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Study on the Chemical Constituents from the Fruits of
Forsythia suspensa and the Antioxidant Activity of Forsythoside A

QIU Yu, ZHANG Wen-li* , LIN Yuan-yuan, YANG Mo-yuan

(The 316 Hospital of Peoples Liberation Army, Beijing 100093, China)

[ Abstract ] Objective: To study the chemical constituents of Forsythia suspensa and antioxidant activity of

forsythoside A. Method: The compounds were isolated and purified by column chromatography on silica gel

Sephadex LH-20 and preparative HPLC, and their structures were identified by physicochemical properties and

spectral analysis. DMPD " and DPPH experiments were conducted to examine the antioxidant activity of forsythoside

A. Result: Six compounds were isolated from the fruits of F. suspensa. The structures of the compounds were

determined as forsythoside A (1), calceolarioside B (2), rutin (3) and forsythin (4), isoolivil (5),
daucosterol (6) , respectively. Conclusion: Forsythoside A showed excellent antioxidant activity.

[ Key words ] Forsythia suspense ( Thunb. ) Vahl; chemical constituents; structure identification;

forsythin; forsythoside A; antioxidant activity
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TR IR e ) ¥ A Sigma 23,
2 RESE

B (4 kg) 48 85% L TiE 80 C ' [l it fi
W, uk, B JF B, 1RT W R 2 O A, K U TR O
D101 KALW Ag, R LA K \30% £ B .60% £, 1 5
95% L BEMATUERL . 60% LTV TR (29 70 g) 4
kAT (3%, LLSA A7 -0 B (500 1) S i 3 AH i 47 Uk
JB, B4y 200 mL, Feic R 25 iy, Ho i 4r 15 ~ 19
G IF,TLC R, & A 3 A F LA, B ik IH 2
B, U - 05 (10 1) Pe i, I J5 28 i 95 W AH 21k
[ HE-7K (30:70) ] 15 24L& 1 (1, =22 min, 20
mg) 3(t, =12 min, 32 mg) il 4 (¢, =31 min, 27
mg) o 30% LPEEVELER 73 (29 100 g) £ 1k AT 435
DL - B (20 1) Sy 3t 30 A #E 47 Ve 0, 5 v 48 43
2026 FA 3 AN EBE AL WXL A OF, I Rk
JEAE A3, LR CBR-TS R (10 1) #4730, 45 3 20
N, KBS A FEB AW 1318 &5 &
Sephadex LH-20 %I #E (5 3% , LI H EE-7K (70 30) 3k
Jit, 2l A 15 B AL 5 %) 2 (23 mg),5(45 mg),6(67

mg)[ﬁi .
3 £HMETE
A1 R AR, Molish Ji2 i FH: , =54

b8k 5 7 B . H-NMR ( DMSO-d, ) 6: 9. 60 (TH, br,
3-OH),9. 15 (IH, br,4-0OH) ,8.71 (IH,s,3'-OH) ,
8.65(IH,s, 4’-OH), 7.49(IH,d,J =15.6 Hz,7'-
H),6.25(IH,d,J =15.6 Hz,8'-H), 7.04 (TH, brs,
2'-H),7.01(IH,d,J =8.0 Hz,6'-H) ,6.75(IH,d,J
=8.0 Hz, 5'-H), 6. 68 (IH,brs,2-H) ,6.61(IH,d,J
=7.8 Hz,5-H) ,6.48(IH,d,J =7.8 Hz, 6-H) ,5.28
(IH,m,4"-H) ,4.29(1H,d,J =7.8 Hz,1"-H), 4.61
(IH,s,1-H) ,3.86(IH,m,a-H) ,3. 62 (IH,M,a-H) ,
2.68(2H,t, J=7.5 Hz,B-H) ,1.03(3H,d,J =6.0
Hz,6-H) ., C-NMR ( DMSO-d, )8:129.1(C-1),116.3
(C-2),143.5(C-3),143.5(C4),115.5(C-5),
119.5(C-6) ,125.4(C-1"), 114.8(C-2"),144.9(C-
3'),148.4 (C4'), 115.8 (C-5"), 121.3 ( C-6"),
145.5(C-7"),113.7(C-8"),165.8(C-9"),72.9(C-
@) ,36.6(C-B),102.8(C-1"),73.4(C-2"),73.9(C-
37),71.0(C-4"),72.9(C-5"), 66.0(C-6"),100.5
(C-1"),70.2 (C-2"),70.6 (C-3"),71.8 (C-4"),
68.3(C-5"),17.9(C-6") , HICHR[7 ] %F M, 2% ¥
BA B B R 3,4- T BB L H-0-a-1-
FRZEBEEE (1 —6) 4-0-m M 15t 3 -p-D-4 %6 Wi 4 o B
EMESH A (forsythiaside) s
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ka2 RE A AR KR, =& 8%k-2k 5L
W RS LG Y. ESI-MS
m/z:477[ M — H] = ,'"H-NMR (400 MHz, CD,0D)3§:
6.68(1H,d,J =2.0 Hz,H-2),6.65(1H,d,J =8.1
Hz,H-5),6.54(1H,dd,J =2.0,8.1 Hz,H-6),7.06
(1H,d,J=1.9 Hz,H-2"),6.78(1H,d,J =8.2 Hz,
H-5'),6.95(1H,dd,J =1.9,8.2 Hz, H6'),7. 56
(1H,d,J =15.9 Hz,H-7'),6.31 (1H,d,J =15.9
Hz,H-8'),2.78 (2H, m,H-7) ,3.72(2H, m, H-8) ,
4.32(1H,d,J =7.9 Hz,H-1") ,4.52 (1H,dd, J =
1.9,12.0 Hz,H-6"a) ,4.36(1H,dd,J =5.9,9.3 Hz,
H-6"b),"” C-NMR (100 MHz, CD,0D) §:149.5 ( C-
4'),147.2(C-3"),146.6(C-7'),145.9(C-3) ,144.5
(C4),131.2(C-1),127.6 (C-1"),123.1 (C-6"),
121.3(C-6),117.0(C-2),116.5(C-5"),116.3 ( C-
5),115.2(C-2"), 114.8(C-8'),169.1(C9"),72.3
(C-8),36.6(C-7), 104.4(C-1"),77.8(C-3"),75. 4
(C-5"),74.9(C-2"),71.6(C-4") ,64.5(C-6"), LI
B SR (9 ] ik ARG OR CBE B BEA B,

a3 BEASEEPEN A, Molish 2 1 FH M .
- R R P (S ta) . = &gk ) A
M (5465 ) ' H-NMR ( DMSO-d, )§: 12.59(TH,s,5-
OH),10.82(IH,s,7-0H) ,9. 66 (IH,s,3'-OH) ,9. 17
(IH,s,4'-OH),7.53(1H, q, J=1.5 Hz,9.0 Hz,
6'-H),7.55(IH,d,J=1.5 Hz,2'-H) , 6.82 (IH, d,
J=9.0 Hz,5'-H) ,5.33(IH, d, J=7.2 Hz,1"-H),
5.08(1H, m, 2-H),3.69(1H, d, J=9.0 HZ,1"-
H),0.977(3H,d,J =6.0 Hz,6""-H) ,6.38 (1H,d,J
=2.5 Hz,8-H), 6.18(1H, d,J=2.5 Hz, 6-H) "
C-NMR ( DMSO-d, ) §:156.3 (C-2), 133.2(C-3),
177.3(C4),161.2(C-5) ,98.6(C-6) ,164.0(C-7) ,
93.5(C-8),156.5(C9),103.9(C-10),121.2 ( C-
1'),115.1 (C-2"), 148.3 (C4'), 144.7 (C-3"),
116.2(C-5"),121.5(C-6"),100.8 (C-1") ,74.0 ( C-
2"),76.4(C-3"),69.9(C-4"),75.8(C-5"),66.9(C-
6"),100.7(C”-1),70.3(C"2),70.5(C"-3),71.8
(C"4),68.2(C"-5),17.7(C-6), 2 53CHk[10]
XTI 25 B AR — 30, s e e T

ka4 HEE &S (HEE), mp 155.0 ~
156.0 °C ,'"H-NMR (300 MHz, DMSO-d, ) §: 7.05
(1H, d,J=8.7 Hz,H-2"),6.96(1H,d,J =1.6 Hz,
H-6"),6.92(2H,m,H-3",2),6.87(2H,m,H-3,6) ,
5.19(1H,d,J =4.7 Hz,H9a'),5.05 (1H,d,J =
4.2 Hz,H9b') ,4.88(1H,d,J =7.1 Hz,H-1") ,4. 80



TG AR IR S BT PR A

(1H, d,J =5.9 Hz,H-7¢'),4.51 (1H,t, H9a) ,
4.38(1H,d,J =6.8 Hz,H-7a) ,4.10(1H,d,J =9.3
Hz, H9b ), 3.76 (3H, s, OCH, ), 3.76 ( 3H, s,
OCH,),3.74(3H,s,0CH,) ,3.08 ~3.50(7H,m, H-
2" 3" 4" 5" 6".8'),2.85 (1H,d,J=9.3Hz,H-8) "
C-NMR (75 MHz, DMSO-d,)5:148.9(C-4),148.5
(C4"),147.7 (C-3"),146.0(C-3),135.3(C-1),
131.4(C-1"),118.2(C-6) ,117.6(C-5") ,115. 2 ( C-
5),111.6 (C-6"),110.4(C-2),109.4(C-2"),100.2
(C-1"),86.7(C-7),81.3(C-7"),77.1(C-5"),76.9
(€C-3"),73.3(C-2"),70.4(C-9),69.8(C4"),69. 1
(€9'),60.8(C-6"),55.6(0OCH,),55.5 (OCH,),
55.5(0CH,),54.1(C-8),49.4(C-8"), | ¥ % ¥
2 5SCERI1T  IR SE e G W o L

EaEws aEkhk, ZH8A5k-REAH R
o, Rz G Y o LG . ESI-MS
m/z: 377[M + H] * ,'H-NMR (400 MHz,CD,0D)§:
6.64(1H, s,H-2),6.18(1H,s,H-5),6.69(1H,d,
J=1.8 Hz,H-2") 6.74(1H,d,J =7.9 Hz,H-5"),
6.66(1H,dd,J=1.8,7.9 Hz,H-6"),2.02(1H,m,
H-8"),3.81 (1H, m,H9'a),3.54 (1H, m,H9'Dh) ,
3.77(1H,m,H9a), 3.59(1H,m,H-9b) ,3. 19(1H,
d,J=16.5 Hz,H-7a), 2.58(1H,d,J =16.7 Hz,H-
7b) ,4.00(1H,m,H-7"), 3.82(3H,s,-0CH, ) ,3. 80
(3H, s,-OCH; ) ,"” C-NMR ( 100 MHz, CD,0D) §:
149.2(C-3), 147.5(C-3"),145.3(C4) ,146.2(C-
4'),138.5(C-1"), 133.6(C-6) ,126.4(C-1),123.6
(C-6"),117.4 (C-5),116.0(C-5"),113.0(C-=2),
114.0(C-2"),69.4(C-9),60.8(C-9") ,47.6(C-8"),
44.8(C-7"),75.0(C-8),39.9(C-7),56.4 (2 x-
OCH;) . DA %04 5 SCik [ 12 ] 4z 1 ) 5 i g R
Bl A —F,

e e bR (HE) M7 T — A7 il
WAL, G T AT - OB IR A B R Aot iE
Libermann-burchard [ Jif BH 1 , Molish &z Jif BH %, mp
296 ~298 C, TLC A . 5035 3 % i i JL
B AR OBE-WEE(8:2) JBIF, RE 0. 58; & & {5 -
FEE(9: 1) EIF, REO.30; %05 —IE T A (9:2) &
JF,R0.38, H A S5 S804 — 2, 558 b E X
PR TR & J5 I o, O R R R i iz b & i i
&N,

4 fmELFEEHFR"

H H B AR ) RO E A, A A R g

At Z2 b B Ak A8, AT g LA AR Y OE R B

b A H RS TG R B AR AR BT AE AE) K A
T, AN I RERE IR N, [ e AR
RIE N R 2255905 A0 JIeg 0 G I A9 4 1Y
TR, ST EET A 15 R ARPTE R 45 AR
T, HFEAT AN L5 T BB AE AR T MY

4.1 DMPD * g5z

4.1.1 Jry YESL /T, DMPD 1] # ABAP,
FeCl,, CuCl,, H,0, % 1k & WL 52 & A 2 A 1
DMPD ", 7£ 505 nm b A7 Fe KWW . 5 im A $T 4R
e, Bra LRI Be 54 B 1 A S5 ¥ 45 DMPD ™ fiff
LV W o 0 € R B B AR 150 B T AR Ak R 1 B AR
L AE ) o o bR N TR GE L FR 2, DMPD T B W S B
TEEMRT 12 h (WEEAEE o B U I 7 6 0k i
MEEH A BT, K 0.1 mol-L™" DMPD %
F10.1 mol-L~" pH 5.25 {1 /i £h 2% vh W 4% 10 mL
RS, A S mL 0. 05 mol-L ™'y FeCl, ¥ 3 31 2
N, A2 DMPD [ B JE % W, B 1 mL DMPD " %
W53 A [) e B 1) 34 SR 1 A RIK IS PEGEAE R
E,25 C F M 10 min, 7F 505 nm Kb 5618

DMPD "5 =1 - Ay /Ay, x100%

Horf Agys, 2 DMPD " W46 e BE B WOGAEL 5 Ass
RAEAEDTAA AL R ) 42 DMPD ™ ¥ B2 1 WO (E, 3%
TEEL 3 W,

4.1.2 4% BB A 5K 4R E ML
REA R % DMPD " ¥k R 4 pumol - L™ i B 46,
FUEBRAR 16% . WA ZEFMBR T A Ve B T+ &, X
DMPD" " i ¥ [ A 328 ¥ 184 5, >4 ok B2 5K 21 1 024
pmol L™ i, i BRF LT 15 5] 100% , 1 7K 75 V4 7
EE 5ZHM XS DMPD " B35 BR AR B g5 8, DL
1,

*1 EPEEH A 5%%E% EEKR DMPD * Mttt

R MR A X YR EXF

/wmol - L~ DMPD" * 175 % %/ % DMPD" * W75 5 2/ %
4 16 18
8 30 32
16 60 55
32 80 74
64 85 76
128 90 85
256 96 90
512 98 92
1024 100 95
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4.2 DPPH [ &35 ERAE M2 DPPH fE4
BLEE ) b2 — AP As e 19 H i 2, 7R 517 nm (LA
SR (R E M) Y A W BN R,
DPPH (i fIx} L 7B B X, FEAE 517 nm 02 i3 2k 5
AL, 308 3k I R AR 5 R AT 1 R R
FUA NG P, P OZ T A TR 1T A T BR A R
SRR IR E . E A PRI A 2.5 mL 6.5 x
10" mol-L™" DPPH &, — & K BUMEE ]y 1 g-
L 3% mE 1F A, s FAR B 1 70% 1 20 B b
JEF S mL, 4% 4], % 20 min J5 T 517 nm g3 1%
6B MR WO B A TSR B % R DL SRR R 1
gL' BHT Q8 % M 15 A 1 ik X i,
*2,
*2 EMEH A5 BHT ;55 DPPH 5 A ERI3TEE

B AR A X DPPH BHT Xf DPPH
/mL A i S R R % [ LS R R %
0.2 19 18
0.4 39 12
0.6 54 41
0-8 65 51
10 72 65

M2 AT LUE &R A XF DPPH [ i
HARBAERIEME, 1 ¢ L7 09 3%E Bl A Xt
DPPH [ f JE 3% BR TG R38R T 1 g+ L' BHT,

5 #ig

HREE T A i 0 A AeE i A iR
TEIA R % TR A SR % R T g 3 IS MR A T
PEAT % R S i R ) % BT £ I R 2 L O 40 AR
BT AERy —Fh F 2R bR, T UL AR A Y E %
P o ASTE X MR A SR 09 BT AR IS TS
FW, 544 % E 3% DMPD * il BHT i k& DPPH
BB LG, R T A B T SR 0 B A A
L2 PR R TR T AR U B i 3 0, X Oy i
R BT AT PP TR o AR SIS R MR i — 2P
FE 2 R FH AL 7 S a6 40

[ &% 30k ]

[ 1] XIBE, R, fhEkss, % 2l wrsel].
VLB Z5} 22441 ,2003,20(2) - 101.

(2] Bescia, Boa ¥, BB, 5. o 25 2 Ak 2 0 20 Ao
MrorEm st [J]. i AR ,2010,23(2) :33.

- 152 -

[7]

[8]

[17]

[18]

o ACOHE , W7 e 3C. A2 oy B AR LT ]
¥ B2 24,2009 ,27 (4) :349.

. AL A L K B B M A S SR (1]
m1 25 %4 ,2000,23 (10) :657.

WER, ECRE, Bl A 7t 04 7R A Bt S AL I
BEFEL . AL T 2% 4« 1 95 5 2% B2, 2005, 19
(4).71.

U IR, R, S R R A R AL R
Meaife T2 [T]. [ 52 3 J7 ) 4% 4% 35, 2011, 17
(15) .14.

SANSEIN,KAZUKOO,HIROKIT, et al. The structure of
Forsythiaside isolatede from Forsythia Suspensa [ J].
Chem Pharm Bull, 1982, 30(3) :1048.

SROR, R AR 38, 45 % R 25 T A 1k 2 oy
Whoe ke [J]. b [ S8 7 5 o Jk A, 2009, 15
(5):74.

R ER R, ERYL R ZE 004k o R
[J]. o E 2445535 ,2006,41(5) :333.

EE 27, ok T, Bl 75 1. T 3% B0 TR 3 1 A B F
[J]. " 2ym4R,1988,13(7) :32.

Ralman MMA, Dewick P M, Jackon D E, Lucas JA et
al. Lignans of Forsythia intermedia[ J]. Phytochemistry,
1990,29(6) : 1971.

KATO Y. Structure of ( + )-isoolivil ( + )-cycloolivil
and some lignans [ J]. Chem Pharm Bull, 1964, 12
(4):512.

FAE RD A I R R R BRI M Y A Y
[J]. hEF A ,2009,45(15) :57.

X SCH, 2 Y], Bk bk, 2 3% ST 25 BRI PR T Y
PERELT]. v 3 o = ,2011,38(7) +236.
G5, LR, 20384, 4. 3 T 25 JARE O
PER[T]. KGR BEZY R4 ,2011,27(6) :1062.
ARUKAR, OB MG, ThER S TR A i B bR A
FAMBESE [T]. V9% SC 2 e 4 . A AR BL %R,
2008,11(4) .14.

Hhowe, 259, HAE, %, TS BR A HL A 4 DPPH
EI AR A B EAER ] P EBESE
B4 ,2008,15(5) :32.
Tuba Ak, Tlhami Giilcin. Antioxidant and radical
scavenging properties of curcumin [ J |]. Chemico-
Biological Interactions,2008 ,174 (1) :27.
Brand-Williams W, Cuvelier M E, Berset C. Use of a free
radical method to evaluate antioxidant activity [ J].

Lebensm wiss Tehnol, 1995,28(1) :25.
[P dmE AT ]



