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Abstract 

Aim: 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. 
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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. (C) 2008 
Elsevier Inc. All rights reserved. 
Author Keywords: Adriamycin; Oxidative stress; Antioxidants; Melatonin; Heart; 
Liver; Iron; Ferritin; Transferritin; Iron binding proteins 
KeyWords Plus: CENTRAL-NERVOUS-SYSTEM; BOUND IRON; INDUCED 
CARDIOTOXICITY; HEPATIC TOXICITY; MOLECULAR DAMAGE; IN-VIVO; 
CELLS; DOXORUBICIN; LEAD; INHIBITION 

Mansoura Univ, Fac Sci, Dept Zool, Mansoura 35516, Egypt. 
 

Addresses: 
[ 1 ] Mansoura Univ, Fac Sci, Dept Zool, Mansoura 35516, Egypt

 

E-mail Addresses: maelmissiry@yahoo.com 
  

References  



1-Title: Different cytoprotective effect of antioxidants and change in the iron regulatory 
system in rodent cells exposed to paraquat or formaldehyde 

Author(s): Ayaki, H; Lee, MJ; Sumino, K; et al. 

Source: TOXICOLOGY  Volume: 208   Issue: 1   Pages: 73-79   DOI: 10.1016/j.tox.2004.11.008   
Published: MAR 1 2005 

    2-Title: [not available [       

Author(s): BEUTLER E 

Source: MANUAL BIOCH METHODS  Pages: 67 

3-Title: ENHANCEMENT OF INVITRO ACTIVITY AGAINST NEURO-BLASTOMA BY DOXORUBICIN 
AND DEFEROXAMINE 

Author(s): BLATT, J; HUNTLEY, D 

Source: JOURNAL OF THE NATIONAL CANCER INSTITUTE  Volume: 81   Issue: 11   Pages: 866-
870   DOI: 10.1093/jnci/81.11.866   Published: JUN 7 1989 

4-Title: A simple assay for catalase determination 

Author(s): Bock, P.P.; Karmer, R.; Paverka, M.A. 

Source: Cell Biol. Monogr.  Volume: 71   Pages: 44-74   Published: 1980 

5-Title: INDUCTION OF FERRITIN SYNTHESIS BY OXIDATIVE STRESS - TRANSCRIPTIONAL AND 
POSTTRANSCRIPTIONAL REGULATION BY EXPANSION OF THE FREE IRON POOL 

Author(s): CAIRO, G; TACCHINI, L; POGLIAGHI, G; et al. 

Source: JOURNAL OF BIOLOGICAL CHEMISTRY  Volume: 270   Issue: 2   Pages: 700-703 

6-Title: MELATONIN INHIBITION OF MCF-7 HUMAN BREAST-CANCER CELLS GROWTH - 
INFLUENCE OF CELL-PROLIFERATION RATE 

Author(s): COS, S; SANCHEZBARCELO, EJ 

Source: CANCER LETTERS  Volume: 93   Issue: 2   Pages: 207-212   DOI: 10.1016/0304-
3835(95)03811-A   Published: JUL 13 1995 

7-Title: Protective effect of low molecular weight heparin on oxidative injury and cellular 
abnormalities in adriamycin-induced cardiac and hepatic toxicity 

Author(s): Deepa, PR; Varalakshmi, P 

Source: CHEMICO-BIOLOGICAL INTERACTIONS  Volume: 146   Issue: 2   Pages: 201-210   DOI: 
10.1016/j.cbi.2003.08.003   Published: OCT 25 2003 

 



8-Title: Altered antioxidant defence in a mouse adriamycin model of glomerulosclerosis 

Author(s): Deman, A; Ceyssens, B; Pauwels, M; et al. 

Source: NEPHROLOGY DIALYSIS TRANSPLANTATION  Volume: 16   Issue: 1   Pages: 147-150   
DOI: 10.1093/ndt/16.1.147   Published: JAN 2001 

9-Title: Transfer of ferritin-bound iron to adriamycin 

Author(s): Demant, E J 

Source: FEBS leƩers  Volume: 176   Issue: 1   Pages: 97-100   DOI: 10.1016/0014-
5793(84)80919-9   Published: 1984-Oct-15 

10-Title: Potential protective role of angiotensin-converting enzyme inhibitors captopril and 
enalapril against adriamycin-induced acute cardiac and hepatic toxicity in rats 

Author(s): El-Aziz, MAA; Othman, AI; Amer, M; et al. 

Source: JOURNAL OF APPLIED TOXICOLOGY  Volume: 21   Issue: 6   Pages: 469-473   
Published: NOV-DEC 2001 

11-Title: Ameliorative effect of melatonin against gamma-irradiation-induced oxidative 
stress and tissue injury 

Author(s): El-Missiry, M. A.; Fayed, T. A.; El-Sawy, M. R.; et al. 

Source: ECOTOXICOLOGY AND ENVIRONMENTAL SAFETY  Volume: 66   Issue: 2   Pages: 278-
286   DOI: 10.1016/j.ecoenv.2006.03.008   Published: FEB 2007 

12-Title: Influence of melatonin on proliferation and antioxidant system in Ehrlich ascites 
carcinoma cells 

Author(s): El-Missiry, MA; Abd El-Aziz, AF 

Source: CANCER LETTERS  Volume: 151   Issue: 2   Pages: 119-125   DOI: 10.1016/S0304-
3835(99)00366-3   Published: APR 14 2000 

13-Title: Attenuation of the acute adriamycin-induced cardiac and hepatic oxidative toxicity 
by N-(2-mercaptopropionyl) glycine in rats 

Author(s): El-Missiry, MA; Othman, AI; Amer, MA; et al. 

Source: FREE RADICAL RESEARCH  Volume: 35   Issue: 5   Pages: 575-581   DOI: 
10.1080/10715760100301581   Published: 2001 

14-Title: Prophylactic effect of melatonin on lead-induced inhibition of heme biosynthesis 
and deterioration of antioxidant systems in male rats 

Author(s): El-Missiry, MA 



Source: JOURNAL OF BIOCHEMICAL AND MOLECULAR TOXICOLOGY  Volume: 14   Issue: 1   
Pages: 57-62   DOI: 10.1002/(SICI)1099-0461(2000)14:1<57::AID-JBT8>3.0.CO;2-B   
Published: 2000 

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

Author(s): El-Sokkary, GH; Kamel, ES; Reiter, RJ 

Source: CELLULAR & MOLECULAR BIOLOGY LETTERS  Volume: 8   Issue: 2   Pages: 461-470   
Published: 2003 

 

16-Title: Melatonin protects against lead-induced hepatic and renal toxicity in male rats 

Author(s): El-Sokkary, GH; Abdel-Rahman, GH; Kamel, ES 

Source: TOXICOLOGY  Volume: 213   Issue: 1-2   Pages: 25-33   DOI: 
10.1016/j.tox.2005.05.003   Published: SEP 15 2005 

17-Title: Protective effects of caffeic acid phenethyl ester on doxorubicin-induced 
cardiotoxicity in rats 

Author(s): Fadillioglu, E; Oztas, E; Erdogan, H; et al. 

Conference: 28th NaƟonal Congress of Physiology LocaƟon: IZMIR, TURKEY Date: SEP 24-27, 
2002 

Source: JOURNAL OF APPLIED TOXICOLOGY  Volume: 24   Issue: 1   Pages: 47-52   DOI: 
10.1002/jat.945   Published: JAN-FEB 2004 

Title: [not available[       18- 

Author(s): GIANNI L 

Source: ROLE FREE RADICAL IN  Pages: 9   Published: 1992 

19-Title: Transferrin receptor 2 mediates uptake of transferrin-bound and non-transferrin-
bound iron 

Author(s): Graham, Ross M.; Reutens, Gail M.; Herbison, Carly E.; et al. 

Source: JOURNAL OF HEPATOLOGY  Volume: 48   Issue: 2   Pages: 327-334   DOI: 
10.1016/j.jhep.2007.10.009   Published: FEB 2008 

 

20-Title: NON-TRANSFERRIN-BOUND IRON IN PLASMA OR SERUM FROM PATIENTS WITH 
IDIOPATHIC HEMOCHROMATOSIS - CHARACTERIZATION BY HIGH-PERFORMANCE LIQUID-
CHROMATOGRAPHY AND NUCLEAR MAGNETIC-RESONANCE SPECTROSCOPY 

Author(s): GROOTVELD, M; BELL, JD; HALLIWELL, B; et al. 



Source: JOURNAL OF BIOLOGICAL CHEMISTRY  Volume: 264   Issue: 8   Pages: 4417-4422   
Published: MAR 15 1989 

21-Title: Glutathione S-transferases. The first enzymatic step in mercapturic acid formation. 

Author(s): Habig, W H; Pabst, M J; Jakoby, W B 

Source: The Journal of biological chemistry  Volume: 249   Issue: 22   Pages: 7130-9   
Published: 1974-Nov-25 

22-Title: ANTHRACYCLINE TOXICITY IS POTENTIATED BY IRON AND INHIBITED BY 
DEFEROXAMINE - STUDIES IN RAT-HEART CELLS IN CULTURE 

Author(s): HERSHKO, C; LINK, G; TZAHOR, M; et al. 

Source: JOURNAL OF LABORATORY AND CLINICAL MEDICINE  Volume: 122   Issue: 3   Pages: 
245-251   Published: SEP 1993 

23-Title: Hemin-mediated regulation of an antioxidant-responsive element of the   human 
ferritin H gene and role of Ref-1 during erythroid differenƟaƟon of K562 cells 

Author(s): Iwasaki, K; MacKenzie, EL; Hailemariam, K; et al. 

Source: MOLECULAR AND CELLULAR BIOLOGY  Volume: 26   Issue: 7   Pages: 2845-2856   
DOI: 10.1128/MCB.26.7.2845-2856.2006   Published: APR 2006 

24-Title: THE EFFECT OF CHRONIC ADRIAMYCIN TREATMENT ON HEART KIDNEY AND LIVER-
TISSUE OF MALE AND FEMALE RAT 

Author(s): JULICHER, RHM; STERRENBERG, L; HAENEN, GRMM; et al. 

Source: ARCHIVES OF TOXICOLOGY  Volume: 61   Issue: 4   Pages: 275-281   DOI: 
10.1007/BF00364850   Published: FEB 1988 

25-Title: Ginseng intestinal metabolite-I (GIM-I) reduces doxorubicin toxicity in the mouse 
testis 

Author(s): Kang, JK; Lee, YJ; No, KO; et al. 

Source: REPRODUCTIVE TOXICOLOGY  Volume: 16   Issue: 3   Pages: 291-298   ArƟcle 
Number: PII S0890-6238(02)00021-7   DOI: 10.1016/S0890-6238(02)00021-7   Published: 
MAY-JUN 2002 

 

26-Title: Anthracyclines induce accumulation of iron in ferritin in myocardial and neoplastic 
cells: Inhibition of the ferritin iron mobilization pathway 

Author(s): Kwok, JC; Richardson, DR 

Source: MOLECULAR PHARMACOLOGY  Volume: 63   Issue: 4   Pages: 849-861   DOI: 
10.1124/mol.63.4.849   Published: APR 2003 



27-Title: Protective effects of melatonin on myocardial ischemia/reperfusion injury in vivo 

Author(s): Lee, YM; Chen, HR; Hsiao, G; et al. 

Source: JOURNAL OF PINEAL RESEARCH  Volume: 33   Issue: 2   Pages: 72-80   DOI: 
10.1034/j.1600-079X.2002.01869.x   Published: SEP 2002 

28-Title: DETERMINATION OF CARBONYL CONTENT IN OXIDATIVELY MODIFIED PROTEINS 

Author(s): LEVINE, RL; GARLAND, D; OLIVER, CN; et al. 

Source: METHODS IN ENZYMOLOGY  Volume: 186   Pages: 464-478   Published: 1990 

29-Title: Enhanced oxidative stress in haemodialysis patients receiving intravenous iron 
therapy 

Author(s): Lim, PS; Wei, YH; Yu, YL; et al. 

Source: NEPHROLOGY DIALYSIS TRANSPLANTATION  Volume: 14   Issue: 11   Pages: 2680-
2687   DOI: 10.1093/ndt/14.11.2680   Published: NOV 1999 

30-Title: The interaction of melatonin and its precursors with aluminium, cadmium, copper, 
iron, lead, and zinc: An adsorptive voltammetric study 

Author(s): Limson, J; Nyokong, T; Daya, S 

Source: JOURNAL OF PINEAL RESEARCH  Volume: 24   Issue: 1   Pages: 15-21   DOI: 
10.1111/j.1600-079X.1998.tb00361.x   Published: JAN 1998 

 

31-Title: Role of iron in the potentiation of anthracycline cardiotoxicity: Identification of 
heart cell mitochondria as a major site of iron-anthracycline interaction 

Author(s): Link, G; Tirosh, R; Pinson, A; et al. 

Source: JOURNAL OF LABORATORY AND CLINICAL MEDICINE  Volume: 127   Issue: 3   Pages: 
272-278   DOI: 10.1016/S0022-2143(96)90095-5   Published: MAR 1996 

32- Title: 6-hydroxymelatonin converts Fe (III) to Fe (II) and reduces iron-induced lipid 
peroxidation 

Author(s): Maharaj, DS; Limson, JL; Daya, S 

Source: LIFE SCIENCES  Volume: 72   Issue: 12   Pages: 1367-1375   ArƟcle Number: PII S0024-
3205(02)02405-0   DOI: 10.1016/S0024-3205(02)02405-0   Published: FEB 7 2003 

33-Title: DISTRIBUTION OF MELATONIN IN MAMMALIAN-TISSUES - THE RELATIVE 
IMPORTANCE OF NUCLEAR VERSUS CYTOSOLIC LOCALIZATION 

Author(s): MENENDEZPELAEZ, A; REITER, RJ 



Source: JOURNAL OF PINEAL RESEARCH  Volume: 15   Issue: 2   Pages: 59-69   DOI: 
10.1111/j.1600-079X.1993.tb00511.x   Published: SEP 1993 

34-  Title: Doxorubicin irreversibly inacƟvates iron regulatory proteins 1 and 2 in 
cardiomyocytes: Evidence for distinct metabolic pathways and implications for iron-
mediated cardiotoxicity of antitumor therapy 

Author(s): Minotti, G; Ronchi, R; Salvatorelli, E; et al. 

Source: CANCER RESEARCH  Volume: 61   Issue: 23   Pages: 8422-8428   Published: DEC 1 
2001 

35-  Title: IRP1 acƟvaƟon by extracellular oxidaƟve stress in the perfused rat liver 

Author(s): Mueller, S; Pantopoulos, K; Hubner, CA; et al. 

Source: JOURNAL OF BIOLOGICAL CHEMISTRY  Volume: 276   Issue: 25   Pages: 23192-23196   
DOI: 10.1074/jbc.M100654200   Published: JUN 22 2001 

36-Title: Free radicals mediate cardiac toxicity induced by adriamycin 

Author(s): Muraoka, S; Miura, T 

Source: YAKUGAKU ZASSHI-JOURNAL OF THE PHARMACEUTICAL SOCIETY OF JAPAN  
Volume: 123   Issue: 10   Pages: 855-866   DOI: 10.1248/yakushi.123.855   Published: OCT 
2003 

37-Title: Assay for lipid peroxides in animal tissues by thiobarbituric acid reaction. 

Author(s): Ohkawa, H; Ohishi, N; Yagi, K 

Source: AnalyƟcal biochemistry  Volume: 95   Issue: 2   Pages: 351-8   DOI: 10.1016/0003-
2697(79)90738-3   Published: 1979-Jun 

 

38-  Title: Role of melatonin in ameliorating lead induced haematotoxicity 

Author(s): Othman, AI; Al Sharawy, S; El-Missiry, MA 

Source: PHARMACOLOGICAL RESEARCH  Volume: 50   Issue: 3   Pages: 301-307   DOI: 
10.1016/j.phrs.2004.01.013   Published: SEP 2004 

39-Title: The protective action of melatonin on indomethacin-induced gastric and testicular 
oxidative stress in rats 

Author(s): Othman, AI; El-Missiry, MA; Amer, MA 

Source: REDOX REPORT  Volume: 6   Issue: 3   Pages: 173-177   DOI: 
10.1179/135100001101536283   Published: 2001 

40-  Title: Adriamycin-induced myocardial toxicity: New solutions for an old problem؟ 



Author(s): Outomuro, Delia; Grana, Daniel R.; Azzato, Francisco; et al. 

Source: INTERNATIONAL JOURNAL OF CARDIOLOGY  Volume: 117   Issue: 1   Pages: 6-15   
DOI: 10.1016/j.ijcard.2006.05.005   Published: APR 12 2007 

41-  Title: Studies on the quantitative and qualitative characterization of erythrocyte 
glutathione peroxidase. 

Author(s): Paglia, D E; Valentine, W N 

Source: The Journal of laboratory and clinical medicine  Volume: 70   Issue: 1   Pages: 158-69   
Published: 1967-Jul 

42- Title: Lipoic acid modulates adriamycin-induced testicular toxicity 

Author(s): Prahalathan, C; Selvakumar, E; Varalakshmi, P 

Source: REPRODUCTIVE TOXICOLOGY  Volume: 21   Issue: 1   Pages: 54-59   DOI: 
10.1016/j.reprotox.2005.07.002   Published: JAN 2006 

43-  Title: Melatonin antagonizes apoptosis via receptor interacƟon in U937 monocyƟc cells 

Author(s): Radogna, Flavia; Paternoster, Laura; Albertini, Maria Cristina; et al. 

Source: JOURNAL OF PINEAL RESEARCH  Volume: 43   Issue: 2   Pages: 154-162   DOI: 
10.1111/j.1600-079X.2007.00455.x   Published: SEP 2007 

44-  Title: Antioxidative potential of melatonin against mercury induced intoxication in 
spermatozoa in vitro 

Author(s): Rao, Mandava V.; Gangadharan, Bindu 

Source: TOXICOLOGY IN VITRO  Volume: 22   Issue: 4   Pages: 935-942   DOI: 
10.1016/j.Ɵv.2008.01.014   Published: JUN 2008 

45-Title: FERRITIN AS A SOURCE OF IRON FOR OXIDATIVE DAMAGE 

Author(s): REIF, DW 

Source: FREE RADICAL BIOLOGY AND MEDICINE  Volume: 12   Issue: 5   Pages: 417-427   DOI: 
10.1016/0891-5849(92)90091-T   Published: 1992 

46-  Title: Melatonin and tryptophan derivatives as free radical scavengers and antioxidants 

Author(s): Reiter, RJ; Tan, DX; Cabrera, J; et al. 

Book Editor(s): Huether, G; Kochen, W; Simat, TJ; et al. 

Conference: 9th MeeƟng of the InternaƟonal-Study-Group-for-Tryptophan-Research (ISTRY 
98) LocaƟon: UNIV HAMBURG, HAMBURG, GERMANY Date: OCT 10-14, 1998 



Sponsor(s): Fresenius AG; Amino; H Wilhelm Schaumann Stift; Ajinomoto Europe; Esparma; 
Deutsch Forsch Gemeinsch; Ardeypharm; Niddapharm; Wissensch Behorde, Hamburg 

Source: TRYPTOPHAN, SEROTONIN AND MELATONIN: BASIC ASPECTS AND APPLICATIONS  
Book Series: ADVANCES IN EXPERIMENTAL MEDICINE AND BIOLOGY   Volume: 467   Pages: 
379-387   Published: 1999 

47-  Title: Free radical-mediated molecular damage - Mechanisms for the protective actions 
of melatonin in the central nervous system 

Author(s): Reiter, RJ; Acuna-Castroviejo, D; Tan, DX; et al. 

Book Editor(s): Slikker, W; Trembly, B 

Conference: 5th International Conference on Neuroprotective Agents Location: LAKE TAHOE, 
NEVADA Date: SEP 17-21, 2000 

Sponsor(s): Natl Ctr Toxicol Res /FDA; Cent Arkansas Chapter Sigma Xi 

Source: NEUROPROTECTIVE AGENTS  Book Series: ANNALS OF THE NEW YORK ACADEMY OF 
SCIENCES   Volume: 939   Pages: 200-215   Published: 2001 

48-  Title: Melatonin as a pharmacological agent against neuronal loss in experimental 
models of Huntington's disease, Alzheimer's disease and Parkinsonism 

Author(s): Reiter, RJ; Cabrera, J; Sainz, RM; et al. 

Book Editor(s): Trembly, B; Slikker, W 

Conference: 4th InternaƟonal Conference on NeuroprotecƟve Agents - Clinical and 
Experimental Aspects LocaƟon: ANNAPOLIS, MARYLAND Date: NOV 15-19, 1998 

Sponsor(s): US FDA, Natl Ctr Toxicol Res; Dept Vet Affairs Med Ctr 

Source: NEUROPROTECTIVE AGENTS: FOURTH INTERNATIONAL CONFERENCE  Book Series: 
ANNALS OF THE NEW YORK ACADEMY OF SCIENCES   Volume: 890   Pages: 471-485   DOI: 
10.1111/j.1749-6632.1999.tb08028.x   Published: 1999 

 

49- Title: Pharmacology and physiology of melatonin in the reduction of oxidative stress in 
vivo 

Author(s): Reiter, RJ; Tan, DX; Qi, WB; et al. 

Conference: International Symposium on Receptor and Non-Receptor Mediated Actions of 
Melatonin Location: HONG KONG, PEOPLES R CHINA Date: NOV 06-08, 1999 

Source: BIOLOGICAL SIGNALS AND RECEPTORS  Volume: 9   Issue: 3-4   Pages: 160-171   
Published: MAY-AUG 2000 



50-Title: Reactive oxygen and nitrogen species and cellular and organismal decline: 
amelioration with melatonin 

Author(s): Reiter, RJ; Tan, DX; Burkhardt, S 

Conference: 5th InternaƟonal NILS Workshop on Longevity Sciences LocaƟon: AICHI, JAPAN 
Date: NOV 30-DEC 01, 2000 

Sponsor(s): Japan Fdn Aging & Hlth 

Source: MECHANISMS OF AGEING AND DEVELOPMENT  Volume: 123   Issue: 8   Pages: 1007-
1019   ArƟcle Number: PII S0047-6374(01)00384-0   DOI: 10.1016/S0047-6374(01)00384-0   
Published: APR 30 2002 

51-  Title: Oxidative damage to nuclear DNA: amelioration with melatonin 

Author(s): Reiter, R.J. 

Source: Neuroendocrinol. LeƩ  Volume: 20   Pages: 145-150   Published: 1999 

 

52- Title: Pharmacological utility of melatonin in reducing oxidative cellular and molecular 
damage 

Author(s): Reiter, RJ; Tan, DX; Gitto, E; et al. 

Source: POLISH JOURNAL OF PHARMACOLOGY  Volume: 56   Issue: 2   Pages: 159-170   
Published: MAR-APR 2004 

53-  Title: Oxidative damage in the central nervous system: Protection by melatonin 

Author(s): Reiter, RJ 

Source: PROGRESS IN NEUROBIOLOGY  Volume: 56   Issue: 3   Pages: 359-384   DOI: 
10.1016/S0301-0082(98)00052-5   Published: OCT 1998 

54-  Title: The potential of iron chelators of the pyridoxal isonicotinoyl hydrazone class as 
effecƟve anƟproliferaƟve agents .2. The mechanism of acƟon of ligands derived from 
salicylaldehyde benzoyl hydrazone and 2-hydroxy-1-naphthylaldehyde benzoyl hydrazone 

Author(s): Richardson, DR; Milnes, K 

Source: BLOOD  Volume: 89   Issue: 8   Pages: 3025-3038   Published: APR 15 1997 

55-Title: Melatonin ameliorates ionizing radiation-induced oxidative organ damage in rats 

Author(s): Sener, G; Jahovic, N; Tosun, O; et al. 

Source: LIFE SCIENCES  Volume: 74   Issue: 5   Pages: 563-572   DOI: 
10.1016/j.lfs.2003.05.011   Published: DEC 19 2003 



56-  Title: Adriamycin-induced heart failure: mechanisms and modulation 

Author(s): Singal, P; Li, TM; Kumar, D; et al. 

Conference: Sino-Canadian Symposium on Recent Advances in Cardiovascular and 
GastrohepaƟc Research LocaƟon: HONG KONG, HONG KONG Date: DEC, 1998 

Sponsor(s): Univ Hong Kong; Univ Manitoba 

Source: MOLECULAR AND CELLULAR BIOCHEMISTRY  Volume: 207   Issue: 1-2   Pages: 77-86   
DOI: 10.1023/A:1007094214460   Published: APR 2000 

57- Title: A SIMPLE METHOD FOR CLINICAL ASSAY OF SUPEROXIDE-DISMUTASE 

Author(s): SUN, Y; OBERLEY, LW; LI, Y 

Source: CLINICAL CHEMISTRY  Volume: 34   Issue: 3   Pages: 497-500   Published: MAR 1988 

58-Title: Chemical and physical properties and potential mechanisms: melatonin as a broad 
spectrum antioxidant and free radical scavenger. 

Author(s): Tan, Dun-xian; Reiter, Russel J; Manchester, Lucien C; et al. 

Source: Current topics in medicinal chemistry  Volume: 2   Issue: 2   Pages: 181-97   DOI: 
10.2174/1568026023394443   Published: 2002-Feb 

59-  Title: Melatonin: a potent, endogenous hydroxyl radical scavenger 

Author(s): Tan, D.X.; Chen, L.D.; Poeggeler, B.; et al; Manchester, L.C.; Reiter, R.J. 

Source: Endocr. J  Volume: 1   Pages: 57-60   Published: 1993 

60- Title: CARDIAC OXYGEN RADICAL METABOLISM IN ADRIAMYCIN-INDUCED 
CARDIOTOXICITY 

Author(s): TANAKA Y; TAKAHASHI K 

Source: Jikeikai Medical Journal  Volume: 37   Issue: 2   Pages: 253-264   Published: 1990 

61.  Title: FerriƟns: iron/oxygen biominerals in protein nanocages 

Author(s): Theil, Elizabeth C.; Matzapetakis, Manolis; Liu, Xiaofeng 

Source: JOURNAL OF BIOLOGICAL INORGANIC CHEMISTRY  Volume: 11   Issue: 7   Pages: 803-
810   DOI: 10.1007/s00775-006-0125-6   Published: OCT 2006 

62.  Title: Free radical involvement in doxorubicin-induced electrophysiological alterations in 
rat papillary muscle fibres 

Author(s): Venditti, P; Balestrieri, M; De Leo, T; et al. 

Source: CARDIOVASCULAR RESEARCH  Volume: 38   Issue: 3   Pages: 695-702   DOI: 
10.1016/S0008-6363(98)00034-0   Published: JUN 1998 



63.  Title: Melatonin as a radioprotecƟve agent: a review 

Author(s): Vijayalaxmi, RRJ; Tan, D; Herman, T; et al; Thomas Jr, C. 

Source: International Journal of RadiaƟon Oncology Biology Physics  Volume: 59   Pages: 
639-53   Published: 2004 

64.  Title: ProtecƟve effect of lycopene on adriamycin-induced cardiotoxicity and 
nephrotoxicity 

Author(s): Yilmaz, S; Atessahin, A; Sahna, E; et al. 

Source: TOXICOLOGY  Volume: 218   Issue: 2-3   Pages: 164-171   DOI: 
10.1016/j.tox.2005.10.015   Published: FEB 1 2006 


