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Abstract: Aluminum is widely distributed in the environment and present in various food additives, manufactured
foods and therapeutic treatment. Also, it is added to drinking water during purification purposes, thus increasing
human and animal exposure risk to this metal. A body of evidence has accumulated implicating the free radical
generation with subsequent oxidative stress in the biochemical and molecular mechanisms of aluminum toxicity.
Naringenin (NAR) is a naturally occurring plant bioflavonoid, which has been reported to have awide range of
pharmacological properties and free radicals scavenging activities. Since liver and kidney considered critical organs
for Al toxicity, so this study was conducted to elucidate the effectiveness of naringenin in alleviating Al-induced
liver and kidney toxicity in rats. For this, forty male albino rats were allocated into four groups. Group I (control)
received normal saline. Group II was administered NAR at a dose of 50 mg/kg b.wt. Group III was orally treated
with AICl; at a dose of 34 mg/kg b.wt. Group IV was simultaneously treated with AICI; and NAR together at the
same doses. All treatments were performed daily via oral route and maintained for 70 days. Hepatic and renal
dysfunction was evaluated by investigating serum biomarkers. Liver and kidney GPx activity, GSH level and MDA
level as indicator of lipid peroxidation were assayed. Histopathological examination of liver and kidney was
conducted. Aluminum treatment resulted in a significant increase in serum AST, ALT, ALP activities, billirubin
concentration, urea and creatinine level with decreased serum total protein and albumin. AICl; significantly inhibited
the GPx activity, reduced GSH level and increased MDA level in liver and kidney. Histopathological examination
revealed deformities in hepatic and renal tissues due to aluminum exposure which augment the aforementioned
results. Co- administration of NAR along with Al significantly restore the serum biomarkers to their near-normal
levels and have the ability to overcome Al —induced oxidative stress, manifested by significant reduction in hepatic
and renal MDA level, with enhanced cellular antioxidant defense particulary GPx and GSH and preserved normal
hepatic and renal histological architecture. From these results, it could be concluded that NAR can mop up Al-
induce toxicity, suggesting that the hepatoprotective and nephroprotective potential of NAR in aluminum toxicity
may be owed to its antioxidant and metal chelating properties, which may be useful in achieving optimum effects in
Al-induced hepatic and renal damage.
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1. Introduction allergen injection (Exley,1998) and this has allowed

Aluminum is the third most abundant metal, its easy access into the body (Yokel, 2000). The
comprising about (8%) of the earth’s crust, is found in primary sources of aluminum are corn, yellow cheese,
combination with oxygen, silicon, fluorine and other herbs, spices, salts, tea, cosmetics, cookware,
elements in soil, rocks, clays and gems and has a aluminum ware and containers. Also it is widely used
significant toxic potential for humans (Verstraeten et in food additives, deodorants and toothpaste (Abbasali
al., 2008). Aluminum is widely distributed in the et al., 2005). Aluminum gets access to the body via the
environment and extensively used in daily life, which gastrointestinal and respiratory tracts and accumulates
was enhanced by the belief that it is non-toxic and is in many tissues, such as kidney, liver, heart, blood,
quickly excreted from the body in urine. However, this bone and brain (Al-Kahtani, 2010). Environmental
element has a negative impact on human health pollution with the different aluminum containing
(Kumar and Gill, 2009). Aluminum is a constituent compounds, especially those in industrial waste water,
of cooking utensils especially in developing countries and from particulate matter distributed by cement —
and medicines such as antacids, phosphate binders, producing factories containing high amount of
buffered aspirins, vaccines, antiperspirants and aluminum expose the populations residing in the
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vicinity to higher than normal level of aluminum
(Shehla et al., 2001).

The toxic effect of aluminum have been
suggested to be mediated by reactive oxygen species
generation resulting in the oxidative deterioration of
cellular lipids, proteins and DNA and also induces
changes in the activities of tissue antioxidant enzymes
(Farina et al., 2005; Mailloux et al, 2011), altered
gene expression and apoptosis (Stohs et al., 2000).
The induced oxidative stress by aluminum and its salts
is responsible for hepatotoxicity (Mailloux et al,
2011), nephrotoxicity (Farina et al,, 2005), cardiac
toxicity (Nan et al, 2009), reproductive toxicity (Al-
Hashem, 2009) and also neurodegenerative disease
and Alzheimer like neurofibrillary tangle formation
(Nehru and Anand, 2005). Aluminum ions alter the
properties and structure of cellular membranes, inhibit
many enzymes like alkaline  phosphatase,
acetylocholinestrase, and adenylcyclase (Exley and
Birchall, 1992; Ward et al, 2001). Additionally,
antagonistic interactions between Al ions and other
elements such as magnesium, calcium, silicon, iron,
phosphorus, zinc, and copper were observed in
biological systems (Ward et al., 2001). The excessive
mitochondrial reactive oxygen species generation
triggers hepatocyte apoptosis and depletes the
endogenous antioxidant enzymes through activation of
the caspases cascade, such as caspase-3, -8, and 9.
Therefore, the external supply of antioxidants is
important to suppress caspase activation and for the
defense against the deleterious effects of oxidative
stress (Schulze-Bergkamen et al, 2006; Ozben,
2007). Although several chelating agents and
antagonists are establishedto reduce the metal toxicity,
some of them are burned with undesirable side effects.
Due to the intrinsic limitations and variability of
efficacy of heavy metal chelating agents, metal
intoxication therapy is looking for the development of
new therapeutic agents with different actions
especially from phytochemicals. Flavonoids are one of
the most numerous and widespread group of naturally
occurring antioxidants that can inhibit lipid oxidation
in a biological membrane. They are found
invegetables, fruits, nuts, seeds, leaves and barks of
plants (Middleton ef al., 2000). They usually contain
one or more aromatic hydroxyl groups in their moiety
which is responsible for the antioxidant properties of

the flavonoids (Van Acker et al, 2000).
Naringenin(4, 5, 7-trihydroxy flavonone) is a
bioflavonoid plant found in tomato, cherries,

grapefruit, citrus fruits, and coca. Naringenin (NAR)
have already been pharmacologically evaluated as
anticancer (So et al., 1997), a potential antioxidant
(Santos et al., 1999), antiatherogenic (Lee et al.,
2001), hepatoprotective (Lee et al, 2004),
nephroprotective (Badary et al.,, 2005) and anti-
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mutagenic (Choi et al.,, 1994) activities. The number
of hydroxyl substitutions of NAR can donate hydrogen
to ROS, allowing acquisition of stable structure, thus
enabling scavenging of these free Radicals (Shen et
al., 2004; Heo et al., 2004). Naringenin may modulate
cytochrome P450-dependent monooxygenase, the
primary enzyme involved in the metabolism of many
xenobiotics (Ueng et al, 1999). Furthermore, Van
Acker et al. (2000) reported that aglycone of
naringenin, naringin can assume the role of alpha-
tocopherol as achain-breaking antioxidant in liver
microsomal membrane. To our knowledge the role of
naringenin against Al-induced deteriorations in hepatic
and renal tissues has not so far been studied.
Therefore, taking the above into account, the present
study was carried out to determine hepatotoxicity and
nephrotoxicity of AICl; in adult male albino rats and
to evaluate the antioxidant, hepatoprotective and
nephroprotective potential of naringenin against the
possible -induced hepatic and renal dysfunction
caused by AICI;.

2. Material and Methods
I-Chemicals and Reagents

Aluminum chloride (AICl;) was purchased from
Al Gomhoria Chemical Company, Egypt. Naringenin
(NAR) was purchased from Sigma Chemical
Company, St. Louis, Missouri, USA. All other
chemicals used in this study were of analytical grade.
II-Animals

Forty male albino rats, weighing at the beginning
of the experiment (220+20)gm., were purchased from
laboratory animal farm (Helwan, Cairo, Egypt) and
housed (Animal House, Faculty of Veterinary
Medicine, Zagazig University, Egypt) in standard
cages in groups of ten animals per cage under
controlled conditions (temperature 25+0.5°C, a 12:12
light/dark cycle), and relative humidity (50-60%) and
were given a standard diet and water ad [libitum.
Animal handling and treatment procedures were
conducted according to the Guidelines for the Care
and Use of laboratory animals of the National
Inistitute of Health(NIH) and approved by a research
ethics committee of the Faculty of Veterinary
Medicine at Zagazig University. Animals were
acclimatized under control condition at the laboratory
for two weeks before use.

II-Experimental Design and Sampling protocol

Rats were randomly divided into four main
groups (ten/each group):

Group I (control group) received normal saline.
Group II (NAR-treated group) was gavaged with NAR
at dose of 50 mg /kg/ b.wt (Mershibo et al, 2013).
Group III (AlCl;-treated group) was orally
administered AICI; at a dose of 34 mg /kg b.wt
(Newairy et al, 2009). Group IV (AICL;+ NAR-
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treated group) was simultaneously treated with AlCl;
(34mg/ kg b.wt) and NAR (50 mg /kg b.wt). Rats were
orally administered their respective doses daily for 70
days.

At the end of the experimental period, rats of
each group were scarified by decapitation; blood was
collected directly into plain tubes without
anticoagulants then centrifuged at 3000 rpm for 10
min to obtain serum, stored at -20°C in clean capped
tubes until conducting the biochemical analysis of
liver and kidney functions. Livers and kidneys were
dissected rapidly, a part of these tissues were
separately homogenized in 5ml cold 20 mM HEPES
buffer, pH 7.2, containing ImM EDTA, 210 mM
mannitol, and 70 mM sucrose per gram tissue.
Homogenates were centrifuged at 10.000 x g forl5
minutes at 4 °C and the resultant supernatant was
removed and stored at -80°C until used for antioxidant
enzyme activities and lipid peroxidation (MDA)
assays. The other part of liver and kidney tissues were
promptly washed with normal saline and processed for
histopathological studies.

IV-Biochemical investigation
1-Estimation of serum biochemical parameters

Serum ALT and AST were determined using
Spectrum Kits, Egyptian Company for Biotechnology,
Cairo, Egypt (REF: 265 002 for ALT and 261 002 for
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Fig. 1 Effects of NAR on serum AST, ALT and ALP
were significantly different( p < 0.05) (means + SE, n =

AST) following the steps recommended by kits
according to (Breuer, 1996). Alkaline phosphatase
(ALP) was measured calorimetrically (Belfield and
Golberg, 1971). Serum total proteins and albumin
were determined according to (Doumas et al.,, 1981)
and (Drupt, 1974) respectively, while total bilirubin
was determined calorimetrically according to
(Schmidt and Eisenburg, 1975). Serum urea and
creatinine were determined according to (Patton and
Crouch, 1977) and (Bonsens and Taussky, 1984)
respectively.
2-Antioxidants and lipid peroxidation assays in
tissue homogenate

Reduced glutathione (GSH) level was
determined in the liver and kidney tissue homogenates
using a kit supplied by Cayman (Cat. No. 703002,
Cayman, USA) according to (Ellman, 1959).
Glutathione peroxidase (GPx) activity was measured
by a kit (Cat. No. NWK-GPXO01) obtained from
Northwest Life Science Specialties (NWLSSTM)
according to (Lawrence and Burk, 1976).
Malondialdehyde (MDA) level was analyzed by
estimation of the produced thiobarbituric acid reactive
substances (TBARS) by the method of (Buege and
Aust, 1978) using a TBARS assay kit (Cat. No.
10009055, Cayman, USA).
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activities in AlCl;-treated rats. Bars bearing different letters
10).

95



Life Science Journal 2016;13(15s)

http://www.lifesciencesite.com

V-Histopathological Examination

Small pieces of liver and kidney tissues were
collected and fixed at 10% buffered neutral formalin
solution, dehydrated in graded ethanol (70-100%),
cleared in xylene and embedded in paraffin. Five
micron thick paraffin sections were prepared and
routinely stained with hematoxylin and eosin (HE)
dyes (Wilson and Gamble, 2008) and then examined
microscopically.
VI-Statistical analysis

The results were expressed as the mean =+
standard error (SE). Statistical analysis was performed
using oneway analysis of variance (ANOVA)
followed by the post hoc Duncan’s test for comparison
between different experimental groups. This was
carried out using IBM SPSS Statistics computer
software (version 21). p-values <0.05 were considered
statistically significant.
Results
I- Effects of Al and co-treatment with NAR on
serum liver and Kkidney functions (serum
biochemistry)

Oral administration of AlCl; to male rats for

70 days resulted in significant increase(P< 0.05) in
serum activities of AST, ALT and ALP, total bilirubin
concentration, urea and creatinine level and
statistically significant decreased (P< 0.05) in serum
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total protein and albumin concentration when
compared with the control group. The co-treatment of
rats with AlICl; and NAR for the same period improves
liver and kidney status and retained the
aforementioned parameters towards the normal level
when compared with the AICl; treated group Figs (1-
3).

II-Effects of Al and co-treatment with NAR on
oxidative stress parameters in liver and kidney
tissue homogenates:

The effects on some components of the oxidative
system in the liver and kidney of male rats after 70
days of exposure to AICl; and NAR were represented
in Figs (4&5). There were a significant depletion of
GSH level, decreased GPx activities with concurrent
significant elevation(P< 0.05) in the MDA level in the
liver and kidney tissues of orally exposed rats to AlCl;
when compared with the control group. NAR
administration along with AICl; success to ameliorate
the deleterious effects produced by Al via
improvement of antioxidant status, causing elevation
of GPx activities, GSH levels with a significant
decrease (P < 0.05) in the levels of MDA when
compared with AICl; treated group. Notably, NAR
alone enhanced the antioxidant level to higher level
than normal Fig.(5) indicating high antioxidant
potential.
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Fig. 2 Effects of NAR on serum protein profile (total protein, albumin and total bilirubin concentration) in AlCl;-
treated rats. Bars bearing different letters significantly different( p <0.05) (means + SE, n = 10).
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Fig. 3 Effects of NAR on serum level of urea and creatinine in AlCl;-treated rats. Bars bearing different letters
significantly different ( p <0.05) (means + SE, n = 10).
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Fig. 4 Effects of NAR on oxidative stress parameters in liver tissue homogenates of AlCl;_treated rats. Bars bearing
different letters significantly different(P < 0.05) (means + SE, n = 10/ group).
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Fig. 5 Effects of NAR on oxidative stress parameters in kidney tissue homogenates of AICI;. treated rats. Bars
bearing different letters significantly different(P < 0.05) (means + SE, n = 10/ group).
p - AL R T TS " : o . > " A

TITHEAE SR

w

J 7 N v \ L AW $a 'Y ! ALY

Fig. (6): Histopathological changes in the liver and kidney tissue of experimental groups. (A) Liver of control rat
group showing normal classic hepatic lobule with central vein, hepatic plates, polygonal hepatocytes with central
basophilic nuclei.(B) Liver tissue section of NAR-treated group showing afeature of normal hepatic
parenchyma.(C)Section of liver of AICl;treated rats showing multiple areas of coagulative necrosis containing
extravasted erythrocytes and mononuclear cell infiltration. (D)Liver tissue section of NAR and Aluminum co-treated
rat showing nearly normal hepatic cells with the presence of numerous bile duct and a few leukocytes in inter
lobular tissue. (E) Kidney section from control rat group showing renal cortex with normal malpigan corpuscle,
proximal and distal convoluted tubules. (F) Kidney tissue section of NAR-treated group showing normal renal
parenchyma.(G)Kidney section of AICl; treated rats showing fibroblastic proliferation, dilated blood vessels and
cystic tubules in the renal medulla.(H) Kidney section from NAR and Aluminum treated group showing mild
hydropic degeneration of a few cortical renal tubules and dilated glomerular space. H&E x400
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ITI-Histopathological results:

Concerning the histopathological finding, normal
hepatic lobule with central vein, hepatic plates,
polygonal hepatocytes with central basophilic nuclei is
characteristic for rat liver of control group (Fig.6 A).
Nearly normal hepatic parenchyma seen in liver tissue
section from NAR —treated group (Fig.6 B).
Multifocal necrotic areas with extravasted erythrocytes
and few mononuclear cell infiltration. Portal space
contained numerous bile ductules with round cell
infiltration. Inflammatory reaction was seen in portal
areas that extended to the interlobular tissues were
seen in hepatic tissue of AlCI; treated group (Fig.6C).
Meanwhile hepatic tissue of rats simultaneously
treated with AICl; and NAR showed nearly normal
hepatic parenchyma and few inflammatory -cells
containing bile ductules could be seen in interlobular
tissue and portal areas (Fig.6 D). Renal cortex with
normal malpigan corpuscle, proximal and distal
convoluted tubules is characteristic for the kidney of
the control rat group (Fig.6E). Also normal renal
tissue parenchyma without any microscopical
abnormalities is characteristic for the kidney tissue
section of NAR-treated group. (Fig.6 F). The kidney
of rats orally administered AICl; showed various
degenerative or necrotic changes usually seen in the
majority of renal tubular epithelial of renal cortex with
congestion of blood vessels and peritubular capillaries,
and dilated glomerular spaces. Additionally, the focal
fibroblastic proliferation forming band containing
numerous dilated capillaries could be encountered in
renal medulla (Fig.6 G). Mild hydropic degeneration
of a few cortical renal tubules and dilated glomerular
space could be seen in renal tissue of rats co-treated
with AICl; and NAR (Fig.6H). H&E x 400.

4. Discussion

Aluminium is ubiquitous in the environment, its
extensive industrial use provides us the impetus to
scope its toxicity. For a long time, it was considered a
nontoxic metal, but more attention has been focused
on its adverse effects on human and animal health
(Zattal et al., 1991). Despite its presence in drinking
water during purification purposes, in many processed
foods, medicines, and its use in food storage vessels,
cans, which may increase its content, particularly in
salty, acidic or alkaline foods (Ribes et al., 2008).

There are some data prove that Al has the
potential to be toxic in humans animals (Newairy et
al., 2009). Oxidative stress is considered to be a major
contributor, a trigger for sever metal toxicity and has
been reported to be associated with long retention of
metals in some tissues (Bagchi et al, 2000). Currently
the development of naturally occurring bioactive
compounds as synthetic antidotes and metal-chelators
have gained much attention and has been studied
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widely to explore their action (Reboul ef al, 2007;
Flora et al., 2007). Natural antioxidants, especially
flavonoids have gained much interest as a mean to
prevent oxidative damage under several pathological
problems. They contain one or more aromatic
hydroxyl groups in their moiety which is responsible
for the antioxidant activity (van Acker et al., 2001)
and have been proven for their beneficial effects in
many diseases by reducing the condition of oxidative
stress (Young and Woodside, 2001). NAR is a
flavonoid that is considered to have a bioactive effect
on the human health, it has been shown to possess
various pharmacological actions and therapeutic
applications (Jayaraman et al., 2009). In this context,
we have investigated the ameliorating potential of the
flavonoid NAR against aluminum-induced toxicity in
rats with serum biochemical changes, oxidative stress
and histopathology of liver and kidney.

The oral administration of AICl; to male rats for
about 70 days resulted in alteration in some selected
serum parameters. Concerning the effects of AICl; on
liver function, there were significant increase in serum
activity of transaminases (ALT & AST) and ALP in
AICI; treated rats when compared with the control
group (Fig.1 ). The increased level of transaminases is
in agreement with previous studies (Hassoun and
Stohs, 1995; Yousef, 2004). The releasing
transaminases from the cell cytosol can occur
secondary to cellular necrosis and/or disturbance in the
biosynthesis of these enzymes with alteration in the
permeability of liver membrane. So elevated serum
level of AST and ALT is indicative of liver disease
and cellular degeneration(Gaskill er al, 2005).
Similarly, Viezeliene et al. (2011) found that the 4-
fold increases in the activity of serum ALT in mice
treated with aluminum indicates significant liver cell
damage has occurred. Therefore, an increase in the
serum level of these enzymes suggests liver damage
and alterations in liver function. Because it is a
membrane-bound enzyme related to the transport of
various metabolites, ALP is a sensitive biomarker of
liver disease (Lakshmi er al., 1991). AlICl;-induced
increases in ALP activity are in agreement with
previous published results (Szilagyi er al, 1994;
Ochmanski. and Barabasz, 2000) who owed the
increased level of ALP to the increased osteoplastic
activity, provoked by the disturbance of bone
formation. The activity of ALP is concerned with
energy metabolic activities and processes in the body
so the decrease in its activity may indicate impaired
energy processing of the cells (Shakoori ef al., 1994).
Additionally Ochmanski and Barabasz. (2000)
stated that aluminum may bind to DNA, RNA and
inhibit the activities of acid and alkaline phosphatases.

AICI; treatment caused a significant decrease in
serum level of total protein and albumin with a
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concurrent increase in total serum bilirubin, urea and
creatinine level when compared with control group
(Figs 2&3). The inhibitory effect of AICl; on protein
profile is in agreement with the finding of (Youssef,
2004; El-Demerdash, 2004; Al-Hashim, 2009)
although the intestine regulates the amino acid uptake,
the liver is the major important, because it regulates
protein metabolism. So, the significant decrease in the
concentrations of the total proteins in AICI;_treated
rats, espicially the albumin could be attributed to the
undernutrition and a reduction of the protein synthesis
capability in the liver (Cherroret et al, 1995). Also,
the decreased serum proteins could be attributed
primarily to the damaging effect of AICI; on liver cells
as confirmed by the increase in the activities of serum
AST, ALT and ALP (Fig.1). The increased level of
total bilirubin may be attributed to decreased liver
uptake, conjugation or from increased hemolysis
(Rana et al., 1996) or due to the increased free radical
production (Thomas et al., 2004) or due to the onset
of periportal necrosis as proved by histopathological
study of liver (Fig.6. C). Naringenin co-administration
succeeded to attenuate aluminum-induced
hepatotoxicity with significant restoration of some
biochemical indicators as shown by the decreased
serum levels of AST, ALT, ALP and bilirubin and
elevated level of total protein and albumin when
compared with AICl;- treated rats, thus offering
protection  against aluminum  toxicity.  The
hepatoprotective action of NAR was demonstrated by
(Renugadevi and Prabu, 2010; Mershiba er al,
2013). These effects clearly indicate that naringenin
may offer protection by stabilizing the cell membrane
in hepatic damage induced by aluminum. Simillarly, it
has been reported that naringenin decreases the liver
marker enzymes during methyl nitrosamine-induced
hepatotoxicity (Lee et al, 2004) via its
antilipoperoxidative  activity.  Another  possible
mechanism by which NAR restores the hepatocellular
integrity could be attributed to selective inhibition of
eicosanoid synthesis, thereby reducing inflammatory
responses (Mershiba et al., 2013).

The elevated serum urea and creatinine levels in
AICl;-treated rats are considered as a significant
marker of renal dysfunction (Fig.3), and this is
supported by the finding of Szilagyi et al. (1994), who
reported that altered serum urea level may be related
to metabolic disturbances (e.g cation—anion balance
and renal function). Furthermore, Katyal et al. (1997)
said that aluminium has been implicated in the
pathogenesis of several clinical disorders, such as
renal dysfunction. The increase in serum urea
concentrations of animals treated with aluminium may
be due to its effect on liver function, as urea is the end-
product of protein catabolism and this is confirmed by
the decrease in serum proteins (Fig 2) and/or referred
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to liver dysfunction as proven by the increase in serum
AST, ALT and ALP activities (Figl). The increased
urea and creatinine level is in line with many authors
as (Newairy et al., 2009; Mahmoud and Elsoadaa,
2013).

Concurrent treatment of NAR with aluminum
was found to improve renal function as observed by a
significant decrease in the levels of serum urea and
creatinine (Fig. 3). This corroborates with Badary et
al. (2005), the later reported that naringenin able to
protect cisplatin-induced nephrotoxicity through its
antioxidant capacity. Also the present finding supports
the earlier reports of NAR on renal oxidative damage
in rats as stated by (Gnanasoundari and Pari, 2006;
Renugadeviand Prabu, 2009; Mershiba er al,
2013).

Aluminum chloride treatment resulted in a case
of oxidative stress represented by decreased level of
GPx and lowered GSH contents with the elevated
MDA level (an indicator of lipid peroxidation) in liver
and kidney tissues homogenates. These observations
are similar to the data reported by Yousef (2004),
Nehru and Anand (2005); Yousef ef al. (2005) and
(2007) who stated that aluminium intake produces
oxidative stress. Although aluminium is not a
transition metal, it cannot initiate peroxidation, many
investigations have searched for a correlation between
aluminium accumulation and oxidative damage in the
tissues (Cherroret ef al., 1995; Wilhelm et al., 1996;
Nehru and Anand. 2005). An in vitro study has
indicated that aluminum greatly accelerates iron-
mediated lipid peroxidation (Wilhelm ez al, 1996).
Another study reported that aluminum exposure could
result in disruptions in mineral balance disturbances in
which  Aluminum ions/radii replace iron and
magnesium ions resulting in reduction of Fe2+
binding to ferritin(Ward et al., 2001). Free iron ions
released from biological complexes by Aluminum can
catalyze hydrogen peroxide decomposition to
hydroxyl radical according to Fenton's reaction(Ward
et al., 2001). This high hydroxyl radical reactivity is
able to initiate the peroxidation of membrane lipids
and thus causing membrane damage. The primary
effects of aluminum on the liver and kidney functions
are thought to be mediated via cell membrane damage.
Lipid peroxidation of the biological membranes results
in the loss of membrane fluidity, changes in membrane
potential, an increase in membrane permeability and
alterations in receptor functions (Nehru and Anand,
2005). In this study there was increased lipid
peroxidation measured in terms of MDA level in liver
and kidney of AICIl; exposed rats as shown in
(Figs.4&S5). These results are in agreement with Fraga
et al. (1990); Katyal et al. (1997); Ward et al.
(2001); Nehru and Anand (2005) who reported that
aluminum intoxication resulted in significant increased
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lipid peroxidation markers. The increased lipid
peroxidation is due to an inhibition or changing the
activity of non-enzymatic and enzymatic components
of the oxidative system. Also Orihuela et al. (2005)
reported that a high dose of aluminum is able to
induce free radicals and so decrease the GSH level.
Aluminum decreases the GSH synthesis probable by
decreasing the activity of glutathione synthesis, thus
leading to decreased GSH level. On the other hand, it
has been demonstrated that aluminum can inhibit
NADPH-generating enzymes such as NADP-isocitrate
dehydrogenase and glucose 6-phosphate
dehydrogenase. Since, NADPH is shown to be a main
factor for the GSH regeneration, the decreased GSH
level could be also ascribed to insufficient supply of
NADPH (Newairy et al., 2009). The decreased GPx
activities in liver and kidney are in accordance with
Nehru and Anand, (2005); Newairy et al.(2009).
The higher intracellular aluminum concentration
reduced protein synthesis of antioxidant enzymes and
subsequently reduced their activities (Nehru and
Anand, 2005).

Simultaneous administrations of NAR with AlCl;
replenish the antioxidant enzyme activities near to
normal seen as increased GPx activities, GSH level
and diminish MDA level as a marker of LPO in liver
and kidney when compared with AlCl;-treated rats.
This might be due to the ability of naringenin to
reduce the accumulation of free radical generation
during Al-induced lipid peroxidation. Mira et al.
(2002) reported that naringenin protects cells from
ROS mediated cell death through its antioxidant
nature. Administration of NAR can chelate the ferrous
iron and decrease the formation of hydroxyl radical
via inhibition of iron-dependent Fenton reaction
(Cheng and Breen, 2000). It is well documented that
NAR effectively quenches free radicals because of
their 4-hydroxyl group in the ring possessing electron
donating properties, also being on radical target which
thereby protect the membrane from free radical attack
and thus protect the membrane and inhibit the lipid
peroxidation (Amic ef al., 2003). The lipophilic nature
of naringenin is able to facilitate its adherence to lipid
bilayer which might decrease the formation of free
radicals and protects the cell membrane (Honohan et
al.,, 1976). Naringenin able to inhibit the radical
generation, could further reduce the oxidative threat
caused by aluminum, which could mitigate the
consumption of endogenous enzymatic and non-
enzymatic antioxidants and increased their levels and
markedly reduces the hepatic and renal LPO. The
biological mechanism may be associated with their
metal-binding abilities which urge on the antioxidant
action of NAR in the liver and kidney tissue.
Additionally, Felgines et al. (2000) reported that the
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phenolic acid metabolites of NAR were involved in
the antioxidant activity.

Our aforementioned results were corroborated by
histopathological studies of liver and kidney. The
histopathological observations of the liver and kidney
tissues revealed many deformities due to aluminum
treatment. The observed histological alterations in
hepatic tissues of aluminum treatment include
multifocal necrotic areas with extravasted erythrocytes
and leukocytes infiltration (Fig.6C). Various
degenerative or necrotic changes seen in the majority
of renal tubular epithelial of renal cortex with
congestion of blood vessels and peritubular capillaries,
and dilated glomerular spaces were seen in examining
kidney tissue (Fig.6G). These results are concordant
with other reports (El-Kenawy et al, 2012;
Bhaduria, 2012; Mahmoud and Elsoadaa, 2013;
Shirvastava, 2013; Al Kahtani et al, 2014). These
histopathological changes may be attributed to the Al
accumulation in the liver and kidneys, which promote
degeneration of hepatic and renal tubular cells(El-
Kenawy et al, 2012). Additionally, Al- induced
hepatotoxicity (Kutlubay, 2007) and nephrotoxicity
(Mahieu et al., 2009) is mediated by free radical
generation and subsequent lipid peroxidation that can
cause cytotoxicity and hepatocellular damage.
Administration of NAR reduced the histological
alterations provoked by aluminum quite appreciable. It
can be attributed to the NAR antiradical/ antioxidant
efficacy, which significantly decreased the oxidative
stress leading to the reduction of histopathological
alterations and restoration of normal physiological
state of an organism. Previous results have suggested
that NAR reduced the histological alterations caused
by cadmium-induced nephrotoxicity Renugadevi and
Prabu (2009), hepatotoxicity Renugadevi and Prabu
(2010) and oxytetracycline induced- acute proximal
tubular necrosis Gnanasoundari and Pari (2006).

Taken together, our findings indicate that the
administration of naringenin in aluminum intoxicated
rats counteracted the oxidative hepatic and renal
dysfunction attributed by aluminum. Treatment with
naringenin appreciably reduced the abnormal changes
induced by aluminum and restored the serum
biomarkers, increased antioxidant enzyme activities
and decreased level of MDA towards near normal.
Hepatoprotective and nephroprotective nature of
naringenin against aluminum was further supported by
the improvement in the histopathological changes
occasioned by aluminum in liver and kidney.

Conclusion

In view of the present study, it can be concluded
that naringenin played a role of an antioxidant, which
includes free radical scavenging and metal-chelating
property and thereby improved the detrimental state of
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liver and kidney cells which unraveled its use as a
possible mitigator/attenuating agent in aluminum-
induced hepatotoxicity and nephrotoxicity.
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