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ABSTRACT

The cocoa leaf (CL), seeds (CS) and pod (CP) were studied for the estimation of medicinal properties that they
contain and the focus was screening for anticancer ability. Extraction of the samplesin Soxhlet apparatus was done
with methanol as the solvent followed by phytochemical analysis, antimicrobial activity, antioxidant assay and
anticancer activity. Thin Layer Chromatography (TLC) showed the number of compounds in hexane: ethyl acetate:
methanol solvent system for cocoa pod and chloroform: methanol solvent for cocoa leaf under UV illuminator. The
antimicrobial assay by agar well diffusion method of cocoa seeds showed zone of inhibition against pathogens
Serratia marcescens, Staphylococcus aureus, Salmonella sp. and Shigella dysenteriae. Further, antioxidant assay
was performed using DPPH radical scavenging assay. The sample was then tested for cytotoxicity assay against
MG63 osteosarcoma cell lines and active compounds were identified by doing Gas chromatography and Mass
spectroscopy (GCMS).

Keywords: Soxhlet extraction, antimicrobial, antioxidant, pdghemical screening, MG63 cell lines.

INTRODUCTION

Theobroma cacao, popularly known as Cocoa, is an evergreen trdengang to the familyMalvaceae. The

sequence of the cacao genome identified 28,79&iprobding genes, about 20% of which consist afspasable
elements. Among them many were identified as coétindglavonoids, aromatic terpenoids, theobromind anany
other metabolites. A relatively high proportionggnes code for polyphenols, which constitute up%oof cocoa
pods dry weight. The fermented, dried seeds arsidered as aphrodisiac, and its unique chemicalposition

promotes a certain amorous and energetic brairvilgctivhich is attributed to the psychoactive alkd®
theobromine and caffeine. Infusions of leaves aeduas cardio tonic and diuretic. The seeds ate ihigopper,
sulphur and vitamin C. Two flavonoids in particyleatechin and epicatchin are found in extremedj imount in
cocoa and have copious amount of research supgdht#ir wealth benefits. The most well-known cheahfound

in cocoa is phenyethylamine (PEA) which helps thdybto produce opium-like compounds, commonly kna@asn
endorphin that boosts levels of the neurotransmittgamine. Cocoa bean has abundant deposit opipahpls.

Total polyphenol content of cocoa is significartigher than blueberry, cranberry, pomegranate andequently
anti-oxidant activity is much higher than other.eThntimicrobial activity of cocoa polyphenols agiGram

positive and Gram negative by agar diffusion intidini method showed this property of cocoa polypleima new
discussion [1]. Here methanol and acetone was fdaanoke better solvents for extraction of antimigablactive

substances compared to water.

The anti-oxidant capacity of water and ethanolitrasts from cocoa pods showed amazing results. ekract
made from water showed the higher value of antitaxi activity based ofi-carotene bleaching assay, while the
extract made from ethanol showed the highest scavgrresults and ferric reducing activities [2]e thbility to
scavenge superoxide radicals and hydroxyls radicatiuce peroxyl radicals and inhibit lipid peradidn [3].
Cocoa help oxygenate the brain and promote detatifin of industrial chemical in the body. Cocoas femn

287
Scholar Research Library



Jayanthi Abraham et al Der Pharmacia Lettre, 2015, 7 (7):287-294

important, immune stimulating effect and can beduadjunctively to treat cancer, the centre of regedn this
paper.

MATERIALS AND METHODS

Sample Collection and Preparation

The cocoa seeds, leaves and pods were explantedafmocoa plant in nursery of VIT University, Velo Tamil
Nadu, India. The samples were collected in sterilyethene bags and transported to the laborakamther, they
were washed under tap water for 10-15 min followgdterile distilled water for 5-10 min. Later teemples were
sun dried for 3-4 days until a constant weight staded in airtight containers.

Soxhlet Extraction

The crude samples of Cocoa leaf, seed and podsosteeted and coarse powder was made using a rgiketer.
30g of the powdered sample was subjected to ekiraetith Soxhlet apparatus using methanol. The gsec
continued for 4-5 h followed by filtration with Wtraan filter paper no. 1. The filtered extract waied in vaccum
drier and the resulting extract was stored@tfér further analysis.

Thin Layer Chromatography (TLC)

TLC was performed and the analysis was made orasgel bed solidified on aluminium sheath. Foufedént
solvent systems were used for the analysis of tt@as. The first solvent was prepared by addiegane, ethyl
acetate and methanol in the ratio of 4:2:2. Themsecolvent was prepared by mixing hexane, forrid and
glacial acetic acid in 4:2:2 ratio. Third solvegstem was prepared using hexane, acetone andasthidte mixed
in the ratio of 4:2:2 while the last solvent waggmared by mixing chloroform with methanol in 8:2iwaSolvent
front was drawn on the pre-coated (silica gel 60 Tsheet, with a pencil marked a line across ttaeplOmm
(=1cm) from one end. The four freshly prepared eals were poured into 50ml beakers, labelled reisede and
was covered with aluminium foil. A capillary tubeagvused to make a spot of the sample extract omlLtiesheet
and the TLC sheet was placed inside the beakeghipit was made sure that the spot was abovedlers. Care
was taken that TLC was not touching the sides ebisaker.

As the solvent reached the marked solvent from, lihe TLC plates were removed and the end pofrtseovisible
pigments were marked respectively for each prepsobebnts. The plates were then air dried and fileerdistance
of the solvent moved, we can quantify the rate @fration was quatified for the compound using tatorreferred
to as the Rf value.

R;value = Distance travelled by solute front
Distance travelled by solvewintr

The TLC plates were then visualized under UV Ligttirce, using UV Trans-illuminator.

Phytochemical Screening

The filtered crude extract of cocoa was partitiobgdsequential extractions of ethyl acetate, n-hexahloroform
and 70% ethanol after being concentrated undercestpressure. These formed fractions which werulzked by
phytochemical qualitative reactions for common seeoy metabolites of cocoa plant, then screened for
carbohydrates, alkaloids, flavonoids, saponinspitenand phenolic acids. The colour intensity @ tirecipitate
which was formed was used as analytical test cttro

Test for carbohydrates (Fehling’s test): About IrhFehling A and Fehling B solution were addedhe éxtract.
Then it was allowed to heat for 30 min and obserfgrdthe formation of brick red color which indieat the
presence of carbohydrates.

Test for alkaloids (Wagner’s test): A small amoohtextract was taken in a test tube and 3-5 drép&/agner’s
reagent (1.27g of iodine and 2g of potassium iodid@00ml of water) was added. Formation of reddisbwn
precipitate or coloration indicated the presencalkdiloids in the extract.

Test for saponins (Foam test): About 0.1g of samyds mixed with 5ml of distilled water and allow&d boil.

Then the mixture was filtered and 2 drops of olbiewas added in 1ml of filtrate. The mixture wdsaken and
formation of emulsion and froth was observed. The flltrate was diluted by adding upto 4ml of diletil water.
The mixture was shaken vigorously and observea fable froth.

Test for flavonoids: The filtrate was prepared loylihg the mixture of 0.5g of sample and 10ml dfydtacetate for
1 min. Then the mixture was filtered and 4ml ofrfite was shaken with 1ml of 1% ammonium chloridieition.
Formation of yellow color in the presence of amnoomisolution indicated the presence of flavonoids.
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Test for phenols (Ferric chloride test): About lofiextract was mixed with 1ml of distilled waterdawarmed. To
this 2ml of ferric chloride solution was added. fation of green or blue color confirmd the presesfcghenols.

Test for tannins: 5grams of the dried and powdseadple was boiled in 20 ml of water in a test twfitb the aid of
a water bath and was filtered. Then add a few dodferric chloride to the test tube. Appearancémiwnish green
or bluish black coloration indicated the presenfc&nnins.

Anti-Microbial Assay

On Mueller-Hinton agar each bacterial inoculum wasgab streaked that has been previously prepared by
inoculating pathogen&taphylococcus aureus, Eschericha coli, Salmonella sp., Shigella dysenteriae, Klebsiella
pneumoniae, Serratia marcescens, Enterobacter sp., Pseudomonas aeruginosa and Proteus mirabilis into nutrient
broth with overnight incubationyhich were obtained from Microbial BiotechnologyH,avIT University The
wells were cut into agar plates and different cotragions of sample extract solutions were placethée wells, i.e.
25ul, 50ul, 75ul, 100ul (25 mg/ml) and 100ul of haetol was added to one well as control. Plates wen
incubated for 24h at 35+ 0.5°C. The clear zonabihition was observed and measured in mm.

Anti-Oxidant Assay

Each extracts with concentration 25 mg/ml (400 was pipetted into 2,2-diphenyl-1-picrylhydraz{ibDPPH)
solution concentration 106L (1:1) to initiate the reaction. The absorbance wead at wavelength 517 nm after 15
minutes incubation using UV-Vis spectrophotometdethanol concentration taken was 29@0was used as a
blank and DPPH solution as standard. Analysis waisedin duplication for standard and each extragib.
measurement procedures were performed in dark rémtioxidant activity of each extracts was deteredrbased
on the reduction of DPPH absorbance by calculgiargentage of antioxidant activity.

A volume of 300ul was used as 100% of the anti-axidactivity as calculated by the given equatioherg “A”
represents each absorbance value:

Antioxidant activity (%) =  (Aandard— AesyX 100
(Astandara

Gas Chromatography — Mass Spectrometry (Gcms)

The carrier gas was chemically inert and He (128)kiWas taken. The Injection was Split and with tiedp of
Microsyringe 1uL of sample extract was injected and the tempesatuais kept at 250°C. Inert Cap Pure-Wax
Column was used (0.25mml.D x 30m df= QuB§ and the column temperature was set at 40°Ctfiest dropped
down to 4°C per min and again increased to 250°Cveas kept for 5 mins. The detection was done byddsh
(m/z; 55-400) was used to detect the sample.

Anti-Cancer Activity

The human osteosarcoma cell line (MG 63) was obthfrom National Centre for Cell Science (NCCS)h&and
grown in Eagles Minimum Essential Medium containit@io fetal bovine serum (FBS). The cells were nadiretd

at 37C, 5% CO2, 95% air and 100% relative humidity. Tyéotoxicity was determined using MTT assay [4].
MG63 cells were seeded at a density of 1 %cBlls/well in 100 pl of cell culture medium and nelaced in 96
well microtitre plate. After 48 hours of incubatjdtbpl of MTT (5mg/ml) was dissolved in phosphatéfér saline
(PBS), was micro-pipetted to each well and agatabated at 37°C for 4 h. The medium containing Mias then
removed and the newly formed Formazan crystals vgetabilized in 100ul of DMSO. The absorbance was
measured at 570 nm using a micro plate reader [5].

The cell viability percentage was then calculatétth wespect to control as follows:

Cell viability (%) = [A] restX 100
[Adontrol

The cell inhibitionpercentage was determined usiiegfollowing formula:

Cell Inhibition (%) =[100- Abs (sample)]x100
Abs (control)

Nonlinear regression graph was plotted between i@hibition percentage and Log concentration an80i@vas
determined with the help of GraphPad Prism software
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RESULTS AND DISCUSSION

Phytochemical Analysis

Preliminary phytochemical screening of all the ¢hrextracts showed the presence of different phgimital

classes as shown in table 1. The presence of gigdechemicals active compounds identified are kméovhave
beneficial importance in medicinal properties usedpharmaceutical and therapeutic purposes. Sapoaml

flavonoids were present in all the extracts. Samoaire mild detergent with therapeutic effects saglkanticancer,
hypercholestrolemic, antioxidant, etc. [6]. HowevBavonoids are also known for a wide range ofldiaal

activities like antimicrobial, analgesic, antialier, cytostatic and anti-inflammatory. Also tanningve antiviral,
antibacterial, anticancer properties. They are alde to inhibit HIV replication , sensitivity amtiuretic [7].

Table 1. Phytochemical screening of Cocoa extracts

S. No. Solvents Extract| Solute front (cm)] Solventdnt (cm) Re
. . pods 4.7 5.0 0.94
1 hexane:ethyl acetate:methanol seeds 138 5 0.9p
2 hexane:formic acid:glatial acetic acid  leaves 2.8 5.1 0.55
pods 2.9 4.2 0.64
3 hexane:acetone:ethyl acetate seeds 2.9 4.3 0.6f
leaves 2.8 4.2 0.67
4 chloform:methanol leaves 34 3.6 0.p4

Thin Layer Chromatography

The TLC was used to identify each components ofetkieacts by its characteristic Ralue. For solvent 1 we
observed two spots for pods and seeds with walRe of 0.94 and 0.92 respectively. While fromveat 2 we
observed only one spot for leaves with;as&ue of 0.55, for solvent 3 we observed 3thredssfmr pods, seeds as
well as leaves with aRalue of 0.69, 0.67 and 0.67 respectively. Foresa\vd we observed only a single spot for
leaves with a Rvalue of 0.94.

Anti-Microbial Assay

Antimicrobial assay was done by measuring the zmfni@hibition for the extracts of cocoa samplesiag@anine
pathogenic strains. Cacao seeds extract was ablehibit four pathogenic strains which includ® aereus,
Salmonella sp., K. pneumoniae and S. marcescens showing a zone of inhibition range of 12-17 mm iandeter.
Similarly, zone of inhibition was observed agai8saureus, S. dysenteriae andK. pneumoniae when cacao leaves
extract was placed in the wells. There was a maximane of 23 mm againit pneumoniae suggesting potential
antimicrobial effect which makes it an ideal drddne agar well diffusion assay of cacao pod extdagicted the
inhibition against four different clinical pathogemamely,S. aureus, Salmonella sp., K. pneumoniae and P.
aeruginosa. Different concentrations of the extract showeffiedent level of inhibition with a highest of 17 mm
diameter. The results with all the zones and camagons for all the three extracts are given lrige2.

Table 2. Antimicrobial activity of Cocoa extracts

Zone of Inibition (mm)
S. No Pathogen Seeds extract (ul)| Leaves extract (ul) Pods extraftl)
50 | 75| 100 50 75 100 5 75 100

1 Saphylococcus aureus 13 16 17 20 22 23 12 14 14
2 Eschericha coli - - - - - - - - -
3 Salmonella sp. 18| 19 21 - - - - 13 16|
4 Shigella dysenteriae - 13 18 - 15 17 - - -
5 Klebsiella pneumonia - 14 19 21 23 23 - 12 14
6 Serratia marcescens - 11 17 - - - - - -
7 Enterobacter sp. - - - - - -
8 Pseudomonas aeruginosa | - - - - - - - 10 13
9 Proteus mirabilis - - - - - - -

Antioxidant Activity (%) Assay:

Antioxidant activity was evaluated by DPPH methdHe total antioxidant property of the extracts ref® the free
radical scavenging capability of the componentsemein the extract. DPPH gives purple coloratmthe reaction
mixture but if any antioxidant is present, theraisolor change from purple to yellow showing dedahtion of
DPPH to form Maximum scavenging was observed inpite extract as shown in table 3. The reducing/iggtof
the extracts followed the order pods >leaves >seglieh could be due to high amount of reducingnégén the
pods extract. The reducing properties are geneaaltpciated with the presence of reducing agerisamtioxidant
action, by breaking the free radical chain throdghating a hydrogen atom [8]annin is a group of polyphenolic
phytochemicals, which is believed to be respondibtedietary astringency and is widely distributedcocoa. A
number of studies have shown the correlation ofatit@xidant activity of extracts with the phenationtent of the
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extract. The antioxidant property of the phenolicaainly due to their redox potential which allothem to act as
a good reducing agent, hydrogen donor and singlgenxquenchers [9].

Table 3. Antioxidant activity of Cocoa extract

S. No. Sample OD at 517 nm % Scavenging Activity
1 Standard (10mg/ml 0.802 _
2 Seeds extract 0.306 61.85
3 Leaves extract 0.231 71.20
4 Pods extract 0.210 73.82

Gas Chromatography — Mass Spectrometry (Gecms)

The chromatogram of seed extracts depicts the peesef predominantly caffeine and theobromine & skeed
extract (fig. 1). Some traces of isoquinolone wels® found in the extract. In the leaves extratdresand ketones
(fig. 2) were predominant while pods extract showezlpresence of papeveroline (fig. 3). The peagsysed from
the mass spectrometric unit were compared withNisé library data to obtain the best match andcstme of the
compounds which could be the reason of the antohiaf activity of the extracts.

1004 24.73

%

27.02

18.15

T T T T T T T T T Time
7.25 12.25 17.25 2225 27.25

Fig. 1 GC-MS analysis of Cocoa seeds extract
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Fig. 2 GC-MS analysis of Cocoa leaves extract
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Fig. 3 GC-MS analysis of Cocoa pods extract

Cytotoxicity Assay
Since the extracts showed good amount of antioxidativity, they were further processed for anteemactivity

against MG63 osteosarcoma cell lines. All the thexeteacts showed deterioration in the cell linesdmong all the
three extracts pods extract showed maximum inbibitf the cancer cell lines. Based on the anticascesening
using MTT assay illustrated in figure 4, with amri@ase in the concentration of the extract, théitibn was also
directly proportional causing the cancer cell daatlan increasing fashion. There was a moderafeitgcagainst
the osteosarcoma cell lines, which was confirmetth thie MTT assay which is a typical method commardgd in
determination of anticancer activities. Thus th@asure of cancer cells to cocoa extracts inducethmificant
reduction in the conversion of MTT which means #uta disintegration and cytotoxicity reflectedofn the
parallel dose and time dependent decrease of gwlzdnce measured [10]. As the cytotoxicity waseoled more
pronounced in cocoa pod extract, the deteriordtidhe can cell lines is depicted in figure 4. MCG@&8eosarcoma
cell lines were chosen with respect to its occureesnd fatality to the patient. There has beereports on activity
of of cocoa extracts against MG63 cell lines, tthespresent work was a trial attempted to checldtwity against

MG63.
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Fig. 4 Cytotoxicity result of Cocoa pod extract atlifferent concentrations (ug /ml) (a) 12.5 (b) 25c) 50 (d) 100 (e) 200 (f) control

CONCLUSION

Plant as a source of naturally occurring bioactieenpounds have shown remarkable potential in phegotecal
and therapeutic area. They are a great hub of dacpmetabolites with enormous biological prospectiThe work
done here shows the potential of the cocao plana@&s against pathogenic bacteria and also tkesedpe of some
cytotoxic activity. The extracts contain certainmgmunds which can be the reason of the biologictivities
present in the extracts. Thus, there is a greahachaf them to be used as antimicrobial drug wittthier
purification and proper processing.
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