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Five flavonoids cirsimaritin (1), cirsimarin (2), cirsiliol 4′-glucoside (3), sorbifolin (4), and
pedalitin (5) along with betulin, vanillic acid, and indole-3-carboxaldehyde were isolated from the
EtOAc extracts of Ruellia tuberosa. The structures of all eight compounds were elucidated by IR,
MS, and NMR spectral data. Compounds 1 and 3 showed cytotoxicity against KB cell line with the
IC50 values of 30.05 and 17.91 µg/mL, respectively, while compound 2 was cytotoxic against HepG2
cell line with an IC50 value of 38.83 µg/mL.
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INTRODUCTION

Ruellia tuberosa L., is a tropical plant and widely distributed in Southeast Asia. In folk medicine, it has been used

as diuretic, antidiabetic, antipyretic, analgesic, antihypertensive, thirst-quenching, and antidotal agent1,2. It has also

recently been incorporated as a component in a herbal drink in Taiwan2. However, very few chemical constituents and

pharmacolological activities have been reported for this species1-3. We have now carried out a systemic chemical

investigation which led to the isolation and characterization of five flavonoids along with three other compounds. In

this paper, we wish to describe the isolation and the structural elucidation of flavonoids 1-3 and their antiproliferative

activity against HepG2 and KB cancer cell lines.

MATERIALS AND METHODS

General Experimental Procedures

Melting points were determined on a Yanaco MP-I3 micro melting point apparatus and are uncorrected. IR
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spectra were recorded on a Nicolet Avatar 320 FT-IR spectrometer. 1H and 13C NMR spectra were obtained on a

Varian Unity INOVA 500 or a Bruker AMX-400 NMR spectrometer. UV spectra were obtained on a JASCO model

7800 UV/vis spectrophotometer. LC/MS and EIMS spectra were obtained using Finnigan LCQ and Finnigan MAT

GCQ spectrophotometers, respectively. Optical rotations were measured on a JASCO DIP-370 digital polarimeter.

Reversed-phase HPLC was performed using a Hewlett-Packard series 1100 pump system equipped with Hewlett-

Packard UV/vis and RI detectors. Cosmosil 5C18-AR columns were used; 4.0 mm (i.d.) × 250 mm for analytical

work and 10.0 mm (i.d.) × 250 mm for semipreparative isolations.

Plant Material

The aerial parts of Ruellia tuberosa were collected at the Seed Improvement and Propagation Station, Hsinshe,

Taichung, Taiwan. A voucher specimen has already been deposited at the Herbarium of the National Research Institute

of Chinese Medicine, R.O.C.

Extraction and Isolation

Dried aerial parts of Ruellia tuberosa (12.5 Kg) were extracted with MeOH at 50 °C (120 L × 3) for 72 h. The

MeOH extract was partitioned between EtOAc and H2O, and the EtOAc extract (970 g) was applied to a silica gel

column and eluted with gradient solvent systems of n-hexane/EtOAc and EtOAc/MeOH to yield 8 fractions (Fr-1~Fr-

8). Betulin (487 mg) was obtained from fraction Fr-1 (eluate of n-hexane/EtOAc = 4:1). Fraction Fr-3, the eluate of n-

hexane/EtOAc = 1:1, was repeatedly chromatographed on silica gel, Sephadex LH-20 to give indole-3-car-

boxaldehyde (0.8 mg), vanillic acid (4.2 mg), and cirsimaritin (1, 54.2 mg). Fraction Fr-5, the eluate of EtOAc, was

repeatedly chromatographed on Sephadex LH-20, silica gel, and preparative HPLC to obtain cirsimarin (2, 195 mg),

cirsiliol 4′-glucoside (3, 252 mg), sorbifolin (4, 0.7 mg), and pedalitin (5, 0.5 mg).

Cirsimaritin (1)

Yellow prisms; mp 255-256 °C; UV λMeOH
max  nm (log ε): 334 (4.73), 275 (4.59); IR νmax (KBr) cm-1: 3200-3400

(br), 1656, 1598, 1566, and 1498; 1H NMR (400 MHz, acetone-d6): δ 3.78 (3H, s, 6-OCH3), 3.97 (3H, s, 7-OCH3),

6.67 (1H, s, H-3), 6.85 (1H, s, H-8), 7.02 (2H, dd, J = 2.0, 6.8 Hz, H-3′, H-5′), 7.96 (2H, dd, J = 2.0, 6.8 Hz, H-2′, H-

6′), 9.38 (1H, s, 4-OH), 12.92 (1H, s, 5-OH); 13C NMR (400 MHz, acetone-d6) δ 56.7 (7-OCH3), 60.4 (6-OCH3), 91.8

(C-8), 103.8 (C-3), 106.2 (C-10), 116.8 (C-3′ and C-5′), 123.1 (C-1′), 129.2 (C-2′ and C-6′), 133.5 (C-6), 154.0 (C-5),

154.0 (C-9), 160.0 (C-7), 162.0 (C-4′), 165.2 (C-2), 183.5 (C-4); LCMS m/z (%): 313 ([M-H]-, 100), 150 (15).

Cirsimarin (2)

White prisms; mp 158-160 °C; UV λMeOH
max  nm (log ε): 325 (4.45), 277 (4.44); IR νmax (KBr) cm-1: 3200-3400

(br), 1661, 1603, 1566, 1519, and 1461; 1H NMR (500 MHz, DMSO-d6): δ 3.0-3.5 (6H, m, H-2″, H-3″, H-4″, H-5″,

H-6″), 3.74 (3H, s, 6-OCH3), 3.93 (3H, s, 7-OCH3), 5.04 (1H, d, J = 7.5 Hz, H-1″), 6.97 (1H, s, H-3), 6.99 (1H, s, H-8),



Chwan-Fwu Lin, Yu-Ling Huang, Lee-Ying Cheng, Shuenn-Jyi Sheu and Chien-Chih Chen 105

7.20 (2H, d, J = 9.0 Hz, H-3′, H-5′), 8.08 (2H, d, J = 9.0 Hz, H-2′, H-6′), 12.85 (1H, s, 5-OH); 13C NMR (500 MHz,

DMSO-d6) δ 56.5 (7-OCH3), 60.0 (6-OCH3), 60.6 (C-6″), 69.7 (C-4″), 73.2 (C-2″), 76.5 (C-5″), 77.2 (C-3″), 91.7 (C-

8), 99.8 (C-1″), 103.7 (C-3), 105.2 (C-10), 116.6 (C-3′ and C-5′), 123.9 (C-1′), 128.2 (C-2′ and C-6′), 131.9 (C-6),

152.0 (C-5), 152.7 (C-9), 158.7 (C-7), 160.4 (C-4′), 163.4 (C-2), 182.3 (C-4); LCMS m/z (%): 477 ([M+H]+, 10), 315

(100).

Cirsiliol 4′-glucoside (3)

Yellow prisms; mp 214-216 °C; [α]D
25 -3.7° (c = 2.7, MeOH); UV λMeOH

max  nm (log ε): 334 (4.52), 276 (4.49); IR

νmax (KBr) cm-1: 3200-3400 (br), 1656, 1603, 1587, 1456, 1367, 1277, 1214, 1093, 1035; 1H NMR (500 MHz,

DMSO-d6): δ 3.0-3.5 (6H, m, H-2″, H-3″, H-4″, H-5″, H-6″), 3.74 (3H, s, 6-OCH3), 3.93 (3H, s, 7-OCH3), 4.89 (1H, d,

J = 7.5 Hz, H-1″), 6.90 (1H, s, H-3), 6.99 (1H, s, H-8), 7.25 (1H, d, J = 5.5 Hz, H-5′), 7.56 (1H, d, J = 2.0 Hz, H-2′),

7.57 (1H, dd, J = 2.0, 5.5 Hz, H-6′), 12.86 (1H, s, 5-OH); 13C NMR (500 MHz, DMSO-d6) δ 56.5 (7-OCH3), 60.0 (6-

OCH3), 60.7 (C-6″), 69.8 (C-4″), 73.2 (C-2″), 75.8 (C-5″), 77.3 (C-3″), 91.7 (C-8), 101.2 (C-1″), 103.7 (C-3), 105.2

(C-10), 113.7 (C-2′) , 116.0 (C-5′), 118.5 (C-6′), 124.6 (C-1′), 147.0 (C-3′), 148.6 (C-4′), 131.9 (C-6), 152.0 (C-5),

152.7 (C-9), 158.7 (C-7), 163.5 (C-2), 182.3 (C-4); LCMS m/z (%): 491 ([M-H]-, 17), 329 (100).

Sorbifolin (4)

Yellow solid; mp 274-275 °C; 1H NMR (500 MHz, DMSO-d6): δ 3.91 (3H, s, 7-OCH3), 6.80 (1H, s, H-3), 6.91

(1H, s, H-8), 6.93 (2H, d, J = 9.0 Hz, H-3′, H-5′), 7.95 (2H, d, J = 9.0 Hz, H-2′, H-6′); EIMS m/z (%): 299 ([M-H]-,

21.7), 285 (19), 256 (50), 169 (100).

Pedalitin (5)

Yellow solid; 1H NMR (500 MHz, DMSO-d6): δ 3.92 (3H, s, 7-OCH3), 6.68 (1H, s, H-3), 6.86 (1H, s, H-8), 6.88

(1H, d, J = 8.0 Hz, H-5′), 7.41 (1H, d, J = 2.0 Hz, H-2′), 7.43 (1H, dd, J = 8.0, 2.0 Hz, H-6′).

Betulin

White prisms; mp 255-256 °C; IR νmax (KBr) cm-1: 3300-3600 (br), 2943, 1456, 1372, and 1035; 1H NMR (500

MHz, CDCl3): δ 0.73 (3H, s, H-24), 0.80 (3H, s, H-25), 0.94 (3H, s, H-23), 0.96 (3H, s, H-26), 1.00 (3H, s, H-27),

1.65 (1H, s, H-30), 2.36 (1H, ddd, J = 11.0, 11.0, 5.5 Hz, H-19), 3.16 (1H, dd, J = 11.2, 5.0 Hz, H-3α), 3.31 (1H, d, J =

10.0 Hz, H-28a), 3.77 (1H, d, J = 10.0 Hz, H-28b), 4.55 (1H, s, H-29a), 4.65 (1H, s, H-29b); EIMS m/z (%): 442 ([M]+,

17), 427 (10), 411 (26), 393 (11), 234 (60), 220 (22), 203 (100), 189 (88), 175 (34), 161 (30), 147 (32), 133 (31), 119

(29), 107 (26), 95 (27).

Vanillic acid

Colorless solid; mp 212-213 °C; UV λMeOH
max  nm (log ε): 290 (3.12), 258 (3.63), 217 (3.56), 208 (3.43); IR νmax

(KBr) cm-1: 3479, 3200-2400, 1676, 1597, 1524, 1439, 1298, 1234, 1029, 761; 1H NMR (500 MHz, CD3OD): δ 3.90

(3H, s, 3-OCH3), 4.89 (1H, s, 4-OH), 6.84 (1H, d, J = 8.0 Hz, H-5), 7.56 (2H, m, H-2, H-6); 13C NMR (500 MHz,
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DMSO-d6) δ 55.2 (3-OCH3), 112.6 (C-2), 114.6 (C-5), 121.9 (C-1), 124.0 (C-6), 147.4 (C-3), 151.4 (C-4), 168.8

(COOH); EIMS m/z (%): 168 ([M]+, 100), 153 (36), 146 (33), 125 (11), 97 (11).

Indole-3-carboxaldehyde

Yellow solid; 1H NMR (500 MHz, acetone-d6): δ 7.27 (2H, m, H-6, H-7), 7.56 (1H, d, J = 8.0 Hz, H-8), 8.21 (1H,

s, H-2), 8.24(1H, d, J = 7.0 Hz, H-5), 10.05 (1H,s, H-10); EIMS m/z (%): 145 ([M]+, 96), 144 (100), 116 (20), 89 (14).

Cytotoxicity Testing Against Tumor Cells4

The hepatoma cell lines (HepG2) used in this study were provided by the Cell Bank of the Veterans General

Hospital, Taipei, Taiwan. An epidermoid carcinoma cell line (KB; CCRC 60017) was purchased from the Food

Industry Research and Development Institute (FIRDI, Taiwan).

The cytotoxicity of the isolates on KB and HepG2 cell lines were tested as described previously4.

RESULTS AND DISCUSSION

The MeOH extract of the aerial parts of R. tuberosa (12.5 Kg) was partitioned between EtOAc and H2O, and the

EtOAc portion was repeatedly chromatographed on silica gel, Sephadex LH-20, and by reversed-phase HPLC to

afford five flavonoids cirsimaritin (1)5-10, cirsimarin (2)10, cirsiliol 4′-glucoside (3)11, sorbifolin (4)12,13, Fig. 1 and

pedalitin (5)13,14 along with betulin15, vanillic acid16, and indole-3-carboxaldehyde17. These compounds were identified

by comparison of their spectroscopic data with literature values.

Compound 1 was recrystallized from MeOH as yellow prisms. The LC/MS spectrum of 1 showed a [M-H]- ion

at m/z 313, indicating a molecular weight of 314. The 1H NMR spectrum showed two methoxy singlets at δ 3.78 (6-

OCH3) and 3.97 (7-OCH3), two proton singlets at δ 6.67 (H-3) and 6.85 (H-8), a pair of double doublets at δ 7.02 (dd,

J = 6.8, 2.0 Hz, H-3′, 5′) and 7.96 (dd, J = 6.8, 2.0 Hz, H-2′, 6′) attributable to protons of the AA′BB′-type ring B, and

two low field signals at δ 9.38 and 12.95 assignable to 4′-OH and 5-OH protons. The structure of 1 was further

established by the HMBC correlations. The 5-OH signal showed correlations with C-5 (δ 154.0), C-10 (δ 106.2), and

C-6 (δ 133.5). Moreover, the methoxy groups at δ 3.78 (6-OCH3) and 3.97 (7-OCH3) exhibited a correlation with C-6

(δ 133.5) and C-7 (δ 160.0) signals, respectively. In the NOE experiment, irradiation of the 7-OCH3 signal caused an

enhancement in the H-8 (δ 6.85) signal, but no proton signal enhancement was observed on irradiation of the 6-OCH3

signal. Thus, the above data indicated that the methoxy groups were located at positions C-6 (δ 3.78) and C-7 (δ 3.97),

and the proton signals at δ 6.85 and 6.67 were assigned to H-8 and H-3, respectively. Therefore, structure of 1 was

determined to be cirsimaritin5-10.

Compound 2 was recrystallized from MeOH as white prisms. The LC/MS spectrum of 1 showed a [M+H]+ ion

at m/z 477, indicating a molecular weight of 476, and a fragment ion peak at m/z 315 corresponding to the loss of one

hexose unit, suggesting that compound 2 is a O-glycoside18. Analysis of the 1H and 13C NMR spectra indicated that 2
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is a glucoside of 1. In the HMBC spectrum of 2, the correlation of the anomeric proton signal at δ 5.04 (H-1″) with the

signal of C-4′ at δ 160.4 suggested that the D-glucosyl moiety was linked to C-4′. Therefore, structure 2 was identified

as cirsimarin10.

Compound 3 was recrystallized from MeOH as yellow prisms. The LC/MS spectrum of 3 showed a [M-H]- ion

at m/z 491, indicating a molecular weight of 492, and a fragment ion peak at m/z 329 corresponding to the loss of one

hexose unit, suggesting that compound 3 is also a O-glycoside18. Three signals for protons of the ABX-type ring B at δ

7.25 (1H, d, J = 5.5 Hz, H-5′), δ 7.57 (1H, dd, J = 2.0, 5.5 Hz, H-6′) and δ 7.56 (1H, d, J = 2.0 Hz, H-2′) were

correlated with the carbon signals at δ 116.0, 118.5 and 113.7 in the HMQC spectrum, respectively. In HMBC

spectrum of 3, a proton signal at δ 7.57 (H-6′), was correlated with C-2, C-2′, and C-4′. The long range HMBC

correlation of the anomeric proton signal at δ 4.89 (H-1″) to C-4′ suggested that the D-glucosyl moiety was linked to

C-4′. Thus, the structure of 3 was identified as cirsiliol 4′-glucoside11.

Hydrolysis of 2 and 3 with 10% HCl yielded D-glucose and the corresponding aglycones. D-Glucose was

identified by HPLC using an authentic sample.

These compounds have been isolated previously from several species5-11. To the best of our knowledge, this is the

first report of compounds 1-5, vanillic acid, and indole-3-carboxaldehyde from the titled species.

Compounds 1-3 were tested for cytotoxicity in vitro against KB and HepG2 cell lines. Compounds 1 and 3

showed cytotoxicity against the KB cell line with IC50 values of 30.05 and 17.91 µg/mL, respectively, while

compound 2 was cytotoxic against HepG2 cell line with an IC50 value of 38.83 µg/mL.
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三消草中具細胞毒活性之類黃酮成分
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3行政院農業委員會種苗改良繁殖場
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(2006 年 7 月 11 日受理，2006 年 8 月 29 日接受刊載)

三消草 Ruellia tuberosa L.為爵床科（Acanthaceae）植物，因具有治療消渴症功效以取名消

渴草。經甲醇萃取濃縮後，藉由一系列分離得到五個類黃酮成分 cirsimaritin (1)、cirsimarin (2)、

cirsiliol 4′-glucoside (3)、sorbifolin (4) 及 pedalitin (5)，和三個化合物 betulin, vanillic acid, indole-

3-carboxaldehyde。各成分之結構係由紅外線、質譜及核磁共振等光譜的分析而確認。其中化合

物1和3對KB腫瘤細胞有抑制效果，其 IC50分別為30.05及17.91 µg/mL；而化合物2則對HepG2

cell 有抑制效果，其 IC50為 38.83 µg/mL。

關鍵詞：三消草，類黃酮，細胞毒活性。
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