In vivo and In vitro Studies on the Expression of
Metallothioneins in Response to Silver Exposure
among Jewellery Unit Workers

By
Shalini . K.V.

Supervisor

Dr. 6.P. Jeyanthi

A Thesis Submitted to

Avinashilingam Institute for Home Science and Higher Education
for Women, Coimbatore - 641043

In Partial Fulfilment of the Requirement for the Degree of

Doctor of Philosophy in Biotechnology

May - 2015



| Certificate E

This is to certify that the thesis entitled “In vivo and In vitro

Studies on the Expression of Metallothioneins in Response to

Silver Exposure among Jewellery Unit Workers” submitted to

Avinashilingam Institute for Home Science and Higher Education for

Women, Coimbatore, for the award of the degree of Doctor of
Philosophy in Biotechnology is a record of original research work
done by Shalini. K.V during the period of her study in the Department of
Biochemistry, Biotechnology and Bioinformatics, Avinashilingam Institute
for Home Science and Higher Education for Women, Coimbatore, under
my supervision and guidance and the thesis has not formed the basis for
the award of any Degree / Diploma / Associateship / Fellowship or

similar title to any University or Institute.

& al]os’]w/ J/ 4 /l:/m:/b'ffg

Signature of the Signature of the Guide
Head of the Department

Dr. Mrs. S. ANNAPURANI
Professor & Head of Biochemistry
AVINASHILINGAM
Institute for Home Science and
Higher Education for Women
\  UNIVERSITY
Coimbatore - 641 043 l 15 <

Signature of the Dean

Dr. A PARVA
Dean, Faculty ]
i]olfnssorﬂ
a’mnaslnlmg:m—.el’.‘r):.ut‘t){n)i e o
dngherEducatm iom =
Coimbatorg - 641043 ;




| Declaration B

| hereby declare that the matter embodied in this thesis entitled

“In vivo and In vitro Studies on the Expression of Metallothioneins
in Response to Silver Exposure among Jewellery Unit Workers” is
the result of investigations carried out by me in the Department of
Biochemistry, Biotechnology and Bioinformatics, Avinashilingam Institute
for Home Science and Higher Education for Women, Coimbatore, under
the supervision and guidance of Dr. (Mrs). G.P. Jeyanthi, M.Sc.,
M.Phil., Ph.D, Professor, Department of Biochemistry, Biotechnology
and Bioinformatics, Avinashilingam Institute for Home Science and
Higher Education for Women, Coimbatore and it has not been submitted
for the award of any Degree / Diploma / Associateship / Fellowship or

similar title to any University or Institute.

s 4 ﬂjz\’ 4

), Gl 15 N>
Signature of the Guide Signature of the Candidate




Acknowledgement

There are many people to whom the author is grateful to and fears that the space is
not enough to thank them all.

First of all, the author wishes to express her gratitude to God Almighty, whose

constant presence was a guiding light throughout the course of her research.

The author expresses her deep sense of gratitude to late Dr. T.S. Avinashilingam,
the Founder and First Chancellor of Avinashilingam Institute for Home Science and Higher
Education for Women and late Dr. (Mrs.) Rgjammal P. Devadas, Former Chancellor,
Avinashilingam Institute for Home Science and Higher Education for Women, Coimbatore,

for their grace and blessings in the successful completion of the study.

The author conveys her sincere thanks to Dr. T.S.K, Meenakshi Sundaram,
Chancellor, Avinashilingam Institute for Home Science and Higher Education for Women,
Coimbatore, for extending all possible help towards the completion of the study.

The author records her sincere gratitude to Dr. Sheela Ramachandran,
Vice Chancellor, Avinashilingam Institute for Home Science and Higher Education for
Women, Coimbatore, for creating an atmosphere conducive for critical and analytical

thought.

The author places on record, her sincere thanks to Or. Gowri RamakRrishnan, Former
Registrar, and Or. A. Venmathi Registrar Incharge, Avinashilingam Institute for Home
Science and Higher Education for Women, Coimbatore, for providing the opportunity and
all the amenities for the conduct of the study.

The author expresses her profound sense of faithfulness and sincere thanks to
Dr. R, Parvatham, Former Dean of Science and Head of the Department of Biochemistry,
Biotechnology and Bioinformatics, for her inspiration and constant encouragement rendered

throughout the study.

The investigator wishes to express her sincere thanks to @r. A. Parvathi, Dean of

Science, for her constant encouragement and support.

The author is thankful to Dr. P. Santhana Krishnan, Former Director of Research
and Consultancy, for extending all possible help for the smooth conduct of the study.



Grateful gratitude is accorded to Dr. S. Annapoorani, Professor and Head,
Department of Biochemistry, Biotechnology and Bioinformatics, for her immense

encouragement and valuable suggestions during the period of study.

The author owes her deepest admiration and gratitude for her guide,
Dr. G.P. Jeyanthi, Professor, Department of Biochemistry, Biotechnology and
Bioinformatics, who was a paragon of dedication all through her years of research work,
Without her Rind words, her astute Rnowledge and her light admonitions, this thesis would
never have taken form. Words are not sufficient for the author to express her debt of

gratitude to her guide.

The author articulates her deep felt thanks to all the faculty members of the
Department of Biochemistry, Biotechnology and Bioinformatics who were always helpful,

considerate and supportive.

The author’s research depended a lot on the help of many who spent their valuable
time and resources for the successful completion of this work, The author gratefully
acknowledges all the participants of the study, for their Rind cooperation in the study. She
records her sincere thanks to Mr. 1. Annadurai and Mr. A. Madhavan who helped her to

collect the samples.

The author cannot find words to thank her family for shouldering her during days
when nothing seemed right. The mere mention of their names wouldn't do justice to the care
and support they gave. The author is highly indebted to her mother and father for their

prayers and motivation.

The author owes a special debt of gratitude to her husband for always being
considerate, understanding who always stood by her side, whether at work or in life and
also her child and other family members for their encouragement and moral support in

making this study a reality.

The author particularly wishes to put on record her gratitude to her friends in the
Department of Biochemistry, Biotechnology and Bioinformatics, Avinashilingam Institute
for Home Science and Higher Education for Women, Coimbatore, for their camaraderie and

timely help.



Contents

S.No. Title Fage

List of Tables i
List of Figures i
List of Plates v
List of Appendices vi

1.0  Introduction ..., 1

2.0 Reviewof Literature..............ccoooiiiiiii, 8

2.1 Scenario of Heavy Metal Pollution 8

2.2  Silver Exposure in Jewellery Units 9

2.3  Uptake and Metabolism of Silver in Human Body 11

2.4  Silver Induced Health Effects in Humans and Symptoms of 13
Silver Toxicity

2.5 Experimental Studies on Silver Exposure in Animal Models 17

2.6 Cell Culture Studies for Silver Exposure 19

2.7  Metallothionein Isoforms and their Role in Metal 20
Detoxication and Homeostasis

2.8 Free Radical Scavenging Role of Metallothioneins in 24
Oxidative Stress

2.9 Metallothioneins as a Biomarker of Silver Exposure 27

3.0 Experimental Procedure .................cccoiiiieini, 29

3.1 Assessment of the Health Status of Workers in Jewellery 31
Units

3.2  Isolation, Molecular Mass Determination and Quantification 44

of Metallothioneins from Peripheral Blood Lymphocytes of
Selected Workers in the Jewellery Units




Page

S.No. Title No.
3.3 Evaluation of Metallothioneins in the Cultured 47
Lymphocytes of the Selected Workers on Exposure to

Silver ions
3.4  Statistical Analysis 51
4.0 Results and Discussion.............ccccoviiiiniinnnnn.. 52
4.1 Health Status of Workers in Jewellery Units 55
4.2 Isolation, Molecular Mass Determination and Quantification 92
of Metallothioneins from Peripheral Blood Lymphocytes of
Selected Workers in the Jewellery Units
4.3 Expression of Metallothioneins in the Cultured 110
Lymphocytes of the Selected Workers on Exposure to
Silver ions
Summary and Conclusion ....................oo.. . 135
Bibliography ... 142
ApPPeNdiCeS ... 184




List of Tables

Table . Page
No. Title No.
1 Details of the Liver Function Markers Estimated in the 41
Serum Sample of Jewellery Unit Workers

2 Details of the Renal Function Indicators Estimated in the 42
Serum and Urine Samples of Jewellery Unit Workers

3 Details of Estimation of Silver and Metallothioneins in the 43
Serum Samples of Jewellery Unit Workers

4A Demographic Profile of the Selected Workers Employed 56
in Jewellery Units

4B Demographic Profile of the Selected Workers Employed 58
in Jewellery Units (Contd....)

5 Smoking Habit of the Jewellery Units Workers 60

6 Professional Background of Workers Employed in 61
Jewellery Units

7 Protective Measures in Use among Jewellery Unit Workers 62

8 Symptoms Reported by Jewellery Unit Workers 64

9 Anthropometric Measurements of the Selected Jewellery 65
Unit Workers

10 Levels of Red Blood Cell Indices among Jewellery Unit 70
Workers

11 Total, Differential Leucocyte and Platelet Count in Blood 72
among Jewellery Unit Workers

12 Serum and Urine Renal Function Parameters among 81
Jewellery Unit Workers

13 Association between Median Level of Serum Silver and 85
Clinical Symptoms among the Jewellery Unit Workers

14 Correlation between Silver and Selected Parameters in the 88
Jewellery Unit Workers

15 Correlation between Lipid Peroxidation and Selected 89

Biochemical Parameters among Jewellery Unit Workers




Table . Page
No. Title No.
16 Correlation between Years of Exposure to Silver Fumes 91
and Selected Parameters among Jewellery Unit Workers

17 Earlier Studies on Metallothioneins from Various Species 103

18 Per cent Viability of Lymphocytes treated with Different 111
Concentrations of AQNOg after 24 Hours

19 Free Radical Scavenging Activity of Sulfydryl enriched 123
Protein Fraction from Peripheral Blood Lymphocytes
treated with AgNO3

20 ABTS, DPPH, H,0, and Superoxide Radicals Scavenging 124
Potential of Metallothioneins

21 Interpretation of FTIR Spectra of MT from cultured PBLs on 131

treatment with 0.5uM and 4uM AgNO3




List of Figures

Figure - Page
No. Title No.
1 Processes Involved in Jewellery Manufacture 10
2 Silver Uptake and Metabolism in Humans 13
3 Schematic Representation of the Stimuli that Induce MT and 20
the Downstream Effects of MT Over Expression
4 Structural Model of Two Binding Sites of Metallothionein 22
5 Scavenging of Reactive Oxygen Species in Metallothioneins 25
Redox Cycle
6 Selection of Jewellery Unit Workers for the Study 36
7 Serum Silver and Metallothionein Levels among Workers in 67
Jewellery Units
8 Mean Level of  Serum Thiobarbituric Acid Reactive 74
Substances among Jewellery Unit Workers
9 Mean Activities of Serum Alanine amino transferase (ALT), 76
Aspartate  amino transferase (AST) and Alkaline
phosphatase (ALP) among Jewellery Unit Workers
10 Mean Levels of Albumin and Total Protein in Serum among 77
Jewellery Unit Workers
1 Level of Serum Cholesterol in the Jewellery Unit Workers 78
12 Serum Total and Direct Bilirubin Levels among Jewellery 79
Unit Workers
13 Serum Calcium and Phosphorus Levels of Workers 83
Employed in Jewellery Units
14 Correlation between Levels of Serum Silver and 87
Metallothioneins among Jewellery Unit Workers
15 Profiles of Sephadex G-75 Column eluted fractions from 94

Peripheral Blood Lymphocytes of Selected Jewellery Unit
Workers showing the absorbance 250/280 nm of the Sample
Fractions




Figure . Page
No. Title No.
16 Sulfydryl (-SH) Contents of isolated MTs from PBLs in 97
Controls and Jewellery Unit Workers

17 HPLC Spectra of Metallothionein in PBLs of Exposed 102
Workers and Controls

18 FTIR Spectrum of MTs from PBLs of Control 107

19 FTIR Spectrum of MTs from PBLs of Jewellery Unit Workers 107

20 Viability of Peripheral Blood Lymphocytes after Exposure to 114
Different Concentrations of AQNO3 at Different Time Intervals

21 Profiles of Sephadex G-75 Column Elution Fractions from 118
Cultured Peripheral Blood Lymphocytes showing the
Absorbance 250/280 nm

22 Sulfydryl (-SH) Content of PBLs treated with Different 120
Concentrations of AQNO3

23 HPLC Spectra of Control and AgNO; Exposed Cultured 127
Lymphocytes after 24 Hours

24a FTIR Specum of Sephadex G-75 Column eluted Sulfydryl 129
group Enriched Protein Fraction from PBS Treated PBLs
after 24 Hours

24b  FTIR Specum of Sephadex G-75 Column eluted Sulfydryl 129
group Enriched Protein Fraction from 0.5uM AgNO3; Treated
PBLs after 24 Hours

24c FTIR Specum of Sephadex G-75 Column eluted Sulfydryl 130

group Enriched Protein Fraction from 4uM AgNO3; Treated
PBLs after 24 Hours




List of Plates

Plate . Page
No. Title No.
1 Jewellery Manufacturing Process 32
2 SDS-PAGE Protein Profile of Peripheral Blood 98
Lymphocytes of Exposed Workers and Controls

3 Viability of Different Concentrations of AgNO3 Treated 113
Cultured Lymphocytes after 24 Hours using 0.4%
Trypan Blue

4 TEM Images of Cultured PBLs Treated with 4 uM 117

AgNO; for 24 Hours




List of Appendices

1 Questionnaire Administered to the Male Workers of 184
Jewellery Units
2 Assessment of Hematological Indices in Blood 192
3 Estimation of Glucose in Serum 194
4 Determination of Lipid Peroxidation in Serum 195
5 Estimation of Aspartate amino transferase Activity 196
(AST)
6 Estimation of Alanine amino transferase Activity (ALT) 197
7 Estimation of Alkaline phosphatase Activity (ALP) 199
8 Estimation of Albumin in Serum 199
9 Estimation of Total Protein in Serum 200
10 Estimation of Total and Direct Bilirubin in Serum 201
11 Estimation of Cholestrol in Serum 202
12 Estimation of Urea in Serum 203
13 Estimation of Uric acid in Serum 204
14 Estimation of Creatinine in Serum 205
15 Estimation of Total Protein in Urine 206
16 Estimation of Creatinine in Urine 207
17 Estimation of Silver in Serum 208
18 Estimation of Metallothioneins in Serum 209
19 Estimation of Calcium in Serum 211
20 Estimation of Phosphorus in Serum 212
21 Isolation of Lymphocytes from Peripheral Blood by 213

Ficoll Hipaque 1077

Vi



22 Preparation of Cell Lysing Buffer 214
23 Separation of Proteins from PBLs by Gel Filtration 214
24 Estimation of Sulfhydryl Groups 216
25 1-D Gel Electrophoresis for Protein Analysis 217
26 Gel Staining and Decolourization for Protein Analysis 218
27 High Performance Liquid Chromatography Spectral 219
Analysis of Metallothioneins
28 Fourier Transform Infra Red Spectral Analysis of 220
Metallothioneins
29 Assessment of Cell Viability using 0.4% Trypan Blue 221
30 Estimation of Cell Cytotoxicity by MTT assay 222
31 Transmission Electron Microscopic Analysis of 223
Cultured Lymphocytes
32 Estimation of ABTS Radical Scavenging Effects 223
33 Estimation of DPPH Radical Scavenging Activity 224
34 Estimation of Superoxide Scavenging Activity 225
35 Estimation of Hydrogen Peroxide Scavenging Effects 226

vii



	Front pages 28.4.15.pdf

