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ABSTRACT

Antioxidant activities of the ethanol (90%) extradtseeds of Lawsonia inermis L., as well as chitoro, ethyl
acetate and water fractions extracted from the 96ftanol extract were examined by a DPPH free rddica
scavenging and ferric reducing power (FRPA) as Nita-specific assays and lipid peroxidation (TBABRSksite
specific assay. The 90% ethanol extract and itstivas along with the reference samples, gallicdaznd rutin
were further analysed to determine their total ptiencontent by Folin-Ciocalteu’s method and tofiavonoids
content by Aluminium chloride method. In Non-sjtecific assays showed significant scavenging agtiar the
ethanol (90%) extract and its other fractions. Sipecific lipid peroxidation also confirms the pryb radical
scavenging capacity of ethyl acetate fraction diaabl extract and results were compared with stadda
antioxidant (Butyl hydroxy toluene). In generale ththyl acetate fraction of the ethanol extractveba significant
(P < 0.05) activity in all systems, such resultsgimi be attributed to the prominent antioxidant effeThe
antioxidant activities of all the tested samplesengoncentration dependent. Based on the resuligmdd, we can
conclude that the L. inermis seeds extract andrétstions may be valuable natural antioxidant sms@and are
potentially applicable in both medicine and the Itieafood industry.

Keywords: Antioxidant activity; DPPH; FRPA; Phenolic compogndBARS

INTRODUCTION

Oxygen, an element indispensable for life, can,eanckrtain circumstances, adversely affect the mubedy.
Oxidation is essential in many living organisms tiee production of energy to fuel biological proses However,
the uncontrolled production of oxygen derived fra€licals is involved in the onset of many diseasagsh as
atherosclerosis, rheumatoid arthritis, and cansevall as in degenerative processes associatedagiiig [1].

The imbalance of oxidants and antioxidants of tbheybleads to an oxidative stress resulting in deston of
unsaturated lipids, DNA, proteins and other esaéniblecules. Increasing evidence suggests thdatxe damage
to cell components has a relevant pathophysiolbgimia in several types of human diseases [2]. Musthe
potentially harmful effects of oxygen are due te thrmation of reactive oxygen species (ROS). Theoutrolled
production of ROS and the unbalanced mechanismtaiadant protection result in the onset of maisedses and
accelerate ageing. Free radicals are been repturteduse red blood cell lysis in patients with llqgmthologies
such as thalassemia [3]. The erythrocytes are yhigldceptible to oxidative damage due to the hi@ghuymsaturated
fatty acid content of their membrane and the higlutar concentration of oxygen and haemoglobihp&hich
are powerful promoters of oxidative processes fposure of erythrocytes to free radicals leada tmumber of
membrane changes including lipid peroxidation {Buction in deformability [6], changes in cell mbology [7],
protein cross-linking and fragmentation [8]. These the most common configuration damage leadirgsis of
red blood cells.
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L. inermisL. (Lythraceae) commonly known as ‘Mhendi’ and f#&’ is a shrub commonly used as a hedge plant.
It is indigenous to North Africa, South-West Asiadalndia; it is now widely cultivated throughouttkropics as an
ornamental and dye plant [9, 10]. Besides its msedsmetics and as a hair dye, the henna is also as a
prophylactic in skin disorders [11] and inflammatid2], as immunostimulant [13], hepatoprotec{i«4], memory
enhancer [15], hypoglycaemic [16], cytotoxic [1TJiberculostatic [18], bactericidal [19], fungicidf20] and
molluscicidal [21].

Antioxidants are widely used as food additives tovjle protection against oxidative degradatioriocnfds by free
radicals [22]In recent decades, there has been great interestérning essential oils and various plant e>arfmet
natural antioxidants because of their good antExidproperties. Many kinds of antioxidative compusethat
contain polyphenolic compounds, chlorophylls, canoids, tocopherol derivatives, lignan, and relasegrenoids
have been isolated from different kinds of plasisch as oilseeds, cereal crop, vegetables, leavets, spices,
herbs, and seaweeds, for use as antioxidants. Th@ugrge number of plants worldwide show strontjoaidant
activities [23],the antioxidant properties of seeds have not baendated before. Therefore, the objective of the
present study was to investigate the total phermittent and antioxidant properties of its ethamdtact and its
fractions ofL. inermisL. seed by DPPH, FRPA as non-site specific asaagsTBARS as Site specific assay. The
present study would offer basic data on the natamtibxidant potential of seeds for the food or rpieceutical
industries, and also provides scientific referefiocghe large scale usage and exploitation of thatas a resource.

Total Phenolic Compounds Content

The total phenolic compounds contents in seeds determined using the method described previo=ty. [Folin-
Ciocalteu reagent is a mixture of phosphomolybdatd phosphotungstate used for the colorimetric yas$a
phenolic and polyphenolic antioxidants. It works imgasuring the amount of substance being testedede®
inhibit the oxidation of the reagent. The sampl&apt dilution was oxidized with Folin-Ciocalteusagent and the
reaction was neutralized with sodium carbonate. dttworbance of the resulting blue colour was measat 765
nm after 30 min.

Total Flavonoids Content

The aluminium chloride colorimetric method was nfiedi from the procedure reported by Woisky and ®ada
[25]. Aluminium chloride forms acid stable complexeith the G keto group and either the; ©r G hydroxyl
group of flavones and flavonols. In addition, alamim chloride forms acid labile complexes with tbgho
dihydroxyl groups in the A or B ring of flavonoids.

MATERIALS AND METHODS

2.1 Plant material

The seeds of the plawere collected in the month of June from regionadaa of Salem, Tamilnadu and
authenticated by Dr. H.S. Singh, Scientist F & Hdadw Material Herbarium & Museum, NISCAIR, New bl
India (Voucher specimen - NISCAIR/RHMD/Consult/-8309/1175/207). The seeds were shade dried, cyarsel
powdered and stored in an air tight containeus.

2.2 Extraction

Seeds powder was defatted witthexane. The dried solvent freed marc was extrabjedold maceration with
ethanol (90%) till exhausted completely. The ethandract so obtained was freed of solvent undeuuen and
further fractionated with chloroform, ethyl acetated water by using sonication. All the extract @sdfractions
were preserved in a refrigerator till further use.

2.3.1 Determination of total phenolic content bjocionetric method

Preparation of standard: Gallic acid was used tkenthe calibration curve. 10 mg of gallic acid veissolved in
100 ml of 50% methanol (100g/ml) and then further diluted to 1, 2, 4, 6, 8 dfug/ml. 1 ml aliquot of each
dilution was taken in a test tube and diluted viithm| of distilled water. Then, 1.5 ml Folin Ciotal’s reagent was
added and allowed to incubate at room temperatur® min. 4 ml of 20% (w/w) NAO; were added, adjusted with
distilled water up to the mark of 25 ml, agitated deft to stand for 30 min at room temperatures@ébance of the
standard was measured at 765 nm. Distilled watsrtalen as a blank.

Preparation of sample: 1 g of sample (seed powsas)added to 15 ml of methanol (50%) and extrafiiethree
times by maceration of 2 h. Then filtered and mafxehe volume with methanol (50%) in volumetricskaup to 50
ml. 1 ml aliquot of the sample was taken in a tabe and diluted with 10 ml of distilled water. Thel.5 ml Folin
Ciocalteu’s reagent was added and allowed to irteusaroom temperature for 5 min. 4 ml of 20% (WN&CO;
were added, adjusted with distilled water up to rterk of 25 ml, agitated and left to stand for 3 mt room
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temperature. Absorbance of the sample was measur@65 nm. Three parallel determinations were ebexbr
Quantification was done on the basis of a standarde of gallic acid. Results were expressed agallic acid
equivalents (GAE) and percentage w/w [24].

2.3.2 Determination of total flavonoids contentdmjyorimetric method

Preparation of standard: Rutin was used to makeathbration curve. 10 mg of rutin was dissolvedL®D ml of
80% methanol (10Qg/ml) and then further diluted to 10, 20, 40, 60, &d 100ug/ml. The diluted standard
solutions (0.5 ml) were separately mixed with 11f®5% methanol, 0.1 ml of 10% aluminium chlori®l ml of
1 M potassium acetate and 2.8 ml of distilled watefter incubation at room temperature for 30 mihe
absorbance of the reaction mixture was measurédmtnm with Shimadzu UV-Visible spectrophotomefEne
amount of 10% aluminium chloride was substitutedhi®ysame amount of distilled water in blank.

Preparation of sample: About 1 g of ethanol exteaxt its ethyl acetate fraction were dissolved5m# of 80%
methanol. Similarly, 0.5 ml of ethanol extract atsdethyl acetate fraction were reacted with alioinchloride for
determination of flavonoids content as describemvabThree parallel determinations were recordenfication
was done on the basis of a standard curve of riResults were expressed as mg rutin equivalenty €RH
percentage w/w [25].

2.4 Screening for antioxidant activity

2.4.1Chemicals and reagents

1, 1-Diphenyl-2-picryl hydrazyl (DPPH) and Butyldrnpxyl toluene (BHT) were obtained from Sigma—AddiriCo.,
St. Louis, USA. Rutin was obtained from Acros OriganNJ, USA. Ascorbic acid was from SD Fine Cheatsic
Ltd., Mumbai, India. All chemicals used were of Btiaal grade.

2.4.2 Preparation of Sample and standard solutions

A. DPPH (Non-site specific)

Preparation of sample dilutionr50 mg of each of ethanol extract and its fractiovere weighed separately and
dissolved in 100 ml of methanol get 500 pg/ml coiaion. Lower concentrations (10, 20, 40, 80, ugdml) of
these solutions were prepared by diluting serialtyh methanol.

Preparation of standard dilutiarlO0 mg of each of ascorbic acid and rutin weregived separately and dissolved in
100 ml of methanol get 100 pg/ml concentration. Epwoncentrations (5, 10, 15, 20, 25 pg/ml and, B, 8, 10
png/ml respectively) of these solutions were pregpdmediluting serially with methanol.

B. FRPA (Non-site specific)

Preparation of sample dilutionr50 mg of each of ethanol extract and its fractiovere weighed separately and
dissolved in 100 ml of methanol get 500 pug/ml coicgion. Lower concentrations (25, 50, 100, 20m) fg/ml)

of these solutions were prepared by diluting sgrigith methanol.

Preparation of standard dilutiarb0 mg of ascorbic acid was weighed and dissoiredD0 ml of methanol get 500
pg/ml concentration. Lower concentrations (25, BID, 200, 400 pg/ml) of the solution were prepdrediiluting
serially with methanol.

C. Lipid peroxidation (TBARS) (Site specific)

Preparation of sample dilution50 mg of each of ethanol extract and its ethydtaie fraction were weighed
separately and dissolved in 100 ml of methanol5§$ ug/ml concentration. Lower concentrations &%, 100,
200, 400 pg/ml) of these solutions were preparediloging serially with methanol.

Preparation of standard dilutiarb0 mg of Butyl hydroxyl toluene (BHT) was weighadd dissolved in 100 ml of
methanol get 500 pg/ml concentration. Lower comedioins (25, 50, 100, 200, 400 pg/ml) of the solutivere
prepared by diluting serially with methanol.

2.4.3 Free radical scavenging assays (Non-siteifipgc

2.4.3.1 DPPH radical scavenging activity

The stable 1, 1-diphenyl-2-picryl hydrazyl radi¢BIPPH) was used for determination of free radicalvenging
activity of the extracts. The 0.1 mM solution of B\ in methanol (22.2 mg in 1000 ml) was freshlypared.
Different concentrations of extract were addedna¢gual volume to methanolic solution of DPPH. A6 min. at
room temperature, the absorbance was recordedratril Ascorbic acid and rutin were used as standandols.
ICso values denote the concentration of sample, whiatequired to scavenge 50% of DPPH free radicaslidal
scavenging activity was calculated by the followfagmula
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% Free radical scavenging power = Abs. C - (Abs. SAbs. B) / Abs. C x 100

IC50 value was determined from the plotted grapbaafvenging activity against the different concatitns of L.
inermis ethanol extract and its fractions, whicldédined as the total antioxidant necessary toedeser the initial
DPPH radical concentration by 50%. The measuremeats carried out three times and their scavengifect
was calculated based on the percentage of DPPIesgas [26, 27].

2.4.3.2 Ferric reducing power assay (FRPA)

1 ml of the sample (25-400 pg/ml), 2.5 ml of phadphbuffer (pH 6.6) and 2.5 ml of 1% potassiumidganide
were incubated at 50°C for 30 min and 2.5 ml of X€ighloro acetic acid was added to the mixture emtrifuged
for 10 min at 3000 rpm. About 2.5 ml of the sup¢éanawas diluted with 2.5 ml water and is shaketihwwi5 ml of
freshly prepared 0.1% ferric chloride. The absoceawas measured at 700 nm. L-Ascorbic acid was asetie
standard. All tests were performed in triplicated athe graph was plotted with the average of thesethr
determinations?® %

2.4.4 Lipid peroxidation (TBARS) (Site-specific)

Normal male rats (250 g) were used for the prearaif liver homogenate. The perfused liver wadaitenl, and
10% (w/v) homogenate was prepared with homogenaef-4°C with 0.15 M KCI. The homogenate was
centrifuged at 8000 rprfor 15 min, and clear cell-free supernatant wasduee the study within vitro lipid
peroxidation assay. Different concentrations (50-g8/ml) of extract/fractions dissolved in methanoban test
tubes. 1 ml of 0.15 M KCI and 0.5 ml of rat liveorhogenates were added to the test tubes. Permuadags
initiated by adding 10Ql of 0.2 mM ferric chloride. After incubation at 3Z for 30 min, the reaction was stopped
by adding 2 ml of ice-cold HCI (0.25 N) containit§% trichloroacetic acid (TCA), 0.38% TBA, and 0.3yl
hydroxy toluene. The reaction mixtures were heate80°C for 60 min. The samples were cooled andriéeged,
and the absorbance of the supernatants was meagusad nm [30, 31].

The percentage inhibition of lipid peroxidatiorcalculated by the formula:
Inhibition of lipid peroxidation (%) = 1 — (Abs. S/Abs. B) x 100

2.7. Statistical analysis

Results were reported as means + S.D. of threerdietgtions. 1G, values were determined by interpolations. One
Way ANOVA was used to evaluate differences betwgrenips. The differences among the means were athhys
Tukey-Kramertest for multiple comparisons using computerizeagpaim at 95%F < 0.05) confidence level [32].

RESULTS AND DISCUSSION

The total phenolic compound estimation showed Hwdbance 2.335 at 765 nm wavelength. The caldsratirve
of standard gallic acid is given iRig 1 and the results are depicted Table 1 The total flavonoids content
estimation from ethanol extract and its ethyl ateeteaction of seeds showed the absorbance 3.1d. 3.868 at 415
nm wavelength. The calibration curve of standatthiig given inFig 2 and the results are depictedTiable 2

Gallic acid caliberation curve Rutin caliberation curve
t y=0.103x+0.011 03 y=0.002x-0.015
R*=10.996 0.25 R*=0.987

1
s Y
08 / 9 02
06 0.15 /’
4+ Series Series
04 ,/ Seriesl 01 ¢ Series]
/ ——Linear (Series]) ! / —— Linear (Series])
0.2 h 4 0.05 ’/‘

0 5 10 15 0 50 100 150

Absorbance
Absrobance

Conc (ng/ml) Cong (jg/ml)

Fig 1 Fig 2
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Table 1: Estimation of total phenolic compounds caent

Test Sample Total Phenolic Content Total Phenolic Conten
P (mg gallic acid equivalents) (GAE (% wiw)
Seeds powde| 26.87 3.35

Table 2: Estimation of total flavonoids content

Test Sample Total_ Flavo_noids Total Flavonoids
(mg rutin equivalents (% wiw)
Ethanol (90%) extrac 1563.5 9.771
Ethyl acetate fraction| 1541.5 9.634

Free radicals are highly reactive molecules withuapaired electron and are produced by radiatiomsoby-
products of metabolic processes. They initiate rthaactions which lead to disintegration of cellnnieanes and
cell compounds, including lipids, proteins and eichcids. Antioxidant compounds scavenge freecadslisuch as
peroxide, hydroperoxide or lipid peroxyl and thweduce the level of oxidative stress and slow/prevbn
development of complications associated with oxigastress-related diseases.

3.1 DPPH method

Extract and its fractions Vs % Inhibition

90
80
70
60
50
40 -
30 -
20 %
10 -

0

== 90%EtOH extract
== CHCI3 fract
EtOAc fract.

== Aq fract.

%% Inlubition

0 50 100 150 200

Cone. (Ug/ml)

The ethanol and its fractions of theinermisL. seeds showed promising free radical scavengfifegt of DPPH in

a concentration dependent manner up to a concemntraft 80 ug/ml are shown ifFig 5. The ethyl acetate fraction
of ethanol extract showed more scavenging actifign the ethanol extract. Ascorbic acid and rutaremused as
the reference standards are showRign3 andFig 4 respectively. The results were expressed as the @muired to
cause 50% inhibition for extract (¢ and the results are depictedTiable 3. The present investigation has shown
that the extract and its fractions of seedd oinermisL. exhibited DPPH scavenging activity, the mogeetive
being ethyl acetate fraction of ethanol extractolitéxhibited significantly higher DPPH scavengintj\dty (ICso =
33.71+0.211 pg/ml) followed by ethanol extractgd€ 37.05+0.247 pg/ml) when compared with thg,Nalues of
the standards ascorbic acid and rutins{#£8.84+0.05 and 3.78+0.153 pg/ml respectively).

Ascorbic acid Conc. (ng/ml) Vs % Inh

100
90
. //'
70
60
50
40 —e—2 Inh

30
20

% inhibition

10
o

Cone. (ng/ml)

Fig 3
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Rutin Conc. (ug/ml) Vs. % Inh Ferric Reducing Power Assay (FRPA)

100

90 /,.———1»

80
_ 70
£ 60 7
% 50
s 40 ——% Inh

30

E,

20

10

o

o 2 4 6 8 10 12

Cone. (ng/ml) woow W M 5w
one gl
Fig 4 Fig 5

Table 3: 50% inhibition for extract (IC so) of L. inermis L. by DPPH method

S. No. Extract IC50 (pg/ml)£S.D|
1. Rutin (Standard) 3.78+0.153

2. Ascorbic acid (Standard) 8.84+0.05

3. Ethanol (90%) Extract 37.05+ 0.247
4. Chloroform fraction 168.95+8.523
5. Ethyl acetate fraction 33.71+0.211

6. Agueous fraction 66.29+3.625

Values are means +S.D. of three determinations, V&lues were determined by interpolations. One AMaQVA followed by Tukey’s multiple
test; a = Results significantly different from Sfard, P < 0.05; b = Results significantly differémdbm EtOH extract, P < 0.01

3.2 FRPA method

The reducing power of ethanol extract and its foams of thel.. inermisL. seeds are shown Kig 6. Ascorbic acid
was used as the reference standards. The reduoingr pof extract and its fractions were found toréase in
concentration dependent manner up to a concentrafi@00ug/ml the values were remained lower compared to
the ascorbic acid and the results are depictdthbie 4. The ethyl acetate fraction of ethanol extractvat more
reducing power than the ethanol extract. The reducapacity of a compound may serve as a like thiexadant
activity, the reducing power of the extract andfittions increased with increasing the conceiotnaincrease in
absorbance of the reaction mixture indicates tbheease in the reducing power of the sample. Theciad power
showed by the extract is statistically significit< 0.05). The antioxidant activity has been attiéouto various
mechanisms, among which are the prevention of chdiiation, the binding of transition metal iontagysts,
decomposition of peroxides, the prevention of careéd hydrogen abstraction, the reductive capaaity face
radical scavenging [33].

Ferric Reducing Power Assay (FRPA)

== Lspor b sl

dolnece

== En T ot

ke ofarmira

S ha

e EHOAE Trinid

— g fract

Fig 6

3.3Lipid peroxidation (TBARS)

The results of the TBARS assay for ethanol extaactits ethyl acetate fraction are giverkig 7. Both the samples
showed anti lipid peroxidation activities, whicledower than that of butyl hydroxyl toluene (BHThe percentage
antioxidant activity of ethanol extract and its ydtlacetate fraction aqueous extracts and BHT irsgéawith
increasing concentration as shownFig 7. These results were also expressed as the doseedtdo obtain 50%
antioxidant index and the results are depictebaible 5.
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Table 4: Total reducing power of extract and its factions

Conc. (ug/ml) A?;?;ﬁhcafg)'d EtOH extract| Chloroform fract} EtOAc fract. Aq ftag
25 0.078 0.046 0.016 0.057 0.034
50 0.355 0.144 0.042 0.165 0.094
100 0.638 0.377 0.085 0.428" 0.236
200 1.374 0.623 0.182 0.81%3" 0.485
400 2.852 1182 0.391 1.39%° 0.895

Table 5: Lipid peroxidation inhibition (TBARS) of extract and its fraction

S. No. Extract 1G (Mg/ml)£S.D.
1. BHT (Standard) 48.89+0.011
2. Ethanol (90%) extract 93.00+0.124
3. Ethyl acetate fraction| 87.54+0.758

Values are means +S.D. of three determinations, V&lues were determined by interpolations. One Md®VA followed by Tukey’s multiple

test; a = Results significantly different from Sfand, P < 0.05; b = Results significantly diffetfrom EtOH extract, P < 0.01

Lipid peroxidation inhibition
(TBARS -pg/ml)

i —+—HHT
=l P BBV etract

ERcAe ract

Cone. el

Fig 7

The extract and its ethyl acetate fraction wertetkto be effective in reducing the production 8ARS in a dose-
dependent manner, thus allowing calculation ofdvecentration that would inhibit the TBARS prodoatiby 50%
(i.e. the 1Gg). Thus the decrease in the MDA levels in the preseof increased concentration of extract and its
ethyl acetate fraction indicates their role as aidiants. TBARS assay was used to determine the lipid
peroxidation properties of the ethanol extract asi@thyl acetate fraction. Thus ethanol extract it ethyl acetate
fraction inhibit the initiation of lipid peroxidain by scavenging the free radicals that form aksdpyl and alkoxyl
radicals or can donate hydrogen atom to alkylpdrary alkoxyl radicals and thus stop chain propagat

CONCLUSION

The ethanol extract and its fractions (chlorofomthyl acetate and aqueous) lof inermis L. seeds exhibited
different levels of antioxidant activity in all th@odels studied. The results from various freecadscavenging
systems revealed that theinermisL. had significant antioxidant activity and fresdical scavenging activity, with
effective scavenging activity against free radicaleh as DPPH and FRPA. In additidn,inermis L. inhibited
peroxides in rat liver homogenate. These resultarty revealed that ethyl acetate fraction of ebthaxtract of
seeds of.. inermisL. might act as a potential antioxidant for bidtad systems susceptible to free radical mediated
reactions and therefore it might act as hepatoptiots reduce the risk of aging related diseaseBoampromote
general human health. Based on these data, fréeakatavenging property may be one of the mechanisy
which this drug is useful as a traditional medicik®wever, additional studies are needed to chariaet the
bioactive compounds responsible for the obselimedtro antioxidant inL. inermisL. and different antioxidant
mechanisms.
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