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[ Abstract ] Objective: To investigate the anti-complement constituents from the fruits of Toona
sinensis. Method : The anti-complement constituents were screened by hemolysis method, then isolated and purified
with different chromatographic techniques. Their structures were elucidated with the methods of 'H-NMR, " C-NMR
and together with the comparison of reported data. Result; The methanol extracts of the fruits of 7. sinensis showed
apparent anti-complement activity, and fourteen polypenols were isolated from the active EtOAc fraction. The
structures of the compounds were identified as gallic acid (1), methyl gallate (2), 6-0-galloyl-D-glucpyranose
(3),1, 2, 3-tri-O-galloyl-8-D-glucopyranose (4), 1, 2, 6-tri-O-galloyl-B-D-glucopyranose (5), 1, 2, 3, 6-
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tetra-0-galloyl-B-D-glucopyranose (6), 1, 2, 3, 4, 6-penta-O-galloyl-8-D-glucopyranose (7), quercetin-3-0-

(9), (10 ),
galactopyranoside (11 ), kaempferol-3-0-8-D-glucopyranoside ( 12 ), kaempferol-3-0-a-L-rhamnopyranoside

a-L-rhamnopyanoside ( 8 ), rutin isorhamnetin-3-0-B-galactopyranoside quercetin-3-0-8-
(13), and quercetin (14) . Compounds 3-14 were isolated from the fruits of T. sinensis for the first time, and
compounds 5, 10 and 11 were isolated for the first time from the plant. Compounds 4-7 showed apparent anti-
complement activity, with the 1C,, of 88.3, 76.2, 13.9 and 9.6 pmmol - L' respectively. Conclusion; The
methanol extracts of the fruits of T. sinensis showed apparent anti-complement activity, and the EtOAc fraction was

the active fraction. Epigallocatechin glucoside derivatives and flavonoids were the active components, and the former

ones showed more potent anti-complement activity than the flavonoids; in addition, the activity was increased with

the increasing of numbers of galloyl moieties.
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Fig.1 Structure of compounds (1-14) isolated from fruits of Toona

sinensis
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BAL(HARZEFTHAL) , YMC - /\ e e el 4 ik fi 2F i
A 3EH (10 mm x 250 mm,5 pm, HA YMC 2F]) o
Tt T2 MR T 5 M4 508, 2 52 M i v K
2 TR 5T B 1) A DG I 12 5 R IR BHAE ) A A
Toona sinensis ¥ T M2 R L, M YW tr & (i 5
2009051501 ) Wik 7 53 JH i 1 2K 27 g 307 ¢ F 9% Bt A
YR A%
2 HEMER
2.1 PUAMATE M E
211 JRBUMVE g 3 R IK BUT IR
PkBcim, = # A& 1 h,4 CHtE 2 h J5,
3000 r - min "' B0 20 min, LIRS 3505 A%,
T -80 CHAfr& M
2.1.2 FUBARFLAMA TS A S SR Dk
JE ORAETE SRR QW b, T 4 C & . G &
YELT AN ES 0 (8 000 x g, 15 min) 72 )5, LU
26 W IS 6 2 IR % oL (GGVB? ) T ki, R
3., Y2000 r - min "' .0 10 min, { GGVB**
BE A FE N 1 x 10”4~/ mL (1R B8, 1 i A %1k
B M (1:2 000) F 37 CHEF 3 30 min,
BI45 .
2.1.3 M RNETE SRS =% 1wy
BT LR 7R S A A CIR BRI ) ik &,
SR LT A0 M & A v i B, D E AR R I F
DUASE fit T J 98 I 52 IO 40155 2 T LA SO0 e %o 37 ot i
I AR o i e R S T DMSO L, U T pl
ZE 99 pL GGVB** 2% sh ¥ b, i A K R i
(GGVB**1:100 8 ) 100 pL, FEAm A S 4 2 21 40
B (5 x10°4~/mL) 100 pL, 7 4HE A1 )5 F 37 CKE
WEE 30 min, HEIRBRSE . e A EE/K 1 mL &
WER R ,2 000 r » min~' &0 10 min, B 35 R T
405 nm{M WG HE A, 525G [R] B 52 37 %) BE A A4 3 I
A, DA S vk BEAE R Xl DL 2 R X R
A THEFMARID G R AE Sy Y BRI TR B
W (1C,,) .
2.2 RS E K 2.2 kg TR AE R B0,
FH95% 1= iR HE I 3 W (R 10 L) Bk
124 ho S IFURWL, FH I 5% 78 J A0l s 28 10 ok 4 5
112.0 g, I HFHER CBERIRY ., L BEERIY
110.0 g /3B T2 L9 95% Z B rh, i A Aq i ik 2
SLZEHC3 (R 400 mL) , & A Ik 8 43, B
WA B AT M B AR 73 8.8 o5 OB JZ M OB
SPECT 2 Lok, =S P e A HL 3 K (451k400 mL) ,
B I = A e 4y, TET i = G0 B e AR = G e AR
.54 .

U 4.3 g5 AKEB AN A £ R £ 1R A B 3 IR (B IR
400 mL) , & I 2 BR 2 TR HB 43 , 0K 7 08 B 2 R,
15 2R L BERE IR 75. 5 g3 K43 U E 2808, I
K AFAKIRAL 21,2 g,

W OTR OB ST 50.0 g, AL 100 g FEAE )5,

e A i, U e - R R B R (102 1 ~
1:1), VRV 28 i e T 2% €63 A s 5 0, 45 3 A4
W5 (Fr.1 ~Fr.3), Fr.1 #8743 (5.2 g) F Sephadex
LH-20 #E B AF 0 3%, B 2K B 3 vk B (10% ~
100% ) , 75 F1L-5 4 2(800 mg) F1 1 MRS, IR&
W25 ROAE A (ODS) A €833, 65 % HI BEK YL, 15 4k
A9 14(80 mg) A 1(1.5 g), Fr.2 #43(2.5 g) I
MCI CHP20P # & 1% , FH EE-K 6 B e JBE, 43 A 2 36
55,55 14 (300 mg) | 2F il £ HPLC,70% HI EEK
VeMi AL A 9(8 mg) A1 13(22 mg) , 55 2 # 41
(312 mg) 2Pl 4 HPLC,65% [ K, 146 &9
PEME 10 (10 mg) 1 11 (15 mg) , 55 3 #43 (520 mg)
R4 HPLC 254659 8(15 mg) Fi1 12(13 mg) ,
Fr.3(28.5 g) F¥EKE Sephadex LH-20 #E i+ 4 43% ,
FH - 7K 6 BE R, 43 1 3 #F43 (Fr. 3-1,Fr. 32 Fr. 3-
3), Fr.3-1(18.5 g) 1,0 200 mg | 2414 HPLC,
50% WEE (0. 1% PR ) Yl , 15165 %) 6 (40 mg)
FI7(120 mg) ;Fr.3-2(1.2 g) v, B 200 mg 2
#% HPLC,55% W B2 (& 0. 1% R vt , 154k &9
4(25 mg) #1 5(38 mg) ; Fr. 3-3 (120 mg) -2} il %
HPLC,60% H & (% 0. 1% B R ) Vel , 194k &4 3
(21 mg),
2.3 itk kAW 1 [ 6 KK H-NMR
(400 MHz, CD,0D) &§: 7.06 (2H,s, H-2,6); "C-
NMR (100 MHz, CD,0D) §: 168.4 (C-7),146.3
(C-3,5),139.2 (C-4),122.0 (C-1),110.4 (C-2,
6) . DL ESGIGEUE S k[ 14 ] A -5, e b &
W1REE TR,

k& 2 KHEEK K H-NMR (400 MHz,
CD,0D) §: 7.04 (2H,s,H=2,6),3.81 (3H,s, H-
OCH,), "C-NMR (100 MHz,CD,0D) §: 169.0 (C-
7),146.5 (C-3,5),139.8 (C-4),121.4 (C-1),
110.0 (C-2,6),52.5 (C-OCH,), 53CHk[7] %4k
B, B I TR

a3 [ ¥ A, H-NMR (400 MHz,
CD,0D) &: 7.15 (2H,s, galloyl |- H-2",6"),5.12
(172H,d,J =3.3 Hz,a # 8  H-1),4.55 (1/2H,
d,J=7.1 Hz,B # %I (%) H-1) ; "C-NMR (100 MHz,
CD,0D) §; 168.8 (C-7"),166.6 (C-3',5'),139.8
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(C-4"),121.5 (C-1"),110.5 (C-2",6"),98.5 (C-1,
BHYHL) ,94.3 (C-1,a F4#Y),76.4 (C-3,8 %)),
75.5 (C-5,B ##1) ,74.9 (C-2,B #§#1) ,74.0 (C-
3, ) ,73.6 (C5,a W) ,71.9 (C2,a
) ,71.3 (C-4,B k%) ,71.0 (C4,a FJ%L) ,64.9
(C-6) . ZAG W WP B e Bos h—Hs Y,
MWEGERT BB A &H X u N o, WRIEE
A B BERR A B0 C-6 fL AR R W
HAGHEREA — i, TR R A TR AL T SR .
DL B i s 5 Sk [ 14 ] Bods xF L, AR — 3 i
Y58 N 6-0-T B ok JE -5 45 W o

&Y 4 KA @K AR H-NMR (400 MHz,
CD,0OD) §: 7.05,7.01,6.91 (each 2H,s, galloyl H-
2',6";2", 6";2",6"),6.02 (1H,d,J =8.0 Hz, H-
1),5.50 (1H,t,J =9.2 Hz,H-3),5.38 (1H,t,/] =
9.1 Hz, H-2); "C-NMR (100 MHz, CD,0D) §:
168.0, 167.5, 166.8 ( C-7', C-7", C-7"), 146. 4,
146.3,145.8 (C-3",5";3",5";3",5"), 140.1 x 3
(C-4",4" 4") ,121.5,121.5,120.6 (C-1",1",1"),
110.4 x 3 (C-2",6";2",6";2",6"),94.0 (C-1),
77.1 (C-5),76.8 (C-3),72.4 (C-2),69.4 (C-4),
62.1 (C-6), LA F¥#8 53CHR[ 14-15 ] XF bE , FeA —
L ALE W 4 KB R 1,2,3-=-0-% & F kL -B-D-H
R -

&YW S KA G K H-NMR (400 MHz,
CD,0D) §: 7.05,7.01,6.91 (each 2H,s, galloyl H-
2',6";2", 6";2”,6"),5.98 (1H,d,J =8.0 Hz, H-
1),5.29 (1H,t,J =9.0 Hz,H-2),4.68 (1H,br d,
J=12 Hz,H-6) ,4.42 (1H,dd,J =4,12 Hz); “C-
NMR (100 MHz, CD,0D) §: 168.0,167.5, 166. 8
(C-7",C-7",C-7") ,146.4,146.3, 145.8 (C-3',5';
37,5";3",5"),140.1 x 3 (C-4',4",4") 121.5,
121.5,120.6 (C-1",1",1"),110.4 x3(C-2", 6';2",
6";2",6"),94.0 (C-1),75.8 (C-3),74.9 (C-5),
73.5 (C-2),70.8 (C-4),64.1 (C-6), VI %Y
SCHRL16 1% M, BEAR —3 , fb G 5 S8l 1,2,6-
=-0-W & ¥ Bk H-B-D-F A H .

&Y 6 kA @ # K. H-NMR (400 MHz,
CD,0D) &:7.11,7.04,7.02,6.92 (each 2H, s,
galloy H2',6"; 2”,6";2” 6”2 ™ .6 ™) ,6.10 (1H,
d,J=8.2 Hz,H-1),5.46 (1H,dd,J =8.1,9.6 Hz,
H-2),5.52 (1H,t, J=9.1 Hz,H-3) ,4.62 (2H,m,
H-6); "C-NMR (100 MHz, CD,0D) §: 167.5,
167.2,166.6,166.3 (C-1",1", 1”7, 1 ") ;146.5,

146.4,146.3,146.2 (C-3",5";3",5",3" 57,3 ",
5"),140.0,140.2,140. 3 ,140. 4(C-4", 4" 4" 4" |
121.1,120.9, 120.6, 120.1 (C-1", 1", 1", 1),
110.4,110.3,110.2,110. 1 (C-2",6";2",6"; 2" ,6";
2" .6™),94.1 (C-1),76.6 (C-5),76.4 (C-3),
72.2 (C-2),69.8 (C-4),64.1 (C-6), VI IS
SCHR[14-15 X5 b B A — B, ik 59 6 e M 1,
2,3,6-14-0-1% & 1 Bt A -B-D-# HjH -

&Y 7 BB K. H-NMR (400 MHz,
CD,0D) §:7.14,7.08,7.04,7.01,6.90 (each 2H,
s,galloy H2", 6';2",6";2” 6";2" 6 ™2™ 6"™),
6.23 (1H,d,J=8.0 Hz,H-1),5.89 (1H,t,/=8.0
Hz,H-3),5.61 (1H,t,J=8.0 Hz,H4),5.58 (1H,
t,/=8.0 Hz,H-2) ;”C-NMR (100 MHz,CD,0D) §:
167.7,167.2,167.1,166.9,166.3 (C-7',7",7",7",
7Y, 146.5,146. 4, 146.3,146.3,146.2 (C-3',5";
37,57, 3" 5m, 3 5 3 o5y 140, 5, 140. 3,
140.1,139.9,139.8 (C-4',4" 4" 4™ 4") 120.7,
120.4,119.9,119.6,119.2 (C-1",1", 1" 1" 1™),
110.4,110.2,109.8,109.7,109.5 (C-=2",6";2",6";
276" 2" 6™ 2™ 6™ ,93.6 (C-1),74.6 (C-5),
74.5 (C-3),72.1 (C-2),69.5 (C4),62.8 (C-6),
FOBEE S 5 Sk [ 14-15 J 4B 9 — B0, e &Y
78 1,2,3,4,6-T0-0-1% & Bk 3 -B-D-18) % bk .

k& ¥ 8  H(# K, H-NMR (400 MHz,
CD,0D) §:7.57 (1H,dd,J =1.8,8.0 Hz, H-6"),
7.52 (1H,d,J=1.8 Hz,H-2"),7.02 (1H,d,] =8.4
Hz,H-5'),6.54 (1H,br s,H-8),6.32 (1H, br s, H-
6) ;" °C-NMR (100 MHz, CD,0D) §:177.9 (C-4),
164.9 (C-7),161.5 (C-5),157.6 (C-9),156.3 (C-
2),148.6 (C-4"),145.1 (C-3"),134.5 (C-3),
115.8 (C-2"), 121.1 (C-1"),115.2 (C-5"),120.6
(C-6"),104.3 (C-10),102.5 (C-1"),98.6 (C-6),
94.1 (C-8),70.2 (C-2"),70.8 (C-3"), 70.0 (C-
5"),71.4 (C-4"),17.8 (C-6") . Hik#ds 5 3k
(17 1l my— 3%, St G W) 8 it i % -3-0-a-L-
R 20l o

49 'H-NMR (400 MHz,CD,0D) §:7.55
(1H,dd,J =1.8,8.1 Hz,H-6"),7.54 (1H,d,J =
1.8 Hz,H-2"), 6.82 (1H,d,J=8.1 Hz,H-5") ,6. 52
(1H,br s, H-8),6.32 (1H, br s, H6); "C-NMR
(100 MHz,CD,0D) §:177.6 (C-4),164.6 (C-7),
161.5 (C-5),156.9 (C-9),156.8 (C-2),148.3 (C-
4'),145.0 (C-3"),133.5 (C-3),115.6 (C-=2"),

- 55 -
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121.1 (C-1"),115.8 (C-5"),121.2 (C-6"),104.1
(C-10),101.6 (C-1"),98.6 (C-6),94.1 (C-8),
74.2 (C-2"),76.6 (C-3"), 70.0 (C-4"),76.0 (C-
5"),67.2 (C-6"),100.8 (C-1"),70.3 (C-2"),70.5
(C-3"),71.9 (C-4"),68.5 (C-5"),17.8 (C-6"),
Hole s s 5 Scik [ 18 I iy — B0, e & 9
HET

k&% 10 # {0k K ,'H-NMR (400 MHz,
CD,0D) 8:8.71 (1H,d,J =5.6 Hz, H-6"),7.77
(1H,d,J=8.8 Hz, H-2"),7.27 (1H,d,J =8. 4 Hz,
H-5"),6.74 (1H,br s,H-8),6.72(1H,br s,H-6);
“C-NMR (100 MHz,CD,0D) §:178.7 (C-4),165.9
(C-7),162.8 (C-5),157.6 (C-9),157.3 (C-2),
151.2 (C-4"),148.1 (C-3"),134.7 (C-3),122.8
(C2"), 122.1 (C-1"),116.2 (C-5"),114.6 (C-
6'),105.3 (C-10),104.0 (C-1") 99.8 (C-6), 94.6
(C-8),75.2 (C-2"),69.8 (C-3"), 77.7 (C-5"),
73.4 (C-4"),61.9 (C-6"),56.6 (OCH,), LI ¥k
A S OCHR (17 ] B — B ek & 10
SREE3-08-FFL BT

&4 11 Ak K, H-NMR (400 MHz,
CD,0D) §:8.49 (1H,d,J =8.4 Hz, H6"),7.24
(1H,d,J =8.8 Hz, H-2"),7.25 (1H,d,J =8.4 Hz,
H-5"),6.22 (1H,br s,H-8),6.20 (1H, br s,H-6),
4.22 (1H,d,J =7.6 Hz, H-1"); “C-NMR (100
MHz,CD,0D) §:178.9 (C-4),166.0 (C-7),162.8
(C-5),157.6 (C9),157.5 (C-2),161.8 (C4'),
149.6 (C-3"),135.1 (C-3),135.6 (C-2"),122.0
(C-1'),123.7 (C-5'),116.2 (C-6'),105.3 (C-
10),104.6 (C-1"),99.9 (C-6), 94.7 (C-8),75.4
(C-2"),69.8 (C-3"),77.7 (C-5"),73.4 (C-4"),
61.9 (C-6") . HPIEEE 5 k[ 17 [ ny—2,
YA A Y 11 i R -3-0-B- LI .

k&Y 12 08 K, H-NMR (400 MHz,
CD,0D) 6:8.12 (2H,d,J =8.8 Hz,H-2",6"),7.08
(1H,d,J =8.8 Hz,H-5"),6.38 (1H,br s, H-8),
6.33 (1H,br s,H-6) ;°C-NMR (100 MHz,CD,0D)
8:177.8 (C-4),164.6 (C-7), 161.1 (C-5),156.4
(€9),133.3 (€-2),159.6 (C4'),115.1 (C-3"),
176.8 (C-3),130.8 (C-2'),120.1 (C-1"),115.1
(C-5'),130.6 (C-6'),104.0 (C-10),105.9 (C-
17),98.6 (C-6),94.0 (C-8),72.2 (C-2"),74.8
(€C-3"),70.1 (C-5"),75.0 (C-4"), 65.7 (C-6"),
U R 5 SCHR [ 15 ] X)L AR — B, i s e e

- 56 -

W12 A1l 25l -3-0-B-D-4 % 0

k&Y 13 W8 K, H-NMR (400 MHz,
CD,0D) §:8.11 (2H,d,J=8.8 Hz,H-2",6"), 7.08
(1H,d,J =8.8 Hz,H-5") ,6.38 (1H,br s, H-8),
6.33 (1H,br s,H-6),5.24 (1H,br s, H-1"); “C-
NMR (100 MHz, CD,OD) §:177.8 (C-4),164.7
(C-7),161.2 (C-5),156.4 (C-9),133.4 (C-=2),
159.6 (C-4'),115.2 (C-3"),176.8 (C-3),130.8
(C2"), 120.1 (C-1"),115.1 (C-5"),130.6 (C-
6'),104.0 (C-10),105.9 (C-1"),102.5 (C-1"),
98.6 (C-6),94.0 (C-8),70.1 (C-=2"), 70.6 (C-
3"),69.8 (C-5"),71.4 (C4"),17.7 (C-6"), "C-
NMR (100 MHz,CD,0D) , H ¥ i 54t 5 Scik [ 15 ]
XS L, B A B B EAR S 13 Ry 1l £ -3-0-
a-L- BT .

b & ¥ 14 B 45 f (B2 ) H-NMR
(400 MHz, CD,0D) 8:7.65 (1H,d,J =2.0 Hgz,
H-2'),7.52 (1H,dd, J =8.3,2.0 Hz,H-6") ,6. 88
(1H,d,J=8.4 Hz,H-5"),6.42 (1H,d,J =1.2 Hez,
H8),6.18 (1H,d,J =1.1 Hz, H6); "C-NMR
(100 MHz,CD,0D) §: 146.9 (C-2),135.7 (C-3),
175.9 (C-4),156.2 (C-5),98.2 (C-6),163.8
(C-7),93.4 (C-8), 160.8 (C-9),103.1 (C-10),
122.2 (C-1"),115.1 (C-2"),145.1 (C-3"),147.6
(C-4"),115.7 (C-5"),120.1 (C-6"), i 5 ScHk
(15 X8 S AL & W h i 2= .

2.4 FHRERIRY AR APOMEEE F
H S 2 T ) 28 AN ) A 2 1) 35 50 2 By B O, A9
B, S E P MR O BEAIK 4 DI, #E
2.1 WUR ik ar e praMMRE . AT A, G
R T EL A 5 B0 B AMA TS T 28 3 R AR L
J& o A R A L-F- B A PUAMATE M, = A P e R AL
FAKER A 3R B B G0 e R MAAE T, B A 44 7
AT FEARE A T LR PR, W 1,

*1 EHERERYHAMEEENE (cts,0=3)

Table 1  Inhibitory effect of different extracts of Toona sinensis

fruits(x £s,n=3)

FE i M=/ %
BRI 85.55 +3.15
A I Tk AL 1.48 £5.31
= STt A AL 15.24 +3.46
LR LR AL 95. 63 +2.50
K EB AL 20.36 £9. 20
AR 88.16 £0. 96

T B )y S0 mg - L7,
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2.5 IR IR C R ERALAL 2 A3 HUAMAE 1
XfNEHER CTR SRR AL 7 A B 14 MG
Py BEAT HUAM A TS PRI, JF I 1C,,, S5 R WL 2.
& 4,5,6,7 #5 57s AR B BT AMA S 2 B
PO AMAC TG 1 i A 2 W b A AR IR H 1Y
ST 3 s € SR DINEE e e =
B Z2 12 A BAT FADL A S PR AL T B R 2
TG 53 0 AS T P U 5 55

R2 BBERIZBIEAMUALZRSBRMFEENE(n=3)
Table 2 Inhibitory effects of compounds isolated from ethyl acetate

fraction of Toona sinensis fruits (n =3)

& IG5/ pmol « 17!

1 647.2
2 -

3 165.5
4 88.3
5 76.2
6 13.9
7 9.6
8 350. 6
9 -

10 280. 6
1 -

12 215.5
13 260. 5
14 _

KA R 62.5

T - RN AW

3 itig

AWESE R, AT e S B0 A A B A7 v o3
"R T 14 EY KPS 3 ~ 14 A H IR
AR B AR R LG Y 5,10, 11 i O
AR BN Z WA TR TR
it T R R 26 A o, O EL L R TR 4
o EFR Sy, B R R . B TR A b

RIS 4 7 HA 0 35 A AN AT 1, T 8 A 288 2 73 X
MBS AR .

TRy — PP Z A& R, o SRR
MM —EZ BT ABFTEE R, T
REFHT—H MEAEENZHEAN JFHA
AR F MR MR R TR . B R AR 2
5y 2 2 BRI ARL , i LA 2 B HE 2SR 33 L g | o AR
PR 10 AT LB R R AR

PRIGAE Jg — A PR A , W F o e — b 98 5E 1

PR RMA T T S G & A R IR I

I & AE BT LR FALE Y L TR SCRR IR I

T2 W xf 22 55 AMAR O AR DG BRI R 2 B A I Y

TERIE 52 F T Je 45 A G &, E— 4R R

T B RN A R R 2 A S, IR YT SRR

5 RMASOE A5 03 A G B L B RO B O A E

8507, HA TR R AN (H . W5 45 R 0 7 i AR

W R REAA, B ZEE .
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