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ABSTRACT

Chemical investigation of the dichloromethane esttraf the fruit of Muntingia calaburaafforded sqeaé (),
triglyceride @), a mixture of linoleic acid3a), palmitic acid 8b) and a-linolenic acid @c), and a mixture of3-
sitosterol @a) and stigmasteroldp). The structures df-4b were identified by comparison of their NMR datahwit
those reported in the literature.
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INTRODUCTION

Muntingia calabural. locally known as aratiles is a popular edibigtfin the Philippines. An earlier study reported
that the methanol extract of the fruit possessddntanti-inflammatory activity [1]. Another stydeported that
the ethanolic extract of the fruit exhibited ansk®alue of 1.631ig mL™" against first instaP. xylostellalarvae,
while the hexane extract gave ansh@alue of 5.509 mL™ [2]. Furthermore, the acetone, ethanol, methand! a
aqueous extracts of the fruitwere found to posségsificant antioxidant activities [3].Th#. calaburaleaves
exhibited potential antiproliferative and antioxidaactivities that could be attributed to their thigontent of
phenolic compounds [4]. The leavesalso exertedmaintityrosinase and antioxidant activities [Bhe aqueous
leaf extract at concentrations 0f10%, 50% and 1&bBéwed significant antinociceptive, anti-inflammatand
antipyretic activities [6]. The chloroform, metl@mnd aqueous leaf extracts exhibited antibadtadtvity against
normalS. aureusnfection [7] and other bacteria [8]. Other studieported the isolation of cytotoxic chalconesand
flavonoids from the leaves [9] and cytotoxic flaedts from the leaves and stemsfcalaburgl0]. Furthermore,
the aqueous leaf extract ®. calabura elicited both a transient and delayed hypotensiffect through the
production of NO. The activation of NO/sGC/cGMP reiing pathway may mediate thd. calaburainduced
hypotension [11]. Steam distillation-extraction tfe fruit, followed by GC/MS analyses resulted time
identification of 56 compounds composed of est&5.4%), alcohols (15.9%), phenolic compounds (1),3%
sesquiterpenoids (10.6%) and furan derivative43[32].

The leaves ofM. calaburafforded 5-hydroxy-3,7,8-trimethoxyflavone, 3,7-dithoxy-5-hydroyflavone, '2'-
dihydroxy-3-methoxychalcone, and calaburone [13]. The EtOxcaet from the leaves d¥l. calaburayielded
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(2R,3R)-7-methoxy-3,5,8-trihydroxyflavanone, (2Shroxy-7-methoxyflavanone, 2',4'-dihydroxychaleor,2’,
4'-trihydroxychalcone, 7-hydroxigoflavone and 7,3',4'-trimethoxyisoflavone whickres found to induce quinone
reductase activity [14].The leaves ofl. calabura afforded 3 new compounds 2,3-dihydroxy-4,3'4'5'-
tetramethoxydihydrochalcone, 4,2',4'-trihydroxya8thoxydihydrochalcone, and (2R,3R)-(-)-3,5-dihygr6,7-
dimethoxyflavanone and 19 known compounds. 2,3-@ibyy-4,3',4',5'-tetramethoxydihydrochalcone, 5,7-
dihydroxy-3-methoxyflavone, 5,7-dihydroxy-6-methoftgvone, 5,4'-dihydroxy-3,7-dimethoxyflavone, (2838,3',
4'\5'-pentamethoxyflavan, (2S)-5'-hydroxy-7,8,¥ettamethoxyflavan, and methyl gallate exhibitegngicant
anti-platelet aggregation activity [15]. THhé. calaburaextract revealed the presence of phytol (26.26%), n
hexadecanoic acid (11.97%), cyclopropaneoctanait (46.26%),y-sitosterol (11.15%), stigmasterol (7.20%), and
campesterol (4.47%) as main constituents [16]. Aeot study reported that 8-hydroxy-7,3',4'5'-
tetramethoxyflavone, 8,4'-dihydroxy-7,3',5'-trimexyflavone, and 3-hydroxy-1-(3,5-dimethoxy-4-hydypkenyl)
propan-1-one exhibited effective cytotoxicities ggMalues = 3.56, 3.71, and 3.g@/mL, resp.) against the P-388
cell line [17]. Stigmasterol isolated from the r@aif M. calaburaexhibited a potent antifungal activity with a
minimum inhibitory concentration of 1 mg/mL agaiistsolani[18].

In this study, the dichloromethane extract of ttemfe-dried fruit oM. calaburayielded squalenelj, triglycerides
(2), fatty acids 8), and a mixture op-sitosterol 4a) and stigmasterodp) (Fig. 1). To the best of our knowledge
this is the first report on the isolation of squedeand triglycerides frorl. calabura.
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Fig. 1. Chemical structuresof squalene (1), triglyceride (2), linoleic acid (3a), e-linolenic acid (3c), p-sitosterol (4a) and stigmaster ol (4b)
from the fruits of M. calabura

MATERIALSAND METHODS

Sample Collection
The ripened fruits from aratiles were harvestednfr8an Pedro, Laguna in June 2014. It was idedtifie
Muntingia calaburaat the Botany Division, Philippine National Museum.
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General Experimental Procedure

NMR spectra were recorded on a Varian VNMRS spewtter in CDCI3 at 600 MHz for 1H NMR and 150 MHz
for 13C NMR spectra. Column chromatography was qreréd with silica gel 60 (70-230 mesh). Thin layer
chromatography was performed with plastic backetiesl coated with silica gel F254 and the plateg wisualized
by spraying with vanillin/H2SO4 solution followeq lwvarming.

General | solation Procedure

A glass column 20 inches in height and 2.0 inchésrimal diameter was packed with silica gel. Thelerextract
from the leaves were fractionated by silica geloamatography using increasing proportions of aceton@H,Cl,
(10% increment) as eluents. One hundred millilftections were collected. All fractions were monéd by thin
layer chromatography. Fractions with spots of thens R values were combined and rechromatographed in
appropriate solvent systems until TLC pure isolatese obtained. A glass column 12 inches in hedgtat 0.5 inch
internal diameter was used for the rechromatographye milliliter fractions were collected. Finalgfications
were conducted using Pasteur pipettes as colummesn@liliter fractions were collected.

Extraction and Isolation

FreshM. calaburafruits (700 g) were washed and frozen before lyligdtion. The resultant dried berries (281.46
g) were incubated with one liter of GEl, and left in a closed vessel at room temperaturghiee days. After
filtering, CH,Cl, was removed using a rotary evaporator which aéfdral 10.0022 g of crude extract.

The crude extract was chromatographed using incgasoportions of acetone in GEl,at 10% increment as
eluents. The CKl, fraction was rechromatographed (3x) using petrolather to affordl (1.9 mg). The 20%
acetone in CkKCl, fraction was rechromatographed using 10% EtOAceimgbeum ether. Fractions collected from
this rechromatography were combined and washed p&tinoleum ether, then rechromatographed (2x) using
CH;CN:EtO:CH,CI; (0.5:0.5:9 v/v) to afford a mixture @ and4b (7.6 mg).The 50% acetone in gH,fraction

was rechromatographed (2x) in 7.5% EtOAc in petnolesther to affor@ (539 mg). The 60% acetone in &,
fraction was rechromatographed (3x) in 10% EtOApétroleum ether to yiel&(1.4 mg).

Squalene (1): *C NMR (150 MHz, CDGJ): § 25.69 (C-1), 131.26 (C-2), 124.27 (C-3), 26.664)C39.75 (C-5),
134.90 (C-6), 124.30 (C-7), 26.76 (C-8), 39.72 (C¥85.10 (C-10), 124.40 (C-11), 28.27 (C-12), T7(E-2),
16.04 (C-6), 15.99 (C-10.

Triglyceride (2): *C NMR (150 MHz, CDGJ)): § 62.07 (2x, glyceryl Ch); 68.85 (glyceryl CH), 173.22¢,C=0

a); 172.81 (C=0p); 34.16, 34.02, 33.99 (C-2); 22.55, 22.656, 22,6481, 24.84, 25.60, 27.16, 27.17, 27.19,
27.22, 29.02, 29.06, 29.09, 29.11, 29.15, 29.125%29.30, 29.32, 29.34, 29.45, 29.50, 29.58,226.63, 29.68,
29.74, 31.50, 31.90 (GH 130.19, 129.97, 129.95, 128.05, 128.03, 12785(.85 (CH=CH); 14.05, 14.09
(terminal CH).

p-Sitosterol (4a): 3C NMR (150 MHz, CDGJ): § 37.24 (C-1), 31.64 (C-2), 71.80 (C-3), 42.28 (C#)0.74 (C-5),
121.71 (C-6), 31.88 (C-7), 31.90 (C-8), 50.14 (C3§.49 (C-10), 21.07 (C-11), 39.75 (C-12), 42.2618), 56.75
(C-14), 24.35 (C-15), 28.24 (C-16), 56.03 (C-17).9¥ (C-18), 19.38 (C-19), 36.13 (C-20), 18.76 (§;33.93 (C-
22), 26.04 (C-23), 45.81 (C-24), 29.13 (C-25), 290-26), 19.81 (C-27), 23.05 (C-28), 11.85 (C-29).

Stigmasterol (4b): *C NMR (150 MHz, CDGJ): § 37.24 (C-1), 31.64 (C-2), 71.80 (C-3), 42.28 (C4)0.74 (C-5),
121.71 (C-6), 31.88 (C-7), 31.90 (C-8), 50.14 (C3H.49 (C-10), 21.07 (C-11), 39.66 (C-12),42.261@}, 56.75
(C-14), 24.35 (C-15), 28.91 (C-16), 55.93 (C-173,0B (C-18), 19.38 (C-19), 40.49 (C-20),21.07 (G-2B8.31
(C-22), 129.25 (C-23), 51.22 (C-24), 31.90 (C-Z8).20 (C-26), 18.97 (C-27), 25.40 (C-28),12.24 @-2

RESULTSAND DISCUSSION
Silica gel chromatography of the dichloromethaniaet of the freeze-dried fruits ™. calaburayielded squalene
(1) [19], triglycerides 2) [20], fatty acids 8) [21], and a mixture of-sitosterol 4a) [22] and stigmasterotb) [22].

The structures aof-4b were identified by comparison of their NMR datahwiihose reported in the literature.

Based on the integrations of the triacylglycef)l grotons, the fatty acids attached to the glycarellinoleic acid
(3a) [23] and a saturated fatty acid, possibly paknécid @b) [24] in a 2:1 ratio.The presence of linoleic acid
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(3a)was deduced from the methyl triplet&0.86 (t,J = 6.6 Hz), the double allylic methylene&R.74 (t,J = 6.6
Hz), the olefinic protons & 5.32 (m),a-methylene protons @t2.30 (t,J = 7.2 Hz), and the long-chain methylene
protons ab1.24-1.34 [28]; while the palmitic acid was indiedtby the resonances at 2.30J(t 7.2 Hz,a-CH,),
1.60 (m,p-CH,), 1.24-1.34 (CH), 0.85 (t,J = 6.6 Hz, CH).

The mixture of fatty acids is composed 3#, 3band a-linolenic acid 8c).The presence dc in the mixture was
deduced from the methyl triplet &t0.96 (t,J = 7.8 Hz), the double allylic methylenes&®P.78 and the olefinic
protons ab 5.34 (m) [27]. Based on the integrations of thehyls at 0.86 (t,J = 6.6 Hz)for3a and3b, ands 0.96
(t, J= 7.8 Hz) for3c, and the integrations of the double allylic methgemats 2.74 for3a ands 2.78 for3c,the ratio
of 3a,3band3c in the fatty acid mixture is 2:1:1, respectively.

The 3:1 ratio of the mixture ofaand 4b was deduced from the integrations of theNMR resonances for the
olefinic protons of4a atd 5.33 (dd,J = 1.8, 5.4 Hz, H-6) andb at$ 5.33 (dd,J = 1.8, 5.4 Hz, H-6), 5.13 (dd,=
9.0, 15.0 Hz, H-22) and 5.00 (d#i= 6.6, 15.0 Hz, H-23).

Although no biological activity tests were condutien the isolated compoundis-4b), literature search revealed
that these have diverse biological activities dg\s.

Squalene X) was reported to significantly suppress colonic FA@rmation and crypt multiplicity which
strengthened the hypothesis that it possesses ghnewventive activity against colon carcinogenest.[& showed

cardioprotective effect which is related to inhidwit of lipid accumulation by its hypolipidemic prepies and/or its
antioxidant properties [26]. A recent study repdrtieat tocotrienols, carotenoids, squalene andzymee Q10 have
anti-proliferative effects on breast cancer ce2i8]] The preventive and therapeutic potential afatgne containing
compounds on tumor promotion and regression haea beported [28]. A recent review on the bioadtatof

squalene has been provided [29].

Triacylglycerols R) exhibited antimicrobial activity againSt aureus, P. aeruginosa, B. subtilis, C. albicarT.
mentagrophyte§30]. Another study reported that triglycerides wlkd a direct relationship between toxicity and
increasing unsaturation, which in turn correlatethwcreasing susceptibility to oxidation [31].

Linoleic acid Ba) belongs to the omega-6 fatty acids. It was regabtd be a strong anticarcinogen in a number of
animal models. It reduces risk of colon and brezmtcer [32] and lowers cardiovascular disease aistt
inflammations [33]. Palmitic acid3b), a saturated fatty acid which was reported asagmconstituent ofC.
ovatumoil [34] showed selective cytotoxicity to human kewmic cells, induced apoptosis in the human leukemi
cell line MOLT-4 and exhibitedh vivo antitumor activity in mice [35]. Omega-3 polyutsated fatty acids (n-3
PUFA), eicosapentaenoic acid (EPA), docosahexaemiic(DHA) anda-linolenic acid (ALA) @c), and their fatty
acid ethyl esters, exhibited strong antibacterilvdy against various oral pathogens, includi8geptococcus
mutans Candida albicans Aggregatibacter actinomycetemcomitand-usobacterium nucleatum and
Porphyromonas gingivalisThey also showed anti-inflammatory effects [3Beroxisome proliferator-activated
receptory (PPARy) and cyclooxygenase-2 (COX-2) inhibition servetws signaling pathways for the inhibitory
effects ofa-linolenic acid (ALA) on the human renal cell carama (RCC) cell proliferation [37]. Another study
reported that apoptosis of hepatoma cells was edlby theo-linolenic acid enriched diet which correlated wéth
decrease in arachidonate content in hepatoma aetisdecreased cyclooxygenase-2 expression {38holenic
acid (GLA) ando-linolenic acid (ALA) exhibited greater than 90%tatpxicity between 50Q@M and 1 mM against
all but two malignant micro-organ cultures tested10% serum. GLA and ALA killed tumor at concetions of

2 mM and above in tests using 30-40% serum [39].

B-Sitosterol 4a) was reported to exhibit growth inhibitory effeaia human breast MCF-7 and MDA-MB-231
adenocarcinoma cells [40]. It was shown to be &ffedfor the treatment of benign prostatic hypesd41]. It
attenuated-catenin and PCNA expression, as well as quencadidal in-vitro, making it a potential anticancer
drug for colon carcinogenesis [42]. It was repottiednduce apoptosis mediated by the activatioERK and the
downregulation of Akt in MCA-102 murine fibrosarcargells [43]. It can inhibit the expression of NRC1n the
enterocytes to reduce intestinal cholesterol upfé4E

Stigmasterol 4b) shows therapeutic efficacy against Ehrlich ascitarcinoma bearing mice while conferring
protection against cancer induced altered physicébgonditions [45]. It lowers plasma cholestdmlels, inhibits
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intestinal cholesterol and plant sterol absorptang suppresses hepatic cholesterol and classiadill synthesis in
Winstar as well as WKY rats [46]. Other studiesomted that stigmasterol showed cytostatic actiaigpinst Hep-
2and McCoy cells [47], markedly inhibited tumouroprotion in two stage carcinogenesis experimentg, [48
exhibited antimutagenic [49], topical anti-inflamtoey [50], anti-osteoarthritic [51] and antioxidgdb2] activities.

CONCLUSION

Previous literature oM. calaburareported mainly on the isolation of chalcones datdhoids which exhibited
cytotoxic and anticancer properties. There weve studies on the isolation of non-polar componerfitghe plant.
This study reports on the non-polar constitueramfthe fruit ofM. calaburawhich were reported to exhibit diverse
biological activities.
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