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Abstract: Chemical-induced liver injury depends mostly on the oxidative stress. Basil or sweet basil (Ocimum basilicum) is known to have numerous pharmacological activities. The present study aims to investigate the effect of basil on Ccl4-induced hepatotoxicity and apoptotic in albino rats. The result showed CCl4 caused impairment of the normal structural organization of the hepatic lobules, congestion and dilatation of blood vessels, cytoplasmic vacuolization of the hepatocytes, leucocytic infiltrations and fatty degeneration. The biochemical results showed that there was an increase in serum level of ALT , AST, ALP, cholesterol , triglyceride, , LDL and HDL. Moreover, CCl4 induced hepatic apoptosis.  Treating animals with CCl4 and aqueous leaves extract of O. basilica led to an improvement, in both histopathological and biochemical alterations induced by CCl4. Also, apoptosis was repaired by shared administration with both O. basilicum and CCl4. These results proved that O. basilica had an ameliorative effect against liver injury produced by CCl4 due to its antioxidant activity.
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1. Introduction:

Oxidative stress has been shown to play a very crucial role in some diseases including liver disease. Free radical that generate inside the body is responsible for oxidative stress and compounds that can scavenge free radicals have great potential in ameliorating these disease processes (Sies, 1997). Basil or sweet basil (Ocimum basilicum) is a plant that belongs to the family Labiatae and is known as Tulsi in Hindi , Holy Basil in English and Rehan in Egypt. It is known to have numerous pharmacological activities. Many studies have established that basil leaves extracts have potent antioxidant , anti-aging , anticancer , antiviral , and antimicrobial properties (Chiang  et al., 2005 ; Bozin  et al., 2006 ;  Manosroi  et al., 2006 ;  Almeida  et al.,  2007, Akujobi et al., 2010). Orafidiya et al. (2006) investigated the efficacy of the leaf essential oil of Ocimum gratissimum Linn. in promoting hair growth in cyclophosphamide-induced hair loss. The results showed that ocimum oil may be capable of enhancing normal hair growth and promoting follicular proliferation in cyclophosphamide-induced hair loss. Sethi (2003) reported that leaves of ocimum sanctum possess good antioxidant as well as antistress potentials in experimental animals. Consumption of basil or basil oil has been associated with a reduction in total cholesterol, low-density lipoprotein and triglyceride (Hicham et al., 2009). Batra and Gupta (2006) indicated that Ocimum sanctum leaf supplementation reduced the severity of hydropericardium, hepatitis, myocarditis accompanied with haemorrhages, oedema in lungs, lymphocytic depletion in lymphoid organs and focal interstitial nephritis. Rupert 

HYPERLINK "http://www.suite101.com/daily.cfm/2009-03-26"(2009) reported that basil or basil oil have agents for prevention and treatment of cardiovascular disease. It has also been shown that OS leaf extracts can protect the liver from heavy metals (Sharma et al., 2002) and prevent isoproterenal induced myocardial necrosis in rats (Sood et al., 2005).
 Chemical-induced liver injury depends mostly on the oxidative stress in hepatic tissue. Carbon tetrachloride (CCl4)-induced liver damage is the best characterized system of xenobiotic-induced hepatotoxicity and is a commonly screening model to evaluate the hepatoprotective potential of drugs with antioxidant properties. Administration of CCl4 causes extensive changes in liver morphology including steatosis, inflammation and necrosis (Qiu et al., 2005). It induced liver fibrosis, cirrhosis, enhanced lipid peroxidation, increases ALT and causes collagen deposition in liver tissue (Nan et al., 2002, Campo et al., 2004). SuYanga et al. (2008)  reported that single oral dose of CCl4 produced significantly elevated levels of serum ALT, AST activities and extensive liver necrosis and fatty changes .Carbon tetrachloride was metabolized in the liver by cytochrome P450 of the endoplasmic reticulum with the formation of a highly toxic trichlorometheyl radical (CCl3) (Conner et al., 1990). 

2. Material and Methods
Animals


Male albino Wistar rats weighing 100 ± 5 g were kept in the laboratory under constant conditions of temperature (24 ± 2 oC) for at least one week before and through the experimental work, being maintained on a standard diet composed of composed of 20% casein, 15% corn oil, 55% corn starch, 5% salt mixture and 5% vitaminzed starch. Water was available ad-libitum.

Preparation of ocimum extract

 Fresh leaves of Ocimum basilicum were collected from a garden within Genetic Engineering and Biotechnology Research Institute, Menoufia University, Sadat City, Egypt.The leaves were rinsed with clean water to remove any foreign matter. Leaves were blended with distilled water. The mixture was strained, the merc pressed and the mixture was filtrated using filter paper. The aqueous extract was used at a dose level of 20 ml/kg O. basilicum ( Offiah and Chikwendu,1999). 

Experimental design


All the experiments were done in compliance with the guide for the care and use of laboratory animals. Animals were divided into four groups:

 Group1. Animals were fed on the standard diet and were served as control group.

Group2. Animals of this group were administrated with oral aqueous O. basilicum extract at a dose level of 20 ml/kg twice a week for 6 weeks.

Group3. Rats were injected intraperitonealy with 1.0ml/kg b.w of 10% CCl4 dissolved in olive oil twice a week for 6 weeks (Sakr et al.2010).

Group4.  Rats were injected with CCl4 (1.0 ml/kg) followed by oral administration with aqueous O. basilicum extract at a dose level of 20ml/kg twice a week for 6 weeks.
Histological examination

     The treated animals and their controls were sacrificed by decapitation after 2, 4 and 6 weeks of treatment. Liver was removed and fixed in Bouin's fluid. Fixed materials were embedded in paraffin wax and sections of 5 micrmetres thickness were cut. Slides were stained with haematoxylin and eosin for histological examination. 

Biochemical assays 
For biochemical assays blood was collected and centrifuged at 3000 rpm for 10 minutes and stored at -20 0C .Liver function enzymes ALT and AST were determined in serum according to the method of Gella et al. (1985).The activity of alkaline phosphatase was assayed by the method of El-Aaser and El-Marzabani (1975). Cholesterol and triglycerides were measured using the methods of Zlaktis et al. (1953), and Fassati and Prencipe (1982), respectively. 

DNA Fragmentation Assay

As a measure of apoptotic DNA fragmentation, the presence of DNA ladder was determined according to Wlodek et al. (1991). Extraction of DNA was done according to method of Hassab El- Nabi (2009) and Aljanabi S. M. (1997),  10 mg of liver tissue in eppendorf tubes were lysed with 600 microlitre buffer  (50 mM NaCl, 1 mM Na2EDTA, 0.5% SDS, PH 8.3) and gently shaked. The mixure was incubated overnight at 37 CΟ then, 20 microlitre of saturated NaCl was added the sample, shacked and centrifuged at 12,000 rpm for 10 min. the supernatant was transferred to new Eppendorf tubes and then DNA precipitated by 600 microlitre cold isoproprnol. The mix was inverted several times till fine fibers appear, and then centrifuged for 5 min. at 12,000 rpm. The supernatant is removed and the pellets were washed with 500 microlitre 70% ethyl alcohol centrifuged at 12,000 rpm for 5 min. After centrifugation the alcohol was decanted or tipped out and the tubes plotted on Whatman paper to be dry. The pellets were resuspended in 50 microlitre or appropriate volume of TE buffer (10 mM Tris, 1 mM EDTA, PH 8). The resuspended DNA was incubated for 30 - 60 min with loading mix (Rnase + loading buffer) and then loaded into the gel wells.

Agarose gel electrophoresis

A gel was prepared with 2% agarose containing 0.1% ethidium bromide (200 ug/ml). The DNA samples were mixed with loading buffer (0.25% bromophenol blue, 0.25% xylene cyanole FF and 30% glycerol) and loaded into the wells (2 ug of DNA/lane) with a standard molecular- sized ladder marker (Pharmacia Biotech., USA). The gel was electrophoresed at a current of 50 mA for 2.5 h using the submarine gel electrophoresis machine. The DNA was visualized and photographed with illumination under UV light using a photodocumentation hood (Fisher Scientific, Pittsburgh, PA, USA) equipped with a Polaroid 667 film with an orange filter (Kodak, Rochester, NY, USA).

Statistical analysis

 The results were expressed as mean ± SD of different groups. The differences between the mean values were evaluated by ANOVA followed by Student’s “t” test using Minitab 12 computer program (Minitab Inc., State Collage, P.A).

3. Results

Histological observations   
Figure (1) showed the histological structure of the liver of control rat. Liver of animals administered with O. basilicum appeared with normal structure.  On the other hand, Liver of rats treated with CCl4 for two weeks showed impairment of the normal structural organization of the hepatic lobules and sinusoidal spaces were enlarged. Intrahepatic veins, central and portal were dilated and congested (Fig. 2). Leucocytic infiltrations were observed (Fig.3). Liver sections prepared from rats 4 weeks post-treatment with CCl4 revealed that a considerable number of hepatic cells were damaged and lost their characteristic appearance while others showed marked cytoplasmic vacuolization which was so extensive in some cells to the extent that only slight remnants of the cytoplasmic mass cells - frequently forming a narrow peripheral rim was left (Fig.4). The nuclei of these cells were pyknotic. In addition, congestion of the intrahepatic blood vessels and inflammatory leucocytic infiltrations were observed.  The histopathological changes of the liver were more increased after 6 weeks and the liver cells were degenerated and suffered from micro and macrovesicular steatosis (Fig.5). Examination of liver sections obtained from rats treated with both CCl4 and O. basilicum for 2 and 4 weeks revealed gradual restoration of the normal structure of liver tissues. A rare leucocytic infiltration was observed, but the central as well as the portal veins were congested (Fig.6). A large number of binucleated hepatocytes were observed. After 6 weeks, the liver tissue appeared normal and fatty infiltrations was absent in the examined specimens (Fig.7).         
Biochemical results

Treatment with CCl4 for 6 weeks caused a highly significant elevation (P<0.05) in the activity of ALT, AST and ALP as compared to those of the control animals. All these parameters were restored to near normal values in rats treated CCl4 and O. basilicum (Figs.8-10).Both control and animals given O. basilicum showed no significant differences in serum activity of ALT, AST and ALP. Administration of CCl4 to rats caused significant increase in cholesterol and triglycerides compared with animals of control groups. Animals treated with both CCl4 and O. basilicum extract showed reduction in their sera level of cholesterol and triglycerides in comparison of those given CCl4 (Figs.11&12). Figures 13 and 14 showed that treating animals with CCl4 induced significant increase in serum HDL and LDL concentrations after 4 and 6 weeks post - treatment compared with control group. On the other hand, animals treated with CCl4 and O. basilicum extract had a noticeable increase in the concentration of these parameters compared with animals received CCl4 alone. 

Biochemical features of apoptosis

Administration of carbon tetrachloride for 6 weeks induced fragmentation of DNA in rat livers (Fig.15). The total optical density of released DNA was 128 when compared with controls (table 1). Animals treated with O. basilicum were not display any increased in fragmented DNA and the total optical density was in normal range.Fragmentation of DNA was repaired by shared administration with both O. basilicum and carbon tetrachloride for 6 weeks as rosemary significantly decreased the total optical density of released DNA with value of 25 when compared with CCl4 treated group. 
4. Discussion

Results obtained in the present work indicated that CCl4 induced histological and biochemical alterations in liver of albino rats. Concerning the histological effects, liver of CCl4-treated animals showed many degenerative changes including cytoplasmic vacuolization of the hepatocytes, fatty infiltrations, leucocytic infiltrations, congestion of blood vessels, and fibrosis. Similar results were obtained by Sakr et al. (2010) in albino rats intoxicated with CCl4. Moreover, the current results are in accordance with those of Sreelatha et al.(2009) and Lodhi et al.(2009) who  reported that liver injury including marked alteration of the entire liver structures with degenerative changes were observed after CCl4 administration. Fatty infiltrations were observed in liver of CCl4 treated rats. In agreement with this result Qiu et al. (2005) and  Panovska et al. (2008) reported that CCl4 caused extensive liver necrosis and fatty changes .Brody et al .(1961) attributed the fatty changes in the liver to excessive mobilization of free fatty acids from the fat depots induced by the lipolytic effects of the increased circulating catecholamines and the centrilobular necrosis to the catecholamines-induced decrease in hepatic flow. Liver fibrosis was observed after 6 weeks of treating rats with CCl4. Qiu et al. (2005) reported that CCl4 caused centrilobular necrosis followed by fibrosis.Nan et al.(2002) mentioned that CCl4 is the most widely used chemical for inducing liver fibrosis. 
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Figs. 1-3: (1) Section of liver of a control rat showing hepatocytes (H), central vein (V), sinusoids (S) and Kupffer cells (K), (2) section of liver of ccl4-treated rat after two weeks showing congested and enlarged central vein (CV), (3) Showing mass of leucocytic infiltrations (Li), , (X 400). 
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Figs 4-5:  (4).Liver section of ccl4-treated rat for 4 weeks showing cytoplasmic vacuolization of the hepatocytes (arrows).(5), Specimen obtained from a rat treated with ccl4 for 6 weeks showing fat droplets (fd) of different sizes,(X 400).
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Fig 6-7:  (6). Liver section of a rat treated with ccl4 and ocemium for 4 weeks showing congested portal vein (P), (7) Specimen obtained from a rat treated with ccl4 and ocemium showing an obvious degree of improvement with large number of binucleated cells (arrows), (X 400).
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Fig.8. Change in ALT activity in different experimental groups
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Fig.9. Change in AST activity in different experimental groups
[image: image6.emf]0

20

40

60

80

100

120

140

160

180

200

2W 4W 6W

Time

ALPActivity (U/L)

Control

Ocimum

CCl4

Ocimum +CCl4


Fig.10. Change in ALP activity in different experimental groups
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Fig.11. Change in serum cholesterol in different experimental groups
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Fig.12. Change in serum triglycerides in different experimental groups
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Fig.13. Change in HDL in different experimental groups
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Fig.14. Change in LDL in different experimental groups
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Fig.15. Gel electrophoresis of hepatic DNA M: standard lane, Lane 1: control, lane 2 ocemium, Lane 3: ccl4 group,, lane 4: ccl4 and ocemium group.

Table (1): Changes in values of the total optical density of both intact and fragmented DNA induced in liver of rat.  

	Total optical density
	Control group.
	Ocimum group
	CCL4 group
	CCL4+ Ocimum

group

	Intact DNA      
	61
	58
	32
	53

	Fragmented DNA


	5
	7
	128
	25


CCl4 was found to induce apoptosis as represented by DNA fragmentation. This result came in agreement with Castro et al. (1993) who reported that CCl4 induced necrosis and DNA fragmentation in Sprague-Dawley male. Rats. Shi  et al.(1998) proved that carbon tetrachloride poisoning induced DNA fragmentation, apoptosis and necrosis in rat liver by immunohistochemical labeling of nuclear DNA fragmentation, flow cytometry and gel electrophoresis .

Significant increase in ALT, AST and ALP levels of sera of CCl4 treated rats was recorded in the present study. In agreement of this result, Wang et al. (1996) observed that a single i.p. injection of CCl4 caused an increase in ALT and AST. Pablo and Yesenia (2003) found that liver injury induced by CCl4 in Wistar rats was accompanied by elevation in serum level of ALT,AST and ALP. Increase in triglycerides and cholesterol were recorded in sera after exposure to CCl4. Similarly, Torres-Duran et al. (1999) reported that CCl4 caused elevation in LDL, HDL, triglycerides and cholesterol. 

  Oxidative stress is a state of redox imbalance caused by increased reactive oxygen species (ROS) generation and decreased antioxidant capacity. Administration of CCl4 is an established experimental model of severe toxic liver injury involving generation of oxidative stress.  It has been reported that exposure to CCl4 induces oxidative stress in rats (Sharma et al.,1994). Oxidative damage primarily occurs through production of reactive oxygen species, including CCl3 and CCl3O2 radicals that subsequently react with biological molecules as well as causing damage to membranes (Singh et al.,1998). A decrease in the level of antioxidant enzymes and an increase in lipid peroxidation level were recorded after CCl4 administration (Campo et al., 2004).The increase in lipid peroxidation in the liver following exposure to CCl4 may lead to membrane damage resulting in damage of liver cells. The increase in ALT, AST and ALP is the end results of this phenomenon.
The present findings demonstrated that O.basilicum improve the histological changes and increased liver function enzyme activity induced by CCl4. This indicated the effectiveness of O.basilicum in prevention of CCl4 hepatotoxicity. The hepatoprotective effects of O.basilicum have been shown in studies on experimental liver damage. Yamamoto  et al., (2005) proved that ocimum suppressed hepatic fibrosis and protected liver against parenchymal damage induced by CCL4.Significant hepatoprotective effects were obtained by ethanolic extract of leaves of O. basilicum against liver damage induced by H2O2 and CCl4 in goat as evidenced by decreased levels of antioxidant enzymes.  The extract also showed significant anti lipid peroxidation effects in vitro, besides exhibiting significant activity in superoxide radical and nitric oxide radical scavenging, indicating their potent antioxidant effects (Meera et al., 2009). Adhvaryu et al., (2007) reported that    O. sanctum have hepatoprotective and immunomodulatory effects on liver injury and immunosuppression induced by Isoniazid , Rifampicin and Pyrazinamide in guinea pig. It has been shown that 2% of dried O. sanctum leaf powder supplemented in the diet can lower serum lipid profile and partially protect the liver in diabetic rats (Suanarunsawat and Songsak, 2005).  It has also been shown that O. sanctum leaf extracts can protect the liver from heavy metals (Sharma et al., 2002) and prevent isoproterenal induced myocardial necrosis in rats (Sood et al.,2005). O.basilicum treatment attenuated serum lipid profile. This may be due to the anti-hyperlipidemic action of components of O.basilicum leaves. Suanarunsawat et al. (2009) mentioned   that the anti-hyperlipidemic activity of O.basilicum may be due to the suppression of liver lipid synthesis.
 Zhang  et al.(2009) reported that the main components of O. basilicum are : linalool (29.68%) , (Z)-cinnamic acid methyl ester (21.49%) , cyclohexene (4.41%) , alpha- cadinol (3.99%) , 2,4-diisopropenyl-1-methyl-1-vinylcyclohexane (2.27%), 3,5-pyridine-dicarboxylic acid, 2,6-dimethyl-diethyl ester (2.01%), beta-cubebene (1.97%), guaia-1(10),11-diene (1.58%), cadinene (1.41%) (E)-cinnamic acid methyl ester (1.36%) and beta-guaiene (1.30%). Lee and Scagel (2009) reported that the presence of chicoric acid (dicaffeoyltartaric acid) was the major phenolic compound, in basil leaves. O.basilicum is rich source of flavonoids which have been shown to possess various biological properties related to antioxidant mechanisms. Dasgupta  et al., (2007) reported that O.basilicum increased the activity of xenobiotic metabolizing phase 1 and phase 11 enzymes, elevating antioxidant-enzyme response by increasing significantly the hepatic glutathione reductase, superoxide dismutase, and catalase activities, increasing glutathione content and decreasing lipid peroxidation and lactate dehydrogenase activity in the liver of mice. Chinnasamy et al., (2007) oreported that the protective action of ocimum was attributed to its antioxidant action. They added that this protection may be also due to anti-inflammatory property of ocimum which reduces formation, release, and activity of inflammatory mediators such as cytokines, histamine, prostaglandins, and leukotrienes. Suanarunsawat et al. (2009) reported that O. sanctum leaf have lipidlilowering effect and antioxidant activity in rats fed with a high cholesterol diet. It is concluded from the present work that the hepatoprotective of O. basilicum may be attributed to the antioxidant activity of its flavonoids. 
Corresponding author

Saber A. Sakr
Zoology Dept., Faculty of Science, Menoufia University, Shebin El-kom, Egypt

sabsak@yahoo.com
References

1. Adhvaryu MR. Reddy  N. and  Parabia  MH., 2007. Effects of four Indian medicinal herbs on Isoniazid-,Rifampicin- and Pyrazinamide-induced hepatic injury and immunosuppression in guinea pigs. World J. Gastroenterol. ; 13: 3199-3205

2. Akujobi C.O., Anyanwu B.N., Onyeze G.O. and Ibekwe V.I., 2004.  Antibacterial activities and preliminary phytochemical screening of four medicinal plants. J. Appl. Sci.,  7: 4328-4338.

3. Aljanabi S.M. and Martines I., 1997. Universal and rapid salt extraction of high quality genomic DNA for PCR based technique. Nucleic Acids Res., 25:4692-4693.

4. Almeida I., Alviano D.S , Vieira D.P , et al., 2007.  Antigiardial activity of Ocimum basilicum essential oil. Parasitol. Res., 101: 443–452. 

5. Batra M. and Gupta R.P., 2006. Effects of Ocimum Sanctum leaf on                      pathology and immune response in chickens experimentally                        infected with hydropericardium syndrome. J. Indian of                                 Veterinary Pathology, 30: 4750-4758.                                    

6. Bozin B., Mimica-Dukic N., Simin N. and Anackov G., 2006. Characterization of the volatile composition of essential oils of some lamiaceae spices and the antimicrobial and antioxidant activities of the entire oils. J. Agric. Food Chem., 54: 1822–1828. 

7. Brody T.M., Gallivant  D.N. and Schneider  A.F., 1961. Alteration of               carbon tetrachloride – induced pathological changes in the rat   by spinal transaction , adrenelectomy and adrenergenic blocking agent. J. Pharmacol . Exp. Ther., 131 : 334-340.               
8. Campo M.G, Avenoso A, Campo S. , Ascola A. , Ferlazzo  M.A. and                   Calatroni A., 2004.  The antioxidant and antifibrogenic                           effects of the glycosaminoglycans hyaluronic acid and                                 chondroitin-4-sulphate in a subchronic rat model of CCL4-                          induced liver fibrgenesis.  J. Chemical Biological Interaction, 148 (3): 125-138.                          

9. Castro J.A., Padron  A.G. and  Toranzo  E.G., 1993. Late preventive effects of quinacrine on carbon tetrachloride induced liver necrosis. Arch. Toxicol. , 67 : 386-391.

10. Chiang L.C., Ng L.T., Cheng P.W., Chiang W. and Lin C.C., 2005. Antiviral activities of extracts and selected pure constituents of   Odium basilicum.Clin. Exp. Pharmacol. Physiol., 32:811-816. 
11. Chinnasamy S., Regini G., Kingston C, Kavitha A , Sukumaran S  and Raj A., 2007.  Potential Anti-inflammatory Properties of Crude Alcoholic Extract of Ocimum basilicum L. in Human  Peripheral Blood Mononuclear Cells.  J. of Health Science,   53: 500-505. 

12. Conner H,   Lacagnin L , Kneeht K. , Thurman R. and Mason,    1990.  Reaction of lutathione with a free radical metabolite of carbon tetrachloride. Mol. Pharmacol., 37: 443-451.
13.   Dasgupta T , Rao A. and Yadava P., 2007.  Chemomodulatory efficacy of basil leaf (Ocimum basilicum) on drug metabolizing and antioxidant enzymes, and on carcinogen-induced skin and forestomach papillomagenesis. Phytomedicine, 11:139-151. 

14. El- Aaser, A.A. and El- Merzabani, M.M., 1975. Simultaneous determination of 5’ –nucleotidase an alkaline activities in serum. Z. Klin. Chem. Klin. Biochem., 13:453. 

15. Fassati, J.K.,  Prencipe, L., 1982. Determation of triglyceride. Clin. Chem., 28: 2077.
16. Gella, FG, Olivella, T, Curz- Pastor, M., Arenas, J., Moreno, R., Durban, R. ,Gomes, J.A., 1985.  A simple procedure for routine determination of aspartate aminotransferase and alanine aminotransferase with pyridoxal phosphate. Clin. Chem. Acta. 153: 241 – 247.

17. Hassab El- Nabi I. S (2004): Molecular and Cytogenetic studies on the antimutagenetic Potential of eugenol in human lymphocyte culture treated with depakine drugs. J. Egypt Ger. Soc. Zool. 34 (c): 171-196.

18. Hicham H , Mohammed A , and Souliman A., 2009. Sweet basil (Ocimum basilicum L.) improves lipid metabolism in hyper-cholesterolemic rats J. Chemical Nutrition Metabolism, 4:181-186 .

19. Lee J. and Scagel C.F., 2009.  Chicoric Acid Levels in Basil (Ocimum basilicum L.). American Chemistry Society 238th Annual Meeting. AGFD 142.
20. Lodhi G, Singh HK, Pant KK, Hussain Z., 2009.  Hepatoprotective effects of Calotropis gigantea extract against carbon tetrachloride induced liver injury in rats. Acta Pharm., 59(1):89-96.

21. Manosroi J. , Dhumtanom P. and Manosroi A., 2006.  Anti-proliferative activity of essential oil extracted from Thai medicinal plants on KB and P388 cell lines. Cancer Lett,. 235 (1): 114–120
22. Meera R, Devi P, Kameswari B, Madhumitha B, Merlin N.J. 2009. Antioxidant and hepatoprotective activities of Ocimum basilicum Linn. and Trigonella foenum-graecum Linn. against H2O2 and CCL4 induced hepatotoxicity in goat liver. Indian J Exp Biol.  47(7):584-90.

23. Nan J , Park E , Kim  Y , Ko  G. and Sohn  D., 2002.  Scutellaria                        baicalensis inhibits liver fibrosis induced by bile duct ligation or                  carbon tetrachloride in rats. J. Pharm. Pharmacol., 54: 555-563.
24. Offiah V.N, Chikwendu U.A., 1999.  Antidiarrhoeal effects of Ocimum gratissimum leaf extract in experimental animals. J Ethnopharmacol. , 68(1-3):327-330.

25. Orafidiya  L.O ,  Adesina  S.K, Igbeneghu O.A ,  Akinkunmi E.O, Adetogun G.E  and Salau A.O,  2006.  The effect of honey and surfactant type on the antibacterial properties of the leaf essential oil of Ocimum gratissimum Linn. against common wound-infecting organisms. J. International of Aromatherapy, 72:338-340.  
26. Pablo M. and Yesenia  E., 2003.  Kupffer cells are responsible for liver cirrhosis induced by carbon tetrachloride . J. App. Toxicol. , 23(2): 103-108.

27. Panovska TK, Kulevanova S, Gjorgoski I, Bogdanova M, Petrushevska G., 2007 Hepatoprotective effect of the ethyl acetate extract of Teucrium polium L. against carbontetrachloride-induced hepatic injury in rats. Acta Pharm., 57:241-8.

28. Qiu  D. , Hua  J. , Li  J. and Li  E., 2005. CDI4 expression on kupffer                    cells during the course of carbon tetrachloride-mediated liver injury. Chin. J. Dig.,  137-141.

29. Rupert Taylor

HYPERLINK "http://www.suite101.com/daily.cfm/2009-03-26", 2009. Cooking with fresh herbs and spices can boost immune systems, reduce cholesterol, and help protect against cancer. The Med. J. of Australia, 361: 264-270. 
30. Sakr, S.A., El-Abd,S.F. Mohamed Osman,M.,Kandil,A.K.,Helmey, M.S., Effect of rosemary on carbon tetrachloride-induced hepatotoxicity in     albino rats: Histological and biochemical studies. Egypt. J. Exp. Biol., 6:135-140

31. Sreelatha S, Padma PR, Umadevi M., 2009.  Protective effects of Coriandrum sativum extracts on carbon tetrachloride-induced hepatotoxicity in rats. Food Chem Toxicol., 47:702-8.

32. Sethi, J, Sood, S., Seth, S. and Thakur, A., 2003.  Protective effect of Tulsi (Ocimum sanctum) on lipid peroxidation in stress induced by anaemic hypoxia in rabbits. Ind. J. Physiol. Pharmacol., 47: 115-119.

33. Sharama, R., Mathur, S. , Shukla, S., 1994. Hepatoprotective action of propriety herbal preparation against carbon tetrachloride intoxication. Indian Drugs, 32 :120.

34. Sharma, M.K., Kumar, M., and Kumar, A., 2002. Ocimum sanctum leaves extract provides protection against mercury induced toxicity in Swiss albino mice. Indian J. Exp. Biol., 40: 1072–1082.

35. Sies  H., 1997.   Role of reactive oxygen species in biological processes J. of Molecular Medicine , 69: 965-968.

36. Shi J, Aisaki  K. , Ikawa  Y. and Wake  K., 1998. Evidence of hepatocyte apoptosis in rat liver after the administration of carbon tetrachloride . Amer. J. of Pathology , 153 : 515-525.
37. Singh, B, Saxena, A.K., Chandan, B.K., Suri, O.P., Suri, K.A., Sathi, N.I., 1998. Hepatoprotective activity of verbenalin on experimental liver damage in rodents. Fitoterapia, 60:135.

38. Sood S.,  Narang A. , Dinda S. and Maulik K., 2005. Chronic   oral administration of Ocimum sanctum Linn. augments cardiac endogenous antioxidants and prevents isoproterenol-induced myocardial necrosis in rats. J. Pharmacy and Pharmacology, 57: 127-133.

39. Suanarunsawat, T., Wacharaporn, D.N.A., Songsak, T., and Rattanamahaphoom, J., 2009. Anti-lipidemic actions of essential oil extracted from Ocimum sanctum L. leaves in rats fed with high cholesterol diet. J. Appl. Biomed., 7: 45–53.

40. Suanarunsawat, T. and Songsak, T., 2005. Anti-hyperglycemic and anti-hyperlipidemic effect of dietary supplement of white Ocimum sanctum Linn. before and after STZ-induced diabetes mellitus. Int. J. Diabetes & Metabolism, 13: 18–23.

41. Torres-Duran P.V., Miranda-Zamora R., Paredes-Carbajal M.C. , Mascher D. , Ble-Castillo J. , Diaz-Zagoya J.C.  and  Juarez-Oropeza M.A., 1999. Studies on the preventive effect of Spirulina maxima on fatty liver development induced by carbon tetrachloride , in the rat.   J. EthnoPharmacol. , 64: 141-147.

42. Wang D., Ishii  K. ,  Zhen L. and  Taketa  K., 1996.  Enhanced liver injury in acatalasemic mice following exposure to carbon                             tetrachloride . Arch. Toxicol. , 70 : 189-194.

43. Wlodek, D.; Banath, J. and Olive, P.L., 1991.  Comparison between pulsed-field and constant-field gel electrophoresis for measurement of DNA double-strand breaks in irradiated Chinese hamster ovary cells. Int. J. Radiat. Biol., 60: 779-790

44. Yamamoto J. , Yamada K. , Naemura  A. , Yamashita T. , and Arai R., 2005.  Testing various herbs for antithrombotic effect. Nutrition. 21:580-587.

45. Zhang  Ji-W. , Li Sheng-K. and Wu Wen-J.,  2009.  The main chemical  composition  and  in  vitro  antifungal  activity  of  the   essential oils of ocimum basilicum Linn. Var. pilosum (willd.) Benth. Molecules , 14: 273-278.

46. Zlaktis, A., Zak, B., Boyle, A.J., 1953. A method for determination of serum cholesterol. J.Clin.Med.,41: 486-492.

7/12/2011

PAGE  
116
http://www.americanscience.org   
  




 editor@americanscience.org

