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Anti-cancer activity of two new triterpenes from Brassica rapa
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Abstract: The chemical constituents from Brassica rapa were identified by various chromatographic techniques
including silica gel, reversed-phase silica gel, macroporous resin and Sephadex LH-20 column chromatography.
Eight compounds were isolated from this plant. The isolated compounds were elucidated by physicochemical
properties and spectroscopic methods, including extensive 1D, 2D-NMR, and HR-ESI-MS techniques. Compounds
1, 2 are new triterpenoids and 3-7 were isolated for the first time from Brassica rapa. The cytotoxic effect of
compounds 1 and 2 were tested by MTT assay against five cancer cell lines. The result showed that all compounds
exhibit growth inhibition for the cancer lines. Compound 1 has an IC,, value of 5.87 umol - L* for growth inhibition
of leukemia cell line HL-60, and IC., value for compound 2 was 10.32 umol - L.
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=B MAEY, 3~T N IR EFH o EA3H. [
I, SR MTT 77 X5 &4 1R 2 3547 1 4K 21241 i 52
TEVEHEAT VR, S5 R R A S 1.2 X HL-60. A549.
DU145.CEM . HeLa 5 3t — & R0 /E H, JuI 2
X HL-60 B % . 2 400 1 b 983 40 BBk 1 2R 4, 3 1Cq, 7
)4 5.87 A110.32 umol - LY, A B fE R IE X Lo fb &
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BRI AW . ESI-MS m/z 941.5 [M-H] . 943.5 [M+
H]*.965.5 [M+Na]*, & Il 41 XF 73 ¥ Jii & v 942; HR-
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Figure 1 Chemical structures of compounds 1-8
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1ANKE F S5 0, 1.79 (d, J = 6.0 Hz, 3H); [F A % &
R ] DX sk B 1S S5 HUR B B0 AU 5 0y 5.31 (brrs,
1H) BA K& 3 A B 1) i Bk 15 5 6y 4.99 (d, J = 7.8 Hz,
1H). 6, 5.73 (d, J = 7.6 Hz, 1H).d, 6.23 (s, 1H). #
BC NMR (% 1) ™, K373 75 B 1 B0 5% 3808 e 2 0
KBS 5 6. 144.5.122.1 LUAL, i6 A 1 N REERR1E 5
0c 172.2. 43 HT HSQC .HMBC &3, B 2 i £ 5 4B,
AT 3N EAMRE 5 0 91.0 (d)-69.0 (d)-63.3 (1), i B
BT 55 U IR B A% C-3 5 S AHE AN E A 1AW H AN
R 3L 54 M E . @ E DEPT 135° \HSQC.HMBC %
EwmEERE SHT2EE, 53CEikiE ) c st
4 W) spartitrioside #% R 24 Lo — 301, (& L1 C-
17 f7 [\ K 3% % 30 3.2 ppm, C-22 (W 1) W= 37 % 5 T
47.2 ppm, Ui 22 AL A B R 5, [F I C-28 47 [ ik
¥ 5 4.2 ppm. HMBC 3 i3t — B #fiE 7 &4 B AR AR
th 1 hL &, 6, 1.28 (H-28) 5 C-16 (d. 69.0). C-17 (¢
39.6).C-22 (. 28.4) f-AEITFEAH G, 1£ H-H COSY K
Wb 5, 1.65 (H-21) 5 5,, 0.84 (H-22) 7 7E A%, LAk,
A 15 spartitrioside f#E 54> *H NMR A1 1°C NMR
FEAR—F, [F B HMBC HAIE 52 3 457 Bk 5 4l 2k g 26 & 2
A FEAR DG, Ul B OB R 2 5 BEAZ 3 60 B AH I T B
g

YALE Y LTI KR, B R ety s
X R A HEAT LU BT, A S S D-R A IR
L- 5% Z= 4 K D-71 %1 B ; 454 HSQC . 13C NMR % Hi 31
3 /N 3 i B B A5 5 O 105.2 (d)~ 102.1 (d).101.4 (d),
PA B2 *H NMR 3 ] vy 6 000 1 6 0 45, 2 3 Al ik
5390 9 B-D- i % B T 1 ML Fee R 32 | or-L- B2 B 26k DL K%
B-D- I FRg 7] 225 A

R (1032 12 0 B HBMC 3 5 7E 3-O Wi BE 1, -
D- it PR 7 7657 B i 3L L (0, 4.99) 5 B 3 A1H% (O 91.0)
B ARG, B-D- N e ] %) B o 2 & (6, 5.73) FHH
% BRI BR [1) C-2' (0. 78.0) HLA AR AHC, 1M o-L- R 2=
B i 52 2 (6, 6.23) 5 7 & 1K C-2" (6 76.3) Im FE AH
% £ NOESY i # H-27 (6, 1.30) 5 H-23 (5,, 1.44)
A, BT 3L FR RN B AL | T H-16 (6, 5.01) 5
H-28 (o, 1.28) #H3%, Wi W] 16 f 2 5 N a 7Y (1K 2).
ZEE UL W, Bz A PSS RN 3-O-a- LML IR R
25 b 5 - (1—2)-B-D- Mk R i % B 5 -(1—2)-B-D- %l %) B
FiES T2 ML i b L -3, 160,24 = FR - SR8 e, i &4 N &
# 21 A (brasside A) .

&2 B e R R (R ), [o] +37.8 (c
0.1, MeOH); mp 267~269 C; Libermann-Berchard Fl
Molish Jz v 35 5 B, TLC )2 (03 155 5% IR R £ 7
W, 105 Chn#h e, 2R, 18 HnTBE o =l

Table 1 3C NMR (150 MHz, pyridine-d.) data of compounds 1
and 2

Position 1 2 Position 1 2
1 38.3 46.4 25 15.6 19.4
2 26.1 72.6 26 16.7 19.8
3 91.0 73.8 27 25.4 26.2
4 43.6 46.1 28 28.4 179.9
5 55.8 49.3 29 32.9 33.6
6 18.2 19.3 30 20.8 25.9
7 33.0 35.8 Glu-1' 105.2
8 39.6 43.6 2' 78.0
9 475 52.6 3 76.2
10 36.2 375 4 75.3
11 23.8 23.8 5' 77.6
12 122.1 25.9 6' 172.2
13 1445 137.7 Glc-1" 101.4
14 42.1 26.9 2" 76.3
15 26.4 37.4 3" 76.1
16 69.0 71.6 4" 72.1
17 39.6 55.2 5" 77.4
18 45.1 128.0 6" 61.3
19 46.5 43.2 Rha-1" 102.1
20 30.6 34.6 2" 72.4
21 41.9 37.9 3" 735
22 28.4 29.0 4" 74.1
23 22.7 23.7 5" 70.8
24 63.3 68.4 6" 18.6

— HMBC
—--meae NOESY

= oH
OH
Figure 2 Key correlations of compound 1 HMBC and NOESY

KA. ESI-MS m/z 503.3 [M-H] .527.3 [M+Na]",
HE I AH X437 52 &8 504; HR-ESI-MS m/z 527.329 20
[M+Na]* (it 518 : 527.329 35, C,H,sNaOy), i & 4>
T A CyoH 06, AEATEE A 7; I H NMR 8 K AJ LA
B, B EEERESHXE, BT 6NN ESA
55 [0, 0.97.1.01.1.31.1.34.1.56.1.59 (s, each 3H)]
PLAh, B H 5N EHAGS (0, 3.70~4.93). 45H
13C NMR & DEPT 135°, K #liZ ik & 4344 30 AN k15
5, AFE 9N 5 AN B L 10 SRR 6 S B, IR
WA 3NEWRE S, B LA (6. 179.9) K1
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MNMERES (0 137.7.128.0), {H7E S 1 th IE 41 R (1
W5, Y R A A S R IR . R Ik A
ANEEE S 0. 73.8 (d)-72.6 (d)-71.6(d).68.4 (). £
£ HSQC & HMBC, & Wik &5 57 218,
K lii ¥4 5 centellasapogenol A iEAT LL 4, Hdl 3E A —
A [F] A6 A P 2 194y 7 & L centellasapogenol A
% 16 Da, #Eill 1L & ¥ 2 Lt centellasapogenol A £ — 4
PR, X 5L AR 45 RV & . R HMBC 2
W ¥ B E AL E O, 4.90 55 C-14 (6 26.9).C-17
(¢ 55.2).C-18 (J; 128.0).C-28 (J. 179.9) 1 1E izt F£ A
o, VLB 16 A1 iR 23k . [RIR BT NOESY #iil 2
B0 A 6 R B 6, 457 (H-2)\4.29 (H-3)\1.73 (H-5)\
1.55 (H-27) 5%, 6, 4.90 (H-16)\1.30 (H-26)#H 3%, i B
2. 30y p YT T 16 LRI N o i B (&13).

Figure 3 Key correlations of compound 2 HMBC and NOESY

2k L RTIR, A AW 2 45 458 N 28,3B,160,24- 10 F2
F-13(18)-J-FFEUR R, £ Scifinder 45 /K6 2, & ILAH
KRG, dr 4 N &R (brassica acid).

&) 3~8 R C AL &, BAZHE S BT 5 STk
A AT IR, B e NS R D Q)W SR E
(4)04, 5 B %= % -3-O-B-D- Ik W ] %] B 2L -7-0-B-D- Ji
HF (5)19), 5 {25 K -3,7-.-0-p-D- M Wi 7 %) B (6)1°1.
FRAR (MU M (8)1.

2 EMMImEEN

K MTT X BT A5 037 4 & ) E4T 1 5 Flvis I
e 210 P P 40 P B 9 M S, I DARFE I A S BE X
HEHEAT VB, A& W 1R 2 25 S 7t — 58 R 24 B
(35 2), %5 3l & X6 T HL-60 A8 % (5. 22 30 1] ik J83 40 B 1
AP, XX Tk — B IR R A IR S
WA o

Table 2 Cytotoxicities of compounds 1, 2 and etoposide

SCIGER 4y

Waters Vion® IMS QTof & & 43 ## i 1% 4% (Waters
2y ), %6 [J), Bruker AV 600 A% i 34 4R % 1% A (TMS
R FR), H & S 4 (MPLC) FS-9200T (K #: 18
YN A IR B PR A, 2 i) £ 2 e RGBT A
Waters 2545, 2487 il 4% (35 E Waters A &), B 2
B 7% %6 (Thermo A &, 3% ), 41 ffd #k (DU145.CEM.
HelLa.A549.HL-60, ATCC 2 &, 3% &), o 3 i Ji
HE O (F SETEAT), OB EE (B,
FAARR o = o i

S I6 B % 3 25 6 2018 4F 5 H SR W T 74 e 4 5
17, 28 Hp B RL 2 Bt B A2 0 0t 72 BT X A R E 9 0 5
N (Brassica rapa) 3 R 8 5, b AR AL T BUER
Ve B % 5 R b A E (b A5
20180510).
1 R#RBSSE

¥ 0 B 1) =5 20 kg U0 F, B, 020 £ AR AR 1
80% 2. 1%, hn# ml i HE L 3k, BRI 2 he KRB &
I, PR BT 2 AR TG R R, I SRR B K AT 4 i
FiRE. R PEAGT I8, IRV L D-101 K AL BH B i,
K A I V3 AR O B, FL T 95% 2L R AT R,
WAL TR ZE T, 15 95% £ 5 W I %643 55 9. #F 95%
LRI 5 (50 g) FH BV f, 60~80 H REFR #1 4,
HEAT T R A 1 43 B o D 7R D SRR e - R - K
(20:1:0.01—1:1:0.01), 5 1 LYt bE— 1, FLULAE 36 177 -
FH TLC X - 2 JEAT R I, S 85510 5% B B — £, B %
W, AR ERS Y, 155 Fr. A~F. X E A B R BE S
Fr. B (1.1 g) #EA4T B IRBE IR AT (23 73 55, TLC i 2 1A
5, BN B — 43 Fr. BLAI Fr. B6; Fr. B1 ] FH Y 8
G, 1S T (32 mg), Fr. B6 F 2 i 4% v A £ 1% 13k
1T 47 B 44k, W3 AH A FRE 7K (861 14), Al ik K M
205 nm, 5 2|4t &4 2 (17 mg); ¥ Fr. C (2.6 g) F % &
SR R s A R R AT R 4, DL RE- K (601 40—
90:10) kAT kA B ¥k i, TLC i 72 W 1%, 45 % Fr. C2.
Fr. C5fl Fr. C8 = /M8 — 43, X153 2 (18— FB o #f
i P FH 2P 1) % v O AT R ) B R L K
(65:35), A& K 205 nm, 75 31k 44 3 (28 mg) 1k
A4 (16 mg), LA 418 (25 mg). Fr. D (0.8 g) F kit
FTRERAE (1 4 5, TLC I ARAG I, 15 38— AN Boh i —
(4 r Fr. D1, ¥4 Fr. DL 3EAT il 48 S AH 3% 70 5, it

Compd. IC,,/umol - L*
HL-60 A549 DU145 CEM HelLa
1 587 +1.52 48.31+£2.35 66.57 +2.97 57.3+1.82 81.19+0.42
2 10.32+0.91 85.53+1.13 31.01+3.45 8.23+0.91 43.25+4.18
Etoposide 1.35+0.45 3.84 +0.62 1.53 +0.33 8.12+0.19 6.37 + 0.47
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BN A LI -7K (68:32), il ik & 4y 205 nm, Y 4R 3=
B HRLAEY), BRI 2T, HEEE AR, I8, 38
Sephadex LH-20 [ kS 75, HEE AT, 15 24654
1 (14 mg); Fr. F (0.8 g) FF IR IEAT RE A €21 43 25, TLC
HEAT IR FRAG I, 158 — MO — 45y Fr. FL, ¥ Fr. FL
HEAT P 1) 45 I AH 1% 4 B R BIAE A 4 5 -0.2% B R
7K (25:75), k&3 K Ay 254 nm, Y 4E 32 E H bR, IR
AR 2 M H [ A, 75 2146595 (17 mg) <6 (10 mg).
2 HHEE

Brasside A (1) [t & B8 K, [a]y —22.3
(c 0.1, MeOH); mp 218~220 C; 'H NMR (600 MHz,
Pyridine-ds) 6 1.37 (1H, m, H-1a), 0.84 (1H, m, H-1p),
1.89 (1H, m, H-2a), 1.83 (1H, m, H-28), 3.38 (1H, m,
H-3), 0.91 (1H, m, H-5), 1.55 (1H, m, H-6a), 0.84 (1H,
m, H-6f), 1.53 (1H, m, H-7a), 1.35 (1H, m, H-78), 1.62
(1H, m, H-9), 1.82 (2H, m, H-11), 5.31 (1H, br s, H-12),
1.88 (1H, m, H-15¢), 1.81 (1H, m, H-15p4), 5.03 (1H,
m, H-16), 2.37 (1H, d, J = 5.8 Hz, H-18), 1.89 (1H, m,
H-19¢), 1.15 (1H, m, H-198), 1.78 (1H, m, H-21a), 1.65
(1H, m, H-215), 1.89 (1H, m, H-220), 0.84 (1H, m, H-22p),
1.44 (3H, s, H-23), 4.28 (1H, d, J = 5.4 Hz, H-24a), 3.25
(1H, d, J = 5.2 Hz, H-24p), 0.72 (3H, s, H-25), 0.96 (3H,
s, H-26), 1.30 (3H, s, H-27), 1.28 (3H, s, H-28), 1.00
(3H, s, H-29), 1.23 (3H, s, H-30), Glu: 4.99 (1H, d, J =
7.8 Hz, H-1), 4.37 (1H, m, H-2), 4.11 (1H, m, H-3), 3.76
(1H, m, H-4), 453 (1H, m, H-5), Glc: 5.73 (1H, d, J =
7.6 Hz, H-1), 4.56 (1H, m, H-2), 3.95 (1H, t, J = 5.4 Hz,
H-3), 4.83 (1H, m, H-4), 4.65 (1H, m, H-5), 4.28 (1H, d,
J = 6.0 Hz, H-6a), 3.25 (1H, d, J = 6.0 Hz, H-68), Rha:
6.23 (1H, s, H-1), 4.73 ((1H, m, H-2), 4.49 (1H, t, J =
5.4 Hz, H-3), 4.38 (1H, m, H-4), 4.41 (1H, m, H-5), 1.79
(3H, d, J = 6.0 Hz, H-6). HR-ESI-MS m/z 965.462 55
[M+Na]* (i 511 : 965.462 78, C,gH,sNaO,,), i ;& 4>
T KA CueHyOu, A 1 F1EE 25 10; C NMR % ¥
W1,

Brassicaacid (2) FIAERIR A (), [aly, +37.8
(c 0.1, MeOH); mp 267~269 °C; *H NMR (600 MHz,
pyridine-d.) § 2.48 (1H, dd, J = 9.6, 1.8 Hz, H-1a), 1.32
(1H, m, H-1p), 457 (1H, br d, J = 2.1 Hz, H-2), 4.29
(1H, d, J = 2.7 Hz, H-3), 1.74 (1H, m, H-5), 1.78 (1H,
m, H-6a), 1.57 (1H, m, H-6f), 1.68 (1H, m, H-74), 1.53
(1H, m, H-78), 1.74 (1H, m, H-9), 1.74 (1H, m, H-11q),
1.50 (1H, m, H-115), 2.88 (1H, br d, J = 9.0 Hz, H-124),
1.52 (1H, m, H-12p), 2.34 (1H, dd, J = 9.6, 2.4 Hz, H-
150), 1.73 (1H, m, H-154), 4.90 (1H, dd, J = 4.8, 2.4 Hz,

H-16), 2.71 (1H, d, J = 9.0 Hz, H-190), 2.38 (1H, d, J =
9.0 Hz, H-19p), 2.01 (1H, m, H-21q), 1.50 (1H, m, H-
21p), 2.60 (1H, br d, J = 9.3 Hz, H-22a), 2.38 (1H, br d,
J = 9.3 Hz, H-22p), 1.01 (3H, s, H-23), 4.14 (1H, d, J =
7.0 Hz, H-240), 2.38 (1H, d, J = 7.0 Hz, H-24p), 0.97
(3H, s, H-25), 1.34 (3H, s, H-26), 1.56 (3H, s, H-27),
1.31 (3H, s, H-29), 1.59 (3H, s, H-30). HR-ESI-MS m/z
527.329 20 [M+Na]* (it %1 527.329 35, C4H,sNaOy),
1 5 He 43 1 20A CyoHygOg, ANMLANFE 4 7; 3C NMR %
WL,
3 IEEIEMIRIR

&9 1.2, fif | — & K (DMSO) ¥ fif . Bic
JSR 5% 25 100 mmol - L BEAR, i/ T-20 °C o i HIi
FHAH I f 15 7% 0K H B4 8 100,101 2 0.1 pmol - L
HEATSES . DMSO IC & IR i2E 4T SR 5 B, DMSO 1
LR L 0.1%.  FHME 25 MK FE 7 1 VR 59 FLIK B 100
10.1/70.1 umol - L%,

Bt 50 A K U O 400 P, R R 2 P T R, el
T 96 FLA A, £ %5 100 pl, % 3% F 37 “C 5% CO, ]
WFRFEN . 24 hjEngy, fEM72he 2 EA.
VG ABA X RH, BH AN ES. HaRE
0.25 mg-mLt MTT 37 CH:[F4EH 3~4 h, 500K
W L3V, i\ DMSO 100 ul, 584 ¥ fil Jo 18 FH 16
AT 492 nm il & H OD 18 . & 5 PL&5 141 OD 1H ly
100%, T 5 40 Mo #0124 >R A SPSS (16.0) 4t it
B AT 8T
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