
1 23

Cardiovascular Toxicology
 
ISSN 1530-7905
Volume 11
Number 1
 
Cardiovasc Toxicol (2010)
11:78-88
DOI 10.1007/
s12012-010-9092-9

A Combination of Melatonin and Alpha
Lipoic Acid has Greater Cardioprotective
Effect than Either of them Singly Against
Cadmium-Induced Oxidative Damage



1 23

Your article is protected by copyright and

all rights are held exclusively by Springer

Science+Business Media, LLC. This e-offprint

is for personal use only and shall not be self-

archived in electronic repositories. If you

wish to self-archive your work, please use the

accepted author’s version for posting to your

own website or your institution’s repository.

You may further deposit the accepted author’s

version on a funder’s repository at a funder’s

request, provided it is not made publicly

available until 12 months after publication.



A Combination of Melatonin and Alpha Lipoic Acid has Greater
Cardioprotective Effect than Either of them Singly Against
Cadmium-Induced Oxidative Damage

Raktim Mukherjee • Sudeep Banerjee •

Niraj Joshi • Prem Kumar Singh • Darshee Baxi •

A. V. Ramachandran

Published online: 3 November 2010

� Springer Science+Business Media, LLC 2010

Abstract Present study evaluates cardioprotective role of

melatonin (Mel), alpha lipoic acid (ALA), a combination of

melatonin and alpha lipoic acid (Mel ? ALA) against

cadmium (Cd)-induced oxidative damage. Female albino

rats were subjected to 15-day exposure to Cd (5.12 mg/kg

bw) alone or treated with ML (10 mg/kg bw) ? ALA

(25 mg/kg bw) simultaneously. Plasma markers of cardiac

damage, cardiac free radical generation, lipid peroxidation,

endogenous antioxidant status, cadmium load, metallothi-

onein induction, and histopathology were evaluated in

various experimental groups. Combination of Mel ? ALA

significantly prevented leakage of marker enzymes of

cardiac damage, changes in cardiac free radical generation,

endogenous antioxidants, antioxidant status, structural

alterations and augmented the degree of metallothionein

(MT) induction. The results demonstrate that ML ? ALA

co-administration effectively protected against Cd-induced

cardiac oxidative damage.

Keywords Cadmium � Metallothionein � Melatonin �
Alpha lipoic acid � Cardiotoxicity

Introduction

Cardiovascular diseases are the most common cause of

death in developed as well as developing countries [1].

Cadmium exposure has been considered to be the risk

factor for various cardiovascular diseases [2] such as ath-

erosclerosis [3], cardiomyopathy [4], and hypertension [5].

Cadmium-induced oxidative stress is the major factor

responsible for cardiac tissue damage and related compli-

cations [6, 7]. According to Millis et al. [8], the con-

sumption of vegetables constitutes the main source of Cd in

humans. It has been demonstrated that populations who

consume essentially locally grown vegetable produce from

contaminated areas are at greater risk of dietary Cd expo-

sure as Cd in their diet is not diluted by food from other

non-contaminated areas [9]. This scenario is very common

in the majority of developed countries, including India.

Earlier work from our laboratory has demonstrated that

cereals and vegetables grown on either side along the

Baroda effluent channel contain cadmium seven times in

excess of the World Health Organization (WHO)-recom-

mended permissible limit [10].

In this context, it is worthwhile to focus on compounds

having antioxidant properties to combat the cadmium-

induced damage caused by the disruption in pro-oxidant to

antioxidant balance in cells. Melatonin, an endogenous

molecule from the pineal gland is a versatile antioxidant

possessing metal-chelating properties and has been used in

various forms of cadmium toxicity, ischemia reperfusion

injury, and various other abnormalities in the cardiovas-

cular system [11]. Further, melatonin has been shown to

reduce oxidative stress-induced post-ischemic myocardial

recovery, protect against ischemia reperfusion injury,

reduce cardiac arrhythmia, and protect against various

other forms of cardiovascular abnormalities [12–16]. In
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addition to being an effective free radical scavenger, mel-

atonin also enhances the activity of the membrane calcium

pump [17] that regulates calmodulin [18] and decreases the

intracellular calcium concentration [19]. Moreover, mela-

tonin has been reported in several dietary plants and as a

phytochemical in olive oil and, recently, it has been sug-

gested that melatonin present in edible plants may improve

human health by virtue of its biological activities and good

bioavailability [20]. Yet another antioxidant, alpha lipoic

acid (ALA) on the other hand is water- and fat-soluble

sulfur-containing compound with already proven role in

cardiotoxicity and as a metal chelator [21, 22]. ALA occurs

naturally in the human diet and is found in abundance in

animal tissues with high metabolic activity such as heart,

liver and kidney, and to a lesser extent in fruits and veg-

etables [23]. Role of ALA has also been tried in various

cardiovascular abnormalities [24].

Till date, there are no reports on the effect of a combi-

nation of melatonin ? ALA on either models of cardiac

oxidative stress or cadmium-induced cardiac damage.

Hence, we were tempted to evaluate the beneficial effects

of a Melatonin ? ALA combination against Cd-induced

cardiotoxicity in rats.

Materials and Methods

Chemicals

All chemicals used in the study were of highest purity and

of analytical grade. The dosage of cadmium selected in the

present study is an environmentally relevant realistic dose

based on the actual concentration of cadmium found in the

cereals and vegetables grown across the Baroda Effluent

channel as reported in our earlier publication [10]. The

actual cadmium content administered to animals was cal-

culated on the basis of average feed consumption in rats

empirically based on field values of routinely consumed

cereals and vegetables grown along the Baroda effluent

channel.

Experimental Animals

Healthy adult female albino rats of Charles foster strain

weighing 100–150 gm (60 day old) were housed in poly-

propylene cages and maintained under conditions of con-

trolled temperature (25 ± 2�C) with constant 12 h/12 h

dark light cycle in the animal house of department of

Zoology, The Maharaja Sayajirao University of Baroda.

Animals were provided with standard rat pellet and water

ad libitum. The metal content of feed and water was

monitored on a regular basis. Animal experiments were

conducted according to the guidelines of CPCSEA from

the ministry of Social Justice and Empowerment, Gov-

ernment of India vide CPCSEA (827/ac/04/CPCSEA).

Cadmium-Induced Cardiotoxicity in Rats

A total of 48 rats were divided into 8 groups of 6 animals

each as follows:

Group I (Control): rats treated with 0.9% sodium

chloride.

Group II (Melatonin): rats treated with melatonin

(10 mg/kg body weight, p.o.) daily at 19 h for 15 days.

Group III (ALA): rats treated with alpha lipoic acid

(25 mg/body weight, p.o.) daily at 19 h for 15 days.

Group IV (Melatonin ? ALA): rats treated with mela-

tonin (10 mg/kg body weight, p.o.) and ALA (25 mg/kg

body weight, p.o.) daily at 19 h for 15 days.

Group V (Cd): rats treated with cadmium chloride

(CdCl2; 5.2 mg/kg body weight, p.o.) daily at 19 h for

15 days.

Group VI (Cd ? Mel): rats treated with cadmium

chloride (CdCl2; 5.2 mg/kg body weight, p.o.) and mela-

tonin (10 mg/kg body weight, p.o.) daily at 19 h for

15 days.

Group VII (Cd ? ALA): rats treated with cadmium

chloride (CdCl2; 5.2 mg/kg body weight, p.o.) and ALA

(25 mg/kg body weight, p.o.) daily at 19 h for 15 days.

Group VIII (Cd ? Mel ? ALA): rats treated with cad-

mium chloride (CdCl2; 5.2 mg/kg body weight, p.o.),

melatonin (10 mg/kg body weight, p.o.), and ALA (25 mg/

kg body weight, p.o.) daily at 19 h for 15 days.

At the end of experimental period, animals were fasted

over night (12 h), and blood samples were collected from

retro-orbital sinus under mild ether anesthesia. Animals

were subjected to cervical dislocation under mild ether

anesthesia (as per the CPCSEA guidelines), and hearts of

control and experimental rats were excised, auricles and

ventricles separated and immersed in ice-cold physiologi-

cal saline. A 10% homogenate was prepared in ice-chilled

phosphate buffer saline (pH 7.4). Aliquot of homogenate

was used immediately for the estimation of thiobarbituric

acid reactive substance (TBARS), hydroxyl radical, H2O2,

and non-enzymatic antioxidants. The remaining homoge-

nate was then centrifuged at 5,000 rpm for 20 min at 4�C,

and the supernatant was used for the estimation of all

enzymatic antioxidants and marker enzymes of cardiac

damage.

Cardiac Lipid Peroxidation (LPO) and Reactive

Oxygen Species (ROS)

Cardiac LPO was estimated according to the procedure of

Beuge and Aust [25]. Malonaldehyde produced during

peroxidation of lipids served as an index of LPO. Hydrogen
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peroxide production was assessed by the spectropho-

tometry as per Holland and Storey [26] and expressed as

mol/min/mg protein. Hydroxyl radical production was

quantified by the method of Puntarulo and Cederbaum [27]

and expressed as mol/min/mg protein.

Assay of Non-Enzymatic and Enzymatic Antioxidants

Cardiac total reduced glutathione (GSH) [28], vitamin C

[29], vitamin E [30], superoxide dismutase (SOD) [31],

catalase (CAT) [32], glutathione peroxidase (GPx) [33] and

glutathione S-transferase (GST) [34] were estimated in

tissue homogenate.

Enzymic Markers of Myocardial Damage

Serum and cardiac creatine kinase—MB isoform (CK-

MB), creatine kinase (CK), and lactate dehydrogenase

(LDH) were determined by diagnostic kits (Reckon Diag-

nostics Ltd., Baroda, India) as per manufacturer’s instruc-

tions. Cardiac Troponin I (Tn-I) was assayed by ELISA,

and absorbance was measured by a spectrophotometric

method using microplate reader at 450 nm.

Cardiac Cadmium and Metallothionein Content

Samples of known weight (whole heart) were subjected to

dry mineralization in an electric oven according to

Zmudzki [35]. The ash was dissolved in a known volume

of 1 N HNO3. The concentration of cadmium (after

appropriate dilution) was assessed by atomic absorption

spectrophotometry (Thermo S series) with electrothermal

atomization in a graphite cuvette. The cathode lamp was

operated under standard conditions using appropriate res-

onance line (228.8 nm). The concentrations of Cd were

expressed as lg/g of wet tissue.

Cardiac metallothionein (MT) was determined using

Cd–heme method [36] as described by Chwelatiuk et al.

[37].

Microscopic Evaluation of Cardiac Tissue

Myocardial tissue was fixed in 10% formalin, routinely

processed and embedded in paraffin. Paraffin sections

(3 lm) were cut on glass slides and stained with hema-

toxylin and eosin (H&E) and examined under a light

microscope.

Estimation of Cardiac Protein Content

Protein content of homogenate was estimated by the

method of Lowry et al. [38] using bovine serum albumin as

a standard.

Statistical Analysis

One-way ANOVA with Bonferonni post-test was per-

formed using GraphPad Prism version 3.00 for Windows,

GraphPad Software, San Diego California USA, www.

graphpad.com.

Results

The alterations in the level of lipid peroxidation and other

free radicals are presented in Fig. 1. The administration of

cadmium chloride caused significant increase in malondi-

aldehyde (P \ 0.001), hydroxyl radical (P \ 0.001), and

hydrogen peroxide (P \ 0.001) compared to control group.

The administration of melatonin and/or ALA together with

Cd was able to reduce or prevent the increase of such

radicals. The combination of Cd ? Mel ? ALA was more

effective than either of these protectants with reference to

hydroxyl radical.

The data on myocardial non-enzymatic antioxidants

such as GSH, vitamin C, and vitamin E are presented in

Fig. 2. The concentrations of GSH, vitamins C and E

were significantly decreased (P \ 0.05) in the heart of

cadmium-exposed rats compared to controls. Simulta-

neous administration of cadmium along with Mel and/or

ALA resulted in the restoration of GSH to control levels,

whereas vitamin C and vitamin E appeared to increase as

found compared to those found with treatment with cad-

mium alone. Thus, a combination of Cd ? Mel ? ALA

was the most effective in offsetting the detrimental

changes in glutathione content.

As shown in Fig. 3, there was a significant (P \ 0.001)

reduction in the activity levels of SOD (68%), CAT (43%),

GPx (54%), and GST (34%) in the cadmium-treated group

compared to control group. For all the antioxidant

enzymes, Mel was able to restore the activity of GPx and

CAT, whereas ALA significantly restored the level of

antioxidant enzymes SOD and CAT, but the combination

of Cd ? Mel ? ALA showed the greater degree of pro-

tection in restoring SOD and CAT to near control levels.

As shown in Fig. 4, cardiac cadmium load and metal-

lothionein (MT) concentration were both significantly

increased in Cd-treated group compared to control group.

All protectant schedules recorded decrement in the cardiac

cadmium load, and metallothionein induction was maxi-

mum in Cd ? Mel ? ALA group compared to control

group.

A significant (P \ 0.001) elevation in the serum levels

of marker enzymes of cardiac damage (CPK, LDH, cTnI,

and CK-MB) with corresponding decrease in tissue levels

was the feature in cadmium-administered animals (Fig. 5).

The combination of Cd ? Mel ? ALA maintained the
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levels of these marker enzymes close to normal levels in

the cadmium-exposed group.

Figure 6 illustrates microscopic evaluation of different

cardiac tissues of experimental animals. Cadmium intoxi-

cation resulted in severe damage and/or disruption of the

cardiac muscle. Degree of necrotic damage is in the

following order Cd [ Cd ? ALA [ Cd ? Mel [ Cd ?

Mel ? ALA. Reduction of cardiac damage in animals

co-administered with either, melatonin, ALA, or both along

with cadmium indicates their protective role against cad-

mium-induced cardiac damage.
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Fig. 1 Effect of cadmium exposure and simultaneous administration

of melatonin ? ALA treatment on cardiac lipid peroxidation, hydro-

gen peroxide, and hydroxyl radical. Values are expressed as

mean ± SEM for n = 6, where, C (P \ 0.001) and NS non-

significant when control versus Mel, ALA, Mel ? ALA, Cd and, c

(P \ 0.001) when Cd versus Cd ? M, Cd ? ALA, Cd ? M ? ALA
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combination on cardiac non-enzymatic antioxidants of control and

experimental groups of rat. Values are expressed as mean ± SEM for

n = 6, where, C (P \ 0.001) and NS non-significant when control
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Discussion

Administration of cadmium at realistic sublethal dosages

corresponding to the actual concentration in the cereals and

vegetables grown on either side of the Baroda effluent

channel demonstrates compromised antioxidant defense, an

increased accumulation of cardiac cadmium and cardiac

damage manifested by increased levels of serum CK, LDH,

and cardiac Troponin I. There is markedly enhanced pro-

tection by co-administration of melatonin and alpha lipoic

acid (ALA) against these cadmium-induced alterations.

The results of our study indicate cardiac oxidative stress

as evidenced by the increased levels of hydroxyl radicals

and hydrogen peroxide. Similar rise in hydroxyl radical

production has been reported in the testes of cadmium-

treated mice [39] and in the liver of freshwater goldfish

(Carassius auratus) when exposed to cadmium at a con-

centration of 5 mg/L [40]. Hydroxyl radicals are known to

carry out oxidative modification of the mitochondrial and

myofibrillar protein via oxidation of amino acid residues

and have been implicated in the pathogenesis of myocar-

dial injury [41]. This escalation of hydroxyl radical

observed in the current study owes its origin to its pre-

cursor entity i.e. hydrogen peroxide (H2O2). It is said that

hydrogen peroxide per se is not a free radical, but if

allowed to remain in the cells for protracted period, it can

lead to the formation of deadly hydroxyl radical. The data

recorded in the present study adequately justify the con-

tention of free radical-induced tissue oxidative damage as

both hydroxyl radical and hydrogen peroxide are signifi-

cantly elevated in the heart of cadmium-treated animals.

Level of MDA, a major oxidation product of peroxi-

dized poly unsaturated fatty acids, has been considered to

be an important indicator of lipid peroxidation [42]. In the

current study, high levels of cardiac MDA in cadmium-

exposed rats indicate heightened lipid peroxidation and

prevalent oxidative stress as has been reported for cad-

mium and other heavy metal intoxication [43, 44].

Significant decline in non-enzymic antioxidants like

glutathione, vitamin C, and vitamin E has been noted in the

cadmium-exposed group. The sulphydryl reactive metals

like cadmium have known to have high affinity for gluta-

thione (GSH), which is the primary intracellular antioxi-

dant and conjugating agent. A single atom of cadmium can

bind to and cause the irreversible excretion of up to two

GSH tripeptides [45]. Although this glutathione conjuga-

tion process helps in excretion of heavy metals, it never-

theless depletes the cell of its available pool of GSH.

Cadmium-induced depletion in GSH recorded herein could

be viewed in the context of free radical generation by

cadmium through fenton reaction leading to peroxidative

damage. This is apparently further aggravated due to the

decrease in GSH content. GSH also functions in synchrony

with other non-enzymatic antioxidants such as vitamins C

and E. The sparing effect of GSH and vitamin C on each

other is essentially related with the potential of regenerat-

ing each other [46]. The observed decrease in vitamin C

can therefore be related with the depletion in GSH.
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Fig. 3 Effect of simultaneous

administration of

melatonin ? ALA combination

on the status of enzymatic

antioxidants in the heart of

cadmium-treated animal. Values

are expressed as mean ± SEM

for n = 6, where, C (P \ 0.001)

and NS non-significant when

control versus Mel, ALA,

Mel ? ALA, Cd and, a

(P \ 0.05), b (P \ 0.01),

C (P \ 0.001) and ns non-

significant when Cd versus

Cd ? M, Cd ? ALA,

Cd ? M ? ALA
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Vitamin C is a low molecular weight antioxidant that

defends the cellular compartment against water-soluble

oxygen and nitrogen radicals and hence serves as an

effective antioxidant of the hydrophilic phase. Likewise,

vitamin E is the major lipid-soluble antioxidant present in

all cellular membranes affording protection against lipid

peroxidation by reacting with lipid peroxyl radicals and

conversion to a non-reactive tocophyryl radical [47, 48].

Our results point toward damage to both aqueous and lipid

compartments of the myocardium as evidenced by the

decline in the content of non-enzymatic antioxidants.

Cadmium-exposed rats show significant decrease in

myocardial antioxidant enzymes as it has also been

reported by Manna et al. [49]. Corroborating our results on

the decrease in cardiac SOD and CAT are the reports on

Cd-induced decrease in antioxidant enzyme in other organs

[50, 51]. SOD catalyzes the dismutation of superoxide

radicals to hydrogen peroxide, which is finally removed by

CAT. Decrease in both SOD and CAT observed in our

present study may therefore be related with their inacti-

vation in their encounter with superoxide and hydrogen

peroxide free radicals.

GPx is responsible for detoxification of increased lipid

peroxides and hydrogen peroxides using GSH as reducing

equivalent. Concomitant decrease in GPX and GSH in the

context of increased hydroxyl radical and H2O2, is sug-

gestive of this enzyme being consumed in detoxification of

toxic hydroperoxides. GST, the enzyme responsible for the

conjugation of GSH to foreign compounds, is also signif-

icantly reduced and can be accredited to the ability of

cadmium to bind to the non-histone protein part of the

enzyme [52].

The observed induction of metallothionein in parallel

with cadmium accumulation seems to be an adaptive

mechanism to sequester the metal in bound form. Tissue

oxidative damage induced induction of metallothionein

suggests non-MT-bound cadmium to be the damaging

culprit [37].

Cadmium exposure is significantly known to increase

the activities of serum CPK, LDH, and cardiac troponin I.

Cardiac troponin T (cTnT) and troponin I (cTnI) have been

shown to be highly sensitive and specific markers in the

determination of myocardial cell injury [53, 54]. The high

cTnT and cTnI values provide biochemical evidence for

myocardial cell injury. O’Brien et al. [55] have shown

cTnT is a powerful biomarker in laboratory animals for

sensitive and specific detection of cardiac injury arising

from various causes. Further, Vorderwinkler et al. [56]

have found an increase in cTnI in parallel with cTnT in

effluents from isolated perfused rat hearts after hypoxia-

reoxygenation-induced myocardial infarction. Thus, the

currently observed increase in the levels of serum marker

enzymes of cardiac damage like CK and LDH indicates

myocardial injury. These findings corroborate well with an

earlier report on cadmium toxicity at sublethal dosage [57].

Simultaneous administration of a combination of Cd ?

melatonin ? ALA offsets the cadmium-induced changes in

antioxidant defense, and overall, the combination of pro-

tectants has better therapeutic efficacy in preventing

Cd-induced compromised antioxidant status. A highlighting

feature of our study is the ability of the combination to

completely quench hydroxyl and superoxide radicals. A

possible mechanism of action of this dual protectant regimen

can be attributed to an additive action as both melatonin and

ALA have been reported to scavenge hydroxyl radial [58].

With regard to the ability of this combination in scavenging

superoxide free radicals, a reported complementary property

provides adequate support. Melatonin is reported to be

minimally reactive to superoxide anion [17], while ALA has

much superior activity against this free radical. Thus, in

combination, these protectants seem to complement each

other leading to complete quenching of free radicals [59].
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Apart from hydroxyl free radical and superoxide free radical,

melatonin and ALA are also known to scavenge singlet

oxygen, hydrogen peroxide, peroxyl radical, hypochlorous

acid, peroxynitrite, and nitric oxide [60, 61].

The observed prevention of lipid peroxidation and cor-

responding conserved glutathione status under the influ-

ence of Mel ? ALA combination seems more tilted in

favor of melatonin. The decrease in lipid peroxidation is

indicative of melatonin’s role as a chain-breaking antiox-

idant. However, available reports suggest that this action is

by inhibiting free radicals [62]. Hence, the possibility of a

non-genomic mode of action of this combination cannot be

ruled out. Our assumption stems from the fact that both

melatonin and ALA have potential to get dissolved in both

lipid and aqueous media and translocate to sites where –SH

compounds are actually required [63, 64]. Additionally,

lipoic acid has been reported to afford protection to cell

membranes by possible interaction with the antioxidants

glutathione and ascorbate via the vitamin E cycle [23]. Our

biochemical data of marker enzymes of myocardial dam-

age correlate well with the histological findings, and the

combination of Mel ? ALA seems potent to prevent the
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otherwise observed cardiac myofibrillar damage due to

necrosis.

Melatonin is shown to be more potent in preventing

tissue accumulation of cadmium, and the combination of

Mel ? ALA maintains cadmium levels close to control

values. The mechanistic basis behind this reduction in

metal load can be co-related with the corresponding

induction of MT. The dramatic induction of MT observed

in our study can sequester Cd and render it toxicologi-

cally inert [65], but interaction of MT with Cd can also lead

to generation of hydroxyl radicals [66]. Interestingly,

administration of Mel ? ALA combination further aug-

mented the degree of metallothionein induction. Although

this increment was non-significant, it is suggestive of metal

sequestering property since 1 mol of MT (6,600) binds

7 mol of Cd [37]. In vivo studies on adult mice treated with

melatonin 10 mg/kg body weight have shown similar

increase in Cd-induced MT gene expression [67]. Melato-

nin besides being a Cd-binding protein is also a cardiac

antioxidant [68, 69]. Hence, induction of metallothionein

can essentially be seen as an adaptive mechanism to boost

the antioxidant defense of the cardiac tissue. Additionally,

lipoic acid and melatonin have been demonstrated to form

stable complex with manganese, copper, and zinc besides

chelating cadmium and iron [70]. Individually, the ability

of both melatonin and ALA as potential as metal-chelating

Fig. 6 Hematoxylin and eosin–stained cardiac sections of (a) control

rat (1009) showing normal histoarchitecture of cardiac muscle,

b cadmium-treated rat (1009) showing extensive degeneration in

cardiac muscle (marked with arrows), c cardiac section simultaneously

administered with Cd ? melatonin (1009) showing occasional loss of

muscle fiber, d cardiac section simultaneously administered with

Cd ? ALA (1009) showing occasional loss of muscle fiber [ Cd ?

Mel group and e cardiac section simultaneously administered with

Cd ? ALA ? melatonin (1009) showing normal structure of

myocyte
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agent against metal toxicity has been evaluated in experi-

mental models [37]. Thus, the decrease in metal load can

be possibly attributed to induction of metallothionein and

the ability of this combination to form complexes.

The present formulation also has a significant sparing

effect on non-enzymatic antioxidants, which suggests

enhanced metal-chelating activity. Sulphydryl reactive

metals are detoxified by glutathione transferase leading to

depletion of glutathione, a major antioxidant in the cell.

Both melatonin and ALA can maintain intracellular pool of

glutathione necessary for maintaining balanced redox state

of the cell as well as an additional reserve for carrying out

detoxification reactions. The present results demonstrate

for the first time the cardioprotective effect of Mel ? ALA

combination against cadmium toxicity in an additive

manner and that the superior protection exerted by the

combination is essentially by way of minimizing free

radical formation and by increasing metal-chelating

capacity. Apparently, the endogenous antioxidant defense

of the body is insufficient to counteract the deleterious

effects of metal-induced free radical damage, and hence

exogenous antioxidant supplementation can afford thera-

peutic benefit against metal-induced tissue oxidative

damage.

Conclusion

To the best of our knowledge, ours is the first in vivo report

on a combination of melatonin and ALA in alleviating

symptoms of cadmium-induced alterations in myocardial

antioxidant system with little scope for comparison due to

the lack of studies using such a combination. However, to

have a greater insight on the mechanism of this protectant

combination, it is worthwhile to discuss the role of a lone

synthetic compound and a conjugate of melatonin and

ALA. This compound named melatoninolipoamide was

used to carry out pulse radiolysis study. The results indicate

that melatonin moiety of the conjugate reacts preferably

with oxidizing radicals, and the lipoic acid moiety exhibits

preferential reaction with reducing radicals [71]. Thus, our

rationale behind the choice of melatonin and ALA was

essentially to quench all forms of free radicals leading to

overall protection of myocardium. Our results suggest

additive effect of melatonin with ALA as observed by the

greater magnitude of protection provided by these in

combination compared to either of them singly. Our results

are in consonance with the reported synergism of melato-

nin with ALA in an in vitro study [72]. In view of these

favorable results of this combination in reducing cadmium

toxicity, it is worthwhile to consider melatonin ? ALA as

a over the counter antioxidant combination as a possible

alternative therapeutant against cadmium-induced myo-

cardial damage.
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