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NS BN Trametes sp. G048 [ R BERFITH 22 K h 43 B IT M58 s 6 MUY, S B8 43 1 43 3l
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Chemical Constituents of Trametes sp. G048

SANG Zhi-gao"* | LI Dong-li' ,TAO Mei-hua' ,TU Guo-quan® ,ZHANG Wei-min' "
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Abstract: Six compounds were isolated from the extract of Trametes sp. G048 and identified as isodrimenediol diacetate
(1) ,isodrimenediol 2-acetate (2) ,cerebroside D (3) , ergosterol (4) ,ergosterol peroxide (5) and cerevisterol (6).

Compounds 1 and 2 are firstly reported as natural products.

Key words : Trametes sp. ;sesquiterpene ; drimane

FeTE & (Trametes ) J& T4 F RN ZALE H Z 4L
B Rk (Polyporaceae) , J&— 282 730 A (1 L, 325
WA ST AR S b A A R T AR
8 B TEAE I 24 B i Tl A5 D T A 5 B A
JAME, Ul = =2 ( Trametes versicolor ) 2 3% 44 11 25
B YA xR LB BT 9T 3 A P A T
O3 AWM SCHIF AT A5 Oy i o A o B AR
WA CHGER D o N T k48 Z LR AR I 2
BT AR XER A T AR KAR 1L A SRR XA e T
Trametes sp. G048 FAL 3 AT T 5T, MH&
PRI TR 22 1K 1Y Z TR SRR Y h oy B i 6 MBS
¥ .isodrimenediol diacetate (1) . isodrimenediol 2-ace-
tate(2) JTFE D(3) A EEE(4) ST E A A
P (5) FNMRPY HS B (6) , Horp 1 2 S i R AR 7™
.

Wk B 49 .2011-04-18 %% H1.2011-07-21
FEBIUH T ARAA PO E 0 H R Rl A G B R
WIS 7-3E” (2009B020201012) 5 A48 B Bt 75 4R B
SIS (qi201009) < 2R A FHE B 0L 75 1545 e
AAFEETH
s W IHAEH Tel:86-20-37656321 ; E-mail : wmzhang58 @ yahoo. com. cn

1 |5 EHF

AVANCE III #J 500 MHz # 7 3 48 I 3% {X
(Bruker 2\ 7)), Acquity UPLC-Q-Tof Micro Jii 1% 4%
(Waters 23 ] ) , Trace DSQ = AH 6, 1i%- 5 i B FH X
(Thermo Finngan 2\ #] ) , PZ1000B Jig % =0 K &5 2 3%
AR (D g AR A B A A IR W), RE-2000 £
Tk 28 R AL ( SR AR AL RR ) R TAER
( BiplEAERHEARAFR) o

FEZATAERE (100 ~200 H 200 ~300 H , # &
AL, = BOHE R ik AR Silica gel 60 Fag, (Mer-
ck A7), Cg AR RE S (40 ~ 75 pm, Fuji Silysia
Chemical Ltd. ) , B¢ Sephadex LH-20(18 ~110 wm,
Amersham Biosciences ) , % 571 S AR F 34 8 20 Fr &, Wa
(SRR KA 37w ! /A

2 EMEEFEH

BRIk GO48 MR [ AR A KR L H AR PR3P X Y
KT (Trametes sp. ) 5 SRR 7r B AT, B IRAE T
JIRAEYIWT ST KRG IR FE O - T B 200
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o/L, %1 20 ¢/L,KH,PO, 3 g/L,MgSO0, 1.5 ¢/L,
443K B, 10 mg/L,pH HER ., A EHPRIGE 2 1A
R, B 2134 100 mL B5FRM R 250 mL #EIE
7£ 28 °C 130 r /min (Y251 FHEIRKG SR 3 d, 3KFP T
RiFiii. B %M FIHE 5% R R4 A B2 A
250 mL }EFRWEAY 500 mL HETE N, B R 4 0 S A
TWAHR, BE AR 7 d, LR EE 120 L,
3 RESHEH

120 L % [ 7= ) 26 2o 08 0 B8 45 & T Y AR R 22
I, REER TR CBRAEHL 3 1R ,40 °CF 98 & ik 4
IR 5.9 g3 22 E T 55 CHFEMET i, LA
98% L IR HE 22 UK, Y 4 2 TG, IiiE K B E
P R LRI S ¥R ,40 C Ol R 4R 1512 20. 0

8o
R 0 AR BEAE 23 B, LA AT i/ O R & 1k

12_OH
1"

(100:0 ~0: 100 ) #5 BE P& B, 22 Pk ( 2
R AR - WM ) , A AL 5), & B
o3 7 A5 (FL~F7) B 224K 585345 3] 10
AN (ML ~ M10) . F3 2093 R FHRERSHEJZ BT, L
At/ R T (4: 1) e, 7548 Sephadex LH-20
LG/ HEE (1: 1) PEBEAS 24E 44 1(5.3 mg)
F4 2150 R R AL 2T, LA e 2R 2185 (22 1)
VR, 2% Sephadex LH-20 DAZA 4/ (1 1) 2B
HEEAEY 2(17.7 mg) , M3 4143 Sephadex LH-
20 A1 J2MT, LG/ P EE (1 1) YR, T2 ik A 2
MrelfAhilE, S CBR (3 1) Wit is 21 b 549 4 (15.
9 mg) LA 5(9.4 mg) . M5 2053 RARERCAE 2
Br, A/ BB (50 1) BEMAS 214 540 6 (4.7 mg)
M9 243>k ] Sephadex LH-20 #:)J2#T, LS {5/ H B
(10 1) PRIt , P2k A J2 M DA G/ F B (4 1) 2
ARG 3(13.5 mg)

OH
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3¢
O
1112 OY\/\/\/\/\/\/\/\/
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Fig. 1  Structures of compounds 1-6

4 HBHERE

&1 [ aE A, H NMR ( CDCL,, 500
MHz) §:4.88(1H,d,J=1.2 Hz,H-138) ,4.55(1H,
dd,J=11.8,4.1 Hz,H-2),4.54(1H, brs,H-13a) ,
4.28(1H,dd,J =11.4,4.3 Hz,H-12B8) ,4.23 (1H,
dd,J =11.4,8.4 Hz, H-12a) ,2.43 (1H, ddd, J =
13.3,4.2,2.4 Hz,H-7B),2.06 (3H,s,H-17),2.03
(3H,s,H-15),2.09 ~2.03 (2H, m),1.79 ~ 1.73
(2H,m),1.68 ~1.59 (2H, m),1.50 ~ 1. 38 (2H,
m),1.23 (1H,dd,J =12.5,2.7 Hz, H-8a),0.90
(3H,s,H9),0.87 (3H,s,H-10),0.80 (3H, s, H-
11);”°C NMR(CDCL,,125 MHz) §:171.3(s,C-14),
170.9(s, C-16),146.1 (s, C-6),107.7 (t,C-13),
80.4(d,C-2),61.5(t,C-12),54.4(d,C-8a),54.3

(d,C5),38.5(s,C4a),38.0(s,C-1),37.3(t,C-
7),36.6(1,C4),28.3(q,C9),24.1(t,C3),23.3
(t,C8),21.3(q,C-17),21.1(q,C-15) ,16.6(q, C-
10),15.1(q,C-11) . PAE % 530k —310° g
¥ 1 %5 F isodrimenediol diacetate, iZ k&% R 1E
25 L drimane BUAS 22105 A4 5 # v 45 2 2o, B
MIRIRT W) ERHTRYI T isodrimenediol £ £L
Polyporus arcularius P4y B3], WA B &
Ji drimane FUA% 24105 1 b [E] 44, B — & MHTE T
,@[7]0

w&Ww 2 HEEK,H NMR (CDCL,, 500
MHz) 8:4.97(1H,d,J=1.3 Hz,H-138) ,4. 68 (1H,
d,/=1.3 Hz,H-13&) ,4.54 (1H,dd,J =11.8,4.3
Hz,H2),3.82(1H,dd,J =11.0,3.9 Hz, H-128)
3.78(1H,dd,J=11.0,10.9 Hz,H-12a) ,2. 44 (1H,
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ddd,]J =13.1,4.3,2.4 Hz, H-78),2.06 (3H, s, H-
15),2.02 ~1.20(9H, m),0.88 (3H,s, H-9) ,0. 85
(3H,s,H-10),0.75(3H,s,H-11) ;”C NMR(CDCl,,
125 MHz) §:171.9(s,C-14),147.9(s,C-6),107. 8
(t,C-13),81.3(d,C2),59.6(d,C-5),59.5(t,C-
12),55.3(d,C-8a),39.4(s,C-1),38.9(s,C4a),
38.4(t,C-7),37.5(t,C4),29.2(q,C-9),25.0(t,
C-3),24.5(t,C-8),22.2(q,C-15),17.5(q,C-10),
16.2(q,C-11) . DL E%de 5 cmk—2 b &y 2
W BN isodrimenediol 2-acetate , 1Z k& ¥t B AEAL
A drimane BUAE S 0 o B h AR B, R
) RIR W) o

wEW3 [k K, HR-ESI-MS R H 1
N CiyHg ONy , RBFIEE A 4, HC NMR 3 R
PR ER I 5. 176. 7 ,B-D-7i B sk 3 5. 104.2,77.5,
77.4,74.5,71.0, 62.2, P4 4~ 5 8 g 8. 136.3,
134.1,130.6,124. 3, i~ A i FH 3L & 14.0 x 2, —
G REAE R U HE 8 54. 1, — A HE UL 5,
69. 2 FIPAS AR KL 6. 72.6,72. 4, PRI HED AL
BT R AL I A R A . e LA
Y BN g B A R X LR AT B A, AR
FEIAAR TR IR 8 i GC-MS %5 hy 2-52 2+ /iR
HER, HAE m/z 314 Jb 8RR 0, 53 F 3Kk C g Hyg
O, , M S 12 Ak B 1 14 5% o 56 1 R IO 46 itk 1
Bk 18,7 C NMR(CD,0D,125 MHz) §:176.7(s,C-
1'),136.3(s,C9),134.1(d,C-5),130.6(d,C4),
124.3(d, C-8),104.2(d, C-1""),77.5(d, C-3""),
77.4(d,C-5""),74.5(d,C2""),72.6(d,C-3),72. 4
(d,C2"),71.0(d,C4""),69.2(t,C-1),62.2(t,C-
6''),54.1(d,C-2),40.3(t,C-10),35.4(t,C-3"),
33.3(t,C-6),32.6(t,C-7,16),30.4 ~29.9(t,C-12
~15,5"~15"),28.6(t,C-11),28.2(t,C-16") ,25.7
(t,64"),23.3(t,C-17,17'),15.7(q,C-19),14.0
(q,C-18,18") . HUbfbA M 3 4@ Aitf g D,
R 5 SOk ™ 30 M 0 45 B 5 2 FL I Pol-
yporus ellisii "PA3E| 1 —2, Z L &Y L2 15
B o IR B 2 AR B 2 40 i A R A A
43 BIRGE K BRE AT T LA 34 55 BT Ay B 2 (aculeacin ) 14

PO o 5 4 ~ 6 BN s, TLC
M RN B S RO IERE A X 3 MBS
W3 9|5 22 Ay S I o SR A 5 I AR S A o
FEMPEST TLC 23047, 2R T 3 FhAS R 19 JEB O 1A 2%,
R, (B3 —30 IR G RN 8, 5oy 3 e O 22 # S
B o S A Y S

&% 3k
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Fa i FR A2 /N S D T 3 P IR I A0 R e 2R K B M RO 38
TR RN TR U R R
U R E B RSN, 1IN 51030157 rh EIRRE BEAT S A B , 365 100049

 E. R AW =R AR NI Muricella flexuosa WAL 4 HEAT WRST , 2R FH B 52 1 A (i ik
Sephadex LH-20 #1: (2,157 K 5 45 5 55 F-Box A G W kA7 43 B gl Ak, , 38 2 3R A0 P BT Ot 438 O 25 6 SCR X
TR S AR F) 11 ANIERS mEBEE AL A IIMERR (1) ,1,7- FF By B iEns (2) , 1-F BL s g (3) ,7,9- — 1 4k-
6~ F LIRS -8 (4) ,7-FH IL RIS (5) ,1,7- - FF L IE4-6, 8- (6) , FRMENE (7) , Wi IR % e (8) , 2" -l 4 JR
WAREAZTY (9) ,2"- Wi el M B s BEAZ T (10) ,3- 2 FE-2 - Wi AR BEREAZ AT (11) . b5 2 ~ 6,11 S i Ik N IZJR
TSR LA 4 R 11 SRR B KSR =1

KGR PR/ NIMIINI Muricella flexuosa s {27 1803 s BHMERE s NG WA E

RESES R284.2 HEFRIRAG : A

Purine and Pyrimidine Analogues from the South China
Sea Gorgonian Muricella flexuosa

WANG Ping"*, QI Shu-hua'* ;HUANG Li-si"* ,HE Fei' ,NONG Xu-hua'?,SUN Yun-lin'?
"'South China Sea Institute of Oceanology ,Chinese Academy of Sciences , Guangzhou 510301 ;
*Graduate University of The Chinese Academy of Sciences , Beijing 100049 , China

Abstract: Eleven compounds were isolated from the South China Sea gorgonian Muricella flexuosa by meanings of silica
gel ,Sephadex LH-20 column chromatography and recrystallization. Their structures were identified by physicochemical
properties , spectroscopic analysis and comparison with the data of literatures. These 11 compounds were caffeine (1) ,1,
7-diethylhypoxnathine (2) , 1-methylhypoxnathine (3),7,9-dimethy-6-( N-methyl ) purine-8-one (4 ), 7-ethyladenine
(5),1,7-diethylpurine-6,8-dione (6) ,uracil (7) ,thymine (8) ,2'-deoxyuridine (9),2’'-deoxythymidine (10) ,3-eth-
yl-2'-deoxythymidine (11). Compounds 2-6 and 11 were obtained from the genus Muricella for the first time ,and 4 and

11 were isolated from nature for the first time.

Key words : gorgonian Muricella flexuosa ;chemical constituent;structure identification ; purine ; pyrimidine

AIMSREA 1 o v b 0 90 i T I i S 00 11 388
20\ OB 0 49, O PR TR PR UL AW 2
— AR B TR R 5
SEHFIEIE G M B2 60 4EA Weinheimer 25 AT
Z R v e BRELAT I R A5 AL ik 22 BG4 1Y
BIFUBR R AT, AL LIk BRG] o 43
BRI T ARZ AR A, A T A R A
FEY LA S IS R S R A YIS K BENR TR
PR BERE AL S W), X Se (b S WA PR PR
PO MR R HT L R S A T Y SR

ks H 39 :2011-02-25 %% H:2011-05-04
B TH « E 5K A ARk 4 PR (20872151,40976090 ) 5 ) R4
A SR Bl 3L 410 H (8151030101000020 )
# M IHA/EH Tel :86-20-89022112 ; E-mail : shuhuaqi@ scsio. ac. cn

E M Muricella J& A0 30 3] v 35 28 53 25 21 55 1 A0 A —
b A b i Se %5 M Muricella flexuosa
Or BB — AN S R s A

J A 2 AR IR VE AR ), AT T P
TN AT 1T — R VAIESE, 22X R A R =
FRAE /NI Muricella flexuosa Ak, 1% 43 WF 55 i
P, NOTR CERANE T B el b oy s 45 0E 1 11
A UMHERR (1) 1,7-— F FE R B IS (2) | 1-
R R B S (3) (7,9 HH -6~ 280 HY JHk M2 2 -8 - i
(4) 7-F B RRIGERS (5) (1,7- F LGRS -6, 8-
(6) JRWENE(T) o i ms i (8) (2" -JIid S R s W A% T
(9) 2"l 4 i it 135 W AZ 1Y (10 ) 13- KE-2"-Jfit 4
PRUEWERL H (11) , A SCEARA Fx 26405 Y19 43
B Ak S AR S E
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1 SEEERS

1.1 (YRt

'"H NMR #1"°C NMR % Bruker AVANCE 500
MHz RIAZ R IR 1A 5 B A Agilent 6460
Triple Quadruple mass spectrometry U Ji {4 %2 ; 44
SN AR A 7 19 XRC21 HY 8 ik s A
I 5 FEJE AT HIREE (200 ~300 [H) 975 B L T
J7HE 7 TLC i g Tt i A o0 i) 28 Al b 00 65 T k2 T
M AFFE T AR 7= s TR 24 g oAl el R AR T A
FRSF T HErE,

HAE/NIRHII] 2008 4F 7 J1 R A MR A = E;
B R B R Y TV AE Y T B A 5 D R B
A4 5 A No. 0801, L A7 T Hb [E B} 25 B e 15 ¥k v A

| o] o) NHCH3
OYNS N’ N s IZI/ . H -z N/
I N)t N)H/i N o
1
/N“IS'\P I\\N | ,;l/> K\N l N/> k\N sz
(o] 3
1 2 3 4
\Hz 1 o N o R
N7 N N ‘ N>:o Y3 | Y |
W N HNL s HN
o) )
5 6 7 8
o o o
ey oy Ty
o O N Ho_ O M Ho_ © N
o ;o: ;o:
1
3
OH OH OH

1.2 RRE5SEH

HAE/NRMII IR AR A DD, T T/
BE 201 $EH3 I, AT BEIBOR, B S WA HLEZ i
& KRB E IR O TR FNE T R 28 =K
B YRGS LR SR ANE T B2 U 43590 0 30.7 g
F135.0 g,

W LR LR AU 2 JE A (200 ~300 H) L, A
AL/ YR (1002 0 ~ 0+ 100 ) 6 B2 Pk i , 38 i 32
3% (TLC) gt & 9F, 158+ AN 44 M1 ~ M10, 21
73 M3 Fe 2 RAEJE T, J5 48 Sephadex LH-20 (3,
i, A EAHSRME G 1(20.3 mg) , 204 M6 L)
A5/ (2001 ~5: 1) BRI &Y 7
(11.2 mg) ,11(7.8 mg) ,6(6.2 mg) ; 44> M9 S
A5/ HEE (200 1 ~4: 1) BEEEVEI , $45 LA Sephadex
LH-20 (038 g 17 4l Ak, LUk e il 4t il 2515 3101k
&4 8(10.6 mg) ,

IE T WEHE B 28 e S HE (200 ~ 300 H ), LA
U5/ FHEE(50: 1 ~7:3) RGEHEATHEEEVERL, 45 6 )%
3 (TLC) S O, & I RN 45 DI ~dg 4
53 D1 452 Sephadex LH-20 €53 4l 4k, , LR & il
iRl 2 G 2(5.5 mg) ,3(7.6 mg) , 44>
D4 2 ) 5 RE A 2T, S A B & 9 (6.6
mg) , 457 dg LA/ HIEE (200 1 ~3: 1) B EE VR,
Ze3t Sephadex LH-20 A i 4lifk , 254 ik e il 7 4
R 45 i35 7 ik, S 8k 54 10 (9.2 mg) ,4(7.7
mg) ,5(8.9 mg) .

2 HBHERE

wEm1 Hesss, CHN,0,,mp. 233 ~235
°C,ESI-MS m/z 195[ M + H] * ,'"H NMR ( CDCI, , 500
MHz) §:3.36 (3H,s, NCH;-1),3.54 (3H, s, NCH,-
3),3.96( 3H,s,NCH,-7),7.48 (1H,s,H-8);"C
NMR( CDCl,, 125 MHz) §:27.6 (q, NCH;-1),29.5
(q,NCH,-3),33.2 (q, NCH,-7),106.7 (s, C-5),
142.9(d, C-8),148.2 (s, C4),151.2 (s, C2),
154.7(5,C6) o VL d 5 ek 3 AR — 3, % e
A 1 Rk (caffeine ) .

wEWMm2 HEk A, CHN,0,mp. 360 ~ 364
°C,ESI-MS m/z 165. 1[M + H]* .,'"H NMR(CD,0D,
500 MHz) §:8.33(1H,s,H-2),8.04(1H,s,H-8),
3.65(3H, s, NCH,-1),3.84 (1H, s, NCH,-7) ;" C
NMR ( CD,0D, 125 MHz) §:157.4 (s, C-6),154.6
(s,04),149.1(d,C2),144.9(d,C-8),115.4 (s,
C-5),29.2(q,NCH,-1),32.8(q,NCH,-7) , LI %k
i S SCmk Y AR B BE S 2 1, T- P
YR B IEES (1, 7-dimethylhypoxnathine )

wEW3 [k, CHN,0, mp. 360 ~ 363
°C,ESI-MS m/z 139.3[M + H] *.'"H NMR ( DMSO-
d,,500 MHz) §:8.32(1H,s,H2),7.90(1H, s, H-
8),7.78 (1H,s, H-7),3.88 (3H, s, NCH,-1) ;" C
NMR ( DMSO-d, ,125 MHz) §:157.5(s,C-6),154.7
(s,04),149.3(d,C2),144.9(d,C-8),115.5 (s,
€-5),29.3(q,NCH;-1), DI_b¥od 55 Sciik' ™ A
— 3 SEAE Y 3 R 1-H R BT IERS (1-methylhy-
poxnathine ) ,

wEama TELPIREA, CH, NSO, mp. 222 ~
223 °C ,ESI-MS m/z:194.0[M +H] * ."H NMR( DM-
SO-d, ,500 MHz) §:7.83(1H,s,H-2) ,6.62(1H,d,J
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=4.0 Hz,NH-6) ,3.86 (3H,s,NCH,-7),3.50 (3H,
s,NCH,-9),2.78(3H,d,J =4.5 Hz,NHCH,-6) ;" C
NMR ( DMSO-d, , 125 MHz) §:154.8(s,C-6),153.2
(d,C2),151.4(s,C4),154.7(d,C-8),119.6(d,
C-5),33.4(NCH,-7) ,32.8(NCH,-9), VI %S
SCHk Y BB S E S 4 7,9 -6
S H-TE 14 8- (7, 9-dimethyl-6-methylamino-purine-
8-one)

wEWS TEEHREMA, CH NS, mp. 220 ~
225 °C ,ESI-MS m/z:150. 3[M +H] * ,'"H NMR ( DM-
S0-d, ,500 MHz) §:8.29 (1H,s,H-2),7.96 (1H,s,
H-8),7.81,7.77(2H,s,NH,-6) ,3.89(3H,s,NCH,-
7) ;" C NMR ( DMSO-d,, 125 MHz) §:155.9 (s, C-
6),152.4(d,C2),150.3(s,C4),138.9(d,C-8),
118.6(d, C-5),33.1 (NCH,-7), LI %5 %
R AR ML 5 O T R AR I (7-
methyladenine)

HEWme EHIREAK, C,HgN,O, ,mp. KT 320
C,ESI-MS m/z:195.1[M + H] * ."H NMR ( DMSO-
d,,500 MHz) §:7.94 (1H,s, H-2),3.53 (3H, s,
NCH,-7),3.45(3H, s, NCH,-1) ;" C NMR ( DMSO-
dy,125 MHz) §:156.9 (s, C-6),153.0 (s, C-8),
150.7(s,C4),143.1(d,C2),107.2(s,C-5) ,32. 4
(NCH,-7),33.7(NCH;-9) o A I $dis 5 Scik' '
A KB EY 6 M 1,7- H RIS -6, 8- [
(1,7-dimethylpurine-6 ,8-dione ) .

wEW T RE AR, C,H,N,0,, mp. 290 ~
292 °C,ESI-MS m/z:113.3[M +H] * ,'H NMR( DM-
SO-d, ,500 MHz) &:11.00 (1H, br s, NH-3),10.97
(1H,br s, NH-1),5.44 (1H,d,J =7.5 Hz,H-5),
7.38(1H,d,J =7.5 Hz,H4) ;" C NMR ( DMSO-d,,
125 MHz) §:152.1(s,C-2),165.2(s,C-6),142.5
(d,C4),100.6(d,C-5) . LI L%od 5 5cmk ' il
TR, G T S IREEE (uracil) .

'ﬂ.’.'l%'%s E@%X,CSH(,NZOZ,mp. j(ﬁ:300
C,ESI-MS m/z 127[M +H]* ,'"H NMR ( DMSO-d, ,
500 MHz) 6:10.99 (1H,br s,NH-1),10.57 (1H, br
s,NH-3 ),7.23(1H,s,H4),1.71(1H,s,CH,-5) ;
“C NMR ( DMSO-d, , 125 MHz) §:151.46(s,C-2),
164.84(s,C-6),137.57(d,C4),107.28 (s,C-5),
13.3(q, CH;-5) o DAL %4 5 Sck' ! 4R i A —
5 EAAE Y 8 A M AR S IE (thymine )

tEaEWw 9 BagmERK, CGH,N,O,,
mp. 162 ~164 °C | ESI-MS m/z:229. 1[M +H] " ,'H
NMR ( DMSO-d, ,500 MHz) §:11.26(1H,br s,H-3),
5.62(1H,d,J =8.0 Hz,H-5),7.86(1H,d,J =8.0
Hz,H-6),6. 14(1H,dd,J=7.5,6.5 Hz,H-1") ,2. 08
(2H,m,H-2"),4.23(1H, m,H-3"),3.78 (1H,dd, J
=7.0,3.0 Hz,H4') ,3.52(2H,dd, J =12.0,3.5
Hz,H-5") ;" C NMR ( DMSO-d, , 125 MHz) §:150.4
(s,C2),163.1(s,C4),101.7(d,C-5),140.5(d,
C-6),84.1(d,C-1"),39.8(t,C2"),70.3(d,C-3"),
87.4(d,C4"),61.2(t,C-5"), DL F%uds 5 SCHk
AR S EALA Y 9 2 4 IR W IE A
F (2'-deoxyuridine) ,

kawm 10 [ HEMEmK, CyH,N,O;,
mp. 188 ~189 °C ,ESI-MS m/z:243. 1[M +H] " 'H
NMR ( DMSO-d, ,500 MHz) §:11.28(1H,brs ,H-3),
1.77(3H,br s,5-CH, ) ,7.72(1H,br s, H-6) ,6. 15
(1H,dd,J =7.5,6.0 Hz, H-1"),2.07 (2H, m, H-
2'),4.24(1H, m,H-3"),3.75(1H,dd,J =7.0,3.0
Hz,H4'),3.56(2H,br d,J =10.5 Hz,H-5"),5.30
(1H,brs,3’-OH) ,5. 11 (1H,br s,5'-OH) ;" C NMR
(DMSO-d, ,125 MHz) §:150.4(s,C-2),164.7(s,C-
4),109.3(s,C-5),136.1(d,C-6),83.7(d,C-1"),
40.4(t,C2"),70.4(d,C-3"),87.2(d,C4"),61.2
(1,C-5"),12.2(q,CH,-5) o DL b %dis 5 3cmk ' 3%
A3, SEA G Y 10 Sy 27 -l A8 i R e E A
(2'-deoxythymidine ) ,,

Law 11 [EgitEm R, C, HN,O;,
mp. 191 ~193 °C ,ESI-MS m/z:257.1 [M+H] " ,'H
NMR ( DMSO-d, , 500 MHz) §:7.86(1H,d,J =8.0
Hz,H-6),5.62(1H,d,J=8.0 Hz,H-5) ,6. 13(1H,
t,/=7.0 Hz,H-1"),2.07(2H, m,H-=2") ,4. 23 (1H,
m,H-3"),3.77(1H,dd,J =6.5,3.5 Hz,H4') ,3.54
(2H,br d,J =11.0 Hz,H-5") ,2.86(2H,q,J =7.0
Hz,NCH,-3),1.18(3H,t,J =7.0 Hz,NCH,CH,-3),
5.35(1H,br s,3’-OH) ,5. 14 (1H, brs,5'-0OH) ;" C
NMR ( DMSO-d, , 125 MHz) §:150.4(s,C-2),163.2
(s,C4),101.7(s,C-5),140.6(d,C-6),87.4(d,C-
1'),38.9(1,C-2"),70.4(d,C-3"),84.1(d,C4"),
61.2(t,C-5") ,41.2(t,NCH,-3),10.9(q,NCH,-3) ,
AL B 55 Sck ™ A — B S kA 11 3-
32" -HR SE R M BEAZ A (3-ethyl-2’-deoxyuridine ) ,



Vol. 24 ML R AR NI IR A IE AL S W R AY 7

&% 3k

1 Liaw CC,Shen YC,Lin YS,et al. Frajunolides E-K, briarane
diterpenes from Junceella fragilis. J Nat Prod, 2008, 71 .
1551-1556.

2 Ai XH(Y/MZL) , Chen YX(BRIZHT) Qi SH (I ).
Recent progress in the chemical and pharmacological study of
Chinese corals. J Guangzhou Univ (|~ K244 ) ,2006,
5.:49-56.

3 Zhang W(5K3C) ,Guo YW (E(ERf5) . A pharmaceutical per-
spective on gorgonian : chemistry and bioactivity. Chin J Nat
Med ( WP [E KAk 254 ) ,2003,1:69-75.

4 Yan XH(J™/NLL) ,Li ZY (ZERT) ,Guo YW (FBERAR) .
Chemical component studies of the South China Sea gorgoni-
an Muricella sinensis. Org Chem (A5 ¥l 4k %), 2008, 28 .
1264-1267.

5 LiTT(ZEEEE), Tang XL(FELA]) , Li GQ (2 [ 5#).
Studies on chemical constituents of gorgonian Muricella sibo-
gae. Chin J Mar Drugs ( /p [E WA 25248 ) ,2010,29. 1-
5.

6 Zhang W ,Huang H,Ding Y ,et al. Three new polyoxygenated
steroids from two species of the South China Sea gorgonian
Muricella flexuosa and Menella verrucosa Brundin. Helv Chim
Acta ,2006,89 :813-820.

7 Seo Y,Shin J,Song JI. New secosteroids from an undescribed
gorgonian of the genus Muricella. J Nat Prod ,1995,58:1291-
1295.

8 Seo YW,Rho JR,Cho KW ,ei al. Isolation of diterpenoids of
the cladiellane class from gorgonians of the genus Muricella.
J Nai Prod 1998 ,61 :1441-1443.

9 Seo YW,Rho JR,Cho KW, et al. Isolation of diterpenoids of
the cladiellane class from gorgonians of the genus Muricella.
J Nat Prod ,1997,60:171-174.

10 Seo YW,Cho KW, Chung S,et al. A new cladiellin diterpe-

11

12

14

16

18

noid from the gorgonian Muricella sp. . Nat Prod Lett,2000,
14.197-203.

Zhao N (#X4if) , Gao HY (H Z 1), Sun BH (FMESL) , et
al. Chemical constituents from the leaves of Camelliasinensis.

J Shenyang Pharm Univ ( 3k FH 25 R} K24 244k ) , 2007 ,24 .
211-214.

Sun JL(PMNEIE) , Deng AJ(XPZLFE ), Li ZH(ZEEFT) et
al. Structure determination of five trace chemical constituents
from toots of Linum usitatissimum. Chin J Chin Mater Med
(tpEPpZiZed) ,2011,2:158-161.

Saito T, Mori S, Chikazawa J et al. Purines. LVII. Regioselec-
tive alkylation of N6,9-disubstituted 8-oxoadenines : synthe-
ses of the sea anemone purine caissarone and some positional
isomers and analogs. Chem Pharm Bull, 1993, 41. 1746-
1752.

Chen Q (BRJE), Wu LI (R57.%), Ruan L (BTN %5).

Chemical studies on the constituents of Lophat-herum gracile
Brongn. ] Shenyang Pharm Univ ( 7% FH 245 B} K272 2% 4R)
2002,19:257-259.

Rahat M, Bergmann F,llana T. Purine-6,8-diones: A study of
their lonisation and their methylation reactions. JCS Perkin I,
1974,19.2229-2236.

Zou ZR(ARUEHER) ,Yi YH( S #7%E) , Yao XS(BEHT A=) et
al. Studies on chemical constituents of Acaudina molpadioides
Semper. Chin J Nat Med ( " [E KK 254) , 2004, 2 . 348-
350.

Rao ZG (1585 W) , Deng SZ(XAnzz ), Li FY (ZERI).

Studies on the chemical constituents of the soft coral Sarco-
phyton molle from south China sea. Org Chem (G HLIL:) ,
1997,17.252-255.

Kimura T, Kuze J, Teraoka S, et al. Central nervous system

depressant effects of N3-substituted derivatives of deoxyuri-

dine in mice. Biol Pharm Bull ,1996,19 .142-145.



KIRF=WI5E 5 % Nat Prod Res Dev 2012 ,24.8-11

X E %S :1001-6880(2012)01-0008-04

AHEBENULRAT
kHA EEEERAN REE HLE  AAT

UIMNBHEE B A S A TR BE, RN 21500957 TP ERLE B ISP TR 2T E K R SR, [ 201203

W BB AR 95% SR B AR 11 MG, SRS T S 1 2R ) 3-0--L-ME R B
R (1), BRI (2) B AR (3) M1 (4) , (-) S5-I AR K AR EE 9-08-D-RHBEH (5) , Tk
TH(6), (- )-FRILKR(T) B H (8) , EXGANE Ta(9) , AR (10) A1 2,5-X-(B-H L HE) A (11) o
LS Y 1.2.9 A 1L 9 B OZAEY B35 AL 11 2 WA R K1

REBEIA 25 A RS AERY s A oy
i E 43 %2 R284. 1;Q946. 91

SCERERIRAS : A

Chemical Constituents of Gaultheria yunnanensis

FU Jiao-long' , TAN Chang-heng’* ,TAN Jun-jie’, CHEN Jia-jia' ,QIU Ye-xian' ,ZHU Da-yuan’
'School of Chemistry and Bioengineering , University of Science and Technology of Suzhou ,Suzhou 215009 , China
*State Key Laboratory of Drug Research ,Shanghai Institute of Materia Medica , Chinese Academy of Sciences ,Shanghai 201203 , China

Abstract ; Eleven compounds were isolated from the 95% ethanol extract of the whole plants of Gaultheria yunnanensis,

which were identified to be kaempferol 3-0-q-L-rhamnopyranoside (1) ,guaijaverin (2) ,gaultheroside A (3) , quercitrin

(4), (-)-5"-methoxyisolariciresinol 9-0-B8-D-xylopyranoside (5), schizandriside (6), (-)-epicatechin (7), isoquer-
citrin (8) ,cinchonain Ta (9) ,ursolic acid (10) ,and 2,5-bis(B-phenylethyl) phenol (11). Among them,1,2,9 and 11

were firstly obtained from the plant,and 2 was reported as natural compound at the first time.

Key words : Gaultheria yunnanensis ; Ericaceae ; chemical constituents

= 5 H W ( Gaultheria yunnanensis) , X 45 1E
W EEE IUARES, WA R AR By, B A
TR (TG IILAHRE R KUBRIE I g A T RE ,
TR | B 2 P 2 XU IR | g i I g S
fE . BAT R A SRS B e T T
W E I, N Ay B RS T 11 Mea Y, 7
R 11 2% W3 3-0-o- - BB (1), 5 A
(2) ,EHEBRPH(3) M (4), (- )-5"-H &Ik
SR AMEEE 9-0-8-D-AHETF (5) , LR T (6) ,
(= )-RILER(T), w1 (8), BN K Ia
(9) ,BEIRAR (10) F12,5-B-(B-FK 56 ) KWy (11)
Hep kA 1.2.9 F1 11 5 R Y 5315,
Y 11 02 B IR AR R IR )

1 SEIRER4Y

1.1 {(E54#
Finnigan-MAT-95 % ; Bruker DRX 400 #%#%

e B #:2010-07-02 %% H1#.2010-08-31
+ HINIEE Tel:86-21-50806600 ; E-mail ; chtan@ mail. shene. ac. cn

FEHR{Y, TMS A N #5 5 Nicolet Magna 750 FTIR % Z].
SN OCEEAG AR E T I RERE (F BRI L)
WHZZ M RE T AR HSGF,s, (JH 5 6 THF5EBE) 5
] B2 OBE BE I Sephadex LH-20 ( Pharmacia Biotech
AB, Uppsala, Sweden ) ; [z #H fi it LiChrospher 100
Rp-18 (50 wm) (Merck ) ; H-Ay & Ff %5 500 121 5 23 #r
ai, AMBEE AT 2005 45 RET M, H
Hh Rl e T 25 W o BT i B A
1.2 RREHEH

THEI = B A AR AR 10 kg H 95% BRI
=R (15 Lox 3) MG RE (1.5 kg) KRB E
FET 4 LK SR 23 00 PS5 B A0 ik L £ 1R Z TR AN
TE T A 2 =R, D8 ok 4, A5 A Tl R A (35
) LIRLBRIRAL (195 ) FIIE T BEftAL (890 ¢) .
ZRALMNE JEEIE Sephadex LH-20 1 2 ML AT 2
Proresaife, N CBEFRAL 5345 1 (13 mg) 2 (16
mg) 3 (27 mg) 4 (27 mg) .5 (24 mg) 6 (32 mg) .
7 (41 mg) 8 (31 mg) F19 (27 mg) ; NIE T BEAFAL
734310 (19 mg) A1 11 (62 mg)
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2 HFHERE

WEW 1 CyH, 0, Bk K, [a])-152°
(¢ 0.12,MeOH) ; ESI-MS m/z:455 ([M +Na]"),
887[2M + Na]*,431[M - H] ) #1863 [2M -
H] ;'H NMR (400 MHz,CD,0D) §:7.78 (2H,d,J
=8.8 Hz,H2" H-6"),6.94 (2H,d,J =8.8 Hz, H-
3’ ,H-5"),6.33 (1H,d,J=2.1 Hz,H-8),6. 18 (1H,
d,J=2.1Hz,H-6),5.52 (1H,dd,J=1.6,3.4 Hz,
H-2"),5.47 (1H,d,J =1.6 Hz,H-1"),3.93 (1H,
dd,J=3.4,9.0 Hz,H-3"),3.39 (1H,t,/ =9.0 Hgz,
H4"),3.39 (1H,m, H-5"),0.98 (3H,d,J =5.8
Hz,H-6") ;" C NMR (100 MHz, CD,OD) §:179.4
(C4),166.3 (C-7),163.2 (C-5),161.7 (C4"),
159.2 (C2),158.6 (€C9),135.6 (C-3),131.8
(2C,C2" and C-6"),122.5 (C-1"),116.7 (2C,C-3’
and C-5"),105.8 (C-10),100.5 (C-1"),100.0 (C-
6),94.9 (C-8),73.6 (C4"),73.4 (C2"),72.1
(C-5"),70.7 (C-3"),18.2 (C-6"), LA - %tdls 53
BRI B A B 3-O-a-L-Mi MR ZE OB T
( Kaempferol 3-0-q-L-rthamnopyranoside ) —Z{

WEWM2 CyuH, 0, , O E, [«]]35° (c
0.15,MeOH) ; ESI-MS m/z:457[ M + Na]*,891[2M
+Na]*f1433[M - H] ;'H NMR (400 MHz,
CD,OD) §:7.75 (2H,d,J =8.7 Hz, H2' and H-
6'),6.96 (2H,d,J =8.6 Hz,H-3" and H-5") ,6.35
(1H,d,J =2.1 Hz,H-8),6.18 (1H,d,J =2.1 Hgz,
H-6),5.43 (1H,d,J =1.6 Hz, H-1");” C NMR
(100 MHz,CD,0D) $:180.0 (C4),166.5 (C-7),
163.5 (C-5),159.2 (€-9),158.9 (C-2),150.5 (C-
4'),146.5 (C3"),136.1 (C3),123.5 (C-6'),
123.4 (C-1'),117.9 (C-5"),116.7 (C-=2"),106.2
(C-10),105.1 (C-1"),100.4 (C-6),95.2 (C-8),
74.6 (C2"),73.4 (C-3"),69.6 (C4"),67.5 (C-
5") o VAL BHE -5 3k 1738 09 % 4 A (Guai-
javerin) —3,

WEW3 CyHy0,, AR, [al] +24°
(¢ 0.20,MeOH) ;ESI-MS m/z:575[M + Na]*,1127
[2M +Na] *#1551[M - H] ;'H NMR (400 MHz,
CD,0D) §:6.55 (1H,s,H-5),6.42 (2H,s, H-2'
and H-6") ,5.08 (1H,m,H-1),4.80 (1H,d,J=7.6
Hz,H-1"),4.38 (1H, m, H-2a),4.28 (1H, m, H-
5"),4.27 Hz, H4a),4.15 (1H, m, H4"), 4.11

(1H,m,H-3") ,4.08 (2H, m,H-3a) ,4.02 (1H,m,
H-2"),3.90 (1H,dd,/J=9.77,3.97 Hz,H-2a) ,3. 78
(6H, s, OMe-3',-5'),3.76 (3H, s, OMe-6),3.73
(3H,s,0Me-8) ,3.64 (1H,m,H-5"),3.13 (1H,dd,
J=14.95,11.90 Hz, H4b),3.04 (1H, dd, J =
14.95,4.28 Hz, H4),2.69 (1H, m, H-2), 2.17
(1H, m, H3);” C NMR (100 MHz, CD,0D) §:
149.4 (2C,C-3" and C-5"),149.1 (C-8),148.1 (C-
6),139.9 (C-7),139.4 (C-1'),134.9 (C4"),
130.6 (C-10),126.9 (€C9),108.2 (C-5),107.4
(2C,C-2" and C-6"),106.0 (C-1"),78.5 (C-3"),
75.4 (C-2"),71.7 (C4"),71.4 (C-2a),67.5 (C-
5"),66.5 (C-3a),60.5 (OMe-8),57.3 (2C,0OMe-3’
and OMe-5") ,57.0 (OMe-6) ,47.2 (C-2),43.5 (C-
1),41.0 (C-3),34.4 (C4) . DL X530k
IR 18 19TE 3R P I ( Gaultheroside A) —%F,

Mﬁ%“ C21H200119E~:ﬁ*ﬁ;i{0 [OL]%O_M‘SO
(c¢0.18,MeOH) ;ESI-MS m/z:471[ M +Na] " ,919
[2M +Na]* ,447[M - H] F1895[2M - H] ;'H
NMR (400 MHz, CD,0OD) §:7.30 (1H,d,J =2.5
Hz,H2'),7.26 (1H,dd,J =2.1,9.0 Hz, H6'),
6.88 (1H,d,J=8.0 Hz,H-5") ,6.41 (1H,d,J=2.0
Hz,H-8),6.22 (1H,d,J=2.0 Hz,H-6),5.26 (1H,
d,J=0.8 Hz,H-1"),0.95 (3H,d,J =5.9 Hz, H-
6");"”C NMR (100 MHz,CD,0D) §:179.8 (C4),
165.9 (C-7),163.3 (C-5),159.5 (C-9),158.7 (C-
2),150.0 (C4'),146.5 (C3"),136.6 (C-3),
123.4 (2C,C-1" and C-6"),117.4 (C-5"),116.7
(C2"),106.2 (C-10),103.8 (C-1"),100.2 (C-6),
95.2 (C-8),73.7 (C4"),72.5 (C-3"),72.3 (2C,
C-2" and C-5"),18.0 (C-6") . LA F-¥¥a53cik' " 117
18 M EZ 1 ( Quercitrin) —ZL

WEWMS C H,0,, HEakEK, [a]) -31°
(¢ 0.21,MeOH) ;ESI-MS m/z:545[ M + Na]*,1067
[2M +Na]*f1521[M - H] ;'H NMR (400 MHz,
CD,0D) §:6.98 (2H,s,H-2" and H-6") ,6.88 (2H,
s,H-5 and H-8),4.60 (1H,d,J =7.3 Hz,H-1"),
4.56 (1H,d,J =10.4 Hz,H-=2a) ,4.51 (1H,d,J =
10.9 Hz,H-1),4.26 (1H,t,J=5.8,5.5 Hz,H-5"),
4.16 (1H, m, H4"),4.05 (1H, m, H-3"), 3.99
(IH,m,H-2"),3.78 (6H,s,OMe-3" and OMe-5") ,
4.22 (2H, m, H-3a),3.73 (3H,s, OMe-6),3.62
(1H,m,H-2a),3.58 (1H,m,H-5"),3.31 (1H,dd,J
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=15.6,11.3 Hz,H4b) ,3. 11 (1H,dd,/=16.1,4.9
Hz,H4a),2.47 (1H, m, H-3),2.40 (1H, m, H-
2);"C NMR (100 MHz,CD,0D) §:149.2 (2C,C-3’
and C-5"),148.3 (C-6),138.7 (C-7),136.6 (C-
1'),135.8 (C4'),134.0 (C9),128.0 (C-10),
117.8 (C-8),112.8 (C-5),107.9 (2C,C-2" and C-
6'),106.0 (C-1"),78.4 (C-3"),75.2 (C-2"),71. 1
(C4"),68.5 (C-2a),67.1 (C-5"),64.2 (C-3a),
56.3 (2C, OMe-3" and OMe-5"),56.1 ( OMe-6),
47.8 (C-1),45.3 (C-2),39.1 (C-3),33.7 (C4),
Db %5090 45 SOk R E A () 57 A S 9 A
HE i 9—0—3—[)-7!(5]%:@: [ (-)-5'-Methoxyisolariciresinol
9-0-8-D-xylopyranoside ] — % .

wEwe C25H32010,E|@§Fﬁ§|{0 [a]§)+25°
(¢ 0.17 ,MeOH) ; ESI-MS m/z:515[ M + Na] *,1007
[2M +Na] " f1491[M - H] ;'H NMR (400 MHz,
CD,0D) &:7.27 (1H,s,H-2"),7.15 (1H,s,H-5"),
6.98 (1H,dd,J=8.0,1.8 Hz,H-6"),6.86 (1H,s,
H-5),6.85 (1H,s,H-8),4.61 (1H,d,J=7.3 Hz,
H-1"),4.56 (1H,dd,J =9.8,2.4 Hz,H-2a),4.51
(1H,d,J=10.9 Hz,H-1) ,4.24 (1H,t,J =10.0 Hz,
H-5"),4.22 (2H, m,H-3a),4.14 (1H, m, H4"),
4.06 (1H,t,/=9.0 Hz,H-3"),3.99 (1H,t,/=8.0
Hz,H-2"),3.79 (3H,s,0Me-6),3.71 (3H,s, OMe-
3'),3.66 (1H,dd,J =9.8,3.0 Hz, H-2a),3.57
(1H,t,J =5.1 Hz,H-5"),3.31 (1H,dd,J =15.6,
11.3 Hz,H4b),3.11 (1H,dd,J=15.9,4.6 Hz,H-
4a),2.47 (1H,m,H-3),2.36 (1H, m,H=2);"C
NMR (100 MHz, CD,0D) §.148.2 (C-3"),147.3
(C-6),145.8 (C4'),137.6 (C-1"),136.7 (C-7),
134.0 (C9),128.0 (C-10),117.8 (C-8),116.6
(C-5"),113.9 (C-2"),112.8 (C-5),112.6 (C-6"),
106.0 (C-1"),78.4 (C-3"),75.2 (C=2"),71.2 (C-
4"),68.5 (C-2a),67.2 (C-5"),64.2 (C-3a),56.1
(OMe-6),55.9 (OMe-3"),47.3 (C-1),45.5 (C-
2),39.3 (C-3),33.9 (C4), DL ¥R 5 S0k 4
8 F) H T ( Schizandriside ) —F{

WEHT C H, O, kAR, [aly-58° (¢
0.15,MeOH) ; ESI-MS m/z:289[M - H] ;'H NMR
(400 MHz, CD,0D) §:6.98 (1H,s, H-2"),6.77
(1H,s,H-6") ,6.75 (1H,s,H-5") ,6.02 (1H,d,J =
2.0 Hz,H-6),5.90 (1H,d,J =2.0 Hz,H-8) ,4.81
(1H,br.s,H-2),4.17 (1H,s,H-3),2.81 (1H,dd,J

=16.5,4.6 Hz,H4a) ,2.65 (1H,dd, ] =16.6,3.5
Hz,H4b) ;" C NMR (100 MHz, CD,0D) &:156.8
(C5),156.7 (C-7),156.4 (C9),144.8 (C4"),
144.2 (C-3"),131.6 (C-1"),118.6 (C-5"),115.6
(C-6"),114.9 (C-2"),99.6 (C-10),95.9 (C-6),
95.3 (C-8),78.9 (C-2),66.6 (C-3),28.5 (C4),
L b B0HE 5 Sc k™ 438 19 F L 25 & [ (-) -epicate-
chin) ] —%,

WEW 8  Cy Hy O, B O (HEE),
mp. 239 ~241 C,[a]3-18° (¢ 0.09,MeOH) ; ESI-
MS m/z:487[M +Na] ) ,951[2M + Na] * f1463[ M
- H] ;'H NMR (400 MHz,CD,0D) §:7.56 (2H,
m,H-2" and H-5") ,6.84 (1H,d,J=8.2 Hz,H-6"),
6.40 (1H,d,J=2.0 Hz,H-6),6.20 (1H,d,J=2.0
Hz,H-8),5.45 (2H,d,J =7.2 Hz,H-6") ;" C NMR
(100 MHz,CD,0D) $:177.8 (C4),161.4 (C-5),
156.7 (C-2),156.5 (C9),148.5 (C4'),144.1
(C-3"),133.6 (C-3),121.8 (C-5"),121.3 (C-1"),
116.4 (C-6"),115.3 (C-2'),104.0 (C-10),101.1
(C-1"),98.8 (C-6),93.7 (C-8),77.6 (C-5"),76.7
(C3"),74.3 (C2"),70.1 (C4"),64.3 (C-7),
61.1 (C-6") o A b¥ed 5 scik'™ " $al i S 4 iz 4
(Isoquercitrin ) —Z{ ,

HEWI  CyuHy 0, T AEHIRES & (VR ) .
mp. 178 ~180 °C,[ a]}’-196° (¢ 0. 11,MeOH) ; ESI-
MS m/z:453[M + H] " ,927[2M + Na] " f1 451 [ M
- H] ,903[2M - H] ;'H NMR (400 MHz,
Me,CO-d,) 8:7.10 (1H,d,J =2.2 Hz,H-2"),6.83
(1H,d,J =8.4 Hz,H-5"),6.72 (1H,dd,J =8.4,
2.2 Hz,H-6") ,6.64 (1H,d,J =7.9 Hz,H-6") ,6.61
(1H,d,J =2.0 Hz,H2"),6.46 (1H,dd,J=7.9,
2.0 Hz,H-5"),6.25 (1H,s,H-6),4.89 (1H,br. s,
H-2),4.54 (1H,dd,J =6.1,2.3 Hz, H-12),4.30
(1H,m,H-3),3.12 (1H,dd, J =6.2,6.1 Hz, H-
13b),2.93 (1H, m,H4a),2.88 (1H, m, H4b),
2.85 (1H,dd,J =16.2,2.3 Hz,H-13a) ;" C NMR
(100 MHz,CD,0D) §:171.2 (C-13),156.6 (C-6),
152.5 (C-8),145.4 (C4"),145.0 (C-3"),144.7
(C4'),144.1 (C-3'),134.5 (C-1"),131.2 (C-
1'),118.4 (C-6'),118.4 (C-6"),115.8 (C-5"),
115.8 (C-5"),115.4 (C-10),114.5 (C-2"),114.5
(C-2"),105.2 (C9),104.5 (C-5),95.8 (C-7),
80.7 (C2),67.5 (C3),38.8 (C-11),35.7 (C-
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12),29.0 (C4) . A& %t 53k s i 4 0
#NZ Ta (Cinchonain Ta) —ZF,

HEWI0  CyyH Oy, kR, [all +74°
(¢ 0.13,MeOH) ; ESI-MS m/z:479[ M + Na]*,935
[2M +Na] " f1455[M - H] ;'H NMR (400 MHz,
CD,0D) §:5.46 (1H,m,H-12),4.17 (1H, m, H-
3),1.29 (6H,s,H27 and H-29),1.07 (3H,s, H-
23),1.05 (3H,s,H-24),1.02 (6H,s,H-25 and H-
26),0.96 (3H,s, H30);” C NMR (100 MHz,
CD,0D) 5:180.1 (C-28),144.9 (C-13),122.4 (C-
12),78.7 (C-3),55.6 (C-5),48.4 (C-19),48.1
(C9),46.5 (C-17),42.3 (C-14),42.0 (C-8),
39.9 (C-18),38.7 (C4),38.5 (C-1),38.4 (C-
10),34.3 (C-22),33.3 (€-29),33.2 (C-21),33.1
(C-7),31.0 (€20),29.0 (C-15),28.3 (C-23),
27.1 (C2),26.2 (C27),23.9 (C-16),23.8 (C-
30),23.7 (C-11),18.8 (C-6),18.3 (C-24),17.4
(C26),16.8 (C25), DL %5 ok H i i
REFRLTR ( Ursolic acid) —%{,

&M 11 C,H,O0, H{ A, EI-MS m/z
(%) :302 (55),287 (100),209 (18),197 (12),
105 (20) ; HR-EI-MS m/z:302. 1678 ;'H NMR (400
MHz,CDCl,) §.:7.13 (2H,m,H-5" and H-7"),7. 12
(2H,m,H-5" and H-7"),7.10 (5H,m,H4 ,H4" H-
8’ H4" and H-8"),7.09 (2H, m,H-6" and H-6"),
7.07 (1H,m,H-3),6.68 (1H,m,H-6) ,4.44 (1H,
s,0H),4.32 (1H,dd,J=7.2,1.8 Hz,H-1") ,4.05
(1H,dd,J =7.0,3.6 Hz,H-1"),1.53 (1H,d, J =
7.2 Hz,H-2"),1.50 (1H,d,J =7.3 Hz,H=2");"C
NMR (100 MHz,CDCl,) :151.7 (C-1),147.1 (C-
3"),145.8 (C-3'),138.8 (C4),132.1 (C2),
128.6 (C-5',C-7"),128.6 (C-5",C-7"),127.8 (C-
4',C-8"),127.8 (C4",C-8"),127.5 (C-3),126.6
(C-6"),126.5 (C-5),126.2 (C-6"),116.1 (C-6),
44.5 (C-1"),38.6 (C-1"),21.3 (C-2"),23.0 (C-
2", DU ERCE S Sck " H3E 9 2, 5-bis (B-phenyle-
thyl) phenol [2,5-3-(B-K £5) 2Kl | —3.

S 30k

1 Ma XJ(Z/NZE) , Zhao L(#X %), Du CF(F:FEFF) , et al.
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Chemical Constituents from the Stems and Leaves of
Viburnum foetidum var. ceanothoides

LI Wei-wei, SHI Hai-ming, WANG Meng-yue, LI Xiao-bo "
School of Pharmacy ,Shanghat Jiao Tong University ,Shanghai 200240 , China

Abstract: Fourteen compounds were isolated from the stems and leaves of Viburnum foetidum var. ceanothoides. Their
structures were identified as betulin (1) ,uvaol (2) ,B-sitosterol (3),betulinic acid (4) ,ursolic acid (5) , p-hydroxy-
benzoic acid (6) ,4,4'-dihydroxy-a-truxillic acid (7) , E-p-coumaric acid (8) ,Z-p-coumaric acid (9), phaseic acid
(10 ), protocatechuic acid (11 ), daucosterol (12), 1-0-( 6-0-a-L-rhamnopyranosyl-8-D-glucopyranosyl ) 4-allyl-
benzene (13) ,and apigenin 7-0-a-L-rthamnopyranosyl(1'"'—2"") -B-D-glucopyranoside (14). This is first report of the

presence of compounds 1,7,9,10 and 13 in the genus Viburnum and 1-14 in this plant.

Key words ; Viburnum foetidum var. ceanothoides ; chemical constituents

Introduction

Viburnum foetidum Wall. var. ceanothoides ( C. H.
Wright) Hand. -Mazz. belongs to the genus Viburnum
( Adoxaceae ) , distributed in Yunnan, Sichuan and
Guizhou provinces of China. The roots, stems, leaves
and fruits have been used in Chinese folk medicines to
treat stomatitis, eczema, fractures, bone-setters injury
and trauma hemorrhage'''. The phytochemical investi-
gation on V. foetidum var. ceanothoides hasn’t been re-
ported so far. In our research ,fourteen compounds were
isolated. This is first report of the presence of com-

pounds 1,7 ,9,10 and 13 in the genus Viburnum and 1-
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14 in this plant.

Experimental

General

The MS were measured on an Agilent 1100 series mass
spectrometer or Waters UPLC Acquity/QTOFMS Prem-
ier. NMR spectra were measured on Bruker DRX-500
or Bruker Avance [l 400 instruments. Shimadzu LC-
2010AHT HPLC System and Waters C,; column (7.8
x 300 mm, 6 pum) were used for semipreparative
HPLC. Silica gel for column chromatography and pre-
coated silica GF,, plates for TLC were produced by
Qingdao Haiyang Chemical Co. Ltd. ODS and D101
macroporous resin were purchased from YMC Co. Lid,
Japan and Tianjin Haiguang Chemical Co. Ltd. respec-
tively.

Plant Material

The stems and leaves of V. foetidum Wall. var.
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ceanothoides were collected from Chengjiang County,
Yunnan Province of China,in May 2008 , and were i-
dentified by Associate Prof. Wang Meng-Yue. The
voucher specimen of V. foetidum var. ceanothoides ( No.
080530) was deposited at School of Pharmacy, Shang-
hai Jiao Tong University.

Extraction and isolation

The dried stems and leaves of V. foetidum var. cean-
othoides (23 kg) were milled and extracted three times
(3 x2 L) with 75% EtOH for 2h each time, with the
solvent removed under reduced pressure. The 75% eth-
anolic extract was suspended in water, and then was
partitioned with petroleum ether, CHCI, , EtOAc and n-
BuOH successively. The petroleum ether-soluble frac-
tion (90 g) was subjected to silica gel column eluting
with a petroleum ether (PE)-EtOAc (100:0 to 2:1)
gradient system to yield frs. 1-8. Fr. 4 was chromato-
graphed on a silica gel column eluting with PE-Me, CO
(8: 1) to provide frs. 4. 14. 5. Fr. 4. 2 followed by
semipreparative HPLC (MeOH-H,0;95:5) to provide
1 (18.2 mg) and 2 (19.3 mg). The chloroform-solu-
ble fraction (86 g) was subjected to silica gel column
eluting with a PE-EtOAc (100:0 to 1: 1) gradient sys-
tem to yield frs. 1-10. After recrystallization of fr. 3 with
CH,0H,3 (1.8 g) was obtained. Fr. 4 was chromato-
graphed on a silica gel column eluting with PE-Me, CO
(6:1) to afford 4 (200 mg). Fr. 5 was chromato-
graphed on a silica gel column eluting with PE-Me, CO
(5:1) to afford 5 (1.0 g). The EtOAc-soluble fraction
(90 g) was subjected to silica gel column eluting with
a CH,Cl,-CH,OH (100: 0 to 2: 1) gradient system to
yield frs. 1-11. Fr. 3 was chromatographed on a silica
gel column eluting with CH,Cl,-CH;0H (10:1) to
provide frs. 3. 1-3. 4. Fr. 3. 2 was further purified by
semipreparative HPLC (MeCN: H,0 ( containing 1%o
TFA) =12:88) to provide 6 (6.2 mg),7 (10.6
mg) ,8 (23.5 mg) and 9 (13.5 mg). Fr. 4 was puri-
fied by preparative TLC with CHCI,-CH,OH-HCOOH
(100:25:1) ,10 (24.2 mg) and 11 (50.3 mg) were
obtained. Fr. 6 was applied to silica gel and eluted with
CH,Cl,-CH,;0H (10:1) to afford 12 (2.0 g). The n-
BuOH-soluble fraction (320 g) was subjected to a

macroporous resin column with a gradient elution

(20% ,40% ,60% ,80% ,95% FEtOH/H,0) to yield
frs. 1-5. Fr.2 and Fr.3 was chromatographed on a sili-
ca gel column eluting with CH,Cl,-CH,OH (50:1 to 2
:1) to yield frs. 2. 1-2. 8. Fr. 2. 3 was subjected to an
ODS column eluting with 30% MeOH/H,O to afford
Fr.2.3.1-2.3.5. Fr.2.3.3 was purified by preparative
TLC with CHCI;-CH,OH-H,0-HCOOH (60:40:10:1) to
provide 13 (58.2 mg). Fr.2.5 was subjected on silica
gel column eluting with CH,Cl,-CH;OH (5:1) to af-
ford 14 (1.2 ¢g).

Identification

Betulin (1) C,,H,,0,, white powder, ESI-MS m/z;
465.2[ M + Na]*;'H NMR ( CDCl,, 500 MHz) §:
3.19(1H,dd,J=11.5,4.5 Hz,H-3a),2. 38 (1H,m,
H-19),3.34(1H,d,J=11.0 Hz,H-28«) ,3.80(1H,
dd,J =11.0,1.5 Hz, H-288),4.58 (1H, brs, H-
29a), 4.68 (1H, brs, H298), 0.97, 0.76, 0. 83,
1.02,0.98,1. 68 (each 3H,s,6 x CH,,H-23,24 25,
26,27,30) ;°C NMR(CDCI,, 125 MHz) §:38.6(C-
1),27.3(C-2),79.0(C-3),38.8(C4),55.2(C-5),
18.3(C-6),34.2(C-7),40.9(C-8),50.3(C9),
37.1(C-10),20.8 (C-11),25.1(C-12),37.2 ( C-
13),42.7(C-14),27.0(C-15),29.1(C-16) ,47.7
(C-17),48.7(C-18),47.7(C-19),150.5(C-20),
29.7(C-21),33.9(C-22),28.0(C-23),15.4(C-
24),16.1(C-25),15.9(C-26),14.7(C-27),60.5
(C-28),109.7(C-29),19.1(C-30). The NMR spec-
tral data were in consistent with those reported *'.

Uvaol (2) C,, H, O,, white powder, ESI-MS m/z;
465.3[ M + Na]*;'H NMR ( CDCl,, 500 MHz) §:
5.14(1H,t,/ =3.2 Hz,H-12) ,3.53(1H,d,J =8.8
Hz,H-28),3.21 (2H, m),1.11,1.00,0.99,0.95,
0.80(each 3H,s,5 xCH;) ,0.94(3H,d,J =7.2 Hz,
H-30),0.81 (3H,d,J =5.0 Hz, H-29) ;" C NMR
(CDCl,,125 MHz) 6:38.7(C-1),27.2(C-2),79.0
(C-3),38.8(C4),55.1(C-5),18.3(C-6) ,35.2(C-
7),39.4(C-8),47.6(C9),38.0(C-10),26.0(C-
11),125.0(C-12),138.7(C-13) ,42.0(C-14),29.7
(C-15),23.4(C-16),36.9(C-17),54.0(C-18),
39.3(C-19),40.0(C-20),32.8(C-21),30.6 (C-
22),28.7(C-23),15.6(C-24),15.7(C-25),17. 4
(C-26),23.3(C-27),70.0(C-28),16.8(C-29),
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21.3(C-30). The NMR spectral data were in consist-
ent with those reported .

Betulinic acid (4) C,,H,0,,white powder, ESI-MS
m/z:455.3[M - H] ;'H NMR(C,D;N,400 MHz)
5:1.82(1H,m,H-2),3.42(1H,t,J=7.2 Hz,H-3) ,
2.71 (1H, m, H-13),1.51 (1H, m, H-16a ) , 2. 62
(1H,d,J =11.7 Hz,H-168),3.51 (1H, m,H-19),
4.92(1H,s, H29a),4.74 (1H, s, H-298),0.78,
0.98,1.02, 1.03, 1.19, 1.76 (each 3H, s, 6 x
CH,);"”C NMR (C,D,N,100 MHz) §:40.5(C-1),
29.6(C-2),79.3(C-3),40.8(C4),57.2(C5),
20.0(C-6),36.1(C-7),42.3(C-8),52.2(C9),
38.8(C-10),22.4(C-11),27.4 (C-12),39.8 ( C-
13),44.1(C-14),31.5(C-15),34.1(C-16),57.9
(C-17),51.0(C-18),49.0(C-19),152.6 (C-20),
32.5(C-21),38.9(C-22),29.9(C-23),17.6 (C-
24),17.7(C-25),17.7(C-26),16.1(C-27),180. 1
(C-28),111.2(C-29),20.7(C-30). The NMR spec-
tral data were in consistent with those reported .
p-Hydroxybenzoic acid (6 )
der, HR-TOF MS m/z:139.0395[ M +H] * ,137. 0239
[M - H] ;'H NMR (DMSO-d,,500 MHz) §:6. 80
(2H,d,J=8.0 Hz,H-3,5),7.78(2H,d,J =8.0 Hz,
H-2,6),10.27(1H,s,0H),12.40(1H,s, COOH).

The NMR spectral data were in consistent with those

C,H,0;, white pow-

reported 7.

4, 4'-Dihydroxy-a-truxillic acid (7) C; H, O,
white powder, HR-TOF-MS m/z; 327.0847 [ M -
H] ;'H NMR(DMSO-d,,500 MHz) §:3.65(2H,m,
H3,8"),4.12(2H,m,H-a,a") ,6.69(4H,d,J =8.5
Hz,H-3,3",5,5"),7.11(4H,d,J =8.5 Hz,H-2,2",
6,6'),9.30 (2H,s,2 x OH), 11.98 (2H, s,2 X
COOH) ;”C NMR ( DMSO-d, , 125 MHz) §:40.3 ( C-
a,a’),46.7(CB,68"),114.9(C-3,3",5,5"),128.6
(C2,2",6,6"),129.6(C-1,1"),156.1(C4,4"),
173.1(2 x COOH). The 'H NMR spectral data were in
consistent with those reported "*’.

E-p-Coumaric acid (8) CyH;0,, white powder,
HR-TOF-MS m/z;165.0552[ M + H] * ,163.0397[ M
- H] .'H NMR(CD,0D,500 MHz) §:7.60(1H,d,
J=16.0 Hz,H-7) ,7.44(2H,d,J=8.5 Hz,H-2,6) ,
6.80(2H,d,J =8.5 Hz,H-3,5),6.28 (1H,d,J =
16.0 Hz,H-8). The NMR spectral data were in con-

sistent with those reported 7.
Z-p-Coumaric acid (9) CyH;0,, white powder,
HR-TOF MS m/z;165.0551[ M + H] " ,163.0397[ M
- H] ;'H NMR(CD,0D,500 MHz) §:7.61(2H,d,
J=8.5Hz,H-2,6),6.78(1H,d,J=12.5 Hz,H-7),
6.74(2H,d,J =8.5 Hz,H-3,5),5.78 (1H,d, J =
12.5 Hz,H-8). The NMR spectral data were in con-
sistent with those reported ',

Phaseic acid (10) CH,,O,, white powder, APCI-
MS m/z:279.1[M - H] ;'H NMR ( CD,0D, 500
MHz) 6:1.01(3H,s,H9") ,1.21(3H,s,H-7") ,2. 07
(3H,d,J=1.0 Hz,H-6) ,2.38(1H,dd,J=18.0,2.5
Hz,H-5'pro-R) ,2.47(1H,dd,J =17.5,2.5 Hz,H-3’
pro-S),2.70(1H,dd,J =18.0,2.5 Hz,H-5'pro-S) ,
2.80(1H,d,J =18.0 Hz,H-3'pro-R) ,3.66 (1H,d,J
=8.0 Hz, H-8'pro-S),3.94 (1H,dd, J =8.0,2.5
Hz,H-8'pro-R) ,5.79 (1H,brs,H-2) ,6.45(1H,d, J
=15.5 Hz,H-5),8.10(1H,d,J =15.5 Hz,H4) ;
“C NMR(CD,0D, 125 MHz) §:170.0(C-1),120.2
(C-2),151.4(C-3),133.2(C4),133.9(C-5),21.5
(C-6),83.2(C-1"),88.1(C-2"),54.3(C-3"),211.2
(C4"),53.5(C-5"),49.8(C-6"),19.7(C-7"),78.9
(C-8"),16.1(C-9"). The NMR spectral data were in
consistent with those reported /.

Protocatechuic acid (11)
APCI-MS m/z:152.9[M - H] ;'H NMR(CD,0D,
500 MHz) 6:6.73 (1H,d,J =8.5 Hz,H-5),7.35
(1H,dd,J=8.5,2.0 Hz,H-6) ,7.42(1H,d,J=2.0
Hz,H-2).The NMR spectral data were in consistent

C,H,0,, white powder,

with those reported /.

1-0-( 6-0-a-L-rhamnopyranosyl-8-D-glucopyrano-
syl) 4-allylbenzene(13) C,, H,,0,,, white powder,
ESI-MS m/z:465.2[ M + Na]*;'H NMR ( CD,0D,
500 MHz) §:1.22(3H,d,J =6.0 Hz, H-6""),3.33
(3H,m,H-3",H4 ,H4"'") ,3.38(2H,m,H-7) ,3.47
(1H,m,H-2"),3.55(1H, m,H-5") ,3.62(1H,dd, J
=11.0,6.5 Hz,H-6'a) ,3.68(1H,dd,J =6.0,3.0
Hz,H-5""),3.72(1H,dd,J =9.5,3.5 Hz,H-3""),
3.86(1H,m,H-2"") ,4.03(1H,dd,J=11.0,1.5 Hz,
H-6'8) ,4.73(1H,d,J=1.0 Hz,H-1"") ,4.82(1H,
d,H-1"),5.02(1H,m,H9a) ,5.06 (1H, m,H98),
5.94(1H,m,H-8),7.03(2H,d,/=8.5 Hz,H-3,5),
7.12(2H,d,J =8.5 Hz,H-2,6) ;" C NMR(CD,0D,
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125 MHz) §:157.4(C-1),117.9(C-2),130.5(C-
3),135.3(C4),130.5(C-5),40.3(C-7),139. 1(C-
8),115.7(C9),102.5(C-1"),74.9(C-2"),78.0
(C3"),71.5(C4"'),76.8 (C-5"),67.8 (C-6"),
102. 1(C-1""),72.4(C-2""),72.1(C-3""),74.0(C-
4'),69.8 (C-5""),17.9(C-6""). The NMR spectral
data were in consistent with those reported ',

Apigenin 7-0-a-L-rhamnopyranosyl (1'"' —2'") -B-
D-glucopyranoside (14 )
ESI-MS m/z:579.2[ M + H] *;'H NMR ( DMSO-d, ,
400 MHz) §:1.20(3H,d,J =6.0 Hz,H-6""") ;5. 13
(brs,H-1"""),5.23(1H,d,/J=7.5 Hz,H-1"") ,6.37
(1H,d,J=2.0 Hz,H-6) ,6.79(1H,d,J =2. 0 Hz,H-
8),6.88(1H,s,H-3),6.95(2H,d,J=9.0 Hz,H-3",
5'),7.94(2H,d,J =8.5 Hz,H2',6");"” C NMR
(DMSO-d,,100 MHz) §:164.2(C-2),103.2(C-3),
182.0(C4),161.4(C-5),99.3(C-6),162.5(C-7),
94.5(C-8),157.0(C9),105.4(C-10),121.0 (C-
1'),128.5(C-2",6"),116.0 (C-3",5"),161.1 (C-
4'),97.8(C-1""),76.2(C2""),77.2(C-3""),69.6
(C4'),77.0(C-5"") ,60.4(C-6"") ,100.4(C-1""") ,
70.5(C-2"""),70.4(C-3""") ,71.8(C4""") ,68.3(C-
5'""),18.0(C-6"""). The NMR spectral data were in

consistent with those reported "'

C,;,H;,0,,, yellow needles,

B-Sitosterol (3 ), ursolic acid (5) and daucosterol
(12) were identified by comparison of R, value with

the authentic samples.
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Isolation and Identification of Antifungal Components from Juniperus
chinensis cv. Kaizuca with Ethyl Acetate

WANG Hai-hong, YUAN Zhong-lin* ,LUO Lan,HAO Ming-liang
Qingdao Agricultural University , Qingdao 266109 , China

Abstract: Antifungal components,which isolated from ethanol extract of Juniperus chinensis cv. Kaizuca with ethyl ace-
tate, were tested against Valsa mali, Coniothyrium diplodiella,and so on,based on bioassay-guided method. The results
showed that ethyl acetate extracts of J. chinensis had certain inhibition effects to all tested fungi,and the best inhibition
rates against V. mali and C. diplodiella were 83.06% and 78.87% at 2 mg/mL, respectively. The ECs, of the active

component Savinin against V. mali, C. diplodiella , Gibberella zeae , Elsinoe ampelina , Physalospora piricola and Fusarium

oxysporum were 0.38,0.18,0.47,0.59,0.70 mg/mL,and 1.94 mg/mL,respectively.

Key words: Juniperus chinensis cv. Kaizuca;antifungal activity ; column chromatography ; savinin
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W) Ko ML R B T 2 B 3 A T AR Je
FK BRI B — 5 B B ET o A
K B R, B ZE I £ i O 1) A i it
Yo AR BT AN IR, FLNE S AR 0 1A
) EC5, 4 0. 8624 mg/mL, M ik Rkl & i, T
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ks H 19 .2011-03-28 257 H #1.2011-06-30
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3572 9.
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1.1 #R 5

Te I Z R R SCHR ™ 7 ik 4, UK AR
TRORAE, 8 Mo SRR R TE (Valsa mali) P55
LU B ( Physalospora piricola ) | %5 %5 2245 9 1 ( Elsi-
noe ampelina ) ., % %4 [ & 5% & ( Coniothyrium dipl-
odiella) /N7 7595 1 ( Gibberella zeae) | 8% AL 2
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TR = B 2457 b = 42 1L

LT Ak (AL 60 ~90 C) . MR LT V&
D5 HEER T b sl W2 ENTRERE (GFLs, ) |
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JETRTA /N2 DR B TR 2 PR e TR S SR R 8O
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Table 1  The inhibition effects of J. chinensis ethyl acetate ex-
tract against 6 kinds of plant pathogenic fungi (2 mg/
mL)
L XPRCEY) RISy
9 T p p
HEOD s R Gm) R Gm) EA(% )
Plant o
. Average Average Inhibition
pathogenic . .
. diameter diameter rate
fungi
of control of treatments
SER SRR TE (V. mali) 41.5 11.8 83.06 £0.97
W SR # ( C. diplodiella) 60.0 15.8 78.87 £1.76
INZE IR (6. zeae) 60.0 22.2 67.56 £1.76
W% BISHE B (E. ampelina) 52.0 17.5 71.88 £0.97
SEREE SR (P piricola) 48.0 17.0 70.51 £2.92
B TALZER B (F. oxysporum) 48.8 27.7 47.21 £0.92

H13E 1 0], M R L TR A BUYWRE N 2 mg/
mL B, XS SR 0 A R 2 R TR /N R R
R BT P SR S 0 A R TAR 2205 P (1Y)
TR 43 5 K 83. 06% .78. 87% 67. 56 .71. 88% .
70.51% F147. 21% o v 3 55 6 92 95 B R 4 45
1B T 14 0 ) 208 SR A -, b T 2 5 1 A 390
2.2 RHZEHZEERYY 6 MENKRERENS
H1ER

TeHA T8 TR A6 B o S 55 J6 02 5 v L 8 7 1
FEERER /N2 AR B B R R R T S SR A BUR
R TR 2508 1 A3 T A6 2

M1 2 WA, R SR HE BV S R R B
B B B /N2 AR B TR 4 DR B SR
FBO R AN B TURG 25995 B8 1 EC4o 431 R 0. 67 (1.
96.1.39 1.14 .1.24 mg/mL F13.16 mg/mL, %f3f
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Table 2 The toxicity of J. chinensis ethyl acetate extraction a-

®3 AW A6 MEYRREEMHER
Table 3  The inhibition effects of compound A against 6 phyto-

gainst 6 kinds of plant pathogenic fungi pathogens
== 1 = F 73 == in} = F 7 e [
W 12k FHEATE  EERE() AR YRR FHEHEGTE MR () ARTERE
PTE?%;F[E Toxicity regression  Correlation ¥ ( mg/mL) Pfa?ﬁﬁﬁ[ﬁ Toxicity regression  Correlation ~ (mg/mL)
ant pathogens equation coefficient (r)  ECsy o pathosens equation coefficient (r)  ECs
ﬁ%@ﬁﬁ[ﬁ y=1.3437x +5.2309  0.9870 0.67 ﬁ%@ﬁﬁ[ﬁ y=1.5689x +5.6577  0.9909 0.38
(V. mali) (V. mali)
A EUE _ A EUE _
(C. diplodiella) y=1.0769x +4. 6843 0.9947 1.96 (C. diplodiella) y=1.1595x +5.8749  0.9764 0.18
2 e A o T g sy
ANEITITE | 09500 +4.8450 0,975 1.39 EITITH () 63680452069 0.9986 0.47
(G. zeae) (G. zeae)
P e e P e e
’FﬁjEl,Eﬁ:}[il y=1.1000x +4.9360  0.9950 1.14 ﬁj%lgﬁ@ y=0.6580x +5.2290  0.9985 0.59
(E. ampelina) (E. ampelina)
VRREUSH () 9370, 44,9120 0.9940 1.24 VRREUSH () 60700 +5. 1580 0.9874 0.70
( P. piricola) ( P. piricola)
B 2 y=0.9540x +4.5230  0.9884 3.16 B 2 y=1.0490x +4. 6970 0. 9654 1.94

(F. oxysporum)

(F. oxysporum)

SRHE 92 95 T 8 00 T 4 P e iR, %o 2] R 7 A T 190 41
A PR 2, X B TR 28 B A9 30 i 4 T B 22 . R
SRR 1 B IMTEWRE N 2 mg/mL I, A £ 1R LR
AU R 467 R R A R E FH G T X INAE A
o TR 2 R R S SR AR S0 TR SRR L E
BEJT05E S5 R ANAR S, 35 700 5E 1 EC, R IR AL
I R TEROR
2.3 EMZBZEZERYARRSOINERLE

TR TR L e A Y 2848 )2 A 245 31 18 A
3 UBRAR T R T RN A5 SRR B W4 T (UEM
L) 05 Ry 10:1,85. 6 mg) A 8 (S fiy
RSN 100 1,34.6 mg) Xf 6 i I iR 2447 5 41 il
VER ;W53 9 (AU BN 101,31, 9 mg) Xof 3P
JE 0 TR A TR A R T, X6 2 R TR A s 4
PERT 3o 11 (s B 10:1,35. 7 mg) Xf3ER
JEE A2 5 T A6 20 11D T 2 P L TR AT s o
YER . PR3 8 b 2t b e b, Ao X 41 B 4
BRI A>T AT A B . A LR LR
(10:1.7:1.5:1.2:1.,1: 1) MR LR BE IR Ut , 78
A TR OER(S: D EMEEY A(12.9 mg) .
2.4 UEYABEENE

G A XS 6 FhAE Y I T 1Y 2 0 U A2 45
W3, HIER 3 AT ALY A XS R TE A
2 R TR /N2 205 5 T A 2 e T R A
S0 T B TIURG 250 T 19 EC0 2333172 0. 38.,0. 18
0.47.0.59.0.70 mg/mL 1 1. 94 mg/mL, H /1 % 4
2] 1SR AT P00 150 D e, KT 8 T 28 i T 1 100
AR B 22

2.5 AWM ANEHEE

G A AR (), m. p. 146 ~ 147
C, 55 F3 CpyH, O ; ESI-MS (m/z) :353[M+H] ",
375[M +Na]*,727[2M +Na ] *, FE B HABX 4 F i
&} 352, IR (KBr) v,, :3070( = C-H) ,2913(-C-
H) ,1735( <0 NAE C=0),1640(C =C),1599
1580 1503 . 1437 ( %£3£),1030 918 ( HLL¥f C-0),
827( = C-H).,'H NMR ( CDCl;,500 MHz) §:7. 50
(1H,s,H-7),7.08 (1H,d,J =8.0 Hz,H-6),7. 05
(1H,s,H2),6.88(1H,d,J =8.0 Hz,H-5),6. 74
(1H,d,J=8.0 Hz,H-6") ,6.67(1H,s,H2") ,6. 64
(1H,d,J =8.0 Hz,H-5') ,6.05(2H,s,H-10),5. 94
(2H,s, H-10") ,4.25(2H,dd,J =9. 0 Hz, H9'),
3.74(1H,m,J =2.0 Hz,H-8'),2.59(2H,dd, J =
10. 0 Hz, H-7").,” C NMR ( CDCl,, 125 MHz) 3§:
172.5(s,C9),149.2(s,C-3),148.4(s,C4),148.0
(s,C-3"),146.6(s,C4") ,137.3(d,C-7),131.5(s,
C-1"),128.3(s,C-1) ,126.1(s,C-8),122.1(d, C-
6'),125.9(d,C-6),109.2(d,C-5),108. 8 (d, C-
2'),108.7(d,C-2),108.5(d,C-5"),101. 8 (t, C-
10),101.1(t,C-10"),,69.5(t,C-9") ,40.0(d,C-8"),

Bl &Y ANER
Fig. 1

Structures of compound A
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W O ZAUB-MTT L6 350 2 A8 4 A A % B 30 S P 1 20 3R - 7E 2 FLAR I AL P R
WeHE N 10° 400 F/mL AR F B AL T80 90 pL, RV BE (25T 10 wl, 25 CIHEH;FR 48 h, SRR AL TmA 8
mg/mL i) MTT ¥ 10 pL, 28228555 10 h J5 , 3.0 LI, LA DMSO 150 wL, #%3% 30 min, B0 J5 G 7E 510
nm U TEWOGAE . SR E SR AP AE T 1 e SR 0% A A s T R PG JTOR, 22005 7 19 MIC {54351 80 F1 1.5 g/
mL, ICso fE 4351 21.99 F10. 78 weg/mL; Diepoxin ¢ X AEIEE H AY MIC F1 1C,, fH43-5%1~ 200 £196.21 pg/mL, £
FUMR-MTT L, €83 Ay PR A 25 b 7 58 RSP AR AR 0 R A e L R IE M A B 38 T 41

KGR : ZAA-MTT sk s A9 s e A SR e
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Evaluation of Antifungal Activity of Plant and Microbial Metabolites by
Microplate-MTT Colorimetric Assay

ZHONG Ling-yun' ,WANG Lan® ,SHAN Ti-jiang' , LIU Hao' ,ZHAO Jiang-lin' ,XU Liang' ,ZHOU Li-gang'*
"College of Agronomy and Biotechnology ,China Agricultural University , Beijing 100193 | China ;> Key Laboratory of Protection and

Utilization of Biological Resource in Tarim Basin ,Xinjiang Production & Construction Group of China ,Tarim University ,Alar 843300 ,China

Abstract: An optimal experimental procedure with the microplate-MTT colorimetric assay was developed, that was as fol-
lows :90 WL of fungal spore suspension at concentration of 10° spores/ml was added in each well of the 96-well micro-
plate first;10 pL of the sample solution with its different concentration was then added,and cultivated for 48 h at 25 C
in darkness;10 L of MTT solution at 8 mg/mL was added into each well ,and incubated for another 10 h at 25 C and
centrifuged ; The supernatant was removed ,and 150 L of DMSO was added ; After shaking for another 30 min at 15 rpm,
light absorption values at 510 nm were obtained for the supernatant transferred in a new plate with a microplate spectro-
photometer. With the optimal MTT assay mentioned above ,the minimum inhibitory concentration (MIC) values of chel-
erythrine from Macleaya cordata on Fusarium oxysporum {. sp. niveum and Magnaporthe oryzae were 80 and 1.5 pg/mL
respectively, and the median inhibitory concentration (ICy,) values were 21.99 and 0. 78 pg/mL, correspondingly. The
MIC and ICs, values of diepoxin { from the endophytic fungus Dzf12 on Magnaporthe oryzae were 200 and 96. 21 g/
mL. It indicated that the antifungal metabolites from plants and microbes could be evaluated fast and micro-quantitatively
by using microplate-MTT colorimetric assay that is favorable for screening antifungal components with a high throughout.

Key words : microplate-MTT colorimetric assay ; plant metabolites ; microbial metabolites ; antifungal activity

N T PRE OB M AR FIRUE Y T i L. AR . 1983 4 Mosmann SR I BERE 5 (MTT) [:I:é/jg‘
GRS, BT B A # ARk ZRY le a) 4 s W20 it %) 34 B8 RN 3% T3 7K P, HE i B R
HOE JEF i RS, XTI —EMA R Z ?ﬁ%ﬂ@*ﬁ@%fﬂﬁﬁﬂﬁéi@ﬁ(E*Zi%&?éﬂ%*ﬁﬁi
. . o JEAZ AL T AN L) BIR Bt B MTT 38 Jii
qﬁiﬁa?ﬁéiﬁ%ﬁéﬁf taiﬁfﬁ?;;g_(lzg()()GOOW()zlw.%ﬁ L 5 €L B ( Formazane) 1 MTT /K b AT

S PR R S UK R e e R B s B IERE , T  IORNIE T K, B T OB RN

95 % ¥ i AL 4 (BRZD1102 )5 B 5K A K B 2= B 4 fiz — F AR DMSO) 25645 ML, 8 3t 2 LR
(31071710) T

* IRMES Tel :86-10-62731199 ; E-mail ; lzhou@ cau. edu. en FeIECRET (BEFR) A B0 €0, TR 1 m] ) g S I G (L




Vol. 24

iR A ZAUH-MTT F 6 BRI A ) R 9 7™ 0 B0 0 1 1 21

P T4 R B ) 55 s o7 ) 9% 44 R B B
WM Y A /N AT LA S Bt 240 L 7%) 250 s 1
£, AT ) 422 52 e 245 ) 5F 40 B 355 7 B sl /T
HHr,MTT J7 ik B 2 SR @2 B8 T
RGN 240 L XoF e 27 245 0 g LU 5 0 KT R S5
() 52 N, s 28 400 L 25 % 4 R 4 B DR O A 4
SRR M FH R S A A R e AR i
PN 22 AR LT B A R P i LR IE . A SOk
T ERAZ R, N2 R B MTT f 3k B2 45 4% 30 AT g
SRR AE SR S A5 O 2 ALAR-MTT [
BENE T PRI SR BT AR N AR LA BT A
AW H L0 ( Chelerythrine ) 11 Diepoxins & X B
PRIV P, A ot PR sk A 28 b 0 35 A VPA 1 )
FA: D0 v TG P o3B3 2% A o

1 HRSH®

1.1 XF 5|

BEME ¥ (3-( 4, 5-dimethylthiazol-2-yl ) -2, 5-Di-
phenyl tetrazolium bromide, MTT) Ity H 3£ & Amresco
23], A pH 7.2.,0. 2 mol/L I BERR 2% thiE (PBS) it
%2 ~ 12 mg/mL AN[a] & B B, i UEER T, T 4
CHOLHAAF; 218 R (Aldrich 22w ; WPEF R B
(Amresco 23] ) 5 SBEEEIE ) (o34, Jb st fe 2k
Rswl) o

Z L5 66 E 1T ( PowerWave HT, BioTek In-
struments, USA ) ; GFL-1083 %K ( H 4) ; Z 1L 3% 5%
M (dtat) s LS-BSSL 28 15 K i ar (VLI IRV =97 ik
#) s HZQ-Q Hg a (W /R AR HL 7 HoR I A7
MR D) s TS-8 LR 040 R (I T T i HAR DL R A AR
HilEA R W) , HPG-280B 't B 8% F7 48 (Ma /R IE AR
R T HOAR T A R AR  FLC3 s TAES (I
IRTEZRIE L T HOR T KA PR A ) 5 AL104 BUHL 77
iRV (HaRe - FER 2408 EIEATRA ) s TG16W #Y
ZAMEL AL P U ERATRAA]) o
1.2 fFHmAEG RS

FIESRZLHH, ( Chelerythrine ) R AT 5T 2 73 B H
19 [0] ( Macleaya cordata) Shy S s b ke A R
Diepoxin { 4385 H J& M- 2275 ( Dioscorea zingiberensis )
WA B D2f12, IR 28 kA Wb i
PR E R, F JE SEL 88 1 Diepoxin { ¥ EL A B g
BT BTG PR, B mg i S 2058 (3
Diepoxin {) & F 0.5 mL A HLIE 7 ( Diepoxin {
20% LG # , FUESRLLIU 10% DMSO i) Hr,

BLik 2000 we/mL BYREW, SR J5 FHAH B A ALY 1)
MR FRFERL 5.0 ~ 1000 pg/mL HY RIS

XFIRR MR R B M R . W%
ZB1mgiET 1.0 mL 10% DMSO 1, fii i 1000
peg/mL 1 BEW, SR 5 ) 10% DMSO K Wi B i
15.6 ~500 wg/mL {Y RFIWEE, WEZH R 1 mg iF
F 1.0 mL 20% £ Fgrfr, B A 1000 wg/mL 9 BE
SRIG 1 20% LR BERYL 5. 0 ~ 800 wg/mL 1Y &
G
1.3 HEEEFRAFRRNES

TR P131 ( Magnaporthe oryzae P131) 174
JAAEZER B ( Fusarium oxysporum f. sp. niveum ) g A
| b R~ AE s B2y R e o o T 96 TR
5 45 2 BEAS/ N R A kL P TR 25 1
615 B ] 5 20 PR AN < B e K 19 28 2 AR
PR/ INE Th PR TR 22, RN S PDA B SRk
A b B R, 25 CTF B SR S ~ 7 d,
W22 KRS e BT i PDA 15 3R S R A1
F£2~3 W R, PRIRUD B 22 AP B PD B SRk
H1,25 °C,150 pm $E85 4 ~5 d, B0, H—)2
20 A i R A TR, FE B0, AR I A
7K, B 3 Y (10000 rpm , BRKESL> 1S min) , I
BRACEOI E A TR
1.4 HEFELEEFAEFHEKIBEZNE

ARG T P13 1 094 JTURS 20 11 9 AR Lt
E R, WL E ODsy,, WOEIE, W FL R 7E 2 £L
B B TR 22 HE AR L, B E B AR I TE] o BRI 2 o3
S E R PR A2 90 L finA 96 fLAk Hh (F6F
B PD BRI S 10° /5 mL) , 53 HITE 4
6.8.10.24 30 .48 .60 f 72 h BEE53E 5 %€ ODss,.,
{8, B AT 3 I, S5 (1R 1) R, U A 22
fﬁ%%ﬂ%ﬁﬁﬁ%é@%%iﬁﬂﬁéﬁﬁﬁ*ﬁw,Tf48 h

0 -+ F.oxysporum f.sp.niveum

080 ™ M.oryzae
3
T 0.60
E
0.40
a
©0.20
0'000 20 40 60 80

Culture time(h)

Bl ANEEREMNEEREELZEPD EFRERHN
HERH &
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Sample Test fungus Regress equation and correlation coefficient I1Csp (ug/mL) MIC (pg/mL)
L SELL F. o. niveum Y = 0.8130 X + 3.9087 (R = 0.9777) 21.99 80
Chelerythrine M. oryzae Y = 4.5843 X + 5.4943 (R = 0.9895) 0.78 1.5
Di . F. o. niveum - - >200
iepoxin { M. oryzae Y = 2.0826 X + 0.8697 (R = 0.9777) 96.21 200
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Note:Y = aX + b,Y is the inhibitory probit value and X is concentration logarithm of the component;-,undetected below concentration of 200 pg/mL;
F. o. niveum , Fusarium oxysporum f. sp. niveum ; M. oryzae ,Magnaporthe oryzae ; Both cabendazim and amphotericin B were used as the positive controls.
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—E MRV C R 3 {H ALA KHAR 4 EPA [ DPA Fil DHA ) E2FUEA 218U 5, Horb i AILO ZH 21 ALA
S0 T ik BSR4 2 EPA R DPA &5 BN 8 2%, 10 AL 21 40 EPA 5 BEARAR 444
ZUDHA Fi A B3 . A[A ALA JifIEZH C18:3 (n-6) F1C20:3 (n-6) 225 A W3, (05 1B AR L, i
IR Y C20: 4 i WEREAR, PRI, B3 ALA 35 1 00l IR BE A 1 A 21 ALA B HARH ™ ) 7E 41 41
H) i, SR AR IR A S B 0 EL ) 3 T BB ALA FLAT O I A AR 3PV AR 2 i 2 K % 7 BOAE FH ML =2
KRR : - WIRRTR 5 e IR AR B MR T R A Caf

HE %S R284.2 SCERARIRES A

Effect of o-Linolenic Acid on Fatty Acid Metabolism of
Rats Fed with High Fat Diet

YU Xiao'? ,DENG Qian-chun' ,HUANG Feng-hong'* ,HUANG Qing-de' , YANG Jin-e'
"0il Crops Research Institute , Chinese Academy of Agricultural Sciences , Wuhan 430062 ,China;
*Food Science and Technology College ,Central China Agriculture University , Wuhan 430070 , China

Abstract : In order to investigate the effect of different ALA levels of oils on fatty acid metabolism of rats fed with high fat
diet, rats were divided into control (Cont) group,high fat diet (HFD) group, peanut oil (PO) group,13% ,27% and
55% a-linolenic acid blend oil (ALA-BO) groups. Besides Cont and HFD groups, other rats were fed with high-fat diet
and treated simultaneously with corresponding oils (2 mL/kg. bw) orally for 6 weeks. The total fatty acid composition in
plasma, liver, brain, kidney and heart were determined. The results showed that high fat diet could reduce the n-3 PUFA
levels in all tissues,but increasing ALA intake could result in an incorporation of n-3 PUFA in tissues and also showed
a dose-effect relationship. There were some tissue-dependent differences in the increase of n-3 PUFA levels, the increase
of ALA in kidney and heart was greater than that in plasma, brain and liver, and the EPA level in brain and liver en-
hanced significantly ,but no change was observed in DPA level in kidney and heart,and there was no significant change
in DHA level in tissues. No difference was revealed in C18:3 (n-6) and C20:3 (n-6) levels among 13% ,27% and
55% ALA-BO groups,but C20: 4 level decreased significantly in plasma, brain and kidney when compared with PO
group. Our data suggestted that oils rich in ALA could increase the levels of ALA and its metabolites in rat tissues and
improve the relative proportion of EPA and DPA in brain, which may be one mechanism of ALA in reducing the risk of
cardiovascular disease and promoting the growth of brain.

Key words: a-linolenic acid ; high-fat diet;rat;fatty acid metabolism
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YHBENE & n-3 PUFA MRS , TEREAR AR B2 JH [ B
IRV ], e 2 e A i I 1R 20 1k 2 7 A= A R T
HLIASERER 2 AL . Riediger ND 45 BFFE W], $EA
R BRI /N BUTF IS A Hh — Bk U6 R
(eicosapentaenoic acid, EPA) F1 — + ik /S i 12
( docosahexaenoic acid, DHA) 7K g & #4011, Fran-
cois CA %5 IR, 7 A AL HRIEA 20 g TR
FEIH, 22 00 J J5 L L ISR RN £0 20 i - W JRR
fi% (a-Linolenic acid,ALA) \EPA Fll —+ —#k FLK R
( Docosapentenoic acid, DPA) A& A B,
{H% DHA B & B AT 0, Harper CR 25 B 5%
S5 RA RN 1K I RRAF I 8 A 3 g ALA 7] L)
et 28 A 1 PR R B IR W 56 BN I EPA A
DPA /355411 60% F1 25% , Xt DHA £ B 547 5
Wi o AHOCTHE A [R] ALA 5 5 3115 %o i i A5 0 K
BRA [ 2 2R M7 TR A 52 i e B A R T

DAL H A 12X 30 e A B2 v A A R B [] 4
LU WL U 22 5, i — D4R e etk 532K
TR TR A L2 [R] B RN OC 2, B 24 73 B ALA Jz
HAGE = WTEAR R A Zrh ZR TR AR R 42
BEIRIS ELAT

1 MRS

1.1 #Rl5iH

ABAE T R R AR X H Y M T 3, AN TR
ALA 500 R H S JBRFF I R0 A 2B 3l )8 e 13%
27% M1 55% = AKEEE, BI 13% .27% F1 55% ALA-

BO, ZZ iyl 0 B 107 R 4L A B T i F R b an & 1 B .

BF3-FI B U ( 32 [ sigma 24 7)) 5 IR W5 R 463
FRkE (NU-CHEK-PREP /A ])
1.2 Bz 5ER

T ISR Wistar R, (KT 150 ~ 160 g, T
WA B Ty s il vl SEES S A PV E AR
SCXK (5B) 2008-005 , 5 5 3 4y { FH 1/F PT HiE : SYXK
(5F) 2008-005 , 5255 3l 47 Ji £ A 4% 1k : 00006134 5 5
Bty e s} Fh 38 A8 9 05 T B 42 ol ro B AL, o5 i DR
HH 78.7% FL Al iR kL 10% 35 38 4 . 10% %5 1% IR
[ 5 0. 3% JHER e i1l 17 A% o
1.3 FHYHERESE

60 H Wistar ¢ FU7a] M2 JE Al 1R 2% 7 d, AR I
TREREHLIT N 6 4, B4l 10 2, 050 IEH 4L &
e A (13% 27% F155% ALA-BO 41, [f
E 2R R IR ZH A0 A 5 21 R BRI MR 3 g R )
[ >Re FHE B 7 Ui 46 45 2 mL/kg. bw 7|2 19 3721t
o

I HIN K R iR, B S5 H, Rl 22 1
CHX W BE 50% ~60% , F AR, A ik
B OK. BRICHEE &, B R E I FRE LR E
W A2, LI A 6 Ji . SRR E 5 2 H Ak
B ANBRARIK U H RS K U 2% J3GES 22 0 RR i
Je R 32 B BRI, A 3 IF 2R el iR A) )G 4
C .0 15 min (3000 r/min) 43 B85 1135 ,-70 °C
TRAF 2 53 HT, i 56 2 1 A BT I SR S LIRS (0
JHE VB ) 70 CORAFEZ51HT

®1 Zilimp s BRAN R REER

Table 1  The fatty acid composition and quality indices of oils

B BRAL (% )

Fatty acid AELE 13% ALA jhjig 27% ALA iihfig 55% ALA ihfig
composition Peanut oil 13% ALA-BO 27% ALA-BO 55% ALA-BO
C16:0 11.37 9.66 8.20 5.20
C18:0 4.62 4.22 4.00 3.58
C18:1 42.65 37.46 31.68 20. 14
C18:2 36.00 31.18 26.03 15.58
C18:3 - 13.62 27.32 55.50
€20:0 1.79 1.29 0.98 -
€20: 1 0.65 0.55 0.43 -
€22:0 2.93 2.02 1.36 -
n-6/n-3 - 2.30 1.00 0.30
> SFa 20.70 17.19 14. 54 8.78
S MUFA 43.30 38.01 32.11 20. 14
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S PUFa 36.00 44.80 53.35 71.08
AV (mg KOH/g) 0.88 1.05 1.55 1.92
POV (meq0,/kg) 3.99 3.87 3.56 2.62

1.4 M3z BFAE. A6 . 'S5 R0 2H R A8 R I $R B
B4R IE % Folch J 45 ) FRIRZ5 0. 10 ¢
AL B SRR A TS B L A S
mL @ FPEE (V/V=2:1), 58X 1 min, I8
FERZE S5 mL, 5B 200 pL i3, A 5 mL &5 A
HEE (V/V =2:1) JeRiES) 10 min, F0 1 mL Z51#
JKIR2T,3000 1/min B.0> 15 min, BERIER A, FH
ST BRI (V/V/V =3:48: 47 ) phse i 1) 5t
T 3 WK, T AH KGR A3 v e hn A B2 fs ol —AH , &
W, - 20 CLREFZSMHT .
1.5 BERAERLE AL AN ZE

i S R IR AL 2 B SRR B TR A SR A F R
ZUR, A 0. 10 mL I ZEF1 0. 50 mL BF3-H Ry
100 C/Kif 60 min, BH1J5 A 0. 80 mL ZE1# /Kl
0.80 mL IEC e, HEWRTR S 5 min, B0 HBUE O FE)Z2
T GC 43#r,

SARETE S5 AR TR Agilent 24 H]H 4 A
BHEFES 6890 HUASAH (A543, FID A6l £5% , SAHAE
Sk HP-88 795 40454 (100 x0.25,0.2 um) , GC
FEF R R .50 CLREE 1 min, K5 LA 15 C/
min [ FHIE R FFE 175 °C, HLL 1 °C/min FHE

250 °C, HEFECIAN FID A 2516 5 4 250 C L, #S
REAA BRI EHN 1.5 mL/min,
1.6 Zits#hr

P B ge it 43 A 11 SPSS16. 0 B4, 45 41
(B 2H 157 %02 S P LU 3] One-Way ANOVA J7 %, ¢
TEERFRA | EMEAKT P <0.05,

2 ZREHH

2.1 FEALA SEHEXMSEERKRAL 13
i A7 B 48 R B 82 0

ANTR] ALA 55 2 9 iR X /=i BB A 78 K B2 2 -3
JE I R 2L B 5 M) SE B 25 SR AN 56 2-3% 6 o, 36 2
LRI, B IR RS 3 PR AR K R K n-3 R
iR & (P <0.05), 5 RHAH L, AN A ALA i
JEREMEAE n-3 Jg IR & & W& (P <0.05) , K
H1 55% ALA-BO fE i fiw fib %o e vhd] & 13% |
27% F155% ALA-BO 2 ALA #4351 H i i 24 4
7% . 78% 128% Fll 221% , EPA & 43 5 34 i
33% 116% .133% F 166% , DPA £ &t 43 51 48 Jin
55% 105% .150% F1215% , R[5 ALA F|&41 DHA
RN H 2 R

®2 MEHABEHHRERNR

Table 2 The fatty acid composition of rats in plasma

B 1 4 % (9 o % AL % AL 5% ALA
composition (% ) 13% ALA-BO 27% ALA-BO 55% ALA-BO
C14:0 0.85 +0.05 0.77 +0.22 0.64 +0.16 0.58 +0.04 0.69 +0.03 0.81 +0.11
Cl4:1 0.33 £0.07* 0.11 £0.07" 0.19 £0.03" 0.21 £0.042 0.20 £0.10° 0.19 +0.01°
€16:0 32.11 +3.30° 34.17 +1.95° 32.33+1.92° 31.11 £3.27° 29.76 +2.11° 29.54 +2.75°
C16:1 0.14 +0.05° 0.08 +0.03" 0.15 +0.03® 0.06 +0.02° 0.09 +0.01" 0.10 0. 02"
C16:1T 0.71 £0.04* 0.32 +0.03" 0.42 +0.15" 0.35 +0.06" 0.36 +0.09" 0.43 +0.05"
C17:0 2.06 £0.57° 1.26 +0.28° 1.67 0. 14" 1.27 +0.13° 1.12 +0. 10° 1.02 0. 64°
C18:0 30.12 £1.47° 34.08 £ 1.83° 31.57 £3.05" 30.33 £2.47° 30.03 £3.01° 29.65 +4.59"
C18: 19t 1.06 +0.17° 1.53 +£0.05" 1.70 £0.04" 2.07 £0.61° 2.01 £0.05* 1.77 £0.15"
C18: 1-11t 0.87 £0.02° 1.15 0. 14" 1.42 £0.16° 1.12 £0.02° 1.30 £0.24° 1.69 £0.40°
C18:1 3.64 £0.14° 2.74 +0.37¢ 3.48 £0.66° 3.65 +0.38" 3.80 £0. 14" 4,19 +0.15°
C18:1-11° 0.20 +0.07 0.17 £0.03 0.19 £0.02 0.18 +0. 11 0.18 +0.04 0.13 +0.03
C18:2TT 0.87 +0. 159 1.19 +0. 12° 0.65 £0.051 1.10 £0.20° 1.47 £0.02° 2.08 £0.17°
C18:2n-6 3.57 £0.35° 2.99 +0.30" 3.92 +0.46° 4.04 £0.43° 4.25+0.11" 4.62 £0.32°
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C18:3n-6 0.79 +0.17 0.67 +0.03 0.86 +0.25 0.68 +0.11 0.8120.22 0.80 +0.19
€20:0 0.61 +0.06 0.50 +0. 11 0.38 +0.03 0.39+0.13 0.46 +0.20 0.51 +0.08
C18:3n-3 0.22 +0.04° 0.14 +0.02° 0.15 +0.02¢ 0.25 £0.04" 0.32 +0.02" 0.46 £0.03"
€20: 1 0.36 +0.03 0.25 +0.11 0.29 +0.05 0.29 +0.02 0.310.14 0.20 +0.04
€20:2 7.92 +£0.75" 8.76 +1.25" 9.93 +0.52" 12.87 £1.56° 13.33 £1.45° 12.91 £0.62°
€22:0 0.96 +0. 10 1.13 £0.07* 0.64 +0.15" 1.16 +0. 19* 1.33 +0.11° 0.94 +0. 14
€20:3n-6 1.08 +0.26 1.09 +0.09 1.02 +£0.26 1.07 £0.30 1.21 +0.38 1.25+0.05
€20:4 n-6 4.88 +0.36° 4.14 +0.67° 4.78 +0. 76" 3.510.14" 2.24 +0.21° 2.00 £0.25°
€22:2 0.10 +0.02 0.06 +0.01 0.03 +0.01 0.12 +0.04 0.07 +0.02 0.14 +0.03
€20:5 EPa 0.65 +0.12¢ 0.36 0. 10" 0.48 £0.071 0.78 £0.04" 0.84 +0.06" 0.96 £0.09°
€24:0 0.43 +0.11 0.38 +0.14 0.48 +0.09 0.53 +0.05 0.43 £0.07 0.45 +0.04
€22:3 0.45 +0.08" 0.54 +0.10" 0.32 £0.04° 0.94 +0.22° 0.57 0. 16" 0.32 +0.15°
24:1 0.42 +0.05 0.34 +0.10 0.330.07 0.47 £0.10 0.36 £0.05 0.19 +0.06
(22:4 0.30 +0.06* 0.21 +£0.04" 0.27 +0.07* 0.51 £0.14* 0.26 +0.04* 0.28 +0.04°
(22:5DPa 0.22 +0.04¢ 0.20 +0.03° 0.31 £0.06° 0.41 +0.10" 0.50 +0.09" 0.63 +0.05°
(22:6DHa 0.19 +0.03" 0.17 £0.06" 0.16 £0.06" 0.24 +0.05* 0.26 +0.07° 0.31 +0.08*
SFA 65.14 £3.23" 72.29 £1.27° 67.71 1. 11" 65.37 £2.09" 63.82+1.77° 62.92 £2.47°
MUFA 9.73 +1.90° 6.69 +1.62° 8.17 +1.74" 8.40 +1.82" 8.61 +1.76" 8.89 +1.50"
PUFA 21.66 +1.14¢ 20.86 +1.21° 23.21+1.29" 26.99 +1.15° 26.49 +1.18° 26.95 +1.02°
n-6 15.96 +1.89° 11.63 £0.99¢ 14.06 £1.76" 12.95 +1.22¢ 12.31 +1.35° 12.86 =1.16°
n-3 1.28 £0.32° 0.87 £0.211 1.10 £0. 169 1.68 £0. 15" 1.92 £0.24" 2.36 +0.27°
n-6/n-3 12.46 +1.21° 13.37 £1.01° 12.78 £0.97° 7.71 £0.87° 6.41 £0.79" 5.45+0.62°

T R BRI AR RE a b e d e AFA RF 2SR, P <0.05, T,

Note: Different superscripts letters (a,b,c,d,e) within the same line mean significant difference (P <0.05). The same as follow.

3 ERRY IEFEHMESIRARFFAL -3 55030 78% 128% F1193% (P <0.05),DPA
JEMIR & 27 BE (P<0.05) $EAANE ALA 3 &40l 30 48% \75% 1 104% ,DHA 5 243 5]
JERERSIEINFLHE n-3 BRWIRRI & (P <0.05),  3h012% 22% F129% ,AN[F] ALA i i 20 DPA Al
13% 27% F155% ALA-BO 41 ALA & 53 tbislE - DHA FiZERARE.

YN 158% 321% F1456% (P <0.05), EPA %7
#3 FFAREHERAR

Table 3 The fatty acid composition of rats in liver

s Y (9 . 0 9 9
M miga e Saat o S i
composition (% ) 13% ALA-BO 27% ALA-BO 55% ALA-BO
C14:0 0.52 +£0.05° 0.53 £0.04° 0.38 £0.02" 0.40 £0.07" 0.36 +0.02" 0.42 +0.08"
Cl4:1 0.28 +0.03® 0.13 +0.02" 0.11 +0.01" 0.12 +0.02" 0.11 +0.01" 0.10+0.01"
€16:0 19.29 £2.90" 22.74 £2.91° 19.30 £0.75" 19.60 +0.97" 17.00 1. 64° 13.71 20.70¢
C16: 1 0.06 +0.01" 0.21 +0.06* 0.20 +0.02° 0.24 +0.01° 0.20 0. 06* 0.19 +0.03*
C16:1T 0.19 +0.13" 0.47 +0.20° 0.42 +0.05* 0.47 +0.08" 0.36 +0.07* 0.41 £0.09*
C17:0 0.76 £0.09° 0.18 £0.07" 0.20 £0.09" 0.18 £0.01" 0.20 +0.02" 0.18 +0.01"°
C18:0 10.23 £7.19" 14.60 £1.76° 14.22 +0.91° 13.84 +0.55° 13.32 +3.37° 13.83 +0.67°
C18: 19t 1.32£0. 14 1.08 £0.74 0.68 £0.34 0.61 £0.13 0.68 +0.56 0.62+0.24
C18:1-11t 1.14 £0.08 0.79 +0.54 0.53 +0.27 0.48 +0.12 0.53 +0.23 0.45+0.18
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C18:1 22.14 +1.92° 19.90 £1.79¢ 20.70 +1.52¢ 20.90 +1.76° 21.17 £2.85" 22.67 £0.78°
C18:1-11° 0.89 +0.22" 1.47 £0.27° 1.49 +0.37* 1.59 +0.17* 1.40 +0.26" 1.47 +£0.24*
C18:2TT 0.34 +0.08 0.28 +0.09 0.27 +0.04 0.33 £0.06 0.25+0.12 0.28 +0.06
C18:2n-6 20.60 1.33" 17.52 £2.92° 20.12 +1.31° 20.12 +0.87" 21.52 £3.38° 22.65 £1.93°
C18:3n6 0.39 +0.13 0.13 +0.06 0.23 +0.08 0.13 +0.02 0.11+0.05 0.10 £0.02
C18:3n-3 0.47 £0.09° 0.46 +0.11° 0.59 £0.19° 1.19 0. 10" 1.94 +0.73" 2.56 +0.68"
€20: 1 0.09 +0.02" 0.30 £0.04* 0.55+0.10° 0.42 +0.05* 0.42 +0.12° 0.33 +0.04°
€20:2 4.96 +0.08 3.31%1.47 2.28 +0.98 2.21 £0.50 2.141.71 1.95+0.77
€22:0 0.96 +0.23® 0.34 +0.18" 0.21 +0.02" 0.23 +0.03" 0.20 +0.06" 0.22 +0.10"
€20:3n-6 1.01 +0.03 0.91+0.12 1.36 £0.09 1.18 £0.27 1.03+0.13 0.84 +0.16
€20:4 n-6 9.95+1.31 10.30 £2.53 11.47 £1.63 10.56 +1.04 10.57 £0.29 10.40 +1.10
22:2 0.05 +0.01° 0.03 +0.01* 0.02 +0.01" 0.02 +0.01" 0.02 +0.01" 0.02 +0.01"
€20: 5EPa 0.18 £0.09" 0.14 £0.03" 0.13 £0.03" 0.25 £0.03" 0.32 +0.02" 0.41 £0.05°
C24:0 0.15 £0.02° 0.06 £0.02" 0.05 +£0.02" 0.06 £0.01" 0.06 +0.02" 0.06 +0.01"
€22:3 0.42 +0.01° 0.13 £0.03" 0.10+0.01" 0.12 +0.03" 0.08 +0.02" 0.10 +0.03"
C24:1 0.53 +0.11° 0.14 £0.02" 0.22 +0.08" 0.12 £0.03" 0.16 +0.08" 0.10 £0.04"
(22:4 0.23 +0.06" 0.47 +0.04° 0.60 +0.04* 0.57 +0.04* 0.47 +0.11° 0.40 +0.08*
(22:5DPa 0.46 +0.19" 0.48 +0.09" 0.45+0.07" 0.71 £0. 08" 0.84 +0.15° 0.98 +0. 16"
(22: 6DHa 3.11 20.43* 2.67 £0.60" 2.83 £0.45" 3.01 £0.34° 3.27 £0.41° 3.28 +0.44°
SFA 31.91 +£3.25¢ 38.45 +2.14° 34.36 +1.37" 34.31 +1.56" 31.14 £2.09° 28.42 +1.11d
MUFA 26.55 +1.19* 24.19 +1.20" 24.35 +1.08" 24.53 +1.26" 24.61 £1.72" 26.01 +1.13°
PUFA 3.11 20.67* 2.67 £0.35" 2.830.41" 3.01 £0.22° 3.27 +0.21° 3.28 +0.34°
n-6 32.42 £1.67° 29.32 £1.56° 33.77 £1.66" 33.18 £1.69" 35.17 £ 1.44° 36.55 £1.39°
n-3 4,22 +0.51° 3.75£0.19¢ 4.00 +0451 5.16 £0.56° 6.37 +0.33" 7.23+0.17°
n-6/n-3 7.68 £0.99" 7.82 +1.02" 8.44 +0.79* 6.43 +0.82° 5.52+0.83¢ 5.05 +0.68¢

FAGRE SIEWAHM L, SIS AL L
PARBUKNAL n-3 IENIR ST B 2ZER AR, MEE
RIR) ALA JMASJG , IZHZN n-3 AR AR & i 2 1
(P<0.05),{H 13% 1 27% ALA-BO 412 %R 5
% 13% 27% F155% ALA-BO 4 ALA 35405t
NS IN 12% 101% (P <0.05) 1289% (P <

F4 AREERERER

Table 4  The fatty acid composition of rats in brain

0.05) ,EPA Zr i 4r 5141 58% 150% (P <0.05)
F1250% (P <0.05), DPA & &4y 548 16% .
142% (P <0.05) #1308% (P <0.05),DHA & &
Sy 12% 18% (P <0.05) #128% (P <
0.05) .

= ¥4 a A . 39 o] o
composition (% ) 13% ALA-BO 27% ALA-BO 55% ALA-BO
C14:0 0.19 +0.03 0.09 +0.02 0.19 +0.07 0.09 +0.01 0.21 +0.02 0.21 +0.03
Cl4:1 0.08 +0.02 0.08 +0.01 0.07 £0.02 0.06 +0.01 0.08 +0.01 0.08 +0.01
C16:0 25.60 +3.91" 28.90 +2.46° 27.80 £1.71° 25.78 £1.02" 25.88 +1.00" 25.67 +1.67"
C16: 1 0.05 +0.02 0.08 +0.01 0.11 +0.01 0.08 +0.04 0.09 +0.01 0.06 +0.01
C16:1T 0.17 £0.03 0.21 +£0.02 0.28 +0.02 0.22+0.14 0.21 £0.02 0.17 £0.01
C17:0 0.27 +0.03 0.25 +0.02 0.23 +0.04 0.21 £0.06 0.24 +0.02 0.25 +0.03
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C18:0 22.76 +2. 15 24.87 +1.47° 24.91 +1. 80° 24.19 +1.31° 23.79 £1.63° 18.70 £1.74"
C18: 19t 0.50 +0.93" 1.39 +0. 14 0.87 +0.09* 0.97 +0.53" 1.11 £0. 64° 1.00 +0.30°
C18:1-11t 0.65 +0.38 0.82 +0.26 0.58 +0.09 0.84 +0.19 0.85 +0.20 0.97 +0.17
C18:1 16.55 +1.84 14.40 +1.86 15.07 +1.99 16.04 +3.02 16.57 +0.98 17.61 +1.82
C18:1-11° 4.79 +0.74° 2.94 £0.35° 3.78 £0.91" 2.71 £0.90° 2.68 +0.26° 2.83 +0.93¢
C18:2TT 0.15 +0.02 0.13 £0.02 0.09 +0.04 0.19 £0.05 0.19 £0.05 0.17 £0.06
C18:2n-6 0.63 +0.11 0.58 +0.08 0.75 +0.07 0.70 0. 04 0.63 £0.05 0.60 +0.09
C18:3n-6 0.68 +0.12 0.60 £0.13 0.50 +0.04 0.66 +0.23 0.63 £0.03 0.73 £0.07
€20:0 0.02 +0.01 0.02 +0.01 0.02 +0.01 0.05 +0.02 0.02 +0.01 0.02 +0.01
C18:3n-3 1.13 £0.35¢ 1.11 £0.36° 1.06 +0.29° 1.24 +0.03° 2.23 +0.25" 4.32 +0.61°
€20: 1 0.27 +0.09 0.32 +0.08 0.33 £0.09 0.31£0.04 0.24 +0.07 0.41 £0.21
€20:2 5.66 =1.40° 4.17 £0.71" 2.94 £0.42° 3.75 £2.35" 4.00 +0.28" 5.53 +0.33"
€22:0 0.42 +0.17 0.510.12 0.54 +0.03 0.57 £0.05 0.48 +0.07 0.51 +0.09
€20:3n-6 0.95 +0.23" 0.55 +0.10° 0.43 +0.07° 0.53 +0.05* 0.54 +0.05° 0.70 0. 12°
€20: 4n-6 8.19 +1.45° 6.62 +0.74" 8.04 £0.14* 7.39 +1.85" 7.05 +0.89" 5.92 +0.36°
€22:2 0.15+0.10 0.11 £0.01 0.07 +£0.01 0.14 £0.02 0.12 £0.01 0.17 +0.04
(C20: 5EPa 0.15 +0.08¢ 0.12 £0.04° 0.130.01° 0.19 £0.07° 0.30 +0.04" 0.42 +0.08*
€24:0 0.43 +0.11 0.37 +0.06 0.29 +0.03 0.36 +0.05 0.34 +0.04 0.41+0.07
(24:1 1.71 £0.24° 0.98 +0.28" 0.72 0. 10" 0.83+0.18" 0.93+0.19" 1.25 +0.26"
(22:4 0.16 +0.02 0.15 +0.03 0.13 £0.05 0.18 £0.10 0.18 +0.04 0.13 +0.04
(22:5DPa 0.10 +0.04° 0.12 £0.02° 0.11 £0.02° 0.13 £0.06° 0.29 +0.02" 0.49 +0.03"
(22:6DHa 7.01 £0.21° 6.85 +0.30° 6.95+0.76° 7.70 £0.97° 8.09 £0.33" 8.78 £0.92°
SFA 53.69 =1.57" 55.01 £2.23° 53.98 £2.65" 51.25 +1.56° 50.96 +1.90° 45.77 +1.89¢
MUFA 19.87 +1.36° 21.22 +1.25% 21.81 «1.21" 22.06 +1.38" 22.76 +1.09" 24.38 £1.11°
PUFA 24.96 +2.45" 21.11 £2.37° 21.20 +2.89¢ 22.80 +2.16° 24.25 +1.09" 27.96 £1.77°
n-6 19.22 +1.81¢ 22.15 £3.24" 24.29 +3.65° 24.66 +2.89° 24.79 +1.47° 24.83 £1.25°
n-3 8.39+1.01° 8.20 £0.79° 8.25+0.82° 9.26 +0.67° 10.91 £0.38" 14.01 £0.73°
n-6/n-3 2.29 +0.56° 2.70 £0.49" 2.94 +0.33" 2.66 +0.41" 2.27 +0.22° 1.77 £0.50"

5 GERFW, HIRKERE R ERMARE  BALRE, DPA & 55513 46% .66% F1 86% ,
A4 n-3 RIFREY &g (P <0.05) B A yhxt  DHA &4 in 15% 43% F156% , H:i 13% F1
n-3 JRITTR & s A i 2, R [F) ALA JHABYEF . 27% ALA-BO 41 ALA DPA & i 22 5 A W 3%, Ifif
# (P<0.05),{H 13% 27% ALA-BO £ % AR 27% F1 55% ALA-BO 4] DHA 2 H i % (P <
¥, Hrp A ALA-BO 41 ALA &#4rilllbim g4l 0.05),

Bl 170% .290% F1 810% , 446 41 EPA & & 2%
x5 SHEAREHRAR

Table 5 The fatty acid composition of rats in kidney

Jig 5 R A % (% ) - . 13% ALA 27% ALA 55% ALA
A g) =g 4 N N s
Fatty acid ot s fert it A s s
composition (% ) 13% ALA-BO 27% ALA-BO 55% ALA-BO
C14:0 0.63 +0.09 0.57 +0.12 0.50 +0.16 0.55+0.12 0.40 +0.03 0.43 +0.03
Cl4:1 0.22 +0.04° 0.10 £0.03" 0.08 £0.02" 0.07 £0.01" 0.09 £0.01" 0.08 £0.01"

C15:0 0.55+0.12 0.29 +£0.03 0.21 £0.07 0.10 £0.02 0.33 £0.02 0.18 £0.05
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C16:0 25.28 +1.13" 30.08 £0.72° 24.15 £1.43" 24.01 £1.52° 23.38 +1.19" 23.19 +2.06"
C16: 1 0.14 +0.01" 0.19 +0.01° 0.13£0.01" 0.15 +0.03" 0.17 0. 03" 0.17 £0.02°
C16:1T 0.89 +0.11 1.00 £0.30 0.86 +0. 14 0.78 +£0.22 0.57+1.13 0.61 £0.17
C17:0 0.12 +0.03 0.16 +0.01 0.34 +0.07 0.07 £0.02 0.11 £0.04 0.11 £0.03
C18:0 15.73 £1.24" 17.71 £1.32° 17.59 +3. 38" 17.09 +1.54° 17.34 £1.46° 17.13 £2.86°
C18: 19t 0.29 +0.10 1.27 £0.08 0.63 +0.21 0.64 +0.14 0.44 +0.18 0.56 +0.19
C18:1-11t 0.27 +0.04 0.18 +0.05 0.42+0.16 0.45+0.12 0.30 £0.07 0.43 +0.11
C18:1 16.93 £1.07° 12.38 +4.07" 16.11 £4.51° 16.52 £1.70° 16.92 £1.51° 17.17 £2.69°
C18:1-11° 4.04 +0.33 6.01 £0.56 4,04 +1.07 5.15+0.61 6.44 +1.10 5.26 +0.30
C18:2TT 0.29 +0.07 0.13 £0.05 0.21 0. 14 0.220.10 0.29 +0.08 0.29 +0.11
C18:2n-6 12.54 £1.31° 10.22 £1.34¢ 11.66 £2.54" 12.10 £1.03° 12.51 £2.18¢ 12.95 +1.98°
C18:3n-6 0.06 +0.01 0.05 +0.01 0.07 +0.02 0.06 +0.01 0.06 +0.01 0.06 +0.01
€20: 0 0.06 +0.01 0.16 +0.01 0.14 £0.02 0.13 £0.01 0.09 £0.03 0.07 £0.01
C18:3n-3 0.19 +£0.07¢ 0.10 £0.05° 0.11 £0.06° 0.27 +0.07" 0.39 +0.08" 0.91 £0.29°
€20:2 1.68 +0.24 1.44 +0.24 2.50 £0.44 2.47 £0.74 2.16 £0.28 2.50 £1.34
€22:0 0.15 +0.03 0.08 +0.03 0.17 £0.03 0.09 £0.02 0.10 £0.04 0.13 +0.08
€20:3n-6 0.17 +0.04 0.19 +0.03 0.150.03 0.20 £0.06 0.18 £0.05 0.23 +0.14
€20: 4n-6 17.31 £1.57° 16.16 +3.33" 16.68 +3.16" 15.29 +2.03° 15.08 £1.13° 14.77 £0.58¢
(22:2 0.15 +0.04* 0.04 +0.01" 0.05 £0.02" 0.06 +0.01" 0.08 £0.01° 0.11 £0.04%
(C20: 5EPa 0.07 +0.01 0.03 +0.01 0.09 +0.03 0.10 £0.04 0.09 £0.02 0.09 +0.03
C24:0 1.21 £0.20° 0.71 £0.09" 0.88 £0.13" 0.76 £0.09" 0.82 +0.05" 0.82 +0.09"
C24:1 0.40 +0. 11 0.18 +£0.05 0.33+0.19 0.16 +0.05 0.24 +0.04 0.39+0.11
C22:4 0.12 +0.03 0.18 +0.04 0.14 +0.02 0.14 £0.02 0.12 £0.03 0.13 £0.06
(22:5DPa 0.15 +0.08° 0.15 £0.02° 0.13 £0.06° 0.22 +0.03" 0.25+0.01" 0.28 +0.04"
(22: 6DHa 0.91 +0.25" 0.85+0.32° 0.90 £0.15° 0.98+0.17" 1.22 +0.10° 1.32+0.11°
SFA 43,73 +2.46" 49.76 £3.28° 43.98 +2.09" 42.80 +2.87° 42.57 +2.01° 42.06 +3.05°
MUFA 23.18 +1.22¢ 21.31 +£1.03° 22.6 +2.66° 23.92 +3.45" 24,17 £2.14° 24.67 +1.82°
PUFA 18.71 £2.03" 17.41 £2.10" 17.99 +2.89" 16.79 +1.77" 16.84 £3.04" 16.7 £1.78"
n-6 30.08 +2.56* 26.62 +2.76° 28.56 +2.33" 27.65 +1.67° 27.83 £1.89" 28.01 +1.72%
n-3 1.32 +0.32" 1.13 £0.17° 1.23 +0.26° 1.57 =0.21" 1.95+0.19" 2.60 £0.22°
n-6/n-3 22.78 £2.37* 23.56 £3.02" 23.21 £2.25" 17.61 +2.32° 14.27 +1.16" 10.77 +1.94"

6 Z5 RV, AR IR E RS R RO E n-3
NEIWIRR & it R (P <0.05) , Mife A il R AR
ALA-BO fig g W Z ¥ n n-3 R & i (P <
0.05), Hrp, ALA & &5 %I b = JR 4 34 n 33%
100% \266% H1733% , #5450 40 EPA % & 25 R

% DPA 4 &y SN 76% . 96% 111% il
158% , DHA & 1 4% 5 8 Jin 25% . 51% . 75%
80% , HA M\ 2257 8% (P <0.05), DPA & &4 [A]
EROREE 27% F1 55% ALA-BO 4 DHA 4 2% 5
NTE

F6 WELARBHERER
Table 6 The fatty acid composition of rats in heart
BENTRRLLIR (% ) oy p— b 13% ALA 27% ALA 55% ALA
Fatty acid A A #ELE T g g gL
composition (%) 13% ALA-BO 27% ALA-BO 55% ALA-BO
C14:0 0.27 +0.08* 0.19+0.01° 0.11 +0.03" 0.12 +0.03" 0.11 +0.01" 0.13 +0.02"
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Cl4:1 0.46 +0.13 0.76 +0.18 0.84 0.15 0.90 +0. 10 1.28 0. 15 0.75 +0.43
C16:0 14.43 £1.70° 17.21 £3.29* 15.71 £1.12° 14.04 +1.32° 13.60 +0.78° 13.09 + 1.16°
C16:1 0.55 0. 17° 0.41 £0.132 0.10 £0.05° 0.21 0. 16" 0.09 +0.01° 0.13 +0.04°
C17:0 0.58 +0.18 0.82+0.22 0.90 +0.28 0.74 +0.10 1.09 +£0.22 0.80 +0.15
C18:0 25.65 +1.50° 29.94 +3.02° 27.33 £2.59" 26.24 +2.42° 25.46 +1.06° 24.26 +2.10°
C18:1-9t 0.11 £0.05¢ 0.62 £0.18* 0.13 +0.03" 0.23 +0.07" 0.15+0.03" 0.19 +0.03"
C18: 1-11t 0.10 £0.04" 0.53 £0.09° 0.11 £0.02" 0.19 +0.06" 0.11 £0.02" 0.16 £0.09"
C18:1 9.98 +0.93 7.13£1.76 8.00 £4.67 7.86 £0.69 7.40 £0.59 7.04 £0.97
C18:1-11° 3.43 £0.10 2.44 +0.51 4.45 +0.96 2.78 0. 81 2.77 £0. 14 3.01 £0.10
C18:2TT 0.15 £0.05" 0.33 £0.05" 0.15 £0.03" 0.17 £0.01" 0.11 £0.02° 0.12 £0.08°
C18:2 n6 16.02 +0.70° 9.39 £1.61° 12.33 +1.23" 12.55 +1.08" 13.65 +1.48" 14.68 +1.48"
C18:3n-6 0.13 +0.02 0.10 +0.01 0.14 +0.05 0.11 +0.01 0.08 +0.03 0.12 +0.05
C18:3n-3 0.11 £0.09° 0.06 +0.02¢ 0.08 +0. 021 0.12 +0.03¢ 0.22 +0.07" 0.50 +0.11°
€20: 1 0.08 +0.04 0.10 £0.07 0.12 £0.02 0.11 +0.03 0.05 +0.01 0.10 0. 04
€20:2 0.26 £0.02" 2.46 +0. 40" 0.36+0.13" 0.68 +0.19" 0.37 +0.04" 0.76 +0.08"
€22:0 0.10 +0.04" 0.44 £0.03" 0.08 £0.02" 0.16 £0.05" 0.05 £0.01" 0.12£0.08"
€20:3 n-6 0.13 £0.03 0.15 +0.08 0.13 £0.02 0.21 +0.04 0.09 +0.01 0.16 +0. 11
€20:4 n-6 17.29 +1.14" 16.02 £2.22°¢ 18.88 +2.53¢ 18.83 +1.50* 19.12 £1.47° 19.23 +1.64°
€22:2 0.03 +0.01 0.20 +0.02 0.04 £0.01 0.04 +0.01 0.02 +0.01 0.04 +0.02
(20: 5EPa 0.08 +0.02 0.07 £0.02 0.07 £0.01 0.08 +0.01 0.08 +0.01 0.09 +0.01
€22:3 0.56 +0.12 0.66 +0. 11 0.84 +0.22 0.54 +0.16 0.71 £0.15 0.67+1.18
C24:1 0.13 +0.05" 0.40 +0.15° 0.13 +0.01" 0.18 +0.01" 0.12 +0.02° 0.16 +0.03"
C22:4 0.52 +0.03" 1.99 +0.56° 2.68 +0.50° 2.18 £0.33° 2.22+0.13° 2.11 £0.25°
(22:5DPa 1.48 +0.16" 0.80 £0.19° 1.41 £0.26" 1.57 £0.21° 1.69 +0.15° 2.07 £0.20*
(22: 6DHa 8.57 +1.28" 5.89 +1.37° 7.40 £2.31" 8.93 £0.88" 10.31 +0.25* 10.60 +0. 46"
SFA 41.03 £2.17° 48.60 +3.22° 44,13 +2.70" 41.30 £2.56° 40.31 +£3.10° 38.40 +1.90°
MUFA 14.84 +1.12° 12.39 +1.21° 13.88 +1.19° 12.46 +2.43" 11.97 +1.23" 11.54 +2.09"
PUFA 45.83 £3.70" 38.12 +£2.55° 44.51 £2.43" 46.01 £2.09" 48.67 £2.62" 51.15 £2.50°
n-6 33.57 +2.01° 25.66 +1.78" 31.48 =1.86° 31.70 £2.08° 32.94 £2.27° 34.19 £2.29°
n-3 10.24 £0.78" 6.82 £0.69" 8.96 +0.62° 10.70 +0. 56" 12.30 £1.01° 13.26 +0. 88"
n-6/n-3 3.27 £0.56" 3.76 £0. 44" 3.51 £0.67° 2.96 +0.32" 2.67 £0.33° 2.57 £0.45°

2.2 AEALA EEREXSEEREARALA o6
B By B 28 B Y 22 Ml

SIEWAM L, @ Agdl R B2 T s d
21 C18:2 Tt HIEAR (P <0.05) , MiAEA il AN
[i] ALA-BO REAZHEINIMAE T S 0414 C18:2 &
L EXT A4 C18: 2 L R E ., A g
il 41 R £ % R B4 4 41 C18: 3 (n-6) F1 C20:3
(n6) WA RE, ANE ALA 15 AE 0% B AR i %
C20: 4 & &2, 43 5l b A6 A Tl 41 BRI 26% (53% Al
58% (BXFHFAL4 C20: 4 SR TCE M, AN [F ALA-

BO 4 K EURNAIZ C20:4 (n-6) it i EHFEAL, 53
) HE A6 Az b 2H B A 8% 12% F 26% , Hih 13% |
27% ALA-BO 2 F A E . FRIEF 45k, Hax s
AL C20:4 FE B ERIL (P <0.05), 1A
[i] ALA-BO 4 C20: 4 & & FbAE A= I 4L A% 8% (9%
A 11% Hdlm 27 A%, SEIgd ML, 4
i ALA-BO 410240 C20: 4 Erim A 38 fm (P
<0.05),

IR EE AR, SR K B AR S 1 N K B AL S n-
6/n-3 L], TisE i ALA $& A &, n-6/n-3 L g 3
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REARG , JHL P 10037 R 21 AR oA S 5

2.3 AL 3 EHBREESER ALA HEXENT
IRIGZE SRR, bR F AL 440 EPA 4b, KR4

4040 ALA EPA DPA K DHA 4t 5E&h ALA

SRR HATMOCHE, T DU i Rk 58 ALA K
B ALA SRR BE I 4 4L rh Z2 A1 IR R 7Y 5
i

o]

RT AR 3 EHRSESER ALA BEXMESHT

Table 7 The correlation analysis of dietary ALA and tissue n-3 fatty acid composition of rats

LSS
; B ALA B ALA . 1 ALA ' E ALA FEE ALA

g E W TRE W B g WE i
Plasm® Dietary Liver Dietary Brai Dietary Kidney Dietary Heart Dietary

asm Ala et Ala ram Ala 1aney Ala ca Ala
Ala 0.960 " * ALa 0.741" ALa 0.973 "~ ALa 0.875" * ALa 0.928 "~
EPa 0.809 " * EPa 0.794 " EPa 0.857" "~ EPa -0.138 EPa 0.472
DPa 0.781" DPa 0.698 " DPa 0.968 " * DPa 0.701 " DPa 0.807 " *
DHa 0.689 " DHa 0.293 DHa 0.566 DHa 0.731" DHa 0.710"

TE: " FREL n-3 JRIIR SHEE n-3 NRITRRBA WA, " FORA S n-3 JRNITR S IEE n-3 NRITEREA AR 35 A0 6

Note: “ * 7
3 i

3.1 BREHALA FEXTAHLAF 03 BRI
BEHHAFREMEN TR

ARG 3 7 Wistar 125 5 R BURE 5D, 3 IR IfiL
WG B R S RS L T A A LU TR A
22 18] 22 5 S 5 32 1B I R 2L 1 2 ) ) 380 G
R ZI T T ALA e H AR 2 ¥ EPA (DPA K
DHA 7E&-2H 21 rp ZRUHE R M, v B H] ALA .0
i 1 PRV PRI DT R AR b VR FH AL 4 L 2
WA

IEE R S b ALA & 5 AEGS 1 2%
B ALA Fe @ AR B 5 T I 5 A 2
i SRR (E3G I B 20k v, PR 2L ALA
SN E L HS D ALA RS T
AR B2 TF2H 23X AT R 2 PR Sk T 2 g 1D R B4R Ak
FB IR 4141, Cunnane SC 25" W78 £ W, 48 A 1Y
& PUFA Jh g 85% ALA it - AL # 7
ARG ZH 2L EPA & B8 I @ 3, i B LG 2H 21
T EPA S AR, A —E R LR T ALA &
DA HE P B2, A RIE R R E &
ALA SR 5 K BUH ARG ZH 2 b DPA 5 5 119 3 fin 4
HEHALRE FROMEHLSSMNIEHS DHA & &
NS 33X 5 Zhong Fu %5'®' | Wiesenfeld PW
SEUTRIBF R S R — 5, X T ALA BE 40k K Ak
n-3 I Wi M (n-3 Long-chain polyunsaturated fatty
acids,n-3 LCPUFA) 52 2 [K 2 R0, 37 3 2 i
55 ALA 554 A6 2 4R 0 T [ A HC 5% AL 32, it Ab

shows significant difference (P <0.05),“* *”

shows very significant difference (P <0.01).

PUFA: SFA [#JEb 5l \EPA \DHA Filiz IR I R 45 A i
R R Y B i R 2R 52 ALA 554k
HHOT 4T DHA & B 0 386 0 b0 UL 2E 0
RS BARITIERT

ML ERE ALA JKOE S ALA TR RE 983G 2
2l ALA Je HAR ™% EPA (DPA il DHA YE2 40
i B, T A — i (A BTG 0 . Erkkila AT
MRS R I AR R n-3 PUFA & BN S
e L P BT T HE X XU AR A O o
3.2 HEmERSH ALA SEEB T n-3 BBIERAE
HARH DR

ALA Je HAR = P 78 45 4 2 i 4 A B A L
A NSRS X6 I i 2 BB R
5 AN F , ALA 76 R 2 28 rp b il ok, o
30% ~50% ,EPA FEIE 5 50% 2247, I T4
N 20% oAy, DPA FEETh 2R Z i 50% /e
o M A5 R B Mg & b ALA & 53
e —E R B BRI — 3 A LA, fiff ALA (EPA
H1 DPA [a] liZH 2 T8 ,13% 27% F155% ALA il

B2 R UG ALA FHXT E 45153 5 A 38% \44% |

50% , EPA 4% %k 14% . 18% .21% , DPA 43 31 K
4% 8% F 11% ,iX ] fJ& = ALA SIEJRRATIH Al 1
MAEREE e HEG A AE K R B A XK.
3.3 XHMAEARER AN

B ALA 58 A B A% R I m BE A A K
SUAHZUP R AR IR Y & &, 35 m C18: 1 C18:2 4%
ARG D7 R 0 5 1, 2 n-6/n-3 LL A A i —
SERRA , 30— ALA YR I 75 M B A TR
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BN o BEAh, AR R ALA Jil il R % it 41 240
C20: 4 = RIS, BRITFFILOZHZR4b , Bl 21
i ALA é\iﬂ’ﬁﬁﬂ G ATE AL PN AN D
B EHL C20: 4 Frdm X Bt IR 51 B g 4 R — 3K,
C20: 4 S8 AR E ( prostaglandins ) L4 45 %
(thromboxanes) 1 40} =4 (leukotrienes) 45—
ORI A W L AR, 33X S LR W I ) R A
OIE RS RIER G BA o HEEN, it
C20: 4 XF AL Ay 522 ML A1 DHA A1, (iR &
ALA ‘i’EHH'é‘XﬂL C20: 4 & 2 Y52 i — 2B 09T .
MZLE T ALA & 2 0 e RE 98 1 m 20 21

ALA ﬁﬁﬁlﬁﬁz%ﬁﬁﬂf/\*'% o i HTE
ZU g oA Fo ], X AT RE S ALA ELAT O IR Il 8 PR
YEFI A i 2E K & VR ILI 2 —

&% 3k
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Prodrug Decision of Novel Genistein Sulfonate and Its Bioavailability in Rats
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Abstract : The oral bioavailability of genistein (GE) in its benzensulfonate prodrug was studied in search for new drug.
The plasma were collected at different points of time after the intragastric or intravenous administration of genistein
benzensulfonate (GB) 40 mg/kg to rats. The GB and GE contents in plasma were determined by high performance liquid
chromatography (HPLC). The compartment model was fitted and pharma cokinetic parameters were calculated by DAS
2.1.1. The results indicated that the dynamic processes of GE was consistent with one compartment model after intragas-
tric or intravenous administration of GB prodrug to rats. The relative oral bioavailability of GE in prodrug GB was 110.

9% . In conclusion, the above results demonstrated that the oral bioavailability of GE in prodrug had been improved re-

markably.

Key words : genistein ; sulfonate ; progrug ; pharmacokinetics ; bioavailability

Introduction

Soybean isoflavone is a class of secondary metabolite in
soybean. In recent years the abundant researches indi-
cated the soybean isoflavones in foods had many impor-
tant physiological functions including preventing canc-
er, cardiovascular disease and the osteoporosis sick-
ness, anti-oxidation, reducing the female menopause

syndromea and the blood sugar, anti-senilly, etc''™'.
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However, among the soybean isoflavones, GE includes
three polar groups hydroxyl, its lipophilicity is weak.
Simultaneously its hydroxyls formed the intermolecular
hydrogen bond, its lattice energy is high, so its hy-
drophility is also weak. Only a small part of GE can be
absorbed rapidly and metabolized to glucuronic acid
glycosides in vivo, most were degraded and metabolized
by microorganisms in the intestine. So, it has the first
pass metabolism in the intestine'’’. Thus, the defect of
solubility and the first pass effect causes its low bio-
availability and biological activity. Until now it cannot
be used widespread effectively in clinical'®’. To im-
prove the oral bioavailability and pharmacological ac-
tion of GE ,our laboratory had designed and synthesized
GB by the prodrug principle'”’. We hope that com-
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pound can radically improve solubilities and metabolic
stabilities , increase its in vivo bioavailability and anti-
cancer activity ( Fig. 1). To isolate new prodrug that
has a good affinity and high bioavailability , metabolism
and pharmacokinetics of GB was studied in animals. If
the original drug can be determined in plasma,the de-
rivative is prodrug of GE. The pharmacokinetics of this
prodrug corroborated was studied in vivo,to investigate
whether its bioavailability was improved or not. Taking
daidzein ( DZ) as the internal standard, simultaneous
determinations of GE and GB in biological samples
were found by the HPLC method , and using the method

to study in vivo metabolism and pharmacokinetics of

GE and GB.
HO. o ©\ .0 o
-
L. ST
OH O O OH O
OH

GE GB

O o
e

Fig. 1 Structure of GE and its derivative

Materials and Methods

Reagents and Materials

Chemicals GB was synthesised by our lab (the purity,
bigger than 99% ,HPLC determination)'”’. DZ and GE
were provided by Shanxi Huike Botanical Development
Co. , Ltd. HPLC-grade methanol ( produced by Merck
Corp. ) were used. The other chemicals were of analyti-
cal grade.

Animals Fifteen of Wistar rats with female/male (2/3)
at 200250 g of body weight,were provided by the Ex-
perimental Animal Center of Nanchang University
( Certificate of Conformity ; SCXK-2009- 0009).

Assay

Concentrations of drugs were determined in plasma u-
sing a RP-HPLC method. Analysis was performed on an
Agilent 1100 HPLC system ( Agilent Technologies , Palo
Alio, CA, USA) equipped with a quaternary pump, a
vacuum degasser, an automatic injector, and a variable
wavelength detector. Separation was carried on a 5 pL
Venusil XBP-C ¢ column (250 mm X 4.6 mm, Agela
Technologies,, China) using 0. 1% formic acid ; metha-

nol (1:1,v/v) as the mobile phase at a flow rate of

0.5 mlL/min. The effluent was monitored at 262 nm
with detector sensitivity of 2. 00 AUFS, and the maxi-
mum absorbance waves for GB was determined at 262
nm with a DAD detector. Agilent Chromatographic Sta-
tion was used. The column temperature was kept at 20
°C. The injected volume of the analyzed samples was 10
uL.

Plasma sample pretreatment

Following addition of 10 wL DZ solution (100 pg/mlL)
to 40 L of plasma sample ,the sample was swirled for
3 min. And then, 1.0 mL of ethyl acetate were added to
this sample. The sample was swirled for 3 min again
and centrifuged at 14000 r/min for 10 min to separate
layers at 4 °C. The organic layer was transferred to
clean tube and evaporated to dryness under N,. The
residue was dissolved in 200 pL of methanol, and 10
L was injected into the HPLC system.

Solution preparation

Administration of solution in drug metabolism

Taking minutely 50 mg of drug, added 0. 1-0. 2 mL
dimethyl sulfoxide ( DMSO) ,dissolved drug with ultra-
sound , diluted to 5.0 mL with PEG400, so a concen-
tration of 10 mg/mL solution of the drug was prepared
that was used for oral administration of rats in the pro-
drug screening experiments. The solution was prepared
just before use.

Administration of solution in pharmacokinetics

Drug solution of intragastric administration; Taking
minutely 40 mg of GE (GB) ,added 0. 1-0.2 ml. DM-
SO, dissolved drug with ultrasound, diluted to 8.0 mL
with PEG400,s0 a concentration of 5 mg/mL solution
of the drug was prepared that was used for oral admin-
istration of rats . The solution is prepared and used
presently.

Prodrug solution of intravenous administration; Taking
minutely 40 mg of GB,added 0. 1-0.2 mL DMSO, dis-
solved drug with ultrasound, diluted to 2. 0 ml with
PEG-400,s0 a 20 mg/mL solution of the prodrug was
prepared that was used for intravenous administration of
rats. The solution was prepared just before use.

The drug metabolism research in vivo

A healthy Wistar rat with weight 200-250 ¢ was fasted

12 h and given access to water freely before administra-
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tion. The drug GB was gavaged by 100 mg/kg dose to a
rat. At 5,10,30 min and 1 h after administration,0. 1-
0.2 mL of blood were collected through the orbital ve-
nous plexus respectively. After centrifuged chilled 10
min with 14000 r/min,blood was separated to plasma.
Combining of 0-1 h plasma samples, 0. 5 mL of the
mixed sample were added 50 L of methanol. The rear
operation accorded “1.3 Plasma sample pretreatment”
method.

The pharmacokinetics in rats

Dosage regimen in pharmacokinetics experiments and
sample collection

Intragastric administration; Ten healthy Wistar rats, fe-
male/male (2/3) ,weight 200 ~ 250 g, were randomly
divided into 2 treatment groups. All animals were fasted
12 h and accessed to water freely before administra-
tion. The drugs were gavaged by 40 mg/kg dose ( dose
volume of 10 ml/kg) respectively. At before adminis-
tration (0 h),0.08,0.17,0.33,0.67,1,2,4,6,8,
12,24 h after administration,0. 1mL of blood were col-
lected through the orbital venous plexus to heparin tube
respectively. After centrifuged chilled at 14000 r/min
for 10 min, the upper layer plasma sample was pre-
served at the -70 °C until analysis.

Intravenous medication; Randomly five healthy Wistar
rats , female/male (2/3) , weight 200-250 g, were di-
vided into a treatment group. All animals were fasted 12
h and accessed to water freely before administration.
Respectively the prodrug was injected via the tail vein
by 40 mg/kg dose ( dose volume of 2 ml./kg). At be-
fore administration (0 h) ,0.08,0.17,0.33,0.67,1,

2,4,6,8,12,24 h after administration, 0. 1 mL of
blood were collected through the orbital venous plexus
to heparin tube respectively. After centrifuged chilled at
14000 r/min for 10 min,the upper layer plasma sample
were preserved at the -70 °C until analysis.
Determination of drug concentration

Flowing oral or intravenous administration of drugs, the
concentration of the original medicine and the precursor

in plasma sample were determined separately by the

HPLC method which had been established.

Data analysis

Under the standard curve established by each analysis
group ,drug concentration was calculated in plasma. U-
sing DAS2. 1. 1 pharmacokinetic calculation software,
the main pharmacokinetic parameters of drugs were cal-
culated through the non-compartment model. The ex-
perimental data were statistically analyzed using ¢ test.
If P <0.05,considered significant difference, P <0.01
considered highly significant difference and P > 0. 05

no significant difference.

Results

Analysis confirmed

Method selectivity

The rat blank plasma 50 pL were treated according to
“1.3 Blood sample pretreatment” method ( without in-
ternal standard). 10 L was injected into HPLC system
and chromatogram Fig.2 (A) was obtained. The stand-
ard solution of the lower limit of quantification of GE,

GB was added into a blank plasma respectively and

mAU AU
9ol At %0l B1
80r 80 GE
57382 %8 Internal lable /
50r 50
A0+ 40 \
30 30 124 134
10; 1o L\
4 6 8 10 12 14 16 min 4 6 8 10 12 14 16 min
mAU mAU
A
g B2 Internal lable GE
12.4 17_1(\
VA )
4 6 8 10 12 14 16 min 4 6 8 10 12 14 16 min

Fig. 2 Representative chromatograms of GE and its derivative in plasma samples determined by HPLC method.

(A) A blank plasma sample; (B) A blank plasma sample spiked with GE(B1) ,GB (B2) at the lowest limit of quantification.
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operated according to the same method (with internal
standard) , so the chromatogram Fig. 2 (B) were ob-
tained ,in which the retention time of GE,GB,and DZ
were 13.4,17. 1,12. 4 min respectively. The results
showed that endogenous substances in plasma do not
interfere with the determination of GE,GB and DZ, also
the internal standard DZ and the tested samples do not
interfere with each other. The analytic period of each
sample was 26.5 min.

Preparation of standard curve

Adding 10 pL of GE standard series solution to 40 pL
of rat blank plasma and eddying 3 min, so their concen-
tration (ug/mL) were 0.02,0.08,0.25,1.0,2.5,
10,40 respectively. The other operation accorded to "
1.3 Blood sample pretreatment " method. To the con-
centration of analytes as abscissa,the ratio of peak area
of analytes and internal standard as the vertical axis,
carried on the return operation with the weighting least
squares method , the standard curve linear regression e-
quation obtained was ¥ = 2 x 10°X +0.0084 R’ =
0.9997. The linear range of the determination of con-
centration of GE in plasma was 0. 020 ~40 pg/mL ac-
cording to the standard curve. The preparation of stand-
ard curve of the other drug accorded with GE in plas-
ma. The straight linear regression equation of standard
curve of GB in plasma:Y =4 x10° X +0. 0231 ,R* =
0.9994 ,the linear range is 0.025 ~25.6 pg/mL.
Adding 10 pL of standard solution of GE to 40 pL of
blank plasma, the sample of the equivalent with GE
0. 02 pg/mL was obtained. Carried on 5-sample analy-
sis to the sample, based on the standard curve of the
same day, the concentration of each sample was ob-
tained. The determination of the lowest limit of quantifi-
cation of GB accorded with GE. The results show that
the lowest limit of quantification of GE and GB in plas-
ma were 0. 02 pg/mL and 0. 0125 pg/mL with HPLC
method respectively. The with-day precision ( relative
standard deviation, RSD) of GE and GB in lowest limit
of quantification concentration was 13.7% and 14.3%
respectively ,and the accuracy (RE) in this concentra-
tion was 9.2% and -8.0% respectively.

The precision and accuracy of methods

Taking 40 L blank plasma,the low,medium and high

concentration of three quality control (QC) samples of
GE were prepared according to "2. 1.2 Preparation of
standard Curve" method. Each concentration was com-
pleted for 6-sample analysis and determined for three
days continuously, and their standard curve was pre-
pared at the same time. Calculating the concentration of
QC samples and comparing with the added concentra-
tion, the accuracy and precision of determination meth-
od of each component was sought. The determination
method of RE and RSD of GB accorded with the deter-
mination of GE. Experimental data indicate that the
with-day and between-day precision of GE, GB were
less than 12% ,and accuracy were at + 10% . The de-
termination method of compounds tested in plasma is in
compliance with the relevant international standards re-
quirements[g] .

The extraction recovery of sample

According to " 2. 1. 2 Prepation of standard Curve"
method , the QC samples of GE,GB and DZ were pre-
pared and the extraction recovery of these samples were
reviewed. The results showed that the extraction recov-
ery of three kinds of concentration of components were
over 70% in general ,only the recovery of GE was 66.
1% at high concentration.

The stability of sample

According to “2. 1.2 Preparation of standard Curve”
method, the low, medium and high concentration of
three QC samples of GE,GB were prepared to study the
stability of samples in three different preservation con-
ditions. The results showed that the tested compounds
were stable at the -70 C during 30 d, as well as after
three freezing-defrosting circulation. The plasma sample
solutions extracted were stable after 24 h at room tem-
perature. The RE of various concentration groups were -
10.2% ~12.8%.

The drug metabolism research in vivo

After the Wistar rat was being oral administration of
100 mg/kg GB,its plasma samples were analysised u-
sing HPLC. The experimental results as shown in Fig.
3. The results showed that GE can be detected in rat
plasma obviously after oral administration of GB to

Wistar rats. Thus GB has the natures of prodrug.
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Fig. 3 HPLC of compounds in rat plasma after oral administration of 100 mg/kg GB to Wistar rats. ( A-blank plasma. )

Pharmacokinetics

Pharmacokinetics of the parent drug

Pharmacokinetics of parent drug GE in rats in vivo
have been studied in detail in the literature'®’. To ac-
curately investigate its relative bioavailability in pro-
drug , we have also studied its pharmacokinetics after its
intragastric administration to rats under the same exper-
imental conditions.

Following oral administration with 40 mg/kg GE to
rats, its mean plasma concentration - time curve see
Fig. 4. The blood drug concentration data were fitted
with compartment model and pharmacokinetic parame-
ters were calculated by the DAS 2. 1. 1. It found the
dynamic processes of GE consistent with a compartment
model after intragastric administration of GE to rats.

The pharmacokinetic parameters respectively were:¢, ,,

8.18 £5.30 h;C, . ,3511 +2408 ng/mL; T, ,1.20 +
1. 60 h; AUC,,, 15550 + 1649 ng. h/mL; AUC,
18665 + 2879 ng. h/mL. By the drug concentration-

time curves and pharmacokinetic parameters, it can be

max 9

found that the cure of GE appears double peaks after
intragastric administration. The ¢, ,,¢,., of these two
peaks respectively were 10 min and 4 h,and the C__,

and C, ., respectively were 3029 and 1494 ng/ml.
Half-life was 8. 18 h or so,which showed that GE can

be maintained a longer time in the blood and maintain

Pasma
concentration
(mg/mL)

0 4 8 12
Time(h)

16 20 24

Fig. 4 The mean plasma concentration-time curve of
GE following oral administration of 40 mg/kg
GE to Wistar rats (n =5). Each value repre-

sents the mean + SD of five individual values.

its efficacy.

Pharmacokinetics of prodrug

The pharmacokinetic behaviors were studied after intra-
gastric or intravenous administration of GB to rats with
established HPLC method. After oral and intravenous
administration with 40 mg/kg dose of GB to rats, the
mean plasma concentration-time curves of GE and GB
see Fig. 5 and 6 respectively. Blood drug concentration
data were fitted with compartment model by the DAS
2.1.1 software and pharmacokinetic parameters were
calculated. It found that the dynamic processes of GE
consistent with a compartment model after intragastric
administration of GB to rats and that the dynamic
processes of GE were consistent with a compartment
model after intravenous administration of GB to rats.
Pharmacokinetic parameters see Table 1.
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Fig.5 The mean plasma concentration-time curves of
GE (& )and GB( M) flowing oral administration of
40 mg/kg GB to to Wistar rats (n =5). Each value

represents the mean + SD of five individual values.
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Fig. 6 The mean plasma concentration-time curves of
GE (¢ )and GB( W) flowing intravenous adminis-
tration of 40 mg/kg GB to to Wistar rats (n =5).
Each value represents the mean + SD of five indi-

vidual values.
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Table 1 The mean non-compartmental pharmacokinetic
parameters of DZ and GB in Wistar rats after
single oral and intravenous administration of 40
mg/kg GB (n =5). Each valuerepresents the
mean = SD for five individual values.
Parameters Oral Intravenous
GE GB GE GB
5.09 = 8.73+ 6.53x2
ty,(h .65 +£3.
v2(h) 7:65£3.59 ) 65 5.63 43
T, (h) 0.15 % 0.37
- 0.11 0.36
C,..(ng/mL) 566 + 2544 +
: 281 639
AUC,, (ng. h/mL) 9121 + 4281 = 10775 £ 5614 +
2404 2011 1013 1259
AUC,... (ng. h/mL) 10161 + 4728 + 12148 + 6387
2098 1860 7791 2095

By the drug concentration - time curves of Fig.5 and 6

and Table 1,it can be found that the T, of GE is a-
bout 0. 15 h after orally administration of GB to rats. It
indicated that GB was rapidly absorbed in vivo and hy-
drolyzed by enzymes to the parent drug GE. By the
drug concentration-time curves, it can be found that the
cure of GB appears double peaks after intragastric ad-
ministration of GB. The T, 1,7, 2 of these two peaks
,and C

spectively were 1359 and 351 ng/mL. It may be related

respectively were 5 min and 8 h. The C,, maxa TE-

to that GB has large molecular weight or enterohepatic
cycle. Comparison the plasma concentration - time
curve area AUC, , . of intravenous and intragastric ad-
ministration of GB, a small difference between the two
showed that first-pass effect would be very small when
GB was being orally administration.

Pharmacokinetic characteristics of prodrug
Fllowing intragastric administration of prodrug, the

T

max 9

t,, and AUC,_, of GE that come from hydrolysis
of prodrug GB see Table 1. The dose of prodrug conver-
ted into the equivalent of the same dose (Dtest) of GE
by equimolar respectively. The relative bioavailability
(Fr) of GE in prodrug was calculated by the formula
(1) ,see Table 2.

Fr= [ (D X AUC, )/ ( Dy x AUC 400 ) ] X
100% * (1)

test

*'D

+ Mstandard ¢

the
dose of the parent drug converted by oral prodrug.
AUC
of parent drug flowing oral administration of parent
drug, AUC

curve of parent drug flowing oral administration of pro-

the oral dose of the parent drug, D

test +

| :the area under the concentration-time curve

standarc

. the area under the concentration-time

test

drug.
Table 2 The relative bioavailability of GE after single oral

administration of GB to Wistar rats.

GE GE/GB
ti(h) 8.18 +5.30 7.65 +3.59
T (h) 1.20 £1.60 0.15 +0.11

AUC,.,, (ng. h/mL) 18665 +2879 10161 +2098
Fr(%) - 110.9

After intragastric administration of prodrug,the T of
GE from the prodrug that was in one hour, is shorter
than T, of parent GE. Perhaps due to the large molec-
ular weight, after intragastric administration of the pro-
drug GB,it occured hepatobiliary circulation.
According to the relative bioavailability, drugs in rats
release the amount of GE in the order for the GB > GE.
It indicated that the kinetic behavior of GB compared
with GE is known as a great improvement by proper
structural modification.

After intragastric administration of the prodrug,the T
of GE that come from the hydrolysis of the prodrug was
shorter than T, (1.2 h) of parent GE. After intragas-
tric administration of GB, the half-live was 7. 65 h.
From Fig. 1, compared to the GE,4’ and 7-OH of GB
all were substituted by benzene sulfonate group. Its li-
pophilic is enhanced,and it may be better to avoid the
first pass effect. Its relative bioavailability is larger than
GE in expermients. GB maybe have further research

value.

Discussion

The aim of design and synthesis of prodrugs was to
solve the specific problems in pharmacy or pharmacolo-
gy and give the useful nature to drugs. The main objec-
tive of sulfonic acid ester-modified of GE was to im-
prove its absorption in vivo and block first-pass effect,

thus to enhance its bioavailability and pharmacological
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effects possibly. Polyhydroxy flavonoids, mainly refer-
ring to natural active product GE,DZ , etc. ,have differ-
ent degree of pharmacokinetic shortcomings , mainly the
first-pass effects, intestinal flora decomposition, fast
elimination in vivo, etc. , and the same time also poor

11917 The deficiencies in

water solubility in genera
pharmacokinetics and poor water solubility are main
reasons for their low bioavailability. So prodrug modi-
fition of such polyhydroxy flavonoids must start from
improving these two areas weaknesses.

According to affecting factors of the drug bioavailabili-
ty ,combined with the physical and chemical properties
of polyhydroxy flavonoids, as well as their basic trans-
mission characteristic in vivo, the prodrug design for
multi-hydroxyflavone was carried out mainly in li-
pophilic aspect. The big sulphonate group introduced in
molecular could seal up its easily metabolized phenol
hydroxyl , improve its solubility and amphipathicity, en-
able to have the good biomembrane endophilicity, in-
crease the absorption rate,avoid the metabolism before
circulation ,and enhance the bioavailability.

This paper had carried on prodrug screening to the new
sulphonate derivative of GE, and conducted the medi-
cine dynamics research of the prodrug confirmed. The
experiments indicated that the bioavailability of GE
flowing oral administration of GB were better than that
of GE following oral administration of GE. This ex-
plained that thinking of optimizing kinetic property of
GE by sulphonate modification to enhance the oral bio-
availability is successful. The novel sulfonic acid ester
derivative was prodrug of GE that was confirmed by
metabolism screening studies in rats. Its pharmacoki-
netic studies had showed that the prodrug GB had good
oral bioavailability. The idea that we adopted the struc-
tural modification of the hydroxyl group of GE to opti-
mize the pharmacokinetic properties, block first-pass

metabolism and thus improve the oral bioavailability is

feasible.
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1S AMEEY 445 5 A REMRTEDE (F7) ,2 A =005, 1ASFNILER 4 D5 8RR () , DL 3 MBS, DL Bk
EW R R FE T (swertiamarin, 1), Jp IH 35 ( gentiopicroside, 2) , £1 [ 4x 4€ N fif ( erythrocentaurin, 3 ) ,
( - ) HHANTEE(( - ) -gentiolactone ,4) , angelone (5) , LR (oleanolic acid,6) ,3-3%-38 2\ Y& FE i ( 3-epi-tarax-
erol,7) , 24 2 4 ( swertianolin, 8) , [A] 35 5 28 H i ( m-hydroxybenzyl alcohol,9) , 4P 7% — FH iz — H i ( dimethyl
phthalate ,10) , 437E — H iz — 5 T lE ( diisobutyl phthalate,11) ,3 ,4- "3 FIEH R (12) FlIE =1 —%EfE ( n-hentria-
contanol ,13) ,B-%% H§ I ( B-sitosterol , 14) FIEHE b4 ( daucosterol ,15) . Hrpfb &4 4 ~5,7,9 ~13 F1 15 Rk
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Chemical constituents of Swertia cincta

GENG Jia-ling”, GENG Chang-an' ,CHEN Ji-jun'*
'State Key Laboratory of Phytochemistry and Plant Resources in West China ,Kunming Institute of Botany ,Chinese Academy of
Sciences , Kunming 650204 ,China ;> Yunnan Institute for Food and Drug Control ,Kunming 650204 ,China

Abstract ; Fifteen compounds involving secoiridoids ( glycosides ) , triterpenoids , xanthones, aromatic acids ( alcohols) ,

aliphatic alcohols and steroids were isolated from Swertia cincta ,which were characterized to be swertiamarin (1) , genti-

opicroside (2) ,erythrocentaurin (3), (-) gentiolactone (4) ,angelone (5),oleanolic acid (6) ,3-epi-taraxerol (7),
swertianolin (8) , m-hydroxybenzyl alcohol (9), dimethyl phthalate (10), diisobutyl phthalate (11),3,4-dihydroxy-
benzoic acid (12) ,n-hentriacontanol (13) ,B-sitosterol (14) and daucosterol (15). Compounds 4-5,7,9-13 and 15

were obtained from Swertia cincta for the first time.

Key words; Swertia cincta ; Gentianaceae ; secoiridioids ; triterpenoids ; xanthones ; aromatic acids ( alcohols)

VUEE 1% 32 ( Swertia cincta Burkill ) ¥ 44 BB 80 5%
F3%, R e IEF} ( Gentianaceae ) 15 5 S J@ A4, —4F
PR, FEME T IR E = U
HAH A RE , I IBERITAE IR, R AR HAE S
JEIAYT B AT 58 o 25 BRIG PRI SE R WY, V4 e 4 2
SRR e s A kR BRI 230, 7R B By AR
FEVERI™T o SR T e I 2 i Sl G [ A 4 75 - R
(Swertia mileensis ) WCARVE R HLIF 4 258 . H i
WA DT RS S h 4858 T 14 M),
B W2 B S PRI B 4, 10 LR, B, =il
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FESIRIS  ASHIESE 4 G 30 % 1 1) o A 4 75 I 3
172G O 5E, N or s 2 — RS R A
T HBV T PR AT 25 B 2 DA 15 R P00 Tl vl — SR 1A
FET o kT I W VY AR 2 SR R IR A3 1Y
25, TATHE P R A5 5 SR W TS X R BEAT A2 A
W, HRNTE R A S h B AR 15 MG
W, o3 B HEE O B S (1), IR (2) L 40
HEEARE(3), (-) JeHM R (4) , angelone (5) , 57
VIORTR(6) ,3-3R-TATETREE(T) , H25WEH (8) , [H]
FEEEATEE(9) , AK R IR (10) , 282K
MR 5 THE(11) ,3,4- TR HOR I (12) ANE =1
—RElE(13) ,B-17 K BE(14) AL M (15) , Horfr,
a4 ~5,7,9 ~13 115 S5 YN PE R f 22

orERE,
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Fig. 1  Structures of compounds 1-12

1 SEIeER4y

1.1 {USE5HH

S VAN KBRS T AR5 1 XRC-1 Y
AU S AN IR B R R OE ; B (MS) H API
QSTAR Pulsar Y F & A7 i i) 5t 3% 4L F1 AutoSpec
Premier P776 — J3 7 XU A5 1 Jo 33 S0 5 5 A% o AL
PR ('"H.”C NMR) ] Bruker AM-400 ,DRX-500 7/l
BRUKER AVANCE I11-600 708 S 8% fif; 2L 4% it 33 4%
D, LA TMS (Y H B RESE ) S A ; Tié B Jasco P-
1020 4> [ 3 fig A & , #4385 A B (200 ~ 300
H ) AR I GEIE (G, ) A By SR s B BIA R
w4 77 ; Sephadex LH-20 /4 Pharmacia 2\ @) 72 i ; P4
RT3 F 2008 4F 12 H R H = ma 28 1, 26 v [E B}
4 ¢ L B AR 9 J9r B Sz T R 5T B 5 E O Swertia
cincta Burkill. , #7345 ( NO. 2008-11-3) ££75% T o E &}
Bt R A P 5 iR B 5 R AR A Wtk 2=t ot
4,
1.2 #RE5H5E

PO 2 T 4R 2R (5. 0 kg) , By i e KR
90% H150% £ BERIFARHL 3 UK, Bk I 50.0 L,
FE 2 he A3 90% F1 50% £ B4 IO , Il s vk 4
Z/MER . WA KRR B 22 20. 0 L, R AT
fif (10.0 L x 3) . LPFRATE(10.0 L x 3) FIIE T i
(10.0 L x 3) ZEH, Yokt e [ i 7 370 45 210 7o ik 2 1
W53 (25.0 g) , LR LBEAHHE 43 (155.0 g) ,IE T
AL B 43 (210..0 g) BL KK R 43 (650.0 g) o L2

CPRAEIG 53 (155.0 g) ZrEEAE (11.0 x70.0 cm,
2.2 kg) 2, & A5/ H B (100/0,95/5,90/10, 80/
20,0/100 ) F B 1 Mo , 28 REJE TLC A6 30 45 54 [R) 37
I3 4GB T AES (A ~G) o Hr A(T.0 g) BREIR
FE(3.0 x 50.0 ¢m,200 g) JZAHT, A1 it/ P (90/
10 ~50/50) B BV 455 3 N4 A-1 ~ A3, 4
53 A-1(1.0 g) 2 WRAERH (1.4 x 30.0 ¢m,30.0
2) J2HT, A R L1 (90/10) 5 G A0/ P (98/
2) FA e/ R (95/5) BERAS ) 10(70. 0 mg) ,11
(30.0 mg) ,14(50.0 mg) , #4143 A-2(500.0 mg) , %
RERCHE(1. 4 x 23.0 ¢m,20.0 g) JZ4T, &5/ IR
(95/5) VM, #5%) 7(20.0 mg) . 4H4; B(5.5 g) , 4
FERRAE(2.0 x 50.0 em,150.0 g) 247, S A%/ N ER
(95/5 ~70/30) B EEVERL, 153 5 4443 B-1 ~ B-5,
2041 B-1(750. 0 mg) 28 ik i AE )2 AT, A i Bik/ TN T
(90/10) Pk i, P28 5 45 & ( H EE) 15 31 3 (380. 0
mg) ,5(10 mg) f14(10 mg) . 44 B-2(1.5 g) &t
FECAE(L. 4 x 30.0 em,30.0 g) E4r, 05/ R
(90/10 ~ 70/30 ) #f B P& Wi, P38 & 22 AT 2 T,
Sephadex LH-20 ( G {fj/ i = 1/1) FVEE A (54
i/ g =98/2) 4lifk , 1421454 6(310.0 mg) ,13
(30.0 mg) F19(25.0 mg) , 4143 B-3(0.5 g) £l ik
JEAE(1.4 x 30.0 cm,30.0 g) J2HT, G5/ H = (95/
5 ~90/10) # B Yt , #f — 25 13 Sephadex LH-20
(P EE) 2ifbt5 24k 54 15(20. 0 mg) ,2(18 mg) Fi
1(30.0 mg) , ZH4» B<4(200.0 mg) ZidhEMHE (1.4
x 30.0 e¢m,30.0 g) 24T, A0/ HEL(85/15) Y,
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HE— A F s i () 75 24k 54 8 (20. 0 mg)
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2 HEWERE

wEm1 REAK A, FAB-MS (-) m/z:373
[M-H] , 179, 141;'H NMR ( CD,0D,400 MHz) §:
7.64(1H,s,H-3) ,5.72(1H, br s,H-1),5.42 ~5.28
(3H,m,H-8,10) ,4.75(1H,dd,J=11.2,5.0 Hz,H-
7a),4.64(1H,d,J =7.9 Hz,H-1") ,4.35(1H,dd,J
=11.2,5.0 Hz,H-7b) ,3.89(1H,br d,J =11.9 Hz,
H-6'a),3.67 (1H,dd, J =11.9,5.6 Hz, H-6'b),
3.39-3.21(4H,m,H-=2",3",4",5') ,2.94(1H,d,J =
8.9 Hz, H9),1.92 (1H,ddd, J =13.2,11.2,5.0
Hz,H-6a),1.74 (1H,br d,J = 13.2 Hz, H-6b) ;" C
NMR(CD,0D, 100 MHz) §:168.1 (s, C-11),154.9
(d,C-3),133.9(d,C-8),121.3(t,C-10) ,108. 8 (s,
C4),100.3(d, C-1"),99.2(d, C-1),78.5(d, C-
5'),77.7(d,C-3"),74.3(d,C2"),71.4(d,C4"),
66.0(t,C-7),64.3(s,C-5),62.6(t,C-6"),51.9(d,
C9),33.8(t,C-6) , 5ZH X, LGP 1 %
TE A

EW2 ®EEKAK,"H NMR(CD,0D,400
MHz) §.:7.45(1H,s,H-3),5.76(1H, m,H-6) ,5. 67
(1H,m,H-8),5.62(1H,br s,H-1),5.23(2H, m, H-
10),5.04(2H,m,H-7) ,4.65(1H,d,J =7.9 Hz,H-
1'),3.90(1H,dd, J =11.9,1.9 Hz, H6'a),3. 67
(1H,dd,J=11.9,5.6 Hz,H-6'b) ,3.36 ~3. 13(4H,
m,H-2",3",4",5") ;" C NMR(CD,0D, 100 MHz) §:
166.3(s, C-11),150.6 (d, C3),135.0(d, C-8),
127.0(s, C-5),118.6 (t, C-10),117.2 (d, C6),
104.9(s,C4),100.2(d,C-1"),98.5(d,C-1),78.4
(d,C-5"),77.9(d,C-3"),74.5(d,C2"),71.5(d,C-
4'),70.9(1,C-7),62.8(1,C6"),46.6(d,C9), LA
EHRE S R A

&3 M@ ih, ' H NMR (CDCL, 500
MHz) $:10.20(1H,s,H-11),8.37(1H,dd,J =7.5,
1.0 Hz,H-6) ,8.05(1H,dd,J=7.5,1.0 Hz,H-8),
7.62(1H,t,] =8.0 Hz,H-7) ,4.55(2H,t,] =6.0
Hz,H-3),3.56 (2H,t,J =6.0 Hz, H4) ;" C NMR
(CDCl,,125 MHz) §:191.9(d,C-11),164.0(s, C-
1),141.1(s,C-10),138.5(d,C-6) ,135.7(d,C-8) ,
132.6(s,C-5),127.8(d,C-7),127.7(s,C9) ,66.7
(1,C-3),24.6(1,C4), LI 55 SCR B S A

. L &S SEANE Err ] L I

weEm4a K, [aly-143(c0.19,
CHCL,) ;ESI-MS ( +) m/z:447[2M +Na] " ,235[ M
+Na]*;'"H NMR(C;D,N,400 MHz) §.5.34(1H,d,
J=16.1 Hz,H3a),5.19(1H,d, J = 16.1 Hz, H-
3b),4.42(2H, m,H-7),2.89 (1H, m, H-6a) ,2. 72
(1H,m,H-6b) ,2.04(1H,m,H-8a) ,1.90(1H, m,H-
8b),1.00 (3H,t,J = 7.4 Hz, H-10);"” C NMR
(C4D4N,100 MHz) §:172.7 (s, C-1),162.2 (s, C-
11),154.5(s,C-5),120.6(s,C4),73.0(s,C9),
67.1(t,C-7) ,66.6(t,C-3),31.3(1,C-8),23.2(t,C-
6),8.3(q,C-10), ML L&, kG 4 N
(-) AR

w&®mS A S, H NMR (CD,0D, 400
MHz) §:8.41(1H,s,H-1),4.55(2H,t,J =6.0 Hz,
H-9),3.19(2H,t,J =6.0 Hz,H-8),2.50(3H,s, H-
6);"”C NMR(CD,0D,100 MHz) §:189.7(s,C-5),
163.4(s, C7),150.6 (d, C-1),148.7 (s, C4),
130.1(s,C-3),118.7(s,C-2),69.9(t,C9),26.9
(q,C-6),22.3(t,C-8);'H NMR(CDCl,,400 MHz)
5:8.13(1H,s,H-1),4.52(2H,t,J =6.0 Hz,H9)
3.20(2H,t,J =6.0 Hz,H-8),2.52(3H,s,H-6);"C
NMR ( CDCl,,100 MHz) §:188.4(s,C-5),160.8(s,
C-7),148.1(d,C-1),147.2(s,C4),128.2 (s, C-
3),117.5(s,C-2),68.4 (1,C9),26.8(q,C-6),
21.3(1,C-8) o LA E& 5 SCHR 218 1Y angelone £
PEHA T

&6 @k A,'H NMR ( CDCL,, 400
MHz) §:5.27 (1H,t,J =3.4 Hz,H-12),3.20(1H,
m,H-3),2.80 (1H, dd, J =10.0,5.9 Hz, H-18),
1.53(3H,s,Me-27),1. 11(3H,s,Me-30) ,1.00(3H,
s,Me-29),0.96 (3H, s, Me-26),0.94 (3H, s, Me-
25),0.87 (3H, s, Me-24),0.80 (3H, s, Me-23) ;" C
NMR ( CDCl,, 125 MHz) §:181.9 (s, C-28),143.9
(s,C-13),122.2(d,C-12),78.9(d,C-3),55.1(d,
C-5),47.6(s,C-17),47.6(d,C9) ,46.5(s,C-14),
46.0(t,C-19),41.1(d,C-18),38.6(s,C-8),38.3
(s,C4),37.0(s,C-10),33.8(t,C-22),33.0(t,C-
23),32.5(t,C-7),32.4(s,C20),30.6(q,C-29),
28.5(t,C-1),28.0(q,C23),27.6(t,C2),26.9(t,
C-15),25.8(q,C27),23.5(q, C-30),23.3(t, C-
16),23.0(t,C-11),18.2(t,C-6),16.9(q,C-26),
15.5(q,C-24),15.2(q,C-25) . DL F¥0ds 530k
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wEW7T ek, EI-MS m/z:427[M+H]*
(54),412(46),302(75),287 (71),269 (65) ,257
(51),218(65),204(100),189(65),175(55),161
(50),149 (63),135(89),121(73),107 (74),95
(74),81(70),69(88);'H NMR ( CDCl, ,400 MHz)
5:5.53(1H,dd,J=8.1,3.1 Hz,H-15) ,3. 41 (1H,t,
J=2.7 Hz,H-3),1.10(3H,s),0.96(3H,s),0.96
(3H,s),0.95(3H,s),0.92(3H,s),0.92(3H,s),
0.87(3H,s),0.83(3H,s);"” C NMR ( CDCL,, 100
MHz) §:158.1(s,C-14),116.7(d,C-15),76.2(d,
C-3),49.2(d,C9),48.9(d,C-5),48.7(d,C-18),
41.2(1,C-19),39.0(s,C-8),38.1(s,C4),37.7(t,
C-1),37.5(s,C-10),37.3(s,C-13),36.6(t,C-16) ,
35.7(s,C-17),35.1(t,C-12),33.7(t,C-7),33.3
(q,C-29),33.0(t,C-21),32.2(t,C-22),29.9(q,C-
26),29.8(q,C-28),28.8(s,C-20),28.2(q,C23),
26.0(q,C27),25.0(t,C2),22.1(q,C24),21.2
(q,C-30),18.7(1,C-6) ,17.4(t,C-11),15.2(q, C-
25), 5ZECH LG T S8 3-R-T A
e U

w&w S8 kK, H NMR ( C,D,N, 500
MHz) §:7.61(1H,d,J =8.8 Hz,H-7),7.40(1H,d,
J=8.8 Hz,H-6) ,6.51 (1H,s,H4),6.22(1H,s,H-
2),5.49(1H,d,J =7.3 Hz,H-1") ,4.644.20(6H,
m,H2",3",4",5"6"),3.62(3H,s,0Me) ;" C NMR
(CsD,N, 150 MHz) 8:182.8(s,C-9),167.4(s, C-
3),164.5(s,C-1),157.8(s,C4a),151.4(s,C-8),
146.8 (s, C4b),143.3 (s,C-5),122.6 (d,C6),
114.0(d, C-8a),113.6 (s, C-7),106.2(d, C-1"),
105.2(s,C-8b),98.3(d,C-2),92.7(d,C4),80.0
(d,C-5"),78.4(d,C-3"),75.9(d,C2"),71.8(d,C-
4'),63.1(1,C-6"),56.4(q,0Me) ;'H NMR ( DMSO-
d,,400 MHz) §:7.28(1H,d,J=8.9 Hz,H-7),7. 11
(1H,d,J=8.9 Hz,H-6) ,6.56(1H,d,J =2.2 Hz, H-
2),6.35(1H,d,J =2.2 Hz,H-2),5.00(2H, m, H-
6'),4.79(1H,d,J=7.6 Hz,H-1") 4. 64(1H,t,] =
5.9 Hz,H-3'),3.87 (3H,s, OMe),3.50-3. 16 (3H,
m,H-2",4" 5") ;" C NMR ( DMSO-d, , 125 MHz) §:
181.1(s,C9),166.3(s,C-3),162.7(s,C-1),156. 4
(s,C4a),149.4(s,C-8),145.0(s,C4b) ,141.0(s,
C-5),121.1(d,C-6),112.4(d,C-7),111.9 (s, C-
8a),103.5 (s, C-8b),103.1(d,C-1"),97.2(d, C-

2),92.2(d,C4),77.4(d,C-5"),76.1(d, C-3"),
73.5(d,C2"),69.8(d,C4"),60.8(t,C-6"),56.1
(q,0Me) . 53 3CHRXT IR, 5 24 24 s 1 Ficis A
QQE[IO,H]O

wEw9 T, EI-MS m/z: 124 [M]°
(100),123 (62),107 (35),106 (37),105 (46) ,95
(75),77(40) ;'"H NMR ( CDCl,,400 MHz) §:7.10
(1H,t,J =5.2 Hz,H-5),6.76 (1H,s, H-2),6.73
(1H,d,J=5.2 Hz,H-6) ,6.67(1H,d,J =5. 2 Hz, H-
4),4.50(2H,s,H-7);"C NMR (CDCl,, 100 MHz)
5:156.7(s,C-3),142.4(s,C-1),129.5(d,C-5),
118.2(d,C-6) ,114.4(d,C4),113.6(d,C-2) ,64.4
(1,C-7) o LA b8 55 a3 28 P e i S AS —
i&[lg]o

W& 10 JTEHERY, " H NMR (CDCL,, 400
MHz) §:7.70(2H,m,H-3,6),7.53(2H,m,H4.,5),
3.89(6H,s,OMe x2) ;" C NMR(CDCl,,100 MHz)
5:168.0(s,C-7,8),131.8(s,C-1,2),131.1(d,C-3,
6),128.8(d,C4,5),52.6(s,0Me x2), HLL %k
i %A A W e AR R

W& 11 TLIkY), EI-MS m/z:279[ M +
H]* (47),223 (17),205 (44), 149 (100), 104
(16) ;'H NMR( CDCl, ,500 MHz) §:7.63(2H,m,H-
3,6),7.43(2H,m,H4,5) ,4.01(4H,d,J =7.2 Hz,
H-8,8"),1.95(2H, m, H9,9') ,0.90 (12H,d, J =
6.9 Hz, H-10,10",11,11") ;" C NMR ( CDCl,, 125
MHz) §:167.4(s,C-7,7"),132.3(s,C-1,2),130.8
(d,C-3,6),128.7(d,C4,5),71.6(1,C-8,8"),27.6
(d,€9,9'),19.0(q,C-10,10",11,11") , 5&F#
FRXT IR 7 L e AR IR — S TR .

wE&w 12 @K K,'H NMR (CD,0D, 600
MHz) §:7.43(1H,s,H-2),7.42(1H,d,J =7.7 Hz,
H-6),6.80 (1H,d, J = 7.7 Hz, H5);"” C NMR
(CD,0D,150 MHz) §:170.4(s,C-7),151.5(s, C-
4),146.0(s,C-3),123.9(d,C-6),123.2(s,C-1),
117.7(s,C-2),115.7(s,C-5) o DI ¥ E 3,4-—
FRRIE IR A — 2

WwEWMI13 HE¥K,EI-MS m/z:451[ M-H] *
(1),427(30) ,421(3) ,412(5),393(10),365(40) ,
337(35),302(32),287 (18),204 (45),125(40),
111(63),97(80),83(87),69(88),57(100);'H
NMR (CDCl,,400 MHz) §:3.64(2H,t,J =6.6 Hz,
H-1),1.57 (2H, m, H2),1.42 [ 56H, m, H-( 3-
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30)],0.86 (3H,t,J = 6.6 Hz, H-31);"” C NMR
(CDCl,,100 MHz) §:63.1(t,C-1),32.8(t,C-2),
31.9(t,C-29),29.6 [t,C-(725)7,29.4 [t,C-(4-
6)1,29.3 [t,C-(26-28)],25.7(t,C-3),22.7(t,C-
30),14. 1(q,C-31) . 57 O IR K %0
=

G 14 F1 15 d@ i TLC S5hRES LLXT, 435
Y0E R AT RIS MY

&% 3k
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Chemical Constituents of Scrophularia ningpoensis Hemsl.
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Abstract : Fourteen compounds were isolated from the ethanol extract of Chinese herbal medicine Scrophularia ningpoen-
sis Hemsl. ,which were identified as sugiol (1) ,B-sitosterol (2) ,lupaneol (3) ,ursolic acid (4) ,Rhamnose (5),dau-
costerol (6) ,sucrose (7), caffeic acid (8),oleic acid (9),3-0-(6-0O-palmitoyl-8-D-glucosyl ) -spinasta-7 , 22-diene
(10) , clematomanshurica saponin E (11) , a-caryphy (12) ,a-cedrol (13) ,and scrophuloside A, (14) on the basis of

physicochemical and spectroscopic evidences. Compounds 3,5 ,and 8-14 were isolated from this plant for the first time.

Key words : Scrophularia ningpoensis Hemsl. ;Scrophularia L.
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AR G EER (LR AT | S T RS R |
2 JERWITR A= WA o LR i B A 22 Rl
MEITR . EEN XS HRELT 7,
MBS SEE T 14 LB o

1 &S

1.1 (FE5H#

H 7KL F JOEL-ECX500 % 500 MHz #% fifi 3 g
LTS g N F5) 3 GC-MS 6890/5973 < Jit 3k HIAX
(£ Agilent /2 #]) ; LC-MS 1100/MSD & 57 Bk FI{YL
([ Agilent 22 ]) 5 H A B HELL AN G 15 AL (SHI-
MADZU-IR Prestige-21 ) ; JG 2 43 #T1 {X ( Elementar
Vario TIT) ; X-4 BYE 7 & GO0 2000 5 A3 Ul BE R AR
1E) ;KQ250E AU i VeI s WZZ-ZA A hilieeid
(rP ] it ) 5 2 603 Ak i RN €535 Ak i (7 5%
TR ) s MCT B (S 2 T A /) 5 D-101
RALB AR (Ve P 5 B B A4 R R AT BR A 7DD o B
FHGRI R oA 4l by e R R AR 27 3R T
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Hh K PRNVEA 223800 2542

S Z SR B SN, Bt B BE A Be 227
Bt 24 FHAE ) 55 A 25 B0 2 e IRTE R S h X S
M) % 2 ( Scrophularia ningpoensis Hemsl. ) 4R , F1
AT DN KRG AL T AT SR Pl
1.2 #EEHLH

WK TR X2 20 ke, VI R 5EH] 80 %
(1) Tk RG X 2 2V R AR I, H 28 ik 20 . &
M2 ST OE T BRI, 1925 E MRS o O Rk
Br GHZ 2 A S MCT AR )2 M i 7 i3 X 24 05 (15
g) LROBEZIRF (21 g) #t475r B 4life, i D-101
KA BEREZ BT S AR 247 7 Bkt TE T B2 (40 g)
AT e Ak, WA ZEEMEA Y 1 (0. 3359
g), LR OTRZEE G 2 (0.0053 g) .3 (9. 6759
g) 4 (0.5825 g) .6 (1.4102 g) .8 (0.2420 g) .10
(0.2171 g) .11 (0.9518 ¢) .12 (0.0172 g) .13
(0.4096 g) 114 (0.3926 g) ,1E T EZFHEIMLEY)
5 (0.6534 ¢) 7 (1.8705 g) F19 (0.1884 ¢) .,

2 HHERE

Em 1 st il (E5), mp. 273 ~ 275
C 5 40 B Rtk [) — A R B 055 08 T &5, H
NMR (CDCI;,500 MHz) §:0.83 (3H,s,H-18) ,0. 84
(3H,s,H-19),0.87 (3H,s,H-20),0.88 (6H,d,J =
6.9 Hz,H-16,17),0.90 ~ 1.25 (6H,m,H-1,2,3),
2.36 (1H,d,J =12.4 Hz,H-6a),1.13 (1H,dd,J =
12.4,3.1 Hz,H-6b) ,3.64 ~ 3.67 (1H,m,H-15),
6.44 (1H,s,-OH) ,6.47 (1H,s,H-11),7.56 (1H,
s,H-14);”C NMR (CDCI,, 125 MHz) §:32.0 (C-
1),14.2 (C2),33.8 (€-3),30.1 (C4),33.9 (C-
5),30.2 (C-6),171.0 (C-7),128.4 (C-8),134.2
(C9),32.0 (C-10),117.2 (C-11),147.0 (C-12),
130.8 (C-13),129.0 (C-14),29.4 (C-15),26.8
(C-16),24.8 (C-17),29.8 (C-18),22.8 (C-19),
28.6 (C-20) . LA 13 530k s m A2 i 5
i —F,

wEW2 AERAEED), mp. 132 ~
134 °C 5 SRRIERE i MR AT W2 XF BR S 0, R (1 — 3K,
HE A3, Sz G YN B-4 i BE (B-si-
tosterol ) ,

LEW3 AEHRAE(ED), mp. 181 ~
183 °C ; AN A, W EH IR W/ — a5 IR
(KBr,em™) ;v 3319 (-OH) ,2941,2849,1645 (¥

max

3), 14541377, 1043, 893;'H NMR ( CDCl,, 500
MHz)6:4.69 (1H,s,H-29a) ,4.57 (1H,s,H-29b),
3.17 ~ 3.20 (1H,m,H-1),2.36 ~ 2.38 (1H,m,
H-19),1.91 ~ 1.94 (2H,m,H-21),1.65 ~ 1.68
(2H,m,H-2) ;" C NMR (CDCl,, 125 MHz) §:38.8
(C-1),79.0 (C3),27.5 (C2),40.1 (C4),55. 4
(C-5),18.4 (C-6),34.4 (C-7),40.9 (C-8),50.5
(C9),37.2 (C-10),21.0 (C-11),25.2 (C-12),
38.1 (C-13),42.9 (C-14),27.5 (C-15),35.7 (C-
16),42.9 (C-17),48.4 (C-18),48.1 (C-19),
151.1 (C-20),29.9 (C-21),40.0 (C-22),28.1 (C-
23),15.5 (C-24),16.2 (C-25),16.0 (C26),14.6
(C-27),18.1 (C-28),109.4 (C-29),19.4 (C-30),
DA et 5 Sk 4 1P R S (lupeol ) — K

LEW4 HETE AR (FEEL)  mp. 253 ~
256 C; MG BEEHRR P R ,5 % MR B 520
o %+ B, & 4. IR (KBr,em™):v,,, 3431 (-
OH) , 2965 ,2926, 2870, 1695 ( ¥ 3 ) , 1456, 1386,
1030,997;'H NMR ( CD,0D, 500 MHz) §: 5.21
(1H,s,H-12),3.12 ~ 3.15 (1H, m, H-3),2.18
(1H,d,J =11.5 Hz,H-18),1.10 (1H,s, H27),
0.98 (1H,s,H-26),0.94 (1H,s,H-25),0.83 (1H,
s,H-23),0.76 (1H,s,H24),0.96 (3H,d,J=4.0
Hz,H-29),0.87 (3H,d,J =6.9 Hz,H-30) ;°C NMR
(CD,0D, 125 MHz) §:180.3 (C-28),138.3 (C-
13),125.6 (C-12),78.3 (C-3),55.4 (C-5),53.0
(C-18),47.7 (C-9),47.5 (C-17),41.9 (C-14),
39.4 (C-8),39.1 (C-19),38.7 (C4),38.5 (C-
20),36.8 (C-22),36.6 (C-10),33.0 (C-7),30.4
(C-1),30.4 (C21),27.9 (C23),27.4 (C-15),
26.6 (C2),24.0 (C-16),23.0 (C-11),22.8 (C-
27),20.2 (C-30),18.1 (C-6),16.5 (C-26),16.3
(C29),15.0 (C25),14.7 (C24), DI I¥iES5x
Fik-* I Y AR SRR s — 3K
wEWS TR (HEEL) ,mp. 86 ~ 90 C;
HF K CHE, IR (KBr,em™) v, 3475 (-OH)
3250, 2972, 2938, 2575, 2425, 1670, 1449, 1379,
1287, 1225, 1123, 1074, 1036, 976, 908, 875, 831,
802,711,602;"”C NMR (CD,0D,125 MHz) §:94.5
(C-1),71.7 (C-2),70.8 (C-3),72.9 (C4),67.9
(C-5),16.8 (C-6). &4 3Cuk™ el A i%ik &4
B 256 ( Rhamnose )

LEWe HETERBAR(MIE), 553 b
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T PRAERE i 21T 2 X IS S, R, {1 — 3, I IR
A SR A R — A o5 TR A I AR B, S Ryt 8
b # ( daucosterol ) o

wEWMT  FTAPRR S IEKE) ,mp. 195 ~
196 °C ;54N A A, BEEHIR A1 10 % A9 B R 1 TR
I 8 R — N BB B I T IeE R K, &
FRAE AT 200 IS5, 25 G An M A TR A5 0 Rl
T, M558 KRR (sucrose) o

&8 it i (& 5),mp. 103 ~ 105
C 3 850 B AH R 1 [/ — A~ B B 0505 7 T4 0 A
fil, IR (KBr,em™) v,  3080,3024,1719,1600;'H
NMR ( CDCl,,500 MHz) §:7.51 (1H,d,J =16.0
Hz,H-7),7.10 (1H,d,J=2.0 Hz,H-=2) ,6.94 (1H,
dd,J=8.0,2.0 Hz,H-6) ,6.58 (1H,d,J =8.0 Hz,
H-5),6.46 (1H,d,J =16.0 Hz, H-8);"” C NMR
(CDCl,, 125 MHz) §:128.1 (C-1),125.7 (C-2),
145.4 (C-3),147.8 (C4),127.5 (C-5),127.4 (C-
6),145.3 (C-7),125.6 (C-8),165.3 (C-9), L) I
Bt 5 SRk BOE — B, B RE R IR ( caffeic
acid)

LEWM HEBK(EN) ,mp.35 ~ 37 C;
SR AR GG TED A . &SR T
X RS A5 G AR vE AR A A s R | %50 AT
fig (oleic acid) ,

LEW10 TEYORGIAK(E) ,mp. 151 ~
155 C; 540 W EHTR 0 AN W] — 5555 % iR &
VAW R ¥ 5, IR (KBr, em™):v,, 3005 (-OH),
2953,2922 (ffu FfE A &), 2850, 1742 (fx A ),
1462, 1377 (B e W 5t &), 1173, 719;'H NMR
(CDCI,,500 MHz)§:0.89 ~ 0.90 (2H,m,H-1),
2.18 ~ 2.19 (2H,m,H-2),3.58 (1H, br,s,H3),
1.53 (2H,d,J =8.0 Hz,H4),1.12 ~ 1.13 (1H,
m,H-6),5.27 (2H,dd,J =14.8,8.4 Hz,H-7) ,1. 17
~1.18 (1H,m,H-8),1.98 (1H,dd,J =10.0,5.2
Hz,H9),1.54 ~ 1.60 (2H,m,H-11),2.70 (1H,
d,J=12.4 Hz,H-12),2.22 ~ 2.23 (1H,m,H-14),
1.54 ~ 1.60 (2H,m,H-15),2.20 ~ 2.21 (2H,m,
H-16),1.52 (1H,J =8.4 Hz,H-17),0.70 (6H,s,
H-18,19),2.73 (1H, J = 12.4 Hz, H-20), 1.08
(3H,J=5.6 Hz,H-21),5.30 (1H,dd,J=15.2,8.4
Hz,H-22),5.27 (1H,dd,J =14.8,8.4 Hz,H-23),
0.89 (1H,d,J =10.2 Hz, H24),1.92 ~ 1.93
(1H,m,H-25),0.75 (6H,d,J =7.6 Hz,H26,27),

1.08 (3H,J =5.6 Hz,H-28),0.81 (3H,d,J=6.7
Hz,H-29),4.19 (1H,dd,J =8.0,6.0 Hz, H-1'),
4.03 (4H.d,J=8.4 Hz,H2' ~ 5').4.23 (1H,br,
s, H-6"a),4.05 (1H,br,s, H-6'b),1.18 ~ 1.23
(28H,m,H-2"" ~ 15""),0.68 (3H,t,H-16"");"C
NMR (CDCL,, 125 MHz) 8:34.5 (C-1),30.2 (C-
2),74.0 (C-3),32.1 (C4),37.5 (C-5),30.3 (C-
6),128.0 (C-7),130.2 (C8),42.4 (C9),34.2
(C-10),29.6 (C-11),27.2 (C-12),39.8 (C-13),
51.5 (C-14),29.7 (C-15),29.8 (C-16),56.1 (C-
17),19.4 (C-18),14.3 (C-19),39.5 (C-20),29.4
(C21),130.1 (C22),128.1 (C=23),50.3 (C-
24),31.6 (C-25),29.5 (C-26),29.5 (C-27),29.7
(C28),14.2 (C29),127.2 (C-1'),62.2 (C2'),
65.8 (C-3"),60.2 (C4"),69.0 (C-5"),56.6 (C-
6'),173.9 (C-1""),19.8 ~ 29.3 (C2"" ~ 15'"),
14.2 (C-1"") o AR AL J5T 7 3% £5 4l o0 17, 45
A 3R B A A 3-0-(6'-0-palmitoyl 8-D-
glucosyl ) -spinasta-7 ,22-diene

HEW 11 FEICERS K (NE) , mp. 218
~ 220 C;2AMA O, BREHIR i — (B A, B iR & 1
I 2 4T {6 B &5, Liebermann-burchard % 7 i FH 4,
Molish J Ji7 &b B 5 %5 F ki PSR ' H NMR ( Ace-
tone-d6,500 MHz) §:5.22 (1H,d,J=6.0 Hz, AraH-
6),4.40 (1H,dd,J=6.0,7.0 Hz,AraH-2) ,4.22 ~
4.22 (1H,m,AraH-3) 4.22 ~ 4.23 (1H,m, AraH-
4).4.25 ~ 4.26 (1H,m, AraH5),3.76 ~ 3.77
(IH,m, AraH-6) ,5.25 (1H, br. s, Rha'H-1) ,4. 41
(1H,br.s,Rha’H-2),4.35 (1H,br.d,J =9.5 Hz,
Rha'H-3),4.22 (1H,dd,J =9.5,9.5 Hz, Rha’ H-
4).,4.28 ~ 4.29 (1H,m,Rha’H-5),1.57 (3H.,d,J
=6.0 Hz,Rha'H-6) ,5.40 (1H,br. s,RhaH-1) 5. 21
(1H,br. s, RhaH-2),4.42 (1H,br.d,J =9.5 Hz,
RhaH-3) ,4.31 (1H,dd, ] =9.5,9.5 Hz, RhaH4),
4.60 ~ 4.61 (1H,m,RhaH-5),1.49 (3H,d,J =
6.0 Hz,RhaH-6) ,5.33 (1H,d,J =5.5 Hz, AllH-1) ,
4.01 (1H,br.d,J =5.5 Hz, AllH-2),4.39 (1H,
br.s,AlIH-3) ,3.98 ~ 3.99 (1H,m, AlIH4) 3. 99
~4.00 (1H, m, AllH-5),3.96 ~ 3.97 (1H, m,
AIIH-6) 3.84 ~ 3.85 (1H,m,AllH-7).,5.23 (1H,
d,/=8.0 Hz,GlcH-1),3.78 (1H,dd,J =9.0,8.0
Hz,GlcH2),3.96 ~ 3.97 (1H,m, GlcH-=3) , 3. 84
~ 3.85 (1H, m, GlcH4),3.76 ~ 3.77 (1H, m,
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GlcH-5),4.04 (1H,br.d, J =12.0 Hz, GlcH-6) ,
3.99 ~ 4.00 (1H,m,ClcH-7),5.23 (1H,d,J=8.0
Hz,Glc'H-1),3.78 (1H,dd,J =9.0,8.0 Hz,Glc'H-
2),3.76 (1H,dd, ] =9.0,9.0 Hz, Gle'H-3) ,3.75
~3.76 (1H,m,Glc'H4),3.73 ~ 3.74 (1H,m,
Gle'H-5) ,4.35 (1H,br. d,J = 10.0 Hz, Gle'H-6) ,
3.99 ~ 4.00 (1H,m,Gle'H-7),5.39 (1H,d,J =
8.0 Hz,Glc'/H-1) ,4.13 (1H,dd,J =9.0,8.0 Hz,
Glc'’'H-2),3.76 (1H,dd,J =9.0,9.0 Hz, Glc' H-
3),3.78 (1H,dd,J =9.0,9.0 Hz,Gle' H4) ,3. 69
~3.70 (1H, m,Glc'"H-5),3.70 (1H,br.d, J =
10.5 Hz,Gle''H-6) ,3.61 (1H,dd,J=10.5.5. 4 Hz,
Gle''H-7) ,5.22(1H,d,J =7.5 Hz,Glc'""H-1) ,3. 50
(1H,dd,J =9.0,7.5 Hz,Gle'"H-2) ,3.54 (1H,dd,
J=9.0,9.0 Hz,Glc’""H-3),3.59 (1H,dd,J=9.0,
9.0 Hz,Gle’"'H4) ,3.45 ~ 3.46 (1H,m,Glc’"" H-
5),3.57 (1H,br.d,J =11.5 Hz,Glc"""H-6),3.55
(1H,br.d,J=11.5 Hz,Gle""H-7) ,5.26 (1H, br. s,
Rha''H-1),3.57 (1H,br.s,Rha’’H-2),3.60 (1H,
dd,J=9.5,3.0 Hz, Rha’'H-3),3.59 (1H,dd,J =
9.5,9.5 Hz,Rha'’'H-3),3.96 ~ 3.97 (1H,m,Rha’’
H-5),1.69 (3H,d,J=6.0 Hz,Rha’’H-6) ;" C NMR
( Acetone-d, ,125 MHz) §:27.3 (C-1),23.7 (C-2),
88.7 (C-3).,27.6 (C4).36.8 (C-5).16.0 (C6),
26.1 (C-7),27.7 (C-8),36.6 (C9),26.5 (C-
10),23.5 (C-11),123.5 (C-12),143.3 (C-13),
32.8 (C-14),24.1 (C-15),18.3 (C-16),34.9 (C-
17),32.2 (C-18),33.0 (C-19),25.4 (C-20) .26.4
(C21),25.8 (C22).24.2 (C23).15.1 (C24) ,
14.9 (C25).15.8 (C-26) ,23.6 (C-27) ,175.8 (C-
28),25.9 (C-29),20.0 (C-30),94.3 (AraC-1),
71.6 ( AraC2),65.2 (AraC3),40.0 ( AraC4),
39.0 (AraC-5),77.4 (RhaC-1),71.9 (RhaC-2),
73.0 (RhaC-3),53.6 (RhaC<4),41.4 (RhaC-5),
16.1 (RhaC-6),88.7 (AlC-1),61.9 (AlC-2),
47.9 (AlIC3),72.3 (AlIC4) ,64.4 (AIC-5),38.
(AlIC6),105.6 (GleC-1),66.2 (GleC-2), 69.
(GleC-3),72.9 (GleC4),67.6 (GleC-5), 38.
(GleC-6),94.2 (Gle'C-1),65.6 (Gle'C-2),78.
(Gle’C-3),47.3 (Gle'C4),66.8 (Gle'C-5) ,39.
(Gle'C-6),78.4 (Rha’C-1),47.8 (Rha'C-2) ,55.
(Rha'C-3) ,64.9 (Rha'C4),41.6 (Rha'C-5),16.
(Rha’C-6),77.3 (Glc''C-1),63.1 (Gle''C-2) ,80.

O 3 O N = 9

(Gle''C-3) ,45.7 (Gle''C4),78.5 (Gle''C-5) ,70. 6
(Gle"'C6),94.2 (Gle'""C-1),66.3 (Glec'""C-2),
70.5 (Gle'''C-3),72.5 (Gle'"'C4),77.9 (Gle'"'C-
5),37.0 (Gle'"" C-6),78.4 (Rha'"" C-1), 61.8
(Rha'’C-2),55.7 (Rha'’C-3),62.9 (Rha''C4),
43.8 (Rha''C-5).16.5 (Rha''C-6) ; H40j% B b5
clematomanshurica saponin ERMERAY A, KEH
clematomanshurica saponin E,

wam 12 JLEE L (IEKE) ,mp. 108 ~ 110
C 5 550 WAL B 00 W] — R B W T
IR (KBr,em™) ;v 3065 (J2=0/),2957 (HFiiE
3) 2918 (M AISFR4L) ., 1684, 1628, 1418 , 1287 ,
980,768 ;'H NMR ( Pyridine-d5, 500 MHz) §:0. 84
(6H,s,H-13,14),0.85 ~ 0.87 (2H, m, H-10),
1.25 (3H,s, H-15),1.30 (2H,s,H-6),2.50 ~
2.58 (4H,m,H-9,11),2.49 (3H,s,H-12),6.92 ~
7.35 (1H,m,H-7),7.33 ~ 7.37 (1H, m,H-1),
7.62 (1H,d,J=4.0 Hz,H4),8.05 (1H,d,J=4.0
Hz,H-3) ;”C NMR (Pyridine-d5,125 MHz) §:127.5
(C-1),142.4 (C2),119.3 (C3),167.7 (C4),
33.2 (C-5),30.4 (C-6),126.7 (C-7),128.5 (C-
8),28.3 (C9),28.0 (C-10),28.1 (C-11),21.2
(C-12),25.8 (C-13),27.9 (C-14),24.0 (C-15),
LU b AR BRI 05 5 a-caryphy (9 3CiHk ™ #1
Pi—2, B2 N a-caryphy

wEW13 FHEEERCGE) ,mp. 78 ~ 80 C;
SO TN BEEHIR T AR A 7 T RE . TR
(KBr, em™ ) : v, 3373, 3354, 3032, 2953, 2916,
1462,1437,1072,1033,916,885;'"H NMR ( CDCL,
500 MHz) §.0.83 (3H,d,J=7.2 Hz,H-10),1. 10
(4H,s,H-11),1.25 (3H,s,H-11),1.25 (3H,s, H-
12),0.90 (3H, s, H-13);"” C NMR ( CDCl,, 125
MHz) §.23.2 (C-1),37.4 (C-2),54.3 (C-3),59.4
(C-3a),32.0 (C4),33.7 (C-5),72.5 (C-6),61.5
(C7).57.3 (C-8),59.6 (C-8a),56.7 (C9),14.1
(C-10),30.2 (C-11),26.7 (C-12),29.0 (C-13);
DA AR S R 1 AR 5 S5 A B ( a-cedrol ) Y SC
BB — 50, 5 AR (a-cedrol )

wEw 14 HEIERHAR(HE), mp. 163
~ 165 C 5 54 BEEAMR .7 — A BDE BT 3 T3
i JH BE, IR (KBr,cem™):v,, 3392,3381,2932,
1701,1630,1595,1514 1449,1431,1273,1159,1132,
1066, 1028, 812;'H NMR (CD,0D, 500 MHz) §:
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4.90 (1H,d,J = 10.0 Hz,H-1),6.66 (1H,dd,J =
6.0,2.0 Hz,H-3),5.00 (1H, superimposed, H4 ),
2.79 ~ 2.80 (1H,m,H-5),4.01 (1H,dd,J=8.0,
1.0 Hz,H-6) ,3.64 (1H,br. s,H-7) .2.79 (1H,dd,J
=10.0,7.5 Hz,H9),3.85 (1H,d,J =13.0 Hz,H-
10),4.19 (1H,d,J =13.0 Hz,H-10) ,4.65 (1H.d,
J=8.0 Hz,H-1"),3.29 (1H, superimposed, H-2") ,
3.41 (1H,dd,J=9.0,9.0 Hz,H-3'),3.33 (1H,su-
perimposed, H4') ;3.34 ~ 3.35 (1H, m, H-5"),
3.61 (1H,dd,J =12.0,6.0 Hz, H6'),3.98 (1H,
dd,J =12.0,2.0 Hz, H-6"),4.90 ( 1H, superim-
posed, H-1"") ,5.19 (1H, dd, J =3.0,2.0 Hz, H-
2'"),5.78 (1H,dd,J =10.0,3.0 Hz,H-3""),5. 14
(1H,dd,J =10.0,10.0 Hz, H4'') ,4.17 ~ 4.18
(1H,m,H-5""),1.22 (3H,d,J =6.0 Hz, H6""),
2.11 (3H,s,Ac0-2"") .6.35 (1H,d,J =16.0 Hz, H-
8y, 7.68 (1H,d,J = 16.0 Hz, H-7""""),7.34
(2H,d,J =9.0 Hz,H-2"""",6"""") ,6.88 (2H,d,J =
9.0 Hz, H-3"""",5""""),3.78 (3H, s, MeO4""""),
6.36 (1H,d,J=16.0 Hz,H-8""") ,7.65 (1H,d,J =
16.0 Hz,H7'"") ,7.14 (2H,d,J =9.0 Hz, H2"",
6'").6.83 (2H,d,J =9.0 Hz, H3""",5""") 3. 83
(3H,s,Me0O4'"") ;" C NMR (CD,0D,125 MHz) §:
101.8 (C-1),145.8 (C-3).110.7 (C4),35.2 (C-
5),81.1 (C-6),57.2 (C-7),68.3 (C-8),48.9 (C-
9).65.7 (C-10),103.7 (C-1").,73.4 (C2'),74.7
(C3"),71.2 (C4"),80.6 (C-5"),67.8 (C-6"),
102.7 (C-1"),71.0 (C=2""),70.8 (C=3""),72.4
(C4'),69.3 (C-5""),17.4 (C-6'"),24.2,167.3
(AcO2"),149.4 (C9'") 113.7 (C-8'""),147.0
(C-7"""), 123.3 (C-1"""), 131.6 (C2"",6""),
115.5 (C3'"7,5"") , 148.4 (C4""").55.4 ( MeO-
4'"),165.8 (C9"'") ,111.7 (C-8'"""),147.1 (C-
770 1202 (C-17"") L 126.3 (€27, 67
116.0 (C-3"""",5"""") ,148. 1 (C4""""), LI b ¥4
53R HE— 55, W% Serophuloside A,
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2 Houghton PJ, Hikino H. Anti-hepatotoxic activity of extracts

11

13

15

and constituents of Buddleia species. Planta Med ,1989 ,55
(2):123-126.
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BOEC BERLE 2% ¥ REE
BRI A AT A TR | AT 8300045% BMBERR K58 , 1 AT 830011

B FORHER RIEEM A Sephadex LH-20 45 (3% 75 A MAEFE 7K 25 ) LA R 20 545 21 11 Ak il i ad 31
T BEBIE BRI R IE /e (1) B-TE M (2) IE -+ /\BelE(3) (IE =+ 4R (4) (IE+R
LR (5) BEFARR(6) JELZSAR(T) 4-F32HE-5-H Rk M-3R 2 (8) (I ZE W) 3-0-B-D-Z MY (9) . T (10) #l
KIFIR(11) o Hh e G 1.3 Fl 4 Bz @ i) oy B is 2

SRR - LRI s LT 5 fh 27 g0 s B 5 K 950
rhE 422 .0946. .91 ;R284.2 SCERFRIAED : A

Chemical Constituents of Capparis spinosa L.

ZHAO Jun'® ,YANG Wei-jun' ,REN Yuan®,XU Fang' ,XU Jian-guo'
' Xinjiang Key Laboratory for Research and Development of Uighur Medicines , Xinjiang Institute of Materia Medica , Urumgi
830004 ,China;’ College of Pharmaceutical Sciences ,Xinjiang Medical University ,Urumqi 830011 , China.

Abstract: Eleven chemical compounds were isolated and purified from Capparis spinosa L. by extraction and different
kinds of column chromatography. Their structures were determined on the basis of the physicochemical properties and
spectral analysis as octacosane (1) ,daucosterol (2),1-octacosanol (3),lacceroic acid (4) ,hexadecanoic acid (5),
butanedioic acid (6) , protocatechuric acid (7) ,4-hydroxy-5-methylfuran-3-carboxylic acid (8) , kaempferol-3-0-8-D-
glucopyranoside (9) ,rutin (10) and stachydrine (11). Compounds 1,3 and 4 were obtained from Capparis genus for

the first time.

Key words : Cappairs ; Capparis spinosa L ;chemical constituents ;flavonoid ; stachydrine

KLU A Capparis spinosa L, ¥ 44 & K B 7Y
JI KB RR S, O AR SRR LU AT i & A H RN
|5 i i w274 A3 N 1 @7 B 8 =371 N 2 S A
T RE Z v AR 3 7 TR SR A H N P R X
ALY/ RE SO T = S S S e PN I 4
FEFH I 1E i 2 DA%, T 1 IUFEIR ML S AT
PP EERRRE A YT, WO T (5 IR 24 7)) 55 12 24 SRk
it B2 AT S 2 1L SR S R O A L
APUEA PR PR BB R S Z R A Y
WER L R, T EATE R A A X — 25 %
U5, A SR XTI LAT SRS AT T A2 o E 9, A
e AR T AMMeE Y, o e A Nk
(1) B-8% M (2) EZ A /\KERE(3) (IE=+ =
Bel (4) IESKERR (5) VBRIAMR (6) 5L AR
(7) 4-F2He-5-H B nR IR -3- 2 1R (8 ) | 1L Z5 Wy 3-0-8-

Wi H 11 :2010-06-30 $25% H 11:2010-08-26
BT H s E R AR X R BOCTH (200933123)
« WINMEH Tel :86-991-2320227 ; E-mail ; zhaojun21en@ 163. corn

DM (9) 7 T (10) MUK IR (11) o Hrp ik
1.3 4 9 E R ZIEAEY T B E

1 KBEsS

1.1 (FE5HH

WRS-TA ¥ 1 7 v a0l e A3 (R B R 28 4%
1E) ;INOVA 600 U j G A% i He AR A% ( 56 [ FL L2 28
) s WHF-203B 1546 2058 2 70 A A (RS RS2
AFRAT]) s AB-8 UL B g o K T R
A7 s A B 2 s T RE I R 7 B iR T
H: 77 ; Sephadex LH-20 Jy ¥ #iL Amersham Pharmacia
Biotech AB 23w AE 7 it H1I2C70) 14 4 1] 7 43 A 4t

21T 2008 4 7 1 A L& AR SR IE A 4
BRI, R 5 2 ) I 9 5K AR 9 D1 4
& NP Capparis spinosa L. 1) TR 52, B o i
TSR
1.2 RREHEH

PRI 258E 26. 0 kg, 2351 LA 95% £ P FI 50%
TSRS FEI2 Y, R 2 b, G TSR IO, IR e 4 22
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BE BEUKIREE, 5390 LAl 2R g A
TRFIE T R 2R, B0 210 g, RERCFERESS I
RERCAE , LAA e 5 BE(1:0:0 ~0:1: 1) B
VRIBE, o rfo bk S0 8¢ 2 PR 4Y, 4 I IR AR AR
HEN G2 & 1(46 mg) , 505 HEE 1001 ¥
Ry , 8 I S RERCAE 2 AT A5 26 A4 2(113 mg)
F3(29 mg) . HLL TR LTRHARAL 114.5 g, BERCHERE
Jo ERERCH:, LA LR S BR: BB (95:5: 0-
0:50: 50 ) B Ve , FFZE i IE \ Sephadex LH-20 4 2.
gaife, 15245 4 (38 mg) \5(17 mg) .6(20
mg) \7(9 mg) F18(23 mg) . 1ET EEARAL 600 g, LA
KRB IS, b IRAL U FRAS E , 7K & msdehs BE e e
Hor 30% PRI 28 i 52 RE T A J2 AT 45 1) 7 £
AR, P48 Sephadex LH-20 43 25 4lifk., 13 24k &
P19(67 mg) F110(90 mg) ., ZEHUE K IGE T 732 A
FH S 2e et B , 7850 B BR 2%, LA 60% LB (5
4% 28K ) TS WL TR , VeI 45 /5 7548 ODS RP-18
1 Sephadex LH-20 Jz & #+ 247, 153 E4b A4 11 (142
mg) ,

2 HHERE

HEW1 HEKA,mp. 57 ~60 C,10% iz
TR e R h, EI-MS m/z:394 [M]*'H
NMR ( CDCl,,600 MHz)§:0.86 (6H, m,2 x CH, ),
1.23(52H,m,CH, x26), Dk I % 554 2 3 Ak 4
J5 5 30k R — B, SR A o IE A
Bt o

KEW2 HERBE, mp. 254 ~256 °C,10% i
M5 2, i £0, 2 4827 (5, 'H NMR ( C;D,N,600 MHz) 5
5.35(H,brs,H-6),0.96,0. 87-0. 80,0. 66 (18H,6 x
CH,),5.08 (1H, J = 7.8 Hz, Gle-1’) ., C NMR
(CsDN, 150 MHz)8:37.4(C-1),32.0(C-2),71.6
(C-3),42.4(C4),140.8(C-5),121.8(C-6),32. 1
(C-7),32.1(C-8),50.3(C-9),36.8(C-10),21.2
(C-11),39.9(C-12),42.4(C-13),56.8 (C-14),
24.4(C-15),28.5(C-16),56.2(C-17),11.9 ( C-
18),19.4(C-19),36.3(C20),18.9(C-21),34. 1
(C22),26.4(C23),46.0(C24),29.4(C25),
19.9(C26),19.1(C27),23.3(C-28),12.1(C-
29),Gle:102.6 (C-1'),78.4 (C2"),78.5(C-3"),
75.3(C4"),78.0(C-5"),62.8(C-6") . I LIk
35 KBRSk B R — B S g
MFILEE R, — 30, BBz L& W B-i b

e

Ho

HEWM3 HEKRK(PE),mp.75 ~77 C;
10% ik £ B 5 40 2241 {5 ' H NMR ( CDCl,, 600
MHz)§8:3.64 (2H,t,J =6.8 Hz,-CH,0H) ,1.20 ~
1.36(52H,brs,n x CH,) ,0. 85 ~0. 89(3H,t,-CH, ) ,
"C NMR(CDCl,,150 MHz)§8:63. 1 3 B 4% 5 5 340
TRV H LR (55,32, 8 ¥Rk & LI H LR [
5, 831.9 ~22.7 J—FR AN Bk G5, 614. 1
FAR i FAE T DL R B s S B AR T 5 S
Bk R A I U — B, SO A Y R
1E A\l

a4 PR A, mp.76 ~78 C, EI-MS
m/z:480[ M| * 465,424 /410,368,129 ,115, Ff 31
111,97,85,71,57 %536y 14 By A 04, LI & 73,
129,185 “FHH2: 56 B & FRFL M B F % g [ (CH)
nCOOH],'H NMR (CDCI,,600 MHz)§:3.49(2H,t,
CH,COOH) ,1.22 ~1.33(63H,brs,31 x CH,) ,0. 85
~0.89(3H,t,-CH,) ,”C NMR(CDCl,,150 MHz)§:
177.5(C =0),39.1,33.6,31.9,29.927.4,24.7,
22.7,14. 1(CHy ) ; £ 5 161 AR 105 R 1) — e 4 i F1L
o DLt Bt K 2R Ak 3 5 Se ikt 4l — 2L
HEWHZ AL S P IE = iR .

HEWMS HEHA,mp.49 ~52 C, EI-MS
m/z:256[ M]* 'H NMR ( C;D,N,600 MHz) §:0. 87
(3H,brs,CH,),1.32(22H, m) ,1.82(2H,m) ,2. 54
(2H,t,J =7.8 Hz),3.64 (2H,t, CH,COOH) " C
NMR( C,D,N, 150 MHz) §:175.9 (C =0),34.8,
32.0,30.1,29.9-29.5,25.6,22.8,14. 1 (-CH,) , A
R R B A R SRk R AR — B
HEWHZ A S A E 7S BErR o

HEW6 FHEBIK, mp. 185 ~187 C 1R
W5 W P ."H NMR ( CD,0D, 600 MHz) §: 2. 56
(2H,m) ,”C NMR (CD,0D,150 MHz)§:176. 1(C =
0),29.7(CH,) . DL I3k #odls S 3 Ak v i 5 3¢
Bk R — B, -5 IR X B IR R, — B
WCHERTZAL S W) SRR

wEW T JCOEHIRSS &, mp. 154 ~ 156 C,
1% = @A BRI B (L 5 #4¢4 ., ' H NMR (CD,0D,
600 MHz)8:7.43(1H,d,J =8.4,1.8 Hz,H-6) ,6. 80
(1H,d,J =8.4 Hz,H-5),7.42(1H,J = 1.8 Hz, H-
2) NI 55,7 C NMR(CD,0D, 150 MHz)
5:115.1(C-2),117.7(C-5),123.2(C-6),123.9(C-
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1),146.0(C-3),151.5(C4) NFHH E1Y 6 NikfE
5,8 170. 3 J R Ao DA i gds Kb vk
JoS SRR i — B, RN Z AL AR R LS

LEWS HEOKK,1% =S ERA R D 65
ek, EI-MS m/z:142[M]*.,'H NMR ( DMSO-
d,,600 MHz) §:7.95 (1H,s, H2),2.23 (3H, s,
CH,)."” C NMR ( DMSO-d,, 150 MHz) §: 168.4
(COOH),149.1(C4),144.2(C-3),141.3(C-5),
138.9(C-2),14.3(CH,) o DA I 35 Bt S Ae 4
Jo 55 Sk R — B, MO AL A o 48R 3
5-F LR IR -3 -FR R o

WwEW9 WK AR, mp. 185 ~ 186 C,1%
RISV S B AR R, 10% H,S0, CBER
T 0 52 B, AR R BE K S N BH M, Molish Jz i FH
£ .'"H NMR ( DMSO-d, ,600 MHz) §:12.55(1H,s,5-
OH),10.82(1H,s,7-0OH),10.10 (1H,s,4'-OH) ,
7.97(2H,d,J =9.5 Hz,H-2",6") ,6.86(2H,d, J =
9.0 Hz,H-3'5") ,6.19(1H,d,J =1.5 Hz,H-6) ,6. 39
(1H,d,J =1.5 Hz,H-8),5.30(1H,d,J =8.0 Hgz,
Glu-H-1) ,4.36(2H,d, J =4.0 Hz, Rha-H-1),0.94
(3H,m, rha-CH, ) ,” C NMR ( DMSO-d, , 150 MHz)
$:156.5(C-2),133.2(C-3),177.4(C4),159.9( C-
5),93.7(C-6),164.1(C-7),98.7(C-8),156.8(C-
9),104.0(C-10),120.9(C-1"),130.8 (C-2",6"),
115.1(C-3",5"),159.9(C4"),101.3 (C-1""-glu) ,
74.1(C-2""),76.3(C-3""),69.9(C4""),75.7 (C-
5'),66.9 (C-6""), 100.7 ( C-1"""-tha ), 70.3 ( C-
2""),70.6 (C-3"""),71.9(C4""),68.2(C-5""),
17.8(C-6""") o DA b3S R B AL R 45 ek
HRIE ) L ZE I -3-0-74 T W —30 .

LEWI0  E AR (HEL) , mp. 188 ~
190 C, 1% = ALK EE W S g 4 e e £, Eh R B
W3R N B, Molish fz )37 BH% ' H NMR ( DMSO-d,
600 MHz)§:12.59 (1H,s,5-OH),7.53 (1H,s,2'-
H),7.52(1H,d,J=8.0 Hz,6'-H) ,6.82(1H,d,J =
8.0 Hz,5'-H) ,6.37(1H,d,J =1.5 Hz,8-H),6.18
(1H,d,J = 1.5 Hz,6-H) ,5.33(1H,d,J =7.0 Hgz,
Gle-H-1) ,4.37(1H,brs,Rha-H-1) ,0.98 (3H,d, J =
6.0 Hz,Rha-CH,) ., C NMR( DMS0-d, ,150 MHz)§:
156.4(C-2),133.3(C-3),177.4(C4),161.2(C-
5),98.6(C-6),164.1(C-7),93.6(C-8),156.6(C-
9),103.9(C-10),121.2(C-1"),115.2(C2") ,144.7
(C-3"),148.4(C4"),116.2(C-5"),121.6 (C-6"),

Gle:100.7(C-1"") ,74.1(C2""),76.4(C-3""),69.9
(C4'"),74.1(C-5""),66.9(C-6"") ,Rha:101. 2 ( C-
1'"),70.4 (C2"""),70.5(C-3""),71.8 (C4""),
68.2(C-5""") ,17.6(C-6"") o VI I P& 3% 4 Sz ¥ Ak
P55 SR R — B, SOERNZ A S N T

wEW 11 Jo ARG (PR 1% el Rl
TR E (4 245404 H NMR (CDCL,,600 MHz) 5
3.72(1H,t,J =9.6Hz),2. 17 (1H, m) ,2. 10 (1H,
m),2.09(2H, m),3.35(1H, m),3.55(1H, m),
3.15(3H,s),3.33(3H,s);"” C NMR ( CDCl,, 150
MHz) §:170.7 (C =0),77.7(C2),68.0(C-5),
52.7,46.4(N(CH,)2),26.6(C-3),19.8(C4), LA
I R R B R Sk i — B, SO
ZAE Y R K TR

Bt AR 3 PR 5 oy #7538 B A K 3 AT X
o A R P B B A B AL R 25 0 AT AT
FRiEERM

S 0k
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EEFENLFERD TR

R, ERE, I
e R A i 5 SRR A 5100081

i Z AN e 2 5 (Agrimonia pilosa Ledeb) 2% (1) 95% £ B4t My v 4y 8515 8] 4 ME&4 , 24k
PR T BB 12 T 143 T A A S L -5 0538, TB- L RE (1) (LS -5-05-3B8, Ta- I (2) (KL -38,60- [ (3) Fil B-
BHEE(4) o (LAY ~3 B RN R B35,

KB R s Je AR s R S B T TR A

RE4SES R284.2 XERFRIZAD : A

Chemical Constituents from Agrimonia pilosa Ledeb

WU Hai-bo,LAN Xiao-cong, WANG Wen-shu *
College of Life and Environment Science ,Minzu University of China ,Beijing 100081 , China

Abstract: The 95% ethanol extract of the whole medicinal plants Agrimonia pliosa Ledeb was separated by silica gel col-
umn chromatography and thin layer chromatography to afford four compounds, which were identified as stigmast-5-ene-
38,7B-diol (1) ,stigmast-5-ene-38,7a-diol (2) ,stigmastane-38,6a-diol (3) and B-sitosterol (4) on the basis of spec-

troscopic analysis and comparison with the reported data. Compounds 1-3 were isolated from A. pliosa for the first time.

Key words; Rosaceae ; Agrimonia ; Agrimonia pliosa Ledeb ; stigmastane-38,6a-diol ; 8-sitosterol

W25 5 (Agrimonia pliosa Ledeb) X ZNES KL, Sl
1Rl ( Rosaceae ) Jb 2F B J& ( Agrimonia ) 25 4 H= ¥
A, T ZFERE A A 20 A B bR LA
I S | H AR R R A A FRE Y
A7 4 B A K B2 BRI AL
T 2 LA WS b i L O L Ik S AR
TS SCHRAE T B NS R R AN R AR
BRI S A LR L 0 1 B Oy e S R (A
B.C.D.E) % SR8 T & B Hl IX K 8K %
P, FATTRE =TI gt 1L B 0 2 I XA e 2 4
AT TR RGBT o R 2 B 2 A4
G, P AZ R 4 4 A B s A s w2 1 A&
Wahit o T -S-M-38, TB- I (1) T HS-5-H-38,
To-—FE(2) G -38,6a- 1 (3) Fl B-4 Hi i (4)
AW 1 ~3 B E R 25 5 4 2545 3]

1 SEWERS

i E H 4 :2010-06-22 5% H1.2010-08-09
FATH PR RERFEI 515 TR I H ¥ B B08044 ;
R 2249857 AR H ¥ B (MUC985-14, MUC98507 -
08) ;b i M ZRHE BUR Ak 5=k k5 H
* JHIHVEZ Tel :86-10-68932242 ; E-mail ; wangwshu@ gmail. com

1.1 {UFE5H#

JA2003 HL 7R (LT AEPAAR ) ) s RES2AA
Tk 7 Kot (TR AEALANAR ) s KQS200E 7
PeiFpEas (B Ll A A BR 2 7))  SHB-BYS #!
PEFR KA Z T EZ ORI IR TR ARAA) 5
BT224S Hi 7 K- (b5 38 2 FH AU 88 RGEA PR
) s WRR A ( HHEAS %X 28 A PR A ] ) 5 JASCO
V-550 54ha] WA EE T ( H AR 930624 ) ) 5 Bruk-
er-VERTEX 70 FT-IR £I.4M%3%4%; Bruker ARX 400
R A 0 M 4R O 1 A (3 AT B 5 A H ) 5 Agilent
6890N-5975N Ji ¥ ( 36 B ZHERFHCA R A A o
95% LB, A A, R, Ak, PR, SR LR (3
OIMTAl, AR T ) 5 Gl W2 (35 REIE 5 200 ~
300 HAEETERER (T 5L T AR ) 5 Seph-
adex LH-20( Pharmacia) ; Acetone-d, (L AL T.J ) 5
BN 10% HIR- LB

W ZEEL (Agrimonia pliosa Ledeb) & B PUJI| &Ll ,
i BB R YT T R AR S  BRAS AT
Hh e R AR i 5 PR R 22 B
1.2 RRESEH

o B4R 1. 45 kg, 95% L FEHR I =W, Bk
i —JH . $RBOR IR OB, 1532 50 go 50 g fif:
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EHESIRE 1 kg REBCEAE, LU it/ 218 £ TR
T ARG ZHT B 30: 1 2 1: 1 B4R
TR, M ALAE 2 10 M43 (F1 ~ F10) , F4 #i
Ja A& a4 Sephadex LH-20 VM, DL S 475/ H
B (1: 1) Ui, 15 21454 4 (43 mg) ; F8 Lk
AT JZAT , LA/ R (105 1) SR, 2 A2
M W2 25, LA i it/ IR (50 1) S RT3
e =P A EMEE Y 1(8. 4 mg) F12(49. 1 mg) ;
FO kAT JZ T, L5/ R (8 1) Skt , 2
U2 M5 #2648, LUA e/ PR (52 1) S R JF
SRS EEEY 3(11.1 mg)

2 HEHETE

LEW 1 JTOBCRY) (R ) | #2507 5
AT 254 nm T JE7E G, 10% B IR- £ 15 A0 N #4VAR
b5 s fa ., ESI-MS m/z:431[M +H]* ,'H NMR
( Acetone-d, ,400 MHz) &:5.25(1H,brs,H-6) ,3. 80
(1H,brs,H-7),3.56 (1H, m,H-3),1.04 (3H, s, H-
19),0.91(3H,d,J=6.0 Hz,H21) ,0.85(3H,t,/ =
7.0 Hz,H-29) ,0.84(3H,d,J =6.6 Hz,H-26) ,0. 80
(3H,d,J =6.6 Hz, H27),0.68 (3H,s,H-18) ;" C
NMR ( Acetone-d,, 100 MHz) §.:37.0 (C-1, CH, ),
31.6(C-2,CH,),71.4(C-3,CH) ,41.7(C4,CH,),
143.5(C-5,C),125.4(C-6,CH) ,73.4(C-7,CH),
40.9(C-8,CH),48.3(C-9,CH),36.4(C-10,C),
21.1(C-11,CH,),39.5(C-12,CH, ), 42.9 (C-13,
C),55.3(C-14,CH) ,26.4(C-15,CH,) ,28.4(C-16,
CH,),56.2(C-17,CH),11.9(C-18,CH,),19. 1 (C-
19,CH,),36.0(C-20,CH),18.8(C-=21,CH,),34.0
(C-22,CH,),26.3(C-23,CH,),45.8(C-24,CH),
29.2(C25,CH),19.7 (C-26, CH,), 18.9 ( C-27,
CH,),23.0(C-28,CH,),12.0(C29,CH;) ., LI %k
P 553k R S 8-S 38, TR A 3,

&2 TCOBCRY) (NER) | #2507 5
AMT 254 nm FIJou o, 10% BifR- £ B 6 i 4 4R
b5 B iEfa ., ESI-MS m/z:431[M +H]*,'H NMR
(Acetone-d, ,400 MHz) §:5.55(1H,d,J =5.0 Hz,
H-6),3.80(1H, m,H-7),3.54 (1H, m, H-3),1. 00
(3H,s,H-19),0.93(3H,d,J =6.0 Hz,H-21) ,0. 88
(3H,t,J=6.9 Hz,H-29) ,0.84(3H,d,J =6.6 Hz,
H-26),0.81(3H,d,J =6.6 Hz,H-27) ,0. 68 (3H,s,
H-18) ;""C NMR ( Acetone-d, , 100 MHz) §:37.0( C-
1,CH,),31.4(C2,CH,),71.4(C-3,CH) ,42.0(C-

4,CH,),143.8(C-5,C),123.9(C-6,CH) ,65.4(C-
7,CH),37.5(C-8,CH) ,42.3(C9,CH),37.4(C-
10,C),21.7(C-11,CH,),39.2 (C-12, CH, ) , 42.2
(C-13,C),49.4(C-14,CH) ,25.9(C-15,CH, ) ,28.3
(C-16,CH,),55.7 (C-17,CH) , 11.7(C-18, CH, ) ,
18.3(C-19,CH,),36.1(C-20,CH), 18.8 (C-21,
CH,),33.9(C-22,CH,) ,26.0(C-23,CH, ) ,45. 8 (C-
24 ,CH),29.1(C-25,CH),19.8(C-26,CH,),19.0
(C-27,CH,),23.0(C-28,CH,),12.0(C-29,CH,) ,,
DA BB 5 Sk 4R S -5 -38, Ta- B AR
—3

wEwm 3 TOBARY) (PIER ) , w2000 7E 4
HMET 254 nm T ICPEG, 10% B R - £ T ik £ AR
WS ik fe, ESI-MS m/z:433[ M + H]* '"H NMR
(Acetone-d, ,400 MHz) §:3.67 (1H,m,H-6),3.35
(1H,m,H-3),0.99(3H,s,H-19),0.90(3H,d,J =
6.5 Hz,H21),0.88(3H,t,J =6.3 Hz,H-29) ,0. 85
(3H,d,J =6.6 Hz,H-26),0.84(3H,d,J =6.6 Hz,
H-27),0.68 (3H, s, H-18) ;" C NMR ( Acetone-d, ,
100 MHz) §:37.3(C-1,CH,),32.3(C-2,CH,),
71.3(C-3,CH),32.6(C4,CH,),51.5(C-5,CH),
69.5(C-6,CH),42.6(C-7,CH,),34.4(C-8,CH),
54.0(C9,CH),36.3(C-10,C),21.1(C-11,CH,),
39.9(C-12,CH,) ,42.7(C-13,C) ,54.6(C-14,CH) ,
23.3(C-15,CH,),28.4(C-16,CH,),56.2 (C-17,
CH),11.9(C-18,CH,),13.4(C-19,CH, ) ,36.4(C-
20,CH),19.0(C-21,CH,),34.0(C-22,CH, ) ,25.3
(C-23,CH,),45.8 (C24,CH),29.2 (C-25,CH),
19.9(C-26,CH,),18.8 (C-27,CH,),23.0 (C-28,
CH,),11.9(C-29,CHy) . Lh E¥4 5 30k ) %
) 555 -38,60- —BESEAR—FL,

waw4 HEs (A7)  mp. 140 ~ 142 °C,
HZRITE L HMT 254 nm RPN, 10% W R-4
fist bt (e AR AL S W SR B[R] B-4 (55 B AR U
TLC X IR IBR G SR & Z N RIT R G RITEIN 1
ANBE R R 5 D 1 SURRE, 1 2 12 B B-
A
1 The Editorial Board of the Flora of China of Chinese Acade-

my of Sciences ( FEBIEEPEEY EREERS).
Flora of China ( " [E#H# &) . Beijing:Science Press,2005.

457. (FE%65 W)
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I O£.2X8 1A KSR K #.8 &
RS A S B, 1 201306

B B A EBALEEEE RS YR E " R TS P R Rk FC216 MR R 328, L
R RO SR AL b TR IR A, W R A LR SR A Oy A I IR S TR AR BEA T I SR, Y AR O AR BGRRD
3 3 2 1] o R R AAOOAR (B3 LR FG216 1 1 LR P2 YRR 1 12 mg PTG PEL S W), R EF R IR TR
WA LT D P BB DR T Tl DA 0 A L3 A S LR R P RN 10 g/ mLL i PR fe o X FG216 T
i tDNA 1) ITS J£ [ (1TS-5. 8 S tDNA) gE47 PCR 44 ()5, A GenBank ARIUURES1 , it ik 1 7] LL X 73-H7 A &
GLR T ST R AR bR FG216 5 Stachybotrys longispora [ I 45 i o M3 B BTEAR 1A 400 i 280 ARG I 140 Bk FG216
O3 BEARBN A LT VT 1A ) ELAA (R S T Tl I 0 B DR IR 6 1 2T L T 0 AR EL S A O T

KR LA S 0 8 s v FON G s BRSO s W R R

HE 53 25 : TQ460. 6 EARIRAG A

Isolation of Fibrinolytic Active Compound from Marine
Fungi and Initial Identification of the Strain

WANG Xing, WU Wen-hui,SUN Li-chun, CHEN Zhi-hua,ZHANG Jie, BAO Bin"
College of Food Science and Technology ,Shanghai Ocean University ,Shanghai 201306 , China

Abstract : To isolate fibrinolytic active compounds from cultures of marine fungi FG216 and initial identify of the strain,
czapek medium was choosed as fermentation medium. The active compounds with fibrinolytic activity measured by micro-
plate reader were isolated from a culture broth and refined with marine fungi FG216 by using semi-preparative HPLC. In
the reciprocal activation system of prourokinase and plasminogen,the activity was highest when the additive amount of fi-
brinolytic active compound was 10 pg/mL. The complete ITS sequence of FG216 strain was cloned and sequenced, and
phylogenetic tree based on ITS-5.8 S rDNA sequences showed that FG216 strain has a high homology with Stachybotrys

longispora on taxonomic level. Reciprocal activation of prourokinase and plasminogen was enhanced by the fibrinolytic

active compound with the strain of marine fungi FG216.

Key words: fibrinolytic active compound ;isolation; HPLC ; strain identification ; Stachybotrys

I P o JULASE 2 I i D e 55
S R AR S A A E R R — . TRV
T B G, RS PR s ol R I FE T 2 i N FE TR
BN, HET, YT L 20 IURE ZE RN FLE il e
YRR IR TR o IR, AR 2 M RIS
TEE PR FARSZ B, BRAESE T 7 4 245 1) A B o i
( Streptokinase ,SK) , JR ## i} ( Uropkinase, UK ) | £ 23
T - 1% T T 184 7% 551) ( Tissue-type plasminogen activa-
tor, t-PA ) ZEHRAETE 2 WL 7 AF PR A 2K L B

ks H 19 .2010-05-11 P57 H 1.2010-09-15
AW H . L A RFEIL AT H (10ZR1413800 ) ; |- i 17 5 45
ZFRHEETH (J50704)
# M I/EH E-mail :bbao@ shou. edu. cn

SEAFI AN, T H BT SRR e e, AR
MRSV Y TR AT R LG R P . BT XA R 25 )
A2 El el VA D e Y L S R i Bu R S Do e
TRER A F A 2GR T A AR S R AN T BE L 0 i
PATF A B A 25 W) LU AT, PR3 B B B A
PR FHALEE A 8 I A A 45 o ML B A 5 114 o 2
7 18 550 B AE A = 4 v e BRANBIE 5 A1
TR G Y C O IR E B L A 25
EEEE

ARSI R FHVA R R 0, 18 3~ i 45 B HPLC,
AR FH TG PR IR B 12 DA 12 HES R 5 2R W Tk FG216
M kB P B 2] T BA ST &Y, 1R
SMEIN T iZA B IR AR TR, SR 2 T A 1
JHEX EItR FG216 HEATRIA I MEE
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1 MRS

1.1 ##
1.1.1 Ak

FERE FG216 4385 A A 1L B & ¥ 85 5 100 m
BRI Y 1 22K, DR T80 °C kAt .
1.1.2 AL amAnit £

WK FG216 {RAFAE 25 °C FREEMY H 44 S EpE R
T e ( Pototo Sucrose Agar,PSA) , 7k FG216
RN R SR B R AN B SRR 1 PSA JE R0, s R 4%
PRI RIE (HEWE 50 o, AlMREH 3 o, BERR A 471 0. 1
g, BiiREE 0.5 g, FALFR 0.5 o, MEEHERY) 1 ¢, Ak
£ 0.0025 g, BRI 2% 0.015 g, Z04k45 0. 0065 g, 7%
1#7K 1000 mL,pH 5. 8) Mk & T 1 37 4
1.2 Fi&
1.2.1 BTk

WA IR T Rl FG216 T2 10 T f#f R , B 50
pL R PSA RHEHF IR 1 25 CHi % — . K
PSA #}ifif FG216 WAREF T &4 100 mL Fj 85 57
VLAY 500 mL (1 = AR ,25 C 180 rpm 15323 d BJ
TP TR TR
1.2.2 WA BERA

B FG216 P55 371 LA 1% WEeFf it 43 5018
F 4 AN A 250 mL & ) 1000 mL (1) = ffEH,
25 °C,180 rpm KEEEFE 5 d, 7E LR 96 h 5N
ARGFRBART 1% ()45 2R
1.2.3 HEZBnAehiRfRBmsS 55

FG216 Kt g4 e, — i A in A S5 AR
[ 100% 1) B B, 8 75 2 B 15 min, 7€ 5% 3 10000
rpm [ Z5PF T B0 15 min, 2298, 77 LU0, FIER
TE 40 ~60 C &M FIE®RG 2T, kG HAE T
f 12 h FRE YA T/ R o U T U0, WA
TEW, PSR AR, LS TR TSR B s T
= HEE, T HPLC 435

K I8 SCL-10 Avp HPLC 7y B R 48, FE AL 7E
FiE 10 mL/min, KM% K 265 nm 39544 T # (43%
i Sepax HP-C g1 (21.2 x 250 mm, 10 pum) P 4G
i, — R Eh AR R EEE: 0. 05 mol/L 212 %k = 80
120,58 RIS AN 25 0. 1% H R = 40:60,
Sepax HP-C18 {0j4+ (4.6 mm x 150 mm,5 pm) %
FE TR AL G YAl

SR R T R B A0 B Al AT iR i AR A 0 o

1.2.4 #HREFHGNZ

R G WU A P T e
VR, R B 2P In e i R AL A . TR PR
J5 (Plasminogen, Plg) | B4 PR 5 it 2 2T V25 i Dt 005
7| ( single chain urokinase-type plasminogen activator,
Pro-uPA) . 4= Ifil & B & 4 ( Bull Serum Albumin,
BSA) &S ARR DA il AS) Bl A B2 1A 2 o, 3
SN 5 2T 0 A RS R A WO BE AR AE LAY E Ak
BTG T 96 FLIEE P MR L N T A LT 55 i
VEETR S DR R R 2T T BT R VA AR A ALY
VA @ RYIE A 10 wl, HR 2350 0.1,
0.1 mg/mL 500 nmol/mL £ 1 mmol/L , JI ARESHE
W10 pL J5 R 50 wL e iR &, 1E 37 °CF 405 nm
AbZESE 150 min P E WG RE A AR A0 LAY E A 1 £F
JEaR iy 8
1.2.5 BREZR RGBS H

ARSI R B ) CTAB 317 X B FG216
AUAE R 4 DNA JEAT S 3, £ e JH 514 1TS1 (5 '-
TCCGTAGGTGAACCTGCGG-3",19 bp) Fi1 ITS4 (5'-
TCCTCCGCTTATTGATATGC-3",20 bp) ¥ % B 1F 4>
KIF G0 1TS, 519 b1 556 4= W) A w5 i, PCR
B H28 1% WS GE RS FiL UK 73 B3 )5 , T AxyPrep
DNA Gel Extraction Kit ( Axygen Biosciences,USA) 4fi
AATE TR B Y L Uk 25, I ali Al 5 1 7 ) i
T pGEM-T 34K ( Promega 22w ) , #RAFHL %4 7]
U BHAT . EH WA A RIGAT B Eschericha
coli DHS o J& 32 25 24} ( TianGene 23 W] ) #EAT O b,
223 F BERT LI MI3E 1 MI3R 5[4 PCR ¥
FOr I BHPE BB, BRI 3 A~ BRI 5 B 306 A K R /4 )
AT R o K DA% 1 )3 51 42 58 3¢ [5] NCBI (9 Gen-
Bank 2 PO LE 8 AR FE AT Y 16 S AHRLF 51, 38 i
BLAST T. H.Fl DNAStar %% {4 #F 17 k%t 43 #7 f LA
Neighbor-Joining J7 44 £ 5 48 K F B, 70 B B8 ko5
GRAR

2 #ERESH

2.1 HBRBEEUEVHNSE

FHATH PR FG216 22/ 71597 3 d J& , 1% 1% /Y
PR RN T 4 DA 250 mL LB FR A —
i ,25 C,180 rpm HYZEAF R AR IR S do K
BERUG RS FR I A SR A B, 22 PR ORAS
THW, LI RO e i 1 2R I T B, R A
), A M R ARAS HOAE A O T HPLC
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Fig. 1  Flow diagram of the isolation of fibrinolytic active

compound from FG216

DL AN 0. 05 mol/L Z FR %% A it sh A, i 1
Sepax HP-Cs 35 AE XS 5 A L7 15 VE 1) P 42 )
AT T3 Hr AR 2 R

SREE(mU)
OO0O0000000
COLLNNWWERRN
SGonoad&hom
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PRER ]
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B2 FG216 7k FEAREUMM HPLC &5 47 EiE
Fig.2 HPLC chromatogram of the sample extracted with

methanol
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Fig. 3 HPLC chromatogram of compound FGFC1

L2 7T LR B, FG216 1y 57 Wk i) Y B4 By
FEA 8 AW, FEIX 8 AU, £ B I IA] 3 i Ok
8.509.14.372.16.251 #118.761 min f4) P4~k B A
BAFR o3 B E AE T — 2B s e rh ] Bewk alifl , Horp
W 16. 251 453 BI A Iy HAT e R LTI T 1

{4 25 5 Sepax HP-Cq 30 AH (354 LA 1
H10.05 mol/L L% M AN AHBEAT 6 — KRG i, 15
LLZNEFN 0. 1% HI R /K7W A Ui s AH R AT 56 — UOKS
fil, 538 T FG216 WAV = h i ik &9
(E13) . M IL FG216 & P ks F5 W AT B il 14 21 1%
Ab.E ¥ (fibrinolytic compound ) >4 24.9 me, iZAL-& Y
Wi FR A FGFCI
2.2 EYMMEIMTEESE

1) P S5 PR U 2 1 5 T SRS ) 2T 375 Tl
(A BTG ARAE T, XA A9 FGFCI [ £F ¥ 2 k7R
HAT T 50T IZ) o i PR R B 1R 2T il D
YRR R0 R0 5 Tl D 94 A 355 AR AR I T BB R 1] 22 4k
IR SCIEAR RS

161 B

-
N
T

e
T

I

o

20 40 60 80 100 120
FESHE (ug/mL)
Concentration

o

4 GDG % Plg #0 pro-uPA & Rk & B 1R #H1E R
Fig. 4 The activation produced by GDG on the system of Plg and pro-uPA

HEISER Iy 1. 2. 4 SR PR R AN 0 1k
Py FGFC1 ByH 535179 0.0. 4 .10 25 .50 pg/mL Al
100 g/ mlL, DL 4 %5 4 H il — 1§ ( Glucosyldiacylglyc-
erol,GDG) Jy FEHE A& 18 150 min 5 1, 5

WAL B INAL A9 FGFCL, 2 175 it IR BURE R 354 il
Y2175 il DA% ) e oL R 2R 9 W' BE (BB v T
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Fig. 5 Phylogenetic tree based on ITS-5.8 S rDNA sequences showing the positions of strain FG216 and related strains
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Synthesis and Physicochemical Properties of
N,N,N-trimethyl Chitosan Methylsulfate

ZHOU Zhong " ,SHEN Wei, WANG Jian-xin
School of Chemical and Material Engineering , Jiangnan University , Wuxi 214122 ,China

Abstract: N, N, N-trimethyl chitosan methylsulfate (TMCMS) was prepared by a two-step reaction. First, N, N-dimethyl
chitosan (DMC) was synthesized by reaction of chitosan with formic acid and formaldehyde. Then, DMC reacted with
dimethyl sulfate to yield TMCMS. It was characterized by FT-IR,'H NMR and elemental analysis. Its average quaterniza-
tion degree was 74.6% calculated according to elemental analysis results. Differential scanning calorimetry and thermo-
gravimetry results demonstrated its thermal stability was lower than chitosan. However, its water-solubility was obviously
better than chitosan,its solubility in water reached 20 mg/mL at 25 °C ,and its 2 mg/mL solution was stable in a wider
pH range (3-12).

Key words : chitosan ; dimethyl sulfate ; N, N, N-trimethyl chitosan methylsulfate ; quaternary ammonium salt ; synthesis
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Table 1 The elemental analysis results of TMCMS
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Fig. 4 DSC curves of CTS,DMC and TMCMS
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GC-MS Analysis of Fatty Acid from Lepidium latifolium L.

YU Rui-tao,ZHAO Xiao-hui,MEI Li-juan,SHAO Yun,TAO Yan-duo "
Northwest Institute of Plateau Biology ,Chinese Academy of Sciences ,Xining 810008 , China

Abstract ; Constituents eluted with petroleum ether of Lepidium latifolium L. were analyzed by capillary GC-MS method.
The relative content of each component was calculated by area normalization and 20 constituents were separated and i-
dentified. The main chemical components were hexadecanoic (53.980% ) , octadecanoic acid (17.063% ) , docosanoic
acid (4.769% ) ,eicosanoic acid (3.363% ) ,octacosanoic acid (2.773% ) ,eicosanoic acid (2.719% ) , pentadecanoic

acid (2.476% ) ,and heptadecanoic acid (2.291% ). In addition, the contents of triacontanoic acid, tetradecanoic acid,

tricosanoic acid and hexacosanoic were also more than 1% . All fatty acid are saturated fatty acid.

Key words : Lepidium latifolium L. ;fatty acid;gas chromatography-mass spectrometry
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Table 1  Analysis of fatty acid in Lepidium latifolium L.

s 5 FR srF it TS24 R BRIt 1R] s

Peak Molecular formula ~ Molecular weight Compound Rt /min Content
1 Cy5H30, 242 |- DU R i Tetradecanoic acid methyl ester 23.704 1.082%
2 Ci6H5,0, 256 + T4 R H TS Pentadecanoic acid methyl ester 26.274 2.476%
3 C,;,Hy, 0, 270 S BElR g Iso-Hexadecanoic acid methyl ester 27.862 0.712%
4 C,,Hy,0, 270 FBERR (KEHRIR ) B i Hexadecanoic acid methyl ester 28.781 53.980%
5 CsHy0, 284 +-E ) H g Heptadecanoic acid methyl ester 31.204 2.291%
6 CoHy50, 298 + /Sl (RERERR ) T i Octadecanoic acid methyl ester 33.516 17.063%
7 CyHy 0, 312  JL4 R B 1% Nonadecanoic acid , methyl ester 35.744 0.665%
8 C, Hy, 0, 326 TR (AEAE R ) BB Eicosanoic acid methyl ester 37.868 2.719%
9 Cp,H,O0, 340 Y2 ' Heneicosanoic methyl ester 39.916 0.809%
10 Cyy Hyg O, 354 kB2 iE Docosanoic acid methyl ester 41.886 4.769%
11 Cy Hyg O, 368 = 4% R B Tricosanoic acid methyl ester 43.808 1.043%
12 Cys Hsy 0, 382 | DU F 1 Tetracosanoic acid methyl ester 45.633 3.363%
13 CyHs, 0, 396 ~ H kR P iE Pentacosanoic acid methyl ester 47.415 0.970%
14 Cy; Hgy O, 410 N4 R F 1 Hexacosanoic acid methyl ester 49.121 1.515%
15 Cps Hss O, 424 ~ 4R W i Heptacosanoic acid methyl ester 50.793 0.433%
16 CyHg 0, 438 A\ BERR g Octacosanoic acid methyl ester 52.401 2.773%
17 C30Hg 0, 452 - JUkERR ' S Nonacosanoic acid methyl ester 54.107 0.359%
18 C3 Hg, O, 466 = ek H g Triacontanoic acid methyl ester 56.092 1.789%
19 C3,Hg O, 480 =+ %2 W ik Hentriacontanoic acid methyl ester 58.418 0.299%
20 Cs3 Hge O, 494 = )R F iR Dotriacontanoic acid methyl ester 61.336 0.891%
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Comparative Analysis of Fatty Acid Composition in Seven Plant Seed Oils

ZENG Ying-xu'? ,ZHAO Chen-xi'* , WANG Xiao-mei' , WU Tian-quan' ,LIU Lin-qi' , LIANG Yi-zeng’
' Department of Biological Engineering and Environmental Science ,Changsha University , Changsha 410003 ,China
*Research Center of Modernization of Chinese Herbal Medicine ,College of Chemistry and Chemical Engineering
Central South University ,Changsha 410083 ,China

Abstract:To find new edible oil sources, a rapid and reliable gas chromatography mass spectrometry method for fatty
acid identification and quantitation was developed. The proposed method was then used to quantitation of palmitic acid,
stearic acid,oleic acid, linoleic acid and a-linolenic acid in seven different plant seend oils. The fatty acid profiles of
spine grape seed, grape seed ,foreign grape seed,pumpkin seed, barbary wolfberry fruit seed and passion flower seed oils
are similar with different contents of the five fatty acids, indicating they can be alternative sources of edible oil due to the
presence of all saturated and unsaturated fatty acids required for human health. Yangtao kiwifruit seed oil may be much
better alternative source of edible and nutritional oil because of a high content of a-linolenic acid. This is the first re-
search on the absolute content analysis of fatty acid composition of barbary wolfberry fruit seed oil , passion flower seed oil

and yangtao kiwifruit seed oil which provides an important and scientific basis for new edible oil resource exploitation.

Key words :plant seed oil;fatty acid;gas chromatography-mass spectrometry ; derivatization

Introduction

China is a large country in vegetable oil consumption.
Soybean , rapeseed , peanut , sesame seed , and cottonseed
are main resources of edible vegetable oil in China. But
at present, nearly 60% of the total vegetable oil con-

sumption needs to be imported because of the shortage
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of the above-mentioned resources. Thus, seeking new
vegetable oil resources is a hotspot in the edible vegeta-
ble oil market of China as well as the whole world
(1,2]

Grape seed ( Viiis wvinifera 1. ) is a worldwide well
known oil seed crop containing 8% -15% oil. Matthaus
stated that the production of oil from grape seeds could
result in interesting edible oils with a comparable
health benefit as olive oil. Grape seed oil is an exten-
sive and important alternative edible oil resource with
essential fatty acids. Therefore it is recognized that it’s

intake may be beneficial to prevent heart and circulato-
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ry problems "*’. While the main interest in grape seed
oil lies in its high content of unsaturated fatty acids

1 For ex-

such as linoleic acid and a-linolenic acid
ample, linoleic acid is the precursor of certain sub-
stances of physiological regulation. It can reduce blood
cholesterol concentrations and the risk of many cardio-
vascular and cerebrovascular diseases ( CCD) ,such as
coronary artery disease , atherosclerosis, cerebral throm-
bosis , miocardial infarction, etc. a-Linolenic acid is the
precursor of docosahexaenoic acid (DHA) and eicosa-
pentaenoic acid ( EPA). Likewise, it can lower blood-
lipid and blood pressure, inhibit platelet aggregation,
and reduce thrombosis. As is well known, linoleic acid,
a-linolenic acid, and arachidonic acid are three essen-
tial fatty acids that cannot be synthesized in the body.
They can only be ingested from food. These fatty acids
are of prime importance for health,and a number of ab-
normalities in polyunsaturated fatty acid (PUFA) pro-
files due to malnutrition or diseases have been reported
) From the nutritional and therapeutic point of view,
the content of fatty acids (FAs) in grape seed oil is a
key factor for their quality evaluation because of their
important roles as metabolites and intermediates in bio-
logical processes %/

Apart from grape seed oil, it was reported that some
other vegetable seed oils such as sorghum °' | pumpkin
seed """ and sunflower seed " with essential fatty
acids can also be used as alternative edible oil re-
sources. In fact, vegetable seeds with essential fatty
acids are so many more than these. For example , barba-
ry wolfberry fruit seed , passion flower seed ,and yangtao
kiwifruit seed widely exist. Extraction and percentage
composition analysis of the these three seed oils shows
that they are promising alternative edible oil resources
318 However, as to our knowledge , there is few report
on the absolute amount analysis of their fatty acids so
far.

The main objective of the present work is to develop a
qualitative and quantitative method for the analysis of
essential fatty acids in vegetable oil in order to seek
new edible oil resources. This was done by comparative
analysis of their fatty acids using supercritical carbon

dioxide ( SC-CO, ) extraction and derivatization gas

chromatography mass spectrometry ( GC-MS) method.

Experimental

Samples and reagents

Plant seed samples analyzed in this study were provid-
ed by Guangdong Academy of Agricultural Sciences,in-
cluding grape ( Vitis wvinifera L.) seed, spine grape
( Vitis davidii Foex. ) seed,foreign grape ( Vitis vinifera
L. ) seed, barbary wolfberry fruit ( Lycium barbarum
L. ) seed, passion flower ( Passiflora incarnata L. )
seed , pumpkin ( Cucurbita pepo L. ) seed and yangtao
kiwifruit (Actinidia chinensis Planch. ) seed. They were
identified by Professor Yang Guoping, who is working
in The Third Hospital of Xiangya Medical College of
Central South University , where the specimens were de-
posited.

All the plant seeds were crushed by a portable high
speed grinder ( Wenling LinDa Machinery Co. Lid. ,
Zhejiang, China) before extracting. The free fatty acid
standards ( palmitic acid, stearic acid, oleic acid, lino-
leic acid and a-linolenic acid,99 + % ) and the inter-
nal standard ( heptadecanoic acid,99 + % ) were pur-
chased from Sigma (St. Louis,MO,USA). HPLC grade
methanol was from Hanbang Science and Technology
Corporation ( Jiangsu,P. R. China). Sulphuric acid and
n-hexane were both supplied by Damao Chemical Rea-
gent Factory ( Tianjin, P. R. China). All other chemi-
cals were of analytical reagent grade. Double-distilled
water was deionized using Auto-double evaporator of
Shensheng Science and Technology Corporation
( Shanghai,P. R. China).

Supercritical carbon dioxide (SC-CO,) extraction
Plant seed oil extraction was conducted in a HA231-
50-06 semi-batch flow extraction apparatus produced
by Nantong Hua’ an Supercritical carbon dioxide ex-
traction Corporation ( Jiangsu, P. R. China). The ex-
traction capacity was 1000 mL and a maximum flow
rate of CO, was 50 Kg/h. The SC-CO, extraction condi-
tions were as follows : extraction pressure ;30 MPa, sep-
aration temperature ;45 °C , extraction time:70 min. In
all experiments, 100 g samples of powdered seeds were
placed in the extractor cylinder,and filter mesh screens

were placed at both ends of the cylinder to prevent any
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carry over of particles. The cylinder was placed into the
temperature-controlled chamber, and great care was
taken to ensure that the air can purge through the filter
before the extraction. The SC-CO, was pumped at a
constant flow rate and directed to the bottom of the ex-
tractor for up-flow configuration. The supercritical
phase from the extractor was passed through the valves,
into which the pressure was throttled gradually and se-
rially via two separators. The oil was collected every 15
min from the two separators and the CO, was cooled
and recycled into the system. Successive collected sam-
ples were weighed and treated.

Derivatization of Sample

Direct transesterification of FAs is recommonded in FA
analysis "/ In the present work ,a direct derivatization
method , which can esterify both the lipid-bound and
free fatty acids ( FFAs), was developed mainly based

20 . . .« . . .
2 \yith minor revision. The derivatiza-

on the literature
tion approach is as follows; Equal volumes (10 wL) of
heptadecanoic acid (C17:0) internal standard (3 mg/
mL in n-hexane;stored at - 40 °C) was added to 0.5
pL of each sample. After that,2.0 mL of 1% H,SO,-
CH,OH was added, vortex-mixed for 30 s and reacted
at 80 °C water bath for 60 min. Then, the lipids were
extracted with 2. 0 mL of n-hexane twice using a vortex
mixer for 30 s. Samples containing the fatty acid methyl
esters were blown to dryness under nitrogen, dissolved
in 1.0 mL of n-hexane, and stored at 4 °C away from
light until GC analysis.

Gas chromatography mass spectrometry

Analyses were carried out in a Hewlett-Packard 6890
gas chromatograph fitted with a DB-23 capillary column
(30 m x0.25 mm i. d. , film thickness 0.25 pum) ,in-
terfaced with an Hewlett-Packard mass selective detec-
tor 5973N ( Agilent Technologies, USA) operated by
HP Enhanced ChemStation software, G1701DA MSD
ChemStation Rev. D. 00. 00. 38. Oven temperature pro-
gram:80 °C to 175 °C ,at 25 °C/min,then programmed
to 220 C ,at 4 C/min,and held for 5 min at 220 C;
injector temperature :250 °C ;carrier gas: helium, adjus-
ted to a column velocity of flow 1.0 mL/min, splitting
ratio 20: 1, interface temperature ;250 °C | standard e-
lectronic impact (EI) MS source temperature ;230 °C ;

MS quadrupole temperature; 150 °C, mass scan range:
30-500 units, scan velocity ;3. 12 scans/s. The identifi-
cation of fatty acid methyl esters (FAMEs) was carried
out by searching in NIST 02 mass database as well as
the mass spectrum and retention time of authentic com-
pound.

Validation of the analytical method

The standard stock solutions of fatty acids ( palmitic
acid , stearic acid,oleic acid,linoleic acid,and ¢-linole-
nic acid) and internal standard stock solution of hepta-
decanoic acid (C17:0) were prepared in n-hexane.
The working solutions were obtained by further dilution
with n-hexane. All solutions were stored at 4 C away
from light before analysis. Accuracy was assessed using
standard addition method at three different (low, medi-
an and high) concentration levels of standard com-
pounds by replicate measurements (n = 6). In order
to determine the accuracy of the method ,Sample 7 was
spiked with a known amount of the five standard fatty
acid compounds, processed under the proposed transes-
terification process and analyzed using the specified
GC-MS method. The recovery rates were obtained by
the ratios of the found contents to the sum of original
and added contents.

The analytical precision (each,n = 6) were evaluated
by analysis of all the samples at different times during
the same day. The concentration of each sample was
determined using calibration standards prepared on the

same day.

Results and Discussion

Optimization of the derivatization procedure and
GC-MS analysis

The derivatization procedure of fatty acids was deter-
mined mainly based on the literature "', But three fac-
tors such as derivatization temperature, derivatization
time ,and the amount of derivatization reagent were op-
timized by single factor test to obtain higher precision.
Yangtao kiwifruit seed oil ( Sample 7) is taken as an
example to illustrate the derivatization condition optimi-
zation result obtained. Fig. 1 shows the concentration of
fatty acid methyl esters (FAMEs) obtained at different
derivatization time (10,20,30,60,90 min) , tempera-
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ture (40,60,80,100 C) and amount of derivatization
reagent (0.5,1.0,2.0,3.0mL).
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(a) The derivatization time profiles; (b) The derivatization tempera-

The derivatization profiles for fatty acids in Sample 7
ture profiles; (¢) The amount of derivatization reagents profiles.

From Fig. 1, one can find that the concentration of
FAMEs were usually increased with the increase of de-
rivatization time ,temperature and amount of derivatiza-
tion reagent. But that of @-linolenic acid methy ester
was decreased obviously when the derivatization time
last longer than 60 min or the derivatization tempera-
ture was higher than 80 °C. This may because of the
decomposition of a-linolenic acid methy ester”''. Thus
the optimum derivatization time, temperature and a-
mount of derivatization reagent can be determined to be
60 min,80 °C and 2 ml,respectively. And all the sub-
sequent experiments were carried out using 2 ml, H,SO,-

CH,OH (1% ,v/v) solution at 80 °C for 60 min.
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Fig.2 GC-MS profiles of Sample using different columns
(a) HP-5:o0ven temperature program:150 C to 280 °C ,at 4 “C/min;
FFAP :oven temperature program:80 °C to 150 “C ,at 15 “C/min, then
programmed to 180 °C ,at 3 °C/min, and held for 2 min at 180 °C,
heated at 15 “C/min to 220 °C ,then held for 5 min at 220 °C ; (b)
DB-23:0ven temperature program:80 °C to 175 °C,at 25 °C/min,
then programmed to 220 °C ,at 4 °C/min, and held for 5 min at 220
C

To improve the separation of the FAMEs , three capillar-
y columns ( HP-5, FFAP and DB-23) were employed
and Sample 7 was also taken as an example to illustrate
the process. Fig. 2 shows the separation results in the
three cases,from which it is shown that when a DB-23
column was used , the best resolution was obtained with-
in a few minutes (Fig.2 (c¢) ). Therefore, DB-23 col-
umn was selected for the GC-MS analysis of the FAMEs
of plant seed oils.

Method validation

The regression equations, correlation coefficients (R) ,
linear ranges and limits of detection (LOD) of the five
fatty acids were listed in Table 1. Good linear relation-
ships (R =0.9997 t0 0.9999) between peak areas and

the concentrations,,wide linear ranges and low LODs

Table 1 Calibration curves,orrelation coefficient,linear ranges and detection limits of the fatty acids

Fatty acids Calibration curve Correlation coefficient/R Linear range (ng/mL) LOD® ( ng/mL)
Palmitic acid,16:0 y = 62.387x - 0.0670 0.9999 4.50-900 9.0
Stearic acid,18:0 y = 68.252x - 0.9732 0.9999 4.52904 9.0
Oleic acid, 18: 1 y = 56.572x + 0.1035 0.9997 4.55910 9.1
Linoleic acid,18:2 y = 54.799x + 0.8852 0.9997 4.51-902 9.0
a-Linolenic acid,18:3 y = 49.923x - 0.5381 0.9997 4.57914 9.1

Note:y and x represent peak area and concentration in ng/mL of fatty acid; LOD:limit of detect.
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Table 2 Recoveries of fatty acids determined by standard addition method (n =6)

Fatty acids Original concentration ~ Added concentration  Detected concentration Recovery RSD
: (ng/mL) (ng/mL) (ng/mL) (%) (%)
Palmitic acid 27.2 9.00 33.5 92.5 4.1
27.2 27.0 51.3 94.6 3.4

27.2 45.0 72.0 98.4 2.2

Stearic acid 24.9 9.04 31.7 93.4 3.1
24.9 27.1 49.8 95.8 4.6

24.9 45.2 65.6 93.6 2.8

Oleic acid 49.0 9.10 55.7 95.9 2.6
49.0 45.5 90.0 95.2 3.8

49.0 91.0 137.1 97.9 4.3

Linoleic acids 18.5 9.02 25.15 91.4 5.6
18.5 45.1 60.6 95.3 2.8

18.5 90.2 105.1 96.7 3.5

a-linolenic acid 74.5 45.7 114.0 94.8 4.2
74.5 91.4 161.2 97.2 3.1

74.5 182.8 244.7 95.1 2.7

Note: Recovery (% ) = [ Detected concentration/ ( Original concetration + Added concentration) ] x 100

were exhibited. The recoveries (in % ) of the five fatty
acids from Sample 7 were detected by standard addition
method at low, median and high concentrations. The re-
covery percents were in the ranges of 91. 4% to
98.4% as listed in Table 2. These values were within
the limits of acceptable variability for the analyte con-
centration of these kinds of samples.

Identification and content comparative analysis of
fatty acids in plant seed oils

The seven different plant seed oils described above
were analyzed by the proposed method. The chromato-
grams of the FAMEs profiles obtained are shown in
Fig. 3. The major fatty acids were identified by compar-
ison of their mass spectra with NISTO2 mass database
through G1701DA mass spectrum ChemStation and as
well as by comparison of their mass spectra and reten-
tion times with those of the injecting authentic compo-
nents at the same conditions. The five common peaks in
the seven plant seed oils were identified to be palmitic
(C16:0) ,stearic (C18:0),oleic (C18: 1), linoleic
(C18:2) and a-linolenic (C18:3) acid. They are es-
sential fatty acids for health. The relative amounts of
unsaturated fatty acids ( UFAs) and saturated fatty

acids (SFAs) in the plant seed oils were presented on

the basis of free fatty acids according to peak area nor-
malization method (Table 3). From Table 3, it can be
seen that,the total relative amounts of UFAs and SFAs
were in the ranges of 53.9% to 74.1% and 11.1% to
23.0% ,respectively. The distribution of fatty acid com-
position was quite similar except yangtao kiwifruit seed
oiL. Yangtao kiwifruit seed oil has a high percentage of
a-linolenic acid (43.7% ) and a low content of linole-
ic acid (10.1% ) as well as adequate content of oleic
acid (14. 2% ), palmitic acid (7. 4% ), and stearic
acid (3.3% ). Meanwhile , o-linolenic acid was not de-
tected in other samples except passion flower seed

(0.5% ) and pumpkin seed (0.6% ) with extremely

8
71 C18:2 |
6l c18:3 1
5 - -
= C17,0
a4f  c16:0 | C19:1 ]
2 3F c18:p ]
= i L 7
T 2F i " 5
1E } 23
0 L 4 |
1 4 6 8 10 12 14 16 18 20
Retention time(min)
Fig. 3 GC-MS profiles of the seven seed oils

1. Spine grape seed ;2. Grape seed;3. Foreign grape seed ;4. Barbary
wolfberry fruit seed ;5. Passion flower seed ;6. Pumpkin seed;7. Yang-

tao kiwifruit seed.
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Table 3 Fatty acid identified and their relative amount of different seed oils
Sample SFAs (%)° UFAs (% )*
D Palmitic acid Stearic acid Totol Oleic acid Linoleic acid  a-Linolenic acid Total
1 11.7 3.8 15.5 11.9 43.7 ndb 55.6
2 10.4 4.7 15.1 11.5 56.5 nd 68.0
3 7.4 3.7 11.1 17.5 44.2 nd 61.7
4 17.2 5.8 23.0 19.7 34.2 nd 53.9
5 12.6 3.3 15.9 12.5 58.0 0.5 71.0
6 8.7 4.1 12.8 21.8 51.7 0.6 74.1
7 7.4 3.3 11.7 14.2 10.1 43.7 68.0

1. Spine grape seed;2. Grape seed;3. Foreign grape seed ;4. Barbary wolfberry fruit seed;5. Passion flower seed;6. Pumpkin seed;7. Yangtao kiwifruit
seed. a; The amount of UFAs and SFAs in oil on the basis of free fatty acids;b:Not detected.

low percentages of a-linolenic acid. As for Samples 1 to
6, linoleic acid was shown to be the most important
component ranged from 34.2% to 58% ,followed by o-
leic acid (11.5% -21.8% ) and palmitic acid (7.4% -
17.2% ) ,though some minor difference exists between
the percentages of the major fatty acids from each oth-
er.

To evaluate their quality, the comparsion of absolute
content of fatty acids in different plant seed oils seems
more reasonable and important. Thus our developed
quantitation method was used to determine the contents
of the fatty acids in the seven different plant seed oils
quantitatively. Table 4 shows the summary results ob-
tained by using the calibration curve of each investiga-

ted compound. From Table 4 ,it is found that the differ-

ences of contents of palmitic acid, stearic acid,and ole-
ic acid among the seven samples were not obvious. But
the contents of linoleic acid ranged from 75 to 628 mil-
ligram per milliliter of oil ,the maximum difference was
about 8 times. The highest content of linoleic acid was
detected in the passion flower seed oil ( Sample 5).
While a-linolenic acid was not detected from Samples 1
to 4 and its content in Samples 5 and 6 was actually
very low. The highest content of a-linolenic acid was
observed in the yangtao kiwifruit seed ( Sample 7) ,in
which the content of a-linolenic acid (0.294 g/mL)
was much higher than linoleic acid (75 mg/mL). The
relative standard deviations ( RSDs) listed in Table 4
were less than 5.0% except for that (5.8% ) of a-lin-

olenic acid in Sample 6 because of its low content.

Table 4 Contents of fatty acids in the seven seed oils

Sample 1D Palmitic acid ~ RSD Stearic acid RSD Oleic acid RSD  Linoleic acid  RSD a-linolenic acid RSD
(g/mL) (%) (g/mL) (%) (g/mL) (%) (g/mL) (%) (g/mL) (%)

1 0.195+0.039* 3.8 0.119+0.016 1.2 0.162+0.023 1.3 0.269+0.081* 3.0 nd® nd

2 0.186 £0.034 1.7 0.138+0.035 2.4 0.150+0.056 3.5 0.529+0.040 0.7 nd nd

3 0.114+0.023 2.0 0.110+0.020 1.8 0.231+0.025 0.9 0.251+0.021 0.8 nd nd

4 0.285+0.026 0.8 0.198+0.027 1.2 0.250+0.042 1.5 0.330+0.051 1.5 nd nd

5 0.207 £0.031 1.3 0.103+£0.024 2.2 0.169+0.029 1.5 0.628+0.051 0.8 0.004 +£0.001 1.9

6 0.132+0.044 3.2 0.125+0.013 1.0 0.263+0.051 1.7 0.467+0.084 1.8 0.005+0.004 5.8

7 0.110£0.032 2.8 0.100+0.023 2.2 0.198+0.039 1.9 0.075+0.021 2.8 0.294 +0.028 0.9

1. Spine grape seed;2. Grape seed;3. Foreign grape seed;4. Barbary wolfberry fruit seed;5. Passion flower seed;6. Pumpkin seed;7. Yangtao kiwifruit

seed. *Data presented are in means + standard deviation,n = 6 ;P not detected.

oil, and yangtao kiwifruit seed oil, which provides an

Conclusion
important and useful scientific basis for new edible oil
This is the first research on the fatty acid compositions resource exploitation.

of barbary wolfberry fruit seed oil, passion flower seed (1) A derivative gas chromatography mass spectrome-



Vol. 24

ZENG Ying-xu,et al: Comparative Analysis of Fatty Acid Composition in Seven Plant Seed Oils 75

try method was developed for fatty acid analysis in
plant seed oil after optimizing of derivative and chroma-
tographic conditions. The method was validated to be
precise and reliable with low detecting limit and wide
linear range having high correlation coefficients ranging
from 0.9997 to 0. 9999 of palmitic, stearic, oleic , lino-
leic acid,and a-linolenic acid.

(2) Seven different plant seed oils including spine
grape seed, grape seed, foreign grape seed, pumpkin
seed ,barbary wolfberry fruit seed, passion flower seed,
and yangtao kiwifruit seed oils were analyzed. Their to-
tal relative amounts of unsatured fatty acids and satu-
rated fatty acids were in the ranges of 53. 9% to
74.1% and 11. 1% to 23.0% ,respectively. The con-
tents of palmitic, stearic, oleic, and linoleic acid in the
first six samples ranged from 0. 114 to 0. 285 g/ml,
0.110 to 0. 198 g/mL, 0. 150 to 0. 263 g/mL, and
0.251 to 0.628 g/ml,respectively.

(3) The first six plant seed oils can be used to be al-
ternative sources of edible oil due to the presence of all
saturated and unsaturated fatty acids required for hu-
man health. Being different from the others,yangtao ki-
wifruit seed oil has high content of q-linolenic acid
(0.294 g/ml) and relative low content of linoleic acid
(0.075 g¢/mL) and certain saturated fatty acids,it may
be much better alternative source of edible and nutri-
tional oil because a-linolenic acid and linoleic acid are
two main functional constituents.
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Quantification of Arbutin from Pear Blossoms by HPLC

LI Yuan,QIAO Jin-chun,ZHANG Yu-xing, HE Tong-sen, LV Ming-xia,ZHANG Fei, CUI Tong "
College of Food Science and Technology ,Agricultural University of Hebei ,Baoding 071000

Abstract: The contents of arbutin in pear blossoms of different periods and different varieties were detected using the
HPLC method with Hypersil BDS C; column (4.6 mm X 250 mm,5 pum) ,the mobile phase methanol : water (6:94,
with 0.05% formic acid) ,and the detection wavelength 280 nm. The results showed that the calibration curve was linear
in the range of 0.01 ~5.00 g (r = 0.9999) and the average recovery was 97.7% . The content of arbutin in Yali pear
blossom during the florescence was above 10 mg/g (fresh weight) in most cases, especially in blossom bud germination

period , reaching a maximum of 35.7 mg/g. In the nine pear blossom samples from different varieties, the contents of ar-

butin were range between 3.5 mg/g to 10.5 mg/g.
Key words : pear flower; arbutin ; HPLC
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Method and Analysis of Methylation of Polysaccharides
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School of Food Science ,Henan Institute of Science and Technology ,Xinxiang 453003, China

Abstract ;: Methylation of trace polysaccharide was studied. Polysaccharide sample (0.1 mg) was dissolved in 0.3 mL
dimethyl sulfoxide, followed by adding 10 mg powdered NaOH and sonicating for 20 min. After cooling on ice,0. 1 mL
CH,T was added and sonicated for 20 min at 18-20 °C. After cooling,CH,I was added again and sonicated for 20 min.
Water (1 mL) containing 4 mmol/L Na,S,0, was added to stop the methylation reaction. The methylated solution was
extracted four times with 0.5 mL chloroform, followed by extracted five times with 0. 5 mL water. The chloroform fraction
was mixed with anhydrous sodium sulfate to remove the residue water and dried with N,. The method was simple and
easy. The methylation degree of the product was high for polysaccharides soluble or insoluble in water and DMSO. In ad-

dition , the resolution of partially methylated alditol acetate was explained and the methylation methods for special carbo-

hydrates were also illuminated.

Key words : polysaccharide ; methylation ; method ; spectrum elucidation ; Streptococcus mutans ; Coprinus comatus

Ak 53 B 2 i 5 R 2 235 4 1 o b 2 T ik
B2 T SE0E R 220 vh SR AR B ) S H8 0 5 1 B
FE o H TG K 2 Wb i B R AR AR A
SRIG KA B 43 FHBE AL B SR, 3 S U A )i
MEBEAL , e 1 GC/MS P 7 &8 53 F HEA AT LR 4 1Y)
PR AL, BRI H A sk L e 5

ZHER AL TR AT T ZAER) R A R
it T4 HE . 1964 4F , Hakomari *' L F &7 8
P £ 25 ¥ ( CH,SOCH, ) Sy s B, At FF e Sy R AR AR
1984 4F, Ciucanu 1 Kerek' I NaOH ft #:
CH,SOCH, &2 358, th T4 2% 1 il % CH,SOCH,
AL TR, IR R A 1 #4E. 1993 4, Needs

ks H 19 :2010-12-27 257 H#H.2011-06-21
W IR/E#E Tel :86-373-3040777 ; E-mail ; libowuxi@ yahoo. com. cn

1 Selvendran*’ ¥t Ciucanu ¥ #E 4T T ek, 4 m A
NaOH {4k )55 55 56 70 A 15 I, P A B R e 2
FETGH TP A D T W AL R A Y T RE R . X
THER T A (DMSO) 5 i T /KB 24 , 7Tk
HAE D a K, FHEE 7T DMSO, SR J5 1 3A 43
TR A K 43, FEEAT F SRR RO {H
BRI Z . ASCH R 28 i T A0 i i
AT T WRGE Xk YRR 7™ 0 100 RT3 e A 45 X ) A g
TR NV EZ MR (o

1 HRS

1.1 ##

EPS159 275 4% BR 1 ( Streptococcus mutans ) 1Y
Bk UA159 7= A= 34 i 4 £ % ( exopolysaccharide,
EPS) , HiAil £ 777 ok : UA159 IR 85 3% 3 i 20%
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REMETE 37 °C IR P HE R, T 4% =AW
Br LR SR A e B A B0 s, BIE
WM 2 A5 RN G EELLUTYE H EPS, EPS 425
O S GENTER L RN S, B Sl T
VE, R TR MRS . SO LI R iR
A A AW, 21 2 4 €0 T3 TN R I U8 6835 10 sy
B — X FRUGE , F W LA o

F11 F0 F32 28R 3% ( Coprinus comatus ) 7K1
B AL IS I 2 Ay i 2 07V N XS iR as
Z AR ORISR AR KMo 20 2 a1 5C
#t DEAE Sepharose CL-6B f£/77B5 , 153 — A4 B ik
%y F1M—SFALIBE 2053 F3, F1.F3 435 22 B
JKeizt g Sepharose CL-6B #1435, 18 3| 9 73 F11 F
F32, TR BEI i U8 €3 R S B — X R, 3G
B Al B e

DMSO NaOH \Na,S, 0, - 5H,0 Na,SO, 587 43
Brafi, Merck 242w 7 o B &6 (CH, D) < 46 99%
Acros Organics A A7 it AU AL 4h (NaBD, )
98 atom% D, Aldrich A &) 7= fio GC/MS: QP2010
Plus, H AR B EYAF o
1.2 HENRRK

JIE RIS Y T4 22 WA A (0. 1 mg) TR S A8
WL AA 0.3 mL JE7k DMSO, 58 AR, B8 A A 30
min, SRS . ALY 10 mg 576 I 1 114 S 4
RSB R , FEA R, A 20 min, PKIGEH BRI
BRI, 75 AR, A 0.1 mL CH,I, #7520 ~ 30
i, 0[] 4 1 P R K VS B TR RE Oy 18 ~20 €, UK
WM BB, TR, HMA 0. 1 mL
CH, L, 75 20 ~30 min, ][] 42 88 75 i K v 1 TR
A 18 ~20 C, A 1 mL 5 4 mmol/L Na,S,0, [
K ZE AL, R A 0.5 mL
U5 e R IR G, S E B B R R W T2
AU, B IERAE, BT 0.5 mL A 5l 4
Wo BIFEDTH, A 0.5 mL K, FEiRIRHIRA &
L£>(3000 r/min,5 min) ,BRE7KAH, A HHEAE, &
DA 0.5 mL /R AR BES Yo il S5 AR A 50
IKBREREN , 78IRS, LABR K5 B 09K 73 o B b Al
TEFEN T E R AN AL, A0 1 G 8 m
FE I 8 S0 AE A DT A8 AR A, A A
R WCRREW . TR YA AT AT IR VR
WAL UE . G IFUEW, AT, Bisl R Z8
k2T,

1.3 ki

FIA 0.5 mL 2 mol/L =4 £ W&, 120 °C JZ i 2
h, BHEZER, HASRT . MAO0.1 mL FE,H
AT
1.4 TR

A 0.5 mL FAECHY 10 mg/mL NaBD, , % i 2
I 2 h, WA R 3 Bk . B N A 4 mol/L Z iR
A1, pH RAERM . A 0. 1 mL FIEE BA KT, &
22,
1.5 ZBtk

JIA 0.5 mL Frfe il i Mg/ Z R IF (1:1) ,120
C /I 30 min, REEZEE, HAKT. MAO0.5
mL B UK (B A T R ARt
B2 A2 mL & H ke, BERIRG, B0, B
VEW, FHAAGE Yk fE , E4T GC/MS 23T,
1.6 GC/MS 4#f

GC/MS &4 7%+ EC-1 column (30 m X
0.25 mm) , TLEIE)E 140 C, L 8 C/min FHEE
250 C, HIANAS ELE, B # 70 eV, i
Fegt 1 pl,

2 #RE5itR

2.1 EPSIS9 BB

EPS159 & Streptococcus mutans UA159 F=H: 1Y
WIS 28, N o-Glucan , e T/ AT Z HOEAR, H 2
AT a5 R (£ 1) R, EPSIS9 &4 4 Fhig 75
Ko 3B —3,6) Glep (1] HimHE[ Glep (1
— | HicE A TR], 2R W1 22 5 00 WY AL S L e 4
AL =P LL AN i 7%, 3450 em™ b 1 2 S i
THA, R ER = .

X TMERS T AR 220, AT DL i i KA
st R A IS B B2 v VRS AR UL B8 P R B A 2 T
K RES AR . Aires SR 2 IR 4L
INEAIE B A3k 31 56 4 H Ak i H Y, B — P B Ak
N B P RIS 28 & 2T TR Ik
FSEAR RO o Kim 25506 F G/ H b s i ke i,
RS PR AT T REAL SO, PMAA (3553 FP LAk 174 4R e
L BREST A Y, partially methylated alditol acetates ) (Y
[l 5 5 3 B, SRR A SRR A SO
EPS159 F£ 5 InA —H WA , B 3 1 h, SRS
AT R RN, BPAT A S8 4 Ak, X RIS
& EPS159 i FEARMR  (H S A b Z W5 AT LA i,
XL R R s e A W AR . SR 2 I AR



Vol. 24 RN EFE 2 LR Sy A b 81

T, HEE R 53R 1 FEAAHR]
£ 1 EPSI5SY HERENSHER

Table 1  Methylation result of EPS159
FR > P LAk i A 373 WETI R (% )
Z.BEHE PMAA Linkage type Peak area
2,3,4,6-Me,-Glc Glep(1— 14
2,4 ,6-Me;-Gle 33)Glep(1— 18
2,3 ,4-Me;-Gle —+6) Glep(1— 54
2,4-Me, -Gl —3,6)Glep(1— 14

2.2 Fl1 32 EREL SR

F11 & o-Glucan, F32 /& o-fucogalactan, — /&
XOBREE KIS Z MR E o B i 5 i 2 4. Fl
1 F32 Sy KO H AR, B b A AR
FHRE R AR 30 min J5 BRI REIA B 98 & . W 3
PRI BT 85 R (3R 2 F013) Wow, M H B A b Y
3 SRR 5 i HE R S A AR ], 2 B P A B8
E o

x2 T HAELSINER
Table 2 Methylation result of F11

o3 FR A ol U YT VTR (% )
Z. TG PMAA Linkage type Peak area
2,3 ,4,6-Me,-Gle Glep(1— 11
2,3,6-Me;-Gle —4)Glep(1— 79
2,3-Me,-Gle —4.,6) Glep(1— 10

®3 MB2HBAELSINER
Table 3 Methylation result of F32

T 43 R Ak 4 bR U YT VTR (% )
Z.TkTE PMAA Linkage type Peak area
2,3,4-Me,-Fuc Fuep(1— 15
2,3 ,4-Me,-Gal —6) Galp(1— 70
3,4-Me,-Gal —2,6) Galp(1— 15

=R R b ) T AL P T AR s, 0 T 5
VT (EOHERE 1) KN WA Y 22 0, 422 IR ST
Ik REIRAT H BAL AR B SE 2 17 W) o
2.3 BRENFYREEER

WAL SN, P 2K i b i LAk, 1521
1k AL O BE RS IR AT AR W), SR 5 2547 GC/MS
ST, SR GC A ST [ A g A, B AT R GE
AT PMAA A5 1 fiff A 2 FP Al o3
Py sl 2 —o 38 H 7] DRI R ik — 2

GC/MS Ry AT R FR AR 35 2 B s S5 A 1 Dt
TCBE AT AT (X R0y A IR 2 R — o 55
HERY PMAA 35 81 3547 FoxsF, AR 4 5T 335 1&] 9 J52 £ Fb
(m/z) FF B 5 FE it 0, (HAR T PMAA B35 A )
PA, Bl R s A DR 25 =24 PMAA (91
BT XA IR LR T R (B —
MERE . FITLL, B0 243 B = Fh 5 i 8 S R Al

PMAA 7t ET W 25 i Fr 2 1800 9] 9 25 1 HAT ML
R 1) PN F B AR Y ik 5 22 1) B 25 2 W 24 (&
la) , B IITTE O B8 2 BE L i 5 2) 38R 2
e H BB I 1 F1 & A Bk i 7~ 22 TRV, 25 T Ak
el HBH B 7l B A S IR L (1 1b) 53) R AR AR
A SRR 5T~ 2 18] Y BT LA EBAIG, Br LA i e
B R T AR (K 1e) . -CH;0H(m/z 32) .-
CH,CO(m/z 42) .-HOAc (m/z 60 ) 5S¢ FL A 2 N W 2%
B EES T BOR B -, I 7 A A R Y B R

B

R, _I"‘ R, A,
() H—F—OMe H—L—(BMS H—I—. OMe
a —_— R or
H—1—OMe . H OMe H == 0OMe
T S
F%E N HZ R?
R, —I"' R, R,
(b) H—}—OMe H—]—'——E)Me H—l—_ OMe
D —— >>
H—F—0OAc H _I_ OAc H—l—_?Ac
R R Ry
R, + f, R,
( ) H—5—OAc H—J-ZE)AC H—.I—OAC
) h—1 oac H——OAc Dr H y
T e
Rz R A,

B 1 PMAA # El FEE R RO
Fig. 1 Selection of EI ionization for PMAA

LA Hex (1 —F1—3) Hex (1 — g 451, fif 13 W
PMAA 119 H &5 B & ot 3% 1 i Ao Hex (1 — 1)
PMAA 4 1,5-Ac,-2,3,4,6-Me,-Hex, 43T 4 323,
WIS F AR B 72 1Al B C2 A1 C3.C3 Al C4 2
()5 T e 2L, T A m/z 118 (162 161,205 (¥ 3
JER (K 2a) o WIS T Be S Uk Sl B8, B R
WEF o WHIGEF 205 JBiyx HOAC(m/z 60) , 7~
A 145 W B T W1 B F 161 i ¥5 HOAC 5%
CH,OH(m/z 32) , £ 101 5% 129 2% 55162 it
7% HOAC 774 102 W% B F, Ft L m/z 102,145
101,129 WA FEMERE . REE T R Bk SUks:
HLES, ANk 27 1 101 JBiE % CHOH (m/z 30) , 7= 4E
m/z Tl = 815 IR F 129 i 7% CH,CO (m/z
42), 774 m/z 87 =+, Lk, 1,5-Ac,2,3,4,
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6-Me,-Hex [ Jii 1% & v 71 .87 .101 102 118 129 ,
145 (161 162 205 1) =F B3¢ &, AT/ R R ik i ik 17
PR FEAT o

—3) Hex (1—[# PMAA 3} 1,3,5-Ac;-2,4,6-
Me,-Hex, 535 & 351, ForL B9 1% 0L 7] 2% Hex (1
— HARfF I A 71 .87 101 (118 129 (161 174 234

248 CHD-OAc 74 l

mr - - -y HE-O0CH: g
o - - - ey _HC-OCH: | (82 -----
oy 17 _HG-OCH:
] a5 HC-OA 7
CH>--QCH:3

CH>-OCH:-

(K 2b).,

J NaBD, #4730 B A A AE T T LLIX 73 C1 Al
Co, JLH C6 Kt LMt AL I, CHD-OAc Y 5Tt b
CH,-OAc K 1. Wn2RJH NaBH, Ak J550), 0 62 55
CHD-OAc BB T 7 Be il st UM s 1

0 6 80 100 120 140 160 130 200 20 240

(a)
100+
118
129
101
7B 161 -
N S Y N O Y . I| 74 190 22 217 lllz
‘I\|l|||||||'||||‘lII‘lll‘lllllIll\l‘ 11
4 60 80 100 120 M40 160 180 200 220 240
(b)

B2 Hex(1— (a) #1—3)Hex(1— (b) B PMAA BB E SR K /EILE
Fig. 2 Tonization and mass spectra of PMAA of (a) Hex(1— and (b) Hex(1—

2.4 REATEBIBEREH

AL S L I, Z2 B RE il B9 T B RT IR = 0. 1
mg. ARV, OE I .
SRR 23 A 2350 BT, e L T . R
SE A ENAE N FH TP BIF B S oy AR BV AT {3k o 2
PR, NS AL BB AR AR A 2 W

FEARTH AR T B k288 kA A
IO7o DR PR e 2 5 4, BT AR SE SE 4R, 4o R
e ARG IS, 20 KON 20 min, 3 [] Al i
IR il B A e Rt BE A 18 ~20 C o 27kl BE
iy, WP 952 5y 45 5 o it L B A1, W) DMSO 5
ABEE . — B 2 YRt e (BRI 2 U A
JS7) BV AT A 31 58 42 B Ak, 8 m] AR B0 15 0 4 Jon P
(LAFINAVE S GllinILTe

IMATC/K BRI B AT B B 25 S 05 A0 5k B A
Karo INBREREN S A5 5, BUnl 73 2 ~ 3 WA, IR
AL 10 ~20 mg, ANAJS Il B4R 5 0 H 5 W 1A 58

SRS

IR AiFR SRR 2 P SR A B 1) SR A R AT
120 °C nl o A i A i e B bR A TP AR A T
PR R T o B JEURON S, A B A H Y
JEN T BRZE NaBD, o BT, A B8 H /Y
e N T sEbREKID .
2.5 BHRSENEEERGPELINT

X R 1) Z2 W8 , v 3 i P BOR AL i
Jei B AR S SR PN W I R e B i 42 07 30 R
FL3A i A FR AR S N 22 T HEA T L P A AR
WS HEAT o AR AT I B, DR 25 5 3
Ao i PR P B R R ARAFAE Y, i 2R A
RILIL A

ALEZHEAR 5 & A 5, EATR LI PMAA /Y
GC/MS 3 BEATFGM , iy ELIX 48 K 4K FP R A il i A
Hh AR o7 Bt T g e R 23 BT R R TS (14 T
VR AR 7 ARG A
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I D P S 7 ST A Ry S T AT A2 ) (AR
W) FEREAT HY Ak SN, PR Sy 30 T W A i i 1 2% 1
T o R A R SN RN A8, S B AR Y AL
4.

T RITA BN ( glycosyl-asparagine ) B 7% ¥2
i %1 ( glycosyl-hydroxy-proline ) 3% 42 (B JIK ( glyco-
peptides) | Hakomori 2 7] 4 HT K& Ak, M % 22 2 1R
( glycosyl-serine ) 1175 2 Fi® ( glycosyl-threonine ) 3% 3%
FROBE RTE TR SR A 22 A v, 10 85 1) i i b ik
B — 0 R AR o DRI, 3K SR A S P
LA PR AR 5 AT T AL RO

S 30k
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RS ARIR T BLIR 5 AT H 0 2 R D BT
£ B A R WM IR EH.E B

RIEERREAEYEOR R, KE 116044

W E RHCROERAE T M TGS, B8] 50 RKEEFILA IR & FIRES (Epigallocatechin gallate,
EGCG) MFHIR Y . i 4% BrNE T M0k RN 20 1 A= 4K it 2 S8 1T 2 2R $2 40 X8 B35 3 AT T A 410 T 808, R A
175 51 H - {2 f34B% ( Transmission electron microscopy , TEM ) SIS X WE-IG 3BT B 40 O BE S5 A0 A 52 . 45 SR BR,
SRR T HEIG 40T T A A 7 A B S A R VR T, ELAV R4 T I e 32 1) T o i i 5 2 S oML 4R ) 4k 2
BTG 53 AT 1A 20 M B S IR AL BT TR A 2 AR Ak IR, SR AL ER ) LA R Tk 35 2 SR A AR K i T R,
HAE ML AT 68 55 3 T4 EGCG 52 41 ML RE ik S5 (0 A= 9 2 18 e o

FKERIA X SMLERN) s EGCG s ik 73BT B 5 e 1

HESES:R284.2 HERARIRED : A

Inhibitory Effect of Crude Extract from Green Tea on

Mycobacterium smegmatis mc’155

JIANG Tao,LI Lan,DU Yang,ZANG Shi-zhu, XIE Yao-guang, LIU Zhong-nan, XIN Yi "
Department of Biotechnology , Dalian Medical University ,Dalian 116044 ,China

Abstract; Crude green tea exiract containing epigallocatechin gallate (EGCG) was prepared by ethyl acetate extraction
under neutral condition. Inhibitory effect from crude extract against Mycobacterium smegmatis me*155 was determined by
both disk agar diffusion method and growth curve. The changes of structure of cell wall were observed by transmission e-
lectron microscopy (TEM). Crude extract showed significant growth inhibition of M. smegmatis m¢”155 from both ap-
proaches, and the inhibitions were dose-dependent. The changes of cell wall structure were confirmed by TEM. The inhib-
itory effect of crude tea extract against M. smegmatis mc*155 was detected in this study, and it was postulated that

EGCG,a known biologically active compound in green tea, might played a major role against Mycobacterium causing in-

hibition of biosynthesis of peptidoglycan in the cell wall.

Key words: green tea extraction; EGCG ; Mycobacterium smegmatis me” 155 ; bactriostasis

LER R AT B ( Mycobacterium tuberculosis ) 52 A\
K454% 75 (Tuberculosis, TB) i) EEHRH ., T4
K, Bl P TS YA S WL AL B, LA R S5 R 0 B
RIS 245 1 AR 5, 45 A2 s A7 AT A 20y i e, Rt
TR — At e . S50 BT IR
B RE AR A O G548 Sy ISR M-SR BT R b~ 2
WE-I3 BRI G ), e rb RSRME 2 4E 35 20 L 25 1
AMMLRESERY A E B AT R S 4 % 4%
ROFF T B A AR LAY 35 A% 2 e AR A Pt (oA g
M (B35 53T B (M. smegmatis me*155) fF R
HWFIEER SRR Y I TR A o

WA H 3920110211 H£32 H91:201107-11
FETUH  FER ARPHEIESTTH (30970647 ) 530 748 K244 Bk
HRAR” B B9 H
 AIAEE 86-411-86110295 ; E-mail : jimxin0295@ 163. com

SRACHEY) 2% 22 1 IMERR 5 A T A Ao 2H
WMo RWEFILAE K E TR ( Epigallocatechin
gallate, EGCG ) LA (1) EE R4 , LRSS Z B b
TERZWPARY R, BT, ERNSNREME R,
EGCG HAHUE AL Jihig P 2 M SE 2 fh o)
REL L ORI T ] AR 1906 4F il bl ot
[ # McNaught & 2, {H EH 3| 20 {22 80 4F-4CA I
AWk RGETY, IF 58 )5 A B EGCG FEARIM T4 7]
EBEAT DA U L B R TR A5 22 A e TR AT T TR A
IS EGCG W HA Rk N i BE S5 4, — i 2 AR
MERNIAAE HAE 2500 25 1% 43 B i VR H ool , B i
AN JCHGE o ARSLIR A E & EGCG 14k Ak 48
YIVE T IESR 73 BT 7T, 38 3 90 PR AR A B /N T
e BE R PEA , 10 0 2 ML W0 X5 Tk 3R 20 ST BT R
BEVE T, R 2 51 L B W48 EGCG A o i X 4 Jifg 1
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V4 MR X L 40 BT B A 2 AR AT 85

ZERIRYSE I, R SRR S I A T B,
R 28255 25 Fl Dy fie OBt B K SR B 45 4% 24 ) 25 S
fiili
1 bR
1.1 AEESR

M. smegmais mc’155 20 B 4% 1: 100 4% 50 T &
0.05% Tween 80 1y LB VK555 3%, 76 37 °C, 140
rpm/min Z5fF TR REFR 48 b IR BEA K
1.2 SE#EIENEE

LR (BJH) ™ AP A e 8 EGCG ARifE i
W 9 WV SR 24 M A B2 W) 5 4 T 3% 33 1R 1ok
H Oxoid A al; /K LW ; LR OBR; — A HF BEEH
GINE i B S RES Vs e i e s A M g VR DR el
nary HPLC Pump & & ¥ A €8 3% 4% (JEOL) | JEM-
2000EX 7% 57 H#.4% ( JEOL) Thermo Scientific MK3 #
fit A ( Thermo ) I i 2225 ¥ R T 1R AL (b ot 1 BR

FE) o
1.3 SBH=*
1.3.1 7R ey h &

AL 60 °C1H IR T8 S5 BFEE iU 218 K,
ORI TR LAIEHL 125 A 75% £ B, 7E 80
COKMEML /NI, U8 R IR, T ARk iR
YITEAR R S50 N AR, o I R iR 4R
W o W = U2 AR W IE e 28 ke 4 2= AR AR 173,
IS A AT A I — I, DR B KO BEIAC S A
IR CTR CERFE I — U, R B TR SR AH . K 25
NIRRT TR, RIS 4R SR
1.3.2 HPLC #5404 4 F EGCG ¢94%

SRR LA L B K R R IR BCR 1 mg/
mL K . EGCG A5 i LA & B ¥ /K 5840 15 il I
BCil g 0. 2 mg/mL AFRIEN , A FRTLL 0. 22 pum
Wit BE T, A Hypersill BDS C (250 mm x 4. 6
mm,5 pm) EFEAE ST AR AR Y T EGCG /Y5
MAEEE, DL 2% SRR A, UL R i s AH
B, Z: MR | B P R A7 80 B VR I, A6 D I8 < Sy 280
nm, 8 K 35 C L7 0. 8 mL/min, B EGCG FrifE
AR RMER ORISR WP U 100 WL 230 T A B 1% AT
I TR
1.3.3 @ E%E

KA IRk (K-B %) Mg 4 5 d 4
Yix} M. smegmais mc*155 BANGVER . —ZR L4 i
24 LT I ( Ethambutol , EMB ) Sy 41 b 52 56 1 BH P4

xR 1 FFHERYH HPLC BERMER

Table 1  The elution gradient of the HPLC for green tea extraction
FisJ []/Time (min) A (%) B (%)
0 95 5
20 70 30
40 30 70
50 0 100
55 0 100
56 95 5
70 95 5

Xif HR, A2 R K F 100 we/mL &0 75 85 2 0 B x)
&, L EGCG ARAE ity D il CR VA X i R ik
FHEE Y A= 3R /K K & AL 200 mg/mL A7, 42
0.22 pm JE a8 UERR S IRAF 5 H o 200 ] A= B AR
KB UETR G SR 2RI D Wi BE MR 2l 5.6.7 .8
15,2025 .30,50,100 mg/mL Z 51 TAE%k, T EP 4
PERAE . B 1 mL A BEER K AT 1mL 48 wg/mL EMB
HHIEBRTEE A EP A ARAE, 43 a b Al e,
IR EA EP KRG IR, 4 CIR 17
Bt M. smegmais me’155 B LB W4 55 35 344 1
2200 AR, 20 WL 3 TP b, IR AR B IR R
)0 BEE—FM LA 5 mg/mL Fl 6 mg/mL Y
SRAOML P IR A B UE AR 4 il o 1.2, A
—NAERK 48 pg/mL EMB 2 U4t A, 730
ek abe B2 AR B 7 mg/mL Fl 8 mg/
mL FEREFORAED 53 5ie R 3 4, A — A AR L
7K 48 wg/mL EMB {2 U848 R, 73 51HE A a b, LA
W eHE , HRCE i — B4R s e — PR
A 100 pwe/mlL 887 75 8 % M1 500 pg/mL
EGCG iz iy us 4t 3 »bRic o ¢ #1 d. BLEPAR
L IRACE 15 min J5 5 T 37 CHEEE R D
g7 48 h IR E 52, FiRSER 3 IR,
1.3.4 273434 & A& 47 5 & Z ( Minimal Inhibito-
ry Concentrations, MIC) &5 &

1E 3 mL 9 LB s 32 2 (£ 0.05% Tween
80) IAAS [F] 2 J i) & M3 W), 3 30l Oy 200
250,300,350 ,400 450 pg/mL F1500 pwg/mL,9 545
A 400 wg/mL &R, JF7E 1 ~8 Sk
&b L)1 100 4280 M. smegmatis me*155 B, FIH
FEbRAXAE 589 nm 5 A48 ) I WOG AR, By SR
12 h J5 , FRI A DUHI W 2% 2R3 40 19 MIC {H,
ARSZEG L EGCG Bl fily S 4 of BEAL TR me”155
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W, (LR BE IR F) 500 wg/mL, 5 iR [FIAE L35
MSE Asgo LLFIHT EGCG RYHMEE
1.3.5 #4549 F 8 # 4% ( Transmission electron mi-
croscopy , TEM ) JLE ) 44K 04 2m it B 25 4

e 5 25 AL me® 155 TR B RN F & 500 pg/mlL
EGCG {420 mL LB W iR E: 77 5L 15 5% 48 h 5 ,4000
g B5.0 10 min, 5% FVECEE R, 11 0. 01 M ) PBS
FOREARANM, B0, A RAEMIR, 451 mL2.5%
A A AL T TE T , 4 CHCE 8, 1% U4
kI E \PBS B AN R RS LB K (2% PR XX
A YL 8 30 min, WZEIK PEME 220 50 I, PR 4
AbFE 20 min , FAE AR I GBI YR R EST BT

LI B B B T 5 F A2 A o
2 #R5HR

2.1 RINRBES ECGCC HRFTHREY

HPLC 45 1 1 7R, EGCG Ay ofiE & O B I 6] g
12.264 min (& 1A) , 2 S HLEEY) 8L =404, Ho
S AR B I TR] D 12. 123 min ([ 1B) n] U
TESR AR Y P %I Dy EGCG, kL & EGCG
&9 0.09 mg/mL, & & LR AHIEW Y 9% . 1%L,
SRBIAF FIZZEOT R RE A S0 % 5 & EGCG 1Yy
LAY

0.14 o “ 9

: 18 o

012y A 8 16 B o

0.10 o 14 w

0.08

0.06 12

0.04 10

0.02 8

0.00 B N
0.00 5.00 10.00 15.00 20.00 25.00 200400600800 1000 1200 1400 1600 1800 2000 2200 2400

Bl ZITHEREYE HPLC 5347 (A EGCG #R/E M ; BURSRHEIRY )
Fig. 1 HPLC analysis on green tea extract ( A. EGCG;B. green tea extract)

2.2 HRAFEEYBUEMEFIFHAREDHINEIERN
E

FIFH AR R 3R 97 O A6 ) 2 255 R 4 P % M.
smegmais mc”155 [N EE AR, SCie 45 &l 2 fr
IRo HEFRERAKNT IR (a) SARHFHBRZX B (c) T
TR P A A 25 W) EMB (b) 5 EGCG A ifE i
Xof BECd) 22y H 400 7 Pl B 4 5 L2 -

SRR 7 S R 18 B AR, R B BE A S M
PR RGO, TR P ELAR B T K (81 2-B) o 7E
R Bl Y Bk SC g b, A PR KR A i SR 2 M
SEVIRTE TR, O R ISR 5 T A 2 ) L) R AR
i EGCG $1%F M. smegmais me*155 A7 B 5 40 B4
Mo FFEL iz A AR AT RE S £)ASRL 521 120l

g 25
2
1.5

1
0.5
0

5 6 7 8 15 20 25 30 50
e % (ma/mL)

2 ARKEFFHARMIIES KT ENNEER

Fig. 2 Measurement of inhibitory effect of green tea extract by disk agar diffusion method
A ARFEEY (a. AEREEK b 48 we/mL ZJE T EE ;. 100 pe/mL Z N 5d. 500 pg/mL EGCG;1-10. RN [RIW R SR Y ) BRI AR
A5 & M. semgmatis me* 155 RUBIRTARIERIBEE 5 A I T VR FURICR s B A [ Mk BE S 2 HLER W 0 I AT Pl 142 L. A Effect of different
compounds applied to a disk on an agar plate with M. smegmatis mc*155 ;a. physiological saline;b. 48 pg/mL EMBj;c. 100 pg/mL ampicillin;d. 500

pg/mL EGCG ;d. green tea extract. B. Diameters of inhibitory zone from different concentration of green tea extract.
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5y EGCG F#k. 341 EMB( L) T %) 7EA 528
VB R BRPEXT B 7= A B A RIS N R R
(JIBHUR2)) WG & R it — 2P uE R
HEEV AL YA REXT M. smegmais me’155 j=
MEEM.
2.3 ZFEHBWXT M. smegmais me*155 HIgz /]
BiRE

FHAS [A] e B2 2% 55 B 32 W0 4 11 M. smegmais
mc’ 155 B, 12 h JE R MIC, TSR W Ji 4 2%
HIEY) A BB AT Asee 5 — 5 T30, ARSLE R
F A B BB AG TN AN B RCR . SEgegi R an (&l 3 fir
TN, B AE SR AR W ok Ak 238 K, WOl B 2 I
%, HLIRYHEEE KT 400 pg/mL B, B 44 K 8
il , MIC =400 wg/mL,

15 O SRS AL B T
LE S Sy s
o 1
@
It5]
<05
0

0 200 250 300 350 400 450 500
SRR E (ug/mL)

B3 FFEARYNIBESRFENRNMIERE

Fig. 3 MIC of green tea exiract on M. smegmatis mc” 155

2.4 EGCG 425 M. smegmais me’155 HHRRF IS

EGCG b3 M. smegmais me*155 K 24 h 5,
WA . TEM W25 SR 01 B A2 A me®155 40
JHRE S | SR A) AN BT 1 5 (0% s EGCG Ab B
(1) me155 41 fif0 5 52 3 B TE S0 S AR Ak, 41
Ji Tt B B AN G (R 4)

A mc155

CGCG 4#bHi1) mc?155

B4 ESTEBENRE EGCC 4B FHIE S AT E MM EE

oA
%L

Fig. 4 Morphological changes of mc®155 cell under TEM af-
ter EGCG treatment

3 it

IEAEARME TR, R IR T2 A1 RIRTE VSR
IR B R T LA R B R TIREE (EGCG) X ZFl4l

AT BT A T S 00 G HL B AT BB LR
JUJTTHL 1) S RAR Y b 3287 EGCG B 140
PR RE L5 7 J2 S BUAn i AR KA il 52) EGCG
) R A SR AR 107 R S T A NADPH 4K
R0 SR G 53 ) SRR A oK T ) B
M 240 P 1 V8 2R AR I, DT 5 | 7 T 7 4 L R B 2 A1
TR IR AR S DR AE N o RN B, SR AORLAR A
ECG J843 75 .49 1 vie 52 oy 5. 00 50 40 it B IR s B 1R
8RR I, AT 3 0 % PA) A T i 26 it AR 3R 0 Uk
P H EGCG s b4k SRR b 32 52 143 3ot ik
Ia o3 BOAF I 130 VR R R WAGE o

Hik3I5 ST T -5 45 A% 0 BORT T ELAT ARRLA 20 i
BELEAE , NP 224150501 e KSR SR BTz A 2 S U I
OIS TRA I He P KW (peptidoglycan ) & — Fif
H SR S R AR L 2B, AP T
FUFE TS T PN B0 DR 22 B A A v A il 40 T 4
JHLRE (Y HEAC B BRI O3 o 48 SCHRHTE - 4 TR B 25 1 4k
P55 RIS A 1 S B MR S UIAR OE L B oA
AT T 2 P 174 5 e P O DL 2B A 10 o o, IR
RS AL S I HERE L) A0 B AV SR 2h 3
YIS, ARBFFE 45 H R, EGCG &b B 5 (4 i35 43
AT 27 210 L B 5 e R T AT 285 D 7 B I 52, R b
FATHEN EGCG 5 IhkI5 73 BT v 200 i o 5 28 11 o S
PESE G G2 1 20 BE SR SR g A8, DT 7 AR 4
wAEH

JOR R A AR 6 65 JOR SR K it A IR SR AR B A
W, H K 2R Bl K f# B ( peptidoglycan hydrolases,
PGHs) & HHE 250 & 1Y £ 248 S 2 —, U Y 1e
b T ANTE T U DLAE R A K AT B0E A
VR, A Bl A VAR T A R SR Rz K A, B
mEEAR. REABRESTERFHA B-N
TERE IR P A RAREE & O N T R A5 S
1 ( Penicillin binding proteins, PBPs) . 7F %5 #% 7> k%
FEE T E & B 1 % PBPs ik 9 MEEAZ £,
T8 F AR 11, EGCG 40 B AL 1 7B 1 g 53X
KR RS E AU, (BT T gt — 20 5050
UESEIZAEIS o

ABFFERAIA T SRR 5L RE B Sl 400 1 Ehl-3i5 A5
FRETAE R, LU EGCG A S A T4 1A% 200 0 BE 11 B
ST AE G 45 R — DRI
AR TR AL AT R 2 25 P Eh RE SR A 1 S2 36 ale

S 30k
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T#HALHAE K RES,EWH
TR B R R TR 25 T 214122
LA G AT LR LA PR I T A S5 121 200436

W OB AR T ERILEFE DSMI122460 JEZIEL 1 76 Cell-Free Supernatant, CFS ) B i AL 5 9 1.
S FHARHE — FVRETEIIE DSMI122460 A B b ST-IIT K i 75 b B H: CRS S JEL 81 Bt 1 S WR 1, O B9 R )
CFS YRIE F RSBRAE TS . JER I HPLC Jill s CFS %I Sub BIALAT pHT. O 410 K A Bl 1 , IR bl 5 3
IR MLERERE J1 . S50 G5, DSM122460 A (L7 R A FLAT £075 HORS IR [ ERE 11, 3L CFS (e 90t ey
EORSIRAE T3, CFS Fir 848 I ML /K AR LA S TT B B ML 2 1 K03 s T R A — R LR P R
EREHTHLH

SEGIA B FCTLATE ; CFS; B BRI A s BSH ; HPLC

FE 43S :TS201.3 CHERFRIRAD : A

Cholesterol-Reducing Activity in a Cell-Free Supernatant of Lactobacillus reuteri

YU Rui-li',GUO Ben-heng'?** ,ZHANG Hao' , WU Zheng-jun’, WANG Yin-yu’
'State Key Laboratory of Food Science and Technology , Jiangnan University , Wuxi 214122 , China;

2State Key Laboratory of Dairy Biotechnology , Technology Center of Bright Dairy and Food Co. Ltd. ,shanghai 200436 ,China

Abstract: The cholesterol removal ability of cell-free supernatant ( CFS) produced by growth of Lactobacillus reuteri
DSM122460 in MRS broth was investigated. The cholesterol removal ability of L. reuteri train DSM122460 as well as L.
plantarum strain ST-III during growth in MRS and the resulted CFS was assayed by o-phthalaldehyde method , respective-
ly. In order to elucite the correlation between BSH activity and the cholesterol removal ability of the Lactobacillus strains ,
BSH roles in cholesterol removal were measured by heat treatment and pH adjustment. The remaining BSH activities after
various treatments were measured by HPLC. The results showed that L. reuteri strain DSM122460 not only had a high a-
bility to remove cholesterol during its growth in MRS broth, it aslo demonstrated high cholesterol reduction activity in the
CFS. Beside the BSH it was speculated there may be another effective component in the CFS with the ability to remove

cholesterol. It suggested that there might be a new mechanism underlying cholesterol reduction by lactic acid bacteria.

Key words : Lactobacillus reuteri ; CFS ; cholesterol reduction; BSH ; HPLC

AR IR AR ] e sk i A ) ) Uk L
T oo A5 o G 0L 90 o TR AR A SR R BT, LR
P EA R RS BR AN B BEVE . BARA Ko &
PRFLIR TR 7E 1A N b BT B 3k IE T 85 1) i AE D RE L (H
VEFIBLI I A E 18, FURHR LRGSR : (1) LA Gilli-
land" " S %2 10 AL RS 2 Ak LR 81 400 0 B 42
WS HE s Y [R) A6 5 (2) Klaver AT Vander Meer A
3L R T 7 A2 IH 3 K f# T ( Bile salt hydrolyase,

ek H #1:2010-09-28 2252 Hi.2011-02-28
EewiH: BN R E R SR AN TR AR PO
(09DZ2251400) 5 LI BH% 2 51 2 Sk AR W B ]
T LG 3 5 (10d22221100)
# M IAA/E# E-mail : guobenheng@ brightdairy. com

BSH ) 4525 £ R £k 43 i O 17 85 JE £, 76 BR 1 (pH <
6. 0) 25T Ui 125 JIEL 6 35 e J38 e ARG T -5 OEL 3 7 242 2k
SERVLEEAE 5 (3) HAbHLER,

Taranto'” A %' [CFLFT B ELAT B0 i) RS R I [F]
BEREJ1, I HEAT T IR ABESE . Younghoon Kim™*' % ¥
TR FLAT I B9 CFS A 80 i B BR IR IE Wik 1. A
SCAN CFS (£ BERFFY T 2 G LT 18 A% 56 IR 61 s g
I3, ZIVETE T HE RS 5 BSH 235 i 4604 T 54
P BRIEFE R RE 7, X W1 % [CFLFF B CFS ] B
S R R I I B A O

1 #MBE5FE
1.1 8
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AR RUR : B [CFLAT I8 DSM122460 (15 78 K2
M%) FAE ) FLAT B ST-TI (O B 20l 4 AR v
) o AR T 4% 1% (742 i 82 AP 2] MRS [
U, 78 37 CHEFR 12 h AZARPTR I TG AL , 250 TR R
FESCE I FE T 4 CUKFRIRAE

LROR HIEE AR IR AN - Sigma 2 W], IH[E
Pt PR 2 At 3R] Ay ] 7 0 A= Ak 4l R0 o3 A 4l
.

MRS #5555 . W { #8 [ Merck 24 F] .

MRS-THIO WA 575 . 78 MRS A% F5 5 rh
JA 0. 2% %%k £, 1248 ( THIO )

JIR [ s 5% 2k - MRS-THIO 15 35 56 im0 A — 5 ¥
JEE 11 LT
1.1.2 MBEE

Avanti J301 5 3 ¥ % 2 .0 HL : Beckman Coulter
/5l s EmusiFlxe-C3 5 e 4 M B R4 - £ K AVES-
TIN ( B g 7T) 2\ &) ; PHS-25 #1 PH i, 837 Jp 8
] ; CE7250 #1258 4h 5350 B2 3t : BIO-AQUARIUS 24
] ; Waters 600 = AH W AH €435 : 36 [ Waters 2\ ] ;
JYO2-TIT 8 75 5 400 by R L - 1 88T 22 A W Bk 4 i
A FR A W] 5 Heidolph2 JiE 5% 7% % 2% : 7] Heidolph
N
1.2 ZWHE
1.2.1 9955 Rg-Ae ) BE A R 6% ) &

MR Razin'> S48 010 77 vk ) 45 FIE [ B2 oR , AR
[P P e S Ay L] s 5% 3 5 v g IR [ et LA 1Y)
JrAN  WERRFREX 22 mg BIBEAR AT 10 mg JIH [ fis
( OB G A [ BEEE R LRy 1.0:0.9) F HIE KA,
B CHCL, #5541 2 mL, #8875 IR 35 3 . N, IR
T, A 10 mL JE K R4 B A VKIS, 18 N,
S F B (130 W,20 kHz) Zb PR 15 min, {2 11 5
min {35 B P, 2R =0 TS ST 4 C,
38,000 x g B5.0> 20 min, T 4504 1375 W B BB IR
— BRI B VA W . 28 0.45 wm 3T 8 4E A 0
B AEH] 4 CARAE,2 ~ 3 d Nl T, 1R Sk [ e O
T LT RYSL5
1.2.2 R BB 2

iz HE A R AT P 3O 0 v [ A R v
B 0. 5 mL f=f 00 JIHL (&1 s v T 220048, in A
1.5 mL 95% (1) SB35 MR ZUIE 2], A 1 mL 50%
(1) KOH ¥ ZR 2] ,60 “Cok i Ak 10 min , AN
PRGIAE . WHIZEZER, A 2.5 mL IEC ek ZIE

A1,MA 1.5 mL TR K EIZUIR AT, # & 10 min 43
Fo WEIGE 42 1 mL 55 — k4, 60
C N, WA, inA 2 mL 0. 01 mg/mL 482 —
R (VKIS TR ) V5 VR SR AT, 2 A 10 min, 3
PRFALIMA 2 mL ¥ H,80, FeiriR5). BHIEZR
P,550 nm AN E WG HE R A IR s o
THAACH AR [ ) B i
1.2.3 B4R Bt A2 b xdfe ] 55 69 A% e AR A

W5 Fh T 1% 270 T & 0. 2% 41tk JIH % 44 4 iE
B EEE SR H R T 37 CIHIREEFRAEEE IR 24 h,
KRB L 12000 g,4 °C, #5010 min 15 2] 35
RALFPHI T 0. 2% 2~k JIEL R 0 114 AL ] et 5% 7 3L A B
PEXTRR, 5 0. 2% A= fiff 02 44 79 MRS-THIO 1% 57 3
VERzs AT IR, Fe MR T HE 1. 2.2 I R4S 3R 4t
TR 7 VR L e R, AR L [ e o o ot £ 310
H A i, R R R R R T R A R

Fe B B A5 TR (% ) =
ABEAP A P I B B R R - AR P B B R R

ABEAP I P 2 B B R

x 100%
1.2.4 CFS %z B #iqE»"

HFifk DSM122460 £ MRS 552 %1 37 C ¥ 5%
24 h J57,12000 g,4 °C .0 10 min, WEE F R,
0.45 pm L85 RIS 2 CFS, - 80 CIAAEFH.
J RS U J ) AL UE Y pHT. O Wi 12 £ 28 ik
VEBPIUC, TR R 1/10 AARFR Y B IR +h 22 viigOk
ACTTCUE il JICE I R, 228 i s 4 L A SCRBE e 24
B0 A AN M 2 ), 0. 45 pm JBEE RS, - 80
COAFA o KB EE A THIO 14 il JIH 2 51 fin
AF CFS S0 2400 4 vh , (i H 20k B 4351 o 100
ng/mL.0.2% (w/v) F10.2% (w/v) . RIEET 37
CHEIESEFRA , ORI 18 h, S Hi X FZH & T - 80
CURFE R, QB8 F R0 s 1 iy L ] e J32
CFS % B [# B e g e 2k 52 0wy /i Je L [ e P % B o
(LS

Sy T WFGE CFS AN [R] vk B2 () B 53k IE [ B g g, 1]
Bt MRS 157 54 CFS Wl A MR 1Y 75%
50% ,25% .
1.2.5 BSH iz B 884 e AF A 09 % a

BSH {3 Jy 384k HPLC 20 7 S5z 7 ik v 2 it iH
1z 4N ( Sodium taurocholate , TC) A4/ D & o

N4 T3S T 0 TR R % 1% He i
Ff 3 MRS 8555 2,37 CHIR T FRAE 57 24 h,
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TR B IQFUAT B JC A0 L 7 B 700 R B REL I 2 R 1 50 91

10000 g,4 CEL> 10 min, PR LA TCH S IE)E,
CFS 73 i A \B.C =3, I pH ., Hrb, A Sz
90 C,15 min P4bFE SKJ5 A B.C EIE I IR MR %
WP FRIC W =20 1 (4 OB 29 A 33098 1)
Al ,4 CHitE 1 h,10000 g,4 °C&.0» 10 min, A.B
2 mL NaAc-EDTA ZZ b (1 mM EDTA,50 mM i
BN ) EARDLVE , Ze Pl pH {EL A1 L& W pH A IR, C
JH2 mL pH 4 7.0 BY2% wfis i, 7% 5 152 i A
HEAWE,

g SN < 4 A CB L C OB AR R EE AH [R] 1 R
W, ORI 500 WL i A & 47 0. 04 mol/L 4~ 1%
JIE R4 A R 1148 37 °C /K I 30 min, S B 45 3R 5
JA 500 L S hARZ 1E S, 22 il fieas D0 IR

HPLC 2% 251 . Waters Delta 600 HPLC & %;,
R 0 PDA KU £ AL AL ; Nova-PakC18
(4 pm,3.9 mm x 150 mm) , KM K 205 nm, FEFE
wm oA 15 pbl, W it 5B Millennium  Soft-
wareV3. 2 A JHFR (1 3 3 1. 0 mL/min, it A AL
S B SE Rz £

A A:1000 mL IR 1.2 mL K LRI A
i 5 mol/L f) NaOH J#H pH {5 5.6, 7 shAH B
1000 mL 28§ F/KFI 1.2 mL JKZ RS 5 mol/L
() NaOH J5H: pH 54 5. 6,34 0. 45 pm Rt
IE A IS
1.2.6 CFS YAz 605 52

T ERFE CFS v & 58 B IE [ Ve T i 4 o,
WL OB N, R TR A IR ZE F IR 4 1T
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Tt J 7 3 Y 4 A A e B O 125 1. 2. 4 e #E R
JH S EERE T, & BRI B 40 0 SR A ) S AR TR R B0
FE IR AH ] B i

FLQ?[I]B@ Grwoth cell

g e
SR Cell extract

801

601
401
20|

0l A .
DSM122460 ST-lII

R RS R
Cholesterol reduction(%)

B 1 L. reuteri DSM122460 #0 L. plantarum ST-II1 g4 &
4AE.CFS AR RNBYERF 0.2% W4 EAE
$AEYRB BBz 5 7 B rh A BR B Bl B2 BE 1 L3

Fig. 1  Cholesterol removal by Growth ( black bars ), the

Cell-Free Supernatant ( CFS,grey bars) and cell ex-
tract (pattern bars) in an MRS-THIO Broth Supple-
mented with 0. 2% Sodium Taurocholate, plus cho-
lesterol Micells of L. reuteri DSM122460 and L. plan-
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Fig.2  The effects on Cholesterol Removal by CFS of L. reu-
teri DSM122460 at different concentrations
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Fig. 3 Effects of Heat ,pH Treatment and CFS control on
the Cholesterol Reduction ( black bars) and BSH
Activities ( grey bars) of a Cell-Free Supernatant
(CFS)
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Copigmentation Effects of Exogenous Caffeic Acid and Ferulic Acid
on Anthocyanins in Blackberry Juice

PENG Chang-an' ,LU Feng-bo”, YUAN Ye”, TANG Xiao-yuan’ , HAN Yong-bin®”*
' Bioengineering Department Wuhu Vocational & Technical College , Wuhu 241006 , China ;* Key Laboratory of Food Processing
and Quality Control ,Ministry of Agriculture ,Nanjing Agricultural University ,Nanjing 210095 , China

Abstract: To enhance the stability of anthocyanins in blackberry juice,the co-pigmentation effects of exogenous caffeic
acid and ferulic acid on anthocyanins in blackberry juice were investigated using visible absorption spectra and HPLC-
DAD-MS. The results showed that both caffeic acid and ferulic acid could significantly increase the absorption intensity
(A,,...) and its wavelength (Amax) of anthocyanins in blackberry juice. These phenomena suggested occurrence of co-
pigmentation effects of caffeic acid and ferulic acid on anthocyanins in blackberry juice. The co-pigmentation intensity
depended on duration and concentrations of caffeic acid and ferulic acid. Two new anthocyanin derivatives ( cyanidin-3-
glucoside4-vinylcatechol and cyanidin-3-dioxalylglucoside-4-vinylcatechol ) and three new anthocyanin derivatives ( cya-
nidin-3-glucoside-4-vinylguaiacol , cyanidin-3-dioxalylglucoside4-vinylguaiacol and cyanidin-3-glucoside-arabinoside-4-
vinylguaiacol ) were observed in blackberry juice with HPLC-DAD-MS analysis by adding caffeic acid and ferulic acid,

respectively.

Key words : blackberry juice ;anthocyanin ; caffeic acid ;ferulic acid ; co-pigmentation
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DAD-MS %78 T (85 7~ E i AL L AT B o

1 &S

1.1 RAFIE5NEF

P25 (Rubus spp. ) VR VLI BT 19 R & 5 A B
3] 5 WA R B AR R (L% 410) < Sigma 23 A 5 HiAh
Wl Ea b

TDL40B B0 ML ( L2 =R UE%) ) ; UV-
2803 £AMAT WA 43 e T (EE L LA A 5
pH 11 ( Thermo Orion 868, Orion, USA) ; Agilent 1100
TR RO 475 { ( Agilent, USA)
1.2 EFEtHHEE

SRR 4 CRRIIARR T HLH 4TI 2810
x g B0 15 min, FIFWRFEE 14800 x g B§.L» 15 min
RN BRET, T - 16 CHRes H o
1.3 IMMEEAFNFTERER RO

FHIEK BEBE I BE S 10 mg/mL [ ni i i i1
BT ZRRVA L, 43 W HR 100 L A1 200 L 1 iR (@
RV W2 mL AV, ) pH 3.2 A8 IR - R S
THNERCE R Z 10 mL, 53 B KW (A ) N
0.9 JERSFEFE 1 ~2° WnHEfR A1 BT 21 iR ik B2 ok 100
5 200 mg/L R . FHZIE W T 85 C K 15
min 5 , RGEKKEH, T 4 CEELHCE 30 KX,16 C
JHUE 30 KRG 4 CItE .
1.4 #HEFERESTEY HPLC-DAD-MS 447

K H Agilent SB-C (4.6 x250 mm,5 wm) # 3
1 HPLC 4347, 3 35 °C, #i3# 4 0. 6 mL/min,200
~600 nm 44, VR I (B) F10. 5% H R
(A) (v:v), YEMAREE J7 0 ~ 10 min, 10% ~25% B;
10 ~25 min,25% ~30% B, HLWi5% 5k 6 4045 6
JE195 CHL 4 kV, 735l LLUIE B F PR L, 55
SR 2,33 x10° Pa, BG4 50 6 F1 1.2
mL/min ,
1.5 Zit59Hh

SRALHGRE 3 WA, 45 B 4(E, H SAS 9.1.3
A T 22 3 T (BB Kk 0.05)

2 RS

2.1 mMHEERSEEFNER
2.1.1  TILAMR G EAL

€000 A 0 0 () € A0 38 H R A AR
AT UL RSO 33 P11 52 e, B 5 R Wi < A %
B (AN, ) FIE I SR AN, — F5e R W WA 09 38
(AAL) Mo ML AT, e A AR R, ik
2 PR AN OGS A €817 18 1 D W WA 5 7 A T B 3 52
M, 5% REZEAR L, 60 d B, %S InomiERzZ 100 me/L .
200 mg/L (4645 E W Amax 239145 T 3 nm F15
nm, A, AT 10. 81% F1 58. 38% ; ix 32 B
MERR 5 A6 AR T 43— [l (VR I (53000 Bl
WA 2 e 32 P 34 fin J 251558 (P < 0. 05) 5100 d 7,
MMMERR AL B 1Y A, S50 HE A0 T 33.349% Al
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Fig. 1  Absorption spectra of anthocyanins copigmented with
caffeic acid in blackberry juice

1: %} 18 (control) 32:100 mg/L;3:200 mg/L

mAU ]
1§ ] 0 d(CK)
1 234
0 10 20 30
mAU
] 1100 d(100 mg/L)
2
mAUO 10 20 30
19 1
4 100 d(200 mg/L)
27 2
0,
0 10 20 30

CE)RImum Rz ; (b)) %% 100 me/L o 1 4 € 100 d )55
(F) & 200 mg/L WiHERZ % {4 100 d J5 Above : control ; Middle :
100 days, added caffeic acid concentration 100 mg/L; Bottom: 100
days,added caffeic acid concentration 200 mg/L

2 MR R EEF N RAEE
Fig.2  Chromatogram of anthocyanins co-pigmented with
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Fig. 3 Absorption specira of anthocyanins copigmented with
ferulic acid in blackberry juice
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Fig. 4 Chromatogram of anthocyanins co-pigmented with fer-
ulic acid
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100 days, added ferulic acid concentration 100 mg/L; Bottom: 100
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Table 1

Backberry anthocyanins derivatives co-pigmented with

caffeic acid or ferulic acid
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Fig. 5 Structures of blackberry anthocyanin derivatives co-pigmented with caffeic acid or ferulic acid
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BER E g AR RN I B A
SRV A A SR RV T Al A5 B WA 4 B T
BEEARBFIE 0, Kb 410125 o0 SRR BEFRIT I A4 AR, FRIT. 547100

N TRV R ELSENE (SBOS) VR A AE 2 A X W W 74 R A R RE O 32 e S HIBIL R, ) 77 1 56 v
21 HERWr BRI LARAE 12 S P18 2 41, 341 6 3k, 0 IR EN AN 0. 5% SBOS HMRANHT A 208 B H AR, ik
B0 14 do JCsRAE R AR R R, 2000 TR0 T U R4S AR R B2 R AR SR A U, T R DUBE R O B IL
5 A S EORE B R R ROK - o T ARG T 10 SKPRVLAAE  BEL o> 2 41, b BRI i) ikt . Tkt 4 d,
BRI 3 d, WOARFERE 5 RITE I E T4 BT RLEE U RDRLIS DT O A3 o S5 R SRWT, S40AE 30 AL A [E, SBOS
ZEAFHE -3 HOoR B | O FRIDR) di Fe M TG 2 35 A8 k5 o 2 PR 3R R 2 75 i 35 T e, B L i R T
(P <0.05) ;¢ H 2R (2 28R BV IR R & R AR IR 1Y) & BE X 25 T (P < 0. 05 ) s HLEE F ADHLIR 7 1 Ak
FhAEFEBESE, &R SBOS n B HUER I TR w48 H AL,

KRR KT 5 IR A AR b 5 B SR B Qs

HE %S R284. 2 CERARIRAG : A

Effects of Soybean Oligosaccharides on Growth Performance
and Nutrient Metabolism in Weanling Huanjiang Mini-pigs

ZHOU Xiao-li' ,FU De-zhi' ,KONG Xiang-feng'** ,SONG Xiao-yan' ,GENG Mei-mei' , YIN Yu-long'
' Key Laboratory for Agro-ecological Processes in Subtropical Region and Hunan Engineering and Research
Center of Animal and Poultry Science ,Institute of Subtropical Agriculture ,Chinese Academy of
Sciences , Changsha 410125 , China ;* Huanjiang Observation and Research Station for Karst Ecosystems ,
Chinese Academy of Sciences , Huanjiang 547100 , China

Abstract ; This study was conducted to investigate the effects of soybean oligosaccharides (SBOS) as antibiotic alterna-
tives on growth performance and its mechanism in weaned piglets. Twelve Huanjiang mini-piglets weaned at 21 d of age
were randomly allocated into two groups with six replicates in the feeding trial. The piglets were fed with a antibiotic- or
0.5% SBOS-supplemented diet for 14 days. Feed intake per piglet was recorded daily, and the body weight was got at
the beginning or end of this trail,as well as collecting the blood. The plasma were separated by centrifugation and used
for measuring biochemical parameters and contents of free amino acids. Ten Huangjiang mini-pigs were randomly alloca-
ted into two groups as same as the feeding trial in the digestion trial. After 4 d pretrial and 3 d official test, the feces were
collected to determine the digestibility of dry matter, crude protein and crude fat by indicator method. The results showed
that the average daily feed intake,average daily gain and feed/gain in piglets fed SBOS-supplemented diet didn’t com-
pared with the control group;dietary supplementing SBOS decreased (P <0.05) the plasma contents of urea nitrogen
and ammonia, while increased (P <0.05) the plasma content of total protein,compared with the control group;the plas-
ma contents of glycine, histidine, lysine , arginine ,and metione in piglets fed SBOS-supplemented diet increased (P <0.
05) ,as well as the apparent digestibility of crude protein and fat (P >0.05),in comparison with the control group.
These findings suggested that SBOS as an antibiotic alternative cloud be used in the diet of weaned piglets.

Key words : soybean oligosaccharides ; blood biochemical parameters ; nutrient metabolism
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LA PUE ZRACHE BRI . RS
Bl (SBOS) SR 524 BLRHE R Fh 1 v 3 A7 1 m] i 1k
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e AR REBE T8 (A 4 B AP, AT A 38 ) 3 i 1
PCESIIX R B [l B e f R AT e
AR LR R T AE S o AIUEIIE T SBOS X
WIPRLAAE A= AL RE S B R W A B, B 7
NI S IR R TR AR a4l

1 HBS T

L1 K%z AxEERSA

T FR0 T 2009 4F 6 AR P PR AR M6 A
FREG AT R 21 BRI RIS 12 3k,
BEALIM 2 20, R 6 ko $ierh [E M 7 34 8 I i 2
EIREE A NRC(1998) #7522 5 e i 2L 6 H
Fo X IRAHTEEA HOM P as b Az R, il 4 70 i
filt HAR A 0.5% SBOS( &K T-85% ), HAR
HA 2 A5 K PR kR A . HHRE 3 Uk, A R
BAIIOK o T s JEAT O Bl e, PSS
WG, B R PRI AR AR D B i . EIl
W 14 d,
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H HEREFIOK , 05 KRR
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1.4 MEHFESEEBSENE
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1.-8800 784> 19 Bh & B R 4 BT AX ( H 3z /A 7)) 5
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1.5 BFUEELENE

WAL T IE B 45 K 7:00 1 1400 Ui 3%
BE 4 CALAE A K R 0 AR A 195, 12 10%
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B« +5 5%, I SPSS B fFik A7 EA7 4k
fie X} -k, P<0.05 RnEFEE,

2 #FREGH

2.1 SBOS 3t W §AFRT & ¥ 4 1K 4R B S0

% 1 Al L, 386 JF IR I, SBOS 1 F1 %} A 4H 1
TR R R T AR T A I 14 d 5 P2 R 1 R
P HEE P HREEARE L Z SR
Fo

F1 BRANMKXEEENHHINIEEZERKERENM(n=6)

Table 1  Effect of dietary supplementation with soybean oligo-
saccharides on growth performance in weanling Huan-

jlang mini-pig (n =6)

5 WAL 0.5% KTl

Item Control 0.5% SBOS
YT Initial weight(kg) 3.15+0.39 3.23+0.34
AT Final Weight(kg) 4.26 +0.68 3.70 £0.68
T AT ADG(g) 78.85 +23.34 54.45 +15.28

Y HRE & ADFI(g) 175.90 +30.79 121.10 +£26.96

BEL F: G 2.31 +0.35 2.70 £0.99

2.2 SBOS XTI I E ¥ M 3R £ X S E AR
128 2 A UL, S50 AR AH E, SBOS 4 i 2, . Hil
SERARR A S B EFEM(P <0.05), BEHF
I EFE (P <0.05), 18 e B2 S P 1R ity
TP AT 3G
2.3 SBOS XMW IEENRFEEERSEN
=AU
H 2 3 0] UL, 5 X5 HE 2 AH Eb , SBOS 2 Ifil 3% 43 &
M2 CEDE 2R 22 R S =B B EREIR(P <
0.05) , HZ M HEMR iz WL s 2 R 8 2 R 1Y
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P RFETIR (P <0.05) ; B &M & M4
[ JC % 225+ (P >0.05) .
R2 HEAMAKEZEXMHHNIFTELRELSHY
M (n=6)
Table 2 Effect of dietary supplementation with soybean oligo-
saccharides on plasma biochemical parameters in

weanling Huanjiang mini-pig (n =6)

TiH YTHRZH 0.5% K& IR
Item Control 0.5% SBOS
%% GLU (mmol/L) 6.97+0.35  6.66 +0.61
BB RR G ALP(U/L) 302.3+77.7  342.6x117.1
2% BENG 2 14 LDL( mmol/L) 0.82+0.09  0.82+0.22
%5 8 11 HDL( mmol/L) 0.96+0.17  0.88 +0.21
114 AMM ( pmol/L) 86.13+0.76  84.86 £0.73 "
Hih =Mg TG (mmol/L) 0.64+0.07  0.51+0.04"
M TP (/L) 58.30£2.50 63.88+1.95"
175 4 ALB (/L) 32.08+3.13  34.54£1.39
JH# E CHO ( mmol/L) 2.050.12  2.06 £0.32
JRZ %A UN (mmol/L) 3.77£0.41  3.21+0.59*

T FRRITEEEE R B E (P <0.05) , R,
Note: * means values in the same row differ significantly (P <0.05) ,

the same as follows.
=3 HRAMAEEBNHNMIEELEFSIER
E=MFME (nmol/mL,n =6)

Table 3 Effect of dietary supplementation with soybean oligo-
saccharides on plasma contents of free amino acids in
weanling Huanjiang mini-pig (n =6)

H Xof B2 0.5% K FEHEH
Item Control 0.5% SBOS
KN R Phe 115.42 +12.10 130.12 +7.98
BEE R Tyr 138.22 +16.63 171.34 +14.37
TR Leu 229.55 +45.74 266.18 +32.91

196.02 +31.27 218.02 +20.52

293.72 +61.72 396.35 £49.30
863.91 £88.23 732.98 +35.25
1458.7 +37.19 1582.3 £35.36 "
46.54 +3.16 46.55 +2.76

537.29 +18.44 450.77 +77.35 "

KA Cys 49.20 +4.50 34.90 +1.44*
%R His 120.40 +9.33 157.00 £12.6*
AR Lys 230.48 £11.19  281.197 +14.31*
K Arg 121.49 +19.82 178.83 +15.17*

4 217.23 £10.93 198.26 +7.42

1117.6 +85.55 783.6 £242.41"

ko
oA
¢z

@
=2

HEFR Met 49.87 +5.27 80.87 +6.61 "

SR

Total amino acid

5878.6 +835.58  5709.3 +398.57

2.4 SBOS MM IEREFRMRIELENZIN

4 n] UL, S50 R A AR, SBOS 4L 2R 11 A1

FELIE 7 64 0 A 3R BRI AT TR (H 22 AR 3 (P >
0.05),

x4 HRAMXKEEEXH MM IEEERMBURHLER

BIRME (n =5)
Table 4  Effect of dietary supplementation with soybean oligo-
saccharides on nutrient digestibility in weanling Huan-

jlang mini-pig (n=5)

e X IR 0.5% KM
Item Control 0.5% SBOS
M Crude protein 42.72 £5.50 43.21 £1.87
MBI Crude fat 53.60 £5.92 56.45 +5.44
F4) 5 Dry matter 71.75 +£3.44 69.24 +2.08

3 i

K E/NE IR, A 20 20 80 AR LK,
SRR UR T X5 /NS B U5 A AN S 56 3 W 1k 5 B 0
5% o AH/NRURE B SE R S AT R v 55, i = Hst AR
SERRAE VB SR EARE R A BEARESE | 1 [ Y A ik =
AR BRAE T LAZ: RE S AR AR R AR FE L mm 1 /NG
ROPRAELERE . 25 T IRV M 09 1) 3245 BRI 3 A pL
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FFRERTE B2 e AN B 5, (B 23 1 i Dh e
B BhA NHRGE, BN 0. 3% FFEM +0.15% H
TSNS, H 3 E AR AR LU IR e e, T
I — SRR B Y eI, T
Jin SBOS 14 d J& , Wil {44 AR KR RE L I A $2 5 o
LI R AT 68 2 i T B 25 ) SO0t B 1 B i T
i A R AN — R S R B AE A Kk f L, (R A R
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Degradation and Antioxidant Activity of Xanthan Gum

SUN Tao* ,XIONG Xiao-ying, WEI Ying-juan, XIE Jing, XUE Bin
College of Food Science and Technology ,Shanghai Ocean University ,Shanghai 201306

Abstract: Two xanthan oligosaccharides were prepared by oxidative degradation in acidic condition. The products were
characterized by FT-IR,and the molecular weight of the products determined by GPC method was 7500 and 10100, re-
spectively. The antioxidant activities of the xanthan oligosaccharides were investigated by the scavening of superoxide an-
ion, hydrogen peroxide and reducing power. The result indicated that 10100-XG exhibited higher antioxidant activity than
7500-XG. It may be related to the the content of hydroxyl groups.

Key words : xanthan ; oxidative degradation ;antioxidant activity
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Extraction and Antioxidation of Polysaccharides from
Lygodium japonicum ( Thumb. ) Sw

XTAO Huai-qiu” ,LI Yu-zhen
Applied Chemistry Depariment of Hunan Chemical Industry College ,Zhuzhou 412004 ,China

Abstract ; The quantitative effects of extraction time ( ETm) ,the ratio of sample to water (S/W) ,and extraction temper-
ature (ETp) on polysaccharide extraction rate from Lygodium japonicum ( Thumb. ) Sw were investigated using response
surface methodology( RSM) ,and the optimum extraction parameters were determined ; ETm of 123.3 min,S/W of 1:20.
9 (w/v) and ETp of 49.9 °C. The predicted PS exiraction rate reached 12.446% ,and the result of verification experi-
ment is 12.85 +0.18% (n=3). The antioxidant activities of the purified PS in vitro were evaluated and compared to
standard antioxidant as Vitamin C. The results indicated that the purified PS showed strong antioxidant activities against
0, " and - OH.

Key words : Lygodium japonicum ( Thumb. ) Sw;polysaccharide (PS) ;superoxide anion free radical ; hydroxyl free oxy-
gen free radicals ( OFRs) jresponse surface methodology ( RSM)

Introduction

In recent years,some bioactive polysaccharide (PS) i-
solated from natural sources have attracted much atten-

tion in the field of biochemistry and pharmacology.

[1]

They exhibit various biological activities' ', such as

strong antioxidant properties,and can be explored as a
]

novel potential antioxidant'*'.
Fern is a sporous plant with fascicular, and now exists
approximately 12,000 species around the globe. In Chi-
na , there is about 61 families,223 genus,2600 species,
there exist around 300 species may be selected for the

[3]

purpose of medicine usage'’'. Lygodium japonicum
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(Thumb. ) SW,one of the most valued traditional Chi-
nese medicines (TCMs) , can be found in hillside, for-
est, bosk, and lawn in the Yangtze River drainage re-
gion and several southern provinces in China. The
whole plant and mature spore of this plant have been
used for the treatment of pneumonia,acute gastroenteri-
tis, dysentery, urinary tract infection, skin eczema, ne-
phritis dropsy , urine calculus,and so on'*’.

Currently ,many works mainly centralized in its curative
effects™’ ,but less on the extraction parameters optimi-
zation using response surface methodology (RSM) and
the function mechanism for supporting its versatile bio-
activity , such as antioxidant activity. In this study, a
RSM based on a three-factor-three-level Box-Bohnken
Design (BBD) was employed to identify and optimize

the ecritical, and significant extraction conditions that
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will maximize the production of PS. And meanwhile,
antioxidant activities in vitro against O, ~ and + OH of

purified PS were also investigated.

Materials and Methods

Plant materials and chemicals

Aerial part of L. japonicum was collected from Jiulang
Mountain located in Zhuzhou city , Hunan Province and
identified by LI Lan who graduated from Hunan Uni-
versity of Chinese medicine. The collection was natural-
ly dried, and ground into powder. Vitamin C was pur-
chased from Nanjing Jianchen Ltd. ,Co. . And all other
chemicals and reagents were of analytical grade.
Extraction and preparation of crude PS

L. japonicum was weighed (approx.5.0 g) and dipped
in proper amount of double distilled water, and extrac-
ted at a certain temperature for a period,and the resul-
ting suspension was centrifuged (4000 g for 30 min) ,
the resulting supernatant was then membrane-filtered
(0.45 wm, Millipore ) , the filtered aqueous solutions
were cooled ,and then,vacuum freeze-drying at -14 °C |
giving a final volume of about 50 mL. Three volumes of
anhydrous alcohol were added to this concentrate, the
resulting mixture was placed in a refrigerator at 4 °C
overnight. The resulting precipitate was separated by
centrifugation , washed exhaustively using 96% alcohol ,
dissolved in deionized water, and prepared for further
purification.

Purification of crude PS

Trichloroacetic acid (TCA) was added to the crude PS
solution to denature and precipitate protein, and dia-
lyzed using dialysis bag at 4 °C overnight. Trace pig-
ment was absorbed using activated charcoal. One hun-
dred milligrams of crude PS was dissolved in distilled
water and the resulting solution was membrane-filtered
(0.45 pm) and applied to a DEAE-52 cellulose col-
umn (1.6 x40 cm). The column was eluted firstly
with deionized water, and then successively with 0. 5
mol/L KCI at a flow rate of 30 mL/h ( data omitted ).
PS concentration in each fraction was monitored by the
phenol-sulfuric acid method™®’ | and then, purified PS
was gained and collected for further investigations.

Extraction parameters optimization of PS using

RSM

The experimental design employed in the present study
was a Box-Bohnken Design with three affected factors,
i. e. ,extraction time ( ETm) ,the ratio of sample to wa-
ter (S/W) and extraction temperature ( ETp). The ex-
perimental plan consisted of 17 trails and the value of
the independent response was the mean of the tripli-
cate. The second-order polynomial coefficients were
calculated and analyzed using the ° Design expert’
(Version 7. 0. 0, Stat-Ease Inc. , Minneapolis, USA )
statistical package. Statistical analysis of the fitted mod-
el was employed to evaluate the analysis of variance
(ANOVA).

Determination of OFR scavenging activities in vitro
Sample solutions with different concentrations (0 ~300
pg/mlL) were prepared for antioxidant appraisal.
Determination of O, °

The ability of the purified PS to scavenge O, = was de-
termined according to the method represented by Nish-
ikimi "), The scavenging effect was calculated using
the following equation.

Scavenging effect (% ) =[ (A, .-A
100%

Determination of - OH

>/Ac0mrolJ X

Sample

Measurement of - OH scavenging activity of purified
PS was investigated based on the approach described
by Chung'®' with some modifications. The reaction mix-
ture consisted of 0.1 mL of 10 mM FeSO,,0. 1 mL of
10 mM EDTA,0.5 mL of 10 mM «-deoxyribose,0. 9
mL of sodium phosphate buffer (pH7.4) and 1. 0mL
of various concentrations of PS sample and standard
were thoroughly mixed in a tube separately. Hydrogen
peroxide (0.2 mL,10 mM) was then added and the
reaction mixture was incubated at 37 °C for 1 h. One
milliliter of 2. 8% TCA and 1.0mL of 1.0% thiobarbi-
turic acid (TBA) were added to the test tubes and
boiled for 15 min. After cooling the mixture, the absor-
bance was measured at 532 nm. Sodium phosphate
buffer (pH 7.4) instead of sample was used as blank.
The scavenging activity was evaluated as the inhibition
rate of a-deoxyribose oxidation by - OH. The scaven-
ging effect was determined using the formula described
by Ren *).
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Statistics 9 0 0 0 12.413 12.85
All the data were expressed as mean + standard devia- 10 0 21 1 6.611 6.90
tion (SD) of the triplicate. The values were regarded to 11 1 1 0 8. 611 8.63
be significantly different when P <0.05. 12 0 0 0 12.317 12.85
Results and Discussion . ° ° ‘ 12210 2%

14 0 0 0 12.312 12.85
Optimization of extraction parameters 15 0 1 1 9.743 9.73
In RSM, a prior knowledge to understand performance 16 1 0 1 8 627 8.59
of the process and process variables under investigation 17 0 0 0 12.825 12.85

. o - 10
is necessary for achieving a more realistic model'""’.

Preliminary trials [ ( Plackett -~ Burman design, PBD)
and (steepest ascent design,SAD) | indicated that the
range of ETm (90 ~ 150 min) ,S/W (1:10 ~1:30,w/
v) and ETp (45 °C ~55 C) is beneficial for PS ex-
traction. The range and levels of the three independent

variables are presented in Table 1.
Table 1
Bohnken Design

Level and code of variables chosen for Box-

Symbols Coded levels
Variables
Uncoded Coden -1 0 1
ETm/min X, X 90 120 150
S/W(w/v) X, X 1:10 1:20 1:30
ETp/C X X3 45 50 55

The design matrix of the variables in coded format is
presented in Table 2. Each run was repeated in tripli-
cate ,and thus the values list in Table 2 were the aver-
age value of the triplicate ,and meanwhile , the predicted
values of the response were obtained from quadratic model

fitting techniques and also be displayed in Table 2.
Table 2 Box-Bohnken Design matrix along with the exper-

imental and predicted values

PS extraction rate (% )

Run ETm S/W ETp

order (%) (x,) (x5) Experimental Predicted

value value
1 -1 0 -1 8.545 8.23
2 1 1 0 9.849 9.83
3 0 1 1 7.81 7.52
4 1 0 -1 9.12 9.16
5 1 -1 0 9.396 9.06
6 -1 1 0 8.682 9.01
7 0 -1 1 9.183 9.20
8 1 0 1 8.583 8.90

It can be seen from Table 2, there is a considerable
variation for PS extraction rate depending on the extrac-
tion conditions. The replication at the central point con-
ditions resulted in higher the PS extraction rate than at
other levels. The predicted value (y) can be fitted and
described as:

y=12.85 +0. 31x, +0. 29x, +0. 023x; +0. 095x, x,-
0. 15x,2;-1. 13x,%,-1. 45x7-1. 83x3-2. 25x5 (1)

Where y is the predicted value, and x,,x, and x, are
the coded value of the tested variables.

The statistical significance of the fitted Eq. (1) was
checked by F-test,and the ANOVA for quadratic model
is summarized in Table 3.

Table 3 ANOVA for the fitted quadratic polynomial model

Source Sum of 4, Mean Fovalue Probability
squares square (p) > F
Model 55.87 9 6.21 52.96 <0.0001
Lack-of-fit 0.59 3 0.20 3.47 0.1305
Pure error 0.23 4 0.057
Corrected total 56. 69 16

R* =0.9855,Adj. R* =0.9669 ,and R =0.9943

The value of Adj. R* (0. 9669 ) suggests that 96. 69%
of total variation is attributed to the independent varia-
bles and only 3.31% of the total variation can not be
explained effectively by this model. The value of R
(0.9943) indicates good agreement between the pre-
dicted and experimental value. The value of lack-of-fit
for quadratic regression Eq. (1) is not significant (p =
0.1305) , which indicates that the model equation was
adequate for predicting the response under any combi-
nation of values of the variables. The coefficient esti-
mates of Eq. (1) ,along with the corresponding p-value

are presented in Table 4.
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Table 4 Results of regression analysis of a full second-order polynomial model

o Pubabiin() >
Intercept 12.85 0.15
% (ETm) 0.31 0.12 0.77 0.77 6.57 0.0373
%, (S/W) 0.29 0.12 0.65 0.65 5.56 0.0505
a3 (ETp) 0.023 0.12 0.004 0.004 0.036 0.8547
X%, 0.095 0.17 0.036 0.036 0.31 0.5943
X175 -0.15 0.17 0.096 0.096 0.82 0.3961
A -1.13 0.17 5.07 5.07 43.28 0.0003
o -1.45 0.17 8.85 8.85 75.52 <0.0001
2 -1.83 0.17 14.13 14.13 120. 56 <0. 0001
3 -2.25 0.17 21.27 21.27 181.48 <0.0001

The p-values can be obtained from Table 4 that x, is
significant( P <0. 05) ,x° , x5, x; are extremely signifi-

cant (P <0.01), nevertheless, x, , x5 , x,%, , x,x; and
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of the tested variables in coded format are x, =0. 11 ,x,
=0.09 and «x,
ETm of 123.3 min,S/W of 1:20.9(w/v) and ETp of
49. 9 C, respectively. Under these conditions, the

-0.02,in uncoded (natural) units are

crude PS extraction rate of verification experiment is
12.85% +0.18% (n =3),slightly greater than that

obtained from the plot analysis.
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Scavenging activity of the purified PS to O, ~ and
- OH

The O, * and - OH scavenging capacities of the puri-
fied PS and standard vitamin C are shown in Fig. 2-A
and Fig. 2-B ,respectively.

Fig. 2-A illustrates that the purified PS was capable of
scavenging O, ~ in an concentration- dependent man-
ner ( linear regression equation is y = 5. 9838x +
0.081,R* =0.9449) , which is similar with the results
reported by Li X"*'. The 50% of O, * inhibition con-
centration (ICsy, - O, ) of purified PS and Vitamin C
are 83.42 pg/mL and 62.06 pg/mL, respectively. The
inhibition precentage of O, * generation by 300 wg/mL
doses of the purified PS and Vitamin C was found as
96.26% and 96. 14% , respectively. The results dem-
onstrated that the purified PS exhibits strong O, ~ scav-
enging activity,and could bear comparison with that of
Vitamin C. The + OH scavenging activity of purified
PS and Vitamin C are presented in Fig. 2-B, the inhibi-
tion percentage of different purified PS concentrations
on + OH scavenging can be formulated as a linear re-
gression equation y =5. 5912x-1. 2655( R* =0.9207).
Results illustrated that the purified PS possesses a
strong + OH scavenging capacity. 50% of - OH inhi-
bition concentration( ICy, - + OH) for PS and Vitamin
C are 91. 69 pg/mL and 66. 16 pg/mL, respectively.
The precentage inhibition of + OH generation by 300
pe/mL doses of the purified PS and Vitamin C was
found as 75.63% and 74.82% ,respectively.

Conclusion

In this study,a RSM based on a Box-Bohnken Design
was applied for optimization of crude PS extraction. The
optimum conditions were determined as ETm of 123.3
min,S/W of 1:20.9(w/v) and ETp of 49.9 °C ,the
predicted value and verification experimental value of
PS extraction rate are 12. 446 % and 12. 850% , re-
spectively. The antioxidant evaluation of purified PS in
vitro revealed that PS possesses strong O, ~ and - OH
scavenging activity, which may be comparable to vita-

mine C. Through our investigations, it may be rational

to assure that PS from L. japonicum can be used as an
effective OFRs scavenger and play its curative role in
traditional medicine due to the mechanism of antioxi-

dant ability in it.
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Extraction Conditions of Doramectin in Fermentation Broth of
Streptomyces avermitilis

ZOU Ze-xian'” ,CHEN Xin' ,ZHANG Xiao-lin**
'Wuhan Polytechnic University , Wuhan 430023 ,China ;> Academy of State Administration of Grain ,Beijing 100037 ,China

Abstract: The optimal extraction conditions of doramectin in fermentation broth of Sireptomyces avermitilis were investi-
gated by parallel experiments. Factors including distribution ratio of doramectin in fermentation broth ( hyphae or super-
natant) , extractants, extraction times,storage time,pH and temperature on extraction results were investigated with one-
factor experiments. Meanwhile ,the optimal extraction times and extracting volume were optimized based on using ethyl
acetate. The optimal extraction conditions of doramectin in fermentation broth of Streptomyces avermitilis were obtained as
follows ; the optimal extraction solvent was methanol ,and doramectin in fermentation broth could be stored for at least 144
h within the conditions of pH from 3 to 11 and temperature from 20 to 80 °C. Using ethyl acetate to extract doramectin,
twice was the optimal extracting time, and the twice volume of ethyl acetate and concentrated extract was the best extrac-
tion proportion. Under the optimal extraction conditions,the concentration of doramectin and its extraction rate were 151.
78 wg/mL and 98.00% ,respectively.

Key words : doramectin ; fermentation broth ; extraction condition
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Fig. 1  Effects of pH on the extraction results of doramectin
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Optimization of Ultrasonic-assisted Extraction of Total Polyphenols from
Agrimonia pilosa Ledeb. by Response Surface Methodology

XU Xiu-quan'* LI Feng’ , TANG Jian' ,XU Yuan'
' College of Pharmacy ,Jiangsu University , Zhenjiang 212013, China;
*Affiliated Hospital of Jiangsu University , Zhenjiang 212001 , China

Abstract ; Response surface methodology (RSM) was used to optimize ultrasonic-assisted extraction for total polyphenols
from Agrimonia pilosa Ledeb. based on single-factor experiment. The main factors extraction temperature ,liquid-material
ratio and ethanol concentration were determined. The relationship between influencing factors and response values was
established. The optimum extraction conditions were as follows : the extracting solvent was 71% ethanol , solid-liquid ratio
was 1124 extracting temperature was 60 °C ,and extracting time was 20 min. Under these conditions,the maximal yield
of total polyphenols reached 3.56% ,which was well matched with the predicted content.

Key words : Agrimonia pilosa Ledeb. ;total polyphenols ;ultrasonic-assisted extraction;response surface methodology
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GiA BRI
1.3 XWHE
1.3.1 Arfrwn&eg24)
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SO N RS AR, A R L A IR
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TR 2 /N, LAAH R R Oh 25 B, 45643
JEEED:  E 750 nm Kb WO R, DAY BE R A Ak
b, R B R AR A, 2 AR HE 2R, 5 Y = 0. 0147 X-
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1.3.2 {3 ¥ S B R IRA AN E
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2.1.1 mp@iXEEH R XS R

FRAE O A BE T IR B, 2354 1 1 T AT 1k
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BHE L SR R RE =R AR R, B
Z2 M BRI 3 A e AR, B3t 3 IR 3 K3k 17
A S R 0 W 87 TR A BT S o XHR BORLEE BRI LE
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Table 1  Factors and levels of RSM test
% N 4t 7K P Level
Factor Code ] 0 1
EL yH fF
PRIBUR Xl 10 % 6

Temperature (°C)

BRI L . . .
Solid-liquid ratio (g/mL) 2 115 1:20 1:25
sy [
BRI X3 40 60 80

Concentration (% )

R2 MRES AR R
Table 2 Design and results of RSM test

LKN%\% Fib{H Unicode ?ﬁﬁﬁ:ﬁ
o. X, X, X3 yield (%)
1 -1 -1 0 2.43
2 -1 1 0 3.14
3 - 0 1 2.80
4 -1 0 -1 2.75
5 1 -1 0 3.01
6 | 1 0 3.58
7 1 0 -1 3.12
] 1 0 1 3.36
9 0 1 -1 2.92
10 0 1 1 3.42
11 0 -1 1 2.75
12 0 -1 -1 2.60
13 0 0 0 3.29
14 0 0 0 3.34
15 0 0 0 3.30
16 0 0 0 3.31
17 0 0 0 3.36

2.1.2 #ZIBAGRELBEFMEL
IV ] Design-Expert 7. 1.6 #5013 2 rf 598
AT R Z I RG99 B0 A TR B (X)) JRHE
W (X,)  CBEHR FE (X ) 55118 0 22 T 22 ] /) — Ik
Z IR 372
Y =3.32 +0.24 X, +0.28X, +0. 12X,-0. 035
X,X, +0.048 X, X, + 0.088X,X,-0. 09X;-0. 18 X;-
0.21 X3
XA AR AR R AT S R, A5 R L3 3
®3 UBELSHMIRENRFESNER
Table 3 AVONA of total polyphenols exiraction rate of Agrimo-
nia pilosa Ledeb.

i 25K A AWME ¥or A FE BEHOKE
Source SS \Y MS F P>F

X, 0.48 1 0.48 106.90 <0.0001 * * *

X, 0.64 1 0.64 144.86 <0.0001 * * *
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X, 0.11 1 0.11 24.84 0.0016* *
X, X, 0.005 1  0.005 1.10 0.7328
X, X, 0.009 1  0.009 2.03 0.1973
X, X3 0.031 1  0.031 6.8  0.0342*

X3 0.04 1 0.04 9.00 0.0199"

X3 0.14 1 0.14 31.54 0.0008 * *

X3 0.19 1 0.19 43.77 0.0003* *

%7 Residual 0.031 7 0.004

SR Lack of Fit  0.028 3 0.009 10.87 0.0215
%2 Pure Error  0.003 4 0.0008
E B Cor Total 1.72 16
1571 Model 1.69 9 0.19 42.19 <0.0001* * *

HREBY BT 2 40 0. 9809 S RY f) YA B S R %K 0. 9586

*F*P<0.001," *P<0.01,"P<0.05

H 3 [T 7 22 W E PR IR e 0, — IR
PR ] 3 B S 2 B AR A L U 2, £
P 85 ok 22 W A5 SR A R M0y B 3 5 URITURLR L |
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Fig. 1 Response surface plots and contour plots of multual-

influence of extraction temperature and material-lig-

uid ratio on extraction rate
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Fig. 2 Response surface plots and contour plots of multual-
influence of extraction temperature and ethanol con-

centration on extraction rate
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Fig. 3 Response surface plots and contour plots of multual-

influence of material-liquid ratio and ethanol concen-

tration on extraction rate
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Advances in Chemical Constituents and Biological Activities of Clausena lansium

ZHANG Rui-ming'* , WAN Shu-qing'* ,ZHAO Dong-xiang’
'Key Labratory of Pesticide and Chemical Biology ,Ministry of Education ,South China Agricultural University , Guangzhou
510642 , China ;* Environment and Plant Protection Institute ,CATAS , Danzhou 571737 , China

Abstract; Wampee ( Clausena lansium Lour. Skeels) is a special fruit tree widely distributed in South China. The major
chemical constituents are alkaloids, coumarins , essential oils and flavonoids, which showed a variety of biological activi-

ties such as antioxidant, hepatoprotective , hypoglycemic as well as insecticidal , antimicrobial and herbicidal activities.

Advances in the chemical constituents and biological activities of Clausena lansium were briefly reviewed.

Key words: Clausena lansium ;chemical constituents ; biological activities ; pharmacological effects
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LA ST 3Rl DX ) — R Re 7 SR e R E 2= 0 2
A 1500 ARy R IE s BN FEZE A TR
VO AR B S R SR, TEE AL, EEE B
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B HA R m 25 AN, B 2R it AR b
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MR KR AR R B R R R AR 20
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P20 e A G W, 0T R i A S W B AT B
KRG PETENE . ), X 2 B3 P 0 18 20 8 DA
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TG I A R A F A W AR W I 5 4 i O
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PRV RO WSS A B2 25 AR B Iz W Q. 1T AF
ok, WA R SR BN —SEAR o IR Al T R
AR HAT BRI PRGOS o ST B B A
AT PR o S 25 BR A (L, A SO A 27 oy A1 2 3
EPERESE M LZEE , LBt — PR Z %

1 ERBHERS

1.1 A4
L1l S5 R e

BRI 2S5 W B B TP BLAT B A PR
(2K, A7 W T2 I e it by
153 AR AL A W) - BT R I ( Clausenamide) |
B8 B2 ER ( Neoclausenamide ) FIR 24 85 K2 [t ( Cy-
cloclausenamide ) , H.45#)=CanE 1.

Neoclausenamide

Clausenamide

Cycloclausenamide

B EEPMERBERELEY(1~3)"

Fg. 1 Clausenamides (1-3) isolated from Clausena lansium'™*]
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e, ¥R W R L e R4k S, BETE. 58
B 16 A S22 30 M SR AR 0 & BORAR 43, IF 38 3 %
Horp— X A () B R R AN ( + ) R I i () T
AWFFE KB, AR Ak 2 B0 T A8 1 HAT ST AR e
PEPE, B (-) B R BER R R, B 0 2 IR 2
B YUY M T SRR M+ ) B R 2
ekl
1.1.2 AABmE

B T TR R IR e SIS A B A A T B, RO
PIRGTRREAT Y . 1245 B Bz vh o B A5 3 A A

P e 26 A= W an 14 2 .
( 4) lansiumamide A: R;=H , Ry= ?:(”m' 8
) lamamxicl:]{lec,Rf"> <:h i
H 0 Ph
{7\> ‘Liﬁt\;b(: %) hnsiumamich:RFMc,Rf?—(H 8]

(7) lansumamide C:R;=Me , Ry= —CH,—CH,~Ph  [8]

(8)  N-methy-cimamamide: Rj=H , R=Me 9]

B2 EREPHAEBRERELEY(4-~3)

Fig.2 Cinnamamides (4-8) isolated from Clausena lansium

1.1.3  vfuk %
R I SIS A W L B v sl A, PR A
Yyeb o B4 B A RIS A Y BRI 9 an 3R 1
R 1 HRE AR E Y

Table 1  Carbazole alkaloids isolated from Clausena lansium

G Ew wE  SEk

No. Compound Organ Ref.
9 3-Formyl-6-methoxycarbazole b 10
10 Methyl 6-methoxycarbazole-3-carboxylate  #R 10
1 3-Formyl-1 ,6-dimethoxycarbazole i 10
12 3-Formyl carbazole B2 10,12
13 Methyl carbazole-3-carboxylate B2z 10,12
14 Murrayanine 1 10
15 Glycozoline i 10
16 Indizoline R 10,12
T minla el cabate 1
18 Clausine-A 3 12
19 Clauszoline-K E S 12
20 Heptaphylline % 12

1.2 FERE
T ERRASY) 2 AT BB, HETIZ
W B B i O R RS WA chalepen-

sin (21), chalepin (22 ) , dehydroindicolactone (23) ,
wampetin ( 24 ) , indicolactone (25) ,2", 3’-epoxyaniso-
lactone (26 ) , anisolactone (27 ) , gravelliferone (28 ) ,
angustifoline ( 8-F2FLIW G 7 7 25,29 ) , imperatorin ( EX
Ai®A25,30) F1 8-hydroxypsoralen (8-F2JL4hE IE %,
31),
1.3 &M

B SR R A e 2 B U TR A
BHRZHUE TR &Y S KA AW, D8O iR
RS A A A o ) 7 45T IR 1 g
PN o B S Y 43 Ry, T i A 4-
P (32) il (33) (y-FATMIE (34) L a-FATH I (35)
5, 2RISR N B R SR R P 2 E 64
FPRLY, 2Ny 4-HIEE-1-(1-H1 23 ) -3- 3R 4 -1 -8
(36) .3,7,7-= HIHE- 3RO 24 (37) %L 9K
HERIAE X B A S O HEAT T 0T, K&
PR s G, EEE R B-IR M (38) FATIE M
(39) . BHESE 3o B e A S AR EAT T 4
YE , REFUNI HiEIE S HAGT A, FE ALk
I A 2 G
1.4 EHERE

BRI B — S A R AR BT A AL
A BRI BT, B BT Z2 D168, Wt e 1 5 %
A BT VE FH 5 3505 B 470 S T 1 T L 7 0%
ALY BR TS PR LT S o A5 S e
MBI &, M 0.91 mg/mL, JREFEIG LA |, i@
I P88, IS I AR 7 51 45 0 o) T P AR S AT T S
5 B 2 R 95 %0 P Tt B SO v BT |y i 26 200
XUSE Tl £ 73K T 7R A 5
1.5 HE

SRR A AR B B R O P A A YR K A
JE& ( chlorogenic acid,40) Fl B befEK I FILK R
(epicatechin,41) . SKIKHHZE > BF5E K B, # iz S v
EEA TR WAL, KAz DH 16 f, Hip 7
Foth s B LR (43002 70 AR A A TR L HE AR A
W Sroe AR e BRI TR ) ,3 M &
SR (AR KRR A . T W
W8 je BB SR U AT T A3 Bkl , 25 SRR B . oA
B EA FENEA R T R R AR
LI EFIT

2 ZAEFEN
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2.1 FEHREHEMEALEE

B R E TG = B M) oA e B IR
THHR MBS, X% MR, # g
Bt 50 ~ 100 mg/kg fig B S il As b 25175 & 10
JHERR BT it S8 Ak S, B S i e P0G 20 2 I R N 4
Ve H ik S A W Tl ( GSH-PX) B 336 14, DA T S 1) ¥
Wi 1 F 3, PR AN S SZ i B VE A . Lin T 257
B, BB P g T B S A ) B -2 I R A R T AR Y
R ERAG LoC SR S2 L BIORE AR i B aot 44k, X4 El
FEEATRGFHE BRVE T o SE 90 3R I, B 5 ot i o) 46
I FR ) AR AR F R R B i SRR T Bl
Bz —, Prasad KN %' G50 & gL 0 R
KAG Y : 8- EAME e =, H AR 050 Ak T
£, % DPPH [ i B A A B B 1R 3 TR
UF B BRI

RN S A B R EE IR U, A LA Bl
ARG BT A AR RN R & R 4EA R C Al
e R E R MR A PR, TR A
JRIPSE 52 I el B 3, TRy it A IR B 0 7 A, 4
FRAfL g s B ANE R DIRe, 5 AT i A mYIIxK
E
2.2 {RBHERA

R WIS UE B B it B A Y B I 2 Ak
BYEA BRI R BUIRES %Y IR,
B 5 2 O/ BRI T S CCL (bR B
AR T g ol S804 460 403 240 4 B S DR AP/ T e 1l
A NG (SGPT ) 1% 14 A, JHF I B4 3 s 4%
JEREHG SR 09 fif dE T e . 24 B0 R W, DA B
v 3 B AT 3 A B R B B T B R T e AR B4 B B
kR E%5 CCl, rh 8 1Y /N B B AR SGPT i 4 1 1
I, FL R ER 2 B WERE A A PG R B35 . Lin GT
SEPLRN Wu YQ 2550 B gu s R i B e Ak
G YA U 20 ML 5 1 1T, 68 TE 5 /0N BRUFF 24 1 A7 A
TR, BT AT 75 s i Ok 14 20 i €2, 2% P4S0
T BB M, ST 30 e H R ( glutathione,
GSH) & 2t , X5 W 1 53 i Jf 3% 0k v 4 o H k-S54 4%
fiff ( glutathione Stransferase, GST) [ 154, tkoh, ¥
KRS B s # R B, (AFB,) 51 MK
S0 g A A% e 4 DNA 5 i (UDS) 488 4 BT O
PHERSY
2.3 HRICIZREER

CTERRTH ( Ach) &2+ = 9 pl 22 D RE Y — R AR
HEMM LA, ATy FE 50 BgERmE

ARBEAT o Wi ARBK 2, Bk % 7% i ( ChAT) 1 Z Pk AR B
Fi it ( AchE ) ()3 M 4252 M0 Ach 7KF-, AT 55 iR
IAE R G BN . REIT ST R, () R
Jiie BE 4L v /0N BRKC i 1 J2 R 6 5 440 it 1 AR 2 Tk
R (ChAT) B3G5 SF TR i 5 |k 1) 2. ik
JIRA 5 S BRI . () B Tk e 3 o 412 3 I i e ot
ZICRE SR CHEIRGE (Ach) BEHC 3 ChAT (7
PE KA L TBERR R ( AchE) BT% P , S 57 IH T g
ARG, R ERT

V3 T b 2 7 K 2 ik 1) T 9 AR Ak T BB 2 2T il
TCIR G AR )2 LA LTP gl 2 3 Fh ] ¥4 25 i
BAIAR R, Fh 2 ST O R R HE S i 5 LTP
AR A R BRBFSEIE R, (-) ¥ R TR fiE
it A SV A R ] e 4 2 AR ST 35 T 75
(BRI H S (PS) T H 5 0 380375 & B K A R 34
(LTP) ™, 7F FARFEH 9 R RUBRL opr | K JUIE 15 45
T (=) B Rz IR PT 0 2 4 v o o K R 25 ] 2 > il
PRS2 02 /e 1 o FLIE e 20 MR,
P Bkt B-TEMFEZ K 25 ~ 35 | Btifs R 2F
ey RE AT HL A B 4 s 1 T G PR e
FEN 2 D IEC R R R T 2% B —E
TRAVET T sl R 3 R e HA B 00
B 25 M SR ICACIE
2.4 mARATHIER

g1 ON R Y 7 WS IR i 1 R A e o N i e
JORBE R —Fh E S PESE T, B e — A SR 1 i
P X T E MR RE AT S S5, Bel2 2
Gy ik 26 kKD (941 S B AR 11, IR e AL TN
T SRR TIAZ I, & REI ] 2R R 355 & ) 4t
JT-"Y . GSK-38 B —Fp i T 11, 4b T U4 T3
H AR S A RV RS R TR, () B R
AT ] 25 L TR PC12 40 GSK-3B K ik,
Hn Bel-2/Bax L ARLMTBH W7 25 1ML 6 It 250k 28 44 1)
PAT= o XU BB FEAE 0 R, (-) ¥ Rz R ] ) A
PEHE XU AN Bl 2 JE VA R HCALE AT e S
PTIA T bel 2 35k, FRARAE A T- LN bax 36
ik, M Bel-2 /Bax (Y HAEA 6. LA % BEoE
RI, (-) BRI P A M it o - P 3 R T RIS M
PHER, (-)) B BRBEHTIR T-HLHI 5 bel-2 EH
FEIRMEINA O, 2T bel-2 EAERY,
2.5 Pem#EEMASER

AE S B4R S ot 23 L 2 T 9 i I K 3 ) X B
JIRA% BT 2R (Streptozotocin , STZ) 3 Ji Fr) 55 98 K B4 4
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VRIS LA — R R o 8 AT 95 46 e, A
BRI Ry A B A B R A SRS RE R IE /N BRI
VPO 4 R W e LA/ D BRUA A , e REXT P BRI R Y
T MBEVEFH , (EOF i LR v DU TE 52, PRI Oy
B A S (R R AR B A (6] 7 XU, AN [
TREBEIRSE . T ™ i, & RS A )« ind-
icolactone,2’, 3’-epoxyanisolactone £l anisolactone 14
HA—E MR G BRI R A 25
REWE LA M2 RN B IR 2K L BT 2 2 2R A
T SLAESEAE WO K b i 5 i A ORGSR H
S IUBEFE P A RO 2 o s, B S AR 7
SR FHMR IR Ay 3 0K R 94 v JIEL [Tt o A g A A
AT S, R I B R AR = R I R A A
W, I REA R B AR ALY r S A [ WA 8-
AR, SRS 1B B AR AR
2.6 HiBhE. L HIV FEiE

PR (AIDS) 2l A G2 B f 5 7 ( human
immunodeficiency virus ,HIV) 5| o84 B 5% GG
PEG o 8 R ARG A ] HIV g6 4, H 3%
TG PEY) B & ORI Sk & Y. Ng TB
ZE LTI, e Rh T BRI HIV-1 5585 14330 5
il ELAT— 52 B4 IR . Sancho 457 5 3o BF 5% %
LAY imperatorin XiF HIV-1 FU35 ) & il HA
iR

HCE A R SRR E Y B —E R SUh
RITE E , Giovanni A 5 30, WK1 2 H A 4
W EEPE , HAOS A R A A P T AR T i
WY G, /S Fede o ZALS WA T 0T K o R
ifr e 2 B EL A B B TR PR AU 254 . Prasad KN 4511
B, PN Rz Th A B 4G B Y 8- FE A R 2 X A 4K
B0 bk SGC-7901 (A A4 AT e 0 Jfl bk HepG-2 FiI
AR B des I A-549 ELAT AR 53 A4 i 3 14 o
2.7 HApthiEH

XA IR & L, S LA —E I A
T, K SR Al AL Y T BT 1 B R R L Bt
O P R R, LD SO A T o
KANEEE . Adebajo AC 45 ™ 4R3H W # i 25 J rh 43
B 158 ) imperatorin £ 3-formyl carbazole 75 BH ii} (1Y
PO RGP . R = R ¥ e B i i
PR BTG i 2 A PR, AR 107 mol/ L vk
F AT Y S A 505 € e (T A R 2R RN AR AR DU AR R
7 R A I A A

3 WRA%XYEME
3.1 MEEE

B TG JHe 2 A B AR B ) 0 R e
KUFFER A5 30, B AR PR T BRI X 7 2
o T AR SRR R S5 — AR e 4 . P
Bz SR AT Tt S IO ) i A L T T 22 2 K T o)
HiRF 88.83% . JaATE MBS, B2 (E)-N-(2-28
) AR B e o B I A IS R A R
28513 I Bz SR A v 43 B Al AR B A R B e
KAA W Lansiumamide B (14410 5 15 7F #E 47 I 55 A&
B,z YA 0. 8 mg/mL ¥ R, X S 0% S I
i ( Colletotrichum gloeosporioides ) F1 75 F£ 4 25 5 14
( Fusarium oxysporum ) [ B 22 H KA 2853531 4y 83.
33% F160.78% ,FBLH TARGF R BTG ko R
FEWERERA G A | BB i RS A e A R
AL B Yyt B R4 9 0 B 15 % . Chakraborty A
A1) 5 TR 24 A ) AN (S 2% E B B
VAT e O ) 338 ) i e JEC Tt A T S 4 4 i
Wbk, Tada Y 4504 | W 26 567 H 40 74 bR ek
S B (OB A BRI | PP ARU VT PR 24 46 B (R A K T R
J T B AN S BRI B A — o P BT TS
3.2 BREEME

BB 1 ZE R AZ A A A ) BT 6 B RN
P, 1Z AL A Wy R LB 45 22 b A BB AR 2 B 2R
RLAGIRIIEE . TR T R, 3 SR R AR
WITE 1% I, %Pz PR & 25 R4 2 i ) 1Y)
WREAIMHRIYLE 50% Zefio Fgiiss™ > gk
DU ZE T B Rz 1 B o0 AL e R0l =52 19 016 375 A 400 ) 0
P, 8 BRSO TE 8 mg/ml RYAL B T, 22 %
ARG CHAC 365 nm) BRES 2 h J5 X BURLAYAR (25 i
BRI 245 R 87. 84% .60. 38% . 18.40% , F
JEIRALBE N 77.99% (45. T1% | 14. 44% ; Tl % fz i
RS IO TE R B2 R 4 mg/mLL i), 2R F 52 ARG Ak
FH 00 A5 8 il 5 AR | 25K RN B R A R R ) Gk
99.17% .99. 20% F1 72. 42% , & T 4B 5% I 4H 1
97.18 % 82.07 % .69.35 % ,FIH T —E M
TR F I E
3.3 RHEMHE

TTRT A FE R I LR AL AR O o 8 i
(T Al HT PR IR, A IR R el PR 4t BB A
AUMEESR B X 8 N B —E R R KAE . H
B R BRI AE VR B 1 ~ 5 mg/mL [y
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JEJEEIN X NFRYIE TR Ry 60% ~90% ., R
A O IR S B B T R O X A A
( Bursaphelenchus xylophilus ) B 75 18 &5 09 7 A& 15 M,
61 mg/mL ¥ FE T AT 72 h WK IESE TN
100% . H ¥ Bz v 0 B L 2l Ak 3R AT — B0 (0
A, ZAZHE SL ARG 43 7 4 Lansiumamide B, %4k
B AL PR AFLR L 24 48 72 h Y LCy, fH 23 51
8.38.6.36.5.38 mg/L, KL TARGFAFERTGME
4 RE

B R T B R 5 Y — R DR R SRR R L AL
FIGT AR 22 R BT DR 3 HA W Y I
BE ORI BT Pran s T4 22 07 T 25 BRAEH]
HAT, B NS AR i R T 25T 1) 2 9 G,
BT 22 130 2 G T8 B AL AE DR 280 s
S5 T I PERT S, AR EE B VR IT I I A 15 5
AT B EAI, DA R 3 iR R R B Y o i,
R4 BT A A AR TR OB % PR A AT BT A AT
R Im RIG YT 254 , T S8 A& W 7T 30 A i
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Advances in Chemical Modification of Silybin and Its Analogues
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Abstract: On the basis of flavonoid lead compounds with biological activity,studying the relationship between structures
and bioavailability and modifying their structures is an important means of innovation of new drugs. Silybum marianum
(L. ) Gaertn. has been used for more than 2000 years to treat liver and gallbladder disorders. Silybin, derived from the
milk thistle plant, has received considerable attention due to its hepatoprotective, anti-inflammatory and anticancer
effects , however, the bioavailability and therapeutic efficiency of silybin is rather limited by its very low solubility. To
solve this problem, silybin is modified or altered via various chemical and physical methods by domestic and foreign

scholars ,and have obtained a certain achievement. In this paper,the chemical modification of silybin and its analogues in

recent years are reviewed.
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Fig. 1 Chemical structures of the main active constituents in Silmyarin
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Fig. 3  Chemical structures of esterification silybin"™
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Fig. 5 B-Glycoside structure of Silybin
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Fig. 6 Chemical structures of alkylation derivatives of 2,3-dehydrosilybin"
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Compound K, (M +SD) qenching & SD
25 0.27 £0.05 76.1+2.4
26 0.11 +0.02 76.1£1.7
27 0.67 £0.06 56.7 1.4
28 0.31+0.05 72.0+2.2
29138 9.2+1.0 75.9 3.9
30 0.62 0. 24 80.0 6.4
31 0.34 £0.09 85.0£4.0
32031 17.6 £5.9 81.328.6
33 2.9£0.3 84.3£2.0
34 1.4 0.2 75.4£2.7
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Fig. 7  Silybin analogues containing ester groups'™’
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Fig. 11
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Syntheses of Hydnocarpin-D and Hydnocarppin
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Fig. 12 Synthesis of 5-Methoxyhydnocarpin-D !
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Fig. 13 Synthesis of eight novel silybin analogues
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Table 2 The clearance rate of 57-64 on superoxide anion and

DPPH radicals at the concentration of 40 wg/mL

(%)
=
Compound up . DPPH radical
anion radical
57 15.5 11.3
58 31.9 45.0
59 25.1 14.5
60 69.7a 13.9
61 44.4 37.5
62 27.6 17.8
63 28.8 18.7
64 44.3 41.2
Quercetin 64.4b 99.5¢

MCsy =2.65 x 10° M. "1C5 =3. 81 x 107 M. “IC5, =3.20 x 10°
M.
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Research Advances on Properties of Allicin
( Diallyl-thiosulfinate ) and Its Relevant Study
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Abstract: Allicin is the main bioactive substance of garlic. This paper reviewed the research advances of the physic-
chemical property and the stability of allicin and preparative and analytical method.
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Kowrdie Z AR L 0 & FHA R Y 57 (Allium sati-
vum L. ) B0 8525 2 I 50 A8 A0 24562 5 AR ) o
Kar 2N B bR i 1 i3 i wr 2 R (alliin) F1 K 55
B (allicin) ', K FRHR RN KFR M0 F B LAY
PEM) IR, A1 Cavallito Fl Bailey 71 1944 4T 15 5c MR R
MG Ay B A4 21, I iy Cavallito 57— i) W %
KErA SRR 0 Py B ST A AL 2= 254, I dn 44 R

“allicin” , fk2# 454y CH, = CH-CH,-S(0)-S-CH, -

O Alinase

CH = CH,"™" . K & I KA oy i 5 A8 i) —
4\@%@%@1&% BT EYmE R R ER, 5
i (57 2 TR 2L i i , Alliinase ) 43 Ab K75 40 A A
[FIFRAL j@rr%*ﬁjﬁ{if: w0 2R 5w A 1 PR R
N RGRRER (F 1) o PGS EE OB 1) Kz
I KGR, KR AT E , AT i — 2050
—FIN GG .

o} 0}
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Il
2H,C=CH-CH,- S CH,- CH COO" — ¥ H,0=0H-CH,S-S-CH,=CH,+2CH,-C-COO-+2NH",

+
Allin NHz HO

Allcin Pyruvale

Bl FEBECHRBFRIBERKFRE AR

Fig. 1 Alliinase catalytic enzymolysis alliin to generated allicin, pyruvate and amonia

I A/ R SR A 1 A R 19 24 BEAE L {EL A
HORTENE, Xt — 2D R AJEAT IR R 1 2527 00F
FEAF K —E INAE

Weks H #1.2010-01-06 B2 H 11 .2010-06-04
TG < GRS 1R (2007BA130B024 ) 5 BHE R E K oh
Nl A 3 R 4x (07C26216502091 ) 5 B ¥A X BH 4 32 5
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1 KESREREEMER

KRR Z (allicin, Diallyl thiosulfinate ) , f,%% 44
BT B AT WA R I ( 2-propene-1-sulfinothioic
acid,S-2-propenyl ester) , 43 F 3 C,H,, 0S,, 77 F =
162. 23, 4l K55 B 4 TE R Ak, [ 1. 112
(20 °C,d”") Hrif#(n"D)1. 561, TheetE, 10 C
IHPEK A R E AR 2. 5% 06 T B 4 Bk
LA PR
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Fig. 4 The infrared absorption spectrum of allicin
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Fig. 5 Alliinase catalytic enzymolysis alliin to generate allicin and the further decomposed product of allicin
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N, PR EUE R R 4 mL, F il £ 5 TLC #E 4743
B R G, IE -5 B (922 8) KR IF
)L EIT R, =0.3 A RERS , H S P B B, 3 1L
T ERE 258 R AU 4 Je , AR B i, FH 50 mL K%
fif )5, FH C g /IR T 1A A6 B, 4540 B AH X A58 8 1)

Rabinkov' ™ -8R 4H i ] NV, N'-— 3% FAIT0E IV e 5L
BRIR TS ( DSC) B X i R 25 I 50 H AR IR 15 Ak 2 A A=
JSCRSE 1 [ R Al B, 1 5 Ak 1) o B 2 0T g
AR FEREBRIAEW L 7 mL/h 3 AR, E 4
FEAERGRER R, R R A= R0 S B e AL i
HIE A R HL ] o DL R R AR AR R v
R A JEURL i A AL R 2 R S I T A Rl B A
IR, — M LA ALV 70 B2 BT mT e 4 fif
BT 26 L R RO I TRk BRI AR 2
iR 1, (0 F R KA W H R B KT 80%
B, 30 R B T .

4 KFEREWSTTIE

Fujiwara"'® %5 1955 4E4R 386 T Kk Bl 4R 27
I B KA (7 e, A R T R 2% . 8
@R R,

B — A I S R 2R (T AR A T B R
(7% S 2 7, BV PR R R 5 2, 4~ R B S
R 2R A R TR S e E AL R
GBI N-2 I T 97 0 i e SR AL ) 27
VR X i A e i R K Y B I
SEFEA TR ARG E , LA B i 2 A R
A7 B e Y e R S0 R K Al 2 i P R R, T LA
(ENE@SM N =R =

TR ZE N IR E, BRI GC
GC-MS W5% T RFrB R 7 5=, an —mifb 4 Fn =
BAR 7 Sl R R i
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HPLC 752 LB PR I KR SR
i A R A3 1 OV T R X R R TR
AL K2 R B o KR B
5[23,24] .

Marta de Diegomﬂ%%ﬁﬁ RP- C\; (4 x 125 mm)
3 A, Wil S AH : HBE-IK (5050, v/v ) A ik K
220 nm, AR I BRY , T RAS I R 5 A3 I
s B FI T E R R o i

H TR 25808 6. 07 it 2% 114 “ garlic powder”
KA 2 1 2 LUK T B AR Y, >R
F Co# (4 x250 mm,5 pm) FH -1 % R i (60: 40)
S shAH, R I 254 nm, I KRR R R UG T
L% 1 mg BT HEAE S T 8. 65 mg B RGBT
RS

SRR ok A U 24 v S K R A ik
AT T etk . SRR S ERAE A AR, R i 1
2R 242 nm B E 1 mg FRAR CPERAHY T 4.71 mg 1)
PN

Herwig Jansen'” 25 4k 2 45 B, T K 7% B % % 1
m, ELEEHAMR i HPLC 2 A €635, It sh AR Sk B e
0.1% Hig/K =60:40 , Kis R Z G 2RI, LA —
WA BEZAS DN 25 , 00 22 T A e v L A9 L 15 )

X HEH B 4l B FF I 2 T b r VAR DX s i P ) K
BT
Rabinkov ' 5 /INHL R JH o6 AU (4335 7 RP-
CooFE, B 0. 1% H iR =60: 40 [R] B 2 757 22 R il
RFFHRER , IFE T — AT A A G i vk T Kas R
)& a
5 RE

KFr PR R JE Kar K HELRLH) £ BG4y 2
— R H I RGBT 25 R N AR Y L, O
AR A2 B 6T, FAE 1944 4F Cavallito ! Ji4f 3#
T/NEREEMEIRI R W], KGR BR AU W Dk 245 25
LD,, & 60 mg/kg, 2 T 424§ LDy, o 120 mg/kg,
Rabinkov' ™" 1 £51 /]s 25 #E 47 K 75 9K K 25 4 F 5% 16
2004 A AR A& 3 (Phase 1), i HIZE 50 A 40 ,
PUECEE , ORISR IT , B /MBI , B 1T g A
IBIT, MR- 259, IR & A B 2= ALia T, AR 25 4.
T RErAERATE , 3h P BT HI i K 3R
Il P FR 7 28 R 5 s Tl oz il 4%, (H 35 24 R R 6 I
Al o

[l A b 20 O BB U A S B I

Rl R @R AE T R E WA BT, R B X
IR 2 G MR 7 ik 64T T R E ST, 5
TR RMATRE , o F K58 K R
FAE LG R — 2 FRIME . X sl R BRAL M T i
SN AR T 2000 B AR alifk A A i

FPRAT IO B, (i K P I X — A U8 B T &
R FHEAS S M a0t e
S 3Lk
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Research Progress on Deep-processing and Functional
Activities of Bamboo Shoot

LIN Qian, WANG Qiang " ,LIU Hong-zhi
Institute of Argo - food Science and Technology ,Chinese Academy of Agricultural Sciences ,Beijing 100193, China

Abstract ;: Bamboo shoot is one kind of nutritive food with high protein, low fat and rich dietary fiber. The preparation
methods of functional deep processed products from bamboo shoots,such as dietary fiber, polysaccharides , nitrogen com-
pounds were summarized in this article. The effects on product purity,yield and functional activities caused by different
methods were compared. And the beneficial effects on bowel function, oxidation resistance , antilipemic function, hypogly-

cemic activity,,and anti-inflammatory were expounded. Besides, the existing problems of bamhoo shoot deep-processing

were analyzed,and the research direction and priority were prospected.

Key words : bamboo shoot ;review ; dietary fiber ; polysaccharides ; oxidation resistance ; antilipemic function
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M i RS TR BOk AR B 2010 4R
Sl i R IR 2 80 T, AHR WA
PR AR, TR 9™ F A () L, R S IR AL
FeAt 2 GeAL s, s UM R BHIFEA , B i B
o JT AR BATTRE I 1 7 SRR AN 7 i, 2555 )
PTG, S AT L 2 T , B A 2k i
LM IR A e B B o AR SO N AR
ORI T R LI RETE MEOT S AT 4508

| =3 050 o
e[ Y 1999 ~ 2008 4 F 1 42041 56 Sk

WA F 11:2010-02-24 32 F #1:2010-04-08
BBTH b B R R S AT H (2008 BADA9B0402 )
# il IHA/EZH Tel :86-10-62815837 ; E-mail : caaswangqiang@ hotmail. com

T (DL 1, SCERI K& A CNKT £ 48 12 ) , AT LA
A S OR e N T A5 R R BIE S Y SCRR RS
34.22% AT E IR R S A AT BRI AT 5T A SC
HRA 5 13.25% , 22 B3R [ 0T LAk i 58 AH X AS 2 5 38
T XA SR FHAIEFE ) SCRRGE 153 A (W3R 2) mT i,
XTI T AT L 46. 48% , 2 T i T STk 5 i+t
(4 2. 54 4%, 1L BA 67 S8 A R R eI A 1
s, IWITAEREHERT , BRI T 3CHR%ECE 7E 2001
~2007 AR A1 ~2 55, {H 2008 ARG % 8 R, A
] YA SEAIT 93 0 B e DN e e B 1, i
11 Science Direct & 28 9% 3L SCHK, M 1966 ~ 2009 4F
ARG B 23 T FA ISR, T AT Re
JECR NN TR SCHRERSE e 2009 4F | 33 38 B X477 54 1)
REME T S N T B 5 o JF i 5 S (6] B 2 25 1
Mo FEICEER b, AR SCRAT S5 8 hn T R H ) Re i 1
W AT T 2038, LU AT IR FE I R $ i 2
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&1 1999 ~2008 EATHIERLBEGE TS
Table 1  Statistical analysis of the literature for bamboo shoots in 10 years from 1999 to 2008
O fﬁiﬁﬁﬁ‘ *'JFEE??E %E&Hﬂ?ﬁ é’é‘?f?ﬁl% %’@'Xﬁc aif Ty
Year ultlvatlu.n Utilization Basic Econf)mlc Cooking Total Average
and breeding research research policy culture
1999 8 16 1 2 3 30 7.23%
2000 9 15 1 4 6 35 8.43%
2001 13 6 5 3 0 27 6.51%
2002 20 22 5 10 9 66 15.90%
2003 11 17 4 3 5 40 9.64%
2004 21 18 6 7 6 58 13.98%
2005 13 12 9 4 4 42 10.12%
2006 16 8 8 5 4 41 9.88%
2007 6 9 4 2 9 30 7.23%
2008 7 19 12 6 2 46 11.08%
&1t Total 124 142 55 46 48 415
S5 Average 29.88% 34.22% 13.25% 11.08% 11.57%

R2 1999 ~2008 FEMEF AR LG IS

Table 2 Statistical analysis of the literature for the research on the utilization of bamboo shoots

AEA)y Year {545 Preservation WIINT. pretreating RN T. Deepprocessing a3t Total S Average
1999 7 5 4 16 11.27%
2000 4 8 3 15 10.56%
2001 2 3 2 6 4.23%
2002 9 11 2 22 15.49%
2003 6 10 1 17 11.97%
2004 4 12 2 18 12.68%
2005 4 7 1 12 8.45%
2006 3 4 1 8 5.63%
2007 6 1 2 9 6.34%
2008 6 5 8 19 13.38%

41t Total 51 66 26 142

S Average 35.92% 46.48% 18.31%

2 MERMIHIEIOR

FURT, BTSN SR S G0 T i A 5 2 224 o
TE AT R AR U £ 20 4 6 PR 20 IR B T R
B WIAEINRUR S T T8 5 9350 RIS e &
(RN WSROy SE
2.1 MTEBERFYE

Pr o B 0 & A F ISR A 4E oy, H AT
WP A I B T 4R 05 1 R B A Sk A I R
k=R,

A i BT S I 0 7 A o 2 D 1 4
o, & Ak B (10% NaOH, 60 °C,2 h), fig ¥z il
(30% 412,60 °C,2 h), B2yt ok i M e 55 4
PRAR B 5, AR B AR SN
52.7% "%,

K IE HErE B 52, LU 58 0 JER),
it 18% (2 8 R R R BRI, pH 7. 3, IR 36 °C,
KRS ] 56 h, 159 2 77 5 0 S & A4l
68.52% ',

XSZEMEE FH IR A i 42 BBURR AT 57 I 1 2F 4k 114
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T 24:0. 2% 18 45 T (€ # g FN2F 4 R g, Le ] 1

2 1) IR 60 °C,pH 6.0, /KM% 1 h JFHEMO0.1%
(b2 I, 72 50 °C \pH 6.0 Z5 1 TR 2.5 h,
PR ) AR i ATk 70.0%

g5 b LR BN AT G B AR YLl R T, i HL
Fifgik A = R R, X 2B P R B BESRAIR, SR T A, 2
— P 1T 52 bR AR P I . BT R AR 3
1, A R WESE T RT DL R B Al A AE i 25
G
2.2 MEEESHE

PEHLAT 5005 1 2 0 00 T ik E A bR 4k
FE AT A Y B

28 Y RLBAT N FURHR UK 2 2%, 7KORE
H10: 1 (mL: g) , 3REUHE] 4 b, J5LEE 100 °C ,95% 7,
FEEEAT , P S 30 0. 3% , Horh | 20 AR R 2
SUMAP S I e AR F N . Katoy ) 45
FHBR e - B 1R 14 SR 4R MU0 B3 B AT S5 200 B e 220, Hh
4% F1 24% (W) S E A 03 B RAT B-D-H SAMEFI A
FNE 38 0 H AR AE F B o0 T PR 2 RS R 2
PRI, o

Kweon M'® S FH K IR DEAE-Toyopear
1650 M #1241 JER BRI AL B T G E A TR A
Sephacry 1S-100 HR #% )24, AT 45 43 25 A 4l {15
3 FhoK i PE R B- B A ( BS-BGA |, BS-BGB Fil BS-
BGC) , 2 H AL /3 Al NMR D65 & 3 Fh 24 0
A 43 B Ya Ay 14,500 ~ 85,300,

Tadashi 117" 4558 1o [ 2 I 6477 A7 55 400 i B
HfG 2] 7 FBERAL G, 4 B BT ERBERT H(0 AR
RO E BRI BT 7 A0 A SR | B B2 A ) SR X
7 2 TR HEAR A SR | BR 2 U T e SROBE I ( 1)
HEMHEA e R 20, 8 A R 3ot
KT Sr BT T IR T A SR R BT A A SRR 1)
Gl Pt g 5K, DA R BT AR 1 BT A1) AR SR v BT
AR IR AR 1 TR A AE o

TG PEZ B HATH e i 2 —, LHOR 20
st T2l etk , 20 Ak s m A= %
B

fech
B A5 2 i L0 1 7 1 i 2 4

lé3
B o
3 MEERRNKED
WHE ARG E BT B R A G E
Yyt S s LR RS o
PEWCE A — B RR UTE , JFORL 2848 R 5 inak
i, PR (pH 5.0 ~5.5) (B0 (5000 r/min)

g

BT A, 500 g ff 55 JAVRL AT 3R A 1. 4 mg 4R
. Wang HX 260 DUBT BERRAT 550 J5ORL, 3 it
P50 8.0 (15,000 g,30 min) , FiZ5 40 DEAE-4F 4
RO (5 20 cm) 27, Tris-HCl 22 M a2
FR 2T 2 R - B IR B s o N 354 (1.5 x 10 em)
BT, PG P P T PR B % v R A BT R B

I ALl 1 ) A5 LA AR S X AR
WL B B B R BT R 232, SR PR PH 25 41 4
RIZalifl, R 2 G TR EE VRS | e
PRI BT, G Wl A v A B e VRO VR 4 L 15 3]
Rz {49 3. 1 (20, [y 28% 11

Masatoshi F''* Fil I3 F {0 3% B AT v 3 85 1 2
MR K Pp-AMP, 1 Pp-AMP, Il 1 H A FE R
¥, KBS A A T A R R IR, ke
FIFH R U8 AN B 18R AR AT 500 TR v il £ A
SR IETR ALY, LR i (LT 3E) 10%
~50% g AR it b 5% ~40% | IEIE R G
51040 ~50 °C,0.2 ~ 1 MPa, BB RS T
FE 1 ~2.5 MPa, 5K & P2 B AT 4 55 (s 55
TRW) oy 8 K IR 2R, BA T2 AR A 5
WA T, S5 S DOTE , S IR f Je DUTE
RVETFRULNE, T A5 B 4l fh, Sl U R R 3. 8% ~
4.2% K4l T 98.5% .

A AR I 5 5 A AL B &) 1 AR TS
AT 2% L R 1) 25 AT S8 7 i 5 4 I 90 T RO T
TP TEXTAT S5 A S W 3 SRS I T
2.4 MABERER

PRI SRS AT 28 109 77 1k LU WL 70 2 B0k
FE I A ARG

WRoet" AT A SRR R JEURE, SR 75% 2T
P& AL 5 IE T EE) 2 H, 05 2 RE o
AT (A k- £ TR LT8R ) VR, IE T Bt B i e A
(CE7-H ) BB EE VI, 43 B0 T 6 ML, 7
A 6 B LRI B-O-# BT I 5
TR CBE WS OR RN B-45 H5 B W 8 N, 1k
YRR N0.4% ,

PR A A ™= W v 8 B B i B R (251, 4 ~
279.5 mg/100 g) , A 55" LIk & 4 TR # 9
SR JEURE, PR I S K B, R 1 2% 08 A5 AT 5 £
fist, MR A A U FE T2 0 77 26. 2 MPa i B 43.
4 °C .CO, i 25.4 L/h FIZEEUF[E] 2.5 h, §§§ A
RN 93.4 4. 5% ; ZE 1R il S A T2 2 i Vi
JiF 180 °C \BLZ5FF 1.3 Pa il JEHE 5 220 r/min R}
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M AESE AT RN T S HE I RE TR PERTT T 2 e 139

R 5 mL/min A BEREE 15 C, B4 5% 4 38.2
+2.4% A HBES EO 46.8 £3.4%

FRE G R A A B 5 A LV TR AR O AR H, L
AR T R 8% B A0S (R I I A A B
SEBRI A ARAT B, 75 B i Xog it 75 2k i SR AT
BN AT R N T S bR AR
2.5 MEAERMELED

H i, SCHRHR I B P2 BT 5 B i) A A
AR QPR IOL FIE 75 e HR L

VRIRAE S AR AT 58 0 M JFORE, FI 2 B 1
80 ~90 C/K¥ T RICHEH 2 ~4 h J5HhJE , 1 u& Wi
i WD S Z A, FH B T UM , WS AR Ve T
TS 2 B

TERR 2 SR P e AT 425 R BB B 2 Ak
Y, e D% 240 W65 C R 40 min, # [ & 1
IKE]0.72 mg/ g, FHorb 2% B EE X A 85 P 15 58 1) 5
e e K o

XA S T 1 B BT A S o 2 T ) i B
125, 75 AR SO AL IR W BE , U S 3l
A,

2.6 MEEWMZEE

Tomoko S'* 45 LU BEAT 4 F1 B 477 44 JFURLH IR
MR AL KT TR AR TR R < B, TR 2 BF ( NBRC
2347) 7 YM R RS- A e 35 9% 24 h iR 30
C, R 5% 1 200 v/ min; 78 K FEREHL O 5 % B
ACBRAGRE i TEAT R TR BN R 2% MR 25, 20 min, il
AR (2 ~ 12 FPU/g) FNEEREFURE , 5 30 “C it
FE 25N 139 ~ 169 o/ kg ML 5H 69% .,
3 TERThEEE S
3.1 HF BB KEMINEE

oI E S R AR 4, B 55 A B 2 ) AR A 5k
56 Bh S R N BRI X AT S5 £ 2T 4k 1 T e 1
JEiAT T3 o

VY e & 24 2 %) 5 4 Jm HA SRR L &/
0 o T o 45 B A SR £ 2R X PBPT CdP AN
Cu’" P B KR A 5431k 38.8 .37.4 .35.3 mol/g,

ARG B A4 B A R AP e ik
PR E5 67K T, BEE I AR [ BT NO, 5 % K 7R
A SRR D7 T AR T A 2 B 5, 2. 5% LA
- AR B A T AT Ak 2 AR, FE 5%
TEARMKHELR D ERIKS . B R 5w
THAL B M 0T SE 5% 1 HE 2 i) (8], 920 £ 40 FRE B 1

N W2 B JIEL T st , ARG R 007 9 Ak %8, mT sl Zb g 7 E A4
RS AR A i 174

A BRI R LA T 5.0 g/d/
kg « BW (& BEAT 5 G 27 4 1 )5, I v B 2k
/N BB ' i T A RSB B RN LR AT R 5 4 TR K
WRBRE B4 T R RS AR/ B fiE
] N R E BE AR k. Eun JP 4
WA BRRA 1 21 ~ 23 % WL WA T A BESC I
TS VPAN T LA 58 R £ £ 2 R YR %o e AL e AR A S
BRSO , Xof 288 A5 HE DT 407 9 25 3 ) B i A A 4 SR
B, £ FH T 5 26 R R RN i I sh A9 R AT T4
3.2 mEANEEFTEINE

(=S LN Bk B 7 = A R S e R
N GURSMRAR N SR T A PR A I 2% 5
ZIRE.

TERR 2 SR -G L TR A S v A [ 5
(B (0. 01% F10. 05% ) FEATHF5% , AT 12 0. 01%
R T Skt B 0 AR ] PR A R 8 A A 0 1 3 4R
AAR , F AT S 2 T 0 12 FH S il B I iR e 41k
YEH, BLEALRE I KT T, BT AR E 557 S aiE
LR

W1 e R B Oy R B B K TR
PP P, UE AT 55 o X S R 2 TR B-O-7
BEHT 2 mg/mL A9 B2 AT 1 PR 20 R 3 5 R 2 1R
Fitg P k] 383k 2] 80% LA I, Fifi vie £ 4 334 fin, 4 61 4 FH
B i £ MLP 355 S 0 o STk By e, B vk B R
30 pmol/L B, JL-T-RETE 10 5 AA 15T (1)1 41
Al SR H e R FE A o et

Ffl DPPH il ABTS 353 %2 77 5 4R B A L 4R
iAo C B I e AT 5 ) B 2 W 1, 45
REUM AL LW & =5 DPPH L1 ABTS 330 &2
(BT AR TG PR A7 AE B A S, S R R 2051
0.974 10.976'%)

MR A2 R AT S X R B S 4
I BRI v B Y 8 (MDA i 48 Ak ) 5 Ak il
(SOD) {ifi P K 2 dle 20 RN ok A9 A7 36 1) ], 26 P 7
Wy 38T R A7 35 SR A N BRI SEURTI DK A
TSR], ki SOD i M FIFEAIR MDA & &,

3.3 AT MRS, ¥ERIPFHEAR

Ay 7 (5 T 1 5 AR 1K v IO RS e s O [
Pt Hh =R I B A A R [ v RN B K ok A
W8 E, HAT B AR AR BR DI 68 ; R0, R ALK &
HEUFFIIE e B, 92 Mg I 5 R4 B0 7 I
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JE B 0% R M AR 3 e 0 AR ST
FWIAY SFFER I e 0 3R A 1L 37 AEL [0 1, 90 B 2 4 Fh
T HFAI A P G 7 3B 225 A& RS

Shu SJ 252023 Sl A [R5 42 1) 35 477 4591 205. 7
me/ ke (FEATEE T 4H) A1 436. 4 me/ke (FRATH 1T 4H)
X PRI R BRE ' 28 d, I DAfd Rl R B IE % i
) 72 25 2H R BT it 5 2 LI K 22 DK, 45
RFW AT ST 8 W 0 A O DR R BRI 2% i 2
5 =EH W NEFA LDL-c il MDA % 7} HDL-c .
SOD FH#E I AE 57K

RO ) SR P R AR TR K RO

58T, a0 45 2 K BRI TR 24 R S S e R il L R A&
GATR 2 FE G R T e S A I Tl 1% 35 A AR 2
M3 H = I & R IR A E /R ER
{8, RHTFATEX CCIA 405 K BUR- D RE FH-2F
A A 0] eicE R
3.4 HE.VEM KIER

Lu BY"* ] B 5 3800 B 7 i A 750 3
K, K] B-4F HE B (2.5 g/kg) fi Ji 40 i < AT ik 2]
68. 0% ; Jifs PR 25/ FUIE Js 6 40 1 A 30 o7 L R A 5
eI AT A TR DO kAN AR xR =S iRy
(R TT I, (o L s U5 s YR 1 P S A B Bl 2 T e, i
AR >42.0% .

XIATFRHLARAE VL AR I . PBS 25 Ay
RAF A R DPPH A/E R A7 R ROPT AR TE M5 5
A, B-4+ HSBEA PBS 25 X 75 S 1) 21 4 v 1 35
—E MANHIRCR , I B AR OC R 5 7 F S BT
e AR A K Bl i 775 240 A X (TL-18IL-8 \TNF-a ) )
i, VA 20 M IR RS2 AR A 5 AR A ML IR 5
SARIE RLES e AT 43 A A BRSBTS R
PRI 7K, S L 3 2 PR AT BT R A o

AT S SE AR B R I 6 HAN R ROR #4717 9120
A5 235 SRR A7 287 B T 4 SOV XoF 4 18 €0, 8 8 BR TR
R B\ B B A 0 B A S i 4 T, S 4 ) S v
P HOR A P IE A OE Y . Wang HX 260 $RERC T —
T AP EEE N, 5 —BSHIHE A b, K
BN ALK 4§15 20 kDa, N-oR i J7 31 5 2868
ZEFRR, HAx B R RE 210 BREE SR , o e A7 R b
W RS P
3.5 REHEER

Wy 5 2208 1 28 5k 20 M Bl 55 IO A8 DT AIMA R
G A S RE B o WSS R AT 8 R T f
HE/INEAR PRI I 77 A=, i s A VR 5 R 240 L £ 28

TRe , 3 a0 BRI Jis L e 240 M A s D) e
4 BIMERE
4.1 @&

Py 55 DO o3 S ORI £ WEFE AL, 0 H g
I PERI BT FEANWIE , 1T DI RE L dh PR s A1 55 A
FEETTPRRE , PR R JE R S A AR AL AN
W7, M HAT R 27 Tz Hu X, DASRAR 218 85 79
PP (] 5 JRE A, A7 57 DR ) AL R e e 5 400 o T4 5™
AR AR R, TR 2 EE A 1) A, B LR A 2y
AR AT, 775975 e T L T 4 B
4.2 R=E
4.2.1 A e B E AT S PR o R A A RO
F NEHIPLH R AR EYERIBIT ST, NI R AR 74 A g
B A PR S AT A E SR W IEEIN T
FrAIL AL, S5 STk N T R B AR B 5 2 Y
THREEL A, ANTF R IE ™ ity , LIE 7 i, B L | 1
B A A5 5 X SR JT I AT T 2HOR R B TR
Rl AL, (AT 55 B AT S TR AR A B 255
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W O ZAUB-MTT L6 350 2 A8 4 A A % B 30 S P 1 20 3R - 7E 2 FLAR I AL P R
WeHE N 10° 400 F/mL AR F B AL T80 90 pL, RV BE (25T 10 wl, 25 CIHEH;FR 48 h, SRR AL TmA 8
mg/mL i) MTT ¥ 10 pL, 28228555 10 h J5 , 3.0 LI, LA DMSO 150 wL, #%3% 30 min, B0 J5 G 7E 510
nm U TEWOGAE . SR E SR AP AE T 1 e SR 0% A A s T R PG JTOR, 22005 7 19 MIC {54351 80 F1 1.5 g/
mL, ICso fE 4351 21.99 F10. 78 weg/mL; Diepoxin ¢ X AEIEE H AY MIC F1 1C,, fH43-5%1~ 200 £196.21 pg/mL, £
FUMR-MTT L, €83 Ay PR A 25 b 7 58 RSP AR AR 0 R A e L R IE M A B 38 T 41

KGR : ZAA-MTT sk s A9 s e A SR e

R E 4K S:0946. 887;(0939.92;5482.2 CHERFRIRAD : A

Evaluation of Antifungal Activity of Plant and Microbial Metabolites by
Microplate-MTT Colorimetric Assay

ZHONG Ling-yun' ,WANG Lan® ,SHAN Ti-jiang' , LIU Hao' ,ZHAO Jiang-lin' ,XU Liang' ,ZHOU Li-gang'*
"College of Agronomy and Biotechnology ,China Agricultural University , Beijing 100193 | China ;> Key Laboratory of Protection and

Utilization of Biological Resource in Tarim Basin ,Xinjiang Production & Construction Group of China ,Tarim University ,Alar 843300 ,China

Abstract: An optimal experimental procedure with the microplate-MTT colorimetric assay was developed, that was as fol-
lows :90 WL of fungal spore suspension at concentration of 10° spores/ml was added in each well of the 96-well micro-
plate first;10 pL of the sample solution with its different concentration was then added,and cultivated for 48 h at 25 C
in darkness;10 L of MTT solution at 8 mg/mL was added into each well ,and incubated for another 10 h at 25 C and
centrifuged ; The supernatant was removed ,and 150 L of DMSO was added ; After shaking for another 30 min at 15 rpm,
light absorption values at 510 nm were obtained for the supernatant transferred in a new plate with a microplate spectro-
photometer. With the optimal MTT assay mentioned above ,the minimum inhibitory concentration (MIC) values of chel-
erythrine from Macleaya cordata on Fusarium oxysporum {. sp. niveum and Magnaporthe oryzae were 80 and 1.5 pg/mL
respectively, and the median inhibitory concentration (ICy,) values were 21.99 and 0. 78 pg/mL, correspondingly. The
MIC and ICs, values of diepoxin { from the endophytic fungus Dzf12 on Magnaporthe oryzae were 200 and 96. 21 g/
mL. It indicated that the antifungal metabolites from plants and microbes could be evaluated fast and micro-quantitatively
by using microplate-MTT colorimetric assay that is favorable for screening antifungal components with a high throughout.

Key words : microplate-MTT colorimetric assay ; plant metabolites ; microbial metabolites ; antifungal activity
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and M. oryzae in PD medium
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Fig. 3 Effects of incubation time on the quantity of

formazane after MTT addition

2.1.4 RFE MTT 355 F B & 2 69 %0k

¥ MTT BLak 2.4.6.8 1 10 mg/mL A[F] {9 ¥
JE g HR S ODg,,, AR FR . B0 ul 17
B A 96 fLARH A 10 pL ToTE K (3 AN
). Hid48 hITHIA 10 ul RIUIE Y MTT, 4
SeHEgR 10 h JE e O, 45 (& 4) FH
MTT W& 7E 6 ~ 10 mg/mL i Y , OB A FEAS (4
AR PR AR 8 MTT ¥ B2 1% 8 8 mg/mlL,



Vol. 24

iR A ZAUH-MTT F 6 BRI A ) R 9 7™ 0 B0 0 1 1 23

1.20
£1.00
g
>0.80
H
ao.
50.60
0.40

2 4 6 8 10
MTT concentration(mg/mL)

4 MTT iR EE Formazane £ BHX R
Fig. 4 Relations between MTT concentration and formazane

quantity

2.1.5 JmZhediE) AT E LA K IpHE E e

78 96 LM P A—s2 He B (10°f1 7/ mL) 787
B 90 WL J5, 40 507E 0 h 8 h F1 16 h B A
We i (1.56 3.13.6.25 12,5 .25 pg/mL) [P 5
Z B 10 pL, 5535 48 h, JimA 10 pL 8 mg/mL )
MTT, 4K ZEH; % 10 h, M 5E % LI 0Dy, 18, I 153
il Ee, INELS dn] LU 1, g 5., i) 5 8
Fo ARIREERE 0 h g (B A g6 228 5 7 B
IAZGH) o

5100.0

X -0h
© 80.0r =8h
® 600 *16h
S 400
£ 200
£ 00

0 5 10 15 20 25
Amphotericin B concentration(ug/mL)

BES5 InZEtiE X E L& KIE R0
Fig. 5 Effects of drug addition time on inhibitory rate of my-

celia grwoth

2.2 RASFLE-MIT bk &% ER R EH R
HliE

K HWUAR IS 1856 77 58, W00 5 4 ot % PG JICA 22
3 TR RHREE S T ATl 6 1, 5 SR L3R 1, 1 34l
BT PG T A 22 T RIS TR AR LA s iy 4 il 4
JH, B AR i B2 (MIC) 5351 28 80 pg/mL #1 1.5
g/ mL, S TR EE (1C, ) 2390 0 21,99 pg/mlL #il
0.78 pg/mL, Diepoxin { 41 il i 14 AH X 55 , %)
FEIRL IR B 19 MIC F1 1C5, B 5353 2 200 wg/mL F
96. 21 g/ mL; X P4 JIAH 2255 14 1Y) MIC KT 200 pg/
mL,ikiF#%/FFI‘ﬁ{ﬂ"J ICSOO

®1 HREMERIMEEE

Table 1 ~ Antifungal activity of the samples
Ffih R EL T IR T 1A 05 ] v i S AR
Sample Test fungus Regress equation and correlation coefficient I1Csp (ug/mL) MIC (pg/mL)
L SELL F. o. niveum Y = 0.8130 X + 3.9087 (R = 0.9777) 21.99 80
Chelerythrine M. oryzae Y = 4.5843 X + 5.4943 (R = 0.9895) 0.78 1.5
Di . F. o. niveum - - >200
iepoxin { M. oryzae Y = 2.0826 X + 0.8697 (R = 0.9777) 96.21 200
- . F. o. niveum Y = 2.4551 X + 2.5161 (R = 0.9789) 10. 35 20
ZHR Carbendazim M. oryzae Y = 2.2887 X + 1.5068 (R = 0.9799) 33.60 60
- .. F. o. niveum Y =2.9647 X + 1.8428 (R = 0.9799) 11.61 25
B 2 )
PIFER A BAmphotericin B M. oryzae Y = 1.2979 X + 2.6744 (R = 0.9767) 61.92 100
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FoN AREIIA T ; 2B R MPITER R B WX I

Note:Y = aX + b,Y is the inhibitory probit value and X is concentration logarithm of the component;-,undetected below concentration of 200 pg/mL;
F. o. niveum , Fusarium oxysporum f. sp. niveum ; M. oryzae ,Magnaporthe oryzae ; Both cabendazim and amphotericin B were used as the positive controls.
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