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ABSTRACT

Chemical investigations of the freee-dried seedsAofona muricata led to the isolation of murisolih),
annoreticuin-9-one2), cis-annoreticuin ), sabadelin 4), g-sitosterol ), stigmasterol &), and triglyceride (7);
while the fruits afforde@-5. The structure ofl was elucidated by extensive 1D and 2D NMR speapysavhile
the structures o?-7 were identified by comparison of théf€ NMR data with those reported in the literature.
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INTRODUCTION

Annona muricatd.inn. of the family Annonaceae, commonly knowngagyabang is a well-known medicinal tree
with anti-bacterial [1], antiviral [2, 3], molluszidal [4], anti-oxidative stress [5] and diuretioperties [6]. The eth-
anolic extract of the stem bark afinona muricatademonstrated inhibitory activity against cytopatbftects of
Herpes simplex virus-1 (HSV-1) [2]. The dry ethaoaxtract of A. muricataleaf has molluscicidal properties
against Biomphalaria glabrata.[4]. A. muricata aqueous leaf extract treatment diminished and/eveted
pancreatic oxidative damage produced by Streptozond showed antioxidant activity [5]. The juigkthe ripe
fruit is said to be a diuretic, while a decoctiodnpowdered immature fruits is a dysentery remedy [Bqueous
extracts of the skin oA. muricataexhibited antibacterial effect agairStaphylococcus aurewsdVibrio cholera

[7].

The leaves, root and stem barks Af muricata afforded seven isoquinoline alkaloids: reticuline, coclaatin
coreximine, atherosperminine, stepharine, anomuitttanomuricine [8]. The essential oil of the firésiit pulp of

A. muricatayielded 2-hexenoic acid methyl ester (23.9%), 2emexc acid ethyl ester (8.6%), 2-octenoic acid
methyl ester (5.4%), 2-butenoic acid methyl esBdA%), B-caryophyllene (12.7%), 1,8-cineole (9.9%), lindloo
(7.8%), a-terpineol (2.8%), linalyl propionate (2.2%), analarene (2.2%) [9]. The seeds Af muricataafforded
annomuricatin A [10].

Annohexocin, a mono-THF annonaceous acetogenin fhenteaves of. muricataexhibited significant inhibitory
effects against six human cancer cell lines: lurgast, colon, pancreatic, kidney carcinoma witbcity for the
prostate adenocarcinoma, PC-3 (B 0.0195pg/mL) [7]. Muricoreacin and murihexocin acetogenfrem the
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leaves ofA. muricata showed significant cytotoxicities against six humamor cell lines with selectivities to the
prostate adenocarcinoma (PC-3) and pancreationcemnei (PACA-2) cell lines [11].
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Fig. 1. Acetogenins from Annona muricata seeds and fruits. murisolin (1), annor eticuin-9-one (2), cis-annor eticuin (3), and sabadelin (4)

In an earlier study, we reported the isolation mfi@eticuin-9-one from the seedsA&f muricata while the fruits
yieldedcis-annoreticuin and sabadelib2]. In another study, we reported the isolatidi-sitosteronep-sitosteryl
fatty acid ester}-sitosterol,a-amyrin, B-amyrin, and squalene from the fruits [13]
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We report herein the isolation and identificatiohtloe acetogenins: murisolirl); annoreticuin-9-one2j, cis-
annoreticuin 8), and sabadelird} (Fig. 1), as well as a mixture pfsitosterol §) and stigmasterobj in a 3:1 ratio,
and triglyceride 7) from the seeds; while the fruits yield2é. To the best of our knowledge this is the fieghart
on the isolation ofl, 6 and 7 from a local collection oAA. muricataand the first report on the isolation ®fand4
from the seeds arlfrom the fruits

MATERIALSAND METHODS

General Experimental Procedure

NMR spectra were recorded on a Varian VNMRS speugter in CDCJ at 600 MHz for'H NMR and 150 MHz
for 3C NMR spectra. Column chromatography was performiti silica gel 60 (70-230 mesh). Thin layer
chromatography was performed with plastic backedegl coated with silica gebdz and the plates were visualized
by spraying with vanillin/HSQy solution followed by warming.

Sample Collection and Extraction

The fruits of Annona muricatavhich were collected from Davao, Philippines wboaight from Q-Mart, Quezon
City, Philippines in July 2013. The seeds wegasated from the fruit, ground in a blender, arghtfreeze-dried.
The freeze-dried seeds (200 g) and fruits (500ayewseparately soaked in &, for 3 days and then filtered. The
filtrates were concentrated under vacuum to affoctude seeds extract (12.5 g) and crude fruitaex¢s.2 g).

General Isolation Procedure

A glass column 20 inches in height and 2.0 inchésrial diameter was packed with silica gel. Thelerextract
from the leaves were fractionated by silica geloamatography using increasing proportions of acetone
dichloromethane (10% increment) as eluents. Oneltegnmilliliter fractions were collected. All frions were
monitored by thin layer chromatography. Fractionghwspots of the samé&f values were combined and
rechromatographed in appropriate solvent systertisTWC pure isolates were obtained. A glass colul2ninches
in height and 0.5 inch internal diameter was usedte rechromatography. Five milliliter fractiongre collected.
Final purifications were conducted using Pastepefpés as columns. One milliliter fractions werédemed.

I solation

The crude seeds extract was chromatographed usingaising proportions of acetone in £ at 10% increment.
The 10% acetone in GBI, fraction was rechromatographed (3 x) in 5% EtOA@etroleum ether to afford
(105.4 mg). The 30% acetone in &H, fraction was rechromatographed (4 x) in 12.5% Et@#Apetroleum ether

to afford 4 (2.5 mg) after washing with petroleum ether. The%4G@cetone in CKCl, fraction was
rechromatographed (3 x) in 15% EtOAc in petroledheeto afford a mixture db and6 (15.5 mg) after washing
with petroleum ether. The 60% and 70% acetoneHpGEG fractions were combined and rechromatographed (5 x)
in CH;CN:EtLO:CH,CI, (1:1:8, v/v) to affordl (4.3 mg) after trituration with petroleum ether.eT&80% and 90%
acetone in CKCl, fractions were combined and rechromatographed (4 €H;CN:ELO:CH,CI, (1.5:1.5:7, viv) to
afford 2 (3.2 mg) after trituration with petroleum ether.héT100% acetone fraction was rechromatographed by
gradient elution in CECN:EtO:CH,Cl, (0.5:0.5:9,v/v), followed by CEHCN:ELO:CH,CI, (1:1:8, v/v), followed by
CH;CN:EtO:CH,CI, (1.5:1.5:7, viv) and finally CECN:ELO:CH,CI, (2.5:2.5:5, v/v) to afford3 (2.1 mg) after
trituration with petroleum ether.

The crude fruits extract was chromatographed usiagasing proportions of acetone in £} at 10% increment.
The 30% acetone in GBI, fraction was rechromatographed (4 x) in 12.5% EtQ#Apetroleum ether to afford
(21.8 mg) after washing with petroleum ether. Th&oc5acetone in C}Cl,fraction was rechromatographed (3 x) in
15% EtOAc in petroleum ether to affoEd (3.4 mg) after washing with petroleum ether. Tl809acetone in
CH.CI, fractions were combined and rechromatographed (# H;CN:ELO:CH,Cl, (1.5:1.5:7, v/v) to affor@
(1.2 mq) after trituration with petroleum ether.her100% acetone fraction was rechromatographedrdniemt
elution in CHCN:ELO:CH,CI, (0.5:0.5:9, v/v), followed by CHCN:ELO:CH,CIl, (1:1:8, v/v), followed by
CH;CN:ELO:CHyCI, (1.5:1.5:7, v/v) and finally CECN:ELO:CH,CI, (2.5:2.5:5, v/v) to afford3 (1.5 mg) after
trituration with petroleum ether.

Murisolin (1): *H NMR (600 MHz, CDCJ) § 1.23-1.40 (m, Ch), 1.43 (d,J = 7.2 Hz, H-35), 1.48, 1.34 (H-6), 1.65,
1.98 (m, H-17, H-18), 2.52, 2.38 (m, H-3), 3.38 (15, H-20), 3.78 (M, H-16, H-19), 3.82 (m, H-A)16 (d,J =
1.2 Hz, H-33), 5.04 (qd, 1H = 7.2, 1.2 Hz, H-34), 0.88 ( = 7.2 Hz, H-35)*C NMR (150 MHz, CDCJ) &
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174.62 (C-1), 131.19 (C-2), 33.34 (C-3), 70.00 {C37.41 (C-5), 33.47 (C-6), 29.70, 29.66, 29.6553, 29.62,
29.58, 29.54, 29.49, 29.48, 29.45, 29.34, {C-13, C-2229), 25.54, 25.59 (C-14, C-21), 74.03, 74.05 (CQ5
20), 82.62, 82.60 (C-16, C-19), 28.73 (C-17, C-18).68 (C-30), 31.91 (C-31), 14.11 (C-32), 151(T833),
77.97 (C-34), 19.10 (C-35).

Annoreticuin-9-one (2): *C NMR (150 MHz, CDGJ) § 174.65 (C-1), 131.09 (C-2), 33.16 (C-3), 69.804)C37.09
(C-5), 33.43(C-6), 23.61 (C-7), 42.57 (C-8), 211(€19), 42.57 (C-10), 23.75 (C-11), 22.49 (C-12),57 (C-13),
25.21 (C-14), 74.06 (C-15), 82.67 (C-16), 28.711(Q; 28.73 (C-18), 82.53 (C-19), 73.96 (C-20), 25(2-21),
23.61-33.43 (C-22C-29), 22.66 (C-30), 31.90 (C-31), 14.10 (C-3%1..91 (C-33), 78.01 (C-34), 19.08 (C-35).

Cis-annoreticuin (3): **C NMR (150 MHz, CDGJ) § 174.60 (C-1), 131.17 (C-2), 33.38 (C-3), 69.904)C37.28
(C-5), 25.60 (C-6), 29.71 (C-7), 33.48 (C-8), 71(T49), 33.48 (C-10), 22.57-29.71 (C-11-13), 25.48 (C-14),
74.06 (C-15), 82.67 (C-16), 28.74 (C-17, C-18),682(C-19), 73.96 (C-20), 25.48 (C-21), 25.48-25T122-C-

29), 22.67 (C-30), 31.90 (C-31), 14.09 (C-32), 821(C-33), 77.97 (C-34), 19.09 (C-35).

Sabaddlin (4): *C NMR (150 MHz, CDG)) § 173.90 (C-1), 134.3 (2), 25.17 (C-3), 27.19 (C28,10-29.76 (C-
5-C-11), 27.40 (C-12), 128.1 (C-13), C-130.5 (C-14),90 (C-15), 27.76 (C-16), 57.37 (C-17), 56.461§); 27.78
(C-19), 26.62-29.76 (C-2@-29), 31.91 (C-30), 22.68 (C-31), 14.12 (C-32)8.8 (C-33), 77.40 (C-34), 19.21 (C-
35).

p-Sitosteral (5): *C NMR (150 MHz, CDGJ): § 37.2 (C-1), 31.6 (C-2), 71.8 (C-3), 42.3 (C-4)0IB (C-5),
121.69 (C-6), 31.9 (C-7), 31.89 (C-8), 50.10 (C3§,13 (C-10), 21.06 (C-11), 39.75 (C-12), 42.361@}, 56.74
(C-14), 24.34 (C-15), 28.28 (C-16), 56.03 (C-17),88 (C-18), 19.38 (C-19), 36.48 (C-20), 19.01 (1J;33.92 (C-
22), 29.12 (C-23), 45.81 (C-24), 26.04 (C-25), 68(C-26), 19.80 (C-27), 23.04 (C-28), 12.03 (C-29).

Stigmasterol (6): *C NMR (150 MHz, CDGJ): § 37.23 (C-1), 31.62 (C-2), 71.77 (C-3), 42.27 (C¥90.73 (C-5),
121.59 (C-6), 31.89, 31.88 (C-7, C-8), 50.13 (C3.48 (C-10), 21.06 (C-11), 39.66 (C-12), 42.191@}, 56.74
(C-14), 24.34 (C-15), 28.90 (C-16), 55.93 (C-173,0B (C-18), 19.38 (C-19), 40.48 (C-20), 21.06 (J;2138.30
(C-22), 129.24 (C-23), 51.22 (C-24), 31.89 (C-Z8).20 (C-26), 18.96 (C-27), 25.39 (C-28), 12.22@)-

Triglyceride (7): **C NMR (150 MHz, CDCJ): & 62.09 (glyceryl Ch), 68.87 (glyceryl CH), 173.26, 173.25 (C=0
a), 172.82 (C=Cp), 34.04 (C-2), 34.18 (C-B), 24.83 (C-3), 24.85 (C-B), 29.08 (C-4), 29.04 (C-#), 29.19 (C-
5a), 29.26 (C-B), 29.12 (C-6), 29.17 (C-B), 29.61 (C-%), 29.65 (C-P), 29.19 (both C-8), 130.00 (Gt 129.96
(C-9B), 128.07 (both C-10), 25.61 (both C-11), 127.88tibC-12), 130.21 (both C-13), 27.18 (both C-14),33
(both C-15), 31.51 (both C-16), 22.56 (both C-17),06, 14.10 (both C-18).

RESULTSAND DISCUSSION

Silica gel chromatography of the dichloromethan&raet of the freeze-dried seeds Af muricatayielded the
acetogenins: murisolirl) [14,15], annoreticuin-9-one), cis-annoreticuin §), and sabadelird] [12], as well as a
mixture ofB-sitosterol §) [16] and stigmasteroB] [17] in a 3:1 ratioand triglyceride 7) [18] from the seeds; while
the fruits afforded2-5. The structure oflL was elucidated by extensive 1D and 2D NMR spectmgcand
confirmed by comparison of ittH and/or**C NMR data with those reported in the literaturd,[15]. The
structures oR-7 were identified by comparison of théiC NMR data with those reported in the literatur®, [16-
18]. The 3:1 ratio for the mixture 6fand6 was deduced from the the integrations of tHeNMR resonances for
the olefinic protons ob atd 5.32 (ddJ = 1.8, 5.4 Hz, H-6and6 at 6 5.32 (ddJ = 1.8, 5.4 Hz, H-6), 5.13 (dd,=
8.4, 15.0 Hz, H-22) and 5.00 (dd,= 8.4, 15.0 Hz, H-23). The triglyceride is made updaunsaturated,
monounsaturated and saturated fatty acids as dedrare the integrations of the resonances for tle¢hgi protons
atd 0.87, 0.86 (t,J = 6.6 Hz) for the three fatty acids and the resonaat® 2.75 (double allylic methylene), 2.00
(allylic) and 5.32 (olefinic) protons for the diatarated fatty acid; anél 2.00 (allylic) and 5.32 (olefinic) protons
for the monounsaturated fatty acid. The diunsatgrdatty acid could be linoleic acid, while the mansaturated
fatty acid could be oleic acid based on the intiéggnafor the methylene protons&t.23-1.35.

Although no biological activity tests were condutten the isolated compounds, except 4oiiterature search
revealed that these have diverse biological am#vias follows.
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A study reported that murisolirL) exhibited inhibitory action with bovine heart wéhondrial complex | [19]. It
showed potent and selective cytotoxicities amomghsiman tumor cell lines [20]. Another study repdrthatl
from the seeds oA. muricata exhibited cytotoxic activity [21]. It also showeztotoxicity against human
hepatoma cells, Hep G2 [22] and human tumor aedisli[23].

Annoreticuin-9-one 3) was first isolated from the fruits @f. reticulata This acetogenin was also isolated frém
squamosand reported to exhibit cytotoxic activities agaititee human pancreatic tumor cell line, PACA-2,hwit
EDso = 2.4 x 10* ug/mL; human prostate adenocarcinoma, PC-3, withED9.8 x 10° ug/mL; human lung
carcinoma, A-549, with ER = 2.7 x 10" pg/mL, and brine shrimp lethality test, BST, with 4G 2.4 x 10°
ug/mL [24]. Another study reported thaexhibited significant cytotoxicities against HeR,25 (human hepatoma
cell transfected HBV), Hep G2 (human hepatoma cKB (human nasophryngeal carcinoma) and CCM2 (luma
colon tumor cell) cell culture systems with &Dalues of 5.40 x 1) 5.40 x 1¢f, 3.10, and 1.00 x Toug/ml [25].

Cis-annoreticuin 8) was first isolated from the seedsfofmontanaand reported to exhibit cytotoxic activity against
human hepatoma carcinoma cell line, Hep G2 with,E2.4 x 10° ug/mL [26].

B-Sitosterol §) was observed to have growth inhibitory effects lnmman breast MCF-7 and MDA-MB-231
adenocarcinoma cells [27]. It was shown to becsffe for the treatment of benign prostatic hypasp [28]. It
was also reported to attenugtecatenin and PCNA expression, as well as quencltaiaih-vitro, making it a
potential anticancer drug for colon carcinogenfd. It can inhibit the expression of NPC1L1 iretbnterocytes to
reduce intestinal cholesterol uptake [30]. It wagarted to induce apoptosis mediated by the amivatf ERK and
the downregulation of Akt in MCA-102 murine fibrasama cells [31].

Stigmasterol §) shows therapeutic efficacy against Ehrlich ascitarcinoma bearing mice while conferring
protection against cancer induced altered physicébgonditions [32]. It lowers plasma cholestdmiels, inhibits
intestinal cholesterol and plant sterol absorptang suppresses hepatic cholesterol and classiadil synthesis in
Winstar as well as WKY rats [33]. Other studiegared that stigmasterol showed cytostatic actiagginst Hep-2
and McCoy cells [34], markedly inhibited tumour pration in two stage carcinogenesis experiments,[35]
exhibited antimutagenic [36], topical anti-inflamioey [37], anti-osteoarthritic [38] and antioxidgB8] activities.

Triglycerides {) were reported taxhibit antimicrobial activity againss. aureus, P. aeruginosa, B. subtilis, C.
albicans andT. mentagrophyteglO]. Another study reported that triglycerideswled a direct relationship between
toxicity and increasing unsaturation, which in turarrelated with increasing susceptibility to oxida [41].
Linoleic acid belongs to the omega-6 fatty acitlsvds reported to be a strong anticarcinogen inmaber of animal
models. It reduces risk of colon and breast caft®r and lowers cardiovascular disease risk anthnmfations
[43]. Oleic acid has been reported to be resptméiy the reduction of blood pressure induced lyeooil [44]. It
may hinder the progression of adrenoleukodystrophfigtal disease that affects the brain and adiglaads [45].
Oleic acid inhibited cancer cell growth and surVivalow metastatic carcinoma cells, such as gastarcinoma
SGC7901 and breast carcinoma MCF-7 cell lines [46].
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