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Abstract

Background: Arsenic is a potent environmental toxic agent and leads to the development of various hazardous effects on hu-
man health. All human populations are exposed to arsenic and its compounds through occupational or environmental processes.
Epidemiological studies also suggested that lentils through a numerous biological activities including antioxidant, anticancer,
angiotensin-converting enzyme inhibition, as well as reducing blood lipid and the risk of cardiovascular diseases admit protection
against chronic diseases.
Objectives: The current study aimed at assessing the protective effect of the red lentil extract (RLE) on sodium arsenite (SA) induced
oxidative stress in animals.
Methods: Twenty-four Wistar male rats were divided into 4 groups. The first group (control group) received normal saline (2 mL/kg)
per os for 25 days. Groups 2 - 4 were treated with SA (10 mg/kg) per os for 10 days; and the groups 3 and 4 received 100 and 200 mg/kg
of RLE per os for 15 days, respectively, after treatment with SA.
Results: Results showed that total phenolic content in crude RLE was 50.6 mg catechin equivalent/g of dry weight. In SA treated
groups, serum activities of aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), and lipid
peroxidation (MDA) in the liver increased. Whereas, the activity of superoxide dismutase (SOD) and catalase and the content of
sulfhydryl groups (SH-groups) significantly decreased in liver in the intervention group, compared with those of the control group
(P < 0.05). Treatment with RLE reduced the serum level of AST, ALT, and ALP and the level of MDA in the liver, while the activity of the
antioxidant enzymes and the level of SH-groups increased.
Conclusions: It can be concluded that RLE restored the activity of antioxidant enzymes and serum markers in SA-treated rats, prob-
ably by scavenging free radicals and reducing oxidative stress as an antioxidant.
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1. Background

Widespread contamination by heavy metals and met-
alloids including arsenic, mercury, cadmium and lead
(toxic, non-essential elements) can affect the events in the
world (1). Among the heavy metals, due to having potential
carcinogenicity in human and its complex metabolism, ar-
senic is a special pollutant class that can increase hazard
to health (2). Also, cellular damage of arsenic are initiated
through the generation of free radicals, which cause lipid,
protein, and nucleic acid oxidation, and moreover, induce

biological complications including carcinogenesis, muta-
genesis, aging, and atherosclerosis (3, 4). Besides instabil-
ity in the structure and function of proteins, covalent in-
teractions occur with proteins on the thiol groups in expo-
sure to arsenic. Due to releasing arsenic compounds via in-
dustrial, agricultural, and medical processes into the envi-
ronment, exposure to them is probable everywhere (5). On
the other hand, in many areas of the world consumption
of contaminated water with arsenic compounds is preva-
lent (6). However, it is a major risk factor in individuals
exposed to insecticides, acaroids, and soaps in which ar-
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senic compounds are used (7). In particular, sodium arsen-
ite (SA) causes chromosomal breakage and its effects with
other substances such as metals are potentiated (7, 8). It
is reported that the integrity of the liver of mouse and rat
in the administration of SA is interrupted (9). Evidence
showed that applying nutritional antioxidants, especially
plant isolated compounds, can treat the diseases that are
related to oxidative stress by scavenging free radicals and
modulating antioxidant defense system (10, 11).

Studies showed that extracted phenolic compounds
from edible and non-edible parts of plants have antioxi-
dant activity. By involving the initiation or propagation
of oxidizing chain reactions, they display their potential-
ity to inhibit or delay the oxidation of lipids, proteins, and
DNA. Obviously, natural phenolic antioxidants can prevent
the attack of oxidative diseases in the body by scavenging
reactive oxygen and nitrogen species (12, 13). Epidemio-
logical studies showed a relationship between the intake
of foods rich in phenolic compounds and decrease in the
prevalence of several oxidative diseases (14, 15). In this re-
gard, a number of researchers confirmed the high antiox-
idant potential constituents present in plant extracts de-
rived from tannin (16, 17).

The lentil plant, Lens culinaris L., is a member of Legu-
minoceae family. Legumes seeds are herbal foodstuff
potentially rich in phenolic compounds, including con-
densed tannins (18, 19). The antioxidant activity of pheno-
lic compounds extracted from leguminous seeds is inves-
tigated by using several in vitro chemical assays (20-22).
Epidemiological studies also suggested the protective ac-
tivity of lentils against chronic diseases through a number
of biological activities including antioxidant, anticancer,
angiotensin-converting enzyme inhibition, and reducing
blood lipid levels as well as the risk of cardiovascular dis-
eases (23-25). Therefore, the current study aimed at evaluat-
ing the antioxidant and antiradical activity of the red lentil
extract (RLE) on SA induced oxidative stress in the liver tis-
sue.

2. Methods

2.1. Chemicals

SA (NaAsO2), 5,5-dithiobis (2-nitrobenzoic acid) (DTNB),
reduced glutathione (GSH), trichloroacetic acid (TCA),
thiobarbituric acid (TBA), bovine serum albumin (BSA),
and Bradford reagent were purchased from Sigma-Aldrich
Chemical Company (St. Louis, MO). Assay kits for serum ala-
nine aminotransferase (ALT), aspartate aminotransferase
(AST), and alkaline phosphates (ALP) were obtained from
Randox Laboratories Ltd., United Kingdom. All chemicals
and the reagents used were analytical grade.

2.2. Plant Material

Red lentil seeds (Lens culinaris L.) were collected from
Khuzestan provincial local market, Iran, in April 2015. The
seeds were identified at the herbarium of the department
of pharmacognosy, school of pharmacy, Ahvaz, Iran.

2.3. Extract Preparation

A 500-g of red lentil seeds was crushed into small
pieces and soaked in a 70% aqueous-ethanol solution in a
large container for 3 days with occasional well shaking. The
extract was filtered through a Whatman paper and then,
dried by a rotary evaporator at 40°C (26) that yielded 60 g
of dried hydroalcoholic extract (%12 w/w).

2.4. Total Phenolic Content of Red Lentil

The content of total phenolic compounds in the crude
extract was estimated by Folin-Ciocalteu reagent and cate-
chin as a standard in triplicate (27).

Results were calculated in catechin equivalent mil-
ligrams per gram of plant seeds.

2.5. Animals

Twenty-four Wistar male rats (weighed 180 - 200 g)
were provided by the animal house of Ahvaz Jundisha-
pur University of Medical Sciences. The rats were kept
in polypropylene cages and given standard rat chow and
drinking water ad libitum. The animals were main-
tained at a controlled condition of temperature (20 ±
2°C) with a 12:12 hour light/dark cycle. The investigation
was performed according to the animal ethics committee
guidelines for experimental animals (ethics approval code:
1384.12.5).

2.6. Experimental Design

Rats were randomly divided into 4 groups (6 animals
in each group) and treated according to the following pro-
tocol:

Group I (control), received normal saline (2 mL/kg/day)
for 25 days.

Group II (SA-treated), received normal saline (2
mL/kg/day) for 15 days followed by SA (10 mg/kg/day)
for 10 days.

Group III: (RLE supplemented, SA-treated) received RLE
(100 mg/kg/day) for 15 days followed by SA (10 mg/kg/day)
for 10 days.

Group IV (RLE supplemented, SA-treated) received RLE
(200 mg/kg/day) for 15 days followed by SA (10 mg/kg/day)
for 10 days.

The dose of SA and RLE was chosen on the basis of pre-
vious studies (26, 28, 29).

All of the substances were administrated directly into
the stomach of rats by gavage.
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2.7. Sample Collection
At the end of the experimental period (the day 26), ani-

mals were anaesthetized with diethyl ether and blood sam-
ples were collected from the jugular vein. Serum was sep-
arated by centrifugation for 10 minutes at 3000 rpm and
stored at -20°C until analysis. Then, the animals were sacri-
ficed by decapitation and livers were isolated, washed with
saline, and weighed quickly.

A part of liver was dissected and fixed immediately
in 10% phosphate buffered formaldehyde for histological
studies. For biochemical estimations, the second part of
the liver was weighed and homogenized (1/10 w/v) in ice-
cold Tris-HCl buffer (0.1 M, pH 7.4).

Protein content in homogenates was measured by the
method of Bradford (30), using crystalline BSA as standard.

2.8. Serum Enzyme Analysis
ALT and AST activities were assayed according to Re-

itman and Frankel (31) using commercially available kits.
ALP was estimated according to King (32).

2.9. Sulfhydryl Groups Assay
The levels of sulfhydryl groups (SH-groups) in the tis-

sue were measured following the method described by
Ellman (33), based on the formation of a yellow colored
complex with the Ellman reagent (DTNB). Homogenates
were immediately precipitated with 0.1 mL of 25% TCA and
the precipitate was removed after centrifugation. Free
endogenous-SH was assayed in a 3-mL glass by adding 2 mL
of 0.5 mM DTNB prepared in 0.2 M phosphate buffer (pH
= 8) to 0.1 mL of the supernatant and the absorbance was
read at 412 nm using a Systronic spectrophotometer.

2.10. Catalase Activity Assay
Catalase (CAT) activity in the tissue was assessed based

on the protocol developed by Aebi (34). Accordingly, a
250-µL of 0.066 M H2O2 was added to a cuvette contain-
ing 200 µL phosphate buffer, and then, 50 µL of tissue
supernatant (obtained after centrifugation of tissue ho-
mogenate at 12,000 g for 20 minutes at 4°C) was added
and OD decrease was measured at 240 nm for 60 seconds.
One unit of activity equals the moles of H2O2 degraded (per
minute), divided by the number of milligrams of protein
in the tissue supernatant. The molar extinction coefficient
of 43.6 M-1 cm-1 was used to determine CAT activity.

2.11. Superoxide Dismutase Activity
Tissue supernatant obtained after centrifugation at

12,000 g for 20 minutes at 4°C was measured spectropho-
tometrically by calculating the rate of inhibition of auto-
oxidation of hematoxylin for the assay of SOD according
to the method previously described (35) and expressed as
unit/mg protein.

2.12. Lipid Peroxidation Assay

The lipid peroxidation was expressed by measuring the
amounts of malondialdehyde (MDA) via the TBA color reac-
tion using the method developed by Buege and Aust (36).
Briefly, 0.5 mL of liver homogenate was mixed with 2.5 mL
of TCA (10%, w/v), the samples were centrifuged at 3000
rpm for 10 minutes and then, 2 mL of each sample super-
natant was transferred to a test tube containing 1 mL of TBA
solution (0.67%, w/v). The mixture was kept in boiling wa-
ter for 10 minutes, forming a pink color solution. The mix-
ture was then cooled immediately and the absorbance was
measured at 532 nm by spectrophotometer. The concentra-
tion of MDA was calculated based on the absorbance coef-
ficient of the TBA-MDA complex (ε = 1.56× 105 cm-1 M-1) and
expressed as nM/mg protein.

2.13. Statistical Analysis

Data analysis was performed using the Prism 5.0
(San Diego, CA, USA) statistical package program. The
Kolmogorov-Smirnov test was used to investigate the nor-
mality of the data. Results were expressed as mean ± SD
and all statistical comparisons were made by means of the
one-way ANOVA test followed by the Tukey post hoc analy-
sis and P values less than 0.05 were considered significant.

3. Results

3.1. Total Phenolic Content of Red Lentil

In the present study, the total phenolic content of
RLE was 5% (50.6 mg catechin equivalent/g of seeds dry
weight).

3.2. SerumMarkers of Liver Damage

Figure 1 shows the effect of RLE on SA induced changes
in activities of liver enzymes in rats.

In the SA-intoxicated group, serum activity of ALT, AST,
and ALP increased significantly (P < 0.05) in comparison
with those of the control group. Also, treatment with RLE
decreased serum activity of ALT, AST, and ALP significantly
in contrast with those of the SA-treated group (P < 0.05) ex-
cept in case of 100 mg/kg RLE in ALP measurement (Figure
1).

3.3. Oxidative Stress Markers

In the SA group, MDA elevated while levels of sulfhydryl
groups, CAT, and SOD decreased in comparison with those
of the control group (Figures 2 and 3). Also, the current
study results showed a significant decrease in SOD and CAT
activities of the SA-treated group in contrast with those of
the control group, whereas free radicals were generated in
this group more than the control group.
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Figure 1. Effect of RLE on Serum Liver Enzymes Levels in Experimental Rats Treated with SA
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Figure 2. Effect of RLE on the Level of MDA and SH-Groups in the Liver of Rats Exposed to SA
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MDA decreased in the group treated with red lentil ex-
tract that was significantly different from that of the ani-
mals exposed to arsenic (P < 0.05).

Comparison of the SA-treated and RLE treated groups
revealed increased sulfhydryl groups, CAT, and SOD in a
dose-dependent manner in RLE treated groups and the dif-
ference was significant only in groups that received 200
mg/kg (P < 0.05). It should be added that the increase of
SOD in the group treated with 100 mg/kg RLE was also sig-
nificant (P < 0.05).

Differences of sulfhydryl groups, SOD, and CAT levels
between the groups that received 100 and 200 mg/kg of
RLE were insignificant.

3.4. Histopathological Changes in Liver

The histopathological changes in rat liver were exam-
ined in H&E stained sections. In the SA-treated group (Fig-
ure 4B), severe changes were observed in liver morphology
including hepatocytes necrosis, accumulation of inflam-
matory cells in priportal area, cell swelling in hepatocytes
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Figure 3. Effect of RLE on the Activity of CAT and SOD in Liver of the Rats Treated with SA
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around the central vein compared with those of the con-
trol group (Figure 4A).

Treatment with RLE improved histological changes in-
cluding inflammation and necrosis in comparison with
the SA-treated group (Figure 4C - 4D).

4. Discussion

Arsenic is a potent and hazardous pollutant that has
a complex metabolism pathway and is classified as a po-
tential human carcinogen agent (3). While arsenic com-
pounds are reacting to the molecules in the chain reac-
tions, free radicals are generated and then, cellular ox-
idative damage start and lead to many biological com-
plications (37). The oxidative stress is induced via multi-
ple mechanisms, especially sodium arsenite-induced ROS,
such as superoxide anions and hydroxyl radicals, which
exert their effects directly or indirectly on cellular materi-
als (38). Clearly, antioxidants receive great attention in the
maintenance of health and chemoprevention of disorders
and diseases. Hence, much attention is paid to the antioxi-
dant properties of foodstuff rich in polyphenols and other
biologically important metabolites that participate in ox-
idative processes in the development of degenerative dis-
eases (39).

Lentils are the excellent source of macronutrients such
as protein, fatty acids, fibers, and carbohydrates, as well
as contain photochemicals, which can be categorized into
phenolic acids, flavanols, soyasaponins, phytic acid, and
condensed tannins (18).

Lentils showed the highest total antioxidant capac-
ity among tested pulses measured by ferric reducing an-
tioxidant power and total radical-trapping antioxidant pa-
rameter measures, but came second to broad beans by
Trolox equivalent antioxidant capacity measure. On the
other hand, flavonoids such as glycosides of flavonols and
flavones are mainly present in the seed coat of lentils (18,
40).

Xu and Chang found that lentils had the highest
antioxidant capacity when measured by 2,2-diphenyl-1-
picrylhydrazyl (DPPH) in comparison with green pea, yel-
low pea, and chick pea (41). According to the United States
department of agriculture (USDA), oxygen radical absorb-
ing capacity (ORAC) values 2007, lentils had a higher ORAC
value than most of the common fruits and vegetables in-
cluding apples, blackberries, figs, cherries, pears, oranges,
garlic, cabbage, and almonds (2). Lentil seeds are used
nowadays in the folk medicine of many ethnicities to
treat different illnesses. They are used orally to treat dia-
betes, topically as a water-paste to treat skin infections, and
burns, after being roasted, milled, and applied directly to
the affected areas (42, 43). Houshmand et al. revealed that
hydroalcoholic extract of red lentil had protective effect on
catatonia induced by perphenazine in rats (44).

The current study results showed that the administra-
tion of SA stimulated lipid peroxidation with simultane-
ous decrease of antioxidant enzymes activity ameliorated
by administration of RLE. Obviously, liver dysfunction is ac-
companied by elevated levels of hepatic marker enzymes,
which are indicative of cellular leak and loss of cell mem-
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Figure 4. Photomicrographs of the Liver in the 7 Experimental Groups (H&E); Magnification X400

A, The control group; normal morphology of histological section of rat liver; B, the SA-treated group; necrotic cells with eosinophilic cytoplasm in comparison with normal
cells and pyknotic nuclei as well as ballooning degeneration with free space in hepatocytes are evident; C, RLE (100 mg/kg)-treated group; D, RLE (200 mg/kg)-treated group.

brane integrity in the liver (45, 46). It is proven that the
most commonly used biochemical parameters to detect
liver damage are high levels of cytosolic and mitochon-
drial AST and ALT (47, 48).

During the current investigation, increased serum
hepatic enzymes were observed, which was due to expo-
sure to SA. In the current study, hepatic serum marker en-
zymes of pretreated groups with RLE in comparison with
those of the control group were significantly restored that
offered protective effect of RLE against SA toxicity in rats. As
a result, the protective effect of RLE may be from its active
components such as polyphenols with a membrane stabi-
lizing activity (49). On the other hand, Jomova et al. re-
ported that lipid peroxidation was considered a sensitive
marker of SA toxicity (50). In addition, El-Demerdash et al.

and Flora reported the increased level of MDA in the vari-
ous tissues of rats treated with SA (51, 52). For this result,
in the present study cellular damage was followed by lipid
peroxidation, which is one of the main manifestations of
oxidative damage and plays an important role in the tox-
icity of SA (53). Besides the reported studies, the current
study results showed a significant decrease in the levels
of MDA in rats pretreated with RLE (Figure 2). In other
words, presence of polyphenols in red lentil extract, recog-
nized as excellent scavengers of free radicals, could inhibit
lipid peroxidation and protein carbonylation (54). Fur-
thermore, GSH, a tripeptide cysteine rich-protein, enters in
the maintenance of cytoplasmic and membrane thiol sta-
tus with antioxidant and powerful nucleophilic activities
vital for cellular protection, such as detoxification of ROS.
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Sachdeva also showed a significant depletion of hep-
atic GSH in rats intoxicated by SA (55). It seems that GSH
decreases in exposure to SA and is dependent on the con-
sumption of GSH as a scavenger of free radicals or sub-
strate of GPx (56, 57). Whereas hepatic GSH rose in the RLE-
treated groups in comparison with the SA-treated group;
it is probable that polyphenols found in RLE could play a
role similar to that of GSH (58). It should be noted that su-
peroxide dismutase (SOD) and CAT enzymes are involved
to defend against the reactive oxygen species by reduction
of H2O2 to water and oxygen that protect the cells from
the oxidative damage of H2O2 and OH (59). However, the
enzymatic (SOD, CAT, and GPx) activity in the RLE-treated
groups in comparison with those of the SA-treated groups
significantly increased that could indicate a correlation be-
tween RLE pretreatment and enzymatic activities. In other
words, in critical conditions (exposure to SA) enzymatic
activities are interrupted and RLE could change them to
semiphysiological conditions. In summary, pretreatment
with RLE in rats intoxicated with SA showed a significant
recovery of hepatic enzymatic antioxidant systems. In ad-
dition, Amarowicz et al. reported the reducing power of
red lentil as well (60).

On the other hand, the major bioactive compound
found in high concentration in RLE was tannin fraction
including polyphenols reported to possess metal chelat-
ing property and high antioxidant activity since polyphe-
nols were potent scavengers of superoxide anions, perox-
ides, as well as hydroxyl and peroxyl radicals (61); this may
be the main reason for the anti-hepatotoxic activity of RLE
against SA-induced oxidative hepatic dysfunction and re-
sults of this study indicated them.

5. Conclusions

In conclusion, the current study results demonstrated
that SA was capable of causing marked oxidative stress, de-
pleting the antioxidants and inhibiting the activities of an-
tioxidant enzymes. The treatment with RLE could signif-
icantly attenuate the SA-induced oxidative hepatotoxicity
and it was observed that its therapeutic potential could be
used as a cost-effective safe herbal antioxidative agent to
treat SA toxicity.
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