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ABSTRACT: AIM To study the endophytic fungi of Zanthoxylum simulans Hance and their secondary metabo-
lites. METHODS The endophytic fungi were cultured and isolated by tissue culture and scribing method, and
their species were identified by the morphological characteristics and rDNA ITS1-5. 8S-ITS2 sequences. The fermen-
tation extract of endophytic fungi was isolated and purified by silica and Sephadex LH-20, then the structures of
obtained compounds were identified by physicochemical properties and spectral data. RESULTS  Seven
compounds were isolated and identified as methyl 3, 4-dihydroxybenzoate (1), 3, 4-dimethoxyphenethyl alcohol
(2), (2E) - (2R) -2, 3-dihydroxypropyl-3- (4-methoxy-2-oxo-2H-pyran-6-yl) -2-butenoic acid ester (3),
4-hydroxyphenethyl alcohol (4), pestalotin (5), PB-sitosterol (6) and stigmast-4-ene-3, 6-dione (7).
CONCLUSION  All the compounds are isolated from this endophytic fungi for the first time.

KEY WORDS: Zanthoxylum simulans Hance; endophytic fungi; secondary metabolites; chemical constituents;

isolation and identification

PN AR TR R IR SR A 35 s i B — Bt i A=
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Y kBT AR, HHTH R R 100 277
PN A BT ) oA TR A RN E
Je. AR, MRS, ERZE, BEZE . APLERZE. K
KGR AU Y, JF B R A SO
LU, PUEAL, MU AR, PR, R MRS
PECST L BRI, R A L R T TR T
A RGP BT IR

R IR T2, REZAT 39 Fh 14 742
Fhtel Horp BE AL AR Zanthoxylum simulans Hance A
RS E MR R 2 —, HIR S AR PR R
FHT T e Ko B ol W R B A 4 1R AU
2y, MRRID E 7 25a % 725, HITIRIT XIERS
FEIRTIES | O AR SR L G T B AR AU Ak 2
A3 B BT AR ICTT RAGHEC A W GE, A
B8 TR R T 24 BT 28 XU OG5 R 1Y ) ot
2 I EX AR SRR ST R 1 P A L
FTT IR, AE) 4 BRIEMERE R T T2 M
FHRPUERIRIEAT RTEEY T, A SEIG R ZE XS R
R 724 AR B B ARG AT E S, A
B SE T —MROL N A BT Pestalotiopsis oxy-
anthi, I INHEEED I E#321 T 7 DU
Y, S EWNZN A B P AR E,

1 B

DRP-600 MHz ¥R AR B AL (TMS S AR,
15 % Bruker NFE) 5 Xevo G2-XS QTof B4 g
I (3£ Waters 23] ) ; Agilent 1200 %Y =5 %% W& AH
@A (R Agilent A7) ; N-1001 BUfEHe 78 %
0 (RHFZ AR A RA R . HiFR 5k PDA
[EREE e Bk | R PR FR AN IOKR R e b (L
1602

i) . Sephadex LH-20 HY¥E PN R RbHEEL (3£
Amersham Biosciences 23 7] ) ; Rp-18 K AH i IR
(40~63 pwm, HZ Daiso /AF]); MCI gel CHP-20P
( BAR =230 &41) 5 ReproSil 100-C (835
(250 mmx10 mm, 5 pm, FEEGEEAF); HEGE
ERE (200~300 H) . K H, HZ A3 GF,,,
(BB ) 5 HoAilm ¥k o Hrat,

JBR 1 K725 2016 4F 10 F 2R H 1 RG24 3 B T
KENL, EFFREES T, ZBIR 2GR E22
Bt JE /N VT 0452 %5 5 Sk 25 7 B AE WU i 4 B A6 A
Zanthoxylum simulans Hance T+ 17
2 AE
2.1 RAEABHS BS54 BUFEMO L 7245 T
B, FZEBKP Bk B E T, 3K A2 em
M, MU 75% 19K . TCBEZK . 5% K SRR A
VW, TCREKIEA TR, BRI SR04 1 min, 30 s,
3 min, 45 s, PHHBEG TR T RREEBES D35
WK 1 em /NS B PDA-PLA E M 3R 3 b
VIR, MR EELK 2 em TEE, THEFE
FEPEIR 30 CH R T d A, KT RV K
W T 22400 5 PDA SFMbs J7 Sk rh gk e 1 9%, R
RSP Sk b T R A oy s alidk,, H B IR
WK —TER, Hr, Wtk MK-24 L5 m@k,
KRR TR B 722, DL 5S~7 CHR
JERFI 2
2.2 RAARLERE
2.2.1 EE%EED" ¥ MK-24 T PDA FAHR L
30 CHEERF 7 d 24, MEEEARKER, id
SRR AR TR, SR AR R X TR R R AT T
5, WS OB SRR, KR 5% R AR -3
ELIE- R B 7 2R R G TR S a2
2.2.2 SFEE MEHEAAFEE MK-24 #1745
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THE, DNA $2HCR A CTAB 37, @ A5
ITS1/1TS4 ITS1  ( 5'-TCCGTAGGTGAACCTGCGG-
3"), ITS4 ( 5'-TCCTCCGCTTATTGATATGC-3') ¥~
HEITS 1, 5.8S F1ITS2 Y4751, PCR J Wik &
5 PCRIGMMAR W 1~2, ¥ PCR =¥k i /k
TAY) TRARA R, Bl f5 J R 1TS 77
5 7E GenBank %4 & Hh i 47 BLAST . XF 43 #7
(https: //www. ncbi. nlm. nih. gov/), ##ZKI[FJH
JE8, B FIARLE K T 95% Y rDNA TS J¥ 51 i
it MEGA7. 0 #A4ffi F Clustal W #E{T 28 HXF, #)
RGO HATHT
&1 PCR RMEZR
Tab.1 Reaction systems of PCR

il LNV
Template ( FE 241 DNA 20~50 ng/uL) 0.5
10xBuffer( Mg>*) 2.5
dNTP (4% 2.5 mmol/L) 1.0
Dream Taq-TM DNA Polymerase 0.2
ITS1 514 (10 pmol/L) 0.5
ITS4 514 (10 wmol/L) 0.5
JiwzE H,0 19.8

*2 PCRTERER
Tab.2 Circulation systems of PCR

R/ C Aif ] By
94 4 min AR
94 45 s
55 45 s 30 MEER
72 1 min
72 10 min B5 A
4 ® 2 kR

2.3 KBRS BRAET PDA RHE R IR0 B AR
MK-24 $Z#0 2] PDA ARG 37356 BT 30 C R =46
SR T dJ5, FERh BRI R B IR h A TR R
Wk, 2k 28 C . 180 v/min, KfiG b5 AY B A4
FERh B SORIE TR TP AT A e, WU T #RE 40 d,
2.4 RBEE5 B WREBSHEE, EHEHmA
IRt o 224k, B8 12 h DIRIEEE, RIEHK
TR, 4 )220 AT R W, B R B
WHEILUT, HORROBREM I 2 ), FiR
20 min, V&L, SIFUEME, WUREEMKZR OB, 15
BHE 92 g, BHEISHKH, VA ME-2 8 2
(5:1,.3.5:1,2:1,1:1,1:4) BSEEWEM,
WCEE VR, B2 500 mL, W2 ORI, &
JER A4Sy (Fr.1~Fr.4), Fr.3 (12.5 g) 1t MCI
e, DIHEE-ZK (30 : 70, 40 : 60, 50 : 50, 60 :
40, 70 : 30, 80 : 20, 90 : 10, ) 4 RE VLM,

KR, BIF3 ANE4r (Fr.3-1~Fr.3-3), Fr.3-1
(3.7 g) SSAHRERE LA EE-ZK (30 2 70, 40 : 60,
50:50, 60 :40, 70 : 30, 80 : 20, 90 : 10, H!
i) BREEVERE, Sephadex LH-20 F1 H Fis i i 4li £k,
BIEAY 1 (1.3 mg)., 4 (78.4 mg), Fr.3-1-3
(2.3 g) Joad AR RE R, DAH EE-K (30 : 70,
40 : 60, 50 : 50, 60 :40, 70 : 30, 80 : 20, 90 :
10, HEE) BEEEVRAR, Sephadex LH-20 1 HF G A
glifk, MLl HPLC @ik (HEE : /K=34: 66)
aife,, A2 (1.6 mg) . 3 (1.9 mg), Fr.3-1-
2 (0.8 g) £ Sephadex LH-20 #1: VR 2lifb, 5
AW S (6.1 mg); Fr.1(20.6g) Soid IEAHRERE
K, DAmEE-2BR Ol (20: 1, 15:1, 10 : 1,
8:1,6:1,5:1) BEEPEN, M4 AHERE,
PIHEE-7K (30 : 70, 40 : 60, 50 : 50, 60 : 40,
70 : 30, 80:20, 90 : 10, HIfE) BEEEVEML, il
W2 (BIFH N =EP -2 R LFR, 10: 1),
Sephadex LH-20 #F ( =5 M Le-HEE, 6 : 4) BEli
alifh,, A6 (8.7 mg) . 7 (2.3 mg),

3 #£R

3.1 AAEABST MK-24 7F PDA i3t B
EHEKBNIF RIS, HERIRER A WA la,
7 d JEKIGEAR 10 em (Y5, WA KB,
14 dEmE B Ba -3, A, RN
JRE A HA GERE WL 1b, BIMONEE R, W
Tote, Aok, BRREWLE e, s ERFYEHIE,
(14.0~26.0) pmx (6.0~8.0) pwm, A UL 3 %
g, VWK 1d, ITS [FolHrk W, WA B
MK-24 5 Pestalotiopsis oxyanthi ( Fc RKAAPLE 99% ,
B 100% , &5 KT716303. 1) dFF#am, H
RERBWILE 2, 456 H 22 55 F 7R 1k,
VI B bR MK-24 %552 4 P. oxyanthi,

1 MK-24 B ESE R REWETE
Fig.1 Colony morphology and microscopic

characteristic of MK-24 strain

3.2 ZMEE

a1, Wk amAR, 51 CH,0,, HR-
ESI-Q-TOF-MS m/z: 167.038 7 [ M-H] .'H-NMR
(600 MHz, CD,0D) &: 7.42 (1H, d, J=2.0 Hz,
H-2), 7.41 (1H, dd, J=8.6, 2.0 Hz, H-6) , 6. 80
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Neopestalotiopsis egyptiaca (KP943747.1)

Neopestalotiopsis eucalypticola (KM199376.1)
Neopestalotiopsis sp. (KU252210.1)

Pestalotiopsis oxyanthi (KT716303.1)

MK-24 (MG917733.1)
Neopestalotiopsis clavispora (KY859789.1)

Uncultured fungus (FR863601.1)

Pestalotiopsis sp. (KX757717.1)

—
0.001 0

B2 MK-24 E&%ET ITS 538 R i
Fig. 2 Phylogenetic tree of MK-24 strain gen-

erated from the ITS sequences

(1H, d, J=8.6 Hz, H-5), 3.83 (3H, s, 7-
OCH,) ;"C-NMR (150 MHz, CD,0D) &: 168.8 (C-
7), 151.7 (C-4), 146.2 (C-3), 123.6 (C-6),
122.5 (C-1), 117.4 (C-5), 115.8 (C-2), 52.2
(7-0CH,) . DI E#dE 530k [14] HEA -3, %
YE R 3, 4- I PIRTER,

a2, AemAR, s++FxX CyH,0,, HR-
ESI-Q-TOF-MS m/z: 181.088 0 [ M-H ] ,'H-NMR
(600 MHz, CD,0D) &; 6.87 (1H, d, J=8.2 Hz,
H-5), 6.84 (1H, d, J=2.0 Hz, H-2), 6.76 (1H,
dd, J=2.0, 8.2 Hz, H-6), 3.82 (3H, s, 4-
OCH,), 3.79 (3H, s, 3-OCH,), 3.72 (2H, t, J=
7.1 Hz, H-8), 2.76 (2H, t, J=7.1 Hz, H-7) ;“C-
NMR (150 MHz, CD,0D) &: 150.5 (C-3), 148.9
(C-4), 133.3 (C-1), 122.3 (C-6), 114.0 (C-2),
113.1 (C-5), 64.4 (C-8), 56.5 (3-0OCH,), 56.4
(4-0CH,), 39.8 (C-7), VI F%¥E5 3k [15]
FEAR—F, MEEEN3, 4-“HEILRLEE,

& 3. sk (PEE), 4 F U
C,,H,,0,, HR-ESI-Q-TOF-MS m/z: 285.096 9 [ M+
H]*,'"H-NMR (600 MHz, CD,0D) &: 6.71 (1H,
d, J=1.1Hz, H-2"), 6.57 (1H, d, J=2.1 Hz, H-
5),5.75 (1H, d, J=2.1 Hz, H-3), 4.26 (1H,
dd, J=4.2, 11.4 Hz, H-1"a), 4.16 (1H, dd, J=
6.4, 11.4 Hz, H-1"b), 3.90 (3H, s, 4-0CH,),
3.88 (1H, m, H-2"), 3.59 (2H, dd, J=1.2, 5.5
Hz, H-3"), 2.39 (3H, d, J=1.1 Hz, 1’-CH,) ;" C-
NMR (150 MHz, CD,0D) &; 172.9 (C-4), 167.3
(C-3"), 165.6 (C-2), 160.3 (C-6), 144.1 (C-
1'), 121.0 (C-2"), 104.1 (C-5), 91.3 (C-3),
71.1 (C-2"), 66.7 (C-1"), 64.0 (C-3"), 57.2 (4-
1604

OCH,), 13.6 (1'-CH;) ., LI F %l 5 3Cik [ 16 ]
AR —F, MEERN (2E) - (2R) -2, 3-di-
hydroxypropyl-3- ( 4-methoxy-2-oxo-2H-pyran-6-yl ) -
2-butenoic acid ester,

&Y 4. ARG (HEE) . 73730 CH,,0,.
HR-ESI-Q-TOF-MS m/z; 137.060 1 [ M-H ] ,'H-
NMR (600 MHz, CD,0D) 6: 7.02 (2H, d, J=8.5
Hz, H-3, 5), 6.72 (2H, d, J=8.5 Hz, H-2,
6), 3.69 (2H, t, J=7.4 Hz, H-8), 2.71 (2H, t,
J=7.4 Hz, H-7);”C-NMR (150 MHz, CD,0D) §:
156.6 (C-4), 130.9 (C-1), 130.8 (C-2, 6),
116.1 (C-3, 5), 64.5 (C-8), 39.3 (C-7), W I
B 53k [17] HEAR B, B E IR R
LB,

& s HemR, 21X ¢, H0,. HR-
ESI-Q-TOF-MS m/z: 213.112 1 [ M-H] ,'H-NMR
(600 MHz, CD,0D) &: 5.18 (1H, d, J=1.7 Hz,
H-3), 4.36 (1H, m, H-6), 3.81 (3H, s, 4-
OCH,), 3.60 (1H, m, H-1'), 2.84 (1H, m, H-
5b), 2.31 (1H, dd, J=3.8, 17.2 Hz, H-5a),
1.61 (2H, m, H-2'), 1.51 (2H, m, H-3"), 1.37
(2H, m, H-4'), 0.94 (3H, t, J=7.1 Hz, H-
5');”C-NMR (150 MHz, CD,0D) &: 176.5 (C-
2), 170.3 (C-4), 90.0 (C-3), 80.2 (C-1"),
72.6 (C-6), 57.3 (4-OCH,), 33.3 (C-5), 30.2
(C-2"), 29.1 (C-3"), 23.7 (C-4'), 14.4 (C-
5, DL EBEESSCHR (18] A, MEEN
(6S) -6- [ (1S) -1-F2HH] 4-HEKE-5, 6-—
SN R -2- ]

a6, AR, 7+ F3 CyH, 0O, HR-
ESI-Q-TOF-MS m/z; 415.211 9 [M+H]"*,'H-NMR
(600 MHz, CDCL,) &: 5.35 (1H, t, J=2.3 Hz, H-
6), 3.52 (1H, m, H-3), 1.00 (3H, s, H-29),
0.92 (3H, d, J=6.5Hz, H-19), 0.84 (3H, t, J=
7.4 Hz, H-24), 0.83 (3H, d, J=6.8 Hz, H-26),
0.81 (3H, d, J=6.8 Hz, H-27), 0.68 (3H, s, H-
28);”C-NMR (150 MHz, CDCl,) &: 140.9 (C-5),
121.9 (C-6), 72.0 (C-3), 56.9 (C-14), 56.2
(C-17), 50.2 (C-9), 45.9 (C-22), 42.4 (C-
13), 42.4 (C-4), 39.9 (C-12), 37.4 (C-1),
36.6 (C-10), 36.3 (C-18), 34.0 (C-20), 32.0
(C-7), 32.0 (C-8), 31.8 (C-2), 29.2 (C-25),
28.4 (C-16), 26.1 (C-15), 24.4 (C-21), 23.2
(C-23), 21.2 (C-11), 19.9 (C-26), 19.5 (C-
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27), 19.2 (C-19), 18.9 (C-28), 12.1 (C-24),
12.0 (C-29) . VA %l 53k [19] A —2,
WU B4 B

EW 7. AR, 7 F3 CuyH,O0, HR-
ESI-Q-TOF-MS m/z: 413.378 2 [ M+H]*_,'H-NMR
(600 MHz, CDCl;) &: 5.73 (1H, s, H-4), 1.18
(3H, s, H-19), 0.90 (3H, J=6.5 Hz, H-21),
0.84 (3H, m, H-29), 0.83 (3H, d, J=6.8 Hz,
H-26), 0.81 (3H, d, J=6.8 Hz, H-27), 0.71
(3H, s, H-18);"” C-NMR (150 MHz, CDCIl,) §:
199.9 (C-3), 172.0 (C-5), 123.9 (C-4), 56.1
(C-17), 56.0 (C-14), 53.9 (C-9), 45.4 (C-
24), 42.4 (C-13), 39.7 (C-12), 38.7 (C-10),
36.3 (C-20), 35.8 (C-1), 35.7 (C-8), 34.2
(C-22), 34.0 (C-2), 33.1 (C-6), 32.2 (C-7),
29.2 (C-25), 28.3 (C-16), 26.1 (C-23), 24.3
(C-15), 23.2 (C-28), 21.2 (C-11), 20.0 (C-
26), 19.1 (C-27), 18.8 (C-21), 17.5 (C-19),
12.1 (C-29), 12.1 (C-18), LA % # 5 SCmk
[20] BEA—3, BUEE N T H-4-1-3-10
4 it

P. oxyanthi AP Z EMENERE, X2
HUMRR B2 25 h 43 B A5 B Y, i SC#k [ 21 ]
fRIE A 2 B A8 N A LT R A DU s B0 M 45
FEOTE RSy . I, AR I N AR BRI A
A=Y o8 A HEME L,

HHT, M P. oxyanthi YA A ™ 9y fir 3 8
MG E AR, (HACH A A J R IR AR
WP —r, BENE AR WP RGBT R Ak
B, Hiry 3, 4-ZRENH RPN RIS
Y, ScEk [22] REEEADIR, YA, bUES
HHAVER

A EMIRTETE | DAESIEE S S r
WA, FEBRREE FNAERFLRE S, P
oxyanthi JEAERK P BOE R Z R M, mAEY N
A B S HRIE Y B RARUR DR L
TTRAARE =5 . RIE, PrE IR O G M
BT A 2 T — 29T H AR

S k.
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WE. BHY  #57 OPLC EFEFHUNZE R AR Morus alba L. FEURRR, —EREOFK, AMAZEAE, REX 0, RIRMW
CHIEHR, Ak AP EIREYHT A Dimonsiol C, % H (4. 6 mmx250 mm, 5 wm); BT IE-0. 2%
BERR , AEEEVEMG; MAFURE 1.0 mL/min; 8 30 C; I K 340 nm, &R SEIR, ARG E, fibHzES
B, R¥EE O, FMWE C 4 HHE 3.25~104.00 pg/mL (r=0.999 6) . 4.81 ~154.00 wg/mL (r=0.999 7)., 5.38~
172.00 pg/mL (r=0.999 5) . 1.88~60.00 wg/mL (r=0.999 7). 11.19~358.00 pwg/mL (r=0.999 5) i Bl N L%
R, AL R 4 5]k 98.98% (RSD =1.70% ) . 100.73% (RSD=1.35%). 99.71% (RSD =1.64% ) .
100.07% (RSD=1.11%). 99.90% (RSD=2.16% )., &it ZIrikfEmEME, EEML, oTH T RO 246 1 h &
il

KEWR: ROK; G0, “AROR,; AAAFEME; £2¥K 0; £ C; HPLC
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Simultaneous determination of five constituents in Morus alba by HPLC

YUAN Ting, ZHENG Tian-bi, XIE Lu-ling-feng, CHENG  Sheng-rong, WEI  Yuan,

OUYANG Zhen”
(School of Pharmacy, Jiangsu University, Zhenjiang 212013, China)

ABSTRACT: AIM To establish an HPLC method for the simultaneous content determination of chlorogenic
acid, dihydroquinochrome, oxidized resveratrol, moracin O and sanggenon C in Morus alba 1... METHODS
The analysis of methanol extract of M. alba was performed on a 30 °C thermostatic Dimonsiol C 4 column (4. 6 mmx
250 mm, 5 pm) , with the mobile phase comprising of acetonitrile—0. 2% acetic acid flowing at 1. 0 mL/min in a
gradient elution manner, and the detection wavelength was set at 340 nm. RESULTS Chlorogenic acid, dihyd-
roquinochrome , oxidized resveratrol, moracin O, sanggenon C showed good linear relationships within the ranges of
3.25-104.00 pg/mL (r=0.999 6), 4.81-154.00 pg/mL(r=0.999 7), 5.38-172.00 pg/mL(r=0.999 5),
1.88-60.00 pg/mL (r=0.999 7), 11.19-358.00 pg/mL (r=0.999 5), whose average recoveries were
98.98% (RSD =1.70%), 100.73% (RSD =1.35%), 99.71% (RSD = 1.64% ), 100.07% ( RSD =
1.11% ), 99.90% (RSD=2.16% ), respectively. CONCLUSION This accurate, stable and reproducible
method can be used for the quality control of M. alba.
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