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Abstract: Aluminum is a ubiquitous element with known toxicity for both human and experimental animals. It has
been implicated in the pathogenesis of several diseases. The present study investigates the possible hepatoprotective
role of melatonin in modulating the toxicity and the oxidative stress induced by chronic exposure to aluminum
chloride (AIClL;) in the liver of male rats. 40 male rats were divided into four groups (10 rats each): vehicle control
group treated with alcoholic saline, AICl; group treated with 20 mg/kg of AlICl;, melatonin group treated with 5
mg/kg of melatonin, and melatonin+AICl; group treated with the previous doses of both AICl; and melatonin. Rats
were treated orally once daily for 30 consecutive days. Alanine aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP), total bilirubin, total lipids, total cholesterol, triglycerides, glucose and total
proteins were measured in the plasma to assess the liver functioning. Liver specimens were also collected for
histopathological examination and also for assessment of hepatic level of malondialdehyde (MDA), reduced
glutathione (GSH) in addition to the activity of glutathione peroxidase (GPx), superoxide dismutase (SOD) and
catalase (CAT). The results showed that the oral administration of AlCl; caused significant (p<0.05) increases in the
plasma level of the ALT, AST, ALP, total bilirubin, total lipids, total cholesterol, triglycerides and glucose while the
level of total proteins was found to be decreased. Moreover, AlCl; induced oxidative stress as indicated by a
significant increase in the level of MDA with a concomitant decrease in the GSH content as well as in the activity of
GPx, SOD and CAT in the liver tissue. Histological examination for liver sections revealed marked necrosis and
degeneration of hepatocytes, centrilobular necrosis, congestion of the central vein, vacuolization of cytoplasm,
infiltration of inflammatory cells, dilatation and congestion of the blood sinusoids. Pretreatment with melatonin in
AICl;-treated rats alleviated the previously mentioned alterations in the biochemical and oxidative stress parameters
and restored their values toward the normal value of the control group. Moreover, it improved to a large extent the
histological changes induced by AICl; in such a way that more or less normal architecture of the liver was observed.
Therefore, the data obtained in the present study confirmed the deleterious effects of AICl; in the liver. Moreover, it
can be concluded that these effects could be overcome or, at least, significantly minimized by the administration of
melatonin.
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1. Introduction medications, astringents, and antacids (Zhou and
Aluminium (Al) is ubiquitous in the Yokel, 2005). Industrial waste water and particulate
environment, it makes up close to 8% of the Earth’s matters emitted from cement-producing factories also
crust by weight. It is released to the environment contain high amount of Al which results in
either naturally through weathering and erosion environmental pollution (Fatima et al., 2001).
processes or from various anthropogenic sources. Aluminum has the potential to be toxic for both
This element has a myriad of uses in daily life human and animals. It was included in the priority
throughout the world and in particular in developing list of hazardous substances identified by The
countries. It is alloyed with other metals and used in Agency for Toxic Substances and Disease Registry
many industries including ship building, electrical (ATSDR, 2007). It accumulates in various
building and motor vehicle industries. Exposure to Al mammalian tissues such as the kidneys, liver, heart,
is almost inevitable, humans are frequently exposed brain and is related to cardiotoxicity, nephrotoxicity,
to Al by the inhalation of ambient air and the neurotoxicity and hepatic dysfunctions (Reinke ef al.,
ingestion of food and water (Soni et al., 2001). 2003). Intoxication with Al exacerbate reactive
Consumption of processed food and water purified oxygen species (ROS) formation (Bondy et al., 1998)
using Al-containing additives is the main route for and has been found to cause oxidative damage of
this metal to enter the human body (Newairy et al., lipids, proteins and DNA (Gonzalez et al., 2007,
2009). Another source of exposure is the use of Al- Newairy ef al., 2009). Salts of Al may inhibit
containing compounds such as antiperspirants, enzymes like acid and alkaline phosphatases,
cosmetics, internal  analgesics, anti-ulcerative phosphodiesterase and phosphooxydase (Ochmanski
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and Barabasz, 2000). The toxicological effects of Al
in humans include encephalopathy (Alfrey et al.,
1976), bone disease (Ward et al., 1978), anemia
(Short et al.,1980). Furthermore, Al is possibly a
contributing factor in the development of
Alzheimer’s disease (Campbell, 2002).

Melatonin (5-methoxy-N-acetyltryptamine) is a
natural compound of almost ubiquitous occurrence.
Its presence has been demonstrated in all major taxa
of organisms, as far as tested, including bacteria,
unicellular eukaryotes, algae, fungi and invertebrate
animals (Hardeland and Fuhrberg, 1996). Moreover,
several studies dealt with melatonin in edible plants
(Reiter and Tan, 2002). It is relatively nontoxic and
highly lipophilic molecule that can easily cross cell
membranes and blood-brain barrier (Hardeland,
2005). It displays a wide spectrum of metabolic and
physiological effects including hypothermic (Dolberg
et al., 1998), analgetic, cardio-and neuroprotective
effects (Lagneux et al., 2000), anti-apoptotic activity
(Sainz et al.,1999) and antidepressive (Ergiin et al.,
2008). Melatonin acts as a regulator for many
physiological functions such as endocrine rhythm,
antigonadotropic effects and stimulation of the
immune system (Csernus and Mess, 2003).
Melatonin is a very powerful endogenous antioxidant
with a known ability to remove ROS and reactive
nitrogen species (Mahieu et al., 2009). Moreover,
metabolites of melatonin have been found to protect
tissues against oxidative damage generated by a
variety of toxic agents and metabolic processes (Tan
et al., 2007). Melatonin upregulates several
antioxidant enzymes, most frequently, glutathione
peroxidase (Barlow-Walden et al, 1995) and
sometimes glutathione reductase (Liu and Ng, 2000).
It is also essential for avoiding radical formation
through downregulation of prooxidant enzymes, in
particular nitric oxide synthases (Storr ef al., 2002).

Therefore, the present study firstly aimed to
investigate the possible AICl;-induced changes in
enzyme activities, oxidative stress biomarkers and
some biochemical parameters in the plasma and liver
of male rats. Since there is always need for a
successful therapeutic approach that might inhibit the
initiation and progression of diseases, the present
study also evaluates the potential hepatoprotective
effect of exogenous melatonin in ameliorating these
possible alterations.

2. Material and Methods
2.1. Chemicals:

All chemicals used in the present study were of
analytical grade and were purchased from Sigma-
Aldrich Chemical Co. (St Louis, Mo, USA). AICl;
was dissolved in physiological saline while melatonin
was dissolved just before use in a vehicle composed
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of 1% ethanol (96%) and 99% saline. All kits used in
the present study were the products of Biodiagnostic
Co. (Egypt), Biosystems CO. (Spain) and Randox
Laboratories (United Kingdom).

2.2. Animals and Experimental Protocol:

Forty male albino Sprague-Dawley rats
(weighing 170-190 gm) were purchased from the
animal house of the High Institute of Public Health,
Alexandria University, Alexandria, Egypt. Rats were
housed in stainless steel cages (5 rats/cage). The
animals were kept under controlled conditions of 12
h light-dark cycle, room temperature of 22-25°C,
relative humidity of 40-60%. The animals were
allowed free access to standard pelleted food and
water. After two weeks of acclimatization to the
laboratory conditions, rats were randomly divided
into 4 experimental groups (10 rats in each) as
follows: Group 1 (vehicle control): was administered
alcoholic (1%) saline, Group 2 (AICI;): given AlICI;
at a dose of 20 mg/kg bw (1/20 LDs, of AICI; as
reported by Krasovskii et al., 1979), Group 3
(Melatonin): administered melatonin alone at a dose
of 5 mg/kg bw, Group 4 (Melatonin+AICl;): given
the previous doses of melatonin and AlCl; in groups 3
and 2. Doses were administered orally by gavage
(since the main route of human exposure is the oral)
once daily for 30 consecutive days. Melatonin was
administered at 18:00, 30 minutes before the
administration of AlCl; since it is rapidly metabolized
(Vakkuri et al.,1985). The doses of AICl; and
melatonin were calculated according to the animal's
body weight before treatment. All rats were handled
in accordance with the standard guide for the care
and use of laboratory animals.

2.3. Blood Sampling:

At the end of the experimental duration, rats
were fasted overnight, with free access to water.
Under light anesthesia with diethyl ether, rats were
sacrificed by cervical decapitation and the blood was
collected into heparinized tubes. The collected blood
was then centrifuged at 4000 rpm for 15 minutes, the
obtained plasma was stored at - 20°C till analysis.

2.4. Preparation of Liver Homogenate:

One gram of the liver tissue was washed in ice-
cold isotonic saline containing 1 mM EDTA. The
tissues were then homogenized separately in 8 mL of
cold buffer (50 mM potassium phosphate buffer, pH
7.4, containing 1 mM EDTA) using a Potter-
Elvejham homogenizer at 4°C. The crude tissue
homogenate was then centrifuged at 8,000 rpm for 15
main at 4°C and the supernatant was removed and
kept at -20°C for estimation of malondialdehyde
(MDA), reduced glutathione (GSH) and the activity
glutathione peroxidase (GPx), superoxide dismutase
(SOD) and catalase (CAT).
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2.5. Biochemical Assays:

Alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were determined
colorimetrically according to the method of Reitman
and Frankel (1957). Alkaline phosphatase (ALP) was
assayed according to the method described by Belfield
and Goldberg (1971). Total bilirubin was assayed
according to the method of Walter and Gerade (1970).

MDA, as a marker for lipid peroxidation (LPO)
was measured colorimetrically in liver homogenate
according to the method of Ohkawa et al. (1979).
The non-enzymatic antioxidant GSH in liver was
determined by the method of Ellman (1959).

The activity of GPx was determined as
described by Paglia and Valentine (1967).
According to the method of Nishikimi et al. 1972),
the activity of SOD was assayed. The CAT activity
in the liver was assayed according to the method of
Aebi (1984).

Total Lipids were assayed according to the
method of Zollner and Kirsch (1962). Total
cholesterol ~was determined after enzymatic
hydrolysis and oxidation according to the method of
Richmond (1973). Triglycerides were measured
using the method of Fossati and Principle (1982).

Glucose level in the plasma was measured
according to the method of Trinder (1969). Total
protein was assayed in plasma and liver homogenate
according to Lowry et al. (1951).

2.6. Histological Examination:

For histological examinations, small pieces of

the liver were quickly removed and fixed in 10%

fixation, specimens were dehydrated in graded
ethanol, embedded in wax, sectioned to 5 microns
thickness. The sections were stained with
Haematoxylin and Eosin (Banchraft ef al., 1996) and
examined under Olympus BX41 light microscope.
2.7. Statistical Analysis:

Data were analyzed using Statistical Package
for Social Science (SPSS/Version 17.0) software.
Significance was calculated using one-way analysis
of variance (ANOVA). Values at p<0.05 were
considered statistically significant.

3. Results
3.1. The Activity of Liver Function Enzymes in the
Plasma

Data presented in Table 1 denoted that the
administration of AICl, at a dose level of 20 mg/kg
for 30 days induced a significant (p<0.05) increase in
the activity of ALT, AST, ALP and the level of
bilirubin as compared to the vehicle control group
(by 83.1%, 80.8%, 51.3% and 144.2% respectively)
indicating hepatic damage caused by AICl;. No
change in the activity of these liver marker enzymes
and in the level of total bilirubin was observed in rats
administered melatonin alone as compared to the
vehicle control group. Exogenous melatonin, when
administered 30 minutes prior to AICl; demonstrated
a potent effect in protecting rats against AlCl;-
induced liver damage as evidenced by the reduction
in the activity of these liver function biomarker
enzymes compared to the AICl; group (Tablel).

neutral

buffered formalin

solution.

Following

Table 1. The activity of alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP) and the level of total bilirubin in the plasma of rats treated with AICI; or melatonin or both.

Experimental Parameter
group ALT (U/L) AST (U/L) ALP (U/L) Total Bilirubin (mg/dl)
Control 45.6+2.65 78.2+4.10 162.3+8.21 0.86+0.06
AlCl; 83.5+5.10° 141.4+7.64° 245.5+10.63" 2.10+0.10*
Melatonin 43.0+3.85 74.5+3.89 157.6+5.82 0.80+0.04
Melatonin +AICI; 52.242.10° 92.1+5.71° 180.3+6.40° 1.05+0.06°

- Values are expressed as means + SE, n=10 for each experimental group.

- Significant difference from control group (p<0.05).

3.2. Hepatic MDA Level and GSH Content

Results presented in Table 2 indicated that the
level of MDA, an end product of LPO, was
significantly (p<0.05) increased in AICl;-treated rats
as compared to the vehicle control group.
Conversely, hepatic GSH content showed significant
(»<0.05) reduction in rats treated with AICI;at a dose
of 20 mg/kg bw as compared to the vehicle control
group. Administration of melatonin alone resulted in
an insignificant increase in the level of GSH when
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b
- Significant difference from AlCl; group (p<0.05).

compared to the vehicle control group. Pretreatment
with melatonin in AlCl;-intoxicated rats restored the
values of MDA and GSH toward the normal value of
the control (Table 2).
3.3. The Activity of GPx, SOD and CAT in the
Liver

The change in the activity of the enzymatic
antioxidants namely GPx, SOD and CAT in liver of
control and experimental animals are shown in
Table 2. The oral administration of AICl; was
associated with a significant (p<0.05) decrease in
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the activities of these radical scavenging enzymes
by 57.5%, 50.2% and 56.6% respectively compared
to the vehicle control. Rats treated with melatonin
alone showed an insignificant increase in the
measured antioxidant enzymes compared to the
vehicle control group. Administrating melatonin
prior to AICl; enhanced the enzymatic antioxidative
status as demonstrated by the significant (p<0.05)
increase in the activity these enzymes in the liver in
comparison with that of AICI; group.

3.4. Level of Some Biochemical Parameters in the
Plasma

The administration of AICl; for 30 days was
associated with some alterations in the biochemical

parameters in the plasma of rats in different
experimental groups as shown in Table 3. Total
lipids, total cholesterol, triglycerides and glucose
showed a significant (p<0.05) increase (by 42.8%,
121.6%, 81.2% and 84.7% respectively) as compared
to the vehicle control group. On the other hand, total
proteins showed significant (p<0.05) decrease by
26.2% as compared to the vehicle control group.
Administrating melatonin alone did not induced
significant changes in these biochemical parameters.
The toxic effect of AICl; was alleviated to a large
extent by the pretreatment with melatonin as shown
by restoring the values of these altered parameters
toward the value of the control group (Table 3).

Table 2. Changes in the level of malondialdehyde (MDA), reduced glutathione (GSH) content, protein content and
the activity of the antioxidant enzymes glutathione peroxidase (GPx), superoxide dismutase (SOD) and catalase
(CAT) in liver homogenate of rats treated with AICl; or melatonin or both.

Parameter
Experimental MDA GSH (nmol/ GPx SOD CAT Protein
group (nmol/mg protein) mg protein) (U/mg protein) (U/mg protein) (U/mg protein) (mg/g tissue)
Control 0.34+0.03 47.26+£2.42 74.10+3.01 68.71+3.81 58.50+3.10 156.944.2
AlCl, 3.11+0.24" 18.71£1.17° 31.45+1.84° 34.22+2.56° 25.40+2.85% 113.543.3°
Melatonin 0.40+0.04 51.15+3.21 79.51+4.30 74.10+3.30 63.75+3.40 160.0+6.2
Melatonin +AICl; 0.680.08" 38.32+2.83° 63.18+3.52° 58.81+3.92° 47.80£3.51° 143.7+5.0°

- Values are expressed as means = SE, n=10 for each experimental group.

- Significant difference from control group (p<0.05).

} bSigniﬁcant difference from AICl; group (p<0.05).

Table 3. Changes in the concentration of total lipids, total cholesterol, triglycerides, glucose and total proteins in
the plasma of rats treated with AICI; or melatonin or both.

Parameter
Experimental group Total Lipids Total Cholesterol Triglycerides Glucose Total Proteins
(mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)
Control 365.2+94 81.32+3.11 74.6+£2.60 97.43+3.83 6.91+ 0.05
AlCI; 521.5+12.1° 180.25+7.3° 135.2+6.65° 179.97+7.27* 5.10+0.07°
Melatonin 352.1+£10.2 74.60+4.49 77.5+£3.85 102.43+4.30 7.00+0.09
Melatonin +AICl; 400.4£12.4° 102.3145.39° 91.64%4.10 110.77£1.97° 6.5120.10

- Values are expressed as means = SE, n=10 for each experimental group.

- Significant difference from control group (p<0.05).

3.5. Histopathological examinations:

Microscopical examination of liver sections
from the vehicle control group showed no evidence
of histological abnormalities. The examination
revealed regular hepatocytes architecture with
distinct central vein, polygonal hepatocytes arranged
in strands running radially from the central vein with
blood sinusoids in between these hepatic strands
(Figure 1). On the other hand, liver sections from rats
administered  AICl;  showed  distorted liver
architecture. Marked necrosis and degeneration of
hepatocytes, centrilobular necrosis and congestion of
the central vein (Figure 2), vacuolization of
hepatocytes, dilatation and congestion of the blood
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b
- Significant difference from AlCl; group (p<0.05).

sinusoids (Figure 3) in addition to infiltration of
inflammatory cells (Figure 4) were observed. No
histological changes were observed in the liver of
rats treated with melatonin alone indicating non-toxic
effect of melatonin (Figure 5). Administration of
melatonin at a dose of 5 mg/kg prior to AlCI;
improved to a large extent the hepatic damage
induced by AICl; as indicated by less degeneration
and necrosis of hepatocytes, minimal vacuolization
of hepatocytes, disappearance of congestion in the
central vein and the blood sinusoids. The examined
sections revealed more or less normal architecture of
the liver (Figure 6).
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e controi— group
showing normal histological structure: central vein
(VCO), hepatocyte (H), blood sinusoid (BS) (H&E x
400).

F P E:ﬂ*‘-&.
Fiﬂgure 3: Liver section from A113-trated gup
showing dilatation and congestion of blood sinusoids

(DBS), vacuolization of cytoplasm (V) and
degeneration of hepatocytes (DH) (H&E x 400).

o

Liver section from melatonin group
showing nearly normal liver structure (H&E x 400).

4. Discussion

Aluminum is broadly used in daily life
throughout the world. The present study investigated
the potential protective effects of melatonin against
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Liver section from AlCl;-treated group
showing congestion of central vein (CCV),
centrilobular necrosis and degeneration (CND) and
degeneration of hepatocytes (DH) (H&E x 400).

Figure 4: from AIlCI;-treated group
showing infiltration of inflammatory cells (arrows)
and vacuolization of cytoplasm (V) (H&E x 400).

5 iy I \" . o
Figure 6: Liver section from AlCl;+melatonin group
showing less pathological changes and improved
liver architecture (H&E x 400).

the possible toxic effects of AICI; on the liver male
rats through the evaluation of some biochemical
parameters and enzymes in the plasma in addition to
LPO and oxidative stress in this organ.
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Exposure to high concentrations of Al can
result in its accumulation in the liver and in turn to
alterations in the liver function (Nikolov et al., 2010).
Transaminases are intracellular enzymes, released
into the circulation after damage and necrosis of
hepatocytes (Sallie ef al., 1991). The current study
revealed a significant increase in the activity of ALT
and AST in the plasma of AICl;-intoxicated rats
which may be a sign of impaired liver function. The
obtained data are in agreement with the earlier work
of Chinoy and Memon (2001) and El-Demerdash
(2004). They found that exposure to AICl; caused
necrosis to the liver with the subsequent release of
AST from the injured hepatic cells to the plasma.
Plasma ALT level increases when cellular
degeneration occurs which in turn indicates the
existence of liver diseases. ALP is a membrane-
bound enzyme related to the transport of various
metabolites so it is a sensitive biomarker for liver
disease (Lakshmi et al.,1991). In the present
investigation, AICl; caused a significant elevation in
the activity of ALP (Table 1). This observation is in
agreement with the earlier findings of Ochmanski &
Barabasz (2000) and El-Demerdash (2004).
Furthermore, Esmaeili et al. (2009) reported a similar
increase in the activity of ALP and they attributed it
to severe damage to cell membranes or increased
permeability of plasma membrane. Cell necrosis and
subsequent release of membrane bound enzymes into
the blood circulation following Al intoxication could
also explains its elevated level (Bansal et al,
2005).The impaired liver function observed in the
present study is thought to be mediated by LPO
which causes damage to cell membranes. LPO of cell
membranes leads to loss of membrane fluidity,
changes in membrane potential and an increase in
membrane permeability (Nehru and Anand, 2005), all
of which lead to leakage of the enzymes from the
liver cells. Moreover, Al shows high affinity for
phosphate groups and binds to the phospholipid head
through electrostatic forces, which may induce
conformational changes in the lipid bilayer of the
plasma membrane (Martin, 1986). Another possible
mechanism for the observed elevation in the enzymes
may be liver dysfunction and disturbance in the
biosynthesis of these enzymes which all are
indicative of liver damage and thus impaired liver
function. The observed increase in the concentration
of total bilirubin in AICIl; group may be due to the
fact that Al exposure can result in its accumulation in
the liver which can be toxic to the hepatic tissue at
high concentrations and may lead to the increase in
bilirubin level (Gonzalez et al., 2007). Pretreatment
with melatonin in AIlCl; intoxicated rats resulted in
improvement in ALT, AST, ALP and total bilirubin
indicating improved liver function and protection
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against AICl; toxicity. The hepatoprotective effect of
melatonin can be attributed to its antioxidative effect.
Melatonin may hamper AlCl;-induced LPO and in
turn protects cellular membrane integrity from
oxidative damage and prevents the leakage of hepatic
enzymes (Carla et al., 2009).

Reactive oxygen species (ROS) have been
implicated in the etiology of several diseases
including atherosclerosis, inflammatory conditions,
neurodegenerative diseases, cancer, diabetes mellitus,
renal, pulmonary, cardiac diseases and the process of
aging (Young and Woodside, 2001). It has been
reported that the toxic effects associated with Al are
related to the generation of ROS which results in
oxidative damage to cellular lipids, proteins and
DNA (El-Demerdash et al., 2004). LPO, as one of the
main manifestations of oxidative damage, has been
found to be a major contributor in the pathogenesis
of many diseases and in the toxicity of many
xenobiotics (Anane and Creppy, 2001). The data
obtained in the present study revealed elevation in the
level of hepatic MDA as a marker for LPO. Several
investigations reported that Al has the ability to
potentiate  iron-mediated LPO (Oteiza, 1994;
Ohyashiki et al.,1998). Disruption in mineral balance
through replacing iron ions with Al and the
subsequent increase in the amount of the free iron can
explain the increased LPO. The free iron ions have a
strong catalytic power to generate highly reactive
hydroxyl radicals from hydrogen peroxide through
Fenton’s reaction (Ward et al., 2001). These radicals
are able to initiate LPO and cellular damage.

The body has antioxidative mechanisms to
stabilize oxidative molecules, control lipid oxidation
and keep these radicals in balance. When free
radicals are generated, the body defends itself from
these radicals by endogenous antioxidants (Halliwell,
1994). However, when endogenous antioxidants
become insufficient in defense against oxidants,
exogenous antioxidants are needed to restore the
balance. Endogenous antioxidants, either non-
enzymatic (as GSH) or enzymatic (as GPx, SOD and
CAT) represents the first line of defense against free
radical damage and are crucial for preventing or at
least slowing the incidence and progression of
diseases (Jacob, 1995). The findings of the present
study showed that the administration of AICI; at a
dose of 20 mg AICly/kg induced a status of
oxidant/antioxidant imbalance as indicated by the
increased MDA level with a concomitant depletion in
GSH content and in the activity of GPx, SOD and
CAT in the liver tissue. These findings are consistent
with previous studies that reported Al intake to be
related to alteration in the activity of tissue
antioxidant enzymes and promotion of oxidative
stress (Yousef, 2004; Nehru & Anand, 2005;
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Newairy et al., 2009). AlICl; induced free radicals and
it may inhibit the antioxidant defense system.
Orihuela et al. (2005) reported that high doses of Al
are able to induce free radicals and resulted in
reduced GSH synthesis by decreasing glutathione-
synthase activity. The reduction in the activity of
GPx, SOD and CAT observed in the present study
may be attributed to the reduced synthesis of these
enzymes due to higher intracellular concentrations of
Al and/or accumulation of free radicals. The
inhibition of the activities of these enzymes may also
be referred to the effect of Al in declining the
expression of mRNA of endogenous antioxidants
(Gonzalez et al., 2007). The data obtained in the
present study illustrated that melatonin restored the
oxidant/antioxidant balance as reflected by the
decrease in MDA level and the stimulation of the
antioxidants GSH, GPx, SOD and CAT in the liver.
Melatonin and its metabolites are powerful
antioxidants that can directly detoxify free radicals
species via electron donation (Allegra et al., 2003;
Reiter et al., 2007). It can also defend indirectly
against oxidative damage by repair of the antioxidant
system through enhancing the activities of a variety
of antioxidative enzymes like GPx, SOD, and less
commonly CAT (Rodriguez et al., 2004).

Findings of the present study showed that oral
administration of AICl; induced a significant increase
in plasma level of total lipids, total cholesterol and
triglycerides (Table 3). Accumulation of AICl; in the
liver may lead to a disturbance of lipid metabolism
and in turn to the reported elevation in lipid profile.
As mentioned above, administration of AICl; resulted
in increased LPO and loss of membrane integrity
which might be important determinants of altered
lipid metabolism and are closely associated with
hyperlipidemia and/or hypercholesterolemia in many
animals and human studies (Sarin et al., 1997;
Yousef, 2004). Al has been found to significantly
affect various membrane-bound enzymes which
confirm the assumption of loss of membrane integrity
(Newairy et al., 2009). Pretreatment with melatonin
improved the altered level of total lipids, total
cholesterol and triglycerides in the plasma of rats
intoxicated with AICIs. This anti-hyperlipidimic effect
of melatonin may be primarily attributed to its
antioxidant activity and the protection of cellular
membrane integrity from Al-induced oxidative
damage (Carla et al., 2009). Another possible
mechanisms for the effect of melatonin on lipid
profile may be its action on the gastrointestinal tract
and the inhibition of cholesterol and triglycerides
uptake, the augmentation of endogenous cholesterol
clearance mechanisms through increasing the activity
of cholesterol-degrading enzymes and/or its effect on
thyroid hormones which in turn affect lipid

http://www.lifesciencesite.com

1179

metabolism (Chan and Tang, 1995; Wakatsuki et al.,
2001).

In view of the current data, the administration
of AICI; at a dose of 20 mg/kg resulted in an increase
in the blood glucose level which may indicate
disruption in carbohydrate metabolism. The observed
increase in the blood sugar level in the present study
is in agreement with the results of El-Demerdash
(2004), Shati and Alamri (2010). This AlCl;-induced
hyperglycemia may be attributed to enhanced
breakdown of liver glycogen and its subsequent
increased glucose production (Yousef, 2004 and
Newairy et al., 2009). Moreover, it has been
proposed that oxidative stress is a major pathogenic
link to both insulin resistance and the dysfunction of
the pancreatic fB-cells through the formation of
amyloid proteins, which not only prevents the release
of insulin into the circulation, but also destroys the
insulin  secreting  B-cells (Hayden, 2002).
Pretreatment with melatonin in the intoxicated rats
improved the hyperglycemic effect of AlCl;.
Melatonin has been found to influence glucose
homeostasis (Reis et al.,1996). The effect of
melatonin  on glucose may be explained by
modification of insulin secretion and/or change in
cell sensitivity to insulin. Melatonin acts on
pancreatic islets and induces regeneration and/or
proliferation of B-cells in pancreas which leads to a
decrement in blood glucose in diabetic rats (Kanter et
al., 2000).

The data of the present work showed that Al
intoxication caused a significant decrease in the
plasma protein content. This result concord with the
previous results of Chinoy and Memon (2001) and
Newairy et al. (2009). The observed decrease in
protein content might be attributed to higher
intracellular concentration of Al in the liver which
could result in reduced protein synthesis as well as
reduced enzymes of protein synthesis (Tripathi ef al.,
2009). Free radicals may also be implicated in the
observed decline in protein content since exposure to
the free radicals leads to protein fragmentation,
protein peroxides generation, enzymatic oxidation
and degradation of proteins (Albendea et al., 2007).
Treatment with melatonin before AICIl; significantly
ameliorated the decline in the plasma protein content
probably by scavenging the free radicals and
improving the antioxidative status and in turn the
process of protein synthesis.

5. Conclusion

In conclusion, the present study indicated that
oral administration of AICl; at a dose of 20 mg/kg
daily for 30 days caused hepatic dysfunction,
increase in lipid peroxidation and decline in the
activity of antioxidant enzymes in the liver. It also
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induced histological changes in the liver which all are
attributed to free radicals production and oxidative
stress. Administration of melatonin at a dose of 5
mg/kg 30 minute prior to AICl; intoxication
minimized its harmful effects and protected the liver
against its toxicity which may be due to the role of
melatonin as an antioxidant. Therefore,
supplementation with melatonin may be useful as a
hepatoprotective therapy in cases of intoxication with
aluminium.
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