss Albino mice.

INTRODUCTION

Epididymis is an accessory male
reproductive organ which is recognized as a
channel that transports, concentrates and
stores the spermatozoa. It is known that the
spermatozoa leaving the testis are
immovable, immature and unable to fertilize
an oocyte and that under androgen control;
the epididymal epithelium secretes proteins
within the intraluminal compartment that
create a very complex environment
surrounding the spermatozoa. This luminal
compartment stores the spermatozoa until
ejaculation and specifically prepares the
sperm for fertilization by providing the
essentials in terms of temperature, oxygen
tension, pH and an available energy
substrate (1).
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Several descriptive anatomical and
histological studies of the epididymis
appeared at the beginning of the twentieth
century. Many authors hypothesized that the
epididymal secretions played a role in the
maintenance of sperm vitality, sperm
motility and the capacity to become fertile
(2). Relatively little research was done on
the excurrent duct system during the
ensuing three decades. However, in 1967,
Orgebin demonstrated that the key event in
sperm maturation was not the passage of
time but the exposure of the sperm to the
luminal environment of the epididymis
(3,4).

Post chemotherapy studies revealed
that higher doses of Cyclophosphamide
caused significant reduction in epididymal
weight (5,6,7). The motility of cauda
epididymal sperm decreased with increasing
concentrations of cyclophosphamide and in
addition, the concentration of mature sperm
declined significantly when compared to the
control. (5,6). Histopathological
examinations of slides revealed a number of
time-dependent, drug-induced changes in
the histology of epididymis. The changes
were however apparent like an increase in
relative number and a change in distribution
of halo cells in the caput epididymis, an
increase in number and size of clear cells in
the caput or cauda epididymis. At the
electron microscopic level, there was dose
dependent, two to three fold increase in the
number of spermatozoa with abnormal
flagellar midpieces in the lumen of both
caput and cauda epididymis. (8). However,
there is lack of evidence about the cellular
damage to the epididymal epithelium which

is significantly affecting the luminal
atmosphere.

With the advancement in the field of
oncology and increase in treatment

techniques there is improvement in the
survival rates of both adult and childhood
cancers. The impact of cancer treatments on
the quality of life especially fertility is
greater than generally perceived. The
present study is an approach to understand
the epididymal changes after

cyclophosphamide treatment using Swiss
albino mice as experimental model.

MATERIALS & METHODS

The present study was conducted on
Male Swiss Albino (Mus musculus) mice,
obtained from Central Animal Research
Facility, Manipal. The exclusion criteria
were included that the subject mice involved
in the study did not suffer from any
premorbid illness from past. 43 of adult
mice aged 6 -8 weeks and 12 were pre-
pubertal mice aged 2 weeks were
considered. The mice were maintained in
healthy environment inside polypropylene
cages which was well ventilated. They were
fed with paddy husk and fresh water as per
requirement. The consent and approval was
taken prior to the study from the
Institutional Animal Ethics Committee,
Manipal University, Manipal (IAEC Ref No
-79/2013).

The adult male mice (n=43) were
segregated into two groups; control (n=7)
and test (n=36). In the test subjects,
Cyclophosphamide (CP) was injected at
increasing dosage of 50, 100, 200 and 250
mg/kg body weight. From each group, 3-4
mice were sacrificed on day 7, 28 and 42. A
parallel control group was kept for each of
the treatment intervals. Similarly, the
prepubertal mice (n=12) were divided into
two groups; control (n=3) and test (n=9).
Similarly, prepubertal test subjects were
injected with 50, 100 and 200 mg/kg body
weight of CP. After a gap of 7 days, 3 mice
from each of group were sacrificed to study
the histology.

The control animals were injected
Phosphate Buffered Saline (PBS) solution.
The mice of test groups were injected with
freshly prepared Cyclophosphamide
solution which was purchased from SIGMA
ALDRICH (C0768, St. Louis, MO 63103,
USA) by dissolving it in PBS Solution. The
solution prepared was injected intra-
peritoneally as per their body weight. The
treated mice were Kkept under Kkeen
observation to look for any changes in hair
loss, body weight changes or death.
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Collection of tissue

Mice was sacrificed by cervical
dislocation and used in the present study.
Dissection of the mice was referred as per
the guidelines given in “The Laboratory
Mouse-Handbook of experimental animals”
by Hans Hedrich (2004). Briefly, the mouse
was pinned to wax board in supine position.
A midline incision was given on the
abdominal skin, which was extended
laterally towards the knee in the lower 1/3™
of abdomen. The overall skin incision
finally appeared like inverted Y. After skin
retraction, the peritoneum was cut in similar
manner and was pinned to the wax board.
The intra-abdominal and pelvic organs are
well exposed. Once gonads were identified,
they were separated and cleared off from the
adherent connective tissue, excised and
were placed in PBS Solution. The
epididymis was gently cleared from the
testis and was taken for fixation in modified
Bouin’s solution (0.2% picric acid/2% (v/v)
formaldehyde in PBS) and then transferred
to 70% alcohol for histological examination
where the stained sections were studied
under Olympus Research Microscope.

TUNEL Assay

The principle of TUNEL assay relies
on terminal deoxynucleotidyl transferase
(TdT)- mediated addition of a modified
dUTP (X-dUTP) to 3°-OH ends of DNA
fragments that are generated as a result of
apoptosis induction. The tissue sections
were fixed on the slides using poly-L-lysine
coating and subjected to permeabilization
prior to labeling. The assay thus serves as a
parameter for the percentage of apoptotic
cells within the analyzed cell population.
The slides for Tunnel Assay were
Counterstained with DAPI (4pg/ml) &
mount in DAKO for analysis.

Statistical Analysis: The data was
represented as mean %+ standard error and
was calculated using Microsoft Excel and
Origin 6.0 software (Microcal™ Origin®,
Version: 6.0, Northampton, MA 01060,
USA). The statistical significance of the
data was analyzed using one way ANOVA

test using GraphPad InStat Software
(Version: 3.06, 32 bit for Windows). ‘p’
value < 0.05 was considered as statistically
significant.

RESULT
Effect of CP administration on
epididymis

Epididymis plays a significant role
in maturation of spermatozoa which is very
essential to gain fertilizing ability. Mainly
the cellular change in the caput region was
analyzed. The epididymis is composed of
three major cell types- principal cells, apical
cells and basal cells.

Pre-pubertal epididymis

Effect on principal cells: The
epididymis of control mice in the caput
region had 37.9 + 3.11 principal cells which
was significantly higher in mice exposed to
50 mg/kg CP (p< 0.05). But at higher doses
even though the number of cells were higher
than the control (49.23 + 3.23 and 50.26 +
481 in 100 and 200 mg/kg dose
respectively) the increase was not
significant compared to control (Figure 1).
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Figure 1: Number of principal cells in epididymis of pre-
pubertal mice treated with various doses of CP at 7 day post-
treatment interval

From Figure 2 it is clear that CP did
not have any significant effect on either
apical cells or basal cells. However, a
marginally higher number of basal cells
were observed in CP treated mice.
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Figure 2: Number of apical and basal cells in epididymis of pre-pubertal mice treated with various doses of CP at 7 day post-treatment

interval

Adult mice

The effect of CP on epididymal
histology was assessed at 7, 28 and 42 days
after treatment. The Figure 3, 4 and 5
depicts the changes in the epididymal
cellularity with respect to principal, apical
and basal cell number. The epididymis from
the control mice had 53.17 + 1.37 principal
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cells which did not differ much with
increase in time (Figure 3). However, in CP
treated mice, there was a significant
decrease in the principal cells at 7 day post
treatment interval, especially in mice treated
with 200 and 250 mg/kg of CP. At later
intervals there was no significant difference
in the number of these cells.
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Figure 3: Number of principal cells in epididymis of adult mice treated with various doses of CP at different post-treatment interval
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Figure 4: Number of apical cells in epididymis of adult mice treated with various doses of CP at different post-treatment

interval
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Figure 5: Number of basal cells in epididymis of adult mice treated with various doses of CP at different post-treatment interval
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Further, there was decrease in the
apical cell number at 7 day post treatment
interval in mice treated with 100, 200 and
250 mg/kg CP (p< 0.05, p< 0.01 and p<
0.01 respectively). At 28 day interval
though the apical cells were lower than the
control group, especially in the higher
doses, it was statistically not significant.
Surprisingly, on day 42, there was
significant increase in the apical cells of
mice treated with 250 mg/kg of CP (p<

0.05) compared to control and the other
doses of CP (p< 0.0.5).

Similarly, the control epididymis
had 8.97 + 0.57 basal cells which did not
change with increase in the time. In all CP
treated group the number was non-
significantly lower than control at 7 and 28
days post treatment interval. While on day
42, mice treated with up to 200 mg/kg of
CP, there was a marginal non-significant
increase.

Control

50 mg/kg CP

CP SO mg/kg

CP 100 mg/kg

CP 200 mg/kg

CP 250 mg/kg

Image 2: Representative images of epididymis of adult mice treated with various doses of CP at 7 day post-treatment interval
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Image 3: Representative images of epididymis of adult mice treated with various doses of CP at 28 day post-treatment interval
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100X
Image 4: Representative images of epididymis of adult mice treated with various doses of CP at 42 day post-treatment interval

Effect on the DNA integrity of epididymal
cells

Since the CP administration resulted
in changes in the cellularity of the adult
epididymis, especially at the highest dose
used in the present study (250 mg/kg),

TUNEL assay was performed in the
epididymal sections to understand its effect
on the DNA integrity. The number of
TUNEL positive cells per tubule was
assessed.
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Image 5: DNA integrity in epididymal cells of adult mice exposed to 250 mg/kg of CP. The nucleus was counterstained with fluorescent

dye DAPI (400X).

In the control group, 2.02 + 1.01
tubules were having DNA damage
expressed as TUNEL positive tubules. Up to
100 mg/kg, CP did not induce any
significant increase in the TUNEL positive
tubules. However, at 200 mg/kg dose and
above, there was an increase in the number
of tubules with TUNEL positive cells
indicating its DNA damaging effect.
However, this increase was statistically not
significant.

No. of tubules with apoptosis
hi

0 50 100 200 250

CP dose (mg/kg)

Figure 6: DNA damage in the epididymis of adult mice treated
with various doses of CP

DISCUSSION

Epididymis plays an important role
in sperm transport as well as sperm
maturation. Epithelial cells lining the
epididymal lumen secretes several important
factors required for final maturation of
spermatozoa. The histology of various cell
types in adult rat epididymis has been
reviewed in detail by various authors (9,10),
although very few study has been done on
mice to understand the effect of anticancer
drugs like CP on the histology of
epididymis.

The epididymis is lined by pseudo
stratified columnar epithelial cells which
has specific function. Even though there are
certain discrepancies about the function of
these cells, the current belief is that
principal cells are the most abundant and
extensively studied cell type found in the
epididymal epithelium. Principal cells
constitute approximately 80% of the total
epithelial cell population in the initial
segment. The number of principal cells
gradually decreases to 65% of the total
epithelial cell population in the cauda
epididymis (10). They are responsible for
the bulk of the proteins that are secreted into
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the lumen and are directly involved in the
control of luminal protein concentrations.
The basal cells are the second most
abundant cell type found in the epididymal
epithelium, constituting 15-20% of the total
epithelial cell population of the epididymis.
They are triangular and flat cells and they
reside in the base of the epithelium. It is
suggested that these cells may have a role in
the epithelial immune system and in the
regulation of electrolytes. However, the
exact functions of these cells are not yet
clear (11). The apical cells comprise
approximately 10% of the total epithelial
population in the initial segment but only
approximately 1% of the total epithelial
population in the cauda of the epididymis.
These cells are believed to regulate pH in
the lumen through the production of
enzymes of the carbonic anhydrase family
(12).

The principal cells being the
predominant cell type throughout the
epididymis have been noted by a number of
investigators (12,13). The administration of
CP caused an increase in the number of
principal cells per tubule which was more
predominant at the lower dose (significantly
higher than control). These results are
similar to that done by Trasler et al., (1988),
where he found significant one to one half
increase over control after 1 week of
treatment. The  relative  percentile
contribution of principal cells increased
with the low dose but not with the higher
dose. Even though there was no significant
change in the number of basal cells, the
apical cells decreased marginally at higher
doses of CP.

Surprisingly, the adult epididymis
had a different response to CP
administration. The principal cells are
significantly decreased at higher doses at 7
day interval. However, with increase in the
recovery period after CP administration, the
principal cells were repopulated in the
epididymal compartment suggesting that the
effect of CP was transient and even after
exposure to very high doses of CP, the
epididymal tissue can recover histologically

and probably also functionally which needs
further studies. Trasler et al., (1988) noticed
the abnormal distribution pattern of cells in
the caput region. The cells in this region had
larger size but the number did not change.
Whereas, in the cauda region of epididymis,
epithelial lining had increased number of
epithelial cells which were larger in size.

In the scanning electron microscopy
done by Hamilton, (1977) regarding the
surface morphology of epididymal cells in
rat, it was noted that the luminal surface of
apical cells is composed of flagellar folds
reminiscent of the kind found on cells
actively engaged in phagocytosis. It has
been suggested that the apical cells from
untreated rats can take up the contents of
cytoplasmic droplets shed by spermatozoa
(10,11). 1t is possible that increase in the
size of the apical cells in CP treated animals

is due to the increase in uptake of
breakdown products of  abnormal
spermatozoa. However, the cause for

increase in number of apical cells still
remains unknown.

The lumen of epididymal tubule
showed low sperm concentration when
compared to control, which was similar to
findings obtained by Kamarzaman et al.,
(2013). Added to his, he had also noted a
marked decrease in the concentration of
mature sperm in the epididymal lumen,
when the animals were exposed to CP for a
longer period of 32 days. The results also
match with that of Kim et al., (2013), where
the epididymal index (amount of sperm in
the ductus epididymis) in CP group
decreased significantly in comparison with
that in the control. In addition, in high doses
of CP treated groups the epididymal
sections showed relatively larger spaces
between the epididymal tubules and lumens
being filled with edema fluid, these findings
are similar to the findings obtained by
Moshtak et al., 2012.

The TUNEL assay quantifies the
incorporation of biotinylated dUTP at
double strand breaks in DNA wusing a
reaction catalyzed by template independent
terminal deoxynucleotidyl transferase. The
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assay scores florescent cells with labelled
DNA. TUNEL which detects apoptosis
specific DNA fragmentation is said to be
sensitive for both single and double stranded
breaks. It also has the advantage of being
relatively quick and easy to perform.

The DNA integrity in nuclei of the
epididymal cells exposed to cytotoxic doses
was analyzed in present study using TUNEL
assay with the parallel control group. In the
control group, 2.02+1.01 tubules were
having DNA damage expressed as TUNEL
positive tubules. However higher doses,
especially at 200 mg/kg dose and above,
there was an increase in the number of
tubules with  TUNEL positive cells
indicating its DNA damaging effect.

The alkylating effect of CP on the
DNA of epididymal epithelial cells might
have resulted in elevated percentage of
apoptotic cells. Oxidative stress generated
by CP due to significant increase in
testicular reactive oxygen species (ROS)
level, along with a significant decrease in
cellular thiol levels (5). The oxidative stress
is believed to be involved in the etiology of
toxicities of many xenobiotics (15, 16).
Some of the pathological alterations like
disturbed spermatogenesis, severe damage
of seminiferous tubules with complete loss
of the spermatogonial cells are attributed to
the oxidative stress induced by increasing
lipid peroxidation produced by CP as well
as to the ability of the activated metabolites
of CP (which are alkylating agents) to cause
cross linking of DNA strands, interfering
with normal cell division in all rapidly
proliferating tissues. In addition,
cyclophosphamide can disrupt the redox
balance of tissues suggesting that
biochemical and physiological disturbances
may result from oxidative stress caused by
the generation of free radicals and ROS30
and due to their high polyunsaturated fatty
acid  content,  spermatozoa  plasma
membranes are highly sensitive to ROS-
induced damage and lipid peroxidation (17).

There are not many studies done on
the epididymal cells to check its DNA
integrity in its nuclei. However, some of the

studies such as Codrington et al., (2004),
Sabik and Rahman., (2009) revealed an
increased number of TUNEL positive male
germ cells in cyclophosphamide treated
group compared to control group.

CONCLUSION

Cyclophosphamide, a well known
anticancer though known for its toxic effects
on testis, very less studies focus on the
cellular changes on Epididymis. In this
present experimental study on mice model,
an attempt is made to look into the cellular
changes in the histology. In addition, as a
special attempt is made to look into the
DNA integrity of the cells lining epididymal
epithelium, by recognizing the apoptotic
cells through TUNNEL ASSAY study.
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