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Abstract 
            While the main target of chemotherapy in cancer treatment is the induction of 
apoptosis and cell death, natural products provide a wealth to medicine and are 
considered great sources of new drugs for cancer treatment. We aimed to determine 
the antitumor effect of ottelione A (OTTE) on the growth and proliferation of Ehrlich 
ascites carcinoma cells (EACs) implanted i.p. in female mice. Animals were 
inoculated with EAC cells to serve as the control group. In the OTTE group, animals 
were implanted with EAC followed by i.p. administration of OTTE. Antitumor 
activity was evaluated 15 days after tumor implantation. The administration of OTTE 
significantly reduced ascetic volume, viability of EAC cells and increased the survival 
of tumor-bearing animals. Flow cytometric analysis indicated that OTTE induced 
G(0)/G(1), cell cycle arrest and apoptosis. These findings were associated with an 
alteration of redox state of EAC cells, which might impact cascade effects leading to 
cell cycle arrest at G(0)/G(1) phase. These effects include a decreased expression of 
cyclin D1, increased p53 expression and down-regulation of rRNA level, stimulation 
of CD8+ infiltrating T-lymphocytes. In addition, OTTE normalized oxidative stress in 
the liver of mice-bearing EAC cells evidenced by increased the levels of glutathione, 
superoxide dismutase, and catalase. In conclusion, the differential expression of p53, 
cyclin D1, and rRNA in EAC cells as well as the infiltration of CD8+ after OTTE 
treatment may play critical roles in the G(0)/G(1) cell cycle arrest that blocks cell 
proliferation and induce apoptosis of cancer cells. The potent antitumor property of 
the ottelione A can be exploited further to develop therapeutic protocols for treatment 
of cancer. (c) 2012 Elsevier Ireland Ltd. 

Keywords: Cell cycle; Apoptosis; rRNA; p53; CD8+; Cyclin D1 

Published In: CHEMICO-BIOLOGICAL INTERACTIONS  Volume: 200   Issue: 

2-3   Pages: 119-127   DOI: 10.1016/j.cbi.2012.10.013   Published: 

DEC 5 2012 

 
 

 



2 
 

References 

[1]M.A. El-Missiry, A.F. Abd El-Aziz 
Influence of melatonin on proliferation and antioxidant system in Ehrlich ascites 
carcinoma cells 
Cancer Lett., 151 (2000), pp. 119–125 
 
[2]G. Simbula, A. Columbano, G.M. Ledda-Columbano, L. Sanna, M. Deidda, A. 
Diana, M. Pibiri 
Increased ROS generation and p53 activation in alpha-lipoic acid-induced apoptosis 
of hepatoma cells 
Apoptosis: Inter. J. Program. Cell Death, 12 (2007), pp. 113–123 
 
[3]M. Ndiaye, C. Philippe, H. Mukhtar, N. Ahmad 
The grape antioxidant resveratrol for skin disorders: promise, prospects, and 
challenges 
Arch. Biochem. Biophys., 508 (2011), pp. 164–170 
 
[4]H.Y. Lin, S.C. Hou, S.C. Chen, M.C. Kao, C.C. Yu, S. Funayama, C.T. Ho, T.D. 
Way 
(−)-Epigallocatechin gallate induces Fas/CD95-mediated apoptosis through inhibiting 
constitutive and IL-6-induced JAK/STAT3 signaling in head and neck squamous cell 
carcinoma cells 
J. Agric. Food Chem., 60 (2012), pp. 2480–2489 
 
[5]V.S. Thakur, K. Gupta, S. Gupta 
The chemopreventive and chemotherapeutic potentials of tea polyphenols 
Curr. Pharm. Biotechnol., 13 (2012), pp. 191–199 
 
[6]S.S. Agrawal, S. Saraswati, R. Mathur, M. Pandey 
Antitumor properties of Boswellic acid against Ehrlich ascites cells bearing mouse 
Food chem. Toxicol., 49 (2011), pp. 1924–1934 
 
[7]S.N. Ayyad, A.S. Judd, W. Thomas Shier, T.R. Hoye 
Otteliones A and B potently cytotoxic 4-methylene-2-cyclohexenones from Ottelia 
alismoides 
J. Org. Chem., 63 (1998), pp. 8102–8106 
 
[8]D.L. Clive, D. Liu 
Synthesis of the potent anticancer agents ottelione A and ottelione B in both racemic 
and natural optically pure forms 
J. Org. Chem., 73 (2008), pp. 3078–3087 
 
[9]N.C. Santos, J. Figueira-Coelho, J. Martins-Silva, C. Saldanha 



3 
 

Multidisciplinary utilization of dimethyl sulfoxide: pharmacological, cellular, and 
molecular aspects 
Biochem. Pharmacol., 65 (2003), pp. 1035–1041 
 
[10]L.L. Vindelov 
Flow microfluorometric analysis of nuclear DNA in cells from solid tumors and cell 
suspensions. A new method for rapid isolation and straining of nuclei 
Virchows Arch. B Cell Pathol., 24 (1977), pp. 227–242 
 
[11]Z. Hamurcu, H. Demirtas, S. Kumandas 
Flow cytometric comparison of RNA content in peripheral blood mononuclear cells 
of down syndrome patients and control individuals 
Cytom. B, Clin Cytom., 70 (2006), pp. 24–28 
 
[12]B.A. Bonsing, W.E. Corver, M.C. Gorsira, M. van Vliet, P.S. Oud, C.J. 
Cornelisse, G.J. Fleuren 
Specificity of seven monoclonal antibodies against p53 evaluated with Western 
blotting, immunohistochemistry, confocal laser scanning microscopy, and flow 
cytometry 
Cytometry, 28 (1997), pp. 11–24 
 
[13]M.R. Bleavins, D.A. Brott, J.D. Alvey, F.A. de la Iglesia 
Flow cytometric characterization of lymphocyte subpopulations in the cynomolgus 
monkey (Macaca fascicularis) 
Vet. Immunol. Immunopathol., 37 (1993), pp. 1–13 
 
[14]E. Torlakovic, S. Nielsen, M. Vyberg 
Antibody selection in immunohistochemical detection of cyclin D1 in mantle cell 
lymphoma 
Am. J. Clin. Pathol., 124 (2005), pp. 782–789 
 
[15]N. Ezzat, N. Hafez 
The validity of immunocytochemical expression of cyclin D1 in fine needle aspiration 
cytology of breast carcinoma 
J. Egypt Natl. Canc. Inst., 24 (2012), pp. 145–150 
 
[16]M. Gupta, U.K. Mazumder, R.S. Kumar, T. Sivakumar, M.L. Vamsi 
Antitumor activity and antioxidant status of Caesalpinia bonducella against Ehrlich 
ascites carcinoma in Swiss albino mice 
J. Pharmacol. Sci., 94 (2004), pp. 177–184 
 
[17]D.O. Kennedy, A. Kojima, Y. Yano, T. Hasuma, S. Otani, I. Matsui-Yuasa 
Growth inhibitory effect of green tea extract in Ehrlich ascites tumor cells involves 
cytochrome c release and caspase activation 



4 
 

Cancer Lett., 166 (2001), pp. 9–15 
 
[18]S. Zhang, H. Zhang, J. Zhao 
The role of CD4 T cell help for CD8 CTL activation 
Biochem. Biophys. Res. Commun., 384 (2009), pp. 405–408 
 
[19]B. Mondal, S. Saha 
Inhibition of subcutaneous growth of Ehrlich ascites carcinoma (EAC) tumor by post-
immunization with EAC-cell gangliosides and its anti-idiotype antibody in relation to 
tumor angiogenesis, apoptosis, cell cycle and infiltration of CD4+, CD8+ 
lymphocytes, NK cells, suppressor cells and APC-cells in tumor 
Indian. J. Exp. Biol., 49 (2011), pp. 574–584 
 
[20]A.C. Diederichsen, J.B. Hjelmborg, P.B. Christensen, J. Zeuthen, C. Fenger 
Prognostic value of the CD4+/CD8+ ratio of tumour infiltrating lymphocytes in 
colorectal cancer and HLA-DR expression on tumour cells 
Cancer Immunol. Immunother., 52 (2003), pp. 423–428 
 
[21]M. Guidoboni, R. Gafa, A. Viel, C. Doglioni, A. Russo, A. Santini, L. Del Tin, E. 
Macri, G. Lanza, M. Boiocchi, R. Dolcetti 
Microsatellite instability and high content of activated cytotoxic lymphocytes identify 
colon cancer patients with a favorable prognosis 
Am. J. pathol., 159 (2001), pp. 297–304 
 
[22]G. Kouraklis, S. Theocharis, P. Vamvakas et al. 
Cyclin D1 and Rb protein expression and their correlation with prognosis in patients 
with colon cancer 
World J. Surg. Oncol., 4 (2006), p. 5 
 
[23]C.P. Rubbi, J. Milner 
Disruption of the nucleolus mediates stabilization of p53 in response to DNA damage 
and other stresses 
EMBO J., 22 (2003), pp. 6068–6077 
 
[24]C.P. Rubbi, J. Milner 
P53 – guardian of a genome’s guardian? 
Cell Cycle, 2 (2003), pp. 20–21 
 
[25]G. Donati, L. Montanaro, M. Derenzini 
Ribosome biogenesis and control of cell proliferation: p53 is not alone 
Cancer Res., 72 (2012), pp. 1602–1607 
 
[26]D. Drygin, A. Siddiqui-Jain, S. O’Brien, M. Schwaebe, A. Lin, J. Bliesath, C.B. 
Ho, C. Proffitt, K. Trent, J.P. Whitten, J.K. Lim, D. Von Hoff, K. Anderes, W.G. Rice 



5 
 

Anticancer activity of CX-3543: a direct inhibitor of rRNA biogenesis 
Cancer Res., 69 (2009), pp. 7653–7661 
 
[27]W.C. Burhans, N.H. Heintz 
The cell cycle is a redox cycle: linking phase-specific targets to cell fate 
Free Radical Biol. Med., 47 (2009), pp. 1282–1293 
 
[28]M. Derenzini, L. Montanaro, A. Chilla, E. Tosti, M. Vici, S. Barbieri, M. Govoni, 
G. Mazzini, D. Trere 
Key role of the achievement of an appropriate ribosomal RNA complement for G1-S 
phase transition in H4-II-E-C3 rat hepatoma cells 
J. Cell. Physiol., 202 (2005), pp. 483–491 
 
[29]S. Jin, A.J. Levine 
The p53 functional circuit 
J. Cell Sci., 114 (2001), pp. 4139–4140 
 
[30]A.M. Oltra, F. Carbonell, C. Tormos, A. Iradi, G.T. Saez 
Antioxidant enzyme activities and the production of MDA and 8-oxo-dG in chronic 
lymphocytic leukemia 
Free Radical Biol. Med., 30 (2001), pp. 1286–1292 
 
[31]E. Skrzydlewska, A. Stankiewicz, M. Sulkowska, S. Sulkowski, I. Kasacka 
Antioxidant status and lipid peroxidation in colorectal cancer 
J. Toxicol. Environ. Health, Part A, 64 (2001), pp. 213–222 
 
[32]E. Dozio, M. Ruscica, L. Passafaro, G. Dogliotti, L. Steffani, P. Marthyn, A. 
Pagani, G. Demartini, D. Esposti, F. Fraschini, P. Magni 
The natural antioxidant alpha-lipoic acid induces p27(Kip1)-dependent cell cycle 
arrest and apoptosis in MCF-7 human breast cancer cells 
Eur. J. Pharmacol., 641 (2010), pp. 29–34 
 
[33]C.G. Havens, A. Ho, N. Yoshioka, S.F. Dowdy 
Regulation of late G1/S phase transition and APC Cdh1 by reactive oxygen species 
Mol. Cell Biol., 26 (2006), pp. 4701–4711 
 
[34]M.A. El-Missiry, T.A. Fayed, M.R. El-Sawy, A.A. El-Sayed 
Ameliorative effect of melatonin against gamma-irradiation-induced oxidative stress 
and tissue injury 
Ecotoxicol. Environ. Saf., 66 (2007), pp. 278–286 
 
[35]M.A. El-Missiry, A.I. Othman, M.A. Amer, M.A. Abd el-Aziz 
Attenuation of the acute adriamycin-induced cardiac and hepatic oxidative toxicity by 
N-(2-mercaptopropionyl) glycine in rats 



6 
 

Free Radical Res., 35 (2001), pp. 575–581 
 
[36]N. Senthilkumar, S. Badami, S.H. Dongre, S. Bhojraj 
Antioxidant and hepatoprotective activity of the methanol extract of Careya arborea 
bark in Ehrlich ascites carcinoma-bearing mice 
J. Nat. Med., 62 (2008), pp. 336–339 
 
[37]C. Combeau, J. Provost, F. Lancelin, Y. Tournoux, F. Prod’homme, F. Herman, 
F. Lavelle, J. Leboul, M. Vuilhorgne 
RPR112378 and RPR115781: two representatives of a new family of microtubule 
assembly inhibitors 
Mol. Pharmacol., 57 (2000), pp. 553–563. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



7 
 

2. Alfa-Lipoic acid protects testosterone secretion pathway and 

sperm quality against 4-tert-octylphenol induced reproductive 

toxicity 
Othman, AI (Othman, Azza I.)[ 1 ] ; El-Missiry, MA (El-Missiry, Mohamed A.)[ 1 ] ; 

Koriem, KM (Koriem, Khaled M.)[ 2 ] ; El-Sayed, AA (El-Sayed, Aml A.)[ 1 ] 
 
[ 1 ] Mansoura Univ, Fac Sci, Dept Zool, Mansoura 35516, Egypt  
[ 2 ] Univ Sains Malaysia, Adv Med & Dent Inst, NRC, Dept Med Physiol, Kuala Lumpur, 
Malaysia  

E-mail Address: maelmissiry@yahoo.com 
 

Abstract 

            The protective effect of a-lipoic acid (LA) (50 mg/kg bw) against 4-tert-
octylphenol (OP) (50 mg/kg bw) induced reproductive toxicity in male rats was 
studied. LA was injected 1 h prior to OP administration three times a week. OP 
caused significant increase in oxidative stress in hypothalamus and epididymal sperm, 
disturbed hormonal levels in serum, decreased sperm quality, increased DNA 
fragmentation and loss of 35 and 95 kDa proteins in sperm, as well as elevated 
proliferating index in testis. LA protected against oxidative stress through promoting 
the levels of glutathione and glutathione-S-transferase in hypothalamus and sperm. In 
addition, LA prevented the decrease in testosterone, dehydroepiandrosterone sulfate, 3 
P-hydroxysteroid dehydrogenase, and inhibited the elevations in sex-hormone-binding 
globulin levels and showed normal sperm quality. LA modulated proliferation of 
germ cell, protected against DNA fragmentation and maintained membrane protein 
organization in the sperm. In conclusion, LA normalized oxidative stress and 
protected testosterone synthesis pathway across hypothalamus-testicular axis and 
sperm quality indicating its defensive influence against OP-induced oxidative 
reproductive dysfunction in male rats 

Keywords: Alkylphenols; Antioxidants; Sperm quality; Testis; Proliferating index; 
DNA; Hormones; Pollution 
 
Publishedin: ECOTOXICOLOGY AND ENVIRONMENTAL SAFETY Volume: 

81   Pages: 76-83   DOI: 10.1016/j.ecoenv.2012.04.018   Published: 
JUL 1 2012 

References 
 
Aguilar-Mahecha et al., 2002A. Aguilar-Mahecha, B.F. Hales, B. Robaire 
Chronic cyclophosphamide treatment alters the expression of stress response genes in 
rat male germ cells 
Biol. Reprod., 664 (2002), pp. 1024–1032 
 



8 
 

Aly et al., 2009H.A. Aly, D.A. Lightfoot, H.A. El-Shemy 
Modulatory role of lipoic acid on lipopolysaccharide-induced oxidative stress in adult 
rat Sertoli cells in vitro 
Chem. Biol. Interact., 1822-3 (2009), pp. 112–118 
 
Ashour et al., 2011A.E. Ashour, H.E. Abdel-Hamied, H.M. Korashy, O.A. Al-
Shabanah, A.R. Abd-Allah 
Alpha-lipoic acid rebalances redox and immune-testicular milieu in septic rats 
Chem. Biol. Interact., 1893 (2011), pp. 198–205 
 
Aydogan and Barlas, 2006M. Aydogan, N. Barlas 
Effects of maternal 4-tert-octylphenol exposure on the reproductive tract of male rats 
at adulthood 
Reprod. Toxicol., 223 (2006), pp. 455–460 
 
Aydogan et al., 2008M. Aydogan, A. Korkmaz, N. Barlas, D. Kolankaya 
The effect of vitamin C on bisphenol A, nonylphenol and octylphenol induced brain 
damages of male rats 
Toxicology, 2491 (2008), pp. 35–39 
 
Berensztein et al., 2002E.B. Berensztein, M.I. Sciara, M.A. Rivarola, A. Belgorosky 
Apoptosis and proliferation of human testicular somatic and germ cells during 
prepuberty: high rate of testicular growth in newborns mediated by decreased 
apoptosis 
J. Clin. Endocrinol. Metab., 8711 (2002), pp. 5113–5118 
 
Bian et al., 2006Q. Bian, J. Qian, L. Xu, J. Chen, L. Song, X. Wang 
The toxic effects of 4-tert-octylphenol on the reproductive system of male rats 
Food Chem. Toxicol., 448 (2006), pp. 1355–1361 
 
Biswas et al., 2006S. Biswas, A.S. Chida, I. Rahman 
Redox modifications of protein-thiols: emerging roles in cell signaling 
Biochem. Pharmacol., 715 (2006), pp. 551–564 
 
Blake and Boockfor, 1997C.A. Blake, F.R. Boockfor 
Chronic administration of the environmental pollutant 4-tert-octylphenol to adult male 
rats interferes with the secretion of luteinizing hormone, follicle-stimulating hormone, 
prolactin, and testosterone 
Biol. Reprod., 572 (1997), pp. 255–266 
 
Blake et al., 2004C.A. Blake, F.R. Boockfor, J.U. Nair-Menon, C.F. Millette, S.S. 
Raychoudhury, G.L. McCoy 
Effects of 4-tert-octylphenol given in drinking water for 4 months on the male 
reproductive system of Fischer 344 rats 
Reprod. Toxicol., 181 (2004), pp. 43–51 
 
Brooke et al., 2005Brooke, D., Johnson, I., Mitchell, R., Watts, C., 2005. 
Environmental Risk Assessment: 4-Tert-Octylphenol, Science Report. Environment 
Agency Publisher, Rio House, Waterside Drive, Aztec West, Almondsbury, Bristol, 
UK, pp. 128–129. 



9 
 

 
Bock et al., 1980P.P. Bock, R. Karmer, M.A. Paverka 
A simple assay for catalase determination 
Cell Biol. Monogr., 71 (1980), pp. 44–74 
 
Boockfor and Blake, 1997F.R. Boockfor, C.A. Blake 
Chronic administration of 4-tert-octylphenol to adult male rats causes shrinkage of the 
testes and male accessory sex organs, disrupts spermatogenesis, and increases the 
incidence of sperm deformities 
Biol. Reprod., 572 (1997), pp. 267–277 
 
Chan et al., 1965T.K. Chan, D. Todd, C.C. Wong 
Tissue enzyme levels in erythrocyte glucose-6-phosphate dehydrogenase deficiency 
J. Lab. Clin. Med., 666 (1965), pp. 937–942 
 
Chapin et al., 1999R.E. Chapin, J. Delaney, Y. Wang, L. Lanning, B. Davis, B. 
Collins, N. Mintz, G. Wolfe 
The effects of 4-nonylphenol in rats: a multigeneration reproduction study 
Toxicol. Sci., 521 (1999), pp. 80–91 
 
Chitra et al., 2002K.C. Chitra, C. Latchoumycandane, P.P. Mathur 
Effect of nonylphenol on the antioxidant system in epididymal sperm of rats 
Arch. Toxicol., 769 (2002), pp. 545–551 
 
Codrington et al., 2007A.M. Codrington, B.F. Hales, B. Robaire 
Chronic cyclophosphamide exposure alters the profile of rat sperm nuclear matrix 
proteins 
Biol. Reprod., 772 (2007), pp. 303–311 
 
Connell et al., 2011B.J. Connell, M. Saleh, B.V. Khan, T.M. Saleh 
Lipoic acid protects against reperfusion injury in the early stages of cerebral ischemia 
Brain Res., 1375 (2011), pp. 128–136 
 
Davis et al., 2010J.G. Davis, X.S. Wan, J.H. Ware, A.R. Kennedy 
Dietary supplements reduce the cataractogenic potential of proton and HZE-particle 
radiation in mice 
Radiat. Res., 1733 (2010), pp. 353–361 
 
Desouky et al., 2011O.S. Desouky, N.S. Selim, E.M. Elbakrawy, R.A. Rezk 
Impact evaluation of alpha-lipoic acid in gamma-irradiated erythrocytes 
Radiat. Phys. Chem., 803 (2011), pp. 446–452 
 
Guimaraes et al., 2007S.B. Guimaraes, J.M. Santos, A.A. Aragao, O. de Sandes 
Kimura, P.H. Barbosa, P.R. de Vasconcelos 
Protective effect of alpha-lipoic acid in experimental spermatic cord torsion 
Nutrition, 231 (2007), pp. 76–80 
 
Gupta et al., 2004R.S. Gupta, J.B. Kachhawa, R. Chaudhary 
Antifertility effects of methanolic pod extract of Albizzia lebbeck L. Benth in male 
rats 



10 
 

Asian J. Androl., 62 (2004), pp. 155–159 
 
Habig et al., 1974W.H. Habig, M.J. Pabst, W.B. Jakoby 
Glutathione S-transferases. The first enzymatic step in mercapturic acid formation 
J. Biol. Chem., 24922 (1974), pp. 7130–7139 
 
Han et al., 1997D. Han, G. Handelman, L. Marcocci, C.K. Sen, S. Roy, H. Kobuchi, 
H.J. Tritschler, L. Flohe, L. Packer 
Lipoic acid increases de novo synthesis of cellular glutathione by improving cystine 
utilization 
Biofactors, 63 (1997), pp. 321–338 
 
Hejmej et al., 2011A. Hejmej, M. Kotula-Balak, J. Galas, B. Bilinska 
Effects of 4-tert-octylphenol on the testes and seminal vesicles in adult male bank 
voles 
Reprod. Toxicol., 31 (1) (2011), pp. 95–105 
 
Holmquist et al., 2007L. Holmquist, G. Stuchbury, K. Berbaum, S. Muscat, S. Young, 
K. Hager, J. Engel, G. Munch 
Lipoic acid as a novel treatment for Alzheimer's disease and related dementias 
Pharmacol. Ther., 1131 (2007), pp. 154–164 
 
Ibrahim et al., 2008S.F. Ibrahim, K. Osman, S. Das, A.M. Othman, N.A. Majid, M.P. 
Rahman 
A study of the antioxidant effect of alpha lipoic acids on sperm quality 
Clinics Sao Paulo, 634 (2008), pp. 545–550 
 
Isobe et al., 2001T. Isobe, H. Nishiyama, V. Nakashima, H. Takada 
Distribution and behavior of nonylphenol, octylphenol, and nonylphenol 
monoethoxylate in Tokyo metropolitan area: their association with aquatic particles 
and sedimentary distributions 
Environ. sci. technol., 35 (2001), pp. 1041–1049 
 
Ioannou and Chen, 1996Y.A. Ioannou, F.W. Chen 
Quantitation of DNA fragmentation in apoptosis 
Nucleic Acids Res., 245 (1996), pp. 992–993 
 
Kabuto et al., 2004H. Kabuto, M. Amakawa, T. Shishibori 
Exposure to bisphenol A during embryonic/fetal life and infancy increases oxidative 
injury and causes underdevelopment of the brain and testis in mice 
Life Sci., 7424 (2004), pp. 2931–2940 
 
Katsuda et al., 2000S.I. Katsuda, M. Yoshida, S. Isagawa, Y. Asagawa, H. Kuroda, T. 
Watanabe, J. Ando, M. Takahashi, A. Maekawa 
Dose- and treatment duration-related effects of p-tert-octylphenol on female rats 
Reprod. Toxicol., 14 (2) (2000), pp. 119–126 
 
Karageorgos et al., 2006N. Karageorgos, N. Patsoukis, E. Chroni, D. Konstantinou, 
S.F. Assimakopoulos, C. Georgiou 



11 
 

Effect of N-acetylcysteine, allopurinol and vitamin E on jaundice-induced brain 
oxidative stress in rats 
Brain Res., 11111 (2006), pp. 203–212 
 
Karvonen and Malm, 1955M.J. Karvonen, M. Malm 
Colorimetric determination of fructose with indol 
Scand. J. Clin. Lab. Invest., 74 (1955), pp. 305–307 
 
Kim et al., 2006aKim, B. Kim, J.H. Shim, J.E. Gil, Y.D. Yoon, J.H. Kim 
Nonylphenol and octylphenol-induced apoptosis in human embryonic stem cells is 
related to Fas-Fas ligand pathway 
Toxicol. Sci., 942 (2006), pp. 310–321 
 
Kim et al., 2006bKim Kim, B.K. Shim, J.H. Gil, J.E. Yoon, Y.D. Kim, J. H. 
Nonylphenol and octylphenol-induced apoptosis in human embryonic stem cells is 
related to Fas-Fas ligand pathway 
Toxicol. Sci., 942 (2006), pp. 310–321 
 
Kim and Goldberg, 1969E. Kim, M. Goldberg 
Serum cholesterol assay using a stable Liebermann–Burchard reagent 
Clin. Chem., 1512 (1969), pp. 1171–1179 
 
Korkmaz et al., 2010A. Korkmaz, M.A. Ahbab, D. Kolankaya, N. Barlas 
Influence of vitamin C on bisphenol A, nonylphenol and octylphenol induced 
oxidative damages in liver of male rats 
Food Chem. Toxicol., 4810 (2010), pp. 2865–2871 
 
Kumar et al., 2002T.R. Kumar, K. Doreswamy, B. Muralidhara 
Oxidative stress associated DNA damage in testis of mice: induction of abnormal 
sperms and effects on fertility 
Mutat. Res.-Genet. Toxicol. Environ. Mutagen., 5131-2 (2002), pp. 103–111 
 
Laemmli, 1970U.K. Laemmli 
Cleavage of structural proteins during the assembly of the head of bacteriophage T4 
Nature, 2275259 (1970), pp. 680–685 
 
Laws et al., 2000S.C. Laws, S.A. Carey, J.M. Ferrell, G.J. Bodman, R.L. Cooper 
Estrogenic activity of octylphenol, nonylphenol, bisphenol A and methoxychlor in 
rats 
Toxicol. Sci., 541 (2000), pp. 154–167 
 
Lee et al., 2002H.-B. Lee, T.E. Peart, G. Gris, J. Chan 
Endocrine-disrupting chemicals in industrial wastewater samples in Toronto, Ontario 
Water Qual. Res. J. Can., 37 (2002), pp. 459–472 
 
Li et al., 2011Guo Li, Y. Ning, Q. Zhang, S. Li, D. 
Research for the effect of octylphenol on spermatogenesis and proteomic analysis in 
octylphenol-treated mice testes 
Cell Biol. Int., 354 (2011), pp. 305–309 
 



12 
 

Lowry et al., 1951O.H. Lowry, N.J. Rosebrough, A.L. Farr, R.J. Randall 
Protein measurement with the Folin phenol reagent 
J. Biol. Chem., 1931 (1951), pp. 265–275 
 
Manda et al., 2007K. Manda, M. Ueno, T. Moritake, K. Anzai 
Alpha-Lipoic acid attenuates x-irradiation-induced oxidative stress in mice 
Cell Biol. Toxicol., 232 (2007), pp. 129–137 
 
Maruyama et al., 1987Y. Maruyama, N. Aoki, Y. Suzuki, Y. Ohno, M. Imamura, T. 
Saika, H. Sinohara, T. Yamamoto 
Sex-steroid-binding plasma protein SBP, testosterone, oestradiol and 
dehydroepiandrosterone DHEA in prepuberty and puberty 
Acta Endocrinol. Copenhagen, 1141 (1987), pp. 60–67 
 
Meeker et al., 2010J.D. Meeker, S. Ehrlich, T.L. Toth, D.L. Wright, A.M. Calafat, 
A.T. Trisini, X. Ye, R. Hauser 
Semen quality and sperm DNA damage in relation to urinary bisphenol A among men 
from an infertility clinic 
Reprod. Toxicol., 304 (2010), pp. 532–539 
 
Migliore and Coppede, 2002L. Migliore, F. Coppede 
Genetic and environmental factors in cancer and neurodegenerative diseases 
Mutat. Res., 5122-3 (2002), pp. 135–153 
 
Mikkila et al., 2006T.F. Mikkila, J. Toppari, J. Paranko 
Effects of neonatal exposure to 4-tert-octylphenol, diethylstilbestrol, and flutamide on 
steroidogenesis in infantile rat testis 
Toxicol. Sci., 91 (2) (2006), pp. 456–466 
 
Navari-Izzo et al., 2002F. Navari-Izzo, M.F. Quartacci, C. Sgherri 
Lipoic acid: a unique antioxidant in the detoxification of activated oxygen species 
Plant Physiol. Biochem., 406-8 (2002), pp. 463–470 
 
Nimrod and Benson, 1996A.C. Nimrod, W.H. Benson 
Environmental estrogenic effects of alkylphenol ethoxylates 
Crit. Rev. Toxicol., 263 (1996), pp. 335–364 
 
Nishikimi et al., 1972M. Nishikimi, N. Appaji, K. Yagi 
The occurrence of superoxide anion in the reaction of reduced phenazine methosulfate 
and molecular oxygen 
Biochem. Biophys. Res. Commun., 462 (1972), pp. 849–854 
 
O'Neill et al., 1994C.A. O'Neill, B. Halliwell, A. van der Vliet, P.A. Davis, L. Packer, 
H. Tritschler, W.J. Strohman, T. Rieland, C.E. Cross, A.Z. Reznick 
Aldehyde-induced protein modifications in human plasma: protection by glutathione 
and dihydrolipoic acid 
J. Lab. Clin. Med., 1243 (1994), pp. 359–370 
 
Ohkawa et al., 1982H. Ohkawa, A. Wakatsuki, C. Kaneda 
Assay for lipid peroxides in animal tissues by thiobarbituric acid reaction 



13 
 

Anal. Biochem., 951 (1982), pp. 351–358 
 
Packer et al., 1997L. Packer, H.J. Tritschler, K. Wessel 
Neuroprotection by the metabolic antioxidant alpha-lipoic acid 
Free Radic. Biol. Med., 221–2 (1997), pp. 359–378 
 
Prahalathan et al., 2006C. Prahalathan, E. Selvakumar, P. Varalakshmi 
Lipoic acid modulates adriamycin-induced testicular toxicity 
Reprod. Toxicol., 211 (2006), pp. 54–59 
 
Prins and Loose, 1969H.K. Prins, J.A. Loose 
Glutathione. Biochemical Methods in Red Cell Genetics, vol. 11Academic Press, N. 
Y. D. London (1969) pp. 126–129 (Chapter 4( 
 
Rajeev and Reddy, 2004S.K. Rajeev, K.V. Reddy 
Sperm membrane protein profiles of fertile and infertile men: identification and 
characterization of fertility-associated sperm antigen 
Hum. Reprod., 192 (2004), pp. 234–242 
 
Rashid et al., 2009H. Rashid, F. Ahmad, S. Rahman, R.A. Ansari, K. Bhatia, M. 
Kaur, F. Islam, S. Raisuddin 
Iron deficiency augments bisphenol A-induced oxidative stress in rats 
Toxicology, 2561-2 (2009), pp. 7–12 
 
Rhee et al., 2011J.S. Rhee, R.O. Kim, H.H. Chang, J. Lee, Y.M. Lee, J.S. Lee 
Endocrine disrupting chemicals modulate expression of O-methylguanine DNA 
methyltransferase O-MGMT gene in the hermaphroditic fish, Kryptolebias 
marmoratus 
Comp. Biochem. Physiol. C Toxicol. Pharmacol., 1531 (2011), pp. 141–149 
 
Sainath et al., 2011S.B. Sainath, R. Meena, C.H. Venkata Suneel Kumar, P. Kalapana, 
K.N. Swetha, N. Syamala Devi, P. Sreenivasula Reddy 
Embryonic exposure to octylphenol induces changes in testosterone levels and 
disrupts reproductive efficiency in rats at their adulthood 
Food Chem. Toxicol., 49 (2011), pp. 983–990 
 
Sambrook et al., 1989J. Sambrook, E.F. Fritsch, T. Maniatis 
Molecular Cloning. A Laboratory Manual 
Cold Spring Harbor Laboratory, Cold spring Harbor. New York (1989) p. 1121 
 
Selby, 1990C. Selby 
Sex hormone binding globulin: origin, function and clinical significance 
Ann. Clin. Biochem., 27 (Part 6) (1990), pp. 532–541 
 
Sharma et al., 1999R.K. Sharma, F.F. Pasqualotto, D.R. Nelson, A.J. Thomas Jr., A. 
Agarwal 
The reactive oxygen species-total antioxidant capacity score is a new measure of 
oxidative stress to predict male infertility 
Hum. Reprod., 1411 (1999), pp. 2801–2807 
 



14 
 

SIDS, 1994SIDS, 1994. SIDS Dossier on the OECD HPV Chemicals Phenol, 4-
(1,1,3,3,-Tetramethylbutyl), Including SIDS IAR. Initial Assessment Report (1994) 
on Octylphenol. OECD, Paris. 
 
Singh and Jialal, 2008U. Singh, I. Jialal 
Alpha-lipoic acid supplementation and diabetes 
 
Nutr. Rev., 6611 (2008), pp. 646–657 
Smith et al., 1991Smith, J.M. Carney, P.E. Starkereed, C.N. Oliver, E.R. Stadtman, 
R.A. Floyd, W.R. Markesbery 
Excess brain protein oxidation and enzyme dysfunction in normal aging and in 
Alzheimer-disease 
 
Proc. Natl. Acad. Sci. USA, 8823 (1991), pp. 10540–10543 
 
Smith et al., 2004Smith, S.V. Shenvi, M. Widlansky, J.H. Suh, T.M. Hagen 
Lipoic acid as a potential therapy for chronic diseases associated with oxidative stress 
Curr. Med. Chem., 119 (2004), pp. 1135–1146 
 
Somani et al., 2000S.M. Somani, K. Husain, C. Whitworth, G.L. Trammell, M. 
Malafa, L.P. Rybak 
Dose-dependent protection by lipoic acid against cisplatin-induced nephrotoxicity in 
rats: antioxidant defense system 
Pharmacol. Toxicol., 865 (2000), pp. 234–241 
 
Sundaram and Panneerselvam, 2006K. Sundaram, K.S. Panneerselvam 
Oxidative stress and DNA single strand breaks in skeletal muscle of aged rats: role of 
carnitine and lipoicacid 
Biogerontology, 72 (2006), pp. 111–118 
 
Suzuki et al., 1991Y.J. Suzuki, M. Tsuchiya, L. Packer 
Thioctic acid and dihydrolipoic acid are novel antioxidants which interact with 
reactive oxygen species 
Free Radic. Res. Commun., 155 (1991), pp. 255–263 
 
Talalay, 1962P. Talalay 
Hydroxysteroid dehydrogenase 
S.P. Cloowick, Kaplan (Eds.), Methods in Enzymology, vol. 11, Academic Press, 
New York (1962), pp. 512–516 
 
Tas et al., 2010N. Tas, B. Bakar, M.O. Kasimcan, S. Gazyagci, S.K. Ayva, K. Kilinc, 
C. Evliyaoglu 
Evaluation of protective effects of the alpha lipoic acid after spinal cord injury: an 
animal study 
Injury, 4110 (2010), pp. 1068–1074 
 
Thibaut and Porte, 2004R. Thibaut, C. Porte 
Effects of endocrine disrupters on sex steroid synthesis and metabolism pathways in 
fish 
J. Steroid Biochem. Mol. Biol., 925 (2004), pp. 485–494 



15 
 

 
Trudeau et al., 2002V.L. Trudeau, S. Chiu, S.W. Kennedy, R.J. Brooks 
Octylphenol OP alters the expression of members of the amyloid protein family in the 
hypothalamus of the snapping turtle, Chelydra serpentina serpentina 
Environ. Health Perspect., 1103 (2002), pp. 269–275 
 
Ying et al., 2002G.G. Ying, B. Williams, R. Kookana 
Environmental fate of alkylphenols and alkylphenol ethoxylates—a review 
Environ. Int., 283 (2002), pp. 215–226 
 
Zhang et al., 2011Y. Zhang, P. Han, N. Wu, B. He, Y. Lu, S. Li, Y. Liu, S. Zhao, L. 
Liu, Y. Li 
Amelioration of lipid abnormalities by alpha-lipoic acid through antioxidative and 
anti-inflammatory effects 
Obesity Silver Spring, 198 (2011), pp. 1647–1653 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



16 
 

3. Assessment of biological changes of continuous whole body 
exposure to static magnetic field and extremely low frequency 

electromagnetic fields in mice 
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Abstract 

           The question whether static magnetic fields (SMFs) and extremely low 
frequency electromagnetic fields (ELF-EMF) cause biological effects is of special 
interest. We investigated the effects of continuous whole body exposure to both fields 
for 30 days on some liver and blood parameters in mice. Two exposure systems were 
designed; the first produced a gradient SMF while the second generated uniform 50Hz 
ELF-EMF. The results showed a gradual body weight loss when mice were exposed 
to either field. This is coupled with a significant decrease (P<0.05) in the levels of 
glucose, total protein and the activity of alkaline phosphatase in serum. A significant 
increase in lactate dehydrogenase activity was demonstrated in serum and liver 
paralleled with a significant elevation in hepatic gamma-glutamyl transferase activity. 
The glutathione-S-transferase activity and lipid peroxidation level in the liver were 
significantly increased while a significant decrease in hepatic gluthathione content 
was recorded. A significant decrease in the Counts of monocytes, platelets, peripheral 
lymphocytes as well as splenic total, T and B lymphocytes levels was observed for 
SMF and ELF-EMF exposed groups. The granulocytes percentage was significantly 
increased. The results indicate that there is a relation between the exposure to SMF or 
ELF-EMF and the oxidative stress through distressing redox balance leading to 
physiological disturbances 

Keywords: Electromagnetic fields; Antioxidants; Liver; Enzymes 

Published in: ECOTOXICOLOGY AND ENVIRONMENTAL SAFETY Volume: 
71 Issues: 3   Pages: 895-902   DOI: 10.1016/j.ecoenv.2007.10.002 
  Published: NOV 2008 

References 
 
Al-Akhras et al., 2001M.A. Al-Akhras, A. Elbetieha, M. Hasan, I. Al-Omari, H. 
Darmni, B. Albiss 



17 
 

Effects of extremely low frequency magnetic field on fertility and adult male and 
female rats 
Bioelectromagnetics, 22 (2001), pp. 340–344 
 
Al-Akhras et al., 2006M.A. Al-Akhras, H. Darmani, A. Elbetieha 
Influence of 50 Hz magnetic field on sex hormones and other fertility parameters of 
adult male rats 
Bioelectromagnetics, 27 (2006), pp. 127–131 
 
Beutler, 1982E. Beutler 
Red cell metabolism 
E. Beutler (Ed.), A Manual of Biochemical Methods, Grune and Stratton, New York 
(1982), pp. 137–140 
 
Brocklehurst and McLauchlin, 1996B. Brocklehurst, K.A. McLauchlin 
Free radical mechanism for the effects of environmental electromagnetic fields on 
biological systems 
Int. J. Radiat. Biol., 69 (1996), pp. 3–24 
 
Creskoff et al., 1963A.J. Creskoff, Fitz-Hugh Jr., E.J. Farris 
Hematology of the rat—methods and standards 
E.J. Farris, J.Q. Griffith (Eds.), The Rat in Laboratory Investigation (second ed.), 
Hafner Publishing, New York (1963), pp. 104–160 
 
Djavaheri-Mergny et al., 2002M. Djavaheri-Mergny, M.J. Accaoui, D. Rouillard, J. 
Wietzerbin 
Gamma-glutamyl transpeptidase activity mediates NF-kappaB activation through 
lipid peroxidation in human leukemia U937 cells 
Mol. Cell Biochem., 232 (1–2) (2002), pp. 103–111 
 
El-Missiry and Shalaby, 2002M.A. El-Missiry, F. Shalaby 
Role of β-carotene in ameliorating the cadmium-induced oxidative stress in rat brain 
and testis 
J. Biochem. Molec.Toxicol., 14 (5) (2002), pp. 238–243 
 
Fernie and Bird, 2001K.J. Fernie, D.M. Bird 
Evidence of oxidative stress in American kestrels exposed to electromagnetic fields 
Environ. Res. Section A, 86 (2001), pp. 198–207 
 
Feychting, 2005M. Feychting 
Health effects of static magnetic fields—a review of the epidemiological evidence 
Prog. Biophys. Molec. Biol, 87 (2005), pp. 241–246 
 
Feychting et al., 2003M. Feychting, F. Jonsson, N.L. Petersen, A. Ahlbom 



18 
 

Occupational magnetic field exposure and neurodegenerative disease 
Epidemiology, 14 (4) (2003), pp. 413–419 
 
Grissom, 1995C.B. Grissom 
Magnetic field effects in biology: a survey of possible mechanisms with emphasis on 
radical-pair recombination 
Chem. Rev., 95 (1995), pp. 3–24 
 
Habig et al., 1974W.H. Habig, M.J. Pabst, W.B. Jakoby 
Glutathione S-transferase the first enzyme step in mercapturic acid formation 
J. Biol. Chem., 249 (1974), pp. 7130–7139 
 
Halliwell, 1999B. Halliwell 
Establishing the significance and optimal intake of dietary antioxidants: the biomarker 
concept 
Nutr. Rev., 57 (1999), pp. 104–113 
 
Halliwell, 2001B. Halliwell 
Role of free radicals in the neurodegenerative diseases: therapeutic implications for 
antioxidant treatment 
Drugs Aging, 18 (2001), pp. 685–716 
 
Halliwell and Gutteridge, 1999B. Halliwell, J.M. Gutteridge 
Free Radicals in Biology and Medicine 
Oxford University Press, Oxford, UK (1999( 
 
Halliwell and Whiteman, 2004B. Halliwell, M. Whiteman 
Measuring reactive species and oxidative damage in vivo and in cellculture: how 
should you do it and what do the results mean؟ 
Br. J. Pharmacol., 142 (2004), pp. 231–255 
 
Hinton et al., 1987D.M. Hinton, J.J. Jessop, A.A. Arnold, R.H. Albert, F.A. Hines 
Evaluation of immunotoxicity in a subchronic feeding study of triphenyl phosphate 
Toxicol. Ind. Health, 3 (1987), pp. 81–89 
 
Hulbert et al., 1998A.L. Hulbert, J. Metcalfe, R. Hesketh 
Biological response to electromagnetic fields 
FASEB, 12 (1998), pp. 395–420 
 
IARC, 2002IARC 
Non-Ionization Radiation: Part I. Static and Extremely Low Frequency (ELF) Electric 
and Magnetic Fields 
 



19 
 

World Health Organisation, International Agency for Research on Cancer, IARC 
Press, Lyon (2002) 429pp 
 
Jagetia et al., 2003G.C. Jagetia, G.K. Rajanikant, K. Shaival, M. Rao, B. Shrinath 
Alteration in the glutathione, glutathione peroxidase, superoxide dismutase and lipid 
peroxidation by ascorbic acid in the skin of mice exposed to fractionated γ radiation 
Clin. Chim. Acta, 332 (2003), pp. 111–121 
 
Juutilainen et al., 1987J. Juutilainen, E. Laara, K. Saali 
Relationship between field strength and abnormal development in chick embryos 
exposed to 50 Hz magnetic fields 
Int. J. Radiat. Biol., 52 (1987), pp. 787–793 
 
Kowalczuk et al., 1991C.I. Kowalczuk, Z.J. Sienkiewicz, R.D. Saunders 
Biological Effects of Exposure to Non-ionizing Electromagnetic Fields and Radiation. 
I. Static Electric and Magnetic Fields (NRPB-R238( 
Natl. Radiat. Protec. Board, Chilton, UK (1991( 
 
Lee et al., 2002D.H. Lee, M.H. Ha, J.R. Kim, M. Gross, D.R. Jacobs 
γ-Glutamyltransferase, alcohol, and blood pressure: a four year follow-up study 
Ann. Epidemiol., 12 (2002), pp. 90–96 
 
Lee et al., 2004aD.H. Lee, R. Blomhoff, D. Jacobs Jr. 
Is serum gamma glutamyltransferase a marker of oxidative stress؟ 
Free Rad. Res., 38 (6) (2004), pp. 535–539 
 
Lee et al., 2004bD.H. Lee, M. Gross, D.R. Jacobs 
The association of serum carotenoids and tocopherols with gamma 
glutamyltransferase: the CARDIA study 
 
Clin. Chem., 50 (2004), pp. 582–588 
 
Li and Chow, 2001S.H. Li, K.C. Chow 
Magnetic field exposure induces DNA degradation, Biochem 
Biophys. Res. Commun., 280 (2001), pp. 1385–1388 
 
Mancini and Carbonara, 1965G. Mancini, A.O. Carbonara 
Immunochemical quantitation of antigens by single radial immunodiffusion 
Immunochemistry, 2 (1965), pp. 235–254 
 
McCann et al., 1993J. McCann, F. Dietrich, C. Rafferty, A.O. Martin 
A critical review of the genotoxic potential of electric and magnetic fields 
Mutat. Res., 297 (1993), pp. 61–95 
 



20 
 

McCann et al., 1998J. McCann, F. Dietrich, C. Rafferty 
The genotoxic potential of electric and magnetic fields: an update 
Mutat. Res., 411 (1998), pp. 45–86 
 
Ohkawa et al., 1979H. Ohkawa, N. Ohishi, K. Yagi 
Assay for lipid peroxidation in animal tissues by thiobarbituric acid reaction 
Ann. Biochem., 95 (1979), pp. 351–358 
 
Prato et al., 1996F.S. Prato, M. Kavaliers, J.J. Carson 
Behavioural evidence that magnetic field effects in the land snail, cepaea nemoralis, 
might not depend on magnetite or induced electric currents 
Bioelectromagnetics, 17 (1996), pp. 123–130 
 
Reiter et al., 1998R.J. Reiter, D.X. Tan, W.B. Qi 
Suppression of oxygen toxicity by melatonin 
Acta Pharm. Sin., 19 (1998), pp. 575–581 
 
Reiter et al., 1999R.J. Reiter, D.X. Tan, J. Cabrera, D. D’Arpa, R.M. Sainz, J.C. 
Mayo, S. Ramos 
The oxidant/antioxidant network: role of melatonin 
Biol. Signals Recept., 8 (1999), pp. 56–63 
 
Richie, 1992J.P. Richie Jr. 
The role of glutathione in aging and cancer 
Exp. Gerontol., 27 (1992), pp. 615–626 
 
Rollwitz et al., 2004J. Rollwitz, M. Lupke, M. Simko 
Fifty-hertz magnetic fields induce free radical formation in mouse bone marrow-
derived promonocytes and macrophages 
Biochim. Biophys. Acta, 1674 (2004), pp. 231–238 
 
Roy et al., 1995S. Roy, Y. Noda, V. Eckert, M.G. Traber, A. Mori, R. Liburdy, L. 
Packer 
The phorbol 12-myristate 13-acetate (PMA)-induced oxidative burst in rat peritoneal 
neutrophils is increased by a 0.1 mT (60 Hz) magnetic field 
FEBS Lett., 376 (1995), pp. 164–166 
 
Sabine et al., 2003I. Sabine, D. Elisabeth, J. Oswald, W.R. Hugo 
Intermittent extremely low frequency electromagnetic fields cause DNA damage in a 
dose-dependent way 
Int Arch Occup. Environ. Health, 76 (2003), pp. 431–436 
 
Sandrey, 1999M.A. Sandrey, M.T. Fox, W.X. Balcavge, J. Swez 
The effects of electromagnetic fields on chemically induced tendonitis in rats 



21 
 

J. Athl. Train. Suppl., 34 (1999), pp. S23–S26 
 
Sandrey, 2002M.A. Sandrey, D.N. Vesper, M.T. Johnson, G. Nindl, J.A. Swez, J. 
Chamberlain, W.X. Balcavage 
Effect of short duration electromagnetic field exposures on rat mass 
Bioelectromagnetics, 23 (1) (2002), pp. 2–6 
 
Simko et al., 2001M. Simko, S. Droste, R. Kriehuber, G. Dieter, D.G. Weiss 
Stimulation of phagocytosis and free radical production in murine macrophages by 50 
Hz electromagnetic fields 
Eur. J. Cell Biol., 80 (2001), pp. 562–566 
 
Stuchly, 1986M.A. Stuchly 
Human exposure to static and time-varying magnetic fields 
Health Phys., 51 (1986), pp. 215–225 
 
Tsuji et al., 1996Y. Tsuji, M. Nakagawa, Y. Suzuki 
Five-testa static magnetic fields suppress food and water consumption and weight 
gain in mice 
Ind. Health, 34 (4) (1996), pp. 347–357 
 
WHO, 1998WHO Fact Sheet. 1998. Electromagnetic Fields and Public Health: 
Extremely Low Frequency (ELF). WHO Fact Sheet #205 Geneva. 
 
WHO, 2006WHO Fact Sheet. 2006. Electromagnetic Fields and Public Health: Static 
electric and magnetic fields. WHO Fact Sheet #299 Geneva. 
 
Wolf et al., 2005F.I. Wolf, A. Torsello, B. Tedesco, S. Fasanella, A. Boninsegna, M. 
D’Ascenzo, C. Grassi, G.B. Azzena, A. ittadini 
50- Hz extremely low frequency electromagnetic fields enhance cell proliferation and 

DNA damage: possible involvement of a redox mechanism 
Biochim. Biophys. Acta, 1743 (2005), pp. 120–129 
 
Yokus et al., 2005B. Yokus, D.U. Cakir, M.Z. Akdag, C. Sert, N. Mete 
Oxidative DNA damage in rats exposed to extremely low frequency electro magnetic 
fields 
Free Radic. Res., 39 (3) (2005), pp. 317–323 
 
 
 
 
 
 
 



22 
 

4. Melatonin controls oxidative stress and modulates iron, ferritin, 
and transferrin levels in adriamycin treated rats 
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 Abstract 
 

         Chemotherapy with adriamycin (ADR) is limited by its iron-mediated pro-
oxidant toxicity. Because melatonin (MIT) is a broad spectrum antioxidant, we 
investigated the ability of MIT to control iron, its binding proteins, and the oxidative 
damage induced by ADR. Main methods: ADR was given as single i.p. dose of 10 mg 
kg(-1) body weight into male rats. MLT at a dose of 15 mg kg(-1) was injected daily 
for 5 days before ADR treatment followed by another injection for 5 days. 
Biochemical methods were used for this investigation. Key findings: ADR injection 
caused elevations in plasma creatine kinase isoenzyme, lactic dehydrogenase, and 
aminotransferases, iron, ferritin, and transferrin. These changes were associated with 
increases in lipid peroxidation and protein oxidation as well as decreases in 
glutathione (GSH) levels and glutathione-S-transferase (GST) activity, while 
glutathione peroxidase (GSH-Px), and catalase (CAT) activity were elevated in the 
heart and liver of ADR treated rats. In the MLT+ADR group, the cardiac and hepatic 
function parameters and the levels of iron, transferrin and ferritin in plasma were 
normalized to control levels. The rats that were subjected to MLT+ADR had 
normalized CAT and GSH-Px activity and decreased TBARS and protein carbonyl 
levels compared the group only treated with ADR. GST activity and GSH 
concentration in the heart and liver were normalized when MLT accompanied ADR 
treatment. Significance: MLT ameliorated oxidative stress by controlling iron, and 
binding protein levels in ADR treated rats demonstrating the usefulness of adriamycin 
in cancer chemotherapy and allowing a better management of iron levels.   

Keywords: Adriamycin; Oxidative stress; Antioxidants; Melatonin; Heart; Liver; 
Iron; Ferritin; Transferritin; Iron binding proteins  
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Abstract 
          Owing to the risks of heavy metals-induced severe haematopoietic disorders, it 
is important to investigate these chemicals for their haematotoxicity and the possible 
ways to ameliorate their toxicity. The effects of melatonin on lead-induced 
haematotoxicity have, therefore, been examined in rat blood and bone marrow. When 
adult male rats were injected intramuscularly with lead acetate (10 mg kg−1) daily for 7 
days, the erthrocytic count, haematocrite value and haemoglobin content were 
significantly decreased. The counts of platelets, total leucocytes and lymphocytes in 
the peripheral blood were also significantly lower in lead-treated rats than in control 
animals. The total granulocyte count was significantly elevated in the peripheral blood 
of the same lead-treated rats. Significant decreases in polychromatic and pyknotic 
erythroid series as well as lymphocytes in bone marrow of the lead-intoxicated rats 
were also demonstrated. Meanwhile, the neutrophiles were increased in the same 
treated rats. The erythropoietin level was significantly decreased and the lead 
concentration was increased in the plasma of the lead-treated rats compared with the 
control rats. Bone marrow examination of the rats treated with lead for 7 days showed 
erythroid hyperplasia with a sign of dyserythropoiesis and demonstrated ringed 
sideroblasts in varying proportions. Daily pretreatment with melatonin (30 mg kg−1) 
intragastricaly, concurrently with lead injection for 7 days significantly prevented the 
changes recorded in the peripheral blood parameters. The changes observed in the 
bone marrow polychromatic erythroid, lymphocytes and the neutrophiles were 
significantly ameliorated by coadministration of melatonin and lead compared with 
lead-treated rats, while the pyknotic erythroid series was still significantly low. The 
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levels of erythropoietin and lead in plasma were not changed in melatonin+lead-
treated group compared with lead only treated rats. In addition, melatonin 
administration ameliorated the decrease in erythroid cell count in bone marrow. Less 
dyserythropoiesis and megaloblastic changes were observed in bone marrow film 
when melatonin was concurrently administered with lead. In the same animals, iron 
staining of the bone marrow cells showed absence of ringed sideroblasts. In 
conclusion, the present results indicate that melatonin has the ability to protect the 
haematopoietic cells from the damaging effects of exposure to lead. This protection 
might be attributed to the antioxidative power of melatonin. 

Keywords: Melatonin; Heavy metals; Bone marrow; Erythropoietin 

Published In: PHARMACOLOGICAL RESEARCH  Volume: 50   Issue: 3 

  Pages: 301-307   DOI: 10.1016/j.phrs.2004.01.013   Published: SEP 

2004 

References 
[1]T Oberley, A.L Friedman, R Moser, F Siegel 

Effect of lead administration on developing rat kidney 

Toxicol Appl Pharmacol, 131 (1995), pp. 94–107 

 

[2]R.L Van Den Heuvel, H Leppens, G.E Schoeters 

Use in vitro assay to assess hematotoxic effect of environmental compounds 

Cell Biol Toxicol, 17 (2001), pp. 107–116 

 

[3]P Hus, M Liu, C Hus, L Chen, Y Guo 

Lead exposure causes generation of reactive oxygen species and functional 

impairment of rat sperm 

Toxicology, 122 (1997), pp. 133–143 

 

[4]A.I Othman, M.A El-Missiry 

Role of selenium against lead induced toxicity in male rats 

J Biochem Mol Toxicol, 12 (1998), pp. 345–349 

 

[5]M.A El-Missiry 



34 
 

Prophylactic effect of melatonin on lead induced inhibition of heme biosynthesis and 

deterioration of antioxidant system in male rats 

J Biochem Mol Toxicol, 14 (2000), pp. 57–62 

 

[6]B Rio, R Froquet, D Parent-Massin 

In vitro effect of lead acetate on human erythropoietic progenitors 

Cell Biol Toxicol, 17 (2001), pp. 41–50 

 

[7]S.I Zaichkina, O.M Rozanovea, G.F Aptikaeva, A.K.H Akhmadieva, D.I.U Klokov, 

E.N Smirnova 

Induction of cytogenetic damages by combine action of heavy metal salts, chronic and 

acute gamma irradiation in bone marrow cells of mice and rats 

Radiats Biol Radioecol, 41 (2001), pp. 514–518 

 

[8]R.J Reiter, D.X Tan, W Qi, L.C Manchester, M Karbownik, J.R Calvo 

Pharmacology and physiology of melatonin in the reduction of oxidative stress in vivo 

Biol Signals Recept, 9 (4) (2000), pp. 160–171 

 

[9]A Garcia, T Landete-Castillejos, L Zarazaga, J Garde, L Gallego 

Seasonal changes in melatonin concentration in female Iberian red deer (Cervus 

elaphus hispanicus) 

J Pineal Res, 34 (3) (2003), pp. 161–166 

 

[10]R.J Reiter 

Melatonin: clinical relevance 

Best Pract Res Clin Endocrinol Metabol., 17 (2) (2003), pp. 273–285 

 

[11]S Lopez-Burillo, D.X Tan, J.C Mayo, R.M Sainz, L.C Manchester, R.J Reiter 

Melatonin, xanthurenic acid, resveratrol, EGCG, Vitamin C and alpha-lipoic acid 

differentially reduce oxidative DNA damage induced by Fenton reagents: a study of 

their individual and synergistic actions 

J Pineal Res, 34 (4) (2003), pp. 269–277 

 



35 
 

[12]J.C Mayo, D.X Tan, R.M Sainz, S Lopez-Burillo, R.J Reiter 

Oxidative damage to catalase induced by peroxyl radicals: functional protection by 

melatonin and other antioxidants 

Free Radic Res., 37 (5) (2003), pp. 543–553 

 

[13]D.X Tan, R.J Reiter, L.D Chen, B Poggeler, B Poeggeler, L.C Manchester et al. 

Both physiological and pharmacological levels of melatonin reduce DNA adduct 

formation induced by the carcinogen safrole 

Carcinigenesis, 15 (1994), pp. 215–218 

 

[14]D Melchiorri, R.J Reiter, A.M Atlia, M Hara, G Nistico 

Potent protective effect of melatonin on in vivo paraquat-induced oxidative damage in 

rats 

Life Sci, 56 (1995), pp. 83–89 

 

[15]S Cuzzocrea, R.J Reiter 

Pharmacological action of melatonin in shock, inflammation and ischemia/reperfusion 

injury 

Eur J Pharmacol, 426 (2001), pp. 1–10 

 

[16]L.Y Zang, G Cosma, H Gardner, V Vallyathan 

Scavenging of reactive oxygen species by melatonin 

Biochem Biophys Acta, 1425 (1998), pp. 469–477 

 

[17]R Sasaki 

Pleiotropic functions of erythropoietin 

Int Med, 42 (2) (2003), pp. 142–149 

 

[18]W Osterode, U Barnas, K Geissler 

Dose dependent reduction of erythroid progenitor cells and inappropriate 

erythropoietin response in exposure to lead: new aspects of anaemia induced by lead 

Occup Environ Med, 56 (1999), pp. 106–109 

 



36 
 

[19]A Conti, S Conconi, E Hertens, K skwarlo-Sonta, M Markowska, J.M Maestroni 

Evidence of melatonin synthesis in mous and human bone marrow cells 

J Pineal Res, 28 (2000), pp. 193–202 

 

[20]D.X Tan, L.C Manchester, R.J Reiter, W.B Qi, M Zhang, S.T Weintraub et al. 

Identification of high elevated levels of melatonin in bone marrow: its origin and 

significance 

Biochem Biophys Acta, 1472 (1999), pp. 206–214 

 

[21]G.J Maestroni 

Is haematopoiesis under the influence of neural and neuroendocrine mechanisms? 

Histol Histopathol, 13 (1) (1998), pp. 271–274 

 

[22]M Koc, M.E Buyukokuroglu, S Taysi 

The effect of melatonin on peripheral blood cells during total body irradiation in rats 

Biol Pharm Bull, 25 (5) (2002), pp. 656–657 

 

[23]G.J Maestroni 

MLT and the immune-hematopoietic system 

Adv Exp Med Biol., 460 (1999), pp. 395–405 

 

[24]G.J Maestroni 

Neurohormones and caticholamins as functional components of the bone marrow 

microenvironment 

Ann NY Acad Sci, 917 (2000), pp. 29–37 

 

[25]R.S Harapanhalli, V Yaghami, D Giuliani, R.W Howell, D Rao 

Antioxidant effect of Vitamin C in mice following X-irradiation 

Res Commun Mol Pathol Pharm, 94 (3) (1996), pp. 271–287 

 

[26]G.J Flora, P.K Seth 

Alterations in some membrane properties in rat brain following exposure to lead 

Cytobios, 103 (403) (2000), pp. 103–109 



37 
 

 

[27]J Villeda-Hernandez, R Barroso-Moguel, M Mendez-Armenta, C Nava-Ruiz, R 

Huerta-Romero, C Rios 

Enhanced brain regional lipid peroxidation in developing rats exposed to low level 

lead acetate 

Brain Res Bull, 55 (2001), pp. 247–251 

 

[28]B Jacob, B Ritz, J Heinrich, B Hoelscher, H.E Wichmann 

The effects of low-level blood lead on haematological parameters in children 

Environ Res, 82 (2) (2000), pp. 150–159 

 

[29]I Ivaicoli, G Carelli, E.J stanek, N Castellino, E.J Calabrese 

Effect of low doses of dietary lead on red blood cell production in male and female 

mice 

Toxicol Lett, 137 (3) (2003), pp. 193–199 

 

[30]S.S Leonard, V Vallyathan, V Castranova, X Shi 

Generation of reactive oxygen species in the enzymatic reduction of PbCrO4 and 

related DNA damage 

Mol Cell Biochem, 234 (1) (2002), pp. 309–315 

 

[31]G.H El-Sokkary, E.S Kamel, R.J Reiter 

Prophylactic effect of melatonin in reducing lead-induced neurotoxicity in the rat 

Cell Mol Biol Lett, 8 (2) (2003), pp. 461–470 

 

[32]Mousa HM, Al-Qarawi AA, Ali BH, Abdel Rahman HA, El Mougy SA. Effect of 

lead exposure on the erythrocytic antioxidant levels in goats. J Vet Med A Physiol 

Pathol Clin Med 2002;49(10):531-4.33. 

 

[33]M Gonzalez, M.C Tejedor 

Variations of glycolytic kinases and pentose-phosphate pathway dehydrogenases in 

response to lead accumulation in haemopoietic cells of rock doves (Columba livia) 

Bull Environ Contam Toxicol, 50 (5) (1993), pp. 779–786 



38 
 

 

[34]S.B Folhe, J Bruggemann, C Herder, C Goebel, H Kolb 

Enhanced proinflammatory response to endotoxin after priming of macrophages with 

lead ions 

J Leukco Biol, 71 (2002), pp. 417–424 

 

[35]Afana’ev IB. Superoxide ion chemistry and biological implication, 1st ed., vol. II. 

Boca Raton: CRC Press; 1991. 

 

[36]Y.O Kim, M.Y Pyo, J.H Kim 

Influence of melatonin on immunotoxicity of lead 

Int J Immunopharmacol, 22 (10) (2002), pp. 821–832 

 

[37]R.J Reiter, D Tan, L.C Manchester, W Qi 

Biochemical reactivity of melatonin with reactive oxygen and nitrogen species 

Cell Biochem Biophys, 34 (2001), pp. 237–256 

 

[38]J.C Mayo, D.X Tan, R.M Sainz, M Natarajan, S Lopez-Burillo, R.J Reiter 

Protection against oxidative protein damage induced by metal-catalyzed reaction or 

alkylperoxyl radicals: comparative effects of melatonin and other antioxidants 

Biochim Biophys Acta, 1620 (1–3) (2003), pp. 139–150 

 

[39]N Susa, S Ueno, Y Furukawa, J Ueda, M Sugiyama 

Potent protective effect of melatonin on chromium(VI)-induced DNA single strand 

breaks, cytotoxicity and lipid peroxidation in primary cultures of rat hepatocytes 

Toxicol Appl Phamacol, 144 (1997), pp. 377–384 

 

[40]D.S Maharaj, J.L Limson, S Daya 

6-Hydroxymelatonin converts Fe(III) to Fe(II) and reduces iron-induced lipid 

peroxidation 

Life Sci., 12 (2003), pp. 1367–1375 

 

[41]A.J Erslev, J Caro 



39 
 

Physiologic and molecular biology of erythropoietin 

Med Oncol Tumor Pharmacother, 3 (1986), pp. 159–164 

 

[42]M.J Percy, M.F McMullin, A.W Roques, N.B Westwood, J Acharya, A.E Hughes 

et al. 

Erythrocytosis due to a mutation in the erythropoietin receptor gene 

Br. J Haematol, 100 (1998), pp. 407–410 

 

[43]H Youssoufian, G Longmore, D Neumann, A Yoshimura, H.F Lodish 

Structure, function and activation of the erythropoietin receptor 

Blood, 81 (1993), pp. 2223–2236 

 

[44]E Uchida, K Morimoto, N Kawasaki, Y Izaki, A Abdu Said, T Hayakawa 

Effect of active oxygen radicals on protein and carbohydrate moieties of recombinant 

human erythropoietin 

Free Radic Res, 27 (3) (1997), pp. 311–323 

 

[45]M Shedpure, H.K Pati 

Do thyroid and testis modulate the effect of pineal and melatonin on haematopoietic 

variables in clariase batrachus 

J Biosc., 21 (1996), pp. 797–808 

 

[46]M.M Anwar, H.A Mahfouz, A.S sayed 

Potential protective effects of melatonin on bone marrow of rats exposed to cytotoxic 

drugs 

Comp Biochem Physiol A Mol Integr Physiol, 119 (1998), pp. 493–501 

 

 

 


