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Abstract:

Studies were conducted to examine the effect of the rats of 90 days old were exposed to
The young rats (3 months) were exposed to lead acetate 20mg/kg body weight, Cd** 20mg/kg
body weight and As**20 mg/kg body weight intraperitoneally daily for a period of 2 weeks.
Animals were supplemented with Vit-E 20mg/kg body weight and Ca+Zn+Fe (2mg/kg body
weight each) After the period of exposure, the animals were sacrificed and the tissues were
collected rats in terms of the data showed that the exposure to heavy metals like Cd**As®*" and
Pb* led to a significant increase in mitochondrial succinate dehydrogenase activity compared to
the treated. The increased activity of succinate dehydrogenase activity was observed in animals
treated with chemical supplement like Ca®*+Zn**+Fe** and Vitamin-E. A significant increase in
mitochondrial Isocitrate dehydrogenase activity compared to the treated. The increased activity
of Isocitrate dehydrogenase activity was observed in animals treated with chemical supplement
like Ca®*+Zn**+Fe**. A significant decrease in Cytosolic Glucose-6- Phosphate dehydrogenase
activity compared to the treated. The increased activity of Glucose-6-Phosphate dehydrogenase
activity was observed in animals treated with chemical supplement like Ca?*+Zn?*+Fe*" and
Vitamin-E. A significant decrease in mitochondrial Glutamate dehydrogenase activity compared
to the treated. The increased activity of Glutamate dehydrogenase activity was observed in
animals treated with chemical supplement like Ca?*+Zn**+Fe*" and Vitamin-E.
Key words: Ca®*+Zn**+Fe*" and vitamin E, Lipid peroxidation, Glutathione and peroxidase,

Catalase
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INTRODUCTION:

Cadmium (Cd**) is a wide-spread environmental pollutant, characterized by its toxicity to
various organs, including kidney, liver, lung, testis, brain, bone, blood system (Gunnarsson et
al., 2003). Cd has been demonstrated to stimulate free radical production, resulting in oxidative
deterioration of lipids, proteins and DNA, and initiating various pathological conditions in
humans and animals (Shen Y, Sangiah S et al., 1995). In the last two decades, however,
occupational exposures have dropped, following the dramatic reduction of exposure limits in
most industrialized nations. Most important effects were renal injuries (including tubular and
glomerular dysfunctions), immune deficiencies, apathies, bone injuries (osteomalacia and
osteoporosis), femoral pain, lumbago and skeleton deformations. Cadmium contaminations were
due to the effluents from zinc mine located in the upper reaches of a river and profoundly
affected the health of the human population living in that area, At very low (above 1 uM)
concentrations, it is hypermutagenic in yeast by inhibiting mutation avoidance rather than by
direct DNA damage. It affects genome stability by inducing reactive oxygen species (ROS) in
cells but also by inhibiting several DNA repair systems and depleting the activity of cellular
antioxidants like glutathione) (Shen Y, Sangiah S et al., 1995).

Cadmium has multiple effects on cells, Cadmium affects cell cycle progression,
proliferation, differentiation, DNA replication and repair, as well as apoptotic pathways. It
regulates cell cycle progression by activation of some cellular signals, inhibition of DNA
methylation and/or interference with E-cadherin mediated cell adhesion. The effects on DNA
synthesis and cell proliferation are dose dependent. Cadmium exposure inhibits DNA synthesis
and cell division at concentrations above 1 uM (Misra UK et al., 2003).

Approximately 57million people are drinking groundwater with arsenic concentrations
above 10 ppb. Arsenic has caused poisonings in Bangladesh, Bengal, Thailand, Finland,
Hungary, Chile, Taiwan, Vietnam, Cambodia, Mexico, Argentina, and China, where geological
environments are conducive to generate high amounts of arsenic compounds in groundwater
(Smith et al., 2006). Furthermore, many states within the United States also have significant
concentrations (up to 50 ppm) of arsenic in the groundwater. Chronic exposure to arsenic can
cause skin, lung and bladder cancers (Cohen et al., 2000; Smith et al., 2006). A small but
measurable increase in the incidence of bladder cancer was associated with exposure to

concentration as low as 10ppm of inorganic arsenic (Chu and Crawford-Brown, 2006). Arsenic
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exerts its toxicity in part by generation of ROS (Kitchin and Ahmad, 2003; Liu et al., 1992,
2001a,b, 2003 and 2006; Das et al., 2005). Consistent with the role of ROS in arsenic
toxicity/carcinogenicity, endogenous sulfhydryl groups and the non-protein sulfhydryl
glutathione (GSH) detoxification of arsenic (Duyndam et al., 2001). The exogenous antioxidant
N-acetylcysteine is also able to prevent arsenic-induced toxicity (Liu et al., 2003).

Therefore, inorganic, methylated, and dimethylated arsenicals are found in urine of
humans exposed to iAs. Arsenic (+3 oxidation state) methyl transferase (As3mt), the prototype
As methyltransferase in mammals, was initially identified in Rattus norvegicus (Thomas et al.,
2007). It has been long known that arsenic exposure is associated with skin pathology, including
hyperpigmentation, hyperkeratosis, and skin cancers. In the majority of cases in which an
internal cancer has been ascribed to arsenic exposure, a dermatologic hallmark of arsenic
poisoning was also identified (Tsai S-M et al.,(1999).

Abnormal liver function, manifested by gastrointestinal symptoms such as abdominal
pain, indigestion, loss of appetite and by clinical elevations of serum enzymes, frequently occurs
from exposure to arsenic in the drinking water (Mazumder, 2005), or from environmental
exposure to arsenic through burning high-arsenic coal in interior stoves ( Zhang et al., 2000).
Chronic arsenic exposure in animals can also produce liver endothelial cell damage, which
subsequently damages parenchymal cells (Straub et al., 2007). Arsenic is well absorbed from the
gastrointestinal tract, and first reaches the liver. Arsenate is reduced to arsenite in the liver
(Gregus and Nemeti, 2002). Because the liver is rich in glutathione, it is a major site of arsenic
detoxication, either from glutathione acting as an antioxidant, or by glutathione arsenic
conjugation for cellular efflux and biliary excretion (Liu et al., 2001a; NRC, 1999). The liver is
also the major site of arsenic methylation, which is catalyzed by arsenic methyl transferase or
AS3MT using S-adenosyl methionine (SAM) as the substrate (Thomas, 2007).

Lead (Pb?*) is a ubiquitous, naturally occurring environmental toxicant metal. Pb®*-
induced toxic effects can manifest in several organs but the brain and kidney are clearly primary
targets (Coon et al., 2006; IARC, 2006; White et al., 2007; Wu et al., 2008). Compelling
evidence is emerging that Pb exposure, particularly early life exposure, may cause
neurodegeneration later in life (White et al., 2007; Wu et al., 2008). For example, life time
whole-body occupational Pb** exposure has been recently shown to be a risk factor for

Parkinson’s disease (Coon et al., 2006), a neurodegenerative disorder characterized by regional
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aggresomal protein inclusions. Similarly, an Alzheimer’s disease-like pathology has recently
been induced in adult monkeys after early life Pb*" exposure (Wu et al., 2008). An important
evolving concept in Pb?* neurotoxicity is that environmental factors can play a role in increasing
susceptibility (White et al., 2007).

A remarkable characteristic of Pb”* intoxication is the production of protein-
Pb**complexes which appear in target cells of poisoned humans or animals as inclusion bodies
(1Bs). After toxic levels of Pb** exposure, I1Bs will first form in the cytoplasm, and then migrate
to the nucleus (Nolan and Shaikh, 1992). These IBs are common in the kidney but also can be
found in cells of the nervous system and other target sites of Pb?* (Goyer and Rhyne, 1973). The
origin and nature of the protein component of 1Bs remains poorly defined, but IBs are clearly
protective against acute and chronic Pb?* toxicity (Qu et al., 2002; Waalkes et al., 2004b). 1Bs
bind large amounts of Pb and likely render it toxicologically inert, thus blocking interactions
with more critical cellular targets (Fowler, 1998).

Acute exposure to lead is known to cause proximal renal tubular Damage (WHO, 1995).
Long-term lead exposure may also give rise to kidney damage and, in a recent study of Egyptian
policemen, urinary excretion of NAG was positively correlated with duration of exposure to lead
from automobile exhaust, blood lead and nail lead (Mortada WI et al., 2001).

MATERIALS AND METHOD:
Procurement and maintenance of experimental animals

Young albino rats of were purchased and maintained in the animal house of Dept. of
LPM College of Veterinary Science, Tirupati. The animals were housed in clear plastic cages
with hardwood bedding in a room maintained at 28° + 2° C and relative humidity 60 + 10% with
a 12 hour light/day cycle. The animals were fed in the laboratory with standard pellet diet
supplied by SKM feed from chittoor and, water ad libitum
Chemicals

Lead acetate, Cadmium chloride and sodium arsenite were selected as test chemicals. The
chemicals used in this study namely NADPH, INT, ADP, NAD, Sodium arsenite were obtained

from Sigma, USA. The remaining chemicals obtained from Qualigens, India.
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Animal exposure to Pb, Cd and As:

The young rats (3 months) were exposed to lead acetate 20mg/kg body weight,(Ahmed E
et al., 2011) Cd* 20mg/kg body weight (Subhadip K et al., 2009) and As**20 mg/kg body weight
(Kapil Bhatt and S.J.S Flora, 2009) intraperitoneally daily for a period of 2 weeks. Animals were
supplemented with Vit-E 20mg/kg body weight (Mostafa MH et al., 2010) and Cat+Zn+Fe
(2mg/kg body weight each) Control rats were not given any test solutions. After the period of
exposure, the animals were sacrificed and the tissues were stored at -80°C for further
biochemical analysis.

BIOCHEMICAL STUDIES
Preparation of Liver Mitochondrial Fraction:

Liver mitochondrial fractions were prepared by homogenizing in 5 volumes (w/v) of SET
buffer (0.25 M sucrose, 10 mM Tris-HCI, and 1 mM EDTA, pH 7.4). The homogenate was first
centrifuge at 3 g for 10 min at 4°C, and then the supernatant was centrifuged at 15g for 40 min.
Then the pellet of mitochondrial fraction was suspended in SET buffer. The supernatant was
considered as cytosolic fraction.

Estimation of Succinate Dehydrogenase (SDH)

SDH activity was estimated by the method of Nachlas et al., (1906) as modified by
Prameelamma, (1976). The total reaction mixture contained 100 umoles of phosphate buffer (pH
7.2), 50 umoles of sodium succinate and 4.0 pmoles of INT in a final volume of 2.5 ml. the
reaction was initiated by addition of mitochondrial fraction. After incubation for 30 min at 37° C,
the reaction was stopped by addition of 5 ml of glacial acetic acid. The formazan formed was
extracted overnight into 5.0 ml of toluene and the colour was measured at 495 nm in
spectrophotometer against toluene blank. The enzyme activity was expressed as pmoles of
formazan formed/mg of protein/ hr.

Estimation of Glucose-6-Phosphate Dehydrogenase (G-6-PDH)

G-6-PDH activity was estimated by the method of Bergmeyer and Bruns, (1965). The
assay mixture final volume contain 100 pmoles of phosphate buffer (pH 7.2), 50 umoles of
glucose, 0.1 pmoles of NADPH and 4.0 umoles of INT. the reaction was initiated by addition of
mitochondrial fraction. After incubation for 30 min at 37° C, the reaction was stopped by

addition of 5 ml of glacial acetic acid. The formazan formed was extracted overnight into 5.0 ml
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of toluene and the colour was measured at 495 nm in spectrophotometer against toluene blank.
The enzyme activity was expressed as pmoles of formazan formed/mg of protein/ hr.
Estimation of Isocitrate Dehydrogenase Activity: (ICDH)

ICDH activity was estimated by the method of Keous DA and Mcalister-henn L (1990).
The assay mixture final volume contain 100 pmoles of phosphate buffer (pH 7.2), 20 i moles of
Isocitrate,0.2 pmoles of NAD,10u moles Mgcl, 0.2 moles of ADP and 4.0 pumoles of INT. The
reaction was initiated by addition of mitochondrial fraction. After incubation for 30 min at 37° C,
the reaction was stopped by addition of 5 ml of glacial acetic acid. The formazan formed was
extracted overnight into 5.0 ml of toluene and the colour was measured at 545 nm in
spectrophotometer against toluene blank. The enzyme activity was expressed as pumoles of
formazan formed/mg of protein/ hr.

Estimation of Glutamate Dehydrogenase Activity: (GDH)

GDH activity was estimated by the method of Lee and Lardy, (1965). The assay mixture
final volume contained 100 pmoles of phosphate buffer (pH 7.2), 40 u moles of Sodium
Glutamate, 0.2 pmoles of NAD and 4.0 pmoles of INT. The reaction was initiated by addition of
mitochondrial fraction. After incubation for 30 min at 37° C, the reaction was stopped by
addition of 5 ml of glacial acetic acid. The formazan formed was extracted overnight into 5.0 ml
of toluene and the colour was measured at 545 nm in spectrophotometer against toluene blank.
The enzyme activity was expressed as pmoles of formazan formed/mg of protein/ hr.

Estimation of protein content:

Protein content of the tissues was estimated by the method of Lowry et al. (1951). 1%
(W/V) homogenates of the tissues was prepared in 0.25 M ice cold sucrose solution. To 0.5ml of
crude homogenate, 1ml of 10% TCA was added and the samples will be centrifuged at 1000 g
for 15min. supernatant was discarded and then the residue was dissolved in 0.5ml of 1N NaOH.
To this 4ml of alkaline copper reagent was added followed by 0.4ml of folin-phenol reagent (1:1
folin:H,0). The color was measured at 600 nm in a UV- vis spectrophotometer (Hitachi model
U-2000) against blank. The protein standard graph was prepared using Bovine serum albumin.

The protein content of the tissues was calculated using the standard graph.
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RESULTS AND DISCUSSION:
Succinate Dehydrogenase Activity (SDH)

In the present investigation the data showed that the exposure to heavy metals like Cd**As** and
Pb* led to a significant increase in mitochondrial succinate dehydrogenase activity
(0.146+0.035 ) compared to the treated (0.095+ 0.053). The increased activity of succinate
dehydrogenase activity was observed in animals treated with chemical supplement like
Ca®*+Zn**+Fe** (0.141+0.058) and Vitamin-E (0.135+0.033). However, among Ca”*+Zn*"+Fe®*
and Vit-E showed more inhibitory activity against Heavy metals.

Fig.1. Effect of heavy metals on Succinate Dehydrogenase activity in albino rats.
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Isocitrate Dehydrogenase Activity (ICDH)

In the present investigation the data showed that the exposure to heavy metals like
Cd?* As** and Pb®" led to a significant increase in mitochondrial Isocitrate dehydrogenase
activity (0.447+0.095) compared to the treated (0.242+ 0.082). The increased activity of
Isocitrate dehydrogenase activity was observed in animals treated with chemical supplement like
Ca**+zZn*+Fe** (0.40+0.052) and Vitamin-E (0.425+0.066). However,among Ca’*+Zn*"+Fe**

and Vit-E showed more inhibitory activity against Heavy metals.
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Fig.2. effects on Isocitrate dehydrogenase activity of rats treated with different chemical
supplements
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Glucose-6-phosphate Dehydrogenase Activity (G-6-PDH)

In the present study the data showed that the exposure to heavy metals like Cd** As**
and Pb** led to a significant decrease in Cytosolic Glucose-6- Phosphate dehydrogenase activity
(0.283+£0.066 ) compared to the treated (0.407+ 0.040). The increased activity of Glucose-6-
Phosphate dehydrogenase activity was observed in animals treated with chemical supplement
like Ca*+zZn**+Fe** (0.392+0.060) and Vitamin-E (0.377+0.023). However,among
Ca®*+Zn**+Fe** and Vit-E showed more inhibitory activity against Heavy metals.

Fig.3. Effect of heavy metals on Glucose-6-Phasphate Dehydrogenase activity in albino rats.
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Glutamate Dehydrogenase Activity (GDH)

From the data of present study shows that the heavy metals like Cd**,As** and Pb®" led to
a significant decrease in mitochondrial Glutamate dehydrogenase activity (0.21+0.075)
compared to the treated(0.321+ 0.059). The increased activity of Glutamate dehydrogenase
activity was observed in animals treated with chemical supplement like Ca**+zZn®**+Fe®*
(0.287+0.049) and Vitamin-E (0.258+0.051). However,among Ca**+Zn’*+Fe** and Vit-E
showed more inhibitory activity against Heavy metals.

Fig:4. Effect of heavy metals on Glutamate Dehydrogenase activity in albino rats.
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The liver is a vital organ present in vertebrates and some other animals. It has a wide
range of functions, including detoxification, protein synthesis, and production of biochemicals
necessary for digestion. The liver is necessary for survival; there is currently no way to
compensate for the absence of liver function long term, although liver dialysis can be used short
term. This organ plays a major role in metabolism and has a number of functions in the body,
including glycogen storage, decomposition of red blood cells, plasma protein synthesis, hormone
production, and detoxification.

Heavy metals can induce several cellular dysfunctions including cell death, decreased
DNA repair and increased mutagenesis. DNA lesions arising after heavy metal exposure are not
due to direct effects. They appear to be mainly mediated by an indirect production of ROS,
which at least in part, is due to the inhibition of cellular antioxidants and constitutes oxidative

stress. In addition, heavy metal affects several DNA repair systems: MMR, NER and BER.
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Several groups have demonstrated that proteins involved in repair are inhibited or have
diminished activity after heavy metal intoxication. Heavy metals can interfere with proteins that
contain a zinc finger motif, which are implicated in the maintenance of genome stability or in
DNA repair and DNA damage signaling (Hartwig et al., 2002). Some heavy metals, like
cadmium, lead and arsenic have high affinity for thiol groups present in cysteine residues.

Heavy metals can displace and replace zinc in these motifs and disrupt target proteins as
suggested by the fact that addition of zinc, during or after intoxication by heavy metals, can
reverse the effects of heavy metal exposure. Another proposed mechanism heavy metals
intoxication is a heavy metal-mediated production of ROS, leading to oxidation of cysteine
residues of zinc finger domains (A. Witkiewicz-Kucharczyk, W. Bal 2006). Moreover, many
effects of heavy metals on mitochondria are associated with the generation of ROS. Apart from
mitochondria as principal source of ROS production in cells, there are other extra mitochondrial
ROS sources such as cytochrome P450-mediated reactions in several tissues (liver, heart,
gastrointestinal tract, kidney and lung).

The present study is designed to study the effect of SDH, ICDH, G-6-PDH and GDH
activities in liver tissue to understand the enzyme levels and their role in male albino rats. The
results showed a significant decrease in ICDH and SDH levels but in contrast, same treatment
caused a significant increase in GDH and G-6-PDH levels.

Most of the dehydrogenases investigated in the present are altered significantly in the rats
treated with metal mixture. These findings led us to suggest that the alterations in the activity of
liver dehydrogenases might be due to deleterious actions exerted by heavy metals on the
cytoplasmic organelles especially the mitochondria. The inhibition if succinate dehydrogenase,
isocitrate dehydrogenase which are mitochondrial enzymes and involved in the citric acid cycle
might support this suggestion and indicate a reduction in the aerobic metabolic processes
especially the electron transport and oxidative phosphorylation of the liver cells due to heavy
metal intoxification. In addition, these histochemical alterations let us to conclude that the
changes in the activity of dehydrogenases due to heavy metals intoxification might represent
responses to the need for an adaptation to the catabolism of the degrading damaged liver cells
structures or to partial impairments of their functions.

The results of the present investigation have shown an increase in the activities of

glucose-6-phosphate. Glucose-6-phosphate dehydrogenase catalyzes the first step of oxidation in
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the hexose monophosphate shunt pathway by which glucose may enter the pentose
monophosphate shunt and producing NADPH which is required as hydrogen donor for reactions
of various biochemical pathways. This enzyme plays an important role in the regulation of sugar
metabolism and determines whether glucose shall undergo glycolysis or be utilized via the
pentose phosphate pathway. The increase in the activity of glucose-6-phosphate dehydrogenase
due to heavy metal intoxification might indicate an increased demand to generate reducing
power in the form of NADPH under the oxidative stress fail induced by lead.

Heavy metal intoxication induces cell death. However, the mechanisms are not yet clear,
notably the induction of death receptors, of mitochondrial effectors and of caspase dependent and
-independent apoptotic pathways.

The severity of heavy-metal indued cytotoxicity is greatly affected by the cellular sulf-
hydryl levels (chan and cherian, 1992). Inactivation of protein thiols by heavy metals may lead to
toxicity by disruption cellular redox state.

In conclusion, it appears that heavy metal acts mainly by inducing oxidative cellular
stress and by modulating intracellular redox homeostasis. It thus affects several cellular
compartments by inducing mitochondrial dysfunction and ROS, oxidatively generated damage to
DNA, membranes and proteins and a decrease in cellular antioxidants. Predominant effects of
heavy metals are those affecting structure and function of important proteins. Intracellular
signaling as well as apoptotic pathways are clearly impaired after heavy metal exposure.
Concerning heavy metal induced mutagenesis (and probably carcinogenesis), it appears that
heavy metals like Arsenic, Cadmium and Lead acts as a double-edged sword inducing DNA
damage and inhibiting its repair. Heavy metals are likely to interfere not only with the repair of
oxidatively generated damage but also with the repair of even more genotoxic lesions such as
DNA double-strand breaks and DNA inter strand-crosslinks.

ACKNOWLEDGEMENT:

It is with most profound feelings of respect, sincerity and high regards that | express my
indebtedness and deep sense of gratitude to my venerable brother, Pioneer and teacher M.
Chandrasekhara Reddy & family K. Bharani, Master M. Druvin Reddy, SWE, Ohio, USA, for
his meticulous guidance, Stimulating discussion, Awe inspiring Encouragement and suggestions

to complete this work with confidence. | will ever remain grateful to him for his inspiring

RSPUBLICATION, rspublicationhouse@gmail.com Page 380



International journal of advanced scientific and technical research Issue 3 volume 3, May-June 2013
Available online on http://www.rspublication.com/ijst/index.html ISSN 2249-9954

guidance, wise counsel unfailing attention. He has been a source of inspiration and confidence in

my research work.
BIBLIOGRAPHY:

Gunnarsson D, Nordberg G, Lundgren P, Selstam G 2003. Cadmium-induced decrement of the
LH receptor expression and CAMP levels in the testis of rats. Toxicol; 183: 57—63.

Shen Y, Sangiah S. 1995.Na, K-ATPase, glutathione, and hydroxyl free radicals in cadmium
chloride-induced testicular toxicity in mice. Arch Environ Contam Toxicol; 29: 174-9.

Misra SG, Srivastava CP 1990. Lead in the environment: Effects of human exposure. In: Akhtar
R, editor. Pollution and Health Problem. New Delhi: Ashish Publications House; pp.17—20.

Smith, A.H., Marshall, G., Yuan, Y., Ferreccio, C., Liaw, J., von Ehrenstein, O., Steinmaus, C.,
Bates, M.N., Selvin, S., 2006. Increased mortality from lung cancer and bronchiectasis in young
adults after exposure to arsenic in utero and in early childhood. Environ. Health Perspect. 114,
1293-1296.

Cohen, S.M., Shirai, T., Steineck, G., 2000. Epidemiology and etiology of premalignant and
malignant urothelial changes. Scand. J. Urol. Nephrol. Suppl. 105-115.

Chu, H.A., Crawford-Brown, D.J., 2006. Inorganic arsenic in drinking water and bladder cancer:
a meta-analysis for dose-response assessment. Int. J. Environ. Res. Public Health 3, 316-322.

Das, S., Santra, A., Lahiri, S., Guha Mazumder, D.N., 2005. Implications of oxidative stress and
hepatic cytokine (TNF-alpha and IL-6) response in the pathogenesis of hepatic collagenesisin
chronic arsenic toxicity. Toxicol. Appl. Pharmacol. 204, 18-26.

Kitchin, K.T., Ahmad, S., 2003. Oxidative stress as a possible mode of action for arsenic
carcinogenesis. Toxicol. Lett. 137, 3-13.

Liu, D. N,, Lu, X. Z,, Li, B. L., Zhou, D. X,, Li, F. X, Zheng, D. H., and Wang, K. H. 1992.
Clinical analysis of 535 cases of chronic arsenic poisoning from coal burning. Chin. J. Med. 31,
560-562

Liu, J., Benbrahim-Tallaa, L., Qian, X., Yu, L., Xie, Y., Boos, J., Qu, W., an Waalkes, M. P.
2006a. Further studies on aberrant gene expression associated with arsenic-induced
malignant transformation in rat liver TRL1215. Toxicol. Appl. Pharmacol. 216, 407-415

.Liu, J., Chen, H., Miller, D. S., Saavedra, J. E., Keefer, L. K., Johnson, D. R., Klaassen, C. D.,
and Waalkes, M. P. 200l1a. Overexpression of glutathione S-transferase Il and multidrug
resistance transport proteins is associated with acquired tolerance to inorganic arsenic. Mol.
Pharmacol. 60, 302—3009.

RSPUBLICATION, rspublicationhouse@gmail.com Page 381



International journal of advanced scientific and technical research Issue 3 volume 3, May-June 2013
Available online on http://www.rspublication.com/ijst/index.html ISSN 2249-9954

Liu, J., Kadiiska, M. B., Liu, Y., Lu, T., Qu, W., and Waalkes, M. P. 2001b. Stress-related gene
Liu, J., Xie, Y., Ducharme, D. M. K., Shen, J., Diwan, B. A., Merrick, A. B.,Grissom, S. F.,
Tucker,

Liu, J., Zheng, B., Aposhian, H. V., Zhou, Y., Cheng, M.-L., Zhang, A. H., and Waalkes, M. P.
2002. Chronic arsenic poisoning from burning high-arseniccontaining coal in Guizhou, China.
Environ. Health Perspect. 110, 119-122.

Liu, L., Trimarchi, J.R., Navarro, P., Blasco, M.A., Keefe, D.L., 2003. Oxidative stress
contributes to arsenic-induced telomere attrition, chromosome instability, and apoptosis. J. Biol.
Chem. 278, 31998-32004.

Duyndam, M.C., Hulscher, T.M., Fontijn, D., Pinedo, H.M., Boven, E., 2001. Induction of
vascular endothelial growth factor expression and hypoxia-inducible factor lalpha protein by the
oxidative stressor arsenite. J. Biol. Chem. 276, 48066—48076.

Thomas, D. J. 2007. Molecular processes in cellular arsenic metabolism. Toxicol. Appl.
Pharmacol. 222, 365-373.

Tsai S-M, Wang T-N, Ko Y-C 1999. Mortality for certain diseases in areas with high levels of
arsenic in drinking water. Arch Environ Health 54:186-193

Mazumder, D. N. 2005. Effect of chronic intake of arsenic-contaminated water on liver. Toxicol.
Appl. Pharmacol. 206, 169-175.

Zhang, A. H., Huang, X. X., Jiang, X. Y., Luo, P., Guo, Y. C., and Xue, S. Z. 2000. The progress
of study on endemic arsenism due to burning arsenic containing coal in Guizhou province. In
Metal lons in Biology and Medicine (J. A. Centeno, P. Collery, G. Vernet, R. O. Finkelman, H.
gibb, and J.-C. Etienne, Eds.), Vol. 6, pp. 53-55. John Libbey Eurotext, Ltd., France.

Straub, A. C., Stolz, D. B., Ross, M. A., Hernandez-Zavala, A., Soucy, N. V., Klei, L. R., and
Barchowsky, A. 2007. Arsenic stimulates sinusoidal endothelial cell capillarization and vessel
remodeling in mouse liver. Hepatology 45, 205-212.

Gregus, Z., and Nemeti, B. 2002. Purine nucleoside phosphorylase as a cytosolic arsenate
reductase. Toxicol. Sci. 70, 13-19.

NRC. 1999. Arsenic in the Drinking Water. National Research Council, National Academy,
Washington, DC

Coon, S., Stark, A., Peterson, E., Gloi, A., Kortsha, G., Pounds, J., Chettle, D., and Gorell, J.
2006. Whole-body lifetime occupational lead exposure and risk of Parkinson’s disease. Environ.
Health Perspect. 114, 1872-1876

RSPUBLICATION, rspublicationhouse@gmail.com Page 382



International journal of advanced scientific and technical research Issue 3 volume 3, May-June 2013
Available online on http://www.rspublication.com/ijst/index.html ISSN 2249-9954

IARC(International Agency for Research on Cancer). 2006. Inorganic and organic lead
compounds. Williams, R., Ed. 2006. IARC Monographs on the Evaluation of Carcinogenic
Risks to Humans, Vol. 87, pp. 1-471. WHO Press, Lyon, France

White, L. D., Cory-Slechta, D. A., Gilbert, M. E., Tiffany-Castiglioni, E., Zawia, N. H.,
Virgolini, M., Rossi-George, A., Lasley, S. M., Qian, Y. C., and Basha, M. R. 2007. New and
evolving concepts in the neurotoxicology of lead. Toxicol. Appl. Pharmacol. 225, 1-27.

Wu, J., Basha, M. R., Brock, B., Cox, D. P., Cardozo-Pelaez, F., McPherson, C. A., Harry,
J.Rice, D. C., Maloney, B., Chen, D., et al. 2008. Alzheimer’s disease (AD)-like pathology in
aged monkeys after infantile exposure to environmental metal lead (Pb): Evidence for a
developmental origin and environmental link for AD. J. Neurosci. 28, 3-9.

Nolan, C. V., and Shaikh, Z. A. 1992. Lead nephrotoxicity and associated disorders:
Biochemical mechanisms. Toxicology 73, 127-146.

Goyer, R. A, and Rhyne, B. C. 1973. Pathological effects of lead. Int. Rev. Exp. Pathol. 12, 1—
77.Waalkes, M. P., Harvey, M. J., and Klaassen, C. D. 1984. Relative in vitro affinity of hepatic
metallothionein for metals. Toxicol. Lett. 20, 33—-39.

Qu, W., Bortner, C. D., Sakurai, T., Hobson, M. J., and Waalkes, M. P. 2002. Acquisition of
apoptotic resistance in arsenic-induced malignant transformation: Role of the JNK signal
transduction pathway. Carcinogenesis 23, 151-159.

Waalkes, M. P., Ward, J. M., and Diwan, B. A. 2004b. Induction of tumors of the liver, lung,
ovary and adrenal in adult mice after brief maternal gestational exposure to inorganic arsenic:
Promotional effects of postnatal phorbol ester exposure on hepatic and pulmonary, but not
dermal cancers. Carcinogenesis 25, 133-141.

Fowler, B. A. 1998. Roles of lead-binding proteins in mediating lead bioavailability. Environ.
Health Perspect. 106, 1585-1587.

WHO 1995. Lead. Environmental Health Criteria, vol. 165. Geneva: World Health Organization,
Mortada WI, Sobh MA, El-Defrawy MM, Farahat SE 2001. Study of lead exposure from
automobile  exhaust as a risk for nephrotoxicity among traffic policemen. Am J Nephrol,
21:274-9

Subhadip K, Suman S, Soumya C, Soham M and A Bhattacharyya. 2009. Cadmium induces
lung inflammation independent of lung cell proliferation: a molecular approach. J. Infl. 6:19.

Kapil Bhatt, S.J.S Flora 2009. Oral Co-administration of a-lipoic acid quercetin and Captopril
prevents arsenic toxicity in rats. Environmental Toxicology and Pharmacology 28:(140-146).

RSPUBLICATION, rspublicationhouse@gmail.com Page 383



International journal of advanced scientific and technical research Issue 3 volume 3, May-June 2013
Available online on http://www.rspublication.com/ijst/index.html ISSN 2249-9954

Mostafa MH, Osfor, Hoda S, Ibrahim, Yousria A, Mohamed, Seham M, Ahmed, Amal S,
Abd El Azeem and Amany M Hegazy. 2010. Effect of Alpha Lipoic Acid and Vitamin E on
Heavy Metals Intoxication in Male Albino Rats. J. Ame. Sci. 6(8):56-63.

Hartwig, A., Blessing, H., Schwerdtle, T., and Walter, 1. 2003. Modulation of DNA repair
processes by arsenic and selenium compounds. Toxicology 193, 161-169.

Wanibuchi, H., Salim, E. I., Kinoshita, A., Shen, J., Wei, M., Morimura, K., Yoshida, K.,
Kuroda, K., Endo, G., and Fukushima, S. 2004. Understanding arsenic carcinogenicity by the
use of animal models. Toxicol. Appl. Pharmacol. 198, 366—-376.

Chan ,H.M., Cherian ,M.G.,1992. Protective roles of metallothionein and gluthathione in
hepatotoxicity of cadmium toxicity 72,281-290.

RSPUBLICATION, rspublicationhouse@gmail.com Page 384



