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ABSTRACT

Carbon tetrachloride (CCl;) induces lipid peroxidation in liver and other tissues. Abhrak
bhasma, an Ayurvedic drug known for its hepatoprotective potency and is derived from
silicate/silicon ore. Its preparation involves heating and it is assumed by many that it is SiO,.
Thus to compare their hepatoprotective potency, both the drugs were tested against the single
dose of CCl, induced hepatotoxicity in male albino rat. Graded single doses viz. 10mg, 20mg,
30mg and 40mg of abhrak bhasma and SiO,/ kg body wt were used simultaneously. The
hepatoprotective potency was evaluated by studying malondialdehyde (MDA) contents of liver
and kidney in experimental rats. The results show that abhrak bhasma has counteracted CCl,
induced MDA levels to bring them to normal levels. Though SiO, has influenced free radical
scavenging positively. None of the doses used did not counteracted fully to normalize the MDA
levels in CCl, induced lipid peroxidation in male albino rats. In kidney, CCl, induced levels of
MDA were low which were protected by all the doses of abhrak bhasma and high doses of SiO;
(30 and 40 mg/kg body wt). Thus, present results help to use abhrak bhasma as a potential drug
which is capable of protecting liver and it can potentially be used for possible prevention of
diseases associated with oxidative stress. However, further study need to be assessed for doses
optimization in human.
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INTRODUCTION

The liver and kidneys are extremely sensitive to many chemical and environmental agents. They

are involved in detoxification of xenobiotics by biotransformation'. Carbon tetrachloride (CCly)
is one of the most commonly used hepatotoxins in the experimental study of liver diseases. The
hepatotoxic effects of CCl, are largely due to its active metabolite, including the free radicals
CCI3. and CCI(3)00.* which bind covalently to the macromolecules and induce peroxidative
degradation of membrane lipids of endoplasmic reticulum rich in polyunsaturated fatty acids.
This leads to the formation of lipid peroxides. This lipid peroxidative degradation of
biomembranes is one of the principle causes of hepatotoxicity of CCl,°.

Lipid peroxidation (LPO) is probably the most extensively studied free radical induced process ®
9 It is a crucial step in the pathophysiology of several disease states and in the process of
aging'™*®, during which oxidative damage of lipids occur which can lead to the liberation of
highly reactive aldehydes such as malondialdehyde (MDA) and 4-Hydroxynonenal (HNA).
MDA is the aldehydic end product, which has frequently been used as an indicator of LPO and
occur under conditions associated with the free radical damage®*.

Endogenous antioxidant that plays a major role in reducing reactive oxygen species formed
during cellular metabolism. Many researchers have focused on natural antioxidants for the
treatment of oxidative stress induced complications. Abhrak bhasma is an Ayurvedic drug used
in various disorders including hepatitis. It is derived from mica, an ore of silica®®. Since abhrak
bhasma has a high penetrative ability, it spreads in the body at a faster rate and impacts micro
tissues quickly. It supremely effective in cell turnover. It has been reported for a strong immune
system. It is useful in anti-aging treatment, rejuvenation treatment etc. Hepatoprotective efficacy
of abhrak bhasma was also studied earlier'®*’,

The present study was aimed to evaluate the effect of abhrak bhasma on LPO in CCl, in single
dose induced hepatotoxicity in rat liver and kidney in experimental schedule of 24 hrs in male
albino rats. Since abhrak bhasma is derived from crude ore of silica on processing by herbal
treatments followed by heat cycles (Shodhan and Maran-Sharma™). It is always criticized that it
is an oxide of silica. To differentiate role of silica and also to evaluate abhrak bhasma, pure SiO,
was used as silicate control for drug to judge the efficiency.

MATERIALS AND METHODS

Animal:

Male albino rats, Rattus norvegicus originally derived from National Institute of Virology Pune,
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were bred and maintained in the animal house (Reg. No. 233/CPCSEA). All rats were fed with
standard pellet diet (prepared by Amrit feeds, Sangli, MS, India). Food and water were provided
ad libitum. The rats, weighing about 130-140g each were used for experiment.

Preparation of abhrak bhasma and Silicon dioxide:

Abhrak bhasma was prepared in the laboratory as described in Rasa Ratna Sammucchaya™. SiO;
treatment was given as positive control. To study the detailed dose dependent effects of abhrak
bhasma and SiO; on lipid peroxidation in liver and kidney, different doses viz, 10, 20, 30 and 40
mg/kg body wt were administered orally with honey. Honey control rats were used which
showed normal histology of liver and kidney at all doses. Therefore, honey control data is not
presented.

Experimental schedule:

The male albino rats were assigned into following groups, each containing 6 animals and the
various treatments were given as follows.

Group 1 - The rats were maintained as normal without any treatment.

Group 2 - Hepatotoxicity induced by single dose of 3.0 ml CCl/kg body wt for 24 hrs sc.

Group 3 - 10 mg abhrak bhasma/kg body wt was given po.

Group 4 - 20 mg abhrak bhasma/kg body wt was given po.

Group 5 - 30 mg abhrak bhasma/kg body wt was given po.

Group 6 - 40 mg abhrak bhasma/kg body wt was given po.

Group 7 - 10 mg SiO,/kg body wt was given po.

Group 8 - 20 mg SiO,/kg body wt was given po.

Group 9 - 30 mg SiO,/kg body wt was given po.

Group 10 - 40 mg SiO,/kg body wt was given po.

Group 11- CCl, (3.0 ml/kg body wt) sc + 10mg abhrak bhasma/kg body wt po for 24 hrs.

Group 12- CCl, (3.0 ml/kg body wt) sc + 20mg abhrak bhasma/kg body wt po for 24 hrs.

Group 13- CCl, (3.0 ml/kg body wt) sc + 30mg abhrak bhasma/kg body wt po for 24 hrs.

Group 14- CCl, (3.0 ml/kg body wt) sc + 40mg abhrak bhasma/kg body wt po for 24 hrs.

Group 15- CCl, (3.0 mi/kg body wt) sc + 10mg SiO,/ kg body wt po for 24 hrs.

Group 16- CCl, (3.0 ml/kg body wt) sc + 20mg SiO,/kg body wt po for 24 hrs.

Group 17- CCl, (3.0 ml/kg body wt) sc + 30mg SiO,/kg body wt po for 24 hrs.

Group 18- CCl, (3.0 ml/kg body wt) sc + 40mg SiO,/kg body wt po for 24 hrs.

The rats were Killed after 24 hrs by giving deep ether anesthesia and liver and kidney tissues

were separated from animals and taken for lipid peroxidation.
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Determination of Lipid Peroxidation:

For the assessment of lipid peroxidation malondialdehyde level per gm tissue and per gm protein
of both liver and kidney tissues were determined by method described by Buege and Aust 2,
Statistical analysis:

The obtained data were expressed as Mean + SEM. Statistical analysis was performed by one-
way ANOVA followed by the students ‘t’ test. The values of p <0.05, p<0.01 and p<0.001 were
considered statistically significant.

RESULTS AND DISCUSSION :

Numerous studies have shown that oxidative stress in cells and tissues result from the increased
generation of free radicals or reactive oxygen species (ROS). Free radicals are produced in cells
by cellular metabolism and by exogenous agents that induce numerous pathological
complications including aging*®?. Since CCl; metabolism in liver produces free radicals, lipid
peroxidation was studied®*?*. MDA used as the indicator of lipid peroxidation®®*°. It is the major
reactive aldehyde resulting from the peroxidation of biological membrane polyunsaturated fatty
acids® and it is a secondary product of LPO which is used as an indicator of tissue damage by a
series of chain reactions®?. Here the extent of lipid peroxidation was estimated by measurement
of MDA formation in the liver and kidney.

The normal range of MDA in liver was 102.10 umoles/gm wt of tissue. Single dose of 10gm
abhrak bhasma given for 24 hrs (one day) did not alter the rat MDA production. But single dose
of 20, 30 and 40 mg abhrak bhasma marginally decreased (approximate 5%) the production of
MDA (Table No. 1). The results indicate that 10mg and 40mg abhrak bhasma are not able to
scavenge free radicals produced with normal metabolism. Similarly 20mg and 30mg abhrak
bhasma mediated metabolisms in liver insignificantly decreased lipid peroxidation indicating
influence of abhrak bhasma through different metabolisms on liver MDA production. With 10,
20 and 30mg SiO; lowered the lipid peroxidation indicating SiO, mediated liver metabolism
resulting in scavenging of the radicals existing though normal metabolism but with 40mg dose it
was unaffected (Table 1). Thus at least in lipid peroxidation resulting metabolism abhrak bhasma
and SiO, both are similar except in 10mg dose where abhrak bhasma differs from SiO, in
lowering the normally existing free radicals. As abhrak bhasma contains silica so also SiO; the
results may be influence of silica and difference may be due to preparation of abhrak bhasma
from basic silica ores. Same trend was exhibited by per mg protein expressions of MDA. The

decrease being significant with all the doses except 30mg dose; which showed marginal increase
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with abhrak bhasma. Thus, as per the above results the metabolisms influenced by abhrak
bhasma significantly lowered the normal free radicals. SiO, at 20, 30 and 40mg doses showed
increase trend; significant being at 40mg SiO, dose (p<0.01).

Table 1. Abhrak bhasma (AB) & SiO;influenced alterations in Lipid peroxidation in liver

and kidney of rats by single dose of treatment

Groups Liver Kidney

puMoles of MDA  pMoles of MDA pMoles of MDA pMoles of

contents/ gm contents/ mg contents/ gm MDA contents/

Tissue Protein Tissue mg Protein
Normal 102.10+2.54 0.80+0.02 71.11+3.89 0.77+0.02
AB [10 mg/kg body wt]po 102.09+3.41 0.92+0.09 68.19+1.89 0.67+0.02°
AB [20 mg/kg body wt]po 97.41+2.98 0.87+0.06 64.04+3.21 0.65+0.04°
AB [30 mg/kg body wt]po 97.44+3.85 0.81+0.04 63.15+3.22 0.67+0.089
AB [40 mg/kg body wt]po 103.15+4.01 0.85+0.07 59.27+1.48° 0.62+0.05°
SiO; [10 mg/kg body wt]po  97.05+2.04 0.70+0.04° 64.04+3.45 0.75+0.06
SiO; [20 mg/kg body wt]lpo  94.14+3.47 0.72+0.089 68.14+4.35 0.79+0.02
SiO; [30 mg/kg body wt]lpo  95.09+1.89 0.84+0.01 73.36+2.07 0.77+0.03
SiO, [40 mg/kg body wt]po ~ 101.98+4.02 0.95+0.03" 75.14+2.31 0.92+0.03°

(Values are mean = SEM of 6 animals. P values: a < 0.05; b <0.01; ¢ <0.001 vs normal).

Thus metabolisms in kidney mediated by abhrak bhasma and SiO, are involved in scavenging
the free radicals existing as a result of normal metabolisms. 40mg dose of abhrak bhasma had
lowered the free radicals but same dose of SiO, had increased the free radicals in normal kidney
metabolism. This high dose of SiO, increases free radicals in kidney of normal rats. And thus
differs in its metabolic behaviour from abhrak bhasma. The reason may be the preparation
process of abhrak bhasma; which seems to influence the silica related metabolism in normal rat.
CCly4 in known to induce free radicals in liver and kidney**®. In present studies it is noted that
abhrak bhasma, an ayurvedic drug influences free radical metabolism; similarly SiO, which is
used as silica control for drug also influences free radical metabolisms. Therefore both of them
was tested for their efficacy to scavenge the free radicals. The oral administration of single dose
of varying concentrations of abhrak bhasma simultaneous with CCl, in albino rats for 24 hrs
showed decline in the lipid peroxidation content in liver and Kkidney tissues. They tried to bring
the normal levels of MDA in liver and kidney; more effective being in kidney.

3942 \ve observed a significant increase in MDA levels in liver of

In agreement with other studies
CCl, induced intoxicated rats when compared to normal rat (P<0.01). Treatment of abhrak
bhasma at all studied doses caused a progressive decrease in MDA level per gm tissue. The
values indicated through MDA level were not normalized but remained marginally high over

MDA contents of normal rat liver. Similar trend was exhibited by SiO, dose treatments but not
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efficiently as abhrak bhasma. With 40mg dose levels of MDA remained significantly high over
normal (p<0.01) per mg protein expression(1.26 folds). The levels were expressed of changes in
proteins and it seems 40mg abhrak bhasma dose has tried to bring MDA levels to MDA levels of
normal rat. In per mg protein expression SiO, not seems to affect MDA levels by any of the
doses studied.

In kidney, MDA levels per gm tissue are not significantly increased. With all the doses of abhrak
bhasma studied progressively lowered even below the MDA levels in of normal rat (20, 30 and
40mg abhrak bhasma doses). SiO; treatment also showed maintenance of MDA levels in kidney.
In per mg protein expression CCl, significantly (P<0.05) induced lipid peroxidation. 10mg and
40mg abhrak bhasma doses maintain MDA levels as in normal rats. While 20mg and 30mg doses
of abhrak bhasma non significantly maintained them at low levels than MDA levels in normal rat
(Table No. 2).

By SiO; treatments, progressive decrease was noted in MDA levels. 40mg dose brought the
MDA levels to the levels as observed in normal rat. The alterations indicate that abhrak bhasma
influenced changes in MDA levels in per gm tissue expression lowered in per mg protein
expression; they showed significantly high at low doses (10mg and 20mg), but brought MDA
levels near to MDA levels of normal rat by high doses (30mg and 40mg), thus it seems 30mg
and 40mg doses of abhrak bhasma influenced metabolisms scavenge CCl, induced free radicals
and thus protect the liver metabolism. With SiO, doses 10, 20, 30 and 40 mg doses showed
progressive lowering in MDA levels in liver as expressed per gm tissue. But with per mg protein
expression except 10mg and 20mg doses seem to not affect CCl, induced MDA levels in liver.
30mg and 40mg doses elevated the MDA significantly over CCl, induction levels (Table No. 2).

In Kidney per gm tissue expression abhrak bhasma doses progressively lowered CCl, induced
MDA levels. SiO, seems to maintain MDA levels to normal in per gm tissue expression, but in
per mg protein expression CCl, induced MDA levels seems to be normalized by 10mg dose and
they were further decreased by 20, 30 and 40mg doses non significantly. SiO, has normalized
MDA levels in CCl, induced rats (Table 2).

The deflection in MDA levels per gm tissue expression and per mg tissue expression are due to
protein content. Thus CCl, induced elevated MDA levels were progressively decreased by
increasing doses of abhrak bhasma (which is deflected for 10mg and 20mg doses in per mg
protein expression). It seems that in both the expressions scavenging of free radicals are effective
at 30mg and 40mg doses significantly. But SiO,, the silicon drug control used has not influenced

free radical scavenging as effectively as abhrak bhasma. The MDA levels remained significantly
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high over MDA levels of normal rat. In kidney as far as MDA levels are concerned all the four
doses are free radical scavenging; while only 10 and 20 mg doses of SiO, seem to scavenge free
radicals.

Table 2: Abhrak bhasma (AB) & SiO; influenced alterations in Lipid peroxidation in liver
& kidney of rats during induction of toxicity by single dose of CCl,. Treatment.

Groups Liver Kidney

HMoles of pHMoles of pHMoles of HMoles of MDA

MDA contents/ MDA contents/ MDA contents/ contents/ mg

gm Tissue mg Protein gm Tissue Protein
Normal 100.98+3.04 0.7940.04 69.40+5.69 0.75+0.02
CCly4 [3.0 ml/kg body wt] sc 146.77+11.23°  0.99+0.08 74.6145.34 0.94+0.07°
CCly+ AB [10 mg/kg body wt]po ~ 137.23+11.83*  1.12+0.08° 71.11%4.12 0.75+0.08
CCl,+ AB [20 mg/kg body wt]po 123.26+10.30 1.03+0.04° 67.0746.71 0.68+0.08
CCl,+ AB [30 mg/kg body wt]po 118.32+7.32" 0.97+0.08 66.1745.10 0.69+0.02
CCl,+ AB [40 mg/kg body wt]po 109.96+7.82" 0.89+0.03 66.27+4.11 0.71+0.01
CCl, + SiO, [10 mg/kg body wt]po  140.41+12.01°  0.99+0.05 67.53+5.47 0.80+0.03
CCl,y + SiO; [20 mg/kg body wt]po  134.84+7.14°  0.98+0.04° 68.13+3.40 0.83+0.04
CCl, + SiO; [30 mg/kg body wt]po  127.1945.98°  1.00+0.04° 71.12+2.89 0.82+0.03
CCl, + SiO, [40 mg/kg body wt]po ~ 117.19+4.41%  1.00+0.02° 73.01+6.54 0.77+0.01

(Values are mean = SEM of 6 animals. P values: a < 0.05; b <0.01; ¢ <0.001 vs normal; x<0.05;
y<0.01; z<0.001 vs CCly).

Since abhrak bhasma is processed, silica ore and SiO; is pure oxide of silica both of them have
metabolisms which are having similar alterations while some of them differ from each other.
Similarities seems to be due to silica since both of them have silica. But differences cannot be
attributed to specified factor in case of abhrak bhasma since the silica ore is processed using
natural substances. In our earlier work®’; it was noted that kidney functions are not affected by
abhrak bhasma and SiO,. Liver functions were normalized by all doses in CCl, induced MDA
levels in rats. But with SiO, same results were obtained only by 30mg and 40mg doses. Single
dose of CCl, used induces centrolobular necrosis when not treated it is recovered intrinsically by
72 hrs. It maintains normal liver after 24 hrs when treated with abhrak bhasma showing
hepatoprotective potency of abhrk bhasma *.

Therefore, in present work free radical scavenging is dose dependent in abhrak bhasma. 20, 30
and 40mg has counteracted CCl, induced MDA levels to bring them to normal levels. Though
SiO, has influenced free radical scavenging positively. None of the doses used did not
counteracted fully to normalize the MDA levels in CCl, induced lipid peroxidation in male
albino rats. In kidney, CCl, induced levels of MDA were low which were protected by all the
doses of abhrak bhasma and high doses of SiO, (30 and 40 mg/kg body wt).
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The results show that the metabolisms mediated by abhrak bhasma protected liver and kidney
from CCl, induced hepatic stress expressed in kidney (even if in low level). But the silica control
used (SiOy) fail to manage the oxidative stress in liver and kidney fully. Thus abhrak bhasma
which is considered by many as simple oxide is not metabolically behaving as oxide and hence
differs from SiO; in action. In addition the silica ore from which it is derived contain many other
trace elements or bulk elements which may have also been derived partially from the herbal
treatments used in Shodhan and Maran processes (or eliminated/modified). This may be reason
abhrak bhasma is more potent than SiO,.

Thus, present results help to use abhrak bhasma as a potential drug which is capable of
protecting liver and it can potentially be used for possible prevention of diseases associated with
oxidative stress. However, further study need to be assessed for doses optimization in human.
REFERENCES

1. Majno G, Joris I. Cells, Tissues, and Disease, Principals of General Pathology, 2nd Edi.
Oxford University Press, New York and Oxford 2004.

2. Nebbia C. Biotransformation enzymes as determinants of xenobiotic toxicity in domestic
animals.Vet J 2001;161(3): 238-252.

3. Edward A Lock, Celia J Reed. Xenobiotic Metabolizing Enzymes of the Kidney"
Toxicologic Pathol 1998; 26(1): 18-25.

4. Burk RF, Lane JM, Patel K. Relationship of oxygen and glutathione in protection against
carbon tetrachloride-induced hepatic microsomal lipid peroxidation and covalent binding
in the rat. Rationale for the use of hyperbaric oxygen to treat carbon tetrachloride
ingestion. J Clin Invest 1984; 74(6):1996-2001.

5. Kaplowitz N, Aw TY, Simon FR, Stolz A. Drug induced hepatotoxicity. Ann Intern Med
1986; 104: 826-39.

6. Halliwell B, Gutteridge JM. Role of free radicals and catalytic metal ions in human
disease: an overview. Methods Enzymol 1990;186:1-85.

7. Gutteridge JM. Lipid peroxidation and antioxidants as biomarkers of tissue damage. Clin
Chem 1995;41:1819-28.

8. Gutteridge JM, Halliwell B. The measurement and mechanism of lipid peroxidation in
biological systems. Trends Biochem Sci 1990;15:129-35.

9. Halliwell B, Chirico S. Lipid peroxidation: its mechanism, measurement, and
significance. Am J Clin Nutr 1993;57:715S-24S.

www.ajphr.com 193



|Kanase et al., Am. J. Pharm Health Res 2014:2(7) ISSN: 2321-3647]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Halliwell B, Gutteridge JMC. Free radicals in biology and medicine. 3rd ed. Oxford:
Oxford University Press; 1999.

Sodergren E. Lipid peroxidation in vivo. Evaluation and application of methods for
measurement.Acta Universitatis Upsaliensis. Comprehensive Summaries of Uppsala
Dissertations from the Faculty of Medicine 2000; 949:78.

Mylonas C, Kouretas D. Lipid peroxidation and tissue damage. In Vivo 1999; 13(3): 295-
309.

Head E, et al. Oxidative damage increases with age in a canine model of human brain
aging. J Neurochem 2002;82:375.

Turver CJ, Poole A, Brown RC. Lipid Peroxidation and the Generation of
Malondialdehyde in Crocidolite-treated Cell Culturesin Vitro Effects of Mineral Dusts
NATO ASI Series 1985;3: 267-73.

Sharma S. Rasa Ratna Samuchhaya. Published by Motilal Banrasidas, New Delhi, 1977:
72-108.

Buwa S, Patil S, Kulkarni PH, Kanase A. Hepatoprotective action of abhrak bhasma, an
ayurvedic drug in albino rats against hepatitis induced by CCl4. Indian J. Exp. Biol 2001;
39(10):1022-7.

Teli Parshuram, Chougule Priti, Jadhav Jaywant, Kanase Aruna. Abhrak bhasma
mediated alterations in liver and kidney functions in male albino rats during CCl4
induced toxicity. Int. J. of Res. In Ayurveda and pharmacy 2013; 4(5): 696-700.

Buege JA, Aust SD. Microsomal lipid peroxidation. Methods in Enzym 1978; 52:304-10.
Rao KS. Free radical induced oxidative damage to DNA: relation to brain aging and
neurological disorders. Indian J Biochem Biophys 2009;46(1):9-15.

Barja G. Mitochondrial free radical production and aging in mammals and birds. Ann NY
Acad Sci 1998;854:224.

Beckman KB, Ames BN. The free radical theory of aging matures. Physiol Rev
1998;78:547.

Romano AD, Serviddio G, de Matthaeis A, Bellanti F, Vendemiale G. Oxidative stress
and aging. J Nephrol 2010; 15: S29-S36.

Becker E, Messner B, Berndt J. Two mechanisms of CCl4-induced fatty liver: lipid
peroxidation or covalent binding studied in cultured rat hepatocytes. Free Radic Res
Commun 1987; 3(1-5): 299-308.

Slater TF. Lysosomes and experimentally induced tissue injury, in Lysosomes in Biology

www.ajphr.com 194



|Kanase et al., Am. J. Pharm Health Res 2014:2(7) ISSN: 2321-3647]

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

and Pathology, vol. | Ed. by J T Dingle & H B Fell. 1969; Published by North Holland
Publishing Company, Amsterdam: 467-88.

Recknagel RO, Glende EA, Dolack JA, Walter RL. Mechanism of carbon tetrachloride
toxicity. Pharmacol ther 1992; 43:139-154.

Nielsen F1, Mikkelsen BB, Nielsen JB, Andersen HR, Grandjean P. Plasma
malondialdehyde as biomarker for oxidative stress: Reference interval and effects of life-
style factors. Clin Chem 1997;43(7):1209-14.

Del Rio DI, Stewart AJ, Pellegrini N. A review of recent studies on malondialdehyde as
toxic molecule and biological marker of oxidative stress. Nutr Metab Cardiovasc Dis
2005;15(4):316-28.

Lawrence J. Marnett. Lipid peroxidation- DNA damage by malondialdehyde. Mutation
Research/ Fundamental and molecular mechanisms of mutagenesis 1999; 424(1-2):83-95
Bonnes-Taourel DI, Guérin MC, Torreilles J. Is malonaldehyde a valuable indicator of
lipid peroxidation?Biochem Pharmacol 1992;44(5):985-8.

Janero DR. Malondialdehyde and thiobarbituric acid-reactivity as diagnostic indices of
lipid peroxidation and peroxidative tissue injury. Free Radic Biol Med 1990; 9(6):515-40.
Vaca CE, Wilhelm J, Harms-Ringdahl M. Interaction of lipid peroxidation products with
DNA. A Review. Mutation Research 1988;195:137-49.

Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxidation in animal tissues by
thiobarbituric acid reaction. Annals of Biochem 1979; 95:351-58

Brent JA, Rumack BH. Role of free radicals in toxic hepatic injury Il. Are free radicals
the cause of toxin-induced liver injury? J Toxicol Clin Toxicol 1993;31:173-96.

Roullier CH. Experimental toxic injury of the liver. In the liver;11;Ed. By C.H. Roullier
(Academic press New York) 1963: 335.

Devasagayam TPA, Boloor KK, Ramasarma T. Methods for estimating lipid
peroxidation: an analysis of merits and demerits. Indian journal of Biochem. and
Biophys. 2003;40: 300-8.

Mehendale HM. Hepatic toxicity, in Modern Toxicology Vol. 1. Ed. By Gupta B.V. and
Salunkhe D.K., Pub. By M.D. Metropolian Book Co Pvt Ltd N.S. Marg, New Delhi
110002, India.1985,

Achliya GS, Wadodkar SG, Dorle AK. Evaluation of hepatoprotective effect of Amalkadi
Ghrita against carbon tetrachloride-induced hepatic damage in rats. J. of Ethnopharmacol
2004; 90(2-3):229-32.

www.ajphr.com 195



|Kanase et al., Am. J. Pharm Health Res 2014:2(7) ISSN: 2321-3647]

38.

39.

40.

41.

42.

43.

Kim HY, Kim JK, Choi JH, Jung JY, Oh WY, Kim DC, et al. et al. Hepatoprotective
effect of pinoresinol on carbon tetrachloride-induced hepatic damage in mice. J
Pharmacol Sci 2010;112(1):105-12.

Ryu BK, Ahn BO, Oh TY, Kim SH, Kim WB, Lee EB. Studies on protective effect of
DA-9601, Artemisia asiatica extract, on acetaminophen- and CCl4-induced liver damage
in rats.Arch Pharm Res 1998;21(5):508-13.

Wang D, Zhao Y, Sun Y, Yang X. Protective effects of Ziyang tea polysaccharides on
CCl4-induced oxidative liver damage in mice. Food Chem 2014;143: 371-8.

Berger ML, Bhatt H, Combes B, Estabrook RW. CCl4-induced toxicity in isolated
hepatocytes: the importance of direct solvent injury. Hepatology 1986;6(1):36-45.
Patrick-lwuanyanwu KC, Wegwu MO, Ayalogu EO. Prevention of CCIl4-induced liver
damage by ginger, garlic and vitamin E. Pak J Biol Sci 2007;10(4):617-21.

Buwa Savita K. Hepatoprotective and curative effects of abrak bhasma on liver, kidney
and adipose tissue of male albino rats. A Ph.D. thesis submitted to Shivaji University
Kolhapur. 2001.

-

AJPHR is

Peer-reviewed

monthly

Rapid publication

Submit your next manuscript at

Qﬂitor@aiphr.com / editor.aiphr@qmail.com/

www.ajphr.com 196


mailto:editor@ajptr.com
mailto:editor@ajptr.com
mailto:editor@ajptr.com
mailto:editor@ajptr.com
mailto:editor@ajptr.com

