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Abstract—The continuing investigation of the root of Rhinacanthus nasutus afforded a 1,4-naphthoquinone
ester, rhinacanthin-Q, accompanied by twenty-four known compounds. The structure was elucidated on
the basis of spectroscopic analyses. The cytotoxicity and antiplatelet effect of this compound was also dis-
cussed. © 1998 Published by Elsevier Science Ltd. All rights reserved

INTRODUCTION

We have reported previously that the methanolic
extract from the root of R. nasutus gave twenty-
four compounds, rhinacanthin-A (2), -B (3), -C (4),
-D (5), -G (6), -H (7), -1 (8), -J (9), -K (10), -L (11),
-M (12), -N (13), -O (14), -P (15), rhinacanthone
(16), dehydro-a-lapachone (17), p-hydroxybenzalde-
hyde (18), methyl vanillate (19), syringaldehyde
(20), lupeol (21), wogonin (22) oroxylin A (23),
(+)-praeruptorin (24) and allantoin (25) [1,2]. In
our continuing interest in looking for new medic-
inals, a new naphthoquinone ester, rhinacanthin-Q
(1), was obtained. Herein we reported the isolation,
structural elucidation of this new compound. The
pharmacological evaluation of this compound was
also reported.

RESULTS AND DISCUSSION

Rhinacanthin-Q (1) was isolated as orange nee-
dles and found to have molecular formula as
CysH2cO7; by high resolution mass spectrometry.
Examination of the 'H and '3C NMR spectra sup-
ported the ester structure 1, the alcohol moiety
being the same as in 5, namely 2-hydroxy-3-(11-
hydroxy-10,10-dimethylpropyl)-1,4-naphthoquinone.
On the other hand, an aromatic singlet at § 7.14

*Author to whom correspondence should be addressed.

(H-3") and four mutually coupled proton signals at
0 7.5-8.2 for H-5, H-6', H-7 and H-8 together
with ten aromatic '3C signals including five qua-
ternary carbons at § 118.8 (C-2'), 128.9 (C-9’), 129.0
(C-10"), 151.1 (C-4), 151.8 (C-1") and five tertiary
carbons at 6 103.6 (C-3'), 122.1 (C-5), 123.4 (C-8),
126.8(C-6"), 127.5 (C-7') implied the presence of a
1',2',4'-trisubstituted naphthalene moiety. The exist-
ence of two methoxyl signals at 6 3.95 and 3.96
suggested that the acid component of the ester was
1,4-dimethoxynaphthalene-2-carboxylic acid. The
ester linkage between the 1,4-naphthoquinone and
the B-naphthoic acid was proved by the 3J long
range correlation of 'H and '3C signals between O—
C=0 (4 166.1) and H-3' (6 7.14), H-11 (6 4.16). The
location of these substituents was confirmed by
HMBC and NOESY experiments. On the basis of
this result, rhinacanthin-Q may be represented by
structure 1.

Rhinacanthin-Q (1), A (2), -B (3), -C (4), -D (5),
-G (6), -H (7), -1 (8), -K (10), -M (12), -N (13) as
well as wogonin (22) were subjected to cytotoxic
evaluation (Table 1). Most showed significant cyto-
toxicity in the P-388, A-549, HT-29 and HL-60 test
systems. On the other hand, 1-4, 6-8, 10, 12, and
22 were also evaluated for their antiplatelet aggre-
gation activity (Table 2). All test compounds
demonstrated 36-100% inhibition of the rabbit pla-
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Table 1. The cytotoxicity of compounds 1-8, 10, 12, 13,

22

Compound Cell lines EDsq (ug/mL)

KB P-388 A-549 HT-29 HL-60
1 >50 0.61 3.61 7.60 8.90
2 6.75 0.72 3.06 2.17 1.16
3 8.01 0.35 6.50 3.01 2.57
4 6.26 0.26 0.35 0.68 0.68
5 25.0 3.79 8.26 8.89 11.8
6 4.45 0.14 0.75 0.57 1.14
7 23.8 6.43 9.97 11.5 8.87
8 13.2 4.88 7.18 6.30 5.12
10 17.3 3.17 16.4 7.75 6.81
12 19.2 3.95 8.90 10.1 19.9
13 4.80 0.71 1.97 2.67 1.38
22 4.46 1.70 4.14 3.35 4.66

telet aggregation induced by arachidonic acid
(100 mM). Compounds 2—4 and 22 also showed 72—
100% inhibition of the rabbit platelet aggregation
induced by collagen (10 ug mL™"). Only 3 exhibited
antiplatelet aggregation induced by platelet acti-
vation factor (2 ng mL™).

O O
OH O
O
5

EXPERIMENTAL

Melting points were uncorrected. UV spectra
were obtained in methanolic solution. IR spectra
were recorded on KBr disc. Mass and high resol-
ution mass spectra were measured by a direct inlet
system. 'H NMR and '*C NMR spectra were deter-
mined using tetramethylsilane (TMS) as internal
standard.

Plant material

The root of Rhinacanthus nasutus used in this in-
vestigation was collected in Tainan, Taiwan and
identified by Professor Kuoh. A specimen of the
plant has been deposited at the herbarium of the
National Cheng Kung University, Tainan.

Extraction and separation

The dried root (1.45kg) of R. nasutus was
extracted (x3) with methanol at room temperature.
The combined methanol extracts were concentrated
under reduced pressure to give a yellow—brown
syrup which was partitioned between CHCI; and
H,0. The CHCIl; layer was chromatographed over
silica gel eluted with a gradient of hexane and

Table 2. The effects of compounds 1-4, 6-8, 10, 12, 22 on the aggregation of washed rabbit platelets induced by arachi-
donic acid (AA), collagen (Col), thrombin (Thr) and platelet activation factor (PAF)

Induced inhibition (%) Thr (0.1 U/mL) AA (100 uM) Col (10 pug/mL) PAF (2 g/mL)
Compound (ug/mL)

1 (100) —0.02+23 546+ 11* 204 +3.7° 6.88+2.3
2 (100) 230422 100 + 1.1 100 + 0.5 13.1+£3.3
(50) - 125429 100 +0.5% -

(20) - 280428 29.0 +2.4* -

(10) - - 230+ 1.6 -

3 (100) 0.88 + 1.6 7.45 + 5.6% 100 + 0.5 63.1 +8.5%
(50) - 22.7+4.7° 87.8 + 4.8 -

(20) - 024419 0.92 + 1.4* -

4 (100) 175+1.2 100 + 1.1 752+7.3¢ 8.50 +2.2%
6 (100) 022+ 1.4 42.6 + 8.9% 13.8 +2.6" 107 +2.1°
7 (100) 0.11+13 54.8 + 4.4% 31.0 +3.9% 11.4+21°
8 (100) —0.66+ 1.5 549 +8.2F 10.8 +1.8" 22.2+3.9F
10 (100) 0.44 + 1.7 36.8 + 8.9* 17.0 + 1.6 12.0 +2.2°
12 (100) —0.55+2.4 100 + 1.1% 5.40 + 1.3% 9.40 +2.7*
22 (100) 0.66 +2.3 100 + 1.1 725439 8.60 + 4.0

Platelets were preincubated with compounds or DMSO (0.5%, control) at 37°C for 3 min; the inducer was added. Values are means + -

s.em. (n = 3-4).
*P < 0.05.
P <0.01.

¥P < 0.001 were compared with the respective control.



Bio-activity of Rhinacanthin-Q

EtOAc to give eight fractions. Repeatedly chroma-
tography of each fraction in a similar way afforded
21 (1.20g), 4 (1.65g), 6 (67mg), 9 (22 mg), 7
(40 mg), 8 (54mg), 11 (3mg), 10 (25mg), 3
(250 mg), 2 (71 mg), 14 (Smg), 17 (54mg), 13
(7 mg), 12 (53 mg), 1 3 mg), 5 (37 mg), 18 (1 mg),
15 (1mg), 19 (1 mg), 22 (S5mg), 23 (3mg), 24
(2 mg), 20 (2mg) and 16 (5 mg), successively. The
aqueous solution was extracted with #n-BuOH and
the n-BuOH layer was crystallized after standing to
furnish 25 (2.50 g).

Rhinacanthin-Q (1)

Orange needles (Me,CO), mp 116-117°C.
HRMS: caled for CygHyO7, mjz 474.1679 [M]™,
found 474.1684. UV A nm: 217, 251, 277, 283 (sh),
336. IR v cm™": 3370, 1703, 1649, 1594. EIMS m/z
(rel. int.): 474 (M, 100), 232 (47), 215 (71), 187
(15), 159 (11), 129 (11). '"H NMR (CDCl5) ¢ 1.16
(6H, s, 2 x 10-Me), 2.79 (2H, s, H-9), 3.95 (3H, s,
1'-OMe), 3.96 (3H, s, 4-OMe), 4.16 (2H, s, H-11),
7.14 (1H, s, H-3'), 7.39 (1H, td, J = 7.6, 1.2 Hz, H-
7), 7.48 (1H, td, J = 7.6, 1.2 Hz, H-6), 7.5-7.6 (2H,
m, H-6' and H-7'), 7.84 (1H, dd, J = 7.6, 1.2 Hz,
H-8), 7.90 (1H, dd, J = 7.6, 1.2 Hz, H-5), 8.0-8.1
(1H, m, H-8), 8.1-8.2 (1H, m, H-5). C NMR
(CDCls) 6 25.5 (2 x 12-Me), 32.4 (C-9), 37.0 (C-10),
55.5 (4-OMe), 63.3 (1'-OMe), 73.7 (C-11), 103.6 (C-
3, 118.8 (C-2'), 121.8 (C-3), 122.1 (C-5), 123.4 (C-
8), 125.6 (C-8), 126.4 (C-5), 126.8 (C-6'), 127.5 (C-
7, 128.5 (C-9), 128.9 (C-9'), 129.0 (C-10), 132.3
(C-7), 132.6 (C-10), 134.3 (C-6), 151.1 (C-4'), 151.8
(C-1"), 154.0 (C-2), 166.1 (OC=0), 181.1 (C-1),
184.9 (C-4).
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Cytotoxicity assays

The in vitro KB cytotoxicity assay was carried
out according to procedures described by Geran et
al. and Ferguson et al. [3,4]. The assay against P-
388, A-549, HT-29 and HL-60 tumor cells was
based on a method reported by Lee et al. [5].

Antiplatelet aggregation assays

The antiplatelet aggregation assays were based on
a method reported by Teng et al. [6].
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