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Abstract

The aminoglycoside Gentamicin is a commonly used antibiotic counteracting the Gram-ve
microorganisms. Rats administered with Gentamicin showing a reduced testicular weight and
inhibited spermatogenesis, as gentamicin generates ROS, decreasing the antioxidant reserve and
accelerate mitochondrial dysfunction which then leads to apoptosis and testicular tissue
destruction. This study was designed to investigate the protective effects of curcumin and/or
quercetin on the gentamicin induced testicular damage or toxicity in sexually mature adult rats.
Pre-treatment with curcumin and/or quercetin, markedly inhibited and ameliorated the reduction
in sperm count, viability, motility and sperm production in gentamicin treated rats. Moreover,
curcumin and/or quercetin, significantly reduce teratospermia including head or tail abnormalities
that observed in the gentamicin treated rats. These abnormalities were effectively normalized by
curcumin and/or quercetin pretreatment improving the testicular tissue via counteracting of ROS,
improvement of spermatogenesis and ameliorate the sperms quality and quantity. In conclusion
supplementation of curcumin and/or quercetin improving the sperm count and morphology via
testicular cell repair, counteracting the undesirable effect of gentamicin.
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Introduction

Aminoglycosides are one of the main
bactericidal antibiotic classes commonly
used for different types of infection e.g.
urinary  tract infection, infective
endocarditis and blood stream infection
(Mermel et al., 2009; Gupta et al., 2010;
Habib et al., 2015). Aminoglycosides are
broad-spectrum antibiotics that act through
inhibition of protein synthesis (Davis,
1987). The 30S subunit of the bacterial

ribosome is bound by gentamicin, a
bactericidal antibiotic, which inhibits
protein  synthesis.  Eliminating  the

ribosome's capacity to distinguish between
appropriate messenger RNA and transfer
RNA interactions is the main mechanism
of action (Drugbank, 2013). Moreover, that
antibiotic induces testicular damage and
toxicity plus its well-known nephrotoxic
side-effects. Studies have proven that
gentamicin can impair sperm count,
motility, shape, reduce testicular weights
and cause apoptosis via mitochondrial
dysfunction in the testis, resulting in
testicular damage and  dysfunction
(Khaki et al., 2008; Nouri et al., 2009;
Zahedi et al., 2010).The  mechanism of
gentamicin-induced testicular damage is
still not completely clarified, but the
generation of toxic ROS have been linked
to the pathological effects of gentamicicn
toxicity (Pedraza-Chaverri et al., 2004;
Hong et al., 2006). Furthermore ROS plays
a vital role in the reproductive disorders
pathogenesis; impaired sperm function and

induced male infertility. (Sikka, 1996;
Kothari et al., 2010; Kim et al., 2012).
Turmeric's (Curcuma longa) rhizome

contains a yellow colour component called
curcumin  (CUR), which has several
pharmacological and biological properties,
such as anti-inflammatory, anti-
carcinogenesis, and antioxidant properties.
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Recent research has showed that CUR has
anti-apoptotic properties and inhibits the
death of rat thymocytes caused by toxic
dexamethasone and the death of breast
cancer cells caused by chemotherapy
(singh, 2007; Zhang et al., 2013). CUR
stops UV irradiation's apoptotic effects, via
inhibition of the cytochrome C release
from the mitochondria, reducing the loss of
mitochondrial membrane potential, and a
diminished ROS generation. Some
researches show that CUR has benefits for
testicular injury (Naz, 2014; Noorafshan et
al., 2014). One of the most prevalent
dietary polyphenolic chemicals, quercetin
(3, 3, 4, 5, 7-pentahydroxyflavone) is
heavily contained in red wine, tea, and
onions (Formica & Regelson, 1995). The
anti-atherogenic, anti-inflammatory,
anticoagulant,  anti-hypertensive,  and
anticarcinogenic effects of quercetin have
been demonstrated (Kris-Etherton et al.,
2004; Williams et al., 2004). There are
conflicting findings on quercetin's effects
on the male reproductive system (Mi et al.,
2010; Bu et al., 2011). According to recent
studies, quercetin is utilised as a substitute
medication to treat male infertility
(Taepongsorat et al.,, 2008). Our
manuscript clarified the ameliorative or the
anti-ROS effect of curcumin and/or
quercetin  against gentamicin induced
testicular damage, which in turn improving
testicular tissue and male fertility
concluded in the normal sperm count,
viability, motility and morphology.
Materials and methods
Drugs
Gentamicin

It was purchased from Memphis Co.
for Pharm. And Chem. Ind. (MEMCO),
Egypt; under authority of Schering-Plough
Corporation, U.S.A, Cairo, Egypt. In the
form of ampoules of 2 ml 40 mg/mL of
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gentamicin sulphate. The therapeutic
dosewas 100 mg/kg b.wt injected I/P as
reported Muhammet et al., (2018).
Curcumin

Curcumin purchased from Sigma
Chemical, St. Louis, MO, USA. The oral
dose of curcumin was 100 mg/kg b.wt as
reported by (Mehmet et al, 2012).
Quercetin

It was purchased from Sigma
Chemical, St. Louis, MO, USA. The intra
peritoneal dose of quercetin was 20 mg/kg
b.wt according to Ranawat et al., (2012).
Animals

Twenty five sexually mature male rats
of Sprague Dawley strain weighing 180 -
200 g body weight and 12 - 14 weeks old
were used in this study. Rats purchased
from Laboratory Animal Colony, Helwan,
Egypt. Rats were housed under controlled
temperature at 23 = 1°C, humidity at 52 %
and 12-hr light/12-hr dark schedule.
Animals were fed on commercial rat
pellets manufactured by Cairo Agriculture
Development Company, The 6th October
City, Egypt and tape water was provided
ad libitum. The animals were left 15 days
for acclimatization before the beginning of
the experiment. Animals were admitted in
the department of biochemistry at Faculty
of Veterinary Medicine, South Valley
University.  Following  the  ethical
consideration of experimental animals of
South Valley University. The Ethics
Committee of the Faculty of Veterinary

Medicine, South  Valley  University
approved the use of experimental animals
and the study design (Approval
no.78/2022).

Experimental design

Rats were distributed into 8 equal
groups of 5 animals each. Group (1) used
as control group received physiological
saline solution daily for 6 days. Group (2):
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received DMSO daily for 6 days. Group
(3): received curcumin daily for 6 days.
Group (4) received quercetin daily for 6
days. Group (5): received gentamicin daily
for 6 days Group (6): received curcumin
and also received gentamicin daily for 6
days. Group (7): received quercetin and
also received gentamicin daily for 6 days.
Group (8): received curcumin, quercetin
and also received gentamicin daily for 6
days. The experiment lasted for 6 days.
The intra peritoneal dose of gentamicin
was 100 mg/kg b.wt as reported by
hamoud et al., (2019). The oral dose of
curcumin was 100 mg/kg b.wt as reported
by Mehmet et al., (2012).The intra
peritoneal dose of quercetin was 20 mg/kg
b.wt according to Ranawat et al., (2012).
Rats were then anesthetized and semen
samples were collected from cauda
epididymis for semen analysis.
Semen analysis

The semen in epididymis was obtained
by cutting of cauda epididymis using
surgical blades and squeezed in a sterile
dry Petri dish. The semen content was
diluted 25 times with 0.9% physiological
saline (Kempinas et al, 1998) and
thoroughly mixed to estimate percentage of
sperm progressive motility and sperm
count (WHO, 2010). Thereafter, one drop
of sperm suspension was withdrawn,
smeared on a glass slide and stained by
Eosin-Nigrosin.  The stained seminal
smears were examined microscopically to
determine percentage of sperm viability
(ratio of live/dead sperms) (Amann, 1982).
The Diff-Quik® is rapid methods for
evaluating sperm morphology (Sousa et al.
2009) and involve fixation followed by
staining with two staining solutions.
Statistical analysis

Data were presented as meanst SE.
Statistical analysis between different
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experimental groups was carried out using
a one-way analysis of variance
(ANOVA)test followed by Duncan’s
multiple range tests] using computerized
SPSS (Statistical Program of Social
Sciences, Version 15, Chicago) program.
Differences were considered significant at
P<0.05.
Results

The results illustrated in Fig. (1, 2, 3,
4, 5 and 6) distinguished the effect of I.P
injection of gentamicin at therapeutic doses
(100mg/kg b.wt./week) with and without
curcumin (100mg/kg b.wt./day orally) and
quercetin (20mg/kg b.wt./day orally) for 6
successive days on semen analysis
parameters including {Sperm motility%,
Sperm  vitality %, Normal sperm
morphology% and  Sperm  count}.
Treatment of rats with gentamicin induced
significant decrease in (Sperm motility %,
Sperm  vitality %, Normal sperm
morphology % and Sperm count). In

contrast, treatment  with  either
curcumin and or quercetin significantly
improved all the semen analysis
parameters ~ when  compared  with
gentamicin treated group. The changes in
the sperm motility%, sperm morphology%,
sperm count and sperm vitality% were
non-significantly different between
curcumin groups and quercetin treated
groups.

Abnormalities of sperm morphology:

I.P injection of gentamicin induced
abnormalities in the sperm cells shape
including 1) abnormal sperm head 2) bent
sperm tail and 3) detached sperm tail. In
addition to 4) combined  sperm
abnormalities. The morphological changes
induced by gentamicin inoculation
returned to normal after treatment with
curcumin and quercetin.

Sperm count

1.5 -

]IIIﬁIIl

Cont. DMSO CUR

QUR GENT G+C

G+Q G+C+Q

Fig. 1: The effect of 1.P injection of gentamicin at therapeutic doses (100mg/kg b.wt./day) with
and without curcumin (100mg/kg b.wt./day orally) and quercetin (20mg/kg b.wt./day orally) for
6 successive days on sperm count% in male albino rat. (M £ S.E) (N=5).

66



Samy et al., 2023 SVU-1IVS, 6(1): 63-73

Motility

15 -
2 1
Z
= 05 -
o
=

u -

Cont. oS0 GENT G+C G+0 G+C+E1

Fig. 2: The effect of 1.P injection of gentamicin at therapeutic doses (100mg/kg b.wt./day) with
and without curcumin (100mg/kg b.wt./day orally) and quercetin (20mg/kg b.wt./day orally) for
6 successive days on sperm motility% in male albino rat. (M + S.E) (N=5).
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Fig(3): The effect of I.P injection of gentamicin at therapeutic doses (100mg/kg b.wt./day) with
and without curcumin (100mg/kg b.wt./day orally) and quercetin (20mg/kg b.wt./day orally) for
6 successive days on sperm viability% in male albino rat. (M + S.E) (N=5).

Head Abnormalities

Count %
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Fig(4): The effect of I.P injection of gentamicin at therapeutic doses (100mg/kg b.wt./day) with
and without curcumin (100mg/kg b.wt./day orally) and quercetin (20mg/kg b.wt./day orally) for
6 successive days on head abnormalities% in male albino rat. (M = S.E) (N=15).
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Tail Abnormalities
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Fig(5): The effect of I.P injection of gentamicin at therapeutic doses (100mg/kg b.wt./day) with
and without curcumin (100mg/kg b.wt./day orally) and quercetin (20mg/kg b.wt./day orally) for
6 successive days on tail abnormalities% in male albino rat. (M £ S.E) (N=5).
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Fig(6): The effect of I.P injection of gentamicin at therapeutic doses (100mg/kg b.wt./day) with
and without curcumin (100mg/kg b.wt./day orally) and quercetin (20mg/kg b.wt./day orally) for
6 successive days on head and tail abnormalities% in male albino rat. (M £ S.E) (N=5).
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Fig(7): microscopically examined sperm showing the effect of I.P injection of gentamicin at
therapeutic doses (100mg/kg b.wt./day) with and without curcumin (100mg/kg b.wt./day orally)
and quercetin (20mg/kg b.wt./day orally) for 6 successive days.
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Discussion

In the current study, gentamicin had
undesirable effect on normal sperms
parameters including sperm motility,
viability, count and morphology. These
findings are in agreement with the findings
of Kim et al, 2013. Epididymal sperm
count and sperm motility in the gentamicin
group were significantly decreased in
comparison with those of the control
group. A significant decrease in serum
testosterone, testicular testosterone and
estradiol, sperm counts, sperm viability
and an increase in ratio of fragmented
DNA (Mohamed et al., 2017). Germ cell
apoptosis was caused by gentamicin's
creation of an oxidative stress-status in the
testis by boosting the production of free
radicals and lipid peroxidation followed by
hypo-spermatogenesis (Turner and Lysiak,
2008). Gentamicin significantly decreased
the epididymis, testes and seminal vesicles
weights as well the sperm count and
motility as a result of Leydig and
spermatogenic cells destruction (Khaki,
2015).

According to Moretti et al. (2012),
quercetin is effective at low concentrations
and has a limited impact on sperm motility
and viability, but it has been shown to
reduce lipid peroxidation which may help
to partially support the results of our
investigation. Quercetin has significant
beneficial effects on the sperm viability,
motility, and serum total testosterone and
could be effective for maintaining healthy
sperm parameters and male reproductive
function (Khaki, 2010).

The use of turmeric and curcumin
appeared to be effective in reducing
nitrate-induced reproductive changes, as
evidenced by normalized NO, lipid
peroxidation, protein carbonyl and lipid
profile, as well as antioxidant components,
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total protein, DNA, RNA, male hormones
and sperm number. The results thus
suggested that tumeric and curcumin could
be useful in treatment of male infertility,
with oligospermia, reduced male sex
hormones and other adverse reproductive
outcomes (EI-Wakf, 2011). Curcumin's
ability to shield cells from oxidative stress
in spermatogenic cells of seminiferous
tubules and Leydig cells of the stroma may
account for its protective impact on the
testis (Aly et al., 2009). It has been shown
that curcumin protects by controlling lipid
peroxidation and boosting the antioxidant
defence system (Kalpana and Menon,
2004). The protective effect of curcumin
was explicitly linked to its free radical
scavenging  activity, stimulation of
detoxification enzymes, and prevention of
degenerative illnesses (Manikandana et al.,
2004). More specifically, curcumin
drastically decreased the levels of free
radicals.

Conclusion:

The results of this work demonstrated
that IP administration of gentamicin daily
for six days induced deleterious changes in
tests, it could be concluded that use of
genamicin induce hazardous effects in dose
and time dependent especially in male
animals mainly that used for breeding. It
can be concluded that use of curcumin and
quercetin have the capability to alleviate
many of the harmful effects of gentamicin.
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