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ABSTRACT

Solvent extracts were prepared from dried fruit®gder longum and their antioxidant activities
were evaluated. Out of the different extracts tedige hot ethyl acetate extract and cold hexane:
water extracts (1:1) showed better antioxidant\dtti The screening of antimicrobial and anti
tumor effects of piper longum showed the bettecaely of these two extracts. The anti tumor
activity studies showed a dose dependant behawdtithie extracts towards the leukaemic cell
lines K562 .Among the three bacteria tested, hbyletcetate extract showed more potency
against E coli than Bacillus subtilis and was foundoe less active for Staphylococcos aureus.
The antioxidant, antimicrobial and anti tumor etfeevere found to be higher for hot extracts
than cold extracts. The chemical fingerprintingtleé most active extract was also carried out
using HPTLC. The present study paved way for thaetion procedure for better biologically
active constituents of Piper longum.

Key Words: Piper longum Antioxidant activity; Anti tumor activity; Antingrobial activity;
HPTLC profiling.

INTRODUCTION

Piper longum(Indian long pepper), a well-known traditional rwdlal plant indigenous to

North-Eastern and southern parts of India and i8«ais used for the treatment of respiratory
tract diseases like cough, bronchitis, asthma,, addcounter-irritant and analgesic. It is applied
locally for muscular pain, inflammation and intdipaised as a carminative in conditions such
as loss of appetite and sleeplessness [1]. In tbst&h part of India aqueous extract of the roots
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of Piper longumLinn. are used as food material [2]. In additiorthis there isa major role for
Piper longumLinn. in preventing the cancer development in the expamtal glioma model[3]
The extract of the root dPiper longumand its major compound, piperine exert anti-oxidan
activity and are protective in the myocardial isoie condition [4]. The alcoholic extract of the
fruits of the plant Piper longum and its component piperine showed significant
immunomodulatory and antitumor activity [5]. Pipenaline, a piperidine alkaloid derived from
long pepper, possess a mosquito larvicidal act{ély

Piperine was the first amide isolated from pipeecsgs and was reported to display central
nervous system depression, antipyretic, and affinmmatory activity [7].Moreover piperine
possesses anti-inflammatory and anti-arthritica#¢8]. The isolated constituents from the n-
hexane extract gpiper longum were found to show better activity profile thdre tn-hexane
extract, which indicates that the isolated constits might be responsible for the antibacterial
activity[9]. Ethyl acetate extracts Biper longumroot, stem and leaves showed relatively better
anti-microbial effect against most of the testeglamisms [10]. Th&iper longumdried fruit's oil
showed significant anti-inflammatory activity onregeenan-induced rat paw edema [11].
Isolates fromPiper longumfruit extracts showed antimicrobial activity agstirGram-positive
bacteria and Gram-negative bacteria [12].Howeweafigrmation pertaining to the systematic
studies on the comparison between the hot andmettiods of extraction is lacking. Here, we
wish to report the anti oxidant, antimicrobial aaatitumor effects of hot and cold extracts of
piper longumdried fruit and to make a comparison of these éwtvacts in terms of its activity
and the chemical fingerprinting by HPTLC analysis.

EXPERIMENTAL SECTION
2.1. Materials
Piper longumfruits were procured locally, authenticated by B#ment of Botany, University of
Kerala.Chemicals and reagents used were Gallic aodium carbonate, 2,2-diphenyl-2-picryl
hydrazyl (DPPH), 2,2’-Azino-bis-ethyl benzothiaz@i6-sulfonic acid(ABTS), Trolox, hexane,
ethyl acetate, methanol, Folin-Ciocalteu reagendpnhcentrated sulphuric acid, 3-(4,5-
Dimethylthiazol-2yl)-2,5-Diphenyl Tetrazolium Brode and Phosphate buffer saline(PBS). All
the reagents were of analytical grade and were w#bdut purification. HPLC grade solvents
were used for HPTLC fingerprinting.

2.2. Preparation of hot extracts

About 270g of the powderegiper longumfruits were extracted in a soxhlet apparatus with
hexane, ethyl acetate and methanol sequentiallg foinimum of 8 hours. These extracts were
concentrated at below %D under reduced pressure and each of these extvassmade up to a
definite volume with methanol and kept as stockisoh for further analysis.

2.3. Preparation of cold extracts

About 20g of the powdergaiper longumfruits were extracted with hexane: water, ethytate:
water, methanol: water in 1:1 ratio sequentiallynbyans of mechanical stirrer for a minimum of
12 hours. These extracts were also preserved isetime manner as that of hot extracts.

2.4. Antioxidant studies
2.4.1. Total Phenolic Content (TPC)
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Total phenols were recorded by Folin-Ciocalteu emag13].Various extracts and standard

Galllic acid, made up to 3.5 ml using distilled watea series of test tubes, were treated with 0.5
ml 2N Folin-Ciocalteu reagent and incubated for iButes in room temperature. The reaction

was then neutralized with the addition of 1mL 20%@0; ,incubated at room temperature for

90 minutes and the absorbance of the blue coloeldpgd was read at 760nm using a
Spectrophotometer (Shimadzu UV- Vis - Spectrophetem model 2450). The Total Phenolic

Contents was expressed as:

% TPC= (Observed concentratixctual concentration) x 100

2.4.2. DPPH radical Scavenging Capacity

The antioxidant activity of the extracts was deteaed in terms of hydrogen donating or radical
scavenging ability, using the stable radical DPRetording to the method of [14]. A methanol
solution of the extracts at various concentrati(i®5-50 lg) was added to 5 ml of a 0.1 mM
methanolic solution of DPPH and allowed to stand2® min at 29C. The absorbance of the
sample was measured at 517 nm. Radical scavengtiifyawas expressed as the inhibition
percentage of free radical by the sample and wiasleged using the formula

% DPPH radical scavenging activity
= (control OD - sample OD/control OD) X 100

% of radical scavenging activity was plotted agaitte corresponding concentration of the
extract to obtain 1G5 value. The IG, values are inversely proportional to the antiowida
activity.

2.4.3. ABTS Cation Decolorisation Capacity

The free radical scavenging activity of the extraes determined by ABTS (Sigma-Aldrich)
radical cation decolourisation assay[15]. The ABRIESolorisation assay involves the generation
of ABTS" chromophore by the oxidization of ABTS with poiass persulphate. The ABTS
radical cation (ABTY was produced by reacting 7mM stock solution ABWEh 2.45mM
potassium persulphate and allow the mixture todsianthe dark for at least 6 hours at room
temperature before use. The ABTSblution diluted to an absorbance 0.7 + 0.05 i th/-
visible spectrophotometer (Shimadzu UV-2450) atnr36Absorbance was measured 7 minutes
after the initial mixing of different concentratiorof the extracts. The ABTSlecolorisation
capacity of the extracts were compared with thadsited Trolox.The percentage of scavenging
activity was calculated as:

% scavenging activity=
[(@bsorbance of control — absorbance of samiab¥orbance of control] x100

2.5. Anti tumor screening studies

Cytotoxicity analysis by MTT Assay

MTT (3-(4,5 Dimethylthiazol-2yl)-2,5- Diphenyl Tetzolium Bromide) assay, is based on the
ability of a mitochondrial dehydrogenase enzymanfreiable cells to cleave the tetrazolium

rings of the pale yellow MTT and form a dark blugrmhazan crystals which is largely
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impermeable to cell membranes, thus resultingsimécumulation within healthy cells. Addition
of a detergent results in the liberation of thestais, which are solubilised. The colour can be
spectrophotometrically measured. The level of tlowed formazan products is directly
proportional to the number of surviving cells.

Cells harvested in the log phase of growth weretambiand seeded (5<L6ells/well in 100 pl)

in 96 well titre plates. PBS was added to the outelts (200ul/well).To allow cell attachment
(in the case of adherent cells), cultures weretdteavith varying concentrations of the extract
(two of the extract namely hot ethyl acetate extrand cold hexane: water at various
concentrations like 2Q@/mL, 40Qug/mL and 80Qg/mL) in medium and were incubated at
37°C in 5% CQ for 24 hours .Each treatment was carried ouriplidates. Untreated cells
served as negative control and the plates werdated for 48 and 72 hours. On completion of
incubation, the media were removed from wells withdisturbing the cells. To each well 100ul
of 1mg/ml solution of MTT were added and plateseni@cubated for 2 hours in dark at 37°C in
a CQ incubator. 100 pl of lysis buffer was added toheall and the plates were further
incubated for 4 hours in dark in a g@cubator. After the incubation period, absorbanees
read at 570 nm using a multi well plate reader%naf cytotoxicity was calculated as,

% of Cytotoxicity =
100 — [(O D of the treated cells/O D of the contrells) x100]

2.6. Antibacterial studies

The study investigates the antibacterial activity pgoer longumfruit using broth dilution
technigqueStaphylococcos aureus, Escherichia coli, Bacillubtiis are the organisms used for
the study and Ampicillin is used as the positiveitonl. Previous studies show that, Piperine
which is one of the major constituent of piper long show significant antitumor and
antibacterial activities [16]

Nutrient broth preparation:
A media of composition Tryptone 10 Grams/L, Sodiahioridel0 Grams/L, Yeast extract 5
Grams/L and Distilled water 1000mL was preparedatjdsted to a "Pof 7 to 7.2.

Broth dilution technique

The tubes with nutrient broth were sterilized inaartoclave and mixed well. The flask was then
cooled and cultures were inoculated and kept iotary shaker for 2h at 37°C at 120 rpm. The
organisms were selected for the experiment onc®iheeaches 0.3 at 650 nm.10 mg of hot and
cold extract ofpiper longumwere dissolved in 1ml DMSO. Plated 100 pl of céli® all the
wells in a 96 well plate. Then add 100 pl of difier concentrations of the serially diluted
extracts. Positive (Ampicillin) and negative comtmedium and cells were treated with 10%
DMSO diluted in Nutrient broth and added in respectvells. The plate was incubated at 37°C
for 48 hours. Absorbance was taken at 620 nm iElaSA reader and the % inhibition was
calculated as follows:

% inhibition =
100- [(absorbance of the test sample / absorbanmentrol) x100]
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2.7. HPTLC analysis of most active extracts

HPTLC analysis was performed on the active extragth as hot ethyl acetate and cold Hexane:
water (1:1) extracts. Several amides are isolateth fPiper longumL. by upright counter-
current chromatography and reversed-phase liguiohcatography [17]. In the present study the
mobile phase consisting of ethyl acetate: methé@PRO0, v/v) was selected. After development,
the plates were heated for 3min at¥1@ising TLC plate heater-1Il (Camag) and analyge2Da

nm. TLC Scanner-I11l controlled by winCATS softwdf@amag) was used for the analysis.

RESULTSAND DISCUSSION

3.1. Total Phenolic Content (TPC)

It was found from the studies that ethyl acetateagk (hot extraction) opiper longumfruit
exhibit high TPC (12.2 mg/g equivalent of galligdhand the phenolic contents were decreased
in other extracts like methanol and hexane (7.0 abdmg/g equivalent of gallic acid). While
considering the cold extraction, hexane: water |[Idtio exhibits high TPC (10.14mg/g
equivalent of gallic acid) and the same were deg@an other extracts like ethyl acetate: water
[1:1] and methanol: water [1:1] (4.20 and 3.78 nmeggivalent of gallic acid).

Among the hot and cold extracts mper longum the total phenolic contents were found to be
greater for hot extracts rather than cold oneswai¥er, the cold extraction giper longumwith
hexane and water in the ratio 1:1 gave better yélthe phenolics than with polar solvents like
ethyl acetate, methanol and water in the ratio Wihile in hot extraction the ethyl acetate is
suitable for total phenolic extraction.

3.2. DPPH Scavenging Activity

DPPH free radical method is a sensitive way to rdatee the antioxidant activity of plant
extracts [18]. Because of the free radicals, dexrdike neurodegenerative diseases, cancer and
AIDS may arise. Antioxidants due to their scaveggactivity are useful for the management of
those diseases. The DPPH radical scavenging aesiof all the extracts were dose dependent
and the results are shown in Fig.1.The amount d?DBcavenging activity appeared to depend
on the phenolic concentration of the extracts. Mighest DPPH radical scavenging activities
were shown by hot extracts rather than cold onés. 8thyl acetate extract shows high radical
scavenging activity (16 123.6Qug/mL) compared to other hot extracts methanol aexhhe
(ICsp 350.17 pg/mL and 160.01g/mL respectively).In the case of cold extractg thdical
scavenging activities were high in hexane: watet)({Cso 379.38g/mL) than in other cold
extracts like ethyl acetate: water (1:1) and mathawater (1:1) (IGy 726.7%u9/mL and
822.401,g/mL respecticely).The & value for the standard Gallic acid was found tolbgé
pg/mL. On comparing both the cold and hot extratis,hot extracts of piper longum are more
powerful radical scavengers.

b) ABTS radical Cation Decolorisation Capacity

The ABTS radical cation scavenging activities dfthk extracts are presented in the fig. 2.
Among all the extracts studied the hot ethyl aeetattract showed the higher ABTS radical
cation scavenging activity (kg 13.97.g/mL).The other extracts, hexane and methanol stiowe
comparatively low decolourisation capacity {4§G38.98ug/mL and17.04.g/mL respectively). In
cold extracts, hexane: water (1:1) possesses catngdy high ABTS decolourisation capacity
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(ICs0 80.38ug/m), while the 1Go values for other extracts like ethyl acetate: wglel) and
methanol: water (1:1) were found to be highs¢lC12.3ug/mL and 123.48g/mL respecticely)
and possesses low decolourisation capacity. TegviBue for the standard Trolox was found to
be 3.24ug/mL. Thus the results indicated that the hot ex¢r@fpiper longumare good cation
scavengers than the cold extracts

In all the antioxidant assays performed, the hbyledcetate extract possess high antioxidant
activity when compared with the cold hexane: wétet) extract. Hot Ethyl acetate extract is the
most active antioxidant extract compared to othet &nd cold extracts oPiper longum
fruits. The extraction procedure for the active poments fronpiper longumis best through hot
sequential extraction with solvents of increasintapty.

3.3. Anti-tumor activity

In the case of hot ethyl acetate extract the dgtiewards the leukaemic cell lines K562 is 10%
at 20Qug/mL, 13%at 400g/mL, 21% at 800g/mL and for the cold hexane: water (1:1) the %
cytotoxicity is 2% at 20Qug/mL, 5% at 40Qug/mL, and 9% at 80Qg/mL.The results indicated
that the anti-tumor activities of hot ethyl acetatdract is higher than the cold hexane: water
(1:1) extract. There was a concentration depenmhenéase in the percentage of cytotoxicity
of all the extracts i.e. in a dose dependent mariflee low activity may be due to the less
percentage of the active compounds present inxXtract. The bioactivity directed fractionation
can be made to increase the effectiveness of ttracexowards the cancerous cell lines by
enriching the active chemical components.

3.4. Antimicrobial activity

Higher antimicrobial activities were obtained irethot ethyl acetate extract compared to the
cold hexane: water (1:1) extract and the resukspmesented in Figs.3 and 4. Antimicrobial
activity of ethyl acetate (hot extract) and hexamater (1:1) extract dPiper longumwere tested

in three bacteria. Among the three bacteria testetiethyl acetate extract showed antibacterial
activity againstEscherichia coli, Bacillus subtilisand was found to be less active for
Staphylococcos aureusAs the concentration of the drug increases, theylotoxicity also
increases. Since the % cytotoxicity is less th@¥h 5we cannot found out the Kgvalues in the
caseStaphylococcos aurewss the activity is very low. From the studiessitobserved that the
cold extracts showed less antibacterial activitgiagt the tested bacteria.

3.5. HPTLC profiling

The HPTLC pattern of both the hot ethyl acetate @id Hexane: water (1:1) extracts shows the
presence of several interesting compounds (FigdS6uit is observed that the major component
of hot and cold extracts &fiper longumfruits is piperine (with an Rralue of 0.52 to 0.76).But
the antioxidant effects of piperine were obserwethe high compared with the extracts (22.66
ug/mL for 50% inhibition of the radicals in terms DPPH assay[4]. Thus the results indicated
that the activity directed fractionation and ismatcan improve the efficacy.
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Fig.1. DPPH Evaluation of hot and cold extracts of Piper longum fruit.
Values are means of triplicate determinations (nx3jandard deviation. EtOAc—ethyl acetate, MeOHtharol
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Fig.2. ABT S Evaluation of hot and cold extracts of Piper longum Fruit.
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g.3. Anti bacterial activity of hot extract of Piper longum fruit

Values are means of triplicate determinations (nx3jandard deviation. ECOLI - Escherichia coli, AHH -

Staphylococcos aureus, BACILLUS - Bacillus subtilis
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Fig.4.Anti bacterial activity of cold extracts (1:1) of Piper longum fruit
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Fig.5. HPTLC pattern of the hot Ethyl acetate extract
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CONCLUSION

The study established that the method of extraaifdhe active principles d?iper longumhas a
profound effect on its biological effects. We prepd hot sequential extraction with ethyl acetate
after hexane fopiper longumto have potent bioactive extracts in terms ofaitgioxidant,
antimicrobial and anti tumor effects. The chemiftager printing of the most active extracts
namely hot ethyl acetate and cold hexane: watethénratio 1:1 indicated the presence of
different types of compounds in varying compositidot extract ofPiper longumfruits showed
better biological efficacy than the cold extradheTbioactivity directed fractionation procedures
increases the effectiveness of activity by enrigtthre active chemical components.
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