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Abstract

Aim: Carbon tetrachloride (CCls) is a potent, lipid-soluble toxic agent and produces
peroxidative degeneration in many tissues. In this study, antioxidative effects of melatonin and
quercetin were evaluated by histological and biochemical methods in CCls-induced cardiac
damage.

Materials and Method: 35 rats were divided into equally 5 groups: control, olive oil, CCls,
CCls+Melatonin, and CCls+Quercetin. At the end of the study hearts tissues were processed
by routin histological and biochemical procedures.

Results:The histological appearance of control and olive oil groups were normal. However,
histopathological alterations such as vacuolization and necrosis of cardiocytes, vascular
congestion, hemorrhage, infiltration and fibrosis were observed in the CCls group. Significant
increase in histopathological scoring was detected in CCls group when compared with the
control and olive oil groups. Furthermore, histopathological changes were markedly reduced
in CCls+Melatonin, and CCls+Quercetin. The tissue MDA levels of CCls group were
significantly increased in comparison with the control and olive oil groups. In treatment
groups, MDA levels were significantly lower than that of the CCls group. The tissue GSH levels
and SOD activities were significantly decreased when compared with the control and olive oil
groups. Melatonin and quercetin administrations resulted in significant increases in GSH levels
and SOD activities.

Conclusion: We concluded that cardiac damage induced by CCls toxicity is prevented by
melatonin and quercetin administrations via antioxidative properties.
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Oz

Amac: Karbontetraklorir (CCls) potent, lipidde ¢ozilebilir toksik bir ajandir ve ¢cogu dokuda
peroksidatif degisikliklere neden olur. Bu calismada, CCls ile indiklenen kalp hasarinda melatonin ve
quercetinin antioksidatif etkileri histolojik ve biyokimyasal yontemler yoluyla incelendi.

Gereg ve Yontem: 35 adet sican esit olarak 5 gruba ayrildi. Kontrol, zeytinyagi, CCls,
CCls+Melatonin ve CCla+Quercetin. Deney sonunda kalp dokulari rutin histolojik ve biyokimyasal
prosedirlerden gegirildi.

Bulgular: Kontrol ve zeytinyadi gruplarinin histolojik gérintisi normaldi. CCla grubunda ise;
kardiyositlerde vakuolizasyon ve nekroz, vaskiler konjesyon, hemoraji, infiltrasyon ve fibrozis
gibi histopatolojik bulgular gézlendi. Kontrol ve zeytinyadi gruplaryla karsilastirildiginda, CCla
grubunun histopatolojik skorunda anlamli bir artis tespit edildi. Diger yandan, histopatolojik
degisiklikler CCla+Melatonin ve CCla+Quercetin gruplarinda énemli él¢lide geriledi. CCla grubunun
doku MDA diizeyleri kontrol ve zeytinyagi gruplan ile karsilastinldiginda anlamli derecede
artmisti. Tedavi gruplarinin MDA duzeyleri CCls grubundan anlamli derecede dustkti. Kontrol
ve zeytinyadl gruplar ile kargilastinldiginda doku GSH dizeyleri ve SOD aktivitesi anlamli
derecede azalmisti. Melatonin ve quercetin uygulamalari GSH dizeylerinde ve SOD
aktivitesinde anlamli artiglarla sonugland.

Sonug: CCls toksisitesinde olusan kalp hasarinin, antioksidatif ézellikleri vasitasiyla melatonin ve
quercetin uygulamalari ile dnlenebilecegini disinmekteyiz.

Anahtar Kelimeler: Karbon Tetrakloriir; Kardiyak Hasar; Melatonin; Quercetin.
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INTRODUCTION

It is suggested that oxidative damage induced by
reactive oxygen species (ROS) and subsequent cell
death is implicated in the pathogenesis of several
diseases, including Alzheimer's disease, diabetes
mellitus, liver cirrhosis and human hepatocellular
carcinoma (1-3). Excessive production of free radicals
and oxidative stress can be induced by a variety of
factors such as ionizing radiation or exposure to drugs
and xenobiotics [e.g. carbon tetrachloride (CCli)] (4).
CCls is a common industrial solvent and potent, lipid-
soluble toxic agent that, when bound to lipid and
protein, produces peroxidative degeneration of many
tissues (5, 6). The fundamental structure of the heart of
rats and humans is similar, so administration of CCls to
rats is an accepted experimental model to produce
damage to cardiac and other tissues.

Melatonin  (M-acetyl-5-methoxytryptamine) is  an
indoleamine secreted by the pineal gland, retina, and
other vertebrate tissues with a daily rhythmical peak in
the dark phase (7, 8). Melatonin has been shown to
exhibit a variety of physiological functions including the
control of seasonal reproduction, thermoregulation,
energy metabolism, circadian rhythm regulation and
sleep control. It has direct radical scavenging activity
and indirect antioxidant effects (8, 9). Quercetin, one of
the most widely distributed flavonoids of fruits and
vegetables, is capable of radical scavenging, preventing
lipid damage and reducing lipid hydroperoxide (10).

The benefit of certain substances containing
antioxidants can be evaluated by assessing their
protective potency against the CCls-induced alterations
in lipid peroxide, and antioxidant status as well as
histopathological picture of organs. In this study we
evaluated the protective capacity of melatonin and
quercetin against oxidative stress-induced by CCla.
Therefore the present study was designed to evaluate
the probable protective effect of melatonin and
quercetin on CClsi-induced damage in the heart of
Wistar rats. To our knowledge, this is the first
microscopic study evaluating the effects of melatonin
and quercetin on CCli-induced cardiac damage.

MATERIALS and METHODS

Animals

Thirty-five female Wistar albino rats (3-4 months old)
weighing 220-240 g obtained from the Experimental
Animal Research Center of Inonu University were used in
the present study. The animals were housed in individual
cages for 10 days in a well ventilated room with a 12: 12-
hour light/dark cycle at 21°C. Animals were fed with
standard rat chow and tap water ad /ibitum. The
experiments were performed in accordance with the
Guidelines for Animal Research from National Institute
of Health and were approved by the Committee on
Animal Research at Inonu University, Malatya, Turkey.

Experimental design
Rats were divided into 5 groups each of containing 7
rats as follows: Control group: (administered by 5%
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ethanol, 1 ml/day/ip), Olive oil group (administered by
olive oil, 0.5 ml/every other day/ip), CCls group
(administered by 0.5 ml/kg CCls dissolved in 0.5 ml/kg
olive oil, during 10 days/every other day/ip),
CCls+Melatonin (CCls+M) (10 mg/kg/day/ip melatonin
injected 24 hours after administration of CCls, during 10
days) CCls+Quercetin (CCla+Q) group (25 mg/kg/day/ip
quercetin injected 24 hours after administration of CCls,
during 10 days). Melatonin and quercetin were prepared
by dissolving in 5% ethanol. CCls was prepared by
dissolving in olive oil. At the end of the study, the rats
were sacrificed by ketamine anesthesia and hearts were
removed. One part of the samples were used for
histopathological examination whereas the others were
used for evaluation of tissue oxidative stress parameters
by biochemical methods.

Histopathological evaluations

The heart tissues were fixed in 10% formalin and
embedded in paraffin. Paraffin blocks were cut at 5 ym
and stained with hematoxylin-eosin (H-E) and Masson’ s
trichrome. The sections were examined for the
alterations including vacuolization and necrosis of
cardiocytes,  vascular  congestion, hemorrhage,
infiltration and fibrosis indicating cardiac injury. Each
alterations was scored as follows: 0= normal, 1= mild, 2=
moderate and 3= severe, with a maximum score of 18.
Samples were examined using a Leica DFC280 light
microscope and a Leica Q Win Image Analysis system
(Leica Micros Imaging Solutions Ltd., Cambridge, UK).

Biochemical evaluations

Tissues were homogenized (PCV Kinematica Status
Homogenizator) in ice-cold phosphate buffered saline
(pH 7.4). The homogenate was sonified with an
ultrasonifier (Bronson sonifier 450) by 3 cycles (20-s
sonications and 40-s pause on ice). The homogenate was
centrifuged (15.000 xg, 10 min, 4 °C) and cell-free
supernatant was subjected to enzyme assay
immediately. SOD (Cu, Zn-SOD) activity in the
supernatant fraction was measured using xanthine
oxidase/cytochrome ¢ method where 1 unit (U) of
activity is the amount of enzyme needed to cause half-
maximal inhibition of cytochrome ¢ reduction (11). The
amount of SOD in the extract was determined as U of
enzyme mg” protein, utilizing a commercial SOD as the
standard. The formation of 5-thio-2-nitrobenzoate (TNB)
is followed spectrophotometrically at 412 nm (12). The
amount of GSH in the extract was determined as
nmol/mg protein utilizing a commercial GSH as the
standard. The analysis of lipid peroxidation was carried
out as described with a minor modification (13). The
reaction mixture was prepared by adding 250 pL
homogenate into 2 ml reaction solution (15%
trichloroacetic acid: 0.375% thiobarbituric acid: 0.25 N
HCI, 1:1:1, w/v) and heated at 100°C for 15 min. The
mixture was cooled to room temperature, centrifuged
(10.000 g for 10 min) and the absorbance of the
supernatant was recorded at 532 nm. 1,1,3,3-
tetramethoxypropane was used as MDA standard. MDA
results were expressed as nmol mg' protein in the
homogenate. Protein levels of the tissue samples were
measured by the Bradford method (14). The absorbance
measurement was taken at 595 nm using a UV-VIS
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spectrophotometer. Bovine serum albumin (BSA) was
used as protein standard.

Statistical analysis

Statistical analysis was carried out using the SPSS for
Windows version 13.0 (SPSS Inc., Chicago, lll., USA)
program. All data are expressed as arithmetic
mean=Standard error (SE). Normality for continued
variables in groups were determined by the Shapiro Wilk
test. Since the variables didn't show normal distribution
Kruskal-Wallis and Mann Whitney U tests were used for
comparison of variables among the studied groups.
p<0.05 was regarded as significant.

RESULTS

Histopathological findings

The sections from control and olive oil groups were
normal in histological appearance (Figs. 1A, B). The
mean histopathological damage scoring (MHDS) was
1.28+0.42 and 2.71+0.52 in control and olive oil groups,
respectively. However; vacuolization and necrosis of
cardiocytes with infiltration, vascular congestion,
hemorrhage and fibrosis of heart tissue were observed
in the rats exposed to CCls alone (Fig. 2). MHDS was
8.14+0.67 in the CCla group. Significant increase in
histopathological scoring was detected in CCls
administered group compared with the control and olive
oil groups (p<0.005, for both). Histopathological
changes were markedly reduced in rats treated with
melatonin and quercetin (Figs. 3A, B). MHDSs were
3.85+0.34 in CCls+Melatonin  and 4.85+0.55 in
CCls+Quercetin groups. MHDSs of CCls and those of
CCls+Melatonin - and  CCls+Quercetin - groups were
significantly different (p<0.005, p<0.01, respectively).
There was no significant difference between treatment
groups (p>0.05). MHDSs of all of the groups were
summarized in Table 1.

Figure 1. Photomicrographs of normal heart tissues.
A. Control group. H-E; X 40. B. Olive oil group. H-E; X 40.

Figure 2. Photomicrographs of heart tissues in CCl4 group.
A. Hemorrhage (arrow), H-E; X 10. B. Hemorrhage (asteriks)
and necrotic cells with eosinophilic cytoplasm, H-E; X 20. C.
Inflammatuar cells (arrows), H-E; X 20. D. Necrotic cells with
eosinophilic cytoplasm (arrows) and fibrosis (asteriks), H-E; X
40. E. Necrotic cells with eosinophilic cytoplasm, H-E; X 40.
F. Vacuolization (arrows), H-E; X100.

Figure 3. Photomicrographs heart tissues of treatment
groups. Histopathological findings were reduced in these
groups. A. CCl4+Melatonin group. H-E; X40. B.
CCl4+Quercetin group. H-E; X40.

Table 1. The mean histopathological damage score (MHDS) of all groups.

Control Olive Oil

CCls CCls+Melatonin

CCls+Quercetin

MHDS 1.28+0.42 2.71+0.52

8.14+0.672

3.85+0.34b< 4.85+0.55P4e

Data are expressed mean=SE of seven animals.

2p <0.005 vs control group and olive oil group, ®p <0.005 vs control group

¢p <0.005 vs CCls group,
¢ p <0.01 vs CClagroup.

4p <0.05 vs olive oil group
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Biochemical findings

Mean tissue MDA level of CCls group was significantly
increased in comparison with control group and olive oil
group (p<0.005, for both). However, mean tissue MDA
levels of CCls+Melatonin group and CCls+Quercetin
group were significantly lower than that of CCls group
(p<0.005, p<0.01, respectively). On the other hand,
mean tissue GSH level and SOD activity were
significantly decreased when compared with the control

Table 2. The mean levels of tissue oxidant-antioxidant parameters.

and olive oil groups (p<0.005, p<0.05, respectively).
Melatonin  administration resulted in a significant
increase in mean cardiac GSH level (p<0.01) and SOD
(p<0.005) activity. Quercetin administration also caused
significant increases in GSH levels (p<0.05) and SOD
activities (p<0.005). No significant difference between
treatment groups was detected (p>0.05). Biochemical
results of all of the groups were summarized in Table 2.

MDA SOD GSH
(nmol/mg) (U/mg) (nmol/mg)
Control 97.51+8.79 12.45+0.56 2.20+0.15
Olive Oil 96.92+7.04 11.25+0.59 2.14+9.99
CClq4 269.29+22.442 5.66+0.47¢ 1.81+£7.71°
CCls+Melatonin 116.12+12.14° 9.13+0.92° 2.96+0.29¢
CCls+Quercetin 161.03+18.70%¢ 8.11+0.63° 3.12+0.2f
Data are expressed mean=SE of seven animals.
2p <0.005 vs control group and olive oil group, ®p <0.005 vs CCls group
¢p <0.01 vs CClsgroup, dp <0.05 vs CCls+Melatonin group
¢p <0.05 vs control group and olive oil group,  fp <0.05 vs CCls group
DISCUSSION reduced oxidative damage and prevented
histopathological changes associated with CCls

Various environmental toxicants and clinically useful
drugs can cause severe tissue toxicity by superoxides
and ROS. One of the frequently studied of the
environmental toxicants is CCls (15). Although liver is
considered to be the primary target of CCls toxicity, it
also causes free radical generation in other tissues such
as heart, kidneys, lung, brain and testis (6, 16, 17). CCls-
induced formation of free radicals and related reactive
species leads to loss of myocardial structural integrity
and depression of cardiac functions resulting in
cardiotoxicity and cardiac failure (18). In the present
study, using light microscopy, CCls administration
resulted in various histopathological alterations including
vacuolization, necrosis, infiltration and fibrosis. In
addition, marked vascular congestion with focal
hemorrhage was seen in the myocardium of CCla-
induced group. To our knowledge, the effects of
antioxidants on CCls-induced cardiotoxicity was rarely
studied. However, our findings coincided with the
previous studies. Eshaghi et al. (18) observed necrosis
and infiltration and also Al-Rasheed et al. (19) detected
fibrosis and massive degeneration in CCls-induced
cardiotoxicity. The vacuolization might be explained by
expansion of cytoplasmic membranous components

caused by intracellular water and electrolytes
redistribution.
The majority of previous studies showed that

antioxidants can protect body against CCls induced
oxidative stress (20, 21). Aranda et al. (22) and Kus et al.
(23) suggested that melatonin has a powerful
antioxidant and free radical scavenging capacity in
preventing CClsi-induced toxicity. On the other hand,
strong antioxidant property of quercetin helps to
neutralise the free radicals produced by CCls, and hence
protects the organs against oxidative stress (24, 25). In
the present study, melatonin and quercetin significantly
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administration. There was significant reduction in the
vascular congestion among cardiomyocytes. There was
also marked decrease in the necrosis of cardiomyocytes
represented by less number of pyknotic and karyolytic
nuclei compared with the CClsi-induced group. To our
knowledge, effects of melatonin and quercetin on CCls-
induced cardiotoxicity were not studied so far. Al-
Rasheed et al. (19) also observed melatonin reduced
fibrosis and massive degeneration in CCls-induced
cardiac damage. Similar beneficial capacity of other
antioxidants against CCls cardiotoxicity have been
reported. Karadeniz et al. (17) detected that panax
ginseng has beneficial effects on CCli-induced
cardiotoxicity. Eshaghi et al. (18) also reported that
Cornus Mas Fruit extract has beneficial effect in
preventing CCls-induced infiltration and degeneration of
myofibriller tissue. According to other cardiotoxicity
studies  melatonin is  effective in  inhibiting
histopathological ~changes in  doxorubicin  and
cyclosporin-induced cardiac damage (26- 29).

MDA, a major reactive aldehyde that appears during the
peroxidation of biological membrane polyunsaturated
fatty acids is an important marker of membrane damage
(30). The oxidative damage induced by CCls is
characterized by a significant increase in tissue MDA
levels (31). In our study the mean cardiac MDA levels of
CCls group were higher than those of the other groups.
These findings are similar to other CCls-induced
cardiotoxicity studies (17, 18, 27). Treatment with
melatonin and quercetin significantly lowered MDA
levels. These results suggests that melatonin and
quercetin protect membranes against CClsi-induced
oxidative stress.

To prevent the damage caused by free radicals, tissues
have developed an antioxidant defense system that
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includes enzymatic activities including superoxide
dismutase and glutathione peroxidase (32, 33). In
present study we observed that mean cardiac GSH level
and SOD activity of CCls group were significantly
reduced. Karadeniz et al. (17) and Eshaghi et al. (18) also
found antioxidative enzyme activities reduced in CCls-
induced cardiotoxicity. Melatonin and quercetin
significantly increased GSH levels and SOD activities.
Previous experimental studies have shown that Panax
Ginseng and Cornus Mas Fruit extract also increase GSH
levels and SOD activities (17, 18). Oz et al. (27) found
melatonin effective in increasing cardiac GSH level in
doxorubicin-induced cardiotoxicity.

CONCLUSION

As a conclusion, our study supports the antioxidant and free
radical scavenging effects of melatonin and quercetin in
reducing cardiotoxic effects of CCls. We detected beneficial
effects of melatonin and quercetin in protecting membranes
and we observed them to be effective in supporting cellular
antioxidant defence system. To our knowledge, this is the
first microscopic study evaluating the effects of melatonin
and quercetin on CCls-induced cardiotoxiciy.
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