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Abstract: Arsenic is a significant environmental public health concern. The aim of the present study is to investigate the
possible immunotoxic and genotoxic roles of arsenic and the ameliorative effects of quercetin and probiotics as natural
antioxidants. This study was performed on male adult Wistar rats divided into six groups: control, NaAsO2-treated, quercetintreated, probiotic–treated, NaAsO2 and quercetin-treated, and NaAsO2 and probiotics-treated. Blood samples collected from all
animals were prepared for some oxidative, immunological and genetic aspects. Administration of arsenic decreased body and
spleen weight, reduced serum antioxidant defense parameters and DNA content, increased liver, kidney, and brain weights,
plasma malondialdehyde (MDA), myeloperoxidase (MPO), and serum cytokines (IL-1β, IL-6, TNF-α and IFN-γ). Adding
quercetin to arsenic was effective in restoring the altered values of cytokines (IL-1β and IL-6), MPO, MDA, catalase (CAT)
and reduced glutathione (GSH) induced by arsenic, whereas the presence of probiotics was effective in reducing genotoxicity
and improving the changes of cytokines (TNF-α and IFN-γ) and superoxide dismutase (SOD). Quercetin and probiotics are
excellent antioxidant therapies, through their ability to suppress reactive oxygen species ROS production, which may
contribute to arsenic toxicity.
Keywords: Arsenic, Quercetin, Probiotics, Oxidative Stress, Lipid Peroxidation, Inflammation

1. Introduction
Arsenic (As) is a significant environmental public health
concern worldwide, due to its wide distribution and increased
hazard in humans and animals [1]. Since the middle of the
19th century, production of heavy metals has increased
steeply for more than 100 years, with concomitant emissions
to the environment [2]. The primary route of As exposure for
most of the population is by the ingestion of contaminated
food or water and inhalation from contaminated sources.
Most ingested and inhaled As is absorbed through the
gastrointestinal tract and lungs into the blood stream and
distributed to a large number of organs [3].

Toxic effects of As are mediated primarily by triggering
the production of reactive oxygen species (ROS) leading to
oxidative stress, lipid peroxidation, DNA damage, and
alterations in cells’ intrinsic antioxidant defenses [4] as well
as the release of pro-inflammatory factors, including
cytokines [5]. To evaluate oxidative stress and antioxidant
defense, malondialdehyde (MDA), reduced glutathione
(GSH), superoxide dismutase (SOD), and catalase (CAT) are
normally determined [6]. However, myeloperoxidase (MPO)
is an enzyme present in neutrophils and can be used as an
indirect marker for inflammation and toxicity [7].
Quercetin is one of the most important bioflavonoids
present in many fruits and vegetables [8]. It is considered
an excellent antioxidant due to its ability to scavenge free
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radicals [9]. Few studies conclude that quercetin may
provide a more effective therapeutic strategy in the
management of As toxicity. In 2016, Baltaci et al. [10]
suggested that quercetin has protective effects against As
induced testicular damage by decreasing morphological
damage, apoptosis, and oxidative stress. In addition, lipid
peroxidation significantly suppressed and depleted
antioxidant defense mechanisms that were restored by
quercetin co-treatment [11].
Probiotics are live microbial fermented food dependent on
high selection of lactic acid bacteria [12]. Probiotics have the
ability to bind and detoxify some heavy metals [13]. This
propriety could be a promising solution for heavy metal
removal from water, liquid food, and from the body of
humans and animals [14]. Besides heavy metal binding
capacity, lactic acid bacteria also are known to have antioxidative properties, which may be another important
characteristic for heavy metal toxicity protection [15].
Because of the extensive presence of As in the
environment and its toxic properties, it is considered a
hazardous environmental toxicant [16]. However, further
studies are needed to reveal the potential roles and
effectiveness of mitigating agents against its toxicity.
Therefore, the present study was designed to investigate the
possible in vivo immunotoxic and genotoxic roles of As in
Wistar rats and the alleviative effects of two naturally
occurring substances known for their potent antioxidant
potential, namely quercetin and probiotic bacteria.

2. Materials and Methods
2.1. Chemicals
Quercetin was purchased from Jarrow Formulas Company
(Los Angeles, California, USA). Probiotics were purchased
from California Gold Nutrition Company (Perris, California,
USA) in form of capsules, each containing 5 × 109
lyophilized cells of active probiotic strains, including
Lactobacillus and Bifidobacteriumlactis. Sodium arsenite
(NaAsO2) and other chemicals were obtained from the
Zoology Department- King Saud University, Riyadh.
2.2. Animals and Experimental Design
Adult male Wistar rats (150-180 g) were supplied by the
animal house of Science College, King Saud University. The
rats were transferred to wire-bottomed cages at the animal
house. They were kept at an ambient temperature and fed on
a special rodent diet supplied by Medical Professions for
Veterinary Products and Fodders Additions Company. The
rats were given fresh water through glass bottles with a
capillary dropper fixed to the wall of the cage. Animals were
divided into six groups (n=15) and were orally treated by
gastric tube for 4 weeks as follows: Group I control animals
were given a 2 mL daily dose of distilled water; Group II
animals received NaAsO2 daily at a dose of 5 mg kg-1
dissolved in water as the minimum dose that induces toxicity
in the rats [17]; Group III animals received quercetin at a

109

dose of 50 mg kg-1 dissolved in water [18]; Group IV animals
were administered probiotic at dose of 2 mL containing 2 ×
109 colony forming units (cfu) dissolved in water [19]; Group
V and Group VI animals received NaAsO2 (5 mg kg-1) and
were treated orally with quercetin (50 mg kg-1) and probiotic
(2 × 109 cfu), respectively.
2.3. Physical and Biometric Measurements
Weekly body weight gain and food intake measurements
were recorded for each individual animal. At the end of the
experimental duration, weights of liver, kidneys, spleen, and
brain were determined.
2.4. Toxicity Tests
Arsenic accumulation in blood, liver, kidneys, and brain
was determined by the atomic absorption spectrometry
graphite tube technique [20].
2.5. Biochemical Assays
2.5.1. Inflammation
MPO activity was measured in plasma as a marker for
inflammation [7] using a myeloperoxidase chlorination
activity assay kit (Cell Biolabs, San Diego, USA).
2.5.2. Immunotoxicity
The concentration of cytokines (IL-1β, IL-6, IFN-γ and
TNF-α) was evaluated in serum for estimation of the
immunotoxic effect of As by Luminex assays using a
Milliplex Map Rat Cytokine/Chemokine Magnetic Bead Kit
(Millipore, Billerica, USA).
2.5.3. Genotoxicity
i. DNA Quantitation
DNA from rat blood was extracted using a DNeasy Blood
Kit (Qiagen, Hilden, Germany). Quantitation of blood DNA
was performed to determine the average concentration of
DNA present in blood samples of control and other treated
groups using Nanodrop technique [21].
ii. DNA Fragmentation Analysis
DNA fragmentation was analysed in blood using agarose
gel electrophoresis to compare the degree of apoptosis among
the experimental samples. Extracted DNA was separated on
1.5% agarose gels. Fragments were visualized after ethidium
bromide staining [22].
2.6. Lipid Peroxidation and Antioxidant Defence
Lipid peroxidation (plasma MDA) and antioxidant defence
(serum GSH, SOD, and CAT) parameters were measured by
colorimetric assays using commercially available kits (Cell
Biolabs, San Diego, USA) according to the manufacturer's
instructions to evaluate oxidative stress and antioxidant
defences [23].
2.7. Statistical Analysis
Statistical analyses for all data were performed using oneway analysis of variance (ANOVA) by SPSS 22. Statistical
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differences were considered significantly at P ≤ 0.05 levels
by using Duncan’s Multiple Range Test Procedure. Results
were expressed as a mean ± standard error (SE) of mean.

3. Results
3.1. Changes in Body Weight Gain, Food Intake and
Weights of Liver, Kidneys, Spleen, and Brain
Administration of NaAsO2 led to a significant (p ˃ 0.0001)
decrease in body weight gain compared with control (Table
1). In contrast, the weight gain of both quercetin and
probiotics treated groups were significantly (p ˃ 0.01 and p ˃
0.001, respectively) higher than corresponding control
subject. In both NaAsO2 – quercetin and NaAsO2 – probiotics
treated groups, the body weight gain was significant (p ˃
0.0001) higher than the corresponding NaAsO2 treated group.
Regarding the food intake, no significant differences were
seen in both quercetin and probiotics treated groups in
comparison with control; whereas the treatment of NaAsO2
caused a significant reduction (p ˃ 0.001) of food intake
compared with control (Table 1). In both NaAsO2 – quercetin
and NaAsO2 – probiotics treated groups, significant (p ˃

0.001) enhancement was found in food intake compared with
the NaAsO2 treated group.
On the other hand, administration of NaAsO2 resulted in
significant increase in the weight of liver, kidney, and brain
(p ˃ 0.00001, p ˃ 0.0001 and p ˃ 0.0001, respectively)
compared with control, whereas the spleen weight was
significantly reduced (p ˃ 0.00001) (Table 1). However,
quercetin treatment alone led to diminished liver (p ˃ 0.01)
and spleen (p ˃ 0.001) weight compared with control. In
contrast, no significant change was recorded in the weights of
the kidney (p ˃ 0.5) or brain (p ˃ 0.430) compared with the
control. When compared with the control, the administration
of probiotics caused a significant (p ˃ 0.001) decrease in the
weight of the liver and spleen, and a slight drop (p ˃ 0.5) in
the weight of the brain was observed, whereas the weight of
the kidney was slightly significantly (p ˃ 0.05) increased.
Compared to the NaAsO2 treated group, the addition of
quercetin to NaAsO2 treatment caused improvement in the
weight of the liver, kidney, and brain, whereas it did not
affect the spleen weight. In addition, adding probiotics to
NaAsO2 treated animals caused an ameliorative effect in the
weight of the liver, kidney, spleen, and brain.

Table 1. Changes in body weight gain, food intake and organ weight of Wistar rats during the 4-week experimental period. Data are expressed as mean ± SE
of 15 animals.

Body weight gain (gram)
Food intake (gram)
Liver
Organ
Kidney
weight
Spleen
(gram)
Brain

Group I
(Control)
61±3b
74.30±2.5b
8.07±1.02b
0.75±0.02c
1.01±0.05a
1.41±0.30bc

Group II
(NaAsO2)
40±4c****
65.25±2.91 c***
10.39±1.15a*****
0.90±0.10a****
0.75±0.12c*****
1.71±0.02a****

Group III
(Quercetin)
71±2a**
74.48±4.10b
7.94±0.20c**
0.75±0.03c
0.83±0.07b***
1.25±0.04c

Group IV
(Probiotics)
76±2a***
74.92±3.08b
7.84±0.12 c***
0.79±0.12b*
0.81±0.03b***
1.32±0.11c

Group V
(NaAsO2+Quercetin)
60±5b++++
77.52±3.72a+++
8.54±1.01b++++
0.85±0.01b++
0.74±0.02c
1.62±0.20b++

Group VI
(NaAsO2+Probiotics)
64±4b++++
79.86±4.1a+++
8.27±1.51b+++++
0.80±0.30b+++
0.88±0.02b+++
1.65±0.21b+

Mean values in the same columns with different superscripts (a, b and c) differ significantly ( ≤ 0.05, n=15). Asterisks indicate a significant difference in
groups II, III and IV compared with group I, whereas plus signs indicate a significant difference in groups V and VI compared with group II.

3.2. Arsenic Toxicity and Accumulation in Rat Tissues
The alterations in brain, liver, kidney, and blood As
accumulation are shown in Table 2. No significant
differences were observed in the amount of As in the blood,
brain, liver, and kidney of both quercetin and probiotics
treated groups in comparison to the control. However, after
treatment with NaAsO2, As content was remarkably (p ˃
0.00001) increased in blood and above organs. When animals

received NaAsO2-quercetin, no significant changes were seen
in As concentration in the brain or kidney compared with
NaAsO2 treated rats, whereas As was significantly (p ˃ 0.05)
diminished in liver and blood. Furthermore, the addition of
probiotics to NaAsO2 treated rats led to a significant drop in
the As content in the brain (p ˃ 0.01), liver (p ˃ 0.01), kidney
(p ˃ 0.001) and blood (p ˃ 0.01) compared with the NaAsO2
treated group.

Table 2. Changes in arsenic concentration (ppm) in brain, liver, kidney, and blood of Wistar rats during the 4-week experimental period. Data are expressed as
mean ± SE of 15 animals.

Group I (Control)
Group II (NaAsO2)
Group III (Quercetin)
Group IV (Probiotics)
Group V (NaAsO2+Quercetin)
Group VI (NaAsO2+Probiotics)

Brain
0.52±0.02c
58.35±4.39a*****
0.51±0.09c
0.53±0.06c
56.89±2.16a
45.53±1.40b++

Liver
0.73±0.09cd
116.55±15.11a*****
0.72±0.05c
0.74±0.12c
93.34±4.56b+
87.65±3.87b++

Kidney
0.90±0.14cd
169.57±23.40a*****
0.91±0.09c
0.88±0.11c
163.50±2.76a
97.54±7.90b+++

Blood
1.21±0.13cd
3411.36±127.04a*****
1.20±0.11c
1.18±0.02c
3003.88±58.87b+
2978.38±49.81b++

Mean values in the same columns with different superscripts (a, b, c and d) differ significantly ( ≤ 0.05, n=15). Asterisks indicate a significant difference in
groups II, III and IV compared with group I, whereas plus signs indicate a significant difference in groups V and VI compared with group II.
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3.3. Biochemical Assays
3.3.1. Changes in Plasma Myeloperoxidase (MPO)
Activities
MPO was significantly (p ˃ 0.00001) increased in the
NaAsO2 treated group compared with the control (Table 3).
Administration of quercetin or probiotics led to increased (p
˃ 0.05) MPO activities compared with control. Adding
quercetin to the NaAsO2 treated animals prevented elevation
of MPO activities. In addition, the MPO activity in the rats
receiving probiotics with NaAsO2 was significantly (p ˃
0.01) lower than the NaAsO2 treated group.
3.3.2. Changes in Serum IL-1β, IL-6, IFN-γ, and TNF-α
Concentration
The administration of NaAsO2 resulted in a significant
increase in the production of serum IL-1β (p ˃ 0.00001), IL-6
(p ˃ 0.00001), IFN-γ (p ˃ 0.00001), and TNF-α (p ˃ 0.0001)
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compared with the control animals (Table 3). In comparison
to control, IL-1β, IL-6, IFN-γ, and TNF-α concentrations
were slightly elevated in rats fed quercetin but significant (p
˃ 0.05, p ˃ 0.001, p ˃ 0.05 and p ˃ 0.05, respectively). The
administration of probiotics did not significantly affect the
amounts of IL-1β, IL-6, and IFN-γ, whereas it led to a
significant (p ˃ 0.5) rise in the production of TNF-α. When
quercetin was added to NaAsO2 treated rats, IL-1β, IL-6, and
IFN-γ concentrations were significantly diminished (p ˃
0.0001, p ˃ 0.00001 and p ˃ 0.001, respectively) in
comparison to the NaAsO2 treated group, whereas no
significant change was observed in TNF-α levels. Regarding
the NaAsO2-probiotics treated group, the production of both
IL-1β, IL-6, IFN-γ, and TNF-α were significantly (p ˃ 0.001,
p ˃ 0.0001, p ˃ 0.001 and p ˃ 0.05, respectively) lower than
rats treated with NaAsO2 alone.

Table 3. Changes in plasma Myeloperoxidase (MPO) activitiy and cytokines (IL-1β, IL-6, IFN-γ, TNF-α) concentration of Wistar rats during the 4-week
experimental period. Data are expressed as mean ± SE of 15 animals.
MPO (mU/mL)
e

Group I (Control)

1.839±0.019

Group II (NaAsO2)

2.045±0.036a*****
d*

Group III (Quercetin)

1.899±0.014

Group IV (Probiotics)

1.897±0.013d*
c+++

Group V (NaAsO2+Quercetin)

1.946±0.035

Group VI (NaAsO2+Probiotics)

1.987±0.018b++

IL-1β (pg/mL)
51.05±6.14

d

813.45±11.74

79.25±2.95a*****
58.62±2.83

c*

IFN-γ (pg/mL)

d

1216.00±52.00a*****
949.12±12.21

51.15±1.95d
61.90±2.50

IL-6 (pg/mL)

bc***

811.29±6.24d

bc++++

67.82±3.55b+++

923.30±9.01

868.82±10.11

d

17.64±2.01d

1576.00±74.00a*****
988.17±12.20

c*

897.08±3.42d

c+++++

986.83±5.30b++++

1161.87±21.01

TNF-α (pg/mL)
28.13±2.50a****
21.29±1.90c*
23.31±3.03b

b+++

1119.27±9.20b+++

27.46±2.50a++
24.70±1.51b+

Mean values in the same columns with different superscripts (a, b, c, d and e) differ significantly ( ≤ 0.05, n=15). Asterisks indicate a significant difference
in groups II, III and IV compared with group I, whereas plus signs indicate a significant difference in groups V and VI compared with group II.
Table 4. Changes in DNA, Malondialdehyde (MDA), catalase (CAT), superoxide dismutase (SOD) and reduced glutathione (GSH) parameters of Wistar rats
during the 4-week experimental period. Data are expressed as mean ± SE of 15 animals.
Blood DNA
(ng/µl)

Plasma MDA
(µM/mL)

Serum CAT
(U/mL)

Serum SOD
(U/mL)

Serum GSH
(µM/mL)

Group I (Control)

37.25±1.31a

0.143±0.025b

0.349±0.098a

0.065±0.076a

3.82±0.054b

Group II (NaAsO2)

17.73±1.12c*****

0.391±0.098a*****

0.242±0.034c****

0.041±0.043c****

2.94±0.091c****

a

Group III (Quercetin)

37.80±2.07

Group IV (Probiotics)

36.63±3.42a
b+

Group V (NaAsO2+Quercetin)

20.00±2.00

Group VI (NaAsO2+Probiotics)

20.50±3.01b+

0.157±0.071

b

0.185±0.012bc
0.213±0.032

c++++

0.269±0.013d+++

a

0.356±0.052

0.322±0.021a
0.295±0.013

b++

0.275±0.033b+

0.063±0.011

a

0.067±0.043a
0.055±0.019

b+

0.058±0.024b++

4.83±0.012a****
4.35±0.018a***
3.64±0.033b++++
3.40±0.041b+++

Mean values in the same columns with different superscripts (a, b and c) differ significantly ( ≤ 0.05, n=15). Asterisks indicate a significant difference in
groups II, III and IV compared with group I, whereas plus signs indicate a significant difference in groups V and VI compared with group II.

3.3.3. Genotoxicity
i. Changes in Blood DNA Concentration
Blood DNA content fluctuations are represented in Table 4.
In rats fed NaAsO2, a significant (p ˃ 0.00001) depletion was
seen in DNA concentration compared with control. However,
no significant changes were found in DNA content following
treatment with quercetin or probiotics compared to control.
The administration of quercetin or probiotics to NaAsO2
treated animals led to a slight increase in DNA content, which
was significant (p ˃ 0.05) when compared to the NaAsO2

alone treated group.
ii. DNA Fragmentation
Figure 1 illustrates DNA fragmentation analysed in blood
using agarose gel electrophoresis. The DNA from control
animals exhibited bands with integrity and a molecular weight
greater than 1000 bp. DNA fragmentation increased in rats fed
NaAsO2, shown by a smear pattern, which indicates DNA
damage. However, the treatment with quercetin or probiotics
alone did not affect DNA integrity. Animals that received
NaAsO2-quercetin showed a slight improvement in DNA
pattern. In addition, adding probiotics showed a slight
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reduction of DNA fragmentation induced by NaAsO2.
3.4. Changes in Plasma Malondialdehyde (MDA)
Concentrations
Plasma MDA was significantly (p ˃ 0.00001) increased in
rats treated with NaAsO2 compared with the control group
(Table 4). In both quercetin and probiotics treated groups, no
significant change was observed in MDA compared with
control. In both NaAsO2-quercetin and NaAsO2-probiotics
treated groups, MDA concentrations were significantly (p ˃
0.0001 and p ˃ 0.001, respectively) lower than the
corresponding NaAsO2 treated group.
3.5. Changes in Antioxidant Defense Activity
Administration of NaAsO2 caused a significant (p ˃
0.0001) decrease in serum SOD, CAT, and GSH parameters
versus the corresponding control (Table 4). In both quercetin
and probiotics treated groups, no significant (p ˃ 0.5)
changes were recorded in the activity of SOD and CAT
compared with the control, whereas GSH concentration was
significantly increased (p ˃ 0.0001 and p ˃ 0.001,
respectively). However, quercetin and NaAsO2 treatment
prevented the reduction of SOD (p ˃ 0.05), CAT (p ˃ 0.01),
and GSH (p ˃ 0.0001) levels compared with NaAsO2 treated
rats. In addition, a significant recovery of SOD (p ˃ 0.01),
CAT (p ˃ 0.05), and GSH (p ˃ 0.001) values was recorded in
the presence of probiotics with NaAsO2.

Figure 1. Agarose gel electrophoresis of DNA from the blood of Wistar rats
during the 4-week experimental period. Experimental groups include group I
(control, distilled water), group II (NaAsO2-treated), group III (quercetintreated), group IV (probiotics–treated), group V (NaAsO2 and quercetintreated), and group VI (NaAsO2 and probiotics-treated). Rats in all groups
were given a 2 mL daily dose of the specified compound including distilled
water, NaAsO2 (5 mg Kg-1), quercetin (50 mg Kg-1), and probiotics (2 × 109
cfu).

4. Discussion
Arsenic is toxic and particularly known for alterations in
biological pathways as well as inducing oxidative stress [24].
The results showed a decrease in the body weight gain of
NaAsO2-treated animals, confirmed by the occurrence of a
reduction in food intake as a result of the toxic effect of As.

The toxic effect of NaAsO2 is due to the ability of As to
inhibit metabolism by altering the glucocorticoid hormonal
system, which plays an important role in glucose regulation
as well as carbohydrate, lipid, and protein metabolism [25].
NaAsO2 treatment led to a significant increase in the
weights of liver, kidney, and brain. ICP-MS analysis of organ
samples in our study showed the deposition of As in the
above organs, which reflects As toxicity in those organs.
Increased kidney weight could result from the methylation of
As that was reabsorbed from the renal proximal tubules
before it could be excreted in the urine [26]. The liver is
known to concentrate As following exposure and play an
important role in the metabolism of As, which may induce
liver damage, thus identifying this organ as a target for As
toxicity [27]. However, the increase seen in brain weight was
due to the ability of small amounts of toxic metals that pass
through capillaries and cross the blood-brain barrier causing
neurotoxicity and edema [28]. The present work
demonstrated a decrease in the weight of the spleen after
treatment with NaAsO2. This finding disagrees with Dwivedi
and Flora [29]. Reduction of spleen weight in the current
study reflects a toxic effect of As which led to an alteration
of oxidative stress-related indices and complex immunemodulatory effects causing a change in the responsiveness of
spleen cells to apoptosis [30].
In the present study, the accumulation of As in the blood of
the NaAsO2 treated rats was significantly greater than those
in liver, brain, and kidney. A similar observation was
reported by Lu et al. [31], who showed that blood is the main
target for As. Rat haemoglobin showed higher affinity for As
than human haemoglobin, and the retention time of As in the
blood of rats is much longer than in the blood of other
species. This is probably due to a large number of cysteine
residues within the haemoglobin molecule [32].
The present biochemical investigations in the NaAsO2
treated group indicated significant elevation in plasma MDA
and MPO values and reduction in CAT, SOD, GSH, and
DNA parameters with DNA damage as typical signs of
oxidative stress and lipid peroxidation induced by As [33]
[34]. There is growing evidence indicating that arsenic
toxicity is a hallmark of the excess generation of intracellular
ROS, such as superoxide anion (O2−), hydroxyl radical (OH),
and hydrogen peroxide (H2O2), which are responsible for
oxidative damage and lipid peroxidation that play imperative
roles in the biochemical alterations of cells [35]. Oxidative
stress and resultant ROS may be involved in the damage of
critical cell molecules, such as DNA [36]. Hydroxyl radicals
tend to react with DNA bases to form adducts that lead to the
formation of strand breaks and induce the release of metal
ions, which contribute to DNA damage [36]. The significant
decrease in serum CAT, SOD, and GSH by NaAsO2 proved
the failure of the antioxidant defense system to overcome the
influx of ROS production. NaAsO2-induced MDA
production (a marker of lipid peroxidation) could be due to
the impairment of cells’ natural protective system [37]. Also,
it is expected to increase MPO was caused by increased
levels of H2O2 in the tissues [38].
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In addition, NaAsO2 led to significantly increased serum
levels of cytokines (IL-1β, IL- 6, TNF-α, and IFN-γ). This
observation is supported by Bashandy et al. [39], which
found that production of inflammatory mediators are
implicated in the pathogenesis of As-induced tissue injury in
response to local inflammation. ROS are involved also in the
promotion of inflammatory processes via activation of
transcription factors, such as nuclear factor kappa-B (NF-κB)
and activator protein (AP)-1, which induce the production of
cytokines [40].
Regarding quercetin treatment, a significant increase was
recorded in weight gain and food intake of rats treated orally
by quercetin in agreement with Boots et al. [41]. This finding
may be due to the potential role of quercetin as a food
supplement for the enhancement of appetite and supported by
general body health [42]. The current data does not record
significant changes in the weight of liver, kidney, and brain
as well as CAT, SOD, MDA, and DNA parameters after
feeding with quercetin alone. This reflects the safe side of
quercetin administration on the body. Nevertheless, It was
noticed an increase in the weight of the spleen and the
concentrations of MPO, GSH, and cytokines. Extended use
of quercetin may cause the production of oxidation products,
such as quercetin–quinone, which can result in slightly
various toxic effects to the structure and function of some
organs [43].
With the combined treatment of NaAsO2 and quercetin,
quercetin enhanced DNA, CAT, SOD, and GSH parameters,
in addition to reduction of both MDA and MPO toward the
level of control animals. Above observation reflects the
protective effect of quercetin against As-induced oxidative
stress and lipid peroxidation. Within the flavonoid family,
quercetin is the most potent ROS scavenger [44]. The
antioxidative capacities of quercetin are attributed to the
presence of two antioxidant pharmacophores within the
molecule that have the optimal configuration for free radical
scavenging, i.e. the catechol group in the B-ring and the OH
group at position 3 of the AC ring [45]. Generally, the
antioxidant efficacy of quercetin can be attributed to a high
diffusion rate into membranes, allowing it to scavenge free
radicals [46]. Also, quercetin was effective for suppressing
the elevation of IL-1β, IL-6, and IFN-γ induced by As.
Comalada et al. [47] confirmed this result by demonstrating
that quercetin inhibits inflammation through the downregulation of the NF-kB pathway and lipopolysaccharide
(LPS) induced production as well as the gene regulation of
cytokines.
With regard to probiotics, the administration of probiotics
alone showed no changes in body weight, food intake, and
most biochemical parameters (DNA, CAT, SOD, MPO, IL1β, IL-6, and IFN-γ). This finding is supported by several
studies [48] [12], which reported that probiotics did not have
any harmful effects on healthy rats. The above results reflect
that using probiotics in a definite dose is proven safe for the
body [49]. In contrast, some of results disagree with previous
studies, where slight changes were found in the
concentrations of MDA, GSH, and TNF-α. The prolonged
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administration (30 days) of probiotics could be the reason for
these small-observed changes [50].
In NaAsO2-probiotics treated rats, adding probiotics
resulted in the reduction of As content in blood, kidney, liver,
and brain. This observation agrees with improvement in body
weight gain and food intake, in addition to ameliorating the
weights of liver, kidney, spleen, and brain toward that of
control animals. A previous report confirms these results
indicating that probiotics have a protective role against the
toxicity of heavy metals [48]. The findings showed that
probiotic supplementation together with NaAsO2 led to
diminished MPO, MDA, and cytokine (IL-1β, IL-6, IFN-γ,
and TNF-α) levels as well as enhanced CAT, SOD, and GSH
parameters and improved the DNA content and
fragmentation pattern. Numerous studies have investigated
the interaction of bacterial species with metals and their use
to remove metals from contaminated sites, therefore inhibit
ROS production, which contributes to oxidative stress, lipid
peroxidation, and other toxic effects [51]. In addition,
probiotics prevent NF-κB activation, which plays a pivotal
role in the expression of inflammatory cytokines without any
adverse effect on the viability of surrounding cells [52]. The
surface of lactic probiotics is composed of a thick layer of
peptidoglycan, proteins, and polysaccharides. Therefore,
probiotic bacteria have a great number of different possible
ligands, which help export metals out of the cell and
subsequently reduce damage and oxidative stress to the
organism [48].

5. Conclusion
This project determined that the use of quercetin and
probiotics at a specific dose and for a certain duration is a
great benefit for the inhibition of most As toxicity by
suppressing ROS production and NF-κB activation, which is
responsible for oxidative stress and inflammation. These
findings push studies one step further toward using quercetin
and probiotics for the therapeutic treatment of many diseases
in the body.
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