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Abstract: Arsenic in the present times has caused lots of health hazards to humans. In developing countries like 

Bangladesh and India the high prevalence of contamination, the isolation and poverty of the rural population, and 

the high cost and complexity of arsenic removal systems have imposed a programmatic and policy challenge on an 

unprecedented scale. Although in India, Arsenic poisoning in ground water in Gangetic belt especially the districts 

adjoining the river Ganges right from Eastern Uttar Pradesh, Bihar to West Bengal are the major problem of 

concern as due to which major health related problems are arising. To combat the present problem, a pre-clinical 

study was done on Charles foster rats. They were treated with Sodium arsenite for 8 weeks to make arsenic model 

and upon these arsenic pretreated rats Emblica officinalis was administered for 4 weeks to study the antidote effects 

of this plant. The plant not only eliminated the effects of arsenic but also reversed the normal physiological activity 

in the animal by normalising the activity of liver and kidney. The present study concludes that this novel plant 

possesses hepato-protective as well as nephron-protective activity against arsenic induced toxicity. 

 

Keywords: Sodium Arsenite, Emblica Officinalis, Antidote Effect, Rats 

 

Introduction 

In recent times heavy metals poisoning to humans 

has created havoc. Heavy metals like arsenic have 

caused lots of health hazards to human population. It 

is a naturally occurring metalloid (atomic number 

33), located on group V of the periodic table. 

Exposure to high levels of arsenic through drinking 

water has been recognized for many decades in some 

regions of the world, i.e. China, India, and some 

countries in Central and South America. A huge 

population is at risk of cancer and other diseases 

because of chronic arsenic exposure (NRC, 1999, 

2001). Environmental exposure to arsenic can cause a 

variety of cancers, most commonly non-melanoma 

skin cancers, and chronic toxicity may manifest as 

diffuse symptoms not easily recognizable as chronic 

heavy metal toxicity. General adverse health effects 

associated with human exposure to arsenicals include 

cardiovascular diseases, neurologic and 

neurobehavioral disorders, developmental 

abnormalities, hearing loss, diabetes, fibrosis of the 

liver and lung, hematological disorders and blackfoot 

disease (Abernathy et al., 1999; Tchounwou et al., 

1999 and Sordo et al., 2001. In humans, arsenic is 

known to cause cancer of the skin (Rossman et al., 

2004) lung, bladder, liver and kidney (Kitchin, 2001).  

 

Arsenite is known to bind to cellular sulfhydryl, 

particularly vicinal ones, accounting for its ability to 

interfere with energy generation (Aposhian, 1989). 

Once in the tissues, arsenic exerts its toxic effects 

through several mechanisms, the most significant of 

which is, the reversible combination with sulfhydryls 

groups. Arsenic also inhibits numerous other cellular 

enzymes, especially those involved in cellular 

glucose uptake, gluconeogenesis, fatty acid oxidation 

and product-ion of glutathione through sulfhydryl 

group binding (Aposhian, 2006).   

 

Medicinal plants as a group comprise approximately 

8,000 species and account for around 50% of all the 

higher flowering plant species of India. Millions of 

rural households use medicinal plants in a self-help 

mode. Over one and a half million practitioners of the 

Indian System of Medicine in the oral and codified 

streams use medicinal plants in preventive, 
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promotive and curative applications. There are 

estimated to be over 7,800 manufacturing units in 

India. In recent years, the growing demand for herbal 

product has led to a quantum jump in volume of plant 

materials traded within and across the countries. In 

recent years, there is a tremendous interest in the 

possible role of nutrition in prevention of disease. In 

this context, antioxidants, especially derived from 

natural sources such as Indian medicinal plants and 

herbal drugs derived from them, require special 

attention. Antioxidants neutralize the toxic and 

‘volatile’ free radicals. Antioxidants have many 

potential applications, especially in relation to human 

health, both in terms of prevention of disease and 

therapy (Sies,1996 and Halliwell, 1997). 

 

The pulp of the fruit is smeared on the head to dispel 

headache and dizziness (Perry, 1980). Emblica  

officinalis leaves and fruit have been used for fever 

and inflammatory treatments by rural populations in 

its growing areas. The earlier study have 

demonstrated potent anti-microbial (Ahmad et al, 

1998), antioxidant (Bhattacharya et al, 1999), 

adaptogenic (Rege et al, 1999), hepatoprotective 

(Jeena et al, 1999), anti-tumor (Jose et al, 2001) and 

anti-ulcerogenic activities (Sairam et al, 2002) in the 

fruits of Emblica officinalis, leaf extracts have been 

shown to possesses anti-inflammatory activity 

(Asmawi et al, 1993; Jhantola-Vormisto et al, 1997). 

 

Materials & Methods  

Test Chemical: Sodium Arsenite AR (98.0%), (CAS 

No.7784-46-5, Lot No. 20/21-28a-45-60-61) 

manufactured by Loba Chemie, India was obtained 

from the Scientific store of Patna.  

 

Animals: Charles Foster rats (30 males), weighing 

160g to 180g of  8 weeks old, were obtained from 

animal house of  Mahavir Cancer Institute and 

Research Centre, Patna, India (CPCSEA Regd-No. 

1129/bc/07/CPCSEA). The research work was 

approved by the IAEC (Institutional Animal Ethics 

Committee) with IAEC No. IAEC/2012/12/04. Food 

and water to rats were provided ad libitum (prepared 

mixed formulated food by the laboratory itself). The 

experimental animals were housed in conventional 

polypropylene cages in small groups (2 each). The 

rats were randomly assigned to control and treatment 

groups. The temperature in the experimental animal 

room was maintained at 22±2θC with 12 h light/dark 

cycle. 

 

Preparation of fruit aqueous extract of Emblica 

officinalis : In the present study, fresh fruit of 

Emblica officinalis were purchased from the local 

market of Patna, Bihar, India. The identity of the 

medicinal fruit was confirmed by Dr. Ramakant 

Pandey (Botanist), Department of Biochemistry, 

Patna University, Patna, Bihar, India. The collected 

fruit of Emblica officinalis were shade dried and were 

grinded to fine powder. The aqueous extract dose 

was calculated after LD50 estimation and finally made 

to 100 mg kg-1 body weight. 

 

Experimental Design: The animals were grouped 

into 4 groups. Group 1 was Control group (n=6) to 

which no treatment was given and was designated as 

healthy control, while to the rest 3 groups (n=24) 

Sodium arsenite at the dose of 8mg Kg-1 body weight 

was administered orally daily for 6 weeks as well as 

8 weeks respectively. Group 2 & 3 animals at the end 

of the Sodium arsenite treatment were dissected for 

the biochemical assay. Upon these Sodium arsenite 

pre-treated groups, Emblica officinalis aqueous fruit 

extract was administered at the dose of 100 mg Kg-1 

body weight for 4 weeks. At end of the entire 

treatment, animals were anaesthetized and dissected 

and their blood samples were collected and serums 

were extracted. The serums were then assayed for 

biochemical study as Liver function tests, Kidney 

function tests and lipid peroxidation. 

 

Biochemical Evaluation: The Liver Function Test 

(LFT) as Serum Glutamic Pyruvate Transaminase 

(SGPT) and Serum Glutamic Oxaloacetate 

Transaminase (SGOT) were measured according to 

method (Reitman & Frankel, 1957),  Alkaline 

Phosphate (ALP) by method (Kind & King, 1954) 

while total bilirubin activity by method (Jendrassik & 

Grof, 1938). The Kidney Function Test (KFT) were 

assayed by methods as Urea by (Berthelot, 1859 and 

Fawcett, 1960), Uric acid by (Bones, 1945) and 

Creatinine by (Toro et al 1975). 

 

Lipid Peroxidation : Thiobarbituric acid reactive 

substances (TBARS), as a marker for LPO, were 

determined by the double heating method (Draper 

and Hadley, 1992).  The principle of the method was 

a spectrophotometric measurement of the color 

produced during the reaction to thiobarbituric acid 

(TBA) with malondialdehyde (MDA). For this 

purpose, 2.5 ml of 100 g/l trichloroacetic acid (TCA) 

solution was added to 0.5 ml serum in a centrifuge 

tube and incubated for 15 min at 90θC. After cooling 

in tapwater, the mixture was centrifuged at 3000g for 

10min, and 2 ml of the supernatant was added to 1 ml 

of 6.7 g/l TBA solution in a test tube and again 

incubated for 15 min at 90θC. The solution was then 

cooled in tap water and its absorbance was measured 

using Thermo Scientific UV-10 (UV –Vis) 

spectrophotometer (USA) at 532nm.  

 

Statistical Analysis 
Results are presented as mean ± SD and total 

variation present in a set of data was analysed 

through one way analysis of variance (ANOVA). 

Difference among mean values has been analysed by 

applying Dunnett’s test. Calculations were performed 
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with the Graph Pad Prism Program (Graph Pad 

software, Inc., San Diego, U.S.A.).  The criterion for 

statistical significance was set at P< 0.05.   

 

Results 

Morbidity and mortality 

The rats after the exposure of arsenic (8mg Kg-1 body 

weight per day) for 60 days showed toxicity 

symptoms such as nausea, nose bleeding, lack of 

body co-ordination (11 percent of rats showed 

paralysis like symptoms), blackening of tongue and 

foot and general body weakness. 

Biochemical Changes  

The SGPT, SGOT, alkaline phosphatase, total 

bilirubin, urea, uric acid, creatinine and lipid 

peroxidation activity showed significant increase (p 

<0.05) in arsenic treated group in comparison to 

control rat group. But, these values are significantly 

lowered (p<0.05) in Emblica officinalis treated group. 

The biochemical assessment thus shows the 

hepatoprotective and nephroprotective activity of 

Emblica officinalis (Graph fig.1-8). 

 

Discussion 

The liver is the primary target organ for the 

metabolism of arsenicals. The major metabolic 

pathway of inorganic arsenic in humans is its 

methylation in the liver. In the present study, the 

abnormally high levels of serum SGPT, SGOT, ALP 

and total bilirubin denotes the degree of toxicity in 

the liver. The significant increase in the levels is a 

direct measure of hepatic injury and they show the 

status of the liver as there may be cellular leakage 

and loss of functional integrity of hepatocytes. 

Furthermore, there was significant increase in the 

levels of the lipid peroxidation denotes oxidative 

stress produced by the arsenic leading to high degree 

of degeneration in the liver cells. The biochemical 

cause is the methylation of arsenic in the presence of 

monomethylarsonic acid (MMA) and dimethylarsinic 

acid (DMA) in the urine and bile (Sultana et al, 2005; 

Cui et al, 2004). Monomethylarsonic acid is 

relatively more genotoxic than the dimethylarsinic 

(Colognato et al, 2007). Generally the toxicity of 

arsenic is thought to be largely the result of its 

reaction with free sulfhydryl groups of enzymes and 

proteins, followed by cross linkage (Hossain et al, 

2000; Akhand et al 2002). Oxidative DNA damage, 

acquired tolerance to apoptosis, enhanced cell 

proliferation, altered DNA methylation, genomic 

instability, and aberrant estrogen signaling have been 

reported to be involved in the liver toxicity caused by 

arsenic (Aposhian & Aposhian, 1989; Rossman, 

2003). Hepatic cancer and other hepatic disorders are 

considered to be the major causes of arsenic-related 

mortality (Liu et al,1992; Liu et al, 2002; Zhou et al, 

2002). In the present study, there was significant 

amelioration in the levels of the liver function test 

parameters as well as the lipid peroxidation levels 

after E.officinalis administration. The 

hepatoprotective actions of E.officinalis appear to be 

mediated by its free radical scavenging, antioxidant, 

anti-inflammatory and modulation of the xenobiotic 

detoxification process and lipid metabolism 

(Thilakchand et al 2013, Sharma et al, 2003, (Deokar, 

1998, Bhattacharya et al, 2000). Furthermore, it also 

exhibits hepatoprotective activity due to its 

continuously membrane stabilizing, antioxidative and 

CYP 2E1 inhibitory roles (Tasduq et al, 2005; 

Sultana et al, 2005). 

 

Similarly, in the present study there was significant 

increase in the levels of Kidney function tests that is 

urea, uric acid and creatinine levels. Urea is the end 

product of protein metabolism and after arsenic 

intoxication gets increased and serum level of urea 

increases (Aphosian, 1989). Anetor (2002) revealed 

that production of oxygen free radicals by arsenic 

induces tubular necrosis which in turn increases 

tubular permeability, resulting in diffusion and back 

leak of the filtrate across the tubular basement 

membrane back into the interstitium and circulation, 

leading to an apparent decrease in GFR. Under these 

circumstances, back leak of filtrate results in 

decreased excretion and increased retention of 

nitrogenous waste i.e. urea in serum (Klassen, 1996; 

Verbeke et al., 1996). The serum uric acid 

concentration is determined largely by the efficiency 

of renal clearance and rate of purine metabolism 

(Anetor,2002; Chandra Sekhar et al., 2003; Dioka et 

al.,2004; Kalia and Flora, 2005). It is moreover 

formed from guanine and hypoxanthine via 

xanthinein reactions catalysed by guanase and 

xanthine oxidase of liver, small intestine and kidney. 

Arsenic intoxication changes the activity of guanase 

and xanthine oxidase which results into the increased 

serum level of uric acid. The increased level of serum 

creatinine after arsenic intoxication is due to 

enhanced formation of metabolic waste product of 

muscle metabolism. Furthermore, creatinine is 

anhydride of creatinine and muscle contains 

phosphocreatinine which undergoes spontaneous 

cyclization with loss of inorganic phosphorous to 

form creatinine. Due to affinity for thiol group of 

various proteins found in the cell membrane of 

muscles, arsenic damages the cells due to which the 

enzyme CPK (Creatine phosphokinase) gets released 

from the cells which is responsible for the conversion 

of phosphocreatinine in to creatinine, thus increases 

the level of creatinine. In the present study, there was 

significant amelioration in the levels of the kidney 

function test parameters levels after E.officinalis 

administration. E.officinalis shows a strong 

antioxidant cascade mechanism that is partially due 

to the presence of ascorbic acid and phenolic 

compounds (Ghosh et al, 1992; Kumar et al, 2006; 
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Rajak et al, 2004). Emblica officinalis ameliorates the 

arsenic induced nephrotoxicity by reducing the 

oxidants level in the nephrocytes. The active 

constituents emblicanin A and B acts as good 

antioxidant which plays the vital role to eliminate the 

oxidants from nephrocytes (Chakraborty & Verma 

2010, Ghosal et al; 1996, Scartezzini et al 2010).  

Conclusion:  Thus, from the entire study, it can be 

concluded that, Emblica officinalis  possesses 

hepatoprotective as well as nephroprotective effect 

against arsenic induced toxicity. 
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Graph Fig.1: Effect of Emblica officinalis on Arsenic induced toxicity showing SGPT activity (n=6, values are 

mean± S.D) 
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Graph Fig.2: Effect of Emblica officinalis on Arsenic induced toxicity showing SGOT activity (n=6, values are 

mean± S.D) 
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ALP Levels in serum of Rats
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Graph Fig.3: Effect of Emblica officinalis on Arsenic induced toxicity showing Alkaline Phosphatase (ALP) 

activity (n=6, values are mean± S.D) 

Biluribin Levels in serum of Rats
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Graph Fig.4: Effect of Emblica officinalis on Arsenic induced toxicity showing bilirubin activity (n=6, values 

are mean± S.D) 
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Urea Levels in Serum of Rats
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Graph Fig.5: Effect of Emblica officinalis on Arsenic induced toxicity showing serum Urea activity (n=6, 

values are mean± S.D) 

Uric acid Levels in serum of Rats
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Graph Fig.6: Effect of Emblica officinalis on Arsenic induced toxicity showing serum Uric acid activity (n=6, 

values are mean± S.D) 
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Creatinine Levels in serum of Rats
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Graph Fig.7: Effect of Emblica officinalis on Arsenic induced toxicity showing serum Creatinine activity 

(n=6, values are mean± S.D) 

MDA Levels in serum of Rats
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Graph Fig.8: Effect of Emblica officinalis on Arsenic induced toxicity showing serum lipid peroxidation 

activity (n=6, values are mean± S.D) 
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