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ABSTRACT

Snuff is a smokeless tobacco product. Workers of snuff factories are occupationally exposed to genotoxic chemicals present in tobacco. Of the harmful substances present in tobacco, it also contains toxic heavy metals that tend to bioaccumulate, resulting in mutations in GSTT1 and GSTM1 leading to oxidative stress condition and interfere with endocrine hormones.The aim of this study was to determine the effects of heavy metals concentrations on GSTT1 and GSTM1 genes polymorphisms and male sex hormones level in snuff factory workers. 62 individuals were selected as exposed subjects that were divided into four categories i.e. 24 individuals with grinding job, 21 packing job, 11 market supply job and 6 clerks in snuff factories with mean age of 43.3±9.0 years. Toxic heavy metals were detected through procedure of atomic absorption spectrometer. The distribution of GSTT1 and GSTM1 genotypes among exposed and control groups were determined through polymerase chain reaction and male sex hormones (Luteinizing Hormone and Testosterone) were determined with the help of EIAs kits. None of the snuff factory workers used any personal protective equipment (PPE) during snuff preparation. Significantly high levels (P<0.05) of heavy metals (Cd, Cr, and Ni) were detected in the whole blood of snuff factory workers. Blood sugar level and blood pressure were also found significantly high (P<0.05) in the exposed individuals as compared to control group. There was a significant low level of testosterone (P˂ 0.001) and high level of LH (P<0.01) were detected in the blood of workers compared to control. The frequency of null genotypes of GSTT1 and GSTM1 were found significantly high (P<0.05) in the exposed group as compared to control group. The level of sex hormones were affected by the metals and frequency of null genotypes of GSTT1 and GSTM1 in the subjects.

viii

INTRODUCTION

Snuff (Naswar) is one of the smokeless product of tobacco habitually used in Khyber Pakhtunkhwa, other provinces of Pakistan, South Africa, Iran, Afghanistan and the Central Asian Republics. In Pakistan and India there are about 100 million users of smokeless products of tobacco. After second voyage of Columbus to America during 1493-1496 naswar was introduced by a Spanish monk named Ramon Pane (Bourne et al., 2003). In 2008 tobacco was named as the world’s single greatest cause of preventable death by the world health organization (WHO, 2008). Smokeless tobacco is a broad term consisting of a variety of tobacco products that are used orally or nasally. STP eliminates the danger of direct exposure of health hazard combustion compounds to the lungs as it is used without combustion. Ingredients of naswar include sun-dried powdered tobacco (Nicotiana rustica), wood ash, slaked lime, colouring agents (indigo), water and flavouring agents (cardamom, menthol). Naswar is prepared by pouring water into cement-line cavity to which lime is added and then powdered tobacco that is sun-dried and air-cured is added. Flavouring and colouring agents are then added to the mixture to impart specific flavour and colour. With a heavy wooden mallet the ingredients are crushed and mixed. After this the mixture is moulded, into different shapes and packed in polythene bags (Zakiullah et al., 2011). Naswar has a powerful, pungent smell gives a subtle flavor as it mixes with the saliva. About 1g pinch of naswar is taken by placing it in the oral cavity and oral mucosa or under the tongue sometimes. It is then spat out about half an hour (Voges E, 1984).

Advancement in technologies and industries has created a variety of issues such as disclosure to noxious environmental agents, chemicals and toxins and adverse lifestyle features which has to be faced by the body and consequently the reproductive

system (Hamada et al., 2012; WHO 2000; Moghissi, 1983; Dohle et al., 2010; Lipshultz et al., 2009). ). Different phases of human development are affected by the conditions of lifestyle that can facilitate disruption of physiological, hormonal, antioxidant or fertilizing ability of the reproductive system resulting in irreparable and harsh effects on the development of sperms in an organism or its progeny (Storgaard et al., 2003; Jensen et al., 2005; Kizu et al., 2003; Barnes et al., 2004; Du et al, 2010; Knuth et al., 1989; Sahakyan et al., 1999).

All occupations have some innate level of risks. 250 millions cases of work related injuries were reported by World Health Organization in 1998 through the year worldwide (WHO, 1998). A main source of exposure to heavy metals in adults is their occupation. The survival of human is profoundly dependent on their occupation as occupations are the vital part of human lives. Workers are exposed to different types of genotoxic compounds due to their occupation (Sardas et al., 2010). Genotoxicity is a term including any process that brings about alterations in the structure of DNA molecules (Bohne et al., 2008). Workers occupationally exposed to tobacco dust are at high risk of lung diseases, cancer and other health related problems as exposure to tobacco dust causes cutaneous absorption and nasal inhalation of tobacco alkaloids especially nicotine (Indian J Public Health, 2006). Occupational exposure of tobacco leads to cutaneous absorption of tobacco constituents (Bagwe et al., 1993; Kjaergaard et al., 1989). Negative health effects are caused by prolonged exposure to tobacco dust (Viegi et al., 1986). Tobacco dust exposure induces oxidative stress among tobacco workers that leads to impairment of lung functions and lung diseases (Sawami et al., 2006). There are various health hazard materials in the tobacco dust such as particulates of inorganic materials including quartz, residues of insecticides and pesticides, fungal spores, pollen, mites, insects, bacteria and endotoxin (Blair et

al., 1983). Many research studies have revealed that exposure to tobacco dust induces mutations, DNA damage etc which are considered to be the free radical consequences (Indian J Public Health, 2006). The oxidant and antioxidant balance might be disturbed by absorption of nicotine leading to oxidative stress condition (Indian J Public Health, 2006). Highly reactive electrophiles are generated by smokeless tobacco due to the presence of nitrosamines leading to the synthesis of free radicals and development of oxidative stress in comparison to pure nicotine (Yildiz et al., 1999).

NOXIOUS INGREDIENTS OF SNUFF

Snuff is among the smokeless products of tobacco mainly contain sun-dried tobacco leaves (Nicotiana tobaccum, Nicotiana rustica), wood ash, water, slaked lime, colouring and flavoring agents. The complexity of smokeless tobacco products ranges from tobacco only to products comprising various chemical ingredients and additives (Scientific committee, 2008; IARC, 2004; IARC, 2007). Tobacco contains about 4000 harmful substances including nitrate and nitrites, tobacco specific nitrosamine (TSNAs) particularly N-nitrosonornicotine (NNN) and 4-(N-nitrosomethylamino)-1-(3-pyridyl)-1-butanone (NNK), heavy metals like lead, cadmium, chromium, arsenic, beryllium, nickel and cobalt (Hoffmann et al., 2001; Rickert et al., 2009).

Depending upon geographical location, plant growth factors, different processing procedures including fermentation, curing, mixing, storage and packing, the chemical composition of tobacco varies (WHO, 2013; Burton et al., 1983; Burton et al., 1989; Burton et al., 1989; Peele et al., 2001).
During growth of tobacco plant heavy metals are favorably absorbed by the leaves, so tobacco is ironic source of these metals (Stephen et al., 2005). During cultivation and growth tobacco plants favorably accumulate metals into the leaves and other parts (Schneider et al., 1993). Tobacco leaves and processed tobacco products have toxic

heavy metals, most likely due to accumulation of ash and lime which are used as binding and alkalinizing factors in processed tobacco products like STP (Zakiullah et al., 2012). According to the contents of various toxic products such as tobacco specific nitrosamines and nicotine, the STP consumption may lead to local or systemic health problems (Thomsen et al., 2008).

Nicotine: More than 30 mutagenic agents are present in tobacco, among which nicotine is regarded as most important, absorbed quickly through respiratory tract, skin and mouth mucosa (Kunzle et al., 2003). A wide variety of plants contain nicotine (Doolittle et al., 1995). An average nicotine content of 14.667mg/g has been reported in naswar (Zakiullah et al., 2011).

The use of tobacco is the main source of nicotine exposure (Heisheman et al., 1994). Through skin, oral cavity, lung, gastrointestinal tract and urinary bladder nicotine can be absorbed (Schevelbein et al., 1973). Nicotine absorption also occurs through the skin (Schevelbein et al., 1972). During harvesting and fermentation, a variety of biologically significant compounds are generated by nicotine among which TSNAs are predominant (Brunneman et al., 1996). About 80-90% of the total nicotine content entering the body is metabolized by liver and a fraction and degraded products of nicotine were detected in urine, serum, saliva, milk and seminal plasma (Said et al., 2005). By powerful oxidizing actions, nicotine affects the sperm plasma membrane and genetic integrity (Jun, 2010). In tobacco chewers a higher incidence of teratozoospermia was demonstrated (Said et al., 2005).

Initiation of sister chromatid exchange, abnormalities of chromosome, inhibition of apoptosis, hang up of cell proliferation and enhanced manifestation of heat shock proteins, are among the cell level effects of nicotine (Hahn et al., 1991; Doolittle et al., 1995; Trivedi et al., 1990, 1993; Maneckjee and Minna, 1994; Yamashita and

Nakamura, 1996; Aoshiba et al., 1996; Tipton and Dabbous, 1995). The activities of antioxidant enzymes such as glutathione reductase, catalase and superoxide dismutase are reduced by nicotine administration (Ashakumary and Vijayammal, 1996). The reduction in the enzymatic activities of these antioxidant leads to the generation of free radicals that take part in many toxic reactions (Halliwell and guttridge, 1984, 1998). Sperm function is affected by nicotine by decreasing sperm viability, movement, normal morphology and weight of testis (Oyeyipo et al., 2010; Oyeyipo et al., 2011). Reduced serum level of testosterone, disorder of cytoarchitechture and degeneration of testis have been linked with oral nicotine consumption (Oyeyipo et al., 2010). Various studies have shown that parameters of sperm function such as sperm normal morphology, amount and movement are reduced by exposure to nicotine (Ramlau-Hansen et al., 2007; Oyeyipo et al., 2011; Oyeyipo et al., 2010; Kim et al., 2008; Aydos et al., 2001). Nicotine can adversely affect the hypothalamic-pituitary axis by stimulating the release of various hormones such as cortisol, antidiuretic hormone, oxytocin and growth hormone which in turn prevent the release of LH and prolactin (Weisberg, 1985). The structure and number of sperms is strongly affected by nicotine (Gornig et al., 1996).

Slaked Lime: It is found in sea shells or lime stones and mainly composed of calcium hydroxide. Addition of slaked lime increases the bioavailability of free nicotine by enhancing the pH of the product (Gupta, 2007).

Tobacco specific Nitrosamines: TSNAs are produced during processing, curing, burning and fermentation of tobacco constituting a group of carcinogens (Adams et al., 1983; 

 HYPERLINK "https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3524061/#bib35" Hoffmann et al., 1994). TSNAs have been detected in different products of tobacco such as smokeless tobacco (Hoffmann et al., 1987), cigarette tobacco (Ashley et al., 2003; 

 HYPERLINK "https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3524061/#bib12" Brunnemann et al., 1992; 

 HYPERLINK "https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3524061/#bib61" Song & Ashley, 1999), smoke of

environmental tobacco ( Brunnemann et al., 1992) and other tobacco products such as cigars, toombak, and bidi cigarettes (Idris et al., 1994; 

 HYPERLINK "https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3524061/#bib43" McNeill et al., 2006; 

 HYPERLINK "https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3524061/#bib44" Murphy et al., 1994; 

 HYPERLINK "https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3524061/#bib47" Nair et al., 1989).

In
smokeless
products
of
tobacco
and
smoke
of
cigarette,
tobacco
specific nitrosamines are commonly thought to be among the peak carcinogens (Bartsch &
Spiegelhalder, 1996; Hecht, 1998; Hecht & Hoffmann, 1988; Magee, 1996; 

PrestonMartin & Correa, 1989). Depending upon many factors such as pH, nitrite and
nitrate content and curing method, the TSNA levels vary greatly (IARC, 2007; Richter

et al., 2003). Snuff
contains
tobacco
specific
nitrosamines
predominantly
N-

nitrosonornicotine
(NNN)
and
4-(N-nitrosomethylamino)-1-(3-pyridyl)-1-butanone

(NNK). IARC has classified both NNN and NNK as group 1 carcinogens (IARC,

1985). Nitrosation of tobacco alkaloids give rise to these carcinogenic tobacco specific nitrosamines (Hoffmann et al., 1984), that’s why levels of nitrate and nitrite assume importance. In sun-dried tobacco, the levels of NNK and NNN were several fold higher than in the green leaves of tobacco (Bhide et al., 1987). In a type of chewing tobacco known as lanka preformed NNN, NNK and NAT were detected (Nair et al., 1989). In SLT such as zarda and khaini high levels of NNK, NNN and NAT were reported and level of TSNA in gutka was detected higher than the permissible limits in food (Stepanov et al., 2005; Tricker et al., 1988).
Heavy metals: Smokeless tobacco products contain toxic metals including Cadmium, Copper, Arsenic, Selenium, Mercury and Lead (IARC, 1985). More than 19 known carcinogens and at least 30 metallic compounds including some heavy metals like Cd, Cr, Pb, Se, Ni and Hg are present in tobacco (Golia et al., 2007; IARC monographs, 1987; IARC monograph, 1993; IARC monograph, 2006).

FREE RADICALS AND OXIDATIVE STRESS

Free radical is an atom, ion or molecule that bears an unpaired valance electron (Hayyan et al., 2016). Free radicals are extremely reactive, unstable and short lived species due to the presence of unpaired valance electrons. These are continuously produced during oxidative metabolism and also by exogenous agents like chemical toxins, industrial pollutants and different types of rays (Atta-ur-Rehman, 2001). Free radicals acquire stability by oxidizing carbohydrates in nucleic acids, lipids in membranes and amino acids in proteins (Ochsendorf, 1999), thus damaging the cells (Miral, 2002). Free radicals accumulation results in cellular damage when there is enhanced rate of oxidants generation and reduced rate of its removal (Berry et al., 1999). Free radicals induce genetic disorders like deletions and mutations (Moustafa et al., 2004; Tominaga et al., 2004).

FREE RADICALS INDUCED MUTATIONS IN GSTM1, GSTT1 AND ITS ASSOCIATION WITH REPRODUCTION

Reactive oxygen species results in different types of DNA damage including DNA mutation, DNA cross-linking, replication errors, deoxyribose modification, chromosomal rearrangements (Duru et al., 2000), elevated incidence of single or double strand breakage (Twigg et al., 1998; Aitken and Krausz, 2001) and genome may become instable when the repair system is unable to restore the damage. Genetic instability is induced by ROS (Limoli et al., 1998). Low molecular weight antioxidants and antioxidant enzymes protect the membrane lipids and proteins

against oxidation by ROS as compared to DNA that is more vulnerable (Lin et al., 2009). Increased expression of proto-oncogenes, impairment of tumor-suppressor genes, changes in the bases of DNA and strand breakdowns can be brought about by ROS/ RNS (Cerutti, 1994; Jackson, 1994). Carcinogenic characteristics have been exhibited by ROS and RNS (Cerutti, 1994). Structural alterations in DNA such as base pair mutations, deletions, rearrangements, insertions and magnification of sequences can be produced by ROS/ RNS. Among the free radicals OH ion especially exhibits deleterious effects and other reactive species products are also effective (Dizdaroglu, 1993; Epe, 1993). Deamination, nitration, nitrosation reactions on DNA bases are created by nitric oxide or more likely its derivatives having mutagenic potential (Oshima, 1994; Routledge et al., 1994). The chemistry of ROS induced DNA damage has been well described in vitro (Dizdaroglu, 1993; Steenken, 1989; Epe, 1993, Box et al., 1995). From all four bases of DNA different types of products are created by OH ion and this multiplicity of products is the distinguishing feature of OH ion attack (Halliwell, 1991). Guanine is selectively attacked by singlet oxygen (Epe, 1993; Van et al., 1994). An index of oxidative DNA damage and the most oftenly formed base lesion is 8-hydroxyguanine (8-OHG), sometimes measured as 8-hydroxydeoxyguanine nucleoside (Ames, 1989; Floyd et al., 1986). Mitochonderial DNA damage can be induced by ROS/RNS which has been proposed to be significant in aging and certain diseases of human (Harman, 1992; Shigenaga et al., 1994). GSTs protect the cells against mutagenic factors and play a vital role in the metabolism of various exogenous and endogenous mutagenic substances like ROS, chemotherapeutic agents and environmental carcinogens by catalyzing reactions between electrophilic compounds and glutathione (Mannervik et al., 1985). GSTs can prevent DNA damage due to endogenously produced lipid

peroxidase (Hurst et al., 1998). A high concentration of polycyclic aromatic hydrocarbons is present in tobacco smoke and smoked meat and GSTM1 is involved in the conjugation of epoxide derivatives of polycyclic aromatic hydrocarbons with glutathione (Khaled et al., 2006). The absence of GSTT1 and GSTM1 proteins due to null genotype of these genes increases the risk of progress of certain type of cancers (Ketterer et al., 1992; Hein et al., 2005). Conjugation of carcinogenic compounds to excretable hydrophilic metabolites is regulated by GSTM1 and GSTT1 and that’s why known as cancer susceptibility genes. Both genes GSTM1 and GSTT1 have deletion variants with no enzymatic activity (Hishida et al., 2005). Suseptibility of individuals to cancer having fewer capability to break down carcinogens is thought to be due to homozygous deletions in the GSTM1 and GSTT1 (Hishida et al., 2005). The structure and function of sperms will be changed by ROS induced oxidation so they may become more susceptible to macrophage attack (Aitken et al., 1994). Increased risk of infertility of male has been revealed to be linked with homozygous deletion of GSTM1 (Seidegard et al., 1988; Aydemir et al., 2007; Safarinejad et al., 2010).In the tissues of testis glutathione S-transferase family act as significant antioxidants (Listowsky et al., 1998; Strange et al., 2001). GSTs can protect different cells of the male testis including germ cells, Sertoli cells and Leydig cells against the oxidative damage (Castellon, 1999) as they are widely present in the testis, sperm as well as the fluid of seminiferous tubules (Hemachand et al., 2002; Mukherjee et al., 1999).A group of antioxidants is present in the seminal plasma to defend the sperms against oxidants (Alvarez and Storey, 1995; Sikka, 1996; Armstrong et al., 1998; Sies, 1993). The susceptibility of spermatozoa to oxidative damage is due to GSTM1 polymorphism (Aydemir et al., 2007). GSTM1 can control DNA disintegration in human sperm (Rubes et al., 2007).Pathogenesis of various diseases is linked with increased

oxidative stress in connection with changed metabolism of glutathione (Reid et al., 2001). GSTs protect the cells against oxidative damage by performing peroxidase activity (Mo et al., 2009; Bessa et al., 2009). GSTs are phase-II detoxification enzymes responsible for the metabolism of xenobiotics and endogenous compounds. Vulnerability of various disorders is associated with polymorphisms in GST genes (Kavishe et al., 2006). DNA fragmentation is strongly suggested by evidences in the spermatozoa of sterile men induced by elevated levels of ROS (Fraga et al., 1991; Sun et al., 1997).
HEAVY METALS, ROS AND ITS CORELATION WITH REPRODUCTION

Infertility of human male and decreasing sperm count due to environmental and occupational exposure to harmful chemicals has been the issue of interest in the recent decades (Carlsen et al., 1992; Auger et al., 1995; Adamopoulos et al., 1996; Becker and Berhane, 1997). Heavy metals are high density elements that are poisonous at low concentration. These are environmental contaminants that cannot be degraded / destroyed and tend to bioaccumulate. Heavy metals create long-term negative health hazards to exposed populations of animals, livestock and human beings (Eman et al., 2009). Human reproductive health is affected by heavy metals contaminants such as mercury, cadmium and lead (Rodamilans et al., 1988; Skakkebaek et al., 1991). Living organisms are harmfully affected by heavy metals, induce oxidative damage, destroye biomolecules by acting on nucleic acids and nuclear proteins (Leonard et al., 2004). Among heavy metals chromium, lead, mercury, arsenic, cadmium, and nickel have lethal effects on living organisms including humans (Sullivan et al., 2002). Both dose and length of exposure to heavy metals (Bonde, 1990a) have been correlated with some irreversible problems (Bonde, 1990b), such as

decreased sperm quality in metal workers, reduced size of family and interruption in conception (Bonde, 1993; Spinelli et al., 1997). Heavy metals are classified into essential and non-essential elements either of which can be poisonous at high exposure levels (Cai et al., 2005). At low exposure level some non-essential elements like Cr, Cd and Pb initiate harmful effects (Kanztziz, 1981). It is shown by evidences that negative health effects are exerted by exposure to some metals at low level (Hu, 2002; Quandt et al., 2008). In mammals including humans heavy metals create oxidative stress through their ability to interfere with ROS, elevating their oxidant activities that results in cellular damage, destruct lipid bilayer and DNA and diminishing antioxidants (Stohs, 1885; Stohs and Bagchi, 1995). Heavy metals produce ROS and RNS (Flora et al., 2008) which govern the toxic and mutagenic effects of heavy metals leading to cellular destruction such as alterations in DNA and diminish enzymes (Chen et al., 2001).

Different studies have revealed that heavy metals harmfully affect male reproductive system (Benoff et al., 2000; Telisman et al., 2000) either indirectly by disturbing hypothalamic-pituitary gonadal system or directly disturbing spermatogenesis with resultant impair sperm quality (Wyrobek et al., 1997).

STP contains various toxic metals but the most predominant are lead, chromium, nickel and cadmium. IARC has declared the first one as group “2A” probable human carcinogen and the last three as group “1” carcinogen (WHO, 2014). Heavy metals like lead and cadmium have long biological half-lives and tend to accumulate in different body organs as these elements are non-biodegradable leading to annoying toxic effects, hence analysis of theses toxic metals is an important study area in STP (Jarup, 2003). Metal poisonings and toxicities results due to bioaccumulation of heavy metals in man, animals and plant. The ill effects of these toxicities on human health

have been known (Boeckx, 1986). Human health is adversely affected by exposure to heavy metals like cadmium, mercury, arsenic, selenium, nickel and lead. International bodies such as WHO have been regularly reviewed their effects on human health. The effects of these heavy metals have been widely deliberated (Jarup, 2003). Heavy metals act like endocrine disrupting chemicals (EDCs). WHO has defined EDCs as “external elements that cause dysfunction of endocrine system having ill effects on the health of intact organism or its descendants” (WHO, 2002). Temporary or permanent modifications are produced by endocrine disruptors (Waissman, 2002; Kavlock et al., 1996; WHO, 2001) including abnormalities of reproductive system and congenital deformities (Waissman, 2002; Lemos, 2001; Santamarta, 2001; Nelson, 2003). Heavy metals are thought to be endocrine disrupters that results in spermatogenic arrest in experimental animals such as mice due to testicular damage (Atef and Attar, 2011).

Prolonged exposure to heavy metals is related with detrimental effects on human health (Chien et al., 2002). Male reproductive system suffers from ill effects of heavy metals and have become a major health problem due to rapid urbanization and industrialization (Waldron, 1980; Waldron and Editing, 1997). Some metal components in smokeless tobacco predominantly cadmium, lead, arsenic and mercury have been shown to be reproductive toxicants (WHO IARC 2004, Rockville, 2010). Oxidative stress may be induced by metals in cells (WHO IARC 2004). The oxidative states of metals and their reactivity with compounds are related with the toxicity of metals (Scheuhammer, 1987; Walker, 1995; Valko et al., 2005). Metals may be redox-active generating reactive oxygen species such as chromium (Stohs & Bagchi, 1995) or may be redox-inactive such as cadmium, lead, arsenic and mercury decreasing antioxidant defense of the body (Ercal et al., 2001; Valko et al., 2005).

CADMIUM

The harmful effects of Cd have declared it as universal environmental human carcinogen (Nakamura et al., 2002) and one of the well-known toxicant of reproductive system in various animals (El-Ebiary, 2013; Wirth and Mijal, 2010; Xu et al., 2003; Jahan et al., 2014; Rahman et al., 2007). In workers exposed to cadmium, autopsy findings had declared decrease in spermatogenesis (Smith et al., 1960). 

CHROMIUM

Chromium exists in variable oxidation states among which trivalent Cr (III) and hexavalent Cr (VI) are of utmost biological importance (Morris et al., 1990). Different researches have shown that workers exposed to Cr have products of lipid peroxidation in urine and breaks in DNA strands of peripheral lymphocytes have indicated the toxic effects of Cr in human (Gambelunghe et al., 2003; Goulart et al., 2005). Decrease in the number of spermatogenic cells, reduction in the size of nucleus in testicular cells and reduced diameter of tubules is caused by variable doses of Cr, observed in laboratory animals, the dose applied has direct relation with the degree of Cr induced destruction (Roy Chowdhury and Mitra, 1995). 

In rats chromium has been shown to exert harmful effects on the male reproductive system (Subramanian, 2001). 

NICKEL

The most possible mechanism of heavy metals including nickel toxicity is the creation of ROS that may initiate lipid peroxidation and oxidative damage to macromolecules. IARC has categorized nickel as a cancer causing agent in human (Grimsrud and Andersen, 2012). 
It has been described that nickel treatment results in reduced sperm movement, decreased sperm count and changes in steroidogenesis (Das and Dasgupta, 2002). In rats disclosure to nickel increases LPO and decreases activities of antioxidant enzymes (Gupta et al., 2007). Exposure to NiCl2 induces decline of seminiferous tubules and reduces the number of sperm mother cells in the seminiferous tubules of male Wistar rats (Kakela et al., 1999). 

AIMS AND OBJECTIVES

1. To assess heavy metals and GSTM1, GSTT1 gene mutation in occupational snuff factory workers.

2. To analyze association of heavy metals with male sex hormones.

3. To study correlation of antioxidant enzymes mutant with male sex hormones.

MATERIALS AND METHODS

Study Design

This study was carried out at Physiology Laboratory, Department of Zoology, University of Peshawar. Volunteers were selected from District Bannu, Khyber pakhtunkhwa, Pakistan to assess the harmful effects of noxious chemicals of snuff on the male sex hormones of snuff factory workers.
Subject selection

Male workers were selected for isolation of blood sampling. Two groups were made, exposed group consisted of snuff factory workers and control group consisted of unexposed normal adult male.

Blood Collection

By using disposable syringes about 3 to 5 ml blood was collected through venipuncture from the volunteers and instantly transferred to EDTA tubes. The tubes were stored at 4oC till the analysis of heavy metals, male sex hormones level and assessment of GSTM1 and GSTT1 gene mutation.

Analysis of heavy metals

For analysis of heavy metals method of Tripathi et al (1997) and Teresa et al (2001) was used with some modifications.

1. Acid digestion of serum samples i. Washing step

The required apparatus were washed and soaked in 10% Nitric acid for 48 hours. Then after rinsing with 69% Nitric acid the apparatus were dried over absorbent paper and retained overnight.

ii. Pre- digestion

5 ml of freshly prepared mixture of 69% HNO3 – 37% HCL (3:1, v/v) was mixed with 0.5 ml of each sample and the mixture was retained at room temperature for 1 hour.

iii. Digestion

On a hot plate at 70º C the mixture was heated upto clarity

vi.  Filtration A cleared colorless solution was made by filtering the cleared solution through filter paper and mixing the filtrate with 10ml distilled water.
2. Determination of metal concentrations

By using Fast Sequential Atomic Absorption Spectrometer (Varian, AA 40 FS, USA ) blood samples were analyzed. Diverse metal specific lamps were permitted for 15 minutes to warm up, during this time the apparatus was brought into line and monochromator was placed at correct wavelength. Suitable slit width of monochromator was selected and according to recommendation of constructer current was adjusted. For analysis of elements a series of standards were run. By plotting concentration of standards against absorbance calibration curve was made. Digested samples were exposed to acetylene flame of atomic absorption spectrometer and the

corresponding microelement concentration was noted. These concentrations were attained in ppm and were converted to mg/ l by using the formula as under;

Metal concentration (mg/l)= final volume of dilution × metal concentration(ppm) Sample Volume

Analysis of GSTM1 and GSTT1 gene mutation by PCR

GSTM1 and GSTT1 are antioxidant enzymes genes and for the assessment of mutation in these genes, DNA was extracted from the blood samples.

DNA extraction

For the extraction of DNA from the blood samples standardized method of V.Iranpur, 2010 was used with some modifications.

Preparation of reagents for DNA extraction

1; 0.5 M EDTA (pH 8.0)

For the preparation of 0.5 M EDTA, 186.1g of anhydrous EDTA was added to 800 ml of distilled water, pH was adjusted to 8.0 with NaOH, then the solution was raised upto 1 litre with distilled water and autoclaved for 15 minutes at 15 p.s.i.

2; 1 M Tris-HCl (pH 7.6)

For this purpose 121.1 g of Tris base was dissolved in 800 ml of distilled water and pH was adjusted to 7.6 by adding HCl.Then the solution was raised upto 1 litre with distilled water and autoclaved at 15 p.s.i. for 15 minutes.

3; Red blood cell lysis buffer

For the preparation of red blood cell lysis buffer, 10 ml of 1 M Tris HCl (0.01 M Tris-HCl, pH 7.6), 109.54 gr of sucrose (320mM sucrose), 1.01 gr MgCl2 (5mM MgCl2), 10ml of Triton x-100 ( 1% Triton X 100) were added to 800 ml distilled water,pH was

adjusted to 8 and then the solution was raised upto 1 litre with distilled water and autoclaved at 15 p.s.i. for 10 minutes.

4; Nucleic lysis buffer

For the preparation of nucleic lysis buffer, 10 ml of 1 M Tris-HCl (0.01 M Tris-HCl pH 7.6), 3.75 gr of anhydrous EDTA ( 1mM EDTA pH 8.0), 10 gr SDS ( 1% sodium dodecyl sulphate), 2.94 gr of sodium citrate (11.4 mM sodium citrate) were added to distilled water and pH was adjusted to 8.0. Then the solution was raised upto 1 litre with distilled water and autoclaved at 15 p.s.i. for 15 minutes.

5; TE Buffer (pH 8.0)

To prepare TE buffer, 5 ml of 1M Tris-HCl pH 7.6, 2 ml of 0.5 M EDTA pH 8 were added to distilled water and the solution was raised upto 1 liter by adding more distilled water. The pH was adjusted to 8.0 and the solution was autoclaved for 15 minutes at 15 p.s.i.

6; Chloroform prechilled to 4ºC

7; Ethanol (100%) prechilled to -20ºC

8; Sodium Chloride

Steps of DNA extraction

Before beginning the DNA extraction process, the blood samples were agitated by using vertex.

1. Into 1.5 ml eppendorf tube, 500 µl of blood and 1000 µl of red cell lysis buffer were added.

2. After shaking mildly, the tube was spinned at 7000 rpm for 2 minutes.

3. Supernatant was discarded and step 1-3 were repeated to remove hemoglobin. The pellet was broken by vortexing and rinsing with red cell lysis buffer.

4. For few seconds the tube was placed downwards on tissue paper.

5. 400µl of nucleic lysis buffer was added to the tube.

6. 100µl of saturated NaCl (5M) and 600µl of chloroform was added to the eppendorf tube and it was mixed on a vertex then spinned at 7000rpm for 2 minutes.

7. To a new 1.5ml eppendorf tube 400µl supernatant was transferred.

8. Then 800µl of chilled (-20º C) absolute ethanol was added to the tube, mildly agitated and then mixed on a vertex, DNA appeared as a mucus-like strand.

9. The tube was spinned at 12000rpm for 1 minute to precipitate, the supernatant was discarded and the tube was placed downward on the tissue paper to be fully dried at room temperature.

10. 50µl of TE buffer was added to the tube of DNA and then mixed on a vertex and stored at 4º C or -20º C.

After extraction process the DNA was detected in the DNA samples by the process of 1% agarose gel electrophoresis.

Polymerase Chain Reaction (PCR)

PCR is a modern technique used for the determination of DNA damage. It is most the reliable technique to detect DNA damage. In PCR, the amplification of DNA stops at the site of DNA damage. It can assess the DNA damage at specific site of gene (Torres et al., 2000).

The DNA samples were run through PCR to know about the mutations in two selected genes GSTT1 and GSTM1.

Requirements of PCR

The following reagents and components are required for PCR.

Target DNA, forward and reverse primers, deoxynucleoside triphosphate (dNTPs), Taq polymerase, buffer solution, monovalent and bivalent cations.

Conditions of PCR

For both the genes PCR method was carried out separately in a 25 µl reaction mixture consisting of Taq buffer 2.5 µl, Taq polymerase 0.4 µl, dNTPs 0.5 µl, MgCl2 1 µl, Primers 2 µl, PCR water 17.6 µl and target DNA 1 µl. Primers 5’-

CATGTGACAGTATTCTTATTTC-

3’, 5’- ACTCAATCTCAGCATCACAGC- 3’ and 5 ’ - ATCTGTGGTCCCCAAATC AG-3 ’ , 5 ’-GGGGGTTGTCTTTTGCATAG-3’, were used for GSTM1 and GSTT1 respectively. The PCR process was individually performed in the PCR / Thermocycler (Bioer XP cycler) comprised of initial denaturation at 95ºC for 3 minutes followed by 35 cycles consisting of denaturation at 95ºC for 30 sec, annealing at 55ºC for 45 sec and extension at 72ºC for 45 min followed by final extension at 72ºC for 10 min.

The PCR products were then electrophoresed in 1% agarose gel electrophoresis for analysis of GSTM1 and GSTT1 gene mutation.

Luteinizing Hormone Assay

By using specific enzyme immunoassay (EIA) the concentration of Luteinizing hormone was measured in the plasma samples. The EIA kit was purchased from BioCheck, INC, Foster City, CA.

Principle of the assay

A solid phase enzyme-linked immunosorbent assay is the basis of LH EIA. The assay system utilizes a mouse monoclonal anti-α-LH antibody for solid phase (microtiter wells) immobilization and a mouse monoclonal anti-β-LH antibody in the antibody-enzyme (horseradish peroxidase) conjugate solution. The test sample is allowed to react simultaneously with the antibodies, resulting in LH molecules being sandwiched between the solid phase and enzyme-linked antibodies.

Assay procedure

For determination of LH concentration in blood plasma ,the desired number of coated wells were secured in the holder then 50 µl of standard, specimens and controls were distributed into suitable wells.100 µl of enzyme conjugate reagent was poured into each well and mixed thoroughly for 30 seconds. All the wells were incubated at normal temperature (18-25oC) for 45 minutes. The incubation mixture was removed by flicking the plate contents into sink and the microtiter wells were rinsed and flicked with distilled water 5 times. To remove all the remaining water droplets,the wells were hit harshly on absorbent paper. After that 100 µl of TMB (3,3´,5,5´ tetramethylbenzidine) reagent was poured into each well and mixed mildly for 5 seconds. Then the wells were incubated again at room temperature for 20 minutes. By the addition of 100 µl of stop solution to each well and mixing gently for 30 seconds the reaction was stopped.The blue color changed into yellow color and the absorbance was read at 450 nm with microititer plate reader (Amgenix MicroLISATM) within 15 minutes. The result was expressed in ng/ml.

Testosterone assay

By using specific Enzyme Immuno Assay (EIAs) Testosterone concentration was measured in the plasma samples. The EIA kit was purchased from Amgenix, INC, San Jose, CA, USA.

Principle of the assay

The Testosterone EIA is based on the principal of competitive binding between testosterone in the test specimen and Testosterone-Horseradish peroxidase (TestosteroneHRP) conjugate for a constant amount of rabbit anti-testosterone.

Assay procedure

For the determination of testosterone concentration in blood plasma, the desired number of coated wells were secured in the holder, then 10µl of standard, specimens and controls were distributed into suitable wells. Then 50µl of rabbit anti-testosterone reagent was poured into each well, mixed completely for about 30 seconds. After that into each well 100µl testosterone-HRP conjugate reagent was poured. All the wells were incubated at 37º C for 90 minutes. After completion of incubation all the microtiter wells were rinsed and flicked 5 times with washing buffer (IX) to remove unbound testosterone peroxidase conjugate. Then 100µl of TMB substrate was added to each well and mixed mildly for 10 seconds. All the wells were again incubated at room temperature (18-22º C) for 20 minutes. By the addition of 100 µl of stop solution to each well and mixing gently for 30 seconds the reaction was stopped.The blue color changed into yellow color and the absorbance was read at 450 nm with a microititer well reader within 15 minutes. The result was expressed in ng/ml.

RESULTS

Main Characteristics of the Subjects

The demographic and clinical characteristics, such as age, blood glucose level, blood pressure, job duration, daily working hours and nature of job of the study population were noted through a suitable questionnaire. The sample size of exposed group was 62 and that of control group was 50. The unprotected exposed group were found with mean age of 43.3±9.0, daily working hours 8.2 ±1.5, job duration 7.9±4.7.On the basis of job nature the exposed subjects were divided into 5 categories such as grinding , packing , market supply and clerk in snuff factories. Among 62 exposed subjects, 24 were performing grinding job, 21 packing, 11 market supply, 6 clerks in the snuff factories. Blood glucose level and blood pressure were also found significantly higher in he exposed subjects as compared to control group.

Table 3.1: Demographic characteristics of exposed and control groups

	Variable
	Exposed Subjects
	Control Subjects

	
	
	
	

	Number
	62
	
	50

	
	
	
	
	

	Mean age (years)
	43.3
	±
	9.0
	43.8 ± 8.6

	
	
	
	
	

	Blood Glucose (F) (mg/dl)
	103.8
	±
	49.7
	99.7 ± 50.8

	
	
	
	
	

	Blood Glucose (R) (mg/dl)
	172.0
	±
	53.4
	165.7 ± 50.8

	
	
	
	
	

	Blood Pressure
	
	
	
	

	
	
	
	
	

	Systole
	126.5
	±
	10.2
	123.8 ± 7.9

	
	
	
	
	

	Diastole
	84.3
	±
	6.9
	82.4 ± 5.4

	
	
	

	Job duration (years)
	7.9 ± 4.7
	……….

	
	
	

	Daily working hours
	8.2 ± 1.5
	……….

	
	
	
	
	

	Job Nature
	
	
	
	

	
	
	

	Grinding Job
	24 (38.7 %)
	……….

	
	
	

	Packing Job
	21 (33.9 %)
	……….

	
	
	

	Market Supply Job
	11(17.7 %)
	……….

	
	
	

	Clerks in Naswar Factories
	06 (9.7 %)
	……….
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3.2.
Heavy Metals

The concentration of Ni in the exposed subjects with grinding and packing jobs were significantly higher as compared to control group (P<0.05). The concentration of Cd in subjects with grinding and market supply jobs were significantly higher (P<0.05) as compared to control group. The concentration of Cr in blood were significantly higher (P<0.05) in the exposed subjects as compared to control group (Table 3.2, Fig 3.1).

Table 3.2: Mean ± SD of Heavy metals concentration in whole blood of control

and Exposed groups

	Heavy
	Control
	Grinding
	Packing
	Market Supply
	Clerk (n=06)

	Metals
	(n=50)
	(n=24)
	(n=21)
	(n=11)
	

	
	
	
	
	
	

	Ni
	0.073±0.045
	0.178±0.25*
	0.107±0.072**
	0.058±0.047
	0.071±0.035

	(μg/dl)
	
	
	
	
	

	
	
	
	
	
	

	Cd
	0.065±0.044
	0.316±0.365*
	0.156±0.219
	0.138±0.225**
	0.083±0.097

	(μg/dl)
	
	
	
	
	

	
	
	
	
	
	

	Cr
	0.115±0.045
	0.694±0.754*
	0.319±0.252*
	0.308±0.277*
	0.312±0.287*

	(μg/dl)
	
	
	
	
	

	
	
	
	
	
	


S.D, Standard deviation; values are significant at *P<0.001, **P<0.01 relative to control group
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Figure 3.1: Heavy metals concentration in whole blood of control and Exposed groups

3.3.
Reproductive Hormones

There was a significant decrease in Testosterone hormone concentration (P< 0.001) in the exposed subjects as compared to control group, while on the other hand the concentration of Luteinizing hormone (LH) was significantly higher in exposed group as compared to control group (P<0.01). The highest LH level (8.613±3.939) was observed in the subjects involved in grinding job (Table 3.3, Fig 3.2). The normal range of testosterone and LH  in adult male are 3.0-10.0 ng/ml and 1.24-7.8 mIU/ml respectively.
Table 3.3: Mean ± SD of Testosterone and LH concentration in whole blood of control group and Exposed groups

	Reproductive
	
	
	Control
	Grinding
	
	Packing
	
	Market
	Clerk (n=06)

	Hormones
	
	
	(n=50)
	(n=24)
	
	
	
	
	
	
	
	
	(n=21)
	
	Supply
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	(n=11)
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Testosterone
	
	
	5.33±1.280
	
	
	3.263±1.218*
	
	2.968±1.1434*
	3.234±1.103*
	3.132±1.373*

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Luteinizing
	
	
	4.712±1.421
	8.613±3.939*
	
	6.774±5.051**
	7.246±4.122*
	6.486±1.423*

	Hormone
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(LH)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	S.D,  Standard  deviation;  LH,  Luteinizing  Hormone;  values  are  significant  at

	*P<0.001, **P<0.01 relative to control group
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	Figure 3.2: Level of reproductive hormones in Exposed and Control groups



3.4
Distribution of GST genotypes

The distribution of glutathione-S transferase (GST) genotypes among both exposed and control groups are summarized in Table 3.4. The frequency of GSTM1 +ve and GSTT1 +ve genotypes were found more prominent in control group than their counterpart GSTM1 null and GSTT1 null, while in the exposed group GSTM1 and GSTT1 null genotypes were more frequent than their positive genotypes. The distribution of null genotypes showed highly significant different among both groups (p < 0.001).
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Fig. 3.3, 3.4: 1% Agarose Gel Electrophoresis showing

GSTM1 and GSTT1 Band as Well as Null Genotypes

Table 3.4: Frequency distribution of GSTM1 and GSTT1 genotypes in Control    and Exposed groups


	Genotype
	Control
	N
	Exposed
	N
	OR
	95% CI
	p value

	
	(%)
	
	(%)
	
	
	
	
	

	GSTM1
	
	
	
	
	
	
	
	

	Null
	19 (38)
	
	43 (69.4)
	
	3.693
	1.683˗
	8.103
	0.001

	Positive
	31 (62)
	
	19 (30.6)
	
	
	
	
	

	GSTT1
	
	
	
	
	
	
	
	

	Null
	17 (34)
	
	41 (66.1)
	
	3.790
	1.726˗
	8.324
	0.001

	Positive
	33 (66)
	
	21 (33.9)
	
	
	
	
	


N = number; OR = Odd ratio; CI = Confidence Interval. Chi square test was used for comparison of GSTM1 and GSTT1 genotype distribution among studied population.
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Fig.3.5 Frequency of null genotype of GSTT1 and GSTM1 in exposed and control groups

	Null Genotype
	GSTT1
	Control Group
	Exposed Group

	
	
	17
	41

	Reproductive Hormones
	Testosterone

ng/ml
	5.242941


	3.185366



	
	LH

mIU/ml
	5.144706


	7.883415



	Heavy Metals
	Ni (µg/dl)
	0.081294


	0.148659



	
	Cd (µg/dl)
	0.067353


	0.274561



	
	Cr (µg/dl)
	0.107059


	0.579732




Table.3.5: Association of heavy metals, GSTT1 null genotype with male sex hormone levels in control and exposed individuals. (comparison of mean values)
	Positive Genotype
	GSTT1
	Control Group
	Exposed Group

	
	
	33
	21

	Reproductive Hormones
	Testosterone

ng/ml
	5.384848


	3.067857



	
	LH

mIU/ml
	4.490303


	6.87619



	Heavy Metals
	Ni (µg/dl)
	0.069


	0.071762



	
	Cd (µg/dl)
	0.063909


	0.078048



	
	Cr (µg/dl)
	0.119121


	0.229619




Table.3.6: Association of heavy metals, GSTT1 positive genotype with male sex hormone levels in control and exposed individuals. (comparison of mean values)
	Null Genotype
	GSTM1
	Control Group
	Exposed Group

	
	
	19
	43

	Reproductive Hormones
	Testosterone

ng/ml
	5.165263


	3.24686



	
	LH

mIU/ml
	4.706316


	8.458605



	Heavy Metals
	Ni (µg/dl)
	0.064789


	0.13907



	
	Cd (µg/dl)
	0.063737


	0.22614



	
	Cr (µg/dl)
	0.112158


	0.516535




Table.3.7: Association of heavy metals, GSTM1 null genotype with male sex hormone levels in control and exposed individuals. (comparison of mean values)
	Positive Genotype
	GSTM1
	Control Group
	Exposed Group

	
	
	31
	19

	Reproductive Hormones
	Testosterone

ng/ml
	5.441613


	2.916316



	
	LH

mIU/ml
	4.716774


	5.468421



	Heavy Metals
	Ni (µg/dl)
	0.078323


	0.085368



	
	Cd (µg/dl)
	0.065903


	0.166947



	
	Cr (µg/dl)
	0.116774


	0.335789




Table.3.8: Association of heavy metals, GSTM1 positive genotype with sex hormone levels in control and exposed individuals. (comparison of mean values)
DISCUSSION

The present study concentrated on the reproductive fitness and screening of antioxidant enzymes (GSTs) mutant in workers occupationally exposed to several toxic heavy metals in snuff factories in comparison to control group. Different types of biochemical tests were performed to evaluate the deleterious effects of snuff contaminants on antioxidant enzymes and productivity of male sex hormones in workers performing different jobs in the snuff factories.. For the exposed individuals the mean of exposure time per day was 8.2 ± 1.5 hours. Viegi et al., 1986 demonstrated that Adverse health effects are produced by prolonged disclosure to tobacco dust. Protective measures were not used by the snuff factories workers that facilitated the absorption of snuff noxious chemicals through anyone of the possible absorption routs including nasal, oral inhalation, dermal, mucosal or digestive absorption. Tobacco alkaloids particularly nicotine are absorbed through dermal and nasal inhalation on disclosure to tobacco dust (Swami et al., 2006). More than 30 mutagens involving nicotine found in tobacco are consumed rapidly through oral mucous membrane or nasal inhalation and integument (Benowitz, 1988).This research work was intended to find out the harmful properties of snuff contaminants on the reproductive health of workers exposed to toxic heavy metals present in the snuff. Among the toxic substances found in tobacco, it also includes toxic heavy metals such as Pb , Cd, Cr, As, Be, Ni and Co (Hoffmann et al., 2001; Rickert et al., 2009).

The outcomes of this research declared significantly higher level of Nickel, Cadmium and Chromium (P< 0.05) in exposed subjects in comparison to control individuals. According to this study the concentration of Cd was considerably elevated (P< 0.05) in exposed subjects with grinding and market supply jobs than that of control group. In smokers elevated level of blood Cd (0.0313mg/L) was observed as compared to

control (0.00412mg/L) (Adnan et al., 2009). In whole blood Cd reference range is (0.1-0.3µg/dl (Cook, 2005). Blood Cd normal range is (0.1-0.4µg/l (Gothe, 1985; Roper, 1991 and Young-Jin, 2006). Elevated concentration of Cd (1.0 µg/L) was proved by Mendiola et al., (2011) in whole blood of occupationally exposed male visiting infertility clinics. In whole blood of occupationally exposed workers significantly elevated level of Cd (1.77 ± 0.344) µg/l as compared to control group (1.223 ± 0.0709) was shown by Eman et al., (2009).

Results of this study showed significantly elevated level of Cr in blood (P < 0.01) of exposed subjects as compared to control group. In workers exposed to Cr in welding plants, significantly higher level of blood Cr was declared by Danadevi et al., (2003). In the blood of exposed animals as compared to control group seven folds higher Cr level was detected (Trivedi, 1989).Hexavalent Cr exposure in rats causes accumulation of Cr in the blood and testes shown by other study (Saxena et al, 1990).

This study revealed that Ni concentration in exposed subjects with grinding and packing jobs were significantly higher (P < 0.05) as compared to exposed group. Elevated blood level of Ni (0.01-0.42µg/l) was observed in smokers as compared to non-smokers (0.01-0.26µg/l) (Stojanovic et al., 2004). In various brands of snuff the average Ni concentration was 12.20mg/kg (Zakiullah et al., 2011).Oxidative stress generated by Ni disrupt reproductive functions in various organisms supported by a number of evidences (Doreswamy et al., 2004; Su et al., 2011; Murawska-Ciałowicz et al., 2012).

As shown by various studies redox active metals including Cd, Cr, Pd and others take part in redox cycling reactions in biological systems creating reactive oxygen species (Cairo et al., 2002; Ercal et al., 2001). Homeostasis of metal ions is essential for life and

There is a regular mechanism for the maintenance of uptake, storage, and discharge of metal ions (Bertini and Cavallaro, 2008). Disruption of metal ions balance create oxidative stress condition where the increased production of ROS overcome the antioxidant defense system resulting in the destruction of macromolecules and some other effects leading to numerous disorders such as neurological, cardiovascular diseases, atherosclerosis and chronic infections (Gackowski, 2001 and Durackova, 2010).

Highly reactive oxygen species are produced by heavy metals (Ni, Cd, Cr and Pb) present in snuff leading to mutagenic and carcinogenic effects. Redox inactive metals like As and Cd exhibit their harmful effects by bonding to sulphydryl group of protein resulting in reduction of glutathione. Carcinogenicity and genotoxicity are caused by intermediate oxidation states (V and IV) of Cr either directly or indirectly through fenton reaction involving the production of ROS (O’ Brien, 2002 and Quievryn, 2003).

Cadmium is not directly involved in the production of free radicals but indirectly involve in the production of some oxidants such as nitric oxide, superoxide and hydroxyl radical indicated by some conclusions (Waisberg, 2003). Some studies showed that Cd is involved in the formation of hydrogen peroxide that may enter fenton reaction resulting in the synthesis of free radicals. From cytosolic and membrane proteins Cd remove Fe and Cu that take part in fenton reaction producing OS condition (Price, 1983). Current results of Watjen and Beyersmann (2004) support these outcomes.

In biological systems the toxic effects of RNS and ROS on macromolecules are neutralized by highly sophisticated system of antioxidant enzymes (Tilman, 2005). These systems play a vital role in the defense of the body against free radicals

damage. These systems maintain a balance of oxidants and antioxidants inside the cell by inhibiting or removing the ROS induced damage directly (Tilman, 2005; Bonnefont-Rousselot et al., 2001). Antioxidant enzymes in eukaryotic organisms take part in a series of complex reaction changing ROS and RNS into inactive, stable molecules such as molecular oxygen and water. Maximum safety is provided by a special class of antioxidant enzymes containing thiol group such as glutathione which maintain redox balance of the cell by decreasing peroxides and catching radicals.

This study worked on the distribution of GST genotypes (GSTM1 and GSTT1) among the exposed and control group. The distribution of null genotypes showed highly significant difference among both groups (P < 0.001). Several reports have claimed that it induces exposure to DNA to damage free radicals of dust and tobacco mutation(Swami et al., 2006), particularly in glutathione S-transferases (GST) such as GSTM1 and GSTT1, that are phase II detoxification enzymes. These enzymes are responsible for the metabolism of several endogenous and exogenous compounds (Jintana et al., 2013: Singh et al., 2011). GSTM1 depollute electrophilic compounds comprising environmental toxins, carcinogens, drugs and products of oxidative stress (Xie et al., 2015), while GSTT1 speed up the conjugation of electrophilic and hydrophobic compounds to reduced glutathione. These enzymes take part in the antioxidant defense system.

The balance of oxidant and antioxidant can be altered by the absorption of nicotine resulting in oxidative stress condition (Swami et al., 2006). When the antioxidant defense system has been exceeded in the body by ROS levels, which leads to oxidative stress linked with lipids degradation, protein dysfunction and various types of DNA destruction (De Bont et al., 2004). Highly reactive electrophiles are created by tobacco due to the presence of nitrosamines that lead to the production of free

radicals and increase of oxidative stress compared to pure nicotine (Yildis et al., 1999). The first line of defense against the destruction of free radical is formed by the antioxidant enzymes (Shrestha et al., 2012).

This study declared significantly high (P < 0.01) concentration of plasma LH in exposed group as compared to control group while on the other hand the plasma concentration of testosterone was significantly decreased (P < 0.001) in the exposed subjects as compared to control group. The significant increase in plasma LH concentration and decrease in plasma testosterone concentration in exposed snuff factories workers is due to interaction of heavy metals with hypothalamic pituitary testicular axis. Daily pattern of testosterone and LH level in plasma is affected by Cd by influencing HPT axis (Lafuente et al., 2004). Cd reduces StAR, cAMP and LH receptors (Gunnarsson et al., 2007). Several studies have suggested that heavy metals influence the male reproductive system (Benoff et al., 2000: Talisman et al., 2000), where the membrane of testicular tissue are damaged by oxidative destruction (Acharya et al., 2004). Heavy metals are considerd non-degradable environmental pollutants and tend to accumulate and interfere with endocrine hoemones (usually with steroids and thyroid hormones) that affect the hormonal system (Mantovani, 2002). In Mammals and humans, extremely toxic heavy metals cause oxidative stress due to their ability to interact with ROS. This interaction increases the oxidative activity of ROs by altering the integrity of the membrane, resulting in a decrease in antioxidants and damage to the DNA and lipid bilayer (Stohs et al., 1995).In male rats sex hormones are changed by Cd and without affecting sustainability of leydig cells Cd change testosterone synthesis (Laskey and Phelps, 1991). Male workers occupationally exposed to Cd exhibited significant elevated level of LH (Sheiner et al.,
2002). Infertility has been examined in welding industry workers exposed to Cr that causes sperm anomalies and declined semen quality (Bonde, 1993).

CONCLUSION

The results of this study suggested that workers of snuff factories are at high risk of exposure to toxic chemicals including Cd, Cr and Ni detected above the normal range in whole blood of exposed snuff factory workers. It is concluded from the results that high blood level of Cd, Cr and Ni are due to exposure of workers to snuff ingredients. The high level of these heavy metals in blood produce oxidative stress condition that causes mutation in GSTT1 and GSTM1 genes that in turn elevate LH and decrease testosterone level in the blood resulting in reproductive abnormalities.

SUGGESTION AND RECOMMENDATION

The results necessitates that snuff production should be regulated and home-grown production in shops should be discouraged. Awareness should be made in the general population about the toxicity of snuff preparations. Protective actions should be taken to elude adverse health effects.
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QUESTIONNAIRE

	Personal information
	
	
	
	

	1.
	Name__________________
	2.Gender__________________

	3.
	Age__________________
	
	
	4.Address__________________

	5.
	Contact No____________________
	
	6.Education________________

	7.
	Marital status___________________
	
	(i) Single  (ii) Married

	Factory Related Information
	
	
	

	8.
	
	Job  nature________________
	
	
	9.Daily  exposure

	time__________________
	
	
	
	

	10.
	Time since working in factory , years ____Months ____Days_____

	11.
	Exposure to any other chemicals
	(i) Yes
	(ii) No

	12. If yes than what type___________________________

	13.
	Use of personnel protective equipment
	(i) Yes
	(ii) No

	14.
	Father occupationally exposed
	(i) Yes
	(ii) No

	Addiction History
	
	
	
	
	

	15.
	Smoking
	(i) Yes
	(ii) No
	If
	yes, then no.of cigarettes smoked per

	day_______
	
	
	
	
	

	16.
	Naswar user
	(i) Yes
	(ii) No
	If
	yes, then quantity of naswar used per

	day__________
	
	
	
	
	


17. Any other addiction _____Drugs _________Drinking___________

Health Related Information

18. Any physical unfitness___________

19. Any prolonged health problem_______________

20. Any congenital disease___________

21. Children
(i) Yes
(ii) No
22. Physically unfit children
(i)
Yes (ii) No

