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Abstract: Reactive oxygen species (ROS) and free radicals are essential for 
physiological processes in living organisms. However, an overproduction of ROS 
and free radicals results in enhanced oxidative stress and can lead to several 
diseases, cancer included. Certain carcinogens may produce ROS, which 
directly damage macromolecules, leading to cancer initiation. It is expected that 
melatonin, as a well documented antioxidant, may protect macromolecules 
against oxidative damage caused by certain carcinogens possessing 
prooxidative properties. Experimental evidence for the subject in question has 
been discussed in the survey. 
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Streszczenie: Reaktywne formy tlenu (ROS) i wolne rodniki odgrywają istotną 
rolę w przebiegu procesów fizjologicznych w organizmach żywych. Nadmierne 
wytwarzanie ROS i wolnych rodników może jednakże prowadzić do nasilenia 
stresu oksydacyjnego i – w efekcie – do wyindukowania wielu chorób, w tym 
nowotworów złośliwych. Niektóre kancerogeny mogą indukować wytwarzanie 
ROS, które – następnie – uszkadzają makrocząsteczki w sposób bezpośredni, 
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wiodąc do inicjacji nowotworzenia. Uważa się, że melatonina, jako dobrze 
udokumentowana substancja antyoksydacyjna, może zapobiegać uszkodzeniom 
oksydacyjnym makrocząsteczek wywołanym przez niektóre kancerogeny 
posiadające właściwości prooksydacyjne; w pracy przedstawiono dowody 
doświadczalne dotyczące powyższych efektów melatoniny. 
 
Słowa kluczowe: melatonina, ochronny, uszkodzenia oksydacyjne, 
makromolekuły, kancerogen. 
 

Introduction 
 

Reactive oxygen species (ROS) and free radicals are formed in living 

organisms – in certain amounts – under physiological conditions. However, an 

overproduction of ROS and free radicals results in enhanced oxidative stress and 

can lead to several diseases, cancer included [1, 2]. The increased level of 

oxidative damage to macromolecules has been found in blood serum of, among 

others, critically ill patients [3], growth hormone-deficient patients [4, 5], or obese 

patients [6]. 

Although oxidative stress contributes to cancer development at each step of 

cancerogenesis, its role at the first step, namely, cancer initiation, can be a primary 

one. Certain external carcinogens may produce ROS, which directly damage 

macromolecules, leading to cancer initiation. Also “internal” carcinogens, which 

are formed as a result of metabolic disorders, may contribute to cancer 

development via the direct mechanism of oxidative stress. The most basic reaction 

of oxidative stress is Fenton reaction: Fe2+ + H2O2 → Fe3+ + .OH + OH-, which 

normally occurs in biological structures. Hydroxyl radical (.OH), produced in this 

reaction, is the most toxic free radical. The mentioned above Fenton reaction 

is frequently used to induce experimentally oxidative damage to macromolecules 

under in vitro conditions [7, 8]. 

Melatonin (N-acetyl-5-methoxytryptamine) is produced in the pineal gland, 

as well as in numerous other tissues and organs [9, 10]. The indoleamine 

possesses properties of the hormone but also demonstrates other numerous 

characteristics, allowing its action in cellular compartments of all tissues and 
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organs [11]. Melatonin is a well-known antioxidant and free radical scavenger, 

revealing preventive action against oxidative damage in different tissues [12-17]. 

Among other effects of melatonin, its regulatory role in collagen accumulation is 

worth mentioning [18]. 

Melatonin reveals a broad spectrum of actions in animal and human 

physiology [19-23]. Certain disturbances in its synthesis may be involved in the 

pathogenesis of human disorders, as it has been documented for psychiatric 

disorders [24]. Due to its spectacular protective effects and no evidence for any 

side effects, melatonin is recommended to be safely used in humans and in 

animals for both prevention and treatment [25]. 

Protective effects of melatonin and/or related molecules against oxidative 

damage due to different potential carcinogens were observed in several studies. 

The following parameters were evaluated: 1) 8-oxo-2’-deoxyguanosine (8oxodG), 

the most frequently measured product of DNA damage which is highly mutagenic 

[26], 2) lipid peroxidation products (malondialdehyde + 4-hydroxyalkenals, 

MDA+4-HDA), which contribute to DNA damage in different mechanisms [27], 

and 3) changes in the membrane fluidity (the inverse of membrane rigidity) 

resulting from the oxidative damage to membranes [28]. 
 

Potential carcinogens, their prooxidative effects 
and protective effects of melatonin 
 

Iron is the most common heavy metal widely distributed throughout 

organisms participating in the Fenton reaction. The increased body iron stores 

are associated with the increased risk of cancer [29]. Both iron ions, ferrous 

(Fe2+) and ferric (Fe3+), may participate in oxidative reactions. 

In the in vitro study, the incubation of testicular homogenates in the 

presence of Fe2+ and H2O2 resulted in the increased level of MDA+4-HDA [30]. 

These oxidative changes were prevented, in concentration dependent manner, by 

related indoles – melatonin, NAS, and by 5-hydroxy-indole-3-acetic acid 

(5HIAA), the main metabolite of serotonin. Interestingly, all the indoles, 
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in concentration dependent manner, reduced the basal lipid peroxidation 

in testicular homogenates [30]. 

In a similar model of Fenton reaction-induced oxidative damage to 

membrane lipids in the porcine thyroid, melatonin, in a concentration-dependent 

manner, decreased lipid peroxidation induced by Fe2+ and H2O2 without 

affecting the basal MDA+4-HDA levels [7]. In conclusion, melatonin protects 

against Fenton reaction-induced peroxidation of lipids in testicular and thyroid 

homogenates.  

In a model of ferric-related oxidative damage to membranes in vitro, 

protective effects of melatonin against FeCl3, ADP and NADPH-induced 

decrease in hepatic microsomal membrane fluidity were found [28, 31]. 

We have observed that indole-3-propionic acid (IPA), melatonin-related indole, 

prevents FeCl3, ADP and NADPH-induced changes in hepatic microsomal 

membrane fluidity [15]. 

In the experimental model of porphyrias, the metabolic diseases associated 

with the increased incidence of cancer [32], melatonin effectively prevented the 

oxidation of guanine bases in the liver, kidney, lung and spleen caused by the 

injection of the carcinogen Ω-aminolevulinic acid (ALA), a precursor of haem 

synthesis [33-35]. Similarly, oxidative changes in cellular membranes due to 

ALA did not appear when rats were co-treated with melatonin; melatonin 

prevented the decrease in membrane fluidity in hepatic and renal microsomes 

and mitochondria [33, 34] and protected against the enhanced lipid peroxidation 

in hepatic microsomal membranes [33] in the lung and spleen homogenates [35] 

and in blood serum [34]. The results of other studies in vivo and in vitro 

documenting the protective role of melatonin against ALA-induced oxidative 

damage and the mechanisms of antioxidative action of melatonin in porphyrias 

have been reviewed [17]. 

Phenylhydrazine (PHZ) is one of the most potent carcinogens belonging to 

the hydrazine family [36]. Co-treatment with melatonin prevented the increase 

in lipid peroxidation products in spleen and serum and reduced the decrease in 

hepatic microsomal membrane fluidity due to PHZ [37]. Interestingly, in vivo 
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treatment with melatonin protected against in vitro iron-induced lipid 

peroxidation in the liver homogenates [37]. Thus, the administration of 

melatonin to organisms decreases organ susceptibility to oxidative stress after 

the tissues are oxidatively challenged in vitro. 

In several experimental models protective effects of melatonin against 

oxidative abuse due to ionizing radiation were revealed [38, 16]. In in vivo 

study we found that co-treatment with melatonin completely prevented 

the increased oxidation of guanine bases and the decreased membrane fluidity 

in the liver [39]. 

Chromium (Cr) is a heavy metal used in a number of occupational settings. 

Trivalent form, Cr(III) is responsible for its toxic intracellular action. Cr(III) 

plus hydrogen peroxide (H2O2)-induced increase in 8-oxodG formation in 

purified calf thymus DNA was effectively prevented by micromolar 

concentrations of melatonin and, to lesser extent, by other antioxidants ascorbic 

acid and trolox [40]. In similar in vitro model, Cr(III) and H2O2 caused the 

decrease in rat hepatic microsomal membrane fluidity; these oxidative changes 

were effectively prevented by IPA in a concentration dependent manner [41]. 

Cadmium (Cd), a toxic transition metal, is a poor electron acceptor and 

donor. Cd-related depletion of glutathione, which results in enhanced 

production of ROS and an increased lipid peroxidation, is thought to play 

a substantial role in Cd-related carcinogenesis [42]. 

The single injection of Cd resulted in the increased level of lipid 

peroxidation products in different hamster organs, the brain, heart, kidney and 

lung; when animals were co-treated with melatonin the increase in lipid 

peroxidation was prevented [43]. 

1,3,5[10]-Estratriene-3,17β-diol (17β-estradiol; E2), a natural estrogen, 

is classified as a carcinogen [44]. In a hamster kidney model of E2-induced DNA 

damage, the increased oxidations of guanine bases in particular organs were 

observed at specific time points. A single injection of E2 resulted in the 

increased level of 8-oxodGuo in the kidneys 5 hours and in the liver 3 hours 

after the hormone treatment; DNA damage due to E2 was not found in hamsters 
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co-treated with melatonin [45]. Similarly, multiple injections of melatonin, IPA 

and ascorbic acid, when particular antioxidants were used in equimolar doses, 

prevented the enhanced oxidation of guanine bases in the hamster kidney due to 

E2 [46]. 

Potassium bromate (KBrO3) is a compound belonging to Group 2B of 

carcinogens (a possible human carcinogen). This agent was used as a food 

additive in flour treatment as a component of cold-wave hair lotions and is still 

used in barley processing. Additionally, KBrO3 is formed as an oxyhalide 

by-product during water ozonation. KBrO3 induces oxidative stress and may 

contribute to neoplasia in endocrine glands. 

It has been demonstrated that KBrO3 triggers thyroid follicular cell tumors 

in rats [47]. In vivo pretreatment with either melatonin or with indole-3-

propionic acid (IPA; an indole substance) (0.0645 mmol/kg b.w., i.p., twice 

daily, for 10 days) or with propylthiouracil (PTU; an antithyroid medication) 

(0.025% solution in drinking water, for 10 days), decreased lipid peroxidation 

caused by KBrO3-injections (110 mg/kg b.w., i.p.) in the rat thyroid gland [48]. 

It has been also found that KBrO3 induces tumors and pro-oxidative 

effects in the kidneys [47]. KBrO3 (110 mg/kg b.w., i.p.), when injected to rats, 

significantly increased lipid peroxidation in the kidney homogenates 

and  blood   serum; co-treatment with either melatonin or with IPA 

(0.0645 mmol/kg b.w., i.p., twice daily, for 10 days), but not with PTU 

(0.025% solution in drinking water, for 10 days), decreased KBrO(3)-induced 

oxidative damage to lipids in the rat kidneys and serum [49]. 

When the lung homogenates from either control or melatonin-pretreated 

rats (0.0645 mmol/kg b.w., i.p., twice daily, 10 days) were incubated in the 

presence of KBrO3 (0.1, 0.5, 1.0, 2.5, 5.0, 10.0 mM), melatonin preinjections 

were found to prevent KBrO3-induced lipid peroxidation [50]. Additionally, 

melatonin used in vitro reduced KBrO3 (10.0 mM)-induced lipid peroxidation in 

rat lungs [50]. 

It is concluded that organs such as the thyroid gland, the lungs and the 

kidneys may be targets for KBrO3. The exposure of organisms to melatonin 



Malgorzata Karbownik-Lewińska, Andrzej Lewiński 63

decreases tissue sensitivity to KBrO3-induced damage, possibly by restoring the 

oxidative balance. 

Aflatoxin B1 (AFB1) is a potent hepatotoxic and hepatocarcinogenic 

mycotoxin [51]. Reactive oxygen species are considered to participate in the 

main mechanism of aflatoxin toxicity. AFB1 (50 microg kg(-1) BW/daily, i.p., 

6 h prior to indoleamine injections) increased lipid peroxidation in the liver, 

lung, brain and testis. The increase of LPO caused by AFB1 injections was 

completely prevented by either melatonin or N-acetylserotonin (NAc-5HT; an 

immediate precursor of melatonin) [20 mg/kg b.w./daily, i.p., for 3 weeks in late 

afternoon (16:00-18:00) injections] in all the tissues examined [52]. Melatonin 

can be considered as a protective pharmacological agent in intoxication with 

AFB1 and the protective effect of NAc-5HT against aflatoxin-induced LPO 

broadens the knowledge about its antioxidative properties. 
 

Summary 
 

Melatonin has been shown to protect macromolecules against oxidative 

damage caused by certain carcinogens possessing prooxidative properties. As 

melatonin has been well documented to be absolutely safe and not to reveal any 

side effects, this indoleamine can be considered for the use in humans and in 

animals under exposure to carcinogens.  
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