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Un der the in hi bi tion of Cu+2-in duced LDL ox i da tion-guided frac tion ation, two new flavone glycosides
with galloyl sub sti tu tion were iso lated from the dried fallen leaves of Terminalia catappa L. Their struc tures
were es tab lished as apigenin 6-C-(2″-O-galloyl)-β-D-glucopyranoside (1) and apigenin 8-C-(2″-O-galloyl)-β -
- D-glucopyranoside (2), to gether with four known flavone glycosides, isovitexin, vitexin, isoorientin, and
rutin, on the ba sis of spec tro scopic method. Com pounds 1 and 2 showed sig nif i cant antioxidative ef fects. Their
IC50 were 2.1 and 4.5 µM, re spec tively.

IN TRO DUC TION

The dried fallen leaves of Terminalia catappa L.
(Combretaceae) are a com monly used folk med i cine in Tai -
wan. It has been claimed to have ther a peu tic ef fects for liver
re lated dis eases.1 Hydrolyzable ellagitannins and other tan nin
re lated com pounds have been iso lated from the leaves and the
bark of T.catappa.2,3 Sev eral tan nins were shown in hib it ing
HIV rep li ca tion in in fected H9 lym pho cytes with lit tle
cytotoxicity.4 Liu et al. have shown the wa ter ex tract of the
leaves of T. catappa sup pressed mitomycin C-induced
micronuclei in CHO-K1 cells. It was sug gested that its in vi tro
and in vivo anticlastogenic ef fects may be at trib uted to its
antioxidative po ten tial.5 And many stud ies have pro vided sup -
port ing ev i dence that Chinese med i cine used on blood sta sis
and hepatic in jury con tains an ti ox i dants to pre vent LDL lipid
peroxida tion.6-8  There fore, we in ves ti gated the chem i cal con -
stit u ents un der the antioxidation-guided frac tion ation of its
leaves. This pa per deals with the iso la tion of two new flavone
C-glycosides with galloyl sub sti tu tion and their an ti ox i dant
ac tiv i ties.

RE SULTS AND DIS CUS SION

The eth a nol ex tract of the dried fallen leaves of T.
catappa sus pended in wa ter was suc ces sively par ti tioned with 
ethyl ac e tate and n-butanol. The n-butanol sol u ble frac tion
was sub jected to sep a ra tion and pu ri fi ca tion on Diaion HP-20
and Sephadex LH-20 col umn chro ma tog ra phy, and led to the

iso la tion of two new glucosides 1 and 2 to gether with four
known flavonoid glycosides, isovitexin (3),9,10 vitexin (4), 9,10

isoorientin (5), 11 and rutin (6), 12 gal lic acid and ellagic acid.
Com pound 1 was iso lated as yel low amor phous pow der. 

The mo lec u lar for mula was es tab lished as C28H24O14 from
FABMS [m/z 585 (M + H)+] and 13C NMR data. The IR spec -
trum showed hydroxyl (3350 cm- 1), es ter (1705, 1220 cm- 1),
con ju gated car bonyl (1650 cm- 1), and ar o matic (1610, 1500
cm- 1) ab sorp tion bands. The UV ab sorp tions at 270, 336 nm,
showed that com pound 1 was a flavone de riv a tive.13 The 1H
and 13C NMR (Ta ble 1) spec trum con tained sig nals due to a
galloyl moi ety: δH 6.79 (s, 2H); δC 108.6, 108.6, 119.8, 137.9,
145.2, 145.2 and 165.3. With out the galloyl moi ety, it was
sim i lar to that of apigenin 6-C-glucoside [isovitexin (3)].9,10 A 
para-substituted phe nol was char ac ter ized by the A2X2 pat tern 
[δ 6.89 and 7.86 (each 2H, d, J = 8.7 Hz)] for four ar o matic
pro tons. Two sin glet pro tons [(δ 6.41 and 6.68 (each 1H, s)]
were as signed as H-8 and H-3 from HMQC and HMBC cor re -
la tions, and an anomeric pro ton with larger cou pling con stant
(δ 4.89, d, J = 9.9 Hz) had a long-range cor re la tion with C-6. A 
methine pro ton at δ 5.65 (dd, J = 9.9, 8.5 Hz) had a C-H cor re -
la tion with glucosyl C-2 and a long range cor re la tion with the
car bonyl of galloyl. These in di cated that the galloyl was con -
nected with C-2 hydroxyl of the glucosyl. There fore, com -
pound 1 was de ter mined as apigenin 6-C- (2″-O-galloyl)-β- -
D-glucopyranoside. 

The NMR spec tral data to gether with the mo lec u lar ion
at m/z 585 (M + H)+ in FABMS in di cated that 2 was closely re -
lated to 1 ex cept that one of the sin glet phenyl pro tons in 2 was 
higher field at δ 6.09. This sug gested that the glucosylated po -
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si tion was changed from C-6 to C-8 in 2. That was fur ther sup -
ported by a cor re la tion be tween the pro ton at δ 6.09 and C-6 (δ
98.1) in HMQC spec trum and a cor re la tion be tween strong
hy dro gen bond ing of the C-5 hydroxyl pro ton and C-6 in the

HMBC spec trum.
The known com pounds 3, 4, and 5 were con firmed by

di rect com par i son of their spec tral data with val ues re ported
in the lit er a ture,9-11 and com pound 6, gal lic acid and ellagic
acid were iden ti fied by di rect com par i son with au then tic sam -
ples. 

The iso lated com pounds were tested for antioxidative
ac tiv ity on Cu+2/O2-in duced low den sity li po pro tein (LDL)
lipid peroxidation with probucol (IC50 4.0 µM)as pos i tive
con trol. The in hib i tory ef fects of a more po tent an ti ox i dant
showed dose re sponse curves. The IC50 of com pounds 1 and 2
are 2.1 and 4.5 µM, re spec tively. 

EX PER I MEN TAL

Melting points were de ter mined on a Yanagimoto mi cro -
melt ing point ap pa ra tus and are un cor rected. IR spec tra were
re corded on a Perkin-Elmer 781 spectrophotometer. NMR
spec tra were run on a Bruker AC-300 in DMSO-d6. UV spec -
tra were taken on a Hitachi U-3200 spectrophotometer. MS
were mea sured on a FINNIGAN TSQ-46C MS spec trom e ter.
Pobucol was ob tained from Merrell Dow. Cu pric sul fate
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Table 1. 1H NMR Spectral Data for Flavonoids 1-6 from T. Catappa (in DMSO-d6, δ)

H-position 1 2 3 4 5 6

3 6.68s 6.73s 6.75s 6.62s 6.63s
6 6.09s 6.27s 6.18d

(J=2.0)
8 6.41s 6.51s 6.46s 6.37d

(J=2.0)
2′ 7.86d

(J=8.7)
8.09d
(J=8.7)

7.91d
(J=8.4)

8.01d
(J=8.4)

7.38d
(J=2.0)

7.52d
(J=2.0)

3′ 6.89d
(J=8.7)

6.93d
(J=8.7)

6.93d
(J=8.4)

6.89d
(J=8.4)

5′ 6.89d
(J=8.7)

6.93d
(J=8.7)

6.93d
(J=8.4)

6.89d
(J=8.4)

6.88d
(J=7.8)

6.83d
(J=9.0)

6′ 7.86d
(J=8.7)

8.09d
(J=8.7)

7.91d
(J=8.4)

8.01d
(J=8.4)

7.44dd
(J=7.8,
2.0)

7.53dd
(J=9.0,
2.0)

1″

1″′

4.89d
(J=9.9)

4.94d
(J=10.2)

4.61d
(J=9.9)

4.68d
(J=9.9)

4.59d
(J=9.6)

5.33d
(J=6.9)
4.39br s

2″ 5.65dd
(J=9.9,
8.5)

5.48dd
(J=10.2,
9.3)

4.03dd
(J=9.9,
8.4)

4.02dd
(J=9.6,
8.4)

CH3 0.99d
(J=6.0)

galloyl-H 6.79s
(2H)

6.67s
(2H)

OH 9.43br s
10.25br s
10.25 br s
12.62br s

9.21br s
10.42br s
10.98br s
13.08brs

9.58br s
10.25br s
13.53br s

10.26br s
10.73br s
13.14br s

9.31br s
9.811br s
10.43br s
13.53br s

9.51br s
9.87br s
10.25brs
12.56br s



(CuSO4), and EDTA were pur chased from Sigma Chem i cal
Co. Cho les terol kit (Merkotest, 14366 cho les terol en zy matic)
was ob tained from Merck. Ul tra cen tri fu ga tion were taken on a 
Beckman L8-80M; R50 ro tor. 

Plant Ma te rials
The dried fallen leaves of Terminalia catappa were col -

lected in Taitung. and iden ti fied by com par i son with the spec i -
mens which have been de pos ited at the Her bar ium of the De -
part ment of Bot any, Na tional Tai wan Unversity, Tai pei, Tai -
wan.

Ex trac tion and Iso la tion 
The dried fallen leaves of T. catappa (6 Kg) were ex -

tracted exhaustively with eth a nol. Un der the in hi bi tion of
Cu+2-in duced LDL lipid peroxidation-guided frac tion ation,
the eth a nol ex tract sus pended in wa ter was par ti tioned with
ethyl ac e tate (EtOAc) and n-butanol (BuOH), suc ces sively.
The BuOH sol u ble frac tions (131 g) were sub jected to sep a ra -

tion and pu ri fi ca tion by Diaion HP-20 (H2O-MeOH gra di ent). 
The 50% MeOH, 75% MeOH and MeOH eluates were fur ther
pu ri fied by Sephadex LH-20 (MeOH or 80% MeOH/H2O)
col umn to af ford 1 (275 mg), 2 (65 mg), isovitexin (46 mg),
vitexin (256 mg), isoorientin (43 mg), rutin (36 mg), gal lic
acid (156 mg) and ellagic acid (452 mg).

Apigenin 6-C-(2″-galloyl)-β-D-glucoside (1)
Yel low amor phous pow der; FABMS m/z: 585 (M+1)+;

IRνmax
 (KBr) cm-1: 3350, 1705, 1650, 1610, 1500, 1220, 1180,

1060, 1030, 830; UV λ max (MeOH)(log ε) 270 (3.97), 336
(3.80) nm; λ max (MeOH+AlCl3) (log ε) 279 (3.95), 302 (3.96), 
337 (3.87), 382 (3.78) nm; λ max (MeOH + AlCl3 + HCl) (log ε) 
279 (4.00), 293 (3.94), 345 (3.90), 371(3.87) nm; λ max

(MeOH + NaOAc) (log ε) 273 (3.97), 297 (3.88), 349 (3.91)
nm; λ max(MeOH + NaOAc+H3BO3) (log ε) 272 (3.96), 297
(3.95), 348 (3.95) nm;  1H NMR (DMSO-d6): Ta ble 1; 13C
NMR (DMSO-d6): Ta ble 2.

Apigenin 8-C-(2″-galloyl)-β-D-glucoside (2)
Yel low amor phous pow der; FABMS m/z: 585 (M+1)+;

IRνmax
 (KBr) cm-1: 3400, 1705, 1650, 1605, 1510, 1220, 1180,

1050, 1035, 835; UV λ max (MeOH) (log ε) 271 (3.95), 293sh
(3.86), 313 (3.85) nm; λ max (MeOH+AlCl3) (log ε) 278 (4.03), 
302 (4.02), 322 (3.89), 383 (3.88) nm; λ max (MeOH + AlCl3 +
HCl) (log ε) 277 (4.08), 301 (4.02), 344 (3.90), 378 (3.89) nm;
λ max (MeOH + NaOAc) (log ε) 273 (4.20), 304 (4.06), 335
(3.91)nm; λ max (MeOH + NaOAc + H3BO3) (log ε) 272 (4.15), 
301 (4.17), 348 (3.92) nm; 1 H NMR (DMSO-d6): Ta ble 1; 13C
NMR (DMSO-d6): Ta ble 2. 

Isovitexin (3) 9,10

Yel low amor phous pow der; FABMS m/z: 433 (M+1)+;
IRνmax

 (KBr) cm-1: 3300, 1655, 1610, 1590, 1515, 1500, 1085,
1020, 835; UV λ max (MeOH) (log ε) 272 (3.86), 331 (3.71)
nm; λ max (MeOH + AlCl3) (log ε) 280 (3.87), 294 (3.84), 344
(3.67), 380 (3.65) nm; λ max (MeOH + AlCl3 + HCl) (log ε) 278 
(3.92), 297 (3.75), 347 (3.73), 383 (3.70) nm; 1H NMR
(DMSO-d6): Ta ble 1; 13 C NMR (DMSO-d6): Ta ble 2.

Vitexin (4) 9,10 

Yel low amor phous pow der; FABMS m/z: 433 (M+1)+;
IRνmax

 (KBr) cm-1: 3400, 1660, 1605, 1590, 1510, 1500, 1080,
1030, 830; UV λ max (MeOH) (log ε) 270 (3.89), 334 (3.89)
nm; λ max (MeOH + AlCl3)

 (log ε) 276 (3.88), 304 (3.76), 345
(3.88) , 386 (3.76) nm; λ max (MeOH + AlCl3 + HCl) (log ε) 277 
(3.88), 303 (3.76), 343 (3.88), 384 (3.76) nm;  1H NMR
(DMSO- d6): Ta ble 1; 13C NMR (DMSO-d6): Ta ble 2.

Isoorientin (5)11  
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Table 2 13 C NMR Spectral Data for Flavonoids 1-6 from T. catappa (in
DMSO-d6, δ)

13C-position 1 2 3 4 5 6

2 164.5 165.2 163.5 163.9 163.6 165.8
3 102.8 102.8 102.8 102.4 102.8 133.6
4 181.7 182.2 181.9 182.0 181.8 177.3
5 161.1 162.5 161.2 161.0 160.6 156.9
6 107.0 98.1 108.8 98.1 108.8 99.4
7 163.6 164.4 163.2 162.5 163.2 161.1
8 93.7 104.1 93.7 104.6 93.5 94.3
9 156.3 156.7 156.2 155.9 156.2 156.8
10 105.7 104.1 103.4 104.0 103.4 103.7
1′ 121.5 122.0 121.1 121.5 121.4 122.0
2′ 130.3 129.3 128.4 128.8 113.3 116.4
3′ 115.9 116.2 116.0 115.7 145.7 144.9
4′ 160.8 161.3 160.6 160.3 149.7 148.7
5′ 115.9 116.2 116.0 115.7 116.0 115.9
6′ 130.3 129.3 128.4 128.8 118.9 130.3
glc-1 70.7 71.4 73.1 73.3 73.1 101.8
glc-2 72.0 72.5 70.6 70.8 70.6 74.3
glc-3 76.4 76.2 78.9 78.8 78.9 76.6
glc-4 70.7 71.0 70.3 70.5 70.3 70.7
glc-5 81.7 82.1 81.4 81.7 81.4 76.1
glc-6 61.3 61.3 61.4 61.3 61.4 67.3
rha-1 101.1
rha-2 70.2
rha-3 70.7
rha-4 72.1
rha-5 68.5
rha-6 17.9
galloyl
1 119.8 119.8
2,6 108.6 108.9
3,5 145.2 145.4
4 137.9 138.4
C=O 165.3 165.2



Yel low amor phous pow der; FABMS m/z: 449 (M+1)+;
IRνmax (KBr) cm-1: 3400, 1660, 1630, 1580, 1510, 1090, 1035, 
840; UV λ max (MeOH) (log ε) 257 (3.99), 271 (4.02), 349
(4.03) nm; λ max (MeOH + AlCl3) (log ε) 276 (4.13), 300sh
(3.80), 333 (3.74), 424 (4.15) nm; λ max (MeOH + AlCl3 + HCl)
(log ε) 263sh (3.96), 278 (4.00), 294 (3.90), 361 (3.99), 386
(3.99) nm; 1H NMR (DMSO-d6): Ta ble 1; 13C NMR (DMSO-
 d6): Ta ble 2.

Rutin (6)12 

Yel low crys tals, mp 241-243 °C; FABMS m/z: 611(M +
1)+; IRνmax

 (KBr) cm- 1: 3400, 1660, 1600, 1500, 1060, 1015,
805; 1H NMR (DMSO-d6): Ta ble 1; 13C NMR (DMSO-d6): Ta -
ble 2.

LDL Lipid Peroxidation and Screening for An ti ox i dants
Fasting plasma sam ples were col lected from healthy

male adults not us ing vi ta min sup ple ments. LDL was ob tained 
by fol low ing a pre vi ously reported method.14 LDL as say was
car ried out in a 96 well microtiter plate as de scribed.15

Probucol (5-20 µM, 10% ethanolic so lu tion, 10 µl) was used
as a pos i tive con trol. The con ju gated diene for ma tion in the
supernatant was de ter mined by UV ab sorp tion at 232 nm. 
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