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Abstract

Ellagic acid (EA) is a phenolic constituent in certain fruits and nuts with wide range of biological activities, including potent
antioxidant, antidiabetic, anti-inflammatory, anticancer and antimutagen properties. The aim of this study was to evaluate
the effect of EA on sodium arsenic (SA)-induced cardio- and hematotoxicity in rats. Animals were divided into five groups.
The first group was used as control. Group 2 was orally treated with sodium arsenite (SA, 10 mg/kg) for 21 days. Group 3
was orally treated with EA (30 mg/kg) for 14 days. Groups 4 and 5 were orally treated with SA for 7 days prior to EA (10
and 30 mg/kg, respectively) treatment and continued up to 21 days simultaneous with SA administration. Various biochemi-
cal, histological and molecular biomarkers were assessed in blood and heart. The results indicate that SA-intoxicated rats
display significantly higher levels of plasma cardiac markers (AST, CK-MB, LDH and c¢TnI) than normal control animals.
Moreover, an increase in MDA and NO with depletion of GSH and activities of CAT, SOD and GPx occurred in the heart
of rats treated with SA. Furthermore, SA-treated rats showed significantly lower WBC, RBC, HGB, HCT and PLT and sig-
nificantly higher MCV and MCH. Administration of EA (30 mg/kg) resulted in a significant reversal of hematological and
cardiac markers in arsenic-intoxicated rats. These biochemical disturbances were supported by histopathological observa-
tions of the heart. In conclusion, the results of this study suggest that EA treatment exerts a significant protective effect on
SA-induced cardio- and hematotoxicity.
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It is estimated that 200 million people around the world
are affected by arsenic exposure which has become a seri-
ous health problem across the world especially in poor
countries [1]. The major routes of exposure to arsenic are
through drinking water and industrial pollution [2]. It has
been shown that sodium arsenite (SA, NaAsO,) is the most
toxic chemical among various arsenic compounds [1-3].
Exposure to arsenic is known to induce a wide range of
toxic effects in different tissues such as blood and heart
[4]. Broad consensus has not been reached regarding the
precise mechanisms of arsenic toxicity and these are still
being studied intensively [5]. Arsenic induces the over
production of reactive oxygen species (ROS), enhances
lipid peroxidation and increases the production of nitric
oxide (NO) [3]. On the other hand, it is well established
that arsenic disturbs antioxidant/pro-oxidant ratio via
deleterious effects on the antioxidants enzymes such as
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superoxide dismutase (SOD), glutathione peroxidase
(GPx), catalase (CAT) and glutathione (GSH) [6]. It seems
that antioxidant compounds such as linolenic acid, resvera-
trol and N-acetylcysteine have protective effects on arsenic
toxicity through increasing the antioxidant capacity [7-9].

Ellagic acid (EA; 2,3,7,8-tetrahydroxy-chromeno[5,4,3-
cde]chromene-5,10-dione) is a phenolic constituent found
in certain fruits and nuts, such as raspberry, strawberry,
walnut and pomegranate [10]. EA has a variety of biologi-
cal activities, including potent antioxidant, antidiabetic,
anti-inflammatory, anticancer and antimutagen proper-
ties [11]. EA is a safe substance and Doyle et al. [12]
have found have that feeding rats with EA (50 mg/day
up to 45 days) does not cause any sign of systemic tox-
icity. The exact mechanism of EA is not known, but its
potent scavenging action against ROS such as hydroxyl
and superoxide radicals are well documented [13]. Also,
EA exerts its antioxidant effect via activating or induc-
ing cellular antioxidant enzyme systems [14]. Moreover,
EA induces its anti-inflammatory effects via inhibiting the
cyclooxygenase (COX) enzyme and reducing the expres-
sion of this enzyme [15]. It has demonstrated that EA has
protective effect on oxidative damage in lung, liver and
kidney [16-18].

Due to the above-mentioned EA effects, we investigated
whether that it has protective effect on SA-induced cardio-
and hematotoxicity in rats.

Materials and Methods
Chemicals

Sodium arsenite (SA; Catalog Number: 7784-46-5) and
Ellagic acid (EA; Catalog Number: 476-66-4) were pur-
chased from Sigma-Aldrich Chemical Company (St. Louis,
MO, USA). All other chemicals and reagents used were ana-
lytical grade and prepared from Merck Company (Darm-
stadt, Germany).

Animals

Thirty-five adult male Wistar rats (180-200 g) were obtained
from animal house of Ahvaz Jundishapur University of Med-
ical Sciences. Animals were housed seven per cage and kept
on commercial diet and tap water provided ad libitum. Rats
were maintained at a controlled condition of temperature
(20 + 2 °C) with a 12 h light: 12 h dark cycle [19]. The
experiments were performed according to the Animal Ethics
Committee Guidelines for the use of experimental animals
(Ethic code: IR AJUMS.REC.1395.641).
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Experimental Protocol

Animals were randomly divided into five groups each con-
sisted of seven rats. Group 1 received normal saline (2 ml/
kg) for 21 days. Group 2 received SA 10 mg/kg, p.o., daily
for 21 days) [20]. Group 3 received EA (30 mg/kg, p.o.) for
14 consecutive days [21]. Groups 4 and 5 received SA for
7 days prior to EA (in doses of 10 and 30 mg/kg, respec-
tively) treatment and continued up to 21 days in parallel with
SA administration (14 days). All drugs were administered
through oral gavage.

Sample Collection

The control and SA-treated rats were euthanized 22 days
after the first dose of SA, and the rats in EA group were
euthanized 16 days after the first dose of EA. The animals
were anaesthetized with combination of ketamine/xylazine
(60/6 mg/kg, i.p.), and two blood samples were collected
through cardiac puncture from the left ventricle. One sample
was used for serum separation (centrifugation for 10 min at
3000 rpm) and stored at — 20 °C until analysis. The second
sample was used for complete blood count (inverted several
times in an EDTA-coated tube to prevent coagulation).
Then animals were sacrificed by rapid decapitation. Then
heart tissues were isolated and washed with saline quickly.
For histological studies, a part of these samples was fixed
in 10% phosphate buffered formalin. For biochemical esti-
mations, the second part of this tissue was homogenized
(1/10 w/v) in ice-cold Tris—HCI buffer (0.1 M, pH 7.4).

Blood Parameters
Hematological Analyses

The complete blood count was used for hematological analy-
ses. The WBC indices, RBC indices and platelets were ana-
lyzed immediately by an ADVIA 2120 hematology system
(Siemens, Munich, Germany), according to the manufac-
turer’s instructions.

Biochemical Analyses

Specific markers related to cardiac dysfunction were meas-
ured in plasma samples. Aspartate Aminotransferase (AST)
activities were assayed according to Reitman and Frankel
[22] using commercially available kits. Creatine kinase-MB
(CK-MB) activity was estimated in serum by commercially
available CK-MB assay kit (BioAssay Systems, USA; Cata-
log Number: ECPK-100) adopting the method of Bishop
[23]. Lactate dehydrogenase (LDH) activity was estimated
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in serum by commercially available LDH kit (Linear Chemi-
cals, S.L., UK; Catalog Number: REF KR10282) according
to the method of Whitaker [24]. Cardiac Troponin I (cTnl)
was estimated in serum by Rat ELISA Kit (MyBioSource,
San Diego, USA; Catalog Number: MBS727624).

Assay for Redox Status in Tissue Homogenates

Activities of antioxidant enzymes (SOD, CAT, GSH, GPx)
in the heart tissue were determined following the method
as described by Ghosh et al. [25]. Cardiac lipid peroxida-
tion was determined by the method described by Buege and
Aust [26], which estimates the malondialdehyde (MDA)
formation. Cardiac NO levels were measured by the Griess
diazotization reaction after conversion of nitrate to nitrite by
nitrate reductase in supernatant [27].

Statistical Analysis

Results were expressed as mean + SD and all comparisons
were made by one-way ANOVA test followed by Tukey’s
post hoc analysis and p value less than 0.05 was considered
statistically significant.

Results

SA-Induced Alterations in Hematological
Parameters are Attenuated by EA

As depicted in Table 1, the SA-treated rats showed sig-
nificantly lower WBC, RBC, HGB, HCT and PLT and
significantly higher MCV and MCH than their control
counterparts (all p < 0.05). EA (30 mg/kg) mitigated the
effect of SA treatment on the above-mentioned variables
(all p < 0.05) reflecting the amelioration of hematotoxic-
ity in SA-intoxicated rats. Moreover, EA administration

(30 mg/kg) in normal rats did not affect the hematological
parameters compared to the control group.

SA-Induced Alterations in Biochemical Parameters
are Attenuated by EA

AST, CK-MB, LDH and cTnlI are markers of cardiac dys-
function. As shown in Fig. 1, levels of AST, CK-MB, LDH
and cTnl were significantly increased in the SA group
compared to the control group (all p < 0.001). Treatment
with EA (10 mg/kg) significantly prevented SA-induced
increase in AST, LDH and cTnl levels (p < 0.01, p < 0.05
and p < 0.05, respectively). Moreover, treatment with EA
(30 mg/kg) significantly prevented SA induced increase in
AST, CK-MB, LDH and cTnl levels (p < 0.001, p < 0.01,
p < 0.001 and p < 0.001, respectively). In addition, admin-
istration of EA at the dose of 30 mg/kg did not change
these biochemical parameters in naive rats compared to
control group.

SA-Induced Alterations in Heart Oxidative Stress
Parameters are Attenuated by EA

The effects of EA on the heart oxidative stress parameters
are shown in Fig. 2. The MDA and NO levels of heart were
significantly increased in the SA group compared to the
control rats (all p < 0.001). Treatment with EA at the dose
of 10 mg/kg significantly decreased the NO level in heart
tissue (p < 0.01) (Fig. 1a). Moreover, treatment with EA
at the dose of 30 mg/kg significantly decreased both the
MDA and NO levels in heart (all p < 0.001) (Fig. 1b). In
addition, administration of EA at the dose of 30 mg/kg to
naive rats did not change these oxidative stress parameters
compared to rats in control group.

Table 1 Effect of EA on hematological parameters in SA-induced toxicity in rats

Groups WBC RBC HGB HCT MCV MCH MCHC PLT

Control 2352 +453 958+174 1635+136 51.54+4.65 5425+345 1457+245 3825+435 85450+ 53.45
SA 1432 £321° 635+ 1.06° 13.15+ 094 37.12+3.94% 64.15+4.74* 23.15+3.14* 31254224 47530 + 36.24*
EAIO+SA 1937+3.86 725+136 13.95+1.16 4034+4.16 6034+3.16 21.34+256 33.75+2.16 558.75 +41.50
EA30 + SA  20.64 +3.40° 7.64+140 1524+ 125" 4253 +4.05 5853 +295° 19.13+225° 34.15+275 604.15 +47.75°
EA30 2450+695 895+185 1650+1.80 49.50+5.10 5550+3.10 1420+2.10 39.16+3.82 836.30 +59.12

WBC, white blood cells as x10° pl_l; RBC, red blood cells as x10° pl_l; HGB, hemoglobin as g dI”!; HCT, hematocrit as %; MCV, mean cell
volume as fl.; MCH, mean cell hemoglobin as pg; MCHC, mean cell hemoglobin concentration as g d1~!; PLT, platelet count as x10° ul~!

Values are mean + SD (n = 7). Data were analyzed by one-way ANOVA test followed by Tukey’s post hoc test for multiple comparisons

p < 0.05; significant change with respect to control group

®p < 0.05; significant change with respect to SA group
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SA-Induced Alterations in Antioxidant Enzymes are
Attenuated by EA

The effects of EA on activity of antioxidant enzymes CAT,
SOD and GPx as well as the GSH content are shown in
Fig. 3.

As shown in Fig. 3a, GSH content was significantly
decreased in SA group compared to the control group
(p < 0.001). Also, treatment of EA at the dose of 30 mg/
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kg significantly (p < 0.01) increased GSH content in heart
tissue of SA-treated rats.

The activity of GPx was significantly (p < 0.001)
decreased in the SA group compared to the control group
(Fig. 3b). Treatment with EA at the dose 30 mg/kg signifi-
cantly (p < 0.05) increased GPx activity compared to the
SA group.

The activity of SOD was significantly (p < 0.001) reduced
in the SA group compared to the control group (Fig. 3c).
Treatment with EA at the dose 30 mg/kg significantly
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(p < 0.01) increased SOD activity compared to the SA
group.

As shown in Fig. 3d, the activity of CAT was significantly
(p < 0.001) decreased in the SA group compared to the con-
trol group. In contrast, Treatment with EA at the doses of
30 mg/kg significantly (p < 0.05) increased CAT activity
compared to the SA group.

In addition, administration of EA at the dose of 30 mg/
kg to naive rats did not change these antioxidant enzymes
compared to rats in control group.

SA-Induced Alterations in Histopathology of Heart
are Attenuated by EA

The results of microscopic studies in cardiac tissues of dif-
ferent experimental groups are shown in Fig. 4. Our evalu-
ation showed that no pathological changes occur in groups
receiving normal saline or EA (30 mg/kg) and cardiac mus-
cle bundles were normal as well. In contrast, rats treated
with SA exhibited degenerative changes in cardiomyocytes
including; condensed nuclei and increased eosinophilic cyto-
plasm which indicates necrosis. We observed moderate myo-
cardial necrosis in rats receiving of EA (10 mg/kg). Treat-
ment with EA (30 mg/kg) showed a dramatic improvement

in cardiomyocytes structure and nuclei. Also, cytoplasm
structure was found normal in these observations.

Discussion

Chronic exposure to SA promotes ROS formation and cel-
lular oxidative damage in different tissues such as heart and
blood [4, 28]. Also, SA exposure has been shown to disturb
the balance between generation of ROS and antioxidant
capacity [29]. These events ultimately lead to hematologi-
cal disturbance and cardiac cell damage as well as apopto-
sis [4, 28]. Natural antioxidant agents acting as effective
ROS scavengers have important role in defense against SA-
induced generation of free radicals and the ensuing cardio-
and hematotoxicity [7-9].

In the present study, we investigated the effect of EA
treatment on SA-induced cardio- and hematotoxicity in rats.
Our results indicated that oral administration of SA at the
dose of 10 mg/kg results in significant cardio- and hema-
totoxicity as evidenced by increased serum levels of AST,
CK-MB, LDH and cTnl. In addition, consistent with previ-
ous reports [4, 28], MDA and NO levels were increased;
however, CAT, SOD and GPx activity as well as GSH level
were decreased in heart tissue. We also observed that the
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Fig.4 Histopathological
observations (stained with
Hematoxylin & Eosin, magni-
fication X150) showing effects
of EA on SA-induced toxicity
changes in heart. a Control
group; b SA group; ¢ EA 30
group; d EA10 + SA group;
EA30 + SA group. Arrow:
necrosis

mentioned changes in biochemical parameters are correlated
with the heart histological results and hematological tests.
Moreover, oral treatment of rats with EA at the dose of 10
and 30 mg/kg (more potently at dose 30 mg/kg) for 21 days
could prevent SA-induced cardio- and hematotoxicity by
regulation of CAT, SOD and GPx activity as well as MDA,
NO, GSH, AST, CK-MB, LDH and cTnl levels. Also, EA
treatment attenuated the histological changes of the heart
tissue induced by SA. Moreover, we demonstrated that oral
use of EA (30 mg/kg/day) for 14 days affects neither the
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morphology nor the function of heart in naive rats. The
results of our study, for the first time, suggest that EA treat-
ment exerts a significant protective effect on SA-induced
cardio- and hematotoxicity.

Hematological parameters have been utilized to ana-
lyze the toxicity of SA. Our CBC results indicated that
SA decreases the WBC, RBC, HBG, HCT and PLT, but
increases the MCH and MCV. Our findings are in partial
agreement with previous reports. Recently, it has been
reported that arsenic exposure decreases the HCT, MCV, and
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MCH, but increases the MCHC [4]. In another study, it has
been demonstrated that most of the hematological param-
eters are not affected by SA, except WBC and PLT count
[30]. We also found that EA (30 mg/kg) attenuates the effect
of the above-mentioned variables, thus reducing hemato-
toxicity in arsenic-intoxicated rats. These results might be
attributed to the antioxidant activity of EA.

Chronic exposure to arsenic triggers the pathological con-
ditions in heart which are characterized by elevated serum
levels of AST, CK-MB, LDH and cTnl [28]. The results
of our study demonstrated that oral administration of SA
increases the markers of cardiac dysfunction. Administration
of EA significantly suppressed the SA-induced enhancement
of AST, CK-MB, LDH and Tnl serum concentration. Our
data suggested that EA (more potently at dose 30 mg/kg)
restricts the extent of heart injuries by reducing the release
of these cardiac markers from the myocardium. Antioxi-
dant agents such as biochanin A suppress these changes in
SA-induced cardiotoxicity [28]. EA induces its antioxidant
effects directly and/or indirectly by scavenging the free radi-
cals and increasing the activity and expression of antioxidant
enzymes [14, 15]. Hence, it seems that treatment with EA
may cause cardioprotection at least partially via its antioxi-
dant properties.

It has been shown that SA potentiates the oxidative stress
parameters such as MDA and NO levels in different organs
[29]. Over production of NO causes oxidative stress through
generating the peroxynitrite radical (a potent cytotoxic
agent) [31]. On the other hand, MDA is a highly reactive
lipid peroxidation end-product and the level of MDA is used
as an indirect biomarker of oxidative stress in tissues [32]. It
is well established that elevation of oxidative stress causes
hematological disturbance and morphological and functional
alterations in the heart tissue [4, 28]. In agreement with pre-
vious studies, we observed that oral administration of SA
elevates MDA and NO levels in heart tissue. Our results
also indicate that treatment with EA (more potently at dose
of 30 mg/kg) significantly decreases these oxidative stress
indices in heart tissue of SA-treated rats. It has been reported
that EA decreases lipid peroxidation during oxidative stress
in various organs such as liver, kidney and heart [18, 33].
Also, recently Ding et al. [34], reported that dietary EA has
protective effects against atherosclerosis and endothelial
oxidative stress. They found that EA exerts these protective
effects via improving the nitric oxide bioavailability. Hence,
our results showed that EA may exert its protective effect
against arsenic cardio- and hematotoxicity by decreasing
lipid peroxidation and NO synthesis.

In this study, we measured the levels of SOD, CAT
and GPx activity as well as GSH content to evaluate the
capacity of antioxidant system in heart tissue. These
antioxidant enzymes eliminate free radicals produced in

SA-treated animals [35]. On the other hand, our results
are consistent with previous findings indicating that the
over production of free radicals during arsenic exposure
is associated with depletion of antioxidant enzymes such
as CAT, SOD, GPx and GSH [7, 8, 36]. Our findings also
demonstrated that oral administration of EA enhances the
activity and level of these enzymes. Several evidences
support the idea that EA effectively increases the activ-
ity and level of antioxidant enzymes such as CAT, SOD,
GPx and GSH in different tissues such as heart, kidney
and liver. Hemmati et al. [37] have reported that EA
has beneficial cardioprotective effects against arsenic
trioxide-induced toxicity in rat via antioxidant proper-
ties. Administration of EA has been shown to decrease
the MDA levels and increase the level of GSH, GPx and
CAT in cisplatin-induced oxidative stress when assessed
in rat’s liver and heart tissues [17]. EA has also been
found to induce renoprotective effects against diabetic
nephropathy via increasing the levels of SOD, GSH, CAT
and GPx in kidney tissue [38]. Thus, our results revealed
that arsenic toxicity targets antioxidant enzymes and EA
treatment could exert cardioprotection, at least in part, via
increasing the antioxidant activity.

Consistent with the results of biochemical assessment,
our histopathological observations demonstrated structural
changes in heart tissue of SA-treated rats. SA adminis-
tration (10 mg/kg for 21 days) causes histopathological
lesions in tissue such as degenerative changes in cardio-
myocytes. These results indicate the beneficial effects of
EA on SA-induced necrosis of cardiomyocytes. It was also
demonstrated that pretreatment with EA before arsenic tri-
oxide administration effectively prevents histopathological
alterations in heart tissue [37].

In summary, results of the present study demonstrated
that EA treatment is effective in alleviating SA-induced
cardio- and hematotoxicity. EA could reduce oxidative
stress via decreasing the levels of MDA and NO. On the
other hand, EA enhances the activity of endogenous anti-
oxidant enzymes such as CAT, SOD, GPx and thereby
attenuates SA-induced cardio- and hematotoxicity. Col-
lectively, our results suggest that EA provides a safe and
natural option for prevention of SA-induced toxicity in
humans. However, further investigations are required to
precisely understand the underlying cellular mechanisms.
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