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A new stilbene derivative from Morus nigra
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Abstract: Objective To study the chemical composition of the stems of Morus nigra. Methods The study employed 90% ethanol
reflux method, followed by a meticulous purification process involving stages with macroporous absorbent resin, silica gel, MCI,
polyamide, and preparative liquid chromatography for compound isolation. Structural elucidation and confirmation were carried out
based on the spectral data analysis and comprehensive physicochemical characterizations of the compounds; A neuronal injury model
was established using L-glutamate-induced differentiated PC-12 cells (rat adrenal pheochromocytoma-derived), and the
neuroprotective effects of compounds were evaluated via CCK-8 assay. Results  Six compounds were isolated from the 40% ethanol
elution fraction by macroporous absorbent resin of ethanol extract of M. nigra, and identified as 4,4'-(2-(3,5-dihydroxyphenyl) ethane-
1,1-diyl)bis(benzene-1,3-diol) (1), oxyresveratrol (2), resveratrol (3), moracin M (4), 4-[2-(3-hydroxyphenyl)ethenyl]-1,3-benzenediol
(5), and dihydroresveratrol (6). Compound 1 exhibited significant protection against L-glutamate-induced PC-12 cell damage with an
ECso (median effective concentration) value of 62.36 umol/L. Conclusion Compound 1 is a new compound, named nigrastilbene A,
which can significantly alleviate the L-glutamate induced PC-12 cell damage. Compounds 5 and 6 are isolated from this plant for the
first time.
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TE32 4K (peroxisome proliferators-activated receptors,
PPARs) BABINEMEN T, A 5T 33F — 25 X5 R AL B AR
Jig 40% C T el E AL HEAT A 22 i i 7, e dp i 2
SE 6 MEEY) (& 1D, 72909 4,4-2-(3,5- —F2 3k
S ) 21,1 ) WL (e -1,3- = B )[4,4-(2-(3,5-
dihydroxyphenyl)  ethane-1,1-diyl)bis(benzene-1,3-
diol), 1]. EAFAZ B (oxyresveratrol, 2). %
FilE (resveratrol, 3). ¥ M (moracin M, 4).
4-[2-(3- & & H ) 4 M -1,3- K O (2,4,3-
trihydroxydihydrostilbene, 5). &% b 2L E
(dihydrooxyresveratrol, 6). L&Y 1 HTHI K
LIGHTHEWD, i %4 N B 5 9K 4% A(nigrastilbene
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Fig.1 Chemical structures of compounds 1—6
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5um); Bruker AV 111400 MHz B AZ RESLARAY (f ]
Bruker A#]); 3111 2 CO, {5 7-H (EEFEER KA
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(50~80 um, ¥4t GE Healthcare Bio-Science AB)
KRG FIRE AR 400 PC-12 (Fi i), N4
PC-12Adh, T B 55 SR € S50 41 i B2 U e/
o E RS B AH B E T A M R s L-BR R R (S
117997). PBS (pH 7.4, #t*5 2902929) I H Gibco
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25K, FRA (HS190930001) A7 75T A [ = 24 Tl #F
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2 RRENE

T8 SR 2R 22 kg, MHAE)ERAH 90% L1
DA ERIRE 2 ¥k, BR 1 h, S HFREGRIKYETS
FNRE 1.7kg. EHL AB-8 KL IHM AL 1.2 kg 2%
FE, B a0 B E (12kg) FIKIRE EA, K
RH 2 FEFEARFRRIK . 5 AR 40% L BERT 5 £%
FEARAR 95% BB, T Tk 4efs, 7 il1s 2
IKERAL (113.0 )+ 40%LEEHRAL (560.7 g) A1 95%
LBEERAT (378.0 ). HY 40% LEEESAL (300.0g) 4
IEFRRERE (100~200 HD fE3, DLAhE- L8R 2
fis-HEE (3:1:0-1:1:0-0:1:0-0:10°:
1-0:5:150:0: 1) BAEEBEML, 15326 N4H 77
Fr. 1~26. M4 2K 2 M58 S S8 AMRF IR I
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47347 HPLC-DAD Y5041, Wi Fr. 2~5 &
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[ i - 7K (10%—30%—50%—70% 1 8% ) 56 5
Vel o B R 15 245 Fr. 5-1~5-12. Fr. 5-8 (7 @)
SRR GRS, & R-FEE (100 110 :
3501 1) BREBENEE, 152 Fr. 5-8-1~5-8-4,
Fr. 5-8-3 (5 g) &RBIAE AL, KHARE5
BB (50%—70%—90%— 100% FHE) HEAT 1
Velt, 15%) Fr. 5-8-3-1~5-8-3-4, Fr.5-8-3-4 (1g)
2 MCI ¥ i, R H A AWk EH B - K
(30%—40%—50%—60%—80%—100%F ) #E4T
BEEE VM, 9% Fr. 5-8-3-4-1~5-8-3-4-7. Fr.5-8-3-
4-3(199 mg) Zid #1l% HPLC (AR & 22 mL/min,
BEEEVEL 28 min, ZJE-0.1%FEZ/K 16 © 84~22 :
78) EMABEINEY 6 (1g=24.2 min, 8 mg) Al
(tg=25.7 min, 21 mg)-

oy Fr.2 (22 g) ZfERHEEENE, KA
- (20 1—>1 0 1) BREEBENL > 551534055 Fr.
2-1~2-3, Hrp Fr.2-3 B EY 2 (1g). Fr.2-1 (8
g) % Sephadex LH-20 &t/RAL (1%, FEESEN 5 855
HENEY 3 (10mg). 4 (10mg). 5 (15mg).

3 HMEE

AW 1. EBEEA. UVALY (nm): 280
(3.88), HR-ESI-MS m/z353.101 7[M—H] (il-5 14
353.102 50, WA 1 15T XN CaoHisOs,
AHFIEE 12. Rveo (cm™h): 3 240, 2 256, 2 127,
1601, 1455,1303,1160,1023,997; £WHILEY 1
HAFEARIR, F25s; 7E4bE4 1 19 'H-NMR 3% (%
D FMERILLES: 1 DMEHFIEES 6n2.89 (2H,
d, J=7.7Hz, H-7); 1 ™MXHEES on 4.70 (1H, t,
J =177 Hz, H-8); 2 4 ABX KR HET155 on
6.81 (1H, d, J= 8.3 Hz, H-14), 6.10 (1H, dd, J = 8.3,
2.4 Hz, H-13), 6.20 (1H, d, J=2.4 Hz, H-11); 0y 6.81
(1H, d, J= 8.3 Hz, H-6"), 6.10 (1H, dd, J= 8.3, 2.4 Hz,
H-5"),6.20 (1H, d, J=2.4 Hz, H-3"); 1 416 FRH753F
JiFAE S ou5.91 (1H, t,J=2.4 Hz, H-4), 6.07 (2H, d,
J=2.4Hz,H-2,6). 81 73 Hriztb &4 1 1) C-NMR
i, DEPT135 fl HSQC # i /R iZ45 A 20 Mk
5, AR 2 A spP RIE S 6c 39.2 (C-7), 36.4 (C-8), 18
NFEIBRIZE S 6c 102.4 (C-11,37), 105.5 (C-13,5"), 107.0
(C-2,6), 121.7 (C-9, 1%, 128.8 (C-14, 6, 143.8 (C-1),
155.4 (C-10, 2", 155.7 (C-3, 5), 155.8 (C-12, 4").

F1 &4 189 HF BC-NMR #3E (400/100 MHz,
DMSO-ds)
Table 1 'H and '3C-NMR data of compound 1 (400/100
MHz, DMSO-ds)

{Z304 on oc
1 143.8
2,6 6.07 2H, d, J=2.4 Hz) 107.0
3,5 155.7
4 5.91 (1H, t,J = 2.4 Hz) 99.9
7 2.89 2H, d,J= 7.7 Hz) 39.2
8 4.70 (1H, t,J=7.7 Hz) 36.4
9,1’ 121.7
10,2’ 155.4
11,3’ 6.20 (1H, d, J=2.4 Hz) 102.4
12,4’ 155.8
13,5’ 6.10 (1H, dd, J=8.3, 2.4 Hz) 105.5
14, 6' 6.81 (1H, d, J= 8.3 Hz) 128.8

@it 'H-"H COSY M %2155, H,-7 F H-8 £H
%, H-5'F1 H-6'. H-13 Fl H-14 #15%, fi€ ¥ C-7 5
C-8 #Hi%, C-5'5 C-6'tHi%. C-13 5 C-14 fHi%. 1&
HMBC i/, H-2 filH-6 5 C-7 A%, #iE 775
H A5 C-7HIE; H-14 F1 H-6"4375 C-8 A ixfE
FOG, Wi 753 B MIJ5HR C 205l C-8 #HI%E; i
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—3pi@id HMBC i+, H-4 5 C-2. C-3. C-5. C-
6 2%, H-3'5 C-1'fil C-5'#12<, H-11 5 C-9 f1 C-
13 #H5%, H-5'5 C-1'FH2%, H-13 5 C-9 #H%, #iE
T A RAEE RIS R, T E A
YIRS KN 4,4'-(2-(3,5- R 3L IKIE) 2 k5e-1,1-
TIEHRCR-1,3-2); KRN 1N EY, If
M NBR T RKLIE A, WE 2.

) OH

'H-'H COSY

~x HMBC

2 A1 RIXE HMBC 0 'H-"H COSY H%
Fig.2 Key HMBC and 'H-'H COSY correlations of
compound 1

WE 2. W aEAk, 5% T HEE, HR-ESI-
MS m/z 243.0 [M—H]", R FHN C1aHi2045
'H-NMR (600 MHz, DMSO-ds) 6: 7.34 (1H, d, J= 8.5
Hz, H-14), 7.14 (1H, d, J= 16.5 Hz, H-7), 6.76 (1H, d,
J=16.5Hz, H-8), 6.34 (2H, d, J=2.2 Hz, H-2, 6), 6.32
(1H, d, J=2.4 Hz, H-11), 6.24 (1H, dd, J=8.5, 2.4 Hz,
H-13), 6.07 (1H, t, J = 2.2 Hz, H-4); 3C-NMR (150
MHz, DMSO-de) 6: 158.5 (C-3- 5), 158.1 (C-12), 156.0
(C-10), 140.0 (C-1), 127.2 (C-7), 124.6 (C-8), 123.2
(C-14), 115.3 (C-9), 107.2 (C-13), 104.0 (C-2, 6), 102.6
(C-11), 101.4 (C-4). VL E-EHE S TR IEIE A —
U0, M EAEY) 2 N A

&) 3. Wk, 5% T HNE, HR-ESI-
MS m/z 227.0 [M—H]", &R T3 A Ci4H120s;
"TH-NMR (600 MHz, acetone-de) J: 7.42 (2H, d, J = 8.5
Hz, H-10, 14),7.01 (1H, d,J=16.3 Hz, H-7), 6.88 (1H,
d,J=16.3 Hz, H-8), 6.83 (2H, d, J= 8.5 Hz, H-11, 13),
6.53 (2H, d, J=2.2 Hz, H-2, 6), 6.26 (1H, t, J=2.2 Hz,
H-4); BC-NMR (150 MHz, acetone-dc) J: 159.6 (C-3,
5), 158.2 (C-12), 140.9 (C-1), 130.0 (C-9), 129.1 (C-7),
128.7 (C-10, 14), 126.8 (C-8), 116.4 (C-11, 13), 105.7
(C-2,6),102.7 (C-4). LA L-F¥E 5 Cik s sE AR —
R0, MU AY 3 N R

WEY 4. R aEAk, 5% T HE, HR-ESI-
MS m/z 241.0 [M—H]", R FIN C1aHi0043
"H-NMR (600 MHz, acetone-ds) J: 7.41 (1H, d, J=8.4
Hz, H-14), 7.03 (1H, s, H-8), 6.99 (1H, d, J= 2.1 Hz,

H-11), 6.86 (2H, d, J=2.2 Hz, H-2, H-6), 6.81 (1H, dd,
J=8.4,2.1 Hz, H-13), 6.37 (1H, t, J= 2.2 Hz, H-4);
BC-NMR (150 MHz, acetone-ds) &: 159.8 (C-3, 3),
156.7 (C-7), 156.7 (C-10), 155.5 (C-12), 133.4 (C-1),
122.6 (C-14), 122.0 (C-9), 113.2 (C-13), 103.8 (C-2, 6),
103.5 (C-4), 102.3 (C-8), 98.4 (C-11). DL ¥k 5
BRIROE A —Y, M TEHNEY 4 NFRFE M.

&Y 5: Rk, 5% T NEd, HR-ESI-
MS m/z 230.0 [M—H]", #7713 C1aH1403;
"H-NMR (600 MHz, acetone-ds) 6: 7.07 (1H, t, J=17.8
Hz, H-5), 6.87 (1H, d, J = 8.1 Hz, H-14), 6.73(1H, t,
J=2.0 Hz, H-2), 6.70 (1H, dt, J= 7.8, 1.3 Hz, H-6),
6.64 (1H, ddd, J = 7.8, 2.0, 1.3 Hz, H-4), 6.40 (1H,
d, J=2.4 Hz, H-11), 6.25 (1H, dd, J = 8.1, 2.4 Hz,
H-13), 2.78 (4H, m, H-7, 8); 3C-NMR (150 MHz,
acetone-dg) J: 158.2 (C-3), 157.5 (C-12), 156.7 (C-
10), 145.1 (C-1), 131.2 (C-14), 130.0 (C-5), 120.4
(C-6), 120.1 (C-9), 116.2 (C-2), 113.4 (C-4), 107.2
(C-13), 103.4 (C-11), 37.3 (C-7), 32.6 (C-8). Ll L
HE 5 SCEk AR IE B A — R, S ENAE S R
2,4,3-trihydroxydihydrostilbene

EW 6: Ak, 5T HEE, HR-ESI-
MS m/z 245.0 [M—H]", ¥R FIHN C1aH1404;
'H-NMR (600 MHz, DMSO-ds) d: 6.79 (1H, d, J= 8.1
Hz, H-14), 6.27 (1H, d, J=2.4 Hz, H-11), 6.1 1(1H, dd,
J=8.1,2.4 Hz, H-13), 6.07 (2H, d, J=2.2 Hz, H-2, 6),
6.01 (1H, t, J = 2.2 Hz, H-4), 2.58 (2H, m, H-7), 2.54
(2H, m, H-8); BC-NMR (150 MHz, DMSO-ds) J:
158.2 (C-3, 5), 156.3 (C-12), 155.7 (C-10), 144.4 (C-
1), 129.9 (C-14), 118.4 (C-9), 106.4 (C-2. 6),105.9 (C-
13), 102.4 (C-11), 100.0 (C-4), 36.2 (C-7), 31.1 (C-8).
DL 2d 5 SRR B F AR — 5, WS E A 6
o =N CASE Yol
4 3 L-BEERIFS PC-12 @B G RIAER

DL L-BR AR5 5 = o K US55 4
LR A M PC-12 4 RS ABE,  Ja 7 1 0 24 i 400 1) AL
B, DMKIARLZE NFAPEZ), KA CCKS Al 4n
L& 77 6
4.1 YHREIEFERAATS

PC-12 41U 15 7% T RMPI 1640 5¢ 4z ks,
BT 37 C. 5%CO Ki 7oA 8597 24 ho HUMHE
KIARANE R PC-12 G HEAT S5, #2088 5103
ANFL, 100 pL/ALEER T 96 FLEFFRMR L, 23l % B
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XPREZH . BB R R B 25 2520 (fRIA i 2 8%
R, HRFEA R FRE, XA RMPI 1640 5¢
SREFRAL, WA ZGHINNLIREE 10 pmol/L
& -2 BRI TR Ak, RN 45 2520 L- A 2 BRI A5
BB 0.2, 0.4, 0.8 1.64 3.125. 6.25. 12.5.
25, 50, 100 umol/L HJ5Zik4¥), #4159 100 pL/AL, 3%
W10 MREEA (B2 5 AMEALD. 37 Ty 5%CO;
AT HEFR 24 he
4.2 CCKS At NmpaFER

R E SRS, BFLIMA 10 uL CCKS8 ¥,
BREFERAEFE R PS5 7E 4 h, FERARACN &
450 nm WK T LIRS (4 {E.

AR IR B = (4 25— A w0)/(A ww—A ux)
43 EW 1 X L-BRERA PC-12 HAE IR
AL

K H 10 pmol/L ) L-#3 2 IRAL . PC-12 41 /il 24
h J5, SXRRALE, L-ARRAMMIEHIEET
B (P<<0.01); SRAARNKFER &Y 1 3L F PC-
12 gHf S, X 4m A b4 2 Bt AS TRV R B 1 R 9P
M, HER—EHEMCHR, LRERNE 3. K
FH#R A graphpad prism 10.0 U154 523824 X5 41 g
1 Ok 37 0 o £ 2 B 9K FE - ( median effect
concentration, ECso), FHM:ZiKiEHrZ2/) ECso (H N
9.02 pmol/L, &4 1 1) ECso{E A 62.36 pmol/L.

100

YA 13 PRI 3 /%
3

— T T T T T T T T T
M 0.20.390.78 1.563.136.2512.5 25 50 100
W PE/(umol- L1

3 PFAMAKEREMARREXEY 1 Xt PC-12 48
PR RIPE (xzts ,n=5)

Fig.3 Protective effect of positive drug edaravone and
compound 1 at different concentrations on PC-12 cell
damage (x+s,n=5)

5 g
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BB i 40% CBF AR AL 0 B % E T 6 R L
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IR E . a1 e e,
EY 5 A6 NEIRMZEYI T EARE. L L-AR
MR AL PR A KBS L IR g 4% 40 R 40 i PC-12
HARBEATIERE, EAL AN, BEE R
WEHIMAE R ER . SR ER, WEW1EE
—E LA R E . AT — B TR
FACEROr 2R, it — BT R R RHE 25
IRt =%,

HBAR FAEEAFATEEA G R
SE R
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