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Alkaloids from fruit of Lycium chinense and their hepatoprotective activity

MA Yuguo!, NIU Ying!, FAN Yuxin', ZHANG Puyang', ZHANG Mengyao', LIU Hui!, SUN Yanjun' 2, FENG

Weisheng!-2, GONG Jianhong!, CHEN Hui'-2

1. School of Pharmacy, Henan University of Chinese Medicine, Zhengzhou 450046, China

2. Collaborative Innovation Center for Chinese Medicine and Respiratory Diseases Co-constructed by Henan Province & Ministry
of Education of China, Zhengzhou 450046, China

Abstract: Objective To study the alkaloids from the fruit of Lycium chinense and their hepatoprotective activity. Methods The
compounds were isolated and purified by silica gel column chromatography, D101 macroporous resin column chromatography, ODS
column chromatography, and semi-preparative HPLC. Their structures were identified by 'H-NMR, '*C-NMR and mass spectrometry.
The acetaminophen (APAP)-induced injury of human liver cancer HepG2 cells model was used to evaluate the hepatoprotective activity
of these compounds. Results Sixteen alkaloids were isolated from the ethanol extract of fruit of L. chinense. Their structures were
identified as lyciumamide P (1), lyciumamide Q (2), lyciumamide R (3), N-cis-grossamide (4), cannabisin E (5), cannabisin F (6),
cannabisin G (7), cannabisin H (8), heliotropamide (9), N-malonyl-tryptophan (10), N-acetyltryptophan methyl ester (11), equisetinine
A (12), nicotinamide (13), methyl-5-hydroxy-2-pyridinecarboxylate (14), thymidine (15), N',N'°-di-dihydrocaffeoylspermidine (16).
Conclusion Compounds 1—16 were isolated from L. chinense for the first time. Compounds 12, 13, 15 and 16 were isolated from
Lycium for the first time. Compounds 5—7 and 10—16 showed significant hepatoprotective activity against APAP-induced injury of
human liver cancer HepG2 cells at 10 pmol/L.
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HiFl (Solanaceae) AT Lycium LAEY)AEK
294 80 MU, FRIEA 7 Fh 3 A Hh, Horh T EHMA L.
barbarum LAV EFIAC L. chinense Mill. Y3 El i
JEE LR 2 M. MFENEEMZEWA TR, M
JEREYIFT 0 2 BER, A, 2 M SRR b
FRVAE 1 3 IR S BT 3 I 2 RS I, ZE DAL
PiaEe . MR TobEIRIE . RIS 5507 T A
AEZEGRMAESS Hrh, EVIBEAE i E B
FEEVES Sy, BRIHERTR 2 A S B
Y PRI 4% 32 R

AURBARTI C T B Rid b & KB A
BSRA S, RFRIEEIR00, a0 wEIpk R £
G L7~ b7 1 S P TR E 11 S R AR =7 (1 W e
YIRS 173 B0 SCHR I TE AR 0 B0 b o A SCERIIE T 3R
B, et SRS AR LA S o FE, HX
FAEWEA —E RGN, i — DR e
MR B B E RIS TE A2 B sy, ARSI
rh AR AT S S TE R IR AN I T BE R AL B4k gy
BT T RGN, A EARE] 16 MEVIREEEAL
EW, 43 A% E N lyciumamide P (1) lyciumamide
Q (2). lyciumamide R (3). N-cis-grossamide (4).
KIKBER% E(cannabisin E, 5) KJFRBE%Z F(cannabisin
F, 6). KB G (cannabisin G, 7). KKELIZ
H (cannabisin H, 8. heliotropamide (9). N-malonyl-
tryptophan (10 ). N-acetyltryptophan methyl ester
(11). equisetinine A (12). MABEf%Z (nicotinamide,
13). 5-F2HEmEIE-2-H R R (methyl-5-hydroxy-2-
pyridinecarboxylate , 14 ) i JIg % we Jii 5 %
( thymine DNA nucleotides , 15 ) . N!' N'-di-
dihydrocaffeoylspermidine (16). FT A& N E
TONFAERIIC Yy B Aa 3], Hod, ea 12,
13, 15, 16 AE XM MIC)E T 7055 X7 515
B S PIEAT R SMR IS R T, S5 R B RS
) 5~7. 10~16 £ 10 pmol/L WK FE IS X%} APAP %S
(1) N HepG2 20 it fh BA B MR EH .

1 XFES5HH

Bruker AVANCE III 500 MHz #4 % i JE 4R X (f
Bruker A%]) ; Bruker maxis HD % K47 B[R] i
W (FE[E Bruker A ] 3 N-1001 B g 28 R A (I
T WA PR F]D s LC52 70 i s il £ VR (i
3 BEEGUEIL BB 7], SP-5030 74~
IR R , UV200 14K 4G 28, Easychrom
T a3 AN, kM COSMOSIL-5C18-MS-II,

250 mmX10 mm, 5 pm) ; 7HEOREREAL GFosss
FEERERER: (200~300 H, F&HEFELT D 5 K
FLVR B AR D10LC PG 22 iR BRABHHCHT M B 0 R 2
#]); ODS (40~60 um, H A YMC A 7)) ; Sephadex
LH-20 (Pharmacia Biotech A 7)) ; (a4l & 43 Hr4l
WA CREN ARSI A R AFD .

HepG2 #iiffl ( Lig &M MBI ARAR, 1%
5 FH0076); DMEM p=fli it s 5 (i i 3%
EamRHEIRAR, #it's WH2125G041); fi 21
¥& (fetal bovine serum, FBS, ply G4 mhli
HIRAT, #t'5 SA241227); B AlE-EDTA M1k
W AR R FERHCAR AR, b5 2309008); 4
POt 5 K B PEAG IR £ (CCK-8, KX AW
RAMWRAT], 5 MA0218-Tul-29K); 5 K-5i%5
F-RREZBIG CRUEGE R AR AR A
Fl, #it5 GP2411016); N-Z Wi FIEE R (M-
acetylcysteine, NAC, FIgRTH T AR A H
PR, fit'S A105420-25g); APAP(Sigma-Aldrich,
fit'5 A7085-100G); i TAES (FRER KIH/RBHY
BHIRATD; CO, JUMIEIRRE FRAE (CFRER R /RBHE
HIRAFD,

T MRS JERE A T 2021 4E 11 A R A EME A
AT HEAA B, GRS R 25 K RIS 2R e
HAHHIAC 8 A4 AEHTAT L. chinense Mill. [ /8%
IRz, FEIFREA (20211106A) 7T B £ 24
KEFH A EER L=
2 Ik
21 REREHE

A 1 S 52 30.0 kg, F 95% Tk 2B
PRSI 3 Yk, Rk 2.0h, BERARER, 1#H 10
L et 2 RAGKRYE, 135028 10.0kg. SMIRESK
FLIR B AR D101 At 43 55, (kI 2818 7K . 95%
KSR JE e, 153 95% Z BE i #h A7 1.0 kg.
95% L BELELER AL KW Ja , ARIRFHBE IR LB A IE T
FEAREEL, 132IBSIR OBRERAL (158.09) « IE T BEHT
fir (280.09) .

TSR B A A AR IR AT (i 40 8, AR A
THEBE-BEEE 208 (50 @ 1—>1 @ 1) A& H k- g
(30 : 10 : 1) BEEBEML, &I715 10 M (Gl-
G10). G5 (9.0g) % ODS K-/ 5, R IKH H
fig-7K (10%—100%) FhEEGENL, 152] 5 A5
(G5-1~G5-5). G5-1 (10% H EEE-/K B i oz, 1.1 gD
SRR B B, AR & - F il (100 ¢
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1-0 : D BREELNL, A I33] 6 M5 (G5-1-gl~
G5-1-g6). G5-2-g4 (200 mg) £ & A (it 4y
Btk (13%HEE-/K, 3 mL/min), 52L& 5
(13.2mg, tg=13.4 min) . 14 (10.1 mg, tr=18.9
min) . G6 (12.0 g) 4 ODS ity 5, HWIkH
FE-7K (10%—100%) fBEGEI, 1592 5 N4 55
(G6-1~G6-5), G6-2 (30% FHEE-/K P ML HHAL, 3.0 )
SERAE OIS B, R S -l (100 ¢
10 D BREEGEN, &H453] 3 M5 (G6-2-g1~
G6-2-g3). G6-2-g1 (90.0 mg) 2}l £ UAH (0 i 4y
Baifl (41%FEE-/K, 3 mL/min) , B3LAEY 1
(2.2mg, tr=25.1min) . 6 (6.3mg, tr=31.4min) .
11 (5.2mg, trk=38.2min) . G6-2-g2 (130.0 mg)
28 ) £ WM i 4> B Al Ak (43% FHE-UK, 3
mL/min) , BEHLEY 9 (4.4mg, tr=28.2min) .
G6-2-g3(85.0 mg) 2 Y- il & WUAH € 3% 73 B9 44K (40%
FfE-7K, 3mL/min) , fEMLAY)3 (13.1mg, tr=
25.7min) . 8 (2.1mg, tr=31.2min) . G6-3 (50%
F K e B0, 3.0 g) SREMRAEBRE S, Kik
& Be-FEE (100 0 10 1) BEREEVERL, &7
535 18 M (G6-3-g1 ~G6-3-g18) . G6-3-29
(130.0 mg) 2=l & UAH il 7y B 4lifh, (45% HI -
K, 3mL/min) , 5EHLEY 4 (41 mg, tr=26.3
min) . 2 (2.2mg, tg=31.5min) . G6-3-g12 (110.0
mg) 2Pl VA i o Al (55%FEE-/K, 3
mL/min) , BEMLEY 7 (25.4mg, tk=26.2min) .
10 (4.1mg, tr=28.3min) . 12 (4.4mg, tr=31.4
min) . G7 (15.0 g) 4 ODS k:ilior &, K
HEE-7K (10%—100%) #f FE5eli, 35 5 N4 5
(G7-1~G7-5). G7-1 (10%H EE-/K B EBAL, 700
mg) £l & B s aifh (12%HBE-K, 3
mL/min) , %A 13 (20.1mg, tr=6.9min) .
15 (4.1mg, tr=10.1 min) .

W 1IE T BB ALIR 8 Y 50 10 40 BU7E 38 2 11 2800
KA, AR ORFLIR B i D101 A (i b AT 20 5,
23 I 10%. 30%. 50%. 70%. 95%Z.F% {74 &
Veli, 75985 M (Fr.A~E) . Fr.B (120.0g)
2 ODS H: i 4 &, R HEE-7K (10%—100%)
BhEESEE, 1592]5 NME44 (Fr.B1~B5) . Fr.B1
(10% F - K B i B 47, 60.0 g) LRk At (il 4y 51,
WV S - (20 @ 10 1) BEREEVEN,
31535 9 AN (Fr.B1-G1~Fr.B1-G9) . Fr. B1-
G7 (3.26 Q) LERFE /35, WRENTENLA), &

515 8 NS (Fr. B1-G7-n1~B1-G7-n8) . Fr.B1-
G7-n2 (503.3mg) LRERAEGIESE, KKH =R
FBe-FI Y (100 @ 1—0 @ 1) BREWENL, &85 6
N4y (Fr.B1-G7-n2-g1~Fr.B1-G7-n2-g6) . Fr.B1-
G7-n2-g4 (115 mg) 24 il & VAR il 2> B 2l 4k
(13%HfE-7K, 3 mL/min) , 1521454 16 (48 mg,
tr=20 min) .
2.2 LEDEINEEIEN
2.2.1 CCK-8 iEkulifb 906 HepG2 40 14 1
SO KA TR AE KA HepG2 4t A DAZH A 2%
2 X 104 N/mL #Fh T 96 FLARH, 100 pL/AL, B
T 37 C. 5%CO, IEIERE FR A R 9% . 559% 24h
e, WEMEH (& 10%M4- M5 AL 1%0E 5
FAEER R DMEM $53748) FGZ4H (LEY
1~16, 10 pmol/L); 4k&EREFE 24 h, FLEFLNW
&, &FLIIA 100 uL & 10% CCK-8 )35 77 % TAF
W, FRRETAH ORI, R 10% CCK-
8 WIRE AL TAEWD, WHE 1.5h, HHSILAMRE
SEA RN, FALE FHBEARXAE 450 nm KT E IR
JREE () MH, RIS, SLiefH % 3
S, EE 3R, DU LA YN HepG2 41
TEPERRZ A .
222 CCK-8 =i &% APAP %55 HepG2
BRI A5 s me R Al T X HUAE K ) HepG2
Y11t A 0 235 P 2 X 104 AN /mL 8200 96 FLER A,
100 uL/AL, BT 37 ‘C. 5% CO, KIEIR B F= 46 15
Fi. Wik 240 5, FERFERIFRIE, KEXEH. B
B (10 mmol/L). FHMEZG4 (NAC, 1 mmol/L)
ML 25H (E 1~16, 10 umol/L). BRI 245401
Y2 S I TC NG DMEM 159536 AL FE 2 h J5hn
A 10 mmol/L APAP :[F$5% 24 h, FFEFLA AL,
FFLIIA 100 pL 7 10% CCK-8 H3EF-%E TR,
[FI B HH RS gi, R 10% CCK-8 1%
FETAEWD, WHE 1.5h, HHLS5ILAMMESKR
R, FEAS FHEEARACAE 450 nm WK RISE 4 8, it
AR, SCREHER 3 AR, EE 3K,
DL PR AE &%+ APAP 55 HepG2 40 AT 4 4%
ip=A

MIAEIELE =(4 ns—A we)/(A pn—A =)
23 Fitoh

SLIGBAEL: SPSS 26.0 Fiit SN, Kl DL
X +sFon, HRF BN ANOVA K o637 40 0] 2
SR, P<0.05 WAZEREGG = L.
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3 #R
3.1 HmEE

& 1. kK. ESI-MS m/z: 623.24 [M+
HI*, 2 ¥R N CiHaN20g. 'H-NMR (500 MHz,
CD;0D) 6: 7.90 (1H, s, H-7), 7.29 (1H, s, H-2), 7.18
(2H, d, J = 8.0 Hz, H-2", 6"), 6.99 (1H, s, H-5), 6.96
(1H, d, J = 1.5 Hz, H-2"), 6.90 (2H, d, J = 8.5 Hz, H-
2 6", 6.89 (1H, d, J = 8.0 Hz, H-5), 6.80 (2H, d,
J=8.0Hz, H-3", 5", 6.79 (1H, dd, J = 8.0, 1.5 Hz, H-
6", 6.71 (2H, d, J= 8.5 Hz, H-3"", 5"), 3.96 (3H, s, 3-
OCH3), 3.89 (3H, s, 3-OCH3), 3.61 (2H, t, J = 7.5 Hz,
H-8"), 3.18 (2H, t, J= 7.5 Hz, H-8'"), 2.90 (2H, t, J =
7.5Hz,H-7"),2.31 (2H, t,J="7.5Hz, H-7""); 3C-NMR
(125 MHz, CD;0D) ¢: 171.2 (C-9'), 170.6 (C-9), 157.1
(C-4""), 156.3 (C-4"), 151.5 (C-3), 149.8 (C-4), 149.0
(C-3"), 147.6 (C-4"), 136.9 (C-7"), 132.7 (C-8"), 131.6
(C-1"), 131.5 (C-1""), 131.2 (C-8), 131.0 (C-2"), 131.0
(C-6"), 130.9 (C-6), 130.7 (C-1"), 130.6 (C-2""), 130.6
(C-6"), 129.9 (C-1), 126.8 (C-7), 123.9 (C-6'), 116.3
(C-3"), 116.3 (C-5"), 116.0 (C-3"), 116.0 (C-5"),
115.8 (C-5"), 115.6 (C-2'), 110.6 (C-5), 107.9 (C-2),
56.9 (3'-OCH3), 56.7 (3-OCH3), 43.2 (C-8"), 43.1 (C-
8'"), 35.2 (C-7"), 35.1 (C-7""). LA % 5 ClkikiE
— g0, WS ENE Y 1 4 lyciumamide Po

&Y 2: EERY . ESI-MS m/z: 524.23
[M+H]", 273N CoH33NOg. '"H-NMR (500 MHz,
CD;0OD) 6: 7.45 (1H, d, J = 15.8 Hz, H-7"), 7.20 (1H,
d,J=1.5Hz, H-2"),7.02 (1H, d, J= 1.0 Hz, H-2), 7.08
(2H, d, J=8.5 Hz, H-2", 6"), 7.05 (1H, dd, J=8.5, 1.5
Hz, H-6'), 6.98 (1H, d, J= 8.5 Hz, H-5"), 6.83 (1H, dd,
J=28.0, 1.0 Hz, H-6), 6.79 (1H, d, J = 8.0 Hz, H-5),
6.73 (2H, d, J=8.5 Hz, H-3",5"), 6.40 (1H, d, J=15.8
Hz, H-8'), 4.50 (1H, brs, H-7), 4.50 (1H, brs, H-8), 3.90
(3H, s, 3'-OCH3), 3.82 (3H, s, 3-OCH3), 3.70 (1H, m,
H-9a), 3.51 (2H, t, J = 7.5 Hz, H-8"), 3.50 (1H, m, H-
9b), 3.30 (3H, s, 7-OCH3), 2.76 (2H, t, J = 7.5 Hz, H-
7"); BBC-NMR (125 MHz, CD;0D) ¢: 168.9 (C-9"),
156.3 (C-4"), 152.0 (C-3"), 151.9 (C-4"), 148.7 (C-3),
148.0 (C-4), 141.6 (C-7"), 131.5 (C-1"), 130.9 (C-2"),
130.9 (C-6"), 130.6 (C-1), 129.8 (C-1'), 123.2 (C-6"),
121.7 (C-6), 120.4 (C-8"), 118.0 (C-5"), 116.6 (C-3"),
116.6 (C-5"), 115.9 (C-5), 111.9 (C-2'), 111.8 (C-2),
84.8 (C-8), 83.9 (C-7), 61.7 (C-9), 56.9 (7-OCH3), 56.8

(3'-OCH3), 56.5 (3-OCH3), 42.5 (C-8"), 36.2 (C-7").
DAL 204 5 Sk ikoE — 5000, S e taEw 2 o8
lyciumamide Qo

&Y 3: TEEHRY) . ESI-MS m/z: 524.23 [M+
HI*, 2> ¥R N CwpH3NOs. 'H-NMR (500 MHz,
CD;OD) 6: 7.45 (1H, d, J = 15.8 Hz, H-7), 7.10 (1H,
d,J=1.5Hz, H-2"),7.00 (1H, d, J= 1.5 Hz, H-2), 7.05
(2H, d, J=8.5 Hz, H-2", 6"), 7.05 (1H, dd, J= 8.0, 1.5
Hz, H-6'), 6.90 (1H, d, J = 8.0 Hz, H-5'), 6.84 (1H, dd,
J=18.0, 1.5 Hz, H-6), 6.76 (1H, d, J = 8.0 Hz, H-5),
6.75 (2H, d, J=8.5 Hz, H-3",5"), 6.39 (1H, d, J=15.8
Hz, H-8"), 4.50 (1H, m, H-8), 4.40 (1H, d, J = 6.5 Hz,
H-7), 3.86 (2H, d, J = 4.5 Hz, H-9), 3.82 (3H, s, 3'-
OCH3), 3.81 (3H, s, 3-OCHs), 3.52 (2H, t, J = 7.5 Hz,
H-8"), 3.29 (3H, s, 7-OCH3), 2.78 (2H, t, J = 7.5 Hz,
H-7"); 13C-NMR (125 MHz, CD;0OD) 6: 169.2 (C-9"),
156.3 (C-4"), 152.1 (C-3'), 151.6 (C-4"), 148.6 (C-3),
148.2 (C-4), 141.8 (C-7"), 131.6 (C-1"), 130.9 (C-2"),
130.9 (C-6"), 130.8 (C-1), 129.9 (C-1"), 123.5 (C-6'),
121.3 (C-6), 120.6 (C-8'), 118.2 (C-5"), 116.3 (C-3"),
116.3 (C-5"), 115.4 (C-5), 112.0 (C-2'), 111.9 (C-2),
84.6 (C-8), 84.2 (C-7), 61.5 (C-9), 57.1 (7-OCH3), 56.7
(3'-OCH3), 56.3 (3-OCH3), 42.5 (C-8"), 36.2 (C-7").
DAl 5 Sk B A —E0Y, HMUSEiAY) 3
A lyciumamide R

th&WY 4: AR AR . ESI-MS m/z: 62525 [M+
HI*, 7> TR AN CieHieN2Os. 'H-NMR (500 MHz,
CD;0D) 6: 7.58 (1H, brs, H-2), 7.08 (1H, brs, H-6),
7.02 (2H, d,J = 8.5 Hz, H-2"", 6""), 7.00 (2H, d, J= 8.5
Hz, H-2", 6"),7.00 (1H, d, J= 1.5 Hz, H-2'), 6.77 (1H,
dd, J = 8.5, 1.5 Hz, H-6"), 6.75 (1H, d, J = 8.5 Hz, H-
5", 6.69 (2H, d, J = 8.5 Hz, H-3", 5"), 6.67 (2H, d, J =
8.5 Hz, H-3"",5"), 6.62 (1H, d, J= 12.6 Hz, H-7), 5.90
(1H, d, J = 12.6 Hz, H-8), 5.90 (1H, d, J = 7.8 Hz, H-
7", 4.09 (1H, d, J = 7.8 Hz, H-8"), 3.89 (3H, s, 3-
OCH3), 3.85 (3H, s, 3'-OCH3), 3.51 (2H, t, J= 7.5 Hz,
H-8"), 3.40 (2H, t, J = 7.5 Hz, H-8""), 2.72 (2H, t, J =
7.5Hz,H-7"),2.70 (2H,t,J=7.5Hz, H-7""); 3C-NMR
(125 MHz, CD;0D) d: 172.9 (C-9"), 169.8 (C-9), 157.4
(C-4"), 157.4 (C-4"), 149.8 (C-4), 149.0 (C-3"), 148.5
(C-4"), 144.9 (C-3), 137.5 (C-7), 133.0 (C-1"), 130.8 (C-
1), 130.6 (C-2"""), 130.6 (C-6""), 130.6 (C-1"), 130.5
(C-1), 130.4 (C-2"), 130.4 (C-6"), 129.0 (C-5), 123.1
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(C-8), 119.7 (C-6'), 118.6 (C-6), 116.6 (C-3""), 116.6
(C-5"), 116.1 (C-2), 115.9 (C-5'), 115.9 (C-3"), 115.9
(C-5"), 110.7 (C-2'), 90.0 (C-7"), 59.3 (C-8'), 56.6 (3-
OCH3), 56.0 (3'-OCH3), 41.8 (C-8"), 41.6 (C-8""), 35.5
(C-7"),35.5(C-7")o LA #5550k E — £ 05,
W AW 4 N N-cis-grossamide.

th&W 5. AK K. ESI-MS m/z: 643.26 [M+
HI*, T3 A CieH3sN209. 'H-NMR (500 MHz,
CD;OD) 6: 7.45 (1H, d, J = 15.8 Hz, H-7"), 7.14 (1H,
d,J=2.0 Hz, H-2"), 7.12 (1H, d, J = 2.0 Hz, H-2), 7.05
(2H, d, J=8.5 Hz, H-2", 6"), 6.95 (1H, dd, J= 8.4, 2.0
Hz, H-6'), 6.93 (1H, dd, J=8.2,2.0 Hz, H-6), 6.93 (2H,
d, J=8.5 Hz, H-2"", 6", 6.89 (1H, d, J = 8.4 Hz, H-
5", 6.81 (1H, d, J = 8.2 Hz, H-5), 6.76 (2H, d, J = 8.5
Hz, H-3"",5"), 6.65 (2H, d, J = 8.5 Hz, H-3", 5"), 6.43
(1H, d, J = 15.8 Hz, H-8"), 5.18 (1H, d, J = 4.2 Hz, H-
8),4.61 (1H, d, J=4.2 Hz, H-7), 3.85 (3H, s, 3-OCH3),
3.80 (3H, s, 3'-OCH3), 3.30 (2H, m, H-8"), 3.25 (2H, t,
J=17.3Hz, H-8""),2.65 (2H, m, H-7"),2.61 (2H, d, J =
7.3 Hz,H-7""); BC-NMR (125 MHz, CD;0D) d: 171.5
(C-9), 169.1 (C-9"), 157.2 (C-4"), 157.2 (C-4""), 151.5
(C-3"), 149.8 (C-4"), 149.2 (C-3), 147.5 (C-4), 141.5 (C-
7", 133.6 (C-1), 131.7 (C-1"), 131.7 (C-2"), 131.7 (C-
6"), 131.5 (C-1"), 131.3 (C-1""), 130.7 (C-2""), 130.7
(C-6""), 122.6 (C-6), 121.0 (C-8"), 121.0 (C-6), 117.9
(C-5", 116.5 (C-3"), 116.5 (C-5"), 116.5 (C-3""), 116.5
(C-5"), 116.3 (C-5), 112.0 (C-2), 111.9 (C-2"), 87.6 (C-
8), 75.4 (C-7), 56.9 (3-OCH3), 56.7 (3'-OCH3), 43.2 (C-
8"), 42.5 (C-8"), 36.1 (C-7"), 35.8 (C-7""). LVA_L-%¥
HikkiE — 00, MRS 5 NRMBEE E.

&Y 6: AR A . ESI-MS m/z: 625.25 [M+
H], TN CiH3eN205. 'H-NMR (500 MHz,
CD30D) 6: 7.43 (1H, d, J = 15.8 Hz, H-7), 7.25 (1H,
d, J=1.3Hz, H-2), 7.23 (1H, s, H-7), 7.19 (1H, d, J =
1.8 Hz, H-2'), 7.03 (1H, dd, J = 8.1, 1.3 Hz, H-6), 7.01
(2H, d, J=8.4 Hz, H-2", 6"), 6.99 (1H, dd, J=8.1, 1.8
Hz, H-6'), 6.80 (2H, d, J= 8.4 Hz, H-2"", 6'"), 6.70 (2H,
d,J=8.4Hz, H-3",5"),6.69 (1H, d, J=8.1 Hz, H-5),
6.65 (1H, d, J= 8.1 Hz, H-5"), 6.58 (2H, d, J = 8.4 Hz,
H-3",5"), 6.48 (1H, d, J = 15.8 Hz, H-8'), 3.91 (3H, s,
3-OCH3), 3.68 (3H, s, 3-OCH3), 3.45 (2H, t, J = 7.3
Hz, H-8"), 3.44 (2H, t, J = 7.3 Hz, H-8'"), 2.76 (2H, t,
J=173Hz,H-7"),2.61 2H,t,J=7.3 Hz, H-7""); 1C-

NMR (125 MHz, CD;0D) 6: 168.9 (C-9), 165.7 (C-9"),
157.1 (C-4"), 157.0 (C-4""), 150.6 (C-3'), 149.8 (C-4'),
149.1 (C-3), 147.9 (C-4), 141.7 (C-8), 141.3 (C-7"),
132.0 (C-1'), 131.4 (C-1""), 131.0 (C-1"), 130.9 (C-
2", 130.9 (C-6""), 130.9 (C-2"), 130.9 (C-6"), 126.5
(C-6"), 125.6 (C-1), 124.5 (C-7), 122.5 (C-8"), 121.6 (C-
6), 116.5 (C-5"), 116.5 (C-3"), 116.5 (C-5"), 116.4 (C-
3", 116.4 (C-5"), 115.5 (C-5), 113.9 (C-2"), 112.6 (C-
2), 56.5 (3-OCH3), 56.2 (3-OCH3), 42.6 (C-8"), 42.4
(C-8'"),35.8 (C-7"),35.6 (C-7"). LA ¥¥5 5 S0k
E—07, WM ENE) 6 R Fo

& 7: AR A . ESI-MS m/z: 625.25 [M+
HI*, 23N CieH3sN20s. 'H-NMR (500 MHz,
CD30D) ¢: 7.79 (2H, s, H-7, 7"), 7.20 (2H, d, J = 2.0
Hz, H-2,2"),6.99 (2H, dd, J = 8.4, 2.0 Hz, H-6, 6'), 6.81
(4H, d, J = 8.4 Hz, H-2",6",2",6"), 6.79 (2H, d, J =
8.4 Hz, H-5, 5'), 6.59 (4H, d, J = 8.4 Hz, H-3", 5", 3",
5", 3.69 (6H, s, 3, 3-OCHj), 3.40 (2H, m, H-8"), 3.20
(2H, m, H-8'"), 2.45 (2H, m, H-7"), 2.33 (2H, m, H-
7'"); BC-NMR (125 MHz, CD3;0D) ¢: 168.3 (C-9),
168.3 (C-9"), 157.2 (C-4"), 157.2 (C-4""), 150.0 (C-3),
150.0 (C-3'), 148.9 (C-4), 148.9 (C-4'), 141.8 (C-7),
141.8 (C-7"), 131.0 (C-2""), 131.0 (C-6"), 131.0 (C-2""),
131.0 (C-6"), 129.9 (C-1"), 129.9 (C-1""), 127.9 (C-1),
127.9 (C-1'), 126.9 (C-8), 126.9 (C-8'), 125.9 (C-6),
125.9 (C-6"), 115.9 (C-5), 115.9 (C-5), 115.7 (C-3"),
115.7 (C-5"), 115.7 (C-3""), 115.7 (C-5""), 112.9 (C-2),
112.9 (C-2'), 56.5 (3-OCHs), 56.5 (3'-OCH3), 41.5 (C-
8"), 41.5 (C-8"), 34.8 (C-7"), 34.8 (C-7"""). VL%
530k E — 0, MU A T R G

& 8: K. ESI-MS m/z: 510.21 [M+
H]*, 4> ¥ A CxH3NOg. 'H-NMR (500 MHz,
CD30D) §: 7.46 (1H, d, J = 15.8 Hz, H-1""), 7.14 (1H,
d, J = 1.3 Hz, H-3"), 7.07 (2H, d, J = 8.4 Hz, H-2"",
6", 7.07 (1H, d, J = 1.5 Hz, H-2'), 7.06 (1H, dd, J =
8.5, 1.3 Hz, H-5"), 6.99 (1H, d, J = 8.5 Hz, H-6"), 6.89
(1H, dd, J= 8.4, 1.5 Hz, H-6"), 6.76 (2H, d, J = 8.4 Hz,
H-3"", 5", 6.76 (1H, J = 8.4 Hz, H-5'), 6.43 (1H, d,
J = 15.8 Hz, H-2""), 4.87 (1H, brs, H-1), 4.52 (1H, m,
H-2), 3.87 (2H, m, H-3), 3.86 (3H, s, 3'-OCH3), 3.84
(3H, s, 2"-OCH3), 3.51 (2H, t, J = 7.2 Hz, H-1""), 2.80
(2H, t, J = 7.2 Hz, H-2""); '3C-NMR (125 MHz,
CD;0D) 0: 169.2 (C-3""), 157.6 (C-4"""), 152.1 (C-2"),
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151.4 (C-1"), 149.1 (C-3"), 147.5 (C-4"), 141.8 (C-1""),
134.4 (C-1"), 131.5 (C-1""""), 131.0 (C-2"""), 131.0 (C-
6", 130.5 (C-4"), 123.1 (C-5"), 121.4 (C-6"), 120.2
(C-2"), 118.3 (C-6"), 116.7 (C-3"""), 116.7 (C-5""),
115.9 (C-5), 112.4 (C-3"), 112.2 (C-2"), 86.2 (C-2),
744 (C-1), 62.7 (C-3), 56.8 (3-OCH3), 56.3 (2"-
OCH3), 43.0 (C-1"""), 36.3 (C-2""). LA %3k 5 ik
friE—#), MUE RS 8 KIRBEL H.

&Y 9: FK K. ESI-MS m/z: 62525 [M+
H]+, %%ﬁy\j C36H36N205 - TH-NMR (500 MHZ,
CDs0D) ¢: 7.51 (1H, d, J = 2.1 Hz, H-7), 6.98 (2H, d,
J=83Hz, H-2', 6", 6.97 (1H, dd, J = 8.5, 1.9 Hz, H-
6),6.95 (2H, d, J= 8.4 Hz, H-2"", 6""), 6.95 (1H, d, J =
1.9 Hz, H-2), 6.81 (1H, d, J = 8.1 Hz, H-5"), 6.80 (1H,
d, J=8.5 Hz, H-5), 6.72 (2H, d, J = 8.3 Hz, H-3', 5),
6.71 (2H, d, J= 8.4 Hz, H-3"", 5", 6.58 (1H, d, J= 1.6
Hz, H-2"), 6.51 (1H, dd, J = 8.1, 1.6 Hz, H-6"), 4.28
(1H, d, J = 2.4 Hz, H-7"), 3.88 (1H, m, H-8'a), 3.84
(1H, d, J = 2.4 Hz, H-8"), 3.83 (3H, s, 3-OCH3), 3.80
(3H, s, 3"-OCH3), 3.50 (1H, m, H-8""a), 3.18 (1H, m,
H-8""b), 2.92 (1H, m, H-8'b), 2.78 (1H, m, H-7'a), 2.64
(1H, m, H-7'b), 2.59 (1H, m, H-7""a), 2.58 (1H, m, H-
7"b); BC-NMR (125 MHz, CD;0D) §: 172.9 (C-9"),
170.9 (C-9), 157.2 (C-4'), 157.2 (C-4""), 149.9 (C-3),
149.8 (C-3"), 149.4 (C-4), 148.4 (C-4"), 136.3 (C-7),
132.7 (C-1"), 131.2 (C-1'), 131.1 (C-1""), 131.0 (C-
2'"),131.0 (C-6""), 130.1 (C-2"), 130.1 (C-6"), 127.8 (C-
1), 126.7 (C-8), 125.8 (C-6), 120.7 (C-6"), 116.9 (C-5),
116.6 (C-3)), 116.6 (C-5"), 116.6 (C-5"), 116.5 (C-3""),
116.5 (C-5"), 114.1 (C-2), 111.2 (C-2"), 68.2 (C-7"), 56.7
(3-OCH3), 56.6 (3"-OCH3), 54.8 (C-8"), 44.5 (C-8),42.3
(C-8"), 35.5 (C-7"), 34.1 (C-7"). VA X 5 ClikdRiE
— 300, A 9 N heliotropamide.

&Y 10: AR AR, ESI-MS m/z: 319.13 [M+
H]*, 2 T3~ CisHisN20s. 'H-NMR (500 MHz,
CD;0D) d: 7.51 (1H, d, J = 8.0 Hz, H-4), 7.36 (1H, d,
J =18.0 Hz, H-1), 7.19 (1H, d, J = 1.8 Hz, H-6), 7.10
(1H, t, J = 7.5 Hz, H-2), 7.00 (1H, t, J = 7.5 Hz, H-3),
4.56 (1H, dd, J = 13.5, 7.5 Hz, H-8), 3.63 (3H, s, 12-
OCHs), 3.62 (3H, s, 9-OCH3), 3.30 (2H, s, H-11), 3.20
(1H, dd, J= 14.5, 5.5 Hz, H-7b), 3.08 (1H, dd, J = 14.5,
7.5 Hz, H-7a); 3C-NMR (125 MHz, CD;0D) d: 173.6
(C-10), 169.7 (C-12), 168.2 (C-9), 138.0 (C-4a), 128.7

(C-1a), 124.6 (C-6), 122.4 (C-2), 119.9 (C-3), 119.1 (C-
4), 112.3 (C-1), 110.8 (C-5), 55.0 (C-8), 52.6 (9-
OCH3), 52.5 (12-OCH3), 49.0 (C-11), 28.5 (C-7). LA
RS SCER iR E —E2, MU ER S 10 4 N-
malonyl-tryptophan.

&Y 11: [HERA . ESI-MS m/z: 261.12 [M+
HT, 51 AN CiaHi6N203. 'H-NMR (500 MHz,
CDs0D) d: 7.50 (1H, d, J = 8.0 Hz, H-4), 7.33 (1H, d,
J = 8.0 Hz, H-7), 7.08 (1H, t, J = 7.4 Hz, H-6), 7.05
(1H, t, J= 1.0 Hz, H-2), 7.01 (1H, t, J= 7.4 Hz, H-5),
4.73 (1H, dd, J = 7.8, 5.5 Hz, H-11), 3.66 (3H, s, 12-
OCHs), 3.29 (1H, ddd, J = 14.6, 5.5, 1.0 Hz, H-10a),
3.14 (1H, ddd, J = 14.6, 7.8, 1.0 Hz, H-10b), 1.93 (3H,
s, H-14); 13C-NMR (125MHz, CDsOD) §: 174.1 (C-
12), 173.2 (C-13), 138.1 (C-9), 128.7 (C-8), 124.3 (C-
2), 122.4 (C-6), 119.8 (C-5), 119.1 (C-4), 112.3 (C-7),
110.8 (C-3), 55.0 (C-11), 52.6 (12-OCH3), 28.5 (C-10),
22.3 (C-14). VA %¥s 5 kol — 8022, Hs e
k&%) 11 ¥ N-acetyltryptophan methyl ester.

A 12: FEAHARY . ESI-MS m/z: 303.10
[M+H]", 712N C15sH14N205. 'TH-NMR (500 MHz,
CD30D) ¢: 7.83 (1H, d, J= 7.8 Hz, H-11), 7.46 (1H, d,
J=17.8 Hz, H-8), 7.38 (1H, t, J = 7.6 Hz, H-10), 7.22
(1H, t, J=7.6 Hz, H-9), 5.76 (1H, s, H-2), 5.03 (1H, d,
J=9.2 Hz, H-4), 4.10. (1H, m, H-2'b), 3.83 (3H, s, 13-
OCH3), 3.15 (1H, m, H-2'a), 2.76 (1H, d, J= 13.9 Hz,
H-5b), 2.49 (1H, dd,J=13.9,9.2 Hz, H-5a); 3C-NMR
(125 MHz, CD;OD) 6: 172.7 (C-13), 167.9 (C-3"),
165.2 (C-1'), 140.6 (C-12), 135.7 (C-7), 131.1 (C-10),
126.5 (C-9), 124.8 (C-8), 116.7 (C-11), 88.1 (C-6), 85.0
(C-2), 61.4 (C-4), 53.3 (13-OCH3), 46.0 (C-2"), 45.1
(C-5). DA 3 55 ikboE — 80, M am
12 °A equisetinine A

WEY13: AEM K. ESI-MS m/z: 123.13 [M+
HI*, 7 TN CeHgN2O . 'H-NMR (500 MHz,
CD;0D) 6: 9.03 (1H, d, J= 1.0 Hz, H-2), 8.69 (1H, dd,
J=3.5,1.5Hz, H-6), 8.29 (1H, m, H-4), 7.55 (1H, ddd,
J = 8.0, 50, 1.0 Hz, H-5); C-NMR (125 MHz,
CD;0D) J: 169.8 (C-7), 152.8 (C-6), 149.5 (C-2),
137.3 (C-4), 131.4 (C-3), 125.1 (C-5). LA F#dE5
BRTRIE —ERY, MUS R A 13 I .

&) 14: EERK. ESI-MS m/z: 154.05 [M+
HI*, 7 7R A~N CHNO;. 'H-NMR (500 MHz,
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CD;0D) 6: 8.17 (1H, s, H-6), 8.03 (1H, d, J = 8.6 Hz,
H-3), 7.29 (1H, d, J = 8.6 Hz, H-4), 3.92 (3H, s, 7-
OCH3); 3C-NMR (125 MHz, CD;0D) §: 166.5 (C-7),
159.1 (C-5), 139.5 (C-6), 139.2 (C-2), 128.1 (C-4),
123.8(C-3),52.8 (7-OCHs). LA F3d 5 Sk iE —
FS), WS A 14 8y S-FR SR -2- H R H S

&Y 15: LR . ESI-MS m/z: 243.10
[M+H ﬁ%fﬁjﬂ Ci0H14N20s5, 'H-NMR (500 MHZ
DMSO-ds) d: 7.69 (1H, s, H-6), 6.16 (1H, t, J= 7.0 Hz,
H-1'), 4.22 (1H, d, J = 2.5 Hz, H-3"), 3.75 (2H, d, J =
3.0 Hz, H-5"),3.56 (1H, dd, J=10.0, 5.0 Hz, H-4"), 2.05
(2H, dd, J=10.0, 5.0 Hz, H-2'), 1.76 (3H, s, H-7); 3C-
NMR (125 MHz, DMSO-ds) d: 163.8 (C-4), 150.5 (C-
2), 136.1 (C-6), 109.4 (C-5), 87.3 (C-4"), 83.7 (C-1"),
70.4 (C-3"), 61.3 (C-5"), 39.9 (C-2"), 12.3 (C-7). Ll E
a5 SRR IE — 020, MU E 15 AR
W GE it A%

& 16: FEEHPIRY) . ESI-MS m/z: 474.26 [M
+H]*, 7N CasHisN3Os. 'H-NMR (500 MHz,
DMSO-ds) d: 6.61 (2H, dd, J = 8.0 Hz, 3.0 Hz, H-6',
6"), 6.57 (2H, d, J=3.0 Hz, H-2", 2""), 6.42 (2H, d, J =

2.75 (2H, t, J = 7.5 Hz, H-4), 2.62 (4H, d, J = 7.0 Hz,
H-8, 8"), 2.28 (4H, m, H-7', 7"), 1.71 (2H, t, J=7.5
Hz, H-3), 1.55 (2H, t, J=7.5 Hz, H-7), 1.41 (2H, t,J =
7.5 Hz, H-8); 13C-NMR (125 MHz, DMSO-ds) d: 172.1
(C-9", 171.5 (C-9"), 145.0 (C-3'), 145.0 (C-3"), 143.3
(C-4"), 143.3 (C-4"), 132.2 (C-1'), 132.0 (C-1"), 118.7
(C-6", 118.7 (C-6"), 115.7 (C-5'), 115.7 (C-5"), 115.5
(C-2"), 115.5 (C-2"), 46.5 (C-6), 44.6 (C-4), 37.8 (C-
8", 37.6 (C-8"), 37.4 (C-9), 35.6 (C-2), 30.7 (C-7"),
30.5 (C-7"), 26.3 (C-3), 26.0 (C-7), 23.1 (C-8). LA I
B 5 SRR IE — BT, WO E A 16 9 NTNO-
di-dihydrocaffeoylspermidine
32 MINEMITMEER

KA CCK-8 ¥EMIEN A 1~16 X HepG2 4H
MIAEIEZRFEN . £5 R W], 7E 10 pmol/L WREET,
&Y 1~16 WAV RMEE (FFEFEHRT
80%) . CCK-8 i£failifb &%t APAP 755 HepG2 4
M IsEm, S5 (KD, SRR,
FERIZH AR AF TS R B E BRK (P<<0.001) ; Hf5AYH
HIEL, FREZE RALEY) 5~7. 10~16 Hyn] B &
HepG2 4% % (P<<0.01. 0.001) , #/wbl AL

8.0 Hz, H-5, 5"), 3.09 (2H, d, J = 6.5 Hz, H-2), 3.04  &%%F APAP 5l rH4 % B — & MR ER . 1
(2H, d, J= 6.5 Hz, H-9), 2.80 (2H, t, J= 7.5 Hz, H-6), W, A 130 15 AR f7E 2 s T RHPEZG 4.
150 =
X 100 Lo iy sk KRR
in{} sk sk
i
&
% ) II ﬂ ﬂ ﬂ H ﬂ ﬂ ﬂ H
0 ﬂ ﬂ
A NAC 1 2 13 14 15 16
LSRR ##P<0.001; SR "P<0.05 P<0.01 P<0.001.
#P < 0.001 vs control group; “P<<0.05 **P<0.01 P <0.001 vs model group.
El1 &Y 1~16 X APAP iES HepG2 MAIIRGEHIRN (x+5,n=3)
Fig. 1 Effects of compounds 1—16 on APAP-induced damage in HepG2 cells (x +s ,n = 3)
4 e AR b 4 NI RBEEAEYI (1~3. 9) AR
AHFFN PR RS B E T 16 ME Méﬂ J@?@J\ATEWE%% (Mt 1) a2l

IR G, BFE 9 MR (1~9), 24
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Bk (16) . AW 1~16 2519 E IR A HEFIAD 153 5
B3, &Y 12, 13, 15, 16 N E XM KA Jg 2y

, X R T B MRS SR AT B AR R oy
Hﬁ ERARIME . (& 16 NEEHIEAHITRS
REFAEBR, B HGE T RHE R R,
XA N AEFAC FR B RO IAZ IR LAY . I PR I
SEREH], B 5~7. 10~16 X APAP i 511

zq
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