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ARTICLE INFO ABSTRACT

Keywords: The ever-increasing human population with attendant industrialization poses serious global health challenge.
Hesperidin Cadmium (Cd) with other heavy metals contribute greatly to environmental pollutions and humans are daily
Dyslipidemia

exposed to them, leading to diverse ailments. We explored whether Hesperidin (HSP) could protect against
hepatic damage and dyslipidemia in Wistar rats exposed to Cd. Forty wistar rats were randomly assigned into five
groups (n = 8). Group 1 received 2 mL/kg body weight of normal saline; Group 2 received 100 mg/kg body
weight of HSP while Group 3 received 5 mg/kg body weight of Cadmium Chloride (CdCly) for 28 days. Group 4
received 100 mg/kg body weight of HSP and after 90 min, CdCl; (5 mg/kg) body weight was administered for 28
days. Group 5 received 50 mg/kg body weight of HSP and after 90 min, CdCly (5 mg/kg) body weight was
administered for 28 days. The serum lipid profiles, hepatic dysfunction and oxidative stress markers were
determined using standard methods. Cd toxicity in rats prominently elevated serum activities of AST, ALT, ALP
and levels of total bilirubin, direct bilirubin, cholesterol, LDL-C and malondialdehyde with decreased levels of
HDL-C, triglycerides, superoxide dismutase, catalase, glutathione and body weights. The pre-treatment of HSP
before Cd intoxication prevented the dysregulated activities of liver enzymes and levels of lipid profiles, enzy-
matic and non-enzymatic antioxidants and other biomarkers investigated, thus suggesting anti-hyperlipidemic
and hepato-protective potentials. HSP may have great potentials for development of therapeutics that could
enhance the management of dyslipidemia and liver disorders associated with heavy metal exposure.

Hepatic damage
Cadmium and toxicity

1. Introduction

Cadmium (Cd) is a ubiquitous and non-biodegradable pollutant
representing a great concern to human health. The metal is naturally
distributed, but industrial development has dramatically increased their
concentrations in the environment [1,2]. Increased emissions of the
metal in the environment and its non-biodegradability have increased
the risk of human exposure. The main routes of Cd exposure are by
ingestion and inhalation due to their presence in food, air, dairy prod-
ucts and tobacco leaves [3-6]. Efforts have been made to understand the
exact mechanisms of toxicity of Cd and available body of knowledge
suggests oxidative stress as one of the critical mechanism of toxicity of

this metal, albeit the metal is a Fenton’s metal [6-8]. Other possible
mechanisms of toxicity include binding to oxygen, nitrogen, and sulphur
ligands, which may affect numerous enzymes and proteins; interaction
with bio-elements; inhibition of apoptosis and changes in DNA structure
and the inhibition of damaged DNA repair, which may lead to aberrant
gene expression [2,9,10]. Additionally, Cd has been shown to exert
toxicity in the hippocampus of the brain [11], prostate, pancreas,
endocrine system and the heart causing memory defects, cardiovascular
dysfunctions, immune and reproductive system damages [12-15].
Regardless of oral, pulmonary or parenteral exposure, the liver and the
kidney are by far the primary organs that take up the greatest amounts of
Cd during its exposure [16-18].
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Hesperidin (HSP) is a bioflavonoid (flavonoids have diphenol
structure with the molecular formula CpgH34015) and found mainly in
vegetables, herbs, fruits and legumes. Nearly 5000 kinds of flavonoids
have been identified to be abundantly present in citrus fruits [19,20].
Hesperidin derives its name from the word “hesperidium”, the kind of
fruit produced by citrus trees [21]. Hesperidin is believed to be a sec-
ondary metabolite playing a role in plant defense against fungal and
bacterial invasions [22]. The sweet oranges (Citrus sinensis) and tangelos
are known to contain very high amount of hesperidin and are the major
sources of hesperidin extraction albeit recent study have shown that it
can be synthesized [19,23]. Hesperidin is therefore a classical dietary
polyphenol, which has been shown to exert varieties of pharmacological
actions. Some of which include anti-inflammatory [24], anti-cancer,
anti-diabetic, antioxidant, free radical scavenging and antiulcer effects
[25-28]. It also inhibits selected cytochrome P450 enzymes resulting in
drug interactions. Hesperidin is also known to increase the strength of
the capillaries (blood vessels) and regulate their permeability [20].
More interestingly, the pharmacokinetics of hesperidin is well known
and previous studies have investigated its safety and bioavailability in
the human plasma after removal of rutinoside moiety attached to the
compound in citrus juice by rhamnosidase activity and gut microbiota
composition [29,30]. For instance, Manach et al. [30] reported that after
3 h of consumption of citrus juice, plasma concentrations of
Hesperetin-7-glucoside gotten from hesperidin peaks between 5 h-7 h
and returns to baseline in 24 h indicating improved bioavailability and
safety. However, the use of gold nanoparticles for more effective de-
livery and bioavailability of Hesperidin have been developed recently
[31,32].

Indeed, the efficacy of many varieties of pure phyto-compounds such
as hesperidin has been reported with identified wide spectrum of
pharmacological properties including anti-inflammatory, anti-allergic,
anti-tumour and anti-oxidant characteristics [33]. Recently, the poten-
tials of dietary polyphenols such as hesperidin in protecting organs
against oxidative stress-mediated toxicity came into limelight and has
been reviewed elsewhere [34]. However, there is still gap in scientific
knowledge concerning the effects of hesperidin on dysregulation of lipid
profiles and hepatic dysfunctions in rats exposed to heavy metals
toxicity. More so, the roles of pure natural bioactive compounds such as
hesperidin in ameliorating dyslipidemia and hepatic damages triggered
by environmental contaminants have not been investigated adequately.
More recently, Elhelaly et al. [35] revealed that hesperidin adminis-
tration provided protective effects on liver, kidney and the brain against
oxidative damages due to exposure of rats to acrylamide, which is a
heat-induced toxin formed during thermal processing of many
commonly consumed foods. It is an imperative therefore, that hesperidin
is currently an emerging new therapeutic agent from natural products,
which could be used in modulating physiological dysregulations due to
various disease pathologies in the body [36]. However, more studies
would be needed to provide sufficient scientific evidence of these po-
tentials; we therefore investigated whether hesperidin could ameliorate
possible hepatic damage and dyslipidemia in male wistar rats due to
their exposure to Cd toxicity.

2. Materials and methods
2.1. Chemicals and reagents

Cadmium Chloride (CdCly) and Hesperidin were purchased from
Sigma-Aldrich (USA). Serum liver function and lipid profile parameters
kits were purchased from Randox Laboratories Ltd (UK). All other re-
agents and chemicals were of standard analytical grade.

2.2. Experimental animals

Forty male Wistar rats (8 weeks old) of an average weight of 135 + 5
g were obtained from the animal farm of Anatomy Department, Ebonyi
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State University, Abakaliki. The rats were kept in stainless steel rat cages
in a well-ventilated animal house of Biochemistry Department, Ebonyi
State University Abakaliki. They were acclimatized for 7 days under
good laboratory conditions (12 h light/dark cycle; room temperature:
25-30 °C). They were allowed access to standard rodent chow (Vital
feed®, Grand Cereals Ltd, Jos, Nigeria) and water ad libitum. The pro-
cedures for experimental studies were performed in consistent with the
National Institute of Health Guide for the Care and Use of Laboratory
Animals (NIH Publications No. 8023, revised in 1978). The Department
of Biochemistry, Ebonyi State University Institutional Ethical Review
Committee, approved the study with approval number EBSU/BCH/ET/
20/001.

2.2.1. Experimental design

At the end of acclimatization period, the animals were randomly
assigned into 5 experimental groups (n = 8). The cadmium chloride was
administered orally at the dose of 5 mg/kg body weight, which was 1/5
of the oral median lethal dose values in rats previously obtained by other
studies [15,37]. Hesperidin was administered at 100 mg/kg and 50
mg/kg as used in previous studies [28,38,39]. The details of the study
design are shown below.

Group 1 (Normal control): Rats received normal saline (2 mL/kg
body weight) for 28 days.

Group 2 (Hesperidin control): Rats received hesperidin dissolved in
saline (100 mg/kg body weight) orally for 28 days.

Group 3 (CdCl; control): Rats received CdCly dissolved in normal
saline (5 mg/kg body weight) orally for 28 days.

Group 4 (Hesperidin + CdCly): Rats were pre-administered with
hesperidin (100 mg/kg BW) 90 min before CdCl, (5 mg/kg BW) intox-
ication for 28 days.

Group 5 (Hesperidin + CdCly): Rats were pre-administered with
hesperidin (50 mg/kg BW) 90 min before CdCl, (5 mg/kg BW) intoxi-
cation for 28 days.

After initial body weights, the body weight of the rats were taken at
every 7 days intervals. After 28 days of treatment, rats were fasted
overnight and were euthanized through rapid exposure to overdose of
CO,. The blood was collected through cardiac puncture into plain
sample bottles. The blood was centrifuged (3000 g for 10 min) and
serum separated for analyses of lipid profiles and liver function
parameters.

2.3. Biochemical analyses

2.3.1. Determination of lipid profile

Total cholesterol was done by the method of Allain and Roschlaw
[40]. Briefly, 10 pL of distilled water, 10 pL of standard solution and 10
pL of sample (serum) were added to the blank, standard and sample test
tubes respectively. The solutions were mixed and incubated at 37 °C for
5 min. The absorbance at 500 nm was determined using a spectropho-

tometer. Concentration of cholesterol in the sample (mg/dL)

absorbance of sample
absorbance of standard

High Density Lipoprotein cholesterol (HDL-C) concentration was
determined by centrifugation method as described by Allain and
Roschlaw [40]. Briefly, the precipitating reagent was diluted in the ratio
of 4:1 with redistilled water (80 mL of reagent was diluted with 20 mL of
redistilled water). The solutions were mixed thoroughly, incubated at
room temperature for 10 min and then centrifuged for 10 min at 4000 x
g. Then, 100 pL of the supernatant was pipetted into the sample test
tube. Furthermore, 100 pL of distilled water was added into the reagent
blank test tube, and 10 pL of standard solution was added into the
standard test tube. Afterwards, the solutions were mixed thoroughly,
incubated at 25 °C for 5 min. The absorbance at 500 nm was determined

using a spectrophotometer. Calculation: Concentration of HDL choles-

absorbance of sample
absorbance of standard

X concentration of standard.

terol in the supernatant (mg/dL) = X concentration of

standard.
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For Triacylglyceride determination, 10 pL of sample serum was
added to the sample test tube and 10 pL of standard solution was added
to the standard test tube. A third test tube was marked reagent test tube.
After that, 1000 pL of reagent (R1) were added to each of the test tubes.
The solutions were mixed and incubated for 5 min at 37 °C. The

absorbance was read at 500 nm using a spectrophotometer. TG con-

absorbance of sample
absorbance of standard

LDL~ cholesterol concentrations of the samples were determined by
equation method of Friedewald et al. [41]. Briefly, after the determi-
nation of total cholesterol, HDL cholesterol and triglycerides, the values
obtained were used to calculate the concentration of LDL as shown:

centration = x concentration of standard.

LDL Cholesterol (mg/dL) = Total cholesterol — (trigycerides + HDL).

2.3.2. Determination of liver function markers

2.3.2.1. ALP determination. Alkaline phosphatase activity was deter-
mined using commercial kit manual (Randox, UK). A sample of 0.05 mL
of was pipetted into a test tube, and then 3.0 mL of reagent (a mixture of
diethanolamine buffer, MgCl, and a substrate, p-nitrophenylphosphate)
was added and mixed. The initial absorbance was taken and a timer was
started simultaneously. The absorbance was read after 1, 2 and 3 min at
the wavelength of 450 nm. Calculation [42]:

ALP (U/L) = 2790 x change in absorbance.

2.3.2.2. Bilirubin determination. Bilirubin was determined using the
method of Jendrassik and Grof [43], briefly the sample (200 pL), R1
(1000 pL), R2 (50 pL) and R3 (1000 pL) were mixed and left for 10 min
at 25 °C. Then R4 (1000 pL) was added, mixed and left for 30 min at 25
°C. Absorbance of the sample was read at 578 nm against the sample
blank (ATB). R1- sulphanilic acid; R2- Nitrite; R3-Caffeine; R4- Tartrate.
Calculation: Total bilirubin (mg/dL) = 10.8 x ATB (578 nm).

2.3.2.3. AST determination. The method of Reitman and Frankel [44]
was used to assay for the activities of alanine aminotransferase and
aspartate aminotransferase. Briefly, Aspartate aminotransaminase (AST)
activity was determined using commercial kit manual (Randox, UK).
Sample of 0.5 mL was mixed with 0.5 mL of Reagent 1 (Buffer: phos-
phate buffer, 1-aspartate and a-oxoglutarate) and incubated for exactly
30 min at room temperature. Then 0.1 mL of reagent (2,4-dini-
trophenylhydrazine) was added, mixed and allowed to stand for 20 min
at a temperature of 20-25 °C. Furthermore, 5 mL of NaOH was then
added, mixed and read after 5 min at a wavelength of 546 nm. The AST
activity was obtained from the table in the manual [44].

2.3.2.4. ALT determination. For alanine aminotransferase, 0.1 mL of
sample was pipetted into a test tube and 0.5 mL of solution R1 (buffer
containing phosphate buffer, r-alanine and a-oxoglutarate) was added,
mixed and incubated for 30 min at 37 °C. Then, 0.5 mL of solution R2
(2,4-dinitrophenylhydrazine) was added and mixed and then allowed to
stand for 20 min at 20-25 °C. Finally, 5.0 mL of NaOH was added, mixed
and after 5 min the absorbance was read at wavelength of 546 nm [44].

2.3.2.5. Albumin determination. For albumin determination, three test
tubes were prepared and designed as reagent blank, standard and
sample test tubes. Then 0.01 mL of distilled water, standard and serum
were added to the reagent blank, standard and sample test tubes
respectively and 3.0 mL of BCG reagent was further added to the three
test tubes. The tubes were mixed properly and incubated for 5 min at
20-25 °C. The absorbance of the sample and that of the standard were
read against the reagent blank at the wavelength 630 nm. Calculations =
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absorbance of sample
absorbance of standard

2.3.3. Determination of oxidative stress markers

2.3.3.1. MDA determination. One milliliter of the serum sample was
introduced into two milliliter of (1:1: 1) TCA-TBA-HCI reagent (thio-
barbituric acid 0.37 %, 0.24 N HCI and fifteen percent TCA) trichloro
acetic acid-thiobabituricacid ~hydrochloric acid reagent and allowed to
boil at 100 °C for fifteen minutes and left to cool. A centrifuge was used
to remove the flocculent materials at three thousand rotations per
minute for ten minutes. The upper layer was decanted and the absor-
bance taken at five hundred and thirty -two nanometer against the blank
with a spectrophotometer. The calculation of MDA carried out by
employing molar extinction coefficient for MDA-TBA-complex of 1.56 x
10°Mtem L

Calculation of MDA: AA/min x V1/Z X Vg

Where
AA = changes in absorbance
Vr = totality of the volume
Vs = volume of the sample and ¥ = molar extinction

2.3.3.2. Superoxide dismutase (SOD) activity determination. The sample
volume of 0.2 mL was introduced 2.5 mL of 0.05 phosphate buffer, pH
7.8 and 0.3 mL of newly prepared adrenaline solution to the reaction
mixture followed by quick mixing by inversion in the cuvette. The in-
crease in absorbance was taken every 30 s for 3 min at 480 nm against
blank. Blank contained 0.3 mL of adrenaline and 2.5 mL buffer.

2.3.3.3. Catalase (CAT) determination. The sample volume of 4.0 mL of
hydrogen peroxide (H,05) solution was added to 5.0 mL of phosphate
buffer and 1.0 mL of the sample was mixed at room temperature. Af-
terwards, 1.0 mL portion of the reaction mixture was withheld and
added to 2.0 mL dichromate/acetic acid reagent at one minute interval
and the steady absorbance reading taken at 570 nm.

2.3.3.4. Reduced glutathione determination (GSH) determination. The
sample volume of 1.0 mL was added 4.0 % sulfo-salicyclic acid and the
mixture centrifuged at 3000 rpm for 15 min at 2°C. The samples were
introduced to 4.5 mL of Ellman reagent and absorbance was measured at
412 nm. The blank were prepared by addition of 0.5 mL of 4 % sulfo-
salicyclic acid to 4.5 mL of Ellman reagent while absorbance was
measured at 412 nm.

2.4. Statistical analysis

Results were expressed as Means + standard deviation (SD). Graph
Pad Prism 5.0 (CA, USA) was used in the data analysis. Data were
analyzed using a one-way analysis of variance (ANOVA), followed by
Tukey’s multiple comparison post hoc test for comparison. Values were
generally considered statistically significant at p < 0.05.

3. Results
3.1. Effect of HSP on serum lipid profile in male Wistar rats exposed to Cd

Fig. 1 (A-D) shows the effect of HSP on serum lipid profile in rats
exposed to Cd. It was observed that Cd significantly increased the serum
levels of LDL-C, cholesterol and decreased the levels of HDL-C and tri-
glycerides. Interestingly, pre-administration of HSP significantly
normalized these distorted levels of LDL-C, HDL-C, cholesterol and tri-
glycerides compared to Cd-treated group. HSP effect was also compa-
rable to normal rats in all the markers investigated.
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[ Normal Saline

B Hesperidin(100 mgrkg)

[ CdCl, (5 mgkg)

I Hesperidin(100 mg/kg)+ CdCl
O Hesperidin (50 mgkg)+ CdCl,

Groups
(D)
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Fig. 1. (AD)—: Effect of HSP on (A) Serum LDL-C, (B) HDL-C, (C) Cholesterol, (D) Triglyceride levels in male wistar rats exposed to Cd respectively. Data are shown
as mean =+ SD (n = 8). Mean of groups with different alphabet are significantly different while those with the same alphabet are not significantly different. Beginning
from the normal group, the alphabet were assigned according to the significant level of each group in that order.

3.2. Effect of Hesperidin on serum liver function markers in male Wistar
rats exposed to cadmium chloride toxicity

Fig. 2 (A-F) shows the effect of HSP on liver function markers in male
wistar rats exposed to Cd. Our study revealed that Cd exposure for 28
days markedly increased the serum levels of AST, ALT, ALP, total bili-
rubin, direct bilirubin respectively and significantly decreased the serum
level of albumin. Conversely, pre-administration of HSP considerably
reversed the levels of these liver function markers in a dose-dependent
manner.

4

3.3. Effect of Hesperidin on antioxidant enzymes and markers of
oxidative stress in male Wistar rats exposed to cadmium chloride toxicity

Fig. 3 (A-D) shows the effect of HSP on antioxidant enzymes and
other non-enzymatic markers of oxidative stress in male wistar rats
exposed to cadmium chloride toxicity. Our result revealed that exposure
of rats to cadmium for 28 days led to significant decrease in the activities
of superoxide dismutase (SOD) and catalase (CAT) while there was a
decrease in the level of glutathione (GSH). Cadmium also caused a sig-
nificant elevation of malondialdehyde (MDA) in the exposed animals.
Interestingly, HSP pre-administration normalized the deleterious effects

5.
= (A) % (B) B Normal
T
3¢l . a a S 44 @ HSP100
E E @@ cdc,
£ £3 @@ HSP100+CdCl,
4 £ a [ HSP50+CdCl,
] @
5] g1
0 =
L o
0 d
Groups Groups
D
807 (C) 2007 (D) N
2 3, a a
601 4 b 1504
2 0] S = 1001
2 2
20+ 504
0- 0-

Groups

Albumin (mg/dL)

Groups

Groups

(F)
2 a
.—'—.—'—D

Groups

Fig. 2. (A-F): Effect of HSP on (A) Serum Total Bilirubin, (B) Direct Bilirubin, (C) ALT, (D) AST, (E) ALP, (F) Albumin in male wistar rats exposed to Cd respectively.
Data are shown as mean + SD (n = 8). Mean of groups with different alphabet are significantly different while those with the same alphabet are not significantly
different. Beginning from the normal group, the alphabet were assigned according to the significant level of each group in that order.
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of this exposure and further had comparable effect with the normal
group in most of the markers (GSH, MDA and CAT) investigated.

3.4. Effect of Hesperidin on body weights of rats exposed to Cd toxicity

Fig. 4 revealed that exposure of the rats to Cd caused a significant
weight loss in the rats, which further decreased abruptly and stabilized
on the 21st day of exposure. Interestingly, pre-administration of hes-
peridin (both 50 and 100 mg/kg) respectively, significantly modulated
these irregularities in weight gain and loss due to Cd exposure.

4. Discussion

Heavy metals toxicity and their consequent health challenges are
currently on the increasing trend globally. We conducted an organ-
function based investigation on the toxicity effects of exposure of rats
to cadmium chloride and further evaluated whether pre-administration
of hesperidin could ameliorate such deleterious effects. Firstly, we
established that exposure of rats to CdCl, could lead to hepatic dys-
functions using well-known liver function biochemical markers vis-a-vis
Aspartate aminotransferase (AST), Alanine aminotransferase (ALT),
Alkaline Phosphatase (ALP), Total bilirubin, Albumin and Direct bili-
rubin. Cadmium has recently been shown to induce hepatic injury
leading to liver inflammation, hepatocyte death and significant alter-
ation in biochemical markers of liver function [2,45-47]. We further

@ 300
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Fig. 4. Effect of HSP on body weights of Cd-induced pancreatitis in Rats. Data
are shown as mean + S.D (n = 8).
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observed that exposure of rats to Cd in this present study caused sig-
nificant elevation in the serum levels of ALT, AST, ALP, total bilirubin
and direct bilirubin, while albumin was significantly reduced. This sig-
nificant distortion in the serum levels of these biomarkers perhaps
suggests possible hepatocellular damage due to Cd toxicity in the he-
patocytes. Aspartate aminotransferase (AST) and Alanine Aminotrans-
ferase (ALT) are enzymes found mainly in the liver, but also found in red
blood cells, heart cells, muscle tissue and other organs, such as the
pancreas and kidneys [48]. Albeit, these enzymes are constitutively
present in the plasma, however, when body tissues or organs such as the
liver and heart are damaged, additional AST, ALT and ALP are released
into the plasma, leading to abnormal elevation in levels of these en-
zymes in the plasma. Increased serum levels of these enzymes in labo-
ratory investigations, hence suggest the existence of medical problems
associated to the liver [49,50].

More so, albumin is a well-known blood protein transporter and has
recently been projected as a key biomarker in clinical diagnosis of early
liver impairment. Its decrease in the serum has been implicated in the
prognosis of chronic liver diseases such as cirrhosis of the liver, hepatitis
and non-fatty acid liver disease (NAFLD) [51]. Bilirubin is an important
molecule with multiple biological functions. Total bilirubin is the sum of
the un-conjugated and conjugated fractions and its serum elevation has
been implicated in various liver diseases in addition to pancreatic and
biliary malignancy, hemolytic disorders, several inherited enzyme de-
ficiencies, and conditions causing hepatic obstructions [52,53]. There-
fore serum AST, ALT and ALP activities in addition to direct bilirubin
and albumin levels are valuable aid in routine clinical diagnosis of liver
diseases [49,50,54,55]. Hence, our results further validated the growing
scientific evidence that Cd accumulation in the liver after exposure
causes hepatic dysfunction. More interestingly, our results further
revealed that pre-administration of hesperidin significantly reversed the
levels and activities of these biomarkers in a concentration dependent
pattern respectively. Hesperidin may have protective and healing effects
on the structural integrity of the liver perhaps through opposing the
oxidative damage effects of Cd on the lipid components of the hepato-
cyte membrane through the actions of ROS. Hesperidin has already been
shown by others to have strong antioxidant potentials against oxidative
damage in various tissues [25,56,57] and one of the well-known
oxidative mechanism of Cd is by increase in membrane lipid peroxida-
tion leading to elevation in MDA level [2]. We therefore deduce that the
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hepato-protective effect of hesperidin demonstrated in this present
study against Cd toxicity may be through its scavenging action against
various free radicals generated in vivo due to Cd detoxification process in
the liver. Perhaps, hesperidin through its antioxidant potential already
established by others [56,57], quenched free radicals in the kupffer cells
and further improve the efficiency of the detoxification system of the
liver against Cd toxicity.

Furthermore, our result revealed that exposure of the rats to Cd
caused significant distortion in the lipid profile of the rats leading to
dyslipidemia. Cadmium exposure caused a significant increase in the
serum levels of LDL-C and Cholesterol while reducing HDL-C and TG.
This is consistent with the reports of others in both animal models and
humans [58-60] and perhaps suggests that Cd exposure may have high
risk of triggering various cardiovascular diseases due to dyslipidemia.
Dyslipidemia is one of the well-known cause of endothelial dysfunction
leading to cardiovascular diseases, diabetes and other metabolic disor-
ders [61-63]. Hence, elevated serum levels of LDL-C and Cholesterol
with decrease in HDL-C and TG observed in our study due to exposure to
Cd add to existing scientific knowledge that Cd toxicity may be systemic
and perhaps elicits multi-organ damage when it accumulates in the
body. This is also seen in the rapid weight loss triggered in the rats
exposed to Cd. More interestingly, our result revealed that
pre-administration of hesperidin significantly protected the rats from
dyslipidemia due to Cd exposure and normalized the abnormal weight
fluctuations in the rats. More so, hesperidin significantly reduced
elevated LDL-C and Cholesterol while increasing HDL-C and TG in a
slight dose dependent pattern. This was possible perhaps through the
deployment of antioxidant potential of hesperidin.

Our study further revealed significant distortions in the activities of
antioxidant enzymes investigated in the study in addition to other non-
enzymatic markers of oxidative stress. Cadmium exposure markedly
decreased the activities of superoxide dismutase and catalase. This is
consistent with the most recent finding of others [64-67]. Cadmium
being a Fenton metal [7,8], may have bound to these enzymes, inter-
acted with the covalent bonds of their amino acids residues and thus
abruptly inhibited their activities. More so, cadmium exposure
decreased the level of glutathione (GSH) in the animals. Perhaps, cad-
mium accumulation in the liver led to its binding with the sulfhydryls
group of GSH and limited the expansive reductive actions of GSH [68].
This further weakened the antioxidant defense system of the body
leading to overproduction of reactive oxygen species (ROS) [69], which
subsequently enhanced lipid peroxidation evidenced with significant
elevation of MDA observed in this present study. MDA is a product of
lipid peroxidation due to elevation of ROS in the physiological system
and particularly in tissues [2,69]. Cd is also known to increase MDA in
the physiological system [2,67]. Interestingly, hesperidin in this present
study ameliorated all the oxidative dysregulations of both the enzymatic
and non-enzymatic antioxidants caused by Cd exposure. Hesperidin
perhaps by enhancing the activities and/or synthesis of this endogenous
antioxidant enzymes and non-enzymes defense system, further coun-
tered the oxidative effects of Cd toxicity in the physiological system of
the animals. In general, dyslipidemia is multifactorial, however oxida-
tive stress caused by increase in ROS generation has also been implicated
in its etiology [70] and hesperidin may have scavenged these ROS
generated in vivo due to Cd toxicity. It follows that the beneficial effects
of hesperidin against dyslipidemia observed in this present study may
further account for its recent proposed use in the treatment of cardio-
vascular, diabetes and other metabolic diseases [36]. Further mecha-
nistic and computational studies however, would be needed to provide
sufficient scientific evidence and this would form our next line of
research plan in this area of study. Notice that administration of hes-
peridin alone significantly elevated serum levels of TG; this perhaps
suggests that hesperidin should only be recommended for therapeutic
purposes and might be discouraged for leisure intake at high concen-
tration to avoid increase of cardiovascular risk; hesperidin may not be
helpful except in disease and pathological conditions. Our data however
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is not enough to validate this hypothesis at this present time.
5. Conclusion

We have further validated the fact that cadmium exposure exacer-
bates hepatotoxicity in addition to eliciting dyslipidemia and dysregu-
lation of antioxidant defense system in the physiological system of rat
through induction of oxidative stress. Interestingly, we demonstrated for
the first time that pre-administration of hesperidin was able to provide
strong protective effect against these toxicity effects of cadmium. Hes-
peridin may hold a new horizon of hope in pharmacological develop-
ment of therapies against toxicities due to exposure to heavy metals.
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