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Effects of Cisplatin on the Sperm Morphology

of Rattus Orvegicus

Abstract: The mutagenicity and genotoxicity of
chemotherapeutic drugs used as chemical antibiotics in
most tumours as anticarcinogenic agents were studied.
Cis-diammine-dichloroplatinum  (cisplatin) is a
commonly used chemotherapeutic agent in the treatment
of ovarian, testicular and bladder cancer. It is used
intravenously, intraarterially and intraperitoneally. Group
I adult male rats were injected with a single dose at a level
of 1, LDy, (16 mg/kg body weight (a half carcinogenic
dose). Group II rats were treated with 9 mg/kg body
weight (recommended dose) intraperitoneally injected.
The abnormally shaped sperms were recorded after 1, 2,
3, 4 and 5 weeks post-injection. The frequency of
abnormally shaped sperms was noted within the first three
weeks post-injection, and highly significant abnormalities
were recorded at the end of second week (181.4 = 24.9)
and (145.1 + 28.6) in Groups I and II, respectively.
Recovery from the genotoxicity of cisplatin was achieved
at the end of the 5" week.

7Key words: Cisplatin, Sperm morphology, Rattus orvegicus.

Introduction

Cisplatin is of value in the treatment of metastatic
tumours of the testis, usually as a major component
of combination chemotherapy regimens, and
particularly in combination with bleomycin and
etoposide. It is also used in metastatic ovarian
tumours and advanced bladder cancer, and has been
reported to be active against a wide range of other
solid tumours (Shernian et al. 1985).

The cytotoxic effect of cisplatin is thought to
result from the covalent binding of the cisplatin to
DNA. The resultant adducts are cross-links of three
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types: intrastrand, interstrand and DNA-protein
(Sherman & Lippard, 1987). The most common
adduct is the intrastrand cross-link bridging adjacent
guanines at the N-7-position (Pinto & Lippard, 1985
and Eastman, 1987). It also inhibits DNA synthesis
and replication by inactivating the template.

Other observations, related to the genotoxic
effects of cisplatin therapy include damage to
inicrotubule formation (Jnoue et al. 1985) and G2
arrest (Andrews & Howell, 1990). Most studies of
the genotoxicity of cisplatin on germ cells have been
done in males. However, male and female germ
cells differ in their susceptibility to mutation
induction. Thus, genotoxic data extrapolated to
female germ cells must be treated with caution.
(Jekunen et al. 1994). The present study is an
attempt to explore if cisplatin therapy may or may
not affect sperm shape of male rats.

Material and Methods
Cis-diamnuno dichloro platinum II (cisplatin):

Cisplatin is an inorganic platinum-containing
complex. It is thought to act as an alkylating agent
which is potentially carcinogenic. Its antineoplastic
action is cell cycle nonspecific (Ogawa, 1985).
Cisplatin was synthesized by Marceils and Reedijk
(1985). It is a yellow powder, slightly soluble in
water and in 0.9 sodium chloride solution (1 mg/1
ml of saline solution) and must be stored in airtight
containers and protected from light. Cisplatin is
administered intraperitoneally and the therapeutic
dose for humans is 100 mg/Ms day as a single
dose monthly (Vermorken, et al. 1984). The
recommended dose for rats is 9 mg/kg body weight
as a single dose (Adler, & El-Tarras, 1990), and ',
LDy, of cisplatin in male rats is 16mg/kg body
weight, which is half a carcinogenic dose (Connors,
et al. 1982).

In the present work 60 adult male rats (Ratfus
norvegicuis) were obtained from the farm of the
Faculty of Veterinary Medicine, Zagazig University,
weighing an average of 100 + 20 gm. The specimens
were classified into 2 main groups, each of 30 rats.
Each group was subdivided into 6 subgroups each of
5 rats. In both groups, rats of the first subgroup were
given 1.0 ml saline solution and served as a control
group. Subgroups 2-6 represented rats of weeks 1-5
respectively.

Group |
Each rat in the 5 subgroups received an evening
intraperitoneal injection of a single dose of '/, LDs,

cisplatin (1.6 mg/rat/day). Five rats were sacrificed
after 1, 2, 3, 4 and 5 weeks and sperm smears were
taken from the caudal epididymis of the testes.

Group 1I

Each rat from 25 intact rats was intraperitoneally
injected with the recommended dose of 0.9
mg/rat/day as a single dose in the evening. After 1,
2, 3, 4 and 5 weeks, five rats were sacrificed and
sperm smears were taken from the caudal
epididymis of the testes. Sperm smears of 60 rats
were stained by Feulgen nuclear stain (Feulgen &
Rossenbeck. 1924), and 1000 sperms were
microscopically examined for each rat. A binocular
microscope, with x10 eye piece and x100 oil
immersion objective lenses was used. Abnormally
shaped sperms were recorded. Micrographs were
taken whenever necessary. Statistical analysis for
each treatment was evaluated by a dispersion test

based on %2 (Snedecor & Cochran, 1976).
Results

The rat sperm consists of two main parts, the
head and the tail. The head is triangular in shape,
having a broad base and pointed tip. The pointed tip
has a characteristic curvature. The head region is
mostly occupied by the nucleus. The tail is several
times the length of the head. It begins as a
cylindrical part at the base of the head region and
then the diameter decreases progressively and ends
in a filamentous form (see Fig. 3).

In the present study, the frequency of normal
sperm shape reached 951.1 = 9.3 /1000 sperms.
Occasionally, some sperm cells may be present with
rather an unusual shape. However, such cells appear
in limited numbers with an average of 48.9 = 9.3
/1000 sperms. Cisplatin in a dose of 0.9 mg/rat/day
intraperitoneally injected into rats resulted in an
obvious effect on the sperm shape when compared
with the control group. The abnormally shaped
sperms were significantly increased after the first
and second weeks post-injection. This increase
persisted for 4 weeks post-injection with a peak
after the second week (Tables 1 & 2).

Thereafter, there was a gradual decline in
frequency that continued until the end of the
experiment (5 weeks). However, there was always a
variation in the response between rats treated with
the different doses of cisplatin. The higher response
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was reported after the second week, reaching 148.2 +
27.6 and 1804 + 249 1 in rats treated with the
recommended dose and rats treated with s, the
carcinogenic dose of cisplatin, respectively. By the
end of the fourth week, the average number of
deformed sperms reached 67.7 + 14.8 and 53.4 %
11.5 in both groups of treated rats, respectively,
which was within the control values. However, the
abnormally shaped sperms remained higher in
number than the control level at the end of the 5"
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week. After the 5 week, the frequency returned to its
normality.

The sperm shape abnormalities involved either
the head or the tail. In many cases, both the head and
tail were deformed (Tables 1 & 2).

The majority of deformed sperm abnormalities
involved the head morphology, which reached a peak
in week two post-injection, reaching 4.6% and 7.4%
in both groups of treated rats respectively compared
with the control of 2.4%, as in Table (3) and Fig. (2).

Table 1: Effect of cisplatin given intraperitoneally in a dose of (0.9 mg/rat/day) on the sperm morphology of rats.

Weeks  Normal sperms Deformed sperms / 1000 M+SD Total abnormal
/1000 M = SD - - - . sperms/1000 M+SD

L B Head - Tail Head and tail B

Control 951.1+93 24.1 +47 103 2.3 145 +2.6 489 +93
| 860.7 + 24.1 33726 163 7.3 89.3 + 14.2%%* | 1393 + 24 ]***
2 851.8 £27.6 49.5 = 10.1%# 38.4 + 8.0%* 60.3 = 9.5%* 148.2 £ 27.6%%*
3 866.2 + 28.7 61.5 + 16.2%%* 242 +7.1% 48.1 £ 5.4%%* 133.8 + 28.7%%*

4 932 + 14.8 23.8+5.2 21.0+63 222 £3.3% 67 = 14.8

) 950.1 +11.8 20:5 £ 3.2 145 £2.5 149 = 6.1 499 = 11.8

* P<0.05, #* P <0.01, %k P < 0.001

Table 2: Effect of intraperitoneal injection of cisplatin (1.6 mg/rat/day) on the sperm morphology of rats.

Weeks = Normal sperms Deformed sperms / 1000 M+SD Total abnormal
/1000 M = SD - i sperms/1000 M+SD
B ~ Head _Tail Head and tail -

Control 951.1+£93 241=x44 10.3+2.3 145+26 489 +93

1 8403 £25.5 85.3 = 14.3%* 20.2£3.1%% 54.4 + 8.1%* 159.7 & 25 5%**

2 819.6 £24.9 90.4 + 14.5%% 21.3 & 2,1 % 68.7 £ 8.3%%%  180.4 +24.9%**

3 866.2 + 28.7 71.5 + 16.2%* [4.1+£53 48.2 £ 7.2%% 133.8 & 28.7%%*

4 946.6 £ 11.5 200 x6.7 53+09 19.1+£39 534 +11.5

5 960.5 + 12.5 203 +8.2 50+13 | 142 +3.0 39.5£12.5

* P<0.05 ## P < 0.01, ##i P < 0,001

Table 3: Comparison of % abnormality of sperm heads in the rats treated with both doses of cisplatin.

3 Deformed head / 6000 sperms - ‘
Rats treated with 0.9 mg/rat/day Rats treated with !/, LDsq 1.6 mg/rat/day

Weeks ~  Hooks  Unusual head Topa;I- Hooks Unusual head ~ Total
N % N % N % N % N % N %
Control 58 1.0 86 1.4 144 2.4 - - . - - -
1 61 1.2 141 24 202 34 130 21 281 47 411 68
2 65 1.2 211 3.5 276 4.6 192 3.2 | 250 42 442 74
3 48 0.8 138 2.3 186 3.l 137 2.3 192 32 1329 33
4 43 0.8 95 1.7 138 2.5 95 1.7 39 1.6 134 23
5 41 0.7 85 1.4 126 2.1 39 1.3 81 1.7 120 20

—
N = number of abnormal heads
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The head deformities are presented in various
forms. Sometimes the apical part showed an unusual
curvature, or was abnormally straight and in many
cases the size of the head was within the normal
limits. In other cases, the size was abnormally large
as it had an urregular outline which was rather
difficult to describe, as in Fig. (3).

Abnormalities in the tail region varied between
being duplicated at its junction with the head and
other deformities in the tail, as in Figure (3). All of
these deformities were mostly seen within three
weeks post-injection of cisplatin, and also during the
recovery from the side effects of cisplatin, mostly in
rats treated with the recommended dose but less
than with those rats ftreated with the 1/2
carcinogenic dose.

b Total of abnormal sperms of rt
treated with;
{71 0.9 mg/raviday of cisplatin
1 B 1 6 mg/ravday of cisplatin
F
¥
5 il

4
Contrtl Week 1 Week2 Week 3 Week 4 Week S

Fig. 1: The frequency of abnormally shaped sperms
of the rats treated with both doses of cisplatin.

5 Total of abnormal headed sperms
of rat treated with:

7] 0.9 mg/ravday of cisplatin

we o B . & 1 6 mg/avday of cisplatin

Frequency
B

L

Conpred Week | Week 2 Week 3 Week 4 Week S

Fig. 2: Comparison between the percentage of
abnormal heads of sperms of rats treated with both
doses of cisplatin.

Discussion

In an attempt to find out the way in which
cisplatin affects germ cell development, it was
found that the therapeutic dose (9 mg/kg body
weight) resulted in an abundance of abnormally
shaped sperms. The peak of abnormality was
observed in the second week post-injection.
Abnormalities in shape affected the head region, tail
region or both.

i5

Deformities of the tail most probably resulted in
improper motility, which in turn limited the chance
for such a sperm to fuse with an ovum. In our
opinton the deformities of the tail region indicated
that the cytotoxicity of cisplatin has a high level of
adduct formation with mitochondrial DNA, where
the tail formation and motility of sperms depend on
the energy provided from mitochondria. This notion

‘is in agreement with the results recorded by Adrie et

al. (1985}, Plooy er af. (1985}, Andrews et al. (1988)
and Sabet et al. (1990). They attributed increased
sensitivity of germ cells to cisplatin and high
toxicity of cisplatin to intra-lysomal storage or
metabolites. This means that lethality should be due
to cytoplasmic effects of the drug and high level of
adduct formation with mitochondrial DNA, which
could occur and cause dysfunction of the cells. The
head shape abnormalities are markedly increased.
One type of head shape abnormality affected its
tapering anterior part; such sperms with untapered
anterior region might have been also unable to fuse
with ovum for zygote formation. In addition, there
are various head shapes that lead to an irregular
form which was rather difficult to describe.

The present results point to the sensitivity of the
component of head region to cisplatin. In most cases
the nucleus occupies all the head region, and the
genotoxicity of cisplatin has formed intrastrand
cross-links with nuclear DNA or with defective
repair.  This suggestion is supported by the
observations of many previous authors (Roberts ez
al. 1982) and (Plooy er al. 1984). It is postulated that
potentially lethal platinum DNA adduct appears to
be the intrastrand cross-link. This is because it
amounts to more than 1% of the total amount of
platinom that had reacted with nuclear DNA, and
because of high penetration of cisplatin into the
nucleus and the tendency of nuclear germ cells to
accumulate platinum. Other authors, such as
Roberts and Friedlas, (1987) Adler and El-Tarras
{1989 & 1990) and Zamble e al. (1996) have found
that cisplatin produces a clastogenic effect on
differentiated mouse spermatogenic cells with a
number of aberrations per cell that increase in a
dose-dependent manner. Cisplatin also induced
genetic aberration during the pre-meiotic phase of
DNA synthesis (Adler & El-Tarras 1990} and
(Kenneth et al. 1999),

More sperms became affected at the end of the
second week post-injection with cisplatin. We
suggest that late spematids seem to be the most
sensitive cells in the spermatogenic series to
cisplatin with longer time needed for recovery from
cisplatin genotoxicity, indicating that other cell
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stages in spermatogensis can also be affected by
cisplatin. This assumption is supported by many
authors. Meistrich et al. (1982) found that
differentiated murine spermatogonia, spermatocytes
and spermatids were all sensitive to cellular death
after cisplatin therapy while stem cells were
relatively resistant. Genesca et al. (1990) noted an
increase in chromosome breaks and univalents in all
male germ cell tested with cisplatin treatment.
Drasga et al. (1983), Johnson et al. (1984), Brenner
et al. (1985) and Fossa et al. (1985) revealed that
most patients with testicular malignant tumors are
rendered azospermic by cisplatin therapy and
restoration of spermatogenesis occurs in many
patients after cessation of therapy, but not all
patients will demonstrate return of fertility.

Effects of Cisplatin on the Sperm Morphology ......

In the present study, the recovery from side
effects of platinum extended for 5 weeks or more in
male rats treated with cisplatin until it reached the
control limit, showing the tendency of platinum to
form DNA adduct strands and accumulate with
nuclear DNA. Our results coincide with the data
obtained by Rothmann and Weick (1981) and
Guichun er al. (1999). They reported that most
patients with testicular cancer recover by day 39
post treatment with cisplatin. Schwartz & Vidone
(1981), Ward et al. (1982) and Gershenson et al.
(1983) suggested that the incidence of germ cell
failure is related to the age and period at which the
patients received cisplatin therapy.

Fig. 3: Sperm cells showing:

a) Normal sperm, b) Sperms showing unusual acute curvature, ¢) Sperms with unusual hooks
d) Sperms with unusual heads, e) Sperms with unusual tails, and f) Sperms with unusual heads and tails
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