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ABSTRACT

Objective: Cisplatin is an effective antineoplastic agent used in cancer therapy. However, the use of cisplatin
is restricted due to its toxic side effects. Alleviation of its side effects which restricts cisplatin use is highly
important. We aimed to investigate the effects of curcumin, vitamin E and their combination in cisplatin
induced testicular apoptosis.

Material and methods: Thirty-five Wistar albino male adult rats, weighing 300-350 g were divided randomly
into five groups including seven rats in each as control, cisplatin, curcumin, vitamin E, and curcumin + vitamin E.
On the posttest 5" day, rats were sacrificed, and their testes were removed. 4-5 ym sections from formalin fixed
paraffin embedded testis tissues were stained both hematoxylin-eosin to analyze histologically and immunohis-
tochemically to determine the expression of the apoptotic pathway proteins (Bax, Cas-3, Bcl-2).

Results: Increased histological damage with cisplatin administration was reduced in treatment, especially in
combination therapy. Cas-3 and Bax protein immunostaining intensities H-scores were significantly increased but
Bcl-2 was slightly decreased in the cisplatin group compared to the control. In all treatment groups Bax, Cas-3
decreased compared to cisplatin group however Bcl-2 decreased in the curcumin and vitamin E groups. Bax/Bcl-
2 was the highest in the cisplatin, and decreased in all treatment groups in favor of control.

Conclusion: Cas-3 expression increased by cisplatin administration suggests that cisplatin causes apoptosis
of germ cells. According to the present findings, cisplatin mainly caused testicular apoptosis through the
Cas-3 and Bax apoptotic protein pathways. Cisplatin-induced testicular apoptosis can be prevented by ad-
ministration of curcumin, vitamin E, and combination therapy.
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Though oxygen is indispensable for the sur-
vival of living organisms, during its metabo-
lism, extremely reactive intermediate products
which are known as the sources of free radi-
cals are formed. Reactive molecules released
during conversion of foods into energy are

Introduction

Cisplatin (cis-diamminedichloroplatinum II) is
an effective antineoplastic agent used success-
fully in the treatment of many types of cancer
including testicular, ovarian, gastric, pulmo-

nary, prostate, head, and neck, bladder and cer-
vical cancers, lymphoma, and osteosarcoma.
121 However, its ototoxicity, nephrotoxicity,
myelotoxicity, and gastrointestinal toxicity,
and serious side effects involving neurologic,
hematologic, and reproductive system restrict
its clinical use.*# Multiple number of studies
have indicated the roles of reactive oxygen
radicals (ROSs), and oxidative stress (OS) on
reproductive toxicity of cisplatin.*

called as free radicals. These reactive oxy-
gen metabolites damage components of cells
including lipid, protein, DNA, mitochondria,
endoplasmic reticulum. Mammalian cells have
innate antioxidant defense mechanisms includ-
ing non-enzymatic, and endogenous enzymatic
systems as superoxide dismutase (SOD), gluta-
thione peroxidase (GPX), catalase (CAT), and
glutathione (GSH) so as to keep formation of
free radicals under control, and to withstand
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their harmful effects.® In some cases of stress, as a result of
disruption of the balance between prooxidants, and oxidants
in living organisms, OS is released. OS may cause macromo-
lecular, and cellular damage, and lead to serious outcomes, even
death of the organism.”! In various studies performed with rat
testes, it has been demonstrated that cisplatin treatment leads to
a marked increase in apoptosis of germ cells, histopathologi-
cal damage, and decrease in levels of biochemical antioxidant
enzymes including SOD, GPX, CAT, and GSH.5#+7

Cisplatin is very widely used in the cancer treatment either as
a monotherapy or combination therapy with other agents.®
Despite promising results especially in the treatment of testicu-
lar malignancy, long-lasting testicular dysfunction is one of the
widely seen adverse effects of cisplatin.'”! Besides, side effects
of cisplatin on testes have been demonstrated in many animal
experiments. These adverse side effects sepecially related to
destruction of spermatogenes have been reported as decrease
in spermatogenesis, loss of testicular volume, and weight, and
germ cell apoptosis.”

Alleviation of toxicity of cisplatin which is used as an anti-
cancer drug conveys critical importance, while molecular, and
cellular mechanism of cisplatin toxicity has not been understood
yet. Induction of apoptosis by cisplatin may occur through many
pathways involving in excessive production of ROS. Available
evidence demonstrate that increases in ROS production, and
expression of endogenous antioxidant molecules support cis-
platin toxicity."""'1 As a result of OS, priorly, apoptotic cell loss
occurs.?!

Cisplatin may produce reactive oxygen species, and inhibit anti-
oxidant enzymes in normal tissues. Some findings suggest that
accumulation of reactive oxygen particles mediates cisplatin
toxicity. Therefore, many preservative agents have been used
in combination with cisplatin to decrease damage incurred by
cisplatin without altering its antitumoral effectiveness.!'®

Protection against cisplatin-induced testicular damage essen-
tially is based on reinforcement of intracellular survival
mechanisms. Some studies performed have demonstrated pro-
tective effects of antioxidant substances on cisplatin-induced
toxicity.™*”!

Curcumin is a polyphenol isolated from the roots of the plant
turmeric. Antioxidant, anti-free radical, antineoplastic, and anti-
fungal effects of curcumin have been reported. The effects of
curcumin are dependent on interactions with multiple number of
molecular targets including growth factors, kinases, transcrip-
tion factors, inflammatory factors, apoptosis-related factors,
adhesion molecules, enzymes related to cellular proliferation.
Curcumin has not any known toxic effect.['*!7:11

Vitamin E is an alpha-tocopherol with the highest antioxidant
activity. Alpha-tocopherol is a membrane-specific antioxidant
because of its lipophilic activity, and it is situated in the mem-
brane-rich cell components. It has anticancer, cardioprotective,
neuroprotective, antidiabetic, osteoprotective, immunomodula-
tor, and gastroprotective effects. As a very potent antioxidant,
it forms the first defense line which protects unsaturated fatty
acids in the structure of phospholipids from the effects of free
radicals. It removes the lipid peroxyl radicals, and terminates
lipid peroxidation chain reactions. Therefore it is also known as
chain-breaking antioxidant. Vitamin E is one of the major lipid
soluble antioxidants which prevent lipid peroxidation maintain-
ing membrane integrity.!'”

In cancer patients receiving cisplatin treatment serum anti-
oxidant concentrations decrease. Cisplatin chemotherapy cycles
are related to decreases in the circulatory levels of vitamins C,
and E, ceruloplasmin, and uric acid.'*?®! Therefore in this study,
curcumin, vitamin E, and combination of both were adminis-
tered to rats as an antioxidant support.

In this study, the hypothesis which suggests that individual
or combined administration of curcumin, and vitamin E may
preclude cisplatin-induced testicular apoptosis because of their
intrinsic biochemical and antioxidant contents, has been pro-
posed. The aim of this study was also to evaluate the antiapop-
totic effects of curcumin, vitamin E, and curcumin + vitamin
E combination on cisplatin-induced apoptosis in testes of rats
using immunohistochemical analyses of expressions of apop-
totic (Bax, Cas-3) and antiapoptotic proteins (Bc1-2).

Material and methods

Experimental animals

For this study approval of Local Ethics Committee of
Gaziosmanpasa University Animal Experiments (2016
HADYEK-21) was obtained. A total of 35 nearly 3-month old
Wistar albino strain healthy male rats weighing 300-350 g were
used in the study. The rats were divided randomly into five
groups including seven rats in each group as control, experi-
mental and three different treatment groups as follows:

Group 1: Control group - physiologic saline (SF) administered
group.

Group 2: Cisplatin-experiment group.

Group 3: Cisplatin + Curcumin- treatment group.

Group 4: Cisplatin + Vitamin E- treatment group.

Group 5: Cisplatin + Curcumin + Vitamin E-treatment group.

All rats were kept in standard plastic cages under an average
temperature of 22°C, 50-60%, relative humidity, 12-hour night,
and 12-hour light cycles, with a free access to food, and water.
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Experimental procedure

On the first day of the experiment, single dose of intraperitoneal
cisplatin (16 mg/kg, ip) was administered to all rats (excl. the
control group) through intraperitoneal route as indicated in the
literature 4?1 At the same day each treatment group received
curcumin, vitamin E, and their combinations in that order.
Curcumin was administered through intraperitoneal route at
a dose of 200 mg/kg for 5 days at the same time of the day.
Vitamin E was also given the first day as a single dose of 50 mg/
kg ip. Curcumin plus vitamin E combination was administered
using their individual doses also through intraperitoneal route
for 5 days. While control group received initially physiologic
saline at a dose of 16 mL/kg through intraperitoneal route.
On the fifth day of the experiment, rats were sacrificed under
deep anesthesia, and their testes were extracted. Following
routine histological monitoring, testes were blocked in paraffin.
Testicular tissue sections from blocked in paraffin were stained
with hematoxylin-eosin using immunohistochemical staining
protocol, and subjected to microscopic analysis. For the anes-
thesia of the rats ketamine (60 mg/kg/ip), and xylazine (10 mg/
kg/ip) were used.

Histological procedures

Immediately following their extraction, testes were immersed
in 4% buffered neutral formaldehyde solution, and fixed for
48 hours. Then they were subjected to routine histological
follow-up procedures, and embedded in paraffin blocks. Tissue
sections in paraffin blocks were cut using rotary microtome
(LeicaRM2135, Germany) as 4-5 pum thick slices, and placed on
ground glass frozen slides for staining with hematoxylin-eosin,
and on poly-L-lysine coated slides for immunohistochemical
staining.

From every animal in each group an average of 8 consecutive
sections of testicular tissues stained with hematoxylin-eosin
were examined under light microscope, and evaluated histo-
pathologically.

Immunohistochemical analyses

Indirect immunohistochemical staining protocol was applied
so as to determine immunohistochemical expressions of
apoptotic pathway proteins (Bax, Bcl2, Acas3) in testicular
sections. Under light microscope intensities of immunos-
taining were evaluated. The results obtained were trans-
formed into H-scores which are semiquantitative expres-
sions of immunostaining intensity, and compared statistically.
Immunohistochemical staining protocol was applied, and
briefly described as follows.

Cut slices placed on adhesive microscope slides were left
overnight in incubator at 60°C, and the next day they were
awaited for 5 minutes in three separate xylene series for depa-

raffinization. The slides were passed through alcohol series
with decreasing dilutions from 100% down to 70%, then they
were rehydrated for 5 minutes in distilled water. The slides
were placed in citric acid solution, and subjected to 360 watt
microwave for 5 minutes for antigen retrieval. Following shock
cooling procedure, they were left in distilled water for 10
minutes. The slides were left in 3% hydrogen peroxide (H,0,)
solution for 10 minutes, and washed 3-fold each time for 5
minutes with phosphate buffer solution (PBS). The periphery
of the sections were circumscribed with hydrophobic PAP pen,
then non-immune blocking serum was dropped on them, and
incubated for 15 minutes under humid, and dark environment.
After removal of the blocking agent without washing, primary
antibodies Cas-3, Bax, Bcl-2 (1:50, Santa Cruz) were dropped
on the slides. They were placed in a humid closed box, and
left overnight under dark at + 4°C in a refrigerator. The next
day the slides were three times washed in PBS. Biotinylated
secondary antibody was dropped on the sections, and incubated
in a closed humid box under dark and room temperature for 30
minutes. The slides were washed thrice each time for 5 minutes,
and 3-amino 9-ethylcarbazole (AEC) chromogen solution was
dropped on the preparations. Within 5-10 minutes a reaction
occurred, then the slides were immersed in PBS, and the reac-
tion was terminated. After thrice application of PBS each time
for 5 minutes, the sections were immersed in distilled water, and
opposite staining was performed with hematoxylin. The slides
were rinsed in distilled water, and excess water was removed,
then water-based solution was dropped on the slides and cov-
ered with coverglasses. For negative control, instead of primary
antibody, PBS was dropped on some sections, and immune reac-
tion was not observed on these sections.

Immunohistochemically stained sections were examined under
light microscope at 40x magnification in order to detect immu-
noreactive cells. Staining intensity scoring scale based on anti-
gen-antibody reaction was used to determine expression levels
of Cas-3, Bax, and Bcl2. Criteria used for scoring have been
given in Table 1 in detail. Categorical variables for each type
of protein were counted on five random areas of five sections
according to their staining intensities. The results obtained were
converted into H-scores using [XPi(i+])] formula (i: staining
intensity score; Pi: percentage of stained cells).

Preparation of curcumin extract solution

Since curcumin is a molecule in the form of solid powder, we
priorly prepared a solution from this powder form. We subjected
the powder through processing procedures as we described in
our previously published article.” Briefly, 2.5 g dry curcumin
powder (Sigma-Aldrich) was placed in successive dilutions of
dimethylsulfoxide (DMSO), and ethanol, and dissolved with the
aid of magnetic mixer under room temperature. Priorly, DMSO
curcumin solution was centrifuged at 5000 rpm for 10 min-
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utes. After removal of DMSO, the remaining pellet was mixed
with alcohol food grade 96%, and the procedure was repeated.
Following removal of ethanol, the pellet was diluted in 25 mL
sterile saline solution, and 2.5 g/25 mL stock curcumin solution
was prepared. Thus prepared curcumin solution could be easily
delivered through intraperitoneal route at doses calculated based
on body weights of the rats.

Statistical analysis

All statistical analyses were performed using Statistical Package
for the Social Science (IBM SPSS Statistics; Armonk, NY, ABD)
for Windows, version 20. The fitness of continuous variables to
normal distribution pattern was evaluated using Kolmogorov-

Figure 1. a-d. Normal histological appearance of seminiferous
tubuli, interstitial tissue, and seminiferous epithelium in the
control group (a). Histological appearance of the testicular
tissue with decreased tissue damage in the curcumin plus vita-
min E combination group (b). Deficient maturation of germi-
nal cells (arrow head), interstitial dilation, and vascular blee-
ding (double arrow), empty tubuli or tubuli containing scarce
number of spermatozoa (asterix) (c); representative histologi-
cal appearance of destructive changes in the cisplatin group
(d) where desquamation, and shedding of germinal epithelial
cells into tubular lumen (thick arrow), disordered germinal
epithelium, arrest of germ cell division (thin arrows) are seen
(Bar: a, b, ¢ 50 um; d, 100 ym. HE)

Table 1. Criteria used for the scoring of immune reactivities

(staining intensities) of Cas-3, Bax, Bcl-2 proteins

Skor

Immune reactivity

0+ Negative staining
1+ Weakly stained
2+ Moderate staining
3+ Strong staining

Smirnov test. Data were expressed as mean + standard error of
mean (SEM). Comparison of weighted mean values of H-scores
of immunostaining intensities of Cas-3, Bax, and Bcl-2 proteins
was realized using One-way ANOVA post-hoc Tukey HSD test,
while comparison of Bax and Bcl-2 ratios was performed using
Least Significant Differences (LSD) test. P values less than 0.05
was considered to be statistically significant.

Results

Microfilms of hematoxylin-eosin stained sections of testicular
tissue demonstrating the effects of cisplatin and also curcumin,
vitamin-E, and their combinations given to alleviate the effects
cisplatin on testicular histology are shown in Figure 1. In
overall histopathological evaluation, morphology of testicular
seminiferous tubuli, interstitial areas, and germinal epithelium
had a normal histological appearance (Figure la). However,
some degenerative abnormalities were seen in the testicular
tissue of the cisplatin group including regressed maturation of
germinal cells, arrest of mitotic division of germ cells in the
spermatogenic series, desquamation, and shedding of germ cells
into tubular lumen, enlargement of the interstitial area, vascular
bleeding, patchy areas of disrupted epithelial integrity (Figures
Ic, and d). In the groups which received treatment to decrease
the harmful effects of cisplatin on testicular tissue, especially in
the curcumin plus vitamin-E group, alleviation of these deleteri-
ous effects was observed (Figure 1b).

Mean H-scores of each apoptotic protein as estimated based on the
results of immunohistochemical analyses are shown in Table 2.
Microphotos of immunohistochemical stainings representing expres-
sions of apoptotic protein of each group are shown in Figure 2.

At microscopic analyses of immunohistochemical expression of
Bax protein, markedly increased immunostaining intensity of
Bax relative to the control was observed. However in all treat-
ment groups, decreased immunostaining intensities of Bax pro-
tein relative to the control group was seen. Highest H-scores of
immunostaining intensities of Bax protein were detected in the
cisplatin group which were statistically significantly different
from those of the control group (p<0,001). In the comparisons
of weighted mean H-scores of the treatment groups, all groups
were statistically comparable among themselves, and relative
to the control group (p>0.05). However their weighted mean
H-scores were significantly different from those of the cisplatin
group (p<0.001).

Microscopic analyses of immunohistochemical expression of
Cas-3 which is another apoptotic protein, revealed marked
increase in immunostaining intensity in the cisplatin group.
Similarly, in all treatment groups immunostaining intensities
decreased relative to the control group. In compliance with
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Table 2. Immunohistochemical staining severity scores of apoptotic, and anti-apoptotic pathway proteins

Control CRC+Vit-E
Bax 8.42+2.59* 10.81+1.242
Bcl-2 117.53+11.39* 81.22+4 .98
Acas-3 7.83+1.66% 11.45+1.82¢

CRC Vit-E CISP
17.74+2 86° 24.16+4.01* 116.97+9.65°
45.33+7.12° 49.86+4.38" 108.35+29.29
13.72+1.69* 23.17+3.84° 120.15+7.98°

Letters on values express similarities (the same letter), and differences (different letter) between groups as for parametres indicated in each row.

CRC: curcumin; Vit-E: vitamin E; CISP: cisplatin. +:SEM

Cas-3

Cslatn

Vit-E

w
&
=
+
|9
o
|9

Control

Figure 2. Representative microscopic images of immunohis-
tochemical expressions of Cas-3, Bax, Bcl-2 proteins in all
groups (Crc: curcumin, Bar=50 pym). Generally, Cas-3, and
Bax expressions are increased in cisplatin, decreased in the

control, and at intermediate levels in the treatment groups be-
ing closer to those of the contain group. While for Bcl-2 exp-
ression the reverse is true. However in the cisplatin group an
increase-though not at a great extent- is seen.

these results the highest H score was detected in the cisplatin
group which was statistically significantly different from that
of the control, and treatment groups (p<0.001). H-scores of
treatment groups were statistically significantly comparable
both among themselves, and also similar to those of the
control group (p>0.05), but different from those of the cis-
platin group (p<0.001). Interestingly, immunohistochemical

expressions of both apoptotic proteins in especially curcumin
plus vitamin-E combination group were closer to those of the
control group.

In the immunohistochemical analysis of antiapoptotic protein
Bcl-2 expression, the highest immunostaining intensity was
observed in the control group. As a striking finding, similar
increases in Bcl-2 expressions were observed both in the cis-
platin, and control groups. In the curcumin plus vitamin-E
combination treatment group, immunostaining intensity of this
protein increased in favour of the control group. In other treat-
ment groups, weaker immunostaining intensities were detected.
In parallel with these findings, mean H-scores of cisplatin,
control, or curcumin plus vitamin-E combination groups were
found to be statistically comparable. (p>0.05). With this respect,
curcumin, and vitamin-E groups were comparable to cisplatin
(p>0.05), but different from the control group (p=0.24, and
p=0.37, respectively).

Bax/Bcl-2 H-score ratios were at their highest, and lowest lev-
els in the cisplatin, and control groups, respectively. Cisplatin
group was statistically significantly different from other groups
(p<0.001). Bax/Bcl-2 ratios of all treatment groups were statisti-
cally comparable to those of the control, but different from those
of the cisplatin group (p>0.05). however only vitamin E group
was significantly different form both of the control, and the
cisplatin groups (p=0.35, and p=0.001, respectively) (Figure 3).

Discussion

A marked increase in the incidence of cancer in all the world is
a known fact. According to the data of cancer statistics declared
by TR Ministry of Health, total incidence of cancer in our coun-
try in the year 2015 was 210.2 per 100,000 population (male,
24.6/100,000, and female, 173.6/100,000). In the treatment of
cancer, treatment alternatives include, radiotherapy, surgical
intervention, and chemotherapy. For the cancer chemotherapy,
taxanes, 5-fluorouracil (S5FU), bleomycin, etoposide, and cispla-
tin are being widely used.

After use of chemotherapeutic agents, adverse side effects as
nausea, vomiting, leukopenia, hair loss, diarrhea, nephrotoxic-



Gevrek and Erdemir. Investigation of the effects of curcumin, vitamin E and their combination in cisplatin-induced testicular apoptosis using

immunohistochemical technique

- c?ax/_Ble
2 5 8

5

2
S

CRC+Vit-E  CRC
Groups

Vit-E CISP

Control

Figure 3. Comparative H-scores of Bax and Bcl-2 proteins in
each group relative to the control

*p=0.35; cisplatin p=0.001, **control, and treatment groups p<0.001. CRC:
curcumin; Vit-E: vitamin E; CISP: cisplatin

ity, and hepatotoxicity are frequently seen. Despite these acute
adverse effects, thanks to increase in the number of alternatives
of chemotherapy, and diagnostic modalities within the last
2-3 decades, curative response, and 5-10-year-survival rates
have increased. At the beginning, the first priority was to sur-
vive, and other bodily functions remained in the background.
Accordingly, reproductive functions were less frequently con-
sidered. However with increase in curative responses, posttreat-
ment reproductive functions started to become more important.
It is known that spermatogenesis can be impaired reversibly,
and irreversibly after chemotherapy dependent on the duration,
and dose of the chemotherapeutic drugs. Based on the degree
of testicular involvement, spermatogenesis may recover up to
2 years of treatment. Minimization of spermatogenetic impair-
ment is very important.

Cisplatin is one of the very effective chemotherapeutic drugs
used in different cancer types. However its clinical use is
restricted because of its many toxic side effects.!! Especially its
adverse effects on male reproductive system target interstitial
Leydig cells, seminiferous tubuli epithelium, Sertoli cells, and
particularly germ cells leading to reproductive system toxicity.
(23 Therefore, prevention of side effects of cisplatin conveys
importance, and the ways of preventing side effects of cisplatin
in clinical use is still one of the issues of debate. In this study,
it has been immunohistochemically detected that cisplatin-
induced testicular apoptosis is realized through these Cas-3,
and Bax apoptotic protein pathways, and when antioxidant
molecules as curcumin, and vitamin E are given individually
or especially in combination toxic effects of cisplatin may be
precluded with possible reduction in cell death.

Reactive oxygen species developing as a result of normal
metabolism, or more frequently due to ischemic conditions,
radiation, inflammation, ageing, chemical substances, drugs,
and exposure to electromagnetic fields, induce oxidative stress.
OS attacks at double-bond containing groups of lipid, and pro-
tein structures, and double-bonds of bases in DNA. As a result,
macromolecules as intracellular lipid, protein and DNA are
damaged, and apoptosis induced by cellular injury occurs.?*

Since testes contain greater amounts of polyunsaturated mem-
brane lipids, they are among the target organs of OS.F
Therefore, testes are more frequently effected by many oxida-
tive agents as cisplatin. On the other hand, since testes have
low oxygen pressures because of their weaker vascular support,
they can defend themselves, despite to a lesser degree against
oxidative damage. This condition confers the testes the ability
to resist against OS.>

Testicular tissue, and spermatogenesis are impaired after devel-
opment of oxidative damage secondary to many factors includ-
ing radiotherapy, varicocele, chemotherapy, torsion, infections,
and smoking. Multiple number of studies have demonstrated
destructive changes in testicular tissue induced by cisplatin.
Also in our study, histological impairment was detected in the
testes of the rats which received cisplatin as shown in Figure 1.

The present study have indicated that treatment with curcumin,
and vitamin E either singly or in combination may have protec-
tive antiapoptotic effects against cisplatin-induced testicular
apoptosis. This condition was immunohistochemically dem-
onstrated by decrease in the increased expression of caspase-3
which is an indicator of apoptosis of testicular cells induced by
cisplatin, decrease in Cas-3, and Bax expressions, and elevated
expression of antiapoptotic protein Bcl-2 expression following
administration of antioxidant molecules (Figure 2). Besides
analyses of general histological images of hematoxylin-eosin
stained sections of testicular tissue tend to support this assertion
(Figure 1).

Decreased expression of endogenous antioxidants has been
reportedly correlated with increased oxidative damage caused
by cisplatin treatment. In another study, it has been demon-
strated that cisplatin may lead to production of excess amounts
of free radicals, and destructive changes in DNA [

Apoptosis is a controlled, and programmed cell death which
may become apparent under normal growth and development
or as a component of a response to exposure to radiation, tox-
ins or ischemia. Apoptosis has been asserted probably as main
outcome of cisplatin-induced toxicity. This argument was found
to be compliant with the results of the study. In connection with
this assumption, Freitas et al.*'! detected that application of cis-
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platin at a dose of 16 mg/kg induced apoptosis three days later,
as was revealed in our study. Therefore in this experimental
study we administered the same dose of cisplatin to the rats.

Curcumin is a multifaceted molecule with anti-inflammatory,
antioxidant, and antitumoral activities which may limit side
effects of some chemotherapeutic drugs. The mechanism of
cellular protection provided by curcumin has not been com-
pletely understood. Some evidence suggest that curcumin may
demonstrate activity as a free radical repellent, while in some
other studies the authors advocate that it encourages formation
of free radicals in tumor cells with resultant apoptosis of cancer
cells 2627

As is known, curcumin is very well tolerated by the organism.
Any evidence of hepatotoxicity was not detected in animals
treated with curcumin. Moreover it has been reported that it
could alleviate hepatotoxicity induced by other drugs including
cisplatin.''® However, the available data suggest that mitochon-
drial dysfunction developing in patients treated with cisplatin

adversely contribute to both hepatotoxicity, and nephrotoxicity.
[17,18]

It has been reported that vitamin E contains tocopherol, tocot-
rienol, and free radical scavengers, and limits cisplatin-induced
nephrotoxicity, and endothelial cell toxicity."”*”! Vitamin E also
protects fatty acids which comprise unsaturated phospholipid
membrane from damage incurred by free radicals, and it is a
potential inhibitor of lipid peroxidation reactions.?’2%

Salehi et al.l'” reported that curcumin-dexamethasone combina-
tion has a histoprotective effect. Fetoni et al.'"® demonstrated
that curcumin had alleviated cisplatin-induced ototoxicity in in
vivo setting by increasing expression of oxygenase-1 enzyme.
Kalkanis et al.?”! demonstrated that vitamin E supplementa-
tion had decreased cisplatin-induced toxicity in rats. In another
study, supplementation of vitamin E, and dexamethasone given
through intratympanic route was reported to be very effective in
alleviation of side effects of cisplatin treatment as supported by
our study results.?"!

In another study the anti-cytotoxic effectiveness of curcumin on
neural cell culture exposed to cisplatin, and also antigenotoxic
effectiveness of different doses of curcumin against genotox-
icity induced by cisplatin were investigated. Three different
concentrations of curcumin observedly decreased micronuclei
density stimulated substantially by cisplatin. This neuronal
model demonstrated that antioxidant drugs (curcumin), and
chemotherapeutic drugs can be used in combination to decrease
genotoxic effects of cancer therapy.*”

In another study the effects of vitamins E, B, C, and L-carnitine
on cisplatin-induced ototoxicity were investigated, and as a

result, the researchers observed that these vitamins, and promi-
nently, and especially vitamin E, and L-carnitine had decreased
cisplatin-induced ototoxicity.!*"

In our previous study where we investigated protective effects
of curcumin, and vitamin E in cisplatin-induced ototoxicity,
similar to the result of this study, we detected that these antioxi-
dant molecules alleviated cellular apoptosis induced by cisplatin
administration.!42"

Based on these literature information, we can say that curcumin,
and vitamin E may prevent increased apoptosis caused by
cisplatin-induced testicular toxicity thanks to their antioxidant,
free-radical scavenger and similar activities. Therefore, these
antioxidant molecules were administered both individually, and
in combination, and their effects on cisplatin-induced testicular
toxicity were evaluated using immunohistochemical analyses of
apoptotic pathway proteins.

The results we obtained indicate that cisplatin upregulates im-
mune expressions of apoptotic pathway proteins Cas-3 and Bax,
while downregulates immune expression of antiapoptotic pro-
tein Bcl-2 leading to testicular apoptosis. However downregu-
lation of Bcl-2 does not occur at a very low level as expected.
This condition may be explained by the assumption that the cells
activate their own dynamics against cisplatin toxicity, and in-
crease Bcl-2 expression with an attempt to survive. Vitamin E,
and curcumin demonstrate their protective effect by increasing
expressions of apoptotic proteins (Cas-3, Bax), and anti-apop-
totic Bcl-2 protein against cisplatin-induced apoptosis. This
condition was revealed by decreasing Bax and Bcl-2 ratios in
the treatment groups especially those treated with combination
of these two substances. In summary, our available results dem-
onstrate that administration of curcumin, and vitamin E may be
a beneficial adjunctive treatment for the protection of testicular
germ cells during cisplatin treatment.
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