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Abstract
The extract of bark of Terminalia arjuna was investigated for its hepatoprotective and antioxidative effects 

on cadmium provoked toxicity. It was found that  cadmium (Cd) significantly (P<0.05) elevated the serum levels of 
following biomarkers alanine amino transferase (ALT), aspartate amino transferase (AST), alkaline phosphatase ALP, 
and malondialdehyde (MDA) simultaneously, it lowered the protein and depleted the antioxidant enzymes superoxide 
dismutase (SOD), catalase (CAT), and glutathione (GSH) upon administration of cadmium chloride (5 mg/kg) to albino 
rats. Study results indicated that the treatment of these rats with extracts of Terminalia arjuna (200 mg/kg) significantly 
reversed the effects of cadmium and proved that it has hepatoprotective, and antioxidative potential. The results also 
suggested that the phytochemicals present in the extract of bark of T. arjuna have potential therapeutic value.
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Introduction 
The liver performs an array of functions and the most important 

one is its role in metabolism so no other organ is more important for 
healthy metabolism than the liver. It is accountable for detoxifying the 
poison or any foreign substance by converting and excreting waste 
and toxin [1]. Other major functions of liver are the metabolism of 
carbohydrates, lipid, protein and secretion of bile. Thus the maintenance 
of healthy liver is vital for overall health [2]. It is considered as one 
of the most vital organs due to the handling the metabolism and 
excretion of drugs and other xenobiotics thus it provides protection 
against foreign substances by detoxifying and eliminating them [3]. It 
is frequently abused by the environmental toxins, heavy metals, poor 
eating habits, alcohol,  prescription and the counter drug use thus it is 
damaged and weakened ultimately leads to the hepatitis, cirrhosis and 
alcoholic liver disease. Various toxicants, chemo-therapeutic agents, 
carbon tetrachloride (CCl4), thioacetamide, lead, chromium, cadmium, 
chronic alcohol consumption and microbes are well studied for liver 
cell injury. Many synthetic drugs are used for the treatment of liver 
diseases also damage the liver [4].

Human health is under the serious threat of heavy metal pollution 
which is a gift of modern age of industrialization [5]. Cadmium is 
environmental pollutant and toxicant that can affect liver, kidney, 
lungs, bones, brain, testis and cardiovascular system [6]. It became 
commercial in 20th century due to its agricultural and industrial 
applications and then these actions cause the entry of cadmium into the 
soil and drinking water. Extremely soluble characters of compounds of 
cadmium make its entry into the plants and crops that are used to get 
food and feed [7]. Other sources of cadmium are smoking, occupational 
disclosure and house dirt [8]. Respiratory tract and gastrointestinal tract 
are two main ways of absorption of cadmium. It competes with iron 
during absorption so iron status of individual is more important thus 
iron deficiency increase its absorption [9]. Although there is no specific 
transporter for its absorption but divalent metal ion transporters are 
used to take up free cadmium ion from cadmium [10].

As cadmium enters the blood circulation taken up by the red blood 
cells or get attach with albumin in blood plasma. Within first six hours 
cadmium is taken into the hepatocytes and makes new complex with 
metallothionein [11], with other proteins or peptides and glutathione 

(GSH) [12]. From liver it is send to kidney for excretion. While passing 
through the proximal tubules, it is reabsorbed and stored in these cells 
[13].

Oxidative stress is the basic mechanism of cadmium toxicity but 
cadmium is incapable to induce the production of reactive oxygen 
species (ROS) directly because of being a non-fenton metal. Indirectly 
it provokes stress via dislodgment of metal ions e.g. Fe+2, reduction of 
ROS scavengers, denaturation of enzymes and rollout of ETC (electron 
transport chain) cause the production of ROS [14,15]. The important 
way of production of hydroxyl radical is fenton reaction [16]. Hydroxyl 
radical is most reactive and damaging to lipids proteins and DNA, it 
damages membranes by initiating lipid peroxidation (LPO) results 
in production of malondialdehyde (MDA) from the breakdown of 
polyunsaturated fatty acids [17].

Medicinal plants are the major source of drugs and have been 
proven for the presence of hepatoprotective potential. Extracts of such 
plants are widely used for the treatment of liver diseases like hepatitis, 
cirrhosis, and loss of appetite and the Terminalia arjuna is one of 
such plants that are used for liver diseases [18]. Terminalia arjuna is 
an ever green, 20-30m long, South Asian plant, generally known as 
‘Arjuna. Antibacterial and antioxidant nature of T. arjuna has been 
well explored in vitro [19]. T. arjuna has antioxidant properties due to 
presence flavonoids, tannins and oligomeric proanthocyanidins [20].

Aims and Objectives
The present work was aim to determine the hepatoprotective and 

antioxidative effects of Terminalia arjuna against the Cd-provoked 
hepatotoxicity and oxidative stress in albino rats. 
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SOD and CAT were improved by decreasing the process of lipid per-
oxidation. 

Discussion 
It is well known that both aminotransferases (ALT and AST) are 

highly concentrated in the liver; ALT is localized solely in the cytoplasm, 
whereas AST is present both in the cytosol and mitochondria of 
hepatocytes [28]. Increased serum level of ALT, AST and ALP of rats of 
group B as compare to that of group A indicated that cadmium cause 
their release from the hepatocytes (Table1). Lowered total protein (TP) 
of group B as compare to that of group A was might be due to stoppage 
of protein synthesis and increased execration of proteins with cadmium 
(Table 1). Similar results were discussed by [29,30]. Our study showed 
that cadmium provoked apoptotic cell death in liver hepatocytes that 
was inverted by the phytochemicals in extract of Terminalia arjuna 
group C (Table1) in agreement with [31]. Administration of cadmium 
could cause cell lysis and release of cytoplasmic enzymes into the blood 
circulation, thereby leading to increased levels of these enzymes in the 
serum. This property is often used to assess the extent of cadmium-
induced cellular damage. In the current study, elevated levels of AST and 
ALT were noted in response to cadmium induced toxicity. However, 
the level of enzymes significantly declined following concomitant 
administration of Terminalia arjuna extract. In the present study, we 
found that lipid per oxidation level was significantly elevated in plasma, 
of rats treated with cadmium as compared to control group thus 
significance increased oxidative stress. Similar results were supported 
by [32,33] who described that LPO is an early and sensitive effect of Cd 
exposure. Hassoun and Stohs [34] established that oxidative stress was 
induced following oral administration of cadmium chloride to rats. A 
parallel data had been described by Jurezuk et al. [35]. Additionally, 
Elizabeth et al, Jahangir et al and Eybl et al. [35-38] demonstrated 
that cadmium is considered to provoke lipid per oxidation and this 
has frequently been believed to be the main cause of its deleterious 
influence on membrane-dependent function.

An antioxidant should be fundamental component of an effective 
management of cadmium poisoning [39] as the results of present 
research showed that the mechanism of cadmium provoked damage, 
like other heavy metals, include the creation of reactive oxygen species 
and free radicals that alter the mitochondrial activity and genetic 
information [40,41]. Heavy metals cause their toxic effects directly or 

Material and Methods
Animals

Fifteen albino rats were selected from the population of 50 rats 
and placed in animal house of institute of molecular biology and 
biochemistry (IMBB) the University of Lahore (UOL). They were placed 
in cages made up of stainless steel at constant 25 ± 5°C temperature 
with alternating day and night cycles, and standard pellets and water 
were in free access (ad libitum). This project was approved by the ethic 
committee of IMBB the University of Lahore.          

Chemicals

All chemicals and regents were of analytical grades. Cadmium 
chloride (CdCl2) was purchased from Merck Pharmaceutical Company 
Germany.

Experimental design

Out of 50 total rats only 15 male healthy rats were chosen and were 
separated in three groups each having 5 rats. Group I: Normal control 
kept on normal diet and tap water. Group II: Rats were given CdCl2 @ 
5 mg/kg B.Wt in drinking water till the end of research for six weeks 
[21]. Group III: Rats were given CdCl2 @ 5 mg/kg B.Wt in drinking 
water for three weeks then they were given standardized extract of bark 
Terminalia arjuna @ 200 mg/kg B.Wt. for next three weeks. 

Biochemical analysis 

LFT (Liver functioning test include AST, ALT, ALP) was measured 
by using spectrophotometric method as described by Anonymous, 
1996 [22]. Levels of total protein were estimated by Lowry Method 
[23]. SOD activity was measured by Kakkar method [24]. TBARS 
was measured by the method of Ohkawa et al. [25]. Catalase activity 
was measured by Aebi’s method [26]. Glutathione was measured by 
method described by Moron et al. [27]

Statistical Analysis
The values were reported in mean ± SD (n=5). Experimental results 

were statistically analyzed by using analysis of variance (ANOVA) by 
Duncan’s multiple range tests.

Results
Table1 showed that Cadmium had a significant effect on alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), alkaline 
phosphatase (ALP) and total protein (TP) level in serum. The 
administration of Cadmium 5mg/kg in rats provokes significant 
(P<0.05) increase in ALT, AST, ALP levels as compared to group 
A denoting the presence of liver dysfunction. The treatment with 
Terminalia arjuna 200 mg/kg group C significantly (P<0.05) decreased 
the toxic effect of Cadmium by decreasing the ALT, AST, ALP and by 
increasing TP levels in serum.

Table 2 showed that Cadmium had significant deleterious effects 
on serum antioxidative status. Cadmium (Cd) at the doses of 5 mg/
kg (Group B)had significantly (P<0.05) decreased the serum levels of 
superoxide dismutase (SOD), catalase (CAT), and glutathione (GSH) 
as compare to positive control (group A) whereas melondialdehyde 
(MDA) in serum had increased by the administration of cadmium 
alone indicating stress mediated lipid per-oxidation. The rats received 
Terminalia arjuna 200 mg/kg (Group C) had significantly reversed 
the situation as compared to group B, depicted that Terminalia arjuna 
alleviated the toxic effects of cadmium and the levels of glutathione, 

Liver profile ALT (nmol/ml) AST (nmol/ml) ALP (nmol/ml) TP (mg/dl)

GROUPS
MEAN ± SD 
(LSD=19.23)

MEAN ± SD 
(LSD=5.55)

MEAN ± SD 
(LSD=8.23)

MEAN ± SD 
(LSD=1.05)

A 34.26 ± 2.05 b 31.71 ± 2.24b 82.65 ± 5.69c 6.22 ± 0.23a

B 106.53 ± 22.90 a 101.58 ± 3.05a 128.08 ± 6.38a 3.8 ± 0.50b

C 30.92 ± 1.16 b 28.26 ± 1b 104.54 ± 4.92b 6.24 ± 1.01a

Significance level =0.05
Table 1: Estimation of serum ALT, AST, ALP and total Protein

Stress profile GSH (µg/ml) SOD (µg/ml) MDA (nmol/ml) CAT (µmol/
mol)

GROUPS
MEAN ± SD 
(LSD=1.15)

MEAN ± SD 
(LSD=2.89)

MEAN ± SD 
(LSD=8.72)

MEAN ± SD 
(LSD=4.96)

A 8.68 ± 0.54a 79.87 ± 1.62a 46.58 ± 1.52c 32.58 ± 3.19a
B 4.28 ± 0.41c 42.26 ± 2.64e 91.16 ± 9.14a 17.03 ± 3.36c
C 5.93 ± 0.58b 62.28 ± 1d 58.61 ± 3.79b 24.59 ± 3.51b

Significance level=0.05
Table 2: Estimation of serum GSH, SOD, MDA and Catalase        
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indirectly by producing cellular stress. Present research work and many 
previous studies have shown that cadmium metal has the capacity to 
produce free radicals and reactive oxygen species (ROS) consequential 
in depletion of enzyme activities, damage to lipid bilayer and DNA 
oxidation [42]. The reactive and free radical species include oxygen, 
carbon, sulfur and nitrogen radicals that are originating from super 
oxide radical, hydrogen peroxide and lipid peroxide [43].

Cd is unable to induce ROS directly because it cannot catalyze the 
fenton reaction but Cd induces oxidative stress indirectly. A number 
of studies have revealed the capability of Cd to replace Fe which is an 
active metal and run the fenton reaction thus increase in concentration 
of free Fe in cells enhance oxidative stress and lipid peroxidation by 
producing highly damaging hydroxyl radicals (°OH) [14]. Many 
reports in animal models have illustrated that cadmium intoxication 
greatly increase the malondialdehyde (MDA) a product of lipid 
peroxidation [44]. MDA levels were found significantly high in plasma 
of rats treated with cadmium alone as compared to control group thus 
signifying increased oxidative stress. Manca et al, Abdul-Moniem and 
Ghafeer [31,33] who described that LPO is an early and sensitive effect 
of Cd exposure. 
Acknowledgment

I acknowledge the efforts, support, love and guidelines of all my teachers, 
colleagues and friends throughout from my school times to University. Special 
thanks to talented, tremendously helpful, supportive and creative personality, my 
supervisorAssoc. Prof. Dr. Arif Malik and co-supervisor Prof. Dr. M.H. Qazi, who 
was a constant source of encouragement. Thanks for my wifewho was the first who 
motivated and support me. I am grateful to all those who supported me generously 
in completion of thesis especially brothers and friends Mr. Saeed Ismaeel and Mr. 
Abdul Manan.

References

1.	 Robbins J, Fleurentin C and Hefler A (2003) Hepatoprotective properties of 
crepisrueppelli and anisotesTrisules. Journal of ethanopharmacology76: 105-
111.

2.	 Pradhan SC1, Girish C (2006) Hepatoprotective herbal drug, silymarin from 
experimental pharmacology to clinical medicine. Indian J Med Res 124: 491-
504.

3.	 Agrwal SS (2001) Development of hepatoprotective formulation from plant 
sources. Pharmacology and therapeutics in the New Millennium. Narosa 
Publishing House, New Delhi, pp357-358.

4.	 Saleem MTS, Christina AJM, Chidambaranathan N, Ravi V, Gauthaman K 
(2008) Hepatoprotective activity of Anno-nasquamosa (Linn) on experimental 
animal model. Int J Applied Res Nat Pro 1: 1-7.

5.	 Nordberg G, Nogawa K, Nordberg M, Friberg L. Cadmium (2007) IHandbook 
on toxicology of metals. Academic Press, New York, USA, pp65-78.

6.	 Nair AR1, Degheselle O, Smeets K, Van Kerkhove E, Cuypers A (2013) 
Cadmium-Induced Pathologies: Where Is the Oxidative Balance Lost (or Not)? 
Int J MolSci 14: 6116-6143.

7.	 Satarug S1, Garrett SH, Sens MA, Sens DA (2010) Cadmium, environmental 
exposure, and health outcomes. Environ Health Perspect 118: 182-190.

8.	 Hogervorst J, Plusquin M, Vangronsveld J, Nawrot T, Cuypers A, et al. 
(2009) Current status of cadmium as an environmental health problem. 
ToxicolApplPharmacol 238: 201–208.

9.	 Goyer RA (1995) Nutrition and metal toxicity. Am J ClinNutr 61: 646S-650S.

10.	Martelli A1, Rousselet E, Dycke C, Bouron A, Moulis JM (2006) Cadmium 
toxicity in animal cells by interference with essential metals. Biochimie 88: 
1807-1814.

11.	Cherian MG, Goyer RA (1978) Methallothioneins and their role in the 
metabolism and toxicity of metals. Life Sci 23: 1-9.

12.	Thévenod F (2009) Cadmium and cellular signaling cascades: to be or not to 
be? ToxicolApplPharmacol 238: 221-239.

13.	Bernard A (2008) Cadmium & its adverse effects on human health. Indian J 

Med Res 128: 557-564.

14.	Cuypers A1, Plusquin M, Remans T, Jozefczak M, Keunen E, et al. (2010) 
Cadmium stress: an oxidative challenge. Biometals 23: 927-940.

15.	Cannino G1, Ferruggia E, Luparello C, Rinaldi AM (2009) Cadmium and 
mitochondria. Mitochondrion 9: 377-384.

16.	Lokendra S, Nameet K,Pankaj K (2009) Reactive oxygen species (ROS), 
oxidative damage and antioxidative defence systems with emphasis on herbal 
antioxidants and human and cattle health. Biochem Cell Arch 9:135-144.

17.	Mathews CK, Van Holde KO and Ahern KG (2000) Biochemistry Pearson 
Education Inc. 551-557.

18.	Nadkarni AK, Nadkarni KM (1954) Indian MateriaMedica. First ed. Popular 
Book Deport, Bomaby India, pp1198.

19.	Bhattacharyya MH (2009) Cadmium osteotoxicity in experimental animals: 
mechanisms and relationship to human exposures. Toxicol Appl Pharmacol 
238: 258-265.

20.	Doorika P, Ananthi T (2012) Antioxidant and Hepatoprotective properties of 
Terminaliaarjuna Bark on Isoniazid Induced Toxicity in Albino rats. Asian J 
Pharm Tech 2: 15-18

21.	Renugadevi J1, Prabu SM (2010) Cadmium-induced hepatotoxicity in rats and 
the protective effect of naringenin. Exp Toxicol Pathol 62: 171-181.

22.	Anonymous (1996) Rendox manual procedure (4thEdn) Randox Laboratories 
Ltd, Diamond road Crumlin Co Antrim, United Kingdom.

23.	Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951) Protein measurement 
with the Folin phenol reagent. J BiolChem 193: 265-275.

24.	Kakkar P, Das B, Viswanathan PN (1984) A modified spectrophotometric assay 
of superoxide dismutase. Indian J Biochem Biophys 21: 130-132.

25.	Aebi H (1974) Catalase in Bergmeyer HU. Methods in Enzymatic Analysis. 
New York, Academic Press 3:276-286.

26.	Ohkawa H, N Ohishi, K Yagi (1979) Assay for lipid peroxides in animal tissues 
by thiobarbituric acid reaction. J Anal Biochem. 95:351-358.

27.	Moron MS, Depierre JW, Mannervik B (1979) Levels of glutathione, glutathione 
reductase and glutathione S-transferase activities in rat lung and liver. Biochim 
Biophys Acta 582: 67-78.

28.	Rej R (1989) Aminotransferases in disease. Clin Lab Med 9: 667-687.

29.	Shirish SP (2011) Protective effect of Terminalia arjuna against CCl4 induced 
liver damage in rats. Der Pharmacia Lettre 3: 84-90

30.	Ilavarasan R, Mohideen S, Vijayalakshmi M and Manonmani G (2001) 
Hepatoprotective Effect of Cassia AngustifoliaVahl. Indian J pharm Science 
63:504-507.

31.	López E1, Arce C, Oset-Gasque MJ, Cañadas S, González MP (2006) 
Cadmium induces reactive oxygen species generation and lipid peroxidation in 
cortical neurons in culture. Free RadicBiol Med 40: 940-951.

32.	Manca D1, Ricard AC, Trottier B, Chevalier G (1991) Studies on lipid 
peroxidation in rat tissues following administration of low and moderate doses 
of cadmium chloride. Toxicology 67: 303-323.

33.	Abdel-Moneim WM,Ghafeer HH (2007) The Potential Protective Effect of 
Natural Honey Against Cadmium-Induced Hepatotoxicity And Nephrotoxicity. 
Mansoura J Forensic Med ClinToxicolXV: 2.

34.	Elizabeth AM, Rosalyn DM, Jennifer AM, Rebecca RW, Beth AA (2003) 
Environmental cadmium levels increase phytochelatin and glutathione in 
lettuce grown in a chelator-buffered nutrient solution. Environ. Qual 32:1356-
1364.

35.	Hassoun EA1, Stohs SJ (1996) Cadmium-induced production of superoxide 
anion and nitric oxide, DNA single strand breaks and lactate dehydrogenase 
leakage in J774A.1 cell cultures. Toxicology 112: 219-226.

36.	Jurczuk M1, BrzÃ³ska MM, Moniuszko-Jakoniuk J, GaÅ‚azyn-Sidorczuk 
M, Kulikowska-KarpiÅ„ska E (2004) Antioxidant enzymes activity and lipid 
peroxidation in liver and kidney of rats exposed to cadmium and ethanol. Food 
Chem Toxicol 42: 429-438.

37.	Jahangir T1, Khan TH, Prasad L, Sultana S (2005) Alleviation of free radical 
mediated oxidative and genotoxic effects of cadmium by farnesol in Swiss 
albino mice. Redox Rep 10: 303-310.

http://www.ncbi.nlm.nih.gov/pubmed/17213517
http://www.ncbi.nlm.nih.gov/pubmed/17213517
http://www.ncbi.nlm.nih.gov/pubmed/17213517
https://getinfo.de/app/Development-of-Hepatoprotective-Formulation-from/id/BLCP%3ACN042399437
https://getinfo.de/app/Development-of-Hepatoprotective-Formulation-from/id/BLCP%3ACN042399437
https://getinfo.de/app/Development-of-Hepatoprotective-Formulation-from/id/BLCP%3ACN042399437
http://www.ijarnp.org/index.php/ijarnp/article/view/61
http://www.ijarnp.org/index.php/ijarnp/article/view/61
http://www.ijarnp.org/index.php/ijarnp/article/view/61
http://books.google.co.in/books?hl=en&lr=&id=nKulgztuzL8C&oi=fnd&pg=PP2&dq=Handbook+on+toxicology+of+metals&ots=QR_Raezf2r&sig=XOOOjDDBKtli6hCzTYtiDnCtM04#v=onepage&q=Handbook%20on%20toxicology%20of%20metals&f=false
http://books.google.co.in/books?hl=en&lr=&id=nKulgztuzL8C&oi=fnd&pg=PP2&dq=Handbook+on+toxicology+of+metals&ots=QR_Raezf2r&sig=XOOOjDDBKtli6hCzTYtiDnCtM04#v=onepage&q=Handbook%20on%20toxicology%20of%20metals&f=false
http://www.ncbi.nlm.nih.gov/pubmed/23507750
http://www.ncbi.nlm.nih.gov/pubmed/23507750
http://www.ncbi.nlm.nih.gov/pubmed/23507750
http://www.ncbi.nlm.nih.gov/pubmed/20123617
http://www.ncbi.nlm.nih.gov/pubmed/20123617
http://www.ncbi.nlm.nih.gov/pubmed/19409405
http://www.ncbi.nlm.nih.gov/pubmed/19409405
http://www.ncbi.nlm.nih.gov/pubmed/19409405
http://www.ncbi.nlm.nih.gov/pubmed/7879732
http://www.ncbi.nlm.nih.gov/pubmed/16814917
http://www.ncbi.nlm.nih.gov/pubmed/16814917
http://www.ncbi.nlm.nih.gov/pubmed/16814917
http://www.ncbi.nlm.nih.gov/pubmed/355755
http://www.ncbi.nlm.nih.gov/pubmed/355755
http://www.ncbi.nlm.nih.gov/pubmed/19371614
http://www.ncbi.nlm.nih.gov/pubmed/19371614
http://www.ncbi.nlm.nih.gov/pubmed/19106447
http://www.ncbi.nlm.nih.gov/pubmed/19106447
http://www.ncbi.nlm.nih.gov/pubmed/20361350
http://www.ncbi.nlm.nih.gov/pubmed/20361350
http://www.ncbi.nlm.nih.gov/pubmed/19706341
http://www.ncbi.nlm.nih.gov/pubmed/19706341
http://www.connectjournals.com/file_full_text/346702H_09_135-144.pdf
http://www.connectjournals.com/file_full_text/346702H_09_135-144.pdf
http://www.connectjournals.com/file_full_text/346702H_09_135-144.pdf
http://books.google.co.in/books?id=RA4Npohz4CEC&pg=PR7&lpg=PR7&dq=Indian+Materia+Medica.+First+ed.+Popular+Book+Depot&source=bl&ots=tZaVo7akRH&sig=H3VrbLuTlqK-rMLQe_l71JT2kTM&hl=en&sa=X&ei=KgoLU5TZHIS_rgfBooHgAg&ved=0CCsQ6AEwAA#v=onepage&q=Indian%20Materia%20Medica.%20First%20ed.%20Popular%20Book%20Depot&f=false
http://books.google.co.in/books?id=RA4Npohz4CEC&pg=PR7&lpg=PR7&dq=Indian+Materia+Medica.+First+ed.+Popular+Book+Depot&source=bl&ots=tZaVo7akRH&sig=H3VrbLuTlqK-rMLQe_l71JT2kTM&hl=en&sa=X&ei=KgoLU5TZHIS_rgfBooHgAg&ved=0CCsQ6AEwAA#v=onepage&q=Indian%20Materia%20Medica.%20First%20ed.%20Popular%20Book%20Depot&f=false
http://www.ncbi.nlm.nih.gov/pubmed/19463839
http://www.ncbi.nlm.nih.gov/pubmed/19463839
http://www.ncbi.nlm.nih.gov/pubmed/19463839
http://www.asianpharmaonline.org/ajpt/5_ajpt_2_1_2012.pdf
http://www.asianpharmaonline.org/ajpt/5_ajpt_2_1_2012.pdf
http://www.asianpharmaonline.org/ajpt/5_ajpt_2_1_2012.pdf
http://www.ncbi.nlm.nih.gov/pubmed/19409769
http://www.ncbi.nlm.nih.gov/pubmed/19409769
http://www.ncbi.nlm.nih.gov/pubmed/14907713
http://www.ncbi.nlm.nih.gov/pubmed/14907713
http://www.ncbi.nlm.nih.gov/pubmed/6490072
http://www.ncbi.nlm.nih.gov/pubmed/6490072
http://www.ncbi.nlm.nih.gov/pubmed/36810
http://www.ncbi.nlm.nih.gov/pubmed/36810
http://www.ncbi.nlm.nih.gov/pubmed/760819
http://www.ncbi.nlm.nih.gov/pubmed/760819
http://www.ncbi.nlm.nih.gov/pubmed/760819
http://www.ncbi.nlm.nih.gov/pubmed/2686908
http://scholarsresearchlibrary.com/DPL-vol3-iss1/DPL-2011-3-1-84-90.pdf
http://scholarsresearchlibrary.com/DPL-vol3-iss1/DPL-2011-3-1-84-90.pdf
http://www.ijpsonline.com/article.asp?issn=0250-474X;year=2001;volume=63;issue=6;spage=504;epage=507;aulast=Ilavarasan;type=0
http://www.ijpsonline.com/article.asp?issn=0250-474X;year=2001;volume=63;issue=6;spage=504;epage=507;aulast=Ilavarasan;type=0
http://www.ijpsonline.com/article.asp?issn=0250-474X;year=2001;volume=63;issue=6;spage=504;epage=507;aulast=Ilavarasan;type=0
http://www.ncbi.nlm.nih.gov/pubmed/16540389
http://www.ncbi.nlm.nih.gov/pubmed/16540389
http://www.ncbi.nlm.nih.gov/pubmed/16540389
http://www.ncbi.nlm.nih.gov/pubmed/1828634
http://www.ncbi.nlm.nih.gov/pubmed/1828634
http://www.ncbi.nlm.nih.gov/pubmed/1828634
http://medfac.mans.edu.eg/english/forensic/july2007/s6.htm
http://medfac.mans.edu.eg/english/forensic/july2007/s6.htm
http://medfac.mans.edu.eg/english/forensic/july2007/s6.htm
http://www.ncbi.nlm.nih.gov/pubmed/12931891
http://www.ncbi.nlm.nih.gov/pubmed/12931891
http://www.ncbi.nlm.nih.gov/pubmed/12931891
http://www.ncbi.nlm.nih.gov/pubmed/12931891
http://www.ncbi.nlm.nih.gov/pubmed/8845042
http://www.ncbi.nlm.nih.gov/pubmed/8845042
http://www.ncbi.nlm.nih.gov/pubmed/8845042
http://www.ncbi.nlm.nih.gov/pubmed/14871584
http://www.ncbi.nlm.nih.gov/pubmed/14871584
http://www.ncbi.nlm.nih.gov/pubmed/14871584
http://www.ncbi.nlm.nih.gov/pubmed/14871584
http://www.ncbi.nlm.nih.gov/pubmed/16438802
http://www.ncbi.nlm.nih.gov/pubmed/16438802
http://www.ncbi.nlm.nih.gov/pubmed/16438802


Citation: Haidry MT, Malik A (2014) Hepatoprotective and Antioxidative Effects of Terminalia Arjunaagainst Cadmium Provoked Toxicity in Albino Rats 
(Ratus Norvigicus). Biochem Pharmacol 3: 130. doi:10.4172/2167-0501.1000130

Page 4 of 4

Volume 3 • Issue 1 • 1000130
Biochem Pharmacol
ISSN:2167-0501 BCPC, an open access journal 

38.	Eybl V1, Kotyzová D, Lesetický L, Bludovská M, Koutenský J (2006) The 
influence of curcumin and manganese complex of curcumin on cadmium-
induced oxidative damage and trace elements status in tissues of mice. J Appl 
Toxicol 26: 207-212.

39.	El-Demerdash FM1, Yousef MI, Kedwany FS, Baghdadi HH (2004) Cadmium-
induced changes in lipid peroxidation, blood hematology, biochemical 
parameters and semen quality of male rats: protective role of vitamin E and 
beta-carotene. Food Chem Toxicol 42: 1563-1571.

40.	Patrick L (2003) Toxic metals and antioxidants: Part II. The role of antioxidants 
in arsenic and cadmium toxicity. Altern Med Rev 8: 106-128.

41.	De-burbure, Buchet, Leroyer, Nisse, Haguenoer M, et al. (2006) Renal and 
neurologic Effects of cadmium, lead, mercury And arsenic in children: evidence 
of early Effects and multiple interactions at environmental Exposure levels. 
Environ. Health. Perspect114: 584-590.

42.	Leonard SS1, Harris GK, Shi X (2004) Metal-induced oxidative stress and 
signal transduction. Free Radic Biol Med 37: 1921-1942.

43.	Chen L1, Liu L, Huang S (2008) Cadmium activates the mitogen-activated 
protein kinase (MAPK) pathway via induction of reactive oxygen species and 
inhibition of protein phosphatases 2A and 5. Free Radic Biol Med 45: 1035-
1044.

44.	Yang JM1, Arnush M, Chen QY, Wu XD, Pang B, et al. (2003) Cadmium-
induced damage to primary cultures of rat Leydig cells. Reprod Toxicol 17: 
553-560. 

http://www.ncbi.nlm.nih.gov/pubmed/16345010
http://www.ncbi.nlm.nih.gov/pubmed/16345010
http://www.ncbi.nlm.nih.gov/pubmed/16345010
http://www.ncbi.nlm.nih.gov/pubmed/16345010
http://www.ncbi.nlm.nih.gov/pubmed/15304303
http://www.ncbi.nlm.nih.gov/pubmed/15304303
http://www.ncbi.nlm.nih.gov/pubmed/15304303
http://www.ncbi.nlm.nih.gov/pubmed/15304303
http://www.ncbi.nlm.nih.gov/pubmed/12777158
http://www.ncbi.nlm.nih.gov/pubmed/12777158
http://www.ncbi.nlm.nih.gov/pubmed/16581550
http://www.ncbi.nlm.nih.gov/pubmed/16581550
http://www.ncbi.nlm.nih.gov/pubmed/16581550
http://www.ncbi.nlm.nih.gov/pubmed/16581550
http://www.ncbi.nlm.nih.gov/pubmed/15544913
http://www.ncbi.nlm.nih.gov/pubmed/15544913
http://www.ncbi.nlm.nih.gov/pubmed/18703135
http://www.ncbi.nlm.nih.gov/pubmed/18703135
http://www.ncbi.nlm.nih.gov/pubmed/18703135
http://www.ncbi.nlm.nih.gov/pubmed/18703135
http://www.ncbi.nlm.nih.gov/pubmed/14555193
http://www.ncbi.nlm.nih.gov/pubmed/14555193
http://www.ncbi.nlm.nih.gov/pubmed/14555193

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Aims and Objectives 
	Material and Methods 
	Animals
	Chemicals
	Experimental design 
	Biochemical analysis  
	Statistical Analysis 

	Results
	Discussion  
	Acknowledgment 
	Table 1
	Table 2
	References

