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Abstract: The aim of this study was to investigate the comparative effects of aminoglycosides and
fluoroquinolones on testis apoptosis and sperm parameters in rats. Fifty male Wistar rats were randomly
divided mnto control (n = 10) and experimental (n = 40) groups. The experimental groups subdivided mnto four
groups of ten. Bach received 5 mg kg™ (IP) gentamicin, 50 mg kg (IP) necmyein, 40 mg kg~ (IP) streptomycin
and 72 mg kg~ (IP) ofloxacin daily for 14 days, respectively, however, the contrel group just received vehicle
(IP). In the fourteenth day, rats were killed and sperm analyzed for sperm parameters. Testis tissues were also
prepared for TUNEL assay for detection of apoptosis. There was a significant decrease 1 sperm count, viability
and motility in all of experimental groups when compared with control group. Although in streptomycin group
these parameters were less decreased than in the other experimental groups. The apoptotic cells were
significantly increased in all experimental groups when compared with those seen in the controlled group.
Gentamicin, neomycin and streptomycin and ofloxacin have negative effects on sperm parameters and testis
apoptosis in rats. However, these side effects are less seen in the streptomycin group. Therefore, it is

recommended that usage of this drug have fewer side effects on male fertility.
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INTRODUCTION

In the last few vears, a marked decrease in the quality
of semen has been reported (Carlsen et al., 1992). These
changes in semen quality are more likely to be due to
environmental factors. Chemicals and drugs which add are
particularly misused are among these environmental
factors (Oliva et al, 2002). Antibiotics are commonly
prescribed for a multitude of everyday condition. Not
swprisingly, a proportion of male patients attending
fertility climies may have been prescribed antibiotics by
their general practitioner to treat these unrelated
infections. Tn addition, some patients requiring assisted
conception occasionally show evidence of infection of
the male reproductive tract.  The
aminoglycosides (gentamicin, neomycin, streptomycin)
and fluoroquinolones (ofloxacin) are routinely used by
urologists, andrologist and fertility specialists to treat

antibiotic

such bacterial infections occurring prior to in vitre
fertilization treatment, or when high concentration of

leukocytes are present in the semen of these patients,
irrespective of microbial evidence of infection. They have
a broad spectrum against of microbial pathogens,
especially Gram-negative infectious diseases, that has
been approved in more than 100 countries worldwide.
They are among the most effective antibacterial for the
treatment of bacterial genitourinary tract (Herbold et af.,
2001, Schlegel et al, 1991). In the laboratory,
aminoglycosides are commonly used in embryo culture,
sperm wash and cryopreservation media (King et af.,
1997, Magli et al., 1996) for controlling growth of bacteria
and fungi. The most frequently used antibiotics are
streptomycin sulfate and penicillin (Magli et al., 1996;
Erbach et al, 1994), which are usually used in
combination. Some laboratories use gentamycin to
maintain the sterility of culture (Takahashi and First,
1992). In vive and irn vitre genotoxicity studies
suggest these antibiotics as safe for therapeutic use
(Herbold et al, 2001). However, other studies have
demonstrated they mmpair sigmficantly both testicular
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function and  structure (Schlegel et al, 1991;
Abd-Allah et al., 2000, Demir et al., 2007). The aim of the
present study was to compare the effect of gentamicin,
neomycin, streptomycin and ofloxacin on  sperm
parameters and testis apoptosis in rat.

MATERIALS AND METHODS

Animals: Fifty adult Wistar albino male rats were 8 weeks
old and weighing 250+10 g, they were obtained from
ammal facility of pasture institute of Iran. Male rats were
housed 1n temperature controlled rooms (25°C) with
constant humidity (40-70%) and 12/12 h light/dark cycle
prior to use in experimental protocols. All animals were
treated in accordance to the Principles of Laboratory
Ammal Care. All Rats were fed a standard diet and water.
The daily intake of animal water was monitored at least
one week prior to start of treatments in order to determine
the amount of water needed per experunental ammal.
Thereafter, the rats were randomly selected and divided
into control (n = 10) and experimental (n = 40) groups. The
experimental groups subdivide four groups of ten. Each
received 5 mg kg~ (IP) gentamicin, 50 mg kg™' (IP)
neomycin, 40 mg kg~ (IP) streptomycin and 72 mg kg™
(TP) ofloxacin daily for fourteenth days, respectively;
however, the control group just received vehicle (IP).
Body weight daily intake of food and water were
determined several times per week throughout the study.
All chemicals used in the present study were purchased
from Sigma chemical.

Surgical procedure: In the fourteenth day, the
Pentobarbital sodium (40 mg kg™ ) was administered intra
peritoneal for anesthesia and the peritoneal cavity was
opened through a lower transverse abdominal incision.
Then testis and epididymis were mmmediately removed.
The weights of testis in both groups were recorded. At
the end of the experiment; the animals were anesthetized
with diethyl ether and killed by decapitation between 9:00
and 11:00 am.

Sperm analysis: Epididymal sperm was collected by
cutting the cauda region of the epididymis into small
pleces in 5 mL of Ringer's medium at 32°C. A sperm
viability test was done by the method described by World
Health Orgamzation (WHO). Epididymal sperm count and
motility were evaluated and the methods used have been
detailed elsewhere (Brooks, 1976).

Histopathology of testis: The testis was fixed in 10%
formalin and embedded in paraffin Five-micron thick
sections were prepared and staned with hematoxylin and

eosin (H and E). The specimens were examined under
Olympus/3H  hght microscope. The diameter of
seminiferous tubules was measured in 20 round tubular
sections per ammal at 100x magmfication and the digitized
images were analyzed for morphometric study. Then
D = mean of diameter, a = high diameter = low diameter
and put a and b in this formula: D = vaxb. the software for
measurement diameter of seminiferous tubules was umage
toll 2007,

TUNEL analysis of apoptosis: The in situ DNA
fragmentation was visualized by TUNEL method
(Xiaozhong et al., 2001). Briefly, dewaxed tissue sections
were predigested with 20 mg mL ™' preteinase K for 20 min
and incubated in phosphate Buffered Saline Solution
(PBS) contaming 3% H,0, for 10 min to block the
endogenous peroxidase activity. The sections were
incubated with the TUNEL reaction mixture, fluorescein-
dUTP (in situ Cell Death Detection, POD kit, Roche,
Germany), for 60 min at 37°C. The slides were then rinsed
three times with PBS and incubated with secondary
antifluorescein-POD-conjugate for 30 mm. After washing
three times in PBS, diaminobenzidine-H,O, (DAB, Roche,
Germany) chromogenic reaction was added on sections
and was counterstained with hematoxylin. As a control for
method specificity, the step using the TUNEL reaction
mixture was omitted in negative control serial sections
andnucleotide mixture in reaction buffer was used mstead.
Apoptotic germ cells were quantified by counting the
number of TUNEL stained nuclei per seminiferous tubular
cross section. Cross sections of 100 tubules per specimen
were assessed and the mean mumber of TUNEL positive
germ cells per tubule cross- section was calculated.

Statistical analysis: Statistical analysis was made using
the ANOVA and Chi-square tests for comparison of data
in the control group with the experiment groups. The
results were expressed as mean+SEM (standard error of
means). p-value less than 0.05 were
significant.

considered

RESULTS

Weight of individual male reproductive organs: Weights
of the testis, epididymis and seminal vesicle were
significantly lower in ammals treated with gentamicin and
ofloxacin relative to the control group (p<<0.05), which
suggests that these antibiotics have the toxicity to male
reproductive organs. However, these decreases for testis
weight were not seen in the animals receiving
streptomycin and neomycin and this decrease for seminal
vesicle weight was not seen in the animals receiving
streptomycin (Table 1).

1684



FPak. J. Biol. Sci., 11 (13): 1683-1689, 2008

Table 1: Male reproductive organ weights of control and treated rats

Control Gentamicin Neorntycin Streptontycin Ofloxacin
Organs (n=10) (n=10) {5 mg kg™ (n=10) (50 mg ke™" (n=10) (40 mg ke™ (n=10) (2 mgke™"
Testis (g) 1.53+0.03 1.24+0.03* 1.4440.03 1.48+0.03 1.35+0.03*
Epididymis (g) 0.3040.025 0.20£0.038%* 0.22+0.057* 0.28+0.057* 0.20+£0.038*
Serninal vesicles (g) 0.5540.016 0.19+0.009* 0.21+0.000% 0.5240.009 0.20+£0.006*
Values are meantSE, *Significant different at p<0.05 level, (compared with the control group)
Table 2: The effect of gentamicin, neorycin, streptomycin and ofloxacin on sperm count, motility and viability

Total count

Groups (No. of sperm/ratx06) Motility (®0) Viability (20)
Control (n=10) 57+0.20 48.4+2.03 79.2+£3.40
Gentamicin (n = 10), (5 mg kg™ 30£0.26% 18.8:+0.85* 40.941.08***
Neontycin (n = 10), (50 mg kg™) 21+0.19% 34.240.92% 28.6+1.06#
Streptomtycin (n =1 0, (40 mg kg™") 34+0.28% 50.4+1.60 A5, 6], 75
Ofloxacin (n =10), (72 mg kg™ 12+0.27# 48.6+1.80 23.34]. 27

Data are presented as mean+SE, *Significant different at p<0.05 level, (compared with the control group), ***Significant different in viability at p<0.001,

(compared with the control group)

Table 3: The effect of gentamicin, neormycin, streptomycin and ofloxacin on diameter of seminiferous mbules

Control Gentamicin Neorntycin Streptontycin Ofloxacin
Groups (n=10) (n=10) (Smgkg™) (n=10) (50 mgkg™" (n=10) @0 mgkg™ =10 (72 mgkg™"
Diameter of seminiferous 385.3+0.1 282.3+0.1% 279.3£0.05% 292+0.8* 27240.9%
tubules (um)
Data are presented as mean+SE, *Significant different at p<0.05 level, (compared with the control group)
Sperm analysis: Administration of 5 mg kg™ (IP) present 1n stages 1-4 and stages 9-13 but rarely

gentamicin, 50 mg kg™ (IP) necmyein, 40 mg kg~' (IP)
streptomycin and 72 mg kg~ (IP) ofloxacin daily for
consecutive 14 days sigmficantly reduced sperm count in
all experimental groups as compared with the control
group. Sperm motility was sigmficantly decreased in
gentamicin and neomycin groups as compared with the
control group. Moreover, sperm viability was significantly
declined in the experimental groups when compared with
the control group (Table 2) (p<<0.001).

Histopathology of testis: Histopathological study showed
that the cycle of spermatogenesis was regular in the
control group (Fig. 1A). However, 1n all animals exposed
to drugs were seen a depletion of germ cells, germinal
cells necrosis, especially in spermatogomnia, evidence of
cell debris in lumen and present of lymphocyte and
plasmocyte (except streptomycin group) (Fig. 1B).
Expansion of interstitial space and intertubular space with
vacuolization was developed and congestion in veins
were increased in all experimental groups as compared
with those seen in the control group (Fig. 1C). Diameter of
seminiferous tubules was decreased in all experimental
groups as compared with those measured in the control
group (p<0.05) (Table 3).

observed in stages 5-8 i all groups except control
group. The spermatocytes especially, leptotene-zygotene
spermatocytes and pachytene spermatocytes were the
main germ cells undergoing apoptosis m stages 9-13.
Figures Tunel assay demonstrate the typical histograms
of unnel assay analyzed by light microscope in all groups
(Fig. 1D-H). Using the ir siti detection method by which
the apoptotic cells can be identified by their darkly
stained nuclei,
spontaneous apoptosis in normal rat testis from the
control group. Although in low numbers, apoptotic germ

we observed a low incidence of

cells were also observed in the control group when
compared with the experimental groups (p<0.05). The rate
of total positive apoptotic  germ
(spermatogomnia and spermatocytes) were (24.1543.216),
(25.15+2.881),(34.1 542 584)and (15.154+3.523), respectively
for gentamicin, neomycin, ofloxacin and streptomycin
groups and (7.3£0.762) for the control group (Table 4).
The incidence of Tunel positive apoptotic germ cells/100
tubules were higher in stages 1-4 and 9-13 in the
experimental group when compared with those seen in the
control group, according to the definition of Clermont-
method, according this method the generations of

Tunel cells

developing germ cells within the cycle of the semmiferous
epithelium in fourteenth day of study in all type of cells

Results of apoptosis: In this study, the number of Tunel  type A spermatogoma, mtermediate spermatogonia,
positive apoptotic germ cells per tubule cross-section at  type B spermatogomia, Pereleptotene sparmatocytes,
stages 1-4 and 5-8 and stages 9-13 increased following leptotene  sparmatocytes, Zygotene sparmatocytes,

gentamicin, neomycin, ofloxacin treatment compared to
the control group. The apoptotic spermatogonia were

Diplotene Spermatocytes in all stages were recorded
(Clermont, 1972).
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Fig. 1: Photomicrograph of testis in control group show regular epithelium seminiferous layers (arrow), H and E (A),
X40, Photomicrograph of testis in ofloxacin group show depletion of germ cells, germinal cells necrosis (arrow)
and present of lymphocyte and plasmocyte (triangle), Expansion of interstitial space with fibrosis were seen
(star) (H and E) method (B), X40, Photomicrograph of testis in gentamicin group show expansion of interstitial
space (star) with congestion in vein (arrow) (H and E) method (C), X40, Photomicrograph of testis in the
control group shows apoptosis in primary spermatocyte that dark brown apoptotic body (arrow) detecting by
Tunel assay (D), X40, Photomicrograph of testis in gentamicin group show Expansion of interstitial and
intertubular space (star) and more dark brown apoptotic body (arrow) detecting by Tunel assay, (E), X40,
Photomicrograph of testis in ofloxacin group shows Tunel positive apoptotic germ cells in spermatogonia cells
(triangle) and more dark brown apoptotic body (arrow) detecting by Tunel assay (arrow) (F), X40
Photomicrograph of testis in neomycin group show that dark brown Tunel positive apoptotic germ cells in
spermatocyte (arrow) detecting by Tunel assay (G), X40, Photomicrograph of testis in streptomycin group show
dark brown Tunel positive apoptotic body in leydig cells (arrow) detecting by Tunel assay and (H), X40
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Table 4: The effect of gentamicin, neormycin, streptomy cin and ofloxacin on germinal cells apoptosis

Control Gentamicin Neorntycin Streptontycin Ofloxacin
Groups (n=10) (n=10) S mgke™") (n=10) (50 mg kg™ " (n=10) 40 mg kg™ (n=10) (72 mg kg™
Percentage of total 7.3+£0.762 24.15+3.216% 25.15+2.881 % 15.15+3.523% 34.15+2.584%

apoptotic cells
(Spermatogonia and
spermatocytes)

Data are presented as mean+SE, *Significant different at p<0.05 level, (compared with the control group)

DISCUSSION

Antibiotics are used in the treatment of infection and
as anticancer, antiprotozoal andantihelminthic agents.
However, antimicrobial therapy has been shown to
significantly affect semen parameters in humen and ammal
models (Schlegel, 1991). This effect on spermatogenesis
may have a significant impact on patients treated with
these agents who desire fertility. In the present study, all
four different antibiotics were tested, ofloxacin and three
forms of aminoglycosides, neomycin, gentamycin and
streptomycin, had adverse effect on spermatogenesis in
rats. The present results indicated that, admimstration of
ofloxacin for 14 consecutive days, results in a marked
reduction in sperm count and viability as compared to
respective controls. This is in agreement with that of
Abd-Allah et al. (2000) who reported that ofloxacin at a
dose of 72 mg kg, showed almeost the highest potential
in terms of impairment of the rat testicular functions. Tn
addition, AndreeBen et al. (1993) reported that sperm
was significantly decreased after 50 days when ofloxacin
was administered to patients in a dose of 200 mg two
times daily for 20 days. On the other hand, Crotty et al.
(1995) have
10 mg/kg/day for 10 consecutive days in rats revealed
testicular impeirment, indicated by decreased haploid cells
at days 11 and 56 from starting the treatment using flow
cytometric analysis of testicular aspirate. In present
study, sperm motility was not affected by ofloxacm. This
15 1n agreement with Erhart et @l (1998) study. They
showed that at physiologic or higher concentration,
ofloxacin appears to be safe and does not affect sperm
kimematic parameters when compared with controls.
Present study 1s also comparable to the study by of
King et al. (1997), who obtained similar results with a
slightly different concentration of ofloxacin. In their
study, no difference in motility, kinematic parameters, or
hyperactivation were noted between the control and
ofloxacin-exposed sperm. Moreover, Schramm (1986)
showed that sperm motility was not affected by ofloxacin
in a concentration up to 4.5 mg L™ as tested on fresh
ejaculate of andrologic patients. We have shown that
male genital organ weight was decreased by ofloxacin.
Degenerative changes in the seminiferous tubules and
decrease of spermatozoa in the testis, epididymis and vas

shown that ofloxacin in a dose of

deferens are the evidence for genotoxicity. In the testis, a
large component of the tissue weight 1s associated with
spermatogenic function; hence, suppression of testicular
weight could be due to large changes in the content of
spermatids and spermatozoa. Therefore, the marked
reduction of spermatozoa and spermatid in the
seminiferous tubules, epididymis is most likely account
for the effects on genital organ weights. The present
study 1s demonstrated that apoptosis mn male rat germ
cells 13 induced by ofloxacin. These results indicate that
ofloxacin look like as other chemical agents may directly
interfere in the process of spermatogenesis. This increase
in germ cell apoptosis 1s possibly due to an increased
peroxide radical generation in the testis following
ofloxacin treatment (Weyers et al., 2002) which then
induces DNA single-strand breaks and chromosomal
aberrations as demonstrated by in vifro genotoxicity
studies (Sanchez et al., 2005; Itoh et ai., 2006). In addition,
ofloxacin could active Caspases 3 and induce apoptotic
pathways (Aranha et «l, 2002). The aminoglycosides
widely used for treating many gram negative bacterial
infections. Present results showed that aminoglycosides
(gentamicin, neomycin, streptomycin) had an adverse
effect on spermatogenesis. The effects of gentamicin
treatment on spermatogenesis were investigated by
Timmermans (1989) who found that men treated with
gentamicin  before prostatic surgery developed a
cessation of meiosis at the stage of primary
spermatocystes with an increase of normal and abnormal
primary spermatocytes on testis biopsy. Studies using
rats treated with therapeutic doses of gentamicin
confirmed the observations in humans regarding the
adverse effects of aminoglycosides on spermatogenesis
(Narayana, 2008). These ammals were found to have
spermatogenic arrest with cessation of spermatogonial
division and interruption of meiosis in  primary
spermatocytes. This could be due to decrease of the
protein synthesis in the nuclei of the spermatogonia and
of the spermatocytes and second a decrease of the
glucose in the spermatocytes layers
(Tiunmermans, 1989). In addition, we found that apoptosis
inmale rat germ cells 1s nduced by gentamicin which 1s in
agreement with other study (Servais et al, 2006).
Servais et al. (2006) showed that gentamicin causes
apoptosis at low concentrations in renal cells. The present

metabolism
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study indicated that administration of neomycin resulted
in a marked reduction m sperm count, motility and
viability and increased in germ cell apoptosis as compared
to respective controls. This result in agreement with
earlier studies who reported that neomycin have an
adverse effect on sperm concentration, total sperm count
and spermatozoal motility m men with chronic
inflammatory urologic conditions (Ttoh et al., 2006). All
antibiotics used in the present study had negative effect
on spermatogenesis. However, these negative effects are
less seen in the streptomycin group. Streptomycin and
penicillin are the most common antibiotics used to
maintain sterility in embryo and sperm culture media
(Magli et al., 1996, Erbach et al., 1994, Gardner et al.,
1998). Some laboratories use gentamycin to mamtaimn the
sterility of culture (Takahashi and First, 1992). However,
little attention has been paid to their possible effect on
sperm and embryo development in vitro. Previous study
has reported an adverse effect of pemcillin and
streptomycin or streptomycin plus penicillin retarded or
depressed protein and DNA synthesis (Moss et al., 1984).
It has been reported that individually, penicillin,
streptomycin and gentamicin did not affect embryo
development in vitro. However, when penicillin and
streptomycin were used together, the percentages of both
8-cell embryos at 58 h and blastocysts at 82 h were
significantly lower than the control (Zhou et al., 2000). In
conclusion, aminoglycosides (gentamicin, necmyein and
streptomycin) and fluoroquinoleone (ofloxacin) antibiotics
have negative effect on sperm parameters and testis
apoptosis n rats. However, these side effects are less
seen in the streptomycin group. Therefore, it is
recommended that usage of this diug have fewer side
effects on male fertility.
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