v
Trd @

07

Seient

ISSN : 0974 - 7508 Volume 11 Issue 3

Natural Products

A Tndian ournal

——r>  [ull Paper
NPAIJ, 11(3), 2015 [090-096]

Cytotoxic and antitubercular activity of new lupane-type
triter penoidsfrom thenut of Anacardium occidentale

Yasser Sdim*
Faculty of Specific Education, Zagazig University Name, Zagazig, (EGYPT)
E-Mail: y2selem@yahoo.com

ABSTRACT

Two new lupanetriterpenoids (2, 3) wereisolated from the bi oactive metha
nol extract of the fruit (nut) of Anacardium occidentale, along with three
known compounds. The structures of the new compounds were elucidated
based on spectroscopic data analysis. All new triterpenoids were evalu-
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ated for their in vitro antitubercular activity toward M. tuberculosisATCC
27294, The isolated compounds 2 & 3 were tested in vitro for cytotoxic
potential against MCF-7 cells (human breast cancer), BGC-823 cells (hu-
man gastric carcinoma) and A-549 cells (lung cancer). Compounds 3 exhib-
ited significant cytotoxic activities against all tested tumor cell lines.
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INTRODUCTION

Anacardium occidentale L. (cashew), family
Anacardiaceae, is widely grown in many tropical
and subtropica countries. Nuts of A. occidentale
have been used as a food ingredient, especialy in
oriental delicacies, and have great economic and
medicinal value. B-Sitosterol was identified in the
light petroleum extract of the tender leaves of A.
occidentale, whereas ethyl gallate and methyl gal-
late were found using two dimensional paper chro-
matography in methanol extractsY. Analysis of the
leaves revealed major constituents such as (E)-B-
cymene, a-copaene and 8-cadinene. Themajor con-
stituents of the fruit are palmitic acid, oleic acids,
furfura, 4-hydroxydodecanoic acid lactone, (E)-
hexenal, (Z)-hex-3-enol and hexadecanol, whereas
in the flowers, B-caryophyllene, methyl salycilate
and benzyl tiglate were the main congtituents?. The
main aldobiuronic acid present is 6-O-(3-D-

glucopyranosyl uronic acid)-D-galactose®. The
major components of the essentia oil were cardol,
cardanol, and anacardic acid“. A. occidentale has
been used in folk medicine in the treatment of skin
and venereal diseases, respiratory problems and
nervous disorder™. A. occidentale leaves, stem and
bark extracts have been reported to possess anti-
diabetic, anti-bacterial, anti-inflammatory and anti-
ulcerogenic propertied®. Variousextractsfrom other
parts of the plantswerereported to show breast anti-
tumor activity!”.

EXPERIMENTAL

General

Optica rotations were measured in MeOH or
H,O on a Perkin-Elmer241 polarimeter equipped
with a sodium lamp (589 nm) and a1 dmmicrocell.
The melting points were determined using adigital
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melting point apparatus (model IA 8103, Electro
thermal Engineering Ltd, Soutthend-on-Sea Essex,
UK). IR spectra (KBr) were recorded on a Perkin-
Elmer 1650 FT-IR spectrometer. 'H and *C NMR
spectrawererecorded in CDCI,on aBruker Avance
DRX-500 spectrometer (*H at 500 MHz and *C at
125 MHz), and 2D-NMR experiments were per-
formed using Bruker’s standard microprograms
(XWIN-NMR version 2.6 software). EIMS were
recorded on aMicromass TRIO-2000 GC/M S spec-
trometer, and HREIM Swere recorded on aFinnigan/
Thermo Quest MAT 95. TLC was carried out on
precoated silica gel 60 F254 (Merck), and spots
were visualized by heating after spraying with 50%
H,SO,. Column chromatography was carried out on
silicagel 60 (63-200 um, Merck).

Plant material

Thenutsof A. occidentaleL. were collected from
alocal market in Saudi Arabia(May, 2013), authen-
ticated by Prof. Dr. F. Gamal, Head of Botany De-
partment, Faculty of Science, Zagazig University,
Zagazig, Egypt. A herbarium of the plant specimen
(voucher number no. Y OGA1/No. BSI/ WC/ Tech/
2008/69) was submitted at the sameinstitutein Egypt.

Plant extract

The dried ground seeds of A. occidentale (1.5
kg) wereexhaustively extracted with petroleum ether,
EtOAc and MeOH successively. The extracts were
concentrated In vacuo to give yellow solid (12.8 g),
yellow brownish solid (21.2 g) and brown solid
(15.4 g), respectively. The MeOH extract (12 g) was
further partitioned using H,O, MeOH and CHCI,, (1.
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1:1) to givethe CHCI, extract. The CHCI,, extract (5
g) was chromatographed on asilicagel column elut-
ing with increasing gradient of n-hexane-EtOAc to
give seventy 100 mL fractions. Similar fractions as
determined by TL C were pooled together giving six
combined fractions. Fraction 3 eluted with n-hex-
ane/EtOACc (2:1) afforded 1 (22 mg) purified by re-
crystallization in petroleum ether. Fraction 7 eluted
with 100% EtOAc was subjected to further purifi-
cation by recrystallization in petroleum ether to give
2 (14 mg, t, = 2.4 min) and 3 (19 mg, t, =3.8 min).
SeeFigure 1.

1-oxo-2a, 3a, 6a-trihydroxylup-12-en-28-oic acid

(2)

- m.p.218-220°C

- [a],:+37.2 (c 1.00, CHCI,)

- Rf:0.39 (CHCI,-MeOH, 1:1)

- IR (KBr) vem™: 3541, 2955, 1710, 1635, 1430,
1381, 1294, 1161, 1081, 1036, 941

- HNMR (500 MHz, CDCl,): TABLE 1

- BCNMR (125 MHz, CDCl,): TABLE 1

- MS (El, 70 eV): m/z (%) = 466 [M — 20H]*
(23), 455[M — COOH]* (11), 419 [M — COOH,
+ 20H]* (17), 285 (43), 270 (22), 264 (17),204
(100), 136 (3).

- HR-EIMS: m/z [M]*
500.6662; found: 500.6153.

- And. Cacdfor C,H,O,: C, 71.95; H, 8.85; O,
19.17. Found C, 71.92; H 8.81; O, 19.14

1-ox0-2a, 3a, 60, 27-tetrahydroxylup-12-en-28-
oicacid (3)

- m.p.214-216°C

calcd for C_H, O.:

30 446"

Figure 1 : Structures of isolated compounds
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TABLE 1: NMR spectroscopic data of isolated compounds in CDCI,

Positions 2 3
1H 13C 1H 13C
1 - 211.2 - 214.6
2 4.3 dd(12.1,10.6) 79.1 3.5dd(11.2,6.8) 78.2
3 3.58d(2.5) 91.6 3.44d(3.12) 91.6
4 - 35.9 - 36.2
5 1.5m 51.3 1.52m 51.8
6 3.27brs 68.4 3.19brs 68.8
7 1.64m,1.32m 42.8 1.66m,1.39m 44.2
8 - 29.1 - 48.7
9 1.61m 37.4 1.54m 37.4
10 - 41.9 - 40.7
11 2.11m,1.72m 24.3 2.21m,1.72m 24.9
12 5.82(dd2.1,8.2) 123.6 5.76(dd1.7,8.5) 124.1
13 - 142.3 - 140.1
14 - 27.6 - 57.1
15 1.28m, 1.13m 24.2 1.28m, 1.13m 46.1
16 1.61m, 1.36m 23.6 1.61m, 1.36m 44.2
17 - 46.7 - 46.7
18 2.51(dd3.2,8.1) 41.2 2.51(dd3.2,8.1) 42.1
19 2.23d 49.3 2.23d 48.3
20 - 141.2 - 142.3
21 1.61m, 1.42m 27.3 1.61m, 1.42m 27.3
22 1.83m, 1.53m 31.9 1.83m, 1.53m 30.5
23 1.02s 23.6 0.99s 23.2
24 1.02s 23.6 0.99s 23.2
25 1.04s 16.5 1.02s 16.2
26 1.66s 17.5 1.61s 17.5
27 1.31s 25.7 2.39m,3.13m 65.4
28 - 180.2 - 182.5
29 5.11brs4.91brs 110.1 5.12br s4.63br s 111.4
30 1.82s 23.8 1.77s 24.1
2-OH 2.85 - 2.81
3-OH 351 - 3.58
6-OH 351 - 3.58
- [0],:+39.1 (c 1.00, CHCI) + 20H]* (17), 288 (54), 270 (24), 264 (13),204
- Rf:0.32 (CHCI,-MeOH, 1:1) (100),179(11), 149 (3).
- IR(KBr) vem': 3491, 2968, 1720, 1648, 1632, - HR-EIMS: m/z [M]* calcd for C_H,O.:
1561, 1458, 1373, 1290, 1247, 1229, 1172, 516.6659; found: 516.6171.
1042, 971 - Ana.Cacdfor C,H,,0.: C, 69.72; H, 8.58; O,
- 'HNMR (500 MHz, CDCI,)): TABLE 1 21.67. Found C, 69.71; H, 8.55; O, 21.64

- ®CNMR(125MHz, CDCl,): TABLE 1
- MS (El, 70 eV): m/z (%) = 482 [M — 20H]*
(11),471[M — COOH]" (24), 435 [M — COOH, Antitubercular activities of compounds 2 and 3

Antituber cular activity
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were assessed against M. tuberculosisH, .RvATCC
27294 using the micro plate Alamar blue assay
(MABA)®. The minimal inhibitory concentration
(MIC) of the compound was defined as the concen-
tration necessary to inhibit 90% of the mycobacte-
ria growth in sterile 96-well plates (Falcon 3072,
Becton Dickinson, Lincoln Park, NJ). Fluorescence
was measured in a Spectrafluor Plus
micro-fluorimeter (Tecan) in bottom reading mode,
with excitation at 520 nm and emission at 590 nm. A
samplewith aMIC value <125 pg/mL was defined
as active against M. tuberculosis®. As a standard
control, the MIC value of isoniazid was determined
on eachmicroplate. The acceptable MIC of isoniazid
ranged from 0.015 to 0.05 pg/mLI®.

I n vitro cytotoxicity assay

The isolated compounds 2 & 3 were subjected
to cytotoxic evaluation against A-549 cells (lung
cancer), BGC-823 cells (human gastric carcinoma)
and M CF-7 cells (human breast cancer) which, were
obtained from Thessaloniki, Institute of Medical
Science, Greece by employing the revised MTT
method as described in the literature'®. Doxorubi-
cin was used as the positive control. All tumor cell
lineswere cultured on RPMI-1640 medium supple-
mented with 10% fetal bovine serum, 100 U mL™
penicillin and 100 pg/mL streptomycin in 25 cm?
cultureflasksat 37 °C in humidified atmosphere with
50% CO,. For the cytotoxicity tests, cells in expo-
nential growth stage were harvested from culture by
trypsin digestion and centrifuging for 3min, and then
resuspended in fresh medium at acell density of 5 x
10* cellsper mL. The cell suspension was dispensed
into a 96-well microplate at 100 uL per well, and
incubated in humidified atmosphere with 50% CO,
at 37 °C for 24 h, and then treated with the com-
pounds at various concentrations (10, 50, 100 uM).
After 48 h of treatment, 50 puL of 1 mg/mL MTT
solution was added to each well, and further incu-
bated for 4 h. The cellsin each well were then solu-
bilized with DM SO (100 pL for each well) and the
optical density (OD) was recorded at 570 nm. All
drug dosesweretested intriplicate and the IC, val-
ues were derived from the mean OD values of the
triplicatetests ver susdrug concentration curves. The
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50% inhibition concentration (IC,, value) was de-
termined by curvefitting and was used ascriteriato
judgethe cytotoxicity (active: IC_, > 20 uM; moder-

ately active: 20 uM < IC_, < 80 uM; not active: IC,
> 80 uM).

RESULTSAND DISCUSSIONS

Chemistry

From the methanol, extract compound 2 was ob-
tained as colorless needles, mp 218-220 °C. Its
molecular formula was determined to be C, H,,O,
by positive mode HR-EIMS {[M]*n/z 500.6153;
calcd 500.6662). Theion at m/z 270 corresponding
to the molecular formula C H,.O," indicated three
hydroxyl groups were seemed to be located in the
two rings A and B. The IR spectrum displayed the
absorptions for OH (3541 cm), C=0 (1710 cnm™)
and C=C (1635 cm') groups. The *C NMR spec-
trum (TABLE 1) of 2 revealed thirteen carbon sig-
nals, which were deduced as six methyl, seven me-
thylene, fivemethine, eight quaternary carbons, three
secondary alcohols and one carboxylic acid. The
'H NMR spectrum of 2 showed an olefinic proton
signal (4, 5.82, dd), three secondary alcohol groups
at o, 2.85 (brs, 2-OH) and 6,, 3.51 (br s, 3, 6-OH),
in addition to six tertiary methyl groups [, 1.02,
1.02, 1.04, 1.31, 1.66, 1.82 (each 3H, s)] (TABLE
1). From the NMR spectra, an isopropenyl group
[0, 1.82(3H, s), 5.11 (1H, br s), 4.91 (1H, br s); J,
23.8,110.1, 141.2] and one carbonyl group [5_ 180.2]
were observed, suggested 2 to be a pentacyclic
triterpene of thelupanefamily!*-12, Assignments of
the'H and *C signals by 2D NMR spectrarevealed
that 2 was an analogue of lup-12-en-28-oic acid.
The presence of the double bond at C-12 was con-
firmed by the chemical shiftsof C-12 (6, 123.6) and
C-13 (0, 142.3), characteristic of a “** skeleton*3,
The remaining signal was characteristic for the
oxygenated carbons, C-1 (6, 211.2). The®C NMR
analyses showed, no resonance for any oxygenated
methylene and displayed instead to carbonyl signals
at ¢, 180.2 indicated, a carbon atom bearing two
oxygen, were assigned to a carboxyl groups at the
C-28 positions. Based on the HMBC spectrum (Fig-
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Figure 2 : HMBC correlation of compounds 2 and 3

ure 2), in which the H-18 [4,,, 2.51(dd, J = 3.28.1
Hz)] exhibited acorrelation with the carboxyl group
(0. 180.2)1*. *C NMR showed, the one downfield
quaternary carbon signal at 6, 211.2 (C-1) and one
downfield methine carbon signal 79.1 (C-2) showed
the presence of ketonic and one hydroxyl function-
ality in the molecul €. The location of the ketone
group at C-1 was confirmed by the HMBC correla
tions of H_-25 (6, 1.04) with C-1 (6, 211.2) and of
H-2 (6,, 4.3) with C-1 (J, 211.2). Also, the HMBC
correlations of H-3 (6, 3.58) with C-2 (6, 79.1) and
the correlations of H-2 (6, 4.3) and H-3 (¢, 3.58)
with C-24 (o 23.6) indicated that the two hydroxyl
groups should belocated at C-2 and C-31¢. In addi-
tion, theprimary alcohol at C-6 confirmed by HMBC
correlationswith C-8 (d_ 29.1), C-13 (¢, 142.3), C-
14 (o, 47.6), and C-15 (0, 24.2). While the C-27
methyl protonsat ¢, 1.02 showed, correlationswith
C-14 (¢ 27.6), C-15 (8¢ 24.2), and C-16 (d¢ 23.6)
suggested, methyl group was attached to C-14 (Figur
2). The®*C NM R signalsat C-2 (¢ 79.1), C-3 (d¢
91.6) and C-6 (6¢c 68.4) and its corresponding
methine proton signals at H-2 (5., 4.3 dd, J=12.1,
10.6 Hz), H-3 (5,, 3.58 d, J = 2.5 Hz) and H-6 (3,
3.27 br s), suggested the hydroxyl groupsat C-2, C-
3 and C-6 are a-substituted. In addition, the splitting
nature with high J values indicated, the three hy-
droxyl groups at o positioni’” 18, Based on the data
above, compound 2 was designated as 1-0x0-2a., 3a,
6a-trihydroxylup-12-en-28-oic acid.

Natural Products

Compound 3 obtained as colorless needles, mp
214-216°C. Its molecular formula was determined
tobeC,H, O, by positivemode HR-EIMS{ [M]'mV
z516.6171), indicatingl6 massunitslarger than that
of 2, suggesting replacement of the hydrogen of 2 by
an OH in 3 and was confirmed by *C NMR analy-
ses. Themethine proton from *C NM R spectrareso-
nance at H-2 (J,, 3.5 dd), H-3(d,, 3.44 d), H-6 (J,
3.19 br s) and 2H-27 (6,2.39m,3.13m) suggesting
that the hydroxyl groupsat C-2, C-3, C-6 and C-27
are a-substituted!*¥. The *H and *C NMR data
were closely related to those of 2. The position of
the C-27 hydroxyl group was established from the
HMBC data, in which the H-27b proton at §, 3.13
showed long-range correlations with C-8 (6, 48.7),
C-14 (0, 57.1), C-15 (J, 46.1), and C-16 (0, 44.2).
The presence of the double bond at C-12 was con-
firmed by the chemical shiftsof C-12 (5_123.9) and
C-13(6,144.9). The methine proton from *CNMR
spectraresonance at H-2 (5, 3.58, dd, J=11.2, 6.8
Hz), H-3(5,, 3.44,d, J=3.12 Hz) and H-6 (5,, 3.19
br s), suggesting that the hydroxyl groupsat C-2, C-
3, C-6 and C-27 are a-substituted™” 8. In addition,
the M S fragmentation at m/z 270 indicated that the
three hydroxyl groupswere seemed to belocated in
the two rings A and B (Figure 3). Therefore, the
structure of 3 was €lucidated as 1-oxo-20., 30, 60,
27-tetrahydroxylup-12-en-28-oic acid.

Besides compounds 2 and 3, three known com-
pounds were isolated from A. occidentale namely,

-
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HO,,.
K
COOH HOY

CH,OH
m/z 264

m/z 288
Figure 3 : Mass fragmentation patterns of 3

TABLE 2 : Vitro antitubercular values of Compounds 2 & 3 determined by MABA

Compound Molecular formula MIC (pg/mL)
2 C30H406 31.25
3 CaoH04 62.50
| soniazid 0.03

TABLE 3 : In vitro cytotoxicity of compounds 2& 3 against three human tumor cell lines (IC,,, pM)

Compound Molecular formula IC5o M CF-7 BGC-823 A-549
2 CzoH06 331 30.2 29.8
3 CzoHuO7 13.9 11.2 75
Doxorubicin 18.2 21 22

Doxorubicin activities are expressed as | C50 values and those of compounds 2& 3 are expressed as IC,, valuesin puM. (-) IC_ >

100 pM.

3-epi-betulinic acid ()19, a-amyrin and S-sito-
sterol?l, The structures of the known compounds
were determined by acombination of spectroscopic
analysis and comparison with previously reported
data.

Antitubercular activity

Based on the previousliteratures, bioactive com-
pounds, which have been isolated from plant ex-
tracts, were an attractive source of new drugs. On
thisbasis, theantitubercular activitiesof compounds
2 and3 were assessed against M. tuberculosisATCC
272948 using the micro plate Alamar Blue assay
(MABA). Thismethodol ogy is non-toxic. Thesere-
sults showed that MICs 31.25 pg D mL for com-
pound 2 and 62.50ugD mL for compound 3 (TABLE
2).

Cytotoxic activity
Compounds 2 & 3 were evaluated for their in

vitro cytotoxic potential against threetumor cell lines
and the results were summarized in TABLE 3.
Triterpenoids 3 exhibited significant cytotoxicity
against MCF-7 cells (human breast cancer), BGC-
823 cdlls(human gastric carcinoma) and A-549 cells
(lung cancer), with IC,  valuesof 13.9,11.2and 7.5,
respectively. Triterpenoids 2 showed moderate cy-
totoxic activitiesagainst all assayed threetumor cell
lines (20 uM < 1C50 < 50 uM). The Triterpenoids 2
& 3isolated from A. occidentale shared the same
basic skeleta structure with awide variety of side
chains. Due to their intrinsic structural variety and
impressive biological activities, we suggest that the
increasing of hydroxy group might strengthen the cy-
totoxic action.

CONCLUSION

In conclusion, two new lupane-typetriterpenoids
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areisolated from the nut of A. occidental e (Cashew).
Based on spectroscopic techniques and chemical
evidences, structures were elucidated as 1-0x0-2a,
3a, 6a-trihydroxylup-12-en-28-oic acid (2) and 1-
0X0-2a, 30, 60, 27-tetra hydroxy lup-12-en-28-oic
acid (3). The present study indicated that two com-
pounds 2 and 3 have antitubercular activity toward
M. tuberculosis ATCC 27294. Compounds 2 & 3
exhibited significant cytotoxicity against MCF-7
cells (human breast cancer), BGC-823 cells (human
gastric carcinoma) and A-549 cells (lung cancer).
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