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Ceanothane- and Lupane-Type Triterpenes with Antiplasmodial and
Antimycobacterial Activities from Ziziphus cambodiana
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One new and eight known ceanothane- and lupane-type triterpenes were isolated from the root bark of Zizi-
phus cambodiana Pierre (Rhamnaceae). Based on spectral analyses, the structure of the new compound was elu-
cidated as 3-0-(4-hydroxy-3-methoxybenzoyl)ceanothic acid (3-O-vanillylceanothic acid) (1), while the known
compounds were identified as lupeol (2), betulinaldehyde (3), betulinic acid (4), 2-O-E-p-coumaroyl alphitolic
acid (5), alphitolic acid (6), zizyberanalic acid (7), zizyberenalic acid (8) and ceanothic acid (9). Compounds 1, 5
and 8 exhibited significant in vitro antiplasmodial activity against the parasite Plasmodium falciparum, with in-
hibitory concentration (ICy;,) values of 3.7, 0.9 and 3.0 ug/ml, respectively. Compounds 1 and 3—8 showed an-
timycobacterial activity against Mycobacterium tuberculosis with respective MIC values of 25, 25, 25, 12.5, 50, 50
and 100 yg/ml.
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The Rhamnaceous Ziziphus is well-known for its content
of triterpenes (betulinic and alphitolic acids)," saponins (ju-
jubisides and joazeirosides)>® and cyclopeptide alkaloids
(lotosines).” Some Ziziphus plants have been found to pos-
sess biological activities, for example sedative,” hypo-
glycemic,” antibacterial and antifungal activities.” Ziziphus
cambodiana Pierre is a thorny Rhamnaceous scandent
widely distributed in the north-east of Thailand and used tra-
ditionally for its antiinfectious abilities.®’ No phytochemical
study of this plant has been reported so far. In our search for
biologically active substances of new structural types from
Thai natural resources,” ' we investigated the chemical
constituents and biological activities of this plant species and
have found that the ethyl acetate extract of the root bark of Z.
cambodiana showed pronounced in vitro antimalarial poten-
tial against Plasmodium falciparum. In this paper, we report
the isolation and characterization of a new tritrpene ester (1),
together with five known lupane constituents: lupeol (2),'?
betulinaldehyde (3),!Y the major metabolite betulinic acid
(4),"¥ 2-0-E-p-coumaroylalphitolic acid (5)," and alphitolic
acid (6),” and three ceanothane triperpenes: zizyberanalic
acid (7),'” zizyberenalic acid (8)'> and ceanothic acid (9),'®
as the antiplasmodial and antituberculosis constituents of the
root bark of this plant species. This is the first report of in
vitro antiplasmodial and antimycobacterial activities from the
ceanothane-type triterpenes.

Compound 1 was obtained as a colorless solid, mp 183—
185°C. Negative high-resolution fast atom bombardment
mass spectrometry (HR-FAB-MS) established a pseudomole-
cular ion at m/z 635.3592, compatible with a molecular for-
mula of C;Hs,04. This compound exhibited IR absorption
bands for hydroxyl (3430 cm™"), conjugated carbonyl ester
(1699 cm™!) and aromatic (1602, 1512 cm™ ") functionalities.
The 'H-NMR spectrum (Table 1) revealed an isopropenyl
group (0, 4.82, 4.62, 1.63), and five additional singlet
methyls (8 1.53, 1.23, 1.11, 1.10, 1.02), as well as two sin-
glet methine protons at §y 5.94 and 3.15 which coupled to
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each other, as suggested by the correlated spectroscopy
(COSY) spectrum. In the >*C-NMR and distortionless en-
hancement by polarization transfer (DEPT) spectra, 38 car-
bon signals were observed, including six methyls, one
methoxyl, nine methylenes, ten methines, and nine quater-
nary carbons, as well as one ester carbonyl and two car-
boxylic acids carbon signals (Table 1). The presence of a
vanillyl moiety in the molecule was supported by aromatic
protons at 0, 7.86 (1H, brs), 7.28 (1H, d, /=8.2Hz) and
7.90 (1H, brd, J=8.2 Hz) and one aromatic methoxyl group
at oy 3.75 (3H, s). A nuclear Overhauser enhancement

1 R'=«COOH,R%=pA
7 R'=BCHO,R%=q OH
9 R'=aCOOH, R?=gOH

2 R'=H, R?=0H, R%=CHj
3 R'=H, R?=0H, R®=CHO
4 R'=H, R?=0H, R®=COOH
5 R'=B, R%=0OH, R®=COOH
6 R'=R?=OH, R®=COOH

© 2006 Pharmaceutical Society of Japan



536

Table 1. 'H-and *C-NMR Data of Compound 1 (C;D;N)
Position OS¢ Oy

1 64.3 3.15 (1H, s)

2 176.8

3 86.0 5.94 (1H, s)

4 43.8

5 56.9 2.18 (1H, m)

6 18.8 1.43 (2H, m)

7 34.6 1.38 (2H, m)

8 43.5

9 454 2.12 (1H, m)
10 49.6
11 2429 2.15 (1H, m), 1.58 (1H, m)”
12 26.39 1.97 (1H, m), 1.23 (1H, m)”
13 39.1 2.74 (1H, brt, J=10.1 Hz)
14 42.2
15 30.5 1.86 (1H, m), 1.20 (1H, m)
16 329 2.57 (1H, brd, J=12.3 Hz), 1.47 (1H, m)
17 56.6
18 49.6 1.66 (1H, m)
19 47.6 3.47 (1H, m)
20 151.1
21 313 2.17 (1H, m), 1.20 (1H, m)
22 37.6 2.18 (1H, m), 1.51 (1H, m)
23 30.7 1.53 3H, s)
24 203 1.11 (3H, s)
25 18.5 1.23 (3H, s)
26 17.1 1.10 (3H, s)
27 15.0 1.02 (3H, s)
28 179.0
29 109.8 4.82 (1H, brs), 4.62 (1H, brs)
30 19.7 1.63 (3H, s)

1’ 121.9

2' 116.4 7.86 (1H, brs)

3’ 148.5

4’ 153.4

5 113.5 7.28 (1H, brd, J=8.2 Hz)

6 124.6 7.90 (1H, brd, J=8.2 Hz)

7' 166.3
OMe 55.8 3.75(3H, s)

a, b) Interchangeable within a column.

(NOE) displayed between H-2" (d, 7.86) and the methoxyl
group in the nuclear Overhauser enhancement spectroscopy
(NOESY) spectrum, supporting the placement of the
methoxyl group at the meta position in the vanillyl unit (Fig.
1). The NMR spectral data of 1 are very similar to those of
ceanothic acid (9), except for the presence of a vanillyl ester
moiety in 1. The ester substituent was placed at C-3 as a re-
sult of downfield shifts observed for H-3 and C-3 in the 'H-
and *C-NMR spectra, respectively, as well as from correla-
tions exhibited between H-3 (Jy 5.94) and C-1 (6. 64.3), C-
2 (6 176.8) and C-7" (O 166.3) of the vanillyl group in the
heteronuclear multiple bond correlation (HMBC) spectrum.
The relative configuration of H-1 and H-3 for compound 1
was further suggested by a NOESY experiment (Fig. 1),
wherein NOE enhancements were displayed between H-3
and H-23, H-1 and H-24 and H-25, confirming the Hy-1 and
H,-3 orientation of the ceanothic acid nucleus. *C-NMR as-
signments of 1 were made by one-dimensional (1D-) and 2D-
NMR spectral data analysis, and by comparison with those of
ceanothic acid'® and 3-O-protocatechuoylceanothic acid.'”
Compound 1, therefore, was elucidated as 3-O-(4-hydroxy-3-
methoxybenzoyl)ceanothic acid or 3-O-vanillylceanothic
acid. To our knowledge, the triterpene ester 1 is the third
novel naturally occurring aromatic acid ester of the ceano-
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Fig. 1. HMBC and NOESY Correlations of Compound 1

Table 2. ICs, Values for Antiplasmodial and MIC Values for Antimy-

cobacterial Activities of Triterpenes 1—9

Compound 1Cs, (ug/ml) MIC (ug/ml)

3-O-Vanillylceanothic acid (1) 3.7 25
Lupeol (2) Inactive® Inactive?”
Betulinaldehyde (3) 6.5 25
Betulinic acid (4) Inactive® 25
2-0-E-p-Coumaroylalphitolic (5) 0.9 12.5
Alphitolic acid (6) Inactive® 50
Zizyberanalic acid (7) Inactive®” 50
Zizyberenalic acid (8) 3.0 100
Ceanothic acid (9) Inactive® Inactive?

a) Inactive at 10 ug/ml.  b) Inactive at >200 ug/ml.

thane-type triterpene, the previous ones being 2-O-E-
p-coumaroylceanothanolic acid'® and 3-O-protocatechuoyl-
ceanothic acid.'”

The antiplasmodial and antituberculosis activities of the
isolates 1—9 against P falciparum and M. tuberculosis were
tested, and the 50% inhibitory concentration (ICs), and min-
imum inhibitory concentration (MIC) values were deter-
mined (Table 2). Weak antiplasmodial activities for com-
pounds 2, 4 and 6'*'” and antimycobacterial activities for
compound 2% were previously recorded, however they were
in the inactive range of our test. The antituberculosis activity
of 4 was similar to the reported value.*” A comparison of
compounds 5 with 6 and 1 with 9 indicated that the p-
coumarate moiety in 5 and the vanillyl group of compound 1
were crucial for high antiplasmodial and antituberculosis po-
tentials. Introduction of a double bond in ring A of the cean-
othane-type triterpene 8 (ICy, 3.0 ng/ml) highly increased the
inhibitory activity in the antiplasmodial assay as compared to
compound 7.

Experimental

General Experimental Procedures Melting points were determined
using a Griffin melting point apparatus. Optical rotations were determined
on a Jasco P1010 digital polarimeter. UV spectra were obtained on a Shi-
madzu UV-2401 PC spectrophotometer. IR spectra were measured on a
Perkin Elmer FT-IR Spectrum BX spectrophotometer. 'H- and *C-NMR
spectra were recorded on a Bruker AVANCE 300 FT-NMR spectrometer op-
erating at 300 MHz ('"H) and 75MHz (**C). For the spectra taken in pyri-
dine-d, the residual nondeuterated solvent signals at J;; 8.70 and the solvent
signals at 8. 149.9 were used as references for 'H- and *C-NMR spectra,
respectively. Electron impact (EI) and FAB mass spectra were run on
Thermo Finnigan Polaris Q and Finnigan MAT 90 instruments. Unless indi-
cated otherwise, column chromatography and TLC were carried out using
Merck silica gel 60 (<0.063 mm) and precoated silica gel 60 F,s, plates, re-
spectively. Plates of silica gel PF,s,, thickness 1.25mm, were used for
preparative TLC. Spots on TLC were visualized under UV light and by
spraying with anisaldehyde-H,SO,, followed by heating.
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Plant Material The dried root bark of Z cambodiana was collected
from Chamni District, Burirum Province, Thailand in March, 2001. A
voucher specimen (Wicharn Wisetsri 001) is deposited at the CMU Herbar-
ium, Faculty of Science, Chiang Mai University, Thailand.

Extraction and Separation Pulverized, dry root bark (4.85kg) of Z.
cambodiana was defatted with hexane and then extracted successively with
ethyl acetate (EtOAc) and methanol (MeOH) at 50 °C for 50 h, and the sol-
vents were evaporated to yield EtOAc (60.4 g) and MeOH (629.3 g) extracts,
respectively. The EtOAc extract exhibited antiplasmodial and antimycobac-
terial activities, whereas the MeOH extract was found to be inactive. Thus,
the EtOAc soluble fraction was investigated extensively through serial frac-
tionations by quick column chromatography,?” and eluted with a gradient of
hexane, hexane-CHCl;, CHCl;, CHCI;-EtOAc, EtOAc, EtOAc-MeOH,
MeOH (5% increment of polar solvent, each 300 ml) to provide six major
fractions (Fr. 1—6). Recrystallization of fraction 1 (0.8 g) with hexane and
fraction 3 (9.9 g) with CH,Cl,, gave 2 (15mg) and 4 (2.6 g), respectively.
The filtrate from fraction 3 (6.9 g) was further subjected to silica gel column
chromatography employing solvent gradient hexane-CH,Cl,, and ten frac-
tions (fr. 3a to 3j) were collected. Fraction 3d (327 mg) was further separated
with silica gel chromatography, and eluted with hexane—CH,Cl, of increas-
ing polarity to yield 11 fractions (fr. 3d-1 to 3d-11). Compounds 3 (5 mg),
and 8 (5mg) were isolated from repeated column chromatography of frac-
tion 3d-3 (16 mg) and 3d-9 (16 mg), respectively. Repeated column chro-
matography of fraction 3d-8 (381 mg) with CH,Cl,-MeOH of increasing po-
larity, followed by a Sephadex LH20 column (in MeOH), yielded 1 (9.5 mg).
A portion of fraction 4 (17.0 g) was fractionated by silica gel chromatogra-
phy, and eluted with CH,C1,-MeOH of increasing polarity to provide 8 frac-
tions (fr. 4a to 4h), in which 7 (9 mg) and 5 (3.5 mg) were obtained from two
individual repeated column chromatographies (silica gel, eluting with
CHCl;-MeOH of increasing polarity) of fractions 4d (0.5 g) and 4e (1.6 g),
respectively. Fraction 5 (15.4 g) was chromatographed in a similar manner to
afford 14 selected fractions (fr. 5a to 5n). 9 (14 mg) and 6 (16 mg) were fur-
nished from two successive column chromatographies (silica gel,
CHCI;-MeOH of increasing polarity) of fractions 5e¢ (270mg) and 5f
(279 mg), respectively. All known compounds were identified by comparison
of their spectroscopic data (NMR and MS) with those reported in the litera-
ture. Complete *C-NMR data of 5 and 6, which have not previously been
published, are also reported in this paper.

3-0-(4-Hydroxy-3-methoxybenzoyl)ceanothic Acid (1): Colorless solid,
mp 183—185°C. [e]3 —22.0° (¢=0.229, MeOH). UV A, (MeOH) nm
(log €): 216 (4.44), 263 (4.07), 294 (3.89). IR (KBr) cm™": 3430, 2943,
1699, 1602, 1512, 1458, 1378, 1281, 1216, 1104, 1032, 985, 884, 765. HR-
FAB-MS m/z: 635.3592 [M—H] ™ (Calcd for C;H,,04-H 635.3584). FAB-
MS m/z 635 ((M—H]", 22), 423 (10), 219 (10), 205 (15), 167 (100). 'H- and
C-NMR (C;D;N): Table 1.

2-0-E-p-Coumaroylalphitolic Acid (5): *C-NMR (C;DsN) &: 178.8 (s, C-
28), 167.5 (s, C-9), 161.4 (s, C-4"), 151.3 (s, C-20), 144.7 (d, C-7"), 130.5
(d, C-2"), 130.5 (d, C-6"), 126.2 (s, C-1"), 116.8 (d, C-3', C-5"), 116.0 (d, C-
8"), 110.0 (t, C-29), 79.8 (d, C-3), 73.8 (d, C-2), 56.5 (s, C-17), 55.7 (d, C-5),
50.8 (d, C-9), 49.8 (d, C-18), 47.7 (d, C-19), 45.0 (t, C-1), 42.9 (s, C-14),
41.1 (s, C-8), 40.5 (s, C-4), 38.8 (s, C-10), 38.6 (d, C-13), 37.6 (t, C-22),
34.6 (t, C-7), 32.8 (t, C-16), 31.1 (t, C-21), 30.2 (t, C-15), 29.1 (q, C-23),
26.0 (t, C-12), 21.3 (t, C-11), 19.4 (q, C-30), 18.7 (t, C-6), 17.4 (q, C-24 and
C-25),16.3 (q, C-26), 14.8 (q, C-27).

Alphitolic Acid (6): *C-NMR (C;D4N) 8: 179.1 (s, C-28), 151.3 (s, C-
20), 110.0 (t, C-29), 83.3 (d, C-3), 68.9 (d, C-2), 56.7 (s, C-17), 56.1 (d, C-
5),451.0 (d, C-9), 49.8 (d, C-18), 48.2 (t, C-1), 47.8 (d, C-19), 42.9 (s, C-14),
41.2 (s, C-8), 39.9 (s, C-4), 38.7 (s, C-10)," 38.6 (d, C-13), 37.6 (t, C-22),
34.8 (t, C-7), 32.9 (t, C-16), 31.2 (t, C-21), 30.2 (t, C-15), 29.2 (q, C-23),
26.1 (t, C-12), 21.4 (t, C-11), 19.5 (q, C-30), 18.8 (t, C-6), 17.7 (q, C-25),
17.5 (q, C-24), 16.5 (q, C-26), 14.9 (q, C-27), (‘a’ indicates for the assign-
ments may be reversed for signals with the same superscript).

Antimycobacterial Assay The antimycobacterial activity was assessed
against M. tuberculosis Hy,Ra using the Microplate Alamar Blue Assay.”?
Briefly, initial candidate compound dilutions were prepared in DMSO, and
subsequent two-fold dilutions were performed in 0.1 ml of 7H9GC medium
in the microculture plates. 100 ul of 5X10* CFU/ml of M. tuberculosis in
7THIGC-Tween was added to each well of 96-well microculture plates con-
taining the test compound. Plates were incubated at 37 °C for 7d. To three
control wells which contained drug and medium, bacteria and medium, or
medium only, Alamar Blue dye solution (20 ul of Alamar Blue solution and
12.5 ul of 20% Tween) was added daily until a color change from blue to
pink occurred, at which time the dye was added to all remaining wells.
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Plates were incubated at 37 °C, and results were recorded at 24 h post-dye
addition. Fluorescence was measured in a Cytofluoro Series 4000 Fluores-
cence Multi-Well Plate Reader (Per-Septive Biosystems, Framingham, MA,
U.S.A)) in bottom-reading mode with excitation at 530 nm and emission at
590 nm. Percent inhibition was defined as (1 —test well FU/mean FU of trip-
licate control wells)x100. The lowest drug concentration effecting inhibi-
tion of =90% was considered the MIC. Experiments were usually com-
pleted within 10d. Standard drugs rifampicin, isoniazid and kanamycin sul-
fate showed MIC of 0.004, 0.06 and 2.5 ug/ml, respectively.

Antiplasmodial Assay Antiplasmodial activity was evaluated against
the parasite Plasmodium falciparum (K1, multidrug resistant strain) which
was cultured continuously according to the method of Trager and Jensen.”
Quantitative assessment of antiplasmodial activity in vitro was determined
by means of the microculture radioisotope technique based upon the method
described by Desjardins et al.?¥ The inhibitory concentration is that which
causes 50% reduction in parasite growth, as indicated by the in vitro uptake
of [*H]-hypoxanthine by P falciparum. An 1Cy, value of 1ng/ml was ob-
served for the standard drug, artemisinin, in the same test system.
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