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BIODATA 
 

1. Name in full (In capital letters):  KUSAL KANTI DAS 

 

2. Date of birth (with place of birth): 31.01.1962  

 

3. Official Designation, Address, Telephone No and email:  

  
 Professor, Laboratory of Vascular Physiology & Medicine, Department  

of Physiology, Shri B.M.Patil Medical College, Hospital & Research Centre Faculty of Medicine, BLDE 

University, Vijayapura-586103, Karnataka, India 

Tel: 91 8352 262770 (Ext.2262); Mobile: 9448194257, Email: kusaldas@yahoo.com & 

research@bldeuniversity.ac.in  

 

4. Permanent Address with Telephone No.: 

 
BB 41/6, (Near PNB) Sector 1, Salt Lake City, Kolkata-700 064 

Tel: 91 33 23673893 & Mobile: 9903708928 

 

 

5. Academic Attainments: 

 
PhD (1996)- University of Calcutta 

M.Sc (1985)- University of Calcutta 

B.Sc (Honors)- Presidency College, Kolkata 

 

 

6. Field of specialization and expertise:  

 
Physiological Sciences. Expertise in mammalian oxygen sensing mechanisms including oxygen sensing 

gene expression during chronic and intermittent hypoxia with or without heavy metals (nickel, lead and 

chromium VI) 

 

7. Significant teaching/research contribution:     
 

 Teaching;- 
Teaches MBBS, BDS, MBChB (UK),MD, PhD students 

 UGC Junior Research Fellow [1986 – 1989] -Department of Physiology, University of Calcutta 

 Lecturer in Physiology [1989 –1991]- Al Ameen Medical College, Bijapur, Karnataka 
 Assistant Professor of Physiology [1991-1996]- Al Ameen Medical College, Bijapur, Karnataka 

 Associate Professor of Physiology [1996-2001]- Al Ameen Medical College, Bijapur,  

Karnataka 

 Professor i/c of Physiology[1996-2001]- Al Ameen Medical College,Bijapur 

 Professor of Physiology [2006 – 21st June 2013]- Al Ameen Medical College, Bijapur, Karnataka, 

India 

 Also Honorary Professor of Physiology, Al Ameen Dental College, Bijapur, Karnataka [1992- 

21.06.2013] 

 Professor of Physiology ,Faculty of Medicine, BLDE University, Bijapur, Karnataka since 21st 

June 2013-  

mailto:kusaldas@yahoo.com
mailto:research@bldeuniversity.ac.in
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 Research:- 

 Molecular mechanisms of heavy metal toxcities (nicke,lead and hexavalent chromium) 

 Hypoxia and oxygen sensing gene regulations in rodents 

 Invention of new method to determine serum vitamin E levels. 

 Establish a link between ground water arsenic exposure and gold mining activities. 

 Significant works on arterial stiffness and vascular integrity with interventions 

 Research on anti-diabetic compounds including preparing curcumin synthetic analogues. 

 Resaerch on ethical publications and writing book chapter on „Bioethics‟ 
 

8. Citation & H-Index (As on 8
th
.December 2016) 

Citations –  Google Scholar: 1092; Scopus:571 

H-Index-    Google Scholar 18; Scopus 13 
i-10 Index- Google Scholar 28 

 

9. Mentorship 

- Ph.D.(Medical); PhD(Science)- Awarded 07 

- Ph.D(Medical) - Submitted 02 

- PhD (Medical & Allied Health Sciences)- Current 06 

- MD(Physiology)- Awarded 10 

- Prof.Das‟s research scholar Dr.Satish G.Patil received DST-Inspire Fellowship (2011-2014) and also 

awarded “Young Researcher Award  2013” at 9TH European Congress of Geriatric Medicine in Venice , 

Italy. Dr.Amrita Das Gupta was awarded „Vidyasagar University Young Scientist Award 2005‟ and 

“Prof.B.B.Sarkar Memorial Research Prize of PSI - 2006”. Dr.Swati Tikare was awarded „Prof.B.B.Sarkar 

memorial Research Prize 2008” by PSI. Dr.Jameel G. Jargar was awarded “KSCST Science Talent Award 

2015 by Government of Karnataka”. 

 

10. Number of Research/Technical papers, Books published (As on 8
th
.December 2016) 

 

Publications list  
PROF.KUSAL K.DAS (1996 – 2016) 

 

Books 

 

Title ISBN Author Publisher 

Antioxidant (L-Ascorbic Acid 

and L- tocopherol) on Nickel 

Toxicities: Role of Vitamin C 

and E on Nickel Toxicities. 

May 2010 

 

 ISBN-

13: 978-

3838357713 
 

Kusal K.Das LAP Publishing, 

Koln, Germany 
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Garlic on Nickel & Chromium 

VI toxicities in diabetic rats. 

August 2010 

 ISBN-

13: 978-

3639259254 
 

Kusal K.Das VDM-Verleg, 

Suurbuchen, Germany 

 

 
Book Chapters 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scholarly Research Publications 
 

1. Ugran V,Desai N, Chakraborti D,Masali KA,Mantur P, Kulkarni S,Deshmukh N,Chadchan KS, Das 

SN,Tanksali AS, Arwikar SP,Guggarigoudar SP, Vallabha T,Patil SS, Das KK. Groundwater fluoride 

contamination and its possible health implications in Indi taluk of Vijayapura District (Karnataka 

State), India. Environmental Geochemistry and Health 2016; .pp 1-13. DOI: 10.1007/s10653-016-9869-2 

 
2. Kori RS, Aldakatti RH, Desai SD, Das KK. Effect of Drug Alprazolam on Restrained Stress Induced 

Title ISBN Author Publisher 

 

Hypoxia and Oxidative Stress: 

Cell Signaling Mechanisms and 

Protective Role of Vitamin C 

and Cilnidipine. In Angel Catala 

(ed). “Lipid Peroxidation: 
Inhibition, Effects and 

Mechanisms”.Chapter 11, 2017 

 

ISBN 978-1-

53610-506-3 

Kusal K Das, 

Swastika Das, 

Jeevan 

G.Ambekar 

NOVA Science 

Publishers,NY,USA 

 

Ethical Publications in Medical 

Research. In Peter A.Clark (ed) 

“Bioethics – Medical, Ethical 

and Legal Perspectives”, 

Chapter 13,2016 

 

 

ISBN 978-

953-51-4934-

7. 

 

 

Kusal K.Das, 

Malannagoud 

S. Biradar  

 

InTech  Open 

Science, Rijeka, 

Croatia, EU 

Nickel: Molecular Diversity, 

Application, 

Essentiality and Toxicity in 

human health. In Gaillard Blanc 

and Damien Moreau 
(Eds) in Biometals,: Molecular 

Structures, Binding Properties 

and Applications,2010 , 

pp 33-58 

 

ISBN 978-1-

60876-852-3 

Kusal K Das , 

Swastika 

N.Das,  Salim 

A.Dhundasi 

Nova Science 

Publishers Inc; New 

York, USA 

Nickel Toxicities: Role of 

Oxidative Stress 

and Protective Antioxidants(L-

Ascorbic Acid and Alpha-

tocopherol). In Khanna 

GL( Eds.),Physiology for 

Therapeutic and Rehabilitation 
Practices-Current 

Approaches. 2008; pp 51-54 

 ISBN-13: 978-

8173199202 

 

Kusal K Das, 

Amrita Das 

Gupta, Salim 

A.Dhundasi 

Narosa Publishing 

House Pvt.Ltd; New 

Delhi, India 

 

 

 

 
 

 

 

http://link.springer.com/journal/10653
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Alteration of Serum Cortisol and Antioxidant Vitamins (Vitamin C and E) in Male Albino Rats. J Clin Diag 

Res 2016; 10(8): AF07-AF09. DOI: 10.7860/JCDR/2016/21355.8380 

 

3. Das KK, Nemegouda SR, Patil SG, Saha S (2016). Possible Hypoxia Signaling Induced Alteration of 

Glucose Homeostasis in Rats Exposed to Chronic Intermittent Hypoxia - Role of Antioxidant (Vitamin C) 

and Ca2+ Channel Blocker (Cilnidipine)  Current Signal Transduction Therapy, 11(1): 49-55. 
 

4. Aithal M, Haseena S, Das KK Saheb SH (2016). Effect of Nigella Sativa seed and Thymoquinone on 

Reproductive Parameters in Sterptozotocine Induced Diabetic and Normal Male Albino Rats. Int J Intg Med 

Sci 3 (3), 248-52 

 

5. Das KK, Vallabha T, Patil SM, Ray J, Deepak KK (2016). Knowledge on Ethical Authorship: A 

Comparative Study Between Medical And Pharmacy Faculty. J Young Pharm; 8(2);136-140. 

DOI: 10.5530/jyp.2016.2.15 

 

6. Das KK, Razzaghi-Asl N.; Tikare SN, Di Santo R, Costi R; Messore A; Pescatori L; Crucitti GC; Jargar 

JG; Dhundasi SA; Saso L.(2016).   Hypoglycemic activity of curcumin synthetic analogues in alloxan-

induced diabetic rats. J Enzyme Inhib Med Chem.;31(1):99-105 

 

7. Patil PS, Aithal M, Pujari VM, Das KK (2016). Effect of occupational exposure on wbc count and 

oxidative stress in rice mill workers . J Krishna Inst Medical Sci Univ ; 5(1):27-31 

8. Bagoji IB, Jargar JG, Yendigeri SM, Doshi MA, Patil BG, Das KK (2015). Effect of supplementation of 

black tea extract on indomethacin induced alteration of pathophysiology of rat liver. J Chem Pharm. Res,, 

7(12):597-604 

 

9. Vallabha T, Karjol U, Kalyanappagol V, Sindigikar V, Nidoni R, Biradar H, Aniketan KV, Das KK.(2015). 

Rational Hyperoxia in the Perioperative Period: a Safe and Effective Tool in the Reduction of SSI. Indian J 

Surg ;DOI 10.1007/s12262-015-1314-8 

 
10. Patil PS, Aithala M, Das KK.(2015). Effect of Occupational Exposure on Blood Cell Counts, 

Electrocardiogram and Blood Pressure in Rice Mill Workers. J Clin Diag Res  9(1):CC01-CC03.  

 

11. Patil SG, Aithala MR, Das KK.(2015). Effect of Yoga on Arterial Stiffness in Elderly Subjects with 

Increased Pulse Pressure: A Randomized Controlled Study. Complement Ther Med.;23(4):562-9 

 

12. Das KK, Jargar JG, Saha S, Yendigeri SM, Singh SB.(2015). α - Tocopherol supplementation prevents 

lead acetate and hypoxia induced hepatic dysfunction. Indian J Pharmacol; 47(3):285-291.  

13. Haseena S, Aithala M, Das KK, Saheb SH. (2015).Phytochemical Analysis of nigella sativaand its effect on 

reproductive system. J Pharm. Sci. & Res ; 7(8):514-517 

14. Desai SD,Saheb SH, Das KK, Haseena S.(2015). Effect of thymoquinone on MDA and SOD levels in 

streptozotocin induced diabetic albino rats. J Pharm. Sci. & Res ; 7(8):523-526 

15. Haseena S,Aithal M, Das KK, Saheb SH. (2015). Effect of nigella sativa seed powder on testosterone and 

LH levels in sterptozotocine induced diabetes male albino rats   J Pharm. Sci. & Res ; 7(4):234-237 

16. Das KK.(2015). Journey of a researcher: From citation to 'h-index. Int J Clin Exp Physiol ; 2 (1), 1 

17. Patil SG, Aithala M, Das KK.(2015). Evaluation of arterial stiffness in elderly with prehypertension. Indian 

J Physiol Pharmacol ; 59(1): 16-22 

18. Desai SD, Saheb SH, Das KK, Haseena S.(2015). Effect of nigella sativa seed powder on MDA and SOD 

levels in sterptozotocine induced diabetis albino rats. J Pharm. Sci. & Res ; 7(4): 206-209  

19. Das KK, Saha S.(2014) Hypoxia, Lead Toxicities and Oxidative stress: Molecular interactions and 

antioxidant (Vitamin C) defense Current Signaling Transduction & Therapy;  9: 113-122 

20. Jargar JG, Yendigeri  S, Dhundasi SA, Das KK. (2014).Protective effect of Vitamin E (α-tocopherol) on 

https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=roLvsawAAAAJ&sortby=pubdate&citation_for_view=roLvsawAAAAJ:PR6Y55bgFSsC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=roLvsawAAAAJ&sortby=pubdate&citation_for_view=roLvsawAAAAJ:PR6Y55bgFSsC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=roLvsawAAAAJ&sortby=pubdate&citation_for_view=roLvsawAAAAJ:PR6Y55bgFSsC
http://benthamscience.com/journals/current-signal-transduction-therapy/contents-and-abstracts/
http://benthamscience.com/journals/current-signal-transduction-therapy/volume/11/
http://benthamscience.com/journals/current-signal-transduction-therapy/volume/11/issue/1/
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=roLvsawAAAAJ&sortby=pubdate&citation_for_view=roLvsawAAAAJ:1yQoGdGgb4wC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=roLvsawAAAAJ&sortby=pubdate&citation_for_view=roLvsawAAAAJ:1yQoGdGgb4wC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=roLvsawAAAAJ&sortby=pubdate&citation_for_view=roLvsawAAAAJ:1yQoGdGgb4wC
http://www.jyoungpharm.org/article/845
http://www.jyoungpharm.org/article/845
http://www.jyoungpharm.org/article/845
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=roLvsawAAAAJ&sortby=pubdate&citation_for_view=roLvsawAAAAJ:AXPGKjj_ei8C
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nickel-induced alteration of testicular pathophysiology in alloxan treated diabetic rats. Int J Clin Exp 

Physiol; I(4): 290-297 

21. Jargar JG, Dhundasi SA, Das KK.(2014). Influence of α-tocopherol on blood glucose regulation of alloxan 

induced male diabetic rats exposed to nickel sulfate. Biomedicine; 34(3): 124-129 

22. Bagoji IB, Doshi MA, Yendegeri S, Patil BG,Patil BB, Das KK.(2014). Black tea extracts ameliorates 

indomethacin induced changes in testicular histopathology of albino rats. J Young Pharmacists ; 6(3): 53-
57. 

23. Qushnood F, Quadri SS, Dhundasi SA, Das KK.(2014). A study of stroke index and cardiac index in 

severe anemia. Int J Curr  Res Acad Rev ; 2(2):71-78 

24. Qushnood F,Dhundasi SA, Das KK.(2014). Left ventricular functional changes in severe anemia by echo 

cardiography; A correlation study. J Evolution Med Dental Sci ;3(11):21-33 

25. Patil SG, Dhanakshirur GB, Aithala MR, Naregal G, Das KK.(2014). Effect of yoga on oxidative stress in 

elderly with grade I hypertension: A randomized control studies. J Clin Diagn Res ; 8(7): BC04-BC07. 

26. Mantur VS, Sommanavar MS, Yendegiri SM, Das KK, Goudar SS.(2014). Ameliorating effect of black tea 

extracts on cadmium chloride –induced alteration of serum lipid profile and liver histopathology in rats. 

Indian J Physiol Pharmacol ;58(2): 128-132 

27. Das KK (2014). Physiology of today is the medicine of tomorrow: Is physiological science heading in the 

right direction?. Int.J.Clin.Exp.Physiol; 1(1):82.  

28. Patil SG, Dhanakshirur G, Aithala MR, Das KK (2014). Comparison of the effects of yoga and lifestyle 

modification on grade-I hypertension in elderly males: A preliminary study. Int J Clin Exp Physiol; 

1(1):68-72. 

29. Chadchan K, Das SN; Das KK.(2014). Fenugreek (Trigonella foenum graecum) leaves extract and its 

interaction with heavy metal (Nickel II) with reference to glucose reduction capabilities in-vitro. 

Biomedicine 34(1):104-108. 

30. Mantur VS, Sommanavar MS, Goudar SS, Das KK. (2014).Protective role of Black Tea Extract on 

Cadmium Chloride (CdCl2) induced alteration of serum and liver nitric oxide and antioxidant vitamins(C 

& E) levels in male albino rats. Biomedicine ; 34(1):127-131. 

31. Hattiwale HM, Hattiwale SH, Dhundasi SA, Das KK (2013). Role of waiste to height ratio on percent 

recovery heart rate in young adult males of Bijapur ,Karnataka (India).. Biomedicine ; 33(3):426-429. 

32. Das KK, Vallabha T, Ray J, Murthy PSN (2013). Conflict of Interest -Serious Issue on Publication Ethics 

for Indian Medical Journals. J Nepal Med Asso; 52(190):357-60. 

33. Tikare S, Yendegiri SM , Dhundasi  SA, Das KK.(2013). Protective effect of α-tocopherol against nickel 

sulfate induced hematotoxicity, hepatotoxicity and nephrotoxicity in male albino rats.. Indian J Physiol 

Pharmacol ; 57(03):280-292. 

34. Hattiwale SH, Saha S, Yendigeri SM, Jargar JG, Dhundasi SA, Das KK(2013). Protective effect of L-

ascorbic acid on nickel induced pulmonary nitrosative stress in male albino rats. Biometals;  26(2), 329-336 

35. M.Aslam, Siddiq M, Dhundasi SA, Kulkarni BR, Das KK (2013) . Short term memory status in depression 

patients of north Karnataka. J Evolution Med Dental Sci ; 2(3):290-296. 

36. Aslam M, Siddiq M, Dhundasi SA, Kulkarni BR, Das KK. (2013).Short-term Memory Status in 

Obsessive-Compulsive Disorder Patients of North Karnataka, India. Biomedicine; 33(1):101-105. 

37. Das KK,  Jargar JG, Hattiwale SH, Yendigeri SM, Das S, Dhundasi SA (2013).  Serum Vitamin E (alpha-
Tocopherol) Estimation. A Potential Biomarker of Antioxidant Status Evaluation on Heavy Metal 

Toxicities. Recent Patents on Biomarkers ; 3:36-43. 

38. Chakraborti D, Rahman MM, Murrill M, Das R, Siddayya, Patil SG, Sarkar A, Dadapeer H J, Yendigeri 

SM, Ahmed R, Das KK.(2013). Environmental arsenic contamination and its health effects in a historic 

gold mining area of the Mangalur greenstone belt of Northeastern Karnataka, India.. J Hazard Mater  15; 
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262:1048-55 

39. Hattiwale HH, Hattiwale SH, Dhundasi SA, Das KK (2012). Recovery Heart Rate Response in Sedentary 

and Physically Active Young Healthy Adults of Bijapur, Karnataka, India. Basic Sciences of Medicine;  

1(5):30-33. 

40. Tikare T, Yendigeri SM , Gupta AD, Dhundasi SA, Das KK:.(2012). Effect of garlic (Allium sativum) on 

hematology and erythrocyte antioxidant defense system of albino rats exposed to heavy metals (nickel II & 
chromium VI).. Indian J Physiol Pharmacol ; 56(2):137-46. 

41. Maniyar SA , Jargar JG, Das SN, Dhundasi SA, Das KK (2012). Alteration of chemical behavior of L-

ascorbic acid in combination with nickel sulfate at different pH solutions in vitro.. Asian Pacific J Trop 

Biomed  2012; 2(3):220-2. 

42. Jargar JG, Hattiwale SH, Das S, Dhundasi SA, Das KK (2012). A modified simple method for 

determination of serum α-tocopherol (vitamin E). J Basic Clin Physiol Pharmacol; 23(1):45-8. 

43. Jargar JG, Yendigeri SM, Hattiwale SH, Dhundasi SA, Das KK (2012). α-Tocopherol ameliorates nickel 

induced testicular oxidative and nitrosative stress in albino rats. J Basic Clin Physiol Pharmacol ; 23(2):77-

82. 

44. Hattiwale HM, Hattiwale SH, Das KK, Dhundasi SA (2012).  Rate Pressure Product and Pressure Rate 

Quotient in Severe Anemic Women of North Karnataka. Biomedicine ; 32(3):410-413. 

45. Das KK.(2012). The editorial policy on conflict of interest- A major issue for the Indian medical journals. J 
Krishna Inst Med Sci Univ; 1{1}:4-5 

 

46. Aslam M, Siddiq M, Dhundasi SA, Das KK, Kulkarni BR.(2011). Study of short term memory status in 

adult bipolar disorder patients in south Indian population.. Indian J Physiol Pharmacol , 55(2):160-4. 

47. Das KK, Dhundasi SA, Das SN.(2011). Hexavalent chromium and its effect on health: possible protective 

role of garlic (Allium sativum Linn).. J Basic Clin Physiol Pharmacol ; 22(1-2):3-10. 

48. Parkar MA, Ahmed R, Abdullah BB, Patil BS, Das KK. (2010).Effect of cell phone exposure on 

physiologic and hematologic parameters of male medical students of Bijapur (Karnataka) with reference to 

serum lipid profile. J Basic Clin Physiol Pharmacol ; 21(2):201-10. 

49. Das KK, Saha S. (2010). L-ascorbic acid and α tocopherol supplementation and antioxidant status in 

nickel- or lead-exposed rat brain tissue. J Basic Clin Physiol Pharmacol ; 21(4):325-46. 

50. Das KK. (2009).A Comprehensive Review on Nickel (II) And Chromium VI Toxicities - Possible 

Antioxidant (Allium Sativum Linn) Defenses. Al Ameen J Med Sci ; 2(2):43-50. 

51. Das KK, Dundasi SA (2009). A Brief Review on Health Risk Assessment of Nickel, Hexavalent 

Chromium and Lead – Role of Heavy Metals in Cellular Hypoxia. Indian J Med Biochem ; 13(2):3-9. 

52. Rishad A, Patil BS, Das KK.(2009). Relevance of Adenosine Deaminase as a Marker For Tuberculous 

Pleural Effusion in Developing Countries. Asian Pacific J Trop Med ; 2(2):45-48. 

53. Das KK:,Gupta  AD, Dhara PC, Dhundasi SA. (2009). Effect of garlic (Allium sativum) on nickel II or 

chromium VI induced alterations of glucose homeostasis and hepatic antioxidant status under sub-chronic 

exposure conditions.. J Basic Clin Physiol Pharmacol ; 20(1):1-14. 

54. Chavan NR,  Dhundasi SA, Das KK.(2009). Determination of sensitivity among various cardiovascular 

autonomic function tests in diabetic patients of Bijapur. J Basic Clin Physiol Pharmacol ; 20(2):187-96. 

55. Das KK (2009). Effect of garlic (allium sativum) on nickel II and chromium VI toxicities  in normal and 
alloxan induced diabetic rats..  J Physiol Sci ; 59:331. 

56. Das KK, Das SN, Dhundasi SA.(2008). Nickel, its adverse health effects & oxidative stress.. Indian J Med 

Res; 128(4):412-25. 

57. Das KK. (2008).Elemental speciation in human health risk assessment. Indian J Med Res; 127(10):417-

420. 
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58. Gupta AD, Das SN, Dhundasi SA, Das KK (2008).Effect of garlic (Allium sativum) on heavy metal 

(nickel II and chromium VI) induced alteration of serum lipid profile in male albino rats.. Int J Environ Res 

Public Health; 5(3):147-51. 

59. Tikare SN, Das KK, Dhundasi SA.(2008). Blood leukocyte profile in different phases of menstrual cycle.. 

Indian J Physiol Pharmacol; 52(2):201-4. 

60. Tikare SN, Gupta AD, Dhundasi SA, Das KK.(2008).  Effect of antioxidants L-ascorbic acid and alpha-
tocopherol supplementation in nickel exposed hyperglycemic rats. J Basic Clin Physiol Pharmacol; 

19(2):89-101. 

61. Gupta AD, Dhundasi SA, Dhara PC, Das KK (2008). Influence of α-tocopherol on nickel induced 

alteration of serum lipid profile in male albino rats.. Asian Pacific J Trop Med ; 1(1):14-18. 

62. Hattiwale HM, Hattiwale SH, Das KK, Dhundasi:SA.(2008).  Rate Pressure Product and Pressure Rate 

Quotient in Severe Anemic Women of North Karnataka. Biomedicine; 32(3):410-413. 

63. Ahmed R, Sufiyan M, Athar AM, Patil BS, Das KK.(2008). Influence of diurnal variation of arterial blood 

pressure on age-matched normotensive and essential hypertensive subjects. Biomedicine ; 28(1):54. 

64. Hattiwale HM, Maniyar SA, Das KK, Dhundasi SA. (2008). Role of body mass index on physical fitness 

index in two different age groups of healthy young males from north interior Karnataka, India. Al Ameen J 

Med Sci; 1(1):50-54. 

65. Maniyar SA, Hattiwale HM, Das KK, Dhundasi SA(2008). A study to evaluate the differences in the effect 
of right and left carotid sinus massage on young healthy adult male and female subjects. Biomedicine; 28 

(4): 305-309.. Biomedicine 2008; 28(4):305-309. 

66. Das KK, Gupta AD, Dhundasi SA, Patil AM, Das SN, Ambekar JG.(2007). Protective role of L-ascorbic 

acid on antioxidant defense system in erythrocytes of albino rats exposed to nickel sulfate.. Biometals; 

20(2):177-84. 

67. Gupta AD, Dhundasi SA, Ambekar JG, Das KK.(2007). Effect of l-ascorbic acid on antioxidant defense 

system in testes of albino rats exposed to nickel sulfate.. J Basic Clin Physiol Pharmacol; 18(4):255-66. 

68. Patil AJ, Bhagwat VR, Patil JA,Dongre NA, Ambekar JG, Das KK.(2007). Occupational Lead exposure in 

Battery Manufacturing Workers, Silver Jewellery Workers and Spray Painters in Western Maharashtra 

(India): Effect on Liver and Kidney functions.. J Basic Clin Physiol Pharmacol; 18(02):87-100. 

69. Tikare SN, Das KK, Sinha P, Dhundasi SA.(2007). Influence of different phases of menstrual cycle on 
platelets. Biomedicine; 27 (4): 173-175 

70. Das KK, Buchner V.(2007). Effect of nickel exposure on peripheral tissues: role of oxidative stress in 

toxicity and possible protection by ascorbic acid.. Reviews Environ Health; 22(2):157-73 

71. Patil AJ, Bhagwat VR, Patil JA, Dongre NN, Ambekar JG, Das KK. (2007). Biochemical Aspects of Lead 

Exposure and Toxicity in Spray Painters of Western Maharashtra(India). J Environ Health Res; 6(2):101-

110. 

72. Patil AJ, Bhagwat VR, Patil JA,Dongre NN,  Ambekar JG, Jailkhani R, Das KK.(2006). Effect of lead (Pb) 

exposure on the activity of superoxide dismutase and catalase in battery manufacturing workers (BMW) of 

Western Maharashtra (India) with reference to heme biosynthesis Int J Environ Res Public Health; 

3(4):329-37. 

73. Das KK, Gupta AD, Dhundasi SA, Patil AM, Das SN, Ambekar JG. (2006). Effect of L-ascorbic acid on 

nickel-induced alterations in serum lipid profiles and liver histopathology in rats. J Basic Clin Physiol 
Pharmacol ; 17(1):29-44. 

74. Gupta AD, Patil AM, Ambekar JG, Das SN, Dhundasi, SA, Das KK (2006). L-ascorbic acid protects the 

antioxidant defense system in nickel-exposed albino rat lung tissue. J Basic Clin Physiol Pharmacol; 

17(2):87-100. 

75. Patil AJ, Bhagwat VR, Patil JA, Dongre NN, Ambekar JG, Das KK.(2006). Biochemical aspects of lead 

exposure in silver jewelry workers in western Maharashtra (India).  J Basic Clin Physiol Pharmacol; 
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17(4):213-29. 

76. Das KK, Das SN.(2004). Studies on the role of ascorbic acid on nickel induced hepatic nucleic acid 

concentrations in rats. J Basic Clin Physiol Pharmacol ; 15(3-4):185-95. 

77. Das KK, Dasgupta S. (2002).Effect of nickel sulfate on testicular steroidogenesis in rats during protein 

restriction.. Environ Health Perspect; 110(9):923-6. 

78. Das KK, Dhundasi SA (2002). A study on predictors of Peak Expiratory Flow Rate in Muslim subjects 
(aged 18 to 20 years) of Karnataka.. Indian J Physiol Pharmacol; 46(3):321-7. 

79. Das KK, Dhundasi SA.(2001). Physical fitness: a longitudinal study among Muslim children of Bijapur 

(Karnataka). Indian J Physiol Pharmacol ; 45(4):457-62. 

80. Das KK, Das SN, Dasgupta S (2001). The influence of ascorbic acid on nickel-induced hepatic lipid 

peroxidation in rats.. J Basic Clin Physiol Pharmacol ; 12(3):187-95. 

81. Das KK, Dasgupta S. (2000). Effect of nickel on testicular nucleic acid concentrations of rats on protein 

restriction.. Biol Trace Elem Res ; 73(2):175-80. 

82. Das KK, Choudhui S, Biswas NM.(1999). Role of Ascorbic Acid on Transaminase Activities in some 

Metabolically Active Tissues of Aspirin Treated Rats. Indian J Physiol Pharmacol.; 43(1):70-72. 

83. Das KK, Dasgupta S (1998). Studies on the role of nickel in the metabolism of ascorbic acid and 

cholesterol in experimental animal. Ind  J  Physiol  & Allied Sci ; 52:58-62. 

84. Das, KK, Dasgupta S: Alteration of testicular biochemistry during protein restriction in nickel treated 
rats.. Biological Trace Element Research 01/1998; 60(3):243-9. 

85. Das KK, Dasgupta S.(1997). Influence of ascorbic acid on acid and alkaline phosphatase activities in some 

metabolically active tissues of aspirin treated rats.. Indian  J Physiol Pharmacol; 41(4):421-3 

86. Das KK, Dasgupta S, Ghosh S.(1996). Transaminase activities in some metabolically active tissues of 

nickel treated rats under protein restricted condition. Ind  J  Physiol & Allied Sci ; 50:27-33. 

87. Das KK, Dasguta S, Biswas SK (1996). Effect of nickel on acid and alkaline phosphate activities in the 

reproductive system of male rats during proteins restriction. Medical Science Research.; 17:85-89 

 

11. Ten Best Papers in Thomson Reuters (SCI) Impact Factor:-  

 
1. Ugran V,Desai N, Chakraborti D,Masali KA,Mantur P, Kulkarni S,Deshmukh N,Chadchan KS,Das 

SN,Tanksali AS, Arwikar SP,Guggarigoudar SP, Vallabha T,Patil SS,Das KK.Groundwater fluoride 

contamination and its possible health implications in Indi taluk of Vijayapura District (Karnataka 
State), India. Environmental Geochemistry and Health 2016; .pp 1-13. DOI: 10.1007/s10653-016-9869-2 

[IMPACT FACTOR-2.16] 

2. Razzaghi-Asl N.; Tikare SN, Di Santo R, Costi R; Messore A; Pescatori L; Crucitti GC; Jargar JG; 

Dhundasi SA; Saso L.(2016) Hypoglycemic activity of curcumin synthetic analogues in alloxan-induced 

diabetic rats. J Enzyme Inhibition Med Chem ; 31(1):99-105. [IMPACT FACTOR-2.332] 

3. Patil SG, Aithala MR, Das KK.(2015). Effect of Yoga on Arterial Stiffness in Elderly Subjects with 

Increased Pulse Pressure: A Randomized Controlled Study. Complement Ther Med.;23(4):562-

569.[IMPACT FACTOR-2.22] 

4. Hattiwale SH, Saha S, Yendigeri SM, Jargar JG, Dhundasi SA, Das KK (2013). Protective effect of L-

ascorbic acid on nickel induced pulmonary nitrosative stress in male albino rats. Biometals, 26(2), 329-336 

[IMPACT FACTOR-2.503] 
5. Chakraborti D, Rahman MM, Murrill M, Das R, Siddayya, Patil SG, Sarkar A, Dadapeer H J, Yendigeri 

SM, Ahmed R, Das KK. (2013). Environmental arsenic contamination and its health effects in a historic 

gold mining area of the Mangalur greenstone belt of Northeastern Karnataka, India. J Hazard Mater; 15; 

262:1048-55 . [IMPACT FACTOR-5.529] 

6. Das KK, Das SN, Dhundasi SA.(2008). Nickel, its adverse health effects & oxidative stress.. Indian J Med 

Res; 128(4):412-25. [IMPACT FACTOR-1.66] 

http://link.springer.com/journal/10653
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7. Gupta AD, Das SN, Dhundasi SA, Das KK(2008). Effect of garlic (Allium sativum) on heavy metal (nickel 

II and chromium VI) induced alteration of serum lipid profile in male albino rats.. Int J Environ Res Public 

Health ; 5(3):147-51. [IMPACT FACTOR-2.063] 

8. Das KK, Gupta AD, Dhundasi SA, Patil AM, Das SN, Ambekar JG.(2007). Protective role of L-ascorbic 

acid on antioxidant defense system in erythrocytes of albino rats exposed to nickel sulfate.. Biometals; 

20(2):177-84. [IMPACT FACTOR-2.503] 
9. Patil AJ, Bhagwat VR, Patil JA, Dongre NN, Ambekar JG, Jailkhani R, Das KK.(2006).Effect of lead (Pb) 

exposure on the activity of superoxide dismutase and catalase in battery manufacturing workers (BMW) of 

Western Maharashtra (India) with reference to heme biosynthesis Int J Environ Res Public Health ; 

3(4):329-37. [IMPACT FACTOR-2.063] 

10. Das KK, Dasgupta S.(2002). Effect of nickel sulfate on testicular steroidogenesis in rats during protein 

restriction.. Environ Health Perspect; 110(9):923-6. [IMPACT FACTOR- 8.011] 

 

 

12. Contribution to National/International issues; If any. 
 

1. Prof.Kusal K Das & his research team was the first among the researchers in the world to report 
chronic human arsenic toxicity in any historic gold mining area (J Hazard Mater 2013 Nov 

15;262:1048-55). 

2. Prof.Das is currently working on ground water fluoride toxicities in Vijayapur District of Karnataka in 

joint collaboration with Prof.Dipankar Chakraborti of Jadavpur University, Kolkata. 

3. Prof.Das works for disability issues with NGO‟s. 

4. Prof.Das is the only Indian to be the member of Education Committee of International Union of 
Physiological Sciences (IUPS), USA for the period from Jan 2015 to December 2017. He is actively 

involved in various teaching and ethical aspects of Physiology education for IUPS. 

5. Professor Das is also actively involved for the cause of Ethical Publication and is the Permanent 

Member of Committee on Publication Ethics (COPE), United Kingdom. He is the first Indian to be 

awarded “COPE International Scholarship” at 2012 to present his works on ethical publications in 

London 

 

 

13. Affiliation to Scientific/Technical Committees at State/National/International level: 

 
1. External Member (Postgraduate Preclinical) -Rajiv Gandhi University of Health Sciences, Karnataka, 

Government of Karnataka (2015-2018) 

2. Research Adviser- Krishna Institute of Medical Sciences University, Karad, Maharashtra (2015-2018) 

3. Member (Education Committee), International Union of Physiological Sciences (2015-2017),USA 

4. Member-International Advisory Group, Committee on Publication Ethics, UK (2013-2015). 

 

14. Member of Learned Societies/Associations / Academies: 

 
1. Vice President-The Physiological Society of India (2016-2019),Kolkata 

2. Associate Member (Life)- Committee on Publication Ethics, UK  

3. Regular Member- The American Physiological Society (2009- )  

4. Member- The Physiological Society, U.K.( 2012- )  

5. Member- FASEB (USA) Since 2009- 

6. Life Member-Indian Science Congress Association, Kolkata 
7. Life Member-Association of Physiologists and Pharmacologists of India (APPI) 

8. Life Member- Indian Association of Biomedical Scientists. 

9. Cofounder & Advisory Council Member (2016-2018)- South Asian Associations of Physiologists, 

Colombo, Sri Lanka  

10. Vice President-Association of Physiologists of India, JIPMER (2016-2018). 

11. Member- Asia Pacific Association of Medical Editors 
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15. Awards / Honor 

 
1. ‘Science, Honor & Truth Medal „ by Zubieta University, La Paz, Bolivia on 8th Oct 2016 

2. S.N.Chaudary Memorial Research Prize 2016 by Association of Physiologists of India (JIPMER) on 15th 

Sep 2016 

3. Dr. Raja Ramanna State Scientist Award 2013 by Ministry of Science & Technology, Government of 

Karnataka on 30th Dec, 2015. 

4. MCRC-Research Lecture by Multidisciplinary Cardiovascular Research Centre, University of Leeds on 

31st.July 2015. 

5. Shri Dev Raj Bajaj Research Prize by Association of Physiologists and Pharmacologists of India (2014) 

6. Best Researcher Award -2014 by BLDE University at 2nd University convocation (2014). 

7. Dr. C.R. Krishnamurthy Memorial Oration Award 2011 by The Indian Association of Biomedical 

Scientists, India-(2012). 

8. Prof. S.R. Maitra Memorial Oration Award-2010 by The Physiological Society of India (2011) 
9. Prof. Shakuntala Dasgupta Memorial Oration Award 2003 by The Physiological Society of India (2003) 

 

16. International Scholarships 

 
1. MCRC-Research Lecture” by Multidisciplinary Cardiovascular Research Centre, University of  

Leeds on 31st.July 2015 

2. Received Scholarship from „RIPAH International University, Islamabad, Pakistan‟ & Ministry of Science, 

Republic of Mauritius to deliver lecture at International Conference on Medical Education (ICME 2013) in 
Mauritius, October 2013 

3. Awarded 'The Physiological Society-UK Scholarship 2012' to deliver lecture at University of Edinburgh, 

Edinburgh, UK. During July-August, 2012 

4. Awarded "COPE International Scholarship-2012" by Committee on Publication, during March, 2012. 1st 

Indian Medical Journal Editor to receive this award 

 

17. Other Relevant Information 

 
1. Awarded “Visiting Professor”(2014-2016) at Faculty of Medicine, University of Leeds, Leeds, United 

Kingdom 

2. Invented new method of serum Vitamin E estimation and awarded “Shri Dev Raj Bajaj Research Prize 

2014” by APPI, AIIMS, New Delhi 

 (http://publicationethics.org/files/u661/EthicalEditing_Summer2012_final.pdf) 

 

3. Adjudicated 32 PhD Thesis since 2004 & 10 MD(Physiology) 
MD/PhD Examiner/Adjudicator of AIIMS, University of Calcutta, University of Delhi, JIPMER, 

Vidyasagar University, University of Kalyani, Jadavpur University, Manipal University,MUHS-Nashik etc.  

4. Research grant reviewer:- DRDO, DST, ICMR, National Academy of Science-Poland etc. 

5. Academic Adviser; Centre for Science & Environment (CSE), new Delhi 

6. Editor in Chief- BLDE University Journal of Health sciences (Wolters Kluwer Pvt.Ltd) 
 

 

18. Brief critical views on the Contribution of Professor Kusal Das towards the Advancement of 

      Science and Technology 

 
Prof.Das’s Laboratory of Vascular Physiology & Medicine works on understanding of vascular diseases 

through their complex mechanisms. His works devoted to shape vascular integrity and find out some innovative 

approaches which may improve the quality of human life or sufferings. 

http://publicationethics.org/files/u661/EthicalEditing_Summer2012_final.pdf
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Kusal K Das has made significant contribution to understanding of experimentally induced hypoxia & cell 

signaling mechanism during heavy metal induced stress and alteration of vascular integrity using animal as well 

as human models. His researches showed the link between the divalent heavy metals (Pb  and Ni)  and oxygen 

sensing mechanisms through  hypoxia-inducible factor-1α (HIF-1α) that regulate sympathetic overdrives and 

ROS generation (Das and Saha 2014). Currently he is working on the HIF-1 α dependent responses to hypoxia 

along with calcium channel blockers and vitamin C supplementation in vascular responses to ischemia that are 

associated with aging, diabetes and other cardiovascular and cerebrovascular disorders (Das KK et al 2015, Das 

KK et al 2016). Further, contribution of the nominee in developing a method for estimating blood vitamin E 

levels is noteworthy. Equally important is the standardization of a „stroke model‟ in rodents to understand 

strokes and treatment of patients. He is among the first in the world to establish the link between arsenic 

toxicities and gold mining activities which made a significant impact on Indian Government policy on 

environmental issues. His researches thus range from experimental physiology to clinical medicine. Prof.Das is 

a recipient of “Dr.Raja Ramanna State Award for Scientist 2013” by Karnataka State Council for Science & 

Technology (KSCST), Government of Karnataka on 30th.December 2015. The selection committee was chaired 

by Prof.C.N.R.Rao,FRS. Prof.Das is a Visiting Professor (2014-2016) at School of Medicine, University of 

Leeds, United Kingdom. Prof.Das is an expert in publication ethics and the first Indian medical journal 

editor to receive „COPE International Scholarship 2012‟ by Committee on Publication Ethics, London, UK. 

 

19. Current Research Projects: 

 
i. LSRB, DRDO, Ministry of Defence, Government of India (2014- 2017).Title: “Influence of antioxidant 

vitamin (L-ascorbic acid) on hypoxia-induced alteration of VEGF gene expression in male diabetic rats 

with or without exposure to heavy metal nickel”. Fund Rs. 27,40,600/-(Vide Sanction letter: No O/o CC 

R&D(TM)/81/48222/LSRB-XXIX-Meeting/2014 06th August 2014) 

 

ii. VGST-K FIST (Level 2), (DST, Government of Karnataka (2016-2019). “Effect of L-ascorbic acid and 

calcium channel blocker on hypoxia exposed possible alteration of cell signaling pathways in  respiratory 

system of male rats with or without heavy metal lead exposure” (VGST-KFIST/1230/2015-16 Dated 

22/6/2016.(Rs.40,00,000/-) 
 

iii. BLDE University Research Grants: Title: Possible environmental pollution and health effects from 

fluoride in Bijapur district (Karnataka) Amount Rs.4,50,000/- (Ref.No. BLDEU/REG/R&D/2013-14/1743 

dated 10.3.2014.). Funded by BLDE University, Vijayapura (aka Bijapur), Karnataka, India, PIN-586103. 

Project entitled “Possible environmental pollution and health effects from fluoride in Bijapur district 

(Karnataka)” 

 

20. Collaborative Research Projects:: 

 
1. Department of Physiology, Tulane University School of Medicine, New Orleans, USA with Prof.L. 

Gabriel Navar & Prof. D.S.A. Majid (2016 -2019) on “Hypoxia, metal exposure and cell signaling 

pathways: Evaluation of cardiovascular remodeling and renal hemodynamics in male albino rats treated 

with ascorbate and calcium channel blocker”. An MoU between two university had already done. 
2. Division of Cardiovascular Medicine & Diabetic Research, School of Medicine, University of Leeds, 

Leeds, UK [2014- 2016] with Dr. Sikha Saha on “Hypoxia, antioxidants and Nickel: Molecular 

interactions and cell signaling pathways 
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3. School of Environmental Studies, Jadavpur University, Kolkata, India with Prof. Dipankar Chakraborti 

on “Possible Environmental Pollution and Health Effects from Fluoride in Bijapur District (Karnataka)” 

[2013-2016] 

4. Indian Institute of Public Health, Hyderabad with Prof. Saumyadipta Pyne on Women and Children 

issues &Environmental Health from 19/5/2016 on Public Health Foundation of India support 

 

21. Seminar/Symposia/Training organized:     
 

- Convener: Annual Conference of Association of Physiologists of India ( Sep 14-17 2016) at BLDE University, 

Vijayapura , Karnataka 

- Convener: Research Grants Workshop at BLDE University, Vijayapura Date; 30-31 May 2016 

- Convener: International CME on Physiology Education Date 14 & 15 December 2015 at BLDE University, 

Viijayapura, Karnataka 
- Convener: National Seminar on Physiological Sciences Date ; 14-15 July 2014, BLDE University, Vijayapura 

- Convener: Workshop on „Ethical Authorship” sponsored by COPE,UK at National Conference of The 

Physiological society of India, Narketpally, A.P. at Kamineni Institute of Medical Sciences, A.P. Date; 6 Dec 

2013 

- Adviser & Chairperson (Scientific Committee): National Conference of The Physiological society of India, 

Narketpally, A.P. at Kamineni Institute of Medical Sciences, A.P. Date; 6-8 Dec 2013 

- Convener: National Seminar on „Ethics of Medical Research and Publication: Role of Medical Journals in India” 

at Al Ameen Medical College, Bijapur on 23 July 2011/ 

- Convener: National Seminar on Metal Toxicities. Date 6 & 7 December 2009 at Al Ameen Medical College, 

Vijayapura,Karnataka 

- Joint Organizing Secretary: National Conference of The Physiological society of India, Al Ameen Medical 
College, Vijayapura Date; 4-6 Dec 2003 
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“SCIENCE, HONOR & TRUTH MEDAL” 

(10
th
 October 2016) 

(Zubieta University, La Paz, Bolivia) 

 

 
 

“Shri S,N,Chaudary Memorial Award” 

(15
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Association of Physiologists of India (JIPMER,Puducherry) 
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KSCST, DST, Government of Karnataka 
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“The Dev Raj Bajaj Research Prize” 
(15 November 2014) 

Association of Physiologists & Pharmacologists of India, AIIMS, New Delh 
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“Best Researcher Award” 

(March 2014) 

BLDE University, Vijayapura 

 

 
 

 

  

 

 

 

 



18 

 

 

 

“Dr.C.R.Krishnamurty Memorial Award” 

(11
th
. Nov 2011) 

Indian Association of Biomedical Scientists, Chennai 
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“Prof.S.R.Maitra Memorial Oration” 

(24
th
 June 2011) 

The Physiological Society of India, Kolkata 
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Abstract Groundwater fluoride concentration and

fluoride-related health problems were studied in

twenty-two villages of Indi taluk of Vijayapura

district, Karnataka, India. Present study (2015) was

also used to compare groundwater fluoride concentra-

tion in same 22 villages with previous government

report (2000). Groundwater fluoride concentrations of

62 bore wells of 22 villages were analyzed by using an

ion-sensitive electrode. A total of 660 adults and 600

children were screened for fluorosis symptoms and

signs. Sixty clinically suspected fluorosis patients’

urine samples were further analyzed for fluoride. The

mean value (1.22 ± 0.75 mg/L) of fluoride concen-

tration of 62 bore wells and 54.83 % bore wells with

C1.0 mg/L of fluoride concentrations in Indi taluk

indicates higher than the permissible limit of drinking

water fluoride concentration recommended for India.

Clinical symptoms like arthritis, joint pains, gastroin-

testinal discomfort and lower limb deformities with

high urinary fluoride concentrations in some subjects
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suggest fluorosis. Results also showed an increase in

groundwater fluoride concentration of the same 22

villages between previous and present study. Prelim-

inary arthritis symptom of the villagers could be due to

drinking fluoride-contaminated water. Increase in

fluoride concentration with time to the bore wells

definitely indicates future danger.

Keywords Groundwater fluoride concentration �
Rural Karnataka � Skeletal fluorosis �Urinary fluoride �
Dental fluorosis

Introduction

Fluorosis is the most prevailing groundwater-related

disease in India and China. In India, 20 out of 29 states

have some extent of groundwater fluoride contamina-

tion, impacting 85–97 % of districts in some states. In

Rajasthan State, 32 out of 33 districts are fluoride-

affected. In Gujarat State, it is 24 out of 26 districts. It

has been reported that total 201 districts in India are

known to have fluoride contamination with affected

population of 411.4 million (Chakraborti et al. 2011).

Even now, we continue to identify additional habita-

tions affected by groundwater fluoride in affected

districts.

Fluoride-bearing rocks are abundant in India.

Fluoride leaches out and contaminates the adjacent

water and soil resources. The concentration of fluoride

in drinking water depends mainly on the basic

chemical composition of soil, the time of contact

between the source of minerals and the water, leaching

of fluoride from rocks, calcium-poor aquifers, vol-

canic rocks, granite rocks and the amount of water

withdrawn from the source over a period of time.

Generally, surface water has low fluoride content

while groundwater possesses an enormous concentra-

tion of fluoride. River water near industries or mines

like bauxite, graphite, aluminum, phosphate and

fertilizer does contain high fluoride, but groundwater

is the single biggest contributing factor for the spread

of fluoride and fluorosis (Hem 1970). Gautam et al.

(2010) and Ranjan and Yasmins (2015) have reported

enrichment of fluoride in crops and vegetables in

fluoride-affected areas in India. Animals, especially

domestic animals, also become vulnerable due to

consumption of water and straw is laced with fluoride

(Dahariya et al. 2015).

The 1984 guidelines published by the World

Health Organization (WHO) suggested that in tropical

climate, the optimal concentration of fluoride (F-) in

drinking water should remain below 1.0 mg/L while

in relative cooler climate, it could go up to 1.2 mg/L

(WHO 2011). In India, the permissible upper limit

was lowered from 1.5 to\1.0 mg/L in 1998 although

sufficient evidences are available to prove that

constant exposure to fluoride even at the level of

0.7 mg/L could lead to fluorosis and other allied

diseases (Panda and Kar 2014). At concentrations of

above 1 mg/L, fluoride in drinking water can be

positively risky to human health and lead to dental and

skeletal fluorosis. Fluorosis can cause mottling of the

teeth, calcification of ligaments, crippling bone

deformities and many other physiological disorders

that might ultimately result in death (WHO 2011).

Fluorosis of India was first identified in Nellore

district of Andhra Pradesh in 1937 (Shortt 1937).

Since then considerable work has been done in

different parts of India to explore the fluoride-laden

water sources and their impacts on human as well on

animals (Padmavathy et al. 2002; Gupta 1999;

Choubisa 1997; Dwarkanath and Subbaram 1991;

Pandit et al. 1940). The extent of fluoride contami-

nation in groundwater varies from 1.0 to 48 mg/L

(Suneetha et al. 2015). Fluoride in groundwater is

more common in crystalline igneous rocks and

alkaline soils located in semiarid climate which exist

in the northwestern parts of the Karnataka State in the

district of Bijapur (Farooqi et al. 2007). Uptake of

fluoride by bone occurs in stages. The first stage

involves fluoride migration into the hydration shells

of bone crystallites. These ion-rich aqueous shells are

continuous with, or at least available to, the extracel-

lular fluids. Fluoride in this pool is rapidly exchange-

able and can undergo net migration in either direction,

depending on the relative concentrations in the

extracellular fluid and the hydration shells. Later

stages involve fluoride association with or incorpora-

tion into precursors of hydroxyl fluorapatite and

finally into the apatitic lattice that itself become

apatitic fluoride and reenters the circulating body

fluids as a result of the long-term process of bone

D. Chakraborti

School of Environmental Studies, Jadavpur University,

Kolkata 700032, India

Environ Geochem Health

123

Author's personal copy



resorption (Whitford 1994). Fluorosis is a slow and

progressive process causing adverse effects on several

physiological systems including musculoskeletal sys-

tem (Oncu et al. 2008).

Groundwater is a major source of drinking water in

rural Karnataka. As Gulbarga district of Karnataka is

found to be a fluorosis endemic area and Vijayapura

(aka Bijapur) is border district with Gulbarga, ground-

water fluoride contamination and possibilities of

fluorosis in Vijayapura district were well expected

(Nawlakha and Paramsivam 1993; Susheela 1999). It

was revealed from Karnataka State status report

regarding National Programme for Prevention and

Control of Fluorosis that 18 districts out of 30 districts

of Karnataka are affected by fluorosis which covers

20,390 villages (NPPCF 2014). While the expansion

of number of fluoride-affected areas is more reported,

at the same time lack of awareness of the danger of

fluoride toxicity and negligence in monitoring fluoride

contamination have made rural population in India

vulnerable to bear the brunt of this crippling disease

(NPPCF 2014).

The present study was undertaken to assess the

groundwater quality including fluoride concentration

and its effects on health in the population that used the

bore well water for drinking and cooking in 22 villages

of Indi taluk of Vijayapura (aka Bijapur) district of

Karnataka. The study also aims to assess and compare

the prospective changes in groundwater fluoride

concentration in same 22 villages in present study

and the study report submitted by the BLDE Associ-

ation’s technical experts to the Government of Kar-

nataka in the year 2000.

Materials and methods

Study area

The study has been conducted during pre-monsoon

period of 2015 in 22 villages out of total 110 villages

of Indi taluk randomly selected according to statistical

guidelines. Indi is a underdeveloped taluk (population

of 421,407) in Vijayapura (aka Bijapur) district

situated in the northern part of Karnataka State, India.

It is located 53 km toward north from district head-

quarters Vijayapura (aka Bijapur) and 584 km from

Karnataka State capital Bangalore. Indi taluk is

bounded by Sindagi taluk toward east, Afzalpur taluk

(Gulbarga district) toward west, Vijayapura taluk

toward south, Akkalkot taluk toward north Maharash-

tra State border (Fig. 1). Total population of 22

villages surveyed for groundwater quality analysis is

88,725 (Census 2011). GPS locations of each of the

bore well of all the surveyed villages of Indi taluk were

recorded. We collected water samples from all the

available bore wells (n = 62) of 22 villages which are

the only sources of drinking water of these villages.

The water samples of 2000 were collected by different

group of experts from the same institution, i.e., BLDE

Association’s V.P. Dr. P.G. Halakatti College of

Engineering and Technology. The study of 2000 was

done under the sponsorship of Government of Kar-

nataka, and it was conducted for all the 110 villages of

Indi taluk during pre-monsoon season. During 2000

study, GPS location was not recorded; hence, we could

not get clear picture whether studied bore wells of 22

villages in present study were corroborating with

previous study of 2000 in the same 22 villages. In the

study of 2000, the total number of water samples from

the bore wells of same 22 villages studied was 70

(n = 70).

Ten percentage of the households were randomly

selected from all the surveyed 22 villages, and all the

adult members (aged 18–75 years) in the households

were surveyed making a total around 660 (male 360,

female 300). Besides clinical evaluations for general

health among population in all the ages of male and

female subjects, we have noted dental observations

among young school-going children (age 3–17 years,

n = 600; male 315, female 285) from ten villages.

Based on clinical observations, we have also collected

60 clinically suspected fluorosis subjects’ urine sam-

ples for further analysis. Total survey covers 1260

(adults 660; children 600) subjects.

Analytical

Well water and urine samples were collected in 10-ml

polyethylene bottles pre-washed with nitric acid and

water (1:1). Fluoride concentrations of water and urine

samples were measured using an ion-sensitive elec-

trode (Model 720A; Orion, Cambridge, MA) at

BLDEA’s V.P. Dr. P.G. Halakatti College of Engi-

neering and Technology, Vijayapura, and samples

were also sent for external quality control at SOES

laboratory, Jadavpur University, Kolkata, India. An

aliquot of 3 mL TISAB II buffer (Orion Application
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Solution) was added to 4 mL samples of well water.

Standard fluoride solutions of concentrations ranging

from 0.05 to 10 mg/L were used to make a standard

calibration curve. Diluted standards were prepared

through a series of dilutions from a standard stock

solution containing 1000 mg F-/L (Orion Research

Inc., Cambridge, MA) (Nayak et al. 2009). The values

of BLDEA’s of both Engineering College Vijayapura

and Jadavpur University, Kolkata, were routinely

cross-checked on random samples, and the data were

accepted after finding the positive correlation between

the two values.

For urine F analysis, nocturnal urine from each

subject was collected in the morning at the first

micturition and a daytime collection from morning to

late afternoon followed. In this way, two collections of

time-controlled urine covering roughly 24 h were

obtained. We have calculated urinary flow rate from

volume per 24 h per kg bodyweight of individual. It

will directly account for hydration status variations of

individual (Hays et al. 2015).

Authors used the 1, 10-phenanthroline method with

an UV–visible spectrophotometer for iron analysis of

water samples (Fries and Getrost 1975). Accept-

able water and urine F- concentration in India is

considered as\1.0 mg/L (Nayak et al. 2009). Ca?

and ion concentrations were measured by titrimetric

method using EDTA solution.

All the water samples collected in this study area

were clear without any visible color, odor and

turbidity. The data obtained after analysis of all the

samples of bore well water and urine are compiled and

presented in Fig. 2.

Clinical observations

Each person was interviewed using semi-structured

questionnaire information about their morbidity, and it

was recorded. A team of specialist doctors examined

movements of the large joints, spine, general health,

chest and physical anthropometry and any skin-related

problems of the subjects. The team members also

visited pre-primary, primary and secondary schools to

examine children for their general health and dental

fluorosis. The diagnosis of dental fluorosis was based

on typical tooth discoloration. Adults between the ages

of 18 and 64 years were tentatively diagnosed as

skeletal fluorosis if they had pain, stiffness and

deformity of the joints and spine with or without

nodular stiff swelling over limbs. All clinical findings

were recorded. The study protocol followed all the

ethical norms and was approved by Institutional

Ethical Committee (IEC) of BLDE University,

Vijayapura, Karnataka, India.

All the values of F- concentration in 22 villages

were compared with the values from previous reports

Fig. 1 Location map of the study area (Indi)
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of BLDE Association’s V.P. Dr. P.G. Halakatti Col-

lege of Engineering and Technology for Government

of Karnataka (2000). The data were analyzed by using

appropriate statistical tools, and p\ 0.05 is consid-

ered as statistical significance.

Results

Groundwater F- concentration analysis

A total of 62 bore well samples water from 22 villages

of Indi taluk (Karnataka) were analyzed (Table 1).

Results clearly show that the average F- concentration

of 62 bore well water of 22 villages of Indi taluk is

definitely higher than the normal recommended value

for fluoride concentration in water.

Samples also reveal that 54.83 % of bore well water

were having higher fluoride value (C1.0 mg/L) as per

Indian permissible values for drinking water (Fig. 3).

It is also interesting to note that 43 % of surveyed bore

wells are having F- concentration C1.50 mg/L which

is considered far above the permissible limit even for

international standard (Fig. 3).

The depth of bore wells and their respective water

F- concentrations were correlated, and there was no

correlation noticed (Fig. 4).

But when the groundwater pH and F- concentra-

tions were analyzed, a positive correlation was

observed between these two parameters (Fig. 5).

Interestingly, we did not find any correlation between

F- concentrations and calcium level in bore well water

(Fig. 6), but we have found a negative correlation

between groundwater F- concentrations and iron (Fe)

level (Fig. 7).

Clinical features analysis

A total of 660 people were examined, and 60

(35–65 years) had shown clear signs of clinical

fluorosis. These patients had chronic pain in the back

and other joints with tenderness and restricted

Fig. 2 Distribution of bore well and urine fluoride concentration in 22 villages of Indi taluk
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mobility; majority of them had severe backache and

flexion deformities of the spine, hip and knee (Fig. 8).

Urine analysis from the clinically suspected fluorosis

subjects (n = 60) shows that around 16 (26.66 %

among suspected fluorosis) of them are having high

urinary F- concentration (C1.75 mg/L) (Tables 1, 2).

Interestingly, five patients reported having painful

skin changes while tapping on the skin and one patient

complained of severe itching sensation (Table 2).

Table 3 depicts dental status of children (aged

3–17 years). Results clearly indicate dental fluorosis

among these children (Fig. 9). Table 3 also depicts

that out of 600 surveyed children, 438 had signs of

dental fluorosis (73.00 %). Male children (83.1 %)

were found to be more affected than females

(61.75 %).

It is also interesting to note that the villages which

showed high-mean groundwater F- concentrations had

Table 1 Fluoride concentration in water and urine samples of 22 villages of Indi taluk of Karnataka (India)

Parameters Fluoride in water

(mg/L)

bore well (n = 62)

Urine F (mg/L)

patients (n = 60)

Urine fluoride excretion rate

(lg/F/24 h/kg)

Mean ± SD 1.22 ± 0.75 0.76 ± 0.43 2.45 ± 1.34

Median 0.94 0.58

Maximum 3.53 3.41

Minimum 0.26 0.34

Sample having F-[ normal limit (C1.0 mg/L) 34 (54.83 %) 16 (26.66 %)

3% 
8% 

32% 

12% 

11% 

34% 

>3.0 mg/L 2.00 - 2.99 mg/L
1.50 -1.99 mg/L 1.0 - 1.49 mg/L
0.75 -0.99 mg/L <0.75 mg/L

Fig. 3 Fluoride concentration among 62 bore wells in

percentage
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more cases of possible fluorosis among adults

(Table 2) and had high dental fluorosis among chil-

dren (Table 3).

A comparative analysis between the year 2000 and

current study (2015) is provided in Table 4.

To further strengthen our findings, we compared

our observations with a previous study done by BLDE

Association’s V.P. Dr. P.G. Halakatti College of

Engineering and Technology during the year 2000

for the same twenty-two villages of Indi taluk

(BLDEA 2000). As the previous study (2000) on the

F- concentrations of bore wells of same 22 villages did

not use GPS location of bore wells unlike our study

(2015), we have taken the maximum, minimum and

median values of concentration of fluoride found in

bore wells of each village during previous (year 2000)

and current study (year 2015) (Table 4). The

0.94 ± 0.54 is the median of F concentration of the

water samples of 2015 survey of Indi taluk, whereas

0.44 ± 0.17 is the median of F concentration of water

samples from 2000 survey of same villages (Table 4).

We have also considered mean ± SD of F- con-

centrations of total surveyed bore wells of each of the

22 villages during the year 2000 and 2015 to assess

whether the mean concentration of groundwater

fluoride in each of the 22 villages has changed during

these periods (Fig. 9).

Results clearly reflect an average rise of F-

concentration in groundwater for most of the studied

twenty-two villages of Indi taluk between the years

2000 and 2015.

Discussion

Groundwater fluoride and its impact

The groundwater generates under water table and

semi-confined to confined conditions in weathered,

cracked zones in basalts, limestone, shale, ortho-

quartzites, sandstones, granites and gneisses. The

Deccan traps/basalts are the major litho-unit of the

Indi taluk. The basaltic lava flows are mostly
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Fig. 8 Deformities of lower limbs of a patient (Agarkhed)
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horizontal to dip gently vertical. The contrasting

water-bearing properties of different lava flows con-

trol groundwater occurrence in them (Central Ground

Water Board 2008). The Vijayapura (aka Bijapur)

district is basically a semiarid climate with extreme

summers. Due to insufficient rain, the incidence of

Table 2 Clinical and urinary findings of 16 patients of Indi taluk of Vijayapura district

Village Age

(years)

Sex Complaints Physical findings Urinary

findings

(mg/L)

Agarkhed 38 M Severe backache, limping, inability to sit

on the ground, bending deformity of

the back and hips

Tenderness and dysfunctions over SI joints

and LS junction; gross restriction of spinal,

hip and shoulder movements; evidence of

bone loss

3.41

-do- 43 M Joint pain, muscle weakness, shoulder

and hip join pains

Kyphosis, tenderness and dysfunctions over

SI joints and LS junction, hips and

shoulders; painful skin changes

2.86

-do- 37 F Joint pain, muscle weakness, backache,

knee pain, deform knee, sleep

disturbances

Skeletal fluorosis weakness of bones, stiffness

of joints, sporadic pain, limitations of

movements

2.63

Lachyan 43 M Muscle weakness, knee joint pain,

deformities, difficulties in squatting,

sporadic back pain

Skeletal fluorosis weakness of bones, stiffness

of joints, kyphosis, itching.

2.87

-do- 38 F Body pain, walking difficulties, sleep

disturbances, stiffness

Swelling, tenderness over SI join, skeletal

fluorosis

2.65

Halasangi 45 M Backache, weakness of the lower limbs,

tingling sensation over both legs,

inability to stand or walk

Kyphosis of DL spine with tenderness over SI

joints and LS junction, hips and shoulders

3.12

Loni BK 38 M Joint pain, muscle weakness, backache,

knee pain, sleep disturbances

Kyphosis of DL spine with tenderness over SI

joints and LS junction; painful skin changes

2.45

Umrani 40 M Back pain, deformities Kyphosis, bone weakness, difficulties in

movements

2.89

-do- 41 M Muscle weakness, knee joint pain,

deformities

Tenderness and dysfunction over SI joints and

LS junction; gross restriction of spinal, hip

and shoulder movements; evidence of bone

loss

2.65

Dhulkhed 35 M Joint pain, restricted movements, muscle

weakness

Kyphosis of DL spine with tenderness over SI

joints., evidences of bone loss

3.10

-do- 45 M Body pain, walking difficulties, Sleep

disturbances, stiffness

Kyphosis, bone weakness, difficulties in

movements

2.80

Bhatagunaki 40 M Muscle weakness, knee joint pain,

deformities

Tenderness over SI joints and LS junction;

gross restriction of spinal, hip and shoulder

movements, painful skin changes

2.95

Tamba 38 F Back pain, deformities Kyphosis, bone weakness, difficulties in

movements, sleep disturbance, unable to

squatting, painful skin changes

2.86

-do- 36 M Joint pain, muscle weakness, backache,

knee pain, sleep disturbances

Kyphosis of DL spine with tenderness over SI

joints and LS junction; painful skin changes

2.40

Kenginal 45 F Muscle weakness, knee joint pain, knee

deformities

Tenderness over SI joints and LS junction;

gross restriction of spinal, hip and shoulder

movements

2.50

Havinal 40 M Back pain, knee deformities Kyphosis, bone weakness, difficulties in

movements, itching

1.75

LS lumbosacral, SI sacroiliac, DL degenerative lumbar spine
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drought is very common in this part of Karnataka

State. In a study by the Central Ground Water Board

Information (2008) of Government of India, it was

found that Indi taluk was having only 37.6 rainy days

on an average with 505.4 mm average rainfall (2008).

It is also reported that the groundwater table of Indi

taluk goes in the deepest just before the beginning of

monsoon and reaches a peak a little before the

cessation of monsoon. There after the groundwater

table shows a waning drift.

Results from our study show a high level of F-

concentration in groundwater levels of surveyed bore

wells of twenty-two villages. During summer, the

temperature of entire Vijayapura (aka Bijapur) district

including Indi taluk remains on an average 40 ± 2 �C
(Central Ground Water Board 2008), since the major

source of drinking water is from bore well in majority

of the rural villages in the district and high temperature

leads to excess consumption of drinking water, which

might augment the intake of fluoride and results in

high urinary F-. The F- concentration depends on the

geological rocky structures (Taher and Ahmed 2001).

Indi taluk being situated in Deccan basalts and rocky

by nature might have contributed to fluoride levels in

studied bore well water. Our report is further sup-

ported by correlation between F- concentration and

pH of all the bore wells in present study (Fig. 5).

Normally, high pH level of water displaces F- ions

from the mineral surfaces and enhances groundwater

F- concentration (Bhattacharjee and Sharma 1992).

Although the pH level of water has no direct human

health impact but its range changes many biochemical

reaction in the body, pH value 7.0 is considered as

safe.

Interestingly, we did not find an expected inverse

correlation between groundwater fluoride concentra-

tion and calcium level. The results seem to be unique

by nature. Our results indicate that many bore wells of

our studied twenty-two villages have both high

fluoride and calcium level simultaneously which is

rare in occurrence (Fig. 6). Central Ground Water

Board information of Government of India mentioned

that Vijayapura (aka Bijapur) district has excess F-

concentration which is ranging from 0.3 to 4.8 mg/L

and Dhulkhed, Tamba villages of Indi taluk were

Table 3 Dental findings in children (aged 3–15 years) in ten villages of Indi taluk of Vijayapura district = 600; male 315; female

285)

Village Chalky white

color

Yellowish stain Browning of the tooth

surface

Deep brown or black

discoloration

Loss of teeth

Male Female Male Female Male Female Male Female Male Female

Agarkhed 13 08 10 08 07 02 04 02 06 04

Lachyan 07 05 09 05 05 03 03 02 05 05

Halasangi 03 02 03 02 04 02 01 01 05 03

Loni 05 03 06 05 05 03 03 02 03 04

Umrani 13 07 07 01 03 05 04 03 06 03

Dhulkhed 06 06 05 01 05 05 04 03 06 03

Bhatagunaki 08 06 05 02 06 05 05 03 04 03

Tamba 07 05 06 02 07 06 06 04 05 01

Kenginal 07 06 03 01 04 05 03 03 01 01

Havinal 05 04 05 03 02 05 05 02 02 01

Total 74 52 59 30 48 41 38 25 43 28

Total 438 children had dental fluorosis (73 %); male 262 (83.17 %); female 176 (61.75 %)

Fig. 9 Possible dental fluorosis (Halasangi)
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Table 4 Comparative analysis of F- (mg/L) concentration level in 22 Villages of Indi taluk during 2000 and 2015

Sl. no. Villages Fluoride concentration (range, mg/L) Remarks

BLDEA’s report to Government of Karnataka

(2000)

Current observations (2015)

Bore well (n = 70) Min Max Median Bore well (n = 62) Min Max Median

V1 Agarkhed 4 0.28 0.39 0.35 5 1.13 3.53 1.53 Increased

V2 Shiragur 3 0.40 2.00 0.45 2 0.31 1.66 – Unchanged

V3 Lachyan 3 0.31 1.20 0.45 2 1.66 2.61 – Increased

V4 Halasangi 3 0.36 2.64 0.45 2 1.59 3.57 – Increased

V5 Bardol 3 0.38 0.40 0.40 4 0.61 1.51 1.00 Increased

V6 Loni B K 4 0.29 1.70 0.32 2 0.93 2.56 – Increased

V7 Umrani 3 0.25 0.38 0.30 4 0.96 2.14 1.61 Increased

V8 Dhulkhed 3 0.37 3.87 0.50 4 0.43 1.74 0.59 Unchanged

V9 Shirnal 3 0.43 0.53 0.21 3 0.33 0.85 0.53 Unchanged

V10 Bhatagunaki 3 0.00 0.62 0.23 2 1.54 1.59 – Increased

V11 Kudgi 3 0.26 0.50 0.28 3 0.26 0.36 0.34 Unchanged

V12 Nimbal 3 0.29 0.40 0.33 3 0.44 0.47 0.44 Unchanged

V13 Tamba 3 0.36 1.00 0.50 3 0.41 1.80 1.72 Increased

V14 Golasar 3 0.10 0.43 0.22 2 0.96 1.69 – Increased

V15 Degnal 3 0.60 0.80 0.65 2 0.82 0.96 – Unchanged

V16 Tadwalga 3 0.21 1.40 0.60 3 0.32 1.00 0.61 Unchanged

V17 Ananchi 3 0.38 0.73 0.66 2 1.00 1.05 – Increased

V18 Kenginal 4 0.47 1.00 0.56 5 0.80 2.00 1.54 Increased

V19 Jevoor 3 0.39 1.00 0.55 2 0.75 1.74 – Increased

V20 Havinal 4 0.36 2.00 0.86 2 1.90 2.60 – Increased

V21 Bhuyar 3 0.42 0.72 0.66 2 0.78 1.00 – Unchanged

V22 Dasur 3 0.34 0.36 0.34 3 0.26 0.55 0.5 Unchanged
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found to be the most affected (Central Ground Water

Board 2008). Our current findings support that report,

and in addition to that we further observed that many

more villages apart from Dhulkhed and Tamba of Indi

have very high concentrations of fluoride in ground-

water (Fig. 2).

Health Impact and possible fluorosis

In our study, we have found 16 clinically suspected

fluorosis patients with high levels of urinary fluoride

(Table 2). It is also interesting to note that all those

clinically suspected fluorosis patients with high

urinary F- level are belonging to the villages where

groundwater fluoride concentration was on an average

higher than 1.5 mg/L (Table 2; Fig. 2). Majority of

the subjects surveyed by our medical experts have

reported joint pains, gastrointestinal discomfort and

excessive thirst. Many villagers with low-intensity

fluorosis symptoms consumed both normal surface

water and fluoride-contaminated well water. They do

not have any problem to perform their day-to-day

activities at present but may suffer from various types

of skeletal fluorosis in future if proper scientific and

medical intervention does not take place. With the

increase in bioaccumulation of fluoride in bone and the

advancement of age, chances of appearance of skeletal

fluorosis are greater (Jolly et al. 1968). Figure 8

depicts possible skeletal fluorosis leading to deformi-

ties. Many complaints about joint pain, muscle

weakness or deformities could not properly be eval-

uated in absence of radiographic supports, but our

orthopedic specialist in the medical team suggested

that much simple arthritis could be labeled as

suspected cases of possible fluorosis. Perhaps these

may be one of the gray areas which need further

medical attention as in many cases symptoms of joint

pains, stiffness, difficulties in locomotion are ignored

as early arthritic symptoms, but it may be due to

fluoride-induced damage to tendinous insertions and

ligaments as well as joint capsules (Anand and Roberts

1990).

Many subjects also reported regarding bowel and

bladder symptoms which may possibly be due to

neurological involvement in fluorosis, though rare and

are secondary to involvement of musculoskeletal

system (Nayak et al. 2009). It has been reported that

small amounts of fluoride in stomach produce

hydrofluoric acid which leads to stomach pain, nausea,

vomiting, etc. Certain cases such as gastric hemor-

rhages due to fluoride were also reported (Waldbott

1977). One of the very interesting observations was

presence of painful skin changes in 5 out of 16 patients

with clinically suspected fluorosis with high urinary

F- concentrations. One had itching suggestive of

allergic manifestation. Published reports regarding

painful skin changes or lesion due to fluorosis are rare

except for some reports on hypersensitivity to fluoride

(Justus and Krook 2006; Shea et al. 1967). A report on

painful skin lesion due to fluoride may also to be noted

(Grimbergen 1974) while referring our observations

on skin.

We have found a very large number of school-going

children are suffering from low- to high-intensity

dental fluorosis (73 %). Drinking of fluoride-contam-

inated water before tooth enamel is completely

mineralized resulted in the hypo-mineralization of

the tooth enamel and may be one of the reasons for

dental fluorosis among the children in the present

study (Teotia and Teotia 1988; Nayak et al. 2009). In

our study, we have also found that male children

(83.1 %) were more victims of dental disorders than

female (61.75 %). Most probably sociocultural back-

ground may be the reason behind it as male children

spent more time outside of the home and play outdoor

games more; hence, they may perhaps consume more

water.

Comparative analysis of year 2000 study

and current (2015) study

BLDE Association’s V.P. Dr. P.G. Halakatti College

of Engineering & Technology report (2000) on water

quality analysis of Indi taluk for Zilla Panchayat

Engineering Division, Bijapur (Government of Kar-

nataka) and our current study (2015) on the same 22

villages showed a remarkable progressive increase in

mean level of bore well F- concentration in most of

the twenty-two villages of Indi taluk. These findings

are having similarity to a study of Amini et al. (2016)

in Iran. The report of 2000 submitted to Government

of Karnataka (BLDEA 2000) also indicated higher

groundwater F- concentrations (C1.0 mg/L) in few of

the bore wells of some of these 22 villages (Table 4).

Figure 11 further shows how much F- concentra-

tions progressively increased among twenty-two stud-

ied villages bore well water in Indi taluk of Vijayapura

district (Karnataka) during last 15 years. This is
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definitely a serious issue which needs government,

international bodies and public awareness to prevent

fluorosis to become a major public health problem in

near future.

Summary of findings

Results clearly indicate Indi taluk is definitely vulner-

able for possible fluorosis problem as surveyed 22

villages are having higher mean value of F- concen-

tration in bore well water. Physical examination and

urinary data of villagers support these observations.

Children are found to be greatly exposed to fluoride

toxicities which may affect their skeletal growth and

possibilities of early crippling conditions for the

young generation if immediate precautionary steps

are not taken. The first time a link between painful skin

sensations with high urinary fluoride concentration

definitely needs attention of dermatologists to work on

this issue further for the interest of humanity.

Conclusions

Hence, it may be concluded that Indi taluk of

Vijayapura district (aka Bijapur) is definitely showing

higher groundwater fluoride concentration. Villagers

of Indi taluk who depend on groundwater are at a

greater risk of fluorosis, as the water that percolates

through the rocks leaches out F- and contaminates

groundwater severely. It is also to be noted that many

skeletal diseases, gout or arthritic symptoms of the

villagers, may be possibly due to fluorosis which are

often ignored as simple orthopedic problems.

Our report is also unique as most probably the first

time in India a scientific study had been done on

fluoride concentrations in groundwater of same areas

over a period of 15-year interval.
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Abstract

The currently available therapies for type 2 diabetes have been unable to achieve
normoglycemic status in the majority of patients. The reason may be attributed to the
limitations of the drug itself or its side effects. In an effort to develop potent and safe oral
antidiabetic agents, we evaluated the in vitro and in vivo hypoglycemic effects of 10 synthetic
polyphenolic curcumin analogues on alloxan-induced male diabetic albino rats. In vitro studies
showed 7-bis(3,4-dimethoxyphenyl)hepta-1,6-diene-3,5-dione (4) to be the most potential
hypoglycemic agent followed by 1,5-bis(4-hydroxy-3-methoxyphenyl)penta-1,4-dien-3-one
(10). Structure activity relationship (SAR) of the tested compounds was elucidated and the
results were interpreted in terms of in vitro hypoglycemic activities. Furthermore, oral glucose
tolerance test (OGTT) with compounds 4, 10 and reference hypoglycemic drug glipizide
showed that compound 4 and glipizide had relatively similar effects on the reduction of blood
glucose levels within 2 h. Thus, compound 4 might be regarded as a potential hypoglycemic
agent being able to reduce glucose concentration both in vitro and in vivo.
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Introduction

Diabetes mellitus is characterized by chronic hyperglycemia with
abnormal metabolism of carbohydrate, fat and protein resulting
from defects either in insulin secretion, insulin action or both.
Currently available treatments for type 2 diabetes include insulin
and various oral antidiabetic agents, such as sulfonylureas,
biguanides and glucosidase inhibitors. Most of the oral antidia-
betic agents have a number of serious adverse effects1,2. Hence,
there is a growing interest in herbal antidiabetic remedies due to
their effectiveness, minimal clinical side effects and relatively low
costs3. Herbal drugs or their extracts are prescribed widely, even
when their biological active compounds are unknown.

World Health Organization (WHO) approved the use of plant
drugs for different diseases including diabetes mellitus4. It has
been well established that diabetes is associated with low level of
antioxidants and many plants show hypoglycemic property due to
their antioxidant potential5. Many medically used antidiabetic
compounds are either derived directly from plants or as a
synthesized form. It is also known that many of the synthetic
products, such as polyphenols are originally natural products6.

Curcumin is a member of the linear diarylheptanoid natural
products family, in which two oxy-substituted aryl moieties are
linked together through a seven-carbon chain. Curcumin exists as
different tautomers: a 1,3-diketo form and two equivalent enol
forms (Scheme 1). The enol is the prevalent form both in the solid
phase and in solution7.

The curcumin analogues can be divided into three groups:
analogues from turmeric, analogues from Mother Nature and
synthetic analogues8. Most of the curcumin analogues are not
obtained from curcumin but rather have been synthesized from
smaller synthons. Curcuminoids are usually assembled from
arylaldehydes and acetylacetone, and this route enables synthesis
of a diverse set of curcumin analogues starting from arylalde-
hydes. The curcumin derivatives are generally synthesized by
derivatization, starting from curcumin. For example, the phenolic
hydroxy group may be acylated, alkylated, glycosylated or amino
acylated9,10.

Besides synthetic features, curcumin has been reported to
possess interesting biological activities. Various reports are
available on curcumin and its natural and synthetics analogues
as anticancer, anti-tumor, anti-arthritic, antiseptic, antibacterial,
anti-inflammatory and also antidiabetic agents. The antioxidant
activity of curcumin and related compounds has been investigated
by a variety of assay systems, under both in vitro and in vivo
conditions8. Curcumin has already been the subject of several
clinical trials as a treatment in human cancers. Moreover,
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synthetic chemical modifications of curcumin have been studied
intensively to find molecules endowed with better properties
compared to those of curcumin11.

Recent studies reported antidiabetic and hypoglycemic activ-
ities of curcumin and the underlying proposed molecular mech-
anism12. Due to our interest in developing modified curcumin
structures with the aim of further extending the therapeutic
applications of curcumin as privileged chemical scaffold, a few
curcumin analogues were used in this study. In particular,
curcumin analogues 1–10 (Figure 1) were synthesized and
assayed for their hypoglycemic and antidiabetic effects. We
selected the following compounds to cover a variety of structural
features: (i) curcumin derivatives (3–5); (ii) curcuminoids 6 and
10, characterized by a longer or shorter linker between the
aromatic rings, respectively; (iii) curcuminoids 1, 8 and 9, in
which the shorter linker of 10 is included in a ring; (iv) chalcone 7
representing a further shortening of the central linker; and (v)
thiobarbiturate 2, analog of 1, 8 and 9, lacking of the second
aromatic moiety (Figure 1).

Materials and methods

Chemistry

Melting points were determined with a Buchi 530 Capillary
Apparatus (Flawil, Switzerland) and were uncorrected. The purity
of compounds was always 495%, determined by high pressure
liquid chromatography (HPLC). HPLC analyses were carried out
with a Shimadzu LC-10AD VP CTO-10AC VP instrument
(Kyoto, Japan). The column used was generally Discovery Bio
Wide Pore C18 (St. Louis, MO) (10 cm� 4.6 mm, 3 mm). Infrared
(IR) spectra were recorded on a Perkin-Elmer Spectrum-One
spectrophotometer (Waltham, MA). 1H NMR spectra were
recorded on a Bruker AC 400 spectrometer (Billerica, MA).
Merck silica gel 60 F254 plates were used for analytical TLC.
Developed plates were visualized by UV light. Column
chromatographies were performed on silica gel (Merck, 70–230
mesh). Concentration of solution after reactions and extractions
involved the use of a rotary evaporator operating at reduced
pressure of approximately 20 Torr. The purity of newly synthe-
sized compounds has been evaluated by elemental analysis.
Analytical results agreed to within ±0.40% of the theoretical
values, confirming the �95% purity. Dimethylsulfoxide-d6 99.9%
(code 44 139-2) and deuterochloroform 98.8% (code 41 675-4) of

isotopic purity (Aldrich, St. Louis, MO) were used. Solvents were
of reagent grade and, when necessary, were purified and dried by
standard methods. Organic solutions were dried over anhydrous
sodium sulfate (Merck, Darmstadt, Germany).

Maximum wavelength values (�max) for each synthetic com-
pound dissolved in dimethylsulfoxide was recorded within the
range of 300–600 nm at pH 6.5 and room temperature (24.0 �C)
(Table 1) by UV-Visible spectrophotometer SL-164, ELICO Ltd.
(Hyderabad, India).

General procedure for the synthesis of curcumin analogues
(1–10)

Compounds 1–6 and 8–10 were synthesized according to the
literature13,14 while derivative 7 was synthesized as reported
below.

2,3-Bis(3,4-dihydroxyphenyl)acrylic acid (7)

Triethylamine (0.76 mL) was added to a well stirred mixture of
3,4-dihydroxybenzaldehyde (0.50 g, 3.62 mmol) and 3,4-dihy-
droxyphenylacetic acid in acetic anhydride (8 mL). The mixture
was stirred at 40 �C for 12 h. Evaporation of the solvent gave a
solid, which was treated with water (5 mL). The mixture was
stirred under reflux for 2 h and then at room temperature
overnight. The resulting mixture was diluted with water, acidified
with 1N HCl and then extracted with ethyl acetate (3� 50 mL).
The organic layer was separated, washed with brine (3� 100 mL)
and dried. Evaporation of the solvent gave crude product which
was purified by column chromatography on silica gel (chloro-
form/methanol, 10:2 as eluent) to obtain pure 7 (0.42 g, 55%). The
spectroscopic data of compound 7 were checked and validated
with those reported in the literature15.

Biological assessment

In vitro hypoglycemic effects

In vitro hypoglycemic effects of the curcumin synthetic analogues
were determined by using glucose oxidase-peroxidase
method16,17. Dimethylsulfoxide was used to prepare 5� 10�4

molar solutions of curcumin analogues. D-glucose, O-dianisidine,
methanol, monosodium phosphate, disodium phosphate, horse-
radish peroxidase (Sigma life Sciences, St. Louis, MO), glu-
cose oxidase (Merck Specialties Pvt Ltd, Mumbai, India),

Scheme 1. Tautomeric structures of curcumin.

2 K. K. Das et al. J Enzyme Inhib Med Chem, Early Online: 1–7
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hydrochloric acid (HCl) and triple distilled water were used for
this assay.

Preparation of reagents

Glucose oxidase-peroxidase reagent has been prepared as follows:
O-dianisidine (5 mg) was dissolved completely in methanol
(0.2 mL) and then 9.8 mL of 0.1 M phosphate buffer (pH 6.5)
was added to the solution. Finally, peroxidase (1 mg) and glucose
oxidase (1 mg) were added to the above prepared O-dianisidine
solution.

For the preparation of working standard glucose, firstly, stock
solution was prepared by dissolving 100 mg of D-glucose in
100 mL distilled water. Then 1 mL of this stock was diluted up to
10 mL with distilled water.

Preparation of standard calibration graph

Zero (blank), 0.2, 0.4, 0.6, 0.8 and 1.0 mL of glucose working
standard were transferred into the series of test tubes and total

Figure 1. Structures of synthetic curcumin analogues and curcuminoids used in this study.

Table 1. Peak wavelengths of key curcumin analogue
synthetic compounds obtained by UV-VIS
Spectrophotometer along with the bibliographic
information on their hypoglycemic effect.

Comp.
code

Known as
hypoglycemic
compound

Analogues known
as hypoglycemic
compound

�max

(nm)

1 No Yes14 417.0
2 No No 490.2
3 Yes14,15 Yes14 472.5
4 Yes15 Yes23 463.0
5 No Yes14 452.0
6 No Yes18 348.0
7 No No 341.5
8 Yes14 Yes14 436.5
9 Yes14 Yes14 432.0
10 Yes13 Yes13 432.0

lmax: Peak wavelength.
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volumes were made up to 1.0 mL with triple distilled water to get
the glucose concentrations of 20, 40, 60, 80 and 100 mg/dL,
respectively. A total of 0.5 mL dimethylsulfoxide and 1 mL of
glucose oxidase-peroxidase reagent were added to the all standard
solutions. In the next step, all the tubes were incubated at 35 �C
for 40 min and the reactions were terminated by adding 6N HCl
(2 mL). Finally, optical densities (OD) of the whole samples were
recorded at 540 nm by UV-VIS spectrophotometer and standard
curves of glucose concentrations (mg/dL) were plotted
accordingly.

Glucose concentration of standard glucose solutions in the
presence of curcumin analogues

Into a series of test tubes, 0 (blank 1), 0 (blank 2), 0.2, 0.4, 0.6, 0.8
and 1.0 mL of glucose working standard were pipetted out and
total volumes were made up to 1.0 mL with triple distilled water.
To each solution (except blank 2), 0.5 mL of sample solutions
(including curcumin analogues) was added. To the blank 2,
0.5 mL of pure dimethylsulfoxide was added. Subsequently, 1 mL
of glucose oxidase-peroxidase reagent was added to all of the
tubes and the tubes were incubated at 35 �C for 40 min. The
reactions were terminated by adding 6 N HCl (2 mL). Optical
densities were recorded with regard to the blanks (blanks 1 and 2)
as references at 540 nm using UV-VIS spectrophotometer. The
glucose concentration was calculated using the following
Equation (1):

Glucose conc: of sample solution

¼ OD against blank 1ðIncluding curcumin solutionÞ � C

OD against blank 2ðIncluding pure DMSOÞ
ð1Þ

In the above equation, C represents known glucose concen-
tration. The reduction of glucose concentration (%) in the
presence of tested compounds (1–10) was determined for the
whole compounds under study18.

In vivo hypoglycemic effects

Rats were rendered diabetic and grouped as follows. Adult (aged
60 to 70 d) laboratory-bred male Wister strain rats (160 ± 5 g)
were fed with laboratory stock diet and water ad libitum for 7 days
and kept in an air-conditioned animal house under the condition
of 22 �C to 24 �C and �70% relative humidity. The acclimatized
animals were divided into five groups each including six animals.
Group I was kept as control and all of the other remaining animals
were induced diabetes. The rats were injected by alloxan
monohydrate dissolved in sterile normal saline at a dose of
150 mg/kg body weight, intraperitoneally. Since alloxan is
capable of producing fatal hypoglycemia as a result of massive
pancreatic insulin release, rats were treated with 20% glucose
solution intraperitoneally after 6 h. The rats were then kept for the
next 24 h on 5% glucose solution bottles in their cages to prevent
hypoglycemia19. After seven days, rats with fasting blood glucose
level more than 175 mg/dL were considered to be diabetic and
selected for studies.

Oral glucose tolerance test on diabetic rats

Oral glucose tolerance test (OGTT) for rats were performed
according to the standard method20. Group I served as untreated
control and the oral 2 h glucose tolerance test was carried out via
estimating glucose of blood sample from tail vein by using
glucometer (Accu-chek active, Roche Diagnostics, Mannheim,
Germany) at 0, 30, 60, 90 and 120 min. An oral glucose load of
0.35 g/100 g body weight was administered for the test21. Group II

rats were diabetic control and similar OGTT was conducted on
these animals. Group III diabetic rats were administered by
compound 4 orally at a dose of 100mg/kg body weight followed
by OGTT. Group IV diabetic rats were administered by
compound 10 orally at a dose of 100mg/kg body weight followed
by OGTT. Group V diabetic rats received a dose of 2.5 mg/kg of a
well known antidiabetic drug glipizide (reference drug)22.

All the experimental procedures were performed in accordance
with the approval of the Institutional Animal Ethics Committee
(1169/ac/08/CPCSEA) under strict compliance of Committee for
the Purpose of Control and Supervision of Experiments on
Animals (CPCSEA) guidelines for the experimental studies. Data
were expressed as mean ± standard deviation of mean (SD).
Statistical comparisons were performed by the one-way ANOVA
followed by post-hoc t-test and the values were considered
statistically significant when p50.05.

Results and discussion

To further verify the synthetic curcumin analogues, peak wave-
lengths of compounds along with the bibliographic information on
their hypoglycemic effect are summarized in Table 1.

In vitro hypoglycemic studies

In vitro hypoglycemic effects of the curcumin synthetic analogues
(1–10) were estimated using the glucose oxidase-peroxidase
method by determining the percentage reduction of glucose
concentration (Table 2). Results of this study showed that at pH
6.5, a noticeable reduction in glucose concentration occurred in
the presence of compound 4 and 10 (Table 2). It was also
observed that the degree of hypoglycemic effect of the com-
pounds depended on the glucose concentration in the samples.
Compound 4 was found to be the most potential hypoglycemic
compound followed by compound 10.

Further results indicated the presence of active constituents in
the solvents extracted from the compound material. Perhaps
enolic form of heptadienone or pentadienone scaffolds of these
synthesized compounds might act as an electron donor, which is
very common mechanism for the scavenging activity of phenolic
antioxidant to alter characteristics of glucose molecules23.
Moreover, the hypoglycemic activities observed for these com-
pounds were in agreement with previous findings on these
analogues24–27.

In vivo hypoglycemic studies

The two promising compounds 4 and 10 were further evaluated
in vivo on alloxan-induced diabetic rats by OGTT. Relevant

Table 2. In vitro hypoglycemic effects of synthetic curcumin analogues.

Glucose concentrations (mg/dL)

Comp. code 20 40 60 80 100

1 16.8%* 8.65% 5.73% 4.11% 3.5%
2 – 8.57% 4.6% – –
3 67.85% 36.92% 37.11% 19.18% 17.22%
4 93.35% 75.20% 58.90% 50.80% 50.97%
5 44.45% 35.62% 44.45% 44.83% 38.71%
6 14.30% 13.35% – 1.41% 1.69%
7 – 7.5% – – –
8 52.00% 85.00% 66.60% 51.75% 48.00%
9 18.20% 18.20% 12.50% – –
10 76.65% 81.4% 51.11% 38.46% 27.82%

*Data are shown as percent reduction of glucose concentrations in vitro
by various curcumin analogue compounds using glucose oxidase-
peroxidase method at pH 6.5.
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results are summarized in Table 3. We found that aqueous
extract of 1,7-bis(3,4-dimethoxyphenyl)hepta-1,6-diene-3,5-dione
(4) reduced the high blood glucose levels of diabetic rats during
the OGTT. Glipizide was used as a reference drug in all diabetic
models (positive control).

The observation of glucose percentage variation within OGTT
study revealed that blood glucose level of group I (untreated
control), group III (alloxan diabetic + compound 4) and group V
(alloxan diabetic + glipizide) rats reached its maximum after 0.5 h
from FBS level followed by reduction of blood glucose levels
till 2 h.

In the case of group II (alloxan diabetic) and IV (alloxan
diabetic + compound 10), maximum blood glucose levels were
noticed after 1.5 h and 1 h, respectively, and then onwards till 2 h
the levels of blood glucose steadily declined. This indicated that it
took about 1 h for the active ingredient of 4 or its metabolites in
the water extract to enter into the circulation and reach target
tissues to bring about hypoglycemic effect4.

From this OGTT study it might be concluded that derivative 4
decreased blood glucose level of alloxan-treated diabetic rats by
44.45% during 2 h (beginning from its baseline fasting blood
sugar or FBS level). The reductions of blood glucose by 4 and
glipizide were close to each other (52.53% reduction from
baseline FBS level). It is noteworthy that the synthetic polyphenol
1,7-bis(3,4-dimethoxyphenyl)hepta-1,6-diene-3,5-dione (4) was
nearly equally effective as the reference antidiabetic drug.
Hence, it might be expected that the aqueous solution of 4 had
some direct effect via increasing the tissue utilization of
glucose28, inhibiting hepatic gluconeogenesis or absorption of
glucose into the muscles and adipose tissues29.

The elevated blood glucose levels in the tested diabetic
animals were in the range of 150–190 mg/dL, which resembled
type-II diabetes (150 to about 250 mg/dL) with partially func-
tional pancreas. From our OGTT results it could also be
interpreted that compound 4 might enhance insulin release from
partially functional pancreatic beta cells by the release of insulin
stored in the granules.

The findings of this study also suggested that compound 4
exhibited activities similar to that of glipizide that stimulates the
release of insulin from the surviving beta-cells30. It has been well-
documented that many medicinal plants are enriched with
phenolic compounds and flavonoids endowed with excellent
antioxidant and antidiabetic properties. However, in the present
study, we found that only compound 4 (100 mg/kg) could
significantly reduce the blood sugar level in alloxan-treated
hyperglycemic rats in OGTT. Compound 10 did not show similar
hypoglycemic responses in the same assay, although in vitro
studies had shown a decrease in glucose concentration.

Structure activity relationship elucidation

Considering the data summarized in Table 2, in vitro hypogly-
cemic activities of tested compounds may be prioritized as
follows: 441043484549414642,7. Generally, curcumin
analogues may be constructed from three building blocks as
depicted in Figure 2.

Considering this structural pattern, the observed trend for
biological activities may be interpreted as follows:

(1) Compound 4 showed higher in vitro hypoglycemic effect
(Table 2). It is worthy to note that compound 4 and
curcumin have the same linker (diketoeptadiene), while the
aromatic (phenyl) substitution pattern is different: 3,4-
dimethoxyphenyl for 4 and 4-hydroxy-3-methoxyphenyl for
curcumin. This observation is in support of literature about
the previous reports of this compound including its
synthetic compound as hypoglycemic (Table 1).
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(2) Compound 10 has the same aromatic substitution pattern
when compared to curcumin, while the linker is shorter
(5 carbon atoms compared to 7 of curcumin). This
observation is also in support of literature about the
previous reports of this compound including its synthetic
compound as hypoglycemic (Table 1).

(3) Compound 3 is an analogue of curcumin in which the 3-
methoxy substituents have been removed from the phenyl
rings.

(4) Compound 8 is generated through cyclization of the linker
of compound 10 and hence possesses more rigid structure.
Data mining (Table 2) showed that more flexible linkers
might show better glucose reducing activity (10; 76.65%
and 8; 52.00% glucose reduction at 20 mg/dL glucose
concentration).

(5) Compound 5 is an analogue of curcumin with 3,4-
dihydroxyphenyl substituents (bisdesmethyl curcumin).

(6) Hypoglycemic activities were decreased significantly for
compound 9. In this case, it would be useful to compare the
structure of compounds 9 and 8. Both of the structures are
rigid in their linker segment but the type of cyclization
differs. Compound 9 has a piperidinium-4-one ring while
compound 8 possesses a cyclohexanone ring. Another
difference is the substitution pattern since compound 9 is a
biscatechol derivative.

(7) Compound 1 is similar to compound 9 in terms of linker;
compound 1 possesses an ethyl group on N1 of the
piperidinone ring which is absent in derivative 9, and the

substitution pattern on phenyl ring is different. In compound
1, hydroxy groups of compound 9 have been changed
into nitro groups. It seemed that hydroxy groups of 9 might
be slightly better tolerated than nitro substituents of 1
(Table 2).

(8) In our opinion, significant changes of the curcumin linker
might not be well tolerated since compound 6 (bearing a
linker with 9 carbon atoms) exhibited weak hypoglycemic
effect (14.30% glucose reduction at 20 mg/dL glucose
concentration).

(9) Compounds 2 and 7 showed no in vitro hypoglycemic
activity (Table 2). This observation might confirm our
previous SAR and emphasized that significant variations of
linker pattern would not lead to potent hypoglycemic
agents. In compound 2, the substitution pattern of aromatic
rings was also changed. Moreover, the results of in vivo
studies (Table 3) showed a better effect of 4 over 10 and
confirmed our observed SAR that 7-carbon linker possess-
ing two oxo groups might be a better molecular pattern than
5-carbon linker with one oxo group.

(10) Comparing the results of in vitro assessment, it would be
expected that 3-methoxyphenyl substituents showed super-
ior in vitro hypoglycemic effect than 3-hydroxyphenyl ones
(4: 93.35% and 5: 44.45% glucose reduction at 20 mg/dL
glucose conc.). It should be noted that compound 3
possessed no 3-substituted pattern in its phenyl ring but
exhibited higher activity than compound 5 and indeed was
the borderline case when compared to compounds 4 and 5

Figure 2. Constructive building blocks of curcumin derivatives.

6 K. K. Das et al. J Enzyme Inhib Med Chem, Early Online: 1–7
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(3; 67.85% glucose reduction at 20 mg/dL glucose
concentration).

Conclusion

In conclusion, compound 4 [1,7-bis(3,4-dimethoxyphenyl)hepta-
1,6-diene-3,5-dione] was found to be a potential curcumin-based
hypoglycemic agent (at dosage of 100mg/kg), which reduced
glucose concentration in vitro. This finding was further supported
with in vivo studies on alloxan-induced diabetic animals. But in
the case of another curcumin analogue [compound 10; 1,5-bis(4-
hydroxy-3-methoxyphenyl)penta-1,4-dien-3-one], in vitro effects
did not directly correlate with in vivo results. However, we believe
that in vitro tests may be very important as initial screening tools
in the evaluation of antidiabetic herbs or compounds that may be
further followed up to animal or human research. Further studies
will be required to establish the exact hypoglycemic mechanism
of compound 4.
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a  b  s  t  r  a  c  t

Objective:  We  aimed  to determine  the  effect  of yoga  on arterial  function  in  elderly  with  increased  pulse
pressure  (PP).
Design: Randomized  controlled  study  with  two  parallel  groups.
Participants:  Elderly  subjects  with  PP  ≥ 60 mmHg  (n  =  60).
Interventions:  Yoga  group  (n = 30)  was  assigned  for yoga  training  and  brisk-walking  (BW)  group (n  =  30)
for  brisk-walk  with  stretching  exercise  for 1 h in the  morning  for  6  days  in a week  for  12  weeks.
Main outcome  measures:  Arterial  stiffness  measures:  Brachial-ankle  pulse  wave  velocity  (baPWV),
Carotid-femoral  pulse  wave  velocity  (c–f PWV),  aortic augmentation  index  (AIx@75),  arterial  stiffness
index  at brachial  (bASI)  and  tibial  arteries  (aASI).  Total  serum  nitric  oxide  concentration  (NOx)  as  an
index  of  endothelial  function.  Heart  rate  variability  (HRV)  measures:  Low  frequency  and  high frequency
in  normalized  units  (LFnu,  HFnu)  and  LF/HF  ratio.
Results: The  mean  between-group  change  (with 95%  CI)  in  arterial  stiffness:  c–f  PWV(m/s)
[1.25(0.59–1.89);  p  <  0.001],  baPWV(m/s)  [1.96(0.76–3.16),  p  <  0.01],  AIx@75  [3.07(0.24–5.89),  p  = 0.066],
aASI  [8.3(4.06–12.53),  p  <  0.001];  endothelial  function  index:  NO(�mol/L)  [−9.03(−14.57  to  −3.47),
p <  0.001];  SBP(mmHg)  [14.23(12.03–16.44),  p  <  0.001],  DBP(mmHg)  [0.1(−1.95–2.15),  p  =  0.38],
PP(mmHg)  [14.07(11.2–16.92),  p < 0.001],  MAP(mmHg)  [4.7(3.08–6.32),  p < 0.001];  and  cardiac  auto-
nomic  function:  LF(nu)  [4.81(1.54–8.08),  p  <  0.01],  HF(nu)  [−4.13(−7.57  to  −0.69),  p <  0.01],  LF/HF  ratio
[0.84(0.3–1.37),  p  <  0.001],  indicate  significant  difference  in effects  of two  intervention  on arterial  stiff-
ness,  endothelial  function,  BP  and  cardiac  autonomic  activity.  There  was  significant  change  within-yoga
group  in  vascular  function,  BP and  autonomic  function,  while  no significant  change  within-BW  group
was  observed.
Conclusion:  Our  findings  suggest  that yoga  program  offered  was  more  effective  than  brisk-walk  in reduc-
ing  arterial  stiffness  along  with  BP in  elderly  individuals  with  increased  PP.  Yoga  can  also  significantly
reduce  sympathetic  activity  and  improve  endothelial  function  with  enhancement  in bioavailability  of
NO.

©  2015  Elsevier  Ltd.  All  rights  reserved.

1. Introduction

Hypertension along with aging is a major risk factor for car-
diovascular (CV) morbidity and mortality.1 Vascular stiffness and
endothelial dysfunction are the major contributing factors and pre-
dominant mechanism that develop hypertension in elderly. Two
major age-related structural changes that take place in elastic arter-
ies are stiffness and dilatation. These changes results in decline
or failure in expansion of aorta in response to ventricular systole
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which leads to elevation in systolic blood pressure (SBP) (ISH: iso-
lated systolic hypertension) and failure to recoil leads to decrease
in diastolic blood pressure (DBP) thus causing widening of pulse
pressure (PP). Hence, PP is a best tool for measuring vascular aging
and a good marker for CV risk in elderly. Another factor related to
arterial stiffness that elevates SBP in elderly is early arrival of wave
reflection during systole.1 Pulse pressure; a pulsatile component of
blood pressure (BP) is more closely associated to CV events than
SBP or DBP alone.2

Arterial stiffness is an independent and strong predictor of CV
morbidity and mortality in hypertensive without any overt CV
disease3,4 and also in well-functioning elderly individuals.5 Stud-
ies have shown a positive correlation between PP and arterial
stiffness.6–8 Pulse wave velocity (PWV), augmentation index (AIx)

http://dx.doi.org/10.1016/j.ctim.2015.06.002
0965-2299/© 2015 Elsevier Ltd. All rights reserved.

dx.doi.org/10.1016/j.ctim.2015.06.002
http://www.sciencedirect.com/science/journal/09652299
http://www.elsevierhealth.com/journals/ctim
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ctim.2015.06.002&domain=pdf
mailto:sathupatil@yahoo.co.in
mailto:bharatimanju@ymail.com
mailto:kusaldas@yahoo.com
dx.doi.org/10.1016/j.ctim.2015.06.002


S.G. Patil et al. / 23 (2015) 562–569 563

and arterial stiffness index (ASI) are recommended measures of
arterial stiffness.9,10 PWV  is a measure of regional arterial stiffness.
More the stiffness, higher is the PWV. AIx is a measure of wave
reflection which elevates with an increase in arterial stiffness.9

The age-related endothelial dysfunction associated with
decreased bioavailability of nitric oxide (NO), a potent vasodilator,
contributes to vascular stiffness and hypertension.11 Other age-
related physiological changes that contribute to hypertension in
elderly are increased sympathetic activity, decreased baroreceptor
sensitivity, decreased alpha- and beta- adrenergic receptor respon-
siveness and low plasma renin activity.1

The elderly individuals suffering from ISH are often resis-
tant to pharmacological treatment, so any attempts to reduce
the SBP aggressively lowers DBP (decreased with age) to such
an extent to compromise coronary blood flow.12 Moreover, it
has also been reported that arterial stiffness increases at a faster
rate even in treated hypertensives with well controlled BP than
in a normotensives.13 These findings necessitate an alternative
approach that controls hypertension along with the progression of
arterial stiffness with age in order to prevent the CV mortality and
morbidity. Among the life-style modalities, we have found a signif-
icant reduction in SBP and PP following yoga practice for 6 weeks in
elderly subjects with grade-I hypertension in a preliminary study.14

But, the exact underlying mechanism of benefit remains unknown.
Therefore, we aimed (1) to determine the effect of yoga on arterial
stiffness in elderly with increased PP and (2) to explore the benefits
of mechanism of yoga on hypertension.

2. Methods

2.1. Ethics statement

The study was approved by the institutional ethical commit-
tee of Shri B.M.Patil Medical College, Hospital and Research Centre,
BLDE University, India, as per the guidelines (2006) of Indian
Council of Medical Research.15 We  followed the declaration of
Helsinki and the study was reported as per the recommenda-
tions of the CONSORT group.16 Informed written consent was
obtained from participants for participation in the study. The study
was registered retrospectively in the Clinical Trial Registry-India
(CTRI/2011/10/002077).

2.2. Participants and study design

A total of 60 elderly subjects ≥60 years with increased
PP ≥ 60 mmHg  were recruited through advertisements and geri-
atric health camp for the study. The probability was  80% that
study will detect a treatment difference at a two-sided 0.05 sig-
nificant level, if the true difference between treatments was 4 units
and standard deviation of the outcome variable was  5.14 An open
parallel-group randomized controlled study design was  adopted.
Subjects with SBP � 159 mmHg  and DBP � 99 mmHg; CV risk fac-
tors such as diabetes mellitus, hypercholesterolemia and high
triglyceride level; history of secondary hypertension, neuromus-
cular disorders, alcoholism, regular yoga practice and on any
medications were excluded from the study. Participants were asked
to stop if taking any vitamin supplements or herbal drugs before
enrollment. This criterion for selection of subjects for life-style
changes intervention for 3 months was as per the 2007 guidelines
of the task force for the management of arterial hypertension of the
European Society of hypertension and of the European Society of
Cardiology.17

Volunteers were screened at visit 1–3. At visit 4, the baseline
examination, randomization and allocation of selected subjects to
either study group or control group was done. Subjects were ran-

domly allocated to Yoga group (n = 30) and brisk-walking (BW)
group (n = 30) by using random number table. Post-intervention
investigations were made at visit 5. All the recordings were made
in the morning between 8.00 h and 10.00 h after supine rest for
10 min. No intervention was given on the day of investigation. Per-
sons handling data analysis were kept blinded.

2.3. Intervention

The yoga training includes loosening practices, asanas (main-
taining postures), pranayama (breathing exercises) and cyclic
meditation18: yoga based guided relaxation technique (Table S1,
Supplementary material). Yoga practice (asanas, pranayama &
meditation) was taught for the first 2 weeks and the complete mod-
ule was practiced for the last 10 weeks. Loosening practices and
asanas were practiced for 15–20 min  while pranayama and relax-
ation technique/meditation for 40–45 min. Emphasis was  placed on
practicing all the components of yoga in a relaxed way  with slow
and paced breathing. The protocol for the BW group consists of flex-
ibility or stretching practices for 20 min  followed by brisk-walk for
35 min  and rest for 5 min  (Table S2, Supplementary material). Both
the groups received their respective training for 6 days in a week
for 1 h daily in the morning from 06:00 h to 07:00 h for 12 weeks
under the supervision of experienced authorized instructors.

2.4. Measurement of blood pressure

As BP is more variable in older people, so we have taken aver-
age of nine BP readings. Brachial BP was measured thrice with
an interval of 1 min  on every visit for three consecutive days in a
sitting posture using mercury sphygmomanometer.1,19 Pulse pres-
sure was estimated as the difference between systolic and diastolic
BP. Mean arterial pressure (MAP), an average arterial pressure in
an individual during single cardiac cycle was estimated by adding
1/3rd of PP to the DBP.

2.5. Evaluation of arterial stiffness

Vascular stiffness was  evaluated by oscillometric method using
a validated 8-channel non-invasive automatic device (Periscope,
Genesis Medical Systems, India).20 Periscope is a real time PC-based
simultaneous acquisition (200 samples per second) and analysis
system. This device uses four BP cuffs and two-channel ECG leads
to record arterial pressure waveforms and ECG simultaneously. The
recordings were made in supine position. BP cuffs were wrapped
over both upper arms (brachial artery) and legs (tibial artery) above
ankle. ECG electrodes were placed on the ventral surface of both
wrists and medial side of the ankles. The BP cuffs were connected to
oscillometric pressor sensor and plethysmographic sensor to deter-
mine pressure waveforms and volume pulse waveform. The data
obtained in 10 s was stored in the computer for further analysis.
Periscope supports a sophisticated digital-signal algorithm to cal-
culate all the results. As the device is fully automated and does not
require any operator for handling any probe to record the wave-
forms, so it is devoid of any operator bias.

2.5.1. Calculation of pulse wave velocity
Brachial-ankle PWV  (baPWV), a measure of central and periph-

eral arterial stiffness was measured using arterial pressure
waveforms and ECG recordings. The pulse transit time (PTT) in
seconds elapsed between brachium and respective ankle was  cal-
culated as the time difference between the R-wave of ECG and foot
of respective pulse wave. The distance between the brachium and
ankle was  calculated automatically according to the height of the
subject. The PWV  was  calculated by dividing the distance by PTT.
The carotid-femoral PWV  (c–f PWV), a measure of aortic stiffness
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Fig. 1. CONSORT flow diagram.

was calculated by the composite baPWV found out by averaging left
and right baPWV. Periscope estimates the c–f PWV  on the basis of
equation (0.8333*Avg.baPWV-233.33) derived by regression anal-
ysis between baPWV and c–f PWV  from the studies conducted
elsewhere.21

2.5.2. Estimation of aortic augmentation index (AIx)
Periscope estimates aortic pressure on the basis of regression

equation derived by analysis between invasive aortic pressure val-
ues found by a fluid-filled catheter method and, brachial pressure
and c–f PWV  values obtained non-invasively by periscope.22 The
AIx is the ratio of augmentation pressure to the aortic PP and is
expressed in percentage. This oscillometric PWV  method used for
estimation of AIx by periscope has been validated.22 As it was
reported that AIx is influenced by heart rate, an index normalized
for a heart rate of 75 bpm (AIx@75) was used in this study.23

2.5.3. Estimation of arterial stiffness index
Arterial stiffness index (ASI), a measure of local arterial stiffness,

was estimated at brachial artery (bASI) and tibial artery (aASI) by
quantifying the oscillometric envelopes derived from the oscilla-
tions in the respective artery.24

2.6. Assessment of heart rate variability

ECG was recorded in the standard limb lead II configuration for
5 min  (Medicaid systems Pvt Ltd., Chandigarh, India). The recorded
data were visually inspected off-line and only noise free data with-
out ectopic beats were included for HRV analysis. HRV analysis
was done by frequency domain method using HRV analysis soft-
ware version 2.0, developed by the Biomedical Signal Analysis
group, University of Kuopio, Finland.25 Power spectral density of
the RR series was obtained by non-parametric fast furrier transform
(FFT) technique. Total power in the frequency range (0–0.40 Hz)

was divided in normalized units (nu) into low frequency (LF:
0.04–0.15 Hz) and high frequency (HF: 0.15–0.40 Hz). LF compo-
nent of HRV is believed to correlate with sympathetic activity
where as HF reflects parasympathetic activity. LF/HF ratio was
calculated to assess sympathovagal balance. HRV analysis was
done as per the guidelines of Task force of the European Soci-
ety of Cardiology and the North American Society of Pacing and
Electrophysiology.26

2.7. Estimation of total serum nitric oxide concentration

Total serum nitric oxide concentration (NOx) was measured as
an index of endothelial function. Serum NOx was  estimated by
improved Griess method using vanadium chloride as a reducing
agent for reduction of nitrate to nitrite (BioAssay Systems, USA).
The subjects were advised to abstain from foods such as cured
meat, fish, cheese, herbal tea, beer and wine on the previous day to
avoid dietary effect on serum nitric oxide concentration.27 To avoid
changes in the serum nitric oxide levels secondary to physical activ-
ity, subjects were given rest for at least 10 min before collection of
blood sample.

2.8. Estimation of biochemical parameters

The blood sample was  collected in the morning with overnight
fasting. Fasting blood glucose was  estimated by Trinder’s method,
serum triglyceride level was  estimated by glycerol phosphatase-
oxidase (GPO–PAP) method, serum cholesterol was estimated by
cholesterol oxidase-peroxidase (CHOD–PAP) enzymatic method
and HDL cholesterol was  estimated by phosphotungstic acid (PTA)
method using commercial diagnostic kits (ERBA-MANNHEIM).
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Table  1
Baseline characteristics of participants.

Variable Yoga group (n = 30) BW group (n = 30)
Mean ± SD Mean ± SD

Age (years) 68.50 ± 4.85 69.30 ± 5.932
BMI  (kg/m2) 24.64 ± 3.65 25.17 ± 3.90
Heart rate (bpm) 70.77 ± 9.08 73.08 ± 11.40
Systolic BP (mmHg) 146.87 ± 5.72 145.83 ± 6.33
Diastolic BP (mmHg) 74.2 ± 4.60 75.57 ± 5.685
Pulse pressure (mmHg) 72.17 ± 6.018 70.33 ± 6.321
MAP  (mmHg) 98.27 ± 4.525 97.37 ± 8.364
Fasting blood glucose (mg/dl) 93.83 ± 11.63 91.73 ± 11.94
Serum triglyceride (mg/dl) 93.96 ± 25.45 99.00 ± 23.15
Total cholesterol (mg/dl) 152.5 ± 24.32 154.23 ± 19.79
HDL cholesterol (mg/dl) 46.8 ± 4.21 46.16 ± 4.29

BMI – Body mass index; MAP  – mean arterial pressure.

2.9. Statistical analysis

The obtained data was expressed in mean and standard devi-
ation. The differences between the post-intervention and the
baseline measures were calculated to determine the changes in the
outcome measures. Within group change was determined using
mean within-person change and 95% confidence intervals (95%
CI). Confidence intervals that exclude zero indicate that the mean
change was statistically significant at 0.05 � level. Between group
differences were determined by calculating the mean between-
group changes and 95% CI. Furthermore, Analysis of covariance
(ANCOVA) was used to find the differences in the post-intervention
values between the two groups. ANCOVA determines the difference
between the two treatment effects while controlling for covariates,
such as for instance the baseline values. Statistical significance was
established at p < 0.05. Data were analyzed by using SPSS software
version 20.

3. Results

3.1. Participant flow and baseline characteristics

This study was conducted in BLDE University’s Shri B.M.Patil
Medical College, Hospital and Research Centre. The subjects of
either sex were screened from 15th October 2012 to 15th December
2012. Female subjects were refused to participate because of diffi-
culty to comply with study protocol for 3 months. An intervention
was given from 15th January to 17th April 2013. The details of par-
ticipant flow through the study are shown in CONSORT diagram
(Fig. 1). Among the participants, most of them were retired employ-
ees with history of regular walking since one year. Daily attendance
was taken to measure the compliance with the training protocol.
The attendance of the participants in yoga group was 91% while in
the control group was 89%.

The baseline characteristics of the participants of yoga and BW
group were shown in Table 1. Except BP, all the variables such
as BMI, fasting blood glucose, serum triglyceride, total cholesterol
and HDL cholesterol levels were within the normal range in the
participants of yoga and BW group.

3.2. Arterial function

Yoga group showed reduction in baPWV, c–f PWV, AIx and
aASI with 95% CI that did not include zero, suggesting a sig-
nificant within-group change because of the yoga intervention.
The mean change within BW group with 95% CI that include
zero, suggesting brisk-walk has not induced significant change
in arterial function. There was significant difference in mean
between-group change. ANCOVA results showed a significant influ-
ence of the yoga on baPWV (adjusted R2 = 0.663, p = 0.002), c–f

PWV  (adjusted R2 = 0.738, p < 0.001) and aASI (adjusted R2 = 0.529,
p < 0.001) (Table 2).

3.3. Bioavailability of serum nitric oxide

Yoga group showed A significant mean within-yoga group
increase in total serum NOx implies an improvement in endothe-
lial function with yoga intervention. While no change in serum
NOx was  observed within BW group. Significant difference in
mean between-group change indicates that yoga has significantly
increased serum NOx when compared to brisk-walk. Furthermore,
ANCOVA showed a significant influence of yoga intervention on
serum NOx (adjusted R squared = 0.368, p = 0.001).

3.4. Heart rate variability

In the yoga group, mean change within-group of LF and LF/HF
ratio decreased significantly and HF was increased significantly
suggesting a significant decrease in the sympathetic activity and
shift in the autonomic balance towards parasympathetic domi-
nance because of the yoga intervention. In BW group, change in
HRV was  observed. Significant difference in mean between-group
change indicates that yoga has induced significant beneficial mod-
ulation in cardiac autonomic nervous system when compared to
brisk-walk. Further, ANCOVA showed a significant change in LF
(adjusted R squared = 0.413, p < 0.001), HF (adjusted R squared
= 0.395, p < 0.001) and LF/HF ratio (adjusted R squared = 0.532,
p < 0.001) (Table 2).

3.5. Blood pressure

Yoga group showed a significant within-group reduction in
SBP, PP and MBP. While no change in DBP was observed within
yoga group. There was  no significant change in BP in BW group.
Significant difference in mean between-group change shows
that yoga was more effective than brisk-walking for controlling
BP. ANCOVA showed a significant difference in SBP (adjusted
R2 = 0.795, p < 0.001), PP (adjusted R2 = 0.634, p < 0.001) and MAP
(adjusted R2 = 0.693, p < 0.001) (Table 2).

4. Discussion

Our study shows that yoga can have a significant beneficial
effect on age-associated arterial stiffness along with elevated PP
in elderly. Yoga can improve the age-related physiologic decline
in arterial function. It was  also found that yoga can induce signif-
icant beneficial modulation in cardiac autonomic nervous system,
enhance bioavailability of NO and reduce BP. Furthermore, yoga
was more effective than brisk-walking in improving arterial func-
tion, BP and cardiac autonomic function in elderly. We  believe that
this may  be the first randomized controlled study that assessed the
influence of yoga on vascular function.

The weakness of the study is that it has no female participants
(not volunteered to be subjects). An intervention program com-
pliant to women’s (changing duration and time of intervention)
should be studied in future. The comparison between groups was
(by necessity) not blinded which may  be the limitation of the study.
However, outcome analysis was  blinded.

Arterial stiffness has become an increasingly important
biomarker in the evaluation of CV risk. Stiffening of aortic wall
increases pulsatile pressure (pulse pressure) and flow stress that
is detrimental to the microcirculation in organs such as heart,
brain and kidney, and can predispose to cerebral lacunar infarc-
tion and albuminuria. Systolic hypertension (because of arterial
stiffening) is a major contributor to large and small vessel disease
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Table 2
Within- and between-groups mean changes in arterial function, blood pressure and heart rate variability.

Parameters Yoga group BW group Between group

Pre-test Post-test Mean Pre-test Post-test Mean Mean ANCOVA
Mean (SD) Mean (SD) Change

(95% CI)
Mean (SD) Mean (SD) Change

(95% CI)
Changes
(95% CI)

p Value

baPWV(m/s) 17.56(4.38) 16.20(3.54)*** 1.37(0.57,2.16) 16.91(3.15) 17.5(4.05) −0.59(−1.53,0.34) 1.96(0.76,3.16) 0.002**

c–f PWV(m/s) 11.65(2.48) 10.73(2.10)*** 0.93(0.5,1.35) 11.39(2.08) 11.71(2.64) −0.32(−0.83,0.19) 1.25(0.59,1.89) 0.001***

AIx@75 (%) 32.93(13.78) 30.06(10.53)** 2.87(1.0,4.73) 29.5(11.44) 29.7(10.73) −0.2(−2.4,2.0) 3.07(0.24,5.89) 0.066
bASI  30.33(9.82) 28.33(6.4) 2.0(−0.37,4.37) 31.4(8.54) 31.6(8.91) −0.2(−1.6,1.19) 2.2(−0.49,4.89) 0.032*

aASI 45.9(10.86) 38.96(10.41)*** 6.93(3.44,10.42) 44.23(10.75) 45.6(10.68) −1.37(−3.92,1.19) 8.3(4.06,12.53) 0.000***

NO (�mol/L) 32.38(12.17) 39.9(13.5)*** −7.53(−11.65,-3.39) 33.46(9.68) 31.97(10.27) 1.5(−2.39, 5.38) −9.03(−14.57,−3.47) 0.000***

SBP (mmHg) 146.96(5.7) 133.73(6.85)*** 13.23(11.56,14.89) 145.86(6.3) 146.86(6.32) −1.0(−2.51,0.52) 14.23(12.03,16.44) 0.000***

DBP (mmHg) 74.13(4.58) 73.13(4.02) 1.0(−0.73,2.73) 75.53(5.5) 74.63(4.39) 0.9(−0.28,2.08) 0.1(−1.95,2.15) 0.38
PP  (mmHg) 72.83(5.68) 60.66(6.57)*** 12.16(9.97,14.35) 70.33(5.8) 72.23(6.50) −1.9(−3.83,0.04) 14.07(11.2,16.92) 0.000***

MAP  (mmHg) 98.33(4.27) 93.33(4.17)*** 5.0(3.62,6.37) 98.9(5.18) 98.60(4.03) 0.3(−0.61.1.21) 4.7(3.08,6.32) 0.000***

LF (nu) 78.82(6.1) 76.38(6.58)** 2.44(0.5,4.37) 77.99(9.2) 80.36(4.31) −2.37(−5.09,0.35) 4.81(1.54,8.08) 0.001***

HF (nu) 21.17(6.1) 23.85(6.64)** −2.67(−4.6,−0.74) 21.07(9.59) 19.62(4.34) 1.45(−1.48,4.39) −4.13(−7.57,−0.69) 0.001***

LF/HF Ratio 4.011(1.12) 3.47(0.90)*** 0.64(0.14,0.93) 4.13(1.58) 4.33(1.22) −0.2(−0.83,0.19) 0.84(0.3,1.37) 0.000***

Values are expressed in Mean ± SD.
* p < 0.05.

** p < 0.01.
*** p < 0.001.

that may  lead to stroke, myocardial infarction, dementia, renal fail-
ure and death.28 Antihypertensive therapy that failed to improve
arterial stiffness shown a worse prognosis for patients with arte-
rial stiffening in a study conducted on patients with end-stage
renal failure.29 The baPWV is strongly correlated with c–f PWV
(index of aortic stiffness) and was shown as an independent pre-
dictor of carotid atherosclerosis in the elderly.21,30 Our study data
showed a decrease in baPWV by 7.74%, c–f PWV  by 7.89%, AIx@75
by 8.68% and aASI by 15.09% in yoga group participants, suggest-
ing a reduction in arterial stiffness of clinical relevance with yoga
training. However, the precise mechanism of action of yoga on
arterial stiffness remains to be determined. Whether yoga inter-
vention with standard antihypertensive therapy may  improve the
prognosis of the patients with arterial stiffening may  be studied in
future.

Studies have shown that endurance training is beneficial in
reducing arterial stiffness31 while strength training demonstrated
no effect or an increase in arterial stiffness.32 Unlike our results
in BW group, other studies have reported no significant change
in arterial stiffness with moderate exercise training in elderly
individuals.33–35 In Madden KM et al. study, an improvement
observed in arterial stiffness during first 3 months of aerobic exer-
cise training was not sustained or attenuated following continuous
training over 6 months duration in elderly with CV risk factors
such as hypertension, type 2 diabetes and hyperlipidemia.32 On
the contrary, in Aizawa and Patrella study neither acute maximal
dynamic exercise nor 20 weeks of moderate intensity aerobic exer-
cise training induced any beneficial changes in arterial stiffness
in subjects with hypertension.34 Gando et al., studied the effect
of high-light and low-light physical activity on arterial stiffness in
elderly subjects. They found that longer time-spent in light phys-
ical activity like household tasks and unstructured activities are
associated with attenuation of arterial stiffening in elderly unfit
people.36

The autonomic nervous system maintains cardiovascular
homeostasis through pressure, volume and chemoreceptor signals;
the function of which is decreased with age. Autonomic dysfunction
is shown to be associated with CV risk factors such as hypertension,
obesity and diabetes, including CV diseases. According to Thayer
et al., autonomic imbalance may  be a final common pathway to
increased morbidity and mortality from a host of conditions and
diseases, including CV diseases.37 Age-related arterial stiffness was
shown to be associated with increased sympathetic activity in both

hypertensive38 and healthy subjects.39 It has been speculated that
reduction in sympathetic activity decreases vascular tone and thus
may  reduce arterial stiffness. Our data shows significant reduction
in sympathetic activity and increase in parasympathetic tone with
yoga practice. Yoga induced reduction in sympathetic activity may
explain at least in part the possible mechanism of reduction in
arterial stiffness in the subjects of yoga group.

Yoga induced beneficial changes in HRV has been reported in
various age-groups.40,41 Yoga based meditation was also shown to
reduce sympathetic activity and increase vagal tone.18 It has been
speculated that meditation or relaxation techniques may  modify
autonomic activity through hypothalamus.18 However, the pre-
cise mechanism of action of yoga on autonomic nervous system
has not been determined. It is evident from the studies that slow
and regular breathing elicits various beneficial changes through CV
reflex control system.42–44 Breath control is a vital tool of yoga.
In our study, yoga group participants practiced yoga in a relaxed
way with slow and paced breathing, so we  presume that bene-
ficial changes in HRV in yoga group subjects might have elicited
through the respiratory and CV reflex control systems. Schimdt
et al., found a reduction in urinary excretion of adrenaline, nor
adrenaline, dopamine and aldosterone in healthy subjects during a
comprehensive three months of yoga training.45 It is evident from
the data that yoga helps in balancing sympathovagal balance by
optimization of autonomic function.

Our findings in the BW group were in accordance with Audette
et al., study. They have not found significant change in HRV mea-
sures following brisk-walk exercise for 1 h, 3 days per week for 12
weeks in elderly women.46 A meta-analysis of 13 studies on effect
of exercise training on HRV measures showed that studies of elderly
subjects in general showed an attenuated response to training or
smaller effect size than those of middle-aged or young subjects.47

Measurement of endothelial-dependent flow mediated vasodi-
latation (FMD) is a standard non-invasive method for an assessment
of endothelial function. An increase in endothelial-dependent
FMD  (about −4%) along with a rise in serum NOx (23.18%) has
been observed in elderly subjects in a clinical study.48 Hence, an
enhancement in bioavailability of serum NOx implies an improve-
ment in endothelial function. Similarly, our data shows a significant
increase in serum NOx by 23.26% in yoga group, suggesting an
improvement in endothelial function with yoga training. This
improvement in NO-mediated vasodilatation may  be a proba-
ble beneficial mechanism in reduction of arterial stiffness in
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Fig. 2. Possible mechanism of yoga induced control of hypertension in elderly.

individuals of yoga group. However, further studies are needed
to explore the vascular endothelial response to yoga. A cohort
study has showed an improvement in endothelial function in
yoga practitioners suffering from coronary artery disease.49 Age-
associated vascular oxidative stress contributes to the development
of endothelial dysfunction. Recently, we have found a significant
reduction in oxidative stress with yoga practice in elderly with mild
hypertension.50 Studies have also shown an association between
increased sympathetic activity and endothelial dysfunction.51,52

Thijssen et al., demonstrated that sympathetic activation results
in decrease in endothelial-dependent FMD  in superficial femoral
artery in elderly persons and attenuation of this sympathetic activ-
ity restores the FMD.52 Improvement in endothelial function with
yoga practice may  be possibly through reduction in oxidative stress
and sympathetic activity.50

Our results shows a significant reduction in SBP by 9%, PP by
16.71% of clinical relevance and MAP  by 5.08% was observed in
subjects of yoga group. The yoga induced reduction in BP may  be
attributed to decrease in arterial stiffness and sympathetic activity
and, improvement in bioavailability of NO. Yoga induced reduction
in sympathetic activity might be playing a central role in the control
of hypertension, possibly through improvement in arterial compli-
ance and endothelial function (Fig. 2). Participants being physically
active, the benefits of daily physical activity might have reached to
threshold level, so further brisk-walking may  not have induced any
beneficial changes in the participants of control group. The differ-
ence in the effect of yoga and brisk-walking may  be also due to the
fact that the elderly people usually suffer from osteoarthritis and
could not walk effectively.

5. Conclusion

Yoga program offered in the present study has been found to
be more effective than brisk-walking in reducing arterial stiffness

along with BP in elderly individuals with increased PP. Yoga can also
significantly reduce sympathetic activity and improve endothelial
function with enhancement in bioavailability of NO. In the ageing
population, hypertension is an increasing public health problem
and poses a mounting economic burden on societies and their
health care systems due to its association with comorbidities and
the need for long-term pharmacological treatment. Preventing and
delaying aging process and associated morbidities in elderly are
critical to improve longevity, quality of life and moreover to sus-
tain a strong economy and health care system. Despite, this is the
first study that shows the beneficial influence of yoga on arte-
rial stiffness and hypertension in elderly individuals, yoga can
be considered as an alternative physiological approach to control
hypertension along with arterial stiffness. However, further studies
are warranted to reveal the influence of yoga program on different
grades of hypertension with CV risk factor(s) and mechanism of
benefit of yoga on vascular aging.
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Abstract Nickel sulfate stimulates inducible nitric

oxide synthase (i-NOS) and increases serum nitric oxide

concentration by overproduction of reactive nitrogen

species due to nitrosative stress. The present study was

undertaken to assess possible protective role of

L-ascorbic acid as an antioxidant against nickel induced

pulmonary nitrosative stress in male albino rats. We

studied the effect of the simultaneous treatment with

L-ascorbic acid (50 mg/100 g b. wt.; orally) and nickel

sulfate (2.0 mg/100 g b. wt.; i.p.) on nitric oxide

synthesis by quantitative evaluation of serum i-NOS

activities, serum and lung nitric oxide, L-ascorbic acid

and protein concentrations of Wister strain male albino

rats. We have further studied histopathological changes

in lung tissue after nickel sulfate treatment along with

simultaneous exposure of L-ascorbic acid. Nickel sulfate

treatment significantly increased the serum i-NOS

activity, serum and pulmonary nitric oxide concentra-

tion and decreased body weight, pulmonary somatic

index, serum and lung L-ascorbic acid and protein

concentration as compared to their respective controls.

Histopathological changes induced by nickel sulfate

showed loss of normal alveolar architecture, inflamma-

tion of bronchioles, infiltration of inflammatory cells

and patchy congestion of alveolar blood vessels. The

simultaneous administration of L-ascorbic acid and

nickel sulfate significantly improved all the above

biochemical parameters along with histopathology of

lung tissues of rats receiving nickel sulfate alone. The

study clearly showed a protective role of L-ascorbic acid

against nickel induced nitrosative stress in lung tissues.

Keywords Nickel sulfate � i-NOS activity �
Nitrosative stress � Lung histopathology �
L-ascorbic acid

Introduction

Some heavy metals have bio-importance as trace

elements but, the toxic effects of many of them in

human biochemistry are of great concern (Duruibe

et al. 2007). The vast industrial use of nickel has led to

the environmental pollution by metal and its by-prod-

ucts during production, recycling, and disposal. Nickel

is a known hematotoxic, immunotoxic, hepatotoxic,

pulmotoxic, and nephrotoxic agent (Das and Buchner

2007). Several heavy metals including nickel have
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been implicated in the increased risk of lung cancer

(Samet et al. 2009). The ability of nickel compounds to

raise the intracellular concentration of nickel ions

established the basis for its carcinogenic potential.

Human and animal studies have demonstrated that

exposure to nickel refinery dust and trinickeldisulfide

Ni3S2 increases the probability of lung and nasal

cancer in workers. Nickel refinery dust and Ni3S2 are

classified as human carcinogens (Group A) by the

United States Environmental Protection Agency (US

EPA) and Group 1 by the International Agency for

Research on Cancer (Cameron et al. 2011). The

production of reactive oxygen species is involved in

the molecular mechanism of nickel toxicity and

carcinogenicity (Chen et al. 2003). There has been

increasing interest in the role of free radicals and

antioxidants in cancer and oxidative stress has been

suggested to play a key role in carcinogenesis

(Lu 2007). Endogenous nitric oxide is a double-edged

molecule, acting as an important physiological sig-

naling molecule mediating various cellular functions;

on the other hand it induces cytotoxic and mutagenic

effects when present in excess (Kaynar et al. 2005).

Over production of nitric oxide can react with the

superoxide anion (O•–), which produces the perox-

ynitrite anion (ONOO–). This reaction is one of the

fastest in human biology (Forman et al.2009). Perox-

ynitrite is a powerful oxidant and may trigger lipid

peroxidation, inhibit mitochondrial electron transport,

oxidize thiol compounds and oxidize and nitrate DNA

(Powell et al. 2005; Valko et al. 2006) Nickel sulfate

stimulates inducible nitric oxide synthase (i-NOS) and

inhibit endothelial nitric oxide synthase (e-NOS)

activities (Das and Saha 2010; Jargar et al. 2012).

Nickel also elicits increase nitric oxide production

(Tian and Lawrence 1996). L-Ascorbic acid is a water-

soluble chain-breaking antioxidant, known to be the

most effective aqueous phase antioxidant in human

plasma (Frei et al. 1989). Ascorbic acid also inhibits

lipid peroxidation, oxidation of low-density lipopro-

teins and protein oxidation (Frei 2004). The respira-

tory tract lining fluid (RTLF) contains a variety of

enzymatic antioxidant enzymes such as superoxide

dismutase, catalase, glutathione peroxidase and glu-

tathione reductase. It also contains non enzymatic

vitamins C, E and A and other antioxidant compounds

(Cross et al. 1994). Ascorbic acid may constitute the

first line defense system in RTLF against external

oxidants (Mudway et al. 2001). As intracellular

ascorbate depletion enhances carcinogenicity and

acute toxicity of nickel (Kasprzak et al. 2011). In our

previous study we have shown that there was an

altered chemical behavior of L-ascorbic acid alone or

in combination of nickel sulfate in vitro at different pH

solutions (Maniyar et al. 2012). We have also reported

that L-ascorbic acid protects against nickel induced

oxidative stress in erythrocytes and bone marrow of

male rats (Das et al. 2007). Hence the present study

was designed to evaluate any possible protective

actions of L-ascorbic acid supplementation as an

antioxidant against nickel induced pulmonary nitro-

sative stress in male albino rats.

Materials and methods

Experimental design

Laboratory-bred adult male albino Wister rats weigh-

ing 170–200 g were used. The animals were fed with

laboratory stock diet (Hindustan lever, Mumbai, India)

and water ad libitum. The animals were adequately

acclimatized to the laboratory conditions at 22–27 �C

and a 12 h light: dark cycle. The acclimatized animals

were divided into four groups of six animals each.

Group I, rats was served as healthy control. Group II,

rats were treated orally with L-ascorbic acid (Merck

Limited, Mumbai, India) at a dose of 50 mg/100 g of

body weight (Husain et al. 1992). Group III, rats were

treated with nickel sulfate (New India Chemical

Enterprises, Kochi, India) in double distilled water,

at a dose of 2.0 mg/100 g b. wt.; i.p. on alternate days

for ten doses (Bordes and Papillion 1983) and group

IV, rats were given both nickel sulfate (2.0 mg/

100 g b. wt.; i.p.) and L-ascorbic acid simultaneously

(50 mg/100 g b. wt.; orally) for the same period. The

experimental protocol was approved by Institutional

Ethical Committee as per the ICMR guidelines 2006,

New Delhi, India (ICMR 2006).

Biochemical estimations

At the end of last dose, the animals were sacrificed

after overnight fasting by cervical dislocation fol-

lowed by decapitation as humanly as possible and as

per CPCSEA guidelines between 09.00 and 11.00 AM

to avert the circadian influences on the animals

330 Biometals (2013) 26:329–336

123



(CPCSEA guidelines 2003). Blood was collected in

centrifuge tubes, kept at room temperature for about

2 h and centrifuged at 1,5009g for 15 min to collect

serum. Serum i-NOS (inducible nitric oxide synthase)

activity was measured by ELISA Kit method E0837r

Wuhan EIAab Science Co., Ltd,China (EIAAB).

Serum and tissue nitric oxide concentration was

measured by the method of Moshage et al. (1995)

and serum and tissue L-ascorbic acid level by the

method of Roe and Koether (1943). For the lung nitric

oxide and L-ascorbic acid assays, one side of lung was

dissected out, washed with ice-cold saline immedi-

ately, wiped clean and kept in tissue container and

stored at -20 �C prior to the analysis. Lung homog-

enate was prepared in 0.9 % saline (500 mg of lung/

5 ml 0.9 % saline); 1 ml homogenate was mixed with

2 ml of ethanol (1:2 v/v) and cold centrifuged (4 �C) at

1,5009g for 15 min. Supernatant was collected for

tissue nitric oxide estimation. 1 ml of the same

homogenate was mixed with 2 ml of 10 % TCA and

cold centrifuged (4 �C) at 1,5009g for 15 min for

estimation of tissue L-ascorbic acid. Plasma and lung

proteins were estimated by the method of Lowery et al.

(1951).

Gravimetry

The body weights of all the animals of each group

were recorded on the day 1 of the treatment and on the

day of sacrifice. The lung weight determined after

dissecting out, and washing in ice-cold saline in a

single pan balance (ATCO. M. No. D2RS02-W) to

evaluate pulmonary somatic index. Pulmonary

somatic index is the ratio of lung weight after

dissection to body weight of rat at the time of sacrifice.

Histopathological studies

After sacrifice, lungs of the experimental rats were

dissected out (of one side) and stored in 10 % neutral

buffered formalin and processed. Fixed tissues were

cut and stained with hematoxylin and eosin (H & E)

accordingly. The sections were examined under light

microscope (109 and 459) and photomicrographs

were taken by using USB MIPS (NO. 70.0343) with a

connected PC.

Statistical analysis of the data

The mean ± SD values of all the parameters were

calculated for each group. For determining the signif-

icance of inter-group differences, each parameter was

analyzed separately. A one way analysis of variance

was carried out followed by post ‘hoc t test’, the level

of significance fixed at p \ 0.05.

Results

Gravimetry

No death was observed in any of the experimental

groups. Table 1 shows that nickel sulfate treatment in

group III rats produced a significantly less increase in

final body weight, and percentage of body weight gain

as compared to untreated control rats. But simulta-

neous administration of L-ascorbic acid with nickel

sulfate in group IV rats, the increase in final body

weight gain was more when compared to that of only

nickel treated group (23.27 vs 7.44 %). There was also

significant decrease in pulmonary somatic index in

Table 1 Effect of L-ascorbic acid (50 mg/100 g b. wt.; oral) on gravimetric parameters in male albino rats after nickel sulfate

treatment (2 mg/100 g b. wt.; i.p.)

Parameters Groups

Group I Group II Group III Group IV

n = 6 n = 6 n = 6 n = 6

Initial body weight (g) 187.44 ± 7.58a 186.43 ± 9.86a 184.86 ± 7.14a 182.72 ± 7.96a

Final body weight (g) 253.09 ± 5.38a 248.73 ± 8.58a 198.46 ± 7.12b 225.34 ± 7.41c

Body weight gain (%) 34.64 ± 4.17a 33.68 ± 7.25a 7.44 ± 4.33b 23.37 ± 1.92c

Pulmonary somatic index 0.0084 ± 0.0006a 0.0093 ± 0.0006a 0.0074 ± 0.0004b 0.0082 ± 0.0003a

Treatment groups: I- untreated control; II- L-ascorbic acid; III- nickel sulfate; IV- nickel sulfate ? L-ascorbic acid. Each value is

mean ± SD. In each row, values with different superscripts (a, b, c) were significantly different from each other (p \ 0.05)
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nickel sulfate treated rats (group III) in comparison

with group I rats and simultaneous administration of

L-ascorbic acid (group IV) was found to be improved

significantly (Table 1).

Biochemical parameters

Our results showed that in nickel sulfate treaded rats

(group III) the activity of serum i-NOS was signif-

icantly increased when compared to untreated control

(group I). The simultaneous treatment with L-ascorbic

acid (group IV) partially reversed this changes

(Table 2).

Serum and lung nitric oxide concentration level

(nitrite and nitrate as nitric oxide donors) significantly

increased in nickel sulfate treated (group III) rats as

compared to healthy control (group I) rats as showed

in Table 2. But simultaneous treatment with nickel

sulfate and L-ascorbic acid (group IV) rats, showed

significant decrease in serum nitric oxide level as

compared to only nickel sulfate treated (group III) rats.

Table 2 also shows significant decrease in plasma and

lung L-ascorbic acid concentration in group III rats

when compared to group I (untreated rats) after nickel

sulfate administration. In group IV rats simultaneous

supplementation with L-ascorbic acid increased the

concentration of L-ascorbic acid significantly com-

pared to group III. There is also significant increase in

plasma and lung L-ascorbic acid concentration in

group II (only L-ascorbic acid treated) rats when

compared with untreated control (group I) rats.

Intraperitoneal nickel sulfate administration resulted

significant decrease in plasma proteins and lung

proteins in group III rats when compared to untreated

control (group I). Group IV (nickel sulfate ?

L-ascorbic acid) also showed a significantly decrease

in plasma proteins and lung proteins in comparison

with group I but when compared with group III rats a

significant increase in above mentioned parameters

were noticed. No significant alterations of any of those

parameters were found in case of group II (only

L-ascorbic acid treated) rats when compared with

untreated control (group I) rats.

Histopathological studies

Similar gross and histopathologic changes were iden-

tified in all the exposed groups including control group

for the lung. The gross specimen of nickel treated lungs

appeared shrunken in size. The bronchiolar wall

appeared thickened and congested. The pleura was

opaque and thickened at places. Areas of focal chronic

venous congestion with edema were observed on the

lung sections (Fig. 1). Histopathological study of

normal control (group I) lung tissues showed normal

alveolar and bronchial architecture (Fig. 2); where as

the nickel sulfate treated rats showed moderate

thickening of interalveolar interstitial connective tis-

sue with infiltration of mixed inflammatory cells and

interstitial tissue edema. The bronchiolar walls were

moderately thickened with intraluminal proteinaceous

eosinophilic secretions with moderate patchy conges-

tion of vessels (Fig. 3). Lung sections of group IV

(nickel sulfate ? L-ascorbic acid treated) rats studied

Table 2 Effect of L-ascorbic acid (50 mg/100 g b. wt.; oral) on serum and pulmonary biochemical parameters in male albino rats

after nickel sulfate treatment (2 mg/100 g b. wt.; i.p.)

Parameters Groups

Group I Group II Group III Group IV

n = 6 n = 6 n = 6 n = 6

Seum i-NOS (nmol/ml) 6.76 ± 1.11a 6.61 ± 0.96a 59.04 ± 4.49b 38.33 ± 2.92c

Serum nitric oxide (lmol/l) 27.06 ± 4.41a 29.06 ± 4.39a 46.39 ± 3.46b 37.68 ± 3.67c

Lung nitric oxide (lmol/mg of tissue) 18.68 ± 3.04a 17.14 ± 1.08a 31.26 ± 2.39b 24.09 ± 4.42c

Serum L-ascorbic acid (lmol/l) 112.17 ± 12.58a 126.31 ± 7.21b 67.09 ± 8.364c 90.21 ± 12.91d

Lung L-ascorbic acid (mg/g of tissue) 9.36 ± 1.46a 13.02 ± 2.24a 5.99 ± 1.22b 7.64 ± 1.38a

Plasma total proteins (mg/dl) 9.70 ± 0.42a 10.28 ± 1.27a 4.11 ± 0.99b 7.39 ± 2.95c

Lung proteins (mg/g of tissue) 70.94 ± 3.46a 72.44 ± 4.44a 55.66 ± 6.97b 67.32 ± 10.005c

Treatment groups: I- untreated control; II- L-ascorbic acid; III- nickel sulfate; IV- nickel sulfate ? L-ascorbic acid. Each value is

mean ± SD. In each row, values with different superscripts (a, b, c) were significantly different from each other (p \ 0.05)
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under H & E stain showed mild focal thickening of

interalveolar interstitial connective tissue with infil-

tration of mixed inflammatory cells. Mild patchy

congestion of alveoli, bronchioles and vessels were

also visible (Fig. 4). In group II (L-ascorbic acid alone)

rats, normal architecture of lung parenchyma was

maintained. No evidence of interalveolar connective

tissue thickening/inflammation/secretions/congestion,

no obvious significant changes were noticed (Fig. 5).

Discussion

Gravimetry

The pulmonary somatic index represents the degree of

damage to an organ. It is sum of the multiple important

factors like inflammation, necrosis, fibrosis etc. and

score values of all changes are found within the

examined organ. This decrease in pulmonary somatic

index might be the result of impaired protein synthesis

in physiological system including lung tissues as

indicated in our biochemical results such as decreased

serum and lung protein concentrations. Simultaneous

supplementation of L-ascorbic acid improved organ

weight and lung protein concentration in nickel sulfate

treated rats as it may restore protein synthesis in

respective organs.

Biochemical and histopathological parameters

Heavy-metals may modulate i-NOS expression

(Eckhard et al. 1999), The inducible isoform of nitric

oxide synthase can produce sustained high quantities

of nitric oxide (NO) (Knowles and Moncada 1994).

The current study demonstrates that the nickel sulfate

can increase serum i-NOS activity in male albino rats,

which is also reflected by greater nitric oxide concen-

tration in serum and lung tissues. This may be due to

altered gene expression as the mechanism underlying

Fig. 1 Lung photographs; control group rats showing normal lung. The nickel sulfate treated lung appears shrunken in size and pleura

is opaque and thickened at places (A) and focal areas of venous congestion (B)

Fig. 2 Lung sections of normal control rats (group I) under H&E showing normal architecture of lung parynchyma. Alveoli (A, C) and

bronchiloles (B, D) appear normal
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the modulatory action of nickel sulfate on i-NOS

activity either in vascular system or lung tissues.

Excessive amounts of NO are known to produce

peroxynitrite, an important reactive nitrogen com-

pound, by reacting with superoxide which induces

nitrosative stress. Peroxynitrite may alter protein

structure or reaction with cysteine molecule by

making thiol oxidation which is a major modification

introduced by peroxynitrite. This may be the reason

behind decrease of serum and lung protein concentra-

tion in our study (Pacher et al. 2007). Lung histopa-

thological observations clearly support as ideal

markers of oxidative and nitrosative stress in this

study: The reactive nitrogen species (RNS) play a

significant role in DNA damage, especially in inflam-

mation (Halliwell and Gutteridge 2007) and may

modulate the development of chronic inflammatory

airway diseases and/or amplify the inflammatory

response (Ricciardolo et al. 2004). In our study the

simultaneous administration of L-ascorbic acid and

nickel sulfate improved both biochemical markers of

nitrosative stress and the histopathology of lung when

compared with rats receiving nickel sulfate alone.

Ascorbate is a well-known antioxidant required by all

mammalian cells for proper functioning to control

various biochemical reactions. Ni(II) exposure greatly

depletes intracellular ascorbate and the depletion of

such intracellular ascorbate, as the initial step of Ni(II)

toxicity, has profound effects on cellular and tissue

metabolic pathways. The major modifications in

cellular metabolism due to the depletion of intra-

cellular ascorbate by Ni(II) induced impairment of

assembly of proteins with collagen-like domains, and

inactivation of ascorbate-dependent DNA repair

enzymes which may be counteracted with additional

supplementation of L-ascorbic acid (Salnikow and

Kasprzak 2005).Thus L-ascorbic may inhibit i-NOS

activities and subsequently reduce NO overproduction

Fig. 3 Lung sections of L-ascorbic acid treated rats (group II)

studied under H&E stain shows normal parenchymal tissue of

lung; which is composed of numerous alveoli (A, C) lined by

epithelial cells and respiratory, terminal bronchioles (B, D) lined

by low pseudo stratified columnar ciliated epithelium

Fig. 4 Lung sections of nickel sulfate treated rats (group III)

studied under H&E stain shows distortion of normal alveolar

architecture (A), congestion of alveoli, focal thickening of

interalveolar interstitial connective tissue (B), the bronchiolar

walls are moderately thickened with intraluminal proteinaceous

eosinophilic secretions (C) and arrow indicates infiltration of

mixed inflammatory cells (D)
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and nitrosative stress by interacting with superoxide

radicals.

Conclusion

The data presented in this paper suggest that nickel

sulfate induced lung injury may be partially mediated

through pulmonary i-NOS pathways with overpro-

duction of pulmonary nitric oxide concentration. This

may be further associated with vascular endothelial

alteration of i-NOS activities too reflected by serum

i-NOS and NO concentration. The study clearly

showed a protective role of L-ascorbic acid against

nickel induced nitrosative stress in lungs and over all

physiological system.
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� Highly  elevated  arsenic  in  topsoil  as  well  as  groundwater  used  for  drinking.
� Prevalence  of arsenical  skin  lesions  comparable  to other  severe  areas  in South  Asia.
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a  b  s  t  r  a  c  t

This  report  summarizes  recent  findings  of  environmental  arsenic  (As)  contamination  and  the  consequent
health effects  in  a community  located  near  historic  gold  mining  activities  in the  Mangalur  greenstone
belt  of  Karnataka,  India.  Arsenic  contents  in water,  hair,  nail,  soil  and  food  were  measured  by  FI-HG-AAS.
Elemental  analyses  of  soils  were  determined  by ICP-MS  (inductively  coupled  plasma-mass  spectrometry).
Of 59  tube-well  water  samples,  79%  had  As  above  10  �g  L−1 (maximum  303  �g L−1). Of  12  topsoil  samples,
six  were  found  to  contain  As  greater  than  2000  mg  kg−1 possibly  indicating  the  impact  of mine  tailings
on  the  area.  All  hair  and  nail  samples  collected  from  171  residents  contained  elevated  As.  Arsenical  skin
lesions  were  observed  among  58.6%  of  a  total  181  screened  individuals.  Histopathological  analysis  of
puncture  biopsies  of  suspected  arsenical  dermatological  symptoms  confirmed  the  diagnosis  in  three  out
of  four  patients.  Based  on  the  time-course  of  As-like  symptoms  reported  by  the  community  as  well  as
the presence  of overt  arsenicosis,  it is hypothesized  that  the  primary  route  of  exposure  in  the  study  area
was via  contaminated  groundwater;  however,  the  identified  high  As  content  in  residential  soil could
also  be  a  significant  source  of As  exposure  via  ingestion.  Additional  studies  are required  to  determine
the  extent  as  well  as the  relative  contribution  of  geologic  and  anthropogenic  factors  in environmental
As  contamination  in the  region.  This  study  report  is  to  our  knowledge  one  of the  first  to  describe  overt
arsenicosis  in  this  region  of  Karnataka,  India  as  well  as  more  broadly  an  area  with  underlying  greenstone
geology  and  historic  mining  activity.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Chronic arsenic (As) exposure through ingestion can cause
severe adverse effects on human health, especially via the
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consumption of contaminated groundwater [1–5]. Epidemiologi-
cal and experimental evidence is furthermore mounting that in
utero or early life exposure to As may  affect fetal development
or increase rates of several malignant and non-malignant dis-
eases [6,7]. Arsenic with a naturally low average crustal abundance
(1.7 mg  kg−1) is substantially concentrated in certain sediments
adsorbed to hydrous iron oxides or in the form of sulfide-bearing
minerals [8]. The natural dispersion of As in the environment is
governed by a combination of region and site-specific biogeochem-
ical and hydrological factors [9,10]. The mining of gold and base
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metals, frequently associated with sulfide mineralization, has in
several settings induced or exacerbated localized As contamination
[11–13]. Historically active mines abandoned with little rehabilita-
tion are particularly notorious for the pollution of the surrounding
soil and groundwater with toxic elements [14–16]. Elevated As
in biomarkers, such as urine and toenails, has been reported in
former or current gold mining areas in Australia [17,18], Ghana
[19], Canada [20], France [21], Slovakia [22] and Brazil [23]. In areas
of historic mining activity however, the relative contribution and
interaction of anthropogenic and natural processes in environmen-
tal As contamination are known to vary greatly depending on the
locality and a host of related factors [24,25].

In the present study area in a northeastern region of Kar-
nataka, India, factors impacting the natural secondary geochemical
dispersion of As in groundwater and soil have been found to
include: topography, water table depth, drainage, soil type, and
underlying geology [26]. This area also has several historic gold
mines with some presently active and many abandoned [27]. An
understanding of the nature of the source, mobilization, and dis-
tribution of environmental As in the region as well as the extent
of human exposure to this contamination is essential to effective
mitigation efforts and future planning. The purpose of the present
study was the assessment of environmental (groundwater, soil,
and food) and human biomarker As levels as well as the health
effects of As in a community with previously reported arsenicosis
cases.

The earliest cases of groundwater As contamination in Kar-
nataka were identified in villages of the greenstone belts of Yadgir
district, a district recently created in late 2009 from a southern
region of Gulbarga district. Studies conducted by UNICEF and Gov-
ernment of Karnataka (GOK) [28,29] discovered several villages
with well water supplies containing As exceeding the World Health
Organization (WHO) guideline value (10 �g L−1). One of these stud-
ies hypothesized that local gold mining might be a contributing
factor to As contamination [30].

The occurrence of arsenicosis and As-related cancers in Kiradalli
Tanda village was  first identified in early July 2009. Several patients
from the community were admitted to the DISTRICT Hospital,
Gulbarga with dermatological symptoms. Attending physicians
suspected As in drinking water could be the cause and carried
out further investigations. Water samples were collected by GOK
from the community and As levels were found up to 160 �g L−1;
these reports along with cases of the adverse health impacts were
published in a regional daily newspaper [31,32].

2. Materials and methods

2.1. Study area and timeline

Kiradalli Tanda (16◦37′7.9′′N, 76◦36′47.3′′E) is a small village
(total population 535) situated in a remote region of Yadgir district
in Karnataka, India. Traces of arsenopyrite are noticed in and around
villages such as Godryal and Heggandoddi and specifically in the
proximity of abandoned gold mines. Kiradalli Tanda is situated
in the Mangalur greenstone belt (16◦30′ to 16◦44′N, 76◦32′30′′ to
76◦40′E), one of the four Archean greenstone belts (Kolar, Ramagiri,
Hutti-Maski and Mangalur) of the gold-bearing eastern province
(Fig. 1) of the Dharwar Craton [33].

The Mukangavi (Mangalur) gold mine is located 4 km south of
Kiradalli Tanda and was in operation between 1887 and 1913 and
was  reclaimed in 1980 to resume mining operations. The mine was
closed in 1994 primarily due to heavy water inflow into the mining
galleries [27] and remains closed to this day. Following the newspa-
per publication of possible arsenicosis in Kiradalli Tanda, an initial
survey of the community, consisting of patient interviews as well
as the collection of 12 groundwater and a small number of hair and
nail samples, was conducted in July 2009. With the identification of
elevated As levels in groundwater and biological samples, a more
detailed survey with a complete medical team was organized in
September 2009.

Fig. 1. Location of the surveyed villages and local historic gold mining activities [27] in Yadgir district, Karnataka, India. (A) Karnataka State (gold), India; (B) Gulbarga district,
after  the creation of Yadgir district in 2009 (dark red), Yadgir district (medium red), and Raichur district (pink), Karnataka; (C) Mangalur and Hutti-Maski greenstone belts
[33,41] located within Yadgir and Raichur districts, respectively; the border between these two districts is the Krishna River; (D) surveyed villages and historic gold mine
workings within the Mangalur greenstone belt. (For interpretation of the references to colour in this figure legend, the reader is referred to the web  version of this article.)
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Fig. 2. Locations and levels of As in water and soil samples collected from Kiradalli
Tanda and the surrounding communities during the second more detailed survey
of  the study area in September 2009. Two groundwater samples, which are not
plotted, were collected without spatial information: Kiradalli Tanda (144 �g/L) and
Gowdigeri (13 �g/L).

2.2. Sampling and analysis

Water samples from tube-wells and dug-wells as well as sam-
ples of food grains and soil were collected from Kiradalli Tanda
and the surrounding communities. Water samples were collected
in acid pre-washed 10 ml  polyethylene bottles. Immediately after
sample collection, a drop of nitric acid (1:1) was added as preser-
vative. Soil samples (n = 12) were collected from residential areas
in and around Heggandoddi, Kiradalli, Kiradalli Tanda, Jainapur
and Gowdigeri (Fig. 2). Additionally, spot sampling of groundwater
sources was conducted in Raichur district (Fig. S1 in Supplemen-
tary Material).

A medical camp was organized in Kiradalli Tanda in September
2009 to assess recent As exposure and consequent health effects.
Each individual visiting the camp was thoroughly screened for
arsenicosis symptoms by dermatologists and other medical person-
nel. Hair and nail samples as well as other general information were
also collected from these individuals during personal interviews.
Puncture biopsies of suspected As-related cancers were collected
from willing patients and histopathological analysis was  performed
at Al Ameen Medical College. We  were unable to analyze urine
samples, which indicate recent As exposure, as individuals were
reluctant to submit urine.

All samples except punch biopsies were analyzed at SOES for
As using FI-HG-AAS. The total concentration of As in the water
(arsenite and arsenate) was measured after potassium bromate
oxidation [34]. For hair, nail, soil and food samples, total As
was determined after teflon-bomb digestion. Sample collection,
processing, digestion of samples, analytical procedures and details
of the instrumentation including the flow-injection system have
been reported earlier [34–38]. Additionally, six soil samples were
also analyzed at CERAR – University of South Australia by ICP-MS
(inductively coupled plasma-mass spectrometry) (Agilent 7500ce)
following microwave digestion (CEM Microwave Accelerated

Reaction System 5, MARS5) in order to assess the levels of As and
other elements in the soil samples.

2.3. Quality assurance and quality control

For quality control, inter-laboratory tests were performed on
water, hair, food grain and soil samples as reported in earlier publi-
cations [34,37–39]. USEPA standardized water reference materials
were also analyzed as reported previously [38]. National Institute of
Standard and Technology (NIST) standard reference material (SRM)
2711 (Montana soil) was used to validate the results of As and other
elements in soil. NIST 1643e (trace elements in water), NIST 2709
(San Joaquin Soil), SRM GBW 07601 (human hair, China) and NIST
1568a (rice) were routinely analyzed to validate the results during
analysis of water, soil, hair and food grain samples [34]. Spikes and
duplicates were also analyzed.

2.4. Statistical analysis

Descriptive statistics were calculated for the baseline charac-
teristics of the affected population. All statistical analyses were
performed using SPSS. Spearman two-tailed p value of <0.05 was
considered to be statistically significant.

3. Results and discussion

3.1. Water analysis

During community interviews, elderly residents recalled that
dug-wells were the primary source for all water needs over 20 years
ago. Due to endemic guinea worm disease, hand-pumps and deep
tube-wells were installed in the districts of Gulbarga, Raichur, and
Bijapur through the Guinea Worm Eradication Programme starting
in 1984 [40]. Community members also reported that skin lesions
similar to those diagnosed by the medical team as arsenical first
appeared roughly 15 years ago.

The first column of Table 1 shows the distribution of As in
water sources in the present survey. Arsenic concentration in the
hand tube-well thought to be the main source of contamination
in Kiradalli Tanda was 303 �g L−1 in July 2009, and many vil-
lagers reported using this source for an extended time period. The
source was abandoned after our initial survey, and an alterna-
tive groundwater source supplied by pipeline was  installed that
contained 63 �g L−1 of As. The primary large dug-well used by
the community before the installation of other sources is, still
present but not in use; water from this well was found to have
an As content of 245 �g L−1. While the villagers of Kiradalli Tanda
appeared to have used this dug-well for many years, we are
unaware of when it became As-contaminated. During our surveys

Table 1
Summary of recent groundwater quality surveys investigating As contamination in
Gulbarga, Yadgir, and Raichur districts, Karnataka.

Present study GOK (2008) GOK (2008)

Districts sampled Yadgir and Raichur Gulbarga Raichur
n  59 464 316
Arsenic concentration (�g L−1)
<3 3 (5.2%) 264 (56.9%) 237 (75.0%)
3–10  10 (17.2%) 175 (37.7%) 3 (0.9%)
>10–50 28 (48.3%) 16 (3.4%) 52 (16.5%)
>50–100 11 (19.0%) 5 (1.1%) 18 (5.7%)
>100–200 4 (6.9%) 3 (0.6%) 3 (0.9%)
>200–300 2 (3.4%) 0 (0%) 2 (0.6%)
>300–400 1 (1.7%) 0 (0%) 0 (0%)
>400–500 0 (0%) 0 (0%) 0 (0%)
>500 0 (0%) 1 (0.2%) 1 (0.3%)
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Table  2
Concentration of As and other elements (mg  kg−1) in soils measured by ICP-MS. Variation of As concentration of the same samples measured at SOES laboratory by FI-HG-AAS
method is within the 10% error margin on the reported values by the two  methods.

Soil ID GPS location Na Mg  Al K Ca Cr Mn Fe Co Ni Cu Zn As Pb

1. Heggandoddi village soil N16◦ 35.858′ , E76◦ 38.049′ 286 12,086 17,149 5007 34,241 88 6039 35,016 26 53 73 157 5884 30
2.  Jainapur village soil N16◦ 36.960′ , E76◦ 37.026′ 230 12,188 17,534 5031 29,143 89 689 38,165 33 58 82 92 9136 34
3.  Kiradalli Tanda village soil N16◦ 37.132′ , E76◦ 36.788′ 272 12,232 17,615 5002 36,576 87 656 35,390 27 52 72 90 6711 30
4.  Jainapur village soil 4 N16◦ 36.813′ , E76◦ 37.408′ 81 4134 23,494 2235 4886 88 962 45,250 30 77 80 63 334 6
5.  Jainapur village soil 5 N16◦ 36.878′ , E76◦ 37.313′ 81 3652 33,647 1814 4984 112 1185 50,383 27 91 75 61 313 10
6.  Jainapur village soil 6 N16◦ 36.746′ , E76◦ 37.493′ 117 6442 24,051 2532 7648 107 762 44,397 30 76 93 92 99 9

in Kiradalli Tanda, the local Public Health Engineering Department
was informed about the presence of arsenicosis patients, and they
quickly arranged As-safe water for the village initially by tanker
and later through a newly dug bore-well. Furthermore, the local
Panchayat Raj and Health Departments arranged for regular medi-
cal follow-up visits to the community by physicians from a nearby
hospital.

In separate surveys in 2008, Zilla Panchayat Groundwater
Division, Government of Karnataka and Department of Mines &
Geology, Government of Karnataka in collaboration with UNICEF
[28,29] also analyzed hand tube-well water samples in Gulbarga
and Raichur districts, respectively (Table 1). It is important to note
that the sampling methodologies significantly differed between
the present study and the GOK–UNICEF surveys. In the present
study, the majority of collected groundwater samples were concen-
trated around an area in Yadgir district with identified As-related
health effects. The larger GOK–UNICEF studies systematically sur-
veyed a large number of communities within Gulbarga (Shorapur
Taluka only) and Raichur districts. The GOK–UNICEF surveys iden-
tified not only areas with considerably higher As outside of
Kiradalli Tanda but also an additional five villages in Gulbarga
and 10 villages in Raichur with drinking water As concentration
>50 �g L−1. Furthermore, these surveys identified a total of 14 addi-
tional villages in Gulbarga and 39 in Raichur with drinking water
As > 10 �g L−1. It is not known whether these contaminated water
supplies continue to be used and importantly whether individ-
uals from these areas have been screened for As-related health
effects.

3.2. Soil samples

During recent inspection (July 2012) of the Mukangavi mine site,
one shaft was observed measuring about 150 m with two drives of
about 450 m in length and 1.5 m in width on the north and south
sides of the shaft. The shaft and drives are filled with loose exca-
vated material. Only a small heap of material, not a large amount
of tailings, was observed near the shaft. The host rock has been
described previously as amphibolites crossed by quartz stringers
with sulphides, including pyrite, pyrrhotite and arsenopyrite. Addi-
tionally, the ore zone was estimated at 1.5–2 mega ton, and as of
1996, three lodes had been identified with over 600 m in length
accessible to mining [41].

The study area is located within the command area of the Upper
Krishna Project (UKP), an irrigation development project initiated
in 1965, consisting of dams on the Krishna River as well as canals
and associated irrigation schemes that aimed to develop irrigation
potential in the Upper Krishna River Basin, including the districts
of Raichur and Gulbarga [42]. Water table fluctuation following
the hydrologic changes from the UKP likely resulted in the fil-
tration of water through soil and fractures of amphibolite and
associated minerals in the parental rock or the remnants of exca-
vated mining material. It is hypothesized that this contributed to
the release of these minerals into the groundwater due to disin-
tegration, leachification, and chemical decomposition of As from
arsenopyrite associated with amphibolites.

Table 2 reports the concentrations of As and other elements
of six topsoil samples (analyzed by ICP-MS) collected from the
more densely populated areas of Heggandoddi, Jainapur, Kiradalli
Tanda (samples 1–3) and the outskirts of Jainapur village (sam-
ples 4–6). These residential samples (samples 1–3 of Table 2) were
all found to exceed 2000 mg  kg−1 with a maximum concentration
of 9136 mg  kg−1 possibly indicating the presence of mine tailings.
The analysis for As of four additional soil samples, also from the
residential areas of these three villages revealed three samples
with elevated levels of As (range: 2203–4264 mg/kg) much greater
than the typical background level of 5–10 mg  kg−1 in soil [10].
Three samples collected from Gowdigeri village had As levels well
within the background levels in soil. This community is farther
away from known historic gold mining activity than the other sur-
veyed villages and was also found to contain significantly lower
groundwater As concentrations (Fig. 2). Based on this limited spa-
tial information, variable natural geochemical dispersion as well
as historic mining activities appear to have resulted in heteroge-
neous local environmental As contamination; however, additional
and more detailed groundwater and soil studies are needed to
determine the nature and extent of the source and mobilization
of As.

3.3. Food grains

Fourteen samples of local staple foods (pearl millet or bajra and
pigeon pea or red gram/arhar) were collected from in and around
Kiradalli Tanda village and analyzed for As. The agricultural culti-
vations in this area are on the sides of hillocks where the average

Table 3
Arsenic concentrations in hair and nail samples of individuals from Kiradalli Tanda.

Hair (�g kg−1) Nail (�g kg−1)

n P10 P50 P90 Max  Min  n P10 P50 P90 Max  Min

Gender Male 87 903 2168 4158 6265 456 87 1236 3390 5922 8213 696
Female 83 900 2062 5262 6976 464 83 1237 3196 6748 9815 920

Age  quartiles (Yrs) 1st (up to 18) 43 582 1001 1764 2965 456 43 941 2032 2981 3265 696
2nd  (19–28) 43 974 1920 4413 6321 795 43 1857 3005 6077 7726 1029
3rd  (29–42) 42 1305 2877 4246 6162 1007 42 3021 4073 7155 8213 2402
4th  (43–75) 42 1689 3007 6027 6976 1025 42 2980 4341 7026 9815 2062

P10, P50, and P90 are the 10th, 50th, and 90th percentiles, respectively.
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Table 4
Age distribution of individuals screened and identified with arsenical skin lesions.

Age wise distribution of population No. of people who  came to the medical camp and were screened No. of people having arsenical skin lesions

Age range (Yrs) No. of people

>25 216 94 (43.5% of 216) 85 (90.4%)
20–25  60 42 (70% of 60) 20 (47.6%)
<20  259 45 (17.4% of 259) 1 (2.2%)

Total 535 181 (33.8% of 535) 106 (58.6%) of 181 population screened

Fig. 3. Comparative prevalence of dermatologic symptoms of individuals of Kiradalli Tanda screened for arsenicosis (age quartiles). Abbreviations: DM,  diffuse melanosis;
SM,  spotted melanosis; WM,  whole body melanosis; LM,  leucomelanosis (white-spotted pigmentation alongside black-spotted); SKP, spotted keratosis palm; DKP, diffuse
keratosis palm; SKS, spotted keratosis sole; DKS, diffuse keratosis sole; DK, dorsal keratosis; SB, suspected Bowen’s Disease; SC, suspected skin cancer; MM,  mucous melanosis.

As concentration of soil is 4.5 mg  kg−1. As the hillside agricultural
plots are above the groundwater table and the topology of the land
results in the drainage of rainwater down from these slopes to the
valleys, As and other heavy metals were expected to be flushed from
the soil and only minimally enter into the food supply. Arsenic con-
centrations of the food grains ranged between 12 and 112 �g kg−1,
considerably lower than the recommended upper limit of As in rice
(1000 �g kg−1) [43].

3.4. Hair and nail samples

Elevated As levels in hair and nail samples are an indicator of
exposure over the last 3–18 months, depending on the growth
rate and what section of hair or nail is analyzed. For individuals
with no known As exposure, concentrations of As in hair generally
range from 20 to 200 �g kg−1 and in nails from 20 to 500 �g kg−1

[4]. Of 170 samples, 100% of both hair and nails were found to

exceed the upper limit of unexposed individuals (Table 3). Of the
170 individuals that provided samples, 43 were below 18 years of
age. Despite having an elevated level of biological As, many are
not showing arsenical skin lesions and are possibly sub-clinically
affected. Arsenic concentration between genders was highly similar
for both hair (p = 0.937) and nail samples (p = 0.927). The spearman
correlation (necessitated due to skewed distributions) was posi-
tive and strong between age and As concentrations in the collected
samples of hair (r = 0.682, p < 0.0001) and nail (r = 0.685, p < 0.0001).
Arsenic levels of these biomarkers strongly correlated with each
other (r = 0.937, p < 0.0001). The high levels of As in the hair and nails
of the children from the study area after the drinking water source
has been changed indicate that besides drinking water there exists
some other source of As. It is possible that the extremely high con-
centrations of As in the residential soil may  be a significant source
of As for small children as well as other community members via
ingestion.

Fig. 4. Histopathological section showing, (A) thickened epidermis (10×) and (B) Bowen’s disease (carcinoma in situ) (45×).
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Based on the time-course of As-like symptoms reported by the
community as well as the presence of overt arsenical symptoms
in recent surveys, we are hypothesizing that the primary route
of exposure in the study area was via contaminated groundwater
used for drinking. Arsenical symptoms were reported by the elderly
residents of Kiradalli Tanda as emerging first around 15 years ago,
corresponding with the drilling of tube-wells and a transition in
the drinking water supply source. As mining operations at Mukan-
gavi gold mine were resumed from 1980 to 1994, it is possible that
these activities or naturally present soil As in high concentrations
were however the major factors in the emergence of arsenicosis.
Unlike contaminated groundwater, we are unaware of residential
human exposure to As-contaminated soil leading to overt arseni-
cosis, notably dermatological symptoms as in the present study.
Reports have been published though on increased As biomarker
levels with soil exposure [17] as well as contaminated soil being
associated with decreased weeks of gestation for newborns [44] or
significant increased risks of multiple types of cancer [45,46].

3.5. Clinical investigations

A total of 181 individuals were screened for symptoms of
chronic As toxicity and complete demographic information was
collected for 171. High rates of arsenicosis were identified with
58.6% of screened individuals presenting with at least one related
symptoms (Table 4). Dermatological symptoms were not found to
be significantly different between genders with the exception of
mucous membrane melanosis, which was only observed in eight
females; we are uncertain whether As alone is responsible for this.
The majority of dermatological symptoms were found to sharply
increase with increasing age quartiles, reaching a similar preva-
lence in the oldest two quartiles where individuals were 29 years
and older (Fig. 3). Table 5 presents the clinical details of 12 patients
having pre-cancer (Bowen’s disease), gangrene (amputated) and
non-healing ulcer. Punch biopsies were performed for the sus-
pected cancers of four willing adult arsenicosis patients. Some
clinically suspected carcinoma patients refused biopsy. Among the
four completed histopathological reports, two  samples showed
nuclear atypia, mitosis and disarray in cellular arrangement and
hyperchromatic nuclei.

From histopathological observations, three patients were found
to have confirmed arsenical keratosis and one patient was con-
firmed with features highly consistent with Bowen’s disease (in
situ carcinoma). The pathological analysis of the suspected Bowen’s
disease biopsy revealed an epidermis composed of keratinized
stratified squamous epithelium which is thickened. The base-
ment membrane is intact and there is no evidence of infiltration
(Fig. 4A). Furthermore, there was moderate hyperkeratosis, mod-
erate acanthosis with focal dyskeratosis and keratin plugging. The
cells exhibited cellular as well as nuclear atypia throughout the
full thickness of the epidermis and were arranged in a ‘windblown
appearance’. The cells appeared large and round having hyper-
chromatic nuclei containing prominent nucleoli with moderate
eosinophilic cytoplasm. The cells also exhibited mild-moderate
pleomorphism with disoriented maturation order (Fig. 4B). Since
the health effects of chronic As exposure take years to manifest
possibly as carcinomas, further detailed histopathological evalua-
tion is needed in this population to rule out other non-melanoma
skin cancers.

Most residents of Kiradalli Tanda village are primarily daily
wage laborers. There was no history of loss of appetite among the
clinically examined group. There is no apparent nutritional defi-
ciency in the community; however, additional study is required
to assess the prevalence of malnutrition in the area, which may
play a significant role in the occurrence of arsenicosis [47]. When
asked about deceased family members and skin lesions similar to Ta
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Fig. 5. Characteristics of three individuals from Kiradalli Tanda suffering from chronic As toxicity.

arsenicosis, 12 individuals were named that had died with compa-
rable symptoms in the last 10 years. Furthermore, four individuals
who had skin lesions and died of cancer in the last 5 years were also
reported. Death certificates for these individuals, however, could
not be obtained. Fig. 5 shows the dermatological symptoms of three
severe arsenicosis patients with associated photographs.

4. Conclusions

Elevated biomarker As levels in communities with underlying
greenstone geology as well as historic gold mining activity have
been reported previously [17–23]. This study report, however, is to
our knowledge one of the first to describe overt arsenicosis in such
an area as well as in this region of Karnataka, India. In the present
study, 106 of the 181 (58.6%) individuals of Kiradalli Tanda village
screened for arsenical symptoms presented with at least one skin
lesion specifically related to chronic As toxicity. Of these individuals
including children, 94.5% volunteered for hair and nail analysis with
100% of these found to have elevated As levels in these samples.
This evidence indicates that those without identified symptoms are
potentially sub-clinically affected.

While groundwater contamination is hypothesized to be the
main route of As exposure, the presence of highly elevated As lev-
els in soil samples from the area warrants further investigation of
other possible significant routes of exposure as well as their rela-
tive contributions to toxicity. The historic gold mine workings of
the Mangalur belt may  be a significant contributor to localized pol-
lution in this and other similar regions in Karnataka. Consequently,
additional studies to determine, temporal variation, the nature of
As mobilization, particularly whether previous and ongoing mining
activities are playing a role, are crucial in guiding efforts to identify
at-risk communities and remedy the effects of this contamination.

If historic gold mining has played a role in contamination,
increasing interest in the reopening of previously closed mines
[48] and the prospecting of new regions in the Mangalur belt and
around Karnataka [49] should be conducted along with sound mon-
itoring and assessment of the environment and the health effects
resulting from its degradation. As the GOK–UNICEF surveys identi-
fied many additional communities with elevated groundwater As,
environmental contamination appears to be more widespread than
the present study area. Both medical screening and regular water
quality analysis programs should be continued or organized in the
region immediately.
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Introduction

Nickel is a silvery white metal that takes on a high
polish. It is a transition metal, hard and ductile. It occurs
most usually in combination with sulphur and iron in
pentlandite, with sulphur in millerite, with arsenic in
the mineral nickeline, and with arsenic and sulphur in
nickel glance1. Nickel is one of the five ferromagnetic
elements. Nickel is also a naturally magnetostrictive
material, meaning that in the presence of a magnetic
field, the material undergoes a small change in length2.
The properties of nickel and its environmental
distribution have been summarized by the US Agency
for Toxic Substances and Disease Registry (ATSDR)3.
Nickel is used in a wide variety of metallurgical

Nickel, its adverse health effects & oxidative stress

K.K. Das, S.N. Das* & S.A. Dhundasi

Environmental Health Research Unit, Department of Physiology, Al Ameen Medical College &
*B.L.D.E.A’s Dr P.G. Halakatti College of Engineering & Technology, Bijapur, Karnataka, India

Received March 11, 2008

Nickel-induced toxicity and carcinogenicity, with an emphasis on the generation and role of reactive
oxygen species is reviewed. Nickel is a known haematotoxic, immunotoxic, neurotoxic, genotoxic,
reproductive toxic, pulmonary toxic, nephrotoxic , hepatotoxic and carcinogenic agent. This article
presents a selective review on nickel and effect of its acute, subchronic and chronic doses on certain
metabolically active tissues in human as well as animals. Nickel exposure causes formation of free
radicals in various tissues in both human and animals which lead to various modifications to DNA
bases, enhanced lipid peroxidation, and altered calcium and sulphhydryl homeostasis. The primary
route for nickel toxicity is depletion of glutathione and bonding to sulphhydryl groups of proteins.
Nickel homeostasis, nickel-induced activation of signaling pathways and the protective role of
enzymatic and non-enzymatic antioxidants against nickel toxicity and carcinogenicity are also
discussed.

Key words Acute toxicity - antioxidant defense - chronic toxicity -  nickel - oxidative stress - subchronic toxicity

processes such as electroplating and alloy production
as well as in nickel-cadmium batteries. There is evidence
suggesting that nickel may be an essential trace element
for mammals4. Nickel is primarily found combined with
oxygen or sulphur as oxides or sulphides that occur
naturally in the earth’s crust. Nickel combined with
other elements is present in all soils, in meteorites, and
is emitted from volcanoes. As for most metals, the
toxicity of nickel is dependent on the route of exposure
and the solubility of the nickel compound5. The purpose
of this review is to provide a detailed overview of
current state of knowledge of the nickel toxicity and in
the formation of reactive oxygen and nitrogen species
and tissue damage and role of some antioxidant
supplementation.



Metabolism and disposition

Absorption: Nickel is believed to play a role in
physiological processes as a co-factor in the absorption
of iron from the intestine. The interaction between
nickel and iron occurs only under certain conditions.
Nickel increased the absorption of iron from the diet in
iron deficient rats (female), but only when dietary iron
was in the unavailable ferric form, whereas a mixture
of ferrous and ferric sulphates (60% ferric to 40%
ferrous) as a supplement to the diet did not elicit any
effect6. In short- and long-term studies of animal
administered various soluble nickel salts orally, nickel
was found primarily in the kidneys. The relative tissue
concentrations were kidneys > lungs> liver >heart>
testes7,8. Oral administration of Ni+2 found to accumulate
higher in the spinal cord than in the cerebellum or frontal
cortex9. Pulmonary absorption is the major route of
concern for nickel-induced toxicity. Nickel may be
absorbed as the soluble nickel ion (Ni+2) while sparingly
soluble nickel compounds may be phagocytized. The
chemical form and its deposition site (determined by
size, shape, density, and electrical charge of the nickel
particles) in the lungs will affect the extent of
absorption3. Nickel may be removed from portions of
the respiratory tract via mucociliary transport resulting
in the material entering the gastrointestinal tract.
Although nickel is poorly absorbed from the
gastrointestinal tract but dietary exposure and exposure
via drinking water provide most of the intake of nickel
and nickel compounds4-5. As reviewed by the
Environmental Protection Agency (EPA) (1986),
humans and animals absorb approximately 1-10 per cent
of dietary nickel10. Similar values were reported for
drinking water exposure and gavage administration3.
Nickel metal is poorly absorbed dermally but some
nickel compounds such as nickel chloride or nickel
sulphate can penetrate occluded skin resulting in up to
77 per cent absorption within 24 h3. Pharmacokinetic
studies in humans indicate that nickel is absorbed
through the lungs11-13, gastrointestinal tract14-16, and
skin17,18. Following absorption from the lungs and the
gastrointestinal tract, nickel is excreted in the urine19-21.
A 70 kg reference man contains 10 mg of nickel, giving
an average body concentration of 0.1 ppm. Reference
values for nickel in healthy adults is 0.2 µg/l in serum
and 1-3 µg/l in urine3. A National Health and Nutritional
Examination Survey II of hair found mean nickel levels
of 0.39 ppm, with 10 per cent of the population having
levels >1.50 ppm3. About 20-35 per cent of the inhaled
nickel that is retained in the lungs is absorbed into the
blood. Absorption of nickel following oral exposure has

been shown to vary (3-40%) depending on whether the
nickel was in drinking water or food. It was noticed
that a greater absorption of nickel occurred in drinking
water. Fasting individuals have also been shown to
absorb more nickel from the gastrointestinal tract. Most
of the absorbed nickel is excreted in the urine, regardless
of the route of exposure14.

Distribution: Increased levels of nickel were found in
the lungs, nasal septum, liver, and kidneys of workers
inhaling nickel22-24. Animal data indicate that after
inhalation, nickel particles can remain in the lungs
(nickel oxide) or be absorbed and then excreted in the
urine (nickel sulphate). High levels of nickel were also
found in the liver, heart, lungs, fat, peripheral nervous
tissue, and brain7-9,25. Nickel is known to bind to specific
proteins and/or amino acids in the blood serum and the
placenta. These ligands are instrumental in the transport
and distribution of nickel in the body.

Metabolism: Nickel is not destroyed in the body, but its
chemical form may be altered. The metabolism of nickel
is most appropriately viewed in light of its binding to
form ligands and its transport throughout the body.
Much of the toxicity of nickel may be associated with
its interference with the physiological processes of
manganese, zinc, calcium, and magnesium5. Various
disease states (myocardial infarction and acute stroke)
and injuries (burn injury) are associated with altered
transport and serum concentrations of nickel3. Nickel
concentrations in surface water and groundwater range
between 3 and 10 µg/l. Nickel levels in drinking water
in the United States generally range from 0.55 to 25
µg/l and average between 2 and 4.3 µg/l3. Based on
these average nickel concentrations and a reference
water intake of 2 l/day, the estimated average intake of
nickel from drinking water ranges from 4 to 8.6 µg/
day. Ambient air concentrations of nickel range between
7 and 12 ng/m3, mainly in the form of aerosols and can
be as high as 150 ng/m3 near point sources. Based on
1996 air quality data, EPA has reported average U.S.
ambient air levels of 2.2 ng/m3. Ambient air levels of
nickel are expected to be higher in urban air than in
rural air. Concentrations of nickel in indoor air are
generally 10 ng/m3 26.

Excretion: In humans most ingested nickel is not
absorbed and is eliminated predominantly in the faeces.
Some of the nickel absorbed from the gastrointestinal
tract is excreted in the urine and is associated primarily
with low molecular weight complexes that contain
amino acids. In human nickel can also be eliminated
through sweat and milk27. It has been reported that
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faecal nickel is usually about 100 times that of urinary
nickel and represents the removal of unabsorbed
nickel3,4. Urinary nickel levels of 0.4-6.0 g/l in non-
exposed, healthy adults were reported by Sunderman
et al27,28 while levels as high as 400 g/l were also reported
by Sunderman et al29 for workers occupationally
exposed to nickel and nickel compounds.

Nickel toxicities and health effects: An overview

The adverse health effects of nickel depend on the
route of exposure (inhalation, oral, or dermal) and can
be classified according to systemic, immunologic,
neurologic, reproductive, developmental, or
carcinogenic effects following acute (01day),
subchronic (10-100 days), and chronic (100 days or
more) exposure periods. The most common harmful
health effect of nickel in humans is an allergic skin
reaction in those who are sensitive to nickel. Nickel is
the most observed cause of immediate and delayed
hypersensitivity noticed in occupationally exposed as
well in the general population. The metal is not only an
allergen but also a potential immunomodulatory and
immunotoxic agent in humans30. Based on studies of
nickel workers and laboratory animals, all nickel
compounds, except for metallic nickel, have been
classified as human carcinogens by the International
Agency for Research on Cancer (IARC)31 and the U.S.
Department of Health and Human Services32.

Health risk assessment on nickel: There are five priority
substances which are selected by WHO for the nickel
risk assessment. They are nickel powder, nickel
sulphate, nickel chloride, nickel carbonate and nickel
nitrate. Nickel powder (T; R48-23) has been classified
in chronic toxicity classification as per environmental
risk assessment report on nickel. NiSO

4
, NiCl

2
, NiCO

3
and NiNO

3
 are classified as carcinogen class I (by

inhalation), reproductive toxicants class II (may cause
harm to unborn children) and chronic toxicants (T; R48-
23). If particle size of nickel powder found to be less
that 0.1 mm, it is classified as T; R52-53 (harmful to
the aquatic environment)33.

Acute toxicity (01 day): The accidental inhalation of
nickel carbonyl generally causes acute toxic effects in
two stages, immediate and delayed. The immediate
symptoms include headache, vertigo, nausea, vomiting,
insomnia, irritability, which usually last a few hours,
followed by an asymptomatic interval of 12 h to 5 days.
Then delayed symptoms appear-tightness of the chest,
nonproductive cough, dyspnoea, cyanosis, tachycardia,
palpitations, sweating, visual disturbances, vertigo,

weakness, and lassitude34. A fatal case of nickel
poisoning was reported for a 2 ½ yr old girl who had
ingested 15 g of nickel sulphate35. The cause of death
was cardiac arrest. Death due to nickel-induced adult
respiratory distress syndrome (ARDS) was reported for
a worker spraying nickel using a thermal arc process36.
Nausea, vomiting, abdominal pain, diarrhoea, headache,
cough, shortness of breath, and giddiness were reported
for workers of an electroplating plant who drank water
contaminated with nickel chloride and nickel sulphate
(1.63 g/l)37. Signs and symptoms of toxicity lasted for
up to 2 days with uneventful recoveries for all 32
workers. In male rats, a single dose of nickel chloride
injection caused a profound and consistent increase in
circulating prolactin levels after one day and lasted for
four days38. Kidney injury and frank haematuria were
also observed in acute nickel toxicity39. Water-soluble
nickel compounds have been shown to be more acutely
toxic than the less soluble ones. The single dose oral
LD

50
 in rats for the less soluble nickel oxide and

subsulphide were > 3,600 mg Ni/kg b wt, whereas the
oral LD

50
 for the more soluble nickel sulphate and nickel

acetate ranged from 39 to 141 mg Ni/kg b wt in rats
and mice40.

Subchronic toxicity (10-100 day): In an evaluation of
workers welding high-nickel alloys, it was reported that
6-wk exposure to nickel fumes (0.07 to 1.1 mg nickel/m3)
caused an increase in airway and eye irritations,
headaches, and tiredness41. Weber and Reid42 reported
significant reductions in body weight gain, decreased
body weight, and signs of hepato and renal toxicities in
animals as a result of daily exposure to nickel via diet
or gavage. Weischer et al43 reported that oral
administration of nickel as NiCl

2 
in male rats over a

period of 28 days at concentration of 2.5, 5.0 and
10.0 µg /ml in drinking water (0.38, 0.75, or 1.5 mg/kg/
day) resulted in significant dose-dependent
hyperglycaemia, decrease in serum urea and significant
increase in urine urea. At 0.75 mg/kg doses increased
leukocyte count was also observed43. Whanger25

reported reduced blood hamoglobin and PCV after
nickel exposure. Toxic symptoms like lethargy, ataxia,
hypothermia, salivation, diarrhoea were observed in the
nickel treated rats at 10 mg/kg/d doses30. The mortality
rate among rats are very high in dose-dependent nickel
treatment44. Obona et al45 reported that in adult male
Sprague-Dawley rats given NiSO

4 
at 0, 0.02, 0.05 and

0.1 per cent or 0, 44.7, 111.75 and 223.5 mg/l
respectively (estimated doses of 0, 5, 12.5 and 25 mg/
kg/day) in their drinking water for 13 wk, both the
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absolute and relative liver weights in the 12.5 mg/kg
and 25 mg/kg groups were significantly decreased. Total
plasma protein, plasma albumin and globulins and
plasma glutamic pyruvic transaminase activity were
found significantly decreased in the highest dose
group45. It was noticed that exposure of dietary nickel
sulphate hexahydrate (100, 1000, or 2500 ppm) to dogs
for 2 years failed to produce significant signs of
compound-related toxicity7. A 91-day study using rats
given nickel chloride hexahydrate by gavage at doses
of 5, 35, or 100 mg nickel/kg/day resulted in the death
of all rats in the high-dose group by day 78. An increase
in white blood cell counts for those in the 35 mg/kg/
day group at an interim sacrifice, and an elevated platelet
count and decreased blood glucose level in the 35 mg/
kg group at final sacrifice were also observed46. Renal
tubular degeneration was reported for rats receiving
dietary nickel acetate (0.1 to 1.0%) for several weeks.
Twelve women who were occupationally exposed to
soluble nickel compounds (0.75 mg Ni/m3 average
concentration) showed increased urinary levels of total
protein, β

2
-microglobulin, retinal binding protein, and

N-acetyl-β-D-glucosaminidase (NAG)47. Although altered
biomarkers reflected tubular dysfunction, no effect was
found on markers of glomerular function, urinary
albumin levels, or transferrin levels.

A study of 17 electroforming workers suffering from
occupational dermatitis following heavy exposure to
nickel revealed no evidence of proteinuria48. A 13-wk
inhalation study conducted by the Inhalation Toxicology
Research Institute compared the effects of exposure of
rats and mice to nickel sulphate hexahydrate, nickel
subsulphate, and nickel oxide at occupationally relevant
exposure concentrations49. Severity of inflammation and
fibrosis of the lungs and alveolar macrophage hyperplasia
corresponded to the water solubility of the nickel
compounds with nickel sulphate being the most toxic,
followed by nickel subsulphate and nickel oxide49. Haley
et al50 reported immunotoxic effects in mice following
13-wk exposures to various nickel compounds. Nickel
subsulphide (1.8 mg nickel/m3) decreased activity levels
of natural killer cells while both nickel oxide (0.47, 2.0,
and 7.9 mg nickel/m3) and nickel subsulphate (0.45 and
1.8 mg nickel/m3) inhibited phagocytic ability of alveolar
macrophages50. In studies with mice and rats, Smialowicz
et al51-53 found that nickel chloride affected T cell-
mediated immune responses (but not humoral immune
responses) and that natural killer cells were target cells
of the immunotoxic effects of nickel. Alterations in innate
(or non specific) and acquired immunity have been

observed in animals. Several studies examined alveolar
macrophage functions. A significant reduction in
macrophage phagocytic activity was observed in rats
exposed to an unspecified concentration of nickel
chloride for 2 h54 or in mice exposed to 0.47 mg Ni/m3 as
nickel oxide or 0.45 mg Ni/m3 as nickel subsulphide 6 h/
day, 5 days/wk for 65 days55. No alteration of macrophage
phagocytic activity was observed in mice exposed to
<0.45 mg Ni/m3 as nickel sulphate 6 h/day, 5 days/wk
for 65 days55.

Chronic toxicity (>100 day): Most chronic inhalation
exposures involve occupational exposure to nickel dust
or nickel vapors resulting from welding nickel alloys.
Generally, chronic inhalation exposure to nickel dusts
and aerosols contribute to respiratory disorders such as
asthma, bronchitis, rhinitis, sinusitis, and
pneumoconiosis56. Based on analyses of studies
completed prior to 1975, the National Academy of
Sciences (NAS) concluded that nickel refinery workers
demonstrated an increase in the incidence of pulmonary
and nasal cavity cancers, specifically epidermoid,
anaplastic, and pleomorphic cancers57. Enterline and
Marsh58 showed that there was an excess risk of nasal
sinus cancer in nickel refinery workers. A lifetime
exposure of rats to nickel oxide (42 mg nickel/m3)
produced emphysema and other proliferative and
inflammatory changes59. It was reported by Vyskocil et
al47 that drinking water contains NiSO

4
 at 100 mg/l

exposure to both male and female rats causes significant
increases in kidney weights. Urinary excretion of
albumin increased significantly in female rats but the
increase was marginalized in male rats. Male and female
Wistar rats fed diets containing nickel as NiSO

4
 at

0,100,1000, 2500 ppm (0, 5, 50 and 125 mg/kg/day)
for 2 yr showed significant body weight reduction in
both male and female rats47. Schroeder et al60 observed
focal myocardial fibrosis in rats exposed to nickel at 5
ppm for 18 months. Ambrose et al7 reported increased
heart weights without any reported histological changes
of the heart tissue in rats exposed to 75 mg/kg/day as
NiSO

4
 in a 2 year study. No clinical evidence of

developmental or reproductive toxicity was reported for
women working in a nickel refinery61. Chashschin et
al62 reported on possible reproductive and
developmental effects in humans of occupational
exposure to nickel (0.13-0.2 mg nickel/m3). The NTP63-

65 studies allow for the comparison of the toxicity of
nickel sulphate, nickel subsulphide, and nickel oxide
in rats and mice. Following acute- or intermediate-
duration exposure, the toxicity of the different nickel
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compounds is related to its solubility, with soluble nickel
sulphate being the most toxic and insoluble nickel oxide
being the least toxic. The difference in the toxicity
across compounds is probably due to the ability of
water-soluble nickel compounds to cross the cell
membrane and interact with cytoplasmic proteins. In
contrast, the severity of inflammatory and proliferative
lesions following chronic exposure was greater in rats
exposed to nickel subsulphide or nickel oxide, as
compared to nickel sulphate. Additionally, parenchymal
damage secondary to inflammation was evident in the
rats exposed to nickel subsulphide and nickel oxide, but
not nickel sulphate63-65.

Some specific aspects of nickel toxicities

Genotoxicity: Biggart and Costal74 have observed that
nickel is a nongenotoxic agent. In contrast, both in vivo
and in vitro tests on higher organism cell it was observed
that nickel produces some genetic abnormalities like
DNA strand break, DNA-protein cross links, nucleotide
excision, single gene mutations, sister chromatid
exchanges, micronuclei, nucleic acid concentration
alteration and cell transformation5,66,67. Investigators
conducting epidemiology studies have reported a higher
incidence of chromosomal aberrations in nickel workers
compared to controls20,68. Both in vitro and in vivo
studies in mammals indicate that nickel is genotoxic69-72.
The available evidence suggests that nickel does not
alter the frequency of gene mutations in non mammalian
organisms73-75, although some studies have found gene
mutations76. Mixed results for gene mutations have been
found in mammalian test systems. Increases in the
frequency of gene mutations have been found at the
HGPRT locus in Chinese hamster V79 cells77 but not in
Chinese hamster ovary cells78. An increase in gene
mutation frequency has also been found in Chinese
hamster ovary AS52 cells (grp locus)79, mouse
lymphoma cells80,81 and virus-infected mouse sarcoma
cells82-83. Gene mutation frequency was not affected in
transgenic mouse and rat respiratory tissue following
inhalation exposure to nickel subsulphide84. Nickel
enhances the genotoxicity of ultraviolet light, X-rays,
cis- and trans-platinum, and mitomycin C. In vitro
studies in HeLa cells suggest that nickel inhibits the
incision step in excision repair85 while studies using
Chinese hamster ovary cells suggest that nickel inhibits
the ligation step of excision repair86. Protein seems to
be the primary target for nickel insult87. The threshold
concentration of nickel induced mutagenesis is
impossible to establish at present because in most
studies the lowest concentrations used were near those
that cause high cytotoxicity. Nickel causes increased
level of endogenous cellular hydrogen peroxide and its

short lived reactive oxygen species87,88. Nuclear protein
damage caused by nickel reduces the enzyme activity
needed for DNA replication, transcription,
recombination and repair.

Developmental toxicity: There are limited data on the
potential developmental toxicity of nickel in humans.
An increase in structural malformations was observed
in infants of women who worked in a nickel
hydrometallurgy refining plant89. Decreased foetal body
weight was observed in offspring of rats exposed to
high levels of nickel via inhalation during gestation90.
Developmental effects have also been observed in
animals following parental administration of nickel91.
The available animal data on developmental toxicity
provide suggestive evidence that the developing foetus
and neonates are sensitive targets of nickel toxicity.
Male-only exposure to 3.6 mg Ni/kg/day as nickel
chloride in drinking water for 28 days resulted in
decrease the number of pups born alive (2.7/dam versus
10.2/dam in controls), the number of pups surviving
until postnatal day 4 (56% versus 100% in controls),
and litter size at postnatal day 21 (1.3 pups versus 9.2
pups in controls)92. An increase in spontaneous abortions
was observed in female mice exposed to 160 mg Ni/kg/
day as nickel chloride in drinking water on gestational
days 2-1793. Decreases in pup body weights were
reported in the offspring of rats exposed to 90 mg Ni/
kg/day, 30, and 55 mg Ni/kg/day7,94-95. Neither Ambrose
et al7 nor the Research Triangle Institute (RTI)94,95 multi
generation studies found any significant, nickel-related
gross abnormalities in the surviving offspring of rats
exposed to nickel.

Haematotoxicity: No human studies were located
regarding haematological effects after inhalation or
dermal exposure to nickel. Regarding oral exposure,
one study reported a transient increase in blood
reticulocytes in workers who drank water from a water
fountain contaminated with nickel sulphate, nickel
chloride, and boric acid (estimated dose of 7.1-35.7 mg
Ni/kg)37. A number of haematological alterations were
observed in studies by Weischer et al43 and National
Toxicology Programme (NTP)63-65. A transient increase
in blood reticulocytes was observed in workers who
were hospitalized after drinking water during one work
shift from a water fountain contaminated with nickel
sulphate, nickel chloride, and boric acid37. Intermediate
duration exposure to >0.7 mg Ni/kg/day as various
nickel salts produced haematological effects in rats.
Effects included a decrease in haemoglobin level in rats
exposed to 25 mg Ni/kg/day as nickel acetate in the
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diet for 6 wk25. An increase in leukocyte levels was
found in rats exposed to 0.49 mg Ni/kg/day as nickel
chloride in drinking water for 28 days43 and also an
increase in platelet counts in rats administered via
gavage 8.6 mg Ni/kg/day as nickel chloride for 91 days
was observed46. No haematological effects were
observed in rats treated with nickel sulphate in the diet
at a dose of 187.5 mg Ni/kg/day for 2 yr7. Low
haematocrit levels were also observed in dogs after
chronic dietary exposure to 62.5 mg Ni/kg/day as nickel
sulphate7. A decrease in hematocrit level was observed
in male rats continuously exposed to 0.178 or 0.385
mg Ni/m3 as nickel oxide for 28 days. Another study
using nickel sulphate in rats by Das et al96 found that
intraperitoneal administration of the compound
significantly decreased the erythrocyte count,
haematocrit value (PCV%), and haemoglobin
concentration when compared with untreated controls.
The authors also reported a significant increase in
clotting time, followed by decrease in platelet and
leukocyte count after nickel treatment in rats. Such a
decrease could result in nickel-induced anaemia (non-
regenerative anaemia) arising from injury of
haematopoietic stem cells. Nickel sulphate probably
decreases all types of blood cells in rats by inhibiting
bone marrow activity96.

Immunotoxicity: Nickel is capable of evoking dual
responses in the human immune system, sometimes in
the same subject97. Experiments conducted in humans
and in rodents have shown that nickel exhibits both
immunomodulatory and immunotoxic effects. Allergic
dermatitis and immunologic urticaria can be seen in the
area of contact as well as at distant sites. A systemic
allergic reaction to nickel can manifest as both immune
and allergic reactions98-100. Although a metal ion like
nickel is too small to be antigenic by itself, the metal can
oxidize to a low molecular weight substance called a
hapten, which is non-immunogenic alone but can elicit an
immune response when joined with a larger molecule, like
tissue protein. The binding of the metal modifies the native
protein configuration, and the hapten-specific T cells in
the host immune system recognize the altered protein as a
non-self antigen30. Number of immunological and
lymphoreticular effects have been reported in humans
and animals exposed to nickel. In 38 production workers
exposed to nickel (compound not specified), significant
increases in levels of immunoglobulin G (IgG), IgA,
and IgM and a significant decrease in IgE levels were
observed101-102. Significant increases in other serum
proteins, which may be involved in cell-mediated

immunity (including α1-antitrypsin, α2-macroglobulin,
ceruloplasmin) were also noticed. Nickel and chromium
significantly depressed the circulating antibody
response of rats immunized with a viral antigen, with
the greatest decrease in antibody titres noted in animals
receiving the metal two weeks before the initial antigen
dose103,104. Several studies have examined the
relationship between nickel exposures and acquired
immune function. An increase in susceptibility to
Streptococcal infection was observed in mice exposed
to 0.499 mg Ni/m3 as nickel chloride or 0.455 mg Ni/
m3 as nickel sulphate for 2 h54. Mice exposed to 0.657
mg Ni/m3 as nickel chloride also developed septicaemia
from the Streptococci infection and had a reduced ability
to clear the inhaled bacteria54.

Nickel and chromium significantly depressed the
circulating antibody response of rats immunized with a
viral antigen, with the greatest decrease in antibody
titers noted in animals receiving the metal two weeks
before the initial antigen dose103,104. In a mouse model,
both IgG and IgM antibody responses to Keyhole
Limpet Hemocyanin (KLH) were significantly
depressed in vivo in nickel fed animals105.

Neurotoxicity: Neurological effects (giddiness,
weariness) were reported in individuals accidentally
exposed to nickel and boric acid in drinking water37.
Neurological signs (lethargy, ataxia, prostration) were
observed in dying rats treated with nickel for 3 months;
however, these effects were probably associated with
overall toxicity46.

Reproductive toxicity: An increase in the rate of
spontaneous abortions (15.9%) was reported among a
group of 356 women who worked in a nickel
hydrometallurgy refining plant in the Arctic region of
Russia as compared to the rate (8.5%) in 342 local
female construction workers62.

Testicular degeneration was observed in rats and
mice exposed to nickel sulphate (>1.4 mg Ni/m3) and
nickel subsulphide (>1.83 mg Ni/m3 for rats and >3.65
mg Ni/m3 for mice) 6 h/day for 12 days over a 16-day
period63 -65. In male rats exposed to NiSO

4
 at 25 mg/kg,

several testicular changes, such as interstitial cell
proliferation, transport vessel walls, and reduced
number of spermatozoa and some testicular enzymes
such as steroid 3ß hydroxysteroid dehydrogenase were
seen106. Das and Dasgupta107 also reported decreased
sperm count, sperm motility, and alteration of
steroidogenesis in nickel treated rats. Nickel exposure
elevates testicular lipid peroxidation and suppresses
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antioxidant enzyme activities in rats108. Kakela et al109

conducted a study to determine the reproductive effects
of nickel in both female and male Wistar rats in which
one or both genders were exposed to nickel at 10-100
ppm as NiCl

2 
in drinking water. In males (exposed 28

or 42 days before copulation) NiCl
2 
induced shrinkage

of seminiferous tubules and decreased the number of
spermatogonia in the tubules.

Carcinogenicity: Nickel (Ni+2) compounds are potent
carcinogens and can induce malignant transformation
of rodent and human cells. Workers have been employed
in nickel refinery facilities, nickel mining and smelting
facilities, nickel alloy production facilities, stainless
steel production facilities, nickel-cadmium battery
production facilities, or as stainless steel welders are
found to be suffering from cancer. Because nickel
workers are exposed to several nickel species, it is
difficult to assess the carcinogenic potential of a
particular nickel species. The International Committee
on Nickel Carcinogenesis in Man investigators used
cross-classification analyses to examine the dose-
response to a specific nickel species independent of
variations in other species. The most comprehensive
cross-classification analyses were performed for cohorts
of workers in different departments at the Mond/INCO
(Clydach) nickel refinery and at the Falconbridge
(Kristiansand) nickel refinery (only analyzed for
metallic nickel)110. A number of animal studies have
examined the carcinogenic potential of nickel
subsulphide, nickel oxide, and nickel sulphate. Chronic
exposure to nickel subsulphide resulted in significant
increases in lung tumours in two rat studies. Adenomas,
adenocarcinomas, squamous cell carcinomas, and
fibrosarcoma were observed in rats exposed to 0.7 mg
Ni/m3 as nickel subsulphide 6 h/day, 5 days/wk, for 78
wk111. Acute (6 h/day, 5 days/wk, for 1 month) inhalation
exposure to <6.3 mg Ni/m3 as nickel oxide resulted in
no significant increase in lung cancer in rats <20 months
after exposure112. However, significant increase in the
incidence of alveolar/bronchiolar adenoma or
carcinoma were observed in male and female rats
exposed to 1 or 2 mg Ni/m3 as nickel oxide 6 h/day, 5
days/wk for 2 yr65. The available evidence suggests that,
mechanistically, nickel carcinogenicity is probably the
result of genetic factors and/or direct (e.g. ,
conformational changes) or indirect (e.g., generation
of oxygen radicals) epigenetic factors. Additionally,
certain nickel compounds promote cell proliferation,
which would convert repairable DNA lesions into non
repairable mutations.

Toxicities in some specific peripheral tissues

On liver: A transient increase in serum bilirubin was
observed in 3 of 10 workers who were hospitalized after
drinking water from a water fountain, contaminated with
nickel sulphate113. In rats, decreased liver weight was
observed following exposure for 28 days to 2 yr to 0.97-
75 mg/kg/day of nickel chloride or nickel sulphate43.
Recent studies on rats by Das et al114 revealed a nickel
sulphate-induced degenerative effect on hepatic
tissue114. They have observed that after the
intraperitoneal injection of nickel sulphate, normal
hepatic architecture was greatly altered, along with
appearance of vacuolated cytoplasm (fatty liver),
eccentric nuclei, and Kupffer cell hypertrophy. One
report described decreased hepatic and renal
transaminase activities after nickel treatment in rats,
which was found more deleterious in a protein-restricted
dietary regimen30. Nickel sulphate also decreases the
liver ascorbic acid and cholesterol levels in rats115. Das
et al88 showed, after the nickel treatment of rats, a
significant rise in hepatic lipid peroxides and a decrease
in antioxidant enzymes like superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase
(GSH-Px) activities and in the hepatic glutathione
concentration.

On lungs: Studies in both humans and animals indicate
that following inhalation exposure, the respiratory
system is the primary target of nickel toxicity. In
humans, a single case of death from the ARDS occurred
in a worker who sprayed a very high concentration of
metallic nickel of small particle size for 90 min without
wearing personal protective equipment116. The
histological changes noted in the lungs of this case
included alveolar wall damage with fibrotic changes
and oedema in the alveolar space. A statistically
significant increase in the incidence of deaths from
respiratory disease was found in welders in some
studies117. Studies in rats and mice demonstrate that
chronic active inflammation in the lungs is the most
prominent effect following inhalation exposure to nickel
sulphate, nickel subsulphide, or nickel oxide. In acute
exposure, however, chronic lung inflammation was
observed at the lowest concentrations of nickel sulphate
and nickel subsulphide118. Chronic exposure for 2 yr to
nickel (6 h/day, 5 day/wk) resulted in active lung
inflammation in mice at 0.06 mg Ni/m3 and in rats at
0.11 mg Ni/m3 and higher. Additional lung effects that
were found at the same dose levels as those in
inflammation include alveolar epithelium hyperplasia,
fibrosis in rats and mice exposed to nickel subsulphide,
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and bronchiolization and/or alveolar proteinosis in mice
exposed to nickel oxide119. In addition to the lung effects
in rats and mice, several studies have demonstrated that
exposure to nickel sulphate and nickel subsulphide can
induce atrophy of the nasal olfactory epithelium63. A
recent study120 revealed that water-soluble nickel sulphate
has profound effect on lung tissue and its antioxidant
enzyme system119. In this study, the intraperitoneal
injection of nickel sulphate (2 mg/100 g b wt)
alternatively for 10 days caused a significant increase in
the lipid peroxide level in lung tissue in comparison with
a control group. At the same time, lung SOD, CAT, and
GSH-Px activities were significantly decreased120.

On kidneys: Inflammation in the bronchioles, alveolar
congestion, alveolar cell hyperplasia, and sometimes
congestion in the lumen was also noticed120. Following
oral exposure to nickel contaminated drinking water, a
transient increase in urine albumin was reported in
electroplating workers37. Increased levels of nickel in
urine were significantly linked to urinary β

2
-

microglobulin levels in nickel refinery workers121. The
kidney was the major organ of nickel accumulation, and
minor renal tubular damage at the corticomedullary
junction was observed37. In rats exposed for 13 wk to
nickel sulphate in drinking water, a significant decrease
in urine volume and urine glucose levels and an increase
in relative kidney weight were also observed45.

Nickel and oxidative stress

Heavy metals as free radical generators: The molecules
of diatomic oxygen in the earth atmosphere are the
biggest ones to provoke reactions on the living cells.
Except for those organisms that are specially adapted
to live under anaerobic conditions, all the animals and
plants need oxygen for an efficient production of
energy122. The oxygen emergency must have been
followed by the ozone layer appearance (O

3
) in the high

atmosphere. The absorption of ultraviolet rays occurs
due to change of ozone layer and probably it allowed
the evolution of the most complex earth organism122.
Lipid peroxidation sets off a chain reaction that
generates a large numbers of free radicals, which are
both cytotoxic and genotoxic through their ability to
covalently modify proteins and DNA123,124. The
mechanisms of heavy metals toxicity through electron
transfer most often involve the cross-linking of the
sulphhydryl groups of proteins. Nickel and other heavy
metals can also generate free radicals directly from
molecular oxygen in a two step process to produce
superoxide anion. In the continued presence of the heavy

metal, the superoxide anions formed can then combine
with protons in the dismutation reaction generating
hydrogen peroxide in the process.

Ni(II) induces oxidative stress: The cumulative
production of reactive oxygen species/ reactive nitrogen
species ROS/RNS through either endogenous or
exogenous insults is termed oxidative stress and is
common for many types of cancer cell that are linked
with altered redox regulation of cellular signaling
pathways. Oxidative stress induces a cellular redox
imbalance which has been found to be present in various
cancer cells compared with normal cells. The redox
imbalance thus may be related to oncogenic stimulation.
The ROS generated could non selectively damage DNA,
possibly resulting in genetic changes in active genes.
DNA mutation is a critical step in carcinogenesis and
elevated levels of oxidative DNA lesions (8-OH-G) have
been noted in various tumours, strongly implicating such
damage in the aetiology of cancer125. Nickel may bind
to DNA-repair enzymes and generate oxygen-free
radicals to cause protein degradation in situ. This
irreversible damage to the proteins involved in DNA
repair, replication, recombination, and transcription
could be important for the toxic effects of nickel126.

Experimental data suggest that oxidative stress may
be important in nickel-induced carcinogenesis, however,
a direct correlation between the ability of nickel to
produce oxidative stress and carcinogenicity is not yet
fully understood. Nickel (Ni2+) mimic hypoxia and was
used as a tool to study the role of oxygen sensing and
signaling cascades in the regulation of hypoxia-inducible
gene expression. This metal can produce oxidative stress;
therefore, it was conceivable that ROS may trigger
signaling pathways resulting in the activation of the
hypoxia-inducible factor (HIF)-1 transcription factor and
upregulation of hypoxia-related genes. The activity of
the HIF-1 transcription factor as assessed in transient
transfection assays was stimulated by Ni2+, hypoxia, and
desferrioxamine, but this activation was not diminished
when oxidative stress was attenuated nor was HIF-
dependent transcription enhanced by hydrogen peroxide.
It was reported that ROS are produced during the
exposure of cells to metals that mimic hypoxia, but the
formation of ROS was not involved in the activation of
HIF-1-dependent genes127. HIF-1 is very sensitive to
hypoxia stimulus and precise regulation of oxygen
homeostasis. HIF-1 is composed of two bHLH proteins,
HIF-1a and HIF-1b. HIF-1a is expressed and HIF-1b
accumulated only in hypoxic cells. One explanation of
the nickel-induced activation of the HIF-1 transcription
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factor is based on the assumption that nickel replaces
iron in the oxygen carrier, Fe(II)-hybrid haemoglobin.
Substitution of iron by nickel switches signal to
permanent hypoxia, which in turn activates the HIF-1
factor127. Ni(II) enhances the oxidation of all DNA bases
in vitro128 and lipid peroxidation in vivo5. Although
nickel(II) by itself does not cause efficient free radical
generation from oxygen, H

2
O

2
, or lipid hydroperoxides,

the reactivity of Ni(II) with those oxygen derivatives can
be modulated by chelation with certain histidine- and
cysteine-containing ligands129,130. The incubation of Ni(II)
with cysteine in an aerobic environment generates the
hydroxyl radical, which then reacts with cysteine to
generate a carbon-centered alkyl radical. Free radicals
can also be generated from lipid hydroperoxides by Ni(II)
in the presence of several oligopeptides131,132. Hence, free
radical generation from the reaction of Ni(II)-thiol
complexes and molecular oxygen, and/or lipid
hydroperoxides, could play an important role in the
mechanism(s) of Ni(II) toxicity30. The results of a series
of studies using cultured human peripheral blood
lymphocytes also suggest that nickel induces oxidative
stress in humans133,134. In an in vitro study using human
lymphocytes, nickel chloride increased the generation
of hydrogen peroxide and lipid peroxidation133. The levels
of intracellular reactive oxygen species, lipid
peroxidation and hydroxyl radicals and also the potential
effects of antioxidants were examined. The level of
hydroxyl radical in the Ni-treated group was much higher
than in control. Also the levels of thiobarbituric acid-
reactive substances (TBARS) in human lymphocytes in
vitro in a concentration-dependent manner were detected.
Catalase partially reduced the NiCl

2
- induced elevation

of oxidants, whereas superoxide dismutase (SOD)
enhanced the level of oxidants and TBARS. Both NiCl

2
-

induced lipid peroxidation was prevented significantly
by glutathione (GSH) and mannitol. NiCl

2
-induced

increase in generation of hydroxyl radical was prevented
significantly by catalase, GSH and mannitol, but not by
SOD. These results suggest that NiCl

2
-induced

lymphocyte toxicity may be mediated by oxygen radical
intermediates. Catalase, GSH and mannitol each provides
protection against the oxidative stress induced by
nickel133.

The pretreatment of human blood lymphocytes with
either CAT (a H

2
O

2
 scavenger), or SOD (a scavenger of

O2- radical) significantly reduced markers of nickel
carbonate hydroxide-induced genetic and cellular
damage. In another study, nickel chloride was shown
to induce the free radicals-mediated induction of

oxidized DNA bases and DNA-protein cross-links
human lymphocytes in vitro135. NiCl

2
-induced

lymphocyte toxicity may be mediated by oxygen radical
intermediates, for which the accelerated generation of
OH may play an important role in nickel-induced
oxidative damage of human lymphocytes131. In rats, the
parenteral administration of nickel chloride enhances
lipid peroxidation in liver, kidney, and lung, as measured
by the thiobarbituric acid reaction for malondialdehyde
(MDA) in fresh tissue homogenates136. The level of
MDA was also found to be significantly elevated in
serum of nickel chloride-treated rats137. Misra and
coworkers showed that a single intraperitoneal injection
of nickel (II) acetate increased lipid peroxidation and
glutathione-S-transferase activity in rat liver and kidney
while concomitantly decreasing the glutathione
concentration and glutathione reductase activity138. The
same group found that the nickel-induced lipid
peroxidation in different strains of mice was concurrent
with nickel’s effect on antioxidant defense systems in
liver and kidney138,139. The magnitude of nickel-induced
lipid peroxidation showed a reverse correlation with
the extent and direction of its effect on glutathione,
glutathione peroxidase glutathione reductase, but not
on CAT, SOD, or glutathione-S-transferase. Nickel
chloride also induces lipid peroxidation in rat renal
cortical slices in vitro140.

Antioxidant defense against nickel toxicity: Suitable
mechanisms are present in human body so that steady
state concentration of potentially toxic oxygen derived
free radicals are kept in check under normal physiological
condition by body’s intrinsic antioxidant defense system.
But enhanced generation of these reactive oxygen species
(ROS) can overwhelm cell’s intrinsic antioxidant
defenses and result in a condition known as “oxidative
stress”. Data suggest that antioxidants may play an
important role in abating some hazards of nickel141.
Exogenous antioxidants are intimately involved in the
prevention of cellular damage by interacting with free
radicals and by terminating the chain reaction. In rats,
increased lipid peroxide formation and decreased levels
of glutathione, SOD, CAT, GSH-Px activities as well as
ascorbic acid depletion have been found in the most active
metabolic tissues of the body, namely, liver and
kidney114,115. Increased lipid peroxidation could stimulate
phospholipase A

2 
(PLA

2
) activities, thereby causing the

production of a variety of eicosanoids, products of the
arachidonic acid pathway that are responsible for cell
injury. Additionally, a decrease in antioxidant enzymes
suggests an interaction with the accumulated free radicals
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and active amino acids of the enzymes, leading to
functional impairment and tissue damage. Ascorbic acid
(vitamin C) is a dietary antioxidant that inactivates
oxygen free radicals.

Some studies have shown that vitamin C works in
concert with vitamin E to prevent the free radical chain
oxidation of lipids. Numerous reports have shown the
positive effect of vitamin C as an antioxidant and
scavenger of free radicals88. Nickel compounds adversely
affect cells by modulating ascorbic acid metabolism and
other metabolic pathways. Reports have shown the
positive effect of vitamin C as an antioxidant and
scavenger of free radicals88. On the other hand, doses of
vitamin C exceeding the daily recommended dietary
allowance could lead to the formation of toxic advanced
glycation end products, which are derived from the
degradation products of carbohydrates, lipids, and
ascorbic acid. Numerous animal studies support the
ability of vitamin C to protect against free radical damage
in vitro. One of our studies revealed that, L-ascorbic acid
administration simultaneously with nickel sulphate
improves nickel induced hyperglycaemia by boosting
insulin sensitivity in rats and also improve liver glycogen
content. The administration of L-ascorbic acid can
improve the situation in rats by its scavenging activity
within the lipid region of the membrane. Reports also
showed that both the nickel-induced activation of
hypoxia-inducible factor (HIF-1) and the upregulation
of hypoxia-inducible genes are due to depleted
intracellular ascorbate levels. The addition of ascorbate
to the culture medium increased the intracellular
ascorbate level and reversed both the metal-induced
stabilization of HIF-1 and HIF-1α dependent gene
expression142. α-tocopherol (vitamin E) can also protect
against oxidative stress and improve nickel induced
alteration of serum lipid profile and plasma glucose
concentration. It is also reported that, α-tocopherol can
protect both liver and pancreatic cells from nickel induced
cellular damage. Vitamin E, situated near the cytochrome
P-450 in the membrane phospholipid, sweeps the free
radicals formed in the cytochrome P-450.

Nickel is a potent haematotoxic, immunotoxic,
neurotoxic, genotoxic, reproductive toxic, pulmonary
toxic, nephrotoxic, hepatotoxic and carcinogenic agent.
Although conflicting results have been reported in human
studies about the effect of L-ascorbic acid and α-tocopherol
supplementation on oxidative stress, the experimental
animal results with ascorbic acid suggest that a high
consumption of dietary L-ascorbic acid and α-tocopherol
might ameliorate oxidative stress induced by nickel.
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Abstract:  We have studied the effect of simultaneous oral treatment of aqueous garlic extract (Allium sativum) on 
heavy metal (nickel II and chromium VI) induced changes in serum lipid profile. Nickel sulfate and potassium 
dichromate treated rats showed a significant increase in serum low density lipoprotein-cholesterol (LDL-C), very low 
density lipoprotein-cholesterol (VLDL-C) and triglyceride (TG) level as well as decrease in serum high density 
lipoprotein-cholesterol (HDL-C) level. Simultaneous garlic administration with nickel sulfate showed improvement in 
serum LDL-C, HDL-C, VLDL-C and TG level. But in case of potassium dichromate, garlic administration did not 
show satisfactory improvement in lipid profile except VLDL-C and TG level. The results indicate that garlic (Allium 
sativum) has some beneficial effect in preventing heavy metal (nickel and chromium VI) induced alteration of lipid 
profile. 
 
Keywords: Garlic (Allium sativum), nickel sulfate, potassium dichromate, serum lipid profile 
 

 
Introduction 
 

There has been a significant application of metals in 
the various industries due to a general global increase in 
industrial activity over the past few decades. This in turn 
causes a great escalation of metal in the environment. 
Although some metals are essential to human health, these 
may act as toxicants when humans or animals are exposed 
to high concentration. In this regard nickel and chromium 
are considered potential health hazards although in some 
amount they are essential to human health. Both these 
metals are major components of stainless steel and their 
salts are used extensively in electroplating industries. 
After entering the body, nickel penetrates organs and 
accumulates primarily in bone, liver and kidney, being 
excreted in bile and urine [1, 2]. Although chromium (III) 
is an essential nutrient to produce various biochemical 
processes, chromium (VI) is reported as toxic element. It 
has been reported that both nickel and chromium (VI) can 
cause an increase triglyceride and phospholipids in serum 
associated with liver necrosis [2-5]. A study by Kumar et 

al demonstrated that there is increased accumulation of 
lipids in liver of rats after orally exposed to chromium 
(VI) [6]. Nickel also induces severe liver and kidney 
damage by altering several marker enzymes and 
ascorbate-cholesterol metabolism [7]. The most plausible 
mechanism that may be operative in vivo is the generation 
of reactive oxygen species (ROS) by nickel and 
chromium, which initiates lipid peroxidation (LPO), 
thereby causing oxidative damage to critical 
macromolecules like proteins, DNA as well as cell 
damage/ death [8, 9]. For thousands of years, amazing 
medicinal power has been attributed to garlic. Garlic is a 
hardy perennial bulb, native to the Mediterranean regions 
of Africa and Europe. Garlic is said to lower serum 
cholesterol, enhance fibrinolytic activity and inhibit 
platelet aggregation [10-13]. There is also a report on the 
beneficial effects of garlic extract in controlling 
hyperlipidemia in animals [14]. All these effects are 
attributed to the presence of various organosulfur 
compounds, mainly allicin in garlic [15]. Garlic 
compounds are having tremendous antioxidant property 
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which exerts actions by scavenging ROS, enhancing 
cellular antioxidant enzymes and increasing glutathione in 
the cells [16]. 

As the previous studies showed that raw garlic is 
more beneficial than its other form [17, 18], the presents 
study was designed to ascertain the effect of fresh raw 
garlic aqueous homogenate on heavy metal (nickel sulfate 
and potassium dichromate) induced alteration of serum 
lipid profile in male albino rats.  

 
Materials and Methods 

 
Adult (aged 60-70 days) laboratory bred male Wister 

rats weighing 160 + 5 g each were fed with laboratory 
stock diet and water ad libitum for 7 days. The 
acclimatized animals were divided into six groups of six 
animals each. Group I served as an untreated control. 
Group II were administered aqueous homogenate of fresh 
raw garlic at a dose of 250 mg/ Kg b.wt; orally [19]. 
Group III was treated with nickel sulfate (New India 
Chemical Enterprises, Kochi, India) in double-distilled 
water at a dose of 2.0 mg/100g b.wt, intraperitoneally 
(i.p.) [20]. Group IV rats received both nickel sulfate 
(2.0 mg/100g b.wt, i.p) and garlic (250 mg/ Kg b.wt; 
orally) simultaneously. Group V rats were given 
potassium dichromate (Qualigens Fine Chemicals, 
Mumbai, India) in double distilled water at a dose of 0.5 
mg/100g b.wt, intraperitoneally (i.p.) [21]. Group VI rats 
were treated simultaneously with potassium dichromate 
(0.5 mg/100g b.wt, i.p.) and garlic (250 mg/ Kg b.wt; 
orally). Nickel sulfate and potassium dichromate were 
given on alternate days until tenth dose whereas garlic was 
administered orally every day until twentieth dose. The 
entire experimental protocol was approved by institutional 
ethical committee and utmost care was taken during the 
experimental procedure, as well as at the time of sacrifice, 
according to the Helsinki Declaration of 1964 [22]. The 
rats were sacrificed at the end of the last dose after an 
overnight fast. Blood samples were collected in a 
centrifuge tube and allowed to form serum. Serum total 
cholesterol, LDL-cholesterol, high-density lipoprotein 
(HDL) cholesterol, and triglycerides were assayed using 
an enzymatic estimation kit (ERBA-diagnostics 
Mannheim, GmbH, Germany) [23]. 

Mean + SD values were calculated for each group. To 
determine the significance of inter-group differences, we 
analyzed each parameter separately. A one way analysis of 
variance (ANOVA) followed by post hoc‘t’ test was done 
to determine which of the groups differed among 
themselves. Duncan’s Multiple Range Test was applied 
with the level of significance fixed at P < 0.05 [24]. 

 
Results 

 
Table 1 shows that in Group III and Group V, nickel 

and chromium induced a significant increase in serum 
total cholesterol (TC), LDL-cholesterol (LDL-C), VLDL-
cholesterol (VLDL-C) and triglyceride (TG) levels and a 
significant decrease in the serum HDL-cholesterol (HDL-

C) level in comparison with the control (Group I). Group 
IV (nickel sulfate + garlic) also showed a significant 
elevated level of serum TC, LDL-C, VLDL-C, TG and 
lowered level of serum HDL-C in comparison with Group 
I, but LDL-C, VLDL-C, TG levels were significantly 
lower and HDL-C level was significantly higher than 
those of Group III (nickel sulfate). But Group VI rats 
(potassium dichromate + garlic) showed a significant 
decrease only in serum VLDL-C and TG level, when 
compared to that of Group V (potassium dichromate). 

 
Table 1: Effect of nickel sulfate and potassium 
dichromate on serum lipid profile in rats 

Treatment groups: I- untreated control; II- garlic; III- 
nickel sulfate (NiSO4); IV- nickel sulfate + garlic; V- 
potassium dichromate (K2Cr2O7); VI- potassium 
dichromate + garlic. LDL-C, low density lipoprotein-
cholesterol; HDL-C, high density lipoprotein-cholesterol; 
VLDL-C, very low density lipoprotein-cholesterol; TC, 
total cholesterol; TG, triglyceride; each value is mean + 
SD of twelve observations in each group 
 

 
Fig. 1 shows the percent increase of serum TC, LDL-

C, VLDL-C, TG level and percent decrease in serum 
HDL-C level in Group IV in comparison with Group I. but 
when compared with Group III, receiving nickel sulfate 
only, the rise in LDL-C, VLDL-C, TG and fall in HDL-C 
were remarkably less (E2 vs. E3). But such type of 
improvement was not found when E4 and E5 were 
compared except serum VLDL-C and TG level (E4 vs. 
E5). Rats receiving garlic homogenate alone (Group II) 
did not show any significant variation in the parameters 
studied above when compared to control group. 

Treatment 
group 

Total 
cholesterol

(mg/dL) 

LDL-C 
(mg/dL) 

HDL-C 
(mg/dL) 

VLDL-
C 

(mg/dL)

TG 
(mg/dL)

Group-I 68.55 + 
5.747a 

45.50 
+3.008a 

18.54 
+1.270a 

16.98 
+0.419a

85.24 
+3.770a

Group- II 69.32 + 
2.287a 

45.76 
+3.568a 

19.02 
+1.568a 

16.29 
+1.399a

81.32 
+5.601a

Group- III 83.22 + 
4.812b 

63.32 
+3.977b 

11.08 
+0.990b 

26.63 
+0.654b

133.18 
+6.934b

Group- IV 84.02 + 
3.919b 

54.50 
+3.301c 

16.06 
+0.584c 

21.78 
+0.564c

126.78 
+12.873c

Group- V 92.53 + 
3.971c 

71.25 
+2.984d 

13.51 
+0.930d 

26.86 
+0.527b

133.46 
+2.606b

Group-VI 89.66 + 
1.668c 

72.26 
+5.360d 

14.41 
+0.952d 

21.20 
+0.849c

126.86 
+8.683c
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Figure 1: Percent change chart of serum lipid profile 
after nickel sulfate and potassium dichromate treatment; E 
-1, Group I (control) vs. Group II (+ garlic); E-2, Group I 
vs. Group III (+ NiSO4); E-3, Group I vs. Group IV 
(NiSO4 + garlic), E-4, Group I vs. Group V (+K2Cr2O7); 
E-5, Group I vs. Group VI (+K2Cr2O7 + garlic) 
 
 
Discussion 

 
Lipid is an important part of a healthy body because it 

is used to form cell membranes, several hormones and is 
necessary for other cellular functions. The various forms 
of lipids cannot dissolve in the blood and must be 
transported to and from the cells by low density and high 
density lipoproteins. High density lipoprotein cholesterol 
(HDL-C) tends to carry cholesterol away from arteries 
back to the liver. Therefore, high serum cholesterol level 
can be due to hepatic dysfunction. 

Nickel and chromium induced rise in serum TC, 
LDL-C, VLDL-C and TG and fall in serum HDL-C in 
Group III and Group V rats may be due to changes in gene 
expression of some hepatic enzyme like HMG-CoA 
reductase (hydroxyl-methyl-glutaryl-CoA), which in turn 
depresses LDL-receptor gene expression [25, 26]. The rise 
in serum triglyceride is possibly due to hypoactivity of 
lipoprotein lipase in blood vessels which breaks up TG. 
The high TG level along with decreased absorption of 
fatty acids by adipose tissue is associated with a low level 
of HDL-C, insulin resistance and increased risk of 
atherosclerosis [27]. In our study, high cholesterol level in 
chromium intoxication may also be due to decreased 
activity of cytochrome P450 enzymes [28]. The rise in 
serum lipid profile may also be attributed to increased 
lipolysis, mediated by increased norepinephrine release 
which act through interference with the intracellular 
functions of Ca+2 in the cytoplasm [29]. The higher 
toxicity of chromium VI than its trivalent form may be 
due to its greater penetrating power into the cell as it exists 
as tetrahedral chromate anion resembling the forms of 
other natural anions. Moreover, once taken into the cell, 
this chromium (VI) undergoes reduction to chromium (III) 
involving intracellular ascorbate, glutathione [30, 31] 

along with vitamin E in all tissues [32]. All these events 
may lead to increased production of ROS, inducing 
oxidative stress [33] resulting in metabolic dysfunction in 
the present study. When compared to Group III, the 
significant improvement of lipid profiles in Group IV rats 
treated simultaneously with nickel sulfate and garlic 
agrees with the previous studies that garlic is a 
hypolipidemic agent [34] that can help in decreasing the 
level of LDL-C, VLDL-C, TG and in increasing the level 
of HDL-C. No change of serum TC level in Group IV and 
Group VI rats suggests that, raw garlic extract may not 
have influence on cholesterol biosynthetic pathway. A 
significant decrease in serum TG level in both Group IV 
and Group VI rats was supportive to other studies [35] and 
may be due to the TG-lowering effect of garlic by 
inhibition of fatty acid synthesis [36]. There is also report 
that garlic can depress the hepatic activity of lipogenic, 
cholesterogenic enzymes such as malic enzymes, fatty 
acid synthase, glucose-6-phosphate dehydrogenase [37]. 
As these heavy metals exert their toxic effects in the way 
by producing ROS, raw garlic homogenate may combat 
this oxidative stress through modulatory effects on ROS 
[38, 39]. But surprisingly, in the present study, garlic was 
found to be less effective to counteract chromium induced 
alteration of lipid profile.  

Hence it can be concluded from the present study that 
both nickel sulfate and potassium dichromate adversely 
affect the serum lipid profile. Simultaneous treatment with 
garlic relatively improved serum lipid profile in nickel 
treated rats than its chromium treated counterpart.  
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Abstract

In this experimental study, we investigated whether L-ascorbic acid has any influence on the blood anti-
oxidant defense system, lipid peroxidation and hematological parameters of the albino rats exposed to
nickel sulfate(NiSO4).Twenty four adult rats were divided into four groups of six animals in each group.
The control rats were untreated and comprised Group I. Group II rats were administered nickel sulfate
(2.0 mg/100 g b.wt.; intraperitonially, i.p.). Group II rats were treated orally L-ascorbic acid (50 mg/100 g
b.wt.) and Group IV rats were given both nickel sulfate and L-ascorbic acid simultaneously on alternate
days until the tenth dose. The hematological parameters were assessed: red blood corpuscle counts, packed
cell volume %, hemoglobin concentration, white blood corpuscle counts and platelets count decreased
significantly and clotting time increased significantly in nickel treated rats. We also observed increase
malondialdehyde (MDA) and decrease glutathione level (GSH) in erythrocytes of nickel treated rats. The
activities of erythrocyte antioxidant enzymes like superoxide dismutase (SOD), glutathione peroxidase
(GSH-Px) and catalase (CAT) were significantly increased in rats treated with nickel sulfate. Simulta-
neously treatment of L-ascorbic acid exhibited a possible protective role on the toxic effect of nickel sulfate
on the hematological values, erythrocyte MDA and GSH concentrations as well as antioxidant enzymatic
defense system.

Introduction

Nickel is a shining, light-colored metal with high
electrical and thermal conductivities. It is resistant
to corrosion by air, water and alkalis but reacts
with dilute oxidizing agents. A major use of nickel
is as an alloying element for steel and cast iron,
yielding alloys and steel with increased strength
and resistance to corrosion and temperature.
Nickel compounds are used in nickel–cadmium
batteries, in electronic and computer equipments,

and as constituent of pigments in the glass and
ceramic industries (ATSDR 2003). Typical atmo-
spheric nickel levels for human exposure range
from about 5–35 ng/m3at rural and urban sites,
leading to a nickel uptake via inhalation of
0.1–0.7 lg/day, diet 100–300 lg/day and by
drinking water 10 lg/l (US NIOSH/OSHA 1985).
Globally millions of workers are exposed to nickel
containing dust and fumes during welding, plating,
grinding, mining, nickel refining, foundries, steel
plants and other metal industries (ATSDR 2003).
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After entering the body, nickel penetrates all
organs and accumulates primarily in bone, liver,
kidney (Das & Dasgupta 1998; ATSDR 2003) and
excreted through bile and urine (Onkelinx et al.
1973). Nickel concentration in the urine of normal
human subjects varies from 0.1 to 13.3 lg/l,
whereas in the urine of welders, nickel has been
found at a concentration of > 188 lg/l (Scan-
setti et al. 1998). Studies by the National Institute
of Occupational Health in the United States of
America showed that following acute or interme-
diate duration exposure, the toxicity of different
nickel compounds is related to its solubility, with
soluble nickel sulfate being the most toxic and
insoluble nickel oxide being the least toxic. The
difference in the toxicity across compounds is
probably due to ability of water-soluble nickel
compounds to cross the cell membrane and inter-
act with cytoplasmic protein (ATSDR 2003). It is
well known that the toxicitiy due to nickel expo-
sure by inhalation is much complicated by the fact
that inhaled insoluble nickel compounds inside the
lung for long times and give rise to high local
concentration with corresponding severe irrevers-
ible effects (Dunnick et al. 1995; Costa & Klein,
1999). It is well established that rapidity of toxic
effects, exerted by heavy metals is related to
blood’s transport function, with the blood dis-
tributing the metals to all the body parts. Evalu-
ation of toxic effects of the metals is facilitated by
results of the basic hematological assays (Brucka-
Jastrz et al. 2005). Nickel induced alteration of
hematological parameters were reported earlier
(ATSDR 2003). The effect of certain inorganic and
coordinated nickel compounds on the resistance to
different destructive substances, rheological prop-
erties and functional activities of healthy human
red blood cells (RBC) was investigated. It was
shown that nickel compounds affect the erythro-
cytes membrane lipid bilayer, as well as membrane
proteins to various extents depending on the type
of compounds used (Tkeshelashvili et al. 1989;
Vest et al. 2004). In general, the acceleration of
erythrocyte ageing was observed to be more pro-
nounced in young erythrocytes exposed with
nickel compounds. The observed results also sug-
gest that nickel compounds decrease water per-
meability across erythrocyte membranes. Nickel
compound decrease erythrocyte thermostability,
deformability, and the rate of oxygen release
(Tkeshelashvili et al. 1989). It is well documented

that heavy metal usually binds with the erythro-
cyte membranes and plasma albumin later stimu-
lates metallothioneins and reactive oxygen species
(ROS) and induces oxidative damage in erythro-
cyte and in various tissues, which results in loss of
membrane function (Sarkar et al. 1998; Das et al.
2001). Apart from erythrocytes nickel can induce
impairment and dysfunction of blood, cardiovas-
cular system, detoxification pathways (colon, liver,
kidney, skin), endocrine (hormonal), energy pro-
duction pathways, enzymatic, gastro-intestinal,
immune, nervous (central and peripheral), repro-
ductive and urinary system (Das & Dasgupta 1997,
2000, 2002). Nickel induced severe liver and kid-
ney damage by altering several marker enzymes
and ascorbate-cholesterol metabolism (Das &
Dasgupta 1998). One of the harmful effects of
nickel action in the body is to induce formation of
ROS and increase lipid peroxidation in the cells
(Das et al. 2001). Free radicals and intermediate
products of lipid peroxidation are capable of
damaging the integrity and altering the function of
biomembrane, which can lead to the development
of many pathological process (Gutteridge 1993;
Das et al. 2006). Erythrocytes are equipped with
many defense systems representing their antioxi-
dant capacity (Kurata et al. 1993). This protective
system includes superoxide dismutase (SOD), cat-
alase (CAT), glutathione (GSH) and glutathione
peroxidase (GSH-Px) but their relative significance
in H2O2 scavenging is not clear (Kurata et al.
1993; Nakababu et al. 2003).

Ascorbic acid is an important antioxidants
which significantly decreases the adverse effect of
reactive oxygen and nitrogen species that can
cause oxidative damages to macromolecules such
as lipids, DNA and proteins which are implicated
in chronic diseases including cardiovascular
disease, stroke, cancer, neurodegenerative diseases
and cataractogenesis (Halliwell & Gutteridge
1986). Recently it was observed that the nickel-
induced activation of hypoxia inducible genes
greately depleted intra-cellular ascorbate levels.
The supplementation of the media with ascorbate
increased intracellular ascorbate and reversed both
metal-induced stabilization of HIF-1 and HIF-1a
gene expression (Salnikow et al. 2004). Additional
supplementation of L-ascorbic acid was found to
be beneficial in nickel induced alteration of tes-
ticular nucleic acid concentration, hepatic lipid
peroxidation and histopathology of liver (Das

178



et al. 2001, 2006; Das & Das 2004). Several studies
are underway to determine the effect of anti-
oxidant supplementation following heavy metal
exposure. The data suggests that antioxidants
specifically ascorbic acid plays an important role in
abating certain hazards of heavy metals (Nieboer
& Nriagu 1988; Ercal et al. 2001).

The aim of our study was to investigate a
possible protective influence of L-ascorbic acid on
some hematological parameters, erythrocytes
antioxidant defense system and lipid peroxidation
in male albino rats treated with nickel sulfate.

Materials and methods

Adult (aged 60–70 days) laboratory bred male
Wister strain rats (160 ± 5 g) fed with labora-
tory stock diet and water ad libitum for 7 days.
The animals were kept in air-conditioned animal
house maintaining 22–24 �C with relative humid-
ity approximately 70%. The acclimatized animals
were divided into four groups of six animals each.
Group I served as untreated control. Group II rats
were administered nickel sulfate (Sigma chemicals)
in double-distilled water at a dose of 2.0 mg/100 g
b.wt., intraperitonially (i.p.) on alternate days until
the tenth dose (Bordes & Papillion 1983).

Group III rats were treated orally with L-as-
corbic acid at a dose of 50 mg/100 g b.wt. (Huss-
ain et al. 1992) and Group IV rats were given both
nickel sulfate (2.0 mg/100 g b.wt., i.p.) and L-
ascorbic acid (50 mg/100 g b.wt., orally) simulta-
neously on alternate days until tenth dose. The
chances of nickel toxicity occurring by the oral
route are remote because a large amount of nickel
is required to produce a toxic effect by ingestion.
In contrast to nickel salts administered orally,
nickel salts administered intraperitoneally or sub-
cutaneously are highly toxic (Nielsen et al. 1984).
Hence nickel sulfate was administered intraperi-
toneally in this study. The entire experimental
protocol was approved by institutional ethical
committee and utmost care was taken during the
experimental procedure, as well as at the time of
sacrifice, according to the Helsinki Declaration of
1964. After the treatment, the animals were sacri-
ficed by decapitation always between 9:00 h and
11:00 h and fresh blood was immediately collected
into heparinized test tubes. All the hematological
parameters i.e. total red blood corpuscles (RBC)

count, packed cell volume (PCV), total white
blood corpuscles (WBC) count, total platelets
count and clotting time were measured by using
fully automated hematology analyzer (Sysmax
K-4500) (Garcia-Mazano et al. 2001). The hemo-
globin (Hb) concentration in the red cell lysates
was determined by the cyanmethemoglobin
method (Gowenlock 1996).

To determine antioxidant status of erythro-
cytes, blood samples were centrifuged at 3000 rpm
for 15 min to remove the plasma and buffy coat
(consisting leucocytes and platelets). The erythro-
cytes were washed three times in buffered saline
(0.9% saline in 0.01 M phosphate buffer, pH 7.4),
and the packed cells were suspended in equal vol-
ume of the buffered saline. Erythrocyte lipid per-
oxide (LPO) was measured as the production of
malondialdehyde (MDA) which in combination
with thiobarbituric acid (TBA) forms pink chro-
mogen compound whose absorbance at 530 nm
was recorded. The concentration of MDA was
calculated using a standard curve obtained from
the reaction between varying MDA concentration
(0.1, 0.5, 2.0 and 3.0 nmol MDA/g hemoglobin)
(Kei 1978). The activity of erythrocyte superoxide
dismutase (SOD) was determined spectrophoto-
metrically at 480 nm by the epinephrine method
(Misra & Fridovich 1972) and it was expressed in
units of enzyme activity per gram of hemoglobin
(Unit/g Hb). Total erythrocyte glutathione (GSH)
was estimated by the method of Beutler et al. 1963.
Measurement of erythrocyte glutathione peroxi-
dase (GSH-Px) was based on the following princi-
ple: GSH-Px catalyzes the oxidation of glutathione
by cumene hydroperoxide. In the presence of glu-
tathione reductase and nicotinamide adenine
dinucleotide phosphate (NADPH) the oxidized
glutathione is immediately converted to the re-
duced form with concomitant oxidation of
NADPH to NADP+. The decrease in absorbance
at 340 nmwas measured (Paglia & Valentine 1967).
The erythrocyte GSH-Px activity was expressed as
Unit/g Hb. The enzyme unit of GSH-Px was de-
fined as the number of reduced NADP oxidized per
minute at 37 �C and according to the Randox
application procedure. Catalase (CAT) activity in
hemolysate was assayed by the method of Aebi.
From the hemolysate an aliquot of 10 ll was di-
luted with phosphate buffer (50 mmol/l, pH 7.4) to
a final volume of 5.0 ml. CAT activity was mea-
sured by adding 1.0 ml H2O2 (30 mmol/l, Merck)
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to 2.0 ml diluted hemolysate and reading the
decrease in absorbance at 240 nm between 20 and
30 s with a spectrophotometer against a blank
consisting of 2.0 ml diluted hemolysate and 1.0 ml
deionized water at 37 �C. Each sample was assayed
twice, and the mean of the first order rate constant
(k) was calculated. The final results corrected for
the dilution and related to the Hb concentration,
the enzyme activity was expressed as k/g Hb as
described in the literature (Aebi 1974).

The mean ± SEM values were calculated for
each group. For determining the significance of
inter-group differences, each parameter was ana-
lyzed separately. A one way analysis of varience
(ANOVA) was carried out at 1% Fisher’s distri-
bution to determine which of the groups differed
among themselves. Duncan’s multiple range test
was applied with the level of significance fixed at
P < 0.05 (Steel & Torrie 1960).

Results

Table 1 shows that intraperitoneal nickel sulfate
administration resulted significant decrease of
RBCs count, hematocrit value (PCV %) and Hb
concentration in Group II rats when compared to
untreated control (Group I). Group IV (nickel
sulfate + L-ascorbic acid) also showed a signifi-
cantly decrease RBCs count, PCV % and Hb
concentration in comparison with Group I but
when compared with Group II rats a significant
increase of all above mentioned parameters were
noticed. No significant alterations of any of those
parameters were found in case of Group III (only
L-ascorbic acid treated) rats when compared with
untreated control (Group I) rats. Figure 1 shows
the percent change decrease of RBCs count,

PCV % and Hb concentration in Group IV (nickel
sulfate + L-ascorbic acid) rats in comparison to
the untreated control Group I. But when com-
pared with Group II, receiving nickel sulfate alone,
the decrease of RBCs count, PCV (%) and Hb
concentration were found to be remarkably less
[E-I vs. E-III]. Table 1 also depicts significant in-
crease of clotting time (CT) followed by decrease
of platelets count and WBCs count in Group II
rats in comparison to untreated control (Group I).
Incase of Group IV rats a significant increase in
clotting time and decrease of platelets count and
WBCs count were noticed when compared with
Group I rats but when it was compared with
Group II rats a significant rise in platelets count
and WBCs count were found. No significant
changes were found in any of these parameters in
Group III rats when it was compared with un-
treated control (Group I). Figure 1 also shows the

Table 1. Effect of nickel sulfate on hematological parameters in rats.

Parameters Group I Group II Group III Group IV

RBC (106cells/ll) 8.91 ± 1.41a 5.29 ± 1.12b 9.32 ± 1.56a 6.95 ± 1.45c

Hemoglobin (gm/dl) 18.90 ± 3.8a 13.89 ± 2.67b 19.07 ± 3.22a 16.44 ± 3.77c

PCV (%) 50.40 ± 5.31a 42.40 ± 2.71b 51.23 ± 4.78a 45.80 ± 4.32b

Clotting Time(min) 4.3 ± 0.98a 8.23 ± 2.21b 4.67 ± 1.08a 7.86 ± 1.05b

WBC (103cells/ ll) 9.89 ± 1.67a 4.80 ± 0.78b 10.12 ± 1.45a 6.82 ± 1.11c

Platelets(103cells/ll) 871.0 ± 34.4a 459.9 ± 45.2b 901.2 ± 37.9a 654.4 ± 67.8c

Treatment groups: I – untreated control; II – nickel sulfate; III – L-ascorbic acid; IV – nickel sulfate + L-ascorbic acid. RBC, red blood
corpuscle; PCV, packed cell volume; WBC, white blood corpuscle. In each column, values with different superscripts (a, b, c) were
significantly different from each other ( p < 0.05).
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Figure 1. Percent change chart of various hematological
parameters of nickel sulfate treated rats. RBC, red blood cor-
puscles; Hb, hemoglobin; PCV, packed cell volume; CT, clot-
ting time; WBC, white blood corpuscles; PL, platelet. E I,
Group I (control) vs. Group II (+NiSO4); E II, Group I vs.
Group III (+L-ascorbic acid); E III, Group I vs. Group IV
(NiSO4 + L-ascorbic acid).
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percent change increase of clotting time, decrease
of platelets count and WBCs count in Group IV
(NiSO4 + L-ascorbic acid) rats when compared
to untreated control (Group I). But when it was
compared with Group II (only NiSO4 treated) rats
the increase of CT, decrease of platelets count and
WBCs count were surprisingly less [E-I vs. E-III].
Rats receiving L-ascorbic acid alone (Group III)
did not show any significant variation in the above
parameters studied when compared with untreated
control (Group I) [E-I vs. E-II].

In the red blood cells of the nickel sulfate
treated rats (Group II), malondialdehyde (MDA),
glutathione (GSH) levels and the activities of
superoxide dismutase (SOD), glutathione peroxi-
dase (GSH-Px) and catalase (CAT) were signifi-
cantly increased when compared to untreated
control (Group I) rats (Table 2). The simultaneous
treatment with L-ascorbic acid (Group IV) par-
tially reversed this change to near untreated con-

trol values (Table 2). Figure 2 shows the percent
change increase of erythrocytes MDA and
GSH contents and the activities of erythrocyte
SOD, GSH-Px and CAT in Group IV
(NiSO4 + L-ascorbic acid) rats in comparison to
Group I. But when compared with Group II
receiving nickel sulfate only, the rise in erythrocyte
MDA, GSH content and the activities of eryth-
rocyte SOD, GSH-Px and CAT in Group IV rats
were found to be amazingly less [E-I vs. E-III].
Even in case of erythrocyte CAT activity of Group
IV rats the percent change shows a negative fall in
comparison to Group I values [E-I vs. E-III]. Rats
receiving L-ascorbic alone (Group III) did not
show any significant variation in the antioxidant
parameters studied above when compared with
untreated control (Group I) [E-I vs. E-II].

Discussion

The results obtained in our present study show the
treatment with nickel sulfate induces anemia (de-
crease RBC count, PCV % and Hb concentration)
in rats (Table 1). It is interesting to note that nickel
is thought to be indispensable to the hematopoietic
process, due to its influence on iron absorption
and metabolism, particularly when iron status is
low (Nielsen 1984). But animal studies have shown
that high dietary nickel may adversely affect
hematopoiesis when in conjunction with marginal
iron status (Nielsen 1984). A decrease hemoglobin
concentration in rats exposed to 25 mg Ni/kg/day
as nickel acetate in the diet for 6 wks has been
reported (Whanger 1973). Low hematocrit levels
were also observed in dogs after chronic dietary
exposure to 62.5 mg/Ni/kg/day as nickel sulfate
(Ambrose et al. 1976). Nickel implanted rats
showed a significant decrease of red blood cells,

Table 2. Effect of nickel sulfate (2.0 mg/100 g b.wt.; i.p) on erythrocyte antioxidant status in rats.

Parameters Group I Group II Group III Group IV

MDA (nmoles/g Hb) 250.8 ± 8.42a 348.6 ± 10.32b 261.4 ± 12.42a 300.8 ± 18.24c

GSH (lmoles/g Hb) 20.20 ± 32.48a 32.48 ± 2.82b 21.72 ± 1.54a 26.81 ± 2.82c

GSH-Px (units/g Hb) 74.82 ± 4.82a 191.45 ± 15.62b 80.43 ± 6.82a 133.84 ± 24.28c

SOD (units/g Hb) 1264 ± 42.19a 2104 ± 48.20b 1348 ± 28.22a 1609 ± 28.42c

CAT (units/g Hb) 1048 ± 20.89a 1384 ± 21.20b 988 ± 42.84a 1010 ± 18.81a

Treatment groups: I – untreated control; II – nickel sulfate; III – L-ascorbic acid; IV – nickel sulfate + L-ascorbic acid. MDA,
malondialdehyde; GSH, glutathione; GSH-Px, glutathione peroxidase; SOD, superoxide dismutase; CAT, catalase. In each column,
values with different superscripts (a, b, c) were significantly different from each other ( p < 0.05).
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hemoglobin and hematocrit at the time of mor-
bidity, including possible nickel induce anemia
(Kalinih et al. 2005). It is also known that hema-
tology assays provide information on bone mar-
row activity and on the status of other organs
governing synthesis, function and destruction of
components of the circulatory system. Distur-
bances in erythrocyte parameter often reflect an
imbalance between the production and loss of red
blood cells (Merchant & Mod 2004). In our study
the decrease in RBCs count, PCV% and hemo-
globin concentration may be due to non- regen-
erative anemia arise from nickel induced direct
injury of hematopoietic stem cells resulting in de-
creased erythrocytes, leucocytes and platelets
count. Effects of blood clotting mechanisms are
assessed by both clotting time determination and
platelets count. Decrease production or increased
consumption of platelets may cause platelet counts
to fall. It is well understood that test chemicals,
which inhibit RBC and WBC formation also fre-
quently, inhibit platelet formation (Merchant &
Mod 2004). Alteration in WBC count of mice and
decreased hematocrit in rats have been reported
following administration of nickel chloride (USAT
1990). Probably nickel sulfate induced bone mar-
row activity and significantly decreased all the
types of blood cells in present study. Simultaneous
treatment of L-ascorbic acid decreased the toxic
effects of nickel sulfate on hematological values
and showed a protective role in anemia, leucopenia
and thrombocytopenia (Table 1 and Figure 1).
Ascorbic acid facilitates the rate of production of
blood cells by stimulating bone marrow. It is also
known that L-ascorbic acid promotes the produc-
tion of RBCs in bone marrow and contributes to
hemoglobin synthesis and even prevents blood
clotting (Kanungo & Patnaik 1964).

Reactive oxygen species (ROS) are implicated
as important pathologic mediators in many dis-
orders. Increased generation of ROS and en-
hanced lipid peroxidation are considered
responsible for the toxicity of wide range of com-
pounds (Halliwell & Gutteridge 1986; Shivaraja-
shankara et al. 2001). Lipid peroxidation
constitutes a complex chain reaction of free radi-
cals, which leads to a degradation of polyunsatu-
rated fatty acid in cell membrane (Halliwell &
Gutteridge 1984). Present study reveals that
treatment with nickel sulfate increase lipid perox-
idation by increasing MDA concentration in

erythrocytes of rats (Table 2, Figure 2). Increased
erythrocyte MDA concentration of rats definitely
accompanied by increased ROS formation (Ochi
et al. 1988; Shi et al. 1999). As a consequence,
enhanced lipid peroxidation, DNA damage, al-
tered calcium and sulfhydryl homeostasis as well
as marked disturbances of antioxidant defense
system occurred (Sarkar et al. 1995; Das & Das
2004; Doreswamy et al. 2004). It is well docu-
mented that nickel competes with calcium intra-
cellularly and may cause membrane disruption via
lipid peroxidation, ultimately leading to cell death
(Kupferschmidt 2001). Simultaneous treatment
with L-ascorbic acid was found to be effective in
the prevention of oxidative damage in erythrocyte
induced by nickel sulfate, which resulted in sig-
nificantly lowering erythrocyte MDA concentra-
tion (Table 2, Figure 2). The present study
reported increase in level of GSH and the activities
of GSH-Px, SOD and CAT in the erythrocytes of
rats treated with nickel sulfate (Table 1, Figure 2).
Increased GSH levels and GSH-Px activity in
erythrocyte may be attributed to adaptive response
of the erythrocytes to the oxidant challenge due to
nickel sulfate exposure. An increase in GSH-Px
activity of rats exposed to high oxidant stress has
already been reported (Edes et al. 1986). It is well
known that SOD, CAT, GSH and GSH-Px play a
vital role in the antioxidant defense mechanism of
animal cells and tissues. In our study SOD activity
in erythrocyte increased in response to nickel
treatment. Since SOD is known to be an enzyme
induced by its superoxide radical substrate, in-
crease in its activities in the erythrocytes of nickel
treated animals indicates an increased production
of superoxide radical. The increase also might be
involved in the elevated generation of OH).This
increase in SOD activity also could be responsible
for the observed lipid peroxidation (Kelle et al.
1999). Nickel induced increase of GSH-Px and
CAT activities in erythrocytes may be explained by
their influence on hydrogen peroxide as substrate,
which is formed in the process of dismutation of
superoxide anion radicals (Shaikh et al. 1999).
This action is followed by increased reduction of
oxidized glutathione by glutathione reductase to
form GSH (Mates 2000). The simultaneous treat-
ment with L-ascorbic acid brought erythrocyte
GSH level near to the untreated control value
confirming the protective role of L-ascorbic acid
on nickel induced impairment of erythrocyte
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antioxidant defense system. The simultaneous
treatment with L-ascorbic acid also decreased
erythrocyte GSH-Px, SOD and CAT activities
indicating that L-ascorbic acid may eliminates the
toxic effect of nickel sulfate on the activity of those
enzymes. Ascorbic acid can be oxidized by most
reactive oxygen and nitrogen species thought to
play roles in tissue injury associated with various
diseases. These species include superoxide,
hydroxyl, peroxyl and nitroxide radicals, as well as
non- radicals reactive species such as singlet oxy-
gen, peroxynitrite and hypochlorate. By virtue of
their scavenging activity, ascorbate inhibit lipid
peroxidation, oxidative DNA damage and oxida-
tive protein damage. It is also reported that
L-ascorbic acid enters mitochondria of a cell in its
oxidized form via GLUT-1 and protects mito-
chondria from oxidative injury. Since mitochon-
dria contribute significantly to intracellular ROS,
protection of the mitochondrial genome and
membrane may be beneficial (Sagun et al. 2005).
As nickel decreases the cellular transportation of
ascorbic acid and deplete intracellular ascorbic
acid resulting in intracellular hypoxia and meta-
bolic dysfunction (Salnikow et al. 2004; Das et al.
2006) supplementation with L-ascorbic acid could
reverse the nickel-induced alteration of erythrocyte
antioxidant defense mechanism.

It can be concluded from present findings that
nickel sulfate induced oxidative damage in ery-
throcytes or depression of the bone marrow leads
to anemia or leucopenia and thrombocytopenia,
loss of membrane function by elevating erythro-
cyte MDA level as well as alteration of GSH level
or antioxidant enzymes like SOD, GSH-Px and
CAT activities. But simultaneous treatment with
L-ascorbic acid may protect against toxic influence
of nickel on examined parameters in rat blood.
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Abstract:  The aim of this study was to estimate the activity of superoxide dismutase (SOD) and catalase in 
erythrocytes and malondialdehyde (MDA) in plasma of battery manufacturing workers (BMW) of Western 
Maharashtra (India) who were occupationally exposed to lead (Pb) over a long period of time (about 15 years). This 
study was also aimed to determine the Pb intoxication resulted in a disturbance of heme biosynthesis in BMW group. 
The blood Pb level of BMW group (n = 28) was found to be in the range of 25.8 – 78.0 µg/dL (mean +

 

SD, 53.63 +

 

16.98) whereas in Pb unexposed control group (n = 35) the range was 2.8 – 22.0 µg/dL (mean +

 

SD, 12.52 +

 

4.08). 
The blood level (Pb-B) and urinary lead level (Pb-U) were significantly increased in BMW group as compared to 
unexposed control. Though activated d- aminolevulinic acid dehydratase (ALAD) activities in BMW group did not 
show any significant change when compared to control group but activated / non activated erythrocyte – ALAD 
activities in BMW group showed a significant increase. Erythrocyte- zinc protoporphyrin (ZPP), urinary d- 
aminolevulinic acid (ALA-U) and porphobilinogen (PBG-U) of BMW groups elevated significantly as compared to 
control. A positive correlation (r = 0.66, p< 0.001) between Pb-B and ALA-U were found in BMW group but no such 
significant correlation (r = 0.02, p> 1.0) were observed in control group. Hematological study revealed a significant 
decrease of hemoglobin concentration, packed cell volume (%) and other blood indices and a significant increase of 
total leucocytes count in BMW group in comparison to control group. The serum MDA content was significantly 
increased (p< 0.001) and the activities of antioxidant enzymes such as erythrocyte- SOD (p< 0.001) and erythrocyte- 
catalase (p< 0.001) were significantly reduced in BMW group as compared to control group. A positive correlation (r 
= 0.45, p<0.02) between Pb-B and serum MDA level was observed in BMW group (Pb-B range 25.8 – 78.0 µg / dL)  
but  such significant correlation did not notice in control group (Pb-B range 2.8 – 22.0 µg / dL).The study clearly 
showed an adverse effect of heme biosynthesis and imbalance of pro-oxidant / antioxidant status in lead exposed 
battery manufacturing workers resulting in increase in lipid peroxidation associated with decrease in erythrocyte-SOD 
and erythrocyte-catalase activities.  

Keywords:  Battery manufacturing workers (BMW), blood Pb, urine Pb, d- aminolevulinic acid dehydratase, zinc 
protoporphyrin, urine ALA, urine PBG, lipid peroxidation, superoxide dismutase, catalase    
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Introduction  

Lead is a heavy, low melting, bluish-gray metal that 
occurs naturally in the earth’s crust. However, it is rarely 
found naturally as a metal. It is usually found combined 
with two or more other elements to form lead compounds 
[1]. As it is one of the first discovered and most widely 
used metal in human history and is, therefore, one of the 
metal most commonly encountered in the environment [2]. 
Its continued release into the environment as an exhaust 
emission product, as well as its widespread industrial use, 
has made lead a serious threat to human health [3]. Most 
lead used by industry comes from mined ores (“Primary”) 
or from recycled scrap metal or batteries (“Secondary”). 
However, most lead today is “secondary” lead, obtained 
from lead-acid batteries. It is reported that 97% of these 
batteries are recycled [1]. 

The largest industrial use of lead today is for the 
production of lead batteries, extensively used in automobile 
industries. Other uses of lead include the production of lead 
alloys, use in soldering materials, shielding for X-ray 
machines, and in the manufacture of corrosion and acid 
resistant materials used in the building industry [4].Lead 
has long been known to alter the hematological system by 
inhibiting the activities of several enzymes involved in 
heme biosynthesis, particularly -aminolevulinic acid 
dehydratase (ALAD). Inhibition of ALAD activity occurs 
over a wide range of Pb in blood beginning at <10 g/dL 
[1]. The anemia induced by lead is primarily the results of 
both inhibition of heme biosynthesis and shortening of 
erythrocyte life span, but lead can also induce inappropriate 
production of erythropoietin leading to inadequate 
maturation of red cell progenitors, which can contribute to 
anemia. Lead absorbed by the GIT comes from the intake 
of the lead in food, beverages and soil or dust in case of 
older children and adults and in occupational exposure 
population mostly from atmospheric air [5]. 

After absorption lead enters into the blood. Blood lead 
concentrations are currently regarded as the most reliable 
index of exposure to lead. Over 95% of blood lead is bound 
to the erythrocytes and seems to be in dynamic equilibrium 
with plasma lead [6]. Once absorbed it is distributed 
particularly to the liver and kidneys, and is then stored in 
the bones and cause damage to the organs including the 
liver, kidneys, heart and male gonads as well as causes 
effects to the immune system [1]. It is reported that 
erythrocyte ALAD activity is rapidly inhibited by lead 
exposure; hence determination of ALAD activity in 
erythrocyte is one of the most useful methods for 
evaluating lead exposure [7].The final step of heme 
biosynthesis introducing Fe2+ into protoporphyrin XI (PP) 
is also affected by lead. Inhibition of Fe+3 reductions by 
lead exposure causes the decrease in transportation of the 
Fe2+ into mitochondria resulting in accumulation of PP in 
erythrocyte [8]. PP is enzymatically or non-enzymatically 
chelated with Zn2+ to form zinc protoporphyrin (ZPP).  

Thus accumulation of PP or ZPP in erythrocytes 
provides an index of disturbance of the final step in heme 
biosynthesis, suggesting biochemical effect of lead in bone 

marrow and of active deposits of the metal in the tissue [9]. 
A growing amount of evidence indicates that cellular 
damage mediated by reactive oxygen species (ROS) may 
be involved in the pathology associated with lead 
intoxication [10]. A strong correlation between blood lead 
concentration and malondialdehyde levels in blood of lead 
exposed workers was already reported [11]. In 
erythrocytes, from the workers exposed occupationally to 
lead, the activities of the antioxidant enzymes, superoxide 
dismutase (SOD) and glutathione peroxidase were 
remarkably lower than the non-exposed workers [12]. 
Heavy metal induced alteration of antioxidant enzyme 
activities and nucleic acids concentrations are also reported 
[13, 14].  

Lead causes oxidative stress by inducing the 
generation of ROS, reducing the antioxidant defense 
system of cells via depleting glutathione, interfering with 
some essential metal, inhibiting sulfhydryl dependent 
enzymes or antioxidant enzymes activities and /or 
increasing susceptibility of cells to oxidative attack by 
altering membrane integrity and fatty acid composition 
[15].The binding activity of lead compounds with oxidative 
stress factors and with the generation of reactive oxygen 
species, such as hydrogen peroxide and it’s interaction with 
different metals and also toxic activity of d- 
amminolevulinic acid (ALA) are reported earlier [16,17]. 
The biological role of superoxide dismutase (SOD) is to 
dismute superoxide ion, hydrogen peroxide (H2O2), 
produced in this reaction is eliminated by catalase, one of 
the most active enzymes in the human organism. Catalase 
consists of four protein subunits, each of them containing 
heme group with iron (Fe), connected to its active center. 
The highest activity of catalase in the human body may be 
found in the liver and red blood cells [18]. 

As most research about lead exposure on SOD and 
Catalase activity has mainly been experimental and the 
results are often divergent, the purpose of this study was to 
evaluate the activity of these enzymes and concentration of 
products of reactive oxygen species in blood with reference 
to heme biosynthesis of battery manufacturing workers 
(BMW) of western Maharashtra (India) exposed to lead 
compounds.   

Materials and Methods  

The study group included non-lead exposed healthy 
male subjects and lead exposed battery-manufacturing 
workers of Kolhapur city in the western Maharashtra state 
of India. The lead exposed groups consisted of 28 male 
battery-manufacturing workers (BMW) and the non-lead 
exposed control group consisted of 35 healthy male 
subjects. All the study group subjects had age in the range 
of 20-40 years. The entire experimental protocol was 
approved by institutional ethical committee and utmost 
care was taken during the experimental procedure 
according to the Helsinki Declaration of 1964 [19]. Blood 
was collected by venipuncture into 10 ml evacuated tubes 
containing heparin solution as anticoagulant to obtain 
erythrocytes. Analysis of lead in blood and urine were 
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carried out by graphite furnace atomic absorption 
spectrophotometry, using Perkin Elemer model 303 fitted 
with a boiling three slot burner. The atomic absorption 
spectrophotometer was connected to Hitachi 165 recorder 
and values were shown in g/dL [20]. Concentration of 
ZPP in the erythrocytes was measured directly using Aviv 
Biomedical hematoflurometer model 206. The light was 
filtered by means of an interference filter transmitting at 
415nm. The excitation light was focused on a drop of 
blood. The emitted light passed through a narrow band 
interference filter, which is transmitted at 595nm. The 
instrument measured the ratio of fluorescent substance 
(ZPP) to the absorption of the light in the sample 
(hemoglobin) displayed as g ZPP/g hemoglobin ( g/g 
Hb). ZPP ( g/g Hb) was converted into 

g/dL[21].Erythrocyte–daminolevulinic acid 
dehydratase(ALAD) is estimated by the method of Julian 
Chisolan et al [ 22 ]. Erythrocyte - ALAD acts on d- 
aminolevulinic acid (ALA) to form porphobilinogen, which 
is further reacted with modified Ehrlich’s reagent to form 
pink colored compound measured on spectrophotometer at 
555nm. Hg-TCA solution stops the reaction by 
precipitating the proteins. ALAD activity is estimated by 
using this formula:  

  

Where,  
2 = Conversion factor for ALA to PBG 
35 = Dilution factor 
60 = Incubation time (min) 
0.062 = Micromolar absorptivity of modified Ehrlich’s 
reagent and PBG chromogen.   

Activated and non-activated ALAD ratio (Act / Non-
act) was determined. d- aminolevulinic acid (ALA)was 
estimated in urine samples by the method of Osamu W. et 
al. [23]. ALA reacts with acetylacetone and form pyrrole 
substance, which reacts with p- dimethyl amino 
benzaldehyde. The colored complex was measured 
spectrophotometrically at 555nm. The results were 
expressed as mg/L. Estimation of porphobilinogen in urine 
was estimated by Mauzerall & Granick [24]. 
Porphobilinogen (PBG) from urine reacts with p-dimethyl 
aminobenzaldehyde (DMAB, Ehrlich’s reagent) in acid 
solution to form a red compound, which is measured at 
555nm exactly after 5 minutes and the value were 
calculated according to Rimington formula [25]:  

   

All the hematological parameters were measured by 
using fully automated Hematology analyzer Sysmax K-

4500. Lipid peroxidation was measured 
spectrophotometrically by method of Kei Satoh [26]. The 
proteins in serum are precipitated by trichloroacetic acid 
(TCA) and the mixture is heated with thioburbituric acid in 
2M sodium sulfate, in a boiling water bath for 30 minutes. 
The resulting chromogen is extracted with n-butyl alcohol 
and absorbance of organic phase is determined at 530 nm 
wavelength. The values are expressed in terms of 
malondialdehyde (MDA) nmol/ml by using 1,1,3,3 
tetraethoxy propane as the standard. The activity of 
erythrocyte-superoxide dismutase (SOD) was indicated by 
Marklund and Marklund method [27]. Superoxide anion is 
involved in auto-oxidation of pyrogallol at alkaline pH 
(8.5). The SOD inhibits the auto-oxidation of pyrogallol, 
which can be determined as an increase in absorbance per 
two minutes at 420nm on a spectrophotometer. The SOD 
activity was measured as unit/ ml of hemolysate. One unit of 
SOD is defined as the amount of enzymes required to cause 
50% inhibition of pyrogallol auto-oxidation. Erythrocyte-
catalase was measured by the method of Aebi [28].  

Sediments of erythrocytes were rinsed 3 times using 
0.9% NaCl and were lysed in 3 volumes of cold, redistilled 
water and left in ice for 30 minutes. The samples were not 
centrifuged before catalase was measured. The hemolysate 
was diluted 500 times with phosphate buffer (60 mM), pH 
7.4.Kinetic reaction was carried out in a cuvett mixed with 3.0 
ml phosphate buffer, 10 l hemolysate and 1.0 ml of H2O2 and 
the initial absorbance was measured immediately at =240 
nm. The kinetic changes of absorbance were measured every 
15 secs intervals upto 1 minute on ELICO, UV-VIS 
spectrophotometer SL 159. The unit of catalase activity was 
expressed as mM of H2O2 decomposition/ mg Hb/min.  

Statistical comparison between control and BMW 
group were made by student t-test. Pearson’s correlation 
equation was also done to evaluate correlation between 
various parameters in control and BMW groups separately.  

Results  

Table1 summarizes lead concentration in blood (Pb-B), 
lead concentration in urine (Pb-U), both activated and non 
activated erythrocyte- ALAD and it’s ratio, erythrocyte ZPP, 
ALA in urine (ALA-U) and PBG in urine (PBG-U) of lead 
exposed battery manufacturing workers (BMW) group and 
unexposed control group. The PbB level of control ranged 
from 2.8 – 22.0 µg/dL whereas incase of BMW group it was 
25.8 – 78.0 µg/dL. The PbB and PbU were significantly 
increased in the BMW group (p<0.001) as compared to the 
lead unexposed control group. Non activated erythrocyte- 
ALAD activities were significantly decreased (p < 0.05) in 
BMW group as compared to control group. However the 
activated erythrocyte ALAD activities in BMW group 
showed no significant change when compared to control 
group. But the ratio of activated / non activated erythrocyte 
ALAD activities showed a significant increase (p <0.01) in 
BMW group as compared to the control group.  
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Table 1:  Pb-B, Pb-U and parameters related to heme biosynthesis in study group and control group  

Erythrocyte-ALAD( mol ALA utilized /min

 
/ L of erythrocyte) Groups

 
Pb-B 

( g/dL)  
Pb-U 

( g/dL) 
Act Non-act Act/Non act  

ZPP( g/dL)  
ALA-U 
(mg/L) 

PBG-U

 
(mg/L)

 
Control

 
Group 
(n =35)  

12.52 +4.08  

(2.8-22.0)  

6.97 +3.59  

(1-13.2)  

27.48 +14.94

  

(9.5-87.7)  

24.21+ 13.50

  

(8.3-78.9)  

1.14 + 0.081  

(1.02-1.38)  

8.25 + 7.79  

(1-35)  

9.62 +5.45  

(2.5-17.5) 

10.10 + 2.87

(3.5-15.8)

BMW 
Group 
(n =28)  

53.63+16.98***

  

(25.8-78.0)  

20.04+15.2***

  

(5.2-62.8)  

27.14+3.3#  

(20.7-32.5)  

18.7+ 2.97*

  

(13.8-26)  

1.45+ 0.183***

  

(1.2-1.94)  

122.6+201.5**

  

(10-972)  

38.1+17.52***

  

(9.3-74.9) 

13.95+5.23***

( 7.0-24.7)

*** P<0.001, ** P<0.01, * P<0.05, # Non significant as compared with control group, Pb-B, blood lead concentration; Pb-U, 
urinary lead concentration; ALAD, d- aminolevulinic acid dehydratase;  ZPP, zinc protoporphyrin; ALA-U,urinary d- 
aminolevulinic acid; PBG-U,urinary porphobilinogen.  

Erythrocyte-ZPP level was significantly increased (p< 
0.01) in BMW group in comparison to the control group. Both 
ALA in urine (ALA-U) and PBG in urine (PBG-U) of BMW 
group showed a significant elevation (p< 0.001) from 
respective controls. Fig 1 shows percent change difference of 
blood lead concentration (Pb-B), urine lead concentration (Pb-
U), activated and non activated erythrocyte- ALAD and it’s 
ratio, erythrocyte ZPP, ALA in urine (ALA-U) and PBG in 
urine (PBG-U) of lead exposed BMW groups with unexposed 
control groups.   

 

Figure 1: Percent change chart of lead concentration in 
blood (Pb-B), lead concentration in                                          
urine (Pb-U), activated erythrocyte d- aminolevulinic acid 
dehydratase (ALAD-A) non activated erythrocyte d-
aminolevulinic acid dehydratase(ALAD- NA),activated 
and non activated erythrocyte d- aminolevulinic acid 
dehydratase ratio (ALAD-A/NA), erythrocyte- Zinc 
protoporphyrin (ZPP), d- aminolevulinic acid in urine                                         
(ALA-U) and Porphobilinogen in urine (PBG-U) of lead 
exposed battery manufacturing workers ( BMW ) group of 
western Maharashtra ( India ) with respect to control group. 

It was noticed from Fig 1 that blood lead concentration of 
BMW group increased by 328.35% from control group, which 
was further corroborated with greater urinary lead excretion 
(187.51%) in BMW group. BMW groups also showed the 
percent change increase of activated erythrocyte- ALAD and 
non activated erythrocyte- ALAD ratio (27.19%), erythrocyte 
ZPP (1386%) and PBG in urine (38.11%) as compared to 
respective controls. Fig 2 depicts a positive correlation (r = 
0.66, p< 0.001) between blood lead concentration (Pb-B) and 
ALA in urine (ALA-U) of lead exposed BMW workers (Pb-B 
levels of 25.8 – 78.0 µg/dl). But no correlation (r=0.02) 
between blood lead concentration (Pb-B) and ALA in urine 
(ALA-U) of control group (Pb-B levels of 2.8 – 22.0 µg/dl) 
was observed (Fig. 3).  

  

Figure 2: Relationship between blood lead concentration 
(Pb-B; range is 25.8 – 78.5 µg/dl) and d- aminolevulinic 
acid in urine (ALA-U) of lead exposed battery 
manufacturing workers (BMW) group of western 
Maharashtra (India); n = 28, Correlation coefficient (r) is 
0.66, p< 0.001; y = 0.687x + 1.0493. 
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Figure 3: Relationship between blood lead concentration (Pb-
B; range is 2.8 -22.0 µg/dl) and d- aminolevulinic acid in urine 
(ALA-U) of control group of subjects belong to western 
Maharashtra (India); n = 35, Correlation coefficient (r) is 0.02, 
p>1.0, Not significant; y = -0.0337x + 10.065.  

Table 2 shows the hematological parameters of lead 
exposed BMW group and lead unexposed control group. 
Incase of BMW group hemoglobin (p < 0.01), packed cell 
volume (p< 0.001), mean  corpuscular volume (p < 0.05), 
mean corpuscular hemoglobin (p< 0.001), mean 
corpuscular hemoglobin concentration (p< 0.05) were 
significantly decreased and total leucocytes count was 
significantly increased (p < 0.05) as compared to lead 
unexposed control group. No significant changes of total 
erythrocyte count in BMW group were observed in 
comparison to control group. 

Fig 4 shows the percent change difference of various 
hematological parameters of BMW group from control 
group. Though there were no statistical significant changes 
of total erythrocyte count in BMW group was observed as 
compared to control group but percent change difference of 
BMW group shows a fall of 10.19% of total erythrocyte 
count from control group. 

Table 2: Hematological parameters in the battery manufacturing workers and control group 

*** P<0.001, ** P<0.01, * P<0.05, # Non significant as compared with control group. Hb, hemoglobin concentration; 
PCV,packed cell volume; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular 
hemoglobin concentration.  

  

Figure 4: Percent change chart of hemoglobin concentration 
(Hb), packed cell volume (PCV), mean corpuscular volume 
(MCV), mean corpuscular haemoglobin (MCH), mean 
corpuscular hemoglobin concentration (MCHC), total 
erythrocyte count (RBC) and total leukocytes count of lead 
exposed battery manufacturing workers (BMW) group of 
western Maharashtra (India) with respect to control group. 

Table 3: Lipid peroxide (MDA), superoxide dismutase 
(SOD) and catalase activities in battery manufacturing 
workers and control group. 

*** P<0.001 as compared with controls.  

Table 3 depicts the serum MDA content, erythrocyte-
SOD activities, and erythrocyte-Catalase activities in lead 
exposed BMW group and unexposed control group. The 
lipid peroxidation level was significantly increased (p< 

Groups Hb (g/dL) 
PCV 
(%) 

MCV 
(fL) 

MCH 
(pg) 

MCHC 
(g/dL) 

Total 
Erythrocyte 

Count 
(million/ l) 

Total leucocyte

 

Count( /cu.mm)

 

Control 
Group 
(n=35)  

14.36 + 0.92  

(12.6-16.3)  

45.18 + 2.29  

(40-50)  

88.77 + 5.05  

(76.7-109)  

29.73 + 2.05  

(26-36.6)  

31.89 + 0.89  

(29.3-33.3)  

5.10 + 0.43  

(4.26-5.71) 

 

6.34 +1.66

  

(4.2-8.9)

  

BMW  
Group 
(n=28)   

12.3 + 4.3**  

(8-15.7)  

38.36 + 9.67***  

(28.7-48.8)  

78.68 + 18.38*  

(60.3-94)  

24.3  + 7.51***  

(16.8-29.5)  

21.3 + 22.78*  

(27.9-33)  

4.58 + 1.80 #  

(3.57-6.02) 

 

7.17 +1.68***

  

(4.4-11.8)

 

Groups 
Malondialdehyde

 

(nmol/ml) 

SOD 
(unit/ml of 

hemolysate)

 

Catalase

 

(mM H2O2

 

decom/mgHb/min)

 

Control 
Group 
(n =35) 

1.12+ 0.48  

(0.55-2.22) 

14.1+ 3.39  

(4.57-19.42)

 

47.63+17.94

  

(16.9-97.18)

 

BMW 
Group 
(n =28)  

2.806+1.0***  

(1.203-4.62) 

8.742+2.45***

  

(5.33-13.33)

 

34.64 +10.49***

  

(16.9-59.15)
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0.001) and the antioxidant enzymes such as erythrocyte – 
SOD activities (p<0.001) and erythrocyte- Catalase 
activities (p<0.001) were significantly decreased in BMW 
group as compared to unexposed control group. 

Fig 5 depicts the percent change difference of serum 
lipid peroxide (MDA), erythrocyte–SOD activities and 
erythrocyte-Catalase activities in BMW group from control 
group. Serum MDA content increased by 150.53% in 
BMW group from control. Erythrocyte-SOD activities and 
erythrocyte-Catalase activities in BMW groups showed a 
decrease of 38% and 27.27% respectively from the control 
groups.   

  

Figure 5: Percent change chart of serum malondialdehyde, 
erythrocyte-superoxide dismutase (SOD) and erythrocyte- 
catalase activities of lead exposed battery manufacturing 
workers (BMW) group of western Maharashtra (India) with 
respect to control group.  

Fig 6 shows a positive correlation (r = 0.45, p < 0.02) 
between blood lead concentration (Pb-B) and serum MDA 
level in BMW group (Pb-B range is 25.8 – 78.0µg /dl). No 
such correlation (r = 0.028) was observed in control group 
(Pb-B range is 2.8 – 22.0 µg / dl) (Fig 7).  

  

Figure 6: Relationship between blood lead concentration ( Pb-
B; range is 25.8 – 78.5 µg/dl) and serum malondialdehyde 
(MDA) level of lead exposed battery manufacturing 
workers(BMW)group of western Maharashtra (India );n = 28, 
Correlation coefficient (r) is 0.45, p< 0.02; y = 0.0271x + 1.304. 

 

Figure 7: Relationship between blood lead concentration 
(Pb-B; range is 2.8 -22.0µg/dl) and serum malondialdehyde 
(MDA) level of control group of subjects belong to 
Western Maharashtra (India); n = 35, Correlation 
coefficient (r) is 0.028, p> 1.0, Not significant; y = -
0.0033x+1.1502  

Discussion  

The significant elevation of blood lead (Pb-B) and 
urinary lead (Pb-U) levels of  battery manufacturing 
workers (BMW) group indicates the greater absorption of 
lead in BMW group as compared to the normal control 
group. Absorption of lead ordinarily resulted in rapid 
urinary lead excretion. If excessive lead exposure 
continues, lead accumulates in bones followed by soft 
tissues. Pb-B levels depend on the equilibrium between 
absorption, storage and excretion [5]. Battery recycling and 
manufacturing involves the use of metallic lead for making 
grids, bearing and solder. Manufacturing process is usually 
manual and involves the release of lead particles and lead 
oxide that may cause environmental pollution and severe 
lead poisoning. Poor hygiene and inappropriate protection 
might be the reason for increased Pb-B level in BMW 
group. Lead (Pb) intoxication in BMW group clearly 
resulted in a disturbances of heme biosynthesis. 
Erythrocyte ALAD plays an important role in evaluating 
lead poisoning [29]. 

Recent studies and kinetic behavior of Pb in blood 
have implicated major Pb binding sites on erythrocyte 
which alters the activities of one of the cytosolic vestigial 
heme synthesis pathway enzyme in the cell, - 
aminolevulinic acid dehydratase [30]. A significant 
decrease of non activated erythrocyte - aminolevulinic 
acid dehydratase(ALAD) which is an important enzyme in 
the heme biosynthesis and a significant increase of 
activated / non activated erythrocyte ALAD ratio in lead 
exposed BMW group indicates the adverse effect of lead 
on heme biosynthesis. Lead induced decrease activities of 
ALAD of BMW group may be due to it’s interaction with 
enzyme functional groups, and high affinity metal binding 
proteins, such as Pb binding proteins and metallothioneins 
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[31]. The level of ALAD is a sensitive indicator of lead 
toxicity and is usually reduced to 50% or less of normal 
activity when Pb-B values are in the 30 –50 g/dL range, 
unfortunately the erythrocyte ALAD activity reached a 
plateau when marked reduction of it take place hence it can 
not be used to quantify degree of lead exposure [5].Non 
activated erythrocyte ALAD alone is considered as a 
predictor of  Pb-B concentration, as in the European 
standardized and other similar ALAD assay methods [22]. 

Several studies have reported that the erythrocyte 
ALAD activity is increased in individuals with anemia and 
sickle cell disease but not in subjects with ß-thalassemia 
[32]. Therefore, the use of the activated / non activated 
erythrocyte - aminolevulinic acid dehydratase (ALAD) 
activity ratio appears to be good marker for lead toxicity. 
Lead induced inhibition of Zn containing enzyme ALAD 
activities resulted in catalyzing the condensation of two 
units of ALA to form porphobilinogen (PBG). A 
significant rise of erythrocyte Zn – protoporphyrin (ZPP) in 
lead exposed BMW group in present study indicates a 
disturbance of the final step in heme biosynthesis [9]. Lead 
interferes with the conversion of zinc protoporphyrin (ZPP) 
to heme by the enzyme ferrochelatase and a correlation has 
been observed between blood lead levels and erythrocyte 
ZPP, therefore, levels of erythrocyte ZPP can be used as a 
biomarker of lead exposure [33]. Lead induced significant 
elevation in urinary - aminolevulinic acid (ALA-U) and 
urinary porphobilinogen (PBG-U) of BMW group 
corroborates the effect of lead on the hematopoietic system. 
Lead inhibits the zinc containing cytosolic enzyme ALAD, 
which catalizes the condensation of two units of - 
aminolevulinic acid (ALA) to form porphobilinogen 
(PBG). Rise of ALA-U and PBG–U of lead exposed BMW 
group supports this statement. ALA is synthesized in 
mitochondria from glycine and succinyl- Co A by ALA 
synthetase (ALA-S), which is rate limiting enzyme in heme 
biosynthesis pathway. The decrease in ALAD activity and 
indirect activation of ALAS due to negative feedback 
regulation by lead exposure cause an increase in ALA in 
various tissues and in plasma, and consequently increase 
excretion of ALA-U [34].  

A strong correlation (r = 0.892) between urinary -
aminolevulinic acid (ALA-U) and serum - aminolevulinic 
acid was already reported [35]. Hence the measurement of 
ALA-U is very useful tool for biological monitoring of 
occupational lead exposure. The urinary level of - 
aminolevulinic acid (ALA-U), a precursor of 
porphobilinogen and therefore porphyrin synthesis in heme 
metabolism, has been accepted in occupational health as a 
marker of biochemical effect of lead [36]. A positive 
correlation (r = 0.66) between blood lead concentration 
(Pb-B) and urinary level of - aminolevulinic acid (ALA-
U) of lead exposed BMW group (blood Pb range is 25.8–
78.5µg/dl) in present study clearly shows the magnitude of 
deleterious effect of heme biosynthesis and supported the 
above mentioned statements. The Pb-B concentration to 
induce a substantial increase ALA-U has been remained as 
a focus of interest. The lowest Pb-B concentration to 

induce an increase in ALA-U, or the threshold Pb-B level, 
has also reported as early as mid 1970s [37, 38]. In present 
study no significant correlation between Pb-B and ALA-U 
of the control group (blood Pb range is 2.8 -22.0 µg/dl) 
suggests that the threshold Pb-B to increase ALA-U may 
be from 22.0 µg/dl onwards as it was reported earlier [39, 
40]. Hence it may be postulated from a positive correlation 
with the linear regression between Pb-B and ALA-U in 
lead exposed BMW group (blood Pb range is 25.8 – 78.5 
µg /dl) and no correlation in control group (blood Pb range 
is 2.8 -22.0 µg/dl) that ALA-U stays almost unchanged 
when Pb-B is low (as in case of control group of present 
study, Vide Fig. 3) whereas elevation of Pb-B in certain 
level the increase of ALA-U is substantial (as in case of 
lead exposed BMW group of present study, vide Fig. 2).  

It was noticed that one of the most sensitive targets for 
lead toxicity is hematological system. The adverse 
hematological effects of lead are mainly the result of its 
perturbation of the heme biosynthesis pathway. Lead 
induced decrease concentration of hemoglobin (Hb) in 
blood of BMW group in present study supported this view. 
A few indices of erythropoietic activity like PCV, MCH 
and MCHC were significantly decreased in lead exposed 
BMW group and also corroborate the same view.Most of 
the research findings observed that lead increased 
concentration of lipid peroxide in blood, both in 
experimental or clinical studies [41, 42]. It was reported 
that increase level of lipid peroxide in plasma is associated 
with decrease erythrocyte–SOD and erythrocyte–Catalase 
activities in the workers who were occupationally exposed 
to lead (mean Pb-B concentration is 57.1+17.6 µg/dL)[12]. 
This observation is corroborated with the findings of lipid 
peroxide level, erythrocyte–SOD and erythrocyte–Catalase 
activities of lead exposed BMW group (mean Pb-B is 
53.63+16.98 µg/dL) in present study.Increase production of 
lipid peroxide (MDA) in BMW groups may be due to rise 
of ALA in blood after lead exposure. Lead usually inhibits 
the delta-aminolevulinic acid dehydratase activity, which 
increase ALA in blood plasma and urine. Much research, 
both experimental and on cell breedings confirms that ALA 
may generate reactive oxygen species (ROS) in biological 
system [43,44].In BMW group, a positive correlation with 
linear regression between Pb-B level and serum MDA level 
has been observed (Fig. 6) (Pb-B range 25.8 g/dL-
78 g/dL) whereas no correlation with linear regression is 
found in case of control group (Pb-B range 2.8 g/dL-
22.5 g/dL).It is postulated from the higher serum MDA 
content associated with decrease activity of SOD and 
catalase in BMW group exposed to lead may be a part in 
the increased membrane lipid peroxidation. Catalase 
contains heme as the prosthetic group, the biosynthesis of 
which is inhibited by lead and resulted in decrease 
erythrocyte catalase activation. A definite relationship 
between increase WBC counts with rise in serum MDA 
level in BMW group may also to be considered. As it is 
well established, free radicals are released from activated 
leukocytes, which cause peroxidation of membrane lipids. 

There is a rupture of the lysosomal membranes, the 
release of lysosomal enzymes, necrosis of the cells and 
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destruction of the parenchymal tissue. All these processes 
culminate in an increase in serum MDA level. Hence 
increase serum MDA could be used as a marker for free 
radical mediated destruction of liver parenchymal cells 
[45]. Thus chronic exposure of lead in battery 
manufacturing workers of Western Maharashtra (India) 
clearly showed an adverse effect on heme biosynthesis and 
decrease activities of SOD and catalase in associated with 
increased lipid peroxidation. Although no apparent fall of 
total erythrocyte count has been observed in BMW group, 
which is very common in chronic lead exposure, but 
decrease in hemoglobin concentration and other blood 
indices reflects anemia in lead exposed BMW group. 

The decreased SOD activity in BMW group is 
probably due to interaction of lead with copper molecule. 
As SOD is a Zn-Cu containing enzyme, hence lead 
exposure induced copper deficiency resulted in decreased 
erythrocyte SOD activity [46]. 

In conclusion, it may be postulated that despite 
modern technical supports considerable lead induced health 
hazards still exist. This study reveals that complete 
hemogram, urinary d- ALA, PBG and erythrocyte- d- 
ALAD activities are valuable tool in screening 
occupational lead exposure. Alterations of prooxidants and 
antioxidants level in battery manufacturing workers 
indicate definite oxidative stress due to lead pollution.  
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Modern industrialization has introduced
harmful metals into the environment by
redistributing them from immobilized ores
and minerals, thereby exposing humans and
animals to more metal salts. The toxicity of a
metal depends on its inherent capacity to
adversely affect any biologic activity. Among
the myriad environmental pollutants, nickel,
a heavy metal, merits special consideration as
a potential toxic element (1,2), even though it
helps in hemopoiesis because it functions as a
cofactor that facilitates the intestinal absorp-
tion of ferric ion (3). Humans are exposed to
nickel via food, water, and air produced from
such sources as mining, extraction and refin-
ing, electroplating, grinding and polishing,
nickel powder metallurgy, nickel alloys,
nickel cadmium batteries, the chemical indus-
try, food processing, and nickel waste disposal
(4). The primary toxic effects of nickel sulfate
are expressed in the myeloid system. Nickel
causes dose-related decreases in bone marrow
cellularity and in granulocyte-macrophage
and pluripotent stem cell proliferative
responses (5).

A number of studies on the carcino-
genicity of nickel compounds in experimen-
tal animals have been reported (6,7).
Generally, tumors are induced at the site of

administration of the nickel compound.
Several nickel compounds induce injection-
site sarcomas (2). Bone, kidney, and liver are
the main organs in which nickel accumu-
lates. In addition, the skin, heart, spleen,
testes, and intestine also store large amounts
of nickel (8). Nickel is excreted mainly
through the bile and urine. The nickel con-
centration in urine of normal human sub-
jects is between 0.1 and 13.3 µg/L, whereas
in urine of welders, nickel was found at con-
centrations > 18.5 µg/L (9,10).

At present there is much concern about
the nature of toxicity of nickel. Strict controls
have been instituted, and top priority is being
given to setting the safe limits to which the
population may be exposed. The level of
dietary protein intake can markedly influence
the severity of toxicity manifestations from
chronic exposure to nickel (11). Metal ions
interact with amino acids and protein in the
biologic system in the form of coordinate
complexes and chelates, participating in
biosynthesis and degradation as well as main-
taining the conformation of macromolecules.
Not only do they enhance the catalytic activ-
ity of enzymes, but they also increase the sta-
bility of the protein moiety to metabolic
turnover (12). In our earlier investigations,

we reported infertility and varying degrees of
testicular dysfunction with exposure to nickel
according to dietary protein intake (13,14).
As protein deficiency is widespread in most
industrial and rural workers in India and in
other developing countries, the present study
was designed to elucidate the effect of nickel
sulfate (NiSO4 × 6H2O) on testicular
steroidogenesis during protein restriction and
also to ascertain whether these changes are
permanent or reversible.

Materials and Methods

Animals and treatment. Adult (age 60–70
days) laboratory-bred male Wistar rats,
weighing 160 ± 5 g, were initially maintained
on standard laboratory stock diet and water
ad libitum. They were acclimatized for 7 days
to the laboratory conditions at 22–24°C and
a 12-hr light:dark cycle. Rats were then
divided into six equal groups of 10 each, and
five animals were kept in each metabolic wire
cage (24 in × 12 in × 8 in). Three groups
were fed a normal protein diet (18% casein),
and the other three groups were fed a protein-
restricted isocaloric diet (5% casein; Table 1).
The low-protein diet (5% casein) used in the
present study was prepared by replacing a
portion of the protein source (casein) in the
normal stock diet with starch.

After 3 weeks of acclimatization, in the
above mentioned dietary regime group 1
(18% casein) and group 4 (5% casein) served
as controls and received the appropriate vol-
ume of the vehicle injected intraperitoneally.
Groups 2 and 5 animals were treated with
nickel sulfate (Sigma, Chemicals, St. Louis,
MO) intraperitoneally in double-distilled
water at a dose of 2 mg/100 g body weight
(bw) on alternate days for 10 doses (15). This
was an effective dose, and it does not cause
any deleterious effect on the kidney because it
is far below from the LD50 value of nickel
sulfate. Groups 3 and 6 animals received the
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Nickel, a widely used heavy metal, exerts potent toxic effects on peripheral tissues as well as on the
reproductive system. Low dietary protein coupled with exposure to this metal induces more severe
changes, including biochemical defects, structural disorders, and altered physiologic functions.
This study was designed to assess the effects of nickel sulfate on testicular steroidogenesis and to
ascertain whether such alterations are reversible with normal protein and protein-restricted dietary
regime. Nickel sulfate [2 mg/100 g body weight (bw)] dissolved in double-distilled water was
administered on alternate days for 10 doses in a normal protein diet (18% casein) and a protein-
restricted diet (5% casein) to Wistar male albino rats (bw 160 ± 5 g). Two groups, one with a nor-
mal protein diet and the other with a protein-restricted diet, served as controls. Twenty-four
hours after the last treatment, all the animals except those in withdrawal groups were sacrificed by
decapitation. We observed a significant reduction in the activities of the testicular steroidogenic
enzymes and plasma testosterone concentration accompanied by a significant elevation in choles-
terol and ascorbic acid level in both dietary groups. After 15 days of withdrawal from the nickel
sulfate treatment, the testicular steroidogenic enzymes, along with plasma testosterone level,
improved significantly in both normal protein-fed and protein-restricted dietary groups. The
effects of nickel on testicular cholesterol and ascorbic acid concentration were also reduced after
withdrawal. Our results indicate that nickel sulfate affects the steroidogenic enzymes, causing
alteration in the formation of testosterone in both dietary groups, which was manifested in the
elevated cholesterol and ascorbic acid level with decreased activities of steroidogenic enzymes in
adult rats testes. However, these alterations were reversible in both groups of animals fed normal
protein diets and protein-restricted diets. Key words: hydroxysteroid dehydrogenase, nickel sulfate,
protein restriction, testes, testosterone. Environ Health Perspect 110:923–926 (2002). [Online
13 August 2002]
http://ehpnet1.niehs.nih.gov/docs/2002/110p923-926das/abstract.html



same dose of nickel sulfate as groups 2 and 5,
but they were given an additional recovery
period of 15 days after dose 10. The dietary
status was maintained by pair feeding. The
chances of nickel toxicity occurring under
these circumstances by the oral route are
remote because a large amount of nickel is
required to produce a toxic effect by inges-
tion. In contrast to nickel salts administrated
orally, nickel salts administered intraperi-
toneally or subcutaneously are highly toxic
(3). Hence, nickel sulfate was administered
intraperitoneally in this study.

We recorded the body weights of all rats
on day 1 of the dietary treatment, on day 1 of
the nickel sulfate injection, and just before
sacrifice. At the end of the nickel sulfate treat-
ment, animals of all groups except those of
groups 3 and 6 were fasted overnight and sac-
rificed by decapitation from 0700 to 1100 hr
to avoid any possible diurnal variation. The
entire experimental protocol was approved by
the Calcutta University ethical committee on
animal research, and utmost care was taken
during the experimental procedure as well as
at the time of sacrifice as per the Helsinki
Declaration, 1984 (16). At the end of a 15-
day recovery period, animals of groups 3 and
6 were also sacrificed. Blood was collected in
heparinized tubes, and plasma was separated
by centrifugation immediately for estimation
of testosterone. The testes and seminal vesi-
cles of each group were separately dissected
out, trimmed of fat, wiped clean, and
weighed immediately.

Study of testicular steroidogenic enzymes,
cholesterol, and ascorbic acid content. We
used the right testes of each animal to esti-
mate the activity of the steroidogenic enzymes
3β-hydroxysteroid dehydrogenase (3β-HSD)
and 17β-hydroxysteroid dehydrogenase (17β-
HSD) and to estimate cholesterol and ascor-
bic acid content. For enzymatic study,
testicular tissue was homogenized (20% glyc-
erol, 5 mM potassium phosphate, 1 mM
EDTA) and then centrifuged at 10,000 rpm
at 4°C for 30 min. The supernatant was
decanted. Enzyme activities were measured
by optical measurement (absorbance at 340
nm) of the rate of reduction of pyridine
nucleotides (NAD or NADP) according to
the method of Talalay (17) and Jarabak (18).
The assay system contained 1 mL sodium
pyrophosphate buffer, 0.5 mL of 5% bovine
serum albumin, 0.04 mL steroid (dehy-
droepiandrosterone for 3β-HSD and testos-
terone for 17β-HSD), and 1 mL of the
supernatant fluid. All chemicals were pur-
chased from Sigma Chemicals, except the
steroid (Organon India Ltd., Kolkata, India).
Duplicate samples and blanks (without
steroid) were run each time. One unit of
enzyme activity is the amount that causes a
change in absorbance of 0.001 U/min using

the steroids as substrate. We measured testic-
ular protein by the method of Lowry et al.
(19). The enzyme activity was expressed in
units per milligram of protein. We estimated
the cholesterol (20) and ascorbic acid (21)
content spectrophotometrically.

Study of plasma testosterone. We carried
out radioimmunoassay of plasma testosterone
according to the method of Coombs (22)
using 125I-testosterone (Diagnostic Products
Corp., Los Angeles, CA, USA) and used 13%
polyethylene glycol to separate antibody-
bound and free hormone according to the
method of Anderson et al. (23). All samples
were assayed in duplicate. Because chromato-
graphic purification of the samples was not
performed, the testosterone values are the
sum of testosterone and dehydrotestosterone
(plasma levels of dehydrotestosterone are only
about 1/10 of testosterone levels, and the
cross-reactivity is typically less than 5%). The
coefficient of variance within the assay was
6.2%. Between-assay variance was not deter-
mined because all samples were measured in a
single assay. The average sensitivity of the
assay was 7.5 pg testosterone/tube at the 95%
confidence level. The blank plasma value was
40 pg testosterone/mL of plasma (n = 20), as
determined by the assay of a pool of adult
male rat plasma after treatment twice with
0.2 mL dextran-coated charcoal (2% char-
coal, 0.5% dextran)/mL plasma. We deter-
mined the accuracy of the assay by adding 1

mg testosterone/ mL (nonradioactive) to 20
plasma samples.

Statistical analysis. We calculated the
mean ± SEM values for each group. To deter-
mine the significance of the intergroup differ-
ences, each parameter was analyzed separately
and one-way analysis of variance (ANOVA)
was carried out at 5% of Fisher’s distribution.
To find out which of the groups differed
among themselves, we applied Duncan’s mul-
tiple range test with the level of significance
fixed at p < 0.05 (24).

Results

The nickel sulfate-treated rats showed a sig-
nificant decrease in the growth rate, as indi-
cated by the body weights (Table 2) of the
treated rats in both the normal protein-fed
and protein-restricted groups. In case of with-
drawal groups (groups 3 and 6), marked
improvement in body weights were observed.
Table 3 shows that the relative weights of
testes significantly decreased in all the experi-
mental groups (groups 2, 3, 5, 6) compared
to their respective controls (groups 1 and 4).
Withdrawal groups in both dietary regimes
showed a significant improvement in testicu-
lar weight. An insignificant decrease of semi-
nal vesicle weights was observed after nickel
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Table 1. Composition of normal and protein-
restricted diets.

Protein-
Dietary Normal restricted
components diet (%) diet (%)

Carbohydrate (amylum IP) 70 83
Fat (peanut oil) 7 7
Protein (casein) 18 5
Salt mixturea 4 4
Vitamin mixtureb 1 1

IP, industrial production.
aData from U.S. Pharmacopeia (25). bData from the
American Institute of Nutrition (26).

Table 2. Changes in body weight after nickel sul-
fate treatment (2 mg/100 g bw, for 10 days).

Body weight (g)
Day of Day of Percent

Group 1st injection sacrifice p-Value change

1 190 ± 34a 203 ± 4.2a < 0.01 + 6.84
2 195 ± 4.8a 162 ± 3.4b < 0.001 – 16.92
3 194 ± 5.4a 174 ± 4.8c < 0.001 – 10.30
4 160 ± 3.4b 150 ± 4.2d < 0.01 – 6.25
5 165 ± 4.2b 128 ± 4.2e < 0.001 – 22.42
6 170 ± 3.8b 144 ± 3.8f < 0.001 – 15.29

Each value is mean ± SEM of 10 observations in each
group. In each column, values with different superscripts
were significantly different from each other (p < 0.05).
Group 1: normal protein diet (18% casein); group 2: normal
protein diet + NiSO4; group 3: normal protein diet + NiSO4 +
withdrawal; group 4: protein-restricted diet (5% casein);
group 5: protein-restricted diet + NiSO4; group 6: protein-
restricted diet + NiSO4 + withdrawal. 

Table 3. Changes in wet weight to testicular and
seminal vesicular tissues after nickel sulfate treat-
ment (2 mg/100 g bw for 10 days). 

Testes Seminal vesicle
Group weight (g) weight (mg)

1 1.741 ± 0.082a 274.61 ± 24.24a

2 1.502 ± 0.075b 270.22 ± 25.32a

3 1.632 ± 0.081c 273.43 ± 22.48a

4 1.320 ± 0.082d 180.32 ± 24.32b

5 1.024 ± 0.081e 178.41 ± 25.4b

6 1.220 ± 0.074f 174.30 ± 20.47b

Each value is mean ± SEM of 10 observations in each
group. In each column, values with different superscripts
are significantly different from each other (p < 0.05). Group
1: normal protein diet (18% casein); group 2: normal pro-
tein diet + NiSO4; group 3: normal protein diet + NiSO4 +
withdrawal; group 4: protein-restricted diet (5% casein);
group 5: protein-restricted diet + NiSO4; group 6: protein-
restricted diet + NiSO4 + withdrawal.

Figure 1. Percentage change in testicular choles-
terol weight after nickel treatment. E1, group 1 vs.
group 2; E2, group 1 vs. group 3; E3, group 1 vs.
group 4; E4, group 1 vs. group 5; E5, group 1 vs.
group 6.
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sulfate treatment in all the experimental
groups. The percent changes in testicular
weight in both normal protein-fed and pro-
tein-restricted groups after nickel sulfate
treatment are depicted in Figure 1.

Table 4 depicts the changes in the testicu-
lar cholesterol and ascorbic acid concentra-
tion after nickel sulfate treatment in the same
experimental condition. Significant increases
in ascorbic acid and cholesterol level occurred
after nickel sulfate administration in all the
experimental groups compared to their
respective controls, whereas the withdrawal
groups in both dietary regimes showed signif-
icant reductions compared to control groups. 

Nickel sulfate treatment significantly
reduced the activities of the two testicular
steroidegenic enzymes 3β-HSD and 17β-HSD
and plasma testosterone level (Table 4) in both
dietary experimental groups. In contrast, 15
days after withdrawing nickel sulfate from rats
in both dietary regimes (groups 3 and 6), the
two steroidogenic enzymes and plasma testos-
terone level showed a significant recovery com-
pared to nickel sulfate-treated groups. Percent
changes in testicular cholesterol, ascorbic acid,
3β-HSD, 17β-HSD, and plasma testoserone
level in both normal protein-fed and protein-
restricted groups after nickel treatment are
depicted in Figures 2 and 3.

We also observed that protein restriction
itself produced a deleterious effect on body
weight, organ weight, concentration of cho-
lesterol, ascorbic acid, 3β-HSD, and plasma
testosterone, but not on 17β-HSD activities
(Tables 2–4).

Discussion

Our results indicate that nickel sulfate has an
adverse effect on total body weight and on
weights of testes under both normal and pro-
tein-restricted conditions, but a partial recov-
ery took place in withdrawal groups under
both dietary conditions. Loss of body weight
after nickel sulfate administration indicates
the interference of protein metabolism, pre-
sumably by inhibiting enzymatic pathways
(1). The reduction in weights of testes and
accessory glands is likely caused by lowered
production of testicular androgen, possibly as

a result of loss of mass of Leydig cells (27,28).
Nickel sulfate induced a decrease in testicular
weight, with decreased sperm concentration
and motility (14). Nickel sulfate degenerated
the germinal epithelium of testes and reduced
testicular weight (29).

Steroidogenesis in the testes is under the
physiologic control of two dehydrogenases. A
constant supply of cholesterol and ascorbic
acid is required for the synthesis of steroid hor-
mones (30). Both dehydrogenases are directly
involved in biosynthesis of testosterone from
pregnenolone as well as androstenedione. Any
alteration in the activity of these two enzymes
affects androgen production. Reduced activi-
ties of these steroidogenic enzymes in mature
testes of adults rats indicate reduced steroido-
genesis (30).

The role of cholesterol as a precursor mol-
ecule in the synthesis of steroids hormones is
well established (31). In this study, the cho-
lesterol content in the testes of experimental
groups of rats showed significant increases
compared to their respective dietary control
groups. This high accumulation of cholesterol
may suggest that cholesterol is not used in
testosterone biosynthesis and thereby corrob-
orate nickel sulfate-induced reduction in
steroidogenesis.

Ascorbic acid, an easily diffusible water-
soluble biologic reductant, is found in abun-
dance in testes (32), where it plays an
important role in testicular hormonogenesis
(33). Nickel sulfate induced an increase in
ascorbic acid concentration in both normal
and protein-restricted groups, reflecting that
ascorbic acid is not used in the process of tes-
ticular steroidogenesis (33). Nickel might
have some influence on the distribution and
concentration of ascorbic acid, which in turn
influences the physiologic fate of the metallic
ions by a separate type of mechanism (34).
The alteration of testicular steroidogenic activi-
ties and concentration of cholesterol and ascor-
bic acid in the protein-restricted condition is
higher than that in normal protein condition,
which indicates that the toxic effects of nickel
were aggravated by protein restriction.

Our investigation further revealed that
nickel sulfate induced a decreased plasma

testosterone level in both dietary experimental
groups. Nickel also affects the hypothala-
mic–pituitary–testicular axis (29). Metal
exposure decreased the neurotransmitter con-
tent in anterior and mediobasal hypothala-
mus and decreased circulating levels of
lutenizing hormone (LH) and testosterone
(35). Our investigations show that nickel sul-
fate affects the hormonal milieu of the testes
in both dietary groups. The hormonal milieu
originates in the hypothalamus, which
releases gonadotropin-releasing hormone in a
pulsatile manner. This results in secretion of
LH, which in turn stimulates the Leydig cell
production of testosterone.

The production of testicular testosterone
requires cholesterol and ascorbic acid, along
with 3β-HSD and 17β-HSD (36). Low level
of plasma testosterone may be due to a direct
effect of nickel on the testicular hormonogen-
esis, which is supported by the decrease in
steroidogenic enzyme activities with a con-
comitant increase in cholesterol and ascorbic
acid levels (Table 4, Figures 2 and 3 ). The
decrease in plasma testosterone level in pro-
tein-restricted experimental groups after
nickel sulfate treatment is higher than in the
normal dietary protein experimental groups
(Table 4). Possibly, the low level of dietary

Articles • Nickel-induced inhibition of testicular steroidogenesis

Environmental Health Perspectives • VOLUME 110 | NUMBER 9 | September 2002 925

Table 4. Effect of nickel (2 mg/100 g bw) on testicular cholesterol, ascorbic acid, 3β- and 17β-hydroxy-
steroid dehydrogenase, and plasma testosterone concentration in rats.

Cholesterol Ascorbic acid 3β-HSD 17β-HSD Testosterone
Group (mg/g tissue) (mg/g tissue protein) (U/mg) (U/mg protein) (ng/mL)

1 86.35 ± 4.80a 147.42 ± 8.32a 8.97 ± 0.18a 6.50 ± 0.29a 3.27 ± 0.06a

2 142.48 ± 8.34b 194.32 ± 9.48b 6.57 ± 0.23b 5.10 ± 0.21b 2.43 ± 0.10b

3 100.28 ± 7.32c 175.32 ± 9.21c 7.83 ± 0.21c 6.04 ± 0.22a 2.84 ± 0.07c

4 105.34 ± 8.28c 170.46 ± 6.78c 7.51 ± 0.22c 6.10 ± 0.21a 2.97 ± 0.11c

5 168.32 ± 9.40d 205.48 ± 10.41d 4.21 ± 0.18d 4.04 ± 0.11c 2.17 ± 0.28d

6 138.48 ± 10.30b 188.32 ± 7.81b 6.20 ± 0.21b 5.34 ± 0.28b 2.52 ± 0.12b

Each value is mean ± SEM of 10 observations in each group. In each column, values with different superscripts were sig-
nificantly different from each other (p < 0.05). Group 1: normal protein diet (18% casein); group 2: normal protein diet +
NiSO4; group 3: normal protein diet + NiSO4 + withdrawal; group 4: protein-restricted diet (5% casein); group 5: protein-
restricted diet + NiSO4; group 6: protein-restricted diet + NiSO4 + withdrawal.

Figure 2. Percent change in testicular cholesterol
and ascorbic acid concentration after nickel treat-
ment. E1, group 1 vs. group 2; E2, group 1 vs. group
3; E3, group 1 vs. group 4; E4, group 1 vs. group 5;
E5, group 1 vs. group 6.
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protein intake decreases synthesis of testicular
enzymes, lowering the testosterone level,
which is further aggravated by exposure of
nickel (37). After 15 days of withdrawal from
the nickel sulfate treatment, the effects of
nickel on testicular cholesterol, ascorbic acid,
3β-HSD, 17β-HSD, and plasma testosterone
content were reduced in normal protein-fed
as well as protein-restricted dietary groups.
This may be explained by the fact that with-
drawal from nickel sulfate causes an improve-
ment of testicular steroidogenesis.

Simple dietary protein restriction induced
reduction of body weight, organ weight, testic-
ular 3β-HSD, and plasma testosterone level
with a concomitant increase of testicular cho-
lesterol and ascorbic acid concentration reflect-
ing biochemical defects, structural disorders,
and altered physiologic function. The organ-
ism depends essentially on dietary protein that
directly or indirectly regulates biochemical
processes (38). It has been reported that nickel
sulfate adversely affects the expression of
genetic information by reducing DNA, RNA,
and protein concentration in the testes of
albino rats fed normal protein and protein-
restricted diets (14). A relationship between
the threshold level of nickel toxicity and
dietary protein levels may be considered (14).
Nickel sulfate appears to adversely affect the
biochemical microenvironment of the testes of
albino rats fed a normal protein diet, which is
further aggravated in protein-restricted diets.
However, all these alterations may be
reversible.
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