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ABSTRACT

Objectives: Phytochemical analysis and biological activities of Viola in-
dica. Methods: The powdered plant material of Viola indica was succes-
sively extracted with petroleum ether, ethyl acetate and methanol. Theradi-
cal scavenging activity of methanolic extract was tested using 1, 1-diphe-
nyl-2-picrylhydrazyl radical. Ethyl acetate and methanol extract wastested
againgt Leukemia(THP-1), Lung (A-549), Colon (HCT-15), Cervix (Hela)
and Prostrate (PC-3) cell linesat 100 pg/ml, respectively. The antibacterial
activity of methanolic extract was also tested, against Pseudomonas
aeruginosa, Proteusvulgaris etc. Results: The phytochemical analysis of
different extract revealed the presence of flavonoids, alkaloids, tannins,
saponins and phenols. The methanolic extract tested showed 51+0.2%
radical scavenging activity at 40 pg/ml and maximum zone of inhibitions
againgt S epidermidis (29 mm), S aureus (23 mm) and P. vulgaris (22 mm).
The results of cytotoxic activity showed that methanolic and ethyl acetate
extracts were potent only against the THP-1, Hela, PC-3 and HCT-15 cell
cultures. Discussion: V. indica showed radical scavenging, cytotoxic and
antibacterial activity due to flavonoids, alkaloids, tannins, saponins and
phenols. Conclusion: As a part of our ongoing research this will be a
positive move towards the development of new pharmaceuticals agents
used in the treatment of various radical oxide associated diseases.
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INTRODUCTION

Reactive oxygen species (ROS) comprisevarious
formsof activated oxygenincluding superoxideradica
(O,-), hydroxyl radical (OH), hydrogen peroxide
(H,0,), nitricoxide (NO), and peroxy-nitrite (ONOO-
), which often are generated asby-products of biol ogi-
cal reactions or from exogenousfactorg¥. It iscom-
monly recognised that ROS areinvolved inavariety of

physiologicd and pathological processes, including cd-
lular signd transduction, cdll proliferation, differentia-
tion and apoptosis, aswell asischemia- reperfusion,
inflammation, and many neurodegenerdtivedisorders?.
ROS production can induce DNA damage, protein
carbonylation and lipid peroxidation, leading to avari-
ety of chronic hedlth problems, such as cancer, ageing,
Parkinson’s disease, Alzheimer’s disease and amyo-
trophiclateral sclerosig®. Inhedthy individuals, ROS
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production is continuously balanced by natural
antioxidative defense system. Oxidative stressisapro-
cesswherethephysologica ba ancebetween prooxidants
and antioxidantsisdisrupted infavour of theformer, lead-
ing to potentia damageto theorganism™.,

Dietary antioxidant inteke may beanimportant Srat-
egy for inhibiting or delaying the oxidation of suscep-
tiblecdlular substrates, and isthusrelevant to disease
preventioninmany paradigms. Phenoliccompoundssuch
asflavonoids; phenolic acids, triterpenes and tannins
havemuch attention for their high antioxidant activity™.

Theantimicrobia compoundsfoundin plantsare
of interest because of antibiotic resistancewhichisbe-
coming aworldwide public health concernespecidlyin
termsof food borneillnessesand nosocomid infections.
Theantimicrobia agentsisolated sofar from different
aromatic and medicina plants have been of great im-
portanceinthefield of pharmaceutical and therapeutic
industriesinformulation of various potent drugs, needed
to combat someantibacterial and antifungal diseases
including respiratory infections, asthma, sinusitisand
chronicbronchitis.

Violaindica commonly known as Banafshaisan
herb which belongsto thefamily Violaceae. Violaceae
isafamily of about 900 species, mainly found intem-
perateregionsof theworld, wherethey areusudly small
perennial plants. Most speciesof thisgenusarefound
inthetemperate Northern Hemisphere. InIndiaitis
foundin Kashmir andWest Bengdl. Itisused asacough
expectorant locdly. Other speciesof thisgenusareused
asanagesic, digphoretic, blood purifiersand diuretics.
Soinlight of the above mentioned wide applications,
the current study was directed towardsthe screening
of different extracts including ethyl acetate and
methanolic of V. indicafor itsradica scavenging, cyto-
toxic and antibacteria activities. However thedetailed
literature survey revealed that thereisno such literature
availabledocumenting theradical scavenging, cytotoxic
and antibacteria activitiesof thevariousextractsof V.
indica. Thusthiswill bethefirst report on V. indica
growingintheKashmir, India

EXPERIMENTAL

Plant material
Theagerial partsof V. indicawerecollected from
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AruPahdgam, Ditrict Anantnag Kashmir, Indiainthe
month of June2010. Thelocalitieswerethe plant ma-
terial wascollected are usually situated between 2400-
4600 m higher than sealevel. The plant material was
properly identified by A. H. Malik, Centrefor plant
Taxonomy and Biodiversity, University of Kashmir,
Srinagar. TheVoucher specimen of V. indicabearing
specimen no. 690 was deposited at KA SH herbarium
in Centrefor plant Taxonomy, and Biodiversity, Uni-
versity of Kashmir, Srinagar.

Chemicals

DPPH (2, 2-diphenyl-1-picrylhydrazyl) radica was
purchased from Sigma-Aldrich, Madrid, Spain. Dim-
ethyl sulphoxide (DM SO), anhydrous sodium sulphate,
petroleum ether, ethyl acetate, methanol and all other
reagentswere of analytical grade (SISCO, Mumbai,
India).

Extraction

Dried and powdered plant materid (220 g) of Viola
indicawasextracted, using soxhlet extractor with 100%
organic solventsinincreasing order of their polarity (pe-
troleum ether, ethyl acetateand M ethanal). Theextracts
obtai ned were concentrated under vacuum using ro-
tary vapor evaporator at 40° C.

Phytochemical analysis

The phytochemica screening of the plant extracts
was carried out according to method previously re-
ported®.

Alkaloids

The plant extracts (30 ml) wereevaporated to dry-
nessin an evaporating dish onwater bath. Fiveml of 2
N HCI were added and stirred while heating on the
water bath for 10 minutes, cooled, filtered, and thefil-
trated wastreated with afew dropsof Mayer reagent.
The sampleswere than observed for the presence of
turbidity or precipitation.

Flavonoids

Theplant extracts (75 ml) wereevaporated to dry-
ness on awater bath, cooled and theresiduewas de-
fatted by washing severa timeswith petroleum ether.
Thedefatted resi duewasdissolved in 30 ml 80% etha-
nol and filtered. Thefiltrated wastreated with afew
dropsof concentrated HCI and magnesumturnings (0.5
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0). Thepresenceof flavonoidswasindicativeif apink
or magentared color developed within3min.

Tannins

Theplant extracts (25 ml) wereevaporated to dry-
nesson awater bath. Theresiduewas extracted sev-
erd timeswith n-hexaneand filtered, theinsolubleresi-
duewasstirred with 10 ml of hot saline solution, the
mixturewas cooled, filtered and thevolume of filtrate
was adjusted to 10 ml with moresalinesolution. To 5
ml of thissolution, few dropsof ferricchloridetest re-
agent were added. Anintensegreen blueor black colour
wastaken asan evidencefor the presence of tannins.

Saponins

1 gm of each plant extract wasdissolvedin 10 ml
of distilled water in atest tube and shaked vigorously
for 1-2 minutes. The presence of saponinswasindi-
cated by characteristichoney comb froath at least 1 cm
inheight, which persisted for 30 minutes.

Phenals

1 gm of plant extract was dissolved in 10 ml of
digtilled water intwo separate test tubes. To thesetest
tubesfew dropsof acohalicferricchloridewere added.
Anintensegreen colour wastaken asan evidencefor
thepresenceof phenols.

Radical scavenging activity

The hydrogen atom(s) donation abilities of the
methanolic extract was measured from the bleaching of
purple coloured methanol solution of DPPH. Thisspec-
trophotometric assay uses stableradical DPPH asa
reagent!”. For thisassay variousconcentrations5, 10,
20, 30 and 40 pg/ml of the extract in methanol was
added to 5ml of 0.004% methanolic solution of DPPH.
After 30 minutesincubation period at room tempera-
ture, theabsorbance wasread against blank sampleat
517 nm. Ascorbic acid was used as positive control .
Thetestswerecarriedintriplicate. Radical scavenging
activity was expressed astheinhibition percentage of
freeradica by thesampleand wasca culated usingthe
followingformula
Percentageinhibition=[(A -A)/A_ x100].

WhereA  wasthe absorbance of the control (blank,

without extract) and A, wastheabsorbanceinthepres-
enceof theextract. Thereactioninvolved:

Natural Products

DPPH- + Sample — DPPH, + Sample(Radicals)

(Purple colour ed) (Yellow coloured)

Cancer cdll linesand culture

Thecell linesLeukemia(THP-1), Lung (A-549),
Colon (HCT-15), Cervix (Hela) and Prostrate (PC-3)
were cultured in RPM1-1640 medium, supplemented
with Paclitaxel and Mitomycin-C (SigmaAldrich,
Madrid Spain) as positivecontrols. Thecell lineswere
culturedinindianIndituteof IntegrativeMedicines(111M-
CSIR) Jammu, Indiain ahumidified atmosphereat 37
°C in 5% CO.,,. Thecellswereincubated for 48 hours
after adding asample and then kept in cold icefor 1
hour at 4°C. The plates containing optimum density of
seeded cell suspens onswerewashed with distilled weter
and 0.4% of SRB solution (Sulpha-rhodamine-B) was
addedto each air dried platefor staining at room tem-
perature for 30 minutes. The unbound-SRB solution
was removed by washing the plates with 1% (v/v)
CH_COOH (AceticAcid). The bound SRB-dyewas
solubilised by adding 100 ml of 20mM unbuffered Tris
base (pH=10.5) to eachwell and shaking for 5 minutes
on shaker plateform. The absorbancewasmeasured at
570 nm. The experiment was repeated thrice.

Cytotoxic activity

SRB-assay was performed againgt five human can-
cer cell linesnamely THP-1, A-549, HCT-15, Hela
and PC-3, whichrevea edincreasein growth of inhibi-
tion during 48 hoursincubation at aconcentration of
100 pg/ml of methanolic and ethyl acetate extract. Dim-
ethyl sulphoxide (DM SO) was used as negative con-
trol, which was a so used as adissol ving sol vent for
different extracts, homogeneoudy. Theresults depicted
that theinhibition of different human cancer cell linesof
varyingtissueoriginwith 100 pg/ml of different extract
imparted significant cdlular cytotoxic effectsagangt al
thecdl linesthat weretested. However themaost prom-
isng resultswere obtained for ethyl acetate and metha
nol extractsagainst THP-1, HCT-15, Helaand PC-3
cancer cdl lines.

Test micro-or ganismsand growth conditions

Gram-positiveand Gram-negativestranswere ob-
tained from Microbia TypeCulture Collection(MTCC),
Institute of Microbial Technology (IMTECH)
Chandigarh, India. The bacterial strains used were
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Pseudomonas aeruginosa MTCC 1688, Proteus
vulgaris MTCC 426, Bacillus subtilisMTCC 441,
Saphylococcus epidermidisM TCC 435 and Saphy-
lococcus aureus MTCC 96. Bacteria strains were
grown on nutrient agar platesat 37 °C and maintained
onnutrient agar dants.

Antibacterial activity

Theantibacterid susceptibility test of methanolicex-
tract was carried out using the agar well diffusion as-
say'® with somemaodification. Briefly theovernight cul-
turesof theindicator strainsof bacteriawere added to
20 ml of liquid nutrient agar. The contentsof thetubes
weretransferred to petri plates. After the 10 minutes of
solidification of the agar petri platesat room tempera
ture, the punched wellson the plateswerefilled with 2
mg/ml of methanolic extract. Theincubationwas car-
ried out for 24 h at 37 °C for bacteria. Antimicrobial
activity wasassessed by measuring thediameter of the
growth-inhibitionzoneinmillimeters(includingdiscdi-
ameter of 6 mm) for the test organisms comparingto
the controls. Kennomycin (Merck, India) 10 pug per
disc was used as positive controls for bacteria. The
experiment wasperformed intriplicate.

RESULTS

Phytochemical analysis

The phytochemical analysisof different extractsof
Violaindica reveal ed the presence of alkaoids, fla-
vonoids, tannins, saponinsand phenols. However, the
results showed that the Viola indica contained fla-
vonoids, tannins, dka oidsand sgponinsingood anount.
Resultsof phytochemical analysisaredepictedinthe
form of TABLE 1. Sinceflavonoids and tanninsare

TABLE 1: Components of Viola indica extracts based on
preliminary phytochemical screening.

Test Aqueous altz:glgtle M ethanol Petet[ﬁI:rum
Tannin - - + NT
Flavonoids + - ++ NT
Alkaloids - + + NT
Saponins NT - ++ NT
Phenols + + ++ NT

++= appr eciableamount, += moder ateamount, (-) = Not present,
NT= Not tested
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responsi blefor various pharmacol ogical activities, in-
cluding anti-inflammeatory, antioxidant, antibacterid, anti-
adlergic, asthma, and anti-histamineactivity. Therefore
the methanolic and ethyl acetate extract of the Viola
indicawas screened for its possibleradical scaveng-
ing, cytotoxicand antibacterid activity usng DPPH radi-
ca, SRB, Agar well diffusion assay, respectively.

Radical scavenging activity

Methanolic extract of V. indica showed a good
result of radical scavenging activity at aconcentration
ranging from 5to040 pg/ml. Theresultsof radica scav-
enging activity are arranged and depicted in theform
of Figure 1 and TABLE 2. As shown in the results
methanolic extract reacted directly with DPPH radi-
calsand quenched them to different degreeswithin-
creased activitiesat higher concentration. At the con-
centration of 40 pg/ml, the scavenging activity of
methanolic extract reached a plateau of 51+0.2%,
whereas ascorbic acid reached 71+1.9% at the same
concentration. Generaly, antioxidantswill react with
DPPH, anitrogen-centered radicals converted to 1,
1-diphenyl-2-picryl hydrazine, dueto its hydrogen-
donating ability, at avery rapid rate. The DPPH radi-
ca scavenging assay iscommonly employedineva u-
ating theability of antioxidantsto scavengefreeradi-
cas. Thismethod has been used extensively to predict
theradica scavenging activity because of therelatively
short timerequired for andysis. Thechangein absor-
banceat 517 nmisused asameasure of the scaveng-
ing effect of aparticular samplefor DPPH radicals.
Themorerapidly the absorbance decreases, the more
potent the antioxidant activity of thesampleintermsof
its hydrogen atom-donating capacity!®9.

70+ B EXTRACT

[ CONTROL

60 -

50

40—-
ao—-
20—-
10-
o : : :
s 10 15 20 25 30 35 40

concentration pug/mil
Figurel: Radical scavenging effect of methanolicextract in
comparison tocontr ol ascor bicacid.
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TABLE 2: In-vitroradical scavenging activity of methanolic
extract of Violaindica.

M eoH.E % RSA % RSA
(ng/ml)® (M eoH.E)° (Ascorbic acid)®
5 33+1.0 27.6+1.0
10 42+1.0 32.1+1.3
20 43.1£1.0 56.1+1.5
30 48.3+1.3 67.1+2.9
40 51+0.2 71.3+1.9

a = Concentration of MeoH.E i.e methnolic extract in pg/ml, b
= Percentage of radical scavenging activity (RAS) of
methanolic extract (MeoH.E), ¢ = Percentage of radical scav-
enging activity (RAS) of positive control ascorbic acid.

Cytotoxic activity

In order to understand the effectsof methnolicand
ethyl acetate extract of V. indica on human cancer cell
lines, experimentswere carried using cultured Leuke-
mia(THP-1), Lung (A-549), Colon (HCT-15), Cer-
vix (Hela) and PC-3 cdll linesby Sulph-rhodamine-B
assay. All cell lineswere submitted to maximum con-
centration of 100 pug/ml of ethyl acetate and methanolic
extractsof V. indicafor 48 hours. Both ethyl acetate
and methnolic extract reduced theviability of thesecell
lines at above mentioned concentration. Asshownin
TABLE 3, these extractswere activeagainst THP-1,
HCT-15, Helaand PC-3 cancer cell linestested. The
percentage of dead cellsin case of THP-1, HCT-15,
Hela and PC-3 was found in the order of 81, 91,
75,61% and 70, 66, 65, 55%, for methanol and ethyl
acetate extractsrespectively, for theextract concentra-
tion of 100 pug/ml.

TABLE 3: In-vitro cytotoxic activity of methanolicand ethyl
acetat extract of V.indica.

Conc. Leukemia Lung

Colon Cervix Prostrate

Material (ug/ml) (THP-1)* (A-549)* (HCT-15)* (Hela)®* (PC-3)
EA.E 100 70+0.37 0+0.79 66+0.13 65+0.39 55+0.3
MEOH.E 100  81+0.10 14+0.93 91+0.53 75+0.32 61+0.96
Paclitaxel 1x10°® 13+0.83 61+0.12 17+0.87 6+0.37 7+0.33

Mitomycin-C 1x10° 23+0.61 43031 21095 4+0.35 67+0.31
a= % growth inhibition against a particular cell line, EA.E=
Ethyl acetat extract, MeoH.E= Methanolic extract.
Antibacterial activity

Themethanolic extract from V. indica showed an-
tibacterial activity at aconcentration of 2 mg/ml againgt
all thetested Gram-positive and Gram-negative bacte-
riai.e., Pseudomonas aeruginosa, Proteusvulgaris,
Bacillus subtilis, Saphylococcus epidermidis and
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Saphylococcusaureus. Themethanolic extract of V.
indica showed the maximum zoneof inhibitionsagainst
S epidermidis (29 mm), S. aureus (23 mm) and P.
vulgaris (22 mm). However, the zone of inhibitions
shown by extract againgt P. aeruginosa and B. subtilis
was 18 and 20 mm, respectively. The data pertaining
totheantimicrobia potentia of themethanolic extract
of V. indica are presented in the form of TABLE 4.
Recently, there has been considerableinterest in ex-
tractsfrom plantswith antimicrobial activitiesfor con-
trolling pathogens and/or toxin producing microorgan-
ismsinfoodg™13,

TABLE 4: In-vitroantibacterial activity of methnolic ex-
tract of violaindica and r efer ence antibiotics deter mined
with theagar diffuson method.

M icro-(l)—r?anisms MeoH. E* Kennomycin M.control®
P. aeruginosa 18+0.62 30+0.21
P. vulgaris 22+0.56 30+0.21
S aureus 29+0.14 30+0.21
B. subtilis 20+0.65 30+0.21
S epidermidis 23+0.84 30+0.21

M eoH.E?2 =Zones of inhibition of Methanolic extract in mm,
M .control®>=M ethnol pure was used control, (-) = No inhibition

DISCUSSION

Investigation of extractsof violaindicaindicated
the presence of akaoids, flavonoids, tannins, sgponins
and phenols, which may beresponsiblefor itsin-vitro
radical scavenging, cytotoxic and anti-bacterial activi-
ties. Phenol and phenolic compoundssuch asflavonoids
have been shown to posse’s significant radical scav-
enging activities. Phenolic compounds can besimple
withasinglearomatic ring bearing at | east one hydroxyl
group. Polyphenolshaveat | east two subunitssuch as
flavonoids or three or more phenol subunits called
tannins.

Li, and co-workers'¥ reviewed the biologica ac-
tivities of tannins and observed that tannins, whether
total or pure compound have remarkable activity in
cancer prevention and anticancer activity. In addition
toitsantimicrobia and anticancer activities, tanninsare
potent antioxidants™™. Havonoidswhichared soamong
thecongtituentsof V. indica extractsexhibit awiderange
of biologicd activitieswhichindudeantimicrobid, anti-

-
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inflammeatory, anti-analgesic, anti-al ergi ceffectsand anti-
oxidant properties®®. Flavonoidsability of scavenging
hydroxyl radical s highlightsmany of their health-pro-
moting functionsin organisms, which areimportant for
prevention of diseasesassoci ated with damage of mem-
brane, proteinsand DNA™, Havonoidsinhuman diet
may reducetherisk of various cancers, aswell aspre-
vent menopausal symptoms®. Alkaloids, anitrogen
containing classof compoundsreported toinhibit vari-
ous pathogenic bacteria’s growth!*d., Lastly, saponins
which areresponsiblefor numerous pharmacol ogical
properties'® were al so present in both ethyl acetate
and methanolic extract of violaindica. Theobserva
tions above support the use of viola indica ethyl ac-
etate and methanolic extract in herbal cureremedies.

CONCLUSION

Thecurrent study indicatesthat V. indica could be
used asapotentia source of radical scavenging and
cytotoxic agents. Theresultsof antibacterid activity of
Violaindica could a so support to discover some new
classes of antibiotic substanceswhich could serveas
sdlective agentsfor infectious disease.
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