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Abstract—Six hydrolysable tannins, casuarinin (1), casuariin (2), pumcacortein A (3), degalloyl-punicacortein A (4),
2,3-[(5)-4,4',5,5 6,6'-hexahydroxydiphenoyl]-D-glucopyranostde  (5), and  4,6-[(5)-4,4',5,5",6,6'-hexahydroxydi-
phenoyl]-D-glucopyranoside (6), and related compounds, gallic acid, methyl gallate and ellagic acid, wete 1solated
from the methanol extract of Osbeckia chinensis. In order to confirm the structure-activity relationship, the
antioxidant activities of these compounds were examined botn in the food model and in vitro systems. The
antioxidative efficiency, using the thiocyanate and TBA methods, mcreased in the order of gallic acid <ao-
tocopherol < methyl gallate < (4) <(3) <{5)=(6) <(2) <()=BHA <ellagic acid The in witro antioxidant order is o-
tocopherol < gallic acid < methyl gallate < (@) < (3)=(5)=(6)=cllagic actd <(2)<(1) 1n the rabbit erythrocyte mem-
brane ghost system, and ellagic acid < (4) < gallic acid < {3) = (5} =(6) < methyl gallate <(2) <(1)=a-tocopherol in the

rat hiver microsome system

INTRODUCTION

Antioxidant activities of crude drugs have been already
described by many investigators [1-3]. Most antioxtdant
activity has been attributed to polyphenols, such as gall-
ate esters, ellagic acid, hydrolysable tannins and flavon-
otds [4-8]. The isolation of five flavonoids, from Os-
heckia chinensis L (Melastomataceae), which had the
strongest antioxidant activity among the 195 crude drugs
screened [3], was reported in a recent paper [§] During
the 1solation procedure, a large amount of ellagic acid
was also obtamned together with many hydrolysable tan-
nins The present study has been undertaken in order to
isolate and identify the hydrotysable tannins of Q. chinen-
sis L. and investigate their antioxidant activities.

RESULTS AND DISCUSSION

Identification of hydrolysable tannins and related com-
pounds.

The methanol exiract of O. chinensis L. was chromato-
graphed on Amberlite XAD-2 column to grve five fractions.
Fraction (1I) was purified on Toyo Pearl HW40 F col-
umn chromatography and preparative HPLC to give (1),
methyl gallate, ellagic acid, and flavonoids [8] Fraction
(I) was repeatedly charged on preparative HPLC to
afford 2-6 and gallic acid. Compounds 1-6 gave the
characteristic colour of ellagitannins with the sodium
nitrite—acetic aad reagent [9]. Compound 1, FABMS mj/z
937 [M—H]1", [2]p +43.6° (MeOH), the main tanmn of
0. chinensis L. was found to be identical with an authen-
tic sample of casuarinin, 1solated from Casuarina stricta
[11]. Compounds 2-6 were identified as casuariin,
punicacortemn A, degalloyl-punicacortein A, 2,3-0-[(s)
4.4'5,5'6,6'-hexahydroxydiphenoylJ-D-glucopyranoside

and  4,6-0-[(s)-4,4'5,5'6,6"-hexahydroxydiphenoyl]-D-
glucopyranoside, by comparison with the published data
on [x];. UV, IR, 'H NMR, and '*C NMR spectra
[11-14].

Effect on autoxidarton of lmolewc acid in alcohol-water
system

The mhibitory effect of the isolated tannins and related
compounds was examined 1n the alcohol-water model
system with the thiocyanate and TBA methods [15, 16]
Sixteen uM offeach sample, #-tocopherol, and butyl hy-
droxyamsole (BHA) was used for the assays. As shown in
Fig. 1l(a,b), ellagic acid markedly mhibited the forma-
tion of linoleic acid hydroperoxides or TBA-reacting
substances than that of BHA. All hvdrolysable tanmms
and methyl gallate extubited stronger activities than that
of a-tocopherol The antioxidative efficiency increased in
the order of gallic acd < z-tocopherol <methyl gall-
ate < (4)<(3) <(5) = (6) <(2) <(I} = BHA <ellagic acid.

Effect of 1solated tannnins and related compounds on lipud
peroxidation of rabbit erythrocyte membrane ghost n-
duced by t-BuOOH

Like many other brological membranes, red blood cell
membranes are prone to be oxidized because of their high
polyunsaturated lipid content. Hence, i vitro evaluation
of the antioxidant activity of tannins and related com-
pounds using the rabbit erythrocyte membrane ghost
system was undertaken [17-19]. Ten or 25 uM of each
sample, a-tocopherol as the standard antioxidant was
used for the assay (Fig 2) The antioxidant efficiency, at
the concentration of 10 uM, increased in the order of a-
tocopherol < galhe acid <methyl gallate <(4)<(3)=(5)
=(6)=ellagic acid <(2)<(1) At the concentration of
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25 uM. the 1solated tanmins showed a maximal mhibition
(about 90% ), and (1) exhibited complete mhibition (over
95%)

Lffect of wsolated tanmins and related compounds on hpid
peroxidation of rat lver microsome induced by ADP-
Fe " —EDTA-Fe**-NADPH

Numerous enzyvmatic lipid peroxidation systems have
been reported that addition of iron or wron-chelate com-
plex 1s required for promotion of peroxidation {20]. This
requirement has been well studied in NADPH-depen-
dent microsomal hpid peroxidation, especially, by addit-
1on of ADP-Fe?' or by ADP-Fe® ' —EDTA-Fe* [21]
Enhancement of limd peroxidation by ADP-Fe?” com-
plex and NADPH has been considered to correlate with
the perfervyl 1on-dependent imttiation step [22-24] Addi-
tion of EDTA has been suggested to increase the
hydroperoxide-dependent imtiation step of microsomal
Iiptd peroxidation [23-25] The effects of 1solated tanmns
and related compounds on ADP-Fe''-EDTA-
Fe*"-NADPH-mduced hpid peroxidation n rat liver
microsome were also determined Figure 3 shows the
mhibition of microsomal hpid peroxidation with the
addition of hydrolysable tanmns and related compounds
at the concentration of 25 or 50 uM. At low concen-
tration (25 uM), besides methyl gallate, (1) and (2), the
other compounds showed no mhibitory effect At the
concentiration of 50 pM, the antioxidative order was
eliagic acid <(d)<gallic acid < (3)=(5)=(6) < methyl
gallate < (2) < ()= x-tocopherol

Recent studies have shown that ellagic acid mhibits the

mutagenicity of diol-epoxides of several polycyclic aro-
matic hydrocarbons (PAH) in the Ames test using Sal-
monella typhimurium [267, epidermal metabolism and
DNA-binding of benzo[a]pyrene [27]. PAH-mduced
skin carcinogenesis m BALB/c mice by external or oral
treatment [28. 297 Tt s well known that ellagic aad 1s
eastly produced from hydrolysable tannmns m plants
During the last 10 years, Nishioka er a! {30] and Okuda
et al [31] have reported the 1solation, dentification, and
wvestigatton of physiological activities of several hun-
dred tanmns Of these, 25 tanmins and related com-
pounds were examined for the inhibitory effects on Lipid
peroxidatton using the rat ltver mitochondna and micro-
some systems when hydrolysable tannins were found to
show stronger inhibitton than condensed tanmns 1n both
systems [32] In our previous report. ellagic actd was
reported to have strong whibitory eflect on peroxidation
of hnolewc acd 1n alcohol-water system Ellagre acid
exhibited a strong mhibitory cffect on hpid peroxidaiion
induced by adnamyacmn, but, showed only a weak antioxi-
dant activity 1 the other i1 Lirre systems [7, 327 On the
other hand, casuartnm exhibited exceedingly strong 1n-
hibitory activitics both on -BuOOH-induced hpd per-
oxidation system using the rabbit erythrocyte membrane
ghost and ADRP-Fe!® EDTA-Fe®' - NADPH-mduced
lipid peroxidation system using rat liver microsome, and
it had almost the same activity like BHA 1n the food
model system Antioxidant activity of (2) was nol as
strong as (1} 1in both the food model and in vitro systems,
but, stronger than that of {3) or (4) This fact indicates
that the hexahydroxydiphenoyl group (HHDP) conini-
butes to antioxidant activity while galloyl group does
not
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Fig 1 Effect of 1solated tannmins and related compounds on
autoxidation of linoleic acid mn the water/alcohol system (a)
Thiccyanate method. (b) TBA method. Sixteen uM of cach
sample, a-locopherol, and BHA was used for these experiments
Results are averages of three repheates A (1), -A— (2),
-b—3), -0~ @), -N- (5, ~-0~6), -€— galic acid, -P-
methyl gallate, - O ellagic acid, - A-a-tocopherol, - B-BHA,
and — @ —control

In a previous paper, quercetin 3-0-f-D-gluco-
pyranosyl-(1 —+6)--D-glucopyranoside isolated from O.
chinensts L, and rutin, quercetin-disaccharide, were
shown to have very strong antioxidant activity [8]. The
inhibitory effects of tannins were much stronger than the
flavonoids on r-BuOQH-induced lipid peroxidation of
membrane ghost (data not shown). Nevertheless,
antioxidant activity of tannins was not so strong com-
paring with the flavonoids on ADP-Fe**-EDTA-
Fe’*—_NADPH-mduced lipid peroxidation of lver
microsome (data not shown). This reverse relationship
cannot be explained at the present stage, more extensive
studies need to be carried out.

Tannins and flavonoids are widely distributed in the
plant kingdom [33] The human diet contamns a complex
miuxture of these plant phenols, and 1t has been estimated
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Fig 2. Effect of 1solated tannins and related compounds on
lipid peroxidation of rabbit erythrocyte membrane ghost 1n-
duced by t+-BuQCH. Ten or 25 uM of each sample, x-tocopherol
was used for this cxperiment The values obtained without
samples were taken for 100% hpid peroxidation
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Fig 3 Effect of 1solated tannins and related compounds on

hpid peroxadation of rat hiver microsome induced by ADP-

Fe**-EDTA-Fe**/NADPH Twenty-five or 50 uM of each

sample, a-tocopherol was used for this expennment. The values

obtained without samples were taken for 100% hpid peroxi-
dation.

that some individuals consume as much as 1 g of plant
phenols per day in their diet [33]. Our data showing
inhibition of enzymatic and non-enzymatic lipid peroxi-
dation by plant phenols suggest that the use of certain
plant phenols 1n cosmetic products and pharmaceutical
preparation may play a therapeutic role via hipid per-
oxidation.

EXPERIMENTAL

EIMS were measured with a JEOL IMS D-100, while
FABMS were recorded on a JEOL JMS DX-300 instrument
IH NMR (200 MHz) and '3C NMR (50 MHz) spectra were
measured on a JEOL INM-FX 200 instrument The dried plant
material of 0, chimensis L. was collected and identified by Dr
T-S Wuin June 1983 A voucher specimen 15 deposited in the
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Faculty of Pharmaceutical Science, Chinese Medicine College,
Tawchung. Taiwan, ROC

The awr-dried plant matemals (4 kg) of O chimensis L were
repeatedly extracted with methanol The methanol extract was
chromatographed on a packed column of Amberlite XAD-2
using MeOH-H, 0 (0- 100%:) to give five [ractons (I-V) Frac-
tion (IT) (elution of 25% MeOH) was separated on Tovo Pearl
HW-40 1" with MeOH as eluent, and punfied by HPLC using a
Develosil ODS-10 to grve (1), methyl gallate and ellagic acid

HPLC using a Develosil ODS-10 to yeld (2-6} and gallic acd’
Total yield of cach tannin and related compound (1) 0 28%, (2)
007%, (3 0 188%, (4) DO11%. (8) 0012%. (6) 001_2%, ellagic
acid 025%, gallic acid O 188 and methyl gallate 0025%

1. This compound was obtained as a pale yellow, amorphous
powder, [alg" +436 (McOH, ¢ 1 0. FABMS m/z 937 [M
+HI*, IR RE em 1 3400, 1720, 1610, 1500, 1445, 13551300,
1175, and 1085, UV /20 nm 221 and 267, 'H NMR (CD,0D
+ D00 A7 120 <) 690 604, 6,3 leach VHL W, S ad (LA ]
=S5Hz) 538 (3H, brs), 468 (1H, dd, J=2 and 5 Hz), 418 (1H,
dd, J=3 and 13 Hgz), and 406 (1H, 4, J =13 Hz), *C NMR
CDOD+DMMAVINA T2 1A Y 1AT (L 166K 140 11459
ARALD,1454.00,144.5 1439 1417 119 R 1394 1173 1362,
13321244, 1208 1204 1202 1187 11T A A L LIAN LIS L,
LIOQT7 1020107 9, 103300, LI0A  glicnse maoety, 774,744,
T, 702,670,652

Z Thns commpraund was cotammed ay @ pale yeliow; anrorpiony
powder, {«]5* +162 {MeQOH, ¢ 05), FABMS mjz 785 [M
—H]* IR¥EB cm ' 3400, 1720, 1610, 1450, and 1360-1295,
UV 9% nm 213, 233, 257, '"H NMR (CD,0D +D,Q) 46 79,
662,646 566 (1H. & /=5Hz) 543 (1H, r,./ =3 Hz}, 502 {1H,
did. =3 and9 Hz), 4 74 (1H. dd, J =3 and 5 Hz), 464 (1H, dd. J
=3 and 13 Hz) 415 (1H. dd. J=3 and 9 Hz), 384 (1H. 4, J
=13 Hys). "*C NMR (50 MHz, CD,OD +D,0), 8171 6, 1706,
1699 167 5 1407 1460, 1458 (2), 145 1 (2, 144. 11439 1402
1376, 1364, 1356 1268, 1265, 1233 1198, LI8Q, L16.3 {2).
LR 2 LIS R 89 107 71053 5 gincose mauety. 776,744, 708
OR S 672,667

3 This compound was obtained as 4 tan amorphous powder.,
[2J37 —718 (MeOH, ¢ I'th. FABMS m: 635 (M—H]",
UV MO nm 213 233, 272, 'H NMR (CD,0D + D,0) 6708
ZHo O 641 {(1H 5), 563 (1H, J=3Hz), 538 {1H, b s). 500 (1H,
m). 486 (1H, dd, J =3 and 5 Hz), 4 16 (1H, dd, /=3 and 9 Hz),
and 382 (2H, s). "*C NMR (CD,OD +D,0) 31714, 168 3.
16RO, 1448, 1460, 1459 12), 1444 1440, 1398 1394, 1351,
1277 121 %, 1202, 1164, 1162, 1188, 1059, 111 2 {2), glucose
manty, 773 742 726 TLA AR ALY

4 This compound was obtained as white amorphous powder,
FABMS mz 483 [M—H]", [%]3% +552° (McOH, ¢05),
UV MO apy 213233259, TH NMR (D,0) 86 52 (IH, 5), 564
(1H, d, J=5Hz), 526 (1H, brs) 481 (1H, dd. J=2 and 5 Hz),
374 (2H, m), 361 (2H, 5}, "*C NMR (D,0) 01723, 168 2, 1462,
1440, 1484, 1442 1397 1355, 1204, 1200, LIA2 (2),
108 7 ghiense moedy 775,74 5,726,716 _AR0 AR

5 A tan amorphous powder, [2]3° +63 %" (H 0, ¢ 10},
FABMS m'z 483 [M~H]*. 'H NMR (D,0) 56 74, 6 64 (each
1H, 5), 543 (1H. d. J=4Hz), 538 (1H. ¢. J==9 Hz), '*C NMR
(D,00817L 2 169 8. 146 612, 145712, 1368, 136.5.127 2, 126 8.,
LIA9., La 7, g 7 (2, sluense maoety, #9314, 759,739,714,
T09.639.5978,769,.759, 734,722 639

6 A tan amarphous pawder. Lx)2 4317 (H Q) o 10,
FABMS mz 483 [M—H]", '"H NMR (D,0} 86 73, 6 63 (each
1H. s), $19 {IH. 4, J=4 Hz), '*C NMR (D,0) §1722, 1700,
14720 146 2(2) 1369 136712791273 1169, 1168 _1099
(A, gnensemmery. ©95.9.754,.74.5.74.0,.690,66.4,_£995.77 2,
76 1.733.. 733,606

1-D Su et al

Autoxidation of lmolee acid m H,O-aleohol system Autoxi-
dation of linoleic acid i the water/alcohol solution has been
assaved by the thiocyanate and TBA methods [ 15, 16] Each
sample was dissolved 1in DMSO to obtaim a concentration of
16 uM, and added 1o a sclution mixture of linoleic
acaid-EtOH 02 M P buffer (pH 70) The nuxture was mncu-
bated at 40° and the peroxide value was determined 4t 500 nm
after a colour reaction with FeCl; and ammonium thiocvanate
The formation of TBA-reacting substances was measured at
532 nm affer the reaction with thiobarbituric acid

Lipud peroxwdation of rabbat erythirocy te membrane ghost Com-
mercially avdilable rabbit blood (S0 ml) was obtained from
Japan Biotest Institute Co Lid and diluted with 150 mi of
isotonic bufler solution (10 mM phosphate—152 mM NaCl) Afl-
ter centrifugation {1500 x g, 10 mun), the blood was washed x 3
with [0 ml of 1sotonic bufler solution and lysed in 10 mM 1
buffer, pH 74 Erythrocyte membrane ghosts were pelleted by
centrifugation 20000 g. 40 mun) and the precipitate was diluted
tn, gve A aspensniL (L 3 mg neateon, ml) as desermingsl by the
method of ref [17] Peroxidation of the erythrocyte membrane
ghosts induced by (-butylhydroperoxide was carried by the
medhad of. refl [18] Isplated hydrolysahle tannins. and. relaied.
compauads were nrenaresd hy, dissnlving. themn. dimerhy! anl-
nhode. tn make final. concentzanna, an 10 an 28 M. After
meahaiin, fon W, Ll of. 2OM. tiuchinnde acetase-1.7 M.,
HCland 2 mi of 0 67% TBA-NaOH solution was added to stop
e reactom T quannty of TBA-reacting substances was
determuned at 332 nm after coloration with thiobarbituric acid
[19]

Lipid peroxidation of rat liver microsome Wister rats (8 weeks,
180-200 ¢) were killed and the hver was removed and homogen-
1zed Microsomes were prepared by differential centnfogation
with the method of ref [34] Fresh solutions. in 30 mM
Tris—HC] buffer, were prepared each time at the concentration
of Lmgiml micrasamal protem as determingd hy the Lowrny
method Test compounds were dissolved m. DMSQ and.added.
ta the miacrosomal mncohatnn (final concantration. at. 25 ar
30 #M). The fnllowing additon. were made and.incubated at 37
for 30 min 235 mM adenosime-5"-diphosphate (ADP), ) 1 mM
ethylenediaminetetraacetic acd (EDTA) and 01 mM ferme -
trate (ADP-Fc** EDTA-Fe'' system) and 5 mM nicotina-
mide-adenine  dinuclconde  phosphate  reduced  form  {f-
NADPH) 1n 50 mM Tris—HCl huffer solution After incubation,
formanon. of TRA-reacting suhstances. was. measnred as. de-
srnhed. ahave
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