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INTRODUCTION
Mercury

is a highly toxic metal that

ABSTRACT

General exposure to mercury is inevitable since it has been
shown to be exacerbated through contaminated water and food.
The present study aimed to evaluate three different flavonoids
and selenite against mercuric chloride (HgCly) toxicity in male
Wistar rats. The rats were randomly divided into ten groups (n=7)
as follows: a control group, groups orally administered with
5 mg/kg body weight of either sodium selenite or HgCl,, groups
orally treated with 50 mg/kg of body weight morin, naringin, or
hesperetin, and groups that were orally co-administered with
HgCl, and sodium selenite, morin, naringin, or hesperetin. All
treatments continued daily for two weeks. The HgCI, toxicity
caused significant elevations in the levels/activities of serum total
proteins, globulins, total cholesterol, triacylglycerols, tumor
necrosis factor-a, interleukin-6, alanine aminotransferase, and
v-glutamyl transpeptidase, as well as hepatic malondialdehyde
and catalase. It also caused significant reductions in the hepatic
content of reduced glutathione, as well as hemoglobin content
and erythrocytes count. Most of these deleterious effects were
ameliorated by the concomitant administration of flavonoids or
selenite. There was no structure-activity relationship that could be
withdrawn from this study. Naringin with the highest number of
hydroxyl groups on B-ring and the highest absolute number of
hydroxyl groups in general was, with few exceptions, as efficient
as the other flavonoids and selenite as well. Every flavonoid had
its own biological signature probably due to its metabolism.

death. The wide deleterious effects of
mercury on humans and animals can be

results in a variety of disorders. Mercury
toxicity is associated with acute tubular
necrosis and immunologic glomerulo-
nephritis, mental retardation, cerebral palsy,
seizures™,  arrhythmias and  cardio-
myopathy®?), and could ultimately causes

reviewed elsewhere. Exposure to mercury
seems to be inevitable. Humans are usually
exposed to this toxic element through
contaminated water and fish. In addition,
mercury is a component of dental amalgams
and vaccinest!.
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Mercury is absorbed throughout the
intestine, recycles through the entero-
hepatic system in adults, and is excreted
primarily in the feces®™. Therefore, the
liver is a potential target of mercury
toxicity. Mercuric ions have a greater
affinity to bind to reduced sulfur especially
in the thiol-containing molecules like
reduced glutathione (GSH), cysteine, and
metallothionein®. The decrease in free
sulfhydryl groups may lead to oxidative
stress resulting in tissue damaging effects.
Therefore, mercuric toxicity can be
ameliorated by antioxidants.

Many of the pharmacological effects
of flavonoids are linked to their
known biological functions as anti-
oxidants, due to free radical scavenging
and metal chelating activities®™. Depending

on their chemical structure, flavonoids
could fall into one of the following
types; flavonols, flavones, flavanones,

isoflavones, catechins, anthocyanidins and
chalcones!®. Morin (a flavonol), hesperetin
(a flavanone), naringin (a flavanone
glycoside) are natural flavonoids that act
as antioxidants. The antioxidant activity
of flavonoids is sometimes attributed
to their hydroxyl groups especially those on
B-ring!"..

Selenium (Se) is an essential dietary
micronutrient with significant antioxidant
properties. Selenocysteine is an integral
part of many essential enzymes in humans.
Some of these enzymes are glutathione
peroxidase (GPx), thioredoxin reductase,
deiodinases, and selenoprotein P. However,
many of the organic forms of selenium
produced contradictory effects on humans
and animals. Selenomethionine and seleno-
cysteine were shown to be misincorporated
into protein instead of methionine and
cysteine  making selenium biologically
unavailable. Some other organic forms
are readily disintegrated and excreted'®.
Therefore, sodium selenite, although toxic in
high doses, is considered the most effective
selenium source!®.

The present study aimed to evaluate the
effect of some flavonoids (morin, naringin

and hesperetin) and sodium selenite on
the hepato-, nephron-, and hemato-toxicity
induced by mercuric chloride (HgCl,) in
adult male rats. It also aimed to investigate
the relationship between the number of
hydroxyl groups and the antioxidant activity
of flavonoids.

MATERIAL AND METHODS

Chemicals

Morin, hesperetin, naringin, sodium selenite,
and HgCl, were purchased from Sigma
(St. Louis, MO, USA), as pure powder.

Animals

Adult male Wistar albino rats (Rattus
norvegicus) weighing (150 + 20 g) were
obtained from the Veterinary Serum
and Vaccine Research Institute (Cairo,
Egypt). The animals were housed in
plastic cages with well-aerated covers
at 25 + 2°C, as well as natural light/dark
cycles. Animals were allowed free access
to water and were supplied daily with
a standard diet. Throughout the experiment,
all the procedures and experimental
protocols were approved by the ethical
committee of the Zoology Department,
Ain Shams University (03-2017), and
were carried out according to the Guide
for the Care and Use of Experimental
Animals.

Experimental design

A total number of 70 adult male albino
rats were randomly divided into 10 groups
(n=7/group) as follows: a control group
(group 1), groups 2 and 6 were orally
administered with 5 mg/kg body weight
of either sodium selenite or HgCl,,
respectively™®. Groups 3, 4, and 5 were
orally treated with 50 mg/kg body weight
of morin, naringin, or  hesperetin,
respectively™ ™. Animals in groups 7, 8, 9,
and 10 were orally administered with
sodium selenite, morin, naringin, or
hesperetin, respectively (using the same
doses indicated above), two-hours after
the administration of HgCl,. All treatments
continued daily for two weeks.
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Blood collection and sample analysis

At the end of the experiment, animals were
killed by decapitation and the blood samples
were collected in dry clean centrifuge tubes
and allowed to clot for 30 min on ice then
blood was centrifuged at 2300 xg for 10 min
at 4°C. Then the serum was immediately
separated and stored at -80°C till the
determination of biochemical parameters.
Other blood samples were obtained in
heparinized tubes for the determination of
hematological parameters.

Tissue preparation and sample analysis
The liver was perfused through the hepatic
portal vein wusing isotonic cold saline,
excised and blot dried. A half gram of the
perfused liver was homogenized in four ml
of the appropriate buffer and the supernatant
was separated and frozen at —80°C until
assayed.

Determination of hepatic oxidative stress
parameters

Determination of hepatic GSH and malon-
dialdehyde (MDA) levels, as well as catalase
(CAT) and glutathione S-transferase (GST)
activities, was carried out using Bio-
diagnostic kits (Cairo, Egypt), following the
instructions of the manufacturer.

Serum biochemical analyses

Total cholesterol (TC), triacylglycerols
(TAGs), total protein, albumin, urea and
creatinine levels, in addition to alanine
aminotransferase (ALT) and y-glutamyl
transferase (y-GT) activities, were estimated
in  serum using commercial  Kits
(Spectrum diagnostics, Egypt). Serum levels
of tumor necrosis factor-o. (TNF-a) and
interleukin-6  (IL-6) were quantitatively
determined by ELISA using KOMA Rat
ELISA Kit (Cairo, Egypt), following the
instructions of the manufacturer.

Hematological examinations

Red blood corpuscles (RBCs) count,
hemoglobin (Hb) content, hematocrit (HCT)
value, white blood cells (WBCs), platelets
count, mean platelet volume (MPV) were
estimated using the coulter counter (Hemat 8

analyzer, SEAC, Germany). Blood indices:
mean corpuscular volume (MCV) and red
blood cell distribution width (RDW) were then
calculated.

Statistical analysis of data

Results were expressed as mean + standard
error (n=7). The distribution of data was
tested by the Kolmogorov-Smirnov test.
Statistical analyses were performed using
One-Way Analysis of Variance (ANOVA).
Different ~ group  comparisons  were
performed using Tukey’s post-hoc test.
Differences were considered significant at
P<0.05.

RESULTS
The ALT and y-GT activities were
significantly increased (P<0.001) in the

group treated with HgCl,, as compared
to the control group (Table 1). These
elevations of ALT activity were abolished
upon concomitant administration of morin
(P<0.05), naringin (P<0.05) or hesperetin
(P<0.001), as compared to the HgCl,-treated
group. Similarly, the elevations in activity
of y-GT were prevented by the concurrent
administration of selenite or flavonoids
(P<0.001, as compared to the HgCl,-treated
group).

Administration  of  HgCl, caused
a significant reduction of GSH level when
compared to the control group. Concomitant
administration of sodium selenite with
HgCl; caused a significant increase (P<0.01)
in GSH level when compared to the
HgCl,-treated group. Co-administration of
all flavonoids with HgCl, did not cause any
significant change in GSH content, as
compared to the HgCl,-treated group
(Table 1). In the current study, GST activity
was not significantly affected by any
treatment (Table 1). Treatment of rats with
HgCl, resulted in a significant (P<0.05)
elevation in the CAT activity compared to
the control group. Co-administration of
selenite or flavonoids did not cause any
significant change in the enzyme activity, as
compared to the HgCl, group (Table 1).
Although naringin and hesperetin elevated
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significantly the CAT activity in normal
animals, yet the elevations in the enzyme

the MDA level,
control  group.

as compared to the
These high levels of

activity in intoxicated rats they caused hepatic MDA were significantly abolished
did not achieve a statistical significance with the co-administration of selenite
compared to the HgCl,-treated group. (P<0.001), or flavonoids (P<0.01) as

Treatment of rats with HgCI, resulted
in a significant (P<0.001) elevation in

compared to the HgCl,-intoxicated group
(Table 1).

Table 1: Effect of HgCl,, selenite, and flavonoids on liver functions and hepatic oxidative
stress parameters in male albino rats.

ALT y-GT GSH GST CAT MDA

(U/L) (U/L) (mmol/g tissue)  (U/g tissue)  (U/g tissue)  (nmol/g tissue)
Control 112.2+6.3 39.1+1.9  0.27+0.01  155+0.3  7.1+1.0 30.5+1.0
Sodium selenite 107.4#1.8 50.5+2.4  0.14+0.03  155+0.6 155+#1.0  33.5+3.1
Morin 113.14#6.4 285+3.7  0.17+0.01  159+0.3 16.4+1.7  36.1+2.9
Naringin 137.2482 29.2426  0.23+0.06 159403 3774252  37.6+4.7
Hesperetin 111.8#1.9 38.9+35  0.34+0.07  14.8404 9444208 31.2+28
HgCl, 185.745.62 72.3+6.2%  0.04+0.012 186431 243+192  91.7+3.92
HgCl,+ Selenite 178.946.1 46.514.9b 0.4610.06b 15.7¢0.1 17.5+2.0 65.917.6b
HgCl,+Morin 158.215.1b 43.413.4b 0.12+0.01 16.1+0.1 18.9+1.4 44.312_7b
HgCl+Naringin -~ 15064587 436+26° 0.17+0.01  16.30.3 29.4450 29 g+2.4P
HgCly+Hesperetin - 130.14+2.9P 4244390  0.22+0.06  13.8+0.8 305+7.4  29g+1 7°

Data were expressed as mean + standard error (n=7). ALT: alanine aminotransferase,
y-GT: gamma glutamyl transpeptidase, GSH: reduced glutathione, GST: glutathione S-

transferase, CAT: catalase, MDA: malondialdehyde. 2P<0.05: significant difference versus

the control group, bp<0.05: significant difference versus the HgCl,-treated group.

Treating animals with HgCl, resulted in
a significant (P<0.001) increase in serum
total protein and globulins levels in
comparison to control group (Table 2). Co-
administration of selenite, or flavonoids with
HgCl, reduced significantly (P<0.001) the
serum total protein and globulins levels, as
compared with the HgCl,-treated group.
Although no treatment affected the albumin
level, the albumin/globulins (A/G) ratio
was significantly (P<0.001) decreased after
intoxication with HgCl, compared to the
control group. This reduction of A/G ratio
was significantly (P<0.001) prevented when
HgCl, was co-administered with selenite, or

flavonoids when compared with the HgCl,-
treated group (Table 2).

The serum TC and TAGs levels were
significantly  (P<0.001) increased after
intoxication with HgCl,, as compared to the
control group (Figure 1). The serum TC
level was significantly decreased in the
HgCl,-intoxicated groups co-administered
with selenite or hesperetin (P<0.01), morin
(P<0.001), or naringin (P<0.05), compared
to the HgCl,-treated group. Besides, co-
administration of HgCl, with selenite, or
flavonoids caused significant (P<0.001)
reductions in serum TAGs level when
compared with the HgCl,-treated group.
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Table 2: Effect of HgCly, selenite, and flavonoids on protein profile in male albino rats.

Total Protein

Albumin

Globulins

(g/dL) (g/dL) (g/dL) A/G Ratio
Control 8.50+0.80 3464037  5.03+0.62 0.71+0.09
Sodium selenite 7.5740.79 315¢0.19  4.41+0.83 0.67+0.12
Morin 9.27+0.85 316030  6.11+0.67 0.53+0.06
Naringin 8.32+0.56 3164030  4.83+0.42 0.73+0.04
Hesperetin 7.14+0.61 3.64+0.13 3.47+0.54 1.15+0.172
HgCl; 14.07+2.06% 292022  11.15+1.62% 0.26+0.03%
HgCl,+Selenite 7.10+1.09° 3.230.36  4.68:0.66°  0.72+0.08°
HgCl,.Morin 7.72+1.02° 3374029 420+097°  0.50+0.06°
HgClz+Naringin 9.68+1.07° 291046  76+1.24°  0.60+0.09°
HgClp.Hesperetin -~ g 64+0.78" 3024029  562+055°  054+0.04°

Data were expressed as mean =+ standard error (n=7). AJ/G: albumin/globulin.

4p<0.05: significant difference versus the control group, bp<0.05: significant difference
versus the HgCl,-treated group.
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Figure 1: Effect of HgCl,, selenite, and flavonoids on serum total cholesterol (mg/dL) and
triacylglycerols (mg/dL) in male albino rats. P<0.05: significant difference versus the
control group, bp<0.05: significant difference versus the HgCl,-treated group.

Treating animals with flavonoids induced
a significant (P<0.001) increase in urea
level when compared to the control group
(Figure 2). In addition, results showed that
the treatment with the HgCl, alone or
combined with selenite, or any flavonoid
under investigation did not result in any
significant change in the urea level when
compared to the control group. Treating

animals with the HgCl, alone or combined
with selenite or flavonoids (except naringin)
caused no significant effect on the creatinine
level (Figure 2). There was a significant
(P<0.05) increase in creatinine level in the
groups treated with naringin alone or in
combination with HgCl,, as compared with
the control or HgCl,-treated group,
respectively.
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Figure 2: Effect of HgCl,, selenite, and flavonoids on serum urea (mg/dL) and creatinine

(mg/dL) in male albino rats. 2P<0.05: significant difference versus the control group,

bp<0.05: significant difference versus the HgCl,-treated group.

The levels IL-6 and TNF-a in the HgCl,-
treated rats were significantly (P<0.001)
increased, as compared to the control group.
Co-administration of selenite or flavonoids

180 a

[
[
=

IL-6 (pg/mL)
2
o

with HgCl, resulted in significant (P<0.001)
reductions in the IL-6 and TNF-a levels, as
compared with the HgCl,-treated group
(Figure 3).
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Figure 3: Effect of HgCl,, selenite, and flavonoids on interleukin-6 (IL-6) and tumor

necrosis factor alpha (TNF-a) levels in male albino rats. 2P<0.05: significant difference

versus the control group, bp< 05: significant difference versus the HgCl,-treated group.

The Hb content and RBCs count were
significantly decreased in the groups treated
with HgCl,, selenite, morin, or hesperetin
(P<0.01-0.001), as compared to the control
group (Table 3). None of the flavonoids or
selenite administered with HgCl, affected
significantly the Hb level or RBCs count, as
compared to the HgCl,-intoxicated group.

The WBCs increased significantly (P<0.001)
in the group treated with selenite compared
to the control group. There was also
a significant (P<0.05) increase in the group
treated with HgCl, combined with selenite
when compared with the HgCl,-treated
group. The results showed non-significant
changes in platelets count, MPV and MCV
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after all treatments. The RDW% was
significantly (P<0.05) increased in the group
treated with selenite compared to the control
group. There was also a significant (P<0.05)

increase in RDW% in the group treated with
HgCl, combined with selenite when
compared with the HQCl,-treated group
(Table 3).

Table 3: Effect of HgCl,, selenite, and flavonoids on the hematological parameters of male
albino rats.

Hb RBCs MCV RDW WBCs  Platelets MPV

(9/dL) (10°/mL) (fL) (%) (10°¥mL)  (10%mL) (fL)
Control 17.3t0.4 9.4+0.2 50.5+1.0 13.1+x0.5 7.4+0.9 552.6+x41.6 3.5%0.1
Sodium selenite 12.9+0.62 7.4+022 50.1+05 158+05% 188+23% 496.6x755 4.2+0.3
Morin 145+03% 81+0228 49.7¢1.2 13.7+08 8.9+1.1 628.3+32.1 3.7+0.1
Naringin 16.6+0.3 9.1+£0.3 48.2+0.5 12.9+0.3 8.5+1.0 429.9+29.4 3.6x0.2
Hesperetin 15.1+05% 8.1+02% 48.6+0.5 12.3+0.2 8.2+1.4  449.1+43.7 3.7+0.2
HgCl, 1474042 77+02% 50.7+05 122402  8.7+1.1 504.9+30.9 3.6+0.2
HgCl,+Selenite 13.6+0.2 75402 51.7+11 158+050 1514210 47424363 4.30.3
HgCl,+Morin 142404  7.8+0.2 51.2#0.6 14.1+04 10.1#1.6 455.5+10.3 3.5+0.1
HgCl,+Naringin 13.71£0.2 7.4+0.2 51.9+15 14.3+0.7 12.1+x09 502.9£32.7 3.4%0.1
HgCl,+Hesperetin -~ 14.4+0.5 8.0£0.3 54.9+34 14.0£0.7 11.0£1.0 496.0£28.9 3.7x0.1

Data were expressed as mean = standard error (n=7). Hb: hemoglobin, RBCs: red blood cells,
WBCs: white blood cells, MPV: mean platelet volume, MCV: mean corpuscular volume, and

RDW: red cell distribution width, 2P<0.05: significant difference versus the control group,

bp<0.05: significant difference versus the HgCl,-treated group.

DISCUSSION

Mercury is the most toxic heavy metal and is
known to induce toxicity in many organs.
Humans are exposed to this metal from
numerous sources; contaminated air, water,
soil, and food™. Selenium and flavonoids
have been shown to alleviate heavy metal
toxicity!®'. Therefore, the present study
aimed to evaluate the possible mitigating
effect of selenite, and some flavonoids
(morin, naringin and hesperetin) against
acute HgCl, toxicity. The common feature of
all flavonoids is the presence of A- and
B-rings connected by pyran ring (Figure 4).
Morin is somewhat similar to hesperetin but
morin has one hydroxyl group instead of
methoxy group in the B-ring of hesperetin.
Naringin has many hydroxyl groups in the

B-ring!**l. Therefore, the philosophy behind
the choice of these flavonoids was to draw
a structure-activity relationship based on
their different hydroxyl groups. Hydroxyl
groups are known to donate hydrogen to free
radicals preventing them from damaging the
cells™!,

In the current study, a significant increase
in ALT and y-GT activities in the HgCI,-
treated group (as compared to the control
group) was observed, which was in
agreement with previously reported datal™.
The liver is a major site of metabolism for
mercury hence, severely affected by mercury.
Previous study also revealed that HgCl,
caused histo-pathological and ultra-structural
lesions evidenced by fatty degeneration and
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Figure 4: The chemical structure of the different flavonoids investigated.

cell necrosis in the liverl®®. The hepatic
damage is usually observed as a rise in
serum levels of liver enzymes such as
ALT. Moreover, y-GT elevation reveals
cholestasis and bile duct necrosis. Therefore,
the elevation of these enzymes in serum may
be attributed to their liberation from the cells
into the circulation, indicating damage of the
cell membrane or bile duct problems due to
oxidative stress and the resulting lipid and
protein oxidation™. Since the function of
v-GT is to transfer the y-glutamyl group
from molecules such as GSH to other
acceptors. This would expose the cysteine
moiety of GSH to neutralize xenobiotics or
toxins™®. Therefore, the elevation in y-GT
activity could be a compensating defense
mechanism against the HgCl, toxicity. The
elevations of ALT and y-GT activities were
attenuated or prevented by the co-treatment
with selenite, morin, hesperetin or naringin
in agreement with previous studies™* . This
protective effect could be attributed to the
ability of flavonoids to reduce oxidative
stress and preserve the structural integrity
of hepatocellular membrane by destruction
of H,O, and lipid hydroperoxides via
elevating GSH and other antioxidants or
direct scavenging activity against free
radicals™®. However, in the current study
and although selenite treatment elevated the
GSH level, it was unable to ameliorate the
elevation in serum ALT activity after
mercuric toxicity but alleviated the increase
of y-GT activity in serum. From the data
shown so far, it was essential to investigate
the effect of all treatments on antioxidants

and lipid peroxidation (LPO), as it seems
that these play a major role in the mercuric
toxicity and the protection offered by the
flavonoids and selenite.

The reactive oxygen species (ROS), free
radicals, and oxidants are involved in the
hepatic injury induced by HgCI,!2. The first
radicals formed are the superoxide radicals
which if left un-neutralized could through
several pathways form the most dangerous
hydroxyl radicals!??. The cells are equipped
with several mechanisms to fight back
against these deleterious radicals. GSH is
the most important non-protein antioxidant.
It can neutralize many free radicals but
unfortunately, it is consumed during the
process. When the pro-oxidant burden
(mercuric toxicity in the current study) is
severe, the cellular defense fails and the
resulting oxidative stress damages the cell
components or even leads to cell death!?®.
GST is another key player of phase Il
biotransformation enzymes. GST catalyzes
the conjugation of electrophiles to GSH?.
In the current study, GST was not
significantly affected by any treatment.

The elevation of LPO in the current
study indicates that oxidative insult
happened. The GSH would be consumed
due to the elevation in y-GT reported
after mercuric toxicity!. The CAT activity
was significantly elevated after mercuric
intoxication, as compared to the control
group. Oxidative stress caused by mercury
would trigger the induction of antioxidant
defense mechanisms as a compensating
mechanism®?%]. The increase in CAT
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activity will destroy the H;O0,, which
could otherwise penetrate through the
biomembranes and inactivate  several
enzymes?”).  Co-treatment of mercuric-
intoxicated rats with selenite resulted in
a significant elevation of GSH that in
agreement with previously reported datal*®.
Selenium is a trace element that is essential
at small amounts for humans and animals
for the function of selenium-dependent
enzymes!?®,

One of the ways that mercury exerts its
toxic effects is through the induction of
LPO™2 . In the present study, oxidative stress
induced by HgCl, was evidenced in the liver
of rats by an increase in LPO end product;
MDA in agreement with Deng et al.!?", This
elevation in the hepatic MDA level reflects
LPO and damage to the plasma membrane
as a consequence of ROS formation and
oxidative stress®”!. The co-treatment of rats
with mercury along with flavonoids or
selenite prevented the LPO and reduced
significantly the hepatic MDA levels. The
selenium has affinity to bind mercury and
form the non-toxic Hg-Se-S complex
greatly exceeds the binding ability of
sulfhydryl compounds. This binding and
detoxification capability of selenite could
explain its ability to protect the cells from
LPO and damage caused by mercury
intoxication®®®. The flavonoids also restored
the high MDA values towards normal, as
compared to the HgCl,-treated group. These
results indicated their anti-lipid peroxidative
properties and free radicals scavenging
capacity!¥. It was found that the antioxidant
activity and metal ion chelation capacity of
different flavonoids are correlated to the
configuration and total number of the
hydroxyl groups on the flavonoid rings™.
In the current study, naringin and
hesperetin  offered the best anti-LPO
activities. Mechanisms of antioxidant action
of flavonoids can include suppression of
ROS formation either by inhibition of
enzymes or by chelating trace elements
involved in free radical generation,
scavenging ROS, and upregulation or
protection of antioxidant defenses®™.

Plasma proteins play a prominent role
in preventing the increase of systemic
metal-related free fractions by delaying
metal accumulation and toxicity®?. In the
current study, HgCl,-intoxicated rats showed
significant higher serum total protein and
globulins levels, as compared to the control
group, whereas albumin was lowered though
insignificantly. These observations agree
well with the findings of Necib et al.™®.
Since most plasma proteins are produced by
the liver, elevation in total protein level
may reflect an increased production of vital
proteins to combat mercuric toxicity. The
protein synthesis could also be needed to
meet out the demand for the repair of
damaged tissues!®®!. Most elevation in
protein level was manifested in elevation in
globulins level indicating a boost in the
immune response. The A/G ratio is a more
sensitive index used to track changes in the
composition of serum or plasma proteins and
to predict liver and kidney disorders. In the
present study, A/G ratio was reduced after
mercuric intoxication in comparison to the
control group due to the elevation of
globulins level rather than a decrease in
albumin level.

Lipids are an essential component of
cell membranes and also play a significant
role as messengers in signal transduction

pathways and molecular  recognition
processes®®.  The present investigation
demonstrated that HgCl, induced

a significant elevation in serum levels of
TC and TAGs. This reflects abnormalities
in lipoprotein metabolism which may result
in the development of atherosclerosis®®*.
Similar observations have also been made
by Samipillai et al.®®. High cholesterol

and TAGs in serum could be due to
liver dysfunction and disturbance of
lipid metabolism and transport. Being
an important structural component of
cell membrane, therefore, membrane
degeneration could be another possible
cause of their elevation®. HgCl, was

reported to suppress LDL-receptor gene
expression, reducing cellular uptake of
cholesterol resulting in an increase in serum




Mitigation of mercuric toxicity by flavonoids

cholesterol levels®). The present data
revealed that TC and TAGs of mercuric-
intoxicated groups co-treated with selenite
or flavonoids were significantly reduced,
as compared with the HgCl,-treated group.
This observed anti-lipidemic effect of
selenite and flavonoids suggest that they
could have a protective effect on
the cardiovascular system. The hypo-
cholesterolemic effect may result from
an increase in the reverse -cholesterol
transport to the liver for reuse and re-
excretion in bile resulting in a decrease
of cholesterol level®. The reduction in
TAGs could be attributed to inhibition of
lipolysis in the adipose tissue, reduction
in the esterification of TAGs in the liver,
and elevation in the activity of lipase®®.
A decline in TAGs could also be
correlated to their utilization in membrane
biogenesisi®®. These observations are in
concert with previous studies that revealed
many flavonoids exhibit lipid-lowering
properties by reducing significantly the
cholesterol and TAGs levels. They found
that naringin reduced LDL-cholesterol
by 17% and TAGs by 14% in
hypercholesterolemic  patients!®. It was
reported that morin improved dyslipidemia,
likely due to the depletion of circulating
non-esterified fatty acids and inhibition of
hepatic synthesis of TAGs! %

Although  mercury  was reviously
reported to cause nephrotoxicity!!, it did
not significantly affect urea or creatinine
levels in the current study. The flavonoids
administered to normal animals caused
a significant elevation in the urea level.
Flavonoids are known to reduce blood
ammonia and hence could increase the
urea synthesis in addition to their ability
to enhance the enzymes involved in
urea synthesis such as ornithine transcarb-
amylase*?.

The relationship between oxidative stress
and inflammation is reciprocal™. TNF-a
is a potent inflammatory cytokine that
is secreted by activated mononuclear
leukocytes, and a wide variety of other
immune and non-immune cell types*/.

The current data revealed that the
concentration of TNF-o and IL-6 were
increased in animals intoxicated with
HgCl,, which is in  harmony with
previous datal*!. On the other hand, the co-
treatment with selenite, or flavonoids
attenuated significantly the HgCl,-induced
TNF-o and IL-6 levels in agreement
with previous studies®®“’. They suggested
that the attenuation of the inflammatory
responses could be attributed to the
inhibition of synthesis and secretion of these
pro-inflammatory mediators. Thus, we
hypothesized that the protective effect of
selenite and the selected flavonoids in
the present study on acute HgCl,-induced
liver injury was, at least in part, mediated by
their anti-inflammatory properties. TNF-a. is
known to be involved in cell apoptosis when
the cells are severely damaged by oxidative
stress.

The current results of the hematological
parameters showed a significant decrease
in RBCs count and Hb concentration
after HgCl, that parallel with the findings
of Necib et all'® Previous studies
demonstrated that the decrease in RBCs
and Hb after mercuric toxicity can be
attributed to the decrease of iron necessary
for the synthesis of RBCs“® or the
production of ROS which would increase the
destruction of RBCs by liver, spleen, and
bone marrow™”. Administration of morin,
hesperetin, or selenite to normal animals
also reduced the Hb level and RBCs count.
Some flavonoids were reported to reduce the
expression of ferroportin and hence reduce
the synthesis of Hb and RBCs count!*®.
In the current study, all treatments did not
effect on platelets, MPV and MCV. Selenite
was the only treatment that enhanced the
WBCs count and RDW% both in normal,
as well as in intoxicated animals. Selenite
was found to boost the immune system and
increase the WBCs count and activity*.
RDW and MCV are used to identify the
type of anemia. High RDW values along
with normal MCV indicate a deficiency of
iron, folate, or vitamin B12P°%. Selenite was
previously reported to cause anemial®Y.
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To conclude, mercury caused serious
problems in hepatic tissues, induced
LPO, disturbed the plasma proteins and
caused dyslipidemia, as well as induced
inflammation, but did not induce
nephrotoxicity. Flavonoids and sodium
selenite have prophylactic effects against
most deleterious effects caused by mercury
intoxication. The effects of mercury along
with flavonoids and selenite on hematogram
were all sporadic. No structure-activity
relationships could be concluded from this
study. Naringin with the highest number of
hydroxyl groups on B-ring and the highest
absolute number of hydroxyl groups in
general discerned itself and was the best
treatment as manifested only in MDA,
TAGs, IL-6, and TNF-a. In all other
biochemical parameters investigated, no
such significant differentiation among
flavonoids was reported. Moreover, every
flavonoid has its biological signature
probably due to its metabolism. Selenite
also offered very much similar alleviation
against HgCl, toxic deteriorations.
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