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i E: B WHRE KR EBH Juglans mandshurica RFEAR LN ) B2 R0 S HARSMNUIM R W& . T3k N
FAZ Fh il 750 5 A 95% HBEARBUIEEAT 20 RS 44K, FIFH NMR. MS &8 itk 5 R & & B PE AT S50 45 58 s 38T MTT
%, WTFEIURAE (HeLa). NBJEAE (HGC-27) M7 (He-29) N HEARZM, Rl 32L& ks ai i
RGN, BR O ONF K S5S%TERBYN AP RFEREAC P rEETH T 12 MMEW, S5k 55-
dimethoxybiphenyl-2,2'-diol (1) 4,17-dimethoxy-2-oxatricyclo[13.2.2.13,7]eicosa-3,5,7(20),15,17,18-hexaene-10,16-diol (2). 3-
BRI 1-(3- AR S 4 KL 2R T - 1- (3) 4 3 53, 5- Z FISL IR R (4) . (45)-4- 3 56-1- DU A 25 (5) . (4R)-O-methylsclerone
(6)-FIZLER (7). (45)-4,5,8-trihydroxy-a-tetralon(8). 5,8- — 25t -4- F 4 Bk -a- PU A 25 (9) . (6R,7E)-4,7-megastigmadien-3,9-dione
(10). 3,4'-dihydroxy-3'-methoxybenzenepen tanoic acid (11). vomifoliol (12). £5i& HALEW 1~3. 6. 10~11 EH XM
HRARPMAE, HFEMEW2. 6. 8. 9 AFRKTIEERS . &Y 6. 10 X 3 Fhdifuss A RIFMIIHIER, HED
1. 3. 8. 9. 11 5% 3 PR 4 AR I 1 — & AR MG YE, H R EMHIV& B (half maximal inhibitory concentration, I1Cso)
84 6.25~50.2 umol/L.
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Study on isolation of chemical constituents from green walnut husks and its
antitumor activity in vitro
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Abstract: Objective To study the chemical constituents and their antitumor activity from green walnut husks. Methods The
chemical constituents of 95% methanol extract from Green walnut husks were systematically studied by various chromatographic
techniques. The chemical structures of the compounds were identified by means of spectroscopic techniques and physicochemical
properties. The antitumor activity of the obtained compounds in vitro was determined by MTT assay using (Hela), human gastric
cancer cells (HGC-27) and colon cancer cells (Ht-29) as target cells. Results Twelve compounds were isolated from the
dichloromethane extracted of 95% methanol extracted from green walnut husks, including 5,5'-dimethoxybiphenyl-2,2'-diol (1),
4,17-dimethoxy-2-oxatricyclo[13.2.2.13,7]eicosa-3,5,7(20),15,17,18-hexaene-10,16-diol (2), 3-hydroxy-1-(4-hydroxy-3-methoxy-
phenyl) propan-1-one (3), 4-hydroxy-3,5-dimethoxybenzoic acid (4), (4S5)-4-hydroxy-1-tetralone (5), (4R)-O-methylsclerone (6),
ferulic acid (7), (45)-4,5,8-trihydroxy-o-tetralon (8), 5,8-dihydroxy-4-methoxy-a-tetralone (9), (6R,7E)-4,7-megastigmadien-3,9-
dione (10), 3,4'-dihydroxy-3'-methoxybenzenepen tanoic acid (11), and vomifoliol (12). Conclusion Among them, compounds 1—
3, 6, 10—11 are obtained from green walnut husks for the first time, and compounds 2, 6, 8, and 9 are unique to green walnut husks.

The results show that compounds 6 and 10 have a good inhibitory effect on three types of cells. Compounds 1, 3, 8, 9, and 11 show a
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certain inhibitory activity on three kinds of tumor cells in vitro. Their ICso ranges from 6.25 to 50.2 umol/L.

Key words: Juglandaceae; Juglans mandshurica Maxim.; green wulnut husk; chemical constituents; antitumor activity; ferulic acid;

5,8-dihydroxy-4-methoxy-a- tetralone

H AR (Juglandaceae) FEYITE I TRA
kAR Juglans mandshurica Maxim. AR SZIH
CANRRL, SRR B, 68T T TeARE),
HBUR. WBEIHE QUARTEZFMY (REdi)
LR IFE P RUAICE, R R K PO
BRI . BUAREE R R, FhARPSH+
B sy, OFERRSE. BESE . 05 PR
Myl E, BA RIFHIPIR . JUME. ERE2
MG EE RS, Oy 1 Bk — PR R AR PSR
LA, ARSEIG I A (il . SO Cog AT
MCI H [ 8 % 25 5 1) 25 20 s RO 8 1% 4500 75 8
KAL) — T B AL AT T 4tk 73
BE T 12 MEEY: 5,5-dimethoxybiphenyl-2,2'-
diol (1), 4,17-dimethoxy-2-oxatricyclo [13.2.2.13,7]
eicosa-3,5,7(20),15,17,18-hexaene-10,16-diol (2). 3-
I 1-G- A 4RI N R -1- [3-
hydroxy-1-(4-hydroxy-3-methoxyphenyl)  propan-1-
one, 3]. 4 FAHE35- " HIEIXHE (4-hydroxy-
3,5-dimethoxy-benzoic acid, 4). (4S)-4-}23E-1-JUE
Z5 i [(4S)-4-hydroxy-1-tetralone , 5] « (4R)-O-
methylsclerone (6). BJZE[E (ferulic acid, 7).
(45)-4,5,8-trihydroxy-a-tetralon (8). 5,8- —f%3-4-
A L -a- VU ZE B (5,8-dihydroxy-4-methoxy-a-
tetralone, 9). 4-megastigmen-3,9-dione (10). 3,4'-
dihydroxy-3'-methoxybenzenepen tanoic acid (11).
vomifoliol (12). HH L&Y 1~3. 6. 10~11 ¥
RMNERARFHE], HALED 2. 6. 8. 9 NE K
KA AT o K MTT 06 12 MUAW i Tk
A R an e, FIREW, (a1, 3. 6.
8~ 11 X 3 AN 7] e 240 B 2 B L AN [ P 4 )
1 XFES5HH

Bruker Avance 111 600 A% i FE 4R A% (FE ]
Bruker A %)), FEER K1 LTQ-Obitrap XL ¥ Fi I H
{X (Thermo Fisher A F]), i€ Aglient 1= RKAH
A (GEE Aglient ARD, MHEOIERER (55
FHTHRARD, #HEOERER G. He GFs,
MCI (HARZ=ZE0 A w])D, ERRFI N Hral.

B RACK I T 256 i dy, ZdaEd 2y
B 24 B 50 P B IR O AT AT 1 2 TE N R R U

mandshurica Maxim. 7 %205 SE T o B2
2 REESNE

THEE A 10 kg, KE, FH 95%H B ElR
FEHL 3 IR, BR 2 h, HIFRREUR, WURKRASRE
1075 go SNREBEHKSHEG RKHAMEE, & H
Bt BEIR CBE BT AT 2EEG,  AEBUHIROR R 4
1, BEA MBI E 185 ¢ A KR
B 260 g« BAIR LEGEAIRE 168 g IE T BEHALIR
H 287 g.

I S b g B 4l kR (100~200 H)
FEEE 5, AMEE-EERR CBR (10 2150 0 1) #
FEBEML, RSN, A IR AR 4 A
M5 Fr. A~D. Fr. B (100 g) ZHERE (100~200
H) tHEtikdt—P 08, fAmbk- =& ke (1
100 © 1D BREEWEML, 53] 4 ANA5 Fr. B-I~B-1V,
Fr. B-1 (20.0 g) & ERERFE GG 5, A1 -
AR (11801 1) BREESEML, 5E] 4 AL
Fr. B- [ -1~B-I-4. Fr. B-I-1 (3.0 g) i MCI H1 /£
W, 30%~100% FHEEREFEGENL, 53] 6 NMHS Fr.
B-I-1a~B-I-1f. Fr. B-I-1d Z&#%7% HPLC (FE-
K 65 :35) Hil&FEMLEY 2 (2.2 mg). Fr. B-1-2
(1.8 @) BT IAH Cis A EBTES 5, 30%~100% FiE
BEEEDEL, 193] 7 A4 Fr. B-I-2a~B-1-2g. Fr.
B-1-2a 4| %2 HPLC (FHEE-/K 28 @ 72) il %153
&Y 3 (6.1 mg). 4 (353 mg). 5 (20.3 mg).
Fr. B-1-2b £ %% HPLC (FHEE-/K 48 : 52) #i4%
BEMAEY 1 (3.9 mg). Fr. B-I-3 (0.9 g) #HTx
I Cis FEESY B, 30%~ 100% HEEREEBEfE, 19
3| 5 NS Fr. B-I-3a~B-I-3e. Fr. B-I-3a 4] % %
HPLCCHIEE-7K 38 & 62)fil %13 21 &4 6(3.4 mg)
7 (6.4 mg). Fr. B-I-3¢ £fil&% HPLC (ZJE-/K
38 1 62) il &1 EML A 11 (2.7 mg) . Fr. B-1-4 (2.2
g) T AR Crs FEETE 3 59, 30%~100% I F A6 5
Ve, 153 8 MNH ). Fr. B-I-4b 424 4% HPLC (H
fi-7K 40 © 60) Hl &R EMHAY) 8 (17.5mg). 9 (3.8
mg). 12 (3.2mg). Fr. B-I-4c &% % HPLC (4
i§-7K 30 1 70) HI&FREHAEY 10 (2.5 mg).

3 HEE
&P 1: TTEMRY . ESI-MS m/z: 269 [M+
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Na]* i+ 54H 269, C14H1404Na [M+Na]*). 'H-NMR
(600 MHz, CD;0D) §: 6.64 (2H, d, J = 8.4 Hz, H-3,
3%, 6.69 (2H, d, J = 8.4 Hz, H-4, 4'), 6.99 (2H, s, H-6,
6", 3.71 (6H, s, 5, 5'-OCH3); '3C-NMR (150 MHz,
CD;0D) 4: 1282 (C-1, 1), 150.6 (C-2, 2'), 116.6
(C-3, 3", 124.2 (C-4, 4"), 149.5 (C-5, 5"), 111.8 (C-6,
6", 56.6 (5, 5-OCH3). LA F3dl 5 SCHRIRIE (1 R A
— W, HEEEAAEY 14 5,5 -dimethoxybiphenyl-
2,2"-diol.

th&Y 2: LKA (FEE). ESI-MS m/z: 381
[M+Na]" G514 381, CyH0sNa [M+Na]*).
'H-NMR (600 MHz, CD;0D) 4: 6.88 (1H, d, J = 7.8
Hz, H-3), 6.66 (1H, dd, J = 7.8, 1.8 Hz, H-4), 5.70
(1H, d, J = 1.8 Hz, H-6), 3.15 (1H, m, H-9), 6.60 (1H,
d, J= 8.4 Hz, H-18), 6.91 (1H, d, J = 7.8 Hz, H-19);
BC-NMR (150 MHz, CD;0D) J: 147.8 (C-1), 142.7
(C-2), 150.9 (C-3), 125.6 (C-4), 126.7 (C-5), 115.1
(C-6), 29.4 (C-7), 28.2 (C-8), 23.7 (C-9), 37.4 (C-10),
72.7 (C-11), 35.9 (C-12), 28.1 (C-13), 135.5 (C-14),
113.9 (C-15), 151.3 (C-16), 148.5 (C-17), 109.0
(C-18), 121.7 (C-19), 61.9 (2-OCH3), 57.0 (16-OCHj3).
DA 3 SO R IE SR AR —EB), MU E A 2
A 4,17-dimethoxy-2-oxatricyclo[13.2.2.13,7]eicosa-3,5,
7(20),15,17,18-hexaene-10,16-diol.

&) 3: BEHRY . ESI-MS m/z: 219 [M+
Na]*CiH 548 219, CioH1204Na [M+Na]"). 'H-NMR
(600 MHz, CD;0D) 6: 7.55 (1H, d, J = 1.8 Hz, H-2),
6.87 (1H, d, J = 7.8 Hz, H-5), 7.59 (1H, dd, J = 7.8,
1.8 Hz, H-6), 3.18 (2H, t, J = 6.0 Hz, H-8), 3.95 (2H,
t, J = 6.0 Hz, H-9), 3.91 (3H, s, 3-OCH3); '3C-NMR
(150 MHz, CD;0D) ¢: 130.8 (C-1), 113.9 (C-2), 149.3
(C-3), 153.5 (C-4), 116.0 (C-5), 124.9 (C-6), 199.9
(C-7), 42.7 (C-8), 59.1 (C-9), 56.5 (3-OCH3). Ll I3k
W5 SRR IE FE AR — SO, WA 3 N 357
FE-1-(3-H R JL-4-FR I - 2R L) - T O - 1

B 4: R E R AR CHEE) . ESI-MS m/z: 221
[M-+Nal]* (514 221, CoHi00sNa [M+Na]").
'H-NMR (600 MHz, CD;0D) §:7.32 (2H, s, H-2, 6),
3.87 (6H, s, 3, 5-OCH3); 3C-NMR (150 MHz, CD;0D)
8: 122.1 (C-1), 108.4 (C-2, 6), 148.9 (C-3, 5), 141.8
(C-4), 56.9 (3, 5-OCH3). LA FHdi 5 ClikiRIE )2k 4
—H, MUOSTEEY) 4 7 4 7 EE3,5- T HIHORHITR.

&Y 5. FEEHRY . ESI-MS m/z: 185 [M+

Na]" (i+%51H 185, C1oH1002Na [M+Na]*). 'H-NMR
(600 MHz, CD;0D) 6: 4.92 (1H, dd, J = 10.4, 3.6 Hz,
H-4), 7.65 (2H, m, H-5, 6), 7.42 (1H, m, H-7), 7.95
(1H, d, J = 7.8 Hz, H-8); '3C-NMR (150 MHz,
CD;0D) §: 200.1 (C-1), 36.5 (C-2), 33.3 (C-3), 68.4
(C-4), 148.1 (C-4a), 127.8 (C-5), 135.4 (C-6), 128.7
(C-7), 129.2 (C-8), 132.5 (C-8a). LA % 5 kIR
B HEAR ), eSS 5 N (45)-4-F1 k-
1-PU S

&Y 6: TEEIMARYI. ESI-MS m/z: 216 [M+
Na]" (11518 216, C1;1H1203Na [M+Na]") . 'H-NMR
(600 MHz, DMSO-ds) : 5.11 (1H, t, J = 3.6 Hz,
H-4), 7.09 (1H, dd, J = 7.8, 1.2 Hz, H-6), 7.24 (1H, t,
J =178 Hz, H-7), 7.32 (1H, dd, J = 7.8, 1.2 Hz, H-8),
379 (3H, s, 5-OCH;): C-NMR (150 MHz,
DMSO-ds) 6: 197.9 (C-1), 32.9 (C-2), 30.4 (C-3), 59.8
(C-4), 131.3 (C-4a), 155.4 (C-5), 116.5 (C-6), 128.5
(C-7), 120.5 (C-8), 132.4 (C-8a), 55.9 (5-OCH3). LA E
B 5 SRR TE A — 300, WA 6
(4R)-O-methylsclerone.

B 7. Aftgh i (FEE. mp 169~ 171 C°
ESI-MS m/z: 217 [M+Nal*, C(it#H 1 217,
CioHi0O:Na [M + Na]* ) . 'H-NMR (600 MHz,
DMSO-ds) §:7.28 (1H, d, J = 1.8 Hz, H-2), 6.79 (1H, d,
J = 8.4 Hz, H-5), 7.078 (1H, dd, J = 8.4, 1.8 Hz, H-6),
749 (1H, d, J=16.2 Hz, H-7), 6.38 (1H, d, J=16.2 Hz,
H-8), 3.81 (3H, s, 3-OCH3); "*C-NMR (150 MHz,
DMSO-ds) J: 124.7 (C-1), 1158 (C-2), 149.1 (C-3),
147.9 (C-4), 115.5 (C-5), 122.8 (C-6), 144.4 (C-7), 111.1
(C-8), 168.1 (COOH), 55.7 (3-OCH3). LA EXd 5 ik
FOEFEA O, BEEE AT T RTELR .

&Y 8: MR E R K (HEE) . ESI-MS m/z: 217
[M+Na]" GiH51{4 217, CioH1004sNa [M+Na]").
'H-NMR (600 MHz, DMSO-ds) 6: 5.07 (1H, s, H-4),
7.10 (1H, d, J = 9.0 Hz, H-6), 6.76 (1H, d, J= 9.0 Hz,
H-7); 3C-NMR (150 MHz, DMSO-ds) 6: 205.8 (C-1),
32.8 (C-2), 30.4 (C-3), 59.6 (C-4), 129.3 (C-4a), 146.7
(C-5), 125.6 (C-6), 116.9 (C-7), 154.5 (C-8), 115.2
(C-8a). LA FHuifs 5 kB FA — 512, g
WEW) 8 A (45)-4,5,8-trihydroxy-o-tetralone »

B 9: iR AR AR (HEED . ESI-MS m/z: 231
[M+Na]* (i+54H 231, CiH;204Na [M+Na]*).
'H-NMR (600 MHz, DMSO-ds) : 4.76 (1H, m, H-4),
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7.15 (1H, d, J= 9.0 Hz, H-6), 6.81 (1H, d, J= 9.0 Hz,
H-7), 3.34 (3H, s, 4-OCH3); *C-NMR (150 MHz,
DMSO-ds) 9:205.5 (C-1), 32.5 (C-2), 26.2 (C-3), 67.9
(C-4), 147.0 (C-5), 125.5 (C-5a), 126.4 (C-6), 117.8
(C-7), 154.7 (C-8), 115.3 (C-8a), 56.1 (4-OCH3). LA I
B 550k E A -, WEEEY 9N
5.8- FRKE-4- A o PUS 25

WEY10: TCEMRY). ESI-MS m/z: 231 [M+
Na]" (+51H 231, C13H2002Na [M+Na]*). 'H-NMR
(600 MHz, DMSO-ds) d:5.73 (1H, s, H-4), 1.91 (1H,
t, J = 5.4 Hz, H-6), 2.09 (3H, s, 10-CH3), 0.93 (3H, s,
11-CH3), 0.99 (3H, s, 12-CH3), 1.96 (3H, s, 13-CH3);
BC-NMR (150 MHz, DMSO-ds) 0: 41.9 (C-1), 46.8
(C-2), 197.9 (C-3), 124.5 (C-4), 165.3 (C-5), 49.3
(C-6), 24.0 (C-7), 35.9 (C-8), 208.0 (C-9), 29.9
(C-10), 28.4 (C-11), 26.7 (C-12), 22.9 (C-13). LL F%k
P 5 SCHR R IE B AR — Y, WS EREY 10 R
(6R,7E)-4,7-megastigmadien-3,9-dione.

WEY11: FEARY). ESI-MS m/z: 263 [M+
Na]" (i+51H 263, C12H160sNa [M+Na]*).. 'H-NMR
(600 MHz, DMSO-djs) 0: 1.59 (1H, m, H-4), 6.71 (1H,
d, J = 1.8 Hz, H-2'), 6.65 (1H, d, J = 7.8 Hz, H-5),
5.55 (1H, dd, J = 7.8, 1.8 Hz, H-6), 3.72 (3H, s,
3-OCH3); 'BC-NMR (150 MHz, DMSO-ds) &: 179.2
(COOH), 43.8 (C-2), 69.0 (C-3), 40.0 (C-4), 31.5
(C-5), 133.3 (C-1"), 112.4 (C-2'), 147.3 (C-3'), 1443
(C-4"), 115.2 (C-5"), 120.3 (C-6'), 55.5 (3'-OCH3). LA
RS SRR E R A FS), BMUEEREY 11
A 3,4'-dihydroxy-3'-methoxy benzenepentanoic acid.

&Y 12: AR (HED . ESI-MS m/z: 256
[M+Na]" ({1514 256, Ci3H2003:Na [M+Na]*). 'H-
NMR (600 MHz, DMSO-d) 6: 5.89 (1H, d, J = 3.0
Hz, H-5), 6.29 (1H, d, J = 15.6 Hz, H-7), 6.99 (1H, d,
J = 15.6 Hz, H-8), 4.24 (1H, m, H-9), 1.00 (3H, s,
H-10), 0.91 (3H, s, H-11), 0.94 (3H, s, H-12), 1.57
(3H, s, H-13); BC-NMR (150 MHz, DMSO-ds) d:
78.6 (C-1), 43.2 (C-2), 49.2 (C-3), 189.0 (C-4), 126.6
(C-5), 162.3 (C-6), 130.6 (C-7), 139.2 (C-8), 63.7
(C-9), 23.8 (C-10), 242 (C-11), 23.3 (C-12), 22.3
(C-13)0 DL EEHE 5 iR Fa AR — 3500, i e
tb&4 12 24 vomifoliol.

4 {RIMRBPIETE IR IE
KA MTT HEENNA AT 1~12 ka0

7 E U Hela 4010, A B HGC-27 4l AL &5
s Ht-29 Z0MATREHENT 18, DG A 1~12 H5E
BoeH, IEHYRHIEXT A, R Sor s B4

B HEFREG, ¥ HeLa, HGC-27 PA K Ht-29
ZHH LA 6 X 10%/mL F)E LT 96 FLA, £E4L 100
ul, COx¥EFRAEIEH 7% 24 h J5, S AIMAAXS
L2538, VB 5 MK, RN 3 AN AL B
F% 48 h i, THELIN MTT 10 uL Hefh; gk4ER:9% 4
h G, WEERET TR, BFLIA DMSO 100 pL, #
fEAR _EAREIRY 10 min, 45§80 G, T
A I G 2 A A 570 nm K ALAS I G FE (4D 1A
R A B E A SV EE ) Z (half maximal
inhibitory concentration, 1Cso), 5L 1,
&1 EY1, 3,6, 8~11 5773} HeLa, HGC-27, Ht-29
HRREHY NI A
Table 1 Inhibitory effects of compounds 1, 3, 6 and 8—11
on cell lines HeLa, HGC-27 and Ht-29, respectively

e ICso/(umol-L™1)

HeLa 4l  HGC-27 418  Ht-29 41/

1 50.20

3 48.90 21.20

6 6.25 46.10 21.80

8 48.40

9 27.70

10 31.50 49.50 28.20

11 50.10
JIIiKss 3.45 32.94 29.47

SIS R BN R R ED) 6. 10 XT3 FhgH
M)A RAFRIFNHIER, t6E 6 XT3 Fiifm 41 i
MR SR BT . LAY 3 X He-29 40 AR R4
FITE A T4 L& 9 XF Hela 20 A W 54001
TEF: AbEY0 1. 8. 11 X5 3 g 4 i ) 2= 8 A
[ 25 553 PRI A1V 1
5 g

ARSI TE AR 95% H BEHEHUYII — S0 e 38
RO R 73 B AR 3] 1 12 MEEY, FR0 H3E T 74k
SR TE RIS, 45 SRR F A 1R B
& 6, LARALEY) 10 315 FR 4 #k Hela.
N B4k HGC-27 LA 45 e 40 B bk He-29 35
AABAFARIMIGIER, LAY 3 X He-29 41/
ROUH B AR E T, SHAY 3. 6 F110 B
B — DI RPN B 250008 )1, R NIRRT
WA R IS PR TSR R A T B R
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