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Abstract: Aluminium (Al) is an important element with known toxicity in the human body, mainly in the

central nervous system. Melatonin is known as antioxidant, free radical scavenger and metal chelator the

aim of this study was to determine the effect of oral administration of melatonin on accumulation and

3 toxicity of AlCl in liver, kidney and brain of rats exposed to the metal. Thirty two male rats were divided

3into four treatment groups. The group treated orally with AlCl  only (8.5 mg/kg b.w. for eight weeks)

revealed a significant increase in plasma glucose, urea, creatinine, total bilirubin and cholesterol, while

the levels of TL, TP and albumin were significantly decreased. Also the same group may exert tissue

toxicities through induction of reactive oxygen species, indicated by an increase in lipid peroxidation as

evidenced by increased levels of tissue 2- thiobarbituric acid reactive substances (TBARS), accompanied

with reduction of DNA, RNA and protein levels. Pretreatment with melatonin (200 µg/kg b.w.) prior to

3AlCl  induces a significant increase in synthesis of tissue metallothionein ( MT) higher than melatonin

3alone and it was associated with a decline in all abnormal changes observed in AlCl - treated rats. These

3 data indicated that orally administered melatonin prior to AlCl is probably responsible for prevention of

oxidative damage and Al-toxicity induced injury to liver, kidney and brain of experimental rats.
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INTRODUCTION

Aluminium is known as a neurotoxin that can

cause certain diseases such as Alzheimer disease,

dialysis dementia, Parkinsonism, and amyotropic lateral

sclerosis  In addition to its neurotoxicity, Al affects[1 ,6]

other body structures like the skeletal system , brain[7]

tissue, bone, blood cells, liver and kidney . Al[7 ,11]

accumulation in kidney promotes degeneration in renal

tubular cells, inducing nephrotoxicity . Salts of[1 ,8 ,10 ,12]

aluminium may bind to DNA, RNA; inhibit such

enzymes as hexokinase, acid and alkaline phosphatases,

phosphodi-esterase and phosphooxydase .[13]

The sources of Al are specially corn, yellow

cheese, salt, herbs, spices, tea, cosmetics, aluminium

ware and containers. Also, Al is widely used in antacid

drugs, as well as in food additives and toothpaste .[6]

Environmental pollution with the different aluminium

containing compounds, specially those in industrial

waste water, exposes people to higher than normal

levels of Al . Particulate matters distributed by[12]

cement -producing factories contain high amount of Al,

and populations residing in the vicinity are exposed to

the pollution . Because of the health problems[14]

induced by many environmental pollutants, many

efforts have been undertaken in evaluating the relative

antioxidant potential of melatonin.

N-acetyl-5-methoxytryptamine or melatonin is the

major product of the pineal gland in vertebrates. It is

a well-known antioxidant and free radical scavenger .[15]

Melatonin has been shown to protect effectively against

oxidative damage caused by a variety of toxins .[16]

Therefore, the present study deals with determining the

efficiency of melatonin in antagonizing the toxic effects

3of Al Cl  on plasma, liver , kidney and brain in male

rats.

MATERIALS AND METHODS

3Chemicals: Aluminium chloride (AlCl ) was purchased

from Aldrich chemical Company (MilwaukeeW is,

USA).Melatonin was obtained from Sigma. All other

used chemicals were of the highest quality available

and purchased also from Sigma Chemical Co., USA.

Male Sprague-Dawley rats (body weight of (150-200 g)

were obtained from the Animal House of the National

Research Center, Egypt. The rats were housed in

plastic cages at an environmentally controlled room

(constant temperature 25-27ºC, with 12 h light /dark

cycle) for one week prior to starting the experiments,

and they were provided with tap water and standard rat

chow. Rats were randomized and divided into four

groups, control and treated groups of eight rats each;

3group 1 (control), group 2 (AlCl ): Rats orally given

3AlCl  at a single daily dose of (8.5 mg/kg b.w.1/25

LD50) for 8 weeks, group 3 (Melatonin): Rats orally
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given melatonin (200 µg/kg b.w.) daily for 8 weeks,

group 4 (Melatonin then AlCl3): Rats given melatonin

330 minutes before orally administration of AlCl . The

animals were treated orally by a using stomach tube.

 The LD50 of Al when given orally to rats was

reported to be 380-400 mg /kg b.w. . Melatonin was[17]

dissolved in a minimum volume of ethanol (96%) and

then diluted with distilled water (the final concentration

was less than 0.5 %), . The control rats were given[18]

an equivalent amount of ethanol in the drinking water.

Animals were treated orally with the tested compounds

for 8 weeks. All the treatments were in a volume of 1

ml, the doses of aluminium and melatonin were

calculated according to the animal's b.w. before

treatment. 

Rats were killed by cervical dislocation 24 hr after

the last dose. Blood samples were collected from the

jugular vein and placed immediately on ice. Heparin

was used as an anticoagulant. Plasma was obtained by

centrifugation of the samples at 3000 rpm for 20 min

and was stored at -60 ºC. Plasma samples were

aliquoted into Eppendorf tubes to use each one for one

time. Plasma total protein (TP) was analyzed using the

method of Lowry et al., . Albumin concentrations[19]

were determined by the method of Doumas et al., .[20]

Globulin concentrations were determined by difference

(TP-albumin) Plasma glucose level was measured

acco rding to  H yvarinen and Nikkila  and[ 2 1 ]

concentrations of urea and creatinine were determined

by  the  methods of Patton and Crouch  and Henry[22]

et al., , respectively. Plasma total bilirubin was[23]

measured using the method of Walters and Gerade .[24]

Plasma was assayed for total lipids (TL) and

cholesterol by the methods of Knight et al.,  and[25]

Watson , respectively. Liver, kidney and brain were[26]

removed, washed with the 0.15 M NaCl solution to

remove blood cells, weighed and homogenized

separately in an ice cold 1.15% KCl -10 mM

Phosphate buffer with EDTA(pH 7.4) and centrifuged

at 10.000xg at 4ºC for 20 min. The supernatant was

used for the measurement of the biochemical

parameters.

Determination of MT Protein Level by the Silver

Saturation Assay: MT was determined in liver,

kidney, and brain tissues by silver saturation assay

according to Scheuhammer and Cherian . The[27]

concentration of MT in each tissue was calculated by

assuming  that  17 mol of Ag are bound to each mol

of  MT,  and  the  levels  of MT were expressed as

µg MT/g tissue.

Assay of Lipid Peroxidation: Thiobarbituric acid

reactive substances (TBARS) in liver, kidney, and brain

tissues were assessed as a direct indicator of lipid

peroxidation  as  described  by  Conrad  et  al., .[28]

The level of lipid peroxidation is expressed as n

mol/TBARS/g tissue, using 1, 1, 3, 3-tetra

ethoxypropane as standard. 

DNA Assay: Total tissue DNA was extracted and

assayed according to the method described by

Sambrook et al., . Total DNA content was expressed[29]

in mg DNA/g tissue. 

RNA Assay: Total tissue RNA was extracted and

assayed according to the method described by

Sambrook et al., . Total RNA content was expressed[29]

as mg RNA /g tissue.

Protein Assay: The total protein content in liver,

kidney and brain tissues was assayed according to

Lowry et al., . The level of protein was expressed as[19]

mg protein/g tissue.

Statistical Analysis: Results were expressed as the

mean  values ± the standard error, using Microcal

Excel for Windows (Microcal Software,2000),and

statistical differences between groups were assessed by

Student's t- test. Values of P<0.05 were considered

significantly different.

RESULTS AND DISCUSSIONS

In the present study, we found that orally

3 administration with AlCl (8.5 mg /kg b.w.) during the

8 weeks caused significant increase (P<0.05) in plasma

glucose, urea, creatinine, total bilirubine and

cholesterol,  while  the  levels  of  TL,TP  and

albumin  were significantly decreased as compared

with the control. On the other hand, globulin did not

change (Table1). 

Treatment with melatonin alone did not cause

significant changes in the parameters. While the

3 treatment with melatonin prior to AlCl maintained the

levels of all above parameters closer to the normal

values (Table1). 

3The effect of orally AlCl  administration on lipid

peroxidation in liver, kidney and brain has been

investigated. Figure (1) indicated that administration of

3 AlCl significantly increased the level of TBARS as an

index of lipid peroxidation in liver, kidney and brain

tissues more than 2.5, 3, 2.3 fold as compared to the

control group respectively. In groups that were

pretreated with melatonin prior to orally administration

3,of AlCl  there was a decrease in TBARS levels in

liver, kidney, and brain as compared to their values in

3 AlCl treated group only. In addition, groups treated

with melatonin only showed non-significant changes of

TBARS as compared to control group.



J. Appl. Sci. Res., 3(10): 1210-1217, 2007

1212

Table 1: Plasma biochemistry of male rats in different studied groups.

Experimental groups

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 3Parameters mg/dl Control AlCl M elatonin M elatonin+AlCl

Total Protein 7.21 ± 0.03 6.01 ± 0.07 7.41 ± 0.09 6.71 ± 0.14

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Albumin 5.01 ± 1.28 4.19 ± 0.211 5.11 ± 0.101 4.91 ± 0.183

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Globulin 2.61 ± 0.12 2.42 ± 0.16 2.71 ± 0.16 2.66 ± 0.18

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total Lipids 516  ± 16.1 360  ± 14.1  518  ± 15.2 471  ± 30.4

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Cholesterol 146  ± 4.14 182  ± 5.21 148  ±  4.01 151  ± 4.63

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Glucose 107  ± 2.18 133  ± 2.21 105  ±  1.91 112  ± 2.88

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Bilirubin 0.81 ± 0.002 1.07 ± 0.032 0.82 ±  0.021 0.87 ± 0.028

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Urea 50.2 ± 1.03 60.4 ± 1.35 51.2 ±  0.93  54   ± 0.73

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Creatinine 0.67 ± 0.031 0.90 ± 0.05 0.65 ±  0.029 0.76 ± 0.024

Table 2: Tissues DNA, RNA and Protein contents in different studied groups.

Groups Liver Kidney Brain

------------------------------------------------ --------------------------------------------- -------------------------------------------------------

DNA RNA Protein DNA RNA Protein DNA RNA Protein

---------------------------------------------- ------------------------------------------- -------------------------------------------------------

mg/g tissue mg/g tissue mg/g tissue

Control 4.35± 0.08 5.85± 0.14 194.51± 6.23 4.68± 0.12 5.73± 0.16 132.12± 4.71 3.43± 0.03 4.55± 0.13 109.12± 7.08

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3AlCl 3.55± 0.13 4.24± 0.23 172.06± 7.35 3.07± 0.16 4.32± 0.19 109.05± 6.51 2.70±0.11 3.16± 0.21  93.44± 4.59

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M elatonin 4.85± 0.16* 5.29± 0.22* 196.88± 7.25 4.72± 0.28 5.95± 0.24 130.01± 4.38 3.16± 0.19 4.89± 0.16 113.08± 6.12

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M elatonin 4.26± 0.15 5.46± 0.26 192.13± 5.04 4.55± 0.21 5.89± 0.18 135.22± 6.29 3.65± 0.17 4.86± 0.24 111.19± 5.14

3+AlCl

Each value represent the mean ± S.E. (n = 8).

Asterisk (*) indicates significantly from the control group (p< 0.05).

Also, the level of MT in liver, kidney and brain

were measured by the silver saturation assay 24 hr

3 after treatment in different groups. In AlCl treated

group, a significant increase in MT contents (P<0.05)

was seen in liver (5 -fold), kidney (4.2 -fold) and brain

( 7-fold) as compared with control group. While in

3 groups treated with melatonin prior AlCl the level of

MT reach (8.3- fold in liver),( 7.5- fold in kidney) and

( 9- fold in brain) respectively as compared with the

control. Where as groups treated only with melatonin,

there  were  an increase in the level of MT in

liver(4.3- fold),kidney(3- fold) and brain(4.1- fold)as

compared to control group(Fig. 2) but the levels were

less than the groups treated with melatonin prior to

3 AlCl (Fig 2).

Furthermore, table 2 summarized that the toxicity

3 of AlCl was accompanied with significant decrease

levels (P<0.05)of DNA,RNA and protein contents in

liver, kidney and brain tissues in groups that treated

3orally with AlCl  only as compared with control group.

While in groups pretreated with melatonin prior to

3AlCl , there was an increase in tissues DNA, RNA,

3 and protein contents as compared with AlCl treated

group. Moreover, our results showed that, in groups

treated with melatonin only, non-significant changes

were observed in DNA,RNA, and protein content in

liver, kidney, and brain tissues, comparing with

controls (Table. 2),except hepatic DNA which revealed

significant increased level, and hepatic RNA which

demonstrated significant decreased level (P<0.05)

comparing with controls (Table. 2)

Discussion: Aluminium has the potential to be

neurotoxic in humans and animals, and is present in

many manufactured foods and medicines and also

added to drinking water for purification purposes .[30]

Therefore, the present study was performed to

investigate whether the toxic effects of Al on plasma,

liver, kidney and brain could be reversed by the

induction of MT-synthesis through pretreatment with

melatonin in rats. 

Findings of this study showed that the orally

3administration of AlCl  caused a significant increase in

plasma cholesterol and the decrease in TL (Table 1).

That is indicated a loss of membrane integrity .[31]

Similarly, Wilhelm et al.,  reported that Al exposure[32]
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Liver TBARS

Kidney TBARS

Brain TBARS

Fig. 1: Represent the mean value ± S.E. of TBARS

in liver, kidney, and brain of rats in different

studied group. 

*Significantly different from the control group

(p<0.05).

** Significantly different from the AlCl3

treated group (p< 0.05).

Numbers above columns represent folds of

increasing as compared to control values.

can  result in Al accumulation in the liver and this

may  lead  to  a  disturbance  of  lipid metabolism

and an elevation of serum cholesterol. The rise in

blood glucose (Table 1) may indicate disrupted

carbohydrate metabolism due to enhanced breakdown

of liver glycogen, possibly mediated by an increase in

adrenocorticortrophic  and  glucagons hormones and /

or reduced insulin activity . The elevation in plasma[33]

3urea and creatinine levels in AlCl -treated rats is

considered as a significant marker of renal dysfunction

(Table 1),and this is supported by the finding of

Szilagyi et al.,  who reported that alterations in serum[34]

urea may be related to metabolic disturbances(e.g. renal

function, cation-anion balance). Katyal et al.,[35]

reported that ,the increase in urea concentrations in

plasma of animals treated with Al may be due to its

effect on liver function, as urea is the end product of

protein catabolism, and /or referred to kidney

dysfunction. The increase in plasma total bilirubin

(Table 1) may result from decrease liver uptake,

conjugation or increased bilirubin production from

hemolysis . The decrease in the levels of protein in[36]

Al treated rats (Table1) might be due to changes in

protein synthesis and / or metabolism . The treatment[37 ]

3with melatonin prior to AlCl  maintained the levels of

all above parameters closer to the normal values of the

control (Table1).

Lipid peroxidation is one of the main

manifestations of oxidative damage and has been found

to play an important role in the toxicity and

carcinogenicity of many xenobiotics . Al has been[38]

reported to induce lipid peroxidation, and to alter

physiological and biochemical characteristics of

biological systems . Elevation of lipid peroxidation in[39]

liver, kidney and brain ,as evidenced by the increased

production  of  TBARS  in  the   present   study

(Fig. 1), suggests participation of free – radical induced

oxidative cell injury in mediating the toxicity of

Al . Melatonin inhibits lipid peroxidation by[38 ,40]

scavenging free radicals which is the main cause of

hepato, nephro and neuro toxicity . The inhibitory[16]

action on lipid peroxidation in the present study was

reflected by the decrease in the level of TBARS in

liver, kidney and brain tissues in groups that treated

3with melatonin prior to AlCl  as compared with groups

3treated with AlCL  only(Fig. 1).

Reiter et al.,  and Reiter  showed that,[41] [42]

melatonin is well-documented as an antioxidant in

numerous toxicological-models of induced oxidative

damage. Melatonin is a well-known endogenous

antioxidant that may offer protection to the central

nervous system because it scavenges free radicals and

enhances the function of other antioxidants . One[43 ,44]

molecule of melatonin is known to neutralize two

hydroxyl radicals . In addition, melatonin scavenges[45]

hydrogen peroxide  which is formed in the brain and[46]

is the precursor of hydroxyl radicals formed via Fenton

reaction . The products derived of the interaction of[47]

melatonin with free radicals also posses antioxidants
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activity, thus these derivatives are believed to augment

the direct protective actions of melatonin against free

radicals .[5 ,48]

Moreover, we studied the effect of orally

3administration of AlCl  on DNA, RNA and protein

synthesis  in  liver,  kidney,  and  brain  of  rats.  Our

results  showed a significant reduction in their levels

for liver, kidney and brain as compared with control

(Table. 2).This can be explained by the fact that once

3Aluminium (Al ) is a trivalent cation ,and has a high

affinity for negatively charged groups it has been

proposed that Al preferentially interacts with phosphate

groups, such as nucleic acids and phosphorylated

proteins. In this way, Al remarkably decreases DNA

and RNA synthesis  and inhibits embryonic cell[49 ,50]

proliferation and protein synthesis. This mechanism can

explain the toxic effects of Al. There are also other

cellular mechanisms by which Al is thought to exert its

toxicity ,including increasing the blood – brain barrier

permeability, interference with phosphorylation –

dephosphorylation reactions, altered iron metabolism

with subsequent free- radical production, and disruption

of second messenger systems . At the same time[6]

Muma et al.,  reported decreased expression of[51]

mRNA in spinal cord for the 68 kDa neurofilament

protein and for tubulin in rabbits 7- 14 days indicated

that infant rabbits whose lactating mothers are exposed

to a highly neurotoxic form of Al suffer changes in

brain polysomal mRNA which resemble those of

similar infants exposed to Al directly ,rather than

through the mother 's milk. W hereas, groups

3pretreatment with melatonin prior to AlCl , there was

an  increase  in  tissues DNA,RNA and protein

3contents  as  compared with AlCl  treated group

(Table. 2). Qi et al.,  indicated that melatonin and[52]

pinoline are equipotent in preventing oxidative damage

to DNA . 

Metallothionein (MT) is a highly conversed low

molecular- weight, thiol - rich protein. The basal level

of MT in biological systems is very low, although it

may vary with age and type of tissue. However, this

protein is induced to a significant high level when the

system is challenged by heavy metals, starvation, heat,

inflammation, or other stress conditions . Because MT[53]

can both bind to and be induced by heavy metal ions,

it is generally agreed that MT is somehow involved in

metal metabolism and toxicity . So, we investigated[54]

if induction of MT by melatonin could protect cells

3against oxidative damage induced by AlCi . Our results

3indicated that orally administration of AlCl  alone

resulted in the accumulation of MT in tissues; the level

of MT was elevated   5, 4.2 and 7 fold in liver, kidney

and  brain  respectively  as compared with control

(Fig. 2). Zhonghua et al.,  reported that ,Al could[55]

induce liver MT in the rats to certain extent and also,

Liver MT

Kidney MT

Brain MT

Fig. 2: Represents the mean value ± S.E of

metallothionein in liver, kidney, and brain in

different studied groups as compared to

controls (p< 0.05)

Asterisk (*) above column indicates

significantly different from the control group

(p<0.05).

Numbers above columns represent folds of

increasing as compared to control values.

induction of MT by Al reflected the body response to

stress and metal poison Al. While administration of

3melatonin prior to AlCl  had resulted in an increase in

MT level in liver (8.3- fold),kidney(7.5- fold) and

brain(9- fold) as compared with controls .From our
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results we noticed that , these increments in the MT

level were associated with the reduction of hepato,

3nephro and neuro toxicity of AlCl  through declining

the biochemical indices as compared with groups

3 treated with AlCl only (Table. 1), as well as attenuated

the induction of lipid oxidation by reduction of the

level of TBARS as compared with group treated with

3AlCl  only (Fig. 1), associated with the induction of

DNA, RNA and protein synthesis as compared with

control (Table. 2). The possible mechanisms of MT in

protection against oxidative injury are due to that the

cystein residues of the MT were the primary target for

the reaction of oxygen free radicals with MT .[56]

Additionally, MT may donate an H – atom to a

cellular target radical on DNA molecule, restoring it to

an undamaged state .[57]

In conclusion, the data presented in this paper

using experimental animals, demonstrated that the toxic

3 effects of AlCL such as hepatotoxicity, nephrotoxicity,

and neurotoxicity, as a result of oxygen free radical

generation, can be alleviated by administration of

3melatonin prior to AlCl , melatonin induced MT which

plays a pivotal role in the cellular defence against

oxidative stresses and lipid peroxidation through

scavenging of oxygen free radicals. So this study

suggests to explore therapeutic use of melatonin as a

metal detoxifying molecule. 
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