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Abstract: The present study was designated to evaluate the protective effect of melatonin (MLT) against lead acetate 
(LA) toxicity through comet assay and histological studies.  Male mice were used in this experiment; animals were 
divided into 6 groups of 4 animals each. First group received orally solvent (4% ethanol) and served as control and the 
other groups received orally MLT (10mg/kg b.wt) and/or  50, 100  mg/kg body weight of lead acetate for 21 days. Mice 
were scarified 24 hrs after the last treatment. The results indicated that MLT alone did not induce any significant 
changes in the DNA tail moment values of liver cells as compared with control. Also MLT showed normal histological 
picture of liver and kidney.  In contrast, LA treated mice showed significant increases in the tail moment values of the 
liver cells. In addition, LA treated mice exhibited degenerated hepatocytes and portal inflammatory cell infiltrations. 
Also, the kidneys showed degenerated glomeruli, severe congestion and haemorrhages. Meanwhile, Co-administration 
of MLT with LA weakened the severity of DNA lesion in liver and the pathological changes in kidney and liver of LA 
treated mice. These results pointed out the protective effect of MLT against the toxicity of lead acetate. 
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1. Introduction 

Lead acetate (LA) is used in dyeing and printing 
cotton, in varnishes, chrome pigments, the manufacture 
of pesticides, antifouling paints, analytical reagents, 
hair dyes and as an astringent and water repellent 
(Johonson, 1998).  Several in vitro and in vivo studies 
have shown that different LA metabolic pathways 
result in reactive oxygen species generation and 
alteration of antioxidant defense systems (Hsu et al., 
1997; Aykin-Burns et al., 2005 and  Xu et al., 2008).  
Haleagrahara  et al.  (2011) reported that exposure to 
lead acetate caused a marked increase in lipid 
peroxidation and a reduction in free radical scavenging 
enzymes in bone marrow.  

In addition, lead and its conjugated compounds 
are known genotoxic agents affecting the integrity of 
chromosomes. Several studies indicated the genotoxic 
effect of LA, by means of chromosomal aberrations 
(Nehéz et al., 2000), micronucleus test (Çavaş, 2008) 
and sister chromatide exchange (Tapisso et al., 2009). 
Also, LA induced DNA damage in lung and liver of 
CD-1 rats (Valverde et al., 2002); in lymphocytes of 
humans (Woźniak and Blasiak 2003) and mice (XU et 
al., 2008); in rat germinal cells (Nava-Hernández et 
al., 2009). Additionally,  Woźniak and Blasiak (2003)   
suggested that LA may induce single-strand breaks and 
double-strand breaks  in DNA as well as DNA-protein 
cross-links  

Moreover, lead is listed as a human carcinogen on 
the basis of rodent tests (ARC, 1994). 

Liver plays a major role in lead's metabolism, 
which makes it in special risk due to the oxidative 
action yielding from lead metabolism. Sivaprasad et 
al. (2004) revealed that, lead-induced lipid 

peroxidation of cellular membranes, which plays a 
crucial role in the mechanisms of its hepatotoxic 
action.   Additionally, lead is known to also affect the 
kidney, which is another important target (Garçon et 
al., 2007). Lead produces oxidative damage in the 
kidney as evidenced by enhancing lipid peroxidation 
(Farrag et al., 2007; El-Nekeety et al., 2009).  

On the other hand, melatonin which is the 
endogenous molecule produced in the human and 
vertebrate pineal gland in darkness (Challet, 2007), 
possesses immunomodulative, anti-inflammatory and 
antioxidant properties. MLT was reported to reduce the 
amount of membrane lipid peroxidation products and 
DNA damage (Reiter et al., 2003, Konturek et al., 
2007). Moreover, MLT has been proven to be more 
potent antioxidant than vitamin E and vitamin A 
(Korkmaz et al., 2009). Thus, for its antioxidant 
potential MLT has been proposed to use for the 
protection against molecular damage by oxygen and 
nitrogen-based toxic reactants (Reiter et al., 2004).  

This study aimed to assess the protective effect of 
melatonin against the genotoxicity of lead acetate using 
DNA comet assay in liver and determination of 
histological changes in both liver and kidney. 
 
2. Material and Methods 
A- Animals and treatments 

The present study was carried out using 24 adult 
male mice 9-12 months' age and 25-30 g in weight 
which were purchased from the animal house of The 
National Research Center, Cairo, Egypt.  Animals were 
kept in groups of 4 in different cages, and acclimatized 
for 7 days before dosing.  Standard laboratory chow 
and fresh tap water were provided ad libitum. Mice 
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were divided into 6 groups of 4 animals each. Animals 
in the first group were given the solvent (4% ethanol) 
via oral gavage and served as control. Mice in the other 
groups received oral gavage of 10mg/kg b.w melatonin 
(Vijayalaxmi et al., 1999) and or 50 and 100mg/kg 
b.w lead acetate for 21 days.  Mice were sacrificed 
24hrs after the last treatment.  After sacrificing, 
Animals were rapidly dissected and the liver was 
cleaned and small pieces were left in –4º C for comet 
assay. Other samples (liver and kidney) were 
immediately fixed in 10% formalin solution for 
histological studies.  
 
B- Chemicals 

Lead acetate and Melatonin (5-Methoxy-N-
acetyltryptamine) were purchased from Sigma-Aldrich.  
Melatonin solution was made by dissolving 1 mg in 
4% ethanol. Normal melting agarose, low melting 
agarose, triton X-100, sodium N-lauryl sarcosine, 
ethylenediamine tetraacetic acid, trishydroxymethyl 
aminomethane, ethidium bromide, Giemsa, and other 
common chemicals were purchased from Sigma-
Aldrich.   
 
D- Comet assay 

The alkaline single-cell gel electrophoresis was 
performed by the method of Sasaki et al. (1997). The 
liver was minced and suspended in 4 mL of chilled 
homogenizing solution (0.075 M NaCl and 0.024 M 
Na2EDTA, pH 7.5), then homogenized gently at 500 to 
800 rpm on ice. To obtain nuclei, the homogenate was 
centrifuged at 700g for 10 min, and the pellet was 
gently resuspended in 4.0 ml of chilled homogenizing 
buffer. After that, 75 μl of  a mixture containing equal 
volumes of sample (nuclei preparation) and low 
melting agarose (2% in phosphate buffer saline) was 
quickly layered on 1% normal melting point agarose 
(NMA) (prepared in distilled water) precoated and 
overnight dried slides and covered with a coverslip. 
Then the slides were placed on a chilled plate to allow 
complete polymerization of agarose. Finally 75 μl of 
0.5% NMA in PBS was quickly layered in the same 
manner after removing the coverslip and allowed to 
solidify on chilled plate. Slides were then immersed in 
the lysis buffer (containing 2.5 M NaCl, 100 mM 
EDTA, 10 mM Tris, 1% sarcosine, pH 10.0 adjusted 
with 10 N NaOH and with 5% DMSO and 1% Triton 
X-100 was added just before use) for 1 hr at 480C in 
the dark. After lysis, the slides were transferred on a 
horizontal electrophoresis platform and immersed in 
electrophoresis buffer (300 mM sodium hydroxide and 
1 mM EDTA, pH > 13.0) for 20 min for unwinding of 
DNA. Electrophoresis was performed for 15 min at 
constant voltage (1 V/cm and 300 mA). After 
electrophoresis, the slides were washed thrice with 
neutralizing buffer (0.4 M Tris-HCl, pH 7.4) for 5 min 
each. Slides were dehydrated in absolute methanol for 

10 min and left at room temperature to dry. The whole 
procedure was performed in dim light or dark to 
minimize artefactual DNA damage.  Just before 
visualization, each slide was stained with 50μl of 
ethidium bromide (20μl/ml), rinsed with water, and 
covered with a coverslip. The slides were examined at 
200x magnification using Olympus fluorescent 
microscope. All slides were coded and examined 
blindly. A total of 100 randomly selected cells from 
two replicate slides (50 cells per slide) were examined 
per sample. The analysis of comet cells was done using 
TriTek Comet Score Freeware v1.5.  

 
The tail moment (a measure of tail length X a 

measure of DNA in the tail) was taken as the 
measurement of DNA damage (Olive et al., 1990). 
 
Histological studies: 

Liver and kidney samples from mice were 
carefully dissected and fixed in 10% buffered formalin, 
then dehydrated through graded series of alcohol and 
embedded in paraffin.  Sections (5µm) were cut and 
stained with Haematoxylin and Eosin (Drury and 
Wallington, 1980). The stained sections were 
examined and photographed under a light microscope. 
 
F- Statistical analysis 

Results of the different treatment groups were 
compared to data obtained from untreated mice using 
Students’t-test (Fowler et al.,1998). Significance was 
indicated by P values <0.05.  
 
3-Results and Discussion 

The SCGE assay is a rapid and sensitive 
procedure for quantitating DNA lesions in mammalian 
cells (Fairbairn et al., 1995). In the present 
investigation, no significant induction of comets 
having well separated heads and tails were observed in 
melatonin treated group (Table1).In contrary, the 
alkaline comet assay revealed significant dose 
dependent increases in the tail moment values of LA 
treated groups as compared to controls (Table 1 ; 
Figure 1). This result is compatible with the findings of 
Woźniak and Blasiak, 2003; Arif et al., 2008 and Xu 
et al., 2008. Additionally, Valverde et al., 2002 
declared that lead acetate inhalation induces systemic 
DNA damage in liver cells which make it a target 
organ of this metal. However, MLT Co-treatment 
significantly reduced the tail moment values from 
(9.04±1.3) after LA treatment (50mg/kg) to 
(2.66±3.12). These results are in agreement with 
Sliwinski et al. (2007).        

     Histological changes in animal liver tissue 
provide a rapid method to detect effects of irritants, not 
only in liver but in various tissues and organs (Bernet 
et al., 1999). In the present investigation, examination 
of H&E liver sections of both control and MLT groups 
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revealed that the parenchyma was formed of classic 
hepatic lobules having the central veins in their middle 
from the central veins branching and anastomosing 
cords of hepatocytes radiate. The hepatocytes appeared 
polyhydral in shape, with mildly vacuolated cytoplasm 
and rounded vesicular nuclei, some hepatocytes 
appeared binucleated, blood sinusoid were situated 
between cords of hepatocytes and lined by flattened 
endothelial cells and VonKupffer cells.  Additionally, 
examination of kidney sections revealed normal 
cellular architecture with distinct kidney cell. However, 
examined liver sections of mice treated with LA after 
three weeks showed vacuolar, hydropic and fatty 
changes (Fig.2) as well as congestion and mononuclear 
inflammatory (Fig. 3). Some sections showed cells 
necrosis changes (Fig.4). Finally, the portal areas 
showed congestion (Fig. 5), mild fibrosis and 
degeneration (Fig.6).  Similar results were reported by 
Shalan et al. (2005); Badiei et al. (2006) and Khan et 
al. (2008). Moreover, LA induced marked glomerular, 
tubular and interstitiail alterations in the kidneys 
treated groups, such as: hypercellularity, proliferation 
and glomerular basement membrane thickening (Fig. 
7), congestion associated with the inter-tubular blood 
capillaries dilation (Fig. 8), necrotic proximal tubules 
(Fig. 9), increased periglomerular space (Fig. 10), 
severe congestion and haemorrhages, degeneration 
(Fig.11), these observation are in agreement with 
Siddiqui et al. (2002). 

Oxidative stress can arise when the production of 
ROS exceeds the antioxidant capacity of the cell, 
resulting in damage to membrane lipids, cellular DNA, 
and cells proteins (Ames et al., 1993; Conklin, 2000). 
In the present investigation, the DNA damage induced 
after LA administration could be attributed to the 
excessive generation of highly ROS (Hsu et al., 1997;   
Aykin-Burns et  al., 2005 and  Xu et al., 2008) and 
lipid peroxidation due to the metabolic pathways of LA  
(Haleagrahara  et al.,  2011) which has been 
considered as one of the direct mechanisms underlying 
lead-mediated DNA damage (Acharya et al., 2003). 
Additionally, Monterio et al., 1995 suggested that 
lead-induced oxidative stress by disrupting the delicate 
prooxidant/antioxidant balance that exists within 
mammalian cells.   

  Moreover, alteration of the morphological 
structure of liver and kidney tissues of LA treated 
groups may be due to the oxidative damage occurred in 
the cellular membranes by the accumulation of LA 
oxidant metabolites, and by direct or indirect inhibition 
of antioxidant enzymes, reducing the total antioxidant 
protection of the cell, which affecting membrane 

structure and function and altering the physiological 
processes of these organs and tissues (Rendón-
Ramirez et al., 2007). These damages which are 
reflected in cellular structural, morphological and 
molecular changes which appeared in this investigation 
are in accordance with the observation of Rendón-
Ramirez et al., 2007; Suradkar et al., 2010; Ponce-
Canchihuamán et al., 2011. 

On the other hand, the powerful antioxidant 
capacity of melatonin which appeared in the present 
investigation in the form of reduction in DNA damage 
and histological recovery of liver and kidney may be 
attributed to its potential to eliminate free radicals by 
the donation of electrons (Hardeland, 2005) For 
example, melatonin may neutralize hydroxyl radicals 
released after LA metabolization by forming 3-
hydroxymelatonin, which is excreted in the urine (Tan 
et al., 1998). MLT may also interact with oxygen and 
nitrogen-based toxic reactants (Reiter et al., 2004).  
Additionally, Metabolites of melatonin, including the 
major hepatic metabolite 6-hydroxymelatonin, as well 
as N-acetyl-N-formyl-5-methoxykynuramine and N-
acetyl- 5-methoxykynuramine have been shown to 
detoxify radicals themselves (Tan et al., 2007). In 
addition to these direct interactions with ROS, 
melatonin may induce upregulation of the activity of 
antioxidants and antioxidant enzymes, it appears to 
increase the activity and/or expression of hepatic 
antioxidant enzymes, such as superoxide dismutase 
(SOD), glutathione (GSH), glutathione peroxidase 
(Gpx) and glutathione reductase (GSR), in the 
environment of oxidative stress (El-Missiry, 2000; 
Meki and Hussein, 2001; Rodriguez et al., 2004; 
Tomás-Zapico and Coto-Montes, 2005), which 
involved  in repair of lesions in cellular DNA 
(Vijayalaxmi et al., 2004). MLT also has the ability to 
attenuate hepatic LPO (Jung et al., 2009). Moreover, 
Sliwinski et al., 2007 reported the protective effect of 
MLT against oxidative DNA damage by chemical 
inactivation of a DNA-damaging agent as well as by 
stimulating DNA repair. In conclusion, melatonin 
remarkably reduced DNA damage induced by LA as 
well as, recovery of liver and kidney tissues and this 
ameliorative action of MLT could be attributed to its 
powerful antioxidant activity. 
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Table 1: Means of tail moment in liver cells of mice  post-treatment with  lead acetate and/or melatonin. 
       

Treatment 
Tail moment 

control melatonin Lead acetate Melatonin + Lead acetate 

4% ethanol 10 mg/kg 50mg/kg bw 100 mg/kg bw 
10 mg/kg MLT 
50mg/kg bw LA 

10 mg/kg MLT 
50mg/kg bw LA 

mean 1.11 1.37 9.04 10.4 2.66 8.97 
± S.D. 0.54 1.03 1.30 4.255 3.12 6.62 
t-test (P-values) - 0.67 0.0001 0.0049 0.009 0.73 

MLT = melatonin                 LA = lead acetate 

 

 
 

  
Fig. 2: examined liver sections of mice treated 
with LA after three weeks showed vacuolar, hydropic 
and fatty changes (HX&E)x400 

Fig.3: liver section showing congestion and 
mononuclear inflammatory. (HX&E)x400 
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Fig. 4: liver section showing necrosis changes 
(HX&E)x400 

Fig. 5: liver section showing in congestion the 
portal area (HX&E)x400 

  
Fig.6: liver section showing  mild fibrosis and 
degeneration (HX&E)x400 

Fig. 7: kidney section showing hypercellularity, 
proliferation and glomerular basement membrane 
thickening (HX&E)x400 

  
Fig. 8: kidney section showing congestion associated 
with the inter-tubular blood capillaries dilation 
(HX&E)x400 

Fig. 9: kidney section showing necrotic proximal 
tubules (HX&E)x400 

 
 

Fig. 10: kidney section showing increased 
periglomerular space (HX&E)x400 

Fig. 11: kidney section showing severe congestion and 
haemorrhages, degeneration (HX&E)x400 

 
  



Journal of American Science, 2012;8(3)                                                     http://www.americanscience.org  

http://www.americanscience.org                                                                 editor@americanscience.org 483

References  
Acharya, U.R.; Acharya, S. And Mishra, M. (2003): 

Lead acetate induced cytotoxicity in male germinal 
cells of Swiss mice. Ind Health.;41(3):291-4. 

Ames, B.N.; Shigenaga, M.K. and Hagen, T.M. (1993): 
Oxidants, antioxidants, and the degenerative 
diseases of aging. Proc. Natl. Acad. Sci. U. S. A., 
90:7915-7922. 

ARC (Seventh Annual report on carcinogens) (1994): 
National toxicology program. National Institute of 
environmental Health Sciences. Research Triangle 
Park, North Carolina. 

Arif, M.; Kabir, Y.; Hassan, F.; Zaved Waise1, T.M.; 
Ehsanul Hoque, M. d. and Rahman, S. (2008): 
Increased DNA damage in blood cells of rat treated 
with lead as assessed by comet assay Bangladesh J 
Pharmacol.,  3: 97-101. 

Aykin-Burns, N.;  Franklin, E. A. and  Ercal, N. 
(2005): Effects of N-acetylcysteine on lead-exposed 
PC-12 cells. Arch Environ Contam Toxicol., 
49(1):119-23.  

Aykin-Burns, N.;  Franklin, E. A. And  Ercal, 
N.(2005): Effects of N-acetylcysteine on lead-
exposed PC-12 cells. Arch Environ Contam 
Toxicol., 49(1):119-23.  

Badiei, K.; Mostaghni, A.; Nowrooziasl, A. and  
Tabatabael, N. (2006): Ameliorate effects of 
Allium sativum on subclinical lead toxicity in 
goats. Pak Vet J., 26(4): 184–6. 

Bernet, D.; Schmidt, H.; Meier, W.; Burkhardt-holm, 
P. and Wahli, T. (1999): Histopathology in Fish: 
proposal for a protocol to assess aquatic pollution. 
J. Fish Dis., 22: 25-34. 

Çavas, T. (2008): In vivo genotoxicity of mercury 
chloride and leadacetate: micronucleus test on 
acridine orange stained fish cells Food Chem 
Toxicol., 46: 352–358. 

Challet, E. (2007): "Minireview: Entrainment of the 
Suprachiasmatic Clockwork in Diurnal and 
Nocturnal Mammals". Endocrinol.,148 (12): 5648–
55. 

Conklin, K. A. (2000): Dietary antioxidants during 
cancer chemotherapy: impact on chemotherapeutic 
effectiveness and development of side effects. Nutr 
Cancer; 37(1):1-18. 

Drury,  R. and Wallington, E. (1980): Carleton,s 
Histological Techinques. 5th ed .Oxford University 
Press. London NY. Toronto 119-200. 

El-Missiry, M. A. (2000): Prophylactic effect of 
melatonin on lead induced inhibition of heme 
biosynthesis and deterioration of antioxidant 
systems in male rats. J Biochem Mol Toxicol.,  14: 
57-62.  

El-Nekeety, A. A.; El-Kady, A. A.; Soliman, M. S.; 
Hassan, N.S. and Abdel-Wahhab, M. A. (2009): 
Protective effect of Aquilegia vulgaris (L.) against 

lead acetate-induced oxidative stress in rats. Food 
Chem Toxicol., 47:2209–15.  

Fairbairn, D.W.;  Olive, P.L. and O'Neill K.L. (1995): 
The comet assay: a comprehensive review Mutat. 
Res., 339: 37–59. 

Farrag, A. R.; Mahdy, K. A.; Abdel Rahman, G. H. and 
Osfor, M. M. (2007): Protective effect of Nigella 
sativa seeds against lead-induced hepatorenal 
damage in male rats. Pak J Biol Sci., 10:2809–16.  

Fowler, J.; Cohen, L. and Jarvis, P. (1998): Practical 
statistics for field biology. 2 nd ed. John Wiley & 
Sons, Chichester, New York. 

Garçon, G.; Leleu, B.; Marez, T.; Zerimech, F.; 
Haguenoer, J. M.; Furon, D. and Shirali, P. (2007): 
Biomonitoring of the adverse effects induced by the 
chronic exposure to lead and cadmium on kidney 
function: usefulness of alpha-glutathione S-
transferase. Sci Total Environ., 377:165–72. 

Haleagrahara, N.;Jackie, T.;  Chakravarthi, S. And  
Kulur, A. B. (2011): Protective Effect of Alpha-
lipoic Acid Against Lead Acetate-Induced 
Oxidative Stress in the Bone Marrow of Rats.  
Intern.l J. Pharmacol., 7(2):217-227. 

Hardeland, R. (2005): Antioxidative protection by 
melatonin: multiplicity of mechanisms from radical 
detoxification to radical avoidance. Endocrine, 27: 
119-130. 

Hsu, P.C.; Liu, M.Y.; Hsu, C.C.; Chen, L.Y.  And Guo  
Y.L. (1997): Lead exposure causes generation of 
reactive oxygen species and functional impairment 
in rat sperm .Toxicol., 122: 133–143. 

Johonson,F.M. (1998:) The genetic effect of 
environmental lead. Mutat. Res., 410:123–140. 

Jung, K. H.;  Hong, S. W.; Zheng, H.M.; Lee, D. H. 
and Hong, S. S. (2009): Melatonin down regulates 
nuclear erythroid 2-related factor 2 and nuclear 
factor-kappaB during prevention of oxidative liver 
injury in a dimethylnitrosamine model. J Pineal 
Res., 47: 173-183. 

Khan, M. S.H.;  Mostafa, M. S.; Hossain, M. A. and 
Sayed, M. A. (2008): Effect of garlic and vita- min 
B-complex in lead acetate induced toxicities in 
mice. Bang J Vet Med., 6(2):203–10.  

Konturek, S.J.; Konturek, P.C.; Brzozowska, I.; 
Pawlik, M.; Śliwowski, Z.; Cześnikiewicz-Guzik, 
M.; Kwiecień, S.; Brzozowski, T.; Bubenik, G.A. 
and Pawlik, W.W. (2007): Localization and 
biological activities of melatonin in intact and 
diseased gastrointestinal tract (GIT). J. Physiol. 
Pharmacol., 58: 381-405. 

Korkmaz, R.J.; Reiter, T.; Topal, L.C. ; Manchester, S.; 
Oter, D.X. And  Tan  (2009): Melatonin: an 
established antioxidant worthy of use in clinical 
trials. Mol. Med., 15: 43–50. 

Meki, A. R. and Hussein, A. A. (2001): Melatonin 
reduces oxidative stress induced by ochratoxin A in 



Journal of American Science, 2012;8(3)                                                     http://www.americanscience.org  

http://www.americanscience.org                                                                 editor@americanscience.org 484

rat liver and kidney. Comp Biochem Physiol C 
Toxicol Pharmacol., 130: 305-313. 

Miyamae, Y.; Yamamoto, M.; Sasaki, Y.F.; 
Kobayashi, H.; Igarashi-Soga, M.; Shimoi K. and 
Hayashi, M. (1998): Evaluation of a tissue 
homogenization technique that isolates nuclei for 
the in vivo single cell gel electrophoresis (comet) 
assay: a collaborative study by five laboratories. 
Mutat. Res., 418: 131-140.   

Monterio, H.; Abdalla, D.; Arcuri, A.  And Bechara, E. 
(1995):  Oxygen toxicity related to exposure to lead 
Clin. Chem., 31: 1673–1676. 

Nava-Hernández, M. P.; Hauad-Marroquín, L. A.; 
Bassol-Mayagoitia, S.; García-Arenas, G.; 
Mercado-Hernández, R.; Echávarri-Guzmán, M. A. 
and  Cerda-Flores RM (2009): Lead-, cadmium-, 
and arsenic-induced DNA damage in rat germinal 
cells. DNA Cell Biol., 28(5):241-8. 

Nehéz, M.; Lorencz, R. And Desi, I. (2000):  
Simultaneous action of cypermethrin and two 
environmental pollutant metals, cadmium and lead, 
on bone marrow cell chromosomes of rats in 
subchronic administration Ecotoxicol Environ Saf., 
45: 55–60. 

Olive, P. L.; Banath, J. P and Durand, R. E. (1990): 
Heterogeneity in radiationinduced DNA damage 
and repair in tumor and normal cells using the 
“comet” assay. Radiat Res., 122:86 –94. 

Ponce-Canchihuamán, J. C.; Pérez-Méndez, O.; 
Hernández-Muñoz,  R.; Torres-Durán, P. V. and  
Juárez-Oropeza, M. A. (2010): Protective effects of 
Spirulina maxima on hyperlipidemia and oxidative-
stress induced by lead acetate in the liver and 
kidney. Lipids Health Dis., 31:9:35. 

Reiter, R.J.; Tan ,D.X.; Gitto, E.; Sainz ,R.M.; Mayo, 
J.C.; Manchester, L.J.; Vijayalaxmi, L.C.; Kilic, E. 
And Kilic U. (2004): Pharmacological utility of 
melatonin in reducing oxidative cellular and 
molecular damage. Pol. J. Pharmacol., 56:159-170.  

Reiter, R.J.; Tan, D.X.; Mayo, J.C.; Sainz , R.M.; 
Leon, J. and Bandyopadhyay, D. (2003): Neurally-
mediated and neurally-independent beneficial 
actions of melatonin in the gastrointestinal tract. J. 
Physiol. Pharmacol., 54(4): 113-125. 

Rendón-Ramirez, A.; Cerbón-Solórzano, J.; 
Maldonado-Vega, M.; Quintanar-Escorza, M. A. 
and  Calderón-Salinas, J. V. (2007): Vitamin-E 
reduces the oxidative damage on delta-
aminolevulinic dehydratase induced by lead 
intoxication in rat erythrocytes. Toxicol. In Vitro, 
21:1121–6. 

Rendón-Ramirez, A.; Cerbón-Solórzano, J.; 
Maldonado-Vega, M.; Quintanar-Escorza, M. A. 
and Calderón-Salinas, J. V. (2007): Vitamin-E 
reduces the oxidative damage on delta-
aminolevulinic dehydratase induced by lead 

intoxication in rat erythrocytes. Toxicol In Vitro, 
21:1121–6. 

Rodriguez, C.; Mayo, J. C.; Sainz, R. M.; Antolín, I.; 
Herrera, F.; Martín, V. and  Reiter, R. J. (2004): 
Regulation of antioxidant enzymes: a significant 
role for melatonin. J. Pineal Res., 36: 1-9. 

Sasaki, Y. F.; Izumiyama, F.; Nishidate, E.; Matsusaka, 
N. and Tisuda, S. (1997): Detection of rodent liver 
carcinogen genotoxicity by the single cell gel 
electrophoresis (comet assay) in multiple mouse 
organs (liver, lungs, spleen, kidney and bone 
marrow). Mutat Res., 391:201–214. 

Shalan, M.G.; Mostafa, M.S.; Hassouna, M.M. and El-
Nabi, S.E. (2005): Amelioration of lead tox- icity 
on rat liver with vitamin C and Silymarin 
supplements. Toxicol., 206(1):1–15.  

Siddiqui, R.; Mishra, G.V. and Vohora, S.B. (2002): 
Effect of therapeutic doses of calcined arsenic and 
lead prepations in rats. Ind. J. Vet. Pathol. 26 (1 & 2): 
81-82.  

Sivaprasad, R.; Nagaraj, M. and Varalakshmi, P. 
(2004): Combined efficacies of lipoic acid and 2,3-
dimercaptosuccinic acid against lead-induced lipid 
peroxidation in rat liver. J. Nutr. Biochem., 15:18–
23. 

Sliwinski, T.; Rozej, W.; Morawiec-Bajda, A.; 
Morawiec, Z.; Reiter, R. and Blasiak, J. (2007): 
Protective action of melatonin afanist oxidative 
DNA damage: chemical inactivation versus base-
excision repair. Mutat Res., 634(1-2): 220-7.  

Suradkar, S. G.; Vihol, P. D.; Patel, J. H. Ghodasara, 
D.J.. Joshi, B.P and Prajapati,  K.S. (2010):Patho-
morphological changes in tissues of Wistar rats by 
exposure of Lead acetate.  Department of 
Veterinary Pathology,  College of Veterinary 
sciences and A.H., Anand Agricultural University, 
Anand- Veterinary World, 3(2): 82-84.  

Tan, D. X.; Manchester, L. C.; Reiter, R. J.; Plummer, 
B. F.; Hardies, L. J.; Weintraub, S. T.; Vijayalaxmi 
and Shepherd, A. M. (1998): A novel melatonin 
metabolite, cyclic 3-hydroxymelatonin: a biomarker 
of in vivo hydroxyl radical generation. Biochem 
Biophys Res Commun.,  253: 614-620 

Tan, D. X.; Manchester, L. C.; Terron, M. P.; Flores, 
L. J. and Reiter, R. J. (2007): One molecule, many 
derivatives: a never-ending interaction of melatonin 
with reactive oxygen and nitrogen species? J. 
Pineal. Res., 42: 28-42. 

Tapisso, J.T.; Marques, C.C.; Mathias, M.L. And 
Ramalhinho, M.G. (2009): Induction of 
micronuclei and sister chromatid exchange in bone-
marrow cells and abnormalities in sperm of 
Algerian mice (Mus spretus) exposed to cadmium, 
lead and zinc Mutat. Res., 678: 59–64. 

Tomás-Zapico, C. and Coto-Montes, A. (2005): A 
proposed mechanism to explain the stimulatory 



Journal of American Science, 2012;8(3)                                                     http://www.americanscience.org  

http://www.americanscience.org                                                                 editor@americanscience.org 485

effect of melatonin on antioxidative enzymes. J. 
Pineal Res.,  39: 99-104 

Valverde, M.; Fortoul, T. I,.; Díaz-Barriga, F.;  Mejía, 
J. and del Castillo, E. R. (2002): Genotoxicity 
induced in CD-1 mice by inhaled lead: differential 
organ response. Mutagenesis, 17(1):55-61. 

Vijayalaxmi; Meltz, M. L.; Reiter, R. J. And Herman, 
T. S. (1999): Melatonin and protection from genetic 
damage in blood and bone marrow: whole-body 
irradiation studies in mice. J. Pineal Res., 
27(4):221-5. 

Vijayalaxmi; Reiter, R.J.; Herman, T.S. and Thomas, 
C.R. (2004): Melatonin as a radioprotective agent : 
A review. Intern. J. Rad. Oncol. Biol. Physics, 
59(3):639-653. 

Woźniak, K. and Blasiak, J. (2003): In vitro 
genotoxicity of lead acetate: induction of single and 
double DNA strand breaks and DNA-protein cross-
links. Mutat Res., 535(2):127-39. 

Woźniak, K. and Blasiak, J. (2003): In vitro 
genotoxicity of lead acetate: induction of single and 
double DNA strand breaks and DNA-protein cross-
links. Mutat. Res., 3;535(2):127-39. 

Xu, J.;  Lian, L. J.; Wu, C.;  Wang, X.F.; Fu, W. Y.; 
Xu, L. H. (2008): Lead induces oxidative stress, 
DNA damage and alteration of p53, Bax and Bcl-2 
expressions in mice. Food Chem. Toxicol., 
46(5):1488-94.  

 

 
 
 
2/2/2012 


