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Introduction

Summary

In this study, it was aimed to investigate the likelihood of detrimental effects
of carbon tetrachloride (CCly) on male reproductive system through oxidative
stress mechanism and also protective effects of cinnamon bark oil (CBO). For
this purpose, 28 healthy male Wistar rats were divided into four groups, seven
rats in each. Group 1 received only olive oil daily; group 2 was treated with
100 mg kg~' CBO daily; group 3 was treated with only 0.25 ml kg”' CCl,
weekly; and group 4 received weekly CCly + daily CBO. All administrations
were made by intragastric catheter and maintained for 10 weeks. Body and
reproductive organ weights, sperm characteristics, testicular oxidative stress
markers and testicular apoptosis were examined. CCl; administration caused
significant decreases in body and reproductive organ weights, testicular catalase
(CAT) activity, sperm motility and concentration, and significant increases in
lipid peroxidation (LPO) level, abnormal sperm rate and apoptotic index along
with some histopathological damages compared with the control group. How-
ever, significant improvements were observed in absolute weights of testis and
epididymis, all sperm quality parameters, LPO level, apoptotic index and testic-
ular histopathological structure following the administration of CCl, together
with CBO when compared to group given CCly only. The findings of this
study clearly suggest that CBO has protective effect against damages in male
reproductive organs and cells induced by CCl,.

2010). Therefore, nontarget humans and animals are
extensively exposed to CCly due to its common use and

Carbon tetrachloride (CCly) is a colourless toxic sub-
stance and has been used as a dry-cleaning agent, fabric
spotting fluid and solvent, reagent in chemical synthesis,
fire extinguisher fluid and grain fumigant. It is released
into the environment predominantly through direct emis-
sions to air, with lower amounts discharged to soil and
water. CCly is rapidly absorbed by any route of exposure
in humans and animals. Once absorbed, it is widely dis-
tributed among tissues, especially those with high lipid
content, reaching peak concentrations in <1-6 h, depend-
ing on exposure concentration or dose (U.S. EPA. IRIS,
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releasing to the environment.

Carbon tetrachloride is also known as a potent hepato-
toxic and cirrhotic agent because it is mainly metabolised
by the liver. Therefore, the mechanism of CCl -induced
liver injury is well studied in the rat model (Fadhel &
Amran, 2002; Manjrekar et al, 2008; Xu et al, 2010;
Karakus et al., 2011; El Denshary et al., 2012). Possible
mechanism for the CCly-induced hepatotoxicity is that
cytochrome P450 (CYP) activates CCl, into its active
metabolite, trichloromethyl radical. The metabolic bioac-
tivation of CCl; thereby leads to overproduction of
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reactive free radicals, which cause increases in lipid per-
oxidation (LPO) level and protein oxidation in the liver
(Sheweita et al., 2001).

The plasma membrane of spermatozoa contains a high
amount of polyunsaturated fatty acids (PUFAs). There-
fore, it is particularly susceptible to peroxidative damage.
The LPO destroys the structure of lipid matrix in the
membranes of spermatozoa, and it is associated with loss
of motility and the defects of membrane integrity (Turner
& Lysiak, 2008). On the other hand, CYP genes in the
male reproductive system such as CYP2EIl in the rat
prostate and testis (Jiang et al., 1998), CYP17, which is
involved in steroidogenesis (Nebert & Russell, 2002), in
testicular germ cells of mice (Liu et al, 2007) and
CYP1A2 and CYPI1BI in hamster epididymal tissue (Hud-
son et al., 2001) reported to be identified. Based on the
existence of some CYP genes in the male reproductive
organs, CCl, causes usually oxidative damage to the lipids
and proteins of the reproductive tissues (Abraham et al.,
1999). It has been reported that acute or chronic CCly
administration to adult male rats causes increments in
testicular tissue LPO level (Abraham et al, 1999; Fadhel
& Amran, 2002; Khan & Ahmed, 2009; Soliman &
Fahmy, 2011; Khan, 2012), sperm abnormalities and
testicular tissue DNA fragmentation (Abdou ef al., 2012;
Khan, 2012); reductions in weights of body and testes
(Castilla-Cortazar et al., 2004; Manjrekar et al., 2008;
Khan & Ahmed, 2009), sperm count and motility (Khan,
2012) and antioxidant enzymes (Khan & Ahmed, 2009;
Soliman & Fahmy, 2011; Khan, 2012); degeneration in
testicular histologic structure (Kalla & Bansal, 1975;
Castilla-Cortazar et al., 2004; Horn et al., 2006; Khan &
Ahmed, 2009); and disturbances in steroid and gonado-
tropin hormones (Castilla-Cortazar et al, 2004; Khan &
Ahmed, 2009; Khan, 2012).

Antioxidants are compounds that scavenge and
suppress the formation of ROS and LPO. Hence, the
application of ROS scavengers is likely to improve the
stress-induced damages in testis and sperm function
(Vernet et al, 2004). For this purpose, some herbal
antioxidants were used to prevent testicular oxidative
stress (Fadhel & Amran, 2002; Manjrekar et al., 2008;
Khan & Ahmed, 2009; Soliman & Fahmy, 2011; Khan,
2012), hormonal disturbances (Khan & Ahmed, 2009;
Khan, 2012), sperm abnormalities (Abdou et al., 2012),
reduced sperm count, motility and testicular tissue DNA
fragmentation (Khan, 2012) and some testicular histo-
pathological lesions (Manjrekar et al, 2008; Khan &
Ahmed, 2009) exerted by CCl, in rats. Cinnamon has also
been used as a spice and as traditional herbal medicine
for centuries. The most important volatile oils derived
from cinnamon are C. zeylanicum bark and leaf oils,
C. cassia (cassia oil) and C. camphora (Jayaprakasha &
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Rao, 2011). Different Cinnamomum extracts have been
reported to have free radical scavenger and potent antioxi-
dant activity (Jayaprakasha et al., 2006; Prasad et al., 2009;
Ciftci et al., 2010; Azab et al., 2011; Yiice et al., 2013). In
addition, C. zeylanicum consumption provides marked
improvements in sperm quality and reproductive organ
weights of healthy (Ytice et al., 2013) and diabetic (Hafez,
2010; Shalaby & Mouneir, 2010) rats. However, there is no
evidence on the effect of cinnamon bark oil (CBO) on
CCly-induced reproductive dysfunction in male rats.
Therefore, this study was conducted to investigate whether
CBO has any preventive effect on CCly-induced adverse
changes in sperm quality, testicular apoptosis and histo-
pathological lesions associated with the oxidative stress.

Materials and methods

Cinnamon bark oil and chemicals

Cinnamon bark oil was purchased from a local store
(Altinterim Co., Elaz1ig, Turkey). According to the manu-
facturer’s procedure; C. zeylanicum barks were trans-
ported in polypropylene bags and were dried to constant
weight in room temperature. CBO was obtained by hyd-
rodistillation method. The plant materials (about 100 g)
were then ground into small pieces and were placed in a
flask (2 1) together with double-distilled water (1.5 1).
The mixture was boiled for 4 h. The extract was con-
densed in cooling vapour to collect the essential oil. The
extracted oil was dried over anhydrous sodium sulphate.
CBO was kept at 4 °C until being used. The other chemi-
cals were purchased from Sigma-Aldrich Chemical Co.
(St Louis, MO, USA).

Animals and treatment protocol

The experimental protocols were approved by the local
Committees for using Animals of Firat University (Elazig,
Turkey). Animal care and experimental protocols com-
plied with the NIH Guide for the Care and Use of Labo-
ratory Animals. Twenty-eight healthy adult male Wistar
albino rats, aged 5 months, were obtained from Firat
University Experimental Research Centre (Elazig, Turkey)
and maintained therein during the study. The animals
were housed in polycarbonate cages in a room with a
12-h day—night cycle, at a temperature of 24 + 3 °C and
humidity of 45% to 65%. During the whole experimental
period, animals were fed with a balanced commercial diet
(Elazig Food Company, Elazig, Turkey), and fresh
distilled drinking water was given ad libitum.

The rats were randomly divided into four groups; each
containing seven rats. One milliliter pure olive oil was
daily administered by gavage to rats in the first group,
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and they served as control. One milliliter olive oil contain-
ing 100 mg kg~' CBO was daily given by gavage to rats
in the second group (Group CBO). Rats in third group
were weekly treated with 1 ml olive oil containing
0.25 ml kg~' CCl; (Group CCly). Animals in fourth
group received weekly CCl; and daily CBO (Group
CCl, + CBO). All administrations were maintained for
10 weeks. Olive oil was used as vehicle because CCl, is an
oil-dissolved chemical. The doses of CCl, (Horn et al.,
2006) and CBO (Shah et al, 1998; Yiice et al., 2013)
given to rats in this study, generally used for long-term
studies, were selected based on the previous reports.
Because the spermatogenic cycle, including spermato-
cytogenesis, meiosis and spermiogenesis, is 48-52 days
(Bennett & Vickery, 1970) and epididymal transit of
spermatozoa is approximately 1 week (Kempinas et al,
1998) in rats, the treatment period used herein was set at
10 weeks to achieve a maximum effect. Each rat was
weighed weekly, and the dose levels of CCl; and CBO in
oil suspension were adjusted for changes in body weights
during the experimental period.

Sample collection and homogenate preparation

The rats were sacrificed using ether anaesthesia at the end
of 10th week. Testes, epididymides, seminal vesicles and
ventral prostate were removed, cleared from adhering
connective tissue and weighed. One of the testis samples
was fixed in Bouin’s solution for histopathological exami-
nation. The other testis samples were stored at —20 °C for
biochemical analyses. Testes were taken from a —20 °C
freezer and immediately transferred to the cold glass
tubes. Then, the testes were diluted with a ninefold
volume of PBS (pH 7.4). For the enzymatic analyses,
testes were minced in a glass and homogenised by a
Teflon-glass homogenisator for 3 min in cold physiologi-
cal saline on ice (Tirk et al, 2011).

Determination of testicular oxidative stress markers

All analyses were performed with the aid of a spectropho-
tometer (Shimadzu 2R/UV-visible, Tokyo, Japan). LPO
level was measured according to the concentration of
thiobarbituric acid reactive substances, and the amount of
malondialdehyde (MDA) produced was used as an index
of LPO. MDA level at 532 nm was expressed as
nmol g protein™' (Placer et al., 1966).

Reduced glutathione (rGSH) level was measured using
the method described by Sedlak & Lindsay (1968). The
level of rGSH at 412 nm was expressed as nmol g pro-
tein"'. Glutathione peroxidase (GSH-Px, EC 1.11.1.9)
activity was determined according to the method
described by Lawrence & Burk (1976). The GSH-Px

© 2013 Blackwell Verlag GmbH
Andrologia 2014, 46, 263-272

Cinnamon protects testes against CCl, toxicity

activity at 340 nm was expressed as IU g protein™'. Cata-
lase (CAT, EC 1.11.1.6) activity was determined by mea-
suring the decomposition of hydrogen peroxide (H,O,)
at 240 nm and was expressed as k g protein”', where k is
the first-order rate constant (Aebi, 1983). Protein concen-
tration was determined using the method of Lowry et al.
(1951).

Sperm analyses

All sperm analyses were made by using the methods
reported in the study of Tirk et al. (2008). The sperm
concentration in the right cauda epididymal tissue was
determined with a haemocytometer. Freshly isolated left
cauda epididymal tissue was used for the analysis of
sperm motility. The percentage of sperm motility was
evaluated using a light microscope with a heated stage.
To determine the percentage of morphologically abnor-
mal spermatozoa, the slides stained with eosin—nigrosin
(1.67% eosin, 10% nigrosin and 0.1 M of sodium citrate)
were prepared. The slides were then viewed under a light
microscope at 400x magnification. A total of 300 sper-
matozoa were examined on each slide (2100 cells in each
group), and the head, tail and total abnormality rates of
spermatozoa were expressed as percentage.

Histopathological examination

Testis tissues were fixed in Bouin’s solution for 48 h, and
they were dehydrated through graded concentrations of
ethanol, embedded in paraffin wax, sectioned at 5 pm
thicknesses and stained with Mayer’s haematoxylin and
eosin. Twenty-five seminiferous tubules (ST) were ran-
domly examined per section, their diameters and germi-
nal cell layer thickness (GCLT; from the basal membrane
towards the lumen of the tubule) were measured using an
ocular micrometre in a light microscope, and the mean
size of ST and GCLT were calculated. Johnsen’s testicular
scoring (Johnsen, 1970) was performed for control and
treated-groups. Twenty-five ST from each section were
evaluated, and a score between 1 (very poor) and 10
(excellent) was given to each tubule according to John-
sen’s criteria. The degree of damages was graded as fol-
lows: mild (+), moderate (++) and severe (+++).

Determination of testicular apoptotic cell index

The apoptotic germ cells were defined by terminal deoxy-
nucleotidyl transferase-mediated dUTP nick end labelling
(TUNEL) assay with the ApopTag Peroxidase in Situ
Apoptosis Detection Kit (Chemicon, Temecula, CA,
USA). Briefly, the fixed testicular tissues in Bouin’s solu-
tion were embedded in paraffin and sectioned at 4 um
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thickness. The paraffin sections were deparaffinised in
xylene, dehydrated through graded alcohol and washed in
PBS. The sections were treated with 20 mg ml™' protein-
ase K for 5 min, followed by treatment with 3% H,0,
for 5 min to inhibit endogenous peroxidase. After re-
washing with PBS, sections were then incubated with the
TUNEL reaction mixture containing terminal deoxynucle-
otidyl transferase (TdT) enzyme and digoxigenin-11-
dUTP at 37 °C for 1 h in humidified chamber, and then,
stop—wash buffer was applied for 30 min at 37 °C. Sec-
tions were visualised with 3-amino-9-ethylcarbazole
(AEC) substrate. Negative controls were performed using
distilled water in the place of TdT enzyme. Finally, sec-
tions were counterstained with Mayer’s haematoxylin,
rinsed in tap water and mounted with glycerol. TUNEL-
positive apoptotic index was calculated as follow:

TUNEL-positive apoptotic index(%)

Total apoptotic cell count in 25 ST
= x 100

" Total germinal cell count in 25 ST

Statistical analysis

Data are presented as mean £ SEM. The degree of signif-
icance was set at P < 0.05. It was determined that raw
data showed normal distribution according to Shapiro—
Wilk normality test. Based on the normality test, one-way
analyses of variance and post hoc Tukey’s HSD test were
used to determine the differences between the groups
with respect to all parameters studied. All the analyses
were carried out using the spss/pc software programme
(Version 15.0; SPSS, Chicago, IL, USA).

Results

Changes in body and reproductive organ weights

Carbon tetrachloride administration caused a significant
(P < 0.05) decrease in the final body weight when com-
pared to control group. This decreased value in CCly
group was brought to a value near to control group,
although not significant, by CBO administration to CCly-
treated rats (Fig. 1). Absolute and relative reproductive
organ weights are presented in Figs 2 and 3 respectively.
Only CBO administration significantly increased the abso-
lute (P < 0.001) and relative (P < 0.01) weights of the
right cauda epididymis and also the relative testis weight
(P < 0.05) in comparison with the control group. Signifi-
cant reductions (P < 0.001) were observed in all absolute
reproductive organ weights and relative weights of epidid-
ymis, seminal vesicles and prostate following CCl,; admin-
istration only. However, significant improvements
(P < 0.001) were determined in absolute weights of testis
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Fig. 1 Mean + SEM values of body weight in different treatment
groups (CBO, cinnamon bark oil; CCls, carbon tetrachloride). Mean
values having different superscripts (a and b; P < 0.05) in each group
significantly differ from each other.
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Fig. 2 Mean + SEM values of absolute reproductive organ weight in
different treatment groups (CBO, cinnamon bark oil; CCl,, carbon tet-
rachloride). The mean values having different superscripts (a—;
P < 0.001) in each group significantly differ from each other.

and epididymis in CCl,; + CBO group when compared to
CCl, group only.

Changes in testicular oxidative stress markers

The LPO level (MDA) and antioxidant enzyme activities
of all the groups are given in Table 1. Although CBO
administration alone provided improvements in all oxida-
tive stress markers, the increase in rGSH level reached the
statistically significant level (P < 0.01) when compared to
the control group. Only CCl; administration resulted in
significantly increased MDA level (P < 0.001) and signifi-
cantly decreased CAT activity (P < 0.01) when compared
to the control group. However, CBO administration to
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Fig. 3 Mean + SEM values of relative reproductive organ weight in
different treatment groups (CBO, cinnamon bark oil; CCl,, carbon tet-
rachloride). Mean values having different superscripts (A and B;
P<0.05 x and y; P<0.01, a and b; P < 0.001) in each group
significantly differ from each other.

CCl,-treated rats led to a significant decrease (P < 0.001)
in MDA level, but not in CAT activity, in comparison
with the CCl, group only.

Changes in sperm parameters

The effects of CBO on epididymal sperm concentration,
sperm motility and abnormal sperm rate are presented
in Table 2. Only CBO administration significantly
increased the sperm concentration (P < 0.001) in com-
parison with the control group. Significant decreases
(P < 0.001) in sperm motility and concentration as well
as significant increases (P < 0.001) in head, tail and
total abnormal sperm rates were observed in CCl, group
when compared to control group. However, significant
improvements (P < 0.001) were determined in all sperm
parameters of CCly + CBO group as compared to the
CCl, group only.

Cinnamon protects testes against CCl, toxicity

Changes in testicular histologic structure and apoptotic
cell index

No histopathological lesions (Table 3) were observed in
testicular tissues of control (Fig. 4a) and CBO (Fig. 4b)
groups. The histopathological changes such as necrosis,
degeneration, desquamation, disorganisation and reduc-
tion in germinal cells, atrophy in tubules, thickening in
basal membrane, interstitial oedema and congestion, mul-
tinuclear syncytial cell formation and spermatogenic
arrest were observed only in CCl; (Fig. 4c) and
CCly + CBO (Fig. 4d) groups. Almost all ST in testes of
CCl, group contained a great number of spermatogonia,
but with a very few number of spermatocytes and sper-
matids when compared to control group. However, an
increase in the numbers of spermatocytes and spermatids
in addition to spermatogonia was observed in ST of
CCly + CBO group in comparison with the CCl, group.
In addition, the degree of lesions was significantly
(P < 0.001) worse only in CCl; group than in
CCly + CBO group (Table 3). Significant (P < 0.001)
decreases in diameters of ST, GCLT and Johnsen’s testic-
ular score were determined only in CCl, group as com-
pared to the control group. However, CBO
administration to CCl-treated animals significantly
(P < 0.001) improved the CCly-induced damages in these
parameters (Table 4).

Figure 5 illustrates apoptosis, demonstrated by TUNEL
staining, in the testis of control and treated groups. The
apoptotic cell index of CCl, group was significantly
(P < 0.001) higher than that of control group. However,
a significant (P < 0.001) decrease was observed in apop-
totic cell index of CCly + CBO group as compared to the
CCly group only (Table 4).

Discussion

In this study, we demonstrated for the first time that
long-term CBO consumption provided a marked

Table 1 Mean + SEM values of malondialdehyde (MDA), reduced glutathione (rGSH) levels and glutathione-peroxidase (GSH-Px) and catalase

(CAT) activities

Oxidative stress markers

Groups MDA (nmol g protein—") rGSH (nmol g protein~") GSH-Px (IU g protein™") CAT (kg protein™")
Control 7.32 £+ 0.47° 6.12 + 0.674 1.75 + 0.52 46.37 + 14.138
CBO 5.45 + 0.23° 8.33 + 0.19® 2.05 + 0.50 96.59 + 23.78°
CCly 15.94 + 1.25° 7.22 + 0.24"° 0.85 + 0.25 17.06 + 1.36*
CCl, + CBO 6.49 + 1.09° 6.06 + 0.274 1.23 + 0.57 19.78 + 8.93*

CBO, cinnamon bark oil; CCly, carbon tetrachloride.

The mean values having different superscripts (a and b: P < 0.001; A and B: P < 0.01) within the same column significantly differ from each

other.
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Table 2 Mean + SEM values of sperm parameters

A. Yiice et al.

Sperm parameters

Epididymal sperm concentration

Abnormal sperm rate (%)

Groups Sperm motility (%) (million/right cauda epididymis) Head Tail Total

Control 77.20 4+ 3.03¢ 87.66 + 3.68° 3.66 + 0.76° 6.50 £ 1.11° 10.16 + 1.747
CBO 89.70 4+ 0.55° 118.00 + 6.90¢ 3.71 £ 0.80° 471 £ 0.74% 8.42 + 1.21°
CCly 26.65 4+ 6.23° 23.25 + 11.30° 18.00 + 1.08° 20.25 + 3.44° 38.25 4+ 9.03°
CCly + CBO 58.00 + 8.00° 53.80 & 13.43° 9.40 & 0.81° 9.20 + 1.11° 18.60 + 1.24°
CBO, cinnamon bark oil; CCly, carbon tetrachloride.

The mean values having different superscripts within the same column significantly differ from each other (a—d: P < 0.001).

Table 3 The degree of some pathological lesions in testicular tissues of different treatment groups

Groups

Lesions Control CBO CCly CCly + CBO
Necrosis in germinal cells 0.00 £ 0.00* 0.00 £ 0.00? 2.86 £ 0.14° 2.29 £ 0.18°
Atrophy in seminiferous tubules 0.00 + 0.00° 0.00 + 0.00° 2.57 + 0.20° 2.00 + 0.00°
Thickening in tubule basal membrane 0.00 + 0.00? 0.00 + 0.00° 2.71 £ 0.18° 1.86 + 0.26°
Degeneration in germinal cells 0.00 £ 0.00% 0.00 £ 0.00? 2.57 £ 0.20° 1.43 + 0.20°
Desquamation in germinal cells 0.00 + 0.00? 0.00 + 0.00° 2.86 + 0.14° 2.14 £ 0.26°
Reduction in germinal cell counts 0.00 £ 0.00% 0.00 £ 0.00? 3.00 £ 0.00¢ 2.43 £ 0.20°
Disorganisation in germinal cells 0.00 + 0.00° 0.00 + 0.00° 3.00 + 0.00° 2.57 + 0.20°
Vacuolisation in germinal cells 0.00 + 0.00? 0.00 + 0.00° 1.29 + 0.29° 0.00 + 0.00°
Interstitial oedema and congestion 0.00 £ 0.00% 0.00 £ 0.00? 2.43 £+ 0.20° 1.43 4+ 0.20°
Multinucleated syncytial cell formation 0.00 + 0.00? 0.00 + 0.00° 2.86 + 0.14° 1.86 + 0.14°
Spermatogenic arrest 0.00 £ 0.00% 0.00 £ 0.00? 2.71 £ 0.18¢ 1.71 £ 0.42°

CBO, cinnamon bark oil; CCl,, carbon tetrachloride.

The mean values having different superscripts within the same row significantly differ from each other (a—c: P < 0.001).

protection on CCly-induced reproductive dysfunction in
male rats.

It is known that monitoring body weight provides
information on the general health level, which can be
important for interpretation of reproductive effects.
Androgens stimulate the growth by inducing the protein
synthesis (Fernandes et al., 2007). In addition, it is well
known that testis, epididymis and accessory sex organs
need a permanent androgenic stimulation for their nor-
mal growth and functions (Klinefelter & Hess, 1998).
Reduced body and testis weights (Castilla-Cortazar et al,
2004; Manjrekar et al., 2008; Khan & Ahmed, 2009) and
decreased testosterone level (Khan & Ahmed, 2009; Khan,
2012) have been reported by some studies. In the present
study, CCly caused significant decreases in body weight
and also weights of testes, epididymides and accessory sex
glands. These decreases in the weights of body and repro-
ductive organs observed herein may possibly be explained
by CCls-induced decreased testosterone concentration
(Khan & Ahmed, 2009; Khan, 2012).

Many compounds, metabolised by cells, cause an
increase in the levels of electrophilic radicals that can
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react with oxygen giving rise to reactive oxygen species
(ROS), one of the main sources of free radicals like
H,0,, singlet oxygen ('0,), hydroxyl radical ("OH) or
peroxynitrite. When ROS begin to accumulate, cells exhi-
bit a defensive mechanism using various antioxidant
enzymes. The main detoxifying systems for peroxides are
CAT and GSH. Of them, CAT is an antioxidant enzyme,
which destroys H,O, that can form a highly reactive ‘OH
in presence of iron as a catalyst. By participating in the
glutathione redox cycle, GSH together with GSH-Px con-
vert H,O, and lipid peroxides to nontoxic products
(Turner & Lysiak, 2008). CCl; administration significantly
increased testicular MDA level and significantly decreased
testicular CAT activity in this study. It has been reported
that CCl, causes an increase in testicular tissue LPO level
(Abraham et al., 1999; Fadhel & Amran, 2002; Castilla-
Cortazar ef al., 2004; Manjrekar et al., 2008; Khan &
Ahmed, 2009; Soliman & Fahmy, 2011; Khan, 2012) and
a decrease in testicular antioxidant enzyme activities
(Khan & Ahmed, 2009; Soliman & Fahmy, 2011; Khan,
2012). The CCly-induced oxidative damage in testes may
be depend on the increased free radicals mediated by
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Table 4 Mean + SEM values of diameters of seminiferous tubules (ST), germinal cell layer thickness (GCLT), Johnsen testicular score and TUNEL-

positive apoptotic cell index

Variables

Groups Diameter of ST (um) GCLT (um) Johnsen testicular score (1-10) TUNEL-positive apoptotic cell index (%)
Control 255.85 + 1.84° 105.23 £ 1.05° 10.00 + 0.00¢ 0.73 + 0.28°

CBO 264.55 + 2.019 102.37 £+ 0.94° 10.00 + 0.00¢ 0.75 + 0.29°

CCly 191.51 £ 2.73° 48.55 + 1.14° 4.00 + 0.37¢ 414 + 0.19°

CCl, + CBO 225.58 + 1.79° 61.83 + 0.93° 7.50 + 3.42° 235+ 0.13°

CBO, cinnamon bark oil; CCly, carbon tetrachloride.

The mean values having different superscripts within the same column significantly differ from each other (a—d: P < 0.001).

Fig. 4 Representative photomicrographs of histopathological structure of testis in different treatment groups (CBO, cinnamon bark oil; CCly,
carbon tetrachloride; calibration bar = 200 pm). (a) Haematoxylin and eosin staining in control group. (b) Haematoxylin and eosin staining in
CBO-treated group. (c) Haematoxylin and eosin staining in CCls-treated group (arrows show multinuclear syncytial cells). (d) Haematoxylin and

eosin staining in CCl, + CBO-treated group.

CYP activity (Abraham et al., 1999; Sheweita et al., 2001),
which was also identified in testes (Jiang et al, 1998) and
responsible for metabolic bioactivation of CCly, in the
present study.

Reactive oxygen species (ROS) can attack the unsatu-
rated bonds of the membrane lipids in an autocatalytic
process, with the genesis of peroxides, alcohol and lipidic
aldehydes as by-product of the reaction. Thus, the
increase in free radicals in cells can induce the LPO by
oxidative breakdown of PUFAs in the membranes of cells
(Henkel, 2005; Turner & Lysiak, 2008). Spermatozoa are
especially susceptible to peroxidative damage because of
high concentration of PUFAs and low antioxidant capac-
ity. Obviously, peroxidation of sperm lipids destroys the
structure of lipid matrix in the membranes of spermato-
zoa; it is associated with rapid loss of intracellular ATP
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leading to axonemal damage, decreased sperm viability
and increased mid-piece morphological defects, and even
it completely inhibits spermatogenesis in extreme cases
(Sikka, 1996). In the present study, significant decreases
in sperm motility and concentration and significant
increases in head, tail and total abnormal sperm rates
were observed in CCl; group when compared to control
group. These findings are in agreement with the earlier
reports that reduced sperm count, motility (Khan, 2012)
and also increased sperm shape abnormalities (Abdou
et al., 2012; Khan, 2012) have been reported in CCl,-trea-
ted rats. Increased lipid peroxidation and decreased anti-
oxidant enzyme activity may be responsible for impaired
sperm quality observed in this study.

It has been reported that long-term CCl,; administra-
tion (from 20 days to 16 weeks) leads to severe damage
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Fig. 5 Representative photomicrographs of apoptotic cells by TUNEL method in the testis of different treatment groups (CBO, cinnamon bark oil;
CCly, carbon tetrachloride, calibration bar = 500 pum). (a) TUNEL staining in control group. (b) TUNEL staining in CBO-treated group. (c) TUNEL
staining in CCl,-treated group (marked reduction in germinal cells and brown-red-stained cells is the apoptotic ones. Marked increase is seen in
the apoptotic index that calculated by dividing total apoptotic cell number into total germinal cell number in 25 seminiferous tubules). (d) TUNEL
staining in CCl4 + CBO-treated group (marked increase in germinal cells and brown-red-stained cells is the apoptotic ones. Marked decrease is
seen in the apoptotic index that calculated by dividing total apoptotic cell number into total germinal cell number in 25 seminiferous tubules).

to the spermatogenic cycle such as exfoliation of the
germinal epithelium, depletion and degeneration of germ
cells, shrinkage of the tubules, vacuolisation of germinal
epithelium and meiotic arrest (Kalla & Bansal, 1975;
Horn et al.,, 2006; Khan & Ahmed, 2009; Khan, 2012).
However, short-term administration (10-15 days) of CCly
has no marked adverse effect on testicular structure (Kalla
& Bansal, 1975; Castilla-Cortazar et al., 2004), but it
alters hematotesticular barrier (Castilla-Cortazar et al.,
2004). Similarly, prominent histopathological damages
such as necrosis, degeneration, desquamation, disorgani-
sation, reduction in germinal cells, spermatogenic arrest
and marked decreases in diameters of ST, GCLT and
Johnsen’s testicular score were determined in CCl, group
only as compared to the control group herein. Besides,
the apoptotic cell index of CCly group was found to be
markedly higher than that of control group. Apoptosis is
an indicator of DNA damage in the cells including testic-
ular germ cells, and an increase in free radicals results in
increased testicular apoptotic germ cell (Maheshwari
et al., 2009). It has been reported that CCl, administra-
tion induces testicular DNA damage testicular apoptosis
(Abdou et al., 2012; Khan, 2012), which is an agreement
with our findings. Increased lipid peroxidation induced
by CCl, administration may possibly cause testicular
histopathological damages and increase in testicular
apoptotic index.
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Cinnamon has been used as a spice and has several
biological activities including radical scavenging activity.
The most important volatile oils derived from cinnamon
are C. zeylanicum bark and leaf oils, C. cassia (cassia oil)
and C. camphora (Jayaprakasha & Rao, 2011). The anti-
oxidant and free radical scavenging activity of bark oil
extracted from C. zeylanicum have been reported in dif-
ferent experimental studies (Ciftci et al., 2010; El-Baroty
et al., 2010; Yiice et al, 2013). In addition, C. zeylanicum
consumption has been reported to improve significantly
the sperm quality, reproductive organ weights (Ytice
et al., 2013), LH, FSH and testosterone concentrations
(Modaresi et al., 2009; Hemayatkhah Jahromi et al.,
2011) in healthy animals, and also improve sperm and
reproductive organ damages (Hafez, 2010; Shalaby &
Mouneir, 2010) in diabetic rats. Besides, some herbal
antioxidants were used to prevent the CCly-induced tes-
ticular oxidative stress (Fadhel & Amran, 2002; Manjrekar
et al,, 2008; Khan & Ahmed, 2009; Soliman & Fahmy,
2011; Khan, 2012). However, there is no evidence about
the protective effect of CBO on testicular oxidative stress,
histopathological lesions and testicular apoptosis induced
by CCly. Therefore, this is the first report regarding the
protectiveness of CBO on CCl,-induced reproductive dys-
function in males. In this study, long-term CBO adminis-
tration to CCly-treated rats significantly decreased the
increments in testicular LPO, abnormal sperm rates,
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testicular histopathological lesions and testicular apoptotic
cell index, and significantly increased the reductions in
body, testis and epididymis weights, sperm concentration
and motility when compared to the CCl; group. The
increase in CAT and GSH-Px activities following CBO
administration to CCl,-treated rats was statistically insig-
nificant. This status may be explained by excessive utilisa-
tion of these enzymes to reduce the LPO level. In
addition, antioxidants have been reported to reduce the
toxic effects exerted by CCly through inhibition of CYP
system that activates CCl, into its active metabolite, tri-
chloromethyl radical (Sheweita et al, 2001). The
improvements observed in these parameters may possibly
be related to the potent antioxidant and radical scaveng-
ing activity of CBO, and also inhibition of CYP activity.

In conclusion, the findings of the present study clearly
suggest that CBO has protective effect on CCly-induced
damages in male reproductive system. This protective
effect of CBO seems to be closely involved with the
scavenging free radicals and suppressing LPO.
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