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Carvedilol alleviates testicular and spermatological damage
induced by cisplatin in rats via modulation of oxidative stress
and inflammation
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Abstract The clinical application of the anticancer drug

cisplatin is limited by its deleterious side effects, including

male reproductive toxicity. In this context, the potential

protective effect of carvedilol on testicular and spermato-

logical damage induced by cisplatin in male Sprague–

Dawley rats was investigated. Carvedilol was orally

administered at a dose of 10 mg/kg for 2 weeks, and cis-

platin was given as a single intraperitoneal injection of

10 mg/kg on the 12th day to induce toxicity. Cisplatin

significantly reduced reproductive organ weight, sperm

count and sperm motility, and increased sperm abnormal-

ities and histopathological damage of testicular tissue. In

addition, it resulted in a significant decline in serum

testosterone as well as levels of testicular enzymatic and

non-enzymatic antioxidants (superoxide dismutase, cata-

lase, glutathione peroxides, and reduced glutathione).

Moreover, cisplatin remarkably augmented malondialde-

hyde, nitric oxide, tumor necrosis factor-a, and nuclear

factor-kappa B contents in testicular tissue. Conversely,

carvedilol administration markedly mitigated cisplatin-in-

duced testicular and spermatological injury as demon-

strated by suppression of oxidative/nitrosative and

inflammatory burden, amendment of antioxidant defenses,

enhancement of steroidogenesis and spermatogenesis, and

mitigation of testicular histopathological damage. The

current study reveals a promising protective action of

carvedilol against cisplatin-induced reproductive toxicity

by virtue of its anti-inflammatory and antioxidant

properties.
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Introduction

Cisplatin, a crucial and widely prescribed anticancer drug,

is used for the management of various types of malignant

tumors including sarcomas, testicular, ovarian, breast, lung,

bladder, and lymphomas (Kelland 2007; Todd and Lippard

2009). However, its therapeutic effectiveness is often

limited owing to its undesirable toxic side effects, includ-

ing male reproductive dysfunction (Stahl et al. 2006;

Nakayama et al. 2008; Fung and Vaughn 2011; Beytur

et al. 2012; Rezvanfar et al. 2013; Kaya et al. 2015). In

fact, almost all treated patients experience temporary or

permanent azoospermia and oligospermia, accompanied by

testicular atrophy (Tomao et al. 2006).

Cisplatin adversely damages untargeted cells, in partic-

ular the highly proliferating testicular cell types Leydig,

Sertoli and germ cells (Boekelheide 2005). Its toxicity is

generally attributed to oxidative stress mediated by

increased free radical production and decreased antioxidant

defenses (Amin et al. 2008; Chirino and Pedraza-Chaverri

2009). The accumulation of reactive oxygen species (ROS)

has been shown to induce lipid peroxidation and DNA

fragmentation in sperm and testes (Boekelheide 2005).

Furthermore, oxidative mediators are known to trigger

inflammatory cascades by upregulating transcription fac-

tors, including nuclear factor-kappa B (NF-jB) (Savoia

and Schiffrin 2007), which sequentially enhances the
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expression of pro-inflammatory cytokines, chemokines,

adhesion molecules, and inducible nitric oxide synthase

(iNOS) in a vicious cycle (Tak and Firestein 2001; Kleinert

et al. 2004).

In this context, there remains a need for an adjuvant to

improve cancer treatment by tackling the limiting side

effects of chemotherapy. Carvedilol is a non-selective beta-

blocker, which is used in the treatment of hypertension,

ischemic heart disease, and congestive heart failure

(Hayashi et al. 2010). It possesses a unique antioxidant

property of scavenging and suppressing ROS, which has

been attributed to the presence of a carbazole moiety in the

molecule (Yue et al. 1992; Dandona et al. 2007). Carve-

dilol also exerts anti-inflammatory effects through balance

modulation of pro- and anti-inflammatory mediators (Al-

fieri et al. 2008; Sari et al. 2011). Interestingly, previous

studies revealed that carvedilol amended doxorubicin-in-

duced cardiotoxicity (Oliveira et al. 2004), daunorubicin-

induced cardiotoxicity and nephrotoxicity (Arozal et al.

2010), and cisplatin-induced nephrotoxicity (Rodrigues

et al. 2011; Carvalho Rodrigues et al. 2013). Moreover,

recent research revealed that the nephroprotection afforded

by carvedilol was not associated with impairment of the

antitumor activity of cisplatin (Carvalho Rodrigues et al.

2013). Rodrigues et al. (2011) suggested that, as cisplatin

yields potent electrophilic intermediates that might react

with carvedilol, carvedilol may compromise the antitumor

activity of cisplatin. However, evidence was provided later

by Ahmed et al. (2014) that carvedilol did not influence the

cellular and sub-cellular distribution of cisplatin; instead,

they suggested that its protective mechanism does not

involve the formation of adducts with cisplatin. To the best

of our knowledge, the effectiveness of carvedilol against

cisplatin-induced testicular and spermatological damage

has not yet been explored. Accordingly, the present study

aimed to investigate the potential protective effect of car-

vedilol on reproductive organ weight, hormonal and sper-

matological changes, oxidative stress, inflammation, and

the histopathological changes in testicular tissue following

exposure to cisplatin in male rats.

Materials and methods

Animals

Adult male Sprague–Dawley rats, weighing 240–280 g,

were obtained from the breeding colony of the National

Organization for Drug Control and Research (NODCAR),

Giza, Egypt. Animals were kept under controlled temper-

ature (23 ± 2 �C) and relative humidity (60 ± 10 %)

conditions, with a 12/12 h light/dark cycle. They were

acclimatized for 1 week prior to any experimental

procedures and were allowed standard chow diet and water

ad libitum. This study complied with the Guide for the

Care and Use of Laboratory Animals (NIH Publication No.

85–23, revised 1996) and was conducted in accordance

with the ethical procedures and policies approved by the

Ethical Committee of the Faculty of Pharmacy, Cairo

University, Cairo, Egypt (Permit Number: PT 922).

Drugs and chemicals

Cisplatin was purchased from Mylan, Saint-Priest, France.

Carvedilol was obtained from Multipharma, Cairo, Egypt.

All other chemicals were of the highest purity and ana-

lytical grade.

Experimental design

Fifty rats were randomly allocated into five groups of 10

animals each. Group I (Control group) contained normal rats

which received water. Group II (CMC group) contained

normal rats which received 0.5 % carboxymethyl cellulose

(10 ml/kg), the vehicle for carvedilol. Group III (CARV

group) contained normal rats which received carvedilol at a

dose of 10 mg/kg (Arab and El-Sawalhi 2013). Group IV

(CIS group) contained rats with testicular and spermatologi-

cal damage that was induced by administration of cisplatin at

a dose of 10 mg/kg (Longo et al. 2011). Group V (CIS ? -

CARV group) contained rats with testicular and spermato-

logical damage treated with carvedilol, as previously

described in group III. Carvedilol, water and the vehicle were

orally administered through a feeding tube daily for 2 weeks,

while cisplatin was administered as a single intraperitoneal

injection on the 12th day. One day after the last treatment, rats

were weighed and anesthetized, and blood samples were

collected from the retro-orbital plexus. These were then

centrifuged at 30009g for 10 min to obtain serum for the

determination of testosterone levels. Thereafter, animals were

euthanized and the reproductive organs were immediately

removed, cleaned of adhering tissue, and weighed. The epi-

didymal content for each rat was immediately collected to

examine the spermatological parameters. The left testis was

fixed in 10 % formalin for histological examination. The

right testis was decapsulated and divided into two parts, one

of which was homogenized in 0.05 M potassium phosphate

buffer (pH 7.4) for the determination of oxidative and

inflammatory biomarkers and one of which was used for

Western blot analysis of antioxidant enzymes. All samples

were stored at -80 �C until analysis.

Spermatological examination

After collection of epididymal content, sperm count,

motility, and the presence of abnormalities were
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determined for each rat according to the technique adopted

by Bearden and Fluquary (1980).

Determination of serum testosterone level

Serum testosterone levels were measured with a rat-

specific ELISA kit (Enzo Life Sciences, San Diego, CA,

USA) used according to the manufacturer’s instructions.

Determination of testicular oxidative/nitrosative

and inflammatory biomarkers

Testicular homogenate was divided into three portions, of

which the first was used for the determination of malon-

dialdehyde (MDA) according to the method described by

Erdinçler et al. (1997). The second portion was depro-

teinized with 5 % sulfosalicylic acid and centrifuged at

10009g for 15 min; the obtained supernatant was used for

the determination of reduced glutathione (GSH) as

described by Beutler et al. (1963). The third portion was

centrifuged at 4000 rpm for 15 min at 4 �C and the

resultant supernatant was used for the assay of superoxide

dismutase (SOD), catalase (CAT), glutathione peroxidase

(GPx), and NO using the corresponding Biodiagnostic

colorimetric kits (Cairo, Egypt) according to the manu-

facturer’s instructions, while TNF-a was assayed using a

rat-specific ELISA kit (Enzo Life Sciences, San Diego,

CA, USA).

Western blot analysis of antioxidant enzymes

and iNOS

Part of the right testis was homogenized in lysis buffer and

quantified for protein levels using the Bio-Rad protein

assay kit (Hercules, CA, USA). Protein expression was

determined as previously described by Ahmed et al. (2014)

using primary antibodies against SOD, CAT, GPx and

beta-actin (b-actin) from Thermo Fisher Scientific Inc.

(Waltham, MA, USA) as well as primary antibodies against

iNOS from Stressgen Biotechnologies (Victoria, British

Columbia, Canada). Protein amounts were quantified by

densitometric analysis of the autoradiograms using a laser

scanning densitometer (Biomed Instrument Inc., Fullerton,

CA, USA). Results were expressed as arbitrary units after

normalization for b-actin protein expression.

Histological examination

Light microscopic evaluation

The fixed testis was processed for paraffin embedding and

4 lm sections were prepared. Testicular sections were

stained with hematoxylin and eosin (H&E) and examined

using a light microscope. Qualitative histopathological

damage in the seminiferous tubules was graded according

to the severity of degenerative findings: (-) no obvious

damage, (?) fewer than 25 % of seminiferous tubules

affected (mild), (??) 25–50 % of seminiferous tubules

affected (moderate), and (???) over 50 % of seminifer-

ous tubules affected (severe) (Rezvanfar et al. 2013).

Histopathological examination of testes was interpreted by

an experienced observer who was blind to the sample

identity to avoid any bias.

Immunohistochemical analysis of testicular NF-jB

Paraffinized testicular sections were rehydrated in xylene

and graded ethanol solutions. Samples were heated in citrate

buffer (pH 6) for 20 min, cooled, and thereafter incubated

with primary polyclonal rabbit anti-NF-jB antibody (1:200

dilution; Invitrogen, Carlsbad, CA, USA) overnight at 4 �C.

Sections were washed with phosphate buffered saline, and

incubated for 30 min at 37 �C with biotinylated secondary

antibody (1:200 dilution, Dako, Glostrup, Denmark), and

then with Avidin DH and biotinylated horseradish peroxi-

dase H complex according to Elite ABC kit instructions

(Vector Laboratories Inc., Burlingame, CA, USA). After

another wash with phosphate buffered saline, the reaction

was revealed by diaminobenzidine tetrahydrochloride (DAB

Substrate Kit, Vector Laboratories Inc., Burlingame, CA,

USA) and the sections were counterstained with hema-

toxylin, dehydrated, and cleared in xylene then cover slipped

for light microscopic examination.

Statistical analysis

Data were expressed as mean ± SEM. Results were analyzed

using one way analysis of variance test (one-way ANOVA)

followed by Tukey–Kramer multiple comparison test. Sta-

tistical analysis was performed using GraphPad Prism soft-

ware version 5 (San Diego, CA, USA); a probability level of

less than 0.05 was accepted as statistically significant.

Results

Carvedilol attenuated cisplatin-induced alterations

in relative reproductive organs weight in male rats

Cisplatin injection significantly decreased body weight, as

well as the relative weight of reproductive organs (right

and left testes, cauda epididymis, prostate, and seminal

vesicles) to 87.7, 82.9, 85.2, 76.6, 73.7, and 80.7 % of the

control group, respectively. Carvedilol administration

reverted these alterations, except for body weight, back to

their normal values (Table 1).
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Carvedilol protects against cisplatin-induced

spermatological damage and hormonal deficiency

in male rats

Compared with the corresponding values of the control

group, the CIS group exhibited a significant decline in sperm

count and motility by almost half, along with a 2.7-fold

increase in sperm abnormalities percentage (Fig. 1). In

parallel, serum testosterone level was markedly reduced by

26.7 % compared to the control group (Fig. 2). Treatment

with carvedilol amended the alterations in motility and

sperm abnormalities by 30.3 and 46.0 %, respectively,

versus the CIS group. In addition, carvedilol restored normal

sperm count and serum testosterone to near-normal levels.

Carvedilol impeded cisplatin-induced testicular

oxidative/nitrosative stress and inflammation

in male rats

As shown in Table 2, cisplatin administration resulted in a

marked augmentation in testicular MDA, NO, and TNF-a
contents by 3.6-, 1.6- and 5.2-fold, respectively; it also

resulted in a noticeable decline in testicular GSH content

along with SOD, CAT and GPx activities by 60.5, 56.4, 47.1

and 65.9 %, respectively, as compared to the control group. In

addition, the expression of these antioxidant enzyme genes

was significantly reduced after cisplatin administration by

87.6, 53.9 and 68.9 %, respectively, as compared to the

control group (Fig. 3a). Furthermore, cisplatin upregulated

the expression of iNOS by 8.6-fold when compared to the

control group (Fig. 3b). Carvedilol treatment prominently

reversed cisplatin-induced alterations in the aforementioned

oxidative/nitrosative and inflammatory genes and mediators.

Carvedilol downregulated cisplatin-induced

testicular NF-jB protein expression in male rats

The immunohistochemical analysis (Fig. 4; Table 3)

revealed an enhancement in NF-jB protein expression

(confined within the interstitial stroma adjacent to the

basement membrane of degenerated tubules) in testes of

cisplatin treated rats (Fig. 4d), an effect that was attenuated

by carvedilol treatment (Fig. 4e).

Table 1 The effect of carvedilol on cisplatin-induced alterations in relative reproductive organs weight in male rats

Groups Right testes

(g/100 g BW)

Left testes

(g/100 g BW)

Cauda epididymis

(g/100 g BW)

Prostate

(g/100 g BW)

Seminal vesicles

(g/100 g BW)

Control 0.498 ± 0.005 0.493 ± 0.005 0.047 ± 0.002 0.217 ± 0.003 0.265 ± 0.004

CMC 0.490 ± 0.006 0.488 ± 0.005 0.045 ± 0.001 0.223 ± 0.004 0.278 ± 0.005

CARV 0.489 ± 0.005 0.488 ± 0.003 0.046 ± 0.001 0.235 ± 0.005 0.294 ± 0.004

CIS 0.413 ± 0.010* 0.420 ± 0.011* 0.036 ± 0.002* 0.160 ± 0.006* 0.214 ± 0.007*

CIS ? CARV 0.509 ± 0.009@ 0.505 ± 0.011@ 0.046 ± 0.002@ 0.204 ± 0.007@ 0.258 ± 0.009@

Carvedilol (10 mg/kg, p.o) was administered daily for 2 weeks, during this period rats received a single intraperitoneal injection of cisplatin

(10 mg/kg) on the 12th day to induce testicular toxicity. Values are expressed as mean ± SEM of 10 animals in each group

CMC carboxymethyl cellulose, CARV carvedilol, CIS cisplatin

* Versus control, @ Versus CIS (one-way ANOVA followed by Tukey–Kramer multiple comparisons test; p\ 0.05)

Fig. 1 The effect of carvedilol on cisplatin-induced spermatological

damage in male rats. Carvedilol (10 mg/kg, p.o) was administered

daily for 2 weeks, during this period rats received a single intraperi-

toneal injection of cisplatin (10 mg/kg) on the 12th day to induce

testicular toxicity. Each bar with vertical line represents the

mean ± SEM of 10 animals in each group; *versus control,
@versus CIS (one-way ANOVA followed by Tukey–Kramer multiple

comparisons test; p\ 0.05). CMC carboxymethyl cellulose, CARV

carvedilol, CIS cisplatin
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Carvedilol mitigated cisplatin-induced

histopathological damage in testes of male rats

As shown in Fig. 5 and Table 4, testicular sections of the

CIS group revealed atypical morphological features mani-

fested as massive degeneration in the seminiferous tubules,

shrinkage in germ cell layers, disruption of spermatogen-

esis, interstitial edema, congestion in blood vessels, and

replacement of the interstitial stroma with homogeneous

eosinophilic material (Fig. 5d). Carvedilol mitigated these

histopathological alterations and preserved the testicular

structure, along with reinstating spermatogenesis in the

majority of seminiferous tubules (Fig. 5e).

Discussion

The main finding of the present study was that carvedilol

protected the male reproductive system against the toxic

effects of cisplatin, as shown by restoration of reproductive

organ weight, reinstatement of testicular architecture,

enhancement of steroidogenesis, and preservation of

spermatogenesis. Modulation of the inflammatory response

and suppression of oxidative stress could serve as impor-

tant mechanisms underlying the protective effects induced

by carvedilol against cisplatin-induced testicular toxicity.

These findings extend the conclusion of Ramzy et al.

(2014) that carvedilol afforded protection against testicular

damage in streptozotocin-induced diabetic rats via antiox-

idant and antiapoptotic mechanisms.

In the present study, cisplatin induced significant tes-

ticular injury evident by atrophy of seminiferous tubules,

loss of germinal and stromal cells, and suppression of

spermatogenesis. This in turn is in agreement with previous

studies (Ilbey et al. 2009; Amin et al. 2012; Kaya et al.

2015; Hamza et al. 2016), which declared that such

impairment in testicular architecture is mainly attributed to

severe oxidative damage exerted by cisplatin on rat testis.

These histopathological alterations were also associated

with a decline in relative testicular weights along with

serum testosterone level as previously documented by

Ilbey et al. (2009) and Adejuwon et al. (2015). Moreover,

we observed significant decreases in epididymal sperm

concentration and sperm motility and increased sperm

abnormalities in accordance with several recent studies

(Rezvanfar et al. 2013; Kaya et al. 2015; Hamza et al.

2016).

In the current study, treatment with carvedilol pro-

nouncedly alleviated the aforementioned architectural and

functional testicular disruptions induced by cisplatin toge-

ther with restoring the weight of reproductive organs. This

is supported by findings of Ramzy et al. (2014), who

concluded that carvedilol attenuated diabetes-induced tes-

ticular tissue damage. Interestingly, it was suggested that

the increase in testicular weight might be ascribed to the

prevention of oxidative cellular damage which cisplatin

exerted on Sertoli, Leydig and germ cell populations (Ilbey

et al. 2009; Rezvanfar et al. 2013). This improvement was

further confirmed in the current study by the enhancement

in testosterone levels and sperm quality following

Fig. 2 The effect of carvedilol on cisplatin-induced hormonal

deficiency in male rats. Carvedilol (10 mg/kg, p.o) was administered

daily for 2 weeks, during this period rats received a single intraperi-

toneal injection of cisplatin (10 mg/kg) on the 12th day to induce

testicular toxicity. Each bar with vertical line represents the

mean ± SEM of 10 animals in each group; *versus control,
@versus CIS (one-way ANOVA followed by Tukey–Kramer multiple

comparisons test; p\ 0.05). CMC carboxymethyl cellulose, CARV

carvedilol, CIS cisplatin

Table 2 The effect of carvedilol on cisplatin-induced testicular oxidative/nitrosative stress and inflammation in male rats

Groups SOD

(U/gm tissue)

CAT

(U/gm tissue)

GPx

(U/gm tissue)

MDA

(nmol/gm

tissue)

GSH

(mg/gm

tissue)

NO

(nmol/gm

tissue)

TNF-a
(pg/gm tissue)

Control 268.2 ± 8.74 0.648 ± 0.027 469.3 ± 17.8 23.53 ± 2.07 0.587 ± 0.026 58.99 ± 2.43 559.4 ± 21.8

CMC 272.1 ± 8.67 0.653 ± 0.026 481.5 ± 17.15 27.03 ± 1.56 0.589 ± 0.018 61.51 ± 2.49 542.1 ± 9.6

CARV 263.0 ± 9.79 0.707 ± 0.013 503.4 ± 12.43 27.19 ± 1.75 0.605 ± 0.021 61.66 ± 1.77 629.1 ± 10.9

CIS 116.9 ± 7.37* 0.342 ± 0.026* 160.5 ± 11.48* 86.09 ± 3.23* 0.232 ± 0.020* 93.39 ± 3.41* 2930.0 ± 60.3*

CIS ? CARV 235.1 ± 8.46@ 0.501 ± 0.032*,@ 404.4 ± 21.63@ 30.39 ± 1.95@ 0.516 ± 0.033@ 65.26 ± 2.60@ 608.8 ± 33.7@

Carvedilol (10 mg/kg, p.o) was administered daily for 2 weeks, during this period rats received a single intraperitoneal injection of cisplatin

(10 mg/kg) on the 12th day to induce testicular toxicity. Values are expressed as mean ± S.E.M. of 10 animals in each group

CMC carboxymethyl cellulose, CARV carvedilol, CIS cisplatin

* Versus control, @ Versus CIS (one-way ANOVA followed by Tukey–Kramer multiple comparisons test; p\ 0.05)
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carvedilol treatment. Importantly, Rezvanfar et al. (2013)

showed that diminished testosterone secretion might be

attributed to cisplatin-related deficiency in the enzymatic

antioxidants within Leydig cells. Sperm were also extre-

mely susceptible to cisplatin-induced peroxidative damage

due to their high content of polyunsaturated fatty acids and

low antioxidant capacity, resulting in reduced sperm

function and infertility accordingly as reported by Aitken

and Curry (2011). It is worth mentioning that alterations in

the oxidant/antioxidant milieu are known to play a signif-

icant role in cisplatin-induced side effects.

In the present investigation, cisplatin induced a signifi-

cant reduction in the expression and activities of SOD,

CAT, and GPx along with a prominent decline in GSH

content in testicular tissues, which is in accordance with

previous studies (Longo et al. 2011; Khan et al. 2013;

Rezvanfar et al. 2013; Ciftci et al. 2014; Almaghrabi

2015). Such decline in antioxidant status is partly

attributable to the overproduction of toxic free radicals by

damaged mitochondria as a result of cisplatin exposure

(Kawai et al. 2006; Rezvanfar et al. 2013). This may also

have occurred because of direct binding of cisplatin to

GSH and essential sulfhydryl groups at the active sites of

SOD, CAT and GPx (Rezvanfar et al. 2013) as well as the

reported downregulation of these antioxidant enzymes’

protein expression in cisplatin-treated rats (Almaghrabi

2015). Cisplatin-induced disruption of both enzymatic and

nonenzymatic antioxidants and overproduction of toxic

free radicals were associated with an increased oxidative

stress burden (Atessahin et al. 2006), evident in the current

study by a surge in testicular MDA content, in agreement

with the results of preceding studies (Salem et al. 2012;

Rezvanfar et al. 2013; Hamza et al. 2016). Indeed, ROS

generation stimulates transcription factors, particularly NF-

jB (Bubici et al. 2006). Several studies reported that cis-

platin-induced oxidative stress upregulated the expression

of NF-jB, which subsequently increased the expression of

numerous inflammatory genes (including iNOS), resulting

in apoptotic death of testicular tissue through excessive NO

production (Ilbey et al. 2009; Amin et al. 2012; Sherif et al.

2014; Hamza et al. 2016). Furthermore, and as concluded

by Yao et al. (2007), the overproduction of TNF-a triggers

apoptosis, generates ROS, and modulates the activation of

a network of cytokines that all contribute to cellular injury.

This is in accord with results the current study, which

revealed that cisplatin promoted the expression of NF-jB

and iNOS and their downstream inflammatory molecules

TNF-a and NO, leading to an escalation in the inflamma-

tory burden within the testicular tissue.

We showed that carvedilol administration boosted

endogenous antioxidant defenses in testicular tissue, evi-

dent by augmented GSH content and SOD, CAT and GPx

activity and expression. Carvedilol also mitigated cisplatin-

induced lipid peroxidation, as demonstrated by decreased

MDA content. These results are in agreement with recent

reports, which reported that carvedilol attenuated lipid

peroxidation and enhanced the antioxidant defenses in

ischemic reperfusion- and diabetes-induced testicular tissue

damage (Parlaktas et al. 2014; Ramzy et al. 2014). We

further found that carvedilol attenuated NF-jB and iNOS

expression and decreased TNF-a and NO release. Consis-

tent with this, Sari et al. (2011) and Sahu et al. (2014)

reported that carvedilol suppressed the activation of NF-jB

and the expression of iNOS and TNF-a in daunorubicin-

Fig. 3 The effect of carvedilol on cisplatin-induced changes in

testicular antioxidant enzymes and iNOS protein expression in male

rats. a Antioxidant enzymes protein expression. b iNOS protein

expression. Carvedilol (10 mg/kg, p.o) was administered daily for

2 weeks, during this period rats received a single intraperitoneal

injection of cisplatin (10 mg/kg) on the 12th day to induce testicular

toxicity. Each bar with vertical line represents the mean ± SEM of

10 animals in each group; *versus control, @versus CIS (one-way

ANOVA followed by Tukey–Kramer multiple comparisons test;

p\ 0.05). CMC carboxymethyl cellulose, CARV carvedilol, CIS

cisplatin
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induced cardiotoxicity and potassium dichromate-induced

nephrotoxicity in rats. Given these findings, we suggest that

the antioxidant and anti-inflammatory properties of

carvedilol are implicated in its protective actions against

cisplatin-induced reproductive toxicity.

The powerful antioxidant activity of carvedilol is mainly

accredited to its antioxidant and/or free radical scavenging

activity (Yue et al. 1992; Dandona et al. 2007). By virtue of

its iron-chelating properties, carvedilol suppresses the

formation of hydroxyl radicals from both hydrogen per-

oxide via the Fenton reaction and superoxide anions via the

Haber–Weiss reaction (Wilop et al. 2009). Carvedilol has

also been shown to protect the intrinsic antioxidant

defenses (Kumar and Dogra 2009), which is attributable to

radical scavenging via the nitrogen and aromatic ring sta-

bilization of carbazole moiety (Yue et al. 1992; Migli-

avacca et al. 1998). In addition, some carvedilol

metabolites appear to have even more potent antioxidant

properties than the parent compound (Naidu et al. 2002).

Of note, carvedilol is a strong NF-jB inhibitor through the

inhibition of IKKa activity and IjBa degradation, as well

as the suppression of NF-jB binding to jB sites (Yang

et al. 2003; Lin et al. 2010). Thus, the observation in the

Fig. 4 The effect of carvedilol

on cisplatin-induced testicular

NF-jB protein expression in

male rats. Representative

photomicrographs illustrating

the immunohistochemical

staining of NF-jB in testicular

sections from a control, b CMC,

and c CARV groups showing no

expression, d CIS group

showing very extensive

expression (arrows), as well as

e CIS ? CARV group

displaying low expression

(arrow) (Magnification: 9400).

CMC carboxymethyl cellulose,

CARV carvedilol, CIS cisplatin

Table 3 The effect of carvedilol on cisplatin-induced testicular NF-

jB protein expression in male rats

Groups NF-jB expression

(in the interstitial stroma)

Control -

CMC -

CARV -

CIS ????

CIS ? CARV ?

Carvedilol (10 mg/kg, p.o) was administered daily for 2 weeks,

during this period rats received a single intraperitoneal injection of

cisplatin (10 mg/kg) on the 12th day to induce testicular toxicity

CMC carboxymethyl cellulose, CARV carvedilol, CIS cisplatin

- Nil, ? mild, ?? moderate, ??? extensive, ???? very

extensive
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current work of carvedilol lowering NF-jB expression may

be implicated in the observed decrease of TNF-a, iNOS

and consequently NO. Moreover, it has been documented

that carvedilol inhibited the protein expression of NF-jB

during the inflammatory process both in vivo (Sari et al.

2011; Hamdy and El-Demerdash 2012) and in vitro (Yang

et al. 2003; Lin et al. 2010), which accounts for its anti-

inflammatory mechanism of action together with the

prevention of ROS from activating NF-jB and its down-

stream genes.

In conclusion, this current study demonstrates, for the

first time, the potential protective effects of carvedilol

against cisplatin-induced testicular and spermatological

toxicity in rats. These beneficial actions are attributable to

carvedilol’s unique anti-inflammatory, antioxidant and free

radical scavenging properties. Additionally, carvedilol has

Fig. 5 The effect of carvedilol

on cisplatin-induced

histopathological damage in

testes of male rats.

Representative

photomicrographs of testicular

sections from a control, b CMC,

and c CARV groups showing

normal intact testicular tissues

with mature seminiferous

tubules (s) and complete

spermatogenic series, as well as

from d CIS group displaying

marked degeneration in

seminiferous tubules (ds) and

sever congestion in blood

vessels (v) of tunica albuginea

(a) with eosinophilic infiltration

in the interstitial stroma (t),

e CIS ? CARV group showing

normal testicular structure with

mature active seminiferous

tubules (s) (H&E 940). CMC

carboxymethyl cellulose, CARV

carvedilol, CIS cisplatin

Table 4 The effect of carvedilol on cisplatin-induced histopathological damage in testes of male rats

Groups Degeneration in seminiferous tubules Congestion in blood vessels Edema in interstitial stromal tissue

Control - - -

CMC - - -

CARV - - -

CIS ???? ???? ???

CIS ? CARV - - -

Carvedilol (10 mg/kg, p.o) was administered daily for 2 weeks, during this period rats received a single intraperitoneal injection of cisplatin

(10 mg/kg) on the 12th day to induce testicular toxicity

CMC carboxymethyl cellulose, CARV carvedilol, CIS cisplatin

- Nil, ? mild damage, ?? moderate damage, ??? severe damage, ???? very severe

1700 A. H. Eid et al.

123



the advantage of being a safe and well-tolerated drug,

which is already used clinically. Accordingly, carvedilol is

considered a promising add-on therapy aiming at mini-

mizing cisplatin-associated side effects, thereby improving

the effectiveness of chemotherapy together with patients’

quality of life.
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