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ABSTRACT

Chemical investigation of the dichloromethane ecttraf the leaves of Sechium edule (Jacq.) Swadzdethe
isolation of a mixture of trans-cinnamic acitij and phenylacetic acidlf) in 3:2 ratio, 3-octadecenoic aci@),
trilinolenin (3), anda-linolenic acid @). The structures dfa, 1b and 2 were elucidated by extensive 1D and 2D
NMR spectroscopy. The structures3adind 4 were identified by comparison of théi and*C NMR data with
those reported in the literature.
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INTRODUCTION

Sechium eduldéJacq.) Swartz, locally known as sayote is commanlltivated and used as a vegetable in the
Philippines. In traditional folk medicine, the ifris used as laxative and the leaves are employsdppuration of
boils. It exhibits antiulcer, laxative and diuretimperties [1]. Several studies have been conduarethe biological
activities ofS. eduleThe agueous extract of the fruit 8f eduleexhibited hypotensive effect [2], while the ethanol
extract showed anti-ulcer property [3]. Anothardst reported tha. edulealcoholic extract and tincture showed
very good antimicrobial efficacy against all testeflains of multiresistant staphylococci and erdecoi [4].
Furthermore, the chloroform and methanolic extra€tS. eduldfruits exhibited antibacterial activity against rmos
of the Gram negative bacteria testédcherichia coli Salmonella typhimuriurandShigella flexne)i[5]. A recent
study reported that the ethanol extracSotduldruits at 200 mg/kg body weight significantly re@dcthe duration

of various phases of convulsions in both MES-induseizures and in PTZ-induced convulsion. In theSCN
depressant model, the locomotor activity was aEmrehsed in a dose dependent manner [6]. Theddithantract

of the fruits ofS. eduleand its different fractions at 100 and 200 mg/kdileited significant hepatoprotective
activity against CGlinduced hepatotoxicity in rats [7]. Leaf ethancddixtracts and leaf and seed water extracts
were reported to exhibit antioxidant activities.[8] eduldruit juice reduced oxidative stress and the dgwelent

of hyperglycemia and hyperglycemiaduced complications [9]. The aqueous extraceafés ofS. eduleexhibited
protective effect against gentamieiand potassium dichromaiaduced nephrotoxicity and streptozotegimduced
diabetic nephropathy in experimental animals [1@. eduleshoots decrease serum lipids and cholesterol and
prevent atherosclerosis and fatty liver [11]. Aeneicstudy reported that hydroalcoholic extractsnftbe roots of.
eduleshowed an antihypertensive activity. Cinnamic algdvatives like cinnamic acid methyl ester wetentified
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by MS-PDA-HPLC from the extract, fraction, and setisubfraction [12]. Eight flavonoids were chaegizted by
NMR spectroscopic data, and quantified in rootayéds, stems, and fruits 8f eduleby LC-photodiode arraMS.

The aglycone moieties were represented by apigemihluteolin, while the sugar units were glucosgose, and
rhamnose [13]. The leaves 8f edulewere reported to contain 2.32% lipids, composednipaif linolenic and
palmitic acid [14].

We report herein the isolation and structure eltbioh of trans-cinnamic acid 1a), phenylacetic acid1f) and
3-octadecenoic acid?), and the identification of trilinolenir8] anda-linolenic acid 4) from S. eduldeaves. To
the best of our knowledge this is the first remortthe isolation oi-3 from the plant
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MATERIALSAND METHODS

General Experimental Procedure

NMR spectra were recorded on a Varian VNMRS spewgter in CDCJ at 600 MHz for'H NMR and 150 MHz
for *C NMR spectra. The ESIMS spectrum was run on aniim LCQ mass spectrometer. Column
chromatography was performed with silica gel 60-280 mesh). Thin layer chromatography was perfarmih
plastic backed plates coated with silica ggl,fand the plates were visualized by spraying withiliia/H,SO,
solution followed by warming.

General Isolation Procedure

A glass column 20 inches in height and 2.0 incinésrinal diameter was packed with silica gel. Thederextract
from the leaves were fractionated by silica geloamtography using increasing proportions of acetone
dichloromethane (10% increment) as eluents. Onealegnmilliliter fractions were collected. All fraohs were
monitored by thin layer chromatography. Fractionghwspots of the sam&f values were combined and
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rechromatographed in appropriate solvent systerisTC pure isolates were obtained. A glass colut@ninches
in height and 0.5 inch internal diameter was usedHhe rechromatography. Five milliliter fractiomgre collected.
Final purifications were conducted using Pastepefpés as columns. One milliliter fractions weréemed.

Sample Collection

Samples of the leaves (1.45 kg) ®échium edul¢Jacq.) Swartz were collected from San JoaquinkbtaPasig
City, Philippines in January 2012. The samplesewauthenticated at the Bureau of Plant Industry-Sadres,
Manila, Philippines.

I solation

Leaf samples oBechium eduléJacq.) Swartavere air-dried for about one week. The air-drieaves (300 g) were
ground in a blender, soaked in &2, for 3 days and then filtered. The filtrate wasi@entrated under vacuum to
afford a crude extract (14.3 g) which was chromatphed using increasing proportions of acetone HhGl, at
10% increment. The GiI, fraction was rechromatographed using 2.5% EtOApstroleum ether, followed by
rechromatography using 5% EtOAc in petroleum etoeafford 3 (12 mg). The 40% acetone in GBI, was
rechromatographed (2 x) using 10% EtOAc in petroleather to yield2 (8 mg). The 60% acetone in gEl,
fraction was rechromatographed using 15% EtOAceingbeum ether. The less polar fractions were dnetband
rechromatographed in 12% EtOAc in petroleum etfitiowed by rechromatography in 15% EtOAc in pettoh
ether to affordd (7 mg). The more polar fractions were combined and rechtognaphed (2 x) in 15% EtOAc in
petroleum ether to afford a mixture I and1b (10 mg) after trituration with petroleum ether.

Trans-Cinnamic Acid (1a): *H NMR (600 MHz, CDCJ): § 6.42 (d,J = 16.2 Hz, H-2), 7.76 (d] = 16.2 Hz, H-3),
7.53 (H-9), 7.40 (m, H-6, H-7, H-8%°C NMR (150 MHz, CDGJ): § 170.98 (C-1), 116.94 (C-2), 147.08 (C-3),
134.01 (C-4), 128.34 (C-5, C-9), 128.96 (C-6, C180.75 (C-7).

Phenylacetic Acid (1b): *H NMR (600 MHz, CDCJ):  3.66 (s, H-2), 7.32 (dJ = 6.6 Hz, H-4, H-8), 7.28 (dd, =
6.6, 8.4 Hz, H-5, H-7), 7.29 (m, H-6C NMR (150 MHz, CDCJ): § 176.07 (C-1), 40.81 (C-2), 133.31 (C-3),
128.67 (C-4, C-8), 129.38 (C-5, C-7), 127.35 (C-6).

3-Octadecenoic Acid (2): *H NMR (600 MHz, CDCJ): & 3.06 (dd,J = 6.6, 1.2 Hz, K-2), 5.50 (H-3), 5.58 (H-4),
2.00 (H-5), 1.28 (H-6), 1.25-1.35 (k7-H,-15), 1.25 (H-16), 1.28 (H-17), 0.85 (tJ = 6.6, H:-18);*C NMR
(150 MHz, CDC}): 6 176.12 (C-1), 37.41 (C-2), 120.63 (C-3), 135.644(C32.47 (C-5), 29.70 (C-6), 29:38.70
(C-7-C-15), 31.91 (C-16), 22.69 (C-17), 14.12 (C-18).

Trilinolenin (3): *H NMR (600 MHz, CDCY)): & 4.28 (dd,J = 4.2, 12.0 Hz), 4.12 (ddl = 6.0, 12.0 Hz, glyceryl
CH;0), 5.30 (glyceryl CHO), 2.30{CH,), 5.33 (olefinic H), 2.78 (double allylic Gl 2.05 (allylic, CH), 1.25-
1.35 (CH), 0.96 (t,J = 7.2, CH); °C NMR (150 MHz, CDGJ): 5 62.08 (glyceryl CH), 68.86 (glyceryl CH),
173.25 (C=Qu), 172.84 (C=(B), 34.01 (C-2), 34.18 (C-B), 24.82 (C-8), 24.86 (C-B), 29.08 (C-4), 29.04 (C-
4p), 29.19 (C-b), 29.26 (C-B), 29.11 (C-6), 29.17 (C-B), 29.60 (C-46), 29.70 (C-B), 29.19 (both C-8), 130.01
(C-9), 129.9 (C-B), 128.06 (C-1@), 128.07 (C-1pB), 25.62 (both C-11), 127.88 (CdR 127.74 (C-1B), 130.21
(both C-13), 27.20 (both C-14), 29.36 (both C-1),52 (both C-16), 22.54 (both C-17), 14.27 (both8J.

a-Linolenic Acid (4): *H NMR (600 MHz, CDCY): & 2.33 (t,J = 7.2 Hz, H-2), 1.61 (H-3), 1.23-1.33 (+4-H,-
7), 2.04 (H-8, H,-17), 5.34 (m, H-9, H-10, H-12, H-13, H-15, H-1&)79 (tJ = 6.6 Hz, B-11, H-14), 0.96 (tJ
= 7.2, CH); *C NMR (150 MHz, CDGJ): § 33.26 (C-2), 24.72 (C-3), 29.12, 29.23 (G=46), 29.66 (C-7), 29.18
(C-8), 130.24 (C-9), 127.74 (C-10), 25.61 (C-1D828 (C-12, C-13), 25.52 (C-14), 127.11 (C-15)1.98 (C-16),
20.54 (C-17), 14.27 (C-18).

RESULTSAND DISCUSSION

Silica gel chromatography of the dichloromethantaet of the leaves df. eduleafforded a mixture ofrans
cinnamic acid 1a) and phenylacetic acidllf), 3-octadecenoic aci), trilinolenin (3), anda-linolenic acid 4).
The structures ofa, 1b and2 were elucidated by extensive 1D and 2D NMR spectieg. The structure & was
supported by ESI-MS which gave a pseudomolecularaibm/z 307.52 [M+Na] corresponding to a molecular
formula of GgH3sO,Na. Compound8 and4 were identified by comparison of théid NMR and™*C NMR data
with those reported in the literature for trilinnie [14] anda-linolenic acid [15], respectively.
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Although bioassays were not conducted on the isdlabmpounds, there were previous studies thattexpon the
biological activities otranscinnamic acid1a) and linolenic acid4) as follows.

Transcinnamic acid 1a) showedin-vitro antioxidative effects [16, 17], high antifungal aadtibacterial activities
[18], antihyperglycemic activity [19], and antiféity effect [20]. The antihyperglycemic activityf @innamic acid
may be attributed to its activation of glucose $ort by a PI3-K-independent pathway [21]. Eugemul cinnamic
acid exhibited antioxidant activitin vitro and showed protective effect against gastric dannagvivo through
stimulation of mucus secretion [22]. A recent gtuelported that although botlis-cinnamic acid anda decreased
the viability of MDR-TB bacilli in a dose-dependemianner, the antituberculosis activity @$-cinnamic acid was
approximately 120 x the activity df. Cis-cinnamic acid also exhibited higher synergistifeef with INH or RIF
against tuberculosis [23]. In another study, cinitaatid was reported to inhibit the proliferatioh lmman lung
adenocarcinoma (A549) cells and the telomeraseviyctj24].  Furthermore, cinnamic acid at 2.5-8fM
prolonged the doubling time and inhibited the DNAthesis of growing human colon adenocarcinomas ¢gdco-
2. The antiproliferative effects occurred afteh ®f treatment with 8.0 mM cinnamic acid and reach&ximum
values after 8 h of treatment [25]. Cinnamic aail some of its derivatives also exhibited lanatidctivity
against dog roundworm 2nd stage larvae [26].

Oils rich in a-linolenic acid 4) protect against the characteristics of fatty lidisease in the\6-desaturase null
mouse [27]. Another study reported that the lamability fifty (LV 50) values of linolenic acid and linoleic acid
were 0.849 x 10ppm and 0.857 x £Qpm, respectively. This indicates that both faitjds possess insectistatic
and insecticidal activities agairSt frugiperda[28]. Moreover, combined application éfand vitamins A, C and E
could enhance the activity of telomerase, previeatshortening of telomere and protect cells froin@fR9]. The
bioassay-guided fractionation of rose hip affortiedleic acid which gave 16 values of 85 and 046M for COX-1
and COX-2, respectively arlwhich gave 1G, values of 52 and 12M for COX-1 and COX-2, respectively. Thus,
linoleic acid and4 contribute to the COX-1 and COX-2 inhibitory adiyvof rose hip [30]. Furthermoré, may
prevent calcium oxalate urolithiasis formation hgreasing urinary fibrinolytic activity [31]. It véaalso reported to
downregulate inflammatory INOS, COX-2, and TMFgene expressions through the blocking of ##-and
MAPKSs activations in LPS-stimulated RAW 264.7 celishich may be the mechanistic basis for the anti-
inflammatory effect of4 [32]. In another study, dietary supplement ofnplderived4 for four weeks showed
cardioprotective effects similar to the effectsfish oil [33]. Furthermore, n-3 fatty acid contisig spray-dried
milk formulation would bring about the hypocholestemic effect by lowering HMG Co A reductase aityivin
liver and by increasing the secretion of bile citnshts [34]. Phenylheptatriyne, linoleic acid ahdiere shown to
exhibit antimicrobial properties [35]. The omeg@dyunsaturated fatty acids (PUFA) which inclutiare known
to possess the most potent immunomodulatory aetsvitSome of the effects of omega-3 PUFA incluct@as on
intracellular signaling pathways, transcriptiontéacactivity and gene expression [36]. Flaxseddsothe most
abundant plant source df Ingestion of flaxseed oil may exert antiallerganitiatherosclerotic and antiarrhythmic
effects, and prevent and manage cardiovasculaagiseA review on the biological effects of dietdrywas
provided [37]. Recently, another review on mechans of action of (n-3) fatty acids which includesas been
provided [38]. The very long-chain (n-3) PUFA haaeange of physiological roles that relate to ropti cell
membrane structure and optimal cell function argpoases. Thus, (n-3) PUFA play a key role in pnéng, and
perhaps treating, many conditions of poor health\sell-being [38].

CONCLUSION

Sechium edulevas reported to exhibit antihypertensive, antinti¢ag antihyperglycemic, anti-ulcer, antioxidant,
and hepatoprotective effects. The dichlorometredticts ofS. eduldeaves yielded cinnamic acid andinolenic
acid which were reported to exhibit antimicrobiabjperties. Trans€innamic acid was also reported to exhibit
hypoglycemic, anti-ulcer and antioxidant propertighile a-linolenic acid was also reported to possess hyote,
cardioprotective, and hepatoprotective effectsusTisome of the biological activities 8f edulanay be attributed
to two of the isolated compoundsans<cinnamic acid 1) and a-linolenic acid 4), among other chemical
constituents from the leaves of the plant
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