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Although iron is an essential element for life, its excess is linked to many disorders. The aim of this
study is to investigate the effect of quercetin on iron induced toxicity on the heart and brain in adult
male albino rats. 50 adult male albino rats were equally divided into groups; Group | (negative control),
Group Il (positive control) received normal saline 0.9%. Group Il (Quercetin group) was treated with
guercetin (2 g/kg daily) for 8 weeks and Group IV (Iron group) was injected intraperitoneal daily with
iron dextran (300 mg/kg) for 4 weeks. Group V (Iron and quercetin group) was injected intraperitoneal
daily with iron dextran (300 mg/kg) for 4 weeks, and then gavaged orally with quercetin (2 g/kg once a
day) for another 4 weeks. At the end of the study, blood samples were taken to estimate the serum
levels of iron, malondialdehyde (MDA), and total antioxidant capacity (TAC). Heart and brain specimens
were dissected from scarified rats to estimate tissue level of iron, histopathological examination,
immunohistochemical staining for tumor necrosis factor (TNFa) and comet assay. Iron overload caused
increases in serum, heart and brain iron levels; increase in serum MDA and decrease in serum TAC with
degenerative changes in the examined tissues and increasing expression of TNFa and DNA
degradation. After administration of quercetin, a significant improvement in all these parameters was
observed. Quercetin acts as iron chelator decreasing serum and tissue iron levels, ameliorating
oxidative stress, inflammatory effects and DNA damage induced by iron overload. More studies are
recommended to evaluate the beneficial effects of quercetin with iron excess.

Key words: Iron, quercetin, heart toxicity, brain toxicity.

INTRODUCTION

Iron is one of the essential nutrients (Pari et al., 2015). It
has two states, ferrous and ferric states that can turn
reversibly between these forms (Halliwell and Gutteridge,
1990). It enters in composition of different elements in
human body as hemoglobin, myoglobin and many

enzymes implicated in redox reactions and metabolism of
energy (Beutler, 2006). So that, iron is an important
element in many procedures such as RCBs production,
carrying oxygen, and mitochondrial respiration
(AbdElkader and Aly, 2015).
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There is no definite way to get rid of excess iron except
regulating its absorption which mainly occurs in the small
Bowel to keep body iron level normal (Goodman and
Gilman, 2006; Anderson, 2007). So, excess oral intake of
iron for a long interval results in its accumulation in
various organs causing serious adverse effects as heart
failure, liver cirrhosis, kidney injury, diabetes, depression,
infertility and even cancer (Kohgo et al., 2008; Kulaksiz et
al., 2008; Gholampour et al., 2017). Iron has an important
role in production and removal of reactive oxygen species
(Frey and Reed, 2012). By Fenton reaction, it can create
reactive oxygen species (Kehrer, 2000). Excessive
amounts of oxygen species are produced as in cases of
iron overload leading to oxidative stress and cell damage
(Pari et al., 2015; Gholampour et al., 2017).

Iron chelation therapy is an effective life-saving
treatment in diseases created by iron excess (AbdElkader
and Aly, 2015). Several compounds, either natural or
synthetic can chelate and remove iron from the tissues.
Although deferoxamine is a good iron chelator and has
also antioxidant property, high doses of it can produce
frightened side effects as growth retardation, ototoxicity
and ocular toxicity as well as bone deformities (Porter,
1997).

Quercetin is an example of naturally occurring
flavonoids involved under a category named flavonols.
Different fruit and vegetables contain quercetin as apples,
green tea, onions, nuts, berries, broccoli, cauliflower, and
cabbage. Many in vivo and in vitro studies have shown
that quercetin could have diverse effects like anti-
inflammatory, anti-cancer, immunomodulatory, anti-
diabetic, anti-aggregatory, and vasodilating effects
(Kleemann et al.,, 2011; Sinha et al.,, 2014; Qi et al.,
2017). Also, it is considered as a powerful antioxidant
agent. It can antagonize cell damage induced by
oxidative stress by chelating metals, scavenging free
radicals and protecting from lipid peroxidation (Bu et
al., 2011).

Multiple experimental studies had demonstrated the
protective effects of quercetin against toxicity from
different toxins, such as organophosphorus compounds,
poly aromatic hydrocarbons, and metals (Barcelos et al.,
2011). This work aimed to investigate the ability to use
oral quercetin as a natural substance in treatment of iron
overload in rats through measuring serum iron level,
tissue iron level, serum levels of MDA, and TAC,
histopatholgical examination of heart and brain tissues,
immunohistochemical staining for TNF-a and estimating
DNA damage by comet assay.

MATERIALS AND METHODS
Chemicals

Iron dextran (fercayl ample 100 mg/2 ml) was manufactured by
Sunny Pharmaceutical, Egypt under license of Sterop Laboratoires,
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Belgium. Quercetin (yellow powder) was obtained from Sigma,
Aldrich in Germany imported by Cairo Chemical Company.
Reagents and commercial kits were supplied from Sigma and
Biodiagnostic Chemical Companies.

Experimental animals

Fifty adult male Wister albino rats (10 to 12 weeks) weighing 190 to
210 g were obtained from the breading animals house of the
Faculty of Veterinary Medicine, Zagazig University. The
experimental rats were put in suitable cages supplied with water
and food and left for two weeks for adaptation. The experiment was
carried out in compliance with the “Guide of the Care and Use of
Laboratory Animals” and the institutional guidelines for the care and
use of experimental animals approved by the Medical Research
Ethics Committee of Zagazig University, Egypt (Institute of
laboratory animals resources, 1996).

Experimental design
50 ats were equally and randomly subdivided into 5 groups:

(1) Group | (Negative control): 10 Rats received only regular diet
and tap water for 8 weeks to measure the basic parameters.

(2) Group Il (Positive control): 10 Rats orally gavaged by normal
saline (0.9% Nacl) (1 ml/kg/day) (the solvent of quercetin) for 8
weeks.

(3) Group Il (Quercetin group): 10 rats were orally gavaged by
quercetin (2 g/kg b.w daily dissolved in 1 ml of normal saline)
(Zhang et al., 2006) for 8 weeks.

(4) Group IV (Iron group): 10 rats were injected intraperitoneal daily
with iron dextran (300 mg/kg) (1/10 of LD50) for 4 weeks
(Berdoukas et al., 2013).

(5) Group V (Iron and Quercetin group): 10 rats were injected
intraperitoneal daily with iron dextran (300 mg/kg) for 4 weeks, then
received daily quercetin orally by gavage (2 g/kg b.w) for another 4
weeks.

Biochemical studies

Twenty-four hours after the last dose, the rats of all groups were
anesthetized with light ether anesthesia; venous blood samples
were obtained from them by means of capillary glass tubes from the
retro-orbital venous as described by Joslin (2009). After centrifuging
blood samples, sera were obtained and used for estimating the
following:

(1) Serum Malondialdehyde and Total Antioxidant Capacity assay
using colorimetric method as described by Ohkawa et al. (1979)
and Koracevic and Koracevic (2001) and the data were expressed
as nmol/ml and mM/L, respectively.

(2) Serum iron level (umol/L) according to the method described by
Stookey (1970).

Heart and brain iron level

Rats were sacrificed by decapitation; the brain and the heart were
obtained to assess the tissues iron concentrations. Portion of brain
and heart tissue of each rat underwent digestion by acid mixture (3
ml Nitric acid: 2 ml Perchloric acid); the remaining dissolving metal
matter and resultant solution were aspirated into Atomic Absorption
Spectrophotometer (Buck scientific 210VGP Atomic Absorption
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Table 1. Comparison between control —ve group, iron group, and iron + Quercetin group as regard brain, heart iron level, serum iron
level, total anti-oxidant capacity (TAC) and serum malondialdhyde (MDA)

Control -ve Group(l)

Iron Group(IV)

Iron + Quercetin Group

Parameter Mean +SD Mean +SD (V) Mean +SD F P value
Brain iron level (ppm) 0.026+0.0007#% 0.706+0.02*$ 0.049+0.002*# 12741.8 <0.001**
Heart iron level(ppm) 0.048+0.002# 0.06+0.005*$ 0.052+0.0007# 20.026 <0.001**
Serum iron level (ppm) 0.02+0.001# 0.06+0.003*$ 0.02+0.002# 903.774  <0.001**
TAC (mM/L) 1.14+0.03#%$ 0.51+0.05*$ 0.84+0.02*# 513.449  <0.001**
MDA (nmol/ml) 10.8+0.2#% 32.1+0.2*$ 20+0.1*# 31192.8 <0.001**

Results are expressed as mean = SD (Number = 10 rats/group), ppm: part per million mM/L: milimole/ liter, nmol/ml: nanomole / milliliter
F=value of ANOVA test, **highly significant, Between groups, * significant with control group, # significant with iron group, $ significant with iron +

quercetin group.

Spectrophotometer) for determination of iron level (Zantopoulos et
al., 1996) and Perkin Elmer model (spectra- AA10, USA) flame
atomic absorption spectrometer with computer system was
employed. The data were expressed as mg/g wet weight (ppm).

Histopathological studies
Light microscope technique

The brain and heart tissues were fixed in 10% formalin saline. After
fixation, they were embedded in paraffin blocks and processed for
the preparation of 5 p thickness sections. These sections were
stained with Hematoxylin and Eosin (H&E) stains and examined by
light microscope (Bancroft and Stevens, 1996).

Immuno-histochemical study

The sections were deparaffinized, rehydrated, and heated in a
microwave oven in 0.01 M citrate buffer (pH 6.0; Quimica
Contemporanea, Diadema, Brazil) for 30 min. Endogenous
peroxidase activity was blocked by 3% hydrogen peroxide for 10
min, followed by washing with phosphate buffered saline. The
sections were incubated overnight at 4°C with the following primary
antibodies: Anti-TNF-a (rabbit polyclonal I1gG, 100 pg/ml, 1:50
dilution, cat. no. sc-130220; Santa Cruz Biotechnology, Inc., Dallas,
TX, USA) followed by addition of secondary antibody (Vector
Laboratories, Burlingame, CA, USA). Slides were counterstained
with Harris’s hematoxylin, dehydrated, cleared and mounted. The
cells were initially observed at a low magnification (x200) to assess
the general distribution of the antibody. The samples were
subsequently examined at a higher magnification (x400).
Immunohistochemical staining was evaluated in the cytoplasm of
brain and heart tissues (Jammal et al., 2015).

Comet assay (alkaline single-cell gel electrophoresis)

Comet assay was performed according to Singh et al. (1988).100
mg of crushed brain and heart samples was suspended in 1ml ice
cold PBS, stirred for 5 min and filtered. 100 pl of cell suspension
was carefully mixed with 600 ul of low-melting agarose, followed by
spreading of 100 ul of the mixture on agarose pre-coated slides.
The slides were left to solidify at 4°C, and then they were immersed
in chilled lysing solution for 1 h at 4°C. The slides were removed
and sited in a horizontal electrophoresis chamber, filled with freshly

prepared electrophoretic alkaline buffer for 20 min. After
electrophoresis, the slides were washed gently in 0.4 M Tris—HCI
buffer and stained with ethidium bromide. The DNA migration
patterns of 100 cells for each sample were observed using
fluorescence microscope, and images were captured by a Nikon
CCD camera. The qualitative and quantitative amount of DNA
damage in the cells was estimated using the Comet 5 image
analysis software developed by Kinetic Imaging Ltd. (Liverpool, UK)
linked to a CCD camera was used to assess the quantitative and
qualitative extent of DNA damage in the cells by measuring the
length of DNA migration [tail length] and the percentage of migrated
DNA in the tail [tail DNA %)]. Finally, the program calculates tail
moment [correlation between tail length and tail DNA %]. Generally,
images of 100 (50 X 2) randomly selected cells are analyzed per
sample. The mean value (for 100 cells) was calculated (Ali et al.,
2017). Data for all groups were collected, computerized and
statistical analysis by statistically analyzed by using statistical
package for social science (SPSS) program.

RESULTS

No statistically significant differences were observed in
the studied parameters between negative, positive
control and quercetin groups, so we used negative
control group as a standard reference for comparison
with other treated groups.

Biochemical results

Iron group of this work showed a highly significant
elevation in the serum iron level in comparison with
control group (P<0.001). Meanwhile, there was a highly
significant reduction in serum iron level (P< 0.001) (iron +
guercetin group) when compared to that of iron group.
This reduction was non- significant compared with that of
the control group (P>0.05) (Table 1). As regard iron level
in tissues, there were highly significant elevations in the
mean values of iron level in brain and heart tissues in
iron group when compared with other groups of the study
(P<0.001). There was a highly significant reduction in the
mean values of iron level in brain and heart tissues
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Figure 1. Sections of heart tissues obtained from an adult male albino rat
showing :( A): normal muscle fibers (control group) (H&E x200). (B):
hypertrophy of muscle fibers (iron group) (H&E x400). (C): degeneration of
muscle fibers (iron group) (H&E x200). (D) mild hypertrophy and reversal of
degenerative changes of muscle fibers (iron+ quercetin group) (H&E x400).

(P< 0.001) in (iron + quercetin group) when compared
with iron group. When iron + quercetin group compared
with (-ve) control group, there was a highly significant
elevation in the mean values of iron level in brain tissues
(P< 0.001) and non significant changes in heart tissues
(P> 0.05) at the end of the study (Table 1). At the end of
the study, serum MDA was increased significantly with
significant decrease in serum levels of TAC in iron group
compared to the other groups (P<0.001). Comparing
with iron group, treatment with quercetin after iron intake
(group V) showed significant reduction in MDA and
significant elevation in the mean values of TAC
(P<0.001); however, these improvements were partial
when iron + quercetin group was compared with (-ve)
control group; there were still a highly significant
elevation in MDA and a highly significant reduction in
TAC (p< 0.001) (Table 1).

Histopathological examinations

Examination of H&E stained heart sections of control —ve,
control +ve and quercetin groups showed normal heart
tissues (Figure 1A). After 4 weeks of iron administrations,
the heart tissue sections showed hypertrophy and

degeneration of muscle fibers (Figure 1B and C). While
after another 4 weeks of treatment with quercetin, there
was mild hypertrophy and reversal of degenerative
changes of muscle fibers in heart sections (Figure 1D).

By immunohistochemical staining for TNF-a, the control
and quercetin groups showed negative TNF-a expression
with mild positivity in the supporting fibroblasts cells
(Figure 2A). However, with iron administration, there was
marked TNF-a staining (Figure 2B). This marked staining
decreased after quercetin treatment for 4 weeks after
cessation of iron administrations (Figure 2C). As regard
brain tissues, H&E stained sections of control —ve, control
+ve and quercetin groups showed normal brain tissues
(Figures 3A and B). After 4 weeks of iron administrations,
the brain tissue sections showed degenerative changes
in neurons with thinning of hippocampus (Figure 3C and
D). While after another 4 weeks of treatment with
guercetin, there was an improvement in these
degenerative changes (Figure 3E).

By immunohistochemical staining for TNF-a, the control
and quercetin groups showed negative TNF-a expression
(Figure 4A), but with iron administration, there was
marked TNF-a staining (Figure 4B). This marked staining
decreased after quercetin administration for another 4
weeks after cessation of iron administration (Figure 4C).


https://en.wikipedia.org/wiki/Fibroblast

20 J. Toxicol. Environ. Health Sci.

Figure 2. Expression of TNF-a immunohistochemical staining (X 200).(A): A section
obtained from heart of control rats, showed myocytes with negative TNF-a
expression with mild positivity in the the supporting fibroblasts cells. (B): A section
obtained from heart of rat fed on iron showed marked TNF-a staining, identified by
brown staining. (C): Sections taken from heart of rat treated with quercetin after iron
stoppage showed decrease in the TNF-a expression.

Figure 3. Sections of brain tissues obtained from an adult male albino rat showing: (A):
Normal Brain tissue hippocampus (control group) (H&E x200 inset x400). (B): Normal
brain tissue (control group) (H&E x200 inset x400). (C): Brain tissue thinning of
hippocampus (iron group) (H&E x200 inset x400). (D): Brain tissue degenerative
changes in neurons (iron group) (H&E x400). (E): Brain tissue improvement of
degenerative changes (iron + quercetin group) (H&E x400).

Comet assay represented in the following parameters: increase in the

frequency of comet-like cells, comet tail-length,
The brain and heart tissues of the rats treated with iron percentage of taill DNA, comet tail moment when
revealed highly significant increased DNA degradation compared to other groups (P< 0.001) (Table 2, Figure 5B
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Figure 4. Expression of TNF-a immunohistochemical staining (X 200). (A): A section obtained from

brain of control rat, showed negative TNF-a.

(B): A section obtained from brain of rat fed on iron

showed marked TNF-a staining, identified by brown staining. (C): Sections taken from brain of rat
treated with quercetin after iron administration cessation showed positive TNF-a expression but
less than iron group.

Table 2. Comparison between control —ve group, iron group, and iron + quercetin group as regard mean values of comet, tail length, DNA

in tail and tail moment.

Control -ve Group(l)

Iron Group(lV)

Iron + Quercetin Group (V)

Parameter Mean =SD Mean +SD Mean +SD F Pvalue
Comet-Like Cells (%) 2.97+0.956 #$ 20.75+0.97*$ 12.4+1.49*# 582.03 <0.001**
Tail length: (um) 0.93+0.17#% 7.53+£0.66*$ 2.25+0.69*# 390.79 <0.001**
DNA in tail: (%) 0.785+0.06 #$ 45.65+6.11*$ 4.05+£1.02*# 488.58 <0.001**
Tail moment: (um) 0.687+0.06 #$ 4.05+1.02*$ 1.46+0.427*# 75.36 <0.001**

Results are expressed as mean + SD (Number = 10 rats/group), %: percentage, pm: micrometer, F=value of ANOVA test, **highly significant
Between groups, * significant with control group, # significant with iron group, $ significant with iron + quercetin group.

and E). While after administration of quercetin for another
4 weeks after stopping iron administration, there were
highly significant reductions in comet-like cells, comet
tail-length, percentage of tail DNA, comet tail moment
(P< 0.001) when compared with iron group (P< 0.001).
However, there were still significant elevations in these
parameters when iron + quercetin group was compared
with (-ve) control group (P< 0.001) (Table 2, Figure 5C
and F). Tail moment results from an equation between
comet tail length and tail DNA%. It is the most important
factor in comparison among tested groups in revealing
DNA damage as it is affected by any change in both tail
length and tail DNA%.

DISCUSSION

Although iron is an important element for life, different

disorders including neurodegenerative  diseases,
cardiovascular disease and cancer were found to be
related to excess free-iron in the body. Under
physiological conditions, free iron reacts with peroxide
and superoxide ions and enhances the formation of the
pro- inflammatory hydroxyl radical (Kozlowski et al.,
2009; Torti and Torti, 2013).

Desferal is a well-known iron chelator for a long time,
but it has many side effects (Porter, 1997). Quercetin is a
natural occurring flavonoid with multifunctional benefits
including its antioxidant capacity (Qi et al.,, 2017).
Moreover, it has been studied by many researchers as a
method to chelate various metals like copper, magnesium,
zinc, lead, and others (Raza et al., 2016). So that, the
aim of the current work was to investigate the ameliorating
and chelating effect of quercetin on iron induced toxicity
on heart and brain through evaluation some biochemical
iron indices, histopathological, immunohistochemical
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Figure 5. Comet figures showing: (A): Nuclei of heart cells of male rats of control group showed almost
normal condensed type nuclei & undamaged cells. (B): Nuclei of heart cells of male rats of iron group
showed damaged cells with abnormal tailed nuclei(long tail).(C): Nuclei of heart cells of male rats of iron +
quercetin group showed damaged cells with abnormal tailed nuclei (short tail). (D): Nuclei of brain cells of
male rats of control group showed almost normal condensed type nuclei & undamaged cells. (E): Nuclei of
brain cells of male rats of iron group showed damaged cells with abnormal tailed nuclei(long tail). (F): Nuclei
of brain cells of male rats of iron + quercetin group showed damaged cells with abnormal tailed nuclei (short

tail).

changes and comet assay.

The significant rise in serum iron and tissue (brain and
heart) iron levels was a proof of iron toxicity in the
present study. Iron group of this study showed highly
significant elevations in the iron level in brain and heart
tissues when compared with other groups; while after
administration of quercetin, a significant reduction in
these levels in comparison to iron group was seen. These
results are in line with many studies which noted that
guercetin  could suppress iron overload-induced injury
and therefore it may have properties of an iron chelator
(Leopoldini et al., 2006; Zhang et al., 2011; Raza et al.,
2016; Horniblow et al., 2017; EI-Sheikh et al., 2018).

Quercetin structurally consists of three phenolic rings
including A, B and C rings. It possesses three places
available to chelate metals involving 3-hydroxy-4-keto
group, 5-hydroxy-4-keto group and ortho-dihydroxyl
(catechol) groups of B ring. Both hydroxy and keto
groups of quercetin have ability to bind with metals
forming metal complexes (Torreggiani et al., 2005;
Ahmadi et al., 2011) which shuttled through glucose

transporter 1 diminishing free radical formation (Baccan
et al., 2012).

One of the broadly used biomarker of lipid peroxidation
is MDA. It is a good indicator of ROS production with
oxidative stress occurrence (Ayer et al., 2014). Total
antioxidant capacity (TAC) acts as an indicator of all
antioxidants  either enzymatic or non-enzymatic
accumulated in different tissues of the body which
balance the effect produced by reactive oxygen and
nitrogen species (Valko et al., 2006). With xenobiotic
exposure, changes in their concentrations happen fast
(Yang et al., 2012).

Our findings in this investigation emphasized the ability
of iron overload to create oxidative stress with alterations
of antioxidants as there was a high elevation in serum
MDA and a high significant reduction in serum TAC in
iron group compared to their corresponding values in
other groups; there was a significant reduction in serum
MDA and a highly significant elevation in serum TAC
after quercetin administrations in this work. All these are
in agreement with the findings of Abd El-Baky et al.



(2009); El-Maraghy et al. (2009); Lebda (2014);
Abdelkader and Aly, 2015); El-Sheikh et al. (2018) who
confirmed the capacity of iron overload in provoking
oxidative stress with disturbance in antioxidants.
Quercetin can reduce reactive oxygen species and inhibit
oxidative stress caused by iron by directly chelating iron,
and disabling iron’s ability to take part in redox reactions
(Uzun et al., 2010; Uzun and Kalender, 2013).

Anti-oxidant properties of quercetin was referred to for
their interference with inducible nitric-oxide synthase
activity (iNOS) which react with free radicals producing
the highly damaging peroxynitrite inducing irreversible
cell membrane damage (Nijveldt et al., 2001; Li et al.,
2016a).

In concomitant with the biochemical results, our
histological result revealed hypertrophy and degeneration
of cardiac muscle fibers and degenerative changes in
neurons with thinning of hippocampus in iron treated
group; while, there was an improvement in these
degenerative changes in both heart and brain tissues
after treatment with quercetin. These results are
consistent with Elseweidy and Abd El-Baky (2008) in
which iron overload conditions were obtained by feeding
the rats with biscuits enriched with ferrous sulphate for 10
weeks. Increasing iron level might accelerate dopamine
oxidation with subsequent quinone formation which
degenerates the brain cells and severs meningeal
hemorrhage, congestion and edema.

In human beings, Kell (2010) observed iron deposition
in specific brain regions mainly in the cerebral cortex and
hippocampus in patients with chronic neurodegenerative
diseases as in the case of Alzheimer’'s disease. Also
another study by Hametner et al. (2013) reported
abnormal distribution of iron in the brains of multiple
sclerosis patients with amplifying demyelination and
neurodegeneration lesion in brain.

Iron can induce oxidative stress, combined with
defective antioxidant capacities. This oxidative stress is
able to damage cell membranes, DNA, and mitochondria,
which are involved in neuronal death and
neurodegeneration pathogenesis (Nunez et al.,, 2012;
Uranga and Salvador, 2018). The results of the present
study are also supported by Madhusudhan and Oberoi
(2011); Torti and Torti (2013); Lebda (2014); Abdelkader
and Aly (2015); Gholampour et al. (2017) who stated that
administration of iron resulted in multiple organs
dysfunction and histological observations including heart.
Thalassemia major occurs, a condition of iron overload
where iron accumulates in cardiac muscle cells and leads
to cardiac cellular damage and heart failure causing high
rate of death in these patients (Kremastinos et al., 2010).
By activating various cell signaling pathways, quercetin
plays key roles in the prevention of disorders, which are
mainly responsible for the development of cancers,
neurodegenerative and cardiovascular diseases (Khan et
al., 2016).
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Tumour necrosis factor-alpha (TNF-a) is a cytokine that is
secreted by a group of cells like macrophages,
lymphocytes, smooth muscle cells, and tumour cells. In
brain, it is released by astrocytes, microglial cells, and
neurons. It plays a key role in the regulation of many
processes, such as inflammation, development, and
apoptosis (Howerton and Tarzami, 2017).

Regarding the result of immunohistochemical staining
for TNF-a, iron group showed marked TNF-a staining in
both brain and cardiac tissues. This marked staining
decreased after quercetin treatment. These data are in
agreement with Zivadinov et al. (2011); von Bernhardi
and Eugenin (2012) who suggested that excess iron
accumulation promotes adverse effects of inflammatory
cytokines including TNF-a, which is involved in the
incidence of neurodegenerative diseases, Parkinson’s
disease and Alzheimer's disease. Changes in divalent
metal transporter 1 (DMT1) and ferroportin 1 (FPN1)
expression mediated by hepcidin and caused by iron
accumulation in brain cells confirmed its relation with
inflammation in brain tissues. This connection may have
a role in the progression of neurodegenerative diseases
by enhancing iron-induced oxidative damage (Urrutia et
al., 2013). It was also identified that myocardial TNF-a is
an important contributor to many cardiac disorders such
as myocardial contractile dysfunction, cardiomyocyte
death after myocardial ischemia and chronic heart failure
(Howerton and Tarzami, 2017).

Several in vitro studies that used different cell lines had
shown that quercetin inhibited lipopolysaccharide (LPS)-
induced TNF-a production in macrophages (Gerates et
al.,, 2007). In glial cells, quercetin can inhibit LPS-
induced mRNA levels of TNF-a and interleukin (IL)-1,
diminishing neuronal cell apoptosis induced by microglial
activation (Bureau et al., 2008). Moreover, It can inhibit
Fc"RI-mediated release of pro-inflammatory cytokines,
tryptase and histamine from human umbilical cord blood-
derived cultured mast cells (hCBMCs), leading to
inhibiting calcium influx and phospho-protein kinase C
(Kempuraj et al., 2005). It was found that quercetin can
prevent activation of a group of potent inducers of
inflammatory gene expression and protein secretion
including TNFa such as signal related kinase, c-Jun, NH2
terminal kinase (JNK), and nuclear factor-kB (NF-kB).
Quercetin can increase peroxisome proliferator activated
receptor c activity, by antagonizing NF-kB or activator
protein-1(AP-1) transcriptional activation of inflammatory
genes, leading to prevention of inflammation. Together,
these prohibit TNF-a mediated inflammatory response (Li
et al., 2016b).

The alkaline single-cell gel electrophoresis (comet
assay) is one of the most sensitive and rapid techniques
for quantifying DNA lesions in mammalian cells. It has
wide applications in the assessment of different types of
DNA damage and repair and has been widely used in the
genetic toxicology and environmental biomonitoring, and
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cancer research studies (Singh et al., 1988; Fairbairn et
al.,, 1995). Comet assay has many advantages including
high sensitivity for detecting litle DNA damage, the need
of small number of cells, its flexibility, low cost and ease
of application (Tice et al., 2000).

The current study showed that exposure to iron
significantly caused marked DNA damage in heart and
brain rat tissues evidenced by significant increase in the
mean values of comet tail length, tail DNA% and tail
moment while the administration of quercetin ameliorated
that effect evidenced by significant decrease in the mean
values of comet tail length, tail DNA% and tail moment in
brain and cardiac tissue in iron and quercetin group. Iron
plays a key role in the generation of ROS which reacts
directly with proteins, lipids and nucleic acids and induces
oxidative stress by depleting cellular stores of
antioxidants. ROS also influences multiple cell signaling
pathways important for cell survival, proliferation and
death (Valko et al., 2005).

Several studies demonstrated that DNA damage was
created by iron using comet assay. Matos et al. (2001)
demonstrated that ferric nitrilotriacetate induced oxidative
stress with hepatocytes apoptosis, DNA damage and
liver necrosis in rats. Also, in mice exposed to ferrous
sulfate by a dose of 12% of the LD50, they revealed
genotoxicity after 24 h of treatment, DNA damage in the
comet assay (24 h and 48 h) and micronucleus test (48
h) (Horta et al., 2016). The results of the present study
are supported by the results of Chan et al. (2014) who
showed that the use of quercetin could prevent
trichostatin A induced DNA damage and lipid
peroxidation. Another study by EI-Nekeety et al. (2014)
showed the protective action of quercetin on the changes
of genes expression and oxidative stress induced by
aflatoxin in hepatic tissues of rats.

Moreover, Qi et al. (2017) reported the protective effect
of quercetin against DNA damage induced by
organophosphorus compounds. This protective effect
was explained by antioxidant effect of quercetin.

Conclusion

This study showed that quercetin has a potential role as
iron chelator by decreasing serum and tissue iron levels,
its ameliorative effect on oxidative stress, inflammatory
effects and DNA damage induced by iron overload.

RECOMMENDATION

In the light of this study, we recommended more studies
on qurecetin especially in comparison with desferal in
chronic iron toxicity. Also there should be great use of
natural metal chelators as querecetin with good outcome
and lower side effects than the synthetics ones.
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