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Abstract:

The volatile components of 3 mango cultivars wekestigated by means of GC, and GC-MS. Two hundnet
forty compounds were identified, of which eightyeicompounds were found for the first time in maifrgit.
Terpene hydrocarbons were the major volatiles lo€wdtivars, the dominant terpenes in the 3 mangitvars
were 6-3-carene (2.784-14.904%)a-terpinolene (4.825-15.879%),a-copaene (2.281-8.097%), and
caryophyllene (3.390-10.897%). peel essential oflsM. indica cultivar zebdeya andM. indica cultivar
cobaneya showed appreciable non specific immunakiim activity measured by low Macrophage migration
index. M. indica cultivar zebdeya anM. indica cultivar cobaneya had higher phagocytic indicesaup.47and
1.06 respectively. The cytotoxicity of the essdntiés were studiednvitro against MCF-7, HCT-116 and Hep-
G2 cancer cell lines using MTT assay showed sicpuifi effect with 1G, = 1.62-1.77, 2.95-5.56 and 2.76-3.14
pl/ml for respectively. Interestinglyy. indica cultivars zebdeya, cobaneya and hindi expressediuable
cytotoxic effect on MCF-7 breast carcinoma celélas compared to standard antitumor drug.

The essential oild. indica cultivars were tested by Kirby-Bauer method showangide range of antibacterial
and antifungal activities. Generally, essentiak aiif the M. indica cultivars showed a moderate to high
antibacterial activity withM. indica cultivar hindi being the most active showing breagéctrum activity against
Gram-positive (18-21 mm) and Gram-negative bactétie-19 mm). It also showed significant antifungal
activity againsiCandida albicans (16 mm); however, data revealed thattedted cultivars were ineffective and
have no antifungal activity again&spergillus flavus.

The MIC of the threeM. indica cultivars essential oils revealed that althougheetal oils didn't show
antimicrobial activities againgtspergillus flavus the peel essential oils demonstrated variabititthie inhibitory
concentrations of each essential oil for the giwecroorganisms. The essential oils of peels shoagtidities in
the range (concentrations) from 116 to 14/l for M. indica cultivar zebdeya, 58 to 8@/ml for M. indica
cultivar hindiand from 121 to 172l/ml for M. indica cultivar cobaneya. The present investigation probed
possibility of usingM. indica peel waste as a source of low-cost natural immtimatant, anticancer and
antimicrobial.
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1. Introduction

In view of the beginning of human civilization, vaave been exploiting our natural resources forieation of
common human pathogen borne diseases. Variousopéwglcountries over the globe have been ravaged by
bacterial pathogen borne diseases. Mostly, thresades, namely, tuberculosis, malaria, and AlD®attts to
the majority of infectious diseases. These diseaseswhole, proves fatal for the human populatib million
and causes sickness to the human population ofr8lion each year, all over the globe (WHO, 200Rhese
infectious diseases can be prevented by controtheggrowth of food borne pathogenic microorganisme
food spoilage.

Mango Mangifera indica L.), a fruit belongs to the family Anacardiaceadiietn comprises about 70 genera.
Historical records suggest that its cultivation aadruit tree originated in India more than 4000 rgeago
(Mukherjee, 1997). With a growing world productidhe mango represents one of the most importapictb
fruits and is produced worldwide. It is mostly fmlin tropical countries like India. Various protkiare found
in India as mango processed food products. Mangnoistly used in food processing industries sucluise
industries, jam industries, jelly industries, anigkfe industries These processed food leads to nemas
generation of mango peel as a waste product. Hnaedhuge capital to decompose these peels to sua&ehat
it does not pollute the environment. To save thigstment in the disposal of mango peels, it candmwerted
as a raw material for pharmaceutical industriesethamn the result of the current research work. &heaste
products can be utilized for their immunostimulagmticancer as well as antimicrobial activities.neke, the
utilization of mango by-products especially mang®lp may be an economical way to reduce the probfem
waste disposal from mango production (Kittiphoo®1.2).

Numerous scientific investigations point at consieeurich eco-friendly sources of immunostimulaatticancer
and antimicrobial properties, especially amongt$rand vegetables, but only few of them involvetegmrts of
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fruits, i.e. seeds and peels. Many of the fruitd e&getables skins are thrown in the garbage otddigestock.
Fruits and vegetables wastes and by-products, wdrieHormed in great amounts during industrial pssing,
represent a serious problem, as they exert areimflel on environment and need to be managed artdiped

On the other hand, they are very rich in bioact@enponents, which are considered to have a beakéffiect

on health. Since last decade, efforts have beeren@admprove methods and ways of reusing fruits and
vegetables wastes. The important purpose is thaization of the biocomponents in byproducts fromitfand
vegetable industries. Plant waste is prone to rhiatcspoilage; therefore drying is necessary befarther
exploitation. Till now, agro industrial waste oftés utilized as feed or fertilizer. But using thagro waste
therapeutically is a new idea which is slowly gaghpopularity. They are high value products and tleeovery
will be economically attractive. These are novetunal, eco friendly and economic sources of amtiatiics,
which can be used in the prevention of diseasesechlly pathogenic microbes and also reduce pailutio
Immunostimulant compounds are those compoundsetifzince body's immune system that may in turn alay
major rule in cancer prevention while, antimicrodiiampounds are the agents which suppress the Igrofvt
bacteria and fungi that can also be fatal. Thedraitpathogens are becoming resistant to the coniatly
available antibiotics in the mark@Boosenst al., 2005; Mathewet al., 2007) This is because of the random use
of these drugs. It creates a need to find a neadtive source of immunostimulant, anticancer artavacrobial
compounds. Thus, the research work was carriedooget an idea of immunostimulant, anticancer and
antimicrobial property in mango peels.

Cancer is an abnormal type of tissue growth in titie cells exhibit an uncontrolled division, relaty in an
autonomous fashion, leading to a progressive iser@athe number of dividing celKénchana and Balakrishna,
2017). There is increasing demands for anticancer gye(@nno et al., 2005. Invitro cytotoxicity testing
procedures reduces the use of laboratory aninddisahamet al., 20049 and hence use of cultured tissues and
cells have increase@yrd et al., 2003.

The discovery and identification of new antitumougl with low side effects on immune system has bexan
essential goal in many studies of immuno-theraffeset al., 2009. With this aim, many attentions have been
paid to natural compounds and essential oils frantp.

Infectious diseases are leading cause of deathdwilé. Natural products provide unlimited opportias for
new drug leads because of the unmatched availalifichemical diversity. Because of increasing dhref
infectious diseases, the need of the hour is to fiatural agents with novel mechanism of actiomitFand
vegetable peels are thrown into the environmeiaigas waste which can be utilized as a source afh&rbbics.

It will be economic, eco-friendly and reduce pabut Here we report the antimicrobial activity oégs
essential oils against different microorganisms.

Unlike the immunostimulant, anticancer and antiwiiéal agents synthesized by chemical sources, tfiose
natural sources are readily accepted by the consunidiwus, the development of new immunostimulant,
anticancer and antimicrobial agents is a majorateseopportunity for the researchers at present.

In the, present investigation, we report the imnatimoulant, anticancer and antimicrobial propertépeels of
three cultivars oM. indica fruits that are commonly available and readily siamed in Egypt, and to indicate
which of them can become a new source of naturahunostimulant, anticancer and antimicrobial for
pharmaceutical industries.

2. Materials and methods

2.1. Plant material:

Fruits of M. indica cultivars; namely zebdeya, hindi and cobaneya welfkected at the ripening stage. The
plants were authenticated by Prof. Dr. Monir Mohdn#bdelghany, The Herbarium, Botany Department,
Faculty of Science, Cairo University. Edible pasfghe fruits were removed and fruits peels weozén until
used for essential oil preparation.

2.2. Chemicals:

Penicillin, Streptomycin, Amphotericin B, Erythrogig, Gentamycin, (FCS), RPMI 1640, glutamine andPSE
(Sigma, USA), Mueller- Hinton broth (Oxoid, Englgndll other chemicals and reagents used were ef th
highest commercially available purity.

2.3. Preparation of essential oils

The fresh mango cultivars peels (1 kg for eachivardt were cut into small pieces and subjected to
hydrodistillation for 5 h, using a Clevenger-typpparatus. Before analysis and biological activagtt the
collected oils were dehydrated with anhydrousS\@ and preserved at 4°C (Egyptian Pharmacopeia; 2005)
2.4. Gas Chromatography-Mass Spectrometry

The mango peels oils were subjected to gas chr@ragihic-mass spectral analysis on an Agilent system
consisting of a model 6890 gas chromatograph, eedipvith a model 5973 mass selective detector (EIMS
electron energy, 70 eV), and an Agilent ChemStatiata system. The GC column was an HP-5ms fusied si
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capillary with a DB-5 (5% phenyl methyl polysilox@nstationary phase, film thickness of 0.25 prerayth of

30 m, and an internal diameter of 0.25 mm. Thei@agas was helium with a flow rate of 1.0 ml/mimlet
temperature was 200°C and MSD detector temperatae 270°C. The mass spectrometer was operated in
electron impact ionization (EI) mode with 70eV eperThe mass range was 50-700 Da and the ion source
temperature was 200 °C. The GC oven temperatogrgm was used as follows: 80°C initial temperatfme2

min.; then programmed at 15°C/min to 270°C and eld.Omin.Each sample was dissolved in acetorgvi®

a 1% wi/v solution; 1 pL injections using a spliiésjection technique were used.

Identification of oil components was achieved basedheir retention indices (RI, determined witference to

a homologous series of normal alkanes), and by aosgn of their mass spectral fragmentation pagtevith
those

reported in the literature (Pireh al., 2005; Ansarkt al., 2004; Dzamiet al., 2008; Panditt al., 2009; Pincet

al., 2010)and stored on the MS libraries [NIST 05; Mass Findatabase (G1036A, revision D.01.00 and
Wiley7 Mass Finder]. The chemical compositionshef €ssential oils are compiled in Table 1 and Eidur

2.5. Immunostimulant activity:
Essential oils ofM. indica fruit peels under investigation were dissolvedHank's solution in different
concentrations (100, 500, 1000, 1500 and 2000 {if).fThe tested samples were sterilized by filtratioough
0.2 um pore size filters and by addition of 10,@@Dpenicillin and 10,000 ug streptomycin antibistidlbino
mice of either sex (20-22 g) were used for theofeihg:
25.1. Preparation of murine (mice) spleen cdlls:
Spleenocytes were prepared according to convemjwoeedures, from aseptically removed mouse sgleEme
cells were washed three times in RPMI 1640 medianthrasuspended in RPMI 1640 supplemented with 10%
FCS, 2 mM glutamine, 10 mM HEPS, pencillin 100 pig*nstreptomycin 100 pg Ml at a final concentration
of 3 x 10 cells mf. Cell viability was evaluated by trypan blue esxsitin test.
2.5.2.  Lymphocyte cell culture:
Primary lymphoid cell culture was performed by @&blg lymphocytes directly from mice spleens. The
lymphocytes then were grown in a chemically defigemvth medium RPMI 1640 supplemented with 10% FCS.
2.5.3. Macrophage culture:
Spleen cell suspension was incubated in flat battbmicrotiter plates at 37°C for 7 hours to alldw tells to
adhere to the plates then the medium was remowedha&nadherent cells were washed three times WRNIR
1640. More than 95% adherent cells were macrophige cells were cultured with different concentras of
each plant essential oil for 24 hours. The nondigedinmune response of stimulated macrophages and
lymphocytes were assayed, by determination of theraphage migration index and phagocytic index itest
which the viable cells were counted using freskitgried trypan blue stain and haemocytometer glitithawy
et al., 2006).
25.4. Macrophage Migration I nhibition I ndex:
Using a 2 ml syringe filled with silicone, greade tmigration chambers (Sterilin) around the rinacelone dab
of grease inside the rim to hold the capillary lace. Prepare the essential oil dilutions in slgaRPMI
medium containing 10% fetal calf serum (FCS). Sple@crophages, of albino mice of either sex (2@22,
adherent cells in RPMI medium, washed with the samedia, suspended in complete RPMI media containing
10% fetal calf serum (FCS), Resuspend the celRRMI medium containing 10% fetal calf serum at gadle
final cell concentration (X 1¢°/ml). Suspension was packed into 6 microheamatoagtllary tubes (Gelman-
Hawksley, haematocrit tubes) of uniform diameteb @m length X | .0-1.2 mm i.d.) by capillarity, ®®nd of
the capillary was sealed and plug with wax. Cemgéf at 300 rpm for 5 minutes at room temperatuceresthe
capillaries at the cell-fluid interface using am@nd pen. Break the capillary at the score-linehviirceps.
Immediately mount one capillary per migration chamand fill with RPMI medium containing 10% fetalt
serum, add the plant extract dilution to the w@lthver the migration chamber with a cover-slip eimuan air-
tight seal and no bubbles. Repeat until all therdters are filled. Incubate the plates on a comlyléterizontal
surface at 3°C overnight, (15-18 hours). Project the areas ef rifigrating cells onto plain paper and draw
around the outer margin of the migrating fan. Dmiae the area of migration by planimetry for trelsnd
untreated macrophages. Express the results asighation inhibition index (MI) determined from:

Avea of migration from szzantial ailtreatsd aslle
Macrophage Migration Inhibition Index (Ml) &rsa of migration from untreated cellz (conmrol)
Macrophage migration index decrease explains thibition of migration of macrophages, which in twauses
liberation of cytokines (i.e. immunostimulation).n essential oil that causes decrease in the mbaagep
migration index is considered to have immunostimugtivity.
At least three replicate capillaries (1 per chammlvegre set up for each test, the test being ondialil of
essential oil or culture supernatant or the corfir@dium and fetal calf serum alone). The resuéisevpresented
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as mean = standard error (S.E.). Student T testusaed for the statistical analysis of data. Reswiltis p < 0.01
were considered as statistically significant andewgesented in table 2.

2.5.5. Phagocytic Index:

Make up a stock solution of Dow latex particles) im in diameter (Digby Chemical Services) as follows:
Suspend 1Qul of latex in 5 ml of Hanls balanced salt solution or Minimum Essential Medi(MEM).
Centrifuge 200-300 g for 10-15 minutes. Collect thgernatant and count the number of particlesnger
Adjust to (5-10 x 1®m1) in MEM and store in small aliquots alC4 Pellet the cells under investigation
(macrophages) in a round bottomed plastic tubé&@0 Xpm for 10 minutes, decant the supernatant. ®ddnl
stock latex and 0.2 ml MEM + 20% FCS. Incubate€3for 1-1.5 hours. Wash 3 times at 200 g, and #uzh
the tested concentration of plant extract and inteitior 24 hr. at 3. Count the number of phagocytosed and
non- phagocytosed cells. Divide the number of phstpsed cells over the non-phagocytosed ones tuledd
the treated cells and similarly do that for thetoan(untreated) cells.

Phagocytic Index essential oil treated cells / untreated cells.

Phagocytic index increases directly proportionalinonunostimulant activity. The results were presdnés
mean * standard error (S.E.). Student T test wad & the statistical analysis of data. Result$h i< 0.01
were considered as statistically significant andewgesented in table 3.

Macrophage Migration Inhibition Index (Table 2) aRtlagocytic Index (Table 3) were determined redativ
the well known immunostimulant drugchinacea purpurea) root extract as a standard.

2.6. Anticacer activity:

2.6.1. Cancer cdl lines:

Three human adenocarcinoma cell lines; breast adeciaooma cell line (MCF-7), colon adenocarcinorad ¢
line (HCT-116) and liver adenocarcinoma cell lidEP-G2) were obtained from National Institute ohCer,
Cairo University, Cancer biology department, pharohagy unit, Cairo, Egypt. Cells were routinely tcued in
DMEM (Dulbecco's Modified Eagle's Medium), which sveupplemented with 10% fetal bovine serum (FBS), 2
mM L-glutamine, containing 100 units/ml penicilli@ sodium, 100 units/ml streptomycin sulphate, aB@ 2
mg/ml Amphotericin B.

2.6.2. Evaluation of invitro cytotoxic activity of the essential oils on tested cell lines:

MTT assay was performed to determine the cytotpxiperty ofM. indica cutivars essential oils against MCF-7,
HCT-116 and HEP-G2 cell lines (Van Meerlebal., 2011). Briefly cell lines were seeded in 96-widkue
culture plates. Appropriate concentrations of stegkition (0.5, 5.0, 10.0, 20 ul/ml) were added anudibated

for 48 hours at 3. Non-treated cells were used as negative comtndl doxorubicin as positive control.
Incubated cultured cell was then subjected to MBH45 Dimethylthiazol-2-yl)-2,5-diphenyltetrazofiu
bromide, a tetrazole) colorimetric assay. The pmaiam salt 3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide (MTT) is used to detarencell viability in assays of cell proliferatioand
cytotoxicity. MTT is reduced in metabolically aaticells to yield an insoluble purple formazan padCells
were harvested from maintenance cultures in theomeutial phase and counted by a hemocytometer using
trypan blue solution. The cell suspensions wergatised (100pl) in triplicate into 96-well culturtates at
optimized concentrations of 1 x 1@ell for each cell lines, after a 24 hours recgveeriod. Assay plates were
read using a spectrophotometer at 520 nm. The rgpdatometrical absorbance of the samples was mezhsu
using a microplate (ELISA) reader. The cytotoxicigta was standardized by determining absorbande an
calculating the correspondent essential oil comatiohs.

Cell viability (%) = Mean OD/ control OD x 100

The 1G; values (concentration of essential oil requirediic50% of cell population i.e. concentrationwahich
50% of cells were dead) for colon adenocarcinom&T#116), breast adenocarcinoma (MCF-7) and liver
carcinoma (Hep-G2) cell lines are reported as meamx of three independent experimentsy,@lues that
were greater than 30pl/ml considered insignificant vice versa. (table 4)

2.7. Antimicrobial activity:

Antimicrobial activity of the essential oils andffdrent cultivars of theM. indica was screened using Kirby-
Bauer disc diffusion method (Bauetral., 1966) with slight modification. 100 pl of thestébacteria/fungi were
grown in 10 ml of fresh media (Mueller-Hinton agaates (HiMedia) for bacteria and Potato DextrogmrA
plates for fungi (HiMedia)) until they reached aunbof approximately 1%@ells/ml for bacteria and i€ells/ml
for fungi. 100 ul of microbial suspension was sgreato agar plates corresponding to the broth iithvthey
were maintained. Isolated colonies of each organighmight be playing a pathogenic role shouldgélected
from primary agar plates and tested for suscefithily disc diffusion method.

Plates inoculated with filamentous fungi Aspergillus flavus Link (ATCC 204304) at 25°C for 48-72 hours;
Gram-positive bacteria aaphylococcus aureus (ATCC 12600) andBacillus subtilis (ATCC 6051); Gram-
negative bacteri&scherichia coli (ATCC 11775) andPseudomonas aeuroginosa (ATCC 10145) they were
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incubated at 35-37° C for 24-48 hours and yeaflamslida albicans (ATCC 26555) incubated at 30°C for 24-
48 hours. Then the diameters of the inhibition zowere measured in millimeters.

DMSO with a concentration up to 2% was used tooliiesthe essential oils. Filter paper discs (6 nmm i
diameter) saturated with 20uL of the tested esalenits and extracts or DMSO (solvent control) welaced on
the surface of the inoculated plates. The plate® weubated at 37°C for 24 h. The diameter ofitingbition
zone was measured in millimeter with slipping oailgp of the National Committee for Clinical Laborgto
Standards., and was recorded as mean + SD of ledtg experiment. Standard discs of Gentamycinu .0
Oxoid, UK, Antibacterial agent), Amphotericin B $uSigma Chemical Co., St. Louis, Mo., Antifunggkat)
served as positive controls for antimicrobial atyivbut filter discs impregnated with 10 pl of seit (DMSO)
were used as a negative control. Results were shotable 5.

Determination of the Minimal Inhibitory Concenti@ti (MIC) was carried out by a serial broth dilutioethod
described by (NCCLS, 1993). Briefly; The essentitd and extracts were diluted in DMSO and wereegidit 5
ml sterile Muller Hinton Broth tubes to give diféart concentrations (1.0 - 50.0 puL/ml). Later, 0.bainthe
exponentially growing microbial broth culture ofetlstrains that were sensitive by disc diffusion twas
inoculated into respective test tubes. Anothero$datibes containing only the growth medium with@NSO
(control) and with DMSO (solvent control up to 2#b6the culture media) showed no inhibitions in pnétiary
studies whereas Gentamicin was used as a posdivieot for bacterial strains, Amphotericin B waedsas a
positive control for fungi.. and each of the teshins was set up separately. In 96-well platgamisms, at a
concentration of approximately 1.5 x®1€olony forming units (CFU)/ml, were added to eaghl. The tubes
were incubated at 37°C for 24 h and the growth maasured by measuring optical density at 520 nmgusi
spectrophotometer comparing the sample readouttidimon inoculated nutrient broth. The MIC wasarelgd
as the lowest concentration (without turbidity)tbé essential oil that inhibited the growth of lesiet or fungi.
The plates were done in triplicate. Antimicrobial®esults are listed in table 6.

3. Statistical analysis:
Statistical analysis was performed using SPSSigstal package of social sciences, version 16)d&tt T test
was used for the statistical analysis of dataiSizdl significance was acceptable to a level ef@01.

4, Results and discussion:

4.1, Essential oil analysis:

Two hundred and forty compounds were identifiedwbich eighty five compounds were found for thestfir
time in mango fruit. Terpene hydrocarbons werentlagor volatiles of all cultivars. The dominant tengs in the

3 mango cultivars weré-3-carene (2.784 - 14.904%sterpinolene (4.825 - 15.879%);copaene (2.281 -
8.097%), and caryophyllene (3.390 - 10.897%), ettiyhdecanoate (0.693-1.260 %), 2-heptadecano8@50
5.144 %), hexadecanoic acid (1.215 - 4.612%) ahy &exadecanoate (0.543- 4.029%) that could censdl
as marker phytoconstituents of mango species. Scomeponents were found only in 2 cultivars in an
appreciable amounts as menth-1-ene-4,8-Diol (3.@7970%),0-humulene (2.183 — 5.819 %), caryophyllene
oxide (2.897- 4.901 %), tetradecanoic acid (1.168.384%),1-hexadecanol (4.040 — 10.025 %). Alsoesom
components were found in relatively high amountspasmene (13.390%), 1-(1, 1-dimethylethyl)-3-méthy
benzene (1.203%), pinan-2-ol (1.081%), menthol 50%), cis-calamenene (0.674%), methyl hexdecanoate
(0.145%), nonacosane (1.074%) M. indica cultivar Zebdeyia and pentanal (0.111%), 2-mettoganoic
acid (0.890%), cyclohexanol (0.190%), 2,5-hexaneelio0.432%), hexanoic acid (0.230%), 1-(1, 1-
dimethylethyl)-4-methyl benzene (0.513%), 1-(2-nygghenyl) ethanone (26.214%), methylchavicol (0%31
pulegone (0.730%), 2,6,6-trimamethyl-1-cyclohexéraeetaldehyde (0.111%y);terpinene-7-al (0.890%) and
trans- carvyl acetate (0.151%),geranyl acetate(@4), a-cedrene (0.211%), 9-epi-(E)-caryophyllene (0.11,2%)
y-muurolene (0.311%), (B)-ionone (0.102%)5-decalactone (0.190%), pentadecane (0.441%), Taigec
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Tablel. Identified constituents of essential aifsMangifera indica cultivars

No. Compound Kl ID Area %
M.Z. M.H. M.C.

1 acetaldehyde 528A t 0.013 t

2 1-propanol 568 A 0.124 t --

3 ethyl acetate 605A -- 0.019 --

4 |-panten-3-ol 673 A 0.029 -- t

5 |-panten-3-one* 678 A 0.102 t -

6 2,3-pentanedione* 696 A -- -- 0.174
7 pentanal 698 A -- 0.111 -

8 3-pentanone 700 A 0.135 t --

9 ethyl propanoate 714A 0.050 -- -

10  methyl methacrylate* 732 A 0.103 't 0.037
11 (E)-3-penten-2-one 735A 0.203  -- -

12 ethyl Zmethylpropanoa 755 A 0.104 t 0.024
13 3-methy-2-buter-1-ol 778 A t -- 0.032
14  2,4-pentanedione 783 A t t --

15  2-methylpropanoic acid* 785A t 0.890 --

16  butanoic acid 790 A - t 1.032
17 ethyl butanoat 802 A 0.234 0.023 0.035
18  2-methyltetrahydrofure-3-one 804 A -- t -

1€ 2furfural 830 A 0.321 0212 --

2C  ethyl &-methyl butanoa 847 A 0.067 0890 --

21 (E)-2-hexenc 854 A 0.768 0.098 0.327
22 methyl :-hydroxybutanoate 858 A 0.123 t t

23 l-hexanc 867 A 0.223 0.021 --
24  4-heptanone 869 A t t -

25 cyclohexanc 886 A t 0.190 --

2€  2-heptanon 889 A -- t 1.062
27 cyclohexanon 895 A 0.234 0.023 0.034
2¢  propyl butanoa 896 A -- t ==

26 heptan: 899 A 0322 0212 -

3C santolinatriene 908 B 0.017 0.890 --

31  butyl propanoate 910 A 0.468 0.098 0.327
32 tricyclene 923 B 0.132 t t

33 methyl hexanoate 924A 0.201 0.045 t

34 o -thujene 931 A t -- --

35 2,5-hexanedione* 933A - 0.432 --

36 o-pinene 939 A -- -- 5.579
37 2-methylene cyclohexanol* 941B 0.835 - -

38 ethyl-3-hydroxy butanoate* 945 A 0.022 0.212 --

39 camphene 953 A 0.037 0890 --

40 ethyl- 2,3-epoxy butanoate* 962 B 0.498 0.098 0.327
41  5-methyl-2-furfural 964 A 0.176 t t

42  sabinene 976 B 0.288 0.065 t

43  B-pinene 980 A t -- --

44  hexanoic acid 981 A -- 0.230 --

45  B-myrcene 991 A 0.415 -- 2.820
46  butyl butanoate 994 A -- t 0.370
47  2-carene 995 A -- -- 0.121
48 ethyl hexanoate 996 A 0.042 -- --

49  a-phellandrene 1005 A0.212 0.098 0.211
50 &-3-carene 1011 A 14.904 2.784 13.583
51 1,4-cineole* 1016 A 0.121 0.011  --
52 o-terpinene 101¢ A - -- 0.216
53 p-cymene 1026 A 13.390 -- --

54 limonene 1031 A - t 5.575
55 1,8-cineole 1032 At -- --

56 (E)-B-ocimene 105C B -- 0.030 --

57 v -terpinene 1062 A 0.215  -- 0.130
58 2,5-dimethyl-4-methoxy-3(2H) furanone 106t A -- t 0.070
59 acetophenone 1066 A-- -- 0.121
60 o-tolualdehyde* 1067 A 0.042 -- --
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61 B-terpinene 1071 B - - 0.741
61 1-(1, 1-dimethylethyl)-3-methyl benzene 1072 B 1.203 - --
63 dihydromyrecenol 1073 At -- 0.011
64 1-(1, 1-dimethylethyl)-4-methyl benzene 107t C -- 0.513 --
Table 1. Continue
65 p-tolualdehyde 107¢ A -- t 0.211
66 o-terpinolene 1087 A 15.879 4.825 7.940
67 p-cymenene 108¢ A -- t 0.151
68 ethyl heptanoate 1095 At -- 0.133
69 linalool 109¢ A t -- 0.098
70  cis-thujone* 1102 A -- t --
71 p-1,3,8-menthatriene* 111C B 0.015 -- 1.032
72  o-fenchone 1112 A 0.021  --
73 isophorone* 1118 A - -- 0.234
74  cis-p-2-menthen-I-ol 1121 B -- 0.095 --
75  methyl octanoate 112¢ A t 0.049 t
76  ethyl 3-hydroxy hexanoate 1133 A- 0.087 -
77 pinan-2-ol* 113¢ B 1.081 -- --
78 neo-allo-ocimene* 1140 B - - 2.267
79 camphor 1142 At 0.023 t
80  4-ketoisophorone* 1142 B 0.100 t --
81 trans-verbenol 1144 B - 0.019 --
82  isopulegol 1146 A 0.020 t t
83 menthone 115¢ A 0.102 t --
84  borneol 1164 A -- -- 0.114
85 p-tolyl acetate 1166 A -- 0.111 --
86 p-mentha-1,5-dien-8-ol* 1167 B 0.135 t -
87  menthol 117: A 0.450 -- --
88  1-(2-methylphenyl) ethanone* 1176 B -- 26.214 1.630
89 terpinen-4-ol 1177 A 0.236 t --
90 limonene-4-ol* 1178 B t 0.013 t
91  methyl phenyl acetate* 117¢ A 0.129 t --
92  octanoic acid 1180 A 0.019
93 p-cymen-8-ol 118: B 0.019 -- t
94  butyl hexanoate 1188 A0.602 t -
95 o-terpineol 118¢ A - -- 0.134
96 methylchavicol* 1195 A -- 0.131 -
97 ethyl octanoate 119€¢ A 0.105 t t
98 trans-dihydrocarvone* 1200 A0.250  -- -
99 verbenone 120¢ A 0.113 t 0.037
100 decanal 1205 A 0.103 t -
101 a-methylcinnamaldehyde* 1207 A 0.134 t 0.011
102 cis-carveol 122 At -- 0.032
103 Z-3-hexenyl 2-methyl butanoate 1231 B t t --
104 pulegone* 1237 A t 0.730 -
105 cuminaldehyde 123¢ A -- t 1.032
106 carvone 1242 A 0.234 0.023 0.035
107 eucarvone 124t B -- 0.019 --
108 trans-2,8-p-menthadiene-1-ol 1246 B 0.019 - t
109 Isopentyl hexanoate* 125C A 0.133 t --
110 p-anisaldehyde* 1251 A -- -- 0.174
111 2,6,€-trimamethy-1-cyclohexen-1- 125¢ B -- 0.111 --
acetaldehyde
112 geraniol 1255 A 0.132 t -
113 Benzyl propanoate 1257 A 0.150 -- --
114 y-octalactone 1260 A -- t 0.037
115 (E)-2-decanal 1261 A 0.103 -- t
116 (E)-cinnamaldehyde* 1266 B 0.100 t 0.024
117 citronellyl formate* 1275 At -- 0.042
118 Nonanoic acid 1280 A -- t --
119 o-terpinene-7-al* 1282 B t 0.890 --
120 bornyl acetate* 1285 A -- t 1.032
121 safrole 1287 A 0.234 0.013 0.025
122 thymol 1290 A -- 0.019 --
123 ethyl nonanoate* 129¢ A 0.029 -- t
124 carvaeol 1298 A 0.102 t -
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125
126
127
128
129

130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188

undecanal

trans- carvyl acetate
a-terpinyl acetate
citronellyl acetate
eugenol

Table 1. Continue
y-nonalactone
menth-1-ene-4,8-Diol*
a-copaene

butyl benzoate*
2-butyl-2-octenal*
decanoic acid
geranyl acetate
p-elemene

octyl isobutanoate*
ethyl decanoate

o -gurjunene
a-cedrene*
caryophyllene

a -guaiene
2-phenylethyl butanoate
benzyl pentanoate*
a -humulene
9-epi-(E)-caryophyllene*
y-decalactone
y-gurjunene
y-muurolene
germacrene D
B-selinene
(E)-B-ionone
valencene
a-selinene

a —zingiberene*
8-decalactone
viridlflorene*

ethyl undecanoate*
pentadecane*
B-bisabolene*
tridecanal*
7-epiu-selinene
B-sesquiphellandrene*
methyl dodecanoate
cis-calamenene

8- cadinene
cadina-l,4-diene
a-cadinene*
germacrene B*
caryophyllene alcohol*
(E)-nerolidol
y-undecalactone
dodecanoic acid
caryophyllene oxide
2-phenylethyl tiglate*
butyl decanoate
humulene epoxide
ethyl dodecanoate
humulene epoxide Il
tetradecanal
y-eudesmol*

methyl tridecanoate*
t-muurolol*
cubenol*
a-muurolol*
selin-11-en-4a-ol
a-cadinol
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130¢€ A --
1337 B --
135C A 0.135
1354 At
135¢ A --

136C A -
13718 3.079
137¢ B 8.097
1377 At
137¢ B 0.112
1380 A0.123
138: A --
1391 B 0.122
139¢ A 0.100
1397 AO0.164
1407 B --
1409 B t
141¢ A 6.183
1439 B 0.112
144C At
1445 B -
145¢ A 2.183
1465 B --
147C A 0.116
1472 B --
1477 B t
1480 B -
148/ B 0.602
1488 A t
1491 A 0.112
1493 B 0.213
149t B t
1490 At
1497 B -
1498 A0.368
150C A -
1509 B t
1511 A --
1517 B 0.015
152¢ B --
1526 A-
152¢ B 0.674
1530 B --
1532 B t
1538 B t
155¢ B --
1564 B t
156¢ A t
1573 A--
158(C A 0.015
1581 A2.897
1584 A t
1588 B -
159: B 0.081
1597 A--
160¢€ B --
1611 A0.535
162¢ B t
1631 At
1641 B 0.094
1642 B 0.026
164: B --
1652 B t
165¢ B 0.276

0.151

t
t
0.095

t
4.570
2.281

0.042

0.121

0.012
0.440

0.211
3.390

0.093

0.030

0.112

t
0.311
0.828
0.102
t

0.021

t
0.190
t
0.098
0.441

0.220

0.134

0.032

0.210

4.757

t
0.054
10.897

0.032

5.819
0.043
0.798
3.032
0.027
t
t

1.052
0.327
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189 ar-turmerone* 1664 B -- -- 5.579
190 bulnesol 166¢ B 0.335 -- --
191 (Z)-3-hexenyl salicylate* 1670 A0.012 0.212 --
192 cadalene* 167 B t 0.290 --
193 vy-dodecalactone 1675 A0.198 0.098 0.327
194 tridecanoic acid* 167¢ A 0.106 t t
195 propyl dodecanoate* 1685 B 0.108 0.025 t
Table 1. Continue
196 (Z)-11-pentadecenal * 1686 B t -- --
197 ethyl tridecanoate* 1687 A -- 0.230 --
198 2-pentadecanone* 1697 A-- 0.734 -
199 pentadecanal 1711 B -- -- 0.012
200 (z,z)-farnesol* 1713 B -- 0.076  0.092
201 methyl tetradecanoate 172¢ A t 0.033 --
202 m-tetrabutyl phenol 1727 B t - 0.374
203 (E,z)-farnesol* 174z B -- 0.234 --
204 isobutyl dodecanoate 1753 B t -- 0.043
205 tetradecanoic acid 178C A 1.168 1.384 t
206 (Z)-9-tetradecenoic acid* 1783 A-- 0.134  --
207 butyl dodecanoate* 178¢ B - -- 0.043
208 ethyl tetradecanoate 1793 AD.692 1.260 1.232
209 hexadecanal* 1811 C t 0.234 --
210 benzyl salicylate 1863 A -- t 0.012
211 pentadecanoic acid* 187¢ A - t 0.021
212 1-hexadecanol 1879 A4.040 10.025 t
213 methyl linolenate 189 A t -- 0.098
214 propyl tetradecanoate* 1896 A0.211 t -
215 ethyl pentadecanoate* 1897 A t 0.030 --
216 2-heptadecanone 1900 B 2.213 5.144  0.859
217 2-Nonadecanone* 190z B -- 0.437 --
218 methyl hexdecanoate* 1926 A0.145  -- -
219 phytol* 1942 B t 0.316 --
220 (2)-9.-hexadecenoic acid* 1953 B -- 0.904 -
221 butyl tetradecanoate* 198¢ B 0.030 -- --
222 hexadecanoic acid 1991 A1.877 4.612 1.215
223 ethyl hexadecanoate 199 A 1.865 4.029 0.543
224 isopropyl hexadecanoate 1999 B t - 0.032
225 propyl hexadecanoate* 2091 B 0.065 t --
226 methyl linoleate 2093 At 0.090 --
227 methyl octadecanoate 212¢ A - -- 0.012
228 isobutyl hexadecanoate 2135 B t t -
229 oleic acid 2141 A -- 0.043 -
230 ethyl linoleate* 2159 At -- 0.042
231 ethyl linolenate 216¢ A 0.021 t --
232 octadecanoic acid 2172 At 0.290 --
233 ethyl oleate 217¢ At -- 0.036
234 butyl hexadecanoate* 2188 B 0.012  -- 0.023
235 ethyl octadecanoate 219 A -- t 0.740
236 isopentyl hexadecanoate 2260 B 0.013 t --
237 propyl octadecanoate* 229¢ B 0.021 -- t
238 butyl octadecanoate 2388 B t -- --
239 pentacosane* 250C B t 1.492 t
240 nonacosane* 2900 B 1.074 t t
Total identified compounds (%) 97.739 95.232 98.209

M.Z.: Mangifera indica cultivar zebdeyaM.H.: Mangifera indica cultivar hindi; M.C.: Mangifera indica

cultivar cobaneya. The reliability of the identdion proposal is indicated by the followingy; mass spectrum
and Kovat's index agreed with literature data (A€iaB909);B, mass spectrum agreed with mass spectral NIST
database, Mass Finder database (G1036A, and Wilieygg Finder. *: Reported for the first lime in mang <
0.01%, --: not detected.

(0.220%), y-eudesmol (0.212%),a-muurolol (0.548%), a-cadinol (0.434%), cadalene (0.290%), ethyl

tridecanoate(0.230%), 2-pentadecanone (0.734%J)-f&;nesol (0.234%), (2)-9-tetradecenoic acid 83%),
hexadecanal (0.234%), 2-Nonadecanone (0.437%),0pbi¥316%), (Z)-9.-hexadecenoic acid (0.904%),
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octadecanoic acid (0.290%) and pentacosane (1.49%2%). indica cultivar hindi while, 2,3-pentanedione
(0.174%), 2-heptanone (1.062%);pinene (5.579%), 2-carene (0.121%}terpinene (0.216%), limonene
(5.575%), acetophenone (0.121%), p-tolualdehyd&1(®s), p-cymenene (0.151%), ethyl heptanoate (0433
isophorone (0.234%), neo-allo-ocimene (2.267%),neol (0.114%),0-terpineol (0.134%), cuminaldehyde
(1.032%), p-anisaldehyde (0.174%), bornyl acetdt®@3R%), undecanal (0.134%);nonalactone (0.210%),
germacrene D (0.798%), viridlflorene (1.052%sesquiphellandrene (0.170%), methyl dodecanoal®19o),

8- cadinene (0.497%), germacrene B (0.798%), etbgledanoate (2.374%), humulene epoxide Il (5.5799%6),
turmerone (5.579%), m-tetrabutyl phenol (0.374%Mhylehexadecanoate (0.543%) and ethyl octadecanoat
(0.740%) %) inM. indica cultivar cobaneya. (Table 1, Figure 1)
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Figure 1. GC chromatograms d¥langifera indica cultivars (M.Z.: Mangifera indica cultivar zebdeyaM.H.:
Mangifera indica cultivar hindi;M.C.: Mangiferaindica cultivar cobaneya).
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4.2. Immunostimulant activity:

Despite many published reports dealing with biadgtiof compounds isolated frorilangifera species little
was known about its immunostimulant activity priorour investigation.

Non-specific immune response using "Macrophage atign index" showed the lowest macrophage migration
index with Echinacea purpurea followed byM. indica cultivar zebdeya in all concentrations testéd, indica
cultivar cobaneya at concentrations 500-2000 pl&mtiM. indica cultivar hindi at concentrations 2000 ul/mi
only. So, peel essential oils BF. indica cultivar zebdeya aniil. indica cultivar cobaneya showed appreciable
non specific immunostimulant activity (low Macroggamigration index) comparable to the results digpdl by
Echinacea purpurea. (Table 2)

Table 2. Macrophage Migration Inhibition Index of essentids of Mangifera indica cultivars

Conc. M.indica M. indica M. indica Echinacea

(W/ml cultivar cultivar hindi cultivar cobaneya purpurea

) zebdeya

100 *0.079+0.012 0.131+0.063 0.152+0.098 *0.026x0.007
500 *0.072+0.016 0.18740.034 *0.042+0.011 *0.025+0.011
1000  *0.070+0.043 0.128+0.033 *0.042+0.008 *0.019+0.012
1500  *0.061+0.011 0.10640.043 *0.035+0.010 *0.018+0.013

2000  *0.049+0.013 *0.067+0.009 *0.053+0.012 *0.015+0.023
—

The results were presented as mean * S.E. Studest Was used for the statistical analysis of.data
*. Results with p < 0.01 were considered as sta#ily significant

Figure 2: Migration inhibition of albino mice spleen celi®©m capillaries in a multi-chamber disposable plate
(Sterillin). Each well contains one replicate o€ledest which is randomly distributed. The inhiditaigration is
clearly shown.

*. Capillary tube containing macrophages. **: Mitjoem of macrophages from the Capillary tube to the
surrounding culture media. ***; Complete inhibitiari migration of macrophages from the capillaryeub the
surrounding culture media.

Regarding the immune response using "phagocytiexdhdt was apparent thdd. indica cultivar zebdeya anill.
indica cultivar cobaneya had higher phagocytic indicesoup.47and 1.06 respectively comparedtpurpurea
that had a phagocytic index of 1.38 at concentna2i@00 pg/ml. (Table 3)

Table 3.Phagocytic Index oéssential oil®f Mangifera indica cultivars

Conc. M. indica M. indica M. indica Echinacea
(u/ml - cultivar zebdya cultivar hindi cultivar cobanya purpurea

)

100 0.59+0.09 0.22+0.05 0.62+0.05 0.46+0.05
500 *0.96+0.05 0.28+0.03 0.30+0.01 0.36+0.09
1000  *1.35+0.08 0.37+0.07 0.46+0.02 0.56+0.04
1500 *1.47+0.23 0.37+0.11 0.47+0.05 *0.92+0.08
2000  *1.38+0.15 *0.77+0.08 *1.06+0.07 *1.38+0.23

The results were presented as mean * S.E. Studest Was used for the statistical analysis of.data
*. Results with p < 0.01 were considered as sta#ily significant.
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4.3. Anticancer activity:

The cytotoxicity of the essential oils were studiedtro against MCF-7, HCT-116 and Hep-G2 cancer celkline
at different concentration (0.5, 5.0, 10.0, 20 Wl/mfhe results obtained from MTT assay after 48 bf
incubation showed significant effect on MCF-7, HCI6 and Hep-G2 with I§ = 1.62-1.77, 2.95-5.56 and
2.76-3.14 pl/ml for respectively. Interestinglyl. indica cultivars zebdeya, cobaneya and hindi expressed a
valuable cytotoxic effect on MCF-7 breast carcinog®ll line as compared to standard antitumor drug
doxorubicin as it led to inhibition in cell growtis concluded from I§g values 1.62-1.77ul /ml as shown in
(Table 4).

Table 4:1Cs, of essential oildlangifera indica cultivars with different cell lines

Tumor cell line Breast carcinoma cell line Colon carcinoma cell line Liver carcinoma cell line

(MCFE-7) (HCT-116) (HEP-G2)
Plant IC 50 (uI/ml)
M. Z. 1.62 3.53 2.76
M.H. 1.77 2.95 3.14
M.C. 1.62 5.56 2.45

M.Z.: Mangifera indica cultivar zebdeyaM.H.: Mangifera indica cultivar hindi; M.C.: Mangifera indica
cultivar cobaneya. Doxorubicin [k (0.42.g/ml for (MCF-7), 1.43.g/ml for (HCT-116) and 1.1ag/ml for
(HEP-G2)]

4.4. Antimicrobial activity:

In the present study, based on previous reporthave found that among the essential MlIsindica cultivars
showed wide range of antibacterial and antifungtivdies. Generally, essential oils of th indica cultivars
showed a moderate to high antibacterial activitthwil. indica cultivar hindi being the most active showing
broad spectrum activity against Gram-positive (18f8m) and Gram-negative bacteria (16-19 mm). These
results comply with those reported by Abdadizal. (2007). It also showed significant antifungal aityiagainst
Candida albicans (16 mm); however, data revealed that wted cultivars was ineffective and have no
antifungal activity againsaspergillus flavus.

Table 5: Antimicrobial activity of essential oils dflangifera indica cultivars

Standard
Gentamyc Amphoteric M.Z. M.H. M.C.
in in B
Bacillus subtilis +
(ATCC 6051) G 32 - 15 18 15
Staphylococcus aureus + _
(ATCC 12600) G 31 14 21 15
Escherichia coli .
(ATCC 11775) G 33 - 16 19 16
Pseudomonas
aeruginosa G 30 -- 13 16 15
(ATCC 10145)
Aspergillus flavus __
Link (ATCC 204304) AEE 1 =6 <6 <6
Candidaalbicans ¢ g - 18 12 16 14

(ATCC 26555)
M.Z.: Mangifera indica cultivar zebdeyaM.H.: Mangifera indica cultivar hindi; M.C.: Mangifera indica
cultivar cobaneya.
Results are average of three replicate tests. Mmtimiarobial activity was done against six microanisms by
agar disc diffusion method.
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Table 6: Minimal Inhibitory Concentration (MIC) of essentiails Mangifera indica cultivars against bacterial
and fungal strains.

Tested microorganisms M.Z. M.H. M.C.
MIC (ul/ml)

Bacillus subtilis (ATCC 6051) 116 166
Staphylococcus aureus (ATCC 195 121
Escherichia coli (ATCC 11775) 123 172
Pseudomonas aeruginosa (ATCC 140 N 159
Aspergillus flaws Link (ATCC ND N ND

Candida albicans (ATCC 26555) 142 o 142

M.Z.: Mangifera indica cultivar zebdeyaM.H.: Mangifera indica cultivar hindi; M.C.: Mangifera indica
cultivar cobaneya.

ND; Not done, as essential oil (s) has no antinfizdoactivity on this microorganism.

TheMIC of the threeM. indica cultivars essential oils (Table 6) revealed thHialgh essential oils didn’t show
antimicrobial activities agains@spergillus flavus the peel essential oils demonstrated a variabititythe
inhibitory concentrations of each essential oil fee given microorganisms. The essential oils @&lgpshowed
activities in the range (concentrations) from 14@42pul/ml for M. indica cultivar zebdeya, 58 to §4/ml for
M. indica cultivar hindiand from 121 to 17gl/ml for M. indica cultivar cobaneya.

The lowest variation (58l/ml) was observed for essential oil Mf indica cultivar hindi onEscherichia coli that
may be attributed to their higher oxygenated cdantértheir essential oils. These results are ireagrent with
Toshida et al., (2000) who documented a MIC varying from 122 9%®1ul/ml upon testing different
concentrations dfA. indica cultivars on both Gram-negative and Gram-positigetéria.

Conclusion and future aspects

The use of plant essential oils from common wastedycts is an inexpensive, easily scaled up and
environmentally benign. It is especially suited fieaking eco-friendly chemotherapeutic agents thadtroe free
of toxic contaminants as required in therapeutjaiaptions.

It is known that the by-products of some vegetabled fruits represent an important source of sygairserals,
organic acid, dietary fiber and phenolics that haweide range of action, which includes antitunaomiiviral,
antibacterial, cardioprotective and antimutagemitvidies. Thus new aspects concerning the usén®fwastes
therapeutically are very attractive. The presentdtigation focused on the possibility of using g@ampeel
waste as a source of low-cost natural immunostimiuknticancer and antimicrobidil. indica peel, usually a
waste product which is thrown into the environmiesd a very good immunostimulant, anticancer pabtytias
well as the demonstration of broad spectrum ofbawterial activity byM. indica peels may help to discover
new chemical classes of antibiotic substances toald serve as selective agents for infectious adise
chemotherapy and control. This investigation hasnep up the possibility of the use of this plantdinig
development for human consumption possibly fortthatment of various infections caused by microbésse
are novel, natural and economic sources of antahics, which can be used in the prevention of disge@aused
by pathogenic microbes.

Our results suggest that with the aid of plant esstonditional chemotherapeutic agents may haee leroader
range of applications in the future. Thus, a stofithe exact mechanism by which essential oilshiilsignaling
cascades responsible for the development and @msigreof the disease would be a tremendous brealghrin
the field of aromatherapy and make these agentsffagtive alternative in tumor and angiogenesiatea
diseases.

In conclusionM. indica cultivars essential oils can be used as an inexgessurce for the treatment of many
infectious diseases caused by the bacteria and mamstimulation especially for cancer patient wigredal
focus on breast cancé&urther research on the use of other botanicalbearwarding to pursue in hunt for new
herbal therapeutic agent. Therefore, this study aeéfinitely open up as a scope for future utiliaatof the
waste for therapeutic purpose.
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