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Abstract The fruits of Panax ginseng were extracted with 80%
aqueous MeOH and the concentrates were partitioned into EtOAc,
n-BuOH, and H,O fractions. The repeated SiO, and octadecyl
SiO, column chromatographies for the EtOAc fraction led to
isolation of five ginsenosides. The chemical structures of these
compounds were determined as ginsenoside F1 (1), ginsenoside
F2 (2), ginsenoside F3 (3), ginsenoside Ia (4), notoginsenoside Fe
(5) based on spectroscopic analyses including nuclear magnetic
resonance, MS, and infrared. Compounds 2-5 were isolated for the
first time from the fruits of P. ginseng in this study. All isolated
compounds were evaluated for cytotoxic activities against human
cancer cell lines such as HCT-116, SK-OV-3, human cervix
adenocarcinoma (HeLa), HepG2, and SK-MEL-5. Among them
compounds 2, 4, and 5 showed significant cytotoxicity on cancer

Nam-In Baek (><))
E-mail: nibaek@khu.ac.kr

Dae Young Lee (<)
E-mail: dylee0809@gmail.com

'Graduate School of Biotechnology and Department of Oriental Medicine
Biotechnology, Kyung Hee University, Yongin 17104, Republic of Korea

“Department of Herbal Crop Research, National Institute of Horticultural
and Herbal Science, RDA, Eumseong 27709, Republic of Korea

This is an Open Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work is
properly cited.

cells. Compound 2 exhibited cytotoxicity on SK-MEL-5, HepG2,
and HeLa cells with ICsy values of 82.8, 86.8, and 78.3 uM,
respectively. Compound 4 showed cytotoxicity on HCT-116, SK-
MEL-5, SK-OV-3, HepG2, and HeLa cells with ICs, values of
24.5,25.4,26.3,22.0, and 24.9 uM, respectively. Compound 5 did
on SK-MEL-5 cell with ICs, value of 81.7 uM. The cytotoxicity
of ginsenoside 2, 4, and 5 isolated from the fruits of Panax
ginseng showed strong inhibition effect against on cancer cells, all
of which have a glucopyranosyl moiety on C-3.
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Column chromatography (c.c.)& silica gel (SiO,) resin
Kiesel gel 60 (Merck, Darmstadt, Germany)< octadecyl
SiO, (ODS)2 Lichroprep RP-18 (40-60 uM, Merck)S AME-3h
%t} Thin layer chromatography (TLC)= Kiesel gel 60
F2549} RP-18 F254s (Merck)2 AFE-3F31t}. Nuclear magnetic
resonance ) 2 EHS 400 MHz FT-NMR  spectrometer
(Varian Inova AS-400, Palo Alto, CA, USA)E A}&-3} 3,
infrared (IR) spectrum< Perkin model 599B (Perkin-Elmer,
Waltham, MA, USA)E =73} t}. Fast atom bombardment
mass spectrometry (FAB/MS)= JEOL JMS-700 (Tokyo, Japan)
S AME3tY 439 Y. UV lampe Spectroline (Model
ENF-240 C/F, Spectronics Corporation, Westbury, NY, USA)
S AREsIATh A=A AdolA AR iRl RPMI 16409%
Penicillin-Streptomycin< GIBCOBRL, Life Technologies Inc.
(Grand Island, NY, USA)lIA F+3IAt}. Fetal bovine serum
(FBS)2 Hyclone (Logan, UT, USA) #|&<& AM:-3I, 3-
[4,5-dimethylthiazol-2-y1]-2,5-diphenyltetrazolium bromide (MTT)
9} dimethyl sulfoxide (DMSO)= Sigma (St, Louis, MO,
USAPIA Akt

= 2 249

Az3 Aike] dul 6.3 kgS 80% MeOH 484 (30L)C= 4
oA 24274 33] REE 2ESIgit) dojd] oAds ke
=3l 14kgd] FEES A Lo FEE2 H,0 30L)
9} ethyl acetate (EtOAc, 3.0L x3), n-butyl alcohol (#-BuOH,
26 Lx3)& H) &3k 7 55 A EF3s] EtOAc
%(PGE, 75.0g), n-BuOH ¥ (PGB, 4700g) ¥ H,0 &9

At
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)

T

(PGH, 855.0 gy& 9t} PGE (75.0 gl thated Sio, cc. (¢
14.0x16.0 cm, CHCl;-MeOH=30:1—+CHCl;-MeOH-H,0=15:3:1,
7} 60 LS AAlEt, & 24709] #¥(PGE-1-PGE-24)S 4]t}
2 FollA PGE-20 %8 [1.6g, elution volume/total volume
(Ve/Vt) 0.62-0.69191 thate] SiO, cc. (¢3.5%12.0 cm, CHCls-
MeOH-H,0=13:3:1, 3.0 LY2 AAlsled, & 1671¢] £&(PGE-
20-1-PGE-20-16)% %th. ©] 5 PGE-20-7 £ (86.4 mg, Ve/
Vt 0.19-022)91 ™ale] ODS cc. ($2.0x7.0 cm, MeOH-H,0=
2:1, 300mLYE AAIs, & 919 & (PGE-20-7-1-PGE-20-
7-9% AR, 3E 1 (PGE-20-7-7, 59.6mg, Ve/Vt 0.33-
0.61, ODS TLC R; 0.5, MeOH-H,0=7:2)% 2|52t} PGE-
20-11 £2)(835.5mg, Ve/Vt 0.48-0.69)0] thaled ODS cc. (¢
4.0x9.0 cm, MeOH-H,0=3:2—4:1, Z} 25L)2 A&l =
1870¢] E3)(PGE-20-11-1-PGE-20-11-18)& 43, 33E 2
(PGE-20-11-16, 49.8 mg, Ve/Vt 0.86-0.90, ODS TLC R; 0.4,
MeOH-H,0=6:1)2 #2]3}th. PGE-20-11-11 £33 (84.0 mg,
Ve/Vt 0.28-0.43)°l thsle] ODS c.c. (3.0x5.0cm, acetone-
H,0=2:3, 450 mLyE AAstd, & 10709 = (PGE-20-11-11-
1-PGE-20-11-11-10y2 431th. PGE-20-11-11-4 #¥(54.0 mg,
Ve/Vt 0.34-0.48)°] thate] Si0, cc. (¢1.5x8.0cm, CHCls-

MeOH-H,0=10:3:1, 800mL)E A A|3le], & 4719 &3
(PGE-20-11-11-4-1-PGE-20-11-11-4-4)2 43, IFFE 3

(PGE-20-11-11-4-2, 41.0mg, Ve/Vt 0.43-0.69, SiO, TLC R
0.5, CHCl;-MeOH-H,0-=65:35:10y2 £]5}3t}. PGE-22 £3
(985.0mg, Ve/Vt 0.80-0.89)° W3td SiO, c.c. (3.0x12.0 cm,
CHCl;-MeOH-H,0=16:3:1, 22 L)2 AAJ5lo], & 187h2] £3
(PGE-22-1-PGE-22-18)& ¥%lt}. PGE-22-16 +3% (205.5mg,
Ve/Vt 0.59-0.63)] ™3] ODS cec. ($3.0x9.0cm, MeOH-
H,0=2:5, 40 L)E AHAIEt F 20702 #% (PGE-22-16-1-
PGE-22-16-20y2 413, 3l3tE 4 (PGE-22-16-4, 7.3 mg, Ve/
Vt 0.13-0.15, ODS TLC R; 0.5, MeOH-H,0=1:2)$} 3}3&
5 (PGE-22-16-17, 39.7mg, Ve/Vt 0.84-0.87, ODS TLC R
0.5, MeOH-H,0=1:1)2 9t}

3}3HE 1 (ginsenoside F1): 3IQFY 7R (MeOH); [ap +36.6°
(c 1.12, MeOH); positive FAB/MS m/z 661.4 [M+Na]’; IR
(KBr, 1) 3398, 1660, 1380, 1080 cm™; 'H-NMR (400 MHz,
CsDsN, 8y) 5.22 (1H, dd, J=6.0, 6.0 Hz, H-24), 5.12 (1H,
d, J=7.6Hz, H-1'), 441 (1H, br d, J=11.6 Hz, H-6'a), 4.35
(IH, m, H-6), 425 (1H, dd, J=11.6, 44 Hz, H-6'b), 4.16
(IH, m, H-3"), 4.14 (IH, m, H-12), 409 (1H, m, H-4),
392 (1H, dd, J=84, 7.6Hz, H-2"), 3.86 (1H, m, H-5,
347 (1H, dd, J=10.8, 44Hz, H-3), 249 (1H, m, H-17),
246 (1H, overlapped, H-23a), 2.32 (1H, overlapped, H-22a),
2.22 (1H, overlapped, H-23b), 2.05 (1H, overlapped, H-11a),
1.94 (1H, m, H-13), 191 (3H, s, H-28), 1.88 (IH, overlapped,
H-7a), 1.87 (1H, overlapped, H-2), 1.82 (1H, overlapped, H-
7b), 1.82 (1H, overlapped, H-16a), 1.78 (1H, overlapped, H-
22b), 1.70 (1H, overlapped, H-l1a), 1.58 (1H, overlapped, H-
11b), 1.57 (1H, m, H-9), 1.57 (3H, s, H-26), 1.57 (3H, s,
H-27), 1.56 (3H, s, H-21), 1.50 (1H, overlapped, H-15a ),
1.39 (3H, s, H-29), 1.30 (1H, overlapped, H-16b), 1.17 (1H,
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d, J=10.0Hz, H-5), 1.06 (3H, s, H-18), 1.01 (1H, overlapped,
H-1b), 098 (3H, s, H-19), 0.95 (1H, overlapped, H-15b),
0.94 (3H, s, H-30); *C-NMR (100 MHz, CsDsN, &¢) 130.8
(C-25), 1258 (C-24), 98.1 (C-1), 83.2 (C-20), 784 (C-3),
784 (C-3), 78.0 (C-5"), 75.0 (C-2"), 71.6 (C-4), 70.1 (C-
12), 67.7 (C-6), 62.8 (C-6'), 61.7 (C-5), 51.6 (C-17), 513
(C-14), 49.8 (C-9), 49.1 (C-13), 474 (C-7), 41.1 (C-8),
402 (C-4), 393 (C-1), 393 (C-10), 36.0 (C-22), 319 (C-
28), 30.8 (C-11), 30.7 (C-15), 28.0 (C-2), 26.5 (C-16), 25.6
(C-26), 23.1 (C-23), 223 (C-21), 17.7 (C-27), 17.5 (C-30),
17.3 (C-18), 17.3 (C-19), 164 (C-29).

3l5HE 2 (ginsenoside F2): 312k 71 (MeOH); [a]fs +29.6°
(¢ 1.01, MeOH); positive FABMS m/z 807.5 [M+Na]"; IR
(KBr, v) 3410, 1657, 1355, 1080 cm™'; 'H-NMR (400 MHz,
CsDsN, &y) 5.24 (1H,dd, J=6.8, 6.4 Hz, H-24), 520 (IH,
d, J=7.6 Hz, H-1"), 495 (IH, d, J=7.6 Hz, H-1'), 4.54
(I1H, dd, J=11.2, 2.4 Hz, H-6"a), 444 (IH, dd, J=11.6, 2.4
Hz, H-6'a), 435 (1H, dd, J=11.2, 48 Hz, H-6"b), 428
(1H, dd, J=11.6, 5.6 Hz, H-6'b), 420 (1H, m, H-3'), 4.19
(1H, m, H-3"), 4.18 (1H, m, H-4"), 415 (IH, m, H-12),
413 (1H, m, H-4'), 403 (1H, m, H-2"), 398 (IH, m, H-
2", 395 (1H, m, H-5"), 3.88 (1H, m, H-5"), 3.36 (1H, dd,
J=11.6, 40 Hz, H-3), 254 (IH, m, H-17), 248 (IH,
overlapped, H-23a), 2.35 (1H, overlapped, H-22a), 2.24 (1H,
overlapped, H-24b), 1.98 (1H, overlapped, H-11a), 1.97 (1H,
m, H-13), 1.87 (1H, overlapped, H-2b), 1.84 (1H, overlapped,
H-16a), 1.80 (1H, overlapped, H-22b), 1.61 (3H, s, H-21),
1.60 (1H, overlapped, H-la), 1.60 (3H, s, H-26), 1.60 (3H,
s, H-27), 1.59 (1H, overlapped, H-11b), 1.53 (1H, overlapped,
H-6a), 1.50 (1H, overlapped, H-7a), 1.50 (1H, overlapped,
H-15a), 142 (1H, overlapped, H-6b), 142 (1H, m, H-9),
1.38 (1H, overlapped, H-16b), 1.29 (3H, s, H-28), 1.20
(1H, overlapped, H-7b), 1.03 (1H, overlapped, H-15b), 0.99
(3H, s, H-29), 097 (3H, s, H-18), 0.96 (3H, s, H-30), 0.82
(3H, s, H-19), 0.82 (1H, overlapped, H-1b), 0.75 (1H, d,
J=11.6 Hz, H-5); BC-NMR (100 MHz, CsD:;N, &¢) 130.8
(C-25), 1259 (C-24), 106.8 (C-1"), 984 (C-1"), 88.7 (C-3),
83.2 (C-20), 79.1 (C-3"), 78.6 (C-3"), 782 (C-5"), 78.1 (C-
5", 75.7 (C-2"), 75.0 (C-2), 719 (C4"), 71.6 (C-4"), 63.0
(C-6"), 62.8 (C-6"), 564 (C-5), 50.1 (C-9), 494 (C-13),
40.0 (C-8), 39.6 (C-4), 392 (C-1), 369 (C-10), 36.1 (C-
22), 35.1 (C-7), 30.9 (C-15), 30.7 (C-11), 28.1 (C-28), 26.7
(C-2), 26.6 (C-16), 25.6 (C-26), 23.1 (C-23), 223 (C-21),
184 (C-6), 17.7 (C-27), 17.3 (C-30), 16.7 (C-29), 16.2 (C-
18), 15.9 (C-19), 15.6 (C-17), 15.4 (C-14).

3l5HE 3 (ginsenoside F3): 312k 71 (MeOH); [a]fs +26.5°
(¢ 098, MeOH); positive FABMS m/z 793.5 [M+Na]";
infrared spectroscopy (IR) (KBr, v) 3469, 1655, 1462, 1076
em™; 'H-NMR (400 MHz, CsDsN, &y) 529 (I1H, dd,
J=64, 5.6 Hz, H-24), 505 (1H, d, J=8.0 Hz, H-1'), 4.93

(IH, d, J=7.6 Hz, H-1"), 461 (IH, br d, J=10.8 Hz, H-
6'a), 439 (1H, m, H-3"), 437 (1H, m, H-6), 432 (IH, m,
H-2"), 426 (1H, d, J=11.6 Hz, H-5"a), 419 (IH, m, H-
6b), 4.16 (1H, m, H-4"), 411 (1H, m, H-12), 4.08 (IH,
m, H-3"), 399 (IH, m, H-4"), 397 (1H, m, H-5), 3.84
(IH, dd, J=8.0, 8.0 Hz, H-2"), 3.74 (1H, br d, J=11.6 Hz,
H-5"b) 346 (1H, dd, J=112, 52 Hz, H-3), 2.51 (IH,
overlapped, H-23a) 249 (IH, m, H-17), 2.33 (I1H, overlapped,
H-23b) 2.31 (1H, overlapped, H-22a), 2.04 (1H, overlapped,
H-11a), 195 (1H, m, H-13), 1.91 (3H, s, H-28), 1.88 (1H,
overlapped, H-7a), 1.82 (1H, overlapped, H-2), 1.82 (l1H,
overlapped, H-7b), 1.80 (1H, overlapped, H-16a), 1.78 (1H,
overlapped, H-22b), 1.68 (1H, overlapped, H-1a), 1.63 (3H,
s, H-27), 1.60 (3H, s, H-21), 1.58 (3H, s, H-26), 1.49 (IH,
m, H-9), 147 (1H, overlapped, H-11b), 1.45 (1H, overlapped,
H-152), 1.38 (3H, s, H-29), 1.34 (1H, overlapped, H-16b),
1.16 (1H, d, J=10.0 Hz, H-5), 1.06 (3H, s, H-18), 0.98
(IH, overlapped, H-1b), 097 (3H, s, H-19), 096 (1H,
overlapped, H-15b), 0.92 (3H, s, H-30); “C-NMR (100
MHz, CsDsN, d¢) 131.0 (C-25), 125.8 (C-24), 1044 (C-1"),
98.0 (C-1), 834 (C-20), 79.0 (C-3"), 784 (C-3), 76.5 (C-
5, 748 (C-29), 739 (C-3"), 72.0 (C-4), 71.7 (C-2"), 70.1
(C-12), 69.1 (C-4"), 683 (C-6), 67.6 (C-6), 653 (C-5"),
61.6 (C-5), 51.6 (C-17), 51.2 (C-14), 49.8 (C-9), 49.0 (C-
13), 474 (C-7), 414 (C-8), 40.2 (C-4), 393 (C-1), 393
(C-10), 36.1 (C-22), 31.8 (C-28), 30.6 (C-11), 30.6 (C-15),
28.0 (C-2), 26.6 (C-16), 25.7 (C-26), 23.1 (C-23), 22.2 (C-
21), 17.8 (C-27), 175 (C-30), 173 (C-18), 173 (C-19),
16.4 (C-29).

3}SHE 4 (ginsenoside la): 3FFA 71 (MeOH); positive
FABMS m/z 823.5 [M+Na]; IR (KBr, ) 3401, 1649,
1462, 1076cm™; 'H-NMR (400 MHz, CsDsN, &) 5.23
(1H, dd, J=6.4, 6.8 Hz, H-24), 5.12 (IH, d, J=7.6 Hz, H-
1"), 493 (IH, d, J=7.6 Hz, H-1'), 453 (1H, overlapped,
H-6"a), 442 (1H, dd, J=11.2, 2.4 Hz, H-6'a), 429 (IH, m,
H-6), 428 (1H, overlapped, H-3"), 425 (1H, dd, J=11.2,
5.6 Hz, H-6'b), 424 (1H, overlapped, H-4"), 421 (1H, m,
H-3"), 4.14 (IH, m, H-12), 4.12 (1H, m, H-4"), 4.11 (IH,
overlapped, H-6"b), 4.08 (1H, overlapped, H-2"), 3.97 (1H,
m, H-2"), 3.87 (1H, overlapped, H-5"), 3.83 (1H, m, H-5'),
342 (1H, dd, J=44, 10.8 Hz, H-3), 248 (1H, m, H-17),
247 (1H, overlapped, H-23a), 2.31 (1H, overlapped, H-22a),
224 (1H, overlapped, H-23b), 2.06 (1H, overlapped, H-11a),
2.00 (3H, s, H-28), 1.95 (1H, m, H-13), 1.88 (1H, overlapped,
H-7a), 1.87 (2H, overlapped, H-2), 1.85 (1H, overlapped, H-
7b), 1.83 (1H, overlapped, H-16a), 1.75 (1H, overlapped, H-
22b), 1.71 (1H, overlapped, H-1a), 1.58 (1H, overlapped, H-
11b), 1.57 (IH, m, H-9), 1.57 (3H, s, H-21), 1.57 (3H, s,
H-26), 1.57 (3H, s, H-27), 1.51 (1H, overlapped, H-15a),
1.36 (3H, s, H-29), 134 (1H, overlapped, H-16b), 1.20
(IH, d, J=10.0 Hz, H-5), 1.06 (3H, s, H-18), 1.01 (IH,
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overlapped, H-1b), 0.96 (3H, s, H-30), 0.91 (3H, s, H-19);
BC.NMR (100 MHz, CsDsN, &¢) 130.8 (C-25), 125.8 (C-
24), 107.1 (C-1"), 98.1 (C-1'), 88.8 (C-3), 83.2 (C-20), 782
(C-3"), 78.6 (C-3"), 782 (C-5', 78.1 (C-5"), 75.8 (C-2),
75.0 (C-2"), 71.9 (C-4"), 71.6 (C-4"), 70.1 (C-12), 67.5 (C-
6), 63.1 (C-6"), 62.8 (C-6"), 61.7 (C-5), 51.5 (C-17), 51.3
(C-14), 49.7 (C9), 49.1 (C-13), 474 (C-7), 41.1 (C-8),
404 (C-4), 39.1 (C-1), 38.8 (C-10), 36.0 (C-22), 31.3 (C-
28), 30.8 (C-11), 30.7 (C-15), 26.5 (C-16), 26.5 (C-2), 25.6
(C-26), 23.1 (C-23), 22.3 (C-21), 17.7 (C-27), 17.5 (C-18),
174 (C-19), 17.3 (C-30), 16.9 (C-29).

313HE 5 (notoginsenoside Fe): 3FFY 7HF (MeOH); positive
FABMS m/z 939.5 [M+Na]; IR (KBr, ) 3401, 1649,
1462, 1076 cm™; 'H-NMR (400 MHz, CsDsN, &y) 5.59
(IH, br s, H-1"), 524 (1H,dd, J=6.8, 6.4 Hz, H-24), 5.06
(1H, d, J=7.6 Hz, H-1"), 487 (IH, d, J=7.6 Hz, H-1"),
478 (1H, m, H-2"), 472 (1H, m, H-3"), 4.68 (1H, m, H-
4™, 459 (1H, br d, H-6"a), 4.28 (1H, dd, J=11.6, 5.6 Hz,
H-6'b), 425 (1H, dd, J=12.0, 2.4 Hz, H-5"a), 4.23 (IH,
m, H-5"b), 420 (1H, m, H-3'), 4.19 (IH, m, H-3"), 4.18
(IH, m, H-4"), 415 (1H, m, H-12), 4.13 (IH, m, H-4",
4.03 (1H, m, H-2"), 400 (IH, m, H-6"b), 3.98 (IH, m, H-
2", 3.95 (1H, m, H-5"), 3.88 (1H, m, H-5"), 3.36 (1H, dd,
J=11.6, 40 Hz, H-3), 254 (IH, m, H-17), 248 (IH,
overlapped, H-23a), 2.35 (1H, overlapped, H-22a), 2.24 (1H,
overlapped, H-24b), 1.98 (1H, overlapped, H-11a), 1.97 (1H,
m, H-13), 1.87 (1H, overlapped, H-2b), 1.84 (1H, overlapped,
H-16a), 1.80 (1H, overlapped, H-22b), 1.61 (3H, s, H-21),
1.60 (1H, overlapped, H-1a), 1.60 (3H, s, H-26), 1.60 (3H,
s, H-27), 1.59 (1H, overlapped, H-11b), 1.53 (1H, overlapped,
H-6a), 1.50 (1H, overlapped, H-7a), 1.50 (1H, overlapped,
H-15a), 142 (1H, overlapped, H-6b), 142 (1H, m, H-9),
1.38 (1H, overlapped, H-16b), 1.29 (3H, s, H-28), 1.20
(1H, overlapped, H-7b), 1.03 (1H, overlapped, H-15b), 0.99
(3H, s, H-29), 0.97 (3H, s, H-18), 0.96 (3H, s, H-30), 0.82
(3H, s, H-19), 0.82 (1H, overlapped, H-1b), 0.75 (1H, d,
J=11.6 Hz, H-5); BC-NMR (100 MHz, CsD:;N, &¢) 130.9
(C-25), 1259 (C-24), 110.0 (C-1™), 106.8 (C-1'), 979 (C-
1), 88.8 (C-3), 86.1 (C-4™), 83.1 (C-2"), 83.1 (C-20), 79.1
(C-3), 78.8 (C-3"), 78.8 (C-3"), 782 (C-5), 76.4 (C-5"),
75.7 (C-2"), 749 (C-2"), 72.0 (C-4), 719 (C-4"), 702 (C-
12), 68.4 (C-6"), 63.1 (C-6"), 62.6 (C-5"), 56.4 (C-5), 51.6
(C-17), 514 (C-14), 50.1 (C9), 494 (C-13), 399 (C-9),
39.6 (C-4), 39.2 (C-1), 369 (C-10), 36.1 (C-22), 35.1 (C-
7), 30.7 (C-15), 30.7 (C-11), 28.1 (C-28), 26.7 (C-2), 26.6
(C-16), 25.7 (C-26), 23.1 (C-23), 223 (C-21), 184 (C-6),
17.8 (C-27), 17.3 (C-30), 16.7 (C-29), 16.2 (C-18), 159 (C-
19).

A ) F

thd(human colon adenocarcinoma; HCT-116), 4%t (human

ovarian adenocarcinoma; SK-OV-3), AFZ%(human cervix adeno-
carcinoma; HeLa), 7+t (human hepatoma; HepG2) 2 3]4H-%+
(human melanoma; SK-MEL-5)2 3l=+ A¥3F 23] (KCLB,
Seoul, Korea)ollX At} MEEA 23S 93 AlEFE
10% FBS$} 1% penicillin-streptomycin®] #7F RPMI 1640
WA S ARE-3Ee], 5% CO,, 37°C 2271014 v sttt

AE=A

At G2 RE FEe IFEEY AESA AF2 Skehan
59 ¥F12] MTT colorimetric assay WPHOZ 23T
HIFE celloll RPMI-1640 wiA]e} E2]gt Tl F9] ginsenosides
ZFzt 6.25, 12.5, 25.0, 50.0, 75.0, & 100.0 M2 F= H=Z
2 E3}slo] seeding 31932, cellFE 1x10* cells/mLE 24
SAth F=H3 cellS plateol] 100 uL¥ A71skal 12417F viek
Atk #lg % ZF cellell 50 pLe] MTT [Smg/mL in phosphate
buffered saline] Al2FS F7Fsle] 37°ColA ©iA] 2A17F E<F uj
Fedet. widel TE5FH F, WAE AASIL 100 ule] DMSO
= FH7rsted &A1 ZTh Cell plate reader (Bio-Rad Co.,
Westbury, NY, USA)Z 550 nmollA] S35 ZH3Ih AlX
52 Az E vt 2ol AlRteRit

Cell viability (%)
=[OD(compound)-OD(Blank)/OD(Control}-OD(Blank)]x100

A3 9 3F

3RHE 12 positive FAB/MSOIA m/z 661.4 [M+Na]e] Ex}
o] peak’} #5E o] EAFS 6382 AU IR SHE
HogRE 4171(3398 em )2} 015 AT (1660 cm )0l U= A
o2 YTt 'H-NMR ~FHEH) 8RS methyl proton
signal [dy 191 (3H, s, H-28), 1.57 (3H, s, H-26), 1.57
(3H, s, H-27), 1.56 (3H, s, H-21), 1.39 (3H, s, H-29), 1.06
(BH, s, H-18), 0.98 (3H, s, H-19), 0.94 (3H, s, H-30)|2%
Bl 3= 19] aglycone®] 47112] 38 7R+ tetracyclic triterpene,
Z dammarane ZZ Y-S oAd3IITE Shen 5 AT[13]0014]
gukx o2 28 proton signalk §y 1.300014 FSE=dl, S
StotEe] 739 8y 197K AAPEeR olFsle As & + 3
Atk webA, o] 3}§E0] protopanaxatriol (PPT)-typed]l &
of| 33tk 3 3 712] olefin methine proton signal [Sy
522 (IH, dd, J=6.0, 6.0 Hz, H-24)]Z, AI70¢] oxygenated
methine proton signal [8y 4.35 (I1H, m, H-6), 4.14 (IH, m,
H-12), 347 (1H, dd, J=10.8, 44 Hz, H-3)[S #Za}.0H,
1712] hemiacetal proton signal [dy 5.12 (1H, d, J=7.6 Hz
H-1N]3 4719 oxygenated methine proton signal [5y 4.16
(IH, m, H-3"), 409 (1H, m, H-4"), 3.92 (1H, dd, J=84,
7.6 Hz, H-2), 386 (IH, m, H-5"]% 1719 oxygenated
methylene proton signal [6y 4.41 (1H, br d, J=11.6 Hz, H-
6'a), 425 (I1H, dd, J=11.6, 44 Hz, H-6b)|EHE 3 79
Seigo] EAFE ¢ 4 JATE Anomer proton signal®] Z
g AFJ=76 Ho=FH T 183 23 F47t A2 axial-
axial FEE olF= A & F JeH, o5 T3l o] gt
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Fig. 1 Chemical structures of ginsenosides 1-5 from the fruits of Panax
ginseng

Eo°] PPI-type dammarane triterpene monoglycosided= <l
sFitt. PC-NMR = ERA F {2 signale A€l & 7}
E 5= 3012 'H-NMRoIA 233t triterpenoidd o] Eel=9)
o}, ojml FozRE Ffg 171 hemiacetal §c 98.1 (C-1'),
4711¢] oxygenated methine [5c 78.4 (C-3"), 78.0 (C-5'), 75.0
(C-2), 71.6 (C-4)], 1719] oxygenated methylene & 62.8 (C-
6" carbon signald¥<e}l A< 'H-NMR 2 HSQCE 3
A 3le] o] Fo] B-glucopyranosed = 3T g Jl9
olefin quaternary carbon signal §c 130.8 (C-25), & 71¢]
olefin methine carbon signal §: 125.8 (C-24), 3 71<¢]
oxygenated quaternary carbon signal 8c 832 (C-20), 371¢]
oxygenated methine carbon signal [dc 784 (C-3), 70.1 (C-
12), 67.7 (C-6)], 471¢] quaternary carbon signal [8c 51.3
(C-14), 41.1 (C-8), 40.2 (C-4), 39.3 (C-10)], 4702 methine
carbon signal [5c 61.7 (C-5), 51.6 (C-17), 49.8 (C-9), 49.1
(C-13)], 870 methylene carbon signal [8c 47.4 (C-7), 39.3
(C-1), 36.0 (C-22), 30.8 (C-11), 30.7(C-15), 28.0 (C-2), 265
(C-16), 23.1 (C-23)], 870l methyl carbon signal [6: 31.9
(C-28), 25.6 (C-26), 223 (C-21), 17.7 (C-27), 17.5 (C-30),
17.3 (C-18), 17.3 (C-19), 164 (C-29)[% #=3l, Wu 59
AT [14104 B 8 gk vlasie] PPT-typed)S ERlst
At T3 Peng 59 AF[15114 C-209] carbon signal T
N 72.9 ppmellX HASEY, 8¢ 83274 AxPFORE o|Edk A
S 2 B} B-bD-glucopyranose’t C-209] FAt7] 9} A st
glycosidation shift’} doldt AdS & 4 UATH gHMBC =
HEHo|A glucopyranose®] anomer proton signal &y 5.12
(H-1"°] aglycone®] oxygenated quaternary carbon signal §¢
83.2 (C-20)7} cross peakE X glucopyranose”} 2000 G171

o A3sle AS BRISIATE. F702] methyl proton signal [8y
1.57 (3H, s, H-26), 1.57 (3H, s, H-27)]°] olefin methine
carbon signal &y 522 (IH, dd, J=6.0, 6.0 Hz, H-24)3}
cross peak’} SRIEo] o]FAF ] At ARE AAsIT A
AE Y8, sIeE 12 Su § [l6]o] High £33} )
. B2 A3 ginsenoside FISE 7% 57315 Th

3}3ME 2= positive FAB-MSOIA m/z 807.5 [M+Na]¢] &
Apo] 2 peak’t TZEo] ExIEFS 78472 ZAAGSINTE IR 2=
EHOoZRE 473410 cm ™9} o154 (1657 ecm o] AE
ZoR IR SIfHE 137e] EXFF zlo|7t 1468] Zo=
Kol $4717F shut WA AL S'ige] sh o EAIRhS dlids
Atk NMR HoJEl= F71E SE9E ALt UHA signals
o] = 13 W% fARE 7S THAE AS ERIEH o
7t NMR =HEHA 33E 13 vt oxygenated
methine signal®] A}2}A]3 methylene signal [8y 1.53 (1H,
H-6a), 142 (1H, H-6b); 8¢ 184 (C-6)]°] #=Ho| we} o]
3}2HE-9] aglycone®| protopanaxadiol (PPD)-typeq! A2 <ll’d
stglth. PC-NMR AHEHoA FozHE fad 1719
hemiacetal carbon signal dc 98.4 (C-1"), 47l2] oxygenated
methine [6¢ 79.1 (C-3"), 782 (C-5"), 75.7 (C-2"), 71.9 (C-
4M], 1709 oxygenated methylene &: 63.0 (C-6") carbon
signalo] 712 #=gof| w}, o] Fo] B-glucopyranosed-=
1A th ESE Peng 59 AF[15]14 C-3 signal> Tl
78.5 ppmollX #ZEL, 5 8877 AAFORE o]FT Ao
2 Ho} B-p-glucopyranose”} C-39 Y& Aoz o=,
gHMBC 2 E-|A glucopyranose®] anomer proton signal
Sy 520 (H-1M©] aglycone®] oxygenated methine carbon
signal 8¢ 88.7 (C-3)% cross peakE H.§ glucopyranose’} 3
H Al Aeele s oAl g ERISKIT 9 A9E
38l 3I3HE 25 Yang 5 [17]°] E3L3F ginsenoside F22
TZ FAsIATH

3}3HE 32 positive FABMS oA m/z 793.5 [M+Na]"9]
TALO) 2 peak’t HEES] EAFS 77002 ARSI IR &
HEHOo 2 HE 42713469 cm™)9} o154 3H(1655 cm™)o] )
= Zo= IRIFAL sitE 13 EAFF ztol7r 13281 A
o= Hol eEgo] it o EANES A3t NMR Hlo]
He F7H o83S AYs YA signalse] siHE 154 v
T+ Ak 3 7HE RS -1 PFC-NMR ZH ERo|
A FozRE fF: e 1719 hemiacetal carbon signal ¢
1044 (C-1"), 370¢] oxygenated methine [5c 73.9 (C-3"),
71.7 (C-2"), 69.1 (C-4")], 1702] oxygenated methylene &¢
65.3 (C-5") carbon signalo] 712 #=Hd wel, /1= 2
33t o] a-arabinopyranosedS ER1EIATE 3 Seo T
AF[18]o11] C-6' carbon signakS th7ll 62.5 ppmollA] ASELY,
8¢ 68374 AAHL R o]F3F Z R KOl q-L-arabinopyranose
7F C-69] 2719} Ajlele] glycosidation shift7} Lol A
S ¥ 4 UYY. gHMBC 2= EZ|A arabinopyranose2]
anomer proton signal &; 4.93 (H-1"°] glucopyranose®] oxygenated
methylene carbon signal &c 68.3 (C-6")3} cross peaksS 1.
arabinopyranose”} 6" <FAb7]o] Agsl= S thA] A &
Adstdct. o AHE FFsle] s9HE 32 ginsenoside F3 =
T2 F4 AL, Li o A[19ex Bad £ ) v
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Fig. 2 The cytotoxicity of ginsenosides 1-5 isolated from the fruits of Panax ginseng against. HCT-116, SK-OV-3, HeLa, HepG2, SK-MEL-5 cancer
cell lines. A: ginsenoside F1, B: ginsenoside F2, C: ginsenoside F3, D: ginsenoside la, E: notoginsenoside Fe

33t

332 4+ positive FAB/MSOIA m/z 823.5 [M+Na]™9]
7ol peak’t #FE o] FAFS 8000FE AAATE IR
HEHOo 2 HE 41713401 cm )9} 015 ATH(1649 cm™)o]
= AR IRIHA. st 1349 FA4F 2ol 1629
o2 Hol SEo] shvt o AT o143tk NMR
He F7H S83S A9 UHA signalsel siHE 154
ARSE 28 7= AS FRISIGITE BC-NMR ZFEFA
S ZRE f$H70e] hemiacetal carbon signal §: 107.1 (C-
1"), 470€] oxygenated methine [§c 78.2 (C-3"), 78.1 (C-5"),
75.0 (C-2"), 71.6 (C-4")], 1702] oxygenated methylene &¢
62.8 (C-6") carbon signalo] 712 #=Hol| wlg}, F712 24
3k Fo] B-glucopyranosedS ER1SATH T3 Peng 52 A
T-[151914 C-3, C-202] carbon signal 7 78.5, 72.9 ppm
oM AZE, 5 88.8, 83.27KA] AAPFO®R o Fd Hlow W
o} B-pD-glucopyranose’t ZFz; C-33 C-202] S42k7]o A3tsle]
glycosidation shift’} doldt A& & 4 AUATh gHMBC =
HEHo|A glucopyranose®] anomer proton signal 8y 5.12, d,
J=7.8 Hz, (H-1")°] aglycone®] oxygenated methylene carbon
signal 8¢ 90.8 (C-3)3} cross peakE X glucopyranose’l 3
H bl dehe As o] s ElsiTh 9 dHE
35t 3IE 45 ginsenoside a2 F+F $4 3193, Dou
S AFR20M BaE 73 3t wlasksl

3}3HE 55 positive FABMS oA m/z 939.5 [M+Na]*<]
FApol peak’t FEH O] EAEFS 9172 A H. IR &
HEYOo ZHE] F417](3401 cm™)9} 1A TH(1649 cm™)e] U
Zog RIEIUL. sE 29k A} Aol 13330 A
o2 Hol 9ol sht ¥ EATS dd3l3th. NMR Hlo]
He F7H o8hdS A9t WA signalsol shete 29

do O 2 30 > M

L
R

ARE ks 7= A 3T BC-NMR 2~ E-oA] &
o ZRE F%E 1702] hemiacetal carbon 8¢ 110.0 (C-1"), 3

7Ne] oxygenated methine [5c 86.1 (C-4"), 83.1 (C-2"), 78.8

g

(C-3")], 1719] oxygenated methylene §: 62.6 (C-5") carbon
signalo] F7t2 #AZ g wa, FE AFS Fol o-

arabinofuranose & Q13 TE T3 Seo T ATF[18]oA
C-6" carbon signak> th7ll 62.5 ppmolA #ZEL}, §¢ 68.47F
A Ao o]%Fd AS R Hol o-L-arabinofuranose’} C-6"
o RS JsINL, gHMBC 2 EHo|A  arabinofuranose
9] anomer proton signal &y 5.59 (H-1")°] B-glucopyranose®]
oxygenated methylene carbon signal 8c 68.4 (C-6")3} cross
peakE E.o] arabinofuranose’} 6" V7ol Adtsle AL ok
Al g ERRlsigith. ¢ 23E Foele] sk 5= Wang 5
[21]°] XA, notoginsenoside FeZ T2A73ldtt. 13fu}, sh
T 2-5= QlaEriexE ol Ae 8 B
Mt vl EFE 2eld 559 SHES 559 QA SHE
Z(HCT-116, SK-OV-3, HeLa, HepG2, SK-MEL-5)°] 723}
o] MAESAES ZHSIHTHFig. 2). Ginsenoside F2& SK-MEL-
5 (82.8 uM), HepG2 (86.8 uM), HeLa (783 uM) =04 2}
UM EF2] ME AYEL0] 50% ol3kE ASIITE. Ginsenoside
la= HCT-116 (24.5uM), SK-MEL-5 (25.4 uM), SK-OV-3 (26.3
uM), HepG2 (22.0 uM), HeLa (24.9 uM) E5=0l4 7+ ¢hA| =
Fo| X AEE0] 50% oJst=E 74T} Notoginsenoside
Fe= SK-MEL-5: 81.7 uM s%olA 7+ A EFe] AlE A=
0] 50% ©JslE 7AsI). ¢ Al =M ginsenoside la
© 589 BEE A SHEF dial AlEEAo] e,
Fob, 7kt 2 AF<dell, notoginsenoside

T
v, Ao

ginsenoside F2= 3
Fex F5-¢o tigh Alx=Ao] Uehsdtt. sieks 2, 4, 59 +
Z % 3 $b7)el glucopyranose’t A HojlE AL 3

az



J Appl Biol Chem (2018) 61(4), 371-377

377

detaar, § Aol wfet 31 7ol Fo] AFEW QA o
Azl el xS Yehvte A& & F Aot A4E8
< 53 1At EuiERE 223 559 ginsenosideZt Q1A o
Azl el MESFE A fr7e s Ielsisih.

zx 5
A3 (Panax. ginseng) EvlE 80% MeOH 8o 33 wt
5 329 5, 2% 5% FEEL EtOAc, n-BuOHZ H,0

o= A%F 23S HAAEIL EOAEEd tiste Sio, %
ODS column chromatographyS WH3-AA|81e] 5%-2] ginsenoside
eSS el 2 FASIT NMR, IR, FAB/MS H°lES
| 3sle, Z+Zt ginsenoside F1 (1), ginsenoside F2 (2),
ginsenpside F3 (3), ginsenoside Ia (4) ¥ notoginsenoside Fe
G2 72 54 otk HUE 252 AxkAujelNE oluo]
A wE BaEek g 550 sES A EF
(HCT-116, SK-OV-3, HeLa, HepG2, SK-MEL-5)°] =]]3}e
Axsde 4 o] T 3e= 2, 4, B 57 Al A
x| dsf A4 Asrris e & F AAnk sigt
& 2+ SK-MEL-5, HepG2, HeLaA|EolA ICso%keol 82.8,
86.8, 78.3 uM= ZRI=UT}. 3I9HE 4= HCT-116, SK-MEL-
5, SK-OV-3, HepG2, HeLa Al2zollA] ICs, Fko] 24.5, 254,
263, 22.0, 249 pME BRI} ). }E 5= SK-MEL-5 Al
FolA ICs, #el 81.7 uM=E BRIFSITE A4F HwlellA] e
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