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Antioxidant compounds are abundantly available lan{s and play an important role in scavenging fieee
dicals, thus providing protection to humans againétiative DNA damageMentha spicata Linp commonly
called spearmint, belongs to the family lamiacelevas selected in the present study because Mentnacts
have antioxidant properties due to the presenceugenol, caffeic acid, rosmarinic acid amdocopherol.
Four solvent fractions (hexane, chloroform, ettodtate and water) of ethanolic extract of drieddsagpowder

of M. spicatawere analyzed for total antioxidant activity (TAAhd relative antioxidant activity (RAA) and
compared with standard antioxidants such as Querdgarotene, L-ascorbic acid and glutathione using
ABTS™ decolorization assay (ABTS / Potassium persulphdliee antioxidant activity was assumed to be
from the total phenolic content of the ethanolitr&st. Total phenolics are found to be highestthyl acetate
fraction (54 mg/g) and least in hexane fraction (i§/g) and more or less similar in water and ctftmra
fractions (30-32 mg/g). TAA is found to be lesshexane and chloroform fractions (<53 % at@ml) and
highest in ethyl acetate (95% at@@ml) and water (84% at 3@ / ml) fractions. The RAA of ethyl acetate
fraction is 1.1 compared to quercetin (atvBml), but greater when compared flecarotene (1uM/ml), L-
ascorbic acid (1BV/ml) and glutathione (38V/ml). The RAAs with these antioxidants are in famge of
1.31 — 1.6. The values of RAAs for water fractlao show similar trend and are in the range of-1104.
The antioxidant activities of the solvent facticaare closely related to the content of total phesofiresent in
them.

Key Words: ABTSradical cation, Antioxidant activity, Relative antioxidant activity, Phenalics, solvent fraction,
Mentha spicata.

Introduction of methanol extract oMentha spicatavar. crispa showed
Mentha spicata Linncommonly called spearntiielongs inhibitory activity on exocytosis in antigen-stinatid rat
to the family lamiaceae. The gendgnthaconsist of more basophil€ Menthaextract has been found to have anti-
than 25 species and are well known for monoterpékes oxidant and antiperoxidant properties due to tlesg@nce of
menthol, menthone, carvone and pulegone. They @&y eugenol, caffeic acid, rosmarinic acid amdocopherol
used by food and pharmaceutical industries asvarflar in  and it could enhance error-free repair for DNA dgenand
fragrance formulations. M. spicata synonymous ofM. hence could be antimutagenifc. Aqueous extract provides
viridis Linn. is a herbaceous perennial, with a pungeptotection against radiation induced chromosomahatze
smell. It is cultivated all over India for culinapurposes. in bone marrow of mice by decreasing serum acidspho
M. spicataleaves are generally given for fever and bromphatase and increasing serum alkaline phosphatase.
chitis and its decoction is used as lotion in apath The We have estimated the total antioxidant atgtivi dried
mint family is characterized by their volatile dilowever, leaves ofM.spicatain different fractions (hexane, chloro-
the essential oil oM. spicatahas been shown to haveform, ethyl acetate and water) of ethanolic exfrasing
strong toxic effects on the inse&tanthoscelides obtectusABTS™ (2,2-azinobis (3-ethylbenzothiazoline-6-sulfonic
and exhibited repellent and inhibitory activitythis aro- acid) decoloration method. Additionaly the totalepolic
matic herb is mostly produced and being consuméddn compounds are also estimated in these ethanotitidre.
rocco? The herb is considered as stimulant, carminatives

antispasmodic, stomachic and diuretic, and it § alsed Correspondence address: Professor. A. Ramesh, Department of
for gas pain, rheumatism, toothache, muscle paid afenetics, Dr. ALM PG Institute of Basic Medical Sues,

: ; ; University of Madras, Taramani. Chennai — 600 1hdjd.
mouth wasR. Mentha species likeM. arvensisand M. Telephone: 91- 44 — 24925317: Fax: 91 —44 - 2492670

citrata Ehrh. had been shown to consist of high percentagg, i arabandir@yahoo.co.in / arusamy78@yhaomco.i
of Menthol and essential oifs. The ethyl acetate fraction Accepted 14th June 2005
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ABTS with potassium per sulfate generates bulefgree
ABTS™. The radical shows maximum absorbance at 645
nm, 734nm and 815nm, as previously repottedhis
method can be used for both pure compounds and bio-
logical samples® Antioxidants transfer an hydrogen atom
to rzﬁjical cation and causes discoloration of tbki-s
tion.

TAA testropound

Relative antioxidant activity (RAA)

TAA Standard compound

Estimation of total phenolics

Total phenolics were estimated by Price and Bi1lgr7)

. method® Test tube containing 25ml of deionised water
Materialsand methods _ and 25Qu of ethanolic fractions (Hexane, Chloroform,
Mentha spicata Linn was commercially purchased and gy acetate and Water) were mixed with 3ml ofiéer
identified from Center for advance studies in Bgtan .pdrige (0.1M solution of Fegin 0.1M of HCI). After
University of Madras (Herbarium voucher number-855) 3min 3ml of potassium ferricyanide reagent (0.00BM

B-Carotene, L-Ascorbic acid, Quercetin, '2a2ino-bis-
(3-ethyl benzothiazoline-6-sulfonic acid) (ABTS) dan
Potassium persulfate were obtained from Sigma—éiigiri
USA. All solvents used in this study are analytigalde.

Extraction of solvent fractions

The shadow dried leaf powder Bf. spicata(150g) was
immersed in 500ml of 95% ethanol and the filtratesw
collected for three times with constant stirring tbie
mixture at every 24 hrs interval of a 72 hrs tetalection
period (all the time 95% ethanol was used for otitgj
the filtrate) and the final filtrate volume was falito be
1.2 litre. The extract was then concentrated uneiduced
pressure at #C using vacuum rotary evaporator. The
yield of ethanol extract was 10.35g. Ethanol ecttreas
partitioned between hexane and water (6:1). Theaag!
layer further fractionated with chloroform (CHEland
ethyl acetaté®> Three solvent fractions (Hexane, Chloro-
form and Ethyl acetate) were collected and conaésdr

with vacuum rotary evaporator. The vyields of these
fractions constituted 26.8%, 21% and 10.8% of the

ethanolic extract respectively. The aqueous fracti@as
lyophilized (Flexi-Dryup at 50 MT and -8%C) and con-
stituted 8% of ethanolic fraction.

Estimation of total antioxidant activity (TAA)

ABTS™ stock solution was prepared by mixing 5ml o
7mM ABTS (2,2'-azino-bis- (3-ethylbenzothiazoliné—
sulfonic acid) and 8&l of 140 mM K,S,Og The stock
solution was diluted with ethanol and PBS (pH %al)
give absorbance of 0.7% 0.02) at 734 nm. The radical
decoloration assay was performed in a volume of diml
diluted ABTS" solution and appropriate volume of ex-
tract or pure compount. The standard stock solution of
B-carotene, quercetin, L-ascorbic acid and glutaiio
was prepared in acetdiieethanol and watér re-
spectively. The standard antioxidants (final concen
trations 0-15M) were added to the diluted ABTSsolu-
tion in ethanol or PBS and the absorbance readiag w
taken at room temperature. Appropriate solventakbla
were run in each assay and all the experiments we
carried out in five readings. The total antioxitlaativity
(TAAs) and relative antioxidant activity (RAAs) wasal-
culated using the following equatiofts.

f

.DDABTS™ -- 0.D Sample

Total antioxidant activity (TAA %) = X 100

0.D ABTS

Fe(CN)) was added and allowed to stand for 10-15min at
room temperature and the reaction mixture was etad
720 nm. Quercetin was used as standard for estimat
and the value are expressed as mg/g of solveridnac

Results
The absorbance spectrum of ABTS&t different concen-
trations reveals the maximum absorbance at 73%2nm

(Fig. 1).
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Figure 1. Absorbance spectrum of ABTS radical cation.
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Figure 2. Percentage inhibition ABTS with respect to

increasing concentration of standard antioxidants.
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The different concentrations of each standard wesd at  of the standard compounds. RAAs are higher thaarl f
1min interval up to 30min. The results showed thiht ethyl acetate and water fractions but lower forhibgane
were essentially completed in 1-3 mindfetherefore, and chloroform fractions. The RAAs of ethyl acetatel
time points 1 and 5 min selected for reading theoeb water fractions are higher when compared to theatex
bance after initial mixing of the reactants. Thendards and chloroform fractions at the corresponding cance
quercetin, B-carotene, L-ascorbic acid and glutathionetration (Table 1).
showed 50% of inhibition at 3,5,10 and &1 con- The TAAs of ethanolic fractions were expressed
centration respectively (Fig. 2). equivalent of the standard compounds (mtMSD). The
TAA of solvent fractions were determined avesal TAAs of lipophilic fractions showed higher radicsta-
concentrations (10-3®/ml). TAA of hexane fraction venging activity (291.264.54) at lesser concentration
was found to be gradually enhanced with increasony  than the hydrophilic fraction (515.68.72). The maxi-
centration and then the activity was saturated alidug/  mum TAAs of Quercetin equivalent was found to be at
ml. The radical quenching activity of chlorofornadtion  lower concentration when compared to the TAA[ef
was also found to be similar to the hexane fractifAA carotene equivalent. The quercetin @darotene equi-
of ethyl acetate fraction was found to be maximurgG valent TAAs of lipophilic fraction such as hexane,
pug/ml concentration. The water fraction showed bBggh chloroform, and ethyl acetate showed little differe be-
ABTS radical quenching activity at B8/ml. The rela- tween 1 and 5 min. Thus the lipophilic antioxidaati-
tive antioxidant activities (RAAs) were computed by vity essentially completed the reaction after oria and
comparing the TAAs of the test compounds whthse  residual reaction is negligible (Table 2).

Tablel. TAA and RAA with known antioxidants of solvenafitions oMentha spicatat various concentrations.

RAA
Solvent Fraction Con. TAA ' N .
Fractions (1g /mi) (%) Quercetin Cgtract)?e-ne L. Ascorbic acid Glutathione

10 8 0.092 0.109 0.111 0.131

20 18 0.206 0.234 0.249 0.295

Hexane 30 24 0.276 0.312 0.332 0.393
40 32 0.367 0.416 0.443 0.524

50 41 0.471 0.533 0.567 0.672

10 9 0.103 0.117 0.124 0.147

20 22 0.252 0.286 0.304 0.360

Chloroform 30 32 0.367 0.416 0.443 0.525
40 37 0.425 0.481 0.512 0.606

50 53 0.609 0.688 0.734 0.869

5 25 0.287 0.325 0.346 0.410

Ethyl 10 57 0.655 0.740 0.789 0.934
acetate 15 79 0.908 1.026 1.094 1.295
20 95 1.091 1.234 1.315 1.557

10 36 0.413 0.468 0.498 0.590

Water 20 68 0.781 0.883 0.941 1.144
30 84 0.965 1.091 1.163 1.377

TAA: Total Antioxidant Activity expressed as %inition of ABTS’' TAA of known compounds are based on concentratiwnehich
maximum inhibition (ABTS) occurs (Quercetin (M / ml): 87%;B-Carotene (7,8M/ml): 77%) L. Ascorbic acid (38v/ml) :
72.2%; Glutathione (38V/ml): 61%; RAA = Relative antioxidant activity.

Table 2. Total phenolics and its antioxidant activity dffekent solvent fractions d¥l. spicata

Solvent i TAA- min - TAA- Smin Pr;rgrt]illics
Fractions Quercetin [B-Carotene Quercetin [-carotene
Hexane 40.09+ 0.67 69.48 1.17 41.281.25 77.12: 143 14.0G- 1.58
Chloroform 46.77+0.84 81.82+2.42 47.5% 1.09 87.1k 1.47 30.0C 2.28
Ethyl acetate 291.26+ 4.54 504.86 7.86 309.54 4.48 560.74 7.47 54.00 4.74
Ascorbic acid Glutathione Ascorbic acid Glutathione
Water 515.67+ 6.72 651.1( 8.49 608.01 7.08 749.7& 8.79 32.00+ 3.16

Mean+ Standard Deviation N = 5); TAA: Total antioxidant activity; expressed standard (quercetip;carotene, L-ascorbic acid and
glutathione) equivalents (mM/g of solvent fractiosfsMentha spicatg Total phenolicsN = 3); expressed: mg/g of solvent fractions of
Mentha spicata
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The total phenolic content was also found to béndrign
ethyl acetate (54.6%.74) and water fraction (32.00

3.16) when compared to that of hexane and chlomofor pounds.

fractions (Table 2).

Discussion

In the present investigation, antioxidant activdf he-
xane, chloroform, ethyl acetate and water fractiofis
ethanolic extract ofM. spicata was determined using

Hypericum hyssopifoliunshowed highest DPPH radical
scavenging activity because of the total phenotimc
Additionally, this fraction contains som-
oxidants. They isolated six phenolic compounds theg
can be used in oil-water emulsion systems. Irptesent
study, total phenolics and TAAs of the solvent fi@ts
of the ethanolic extract dfl. spicatawere found to be
positively correlated.

This study indicates that the ethyl acetadetion of

ABTS™ decolorization method. Among the standard com-€thanolic extract oM.spicatahas high antioxidant acti-

pounds, quercetin had three folds higher TAA coragar
to the L- ascorbic acid and glutathione due taitsber
of hydroxyl group with double bonds in the C ring2a

vity against ABTS than the hexane and chloroform frac-
tion. It is due to the presence of high contenfpbé-
nolics, which could be the most effective in prditeg the

and 3 positions and the 4-oxo groups (Fig. 2). Th&ody against various oxidative stressors. Thectira of

structural advantage of quercetin can be judgedtdy
TEAC (Trolox equivalent antioxidant capacity) valte
4.70+ 0.1 mM?® B-Carotene also has two fold TAA than
that of ascorbic acid and glutathiéhevhich is also ob-
served in the present study. Antioxidant reactiomslve
multiple steps initiation, propagation, branchingnd
termination. Antioxidants fall into two mechanistic
groups: those that inhibit or retard the formatafnfree
radicals from their unstable precursors (initiaficand
those that interrupt the radical chain reactiomagation
and branching). The former are called as prever#ivi-
oxidant and the latter as chain-breaking antioxisin

The radical scavenge activity was found tontexi-
mum for ethyl acetate fraction (95%) which was four
folds higher than that of hexane (18%) and chlarafo
(22%) fractions at corresponding concentrations. thie
case of the water fraction, the TAA (84%) seemetieo
maximum at its highest concentration ((8ml) and it is
3.5 fold higher than hexane (24%) and 2.5 fold &igh
than the chloroform fraction (32%) at the corresping

concentration (Tablel). Aqueous extracts have great

antioxidant activity than the organic extracts hesea
most of the active compounds in the leafy part haf t
vegetable may be dissolved in the wéferAccording to

Winston (1999f3the leafy part of the vegetables contain

the active component which consist of the flavonoéd-
penoid, lignan, sulphide, polyphenol, carotenoidu-c
marin, saponin, curcumin and sterol. While comugri
the TAAs of lipophilic fractions (hexane, chloroforand
ethyl acetate) with quercetin arfiicarotene standards,
ethyl acetate fraction had the highest activitylater
concentration 291.26 4.54 for 1 min and 309.54 4.48
for 5min. However, antioxidant activity of the wate
fraction in terms of glutathione equivalent actjvits

greater when compared to the ascorbic acid equivale

activity (Table 2).

Since the TAAs are higher for ethyl acetatd waater
fractions compared to hexane and chloroform frastio
their RAAs are also found to be higher. This is mhai
because of its hydrophilic antioxidant propertigghvan
activity similar to Trolox!° The radical scavenging acti-
vity of ethyl acetate fraction is mainly due to {resence
of higher amounts of phenolic compourids.The pre-

sence of free OH group in phenolic compounds are

mainly responsible for antioxidant activity. The ethyl
acetate and water fractions have highest total ghan
than the hexane and chloroform fractions (TableC2kir

et al, (2003F* reported that ethyl acetate fraction of

phenolic compounds showing antioxidant activitytle
ethyl acetate fraction need to be identified.

Abbreviations

ABTS: 2,2-azino-bis-(3-ethyl benzothiazoline-6-sulfonic gcid
TAA: Total antioxidant activity

RAA: Relative antioxidant activity

PBS: Phosphate saline buffer

TEAC: Trolox equivalent antioxidant capacity

DPPH: 1,1,3,3-tetramethoxypropane and 1,1- diphef®/l—
picryl — hydrazyl

Acknowledgement
Financial support by UGC (UWPFE — Prog. Project N8§11),
New Delhi is gratefully acknowledged.

References

1. Mhaskar KS, Blatter E, Caius JE. Indian Medicinarpl
their usage in ayurveda and unani medicines, $yriga
publications, Delhi. 2000; 8: 2726 — 2727.

2. Lawrence BM, In: Harly R.M, Reynard T, eds. Advances

in Labiate. Kew: Royal Botanic Gardens 1992; 399-436.

Papachristos DP, Stamopoulos DC. Repellent, toxic and

reproduction inhibitory effects of essential oilpeairs on

Acanthoscelides obtectus (Say) (Coleoptera: Bruchidae

Stored Prod Re2002; 38(2): 117-128.

Kouhila M, Belghit A, Daguenet M, Boutaleb BC.

Expermintal determination of the sorption isotherafs

mint (Mentha viridi§, sage $alvia officinalis) and

verbena (ippia citrodora). J Food Eng 2001; 47 (4): 281-

287

Ambasta SA. The useful plants of India, Publicatéon

information directorate, CSIR, New Delhi. 1986; 36573

6. Phatak SV, Heble MR. Organogenesis and terpenoid
synthesis irMentha arvensigritoterapia 2002; 73: 32-39.

7. Mastelic J, Milos M, Kustrak D. Free and glycasadly
bound volatiles oMentha citrata(Ehrh.)CCACAA 2000;
73(3): 781-794.

8. Yamamura S, Ozawa K, Ohatani K, Kasai R, Kazuo.
Antihistaminic flavones and aliphatic glycosidesonfr
Mentha spicataPhytochem 1998; 48(1): 131-136.

9. Al-Sereiti MR, Abu -Amer RM, Sen P. Pharmacology of

rosemary (Rosmarinus officinals Linn.) and its tipexatic

potentials. Indian J Exp Bio 1999; 37: 124 —130.

Vokovic-Gacis B, Simic D. ldentification of natural

antimutagens with modulation effects on DNA repair.

Basic life Sci 1993; 6: 269-274.

Samarth RM, Ashok KumarMentha piperitaLinn. Leaf

extract provides protection against radiation ireglic

chromosomal damage in bone marrow of mice. Indian J

Exp Biol 2003; 4: 229 — 237.

3.

5.

10.

11.



Antioxidant activity of mint

123

12.

13.

14.

15.

16.

17.

18.

Miller NJ, Rice-Evans CA. Spectrophotometric deter- 19.
mination of antioxidant activity. Redox Rep 1996181-

171.

Arnao MB, Cano A, Acosta M. Total antioxidant actwvit 20.
in plant material and its interest in food techmglo
Recent Re Devel Agric Food Chem 1998; 2: 893-905.
Vincenzo Fogliano, Veronica Verdem, Giacomino 21.
Randuzzo, Alberto Ritieni.,, Method for measuring
antioxidant activity and its application to monita the
antioxidant capacity of wines. J Agric Food Chen99,9
47:1035-1040. 22.
Villasenor IM, Echegoyen DE, Angeladia JS. A new
atnimutagen fromMentha cordifoliaQpiz). Mutat Res
2002; 515: 141-146.

Pellegrini N, Re R, Yang M, Rice — Evans C. Screening o
dietary carotenoids and carotenoid — rich fruitraots for
antioxidant activities applying 2,2’ azinobis (3- 23.
ethyenebenzothiazoline - 6- sulfonic acid) radication
decolorization assay. Meth Enzymol 1991; 299:3389- 24.
Re R, Pellegrini N, Proteggente A, Pannala A, Yang M.
Rice-Evans C. Antioxidant activity applying an impeov
ABTS radical cation decolorization assay. Free Rid

Med 1999; 26: 1231 — 1237.

Price ML, Butlar LG. Rapid visual estimation and 25.
spectrophotometric determination of tannin conteit
sorghum grain. J Agric Food chem 1977; 25: 1262731

Rice-Evans CA, Miller NJ. Total antioxidant status i
plasma and body fluids. Meth Enzymol 1994; 234:-279
293.

Arnao MB, Cano A, Alcoiea JF, Acosta M. Estimation of
free radical - quenching activity of leaf pigmemtracts.
Phytochem Anal 2001; 12: 138-143.

Vingvist MR, Barclay LR. On the antioxidants mechamis
of curcumin: classic methods are needed to determin
antioxidant mechanism and activity. Org Lett 20Q0;
2841-2843.

Asmah Rahmat, Vijay Kumar, Loo Mei Fong, Susi
Endrini and Huzaimah Abdullah sani. Determintion of
total antioxidant activity in three types of locadgetables
shoots and the cytotoxic effect of their ethanelitracts
against different cancer cell lines. Asia Pac J Qlintr
2003; 12 (3): 292 — 295.

Winston JC. Health promoting properties of common
herbs. Am J Clin Nutr 1999; 70: 491S - 499S.

Cakir A, Mavi A, Yildirim A, Duru M E, Harmandar M,
Kazaz C. Isolation and characterization of antiomida
phenolic compounds from the aerial partsHyfpericum
hyssopifoliump( L.) by activity - guided fractionation. J
Ethnopharmacol 2003; 87: 73—-83

Weng XC, Wang W. Antioxidant activity of compounds
isolated from Salvia plebeia. Food Chem 2000; BR-4
493.



Asia Pacific J Clin Nutr: Chinese Abstract

Original Article

Antioxidant activity measured in different solvent
fractions obtained from Mentha spicata Linn.: An
analysis by ABTS' decolorization assay

Ponnan Arumugammsc’, Perumal Ramamurthyhtf, Sathiyavedu Thyagarajan
Santhiyaphp' and Arabandi Ramesto'

! Department of Genetics, Dr. A. L. M. Post Graduatgitute of Basic Medical Sciences
National Center for Ultra fast Processes,UniversiffMadras, Chennai — 600 113. India.

ANEIBFIS A ERIE2E (Mentha spicata Linn. ) REUIPIEALIETE:
ABTS " i ta. 23 ¥t

PUEAD TN EAFE TR, XY UL AVERR A IS EZER, R3PS DNA A2
tesif. W25, (pFcAT =T, BTk, HRIWIhSAT F&H. MHRR. KB
MR o —PrA Ay i HATPUAARR M, IR AU %, i ABTS B3k 4 T DU A
A QEJLKE i STROHE 7K) 4rar B B 22 18 (1) SRERR BV I e b A s 1k
(TAA) , AXHUAAATETE (RAA) JF ShrifEPTAAAI N 2. B-IH% MR L-HUR MR,
B H BRI P TR PR B B 2R BT EALTE PR U S ok B L A BRI 0 S A
e MM EE RO BRI  EY) (5dmg/g), BAK B2 IE &b 20 35 4 5 W
(13mg/g) , KRG 43350 B W) b 1) & AL (30-32mg/g) « MPTEALTE MR B & LR 4
B 73 (95%, 20w g/ml) , HIROZE /K48 (84%, 30pg/ml) , 1E JLAE A S AT 43 3 W HZAIK
(<53%, 50ug/ml) o LPRLWEA I RAA DAY 25 (5uM/ml) FEXTREE 1.1, DAB-#E b=
(15uM/m1) « L-HUIA M AR (15uM/m1) 258 BeH K (15pM/m1) VR RO AR i, A8 1.31-1.6 2
[ K50 RAA RILH 5 18 SBa AR AR R, JL(ESE 1.0- 1.4 2. &l
I35 B PR A TS M I Ry S R DDA G

REEE]: ABTS FHE 1. PUEALIETE. X BUEATRIE. Wy WA, 2





