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ABSTRACT

As far as our literature survey could ascertain, a very few information were available on the in vitro antioxidant
activities of the Litsea (Family: Lauraceae) plant. Therefore, the aim of this current investigation is to evaluate the
in vitro antioxidant capacities of leaf and bark extracts of four Litsea spp. The antioxidant activity of Litsea extracts
were evaluated by various antioxidant assays such as DPPH scavenging, nitric oxide scavenging, superoxide
scavenging, metal chelating activity and reducing power potency. Phytochemical screening and the total phenol and
flavonoids content were also estimated. A positive correlation between the antioxidant activities and physiochemical
assays was observed and the highest scavenging activity was noticed in bark of Litsea monopetala. Results obtained
in the present investigation indicate clearly that the extracts of Litsea spp possesses significant antioxidant
properties and could serve as free radical inhibitors or scavengers, acting possibly as primary antioxidants.

Keywords. Free radicalsAntioxidant, Phytochemicals, DPPHitsea.

INTRODUCTION

The Laurels are economically very important as cesiiof medicine, timber, nutritious fruits, spieesl perfumes.
Different parts of these plants are famous foritimual medicines [1]. The genudtsea belongs to the family
Lauraceae and are a potential source of biologi@aitive compounds, such as flavonoids (leavdsiteéa coreana
andLitsea japonica) [2], butanolides (leaves dfitsea acutivena) [3], sesquiterpene (leaves and twigd iiéea ver-
ticillata) [4], 1,3-diarylpropan-2-ol (bark dfitsea rotundifolia) [5], butanolide, coumarin, syringaldehyde (bafk
Litsea akoensis) [6], and essential oils (leaves ldtsea cubeba, fruits, flowers and bark dfitsea monopetala, fruits
of Litsea glutinosa) [7, 8, 9]. These plant-derived products can scgeefree radical species, inhibit free radical
formation, and prevent oxidative damage [10]. Teactive oxygen species, such as superoxige),(@ydroxyl
(OH"), and peroxyl (OOH, ROQ") radicals, are produgeder oxidative stress. Reactive oxygen speces\ptal
roles in degenerative or pathological processesdieing [11], cancer, coronary heart disease,eftizér’s disease
[12], neurodegenerative disorders, atheroscleraléhetes and inflammation [13]. Phytochemicals reaurally
occurring and biologically active plant compouniatthave potential disease preventing capacitiéswell known
that phytochemicals are efficient in combating rrilbiting disease due to their antioxidant effelet,[15, 16, 17,
18, 19, 20]. Antioxidant protects molecules fromdation and they are implicated in the etiologymdny diseases
and in food deterioration and spoilage [21]. Indandustry synthetic antioxidants have been wideslgd but due to
the possible toxicities of synthetic antioxidanke Ibutylated hydroxyanisole (BHA) and butylateddigxytoluene
(BHT), the improvement and use of more effectiviictidants of natural origin is highly desirable2]2 Several
scientific reports suggest that the gehitsea is the rich source of natural antioxidants [23].
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The aim of the present study was to investigateleaé and bark of four differertitsea species from Terai and
Duars of West Bengal as a potential antioxidant@®uas an alternative to synthetic compoundshigdtudy we
have determined the radical scavenging efficadgafes and stem as well as the phytonutrientsesitiplants.

MATERIALSAND METHODS

5.1. Plant Samples

Leaf and bark of four species of Litsea genus hitgea glutinosa (Loureiro) RobinsonL. monopetala (Roxburgh)
PersoonL. assamica Hooker f.,L. lagta (Nees) Hooker fwere collected from Terai and Duars of West Bengal,
India. Taxonomic position was authenticated in Tagonomy and Environmental Biology Laboratory, Depeent

of Botany, University of North Bengal. The materfes been deposited in the ‘NBU Herbarium’ and méed
against the accession number 9639, 9640, 9641, @&é2 11-06-11.

5.2. Preparation of extracts

The leaves and barks of four specied.itdea were cut into small pieces and were separatelyhedisvith mortar
and pestle. Under Soxhlet extractor, the crushethks were separately extracted with methanol iigintehours.
The supernatants of refluxed samples were isolfttad the residues by filtering through Whatman Nofilter
paper. The filtrates were driéd vacuo by rotary evaporator and their total extractiviuea were calculated on dry
weight basis by the formula:

Weight of dry extract
% extractive value (yield %) = X100
Weight taken for extraction

The samples were then kept in freeze for furtiser u

5.3. Chemicals

Methanol (M), 2.2-diphenyl-1-picryl hydrazyl (DPPH)itro blue tetrazolium (NBT), reduced nicotinamiddenine
dinucleotide sodium salt monohydrate (NADH), phén@aanethosulphate (PMS), sulfanilamide, glacialtiacacid
and napthylethylenediamine dihydrochloride, potassiferricyanide [KFe(CN})], trichloroacetic acid (TCA),
thiobarbituric acid (TBA), FeSO7H,O, potassium hydroxide (KOH), potassium dihydrogéosphate (KEPOy),
ethylene-diamine tetra acetic acid (EDTA), 2-dethyse, potassium ferricyanide, ferric chloride (FgCferrous
chloride (FeC), ferrozine, hydrogen peroxide {8), sodium nitroprusside, gallic acid, Folin-Ciocedtreagent,
sodium carbonate (N@QO;), sodium nitrite (NaNg), aluminum chloride (AIG), petroleum ether, sodium
hydroxide (NaOH), copper acetate, ninhydrin, chlonm, lead acetate, sulphuric acid, hydrochloriagdac
Dragendroff's reagent and pyridine were either pased from Sigma Chemicals (USA), or of Merck aticdy
grade.

5.4. Determination of DPPH radical scavenging assay:

Radical scavenging activity of plant extracts aghstable DPPH (2,2-diphenyl-1- picrylhydrazyl) wadetermined
spectrophotometrically. The changes in color (fraieep-violet to light-yellow) were measured at 51m n
wavelength. Radical scavenging activity of extragés measured by standard method [24]. Two mierslibf each
sample, prepared at various concentrations (0.3,51,5, 10, 25 mg/ml), were added to 1.8 ml of @/ DPPH
solution. The mixture was shaken and incubated@min at 20°C, and then the absorbance was mebatfel 7
nm with UV-VIS spectrophotometer. The percentadphition activity was calculated by the followinguation:

DPPH scavenging effect (%) = [(fvo — Asample ) Aconror X 100 ]

Where, Aowa is the initial concentration of the stable DPPHicabwithout the test compound and.4y. is the

absorbance of the remaining concentration of DPRHhe presence of methanol.s§Cralues (mg/ml) were
determined from a plotted graph of scavenging #gti@gainst the concentrations of the extracts, r@H€&s is

defined as the total amount of antioxidant necessadecrease the initial DPPH radical concentraktip 50%.

5.5. Determination of superoxide anions scavenging activity
Measurement of superoxide radical scavenging &gtfiLitsea sppwere done by using standard method followed
by Nishikimi et al., with minor modifications [25]. The reaction mixeucontained 1 ml of NBT solution (31
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prepared in phosphate buffer, pH-7.4), 1ml of NAB&lution (936uM prepared in phosphate buffer, pH-7.4) and
differentially diluted sample extracts. Finallyamtion were accelerated by adding 1Q0PMS solution (12QuM
prepared in phosphate buffer, pH -7.4) to the mé&tThe reaction mixtures were allowed at @5for 5 min and
absorbance was measured at 560 nm against metasroantrol. Percentage inhibition was calculatedgughe
same formula mentioned above.

5.6. Reducing antioxidant power

The reducing antioxidant power of plant methanekitracts was determined by the standard md@®jd Different
concentrations of 1 ml of extracts were mixed witmosphate buffer (2.5 ml, 0.2 M, pH 6.6) and patass
ferricyanide [KgFe(CN)}] (2.5 ml, 1%). The mixture was incubated at’GOfor 20 min. Then, 2.5 ml of
trichloroacetic acid (10%) was added to mixturejolthwas then centrifuged for 10 min at 3000 rpme Tipper
layer of solution (2.5 ml) was mixed with distilledater (2.5 ml) and Fe¢[(0.5 ml, 0.1%). The absorbance was
measured at 700 nm against a blank using UV-Vigelised absorbance of the reaction mixture indidatxrease
in reducing power.

5.7. Metal chelating activity

The chelating activity of the extracts for ferrdoss Fé* was measured according to the method of Dénial.,
with slight modification [27]. To 0.4 ml of methanextract, 1.6 ml of methanol was diluted and mixéth 0.04 ml
of FeC} (2 mM). After 30s, 0.8 ml ferrozine (5 mM) was add Subsequently after 10 min at room temperathee,
absorbance of the Fe-Ferrozine complex was measured at 562 nm. Thatihglactivity of the extract for Ee
was calculated as

Chelating rate (%) = (& A1) / Ag x 100

Where A was the absorbance of the control (blank, wittetact) and Awas the absorbance in the presence of
the extract.

5.8. Determination of Nitric oxide activity

Nitric oxide was generated from sodium nitroprussichd measured by the Greiss reaction [28].82énethanol
extract, 360uL (5mM) sodium nitroprusside-PBS solution, 2{16 Greiss reagent (1% sulfanilamide, 2%R®,
and 0.1% napthylethylenediamine dihydrochloride)swaixed and incubated at %5 for one hour. Lastly 2 ml
water was added and absorbance was taken at 546nm.

5.9. Total phenol estimation

Total phenolic compounds of leaves and bark exdraare determined by Folin-Ciocalteu method [29r fhe
preparation of the calibration curve, 1 ml aliqu0.025, 0.05, 0.075, 0.1, 0.2 and 0.3 mg/ml matha gallic acid
solution was mixed with 0.5 ml of Folin-Ciocaltueagent and 4 ml sodium carbonate (75 g/L). Therahsce at
765 nm was measured after 1 hr. at 20° C and thieratéon curve was drawn. To the same reagent,I1 m
methanolic extracts was mixed as described abodeafter 1 hr. the absorbance was measured. Totigio
content in methanolic plant extracts in Gallic A&duivalents (GAE) was measured by the formula:

C=c.V/im

Where, C - total content of phenolic compounds,grad/plant extract, in GAE; c¢ - the concentratidrgallic acid
deduced from the calibration curve (mg/ml); V - th@ume of extracts (ml); m - the dry weight of th&ant
material.

5.10. Total flavonoids estimation

Aluminum chloride spectrophotometric method wasduee flavonoids determination [30]. Each methaexiracts
were separately diluted with 4 ml double distilledter. Then the diluted extracts of plant were mixgth 5% (0.3
ml) NaNQ,. 10% aluminum chloride was then added with reaatidxture. After 6 minute 2ml (1.0 M) NaOH and
2.4 ml double distilled water was added and mixesll.wWl hereafter, absorbance was measured at 510nnm
spectrophotometeBtandard solution of quercetin (0-500 my was used as calibration curve.
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5.11. Phytochemicals screening of the crude extracts

The methanolic crude extracts (500 mg/ml) of leaated bark were subjected to various chemical iastsder to
screening different phytochemicals like reducingass [31], resins [32], amino acid, anthraquinotégrpenoids,
alkaloids, glycosides [33], tannin, steroid [34Jpsnins and cardiac glycosides [35].

RESULTSAND DISCUSSION

Phenolic compounds are widely investigated andnatarally occurring antioxidant components of pdarfthese
phenolic compounds are found in medicinal plantsvaelf as fruits and vegetables and play importaés in
preventing degenerative diseases, including inflatron, cancer, and arteriosclerosis [36, 37]. Fegliiand Figure
2 presents the extractable total phenol and flaboontents of four differentitsea species of Terai and Duars
region. The total phenolic contents of the leafaots were much higher than those of the bark etstri@xceptL.
assamica). The contents of total extractable flavonoid connpds in the extracts were varied from 58.06 t@42.
mg/100 g and showed almost similar trend to thal foihenolics. In 2008, Muhammatial. had worked orbitsea
monopetala bark and they found four different phenolic compdsifrom the methanolic extract [38]. In several
studies it was recommended that plant flavonoidsichiv showed antioxidant activityn vitro, also function as
antioxidantsin vivo [2, 39]. Naturally occurring polyphenols and flanids can prevent lipid peroxidation, low-
density lipoprotein oxidation, and the developmaiatherosclerosis and heart disease [40]. AccgrtbnAgrawal

et al., [16] the genuskitsea contain several secondary metabolites. Our stlidiplé1) also proved these statements.
In an earlier study, many medicinal plants contaihggh amounts of phenolic compounds and thereanassitive
linear correlation between the total phenolic cohnd antioxidant activity of the plants [37, 4This suggests that
the genud.itsea, which contained higher levels of polyphenols nhighve high antioxidant properties. Figure 3, 4,
5, 6, 7 have confirmed this information. In 200&hiksagar and Upadhyay found that the sterh. gfutinosa had
high DPPH scavenging capacity than the twig of gént [42]. In this present study the antioxidaotivity of the
methanolic extracts of the different parts (leafl drark) of fourLitsea plants were investigated by using DPPH
scavenging, reducing power, metal chelating, sy@eoscavenging and nitric oxide scavenging asdathe
extracts. Methanolic extracts of every partd.itéea plantshave exhibited excellent antioxidant activity. Awwsn

in the Figure 3, extracts from leaf had relativelgong DPPH scavenging activity (lowsiralue), thus exhibiting
high antioxidant capacity compared to extracts fiwenk (except. monopetala). Possible mechanism of DPPH
scavenging was suggested to be through reductighiofadical by antioxidant molecule to a morebktaDPPH
form. Because of its unpaired or free electron, BPRs absorption maxima at 517nm and as it getscestlin the
presence of free radical scavengers the absorllrareases with respect to the number of electedtentup. For
the measurement of the reducing ability: *fee"? transformations in the presence of phenolic compgewfLitsea
was found. The reducing ability of a compound megve as a significant indicator of its potentiatiaxidant
activity. Figure 4 shows the reducing capabilitytieé genus. Bark of the genusldfsea is more potent in reducing
capacity than leaf. The bark &f glutinosa has high reducing power (0.02 mg Ascorbic acidgEgFWT) than
other extracts. Iron is known to generate freecadithrough the Fenton and Haber—Weiss reactictalMon
chelating activity of an antioxidant compound pmageoxyradical generation and the conseqogidative damage.
Metal ion chelating capacity acts as significarlé io antioxidant mechanism since it reduces thecentration of
the catalysing transition metal in lipid peroxideti[43]. In 1990 Gordon reported that chelatingragdorm s-
bonds with a metal, are effective as secondaryoxidtints since they reduce the redox potentiahilstang the
oxidized form of the metal ion [44]. In the presstidy it was seen that all the extracts interfavét the ferrous-
ferrozine complex formation, suggesting that it lcaglating activity and captured ferrous ion beftggozine.
Figure 5 shows that kg of the bark extract of. glutinosa andL. laeta for metal chelating activity are 15.25 and
16.14 mg/ml FWT respectively which is higher thhae bther extracts. An important messenger moldouigved

in many physiological and pathological processethiwithe mammalian body is nitric oxide [45]. Théamg
products may have the property to counteract tfeetedf NO formation and in turn may be of considerable iesér
in preventing the ill effects of excessive N@enerationin vivo. In vitro prevention of nitric oxide radical is a
measure of antioxidant activity of plant drugs. Titeic oxide radical scavenging activity of leafdabarkextracts
of four species oLitsea were studied and compared with each other. Figusbows that.. monopetala planthas
better nitric oxide radical scavenging activitynhather plant extracts in competing with oxygemeact with nitric
oxide and thus the inhibition of generation of asioThe toxicity of NOincreases greatly when it reacts with
superoxide radical, forming the highly reactive @gmnitrite anion (ONOO-) [46]. This superoxide reali is also
very harmful to cellular components (Korycka-Dadhd Richardson, 1978). As shown in Figure 7, thpesaxide
radical scavenging activities of the plant extrdmge significant amount of superoxide scavengaiiyigy.
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It is widely accepted that the antioxidant activitya plant extract is correlated to its phenobatent with several
authors showing this correlations by different istet approaches [47, 48, 49]. To study the rolepb&nolic
compounds in antioxidant or chelating propertiesarBon’s correlation coefficient was performed andlyzed.
High correlations were obtained between total pheoatent (TPC) and 1§ of metal chelating (MC) activity
(Table 2) [p0.05]; also TPC is significantly correlated with N&@avenging activity, suggesting that phenolic
compounds are the major contributors of antioxidactivity. Rainhaet al. proved the importance of phenolic
compounds in the antioxidant behaviourHypericum foliosum extracts and also showed that phenolic compounds
contribute significantly to the total antioxidargpacity [50].
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Figure 1: Total phenol content (mg/g FWT) of leaf and bark of Litsea spp.
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Figure2: Total flavonoid content (mg/g FWT) of leaf and bark of Litsea spp.
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Figure 3: DPPH radical scavenging (I Cso) activity of leaf and bark of Litsea spp.
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Figure 4: Reducing power of different partsleaf and bark of Litsea spp.

Table 1: Phytochemical profiling of Litsea spp (semi-quantitative)

Qualitative Phytochemical Test

Amino Tri

Cardiac

Plants Alkaloid Steroids  Anthraquinones . Tanin . Resin . Glycosides
acid ter penoids glycoside
L. glutinosa Leaf t+ Tt + Nil + Nil T Nil Nil
L. glutinosa Bark + ++ ++ Nil ++++ + +++ Nil Nil
L. monopetala Leaf +++ +++ + Nil ++ Nil ++ Nil Nil
L. monopetala Bark +++ +++ + + +++ + + Nil Nil
L. assamica Leaf +++ ++ ++ Nil ++ + ++ Nil Nil
L. assamica Bark ++++ +++ +++ Nil ++++ + ++ Nil Nil
L. laeta Leaf ++++ +++ ++ Nil +++ + +++ Nil Nil
L. laeta Bark + ++++ + Nil ++ + ++ Nil Nil
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Figure 6: Nitric oxide scavenging (I Cso) activity leaf and bark of Litsea spp.

Table 2: Correlation Matrix of antioxidant activity and phytochemicals

DPPH SO NO RP MC __ TFC
SO -0.120
NO -0.426 -0.322
RP  0899(**) 0.117  -0.341
MC -0.685 0.203 0.399 -0.395
TFC  -0.64¢ 0.18] 0271 -0.40: 061
TPC  -0.648 -0.039 0.848(**) -0.462 0.726(*) 0.612

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation issignificant at the 0.05 level (2-tailed).
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Figure 7: Superoxide scavenging (icso) activity leaf and bark of Litsea spp.

CONCLUSION

In conclusion, the data obtained from the presemtysshowed that the leaf and bark extracttitdea sppare the
potential sources of natural antioxidant which nhigélp in preventing the progress of various oxigastresses. It
can be assumed that these plgussesses the significant antioxidant activity carag to other well characterized,
standard antioxidant systenmsvitro and could serve as free radical inhibitors whichhhbe due to the presence of
phenol, flavonoids, alkaloids, steroids, anthraqo#s, tannins, resin. These finding suggests bestet plants are
the potential source of natural antioxidant thatldchave great importance as therapeutic agentsewenting or
slowing the progress of ageing and age associaiddtive stress related degenerative diseases.

REFERENCES

[1] Z.Y. Wu, P.H. Raven, D.Y. Hong; Flora of Chirfacience press Beijing and Missouri Botanical GarBeess,
St. Louis,2008.

[2] S.Y.Lee, B.S.Min, J.H. Kim, J. Lee, T.J. Ki,£.Kim, Y.H. Kim, H.K. Lee Phytother. Res., 2005, 19, 273-276.
[3] H.I. Cheng, W.Y. Lin, C.Y. Duh, K.H. Lee, l.[Tsai, |.S. Chen]. Nat. Prod., 2001, 64, 1502-1505.

[4] H.J. Zhang, G.T.Tang, B.D. Santarsiero, A.D.9dear, N.V. Hung, N.M. Coung, D.D. Soejarto, J.MzRuto,
H.H. Fong,J. Nat. Prod., 2003, 66, 609-615.

[5] Y. Zhao, G.Q. Shong, Y.W. Gud, Asian. Nat. Prod. Res., 2003, 5, 273-277.

[6] I.L. Tsai, I.L. Yaun, C.Y. Duh, Y.F. Jeng, |.6hen,Chinese Pharm. J., 2000, 52, 235-239.

[7] F. Wang, D. Yang, S. Ren, H. Zhang, R. LiChinese Medic. Materials, 1999, 22, 400-402.

[8] A. Amer, H. MehlhornpParasitol. Res., 2006, 99, 478-490.

[9] S.N. Choudhury, A.C. Ghosh, R.S. Singh, M. Ciflaury, P.A. Leclercq). Essential Qil Res., 1997, 9, 635-639.
[10] I. Gulcin, E. Bursal, H.M. Sehitoglu, M. Bilsé.C. GorenFood Chem. Toxicol., 2010, 48, 2227-2238.

[11] J. Burns, P.T. Gardner, D. Matthews, G.G. DatiM.E. Lean, A. Crozier,.Agric. Food Chem., 2001, 49,
5797-5808.

[12] M.N. Diaz, B. Frei, J.A. Vita, J.F. Keandy, Engl. J. Med., 1997, 337, 408-416.

[13] F.A. Chen, A.B. Wu, P. Shieh, D.H. Kuo, CHNsieh,Food Chem., 2006. 94, 14-18.

[14] B. Malliwell, J.M.C. Gutteridge). Lab. Clin. Med., 1992, 119, 598-620.

[15] S. Nandy,H. S. Paul, N.R. Barman, B. Chakrgh@sian J. Plant .Sci. Res., 2012, 2(3), 254-262.

[16] D. Maiti, and M. MajumdarAsian J. Plant .Sci. Res., 2012, 2 (2), 102-109.

[17] J. Gandhiappan, R. Rengasamwy. Appl. ci. Res., 2012, 3(3), 1538-1544.

[18] C.I. Sajeeth, P.K. Manna, R. ManavalBey Pharmacia Snica, 2011, 2 (2), 220-226.

106
Pelagia Research Library



Palash Mandal et al Asian J. Plant Sci. Res,, 2013, 3(1):99-107

[19] G. Pant, G. Kumar, L. Karthik, R.G. PrasunayKBhaskara Rad;ur. J. Exp. Bio., 2011, 1 (1),156-162.

[20] P.L. Thamaraiselvi, P. Jayantbier Pharmacia Snica, 2012, 3 (2), 271-277.

[21] O.T. Kasaikina, V.D. Kortenska, E.M. MarinoJvd;. Rusina, N.V. YarisbhevaRussa. Chem. Bull., 1997, 46,
1070-1073.

[22] R. Rodil, J.B. Quintana and R. CelaHazard Mater., 2012, 199, 73-81.

[23] N. Agrawal, A.S. Choudhary, M.C. Sharma, MRbhal,Chem. Biodiver., 2011, 8, 223-243.

[24] M.S. Blois,Nature., 1958, 181, 1199-2000.

[25] M. Nishikimi, N.A. Rao, K. YagiBiochem Biophys Res Commun, 1972, 46, 849-853.

[26] M. Oyaizu,Jpn. J. Nutr. 1986, 4, 307-315.

[27] T.C.P. Dinis, V.M.C. Madeira, L.M. Almeidamrch Biochem Biophys., 1994, 315: 161.

[28] L. Marcocci, L. Packer, M.T. Droy-Lefaix, ASekaki, M. Gardes-Albertylethods Enzymol 1994, 234, 462-
475.

[29] O. Falin, V. Ciocalteud Biol Chem., 1927, 27, 627-650.

[30] B. Sultana, F. Anwar, M. Ashrafjolecules, 2009, 14, 2167-2180.

[31] K.R. Brain, T.D. Turner, In: The Practical Hvation of Phytopharmaceuticals. (Wright-Scienti8aistol,
1975) 57-58.

[32] G. Trease, W.C. Evans, In: Textbook of Pharmgaosy (Balliere, Tindall, Londori983) 343- 383.

[33] A. Kumar, R. llavarasan, T. Jayachandan, Mc&aman, P. Aravindhan, N. Padmanabhan, M.R.Vhikidm,
Pak J Nutr., 2009, 8(1), 83-85.

[34] A. Sofowora,In: Medicinal Plants and TraditadnMedicine in Africa (Spectrum Books Limited, Itad
Nigeria,1993) 151- 153.

[35] J. Ngbede, R.A. Yakubu, D.A. NayaRes. J. Biol. Sci. 2008, 3(9), 1076-1078.

[36] M. Sato, N. Ramarathnam, Y. Suzuki, T. Ohkuldlo,Takeuchi, H. OchiJ. Agric. Food Chem., 1996, 44, 37-
41.

[37] H.B. Li, C.C. Wong, K.W. Cheng, F. ChdnW.T., 2008, 41, 385-390.

[38] A. Muhammad, H. Amin, A. Kosska, M. Karamac, R. AmarowicPpl. J. Food Nutr. Sci., 2008, 58(2), 229-
233.

[39] S.R. Shin, J.Y. Hong, K.Y. Yoomood Sci. Biotechnol., 2008, 17, 608-612.

[40] G. Samak, R.P. Shenoy, S.M. Manjunatha, K.i8ayak.Food Chem., 2009, 115, 631-634.

[41] N. Ozsoy, A. Can, R. Yanardag, A. Akégod Chem., 2008, 110, 571-583.

[42] R. Kshirsagar, S. Upadhyayatural Product Radiance., 2009, 8(2), 117-122.

[43] P.D. Duh, Y.Y. Tu, G.C. Yen,.W.T., 1999, 32, 269-277.

[44] M.H. Gordon; The mechanism of antioxidant ewtin vitro. Elsevier Applied Science, Londot990.

[45] Y.C. Hou, A. Janczuk, P.G. Wan@urr. Pharm. Design., 1999, 5(6), 417- 441.

[46] R.E. Huie, S. Padmaj&ree Radic Res Commun., 1993, 18, 195-199.

[47] G. Miliauskas, P. Venskutonis, T. Be&lgod Chem., 2004, 85(2), 231-237.

[48] Y. Velioglu, G. Mazza, L. Gao, B. Oomah Agric. Food Chem., 1998, 46(10), 4113-4117.

[49] T. Wang, R. Jonsdottir, G. OlafsdottiFood Chem., 2009, 116(1), 240-248.

[50] N. Rainha, E. Lima, J. Baptista, C. Rodrigulesirnal of Medicinal Plants Research, 2011, 5(10), 1930-1940.

107
Pelagia Research Library



