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       INTRODUCTION

…………………………………………...............
1.0  INTRODUCTION 


The industrial revolution paved a new highway for charting newer territories and defining development in a newer perspective.  The mechanization of work and human inputs requirements enabled human to explore newer horizons and newer dimensions.  Although, human cherished desire has been fruitful to an extent the back log of industrialization, altered work behaviour and changing trends have resulted in newer phenomena of occupation related hazards. The sustainability and continued development of industrialization requires increased production and enhanced productivity, which also requires safe work and working conditions (Joshi and Dahal, 2008).

        Occupational Health Services are essentially multidisciplinary in nature involving the services of physicians, hygienists, toxicologists, ergonomists, psychologist educators, NGOs and paramedical staff  to achieve a common goal of protecting and promoting worker’s health. Today’s concept of occupational health has greatly changed from yesterday’s concept of industrial health and now it is fast changing to environmental health because of greater awareness of the ecological problems arising from rapid industrialization, the use of complex processes and hazardous chemicals in industries, and urbanization (Pingle, 2005).

        Environment contains both toxic and non-toxic atoms, ions and molecules.  Industries are the major sources of toxic ions and its entry to biological systems disturb the biochemical pathways, in some cases leads to death of the organism (Pachathundikandi and Varghese, 2006). 
1
        Exposure to industrial chemicals and environmental pollutants results in serious health hazard among the factory workers and general public (ICMR, 2006). Workers everywhere face chemical, biological, physical and psychosocial workplace hazards.  However, people in developing countries bear more than 80 percent of the global burden of occupational disease and injury.  Some diseases, such as lead poisoning, which have been largely eliminated in developed countries, remain a major problem in the rest of the world (Rosenstock et al., 2006).

        The work environment exposes many workers to health hazards, that contribute to injuries, respiratory diseases, cancer,  musculoskeletol disorders, reproductive disorders, cardiovascular diseases, mental and neurological illnesses, eye damage and hearing loss, as well as to communicable diseases. The current global labor force stands at about 2600 million and is growing continuously.  Approximately 75% of these working people are in developing countries.  The officially registered working population constitutes 60-70% of the world’s adult male and 30-60% of the world’s adult female population.  Each year, another 40 million people join the labor force, most of them in developing countries. “ Workplace environmental hazards are therefore a threat to a large proportion of the world population” (WHO, 1997).
        Upper extremity musculoskeletal disorders are common among workers in a variety of manufacturing and other occupational settings (Gold et al., 2009). The workplace can trigger or induce asthma, leading to work related asthma, that can be categorized into two distinct subsets: work aggravated asthma and occupational asthma.  Patients with work aggravated asthma have a history of pre existing asthma;  occupational asthma develops as a direct result of workplace exposure (Caldeira et al., 2006). 
2
        Global concerns have been raised in recent years over the potential adverse endocrine effects that may arise from exposure to chemicals in the environment or work place.  These chemicals have the potential to interfere with or alter the endocrine system in humans and wildlife (Anetor et al., 2005).

        The Automobile industry in India is the ninth largest in the world with an annual production of over 2.3 million units in 2008.  In 2009, India emerged as Asia’s fourth largest exporter of automobiles, behind Japan, South Korea and Thailand.  The automotive industry designs, develops, manufactures, markets, and sells the world's motor vehicles. In 2008, more than 70 million motor vehicles, including cars and commercial vehicles were produced worldwide.  In 2007, a total of 79.9 million new automobiles were sold worldwide: 22.9 million in Europe, 21.4 million in Asia-Pacific, 19.4 million in USA and Canada, 4.4 million in Latin America, 2.4 million in the Middle East and 1.4 million in Africa. The markets in North America and Japan were stagnant, while those in South America and other parts of Asia grew strongly. Of the major markets, China, Russia, Brazil and India saw the most rapid growth.

(http://en.wikipedia.org/wiki/Automobile_industry_in_India)

        Workers in plants manufacturing automobile parts are exposed to a variety of chemical and biological agents that might be associated with the development of respiratory disease, including rhinitis.  Although there is an established association between exposure to metalworking fluids (MWFs) and respiratory diseases such as asthma and hypersensitivity pneumonitis (Park et al., 2008). The majority of automobile workers were exposed to ergonomic hazards: repetitive movements, awkward postures, and physical load because of heavy materials (Son et al., 2008).
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        According to NIOSH, exposure to metal working fluids aerosols has been associated with excess risk for nonmalignant respiratory disease and skin diseases (Kazerouni et al., 2000). More than 1.25 million U.S. workers are exposed to machining (or cutting) fluids, a functionally related but chemically diverse group of products used in metalworking since the early 1900s (Schroeder et al., 1997).        Motor vehicle manufacturing, with its varied tasks, challenging work environment, and diverse worker populations, presents many hazards and employees (Warner et al., 1998). There is some epidemiological evidence that exposure to machining fluids imparts a heightened risk of laryngeal cancer (Russi et al., 1997).

        It is a fact that the work itself and the work environment are factors of paramount importance for the health and well-being of the workers.  The recognition and evaluation of physical and chemical hazards in the work place is one of the most important activities in the field of occupational health and safety management (Murty et al., 2004).
       Hence the present study was carried out to assess the health status among automobile industry workers.

The objectives of the study were as follows:

· Assessment of hematological, selected biochemical parameters and enzymic antioxidants in Automobile industry workers.

· Evaluation of DNA damage using Comet assay.
4
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REVIEW OF LITERATURE

……………………………………………….......
2.0 REVIEW OF LITERATURE

        The review of literature pertaining to the present study entitled, “A study on Occupational health status among Automobile Industry Workers” is discussed below    
2.1 OCCUPATIONAL HEALTH HAZARDS

        There are various modes of development of occupational diseases. In some diseases the occupation is one of the causal factors whereas in others the occupation is a contributing factor. 

        An individual may be exposed to five types of hazards, depending upon his/her occupation:

· Physical hazards: Heat, cold, light, noise, vibration, ultraviolet radiation and ionizing radiation are all known to give rise to problems if the individual is exposed to levels beyond acceptance limits without protective measures.

· Chemical hazards: Toxic, corrosive, allergenic and carcinogenic chemicals act by local action; inhalation and ingestion on exposure to concentrations beyond the threshold limit value.

· Biological hazards: Workers may be exposed to infectious and parasitic agents at the workplace.  Persons working with animal products and agricultural workers are likely to be exposed to biological hazards.
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· Mechanical hazards:  The mechanical hazards in industry centre round machinery, protruding and moving parts and the like.  About 10 per cent of industrial accidents are due to mechanical causes.

· Psychosocial hazards:  These arise from the worker’s failure to adapt to an alien psychosocial environment.  Frustration, lack of job satisfaction, insecurity, poor human relationships and emotional tension are some of the psychosocial factors that may undermine both the physical and mental health of workers.

        In addition to the above, new technologies like video display units and computers also bring with them new hazards and problems such as repetitive strain injury or musculoskeletal disorders if not used properly.  Ergonomics plays an important role in the prevention of such diseases.  Occupational health hazard, which if ignored may develop into an occupational disease.  The good news is that all occupational diseases are preventable with proper awareness of hazards and appropriate preventive measures (Pingle, 2005).

2.2 RESPIRATORY HAZARDS IN THE AUTOMOTIVE INDUSTRY

        Vehicle parts manufacturing has significantly more respiratory hazards since it involves processes such as casting metal parts in foundries, machining metal parts, manufacturing foam products, and extruding and injecting plastic into molds.
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TABLE - 1

Work Processes, Exposures and Respiratory Conditions in the Automotive Manufacturing Industry
	
	Work process
	Exposure
	Respiratory condition

	Vehicle parts 

Manufacturing
	
	
	

	 Metals
	Casting
	Silica, Asbestos,

Benzopyrene
	Asbestosis, COPD,

Lung cancer, Silicosis

	
	Chipping/Grinding
	Silica
	COPD, Lung cancer, 

Silicosis

	
	Core/Mold 

Production
	Silica, Isocyanates
	Asthma, COPD,

Lung cancer, Silicosis

	
	Machining
	Metal Working 

Fluids
	Asthma, Hypersensitivity

Pneumonitis

	
	Forging/Stamping
	Drawing compounds
	Asthma, Hypersensitivity

Pneumonitis

	Polyurethane Foam
	Foam Production

for Seats, Arm Rests
	Isocyanates
	Asthma

	Plastic Parts
	Extrusion/Injection Molding
	Styrene, 

Polyvinyl Chloride,

Polyethylene
	Asthma,

Bronchitis

	Carpeting/Liners
	Flocking
	Nylon Flock
	Interstitial Fibrosis

	Vehicle Assembly
	
	
	

	Body Shop
	Welding
	Welding Fumes,

Nitrous oxides,

Ozone, Particulates
	Asthma, COPD

	Paint Line
	Painting
	Isocyanates
	Asthma

	Assembly
	Gluing
	Isocyanates, Epoxies
	Asthma
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(Spring, 2008)

2.3  EFFECT OF CHEMICALS AND METAL FLUIDS (MF) ON AUTOMOBILE INDUSTRY WORKERS

Engine plant exposures were the basis for the following prior hypotheses:

1) Stomach cancer associated with MF, particularly soluble grinding fluids

2) Pancreas cancer associated with straight oil MF

3) Cirrhosis of the liver associated with soluble MF, particularly in grinding

4) Lung cancer associated with millwright/maintenance welder activities, heat treat, dry machining, and engine testing

5) Prostate cancer, bladder cancer, and non-Hodgkin’s lymphoma associated with MF or other plausible carcinogens in metalworking environments (Park et al., 1996).

2.3.1  EXPOSURE TO METAL WORKING FLUIDS

        Metalworking fluids (MWFs) are commonly used in a variety of industrial machining and grinding operations.  The National Institute for Occupational Safety and Health (NIOSH) estimates that more than one million workers are exposed to MWFs (Calvert et al., 1998).  Metalworking fluids are used for lubrication during metal manufacturing (Thompson et al., 2005).

8
        Large numbers of metal workers are exposed to metal-work liquids and abrasives of various compositions.  Terms like “cutting fluid,” ‘machining fluid,” “heating oil,” “lubricating oil,” or “hydraulic fluid” are definitely not a specific chemical concept but describe a technical function or application.  The agents concerned might contain polyaromatic hydrocarbons, nitrosamines, sulfur-containing compounds or certain metals, and various additives like biocides, corrosion inhibitors, lubricants, and chemical stabilizers (Gulden, 1997).

        Metalworking fluids can be classified into three main types. (1) Straight fluids (cutting oils) are naphthenic or paraffinic mineral and fatty oils containing polycyclic aromatic hydrocarbons and extreme pressure additives that are chlorine, phosphorus or sulphur-based. (2) Soluble fluids (emulsified oils) are paraffinic or naphthenic mineral and fatty oils emulsified in water, and may contain alkanolamines to buffer pH; nitrites added to inhibit corrosion; and biocides, including triazine, oxazolidine and phenolic compounds, some of which may be formaldehyde releasing. (3) Synthetic fluids, contain no oil and consist of organic chemicals dissolved in water, ethanolamines as a corrosion inhibitor or pH buffer, and biocides.  In the analysis reported here, semisynthetic fluids were classified as solubles (Sullivan et al., 1998).

        Toxic components of MWF include polyaromatic hydrocarbons, chlorinated paraffins, sulfur, nitrosamines, biocides, 12-14 carbon chains, and metals. Other potentially toxic components of MWF include ethanolamines and nitrates added to soluble and synthetic MWF to inhibit corrosion and adjust pH.  The interaction of these chemicals can form nitrosamines such as N-nitrosodiethanolamine (Thompson et al., 2005).

9
        Several gastrointestinal tract cancers, including cancer of the stomach, colon, rectum, pancreas, liver, and esophagus, have been reported to have elevated rates in machining fluid-exposed populations (Tolbert et al., 1992).   Several studies conducted in automobile plants that use MWFs reported respiratory complaints, asthma, upper respiratory symptoms, or HP in workers exposed to MWFs (Bracker et al., 2003).  Synthetic MWF may play an important role in the development of the dominant symptoms of rhinitis (Park et al., 2008).
        There is evidence that occupational exposure to MWF causes a variety of adverse respiratory effects, including lipid pneumonia, asthma, acute airways irritation, chronic bronchitis, and impaired pulmonary function (Eisen, 1997).  MWF were shown to increase risk of laryngeal cancer, and there was some suggestion that they may increase risk of other aerodigestive tract cancers (Zeka et al., 2004).

        Thousands of welders are employed to build the auto-body parts, equipment, and equipment repair or maintenance.  Spot or resistance welding is used for the assembly of light sheet metal fabrication during automotive assembling process.  Auto-body welders perform spot welding on galvanized sheet metals, mechanics perform arc welding, gas cutting, burning to build, repair, and maintain various auto-parts and equipment.  During the above processes, the potential exposures to workers could include metals of iron, zinc, copper, chromium, nickel, cadmium, tin, aluminum, manganese, cobalt, lead, molybdenum, vanadium, antimony, zirconium or beryllium and toxic gases of ozone or nitrogen oxide, and pyrolysis decomposition byproducts from coatings, fluxes, and oils (Luo et al., 2006).
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2.3.2 EXPOSURE TO LEAD

        Amongst toxic heavy metals, lead ranks as one of the most serious environmental poisons all over the world.  Exposure to lead in the home and the workplace results in health hazards to many adults and children causing economic damage, which is due to the lack of awareness of the ill effects of lead.  Lead poisoning continues to be an environmental and public health hazard of global proportions around the world.  Lead is a ubiquitous and versatile metal which has been used by mankind for many years.  It ranks as one of  the most serious environmental poisons amongst the toxic heavy metals all over the world (Herman et al., 2007). Lead is a ubiquitous pollutant in the industrial environment, which poses serious threats to human health (Mishra et al., 2003).

        Automobile workshop workers are a class of labors prone to long-term lead toxicity due to their routine works such as motor vehicle assembly, spray painting, burning of petrol, welding, brazing, and repairing of radiators.  The outfits of automobile workshop workers serve as a source of lead exposure to their family members, young children in particular, arise the occupational toxicity to a community problem.  Drastic increase in the number of automobile vehicles in last two decades incremented the exposure of this labor class to lead (Pachathundikandi and Varghese, 2006). Lead inhibits haem biosynthesis and causes a decline in red cell δ-aminolevulinic acid dehydrogenase activity and an increase in urinary δ-aminolevulinic acid, urinary coproporhyrin and red cell zinc protoporphyrin (Lutton et al., 1997).  Lead is toxic not only to the hematopoietic organs, but also to the gastrointestinal organs, the central and the peripheral nervous system, and the kidneys (Saito et al., 2006). 
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Several lead handling occupations, such as lead refining, welding or cutting of lead construction materials, manufacturing lead-acid storage batteries, manufacturing paint containing lead, mixing lead with polyvinyl chloride, mixing lead with glass, and scrapping and sanding paint containing lead have a relatively high risk of lead exposure (Hernberg, 1973).

        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 (Hande and Naran, 2000).  The largest industrial use of lead today is for the production of lead batteries, extensively used in automobile industries (Patil et al., 2006).  

2.3.3 EXPOSURE TO ISOCYANATES

        Isocyanates are important reactive chemicals in the polyurethane industry and a leading cause of occupational asthma in industrialized countries (Redlich et al., 2007). Although inhalation exposure has been considered the primary route of isocyanate sensitization in exposed workers, concerns recently have been raised about the role of skin exposure in isocyanate sensitization ans subsequently asthma (Bello et al., 2007a).  
“Sensitization” generally refers to priming of the immune system in response to a specific non-self antigen, a condition that involves immune memory, typically antigen-specific T cells and/or antibodies.  Subsequent reexposure to the antigen can result in an 
12

immunopathologic adverse reaction, such as a Th2 (T-helper 2)-type acute allergic reaction or asthmatic response, or contact hypersensitivity-type reaction, such as allergic contact dermatitis (Sheaarer and Fleisher, 2003). 
 In Western countries, these low molecular weight allergens are one of the most commonly identified causes of occupational asthma (Wisnewski and Redlich, 2001).

        The major commercial isocyanates are methylene diphenyl diisocyanate (MDI),   toluene diisocyanate (TDI), and their nonvolatile polymeric forms pMDI and pTDI, followed by polymeric hexamethylene diisocyanate (pHDI) and isophorone diisocyanate (pIPDI). Isocyanates are reactive chemicals used extensively to make numerous polyurethane and other commercial products, such as polyurethane foams, adhesives, and coatings.  They are found in a wide range of industries, from construction to medical care.  The increasing use of nonvolatile polyisocyanates has raised issues related to their measurement, exposure metrics, and regulation (Bello et al., 2004). 
Polymers of the different isocyanates have many uses, including flexible, rigid and molded foams, coating, cast elastomers, binders, fillers, sealants, and adhesives. Improving personal protection equipment and encouraging workers to use it appropriately can substantially reduce occupational exposure to this hazardous compound (Kakooei et al., 2006).  
13
In these processes, respiratory, dermal, and other mental disease have been associated with the use of MDI.  Diisocyanates are now well established in industrial use.  MDI can be potentially hazardous in liquid, vapor, mist (aerosol), and dust forms.  If MDI in forms of vapors, mist, or dust is inhaled, it can cause respiratory symptoms similar to those caused by all other isocyanates with labored breathing in some industries (BASF, 2005).

        Isocyanates releases from end-users such as auto body shops located in or near residential neighbourhoods, are also possible but rarely reported.  It has been hypothesized that environmental skin exposure to polyurethanes in childhood has contributed to the increased prevalence of childhood asthma (Krone and Klingner 2005).

2.3.6. GENETIC DAMAGE

        Immunotoxicology is a relatively new field of investigation that is being recognized and used by toxicologists involved in the study of drug and chemical exposure. It has been believed that occupational and environmental exposures to metals affect human health adversely (Lawrence and McCabe, 2002).

        The lack of appropriate methods for storing intact and viable cells for the purpose of delayed DNA strand break analysis has hitherto limited the application of the Comet assay to in vitro or in vivo laboratory studies and restricted ecologically more relevant field–collected samples to sites in proximity to suitable laboratory  facilities (Hartl et al., 2010).
14
        The alkaline single cell gel electrophoresis or comet assay is known as a rapid, simple and sensitive method for measuring and analyzing DNA single strand breaks and alkali labile sites (Halder et al., 2002). The approach offers the opportunity of studying DNA damage, expressed as strand breaks, in individual cells of exposed organisms without prior knowledge of karyotype and cell turnover rate, as is required for the micronucleus and sister chromatid exchange tests (Jha, 2004).

        The Comet assay involves the unwinding of DNA of previously agarose-imbedded and lysed cells in a highly alkaline solution. Subsequent electrophoresis causes the relaxed and broken fragments of negatively charged DNA to move toward the anode away from the nucleoid core.  The size and fluorescence intensity of the resulting Comet tails represents the degree of DNA damage in individual cells.  Originally developed by Singh et al. [1988] to measure genotoxic damage in cultured human lymphocytes, the Comet assay has since been developed further to include the examination of various cell types from a number of species, including bivalves (Hartl et al., 2004).
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EXPERIMENTAL PROCEDURE

…………………………………………………...
3.0 EXPERIMENTAL PROCEDURE

Automobile industry mainly involves production of vehicle parts and assembling of the final vehicles. Manufacturing of vehicle parts involves processes such as casting metal parts, machining metal parts and extruding and injecting plastic into molds. The materials that make automobiles can destroy the liver of the workers.  Huge amount of different metals are used in the production of automobiles.  Metal working fluids (MWFs) used are commonly called “coolants”.  The coolant ethanolamine compounds have been shown to cause work-related asthma.  The chemical vapours or mists of Isocyanates, Tetraethylamine (TEA) and Methylene diisocyanate (MDI) can cause irritation, discomfort and sensitization of respiratory system.  Hence the present study was focussed to assess the health status of the workers involved in vehicle parts manufacturing. 

        The design of the experiment is discussed under the following headings

3.1  Selection and grouping of the participants of the study

3.2  Collection of requisite details of the subjects
3.3  Collection of blood samples from the participants

3.4  Analysis of selected hematological parameters

3.5  Analysis of biochemical parameters

3.6  Evaluation of DNA damage using Comet assay

3.7  Statistical analysis
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PLATE – 1
STEPS INVOLVED IN MANUFACTURING AUTO-PARTS
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3.1  Selection and grouping of the participants of the study 
The auto-parts manufacturing industry located at Sanganoor, Coimbatore  was selected for the study. Plate-1 shows the various steps involved in the manufacturing of auto-parts.     

          Twenty male workers who are continuously exposed to various hazardous chemicals used for the manufacture of automobile parts and in the age group of 20-50 years were selected for the present investigation. The experimental group was selected on the basis of the following criteria.

· They should have been working 7-9 hours per day with a work experience of not less than 5 years.

· They should not be suffering from any major clinical complications.

· They should not be active smokers and alcoholics.

Twenty male healthy volunteers who are not exposed to any of the known toxic chemicals and in the age group of 20-50 years formed the control group. Parallel studies were conducted in these volunteers as in experimental group participants.

3.2  Collection of requisite details of the subjects  
The details about the participants were obtained through questionnaire. The information needed to be filled in the questionnaire is name, age, sex, marital status, smoking habits and medical history (Appendix-1).
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3.3 Collection of blood samples from the participants 

2ml of the venous blood was collected from each of the control group and experimental group participants and transferred to sterilized anticoagulant coated tubes.  
This was used for the analysis of Hemoglobin (Hb), Red Blood Cells (RBC) count, Erythrocyte Sedimentation Rate (ESR) and Total Leucocyte count.

         8ml of the venous blood without anticoagulant was collected and serum was obtained by centrifuging the blood at 3500 rpm for half an hour. The obtained serum was used for the estimation of biochemical parameters such as Triglycerides (TG), Total cholesterol (TC), High Density Lipoprotein cholesterol (HDL-C), Low Density Lipoprotein cholesterol (LDL-C), Very Low Density Lipoprotein cholesterol (VLDL-C), Superoxide dismutase (SOD), Catalase (CAT), Glutathione peroxidase (GPx) and Glutathione-S-Transferase (GST).

3.4  Analysis of selected hematological parameters

Determination of Hemoglobin content
         Hemoglobin content in the blood was determined by cyanmethemoglobin method of Wintrobe et al., (1965). The procedure is shown in Appendix - 2.

Enumeration of RBC           
The total Red blood cells were determined by using hemocytometer according to the method of Wintrobe et al., (1965). The detailed procedure is given in Appendix - 3.
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Estimation of Total Leucocyte count           
The Total Leucocyte count was determined by Truck’s fluid method of Raghuramulu et al., (1983). The protocol is described in Appendix - 4.

Determination of Erythrocyte sedimentation rate
The ESR of the blood was determined by Westergen method of Dacie and Lewis, (1984). The procedure is elaborated in Appendix - 5.

3.5 Analysis of biochemical parameters

Estimation of Triglycerides

The Triglycerides in the serum was estimated using Triglyceride kit (Trinder, 1969). The detailed procedure is given in Appendix - 6.

Estimation of Total cholesterol
The Total cholesterol present in the serum was estimated by using cholesterol kit method (Allain, 1974). The protocol is elaborated in Appendix - 7.

Estimation of HDL-C         

HDL-C in the serum was determined by using HDL-C kit, by the method of (Allain, 1974) The determination protocol is explained in Appendix - 8.
Estimation of LDL-C and VLDL-C
         The LDL and VLDL values were determined by using the formula,
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                                                          Triglycerides   

               VLDL-C (mg/dL)   =                       

                                                                   5

                                                                          TG

               LDL-C (mg/dL)    =    Total cholesterol -             - HDL

                                                                                      5

Assay of Superoxide dismutase
            The activity of the Superoxide dismutase in the blood was determined by the method of Kakkar et al., (1984). The procedure is shown in Appendix - 9.

Estimation of Catalase

            The activity of Catalase in the blood was estimated by the method of Luck, (1974). The protocol is shown in Appendix – 10.

Estimation of Glutathione peroxidase
             The Glutathione peroxidase was estimated in the blood by the  method of Rotruck et al., (1973). The procedure is described in Appendix - 11.

Estimation of Glutathione –S-Transferase
           The Glutathione-S-Transferase in the blood was determined by the method of Habig et al., (1974). The elaborated protocol is shown in Appendix - 12.

21

3.6  Evaluation of DNA damage using Comet assay

Comet assay was performed as described by Singh et al., (1988).  The protocol is shown in Appendix-13.  

3.7  Statistical analysis

              Student ‘t’ test was followed to compare the results obtained for various estimations carried out in exposed group and control group participants.

22
…………………………………………………...
          RESULTS AND DISCUSSION

…………………………………………………...
4.0 RESULTS AND DISCUSSION
The influence of environmental exposures on the general status of health has been increasingly acknowledged for numerous disease outcomes. Many toxicants with unambiguous reproductive or developmental effects are still in regular commercial or therapeutic use, and thus pose a continued potential risk in the occupational environment (McDiarmid and Gehle, 2006).


Air pollution is a significant factor in morbidity and mortality within industrial societies.  Hazardous substances are distributed widely in ecosystems due to diverse human activities such as energy usage, industrial enterprises and agriculture. Human population is prone to exposure to substances that are genotoxic since some of the pollutants are carcinogens and mutagens with a capacity to affect both the structural integrity of DNA and the fidelity of its biologic expression (Jude et al., 2002).


The automobile, like many technological innovations of the past couple hundred years, has taken a life of its own. Historically, the automobile has been a noxious polluter all around.  Automobile industry workers have been potentially exposed for long periods of time to a vast  chemical soup of health hazards unique to building those vehicles.  Those hazards included breathing paint vapors and solvents, the production and plating of die cast parts, welding fumes, foundry work, pattern maker carcinogen exposure, asbestos exposure, cutting fluids and many other potentially serious health dangers where identifiable toxic chemicals and/or carcinogens were present. Brake shoes, and clutch plates were  regularly made from asbestos.  In the automotive factories the heat pipes and water pipes were wrapped in deadly asbestos.  The workers are generally prone to develop asbestos related cancers.
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         Hence the present study was carried out with a view to assess the health hazards in automobile industry workers. The automobile industry located at Sanganoor, Coimbatore was selected. Twenty male workers in the age group of 20-50 years who are employed in the manufacturing of auto-parts of the above said industry were selected and they were designated as experimental group. For comparison twenty healthy male volunteers with the same age group were selected and they were treated as control. Selected hematological, biochemical and enzymic antioxidants were analysed in both experimental and control group participants. The genotoxic effects on workers exposed to various toxic chemicals at the occupational setting are very important. The DNA damage was detected in the selected experimental group participants (n=3) using Comet assay. The results obtained are presented and discussed as follows.

4.1
 HAEMATOLOGICAL PARAMETERS IN AUTOMOBILE INDUSTRY WORKERS
         Haematological parameters are a sensitive index to changes in ecological conditions and can constitute an important diagnostic tool in toxicological studies (Jude et al., 2002).
          Exposure measurements in combination with analysis of haematological parameters may be a tool for early detection of cellular changes in the blood caused by exposure to solvents, before the appearance of clinical symptoms (Beving et al., 1991).
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         The mean levels of Hemoglobin (Hb), Red Blood Cell count (RBC), White Blood Cell count (WBC), and Erythrocyte Sedimentation Rate (ESR) in automobile industry workers are presented in Table - 2 and Figures – 1, 2, 3 and 4.

TABLE – 2
MEAN LEVELS OF HAEMOGLOBIN, RBC COUNT, WBC COUNT AND ESR IN AUTOMOBILE INDUSTRY WORKERS

	S.No
	Parameters
	Control group                       n=20
	Experimental     group  n=20
	‘t’ value

	   1.

   2.

   3.

   4.
	Hemoglobin (g/dl)

RBC count (x 106 /mm3)

WBC count (x 103 /mm3)

ESR (mm/hr)
	 13.85 ± 0.48

 4.59 ± 0.16

 6.78 ± 0.60

 14.15 ± 4.20
	 13.71 ± 0.55

 4.54 ± 0.19

 6.75 ± 0.62

 15.25 ± 5.10
	 0.8532ns
 0.9006 ns
 0.1548 ns
 0.7439 ns


   ns  - Not Significant

   
A significant difference was not observed in the mean levels of Hemoglobin (Hb), Red Blood Cell count (RBC), White Blood Cell count (WBC), and Erythrocyte Sedimentation Rate (ESR) between experimental and control group participants.
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FIGURE  1 
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FIGURE  3
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Aliasgharpour and Abbassi (2006), studied the haematological parameters in workers occupationally exposed to lead in Tehran-Iran. According to them there was no correlation among variables such as blood lead level, hemoglobin and hematocrit of exposed group.

A significant difference in the levels of WBC and neutrophil was noticed between the nurses handling antineoplastic drugs and controls.  The levels of lymphocytes, platelets, hemoglobin and hematocrit were not altered in experimental group when compared to control groups (Lari and Saadat, 2002). There was no significant difference in blood hemoglobin level among the automobile workshop workers and control (Pachathundikandi and Varghese, 2008).

Haematological values such as white blood cell count, red blood cell count, packed cell volume and platelets count of male and female population residing in industrial area of Kasur and also those of control areas show a general increasing trend when compared with non-exposed population.  The other parameters such as haemoglobin content, mean corpuscular haemoglobin and mean corpuscular haemoglobin concentration decreased in exposed population, while the mean cell volume and erythrocyte sedimentation rate remain unchanged (Ahsan, 2009).

Anetor et al. (2005) revealed a significantly decreased levels of hematocrit, haemoglobin and mean cell haemoglobin concentration in subjects involved in common lead-based occupations. 
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Chronic exposure to benzene can lead to anorexia, irreversible injury to blood forming organs, labored breathing and leukemia.  It is reported that exposure to benzene can lead to decreases in white blood cell and red blood cell counts, hemoglobin and platelet counts (Murty et al., 2004).  The erythrocyte count  was significantly decreased for the painters and  mechanics (Beving et al., 1991).

         In the present investigation, no definite pattern was established for different haematological parameters in the automobile industry workers.

4.2 BIOCHEMICAL PARAMETERS IN AUTOMOBILE INDUSTRY WORKERS

4.2.1 Lipid profile of automobile industry workers

Table-3 and Figure-5 depict the mean levels of Triglycerides (TG), Total cholesterol (TC), HDL-C, LDL-C and VLDL-C in experimental group.

 
 A significant increase in the levels of triglycerides, HDL-C and VLDL cholesterol was noticed in automobile industry workers when compared with those of control group participants. The mean levels of total cholesterol and LDL-C did not show any significant difference between the experimental group and control group participants.
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TABLE - 3
MEAN LEVELS OF TRIGLYCERIDES, TOTL CHOLESTEROL, 
HDL-C, LDL-C AND VLDL-C IN AUTOMOBILE 
INDUSTRY WORKERS

	S.No
	        Parameters

           (mg/dl)
	      Control group 
             n=20
	Experimental         group  n=20
	‘t’ value

	   1.
   2.

   3.

   4.

   5.
	Triglycerides

Total cholesterol

HDL cholesterol

LDL cholesterol

VLDL cholesterol
	      60.45 ± 4.54

    179.90 ± 33.76
     60.10 ± 10.93

    107.60 ± 34.06

      12.20 ± 1.03
	  80.70 ± 12.98

 168.75 ± 37.29

  68.15 ± 12.52

  84.45 ± 38.24

  16.15 ± 2.63
	  6.5800*

  0.9906ns
  2.1646*

   2.0200 ns
  6.2500*


     * Significant at 5% level
ns -  Not Significant

The results obtained in the present study for total cholesterol were in agreement with those reported by Pachathundikandi and Varghese (2008), who reported that the total cholesterol level of automobile workshop workers was with in the reference range of healthy individuals. Total protein, globulin, cholesterol, LDH, and ALP levels were within normal levels, in lead exposed groups (Can et al., 2008).
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A significant increase in the levels of triglycerides, total cholesterol, VLDL-C, HDL-C and LDL-C was observed in the rubber industry workers when compared to those of control participants (Indra and Bhuvaneswari, 2008).

Mean values of serum low density lipoprotein cholesterol, triglycerides and uric acid concentrations in the noise exposed group were significantly higher than in the control group (Jovanovic et al., 1997). 

FIGURE - 5 
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Malki et al. (2008) investigated the effect of fire smoke on some biochemical parameters in fire fighters of Saudi Arabia.  According to them a significant difference was noticed in serum lipid profile between fire fighters and normal control group. The lipid profile of an individual depends on many factors. The factors such as life style and exercise are not taken into account in the present study.  This necessitiate further analysis of lipid profile in large population of automobile industry workers who are exposed to metal fluids for a long period and taking other factors also into consideration. 

4.3. SELECTED SERUM ENZYMIC ANTIOXIDANTS IN AUTOMOBILE

 INDUSTRY WORKERS

          A balance between production and removal of ROS is necessary to maintain normal physiology.  Any impairment in antioxidant defense system or over production of ROS results in oxidative stress.  ROS are known to cause numerous cellular anomalies including protein damage, deactivation of enzymes, alteration of  DNA  and lipid peroxidation of membranes.  The antioxidant action may be brought about by enhancing the activities of antioxidant enzymes like catalase, superoxide dismutase and glutathione-s-transferase (Verma and Vinayak, 2009).

          Table-4 and Figure - 6, 7 and 8 reveal the mean levels of serum enzymic antioxidants namely superoxide dismutase, catalase, glutathione peroxidase and glutathione-s-transferase in automobile industry workers.
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  TABLE - 4
  MEAN LEVELS OF SERUM ENZYMIC ANTIOXIDANTS 
  IN AUTOMOBILE INDUSTRY WORKERS

	S.No
	            Parameters

         (U/mg protein)
	    Control group 
            N=20
	 Experimental    group  n=20
	‘t’ value

	   1.

   2.

   3.

   4.
	Superoxide Dismutase

Catalase

Glutathione peroxidase

Glutathione-S-Transferase
	    0.44 ± 0.160

  0.137 ± 0.0657

 309.98 ± 127.32

   0.013 ± 0.019
	   1.03 ± 0.130

    0.18 ± 0.052

 136.65 ± 123.78

    0.05 ± 0.055
	   12.787 *
    2.2647 *
    4.3620 *
    2.8379 *


* Significant at 5% level

SOD  
: (U/mg protein): amount of SOD that causes 50% reduction in the extent of NBT oxidation.

CAT
: (U/mg protein): amount of enzyme that brings about a decrease in absorbance of 0.05 at 240 nm.

GPx  :  (U/mg protein): moles of NADH oxidized/ mg protein / mg sample.

GST
: (U/mg protein): moles of CDNB conjugated/ minute/ mg of sample.
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           A significant increase in the activity of superoxide dismutase, catalase and glutathione-s-transferase was observed in the exposed group participants when compared to those of control group participants. The activity of glutathione peroxidase was found to be decreased in experimental group as compared with control group participants.

Patil et al. (2006) reported a significantly reduced activities of antioxidant enzymes namely erythrocyte superoxide dismutase and erythrocyte catalase in Battery manufacturing workers.


A significant increase in SOD activity in textile industry workers was reported by Bayil et al. (2008).  A significant increase in SOD activity in present study might have occurred in order to neutralize the excess ROS caused by volatile organic compounds used for manufacturing of vehicle parts.  Excess H2O2 is liberated due to the increased activity of SOD.  The catalase activity in experimental group participants is significantly increased in order to decompose excess H2O2.

          There are reports that serum Se concentration and Gpx activity in cancer patients are significantly lower than those in the control groups (Karunasinghe et al., 2006). GST levels were significantly lower in all subjects occupationally exposed to mineral fibres (Staruchova et al., 2008).
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FIGURE - 6  
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FIGURE - 7
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High exposure to lead can inhibit activity of Gpx.  The decrease of activity can be the result of interaction between lead and selenium (Se).  Selenium can form an inactive Se-Pb complex (lead selenide) in vivo or reduce lead uptake.  The protective effect can also arise from a competitive binding of Se with compounds that bind Pb.  The decreased Se bioavailability (as a cofactor) could result in reduced activity of Gpx (Kasperczyk et al., 2004). A significant decrease in Gpx activity in automobile industry workers might be the result of handling of lead, isocyanates and metal working fluids during the manufacturing of automobile parts.  Lead might be present in the serum and this formed complex with selenium and thus reduce the bioavailability of selenium, this could result in reduced activity of Gpx in automobile workers. 
4.3  EVALUATION  OF DNA DAMAGE USING COMET ASSAY


 In order to evaluate the possible impact of environmental and occupational exposition on health, it is essential to identify the effects of exposure through epidemiological studies, which also constitute a challenge.  Continuous efforts have been made to identify genotoxic agents, to determine conditions of harmful exposition and to monitor populations that are excessively exposed (Maluf and Erdtmann, 2000).


A number of techniques for detecting DNA damage, as opposed to the biological effects (e.g., micronuclei, mutations, structural chromosomal aberrations) that result from DNA damage, have been used to identify substances with genotoxic activity.  A more useful approach for assessing DNA damage is the single-cel gel (SCG) or Comet assay (Tice et al., 2000).  During the last few years, there has been a great interest in developing a rapid and simple tests to identify the effects of exposure to environmental agents that can affect the health of individuals due to DNA damage (Wojewodzka et al., 1998).                                                 
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The assay technique consists of evaluating cells kept in agarose, on a microscope slide, submitted to electrophoresis and dyed with ethidium bromide. Cells with damaged DNA form a comet, consisting of a head (nuclear matrix), and a tail, formed by DNA fragments. The amount of DNA that has migrated is correlated with the damage (Morillas et al., 2002). Comet assay is extremely versatile, and is used extensively in Biology, Medicine and Toxicology, due to its capacity and sensitivity in demonstrating DNA breaks, both single and double breaks, and alkali-label sites (Stavreva et al., 1998).

Table - 5 and Figure - 9 depict the mean levels of Comet cells present in automobile industry workers.

TABLE – 5
MEAN LEVELS OF COMET CELLS PRESENT IN

AUTOMOBILE INDUSTRY WORKERS

	Number of cells with comet per 100 cells

	   S.No
	           Control

             (n=3)
	   Experimental group
                (n=3)


	      ‘t’ value

	     1.
	5.3 ± 1.247
	          30.0 ± 4.899
	8.4626 *


· Significant at 5% level
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FIGURE 9
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A significantly increased number of cells with DNA damage was observed in the experimental group participants when compared to the control participants.

The percentage of damaged cells were reported to be high in the occupationally exposed groups.  An increase in damage index rating was noticed in battery renovator workers and the car painters (Roth et al., 2003).
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PLATE – 2
EVALUATION OF DNA DAMAGE USING COMET ASSAY
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Danadevi et al. (2003) demonstrated significantly more cells with DNA damage (44.58%) in the lead exposed group than in the control persons (21.14%).  The increased levels of DNA damage observed in the exposed workers, justifies the use of the comet assay for the evaluation of genotoxic effects in humans exposed to lead. Fracasso et al. (2002) revealed DNA damage in lead exposed group using comet assay.


The DNA damage observed in the lymphocytes of the technician employed in radiation oncology departments was significantly higher than in the controls (Halder et al. 2002).


The presence of comet cells indicated DNA damage in automobile industry workers. Analysis of DNA damage using comet assay is a good index for the evaluation of the degree of occupational exposure to various toxicants.
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5.0  SUMMARY AND CONCLUSION

India has emerged as one of the world’s largest manufacturers of small cars.  Several Indian automobile manufacturers such as Tata Motors, Maruti Suzuki and Mahindra and Mahindra, expanded their domestic and international operations.  India’s robust economic growth led to the further expansion of its domestic automobile market which attracted significantly India-specific investment by multinational automobile manufacturers.


Approximately 75% of autoworkers produce vehicle parts and 25% assemble the final vehicles.  This distribution between vehicle assembly and parts manufacturing is important from the health care provider’s perspective.  Automobile workers involved in vehicle parts manufacturing are more prone to respiratory disorders because they are involved in processes such as casting of metal parts, manufacturing foam products and extruding and injecting plastic into molds.  The major health concern in automobile industry workers involved in vehicle assembly facilities is musculoskeletal disorders.


In order to understand the health conditions of automobile industry workers, the present investigation was carried out.  The automobile industry located at Sanganoor, Coimbatore was selected.  Twenty male workers who were exposed to chemicals used for the manufacturing of auto-parts for more than five years were selected and they were designated as experimental group. Twenty  healthy male volunteers who were not exposed to any hazardous chemicals and not exposed to any known environmental toxins were selected as control group.
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The hematological parameters such as hemoglobin, red blood cell count, white blood cell count and erythrocyte sedimentation rate were analysed in both experimental and control group. Analysis of lipid profile such as triglycerides (TG), total cholesterol (TC), HDL-C, LDL-C and VLDL-C was carried out in the selected control and experimental group participants. Enzymic antioxidants such as superoxide dismutase, catalase, glutathione peroxidase and glutathione-s-transferase were analysed in the serum of exposed and control group participants. 


Genotoxic effect of automobile industry workers was studied by analyzing the frequency of comet cells in whole blood in exposed (n=3) and control (n=3) group participants.

SALIENT FINDINGS
· Hematological parameters such as Hb, RBC, WBC and ESR did not show any significant difference between experimental and control group. 
· A significant increase in the level of triglyceride, HDL-Cholesterol and VLDL-Cholesterol were observed in the experimental group participants.
· No significant change was noticed in the levels of total cholesterol and LDL-Cholesterol in experimental participants when compared to control group.
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· The levels of serum antioxidants namely superoxide dismutase, catalase and glutathione-s-transferase showed a significant increase in the experimental group compared to control group.  A significantly lower level of glutathione peroxidase were identified in the experimental group participants when compared to control participants.
· Findings of Comet assay revealed a significant DNA damage in the automobile industry workers.
CONCLUSION      


The study and the standardization of tests for the evaluation of biological damage are essential for public institutions that are concerned with environmental quality and public health. Genotoxic evaluation is necessary to guarantee environmental quality and occupational health, as well as to orient workers to help reduce genetic damage and the risk of serious illness.
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APPENDIX - 1

Questionnaire administered to the participants of the study

Serial number:

Name:

Sex:  Male:                Female:       

Age:

Address:

Period of exposure:

Work place:

Marital status:   Married:           Unmarried:

Working hours:

Habits:  Smoker:           Non smoker:            Alcoholic:          Non alcoholic: 
Medical history:

APPENDIX-2

ESTIMATION OF HAEMOGLOBIN

(CYANMETHAEMOGLOBIN METHOD)

(Wintrobe et al., 1965)

PRINCIPLE:

             Hemoglobin is oxidized by potassium ferricyanide to methmoglobin which is then converted to cyanmethemoglobin by potassium cyanide. The intensity of color produced by the formation of cyanmethemoglobin is directly proportional to the hemoglobin concentration and is measured photometrically at 540 nm or with green filter.

REAGENTS:

1. DRABKIN SOLUTION:

                             Dissolved 0.05 g of potassium cyanide, 0.2 g of potassium ferricyanide and 1.0 g of sodium bicarbonate in 1 liter of distilled water.

2. CYANMETHAEMOGLOBIN:

                              Supplied in sealed ampoules of 60 mg per 100ml.

PROCEDURE:

            Took 5ml of Drabkin’s solution in a clean glass tube and transferred 0.02ml of blood with the help of hemoglobin pipette into a test tube. The tubes were mixed and readings taken in a spectrometer at 540 nm. The reagent blank (Drabkin’s solution) was adjusted to zero. The standard was read in the same way after adding Drabkin’s solution.

CALCULATION:

                                                          Reading of unknown

Grams hemoglobin per 100ml = 



         x Dilution factor x 

                                                           Reading of standard       

                                                                                Concentration of standard

                                                 

                                                                                                 1000

APPENDIX-3

ENUMERATION OF RED BLOOD CORPUSCLES

(Wintrobe et al., 1965)

PRINCIPLE:

           This method involves an accurate dilution of a measured quantity of blood with a fluid which is isotonic with the blood and which will prevent the coagulation. A dilution of 1 to 200 is usually necessary. The dilution blood is placed in accounting chamber and the number of cells in a circumference volume is enumerated under microscope.
MATERIALS:

· Red blood cell pipette

· A nuebauer counting chamber with rating.

· Diluting fluid:   1% formation in 31.3g/l of trisodium citrate.

PROCEDURE:

Cleaned the finger tip with sprit and allowed it to dry. Pricked the finger with surgical needle and the blood was slowly sucked with the pipette up to the 0.5 mark. The blood adhering to the outside was wiped and diluted the content with the diluting fluid up to the mark 10. The pipette was held firmly by its end between the forefinger and the thumb and rotated so that the contents were mixed well and the dilution produced is 1/200. The diluted blood was placed between a cover slip and the ruled platform of the counting chamber. The slide was kept aside for 2 minutes for the cells to set. Counting was done under high power of a microscope. The number of a cells in the four corner groups of 16 squares were counted and also one central group including those cells which were within the area or on the dividing lines to the left or above the section. For a dilution of 1 to 2000, the total number of cells in the five groups of 16 squares was multiplied by 10,000 in order to give the number of cells in millions per mm3 blood.
APPENDIX-4

ENUMERATION OF TOTAL LEUCOCYTE COUNT

TRUCK’S FLUID METHOD

(Raghuramulu et al., 1983)

PRINCIPLE:

Leukocyte being less numerous, a dilution of only 1 to 20 is used and the dilution is usually one which destroys the red cells.

REAGENTS:

      White blood corpuscles diluting fluid was prepared by mixing

· Glacial acetic acid: 3ml

· Gentian violet 1%: added till it gives pale violet color.

· Water: 97ml

PROCEDURE:

             The method of counting is similar to red blood corpuscles counting except that count is made in 4 large (1mm) corner squares of the nuebauer counting chamber.  

CALCULATION:

             The total number of cells in 4 squares is multiplied by a factor of 2, 5000 to give the count/mm3 of blood.   

APPENDIX-5

ERYTHROCYTE SEDIMENTATION RATE

(WESRERGREN METHOD)

(Daice and Lewis, 1984)

ESR was determined by Westergren method 0.4ml of trisodium citrate solution was mixed with 1.6ml of venous blood and filled in westergren’s ESR tube exactly to ‘0’ mark. The tube was fixed in ESR stand in a vertical position and left undisturbed. At the end of one hour, ESR was read at the distance (mm) of the plasma column above the cells and expressed in mm/hour.

APPENDIX - 6

ESTIMATION OF TRIGLYCERIDE

KIT METHOD (Schettler and Nussel, 1975)

  PRINCIPLE:

         Sample triglyceride incubated with Lipoprotein Lipase (LPL), liberate glycerol and free fatty acids glycerol is converted to Glycerol-3-Phosphate (G3P) and Adenosine-5-diphosphate (ADP) by glycerol kinase and ATP. Glycerol-3-Phosphate (G3P) is then converted by glycerol phosphate dehydrogenase (GPO) to Dihydroxy Acetone Phosphate (DAP) and hydrogen peroxide (H2O2). In the last reaction, hydrogen peroxide reacts with 4-amino phenazone (4-AP) and p-chloroform in presence of peroxidase (PID) to give a red colored dye.

                    Triglycerides + H2O  
  LPL          Glycerol + free fatty acids

                     Glycerol + ATP             glycerol kinase        G3P + ADP

                    G3P + O2           GPO      DPA + H2O2
                     H2O2 + 4-AP + p-chloro phenol              POD         Quinone + H2O

The intensity of the color formed is proportional to the triglyceride concentration in the sample.

REAGENTS:

Standard : 200 mg/dl

PROCEDURE:

           1ml of working reagent was added to each of 0.01ml of serum sample and 0.01 of standard taken in different tubes. Mixed and incubated at for 5 minutes at 37˚ C for 10 minutes at room temperature. The absorbance of the sample and standard against blank was read at 505 nm.

CALCULATION


Triglyceride concentration (mg/dL) =     Absorbance of sample 







        Absorbance of standard 
APPENDIX – 7

ESTIMATION OF TOTAL CHOLESTEROL

KIT METHOD

(Allain, C. C., 1974)

PRINCIPLE:

       Cholesterol esterase (CHE) hydrolyses cholesterol ester to free cholesterol is oxidized by the Cholesterol oxidase (CHO) to 4-cholestenona and hydrogen peroxide, hydrogen peroxide formed reacts with 4-amino antipyrine and phenol in presence of peroxidase to produce pink colored compound called quinonimine dye

                     Cholesterol esters + H2O          CHE              Cholesterol + fatty acid

                     Cholesterol + O2          CHOD             4 -cholestenone + H2O2
                     2H2O2 + phenol + 4AP       POD           Quinonimine + 4H2O

The intensity of the color formed is proportional to cholesterol concentration in the sample.

REAGENT:

Cholesterol standard:  200mg/dl.
PROCEDURE:
Pipetted out into a clean dry test tube 1ml of cholesterol reagent and 10 µl of serum sample. A standards were prepared by adding 1ml of reagent and 10 µl of cholesterol standard. Mixed well and incubate at 37˚ C for 5 minutes or 10 minutes at R.T.  The absorbance of the samples and calibrator, were measured against the blank at 505 nm.

CALCULATION

Total Cholesterol (mg/dL)       =              Absorbance of test







        Absorbance of standard

APPENDIX -  8

ESTIMATION OF HDL CHOLESTEROL

KIT METHOD

(Allain, 1974)

 PRINCIPLE:

      
The Very Low Density Lipoprotein (VLDL) and Low Density (LDL) Lipoprotein from serum or plasma are precipitated by phosphotungstate in the presence of magnesium ions. After removed by centrifugation the clear supernatant containing High Density Lipoprotein (HDL) is used for the determination of the HDL cholesterol. 
REAGENTS

1. Cholesterol Reagent

2. Standard (50mg/dL)

3. Precipitating reagent 

PROCEDURE:

STEP-I

PRECIPITATION OF VLDL AND LDL

Pipetted into a clean dry centrifuge tube 0.2ml of serum and 0.3ml of precipitating reagent.  Mixed well and allowed to stand at room temperature for 5 minutes.  Centrifuge for 10 minutes at 3000rpm and separate clear supernatant.  Use the supernatant for HDL-Cholesterol estimation.

STEP – II

ASSAY OF HDL CHLESTEROL


Pipetted in a clean dry test tubes labeled blank (B), standard (S) and test for HDL-Cholesterol (T), 1.0ml of Cholesterol reagent.  0.1ml of the supernatant from step- I was added to test (TH).  Mix well.  Incubate at 37˚C for 5 minutes or at Room temperature (15-30˚C) for 10minutes.  The absorbance of the sample and calibrator were measured against the blank at 505nm.

CALCULATION








   Absorbance of Test 








Absorbance of standard

(*2= dilution factor, as sample is diluted 1:1 in step 1)

APPENDIX - 9

ASSAY OF SUPER OXIDE DISMUTASE ACTIVITY

(CALORIMETRY (NADH-PMS-NBT) METHOD)

(Kakkar et al., 1984)

PRINCIPLE:

            The assay of super oxide dismutase is based on the inhibition of formulation of NADH-Phenazine methosulphate nitro blue tetrazolium (NADH-PMS-NBT). The reaction is initiated by the addition of glacial acetic acid. The purple color formed at the end of the reaction is extracted into the butanol layer and measured at 560 nm.

REAGENTS:

· 0.025 M Sodium Pyrophosphate buffer (pH 8.3):

· 1.115 g of tetra sodium pyrophosphate was dissolved in 100ml of distilled water. The pH to the buffer was adjusted to 8.3 by using 0.025N Hcl.

· 186 µM Phenazine methosulphate (PMS):

· 6.0 mg of PMS was dissolved in 100ml of distilled water.

· 300 µM Nitro blue tetrasolium (NBT):

· 24.5 g of NBT was dissolved in 100ml of distilled water.

· 780 µM NADH:

· 51.8 mg of NADH was dissolved in 100ml of distilled water.

· Glacial acetic acid

· n-butanol

· Chloroform

· Ethanol

PROCEDURE:

         0.5ml of the sample was diluted to 1.0ml with water, 2.5ml of ethanol and 1.5ml of chloroform (reagents in chilled conditions) were added. The mixture was shaken for 1 minute at 4˚C and then centrifuged. The enzyme activity in the supernatant was determined.

         The assay mixture contained 1.2ml of sodium pyrophosphate buffer, 0.1ml of phenazine methosulphate, 0.3ml of nitro blue tetrasolium, 1.0ml of supernatant and water in a total volume of 3.0ml. The reaction was started by the addition of 0.2ml of NADH. After the incubation at 30˚C for 90 seconds, the reaction was stopped by the addition of 1.0ml of glacial acetic acid. The reaction mixture was stirred vigorously and shaken with 4.0ml of n-butanol. The mixture was allowed to stand for 10minutes and then centrifuged. The intensity of the chromogen in butanol layer was measured at 560 nm against devoid of enzyme served as control.  

        One unit of enzyme activity is defined as the enzyme reaction which gave 50% inhibition of NBT reduction/minute expressed as specific activity in units/mg protein.

APPENDIX-10

ESTIMATION OF CATALASE ACTIVITY

(Luck, 1974)

The enzyme Catalase has a double function and it catalyses the following

It decomposes hydrogen peroxide to give water and oxygen.

             2H2O2 → 2H2O +O2
It oxidizes H+ donors, for example methanol, formic acid, phenol with the consumption of one mole of peroxides.

             ROOH+AH2 → H2O + ROH + A

PRINCIPLE:

         The UV light absorption of hydrogen peroxide solution can be easily measured between 230 and 250 nm. On decomposition of hydrogen peroxide by catalase, the absorption decreases with time. The enzyme activity could be arrived at from this decrease. But this method is applicable only to enzyme solution , which do not strongly at 230-250 nm.

REAGENTS:

Phosphate buffer 0.067M (pH 7.0

              Dissolved 3.522g of KH2PO4 and 7.268g of KHPO4.2H20 in distilled water and made up the volume to one liter.

Hydrogen peroxide-Phosphate buffer

               Dissolved 0.16ml of H2O2 (10% W/V) to 100ml phosphate buffer, prepared fresh. The absorbance of the solution should be about 0.5 at 240 nm with 1cm light path.

PROCEDURE:

ASSAY:

        Read against a control cuvette 3ml of H2O2   containing the enzyme solution as in the phosphate buffer (M/15). Pipetted into the experimental cuvette 3ml of H2O2   phosphate buffer. Mixed in 0.01-0.04ml of sample with the glass or plastic rod flattened at one end. Noted the time it required for a decrease in absorbance from 0.45 to 0.4. This value was used for calculations. If ‘t’ was more than 60 seconds, repeated the measurement with more concentration solution of the sample.

CALCULATION:

     
Calculated the concentration of H2O2  using the extinction coefficient 0.036µ mole/ml. 
APPENDIX - 11

ESTIMATION OF THE ACTIVITY OF GLUTATHIONE PEROXIDASE

(Rotruck et al., 1973)

REAGENTS

1. 0.4M Sodium phosphate buffer of  pH-7.0

2. 10Mm Sodium azide 

3. 4mM Reduced glutathione 

4. 2.5mM H2O2 

5. 10% Trichloro acetic acid

6. Phosphate solution – 0.3Mm disodium hydrogen phosphate

7. DTNB reagent- 40mg of 5.5 dithiobis (2-nitrobenzoic acid)/100ml of 1% sodium citrate)

8. Reduced glutathione standard- 20mg percent solution

PROCEDURE


0.4ml buffer, 0.1ml Sodium azide, 0.2ml reduced glutathione required amount of enzyme(0.1ml), 0.1ml hydrogen peroxide and water were taken to a final incubation volume 2.0ml.  The tubes were incubated at 30˚C for 10minutes.  The reaction was termination by the addition 0.5ml Trichloro acetic acid.  To determine the residual GSH content, the supernatant was removed by centrifugation and added 3ml of disodium hydrogen phosphate and 1ml of DTNB reagent.  The color was read at 412nm.  A blank was prepared with only disodium hydrogen phosphate and 1ml of DTNB reagent.  Suitable aliquots of the standard were taken and treated similarly.  The activities were expressed as units/ml.

APPENDIX - 12

ASSAY OF GLUTATHIONE-S-TRANSFERASE

(Habig et al., 1974)

The enzyme was assayed by the conjugate GSH and CDNB, the extent of conjugation causing a proportional change in the absorbance at 340 nm.
REAGENT:

· 1mM – Chloro 2, 4 – dinitrobenzene (CDNB) in ethanol.

· 1Mm – Glutathione.

· 0.1M Phosphate buffer.

PROCEDURE:

         The assay was done at 5˚C under condition giving activities linear with respects to incubation time and protein concentration for at least 3 minutes. The enzyme activity was determined by monitoring the change in absorbance at 340 nm in a spectrophotometer. 0.1ml of both substrates (GSH and  CDNB) was taken in 0.1 M phosphate buffer (Ph 6.5) room temperature to make a volume of 2.9ml.

         The reaction was started by the addition of 0.1ml of sample to this mixture. The readings were recorded against distilled water blank for a minimum of three minutes. The complete assay mixture without the sample served as the control to monitor non-specific binding of the substrate. Care was taken to ensure that final concentration of ethanol in the mixture was always less than 4%.

CALCULATION:

           GST activity was calculated using the extinction coefficient of the product formed and the values have been expressed as moles and CDNB conjugates/minutes/mg sample.

APPENDIX – 13
EVALUATION OF DNA DAMAGE

(Comet Assay)

(Singh et al., 1988)


The extent of DNA damage was followed in intact cells by alkaline single cell gel electrophoresis assay (Comet assay) (Singh et al., 1988). 

PRINCIPLE


The alkaline (pH>13) Single Cell Gel (SCG) electrophoresis assay, commonly known as comet assay, combines the simplicity of biochemical techniques for detecting DNA single strand breaks; alkaline labile sites and the single cell approach typical of cytogenetic assays.  This assay is one of the most sensitive assays to detect DNA damage.

REAGENTS
1. Low melting point agarose (LMPA- 0.5%)

2. Normal melting point agarose (NMPA- 1%)

3. Lysis solution : 1M Tris (pH 8.0), EDTA (0.5M), NaCl (2.5M), DMSO (10%), Triton X-100 (1%)

(The DMSO and Triton X-100 were added fresh just before use)

4. Alkaline electrophoresis buffer (10N NaOH, 0.2M EDTA pH>13)

5. Neutralizing solution (1M Tris, pH 7.5)

6. Ethidium bromide (5μg/ml)
PROCEDURE

Ten microlitres of whole blood was mixed with 0.5% molten LMPA and maintained at 37˚C.  This suspension (75μl) was layered carefully onto 1% NMPA coated glass slides and spread evenly using a cover slip (22x40mm).  The slides were then immediately placed on slide trays held on ice in order to solidify the agarose.  The cover slip was removed carefully and the sample spreaded was overlaid with a layer of LMPA without cells.  After solidification, the ‘mini gels’ were placed in cold lysing solution taken in coplin jars and incubated overnight at 4˚C.  The lysed cells were denatured in the alkaline electrophoresis buffer for 20 minutes and electrophoresed in the same buffer at 25V to 20 minutes.  The slides were neutralized in Tris buffer for 10 minutes (pH 7.5) and stained in Ethidium bromide solution.  The slides were washed to remove excess EtBr and air dried.  The slides were then scored for the presence of comet ‘tails’ under oil immersion in a Nikon fluorescent microscope.  
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