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HWE. BB W TUsER Zanthoxylum planispinum var. dintanensis Y. L. Tu M 2R LR A2 1 S AR AN 4R
e, ik RHGERL . Sephadex LH-20, MCI Jfifil 5 WOAH (1% HEAT /> B 24k, MR 4R B A P 5 X% e i Mt 4 5 e
LB RIEH . KT DPPH, ABTS' H B EERIEIFHPUAAMEE, &R Ahrsas 18 Muaw, 4il%eEh
phillygenin (1) | (+) -2- (3, 4-dimethoxyphenyl) -6- (3, 4-dihydroxy-phenyl) -3, 7-dioxabicyclo [3, 3, 0] octane (2) .
(+) -de-4'-O-methylyangabin (3) . epipinoresinol (4) . piperyamine A (5). dioctyl phthalate (6) . 3-hydroxy-7, 8-
didehydro-B-ionone (7). dihydroaltamide (8) . 4-hydroxy-3, 5-dimethoxybenzaldehyde (9) . 4-acetonyl-3, 5-dimethoxy-p-
quinol (10) | osthenol (11) . terephthalic acid bis (2-ethyl-hexyl) ester (12) . trilepisuimic acid (13) . zanthpodocarpins A
(14) . zanthlignan A (15) ., 3- {4- (3, 5-dimethoxyphenyl) hexahydrofuro [3, 4-c] furan-1-yl} benzo [d][1, 3] dioxole
(16) . biplanispine A (17) 13, 7, 11, 15-tetramethylhexadec-2-en-1-ol (18) ., fb&4) 13 X DPPH, ABTS" H H%EM4 IC,,
{4y 50 (10.923+0.234) . (12.836+0.563) wmol/L, it (L&YW 1~18 HEWRMNZMEY H B ER, 2~5, 7,
11, 13, 18 N EHIRMIEHUBHE Y 155, fLEY 13 BA BRI AT
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Chemical constituents from the ethyl acetate fraction of branches and leaves of
Zanthoxylum planispinum var. dintanensis and their in vitro antioxidant activity
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ABSTRACT: AIM To study the chemical constituents from ethyl acetate fraction of branches and leaves of
Zanthoxylum planispinum var. dintanensis Y. L. Tu and their in witro antioxidant activity., METHODS
Separation and purification were performed using silica gel, Sephadex LH-20, MCI and semi-preparative HPLC,
then the structures of obtained compounds were identified by physicochemical properties and spectral data. The
antioxidant activity was evaluated using DPPH and ABTS" free radical scavenging assays. RESULTS Eighteen
compounds were isolated and identified as phillygenin (1), (+) -2- (3, 4-dimethoxyphenyl) -6- (3, 4-
dihydroxy-phenyl ) -3, 7-dioxabicyclo [ 3, 3, 0] octane (2), (+) -de-4’-O-methylyangabin (3),
epipinoresinol (4 ), piperyamine A (5), dioctyl phthalate (6), 3-hydroxy-7, 8-didehydro-B-ionone (7),
dihydroaltamide (8), 4-hydroxy-3, 5-dimethoxybenzaldehyde (9), 4-acetonyl-3, 5-dimethoxy-p-quinol (10),
osthenol (11), terephthalic acid bis (2-ethyl-hexyl) ester (12), trilepisuimic acid (13), zanthpodocarpins A
(14), zanthlignan A (15), 3- {4- (3, 5-dimethoxyphenyl) hexahydrofuro [ 3, 4-c] furan-1-yl} benzo [d]
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[1, 3] dioxole (16), biplanispine A (17) and 3, 7, 11, 15-tetramethylhexadec-2-en-1-0l (18). The ICy, values
of compound 13 against DPPH, ABTS' free radicals were (10.923 +0.234), (12.836+0.563) mmol/L,
respectively. CONCLUSION Compounds 1-18 are isolated from Z. planispinum var. dingtanensis for the first

time, 2-5, 7, 11, 13 and 18 are first isolated from Zanthoxylum genus. Compound 13 has significant in witro

antioxidant activity.

KEY WORDS: Zanthoxylum planispinum var. dintanensis Y. L. Tu; branches; leaves; ethyl acetate fraction;

chemical constituents; isolation and identification; in vitro antioxidant activity

THIAAEM Zanthoxylum planispinum var. dintanensis
Y. L. Tu 25 & RHEARUR HL AT 0 A8 U — AN A8
Fir, K204 T 5 N w5 3 b 3 $m) 45 il X
XA AT B, FEERER . KH
%, BARGRE R, ERHE&E, MR, i’
TE PR SRR BN 2 A AR AN X 45
R E L TRF, AERU I A UE Bk
mn ], EBEATZ N HNE, AT TSR
AR R SR, AE BT R L
R AT o e s, BV | BN A R
R S R R S RORr B SR Y RS R,
TUZAEMOR B 5 S e . w2y, HHRA R
EVURALTEE, (P A R 2R A K
AEYEPERPF AN A TR, JCHE R R 4
FESHUEATE VR v TCARGE

BRI, A ST LA TR AGHUBL X 42, 95% &
FEPE UG L TR CBRZEEL, Z5Gris 2R aag
FARXS HA 2 oy AT o3 B 2l s T Bolb 745
FussE , FFiE— L DPPH, ABTS' [ i 3L i [ ok
B HAR SN E A I, IMIZZ AR AT &
FIFH R AERF 2
1

JF21060 $HU#E  (VLI5 BEIEHLACA R A A
AM-600 MHz #% #% 3 PR AL (18 [ A & 50 2 Al ) 5
ESI-MSHP 1100 MSD ¥ it it AL ( 2 L HER A
H]); Essentia SIL-16P il & & 808 AH G35 (H
AREBEATE) ; AWK EAR (FHERARA
7)) ; Sephadex LH-20 (40~70 wm, i+ 4¢3 P4V
ANFED) . BEE (40 ~ 80, 100 ~ 200, 200 ~ 300,
300~400 H) . HIZEE GFy, (FSIEFALTAR
NH]) 3 MCI CHP-20P (75~150 pm, H A =25/
Fl); C JAHEER (20~45 pm, FEEBREAH])
XSelect CSH C s 70 #T (435 #F (4.6 mmx 150 mm,
3.5 wm) (L Waters A F]) . 5% Bt R £ BEH W |
5% WEAHIR Ol (RIS EBCH) s 1, -T2
WFEARME (DPPH) | 2, 2/-BKHE-XL (3-Z FE AT
1534

WEMRIR-6-BR R ) -—fikEh (ABTS) ., 4E/EK C. B
MREb gz il (IR AR BR A ] ) 5 B
BREf ( LHERTRL T AR AR R A BR A H] ) 5 F
[Eaka, 2wt (Bf) B ARAR];
AMEE, CMROWE, APk, CmE, WS
(orpral, EZERERIARATR) .

TR AEARE T T 2023 4F 10 AR H SRM A v 3
B FRA (45 GNRC-20231025) % 2 Fg bt 24 24
WIHARA B F 5K B 2 e N 2 PR 7T i e A
AR TRIEAEM Zanthoxylum planispinum var. Dintanensis
Y. L. Tu A,
2 REESEH

BT BRI TR AE AU 33 kg, HIHE, 95% &
R AR 3 I, WURWRAATHRE, A KIRE,
LR CTRAE 3 ¥, BIGAER, 198 LR LERE L
(1152.0 g), £100~200 HEEMASES, LIAH
k-2 TR TR (40 = 1~2: 1) BEREEVEME, 75 3
Fr. A~Fr. D,

Fr.C £ MCI £ )28, UHEE-K (1:1~9:
1) BV, 8% Fr.C1~Fr. C4, Fr.C1 (30.0
g) FlFr.C2 (45.2 ¢) @i wERAEZEN, L
BE-PNER (10 1~1: 1) BREEVEN, MR 1
(10.1 mg); Fr.C4 (25.0 g) it C, 2 Mk RE
EAT, DIREE-K (1:1~19 1) BREEWEN, 155
Fr.C4.1~Fr.C4. 4, Fr.C4.2 (1.6 g) @i ERA:
Er, AR O (8 1~1:1) BEEBE
i, HEMLAEY S5 (10.0 mg) . 6 (1.0 mg),

Fr.D (195.3 ¢) il C AR ZENT, VU
K (1:1~19:1) BEEEBENE, 753 Fr. D1~
Fr.D5, Fr. D1 (40.0 g) i1 Sephadex LH-20 £
Z=Hr (Wsh A EE), 45 2] Fr. DI1.1 ~ Fr. DI1.6,
Fr.D1.1 (0.6 g) il % HPLC ({RFH &
2.0 mL/min, FPK 254 nm) Zlifk, DL EE-K
(4:1) VM, BEME®T (7.0 mg, 1,=12.5
min) ., 8 (4.0 mg, t;,=15.2 min), 11 (19.3 mg,
t,=47.0 min); Fr.DL.5 (0.3 g) it 2}l &
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HPLC (A& 2.0 mL/min, &M K 254 nm)
aifb, DIFFEEK (1 :4) WM, B3ka9 9
(10.0 mg, ,=19.7 min), 10 (1.1 mg, ,=33.2
min) , Fr. D3 (34.3 ¢) @tk )ZHT, Uil
BE-PNEA (10 = 1~1: 1) BB, BEMLEY 12
(5.0 mg), Fr.D5 (25.0 g) i rEBetZEH, L
FMBE-ZTRZHE (8 : 1~1: 1) BREEVEM, 193
Fr.D5. 1~Fr.D5.3, Fr.D5.1 (5.7 g) HriliFiags
mh, Z-F Wi ES, B EY 2 (37.3
mg) , A AR B, DA HEE- R
M (8:1~1:1) BEEEVENL, HELEW 4 (37.2
mg) . 13 (19.0 mg) . 14 (10.0 mg), F-&IHFF4
IR M55 Fr.D5.1.1, Fr.D5.1.1 (0.2 g) £
Sephadex LH-20 #1)2Hr (WshAHHEE) , 1535
P15 (25.0 mg) . 16 (25.2 mg); Fr.D5-2 (1.7
g) MR g ih, &AM, Baks
Y3 (90.4 mg), GIFFAH S, P4 Sephadex
LH-20 ¥ 2 0r (Wish MW BE), SEs Y 17
(30.2 mg) , 18 (2.0 mg),

3 LML TE

k& 1. AeakhR (HEE), ESI-MS m/z.
395.3 [M+Na]*,"H-NMR (600 MHz, CDCI,) §:
6.94~6.83 (6H, m, H-2,2',5,5,6,6'),5.65
(1H, s, -OH), 4.88 (1H, d, J=5.7 Hz, H-7"),
4.43 (1H, d, J=7.2 Hz, H-7), 4.13 (1H, d, J=
9.4 Hz, H-9b), 3.90 (3H, s, 3'-OCH,), 3.89
(3H, s, 3-OCH,), 3.88 (3H, s, 4’-OCH,), 3.84
(2H, m, H-9a, 9'b), 3.33 (2H, overlap, H-9'a,
8'), 2.92 (1H, q, H-8);"” C-NMR (150 MHz,
CDCl,) &: 148.8 (C-3'), 147.9 (C-4'), 146.7
(C-3), 145.3 (C-4), 133.0 (C-1), 130.8 (C-1"),
119.2 (C-6'), 117.7 (C-6), 114.2 (C-5'), 111.0
(C-5),108.9 (C-2), 108.5 (C-2"), 87.5 (C-7),
82.0 (C-7"), 71.0 (C-9), 69.7 (C-9'), 55.9 (3x
-OCH,), 54.5 (C-8), 50.1 (C-8'), FR¥IES
SCHk (6] MAERA -, MEERILEY N
phillygenin,,

& 2. AEEAE (FEE), ESI-MS m/z:
381.1 [M+Na]*,"H-NMR (600 MHz, CDCl,) &:
6.89~6.71 (6H, m, H-2,2',5,5,6,6'), 475
(1H, d, J=4.9 Hz, H-7), 4.68 (1H, d, J=4.7
Hz, H-7'), 4.21 (2H, m, H-9b, 9'b), 3.87 (3H,
s, 4-OCH,), 3.88 (2H, overlap, H-9a, 9'a), 3.86
(3H, s, 3-OCH,), 3.09 (2H, m, H-8, 8');"C-

NMR (150 MHz, CDCl;) 6. 149.0 (C-4), 148.5
(C-3), 144.0 (C-4"), 143.7 (C-3"), 133.1 (C-
1), 133.0 (C-1"), 118.4 (C-6), 118.3 (C-6"),
115.2 (C-5), 113.3 (C-2), 110.9 (C-5"), 109.1
(C-2"), 85.8 (C-7), 85.7 (C-7"), 71.6 (C-9),
71.4 (C-9"), 55.8 (-OCH,x2), 53.8 (C-8), 53.7
(C-8"), Fid%E 53k [7] i HA—2, #%
WEZACEYI N (+) -2- (3, 4-dimethoxyphenyl ) -
6- (3, 4-dihydroxy-phenyl) -3, 7-dioxabicyclo [ 3, 3,
0] octane,

ea® 3. BEMIK (PEE), ESI-MS m/z:
455.4 [M+Na]*,'"H-NMR (600 MHz, CDCl,) §:
6.55 (4H, m, H-2, 6, 2", 6"), 4.72 (2H, m, H-
7,7), 4.27 (2H, m, H9b, 9'b), 3.90 (H-9a,
m, 2H, 9'a), 3.85 (6H, overlap, 3’, 5'-OCH,) ,
3.83 (6H, overlap, 3, 5-OCH,), 3.80 (3H, m, 4-
OCH,), 3.07 (2H, s, H-8, 8);"” C-NMR (150
MHz, CDCl;) 6. 153.2 (C-3, 5), 147.0 (C-3',
5"), 137.2 (C-4), 136.6 (C-1), 134.1 (C-3"),
131.8 (C-1"), 102.6 (C-2", 6"), 102.5 (C-2, 6),
85.8 (C-7), 85.7 (C-7"), 71.7 (C-9, 9"), 60.6
(4-OCH, ), 56.1 (3", 5'-OCH,), 56.0 (3, 5-
OCH,), 54.1 (C-8, 8"), L%l 53cmk [8] i
EEAR —2, HUEEZIEEY N (+) -de-4'-0-
methylyangabin,

&Y 4. AERR(CE TS, ESI-MS m/z:
381.1 [M+Na]*,"H-NMR (600 MHz, CDClL,) §:
6.95 (1H, s, H-2"), 6.91 (1H, overlap, H-2),
6.89 (2H, overlap, H-5, 5"), 6.85 (1H, overlap,
H-6), 6.79 (1H, s, H-2"), 4.86 (1H, d, J=5.5
Hz, H-7"), 4.44 (1H, d, J=7.8 Hz, H-7), 4.13
(1H, d, J=9.5 Hz, H-9), 3.91 (3H, s, 3-
OCH,;), 3.90 (3H, s, 3'-OCH;), 3.85 (2H, m,
H-9a, 9'b), 3.32 (2H, m, H-9'a, 8'), 2.92 (C-
8);"C-NMR (150 MHz, CDCl,) 8. 146.7 (C-3),
146.4 (C-3"), 145.3 (C-4"), 144.5 (C-4), 132.9
(C-1), 130.2 (C-1"), 119.1 (C-6), 118.3 (C-
6'), 114.2 (C-5, 5'), 108.5 (C-2), 108.3 (C-
2"y, 87.7(C-7),82.0(C-7"),70.9 (C-9"), 69.6
(C-9), 55.9 (3-0CH,), 55.9 (3-OCH,), 54.4 (C-
8),50.0 (C-8'), LB SCHR [9] A
—3, BEEEZMEY N epipinoresinol,

Ews. LRy (RA5), ESI-MS m/z:
348.4 [M+Na]*,'"H-NMR (600 MHz, CDCI,) §:

1535
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5.42 (1H, t, J=7.0 Hz, H-2), 4.15 (d, J=7.0
Hz, 2H, H-1), 1.99 (2H, m, H-4), 1.66 (3H, s,
H-18), 1.50 (1H, m, H-4), 1.36 (4H, m, H-5,
13, 19), 1.25 (10 H, m, H-7, 8, 10~12), 1. 12
(4H, m, H9, 14), 1.05 (2H, m, H-6), 0.86
(12H, m, H-16, 17, 20, 21) ;"C-NMR (150 MHz,
CDCL,) 8: 140.3 (C-3), 123.0 (C-2), 59.4 (C-
1), 39.8 (C-4), 39.3 (C-14), 37.4 (C-6), 37.2
(C-8), 36.6 (C-11), 36.3 (C-9), 32.7 (C-5),
32.6 (C-19), 29.6 (C-10), 27.9 (C-15), 25.1
(C-7), 24.7 (C-13), 24.4 (C-12), 22.7 (C-17),
22.6 (C-16), 19.6 (C-20), 16.1 (C-18), LiR#K
PE5CHR [10] B EEA -5, Mz s
A piperyamine

a6 HEKmAK (AMi), ESI-MS m/z:
413.5 [M+Na]*,'"H-NMR (600 MHz, CD,0D) §:
7.73 (2H, dd, J=17.4, 2.4 Hz, H-3, 6"), 7.64
(2H, m, H-4", 5"), 4.23 (4H, d, J=4.2 Hz, 2x
OCH,), 1.75 (1H, m, H-2, 2'), 1.45 (2h, dd,
J=12.7, 6.6 Hz, H-3), 1.40 (2H, m, H-4, 4"),
1.36 (4H, d, J=3.9 Hz, H-5, 5", 7, 7'), 0.97
(6H, m, H-6, 6, 8, 8); “C-NMR (150 MHz,
CD,0D) &: 132.2 (C-1", 2"), 131.0 (C-4", 5"),
128.5 (C-3", 6"), 67.7 (C-1, 1'), 38.8 (C-2,
2"),30.2 (C-3,3"),28.8 (C-4,4"),23.6 (C-7,
7'),22.7 (C-5,5"),13.0 (C-8, 8'), 10.0 (C-6,
6'), LEIESSCER [11] B REA -2, B
EZAEY R dioctyl phthalate

a7, ARy (WEE), ESI-MS m/z:
229.3 [M+Na]*,'"H-NMR (600 MHz, CDCl,) §:
3.99 (1H, m, H-3), 2.49 (1H, dd, J=20.4, 7.7
Hz, H-4b), 2.38 (3H, s, H-10), 2.08 (1H, m,
H-4a), 1.97 (3H, s, H-13), 1.13 (3H, s, H-
11);”C-NMR (150 MHz, CDCI,) §: 185.0 (C-9),
146.9 (C-5), 122.6 (C-6), 94.1 (C-8), 90.4 (C-
7), 64.7 (C-3), 46.6 (C-2), 42.0 (C-4), 36.8
(C-1), 33.2 (C-10), 30.5 (12), 29.0 (C-11),
23.2 (C-13), hFiR%dE 53CHk [12] ol sk —
#, BMEEIZEY N 3-hydroxy-7, 8-didehydro-B-
ionone

aY 8. BEuRY (WEE), ESI-MS m/z:
278.2 [M+Na]*,'"H-NMR (600 MHz, CDCl,) §:
7.69 (2H, d, J=6.5 Hz, H-10, 14), 7.49 (1H, t,
J=6.8 Hz, H-12), 7.42 (2H, t, J=8.2 Hz, H-11,
1536

13), 7.17 (2H, d, J=8.5 Hz, H-4, 15), 6.87
(2H, d, J=6.8 Hz, H-3, 16), 3.80 (3H, s, H-
1), 3.70 (2H, dd, J=13.2, 6.8 Hz, H-7), 2.89
(2H, t, J=7.0 Hz, H-6);" C-NMR ( 150 MHz,
CDCl,) &; 167.4 (C-8), 158.3 (C-2), 134.6 (C-
9), 131.3 (C-5), 130.8 (C-12), 129.7 (C-4,
15), 128.5 (C-11, 13), 126.7 (C-10, 14), 114.1
(3,16), 55.2 (C-1), 41.2 (C-7), 34.7 (C-6),
BRI S OCER [(13] B A B, MU E X
&R dihydroaltamide ,

a9 By (WEE), ESI-MS m/z:
205.1 [M+Na]*,'"H-NMR (600 MHz, CDCl,) §:
9.81 (1H, s, H-6), 7.15 (2H, s, H-2, 5), 3.97
(6H, s, 2x-OCH;) ;"C-NMR (150 MHz, CDCI,) §:
190.7 (C-7), 147.3 (C-3, 5), 140.7 (C-4),
128.3 (C-1), 106.6 (C-2, 6), 56.4 (-OCH,x2)
BRI S OCER [10] B A - MR E X
LG YR 4-hydroxy-3, 5-dimethoxybenzaldehyde

&Y 10 LEsR (WEE), ESI-MS m/z:
249.1 [M+Na]*,'"H-NMR (600 MHz, CDCl,) §:
5.43 (2H, s, H-6, 8), 3.76 (6H, s, H-10, 11),
2.96 (2H, s, H-3), 2.19 (3H, s, H-1);”C-NMR
(150 MHz, CDCl,) &: 170.1 (C-2, 5, 7, 9),
100.4 (C-6, 8), 71.2 (C-4), 56.3 (C-10, 11),
47.2 (C-3), 31.7 (C-1), FiRBUE53CHk [14]
fRIEHA B, W EIZ G YN 4-acetonyl-3, 5-
dimethoxy-p-quinol ,

Ew 11, HEBEER (TR, ESI-MS m/z:
253.1 [M+Na]",'H-NMR (600 MHz, CDCl,) &:
7.80 (1H, d, J=9.3 Hz, H-4), 7.27 (1H, d, J=
8.4 Hz, H-5), 6.80 (1H, d, J=8.5 Hz, H-7),
6.15 (1H, d, J=9.3 Hz, H-3), 5.25 (1H, t, J=
8.8 Hz, H-2"), 3.48 (1H, d, J=7.4 Hz, H-1"),
1.83 (3H, s, H4"), 1.65 (3H, s, H-5") ; "C-NMR
(150 MHz, CDCl,) &; 163.5 (C-2), 160.1 (C-8),
154.3 (C-10), 146.1 (C-4), 132.6 (C-3"), 127.3
(C-6),122.2 (C-2'), 116.5 (C-9), 113.1 (C-7),
112.9 (C-5), 111.3 (C-3), 25.5 (C-5"), 22.3
(C-1"),17.6 (C-4"), bid%Eds53CHk [15] 4k
EHAR—F, W IZ A YN osthenol ,

bW 12, & @k, ESI-MS m/z: 413.3
[M+Na]*,'H-NMR (600 MHz, CDCl,) &: 8.10
(4H, s, Ar-H), 4.29 (4H, m, H-1"), 1.75 (2H,
m, H-2'), 1.49~1.27 (16 H, m, H-3'~5", 7"),
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0.97 (6H, m, H-8'), 0.92 (6H, m, H-6');"C-
NMR (150 MHz, CDCl,) . 165.9 (-COO-), 134.2
(C-1), 129.4 (C-2,3,5,6), 67.7 (C-1"), 38.8
(C-2"),30.5 (C-3"),28.9 (C4"), 23.9 (C-7"),
22.9 (C-5"), 14.0 (C-6'), 11.0 (C-8'), k%L
530k [16] B REA -2, BEEZAEY
A terephthalic acid bis (2-ethyl-hexyl) ester,
EY13. BEkR (Afi), ESIMS m/z:
316.3 [M+H]",'"H-NMR (600 MHz, CH,0D) §:
7.54 (1H, d, J=15.8 Hz, H-8), 7.44 (1H, d, J=
2.2 Hz, H-4), 7.42 (1H, d, J=2.2 Hz, H-3),
7.04 (1H, d, J=1 Hz, H-10), 6.94 (1H, dd, J=
8.2,2.2 Hz, H-14), 6.80 (2H, dd, J=12.4, 8.2
Hz, H-13, 16), 6.24 (1H, d, J=16.0 Hz, H-7);
"C-NMR (150 MHz, CH,0D) §&: 171.4 (C-6),
170.4 (C-1), 151.5 (C-2), 149.4 (C-11), 146.8
(C-12), 146.8 (C-8), 146.0 (C-15), 127.8 (C-
9), 123.9 (C-3), 123.3 (C-5), 122.8 (C-14),
117.7 (C-4), 116.5 (C-13), 115.8 (C-16), 115.7
(C-7), 115.1 (C-10) , FiR%4E 53cmk [17] )
EEA -, HEEEZEYIN trilepisuimic acid,
&Y 14 AEmAR (HEE), ESI-MS m/z:
759.3 [M+Na]*,'H-NMR (600 MHz, CH,0D) §:
7.27 (1H, d, J=8.2 Hz, H-5"), 7.00 (2H, m, H-
2',2"),6.93 (3H, m, H-6', 5", 6"), 6.87 (1H,
d, J=1.9 Hz, H-2), 6.83 (1H, m, H-6), 6.79
(1H, d, J=8.0 Hz, H-5), 5.94 (2H, s, 3-OCH,0-
4),5.51 (2H, s, 3"-OCH,0-4"), 5.43 (1H, s, H-
5"),5.31 (2H, s, 3"-0CH,0-4"), 4.88 (1H, s, H-
7"),4.64 (1H, d, J=5.6 Hz, H-7), 4.50 (1H,
d, J=7.0Hz, H-7"), 4.42 (1H, d, J=6.0 Hz, H-
7"),4.22 (2H, d, J=10.1 Hz, H-9'b, 2"), 4. 17
(1H, d, J=10.0 Hz, H-9'b), 4.07 (1H, t, J=8.8
Hz, H-9b), 3.87 (1H, m, H-9'a), 3.85 (1H, s,
H-8'), 3.84 (3H, s, 3"-OCH,), 3.83 (3H, s, 4"-
OCH,), 3.80 (2H, m, H-9"b), 3.72 (1H, m, H-
9a), 3.70 (3H, s, 3’-OCH,), 3.41 (1H, m, H-
8"), 3.29 (1H, t, J=9.3 Hz, H-9"a), 3.85 (1H,
s, H-8),3.09 (1H, m, H-8"), 2.92 (1H, m, H-
8'); "C-NMR (150 MHz, CH,0D) §: 199.5 (C-
6"), 169.7 (C-4"), 154.3 (C-3"), 150.4 (C-4"),
149.6 (C-3"), 149.4 (C-4), 148.6 (C-3), 143.3
(C-4"), 141.5 (C-1"), 136.7 (C-1), 132.8 (C-
1"), 125.8 (C-5"), 120.6 (C-6), 119.3 (C-6"),

119.2 (C-6"), 112.9 (C-5"), 111.4 (C-2'),
110.8 (C-2"), 109.0 (C-5), 107.5 (C-2), 103.5
(C-5"), 102.4 (3-OCH,0-4), 102.3 (3"-0OCH,0-
4", 88.9 (C-7'), 86.7 (C-7), 84.6 (C-7"), 83.3
(C-7"), 74.2 (C-2"), 73.7 (C-9"), 73.6 (C-9),
72.1(C-9'), 70.8 (C-9"), 56.5 (C-1"), 56.2 (C-
8'),55.9 (3', 4"-OCH,), 53.6 (C-8"), 51.3 (C-
8), 5.1 (C-8"), k%l s ik [18] ik
A—F, BEEEZLEY AN zanthpodocarpins A,

Ew 15 HEEER (HEE), ESI-MS m/z:
381.1 [M+Na]*,'"H-NMR (600 MHz, CH,0D) §:
6.98 (1H, s, H-2'), 6.92 (2H, d, J=1. 14 Hz, H-
2,6"), 6.88 (1H, dd, J=8.6, 1.9 Hz, H-5'),
6.85 (1H, m, H-6), 6.78 (1H, t, J=7.9 Hz, H-
4),5.93 (2H, s, -OCH,0-), 4.73 (2H, dd, J=
12.3, 7.1 Hz, H-7, 7'), 4.23 (2H, m, H-9b, 9
b), 3.86 (2H, dd, J=9.2, 4.4 Hz, H-9a, 9'a),
3.84 (3H, s, 3-OCH,), 3.82 (3H, s, 5-OCH,),
3.11 (2H, m, H-8, 8);"” C-NMR (150 MHz,
CH,0D) &: 150.6 (C-5), 150.1 (C-3), 149.4 (C-
3'), 148.6 (C-4'), 136.5 (C-1), 135.2 (C-1'),
120.6 (C-6"), 119.8 (C-6), 112.9 (C-5'), 111.1
(C-4),109.0 (C-2'), 107.5 (C-2), 87.3 (C-7),
87.2 (C-7"), 72.7 (C-9, 9'), 56.5 (3-OCH,),
56.5 (5-OCH,), 55.6 (C-8), 55.4 (C-8'), Lk
PGS cHk [19] WERA -, WEeziks
Wk zanthlignan A,

&Y 16, H @K, ESI-MS m/z; 381.1
[M+Na]*,'H-NMR (600 MHz, CH,0D) §: 7.00
(1H, d, J=2.0 Hz, H-2"), 6.94 (1H, s, H-2),
6.93 (1H, d, J=2.2 Hz, H-6), 6.88 (1H, d, J=
1.7 Hz, H-6"), 6.86 (1H, dd, J=7.9, 1.8 Hz, H-
5),6.79 (1H, d, J=8.0 Hz, H-5'), 5.93 (2H, s,
-OCH,0-), 4.88 (1H, s, H-7"), 4.44 (1H, d, J=
6.8 Hz, H-7), 4.12 (1H, d, J=9.3 Hz, H-9'b),
3.86 (1H, t, J=12.2 Hz, H-7b), 3.84 (3H, s, 3-
OCH,), 3.82 (3H, s, 5-OCH,), 3.78 (1H, t, J=
8.3 Hz, H-9'a), 3.38 (1H, d, J=18.7 Hz, H-8"),
3.26 (1H, t, J=9.3 Hz, H-9a), 2.92 (1H, dd,
J=16.0, 6.6 Hz, H-8);"” C-NMR ( 150 MHze,
CH,0D) &: 150.3 (C-3), 149.6 (C-5), 149.4 (C-
3'), 148.7 (C-4"), 136.6 (C-1), 132.8 (C-1"),
120.8 (C-2"), 119.2 (C-6), 112.9 (C-2), 110.8
(C-4),109.0 (C-5"), 107.5 (C-6'), 89.3 (C-7),
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83.3 (C-7"), 72.0 (C-9), 70.7 (C-9"), 56.5 (3,
5-0OCH,), 55.9 (C-8'), 51.3 (C-8), LiR¥IEY
SCHR [20] RIEHEA 3, BEERMEY R 3-
{4- (3, 5-dimethoxyphenyl) hexahydrofuro [ 3, 4-c]
furan-1-yl}! benzo [d] [1, 3] dioxole,

WCEY 17, HE K K, ESI-MS m/z: 742.7
[M+Na]*,'"H-NMR (600 MHz, CDCl,) &: 7.18
(1H, d, J=8.0 Hz, H-6"), 6.92 (1H, d, J=2.1
Hz, H-2'), 6.86 (1H, s, H-6"), 6.83 (2H, t, J=
5.8 Hz, H-2, 2"), 6.82 (2H, d, J=3.8 Hz, H-6,
5'), 6.77 (2H, t, J=1.0 Hz, H-5, 5"), 5.97
(2H, s, 3"-OCH,0-4"), 5.94 (2H, s, 3-OCH,0-
4),5.53 (1H, s, H-5"), 5.44 (1H, s, H-10"),
5.19 (1H, s, H-10"), 4.83 (1H, d, J=5.5 Hz, H-
7),4.69 (1H, d, J=4.7 Hz, H-7"), 4.63 (1H,
dd, J=6.3, 2.9 Hz, H-7"), 4.43 (1H, d, J=7.3
Hz, H-7"), 4.35 (1H, d, J=9.8 Hz, H-2"), 4.18
(1H, dd, J=8.9, 6.1 Hz, H-9"b), 4. 13 (1H, m,
H-9"), 4.11 (1H, m, H-9b), 3.87 (1H, m, H-
9a), 3.85 (2H, m, H-9'b, 9”a), 3.78 (3H, s, 3'-
OCH,), 3.68 (1H, m, H-9"a), 3.38 (1H, m, H-
8"), 3.32 (2H, m, H-8, 9'a), 3.26 (1H, dd, J=
9.9, 2.8 Hz, H-10"), 3. 14 (1H, m, H-8"), 2.87
(1H, d, J=7.3 Hz, H-8');" C-NMR (150 MHz,
CDCly) 6: 196.1 (C-6"), 167.8 (C-4"), 153.1
(C-3"), 148.1 (C-4"), 147.8 (C-4), 147.2 (C-
3"y, 146.8 (C-3), 141.6 (C-1"), 140.0 (C-4"),
135.1 (C-1"), 132.2 (C-1), 124.2 (C-6"), 119.5
(C-6"), 118.8 (C-6), 118.4 (C-5"), 110.0 (C-
2'), 108.3 (C-5, 5"), 106.7 (C-2), 105.3 (C-
3"), 103.0 (C-5"), 101. 1 (C-10", 3-OCH,0-4, 3"-
OCH,0-4"), 87.4 (C-7"), 84.7 (C-7"), 84.5 (C-
7"y, 82.1 (C-7), 73.2 (C-2"), 72.6 (C-9), 72.5
(C-9"), 71.1 (C-9'), 70.0 (C-9"), 55.8 (3'-
OCH,), 54.8 (C-8"), 54.7 (C-8"), 52.1 (C-1"),
50.3 (C-8), 48.9 (C-8"), k%5 3k [21]
fRIEFA L, B EZ A0 biplanispine A,

a9 18, kY (WEE), ESI-MS m/z:
339.5 [ M+Na]*,'"H-NMR (600 MHz, DMSO) &
5.21 (1H, m, H-2), 3.92 (2H, t, J=4.5 Hz, H-
1), 1.92 (2H, dd, J=13.0, 6.1 Hz, H-4), 1.55
(3H, s, H-20), 1.50 (1H, t, J=6.6 Hz, H-15),
1.37 (2H, m, H-7, 11), 1.23 (14H, overlap,
H-5~6, 8~10, 12~13), 1.12 (2H, m, H-14),
1538

0.85 (3H, s, H-16), 0.84 (3H, s, H-17), 0.83
(3H, s, H-18), 0.82 (3H, s, H-19);"” C-NMR
(150 MHz, DMSO) &: 135.7 (C-3), 125.3 (C-2),
57.5 (C-1), 40.1 (C-4), 38.8 (C-14), 36.7 (C-
12), 36.7 (C-10), 36.6 (C-8), 36.0 (C-6), 32.1
(C-11), 32.0 (C-7), 29.0 (C-15), 27.4 (C-5),
24.5 (C-13), 24.1 (C-9), 22.6 (C-18), 22.5 (C-
17), 19.6 (C-16, 19), 15.9 (C-20), [ iR%dE 5
SCHR [22] B A3, BEEiztka YR 3,
7, 11, 15-tetramethylhexadec-2-en-1-ol,

4 SN S TEETEG

4.1 DPPH A WA FmiEr KILEYIMAREE,
R R 100 pg/L B, S IRk [23]
HRIBH % 0.2 mmol/L DPPH ¥k, VEN IV IEY),
BEESCIH (100 L £ +100 pl. DPPH #%
W) . FESLXTIRZE (100 wL A Sh A + 100 wL Y
FE) . BHPEXTHRZH (100 pL FEE+100 wl DPPH %
W) M PHPEXTBEZE (100 wl 4E4E % C ¥ W+ 100
puL DPPH &), BT 37 Cl1H IR th st [
1 h, 76519 nm RO EWSCE, &E 3K, it
5 DPPH H HEIEBR#, K Graphpad prism 8 %X
P 1C,, M8,

4.2 ABTS' B HmAFrkERE SMHICH [24]
Bl ABTS™ H fH BRI, BEIRER S vhigCRr FAR B
RTAEW, HERCEAE 0.7~0.8 JEHEIN, LT
YERCN I RY), BSR4 (50 pl Ff AR+
200 pL ABTS' IR ) . AESLXTHRZE (50 pL A 5h i
W+200 WL HEE) . BPAPEXTREA] (50 L Y EE+200
pL ABTS*VW) M PHMERT R4 (50 wL 48422 C
VW +150 WL ABTS™ VAW , & 37 C 1A
FER 30 min, 7E 734 nm PR Ab I e WG,
3K, A ABTS™ H 5 BR %, Kk H Graphpad
prism 8 FRAFIHA 1C 18,

% 1 A%, 1b&% 13 Xf DPPH, ABTS' H i
FEEARRERRIEME; &% 1, 2% DPPH H
PG BRTETE SHE 44 = C MY, k&Y
3.4, 11 X} DPPH, ABTS' [ Hy JE (19 75 % 0% P 4%
59, ASALEYE R B 1352515354,

5 itie5&R

ARSI DU TO A7 A6 BURE T 95% 2 B4 B 1 2
2 SR AR SERT %, 274538 FH R il 4 HPLC
REE . Sephadex LH-20 SR S MCI Hp S84 P
BURLE Z P oy B H AR AL 2= o T R B S
afifk, IR REILIR | PO S o
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F1 BEUEWIC,E (pmol/L, x5, n=3)

Tab.1 IC,, values of various compounds ( pmol/L, X=s,

n=3)
&Y DPPH [ 3% ABTS* A H1 %

1 49, 228+2. 285 80.078+1.225*
2 29.310+0. 846 ** 53.831x2. 866
3 61.386+3.033* —
4 67.279+1. 448 ** 99.921+5. 580 **
13 10. 923+0. 234 ** 12. 836+0. 563 *

Y& C 51.001+3. 818 38. 482+4. 760

Y HAEE C L, T P<0.05, 7 P<0.01, —FRIHHERSS
REEG MG B K SciFinder 503 2, Hh% @ 18
MEEY), HEMERDARIEE (1~4), Y6
(6. 8), F&EK (7.9, 12) hE, H, k&
Yr2~5, 7, 11, 13 18 FE KM AEHUE MY 5
AR, FE TZBERYE R 2R,

SRIG ., RFH DPPH. ABTS' [ Hi 543 46 52 56 %
e A Wi T RSN R TE T, RIE A
13 XF 2 Fl ) phr 5 04 T8 B 16 2 39 8 3 o PR ) R
i & ¢, HAERRKRIUAATINES, -
G411 ~2 XF DPPH [ FR - 3 90 ) A o iy 4100 i)
EM .

At BYaEn S Ky AR Z MR,
AL (1) MR AR 5 BT R L RE ) 2 E A
X, BAENEMHMATT @ R A R, T
RN, FRILEH M2 BT RTHERR A 3L raL
Ry (2) By IEA 7 B X HE I B
SR IE B N S, AR R AR 1 R =R A
S alA, DT 280 H b fB] 457 B8 53R 1 e S A T
(3) AR 3 A BRI B o A o7 B o o 7 4 3 A BT AR
fRiEHE A AR, AERRE 8 LT iE ) F R
o7 5% 2 ()87 LA 5 Wi 3 2 R ) s e, T ) G
PrAfbIE

ZELRTIR, AW R G B IS8 T TR RN
Kot b2 nlisyr, RIEABA BEDCEE R 1L
G, JUHIE 13, WIESN KRBT A AR I & )
BEBEY), LIRGRANEE T UL 5
B, WZAMAEDIRE RN, 25 el i 40
BN FH PR AL T R SRR SRS, JE gk TR
HE R B AR RO R AR SE B AR TR PEAIE, LAY
e SIAH &SR

S 3.
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X5 — M ERERER SR E HepG2 MILEHE HET 50

WIMEE, REN, JFEANILT, HMBET
(HEFEHASE, #E KI» 410208)

WE: B KE-WRXSNAER, IR AT I HepG2 MM 1E M, FiE RAEEESSTAEY
2EUE MR XSZ-1, REAREUR T D101 RFLWEBHAG . BE Sl 45 HPLC #4714y B alifh, MR ¥ BRIk P o R bt i 4
i 2 5 A A A I 2540 . R CCK-8 WA PR HepG2 ANARMEETG 1, LR X TAMRM %8 A B BB Cladosporium
anthropophilum, MW 5rE183] 16 MEEGY, 435I %5%E N vinaceuline (1) | cirrhopetalanthin (2) . BEH-IEIFH (3). 4
HREE (4), 3 (BEAR-ZEAR) (5). B (WER-BER) (6). A (IMZEmR-ENZER) (7). aegyptolidine B
(8) . chloramphenicol (9), ¥ (NAM-FRAMK) (10), ¥ (FWEMR-=EARKR) (11), 3 (HER-HER) (12) .
B (HER-REAR) (13) . B (HER-SER) (14) . XEER LB (15) . 2-p-acetoxyphenylethanol (16) ., L&
W5, 91 IC,[HMN (94.34x4.18) . (80.86%3.21) wmol/L, it L& 1~16 LN WL E M H B 53],
2~3 HE RN AT 4R, WG S, 9 B HepG2 4T .
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Secondary metabolites of an endophytic fungus from Scrophularia ningpoensis
and their cytotoxic activity against HepG2 cells

SUN Wu-hui,  YAO Si-fan, ZHOU Xiao-jiang", ZHAO Bi-qing"
(Hunan University of Chinese Medicine, Changsha 410208, China)

ABSTRACT: AIM To identify an endophytic fungus from Scrophularia ningpoensis Hemsl, and to analyze the
secondary metabolites and their cytotoxic activity against HepG2 cells. METHODS  The XSZ-1 strain was
identified using morphological and molecular biological method. The fermentation extract was isolated and purified
using D101 macroporous adsorption resin, silica gel and semi-preparative HPLC, then the structures of obtained

compounds were identified by physicochemical properties and spectral data. The cytotoxic activity against HepG2
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