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Chemical constituents of Caulophyllum robustum and its antitumor activities
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Abstract: Objective To study the chemical constituents of Caulophyllum robustum and its antitumor activities. Methods The
chemical constituents were isolated and purified with silica gel column chromatography, dextran gel Sephadex LH-20, and other
chromatographic methods. Their structures were determined by physicochemical and spectral analysis. Furthermore, the cytotoxicity of
these chemical components against the NSCLC A549 cell line was measured by CCK-8 method. Results Eleven compounds were
isolated and identified as collinsogenin (1), hederagenin (2), eechinocystic acid 3-O-a-L-arabinopyranoside (3), magnolamide (4),
(—)-magnocurarine (5), columbamine (6), 4,4'-diphenylmethane-bis (methyl) carbamate (7), (—)-8,8'-dimethoxy-L-O-(B-D-
glucopyranosyl) secoisolariciresinol (8), asechipuroside A (9), 2-[4-(3-hydroxy-1-propenyl)-2-methoxyphenoxy]-1,3-propanediol
(10), and 1-linoleoylglycerol (11). Conclusion Compounds 1—2 and 4—11 are isolated from Caulophyllum robustum genus for the
first time. Compounds 1 and 2 show moderate inhibited effect on the proliferation of NSCLC A549 cell line.

Key words: Caulophyllum robustum Maxim.; hederagenin; (—)-magnocurarine; asechipuroside A; 1-linoleoylglycerol; antitumor activity
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BT FAS IR TS 1 o X 20 BEAR K IARZE T 95% 4
SR IE T I = 2 BB 2R 47 7 B 4lidh, 433 11
MEEYD, %N collinsogenin (1), K
21 JC (hederagenin, 2) eechinocystic acid 3-O-0-L-
arabinopyranoside (3). magnolamide (4). AK=%j
# 0% [(—)-magnocurarine, 5]. columbamine (6).
4.4'-diphenylmethane-bis(methyl)carbamate ( 7 ) .
()-8,8"- - H AR BE-JF 3 5 ¥ - Fa B G ) -L-O-B-D- it
W % BE T [(—)-8,8'-dimethoxy-L-O-(B-D-gluco-
pyranosyl) secoisolariciresinol, 8]+ LA REEH A
(asechipuroside A, 9). 2-[4-(3-hydroxy-1-propenyl)-
2-methoxyphenoxy]-1,3-propanediol (10). iR H
7B (1-linoleoylglycerol, 11); iBid CCK-8 yA4& M,
AW 1A 2 X5 N BN it 40 B AS49 BA 48
NEEEH .
1 Ui

Bruker-600 MHz #%# 3L 4% i 14X (i 1 Bruker
A7]); DionexUltiMate 3000 5 &0/BH (i {X (3%
Dionex A A]); YMCC g # (250 mmX20 mm, 5
pm) . AT SR AN E g e GF il L
J7); Sephadex LH-20 (Jjij—: Pharmacia Biotech A
A]D; HP 20 RILWE (AAR=ZEAFD; HAREGH
BNt al; TREES QLIfE@ET AR
N ol CO, 85985 (JiEE (Heal Force) W)
Iy BRI IR AR FIE B (3250 8l
(AE2000)); A KEpbRAC (RER KRBT IR
AT RIRIKFE (=80 C, HBEFRBMAERL
A WP CHEERMEEER); AN Gr&
HZHRAH, fit5 7C005A89); 4figk PBS K4
Mk il (HyClone /A %] ); DMEM }:7#3E (Gibeo
AF]D; FBS JR4-IiE UM YZEH AR A R
AT THEREFRMATCHE 96 fLik LB B A4
BHEA R AT, CCK-8 & (Dojindo 2A#]);
NAE/INGH it e 20 AS49 T 55 R B % 7R 4
frE (B idi/Rili ATCC, MD, £ED. 4ELF
2015 4F 7 JIRAWALE B TR, 2R RIKKS
24 52 ot X HT e w2082 5 N 4L BB Caulophyllum
robustum Maxim. IR NARZE, FEYFRALF T+
[N N
2 REBESSE

BB 2L BB AR S LR ZE (30.0 kgD, ALY
W, F 95%. 60%LFE (120 L) BB, &I
BOB, RSS2SR 6.3 kg, NKIES, 72

B A M. BERR AR ABRIMIE TRERH, 153
BER 2.5 HRA7 410.0 g (A 1E T EEEBAL 2 680.0 g(B).

AR 2 WG BB AT (410.0 g) @I ERER At
HERR, SR AT I E-BE R £ B8 - ¥ (10 2 1 2 0.8 ¢
1:0.6:1:0.4:1:0.2:1:0.1:1:0.0:
1:0.0:95:5.0:9:1.0:8:2.0:4:1) ¥
B, &I, B8 7 MEBAS Fro 1~7.
Fr. 1 &3t Sephadex LH-20, &4/j-FEE (1 1 1) ¥efit,
23] 3 ANH4) Fr. 1lal~1a3, Fr. 1a2 J ODS-HPLC
(80%FFEE) 4k 2154 10 (28.2 mg). 11 (57
mg) . Fr. 2 ZRERAE 50 5, DL S bE-FRE (99 -
185 1 15) BREESEML, 193] 9 NH7 Fr. 2a~2i,
Fr. 2a 4 Sephadex LH-20, & {h-FFEE (1: 1) ¥/
55 3 AN ) Fr. 2al~2a3, Fr. 2a3 il ODS-HPLC
(75%H ) 2k A3 21 59 1 (9.4 mg). 2 (17 mg),
Fr. 3 % Sephadex LH-20, &{-HEE (1 : 1) ¥efifs
F| 3 NSy Fr. 2d1~2d3, Fr. 2d3 f§ ODS-HPLC
(70%H ) At G259 3 (5.6 mg). Fr. 21 &
Sephadex LH-20, S {5-FEE (10 1) Hifs2)3 4
44y Fr. 211~213, Fr. 213 | ODS-HPLC (78% F %)
Atk S 3AEY 7 (13.1 mg) A 10 (14.6 mg).

BUE T EEAEGER AL 2 kg, I KFLHAR, 30%-
50%- 75% LPEHCUBEL, 153 30% LFEERAL 120.0
g~ 50% LEEHAL 1.0 kg, I H R FE ISR AR,
K S - - K (1001 :0.8:2:0.7:3 8
01.6:4:02.5:5:0.5.0:1:0.6) BAEEHM,
B8] 6 MY Fr. 1~6. Fr. 1 43¢ Sephadex
LH-20, FEEHEML, 152 2 N4 Fr. lal~1a2.
Fr. 1a2 Jil ODS-HPLC (34% M) 4itb5 8454
4(55.8 mg).5(80 mg), Fr. 2 43T Sephadex LH-20,
R, 52 3 N4 Fr. 2al~2a3, Fr. 2a3 A
ODS-HPLC (40% H i) 2fi {15 254 6 (8.5 mg).
Fr. 3 & SO RAE €3 73 55, DL 30% T RESE, 15
2| 4 N S) Fr. 3a~3d, Fr. 4a & Sephadex LH-20,
RS 3l 3 N5 Fr. 3al~3a3. Fr. 3a2 A
ODS-HPLC (28% H i) itk 3211k 54 8 (23 mg)
19 (35mg).
3 HHEE

& 1: A5 5 (2 ; "H-NMR (600 MHz,
CD;0D) ¢: 5.30 (1H, t, J = 3.0 Hz, H-12), 4.46 (1H, t,
J = 3.0 Hz, H-3), 3.35 (1H, d, J = 11.6 Hz, H-23a),
3.62 (1H, d, J = 7.8 Hz, H-16), 3.53 (1H, d, J = 11.6
Hz, H-23b), 1.38, 0.98, 0.97, 0.88, 0.87, 0.70 (3H, s,
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H-27, 30, 26, 29, 25, 24); “C-NMR (150 MHz,
CD;0D) d: 181.1 (C-28), 145.0 (C-13), 123.3 (C-12),
75.2 (C-16), 73.9 (C-3), 67.3 (C-23), 49.5 (C-17), 48.9
(C-5), 48.0 (C-9), 47.6 (C-19), 432 (C-4), 42.6
(C-14), 42.0 (C-18), 40.5 (C-8), 39.5 (C-1), 37.9
(C-10), 36.5 (C-21), 36.2 (C-15), 33.7 (C-7), 33.4
(C-29), 32.7 (C-22), 31.4 (C-20), 27.4 (C-2), 27.3
(C-27), 24.9 (C-30), 24.4 (C-11), 19.1 (C-6), 17.7
(C-26), 16.3 (C-25), 12.7 (C-24). VL EyEH#E 5
mikaRaE — 2, e E LAY 18 collinsogenin.

A 2: AEEE T CFEE; 'TH-NMR (600 MHz,
DMSO-d) 6: 5.28 (1H, t, J = 4.0 Hz, H-12), 3.45 (1H,
m, H-23), 3.34 (1H, m, H-23), 3.13 (1H, dd, J = 4.1,
10.5 Hz, H-3), 1.12, 0.99, 0.92, 0.89, 0.87, 0.85 (3H, s,
H-24~27, 30, 29); "“C-NMR (150 MHz, DMSO-d;)
5 180.8 (C-28), 146.7 (C-13), 123.1 (C-12), 72.3
(C-3), 672 (C-23), 48.2 (C-5), 46.6 (C-18), 46.4
(C-9), 46.3 (C-17), 43.9 (C-19), 42.6 (C-4), 42.5
(C-14), 40.5 (C-8), 38.9 (C-1), 36.7 (C-10), 34.4
(C-29), 33.3 (C-21), 33.0 (C-22), 32.6 (C-7), 31.6
(C-20), 28.3 (C-15), 27.3 (C-27), 27.2 (C-2), 24.6
(C-30), 24.2 (C-16), 23.9 (C-11), 18.9 (C-6), 17.4
(C-26), 15.7 (C-25), 12.8 (C-24). VL E¥¥E 5 kIR
B, WA 2 NE R .

&Y 3. AfFAR; 'HINMR (600 MHy,
CD;0D) 6: 5.29 (1H, brs, H-12), 4.45 (1H, s, H-16),
427 (1H, d, J = 10.2 Hz, H-1), 1.37, 1.04, 0.96, 0.95,
0.87, 0.84, 0.79 (3H, s, H-30, 29, 27~23); "“C-NMR
(150 MHz, CD;0OD) &: 181.3 (C-28), 1452 (C-13),
123.6 (C-12), 107.3 (C-1"), 90.9 (C-3), 75.4 (C-16),
74.5 (C-3"), 73.0 (C-2"), 69.7 (C-4"), 66.5 (C-5"), 57.3
(C-5), 483 (C-9), 47.9 (C-17), 45.7 (C-19), 42.8
(C-14), 42.2 (C-18), 40.8 (C-8), 40.3 (C-4), 40 (C-1),
38 (C-10), 36.7 (C-15), 36.4 (C-22), 34.4 (C-7), 33.6
(C-29), 32.9 (C-21), 31.6 (C-20), 28.7 (C-23), 27.4
(C-27), 27.2 (C-2), 25 (C-30), 24.6 (C-11), 19.5 (C-6),
17.9 (C-26), 17.1 (C-24), 16.2 (C-25). LA ¥k 5
kR IE — 2, W kA4 3 A eechinocystic acid
3-0-a-L-arabinopyranoside.

A 4: FEE5 5 CHER; 'TH-NMR (600 MHz,
CD;0D) ¢: 9.41 (1H, s, -CHO), 7.43 (1H, d, J = 15.7
Hz, H-3), 7.12 (1H, d, J = 1.9 Hz, H-5), 7.03 (1H, dd,
J =282, 1.8 Hz, H-9), 6.98 (1H, d, J = 4.0 Hz, H-6"),

6.80 (1H, d, J = 8.2 Hz, H-8), 6.42 (1H, d, J = 15.7
Hz, H-2), 6.26 (1H, d, J = 4.0 Hz, H-7"), 4.63 (2H, s,
-CH,OH), 4.35 (2H, m, H-4'), 3.88 (3H, s, -OCHs),
333 (2H, t, J = 3.3 Hz, H-1), 1.85~1.75 (2H, m,
H-3"), 1.65~1.57 (2H, m, H-2'); >C-NMR (150 MHz,
CD;0D) §: 181.1 (-CHO), 169.3 (C-1), 149.9 (C-7),
149.4 (C-6), 144.6 (C-8"), 142.2 (C-3), 133.6 (C-5),
128.3 (C-4), 126.5 (C-6), 123.3 (C-9), 118.8 (C-2),
116.6 (C-8), 111.6 (C-7"), 111.5 (C-5), 56.5 (6-OCHs),
56.3 (-CH,OH), 46.4 (C-4'), 40.5 (C-1'), 29.9 (C-3"),
27.8 (C-2") VA Bt 5 Scikafas — s, ik
ENAY) 4 N magnolamide.

W& 5. BEFEAEER; "H-.NMR (600 MHz,
CD;0D) &: 6.84 (1H, d, J = 8.4 Hz, H-10, 14), 6.82
(1H, s, H-5), 6.71 (1H, d, J = 8.4 Hz, H-11, 13), 5.89
(1H, s, H-8), 4.53 (1H, dd, J = 13.6, 4.0 Hz, H-1), 3.85
(3H, s, 6-OCH;), 3.38 (3H, s, NCH;), 3.11 (3H, s,
NCH;): "C-NMR (150 MHz, CD;OD) &: 157.9
(C-12), 149.8 (C-6), 146.2 (C-7), 132.1 (C-10, 14),
127.1 (C-9), 123.8 (C-8a), 120.4 (C-4a), 116.5 (C-11,
13), 1163 (C-8), 112.3 (C-5), 74.4 (C-1), 56.4
(6-OCHj3), 56.0 (C-3), 52.9 (N-CHs), 51.6 (N-CHy),
38.5 (C-1a), 24.4 (C-4). DA 3 5 SCHR I A —
D, W EAL A 5 AR L

&Y 6: HME K, "HINMR (600 MHz,
DMSO-dg) J: 9.85 (1H, s, H-8), 8.95 (1H, s, H-13),
8.19 (1H, d, J = 9.0 Hz, H-11), 8.00 (1H, d, J = 9.0
Hz, H-12), 7.69 (1H, s, H-1), 6.84 (1H, s, H-4), 4.91
(2H, t, J = 6.0 Hz, H-6), 4.09 (3H, s, 10-OCHs), 4.06
(3H, s, 3-OCHs), 3.94 (3H, s, 9-OCH;), 3.41 (2H, m,
H-5); 3C-NMR (150 MHz, DMSO-dj) J: 150.9 (C-2),
150.2 (C-3), 148.2 (C-9), 145.4 (C-8), 143.7 (C-10),
138.5 (C-4a), 133.5 (C-8a), 129.0 (C-12), 126.9
(C-11), 123.5 (C-12a), 121.4 (C-14), 119.5 (C-13),
117.5 (C-14a), 1152 (C-4), 109.7 (C-1), 62.1
(10-OCH3), 57.2 (3-OCHs), 56.4 (9-OCHs), 55.6
(C-6), 26.0 (C-5). LA -3 1 K 5 ~cmghaiaE — 5,
WA AW 6 Y columbamine .

WA T7: (s B CFEE; 'TH-NMR (600 MHz,
DMSO-d) &: 9.55 (1H, s, NH), 7.35 (4H, d, J = 8.0
Hz, H-2, 6, 2/, 6), 7.10 (4H, d, J = 8.0 Hz, H-3, 5, 3,
5%, 3.78 (2H, s, -CH,-), 3.64 (6H, s, 2-OCH3):
BC-NMR (150 MHz, DMSO-dy) &: 154.0 (C = 0),
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137.0 (C-1), 135.8 (C-4), 128.8 (C-2, 6), 118.3 (C-3,
5), 51.4 (-OCHj3), 39.7 (-CH,-). LA b i i3 5 Sk
Wi — %™, Mm% Etam T N 44-
diphenylmethane-bis(methyl)carbamate .

&Y 8: A A; "HNMR (600 MHz,
CD;0D) §: 6.29 (2H, s, H-5, 9), 6.27 (2H, s, H-5', 9"),
421 (1H, d, J = 8.0 Hz, H-1"), 4.05 (1H, dd, J = 10.0,
6.0 Hz, H-1a), 3.80 (1H, dd, J = 12.0, 2.0 Hz, H-6"a),
3.70 (12H, s, 6, 8, 6, 8'-OCH3), 3.65 (1H, dd, J =
11.0, 7.0 Hz, H-1'a), 3.62 (1H, dd, J = 12.0, 5.0 Hz,
H-6"b), 3.50 (1H, dd, J = 11.0, 7.0 Hz, H-1'b), 3.40
(1H, dd, J = 10.0, 7.0 Hz, H-1b), 2.68 (1H, dd, J =
14.0, 6.5 Hz, H-3a), 2.60 (1H, dd, J = 14.0, 6.5 Hz,
H-3'a), 2.52 (1H, dd, J = 14.0, 9.0 Hz, H-3'b), 2.49
(1H, dd, J = 14.0, 9.0 Hz, H-3b), 2.02 (1H, m, H-2),
1.86 (1H, m, H-2"); "*C-NMR (150 MHz, CD;0D) ¢:
149.2 (C-6, 8), 147.9 (C-6', 8), 134.6 (C-4, 4'), 133.6
(C-7"), 133.4 (C-7), 107.6 (C-5, 9), 107.5 (C-5', 9"),
105.1 (C-1"), 78.6 (C-3"), 78.3 (C-5"), 75.6 (C-2"),
72.1 (C-4"), 71.4 (C-1), 63.2 (C-6"), 63.0 (C-1"), 56.9
(6, 8-OCHs), 56.8 (6, 8'-OCH3), 44.1 (C-2), 41.6
(C-2), 37.0 (C-3), 36.6 (C-3"). LA L3 04 5 ~C ik
WiE—, M A 8 N (-)-8,8 - HIA -
TFIR 9% HAA B A 3 -L- O-B-D- ML T 781 257 A

WA 9: s (B ; 'H-NMR (600 MHz,
CD;0D) §: 7.06 (2H, d, J = 8.2 Hz, H-2, 6), 6.68 (2H,
d, J=8.4Hz, H-3, 5), 4.73 (1H, s, H-1"), 4.27 (1H, d,
J = 7.8 Hz, H-1'), 3.95 (1H, m, H-8), 3.69 (1H, m,
H-8), 2.83 (2H, t, J = 6.9 Hz, H-7), 1.24 (3H, s,
-CH;); "C-NMR (150 MHz, CD;OD) 8: 156.8 (C-4),
130.9 (C-2, 6), 130.7 (C-1), 116.1 (C-3, 5), 104.5
(C-17), 1022 (C-1"), 78.0 (C-3"), 76.8 (C-5'), 75.1
(C-2'), 74.0 (C-4"), 72.5 (C-2"), 72.3 (C-3"), 72.2
(C-8), 71.6 (C-4"), 69.8 (C-5"), 68.1 (C-6'), 36.4 (C-7),
18.1 (C-6"). LA Fyile%idis &5 cmriig —sd"7,
SR EY 9 NEARAT A

A 10: Aadi (FED; "H-NMR (600
MHz, CD;OD) §: 7.41 (1H, d, J = 2.0 Hz, H-2), 7.0 1
(1H, d, J = 8.5 Hz, H-5), 6.94 (1H, dd, J = 8.4, 2.0 Hz,
H-6), 6.54 (1H, d, J = 15.6 Hz, H-7), 6.27 (1H, m,
H-8), 4.22 (2H, m, H-9), 4.21 (1H, m, H-2'), 3.86 (3H,
s, 3-OCH3), 3.75 (4H, m, H-1', 3"); “C-NMR (150
MHz, CD;OD) &: 152.1 (C-3), 148.6 (C-4), 133.3

(C-1), 131.5 (C-7), 128.7 (C-8), 120.8 (C-6), 118.2
(C-5), 111.4 (C-2), 82.4 (C-2'), 63.3 (C-9), 62.1 (C-1"),
62.1 (C-3"), 56.3 (3-OCH3). A3 % 5 SC ik
B, M E A 10 9 2-[4-(3-hydroxy-1-
propenyl)-2-methoxyphenoxy]-1,3-propanediol

WA 11: TR E 4 ; "H-NMR (600 MHz,
CD;OD) §: 5.38 (1H, m, H-9), 5.36 (1H, m, H-10),
5.35 (1H, m, H-12), 5.32 (1H, m, H-13), 4.17 (2H, m,
H-1'), 3.94 (1H, m, H-2"), 3.70 (2H, d, J = 8.0 Hz,
H-3'), 2.78 (2H, dd, J = 8.0, 2.0 Hz, H-11), 2.37 (2H,
t, J = 8.0 Hz, H-2), 2.07 (2H, m, H-17), 1.63 (2H, m,
H-8), 1.31 (2H, m, H-6, 7), 1.28 (2H, m, H-4, 5), 1.25
(2H, m, H-3), 0.89 (3H, t, J = 8.0 Hz, H-18);
BC-NMR (150 MHz, CD;0OD) 6: 174.3 (C-1"), 130.9
(C-13'), 129.2 (C-12), 129.1 (C-10"), 131.0 (C-9'),
71.1 (C-2), 66.5 (C-1), 64.7 (C-3), 34.1 (C-2'), 31.5
(C-17"), 29.6 (C-16"), 29.4 (C-15"), 29.3 (C-14"), 29.1
(C-11"), 29.0 (C-8"), 27.1 (C-7"), 25.6 (C-5', 6"), 24.8
(C-4"), 22.5 (C-3"), 14.1 (C-18"). LA LJit#iE 5
RRTRE — 2, WO A 10 T R H R .
4 {RSMRBRIEE 1%

Rt CCK-8 7l ib &4t N BN it
e AS49 HM A AERAMEIEYE . DUBVET A BE PR X
4 (ICsofH°M 11.5 pmol/L) . NFE/NHHufitiseE A549
YHMRE IR T8 10%H £ 2 M35 ) DMEM 58 4 85 7%
£ (100 UmL H & &K 100 pg/mL # 8 %), 37 C.
5% CO, MR FE RS T4 i 5 XA KA. i
R A K AS49 A, LLEEN 5X10° AL
FERT 96 FLAL, FEEFRBUBAE 37 "C. 5% CO, Ml
AR R R TP U 9% 24 h, WERESIRIE, AR
[EVR FE (1) 32 3R 259 100 pL T 37 C4kL:849% 24 h,
SRIG A FLINN 10 uL CCK-8 T 37 C4k&Ehs
7% 1.5 h, FIBEEFR G E % FLTE 450 nm &b R 6
(A A RHYE A EHITE 2P0 AS49 40 i A K4
%

Ji % = (4~ A)/(A—Av)
AL A CHEAM. B IRt . COK-8 W HUAZEMA1D;
ACHNTIBTL A CEAif. G555, CCK-8 I, AE251);
AL A (BRFHE. CCK-8 VAL, Aadiie. 29

SIS R IR, (AW 1 2 (1 1Cs 53 5
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