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Heavy metals such as arsenic contribute to environmental pollution that can lead to systemic effects in various body organs. Some
medicinal plants such as broccoli have been shown to reduce the harmful effects of these heavy metals. The main aim of the present
study is to evaluate the effects of broccoli extract on liver and kidney toxicity, considering hematological and biochemical changes.
The experimental study was performed in 28 days on 32 male Wistar rats classified into four groups: the control group (C), a group
receiving 5 mg/kg oral arsenic (AS), a group receiving 300 mg/kg broccoli (B), and a group receiving arsenic and broccoli
combination (AS + B). Finally, blood samples were taken to evaluate the hematological and biochemical parameters of the liver
and kidney, as well as serum proteins’ concentration. Liver and kidney tissue were fixed and stained by H&E and used for
histopathological diagnosis. The results demonstrated a significant decrease in white blood cells (WBC), red blood cells (RBC),
and hemoglobin (Hb) in the AS group compared to other groups. However, in the B group, a significant increase in RBC and WBC
was observed compared to the AS and C groups (P < 0.05). Moreover, RBC and WBC levels increased significantly in the AS +B
group compared to the AS group (P =0.046). However, in the AS group, aspartate aminotransferase (AST), alanine amino-
transferase (ALT), urea, and creatinine levels increased, while total protein, albumin, and globulin decreased. This can be a result
of liver and kidney damage, which was observed in the AS group. Furthermore, the increase in the concentration of albumin and
globulin in the AS + B group was higher than that in the AS group. Infiltration of inflammatory cells and necrosis of the liver and
kidney tissue in the pathological evaluation of the AS group were significantly higher than other groups. There was an increase in
superoxide dismutases (SOD), glutathione peroxidase (GPx), and total antioxidant capacity (TAC); however, a decrease in
malondialdehyde (MDA) concentration was seen in the AS + B group compared to the AS group. It seems that broccoli is highly
effective at reducing liver and kidney damage and improving the hematological and biochemical factors in arsenic
poisoning conditions.

1. Introduction

Arsenic ranks second (after lead) among the significant
heavy metals, while arsenic contamination is one of the
major global environmental problems [1]. This poisonous
substance endangers humans’ and animals’ life. Because of
the extensive human industrial activities and the abundance
of chemical pollutants, pesticides, and herbicides, this heavy
metal in the ecosystem is increasing progressively [2]. The

most common cause of arsenic contamination is eating and
drinking, followed by inhalation and dermal absorption [3].
Arsenic poisoning changes the hematological, biochemical,
and oxidative stress parameters and leads to tissue damage
(mainly in the liver and kidney). This is supported by evi-
dence from carcinogenicity in animals and humans [4].
Various mechanisms have been reported for arsenic
poisoning, including induction of oxidative stress, inhibition
of enzymes, and changes in the mitochondrial function.
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Moreover, binding with sulthydryl (-SH) groups is another
pathway for arsenic damage [5].

Experimental studies on the liver (being the most vul-
nerable organ to arsenic) have reported that arsenic poi-
soning can change the concentration of liver enzymes. Liver
damage is mainly related to ROS production and oxidative
stress [6]. Chronic arsenic poisoning also increases the
acute-phase protein and C-reactive protein (CRP) in the
liver and kidney and raises proinflammatory cytokines [7].

Oxidative stress and inflammation increase transcription
factor activation and the gene expression of proin-
flammatory cytokines as a complex cycle [8]. Decreased
phagocytic activity in leukocytes under the influence of
oxidative damage can further amplify inflammatory reac-
tions [9].

Recently, researchers have focused on the safe and
available treatment methods and prevention of heavy metal
poisoning. The use of chelating agents such as dimercap-
topropane and binding to antioxidant compounds such as
vitamins C and E have been suggested [10, 11]. On the other
hand, increasing the concentration of intracellular antiox-
idants can also be helpful in preventing arsenic poisoning.
Protection against calcium homeostasis and mitochondrial
integrity that regulates apoptosis is another effective
mechanism that has a positive impact on arsenic poisoning
[12].

Vegetables as a source of antioxidants with almost no
side effects for physiological systems are essential for human
health [13]. Broccoli (Brassica oleracea L. var. Italica)
contains a variety of polyphenols, so it greatly benefits the
body. The natural antioxidants in broccoli include beta-
carotene, vitamins C and E, which may directly and/or
indirectly help reduce free radicals. Other antioxidants of
broccoli such as iron, selenium, calcium, manganese,
phosphorus, zinc, and potassium help regulate the body’s
ionic balance [14].

Considering the importance of controlling and pre-
venting arsenic poisoning and the lack of research emphasis
in this area, the aim of this study was to investigate the effect
of broccoli extract on changes caused by arsenic poisoning in
blood and the biochemical parameters in the liver and
kidney of rats.

2. Materials and Methods

2.1. Subjects. The study was performed on 32 male Wistar
rats weighing 200-230g. The animals were housed in
standard conditions, with temperatures between 20 and
22°C, humidity ranging from 45 to 50%, 12 hours of light,
and 12 hours of darkness in the animal house of Sanandaj
Veterinary Medicine university. The study followed the rules
and regulations of animal ethics and the approval of the
Ethics Committee of Kurdistan Medical Sciences
(IR.MUK.REC.1400.6089).

2.2. Experimental Protocol. The animals were randomly
divided into four groups (8 in each group): the control group
(C), receiving no treatment; the arsenic group (AS),
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receiving sodium arsenate, CAS Number 10048-95-0, at
5 mg/kg/body weight by means of oral gavage; the broccoli
group (B), receiving broccoli extract at a dose of 300 mg/kg
(based on the best functional dose in previous studies) in-
traperitoneal (IP) injection; and the AS +B group (AS +B),
receiving 5 mg/kg sodium arsenate and 300 mg/kg broccoli
alcoholic extract [15, 16].

The study lasted 28 days, with blood samples taken from
animals under anesthesia on the last day. EDTA-anticoag-
ulant blood was used to measure hematological parameters
such as red blood cells (RBC), white blood cells (WBC),
hematocrit (HCT), neutrophils, lymphocytes, monocytes,
eosinophils, and hemoglobin (HGB). Serum was separated
by centrifugation. It was used to estimate hepatic and renal
biochemical parameters including aspartate transaminase
(AST), alanine aminotransferase (ALT), alkaline phospha-
tase (ALP), creatinine, and urea. Furthermore, oxidative
stress levels glutathione peroxidase (GPx), superoxide dis-
mutase (SOD), catalase (CAT), total antioxidant capacity
(TAC), and malondialdehyde (MDA) were measured.
Moreover, changes in serum proteins regarding albumin and
globulin were evaluated by electrophoresis.

2.3. Hematological Parameters. Hemoglobin concentration
was determined by the cyanmethemoglobin method. The
RBC and WBC counts were measured using a Neubauer
hemocytometer. The differential leukocyte counts were
measured by exploiting standard methods [4].

2.4. Serum Biochemical Analysis. ALP, AST, ALT, urea, and
creatinine levels were measured using a Pars test kit and an
autoanalyzer [4].

2.5. Stress Oxidative Biomarkers. Trichloroacetic acid (TCA)
was measured using the Ferric reducing antioxidant power
(FRAP) method suggested by Benzi et al. [17].

Thiobarbituric acid (TBA) reactivity was measured using
malondialdehyde (MDA). 1 ml of reagent [10% trichloro-
acetic acid (TCA), 0.67% thiobarbituric acid (TBA), and
0.25M hydrochloric acid (HCI)] was added to 500 ul of
serum sample. This mixture was then placed in a bain-marie
for 15 minutes at 95°C. After cooling, the mixture was
centrifuged (10 min, 1000 g), and the obtained supernatant
absorbance was determined at 535 nm [18].

The catalase enzyme decomposes hydrogen peroxide
into water and oxygen, measured spectrophotometrically at
a wavelength of 240 nm.

The superoxide dismutase enzyme was measured at 505 nm
[19]. To this end, xanthine and xanthine oxidase (XOD) were
used to produce superoxide radicals, in which the reaction with
the combination phenyl tetrazolium chloride-5-(nitrophenol-
4)-3-(iodophenol-4)-2 creates red dye color.

Glutathione peroxidase was measured using the method
described by Paglia and Valentine. The glutathione perox-
idase enzyme catalyzes the oxidation reaction of glutathione
(GSH) via cumene hydroperoxide that can be measured by
light absorption at a wavelength of 340 nm [20].
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2.6. Serum Protein Electrophoresis (SPEP). SPEP was mea-
sured by electrophoresis on cellulose acetate paper. The steps
are as follows:

(a) Cellulose acetate paper was placed in barbital buffer
for 10 minutes at pH=8.6

(b) Cellulose acetate paper damping was done between
two sheets of filter paper

(c) Ten microliters of serum from each sample was
poured on each template platform

Sampling was done 4-6 times by the applicator at a
distance of 3 cm from the edge of the cellulose ac-
etate paper

(d) The gel was placed on the tank and electrophoresis
was performed for 30 minutes at 160 volts and a
current between 5-7 mA

(e) Atthe end of the electrophoresis time, the plate(s) was
(were) removed from the chamber. They were placed
in 40-50 mL of Ponceau S Staining sufficient volume
to cover the plate(s) for 5-7 minutes of shaking

(f) Destaining was done in three consecutive containers
of 5% acetic acid, each for 2 to 3 minutes.

(g) Dehydration was done in pure methanol for 2 minutes

(h) The plate was placed in the clearing solution for 5-10
minutes

(i) The plate was placed in a drying oven at 70°C for 10
minutes or until dry

(j) The cleared film, when cooled, was ready for the
densitometer scanner

(k) Charts were drawn and printed [21, 22]

2.7. Histopathological Evaluation of the Liver and Kidney.
Liver and kidney tissue were fixed in 10% formalin buffer
after separation. Then, tissue sections were prepared. He-
matoxylin-eosin (H and E) staining was performed.

Liver and kidney tissue sections were analyzed based on
the severity and weakness of tissue lesions at a magnification
of 400 in 5 microscopic fields.

2.8. Preparation of Alcoholic Extract of Broccoli. Due to the
higher antioxidant of alcoholic broccoli extract than aqueous
extract, methanolic extract was considered. Therefore, after
drying and grinding the broccoli, 50 g of powder was kept in
250 ml of 80% methanol by shaking for 48 hours. Then, after
filtering the extract, it was placed in a rotary vacuum to let
the dissolvent be evaporated. Then, the extract was dried into
a powder and stored in refrigeration for administration at a
dose of 300 mg/kg [16, 23, 24].

2.9. Data Analysis. After checking the normality of the data
using the Kolmogorov-Smirnov test, the descriptive data
were reported as mean + standard deviation. After that, the
results were analyzed using one-way analysis of variance
(ANOVA), followed by Tukey post hoc test. The significance
level was set at P <0.05.

3. Results

According to Table 1, the hematological analysis showed that
the highest mean of WBC is in the B group, and the lowest is
in the AS group. The WBC in the B and AS + B groups was
significantly different from other groups. The lowest mean of
the RBC was shown in the AS group, and the highest mean
was reported in the B group. Moreover, the increased he-
moglobin concentration in the B group is significantly
higher than in other groups except for the C group. On the
other hand, the PCV percentage was not significantly dif-
ferent between groups. Additionally, the levels of
neutrophils, lymphocytes, monocytes, and eosinophils did
not show a significant difference between groups.

The biochemical changes in the liver and kidney pa-
rameters are shown in Table 2. The concentration of ALT, as a
liver-specific enzyme, was 74.3 + 1.90 in the AS group, which
was the highest value reported between groups, but after
treatment with broccoli, it reduced to 58.60 +6.60. The dif-
ference between the S group and other groups was significant.
Serum AST and ALP levels were highest in the AS group.
However, the enzyme values did not differ significantly be-
tween the B and C groups. The enzyme levels decreased in the
AS + B group, although AST concentration in this group was
not significantly different from the control group.

Creatinine concentration in AS-induced renal injury has
the highest value among groups (1.42 +0.18) and is signif-
icantly different from other groups. Urea showed the lowest
values in the C group and the highest values in the AS group.
The serum urea concentration in the AS group was sig-
nificantly dissimilar to other groups except for the AS+B
group. There was also a significant difference in the serum
urea level between the AS and B groups.

Table 3 shows the changes in oxidative stress biomarkers.
The level of CAT enzyme was different between the B and AS
groups, but the differences between the other groups were not
significant. GPx enzyme showed the highest serum levels in the
C and B groups, and the lowest value was found in the AS
group. There was a statistically significant difference between
the AS group and other experimental groups. Furthermore,
SOD enzyme levels were highest in the C and B groups.
However, the antioxidant enzyme levels increased after
treatment with broccoli extract compared to the AS group. The
highest concentration of MDA was observed in the AS group
(12.45 + 1.20 nmol/ml), which showed a significant difference
with the other groups. Evaluation of TAC showed the highest
values in the B group (858.47 + 25.49) compared to the lowest
values in the AS group (220.29 + 69.53). These two groups were
significantly different from other experimental groups.

The highest globulin levels were reported in the C and B
groups (2.80+0.05 and 2.31 +£0.47, respectively), and the
lowest levels were reported in the AS group (1.02 +0.31). The
dissimilarity between the AS, AS + B, and control groups was
significant. Albumin showed the highest values in the
control group. The AS and AS + B groups were significantly
different from the C group; moreover, there was a significant
difference between the B and AS groups. The highest A/G
ratio was observed in the AS group, and the lowest ratio was
observed in the control group. Plasma total protein showed
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TaBLE 1: Changes in hematology parameters in the different groups of the study.
Groups

Parameters

Control AS B AS+B P value
WBC (per mm?) 7980.9 £ 950.3 7180.45 + 322.6 1340 + 230.64*° 11548 + 451.7*° 0.034
RBC (x10%/L) 5.30+0.81 4.37+0.99° 6.03+1.08*° 5.56 +0.42>¢ 0.049
HGB (g/dL) 14.88 £0.65 12.86+1.43" 14.50 £ 1.10° 13.68 £ 1.00 0.043
PCV (%) 43.22+3.76 41.62+3.03 44.16 £1.57 41.56 +1.40 0.356
Neutrophils (%) 37.40+£1.67 42.60+£12.89 39.60 £6.18 39.80 £ 14.46 0.883
Lymphocytes (%) 58.80 +.04 54.80+12.35 55.00+10.93 56.40 £15.91 0.942
Monocytes (%) 2.00£0.00 1.60 £ 1.94 1.60 +0.54 1.00£0.5 0.585
Eosinophils (%) 1.80+£0.44 0.84+0.43 1.80+0.83 1.60 +.041 0.492

All values are presented as mean + SEM. The letter (a) indicates a comparison with the control group, the letter (b) indicates a comparison with the AS group,
and the letter (c) indicates a comparison with the B group. All data were analyzed using one-way ANOVA, and a post hoc test was performed by Tukey test

(n=8, P<0.05).
TaBLE 2: Evaluation changes in the biochemical parameters of the liver and kidney between groups.
Groups
Parameters
Control AS B AS+B P value

ALT (U/L) 28.4+2.87 74.3 +1.90° 30.20 £4.25° 58.60 + 6.60*>° 0.034
AST (U/L) 68.20 +4.80 142.25 + 8.63" 62.60 £4.07 78.38 +12.38 0.049
ALP (U/L) 170.50 £ 12.24 245.82 + 18.39* 183.22£11.15° 190.34 +20.70° 0.043
Creatinine (mg/dl) 0.37+0.12 1.42+0.18° 0.52 +0.25° 0.97 £0.26° 0.036
Urea (mg/dl) 31.30+£8.50 50.18 + 7.80" 3210+ 6.54 a,” 42.07£11.03 0.048

All values are presented as mean + SEM. The letter (a) indicates a comparison with the control group, the letter (b) indicates a comparison with the AS group,
and the letter (c) indicates a comparison with the B group. All data were analyzed using one-way ANOVA, and a post hoc test was performed by Tukey test

(n=8, P<0.05).
TaBLE 3: Investigation of changes in oxidative stress biomarkers.
Groups
Parameters
Control AS B AS+B P value

CAT (nmol/ml) 7.31+3.24 5.96 +0.88 9.38+3.28 6.63 +1.69 0.197
GPx (nmol/ml) 512+0.67 1.84+0.97° 4.22+2.04* 2.95 +1.6%>¢ 0.049
SOD (nmol/ml) 66.16 +7.49 23.22+10.44 64.11 +10.05° 32.45 +5.66*>¢ <0.01
MDA (nmol/ml) 473+1.76 12.45+1.20° 3.32+£1.96° 5.25 +2.64>¢ <0.01
TAC (umol/ml) 450.57 +£37.58 220.29 + 69.53* 858.47 + 25.49*P 628.40 + 54.71%>¢ <0.01

All values are presented as Mean + SEM. The letter (a) indicates a comparison with the control group, the letter (b) indicates a comparison with the AS group,
and the letter (c) indicates a comparison with the B group. All data were analyzed using one-way ANOVA, and a post hoc test was performed by Tukey test

(n=8, P<0.05).

the highest value in the B group (6.5 +0.42) and the lowest
value in the AS group (4.78+0.38). In addition, alpha
globulins showed higher values in the arsenic group than
other groups (P=0.032) (Table 4 and Figure 1).

Pathological changes were compared between the dif-
ferent groups based on quantitative criteria. Infiltration of
the inflammatory cells was highest in the AS group and
lowest in the B group. The highest central portal venous
hyperemia was in the AS group, with a mean of 3.74, while
the lowest amount was in the control group. The highest
cytoplasm vacuolation was seen in the AS group, and the
lowest was in the B group. Moreover, vacuolation showed a
significant decrease in the AS + B group compared to the AS
group. With a mean of 2.67, hepatocyte necrosis was highest
in the AS group and lowest in the B group. In the AS+B
group, this reduction was not significantly different from the
control group (Table 5 and Figure 2).

Table 6 shows all the pathological changes in the kidney
tissue. There are four criteria, that is, the penetration of

inflammatory cells, hyperemia, hemorrhage, and interstitial
space in the Bowman capsule. The highest mean of infil-
tration of the inflammatory cells was in the AS group
(3.69 £ 0.49), while the lowest was in the control group
(0.03 £ 0.02). Vascular hyperemia has the greatest amount in
the AS and AS +B groups, showing significant differences
from the other groups. Moreover, the highest interstitial
space in the Bowman capsule and its abnormal structure
were in the AS group; however, this value was in a normal
range in the control and B groups. The highest mean of
bleeding was reported in the AS group (3.26), and the lowest
was in the control group (0.03) (Figure 3).

4. Discussion

Due to the increased spread of agricultural and metallic
pesticides in the environment, the amount of arsenic in the
ecosystem is increasing. Pollution caused by these heavy
metals has a chronic and long-term poisonous effect on
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TABLE 4: Serum protein values by electrophoresis in the studied animals.

Groups
Parameters
Control AS B AS+B P value

Globulin (g/dl) 2.80+0.05 1.02+0.31* 2.31+0.47° 1.25+0.36™¢ <0.01
Albumin (g/dl) 4.81+0.07 3.25+0.51° 4.56+0.36° 3.58+0.37 <0.01
A/G 1.71 £ 0.65 3.18+0.49* 1.9+0.28" 2.86 +0.89*° <0.01
Total protein (g/dl) 6.25+0.48 4.78 +0.38° 6.50 +0.42° 5.69 +0.37*° <0.01
a-Globulin (g/dl) 0.50+£0.12 0.68 +0.35" 0.58 £ 0.04 0.52+0.12 0.032
B-Globulin (g/dl) 0.62+0.26 0.58+0.14 0.70+£0.26 0.76 £ 0.04 0.215

y-Globulin (g/dl) 0.84+0.05 0.72+0.03 0.70 £ 0.03 0.75+0.02 0.453
All values are presented as Mean + SEM. The letter (a) indicates a comparison with the control group, the letter (b) indicates a comparison with the AS group,

and the letter (c) indicates a comparison with the B group. All data were analyzed using one-way ANOVA, and a post hoc test was performed by Tukey test

(n=8, P<0.05).
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FIGURE 1: Electrophoretic changes of serum proteins in different groups.
TaBLE 5: Evaluation of pathological changes in liver tissue in the experimental groups.
Groups
Parameters
Control AS B AS+B P value
Inflammatory infiltration 0.32 +£0.01 4.5+0.23" 0.03 +0.00° 2.38 +1.40%>° 0.047
Central venous congestion 0.06 £ 0.00 3.74£0.67° 0.32£0.05° 0.07£0.6" 0.053
0.16 £0.09 2.22 +0.44° 0.11+£0.08" 1.12 +0.64>>< <0.01
0.04£0.03 1.02 +£0.7*> 0.034

Cytoplasmic vacuolation
0.73+£0.05

2.67 +1.32°

Hepatocyte necrosis
All values are presented as Mean + SEM. The letter (a) indicates a comparison with the control group, the letter (b) indicates a comparison with the AS group,
and the letter (c) indicates a comparison with the B group. All data were analyzed using one-way ANOVA, and a post hoc test was performed by Tukey test

(n=8, P<0.05).

wildlife [25]. Therefore, the use of chelator and antioxidant
compounds is recommended to decrease the poisoning effects
of heavy metals [26]. The present study confirmed that arsenic
poisoning could cause changes in the hematological and
biochemical parameters of the liver and kidneys, affecting the
functions of these organs. On the other hand, liver damage
can affect the total protein and electrophoretic pattern of
other blood proteins. In addition, due to the oxidative
function of arsenic in the body, we observed a decrease in
enzymatic antioxidants and increase in oxidative damage to
macromolecules. In this regard, the results indicate the
positive performance of broccoli in controlling the hema-
tological, biochemical, and enzymatic damage of arsenic.

The decreased levels of WBC and RBC were more severe
in the AS group than in the other groups. Previous studies
have shown that the concentration and route of adminis-
tration of arsenic can decrease or increase the number of red
blood cells [27].

Arsenic reduces the number of blood cells through
inhibiting cell activity, antimycotic properties, stimulating
oxidative stress, reducing cellular antioxidants, and in-

creasing cell involvement in immune processes [28].

In other studies, the effect of arsenic on blood param-
eters has been implicated as a disorder of the Heme synthesis
pathway, which is the beginning of the systemic effects of

arsenic poisoning [29].
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F1GURE 2: Histopathological changes of liver tissue in different groups. The star shows the central venous location, a black arrow pointing to
the inflammatory cells, a blue arrow indicating to the cytoplasm vacuolation, and a red marker pointing the hepatocyte necrosis.

magnification 400; H and E staining.

TaBLE 6: Evaluation of the histopathological structure of kidney tissue in the studied groups.

Groups
Parameters
Control AS B AS+B P value
Inflammatory infiltration cells 0.03+£0.02 3.69 +0.49° 0.04+0.02° 2.38+1.40%>¢ 0.037
Hyperemia 0.14+0.01 2.12+0.28* 0.17+0.03" 2.04+0.58"¢ 0.051
Space of Bowman’s capsule membrane 0.16 £0.09 3.10+0.44% 0.28 +0.04° 2.95+1.10* 0.01
Hemorrhage 0.03 +£0.01 3.26 +£0.98" 0.05+0.04 1.48 +0.38%"¢ 0.027

All values are presented as Mean + SEM. The letter (a) indicates a comparison with the control group, the letter (b) indicates a comparison with the AS group,
and the letter (c) indicates a comparison with the B group. All data were analyzed using one-way ANOVA, and a post hoc test was performed by Tukey test

(n=8, P<0.05).

Ficure 3: Histopathological assessments of renal tissue in different groups. Star is representing glomeruli, black arrow showing in-
flammatory cells, a blue arrow pointing the distance between Bowman’s capsule membrane, and the green arrow showing hyperemia.

However, in a recent study, it was reported that doses of
300, 2000, and 4000 mg/kg of broccoli extract in 28 days
showed no signs of poisoning by measuring the hemato-
logical, biochemical, and hepatic parameters [30]. Moreover,
it is suggested that broccoli enhances the hematological
parameters [31]. In another study, reduced production of

RBC and WBC [32], oxidative stress in the liver, and al-
terations in the hematological parameters were reported to
be caused by arsenic poisoning in fish [33]. Accordingly, the
liver is one of the most important and active sites in the
storage, redistribution, and detoxification of pollutants [34],
and there are several tests to evaluate the liver. ASTand ALT
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are used for checking the hepatocyte’s damage, and they are
also indicators of the liver’s biosynthetic capacity. ALT is a
particular indicator for hepatocyte necrosis. Not only did the
AST increase in liver injury, but also it was involved in
damage to other tissues, such as the heart, bones, skeletal
muscles, and kidneys. AST and ALT levels increased when
drugs and toxins caused liver necrosis [35]. Increased levels
of AST and ALT have been reported in acute and chronic
liver poisoning [35]. In parallel pathological studies, in-
flammation, necrosis, and apoptosis of the liver following
arsenic poisoning in mice have confirmed liver damage. On
the other hand, oxidative damage is one of the significant
concerns in arsenic poisoning cases. Increasing the anti-
oxidant potential of arsenic contaminants is one of the most
important strategies to prevent damage to this toxic metal. In
addition, the nuclear factor (erythroid-2 related), factor 2
(Nrf2), and the Nrf2-regulated signaling pathway are among
the most important ways to control oxidative damage that
can maintain cellular redox homeostasis against metal
poisoning [36]. Hence, activation of the Nrf2 transcription
gene can cause an upregulated number of antioxidant genes
and control oxidative damage [37]. According to the action
mechanism of arsenic [36], and in our case, broccoli, due to
its special polyphenolic and strong antioxidant potential,
may activate this pathway. This process may control oxi-
dative damage to the liver and kidney and reduce ASL and
ALT levels.

Since total protein, albumin, and globulin are produced
by the liver, its damage can alter the synthesis of these
compounds. Any condition causing hepatocellular damage
reduces the level of albumin and globulin, like what happens
in arsenic poisoning [38]. It is worth noting that the a,
fraction is mainly related to «; antitrypsin. Arsenic-induced
inflammation in liver damage causes an increase in a,
antitrypsin as an acute-phase reactant. Moreover, the «,
region contains &, macroglobulin and haptoglobin [39]. The
increase in a, macroglobulin in the nephrotic syndrome, as
well as the increase in haptoglobin in the inflammation of
the liver, occurred as a result of arsenic poisoning [40].

Furthermore, the induction of oxidative stress and the
binding of arsenic to protein groups containing Sh-thiol can
reduce the synthesis and function of proteins in the body.
The results showed that reducing oxidative stress using
antioxidant-rich substances such as broccoli could increase
the number of serum proteins [41].

The kidney damage induced by arsenic poisoning in-
hibits the antioxidant system functions and results in im-
munosuppression [42]. Moreover, arsenic poisoning of the
kidney affects the regulation of proteins responsible for renal
reabsorption and secretion, which causes elicited tubular
damage [43, 44]. Elevated creatinine and urea concentration
are the result of inflammatory and pathological damage in
the glomerulus structures due to arsenic poisoning in the
kidney. Because of the potential of quercetin in the detox-
ification of acetaminophen poisoning [45], concomitant
administration of broccoli in reducing liver, kidney, and
hematology arsenic poisoning can be helpful.

Although inorganic arsenic is more toxic than the or-
ganic one, oxidative damage mediated by ROS species is a

common mechanism of poisoning in both substances.
Moreover, cascading mechanisms of superoxide-free radical
formation and decreased glutathione levels increase the
susceptibility of cells to arsenic poisoning. During human
and animal contact with arsenic, ROS/RNS production
increases oxidative stress and causes damage to macro-
molecules, including lipids, which can increase MDA levels
[46-48]. The overall result of this damage is different dis-
eases of the liver, kidneys, nervous system, gastrointestinal
tract, and reproductive system [49, 50]. Antioxidant sub-
stances such as vitamins C and E and quercetin, extracted
from broccoli, increase the concentration of antioxidant
enzymes responsible for preventing oxidative damage
[46, 51]. Therefore, the results showed that in arsenic poi-
soning conditions, broccoli extract causes an increase in
CAT, SOD, and GPx while decreasing MDA, thus reducing
liver and kidney damage. Moreover, the results of the
present study were in line with the research conducted by
Sharma and Sangha, in which the multimechanistic pro-
tective effects (especially the antioxidant actions) of broccoli
extract on Triazophos neurosplenic toxicity were shown
[52].

5. Conclusion

Following the fact that the most dangerous effect of arsenic
poisoning is increased oxidative stress, we showed a sig-
nificant decrease in glutathione peroxidase and superoxide
dismutase as well as an increase in MDA in the AS group.
There was also an increase in the pathological damage to the
liver and kidney tissue and the levels of AST, ALT, urea, and
creatinine enzymes. On the other hand, due to the impor-
tance of the liver and kidneys in metabolism and excretion,
their damage reduces the level of albumin and globulin. Our
findings also showed reduced hemoglobin and red and white
blood cells in the hematological parameters. Overall, we
were able to reduce the antioxidant potentials of broccoli
and prevent arsenic poisoning at the molecular level. Mo-
lecular studies on the action mechanisms of broccoli in
alleviating the effects of arsenic poisoning are recommended
to reveal the fundamental basics behind the results of the
present study.

Data Availability

The datasets used and/or analyzed during the current study
are available from the corresponding author on reasonable
request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

The authors would like to sincerely appreciate the Research
Vice-Chancellor at the Islamic Azad University, Sanandaj
Branch. In addition, the authors thank Dr. Ekradi for
performing histological evaluations.



References

[1] J.Briffa, E. Sinagra, and R. Blundell, “Heavy metal pollution in
the environment and their toxicological effects on humans,”
Heliyon, vol. 6, no. 9, p. €04691, 2020.

[2] J.-Y.Chung, S.-D. Yu, and Y.-S. Hong, “Environmental source
of arsenic exposure,” Journal of Preventive Medicine and
Public Health, vol. 47, no. 5, pp. 253-257, 2014.

[3] I. Palma-Lara, M. Martinez-Castillo, J. C. Quintana-Pérez
et al., “Arsenic exposure: a public health problem leading to
several cancers,” Regulatory Toxicology and Pharmacology,
vol. 110, p. 104539, 2020.

[4] M. Al-Forkan and S. Islam, “A sub-chronic exposure study of

arsenic on hematological parameters, liver enzyme activities,

histological studies and accumulation pattern of arsenic in
organs of Wistar albino rats,” Journal of Cytology ¢ Histology,

vol. 7, no. 2, 2016.

S.J. Flora, S Bhadauria, G. M Kannan, and N Singh, “Arsenic

induced oxidative stress and the role of antioxidant supple-

mentation during chelation: a review,” Journal of Environ-

mental Biology, vol. 28, no. 2, pp. 333-347, 2007.

[6] N.Das, S. Paul, D. Chatterjee et al., “Arsenic exposure through
drinking water increases the risk of liver and cardiovascular
diseases in the population of West Bengal, India,” BMC Public
Health, vol. 12, no. 1, p. 639, 2012.

[7] N. Singh, D. Kumar, K. Lal, S. Raisuddin, and A. P. Sahu,
“Adverse health effects due to arsenic exposure: modification
by dietary supplementation of jaggery in mice,” Toxicology
and Applied Pharmacology, vol. 242, no. 3, pp. 247-255, 2010.

[8] M. Raeeszadeh, P. Mortazavi, and R. Atashin-Sadafi, “The
antioxidant, anti-inflammatory, pathological, and behavioural
effects of medicago sativa L.(Alfalfa) extract on brain injury
caused by nicotine in male rats,” Evidence-Based Comple-
mentary and Alternative Medicine, vol. 2021, Article ID
6694629, 2021.

[9] S. Wang and X. Shi, “Molecular mechanisms of metal toxicity

and carcinogenesis,” Molecular Mechanisms of Metal Toxicity

and Carcinogenesis, vol. 222, no. 1, pp. 3-9, 2001.

C. Rajak, N. Singh, and P. Parashar, “Metal toxicity and

natural antidotes: prevention is better than cure,” Environ-

mental Science and Pollution Research, vol. 27, no. 35,

pp. 1-17, 2020.

S. Berenjian and M. Raeeszadeh, “Prescription of antibiotics

before and after surgery at the surgical wards of isfahan

amiralmomenin hospital compared with the standard

guidelines,” Health Research, vol. 1, no. 3, pp. 133-140, 2016.

[12] M. N. Rana, J. Tangpong, and M. M. Rahman, “Toxicody-
namics of Lead, Cadmium, Mercury and Arsenic-induced
kidney toxicity and treatment strategy: a mini review,” Tox-
icology Reports, vol. 5, pp. 704-713, 2018.

[13] C. N. Amadi, S. J. Offor, C. Frazzoli, and O. E. Orisakwe,
“Natural antidotes and management of metal toxicity,” En-
vironmental Science and Pollution Research, vol. 26, no. 18,
pp- 18032-18052, 2019.

[14] H. A. R. El-Hendy and H. H. A. R. El-Hendy, “Effect of

broccoli intake on antioxidants in the liver and kidneys tissues

of hyperglycemic rats,” Alexandria Science Exchange Journal,

vol. 34, pp. 379-390, 2013.

M. Raeeszadeh, “The study of the effect of hydroalcholic

extracts of broccoli induced oxidative stress by lead in kidney

of mice,” Razi Journal of Medical Sciences, vol. 25, no. 9,

pp. 17-25, 2018.

M. Raeeszadeh, A. Nadia khademi, and A. Akbari, “The effects

of broccoli and caraway extracts on serum oxidative markers,

[5

[10

[11

[15

[16

Evidence-Based Complementary and Alternative Medicine

testicular structure and function, and sperm quality before
and after sperm cryopreservation,” Cryobiology, vol. 99,
pp. 11-19, 2021.

[17] I F. F. Benzie and J. J. Strain, “[2] Ferric reducing/antioxidant
power assay: direct measure of total antioxidant activity of
biological fluids and modified version for simultaneous
measurement of total antioxidant power and ascorbic acid
concentration,” Oxidants and Antioxidants Part A, vol. 299,
pp. 15-27, 1999.

[18] Q. Tang, Y. W. Su, and C. J. Xian, “Determining oxidative
damage by lipid peroxidation assay in rat serum,” Bio-Pro-
tocol, vol. 9, no. 12, p. 3263, 2019.

[19] S.F. Farzan, C. G. Howe, M. S. Zens et al., “Urine arsenic and
arsenic metabolites in U.S. Adults and biomarkers of in-
flammation, oxidative stress, and endothelial dysfunction: a
cross-sectional study,” Environmental Health Perspectives,
vol. 125, no. 12, p. 127002, 2017.

[20] D. E. Paglia and W. N. Valentine, “Studies on the quantitative
and qualitative characterization of erythrocyte glutathione
peroxidase,” The Journal of Laboratory and Clinical Medicine,
vol. 70, no. 1, pp. 158-169, 1967.

[21] J. Zaias, M. Mineau, C. Cray, D. Yoon, and N. H. Altman,
“Reference values for serum proteins of common laboratory
rodent strains,” Journal of the American Association for
Laboratory Animal Science: Journal of the American Associ-
ation for Laboratory Animal Science, vol. 48, no. 4, pp. 387-
390, 2009.

[22] S. Ramanathan and C. N. Srinivas, “Serum protein electro-
phoresis and its clinical applications,” in Biochemical Testing-
Clinical Correlation and DiagnosisIntechOpen, London, UK,
2019.

[23] J.-H. Hwang and S.-B. Lim, “Antioxidant and anti-inflam-
matory activities of broccoli florets in LPS-stimulated RAW
264.7 cells,” Preventive Nutrition and Food Science, vol. 19,
no. 2, pp. 89-97, 2014.

[24] A. K. Jaiswal, N. Abu-Ghannam, and S. Gupta, “A compar-
ative study on the polyphenolic content, antibacterial activity
and antioxidant capacity of different solvent extracts of
Brassica oleracea vegetables,” International Journal of Food
Science and Technology, vol. 47, no. 2, pp. 223-231, 2012.

[25] V. Lenoble, D. Omanovi¢, C. Garnier et al., “Distribution and
chemical speciation of arsenic and heavy metals in highly
contaminated waters used for health care purposes (Sre-
brenica, Bosnia and Herzegovina),” The Science of the Total
Environment, vol. 443, pp. 420-428, 2013.

[26] J.-J. Kim, Y.-S. Kim, and V. Kumar, “Heavy metal toxicity: an
update of chelating therapeutic strategies,” Journal of Trace
Elements in Medicine and Biology, vol. 54, pp. 226-231, 2019.

[27] Y. Yi, S. Gao, J. Xia et al,, “Study of the accumulation and
distribution of arsenic species and association with arsenic
toxicity in rats after 30 days of oral realgar administration,”
Journal of Ethnopharmacology, vol. 247, p. 111576, 2020.

[28] Y. Gazitt and C. Akay, “Arsenic trioxide: an anti cancer missile
with multiple warheads,” Hematology, vol. 10, no. 3,
pp. 205-213, 2005.

[29] F. Fazio, C. Saoca, V. Ferrantelli, G. Cammilleri, G. Capillo,
and G. Piccione, “Relationship between arsenic accumulation
in tissues and hematological parameters in mullet caught in
Faro Lake: a preliminary study,” Environmental Science and
Pollution Research, vol. 26, no. 9, pp. 8821-8827, 2019.

[30] S. S. Saha and M. Ghosh, “Protective effect of conjugated
linolenic acid isomers present in vegetable oils against arse-
nite-induced renal toxicity in rat model,” Nutrition, vol. 29,
no. 6, pp. 903-910, 2013.



Evidence-Based Complementary and Alternative Medicine

(31]

(32]

(33

(34]

(35

(36]

(37]

[38

(39]

[40

(41

(42]

(43]

(44]

(45]

D. Pisuttharachai, W. Nalinanon, and N. Areechon, “Effects of
dietary supplementation with broccoli sprouts (Brassica
oleracea) on the hematology and immunological responses of
nile tilapia (Oreochromis niloticus),” Journal of Fisheries and
Environment, vol. 44, no. 1, pp. 65-75, 2020.

C. O. Abernathy, D. J. Thomas, and R. L. Calderon, “Health
effects and risk assessment of arsenic,” Journal of Nutrition,
vol. 133, no. 5, pp. 15365-1538S, 2003.

A. Bhattacharya and S. Bhattacharya, “Induction of oxidative
stress by arsenic in Clarias batrachus: involvement of per-
oxisomes,” Ecotoxicology and Environmental Safety, vol. 66,
no. 2, pp. 178-187, 2007.

J. C. Akan, M. Salwa, B. S. Yikala, and Z. M. Chellube, “Study
on the distribution of heavy metals in different tissues of fishes
from River Benue in Vinikilang, Adamawa State, Nigeria,”
British Journal of Applied Science & Technology, vol. 2, no. 4,
pp. 311-333, 2012.

S. Roy and S. Bhattacharya, “Arsenic-induced histopathology
and synthesis of stress proteins in liver and kidney of Channa
punctatus,” Ecotoxicology and Environmental Safety, vol. 65,
no. 2, pp. 218-229, 2006.

S. Gao, X. Duan, X. Wang et al., “Curcumin attenuates ar-
senic-induced hepatic injuries and oxidative stress in ex-
perimental mice through activation of Nrf2 pathway,
promotion of arsenic methylation and urinary excretion,”
Food and Chemical Toxicology, vol. 59, pp. 739-747, 2013.
I. E. Britannica, Encyclopedia Britannica Almanac 2008,
Encyclopaedia Britannica, Chicago, IL, USA, 2009.

S. Tripathi and A. Kumar, “Effect of acute and chronic ex-
posure of sodium arsenite (Na3;AsOsz) on total protein, al-
bumin, and globulin in serum of Oryctolagus cuniculusL,”
Toxicological and Environmental Chemistry, vol. 93, no. 2,
pp. 307-313, 2011.

J. T. Busher, “Serum albumin and globulin,” Clinical Methods:
The History, Physical, and Laboratory Examinations, vol. 3,
pp. 497-499, 1990.

S. Banerjee, A. Mahanty, S. Mohanty, D. G. Mazumder,
P. Cash, and B. P. Mohanty, “Identification of potential
biomarkers of hepatotoxicity by plasma proteome analysis of
arsenic-exposed carp Labeo rohita,” Journal of Hazardous
Materials, vol. 336, pp. 71-80, 2017.

B. Chen, Q. Liu, A. Popowich et al., “Therapeutic and ana-
lytical applications of arsenic binding to proteins,” Metal-
lomics, vol. 7, no. 1, pp. 39-55, 2015.

Y.-Y.Xu, Q.-B. Zeng, M.-L. Yao, C. Yu, J. Li, and A.-H. Zhang,
“A possible new mechanism and drug intervention for kidney
damage due to arsenic poisoning in rats,” Toxicology Research,
vol. 5, no. 2, pp. 511-518, 2016.

C. Sosa, N. Guillén, S. Lucea, and V. Sorribas, “Effects of
oral exposure to arsenite on arsenic metabolism and
transport in rat kidney,” Toxicology Letters, vol. 333,
pp. 4-12, 2020.

M. Raeeszadeh, M. Moradi, P. Ayar, and A. Akbari, “The
antioxidant effect of medicago sativa L.(Alfalfa) ethanolic
extract against mercury chloride (HgCl2) toxicity in rat liver
and kidney: an in vitro and in vivo study,” Evidence-Based
Complementary and Alternative Medicine, vol. 2021, Article
ID 8388002, 2021.

M. 1. Yousef, S. A. M. Omar, M. I. El-Guendi, and
L. A. Abdelmegid, “Potential protective effects of quercetin
and curcumin on paracetamol-induced histological changes,
oxidative stress, impaired liver and kidney functions and
haematotoxicity in rat,” Food and Chemical Toxicology,
vol. 48, no. 11, pp. 3246-3261, 2010.

(46]

(47]

(48]

(49]

(50]

(51]

(52]

K. Jomova, Z. Jenisova, M. Feszterova et al., “Arsenic: toxicity,
oxidative stress and human disease,” Journal of Applied
Toxicology: JAT, vol. 31, no. 2, pp. 95-107, 2011.

D. K. Gupta, M. Inouhe, M. Rodriguez-Serrano,
M. C. Romero-Puertas, and L. M. Sandalio, “Oxidative stress
and arsenic toxicity: role of NADPH oxidases,” Chemosphere,
vol. 90, no. 6, pp. 1987-1996, 2013.

M. Raeeszadeh, B. Karimfar, A. Akbar Amiri, and A. Akbari,
“Protective effect of nano-vitamin C on infertility due to
oxidative stress induced by lead and arsenic in male rats,”
Journal of Chemistry, vol. 2021, Article ID 9589345, 2021.
“Leaf-nosed bat,” in Encyclopedia BritannicaEncyclopaedia
Britannica, Chicago, IL, USA, 2009.

M. Raeeszadeh and M. Fallah, “The comparison of the effect of
origanum vulgar aqueous extract and vitamin C on the
control of cadmium chloride damage in testicular tissue in
male rats,” Journal of Babol University of Medical Sciences,
vol. 20, no. 8, pp. 44-50, 2018.

M. Qaderi Forough, M. Raeeszadeh, and A. Amiri, “Dose-
response changes of Brassica oleracea var. italica hydro-
alcholic extract in the control of oxidative stress by induction
of diazinon on the cells of testicular tissue in male adult rat,”
Journal of Rafsanjan University of Medical Sciences, vol. 16,
no. 7, pp. 593-604, 2017.

D. Sharma and G. K. Sangha, “Triazophos induced neuro-
splenic toxicity and evaluation of antioxidative potential of
aqueous Broccoli extract in Wistar albino rats,” Journal of
Applied and Natural Science, vol. 13, no. 2, pp. 616-626, 2021.



