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Abstract 

 
Gastric cancer is a major health issue and the second cause of cancer-related 

deaths worldwide. For its therapy, Rhus trichocarpa (Anacardiaceae) has been used in 

traditional East Asia medicine, although the mechanism for the biological activity 

remains to be clarified. In Korean folk medicine, it has been used for the treatment of 

anti-inflammatory and anti-cancer, and urushiols, flavonoids and polyphenolics have 

been reported from Rhus species. This study aims to investigate the cytotoxic 

constituents of Rhus trichocarpa roots on AGS human gastric cells. It was found that 

an 80% MeOH extract of roots of Rhus trichocarpa showed cytotoxic effects on AGS 

cells proliferation. In the present study, its bioassay-guided fractionation resulted in the 

isolation of thirteen compounds. The isolated compounds were identified as 3-methoxy 

semialactone (1), 4-(2,6-dihydroxy-4-methoxyphenyl)-4-oxobutanoic acid (2), gallic 

acid (3), 4-O-methylgallic acid (4), pentagalloyl glucose (5), (-)-fustin (6), (+)-taxifolin 

(7), 3,3’,5,5’,7-pentahydroxyflavanonol (8), fisetin (9), 3-methoxy-7,3’,4’-

trihydroxyflavone (10), sulfuretin (11), 5,7-dihydroxy-4H-chromen-4-one (12) and 

Isolariciresinol (13) respectively. Compounds 3 and 11 were newly reported in nature. 

Among the isolated compounds, compounds 4, 5 and 9 significantly showed the 

cytotoxic effect in on Human Gastric Adenocarcinoma AGS Cells 
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I. Introdution 
 

 As the leading cause of death, cancer, complex disease having various 

biological capabilities such as sustaining proliferative signaling, activating invasion 

and metastasis, and tumor-promoting inflammation etc., is a major public health 

problem in Korea and many other parts of the world (Statistics Korea, 2011). Also, as 

the current cancer statistics, more than 180,000 new cancer cases are originated every 

year in Korea, and one of four deaths is due to it (Jung, Park, Kong, et al., 2012). 

Especially, gastric cancer incidence has highly occurred among Asian populations, and 

this cancer is the second most frequent causes of death from cancer (Table 1) (Jung, 

Park, Won, et al., 2012). It is estimated 20.8% of all malignancies, and 24.5% in males 

and 15.8% in females are occurred in the Korean population (Shin, Jung, Won, & Park, 

2004). The mechanism for gastric carcinogenesis is exactly not studied still, but it is 

reported that some elements such as Helicobacter pylori infection, genetic and 

environmental factors, and dietary habits are related with the cancer (Yuasa, 2003). 

AGS cell line, a human gastric adenocarcinoma, was established as one of 

clones derived from a single biopsy specimen of an untreated human adenocarcinoma 

of the stomach. Because AGS cell has the gastric epithelial and unique characteristics, 

it is highly susceptible to antineoplastic substances and antitumor therapeutic 

recombinant viruses, and also, this cell line has been used in research in the fields of 

oncology, virology, bacteriology and immunology (Ooi et al., 2011).  

 Anacardiaceae, especially, Rhus trichocarpa and Rhus verniciflua Stokes, has 
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been used as the folk medicine. It usually contains urushiol, flavonoids and tannins, etc. 

Recently studies have shown that flavonoids, the major compounds from R. verniciflua 

Stokes have antioxidative, antiproliferative and apoptotic activities on various tumor 

cell lines including human lymphoma, breast cancer, osteosarcoma, and transformed 

hepatoma cells (Son et al., 2005). Because of the strong allergenic component, urushiol, 

which causes serious dermatitis, the clinical application of this Anacardiaceae family 

has been limited, but it has been traditionally used for the therapy of gastritis, stomach 

cancer and atherosclerosis in Eastern Asian including Korea, Japan and China (J. C. 

Lee, Lim, & Jang, 2002). Therefore, in this study, cytotoxic constituents of R. 

trichocarpa roots were identified, and the AGS human gastric cancer cell line was used 

for this investigation.  
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Table 1. Estimated new cancer cases & deaths during 2012 in Korea 
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II. Materials and Methods 
1. Materials 

1.1. Plant material 

R. trichocarpa roots were collected at Gimhae, Korea, in December 2010 and 

dried in the Medicinal herb garden, College of Pharmacy, Seoul National University. 

 

1.2. Reagents 

1.2.1. Reagents for column chromatography 

Silica gel: Kiesgel 60 (40-63 μM, 230-400 mesh, Art. 9385, Merck, Germany) 

Sephadex LH-20: bead size 25-100 μm, Pharmacia, Sweden 

HP-20: bead size 250-600 μm, Mitsubishi Chemical Co., Japan 

Analytical TLC: Kiesgel 60 F254, Art. 5715, Merck, Germany 

First grade solvent for extraction, fractional and isolation  

: Dae Jung Pure chemical Eng. Co. Ltd., Korea 

HPLC grade solvent: Fisher Scientific, Pittsburgh, PA, U.S.A. 
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1.2.2. Reagents for cell cultures 

RPMI-1640 was purchased from Thermo Science (Logan, UT, U.S.A.). 

Penicillin-streptomycin, and 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium 

(MTT) were purchased from Sigma Chemical Co. (St. Louis, MO, U.S.A.). Fetal 

bovine serum (FBS) was obtained from Hyclone (Logan, UT, U.S.A.). Multi well 

culture plate and cell culture dishes were purchased from Corning (New York, NY, 

U.S.A.) 

 

1.3. Equipments 

    Analytical balance: Mettler AE 50, Switzerland 

Autoclave: Sanyo MLS 3000, Japan 

    Centrifuge: Effendroff, Germany 

    Drying Oven: CO-2D-1S, Wooju Sci. Co., Korea 

    Elisa reader: Molecular Devices Emax, U.S.A. 

Evaporator: EYELA NE, Japan 

ESI-MS: Finnigan LCQ ion-trap mass, USA 

FAB-MS: JEOL JMS AX 505 WA Spectrometer, Japan 

Fluorometer: SPECTRAFlour, Tecam, Austria 

Freeze-dryer: DURA-DRY, Fts system Inc., U.S.A. 

HPLC: Gilson 321 pump, UV/Vis-151 detector, USA 

NMR: JEOL LA 300 Spectrometer (300 MHz), Japan 

Bruker GPX 400 Spectrometer (400 MHz), Germany 
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Bruker AMX 500 Spectrometer (500 MHz), Germany 

Phase contrast inverted microscope: Olympus CK2-Japan 

Polarimeter: JASCO, DIP-100, Japan 

Rotary evaporator: Shimadzu 2101, Japan 

Sonicator: Branson 5200, UK 

UV spectrometer: Shimadzu UV-2101 Spectrophotometer, Japan 

UV lamp: UVP UVGL-58, U.S.A. 

Spectrofluorometer: JASCO, FT-6500, Japan 
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2. Methods 

2.1. Extraction and fractionation of R. trichocarpa  

     Dried roots (6.8kg) of R. trichocarpa were extracted with 80 % MeOH in an 

ultrasonic apparatus. After removal of the solvent in vacuo, the total extract (819.2g) 

was suspended in H2O and partitioned into n-hexane fraction (1.9g), EtOAc fraction 

(346.7g) and n-BuOH fraction (73.7g), respectively (Scheme 1).  

 

 

Scheme 1. Extraction and fractionation of R. trichocarpa root 
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2.2. Isolation of the compounds from the EtOAc fraction of R. 

trichocarpa root 

Among these fractions, n-hexane and EtOAc fractions showed the cytotoxic 

effect on AGS cells. EtOAc fraction was subjected to silica gel column 

chromatography (CC) eluted with mixtures of chloroform-methanol (from 30:1 to 1:1), 

MeOH; v/v to yield sixteen fractions (E1-E16) (Scheme 2). Thirteen compounds 

including new compounds 1 and 2 were isolated from EtOAc fraction of R. 

trichocarpa roots. 
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Scheme 2. Isolation of the compounds from the EtOAc fraction of R. trichocarpa root
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2.2.1. Isolation of compound 1 

     Compound 1 (11.4mg) was isolated from E5 using the silica gel CC eluted with 

mixtures of n-hexane-EtOAc (= 7:1, 3:1), CHCl3-MeOH (= 15:1), MeOH. The E5 was 

further divided into twenty three sub-fractions (E5-1 to E5-23), and E5-7 was 

compound 1. 

 

White powder 

C31H46O4 

[α]25
D +62.7 (c 1.02, CHCl3) 

HR-FAB-MS: m/z 482.3396 [M]+ (calcd. for. 482.3396) 

1H-NMR (500MHz, CDCl3): δ 6.57 (1H, d, J = 5.9 Hz, H-24), 5.24 (1H, s, H-21b), 

5.20 (1H, s, H-21a), 4.72 (1H, dd, J = 12.4, 3.3 Hz, H-22), 4.22 (1H, dd, J = 8.8, 2.4 

Hz, H-19b), 3.69 (1H, d, J = 8.8, H-19a), 3.23 (3H, s, H-31), 2.93 (1H, dd, J = 18.9, 

9.2, H-17), 2.50 (1H, m, H-23b), 2.30 (1H, m, H-23a), 2.10 (3H, m, H-2b, H-16b, H-

13), 1.94 (1H, m, H-1b), 1.93 (3H, s, H-27), 1.67 (6H, m, H-1a, H-6b, H-11, H-12b, H-

16a), 1.45 (4H, m, H-6a, 9, 15), 1.24 (2H, m, H-15), 1.21 (1H, m, H-12a), 1.13 (1H, m, 

H-5), 1.03 (1H, m, H-2a), 0.95 (6H, s, H-29, 28), 0.87 (3H, s, H-30), 0. 86 (3H, s, H-18) 

ppm 

13C-NMR (125MHz, CDCl3): δ 166.0 (C-26), 149.3 (C-20), 139.1 (C-24), 128.4 (C-25), 

113.4 (C-21), 100.6 (C-3), 80.8 (C-22), 67.9 (C-19), 50.3 (C-5), 49.4 (C-14), 49.3 (C-

31), 45.3 (C-9), 45.0 (C-13), 41.0 (C-10), 40.1 (C-17), 39.8 (C-8), 35.4 (C-2), 35.0 (C-

4), 33.2 (C-15), 33.1 (C-7), 30.1 (C-16), 29.1 (C-23), 26.7 (C-28), 25.4 (C-12), 23.1 
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(C-1), 22.5 (C-11), 19.8 (C-6), 18.6 (C-29), 17.0 (C-27), 16.6 (C-30), 15.4 (C-18) ppm  

 

2.2.2. Isolation of compound 2 

    E16 was subjected to MPLC RP18 gradient eluting with mixtures of MeOH-H2O 

(= 2:8, 4:6, 6:4, 8:2 and 10:0, respectively), and the fraction was further divided into 

nine sub-fractions (E16-1 to E16-9). Compound 2 (3.4mg) from E16-4 was isolated 

using MPLC RP18 eluted with mixtures of MeOH-H2O (= 2:8, 4:6 and 10:0, 

respectively). 

 

Yellow amorphous powder 

C11H12O6 

[α]25
D -41.2 (c 0.1, MeOH)  

HR-FAB-MS (positive mode): m/z 241.0717 [M+H]+ (calcd. for. 241.0712) 

UVλmax : 256, 296 nm 

1H-NMR (500MHz, CD3OD): δ 5.92 (2H, s, H-3’, 5’), 3.76 (3H, s, H-7’), 3.39 (2H, t, 

H-3), 2.61 (2H, t, H-2) ppm 

13C-NMR (125MHz, CD3OD): δ 205.8 (C-4), 178..0 (C-1), 168.3 (C-4’), 166.4 (C-

2’,6’), 106.8 (C-1’), 95.1 (C-3’,5’), 56.6 (C-7), 40.7 (C-3), 30.0 (C-2) ppm  

 

 

 

 



 12 

2.2.3. Isolation of compound 3 

Compound 3 (0.3g) from E16 was isolated using MPLC RP18 eluted with 

mixtures of MeOH-H2O (= 2:8, 4:6 and 10:0, respectively). 

 

White amorphous powder  

C7H6O5 

ESI-MS (negative mode): m/z 169 [M-H]- 

UVλmax : 272nm 

1H-NMR (400MHz, (CD3)2SO): See Table 2 

13C-NMR (100MHz, (CD3)2SO): See Table 3 

 

2.2.4. Isolation of compound 4 

Compound 4 (8.9g) from E16-9 was isolated using MPLC RP18 eluted with 

mixtures of MeOH-H2O (= 2:8, 4:6 and 10:0, respectively). 

 

White amorphous powder  

C8H8O5 

ESI-MS (negative mode): m/z 183 [M-H]- 

UVλmax : 272nm 

1H-NMR (300MHz, CD3OD): See Table 2 
13C-NMR (75MHz, CD3OD): See Table 3 
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2.2.5. Isolation of compound 5 

Compound 5 (2.5g) from E16 was isolated using MPLC RP18 eluted with 

mixtures of MeOH-H2O (= 2:8, 4:6 and 10:0, respectively). 

 

Yellow amorphous powder 

C41H32O26 

ESI-MS (positive mode): m/z 941 [M+H]+ 

UVλmax: 214, 271 nm 

1H-NMR (500MHz, (CD3)2SO): δ 6.97 (2H, s, H-2’’’’, 6’’’’), 6.91 (2H, s, H-2’’’, 6’’’), 

6.85 (2H, s, H-2’’, 6’’), 6.82 (2H, s, H-2’’’’’, 6’’’’’), 6.77 (2H, s, H-2’,6’), 6.37 (1H, d, J 

= 8.3 Hz, H-1), 5.95 (1H, t, J = 9.7 Hz, H-3), 5.43 (2H, m, J = 21.0, 9.7 Hz, H-2,4), 

4.58 (1H, d, J = 9.8 Hz, H-5), 4.31 (2H, s, H-6a, 6b) ppm 

13C-NMR (125MHz, (CD3)2SO): δ 166.34 (C-7’’’’’) 165.43 (C-7’’’), 164. 82 (C-7’’’'), 

164.47 (C-7’’), 163.94(C-7’),  145.69 (C-3’’’’, 5’’’’), 145.57 (C-3’’’, 5’’’) 145.51 (C-

3’’, 5’’), 145.47 (C-3’’’’’, 5’’’’’), 145.39 (C-3’, 5’), 139.71 (C-4’’’’), 139.17 (C-4’’’), 

138.94 (C-4’’), 138.80 (C-4’’’’’), 138.46 (C-4’), 119.30 (C-1’’’’), 118.89 (C-1’’’), 

118.07 (C-1’’), 117.93 (C-1’’’’’), 117.33 (C-1’), 109.03 (C-2’’’’, 6’’’’), 108.90 (C-2’’’, 

6’’’), 108.80 (C-2’’, 6’’), 108.74 (C-2’’’’’, 6’’’’’), 108.53 (C-2’, 6’), 91.71 (C-1), 72.14 

(C-5), 71.94 (C-3), 70.59 (C-2), 67.77 (C-4), 61.49 (C-6) ppm 
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2.2.6. Isolation of compound 6 

Compound 6 (113.7mg) from E11 was isolated using MPLC RP18 eluted with 

mixtures of MeOH-H2O (= 1:9, 3:7, 5:5, 7:3 and 10:0, respectively). 

 

Yellow amorphous powder 

C15H12O6 

ESI-MS (negative mode): m/z 287 [M-H]- 

[α]25
D  -1.5 (c 0.1, MeOH)  

UVλmax : 276nm 

1H-NMR (300MHz, CD3OD): See Table 4 
13C-NMR (75MHz, CD3OD): See Table 5 

 

2.2.7. Isolation of compound 7 

Compound 7 (18.1mg) from E11 was isolated using MPLC RP18 eluted with 

mixtures of MeOH-H2O (= 1:9, 3:7, 5:5, 7:3 and 10:0, respectively). 

 

Pale yellow needle 

C15H12O7 

[α]25
D +12.8 (c 0.1, MeOH)  

ESI-MS: m/z 304 [M]+ 

UVλmax: 291nm 

1H-NMR (300MHz, CD3OD): See Table 4 
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13C-NMR (75MHz, CD3OD): See Table 5 

 

2.2.8. Isolation of compound 8 

     E11 was subjected to MPLC RP18 gradient eluting with mixtures of MeOH-H2O 

(= 1:9, 3:7, 5:5, 7:3 and 10:0, respectively), and the fraction was further separated into 

sixteen sub-fractions (E11-1 to E11-16). Compound 8 (7.1mg) was obtained from E11-

12 using Sephadex LH-20 with 100% MeOH. 

 

Yellow amorphous powder 

C15H12O7 

ESI-MS (negative mode): m/z 303 [M-H]- 

[α]25
D +3.3 (c 0.1, MeOH)  

UVλmax : 289 nm 

1H-NMR (400MHz, (CD3)2SO): See Table 6 

13C-NMR (100MHz, (CD3)2SO): See Table 7 
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2.2.9. Isolation of compound 9 

Compound 9 (93.3mg) from E11 was isolated using MPLC RP18 eluted with 

mixtures of MeOH-H2O (= 1:9, 3:7, 5:5, 7:3 and 10:0, respectively). 

 

Yellow amorphous powder 

C15H10O6 

ESI-MS (negative mode): m/z 287 [M-H]- 

UVλmax: 256, 372nm 

1H-NMR (300MHz, CD3OD): See Table 8 
13C-NMR (75MHz, CD3OD): See Table 9 

 

2.2.10. Isolation of compound 10 

E11 was subjected to MPLC RP18 gradient eluting with mixtures of MeOH-H2O 

(= 1:9, 3:7, 5:5, 7:3 and 10:0, respectively), and the fraction was further separated into 

sixteen sub-fractions (E11-1 to E11-16). E11-14 was divided into five fractions (E11-

14-1 to E11-14-5) using Sephadex LH-20 with 100% MeOH. Compound 10 (13.0mg) 

was purified from E11-14-5 by HPLC RP18 using MeOH-H2O (6:4, 2mL/min).  

 

Yellow amorphous powder 

C16H12O6 

ESI-MS (negative mode): m/z 299 [M-H]- 

UVλmax: 350nm 
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1H-NMR (500MHz, CD3OD): See Table 8 
13C-NMR (125MHz, CD3OD): See Table 9 

 

2.2.11. Isolation of compound 11 

E11 was subjected to MPLC RP18 gradient eluting with mixtures of MeOH-H2O 

(= 1:9, 3:7, 5:5, 7:3 and 10:0, respectively), and the fraction was further separated into 

sixteen sub-fractions (E11-1 to E11-16). Compound 11 (5.9mg) was obtained from 

E11-16 using Sephadex LH-20 with 100% MeOH. 

 

Yellow amorphous powder 

C15H10O5 

ESI-MS (negative mode): m/z 269 [M-H]- 

UVλmax: 256, 393nm 

1H-NMR (400MHz, CD3OD): δ 7.58 (H, d, J = 9.0 Hz, H-5), 7.51 (H, d, J = 1.8 Hz, H-

2’), 7.21 (H, dd, J  = 8.2, 1.8 Hz, H-6’), 6.83 (H, d, J = 8.2 Hz, H-5’), 6.67 (2H, m, H-

6 and H-8), 6.67 (H, s, H-2) ppm 

13C-NMR (100MHz, CD3OD): δ 185.1 (C-4), 170.7 (C-7), 170.0 (C-9), 150.1 (C-4’), 

148.6 (C-3), 147.5 (C-3’), 127.6 (C-5), 127.1 (C-6’), 126.4  

(C-1’), 119.7 (C-2’), 117.5 (C-5’), 115.3 (C-2,6,10), 100.2 (C-8) ppm 

 

 

 



 18 

2.2.12. Isolation of compound 12 

E6 was subjected to the silica gel CC eluted with mixtures of CHCl3-MeOH (= 

100:1), MeOH, and it was further divided into five sub-fractions (E6-1 to E6-5). 

Compound 12 (3.4mg) was obtained from E6-5 using Sephadex LH-20 with 100% 

MeOH. 

 

Yellow amorphous powder 

C9H6O4 

ESI-MS (negative mode): m/z 179 [M-H]- 

UVλmax: 256, 296 nm 

1H-NMR (400MHz, CD3OD): δ 7.95 (1H, d, J = 6.0 Hz, H-2), 6.32 (1H, d, J = 2.1 Hz, 

H-8), 6.19 (1H, d, J = 2.1 Hz, H-6), 6.18 (1H, d , J = 5.9 Hz, H-3) ppm 

13C-NMR (100MHz, CD3OD): δ 184.2 (C-4), 167.1 (C-7), 164.3 (C-5), 160.7 (C-9), 

158.9 (C-2), 112.4 (C-3), 107.4 (C-10), 101.1 (C-6), 95.9 (C-8) ppm  
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2.2.13. Isolation of compound 13 

E11 was subjected to MPLC RP18 gradient eluting with mixtures of MeOH-H2O 

(= 1:9, 3:7, 5:5, 7:3 and 10:0, respectively), and the fraction was further separated into 

sixteen sub-fractions (E11-1 to E11-16). Compound 8 (13.4mg) was obtained from 

E11-12 using Sephadex LH-20 with 100% MeOH. 

 

White powder 

C20H24O6 

FAB-MS m/z: 360 [M]+ 

[α]25
D +7.1 (c 0.1, MeOH)  

UVλmax: 212, 284nm 

1H-NMR (400MHz, (CD3)2SO): δ 6.68 (1H, d, J = 7.6Hz, H-5’), 6.64 (1H, d, J = 1.1Hz, 

H-2’), 6.60 (1H, s, H-5), 6.49 (1H, dd, J = 8.0, 1.2 Hz, H-6’), 6.09 (1H, s, H-8), 3.73-

3.82 (4H, m, H-1, 12 11a), 3.71 (6H, s, H-13, 14), 3.43 (1H, m, H-11b), 2.66(2H, d, J = 

10.1Hz, H-4), 1.84 (1H, m, H-3), 1.62 (1H, m, H-2) ppm 

13C-NMR (100MHz, (CD3)2SO): δ 147.3 (C-6), 145.5 (C-3’), 144.6 (C-7), 144.1 (C-4’), 

137.1 (C-9), 132.7 (C-10), 127.1 (C-1’), 121.4 (C-6’), 116.2 (C-8), 115.2 (C-5’), 113.2 

(C-2’), 111.8 (C-5), 63.6 (C-12), 59.8 (C-11), 55.6, 55.5 (C-13, 14), 48.6 (C-2), 45.9 

(C-1), 38.1 (C-3), 32.2 (C-4) ppm  
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Table 2. 1H-NMR data of compounds 3 and 4 

position 
δ (J = Hz) 

3a 4b 

2,6 6.89 (2H, s) 7.03 (2H, s) 

OCH3   3.80 (3H, s) 
sRecorded in 400MHz, (CD3)2SO. bRecorded in 300MHz, CD3OD. 

 

Table 3. 13C-NMR data of compounds 3 and 4 

position 
δ  

3a 4b 

1 122.0 122.2 

2 108.7 110.8 

3 145.5 147.2 

4 137.7 140.5 

5 145.5 147.2 

6 108.7 110.8 

7 168.5 169.8 

OCH3   53.1 
sRecorded in 400MHz, (CD3)2SO. bRecorded in 300MHz, CD3OD. 
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Table 4. 1H-NMR data of compounds 6 and 7 

position 
δ (J = Hz) 

6a 7b 

2 4.92 (1H, d, 11.7) 4.93 (1H, d, 11.7) 
3 4.47 (1H, d, 11.7) 4.49 (1H, d, 11.1) 
5 7.71 (1H, d, 8.7)  
6 6.52 (1H, dd, 8.4, 2.1) 5.91 (1H, d, 2.1) 

8 6.32 (1H, d, 2.4) 5.87 (1H, d, 2.1) 
2' 6.97 (1H, d, 1.8) 6.97 (1H, d, 2.1) 
5' 6.79 (1H, d, 8.1) 6.79 (1H, d, 8.1) 
6' 6.85 (1H, dd, 8.4, 2.1) 6.84 (1H, dd, 8.1, 1.8) 

sRecorded in 300MHz, CD3OD. bRecorded in 300MHz, CD3OD. 
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Table 5. 13C-NMR data of compounds 6 and 7 

position 
δ 

6a 7b 

2 86.4 85.9 
3 75.3 74.5 
4 195.3 199.2 
5 130.9 169.5 
6 112.9 98.1 
7 165.9 166.1 
8 104.5 97.1 
9 167.6 165.3 
10 114.2 102.6 
1' 130.9 130.9 
2' 116.7 116.9 
3' 147.1 147.9 
4' 147.9 147.1 
5' 116.8 116.7 
6' 121.7 121.7 

sRecorded in 300MHz, CD3OD. bRecorded in 300MHz, CD3OD. 
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Table 6. 1H-NMR data of compound 8 

position δ (J = Hz) 

2 4.97 (1H, d, 11.1) 

3 4.48 (1H, d, 11.1) 

6 5.89 (1H, d, 1.8) 

8 5.85 (1H, d, 1.6) 

2' 6.74 (2H, s) 

4' 6.89 (1H, s) 

6' 6.74 (2H, s) 

Recorded in 400MHz, (CD3)2SO 
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Table 7. 13C-NMR data of compound 8 

position δ 

2 83.0 

3 71.5 

4 197.7 

5 163.9 

6 95.9 

7 166.8 

8 94.9 

9 162.5 

10 100.4 

1' 128.0 

2' 115.3 

3' 145.7 

4' 119.3 

5' 144.9 

6' 115.1 
Recorded in 400MHz, (CD3)2SO 
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Table 8. 1H-NMR data of compounds 9 and 10 

position 
δ (J = Hz) 

9a 10b 

5 7.97 (1H, d, 9.3) 7.95 (1H, d, 8.8) 
6 6.89 (3H, m) 6.86 (3H, m) 
8 6.89 (3H, m) 6.86 (3H, m) 
2' 7.76 (1H, d, 2.4) 7.63 (1H, d, 2.0) 
5' 6.89 (3H, m) 6.86 (3H, m) 
6' 7.66 (1H, dd, 8.4 2.1) 7.54 (1H, dd, 8.5, 2.1) 

OCH3   3.75 (3H, s) 
sRecorded in 300MHz, CD3OD. bRecorded in 500MHz, CD3OD. 
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Table 9. 13C-NMR data of compounds 9 and 10 

position 
δ 

9a 10b 

2 149.5 158.5 
3 139.4 141.9 
4 175.2 177.3 
5 128.3 128.4 
6 116.8 117.3 
7 165.2 167.4 
8 103.8 104.1 
9 159.3 159.7 
10 117.0  117.9 

1' 125.2 124.1 
2' 116.8 117.7 
3' 147.0  147.3 

4' 148.3 150.7 

5' 116.2 117.2 

6' 122.4 123.0  
OCH3   61.1 

sRecorded in 300MHz, CD3OD. bRecorded in 500MHz, CD3OD. 
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2.3. Evaluation of the cytotoxic effect in vitro model 

2.3.1. Cell line culture 

     Human Gastric Adenocarcinoma AGS cell line was provided by Elcom Sci. Co.. 

AGS cells were maintained in RPMI-1640 supplemented with 10% heat-inactivated 

fetal bovine serum and 1% penicillin-streptomycin at 370C in a humidified incubator 

containing 5% CO2 gas.  

 

2.3.2. Cell viability assay 

     3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium (MTT, 2mg/ml) assay was 

used to evaluate the effect of the test drugs on cell growth, as described previously 

(Alley et al., 1988). For this assay, the AGS cells were seeded in 96-well plates (2.5 x 

105 cell/well) and incubated for 24hr. The growth medium was changed, and AGS cells 

were treated with vehicle or compounds at the concentration from 10 to 1000 uM for 

24hr. After 24hr, MTT was added and incubated for 1hr. Reduction of MTT to 

formazan was assessed in an ELISA plate reader at OD 540nm. Data were analyzed at 

percent cell viability relative to control cultures as the mean of three independent 

experiments. Vinblastine was used as a positive control. 

Cell Viability (%) = Abs.of sample treated
Abs.of control

 x 100 
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2.3.3. Statistical analysis 

   All data were expressed as means ± S.D. The evaluation of statistical 

significance was determined by an ‘one-way ANOVA’ test using computerized 

statistical package, with p<0.05*, p<0.01** and p<0.001*** considered to be statistically 

significant. 
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III. Results 

 
1. Elucidation of chemical structure of compounds from R. 

trichocarpa roots 

1.1. Compound 1 

Compound 1 was obtained as white amorphous powder, [α]25
D +62.7 (c=1.02, 

CHCl3). The molecular formula was C31H46O4 by HRFABMS (m/z 482.3396 [M]+, 

calcd. for 482.3396). The 1H-NMR spectrum (CDCl3) showed four methyl groups at δ 

0.95 (6H, s, H-29, 28), 0.87 (3H, s, H-30), 0. 86 (3H, s, H-18), one vinyl methyl singlet 

at δ 1.93 (3H, s, H-27), one exo exo methylene group at δ 5.24 (1H, s, H-21b) and 5.20 

(1H, s, H-21a), and one CH2O group at δ 4.22 (1H, dd, J = 8.8, 2.4 Hz, H-19b) and 

3.69 (1H, d, J = 8.8, H-19a). The protons of a methylene at δ 2.50 (1H, m, H-23b) and 

2.30 (1H, m, H-23a) and two methines at δ 6.57 (1H, d, J = 5.9 Hz, H-24) and 4.72 (1H, 

dd, J = 12.4, 3.3 Hz, H-22) with a carbonyl group indicated the presence of an α,β-

unsaturated-δ-lactone. In 13C-NMR and DEPT spectra, an oxy-methine carbon at δ 

80.8 (C-22) was found, and it was linked with a carboxyl (δ 166.0, C-26) as an ester 

linkage (Figure 1). The 1H- and 13C-NMR spectra showed that compound 1 had a 

triterpene skeleton of semialacton, and its spectra from R. javanica have been 

previously assigned, but revisions based upon 2D-NMR were found to be necessary to 

some of the1H- and 13C-NMR assignments because there was a methoxy group (Lee et 

al., 2001). In the HMBC spectrum, H-19 was correlated with C-2 (δ 35.4), C-4 (δ 35.0) 
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and C-5 (δ 50.3); H-22 was correlated with C-17 (δ 40.1), C-20 (δ 149.3), C-21 (δ 

113.4) and C-23 (δ 29.1); H-23 was correlated with C-24 (δ 139.1) and C-25 (δ 128.4); 

H-27 was correlated with C-24, C-25, and C-26; and H-31 (δ 3.23, 3H, s) was 

correlated with C-3 (δ 100.6) (Figure 2). The cofiguration at C-17 was deduced as S, 

based on the H-22 being positioned as an axial by it coupling constants (dd, J = 12.4, 

3.3 Hz) and observation of the unclear Overhauser effect spectroscopy (NOESY) 

between the following proton signals; H-18 and H-19a,b; H-17 and H-22; H-16a and 

H-23b (Figure 3). Therefore, the structure of compound 1 was determined to be 3-

methoxy semialactone, and it was isolated for the first time from nature. 
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Figure 1. 1H and 13C NMR spectra of compound 1 
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Figure 2. HMBC spectrum of compound 1 
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Figure 3. NOESY spectrum of compound 1 
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1.2. Compound 2 

     Compound 2 was characterized as yellow amorphous powder, [α]25
D -41.2 (c=0.1, 

MeOH). The molecular formula was C11H12O6 by HRFABMS (m/z 241.0717 [M+H]+, 

calcd. for 241.0712). 1H NMR spectrum showed that there were one aromatic moiety 

with two protons at δ 5.92 (2H, s, H-3’, 5’), two methylene groups at δ 3.39 (2H, t, H-3) 

and 2.61 (2H, t, H-2), one methoxy group at δ 3.76 (3H, s, H-7’). The signals of the 13C 

NMR spectrum at δ 205.8 (C-4) and 178.0 (C-1) revealed the presence of a carbonyl 

carbon and a carboxylic carbon, respectively (Figure 4). In the HMBC spectrum, H-2 

was correlated with C-1, C-3 (δ 40.7) and C-4; H-3 was correlated with C-1, C-2 (δ 

30.0) and C-4; H-3’ and H-5’ were correlated with C-1’ (δ 106.8), C-2’ & C-6’ (δ 

166.4), C-3’ & 5’ (δ 95.1) and C-4’ (δ 168.3); H-7’ was correalted with C-4’ (Figure 5). 

Previous report has showed that there was a similir structure compared with compound 

2, but it did not have a hydoxy moiety at C-2 position (Cignarella et al., 1990). With 

above described data, compound 2 was identified as 4-(2’,6’-dihydroxy-4’-

methoxyphenyl)-4-oxobutanoic acid and was newly reported from nature. 

) 
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Figure 4. 1H and 13C NMR spectra of compound 2 
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Figure 5. HMBC spectrum of compound 2 
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1.3. Compounds 3 and 4 

     Compound 3 was isolated as white amorphous powder, and the ESI-MS 

(negative mode) exhibited m/z 169 [M-H]- indicating C7H6O5 as its molecular formula. 

1H NMR spectrum showed two protons in an aromatic moiety at δ 6.89 (2H, s, H-2, H-

6), and compound 3 was identified as gallic acid by comparison with previously 

reported literature (Jain et al., 2011).  

     Compound 4, white amorphous powder, was fulfilled ESI-MS (negative mode), 

1H and 13C NMR expriments to assign its molecular formular with C8H8O5. 1H and 13C 

NMR spectra were very similar to those of compound 3, except for a methoxy group at 

δ 3.80 (3H, s). These data indicated that compound 4 was 4-O-methylgallic acid by 

comparison with previously reported literature (Wang et al., 2011). 
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1.4. Compound 5 

     Compound 5 was obtained yellow amorphous powder, and its molecular formula 

was identified as C41H32O26 by the positive mode ESI-MS (m/z 941 [M+H]+) and the 

13C NMR spectum. 1H NMR spectrum showed the presence of five aromatic moieties 

between δ 6.77 and 6.97 (H-2 and H-6 in each aromatic ring) and one glucose. The 

signal of 13C NMR experiment between δ 108.5 and 166.3 revealed the presence of 

galloy moiety (Figure 6). In 2D expreiments, H-1 (δ 6.37, 1H, d, J = 8.3 Hz), H-2,4 (δ 

5.43, m, J = 21.0, 9.7 Hz), H-3 (δ 5.95, t, J = 9.7 Hz), and H-6 (δ 4.31, 2H, s) of 

compound 5 were correlated with C-7’ (δ 163.9), C-7’’ (δ 164.5), C-7’’’’ (δ 164.8), C-

7’’’ (δ 165.4) and C-7’’’’’’(δ 166.3), respectively (Figure 7). These data indicated that 

compound 5 was identified as pentagalloy glucose (Beretta et al., 2011; Cho et al, 2010)  
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Figure 6. 1H and 13C NMR spectra of compound 5 
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Figure 7. HMBC spectrum of compound 5 
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1.5. Compounds 6 and 7 

Compound 6 was obtained as yellow amorphous powder, and its molecular 

formula was identified as C15H12O6 by the negative mode ESI-MS (m/z 287 [M-H]-). 

The 1H NMR spectrum displayed three ortho-, meta-coupling signals at δ 6.97 (1H, d, 

J = 1.8 Hz, H-2’), 6.85 (1H, dd, J = 8.4, 2.1 Hz, H-6’) and 6.79 (1H, d, J = 8.1 Hz, H-

5’) and another ortho-, meta-coupling signals at δ 7.71 (1H, d, J = 8.7 Hz, H-5), 6.52 

(1H, dd, J = 8.4, 2.1 Hz, H-6) and 6.32 (1H, d, J = 2.4 Hz, H-8) ascribable to two 

benzene rings. Also, the signals at δ 4.92 (1H, d, J = 11.7 Hz, H-2) and 4.47 (1H, d, J 

= 11.7 Hz, H-3) showed two oxygenated methine protons. The 13C NMR spectrum was 

displayed the peaks of two oxygenated carbons at δ 86.4 (C-2) and 75.3 (C-3), and an 

oxo group at δ 195.3 (C-4). With these data, compound 6 was defined as (-)-fustin 

(Nishino et al., 1987).  

Compound 7 was isolated as pale yellow needle and its molecular formula was 

C15H12O7 decided by the ion peak at m/z 304 [M]+ of ESI-MS. The 1H and 13C NMR 

spectral data of compound 7 showed similar patterns with those of compound 6 except 

for the downfield exhibited by C-5 (δ 169.5). It suggested tha tthe proton at C-5 of 

compound 6 was replaced by a hydroxy grooup. Thus, compound 7 was identified as 

(+)-taxifolin by comparison with previously reported literature (Han et al., 2007). 
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1.6. Compound 8 

     Compound 8 was obtained as a yellow amorphous powder, and the negative ESI-

MS showed a peak at m/z 303 [M-H]-. The molecular formula was C15H12O7. The 1H 

NMR spectrum showed three ortho-, para-coupling signals at at δ 6.89 (1H, s, H-4’) 

and 6.74 (2H, s, H-2’, 6’), and two meta-coupling signals at δ 5.89 (1H, d, J = 1.8 Hz, 

H-6) and 5.85 (1H, d, J = 1.6 Hz, H-8) meant two benzene rings. Two oxygenated 

methine protons were showed at δ 4.97 (1H, d, J = 11.1 Hz, H-2) and 4.48 (1H, J = 

11.1 Hz, H-3). One oxo group was observed at δ 197.7 (C-4), and on this basis of 

above results, compound 8 was conclued as 3,3’,5,5’,7-pentahydroxyflavanonol by 

comparison with previously reported literature (Zhang et al., 2007). 
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1.7. Compound 9 and 10 

     The negative mode ESI-MS of compound 9, yellow amorphous powder, 

displayed at m/z 287 [M-H]- corresponding to C15H10O6 as its molecular formula. The 

1H spectrum showed that the coupling constants at δ 7.76 (1H, d, J = 2.4 Hz, H-2’), 

7.66 (1H, dd, J = 8.4, 2.1 Hz, H-6’) and 6.89 (3H, m) in B ring, and at δ 7.97 (1H, d, J 

= 9.3 Hz, H-5) and 6.89 (3H, m) in A ring indicated that compound 9 was a flavonol 

substituted as hydroxy groups at position 3, 7, 3’ and 4’. Thus, with above observed 

data, compound 9 was identified as fisetin (Hasan et al., 2010). 

     The molecular formula of compound 10 was C16H12O6 by 1H, 13C NMR spectra 

and the ESI-MS (m/z 299 [M-H]-). In the comparison with 1H, 13C NMR spectral data 

of compound 9, those of compound 10 were only different from the existence of a 

methoxy moiety at δ 3.75 (3H,s), and it was correlated with C-3 (δ 141.9). On the basis 

of these data, compound 10 was determined as 3-methoxy-7,3’,4’-trihydroxyflavone 

(Wu et al., 2008). 
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1.8. Compound 11 

Compound 11 was obtained yellow amorphous powder, and its molecular 

formula was identified as C15H10O5 by the negative mode ESI-MS (m/z 269 [M-H]-) 

and the 13C NMR spectum. In the 1H NMR spectrum, a singlet at δ 6.67 could be 

assigned to H-2, and the spectrum showed that three ortho-, meta-coupling signals at δ 

7.51 (1H, d, J = 1.8 Hz, H-2’), 7.21 (1H, dd, J = 8.2, 1.8 Hz, H-6’) and 6.83 (1H, d, J = 

8.2 Hz, H-5’), and another ortho-, meta-coupling signals at δ 7.58 (1H, d, J = 9.0 Hz, 

H-5) and 6.67 (2H, m, H-6, 8) ascribable to two benzene rings (Figure 8). Analysis of 

the HMBC spectrum showed that there was a correlation between H-2 and C-4/C-2’/C-

6’, and this could occur with an aurone structure as proposed. Thus, with these data, 

compound 11 was defined as sulfuretin in comparison with previously reported 

literature (Junior et al., 2008) 
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Figure 8. 1H and 13C NMR spectra of compound 11 
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1.9. Compound 12 

     Compound 12 was isolated as yellow amorphous powder. Its molecular formula 

was determined as C9H6O4 by the negative mode ESI-MS (m/z 179 [M-H]-) and 13C 

NMR spectrum. The 1H and 13C NMR spetra showed ortho-coupling signals at δ 6.32 

(1H, d, J = 2.1 Hz, H-8) and δ 6.19 (1H, d, J = 2.1 Hz, H-6) and an ortho- and meta-

coupling signals at at δ 7.95 (1H, d, J = 6.0 Hz, H-2) and δ 6.18 (1H, d, J = 5.9 Hz, H-

3), and one oxo group at δ 184.2 (C-4) (Figure 9). With these data, compound 12 was 

identified as 5,7-dihydroxy-4H-chromen-4-one in comparison with previously reported 

literature (Simon et al., 1994).  
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Figure 9. 1H and 13C NMR spectra of compound 12 
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1.10. Compound 13 

     Compound 13 was characterized as white powder, and the FABMS exhibited m/z 

360 [M]+ indicating C20H24O6 as its molecular formula. The 1H NMR spectrum showed 

two methoxy groups at δ 3.71, and in HMBC spectrum, these groups were corelated 

with C-6 (δ 147.3) and C-3’ (δ 145.5) (Figure 10). Therefore, compound 13 was 

determined as (+)-isolariciresinol by comparison with previously reported literature 

(Hungerford et al, 1998).  
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Figure 10. HMBC spectrum of compound 13 
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Figure 11. The structures of compounds isolated from R. trichocarpa roots



 51 

2. Cytotoxic effect of total extract, fractions and the compounds 

from R. trichocarpa roots on AGS cells 

 2.1. Cytotoxic effect of total extract and fractions on AGS cells. 

Since AGS cell, as a human gastric adenocarcinoma, has the gastric epithelial 

and unique characteristics, it has been used in research in the various fields including 

oncology, virology and immunology. Therefore, because of this reason, AGS cell line 

was used for the screening tool in the process of searchiong the antineoplastic 

substances, and in this study, the cytotoxic effect of total extract and each fraction was 

examined by it. The total extract, n-hexane and EtOAc fractions showed significant 

inhibitory effect on the growth of AGS cells by MTT assay (57.3, 33.2 and 57.4% at 

100ug/ml, respectively). EtOAc fraction was subjected to repeated column 

chromatography and HPLC, and compound 1-13 were isolated. 
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Figure 12. Cytotoxic effect of total extract and fractions from R. trichocarpa roots on 

AGS cells 

Cell viability was measured by MTT assay. AGS cells were treated with total extract 

and fractions at concentration ranging from 1 to 100 ug/ml for 24 hr. Control was 

incubated with a vehicle alone. Results are expressed as the mean ± S.D. of three 

independent experiments, each performed using triplicate wells. *p<0.05, **p<0.01 

and ***p<0.001 compared with control.  
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2.2. Cytotoxic effect of compounds 1-13 on AGS cells. 

     The cytotoxic effect of isolated compounds 1-13 from R. Trichocaroa root on 

AGS cells was evaluated at concentration ranging from 10 to 1000 uM for 24 hr 

(Figure 13). The AGS cell viability treated with vinblastine as a positive control was 

73.8% at 10uM, 50.5% at 100uM, 21.2% at 500uM and 23.6% at 1000uM, respectively. 

It was found that compounds 1 to 12 except compound 13 showed the cytotoxic effect 

in AGS cells. Also, compound 4 having a methoxy moiety showed more potent 

cytotoxic effect than compound 3.  
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Figure 13. Cytotoxic effect of compounds 1-13 from R. trichocarpa roots on AGS cells 

Cell viability was measured by MTT assay. AGS cells were treated with compound 1-13 at concentration ranging from 10 to 

1000 uM for 24 hr. AGS cells were incubated with a vehicle (control). The cytotoxic effect of vinblastine as a positive control 

was 73.8% at 10uM, 50.5% at 100uM, 21.2% at 500uM and 23.6% at 1000uM, respectively. Results are expressed as the 

mean ± S.D. of three independent experiments, each performed using triplicate wells. *p<0.05, **p<0.01 and ***p<0.001 

compared with control.



 55 

2.3. Cytotoxic effect of compounds 3,4 and 5 on AGS cells for 24 and 48 

hr. 

     The most types of polyphenol in the human diet are the phenolic acids and 

flavonoids, and polypehnols have been studied to possesss antioxidative and anti-

tumoe promoting effects (Lin et al., 2007; Lin et al., 2005). Recent study demonstrated 

the cytotoxic effect of gallic acid (compound 3) on AGS cells for 24 and 48hr (Ho et al., 

2010). Thus, in this study, to investigate phenolic compounds about the time-dependent 

inhibitory effect on growth of AGS cells, similar compounds 3,4 and 5 were examined 

for 24 and 48 hr. (Figure 14). Compounds 3 and 4 showed time-depended cytotoxic 

effect on AGS cells, and compound 4 having a methoxy moiety had higher cytotoxic 

effect than compound 4.  
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 Figure 14. Cytotoxic effect of compounds 3,4 and 5 from R. trichocarpa roots on AGS cells for 24 and 48hr. 

Cell viability was measured by MTT assay. AGS cells were treated with compound 3,4 and 5 at concentration ranging from 10 

to 1000 uM for 24 and 48hr. AGS cells were incubated with a vehicle (control). Results are expressed as the mean ± S.D. of 

three independent experiments, each performed using triplicate wel
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IV. Conclusion 
 

1. Total extract, n-hexane and EtOAc fractions of R. trichocarpa roots exhibited 

cytotoxic effects on AGS cells. 

 

2. Thirteen compounds were isolated from EtOAC fr. of R. trichocarpa roots. 

        

3. A triterpene (1), four phenolic compounds (2-5), six flavonoids (6-11), a 

chromene (12) and a lignan (13) were isolated by the activity-guided isolated 

over EtOAc. 

       

4. Compounds 1 (3-methoxy semialactone) and 2 (4-(2’,6’-dihydroxy-4’-

methoxyphenyl)-4-oxobutanoic acid) were newly reported from nature. 

       

5. Compounds 1 to 12 except compound 13 showed the cytotoxic effect on AGS 

cells. 

       

6. Compounds 3 (gallic acid) and 4 (4-O-methylgallic acid) showed time-

dependent inhibitory effects on the growth of AGS cells, and compound 4 had 

higher cytotoxic effect than compound 3 
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국문초록 
 

암은 세포 자체의 조절 기능에 문제가 생기면서 정상적으로는 사

멸되어야 할 비정상 세포들이 과다 증식하게 되며, 조직 및 장기에 침입하

여 종괴를 형성하고 기존의 구조를 파괴하거나 변형시키는 질병이다. 특히 

위암은 암 관련 사망 중 두 번째로 높은 비율을 차지하고 있으며, 그 원인

은 Helicobacter pylori 감염이나 식습관, 환경적·유전적인 요인이라고 보고 되

고 있다. 옻나무과 (Anacardiaceae)에 속하는 개옻나무 (Rhus trichocarpa)는 

urushiols, flavonoid, polyphenolics 계열을 주성분으로 하며, 전통적으로 민간에

서 위장 질환, 동맥경화등의 치료를 위해 사용 되어 왔으며, anti-apoptotic, 

anti-rhematoid, anti-mutagenic 등의 효과가 있다고 보고 되고 있다. 

이에 본 연구에서는 위암 세포인 AGS cell을 이용하여 세포독성

을 갖는 성분을 개옻나무의 뿌리로부터 활성 지향적 분리 기법을 이용하여 

분리하고 그 구조를 규명하고자 하였다.  

개옻나무 뿌리를 80% 메탄올로 추출한 다음, 추출물을 다시 n-

hexane, EtOAc 및 n-BuOH 분획으로 나누었고, 이중 EtOAc 분획이 유의성 

있는 세포독성을 확인 하였다. 각종 column chromatography 및 RP-HPLC를 

이용하여 EtOAc 분획으로부터 총 13종의 화합물을 분리하였다. 분리한 화합

물들은 각종 이화학적 성상 및 분광학적 데이터를 종합하여 그 구조를 각각 
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3-methoxy semialactone (1), 4-(2,6-dihydroxy-4-methoxyphenyl)-4-oxobutanoic acid 

(2), gallic acid (3), 4-O-methylgallic acid (4), pentagalloyl glucose (5), (-)-fustin (6), 

(+)-taxifolin (7), 3,3’,5,5’,7-pentahydroxyflavanonol (8), fisetin (9), 3-methoxy-

7,3’,4’-trihydroxyflavone (10), sulfuretin (11), 5,7-dihydroxy-4H-chromen-4-one (12) 

and Isolariciresinol (13) 으로 동정하였으며, 이들 화합물 중 1 과 2 은 천연에

서 처음으로 분리, 보고 되는 물질이다. 분리한 총 13 종의 화합물에 대하여 

AGS cell에서 세포독성을 확인한 결과, 화합물 1-12 가 유의성 있는 세포독

성을 나타내었다.  

 

주요어: 옻나무, 개옻나무, 위암, 세포 독성, AGS cell, cell viability 

학번: 2010-23670 
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