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Abstract--Six hydrolysable tannins, casuarinin (1), casuariin (2), punlcacorteln A (3), degalloyl-punlcacortein A (4), 
2,3-[(S)-4,4',5,5',6,6'-hexahydroxydiphenoyl]-D-glucopyranoside (5), and 4,6-[(S)-4,4',5,5',6,6'-hexahydroxydi- 
phenoyl]-o-glucopyranoside (6), and related compounds, gallic acid, methyl gallate and ellagic acid, were Isolated 
from the methanol extract of Osbeckza chinensis. In order to confirm the structure-activity relationship, the 
antioxidant activities of these compounds were examined both in the food model and in vitro systems. The 
antioxidative efficiency, using the thiocyanate and TBA methods, increased in the order of gallic acid <ct- 
tocopherol < methyl gallate < (4) < (3) < (5) = (6) < (2) < (l) = BHA < ellaglc acid The m vitro antioxidant order is ct- 
tocopherol < gallic acid < methyl gallate < (4) < (3) = (5) = (6) = ellaglc acid < (2) < (1) m the rabbit erythrocyte mem- 
brane ghost system, and ellaglc acid < (4) < galhc acid < (3) = (5) = (6) < methyl gallate < (2) < (1) = ct-tocopherol in the 
rat liver microsome system 

INTRODUCTION 

Antioxidant activities of crude drugs have been already 
described by many investigators [ 1-3]. Most antioxldant 
activity has been attributed to polyphenols, such as gall- 
ate esters, ellagic acid, hydrolysable tannins and flavon- 
oids [4-8]. The isolation of five flavonolds, from Os- 
beckia chinensis L (Melastomataceae), which had the 
strongest antiox~dant activity among the 195 crude drugs 
screened [3], was reported in a recent paper [8] During 
the isolation procedure, a large amount of ellagic acid 
was also obtained together with many hydrolysable tan- 
nins The present study has been undertaken in order to 
isolate and identify the hydrolysable tannins of O. chmen- 
sis L and investigate their antioxldant activities. 

RESULTS AND DISCUSSION 

Identification of hydrolysable tannins and related com- 
pounds. 

The methanol extract of O. chinensts L. was chromato- 
graphed on Amberlite XAD-2 column to give five fractions. 
Fraction (II) was purified on Toyo Pearl HW-40 F col- 
umn chromatography and preparative HPLC to give (l), 
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 ellagitannms with the sodium 
nitrite-acetic acad reagent [9]. Compound 1, FABMS m/z 
937 [ M - H - I  ÷, [~]D +43.6° (MeOH), the main tannin of 
O. chmensts L. was found to be identical wzth an authen- 
tic sample of casuarinin, isolated from Casuarina stricta 
[I1]. Compounds 2-6 were identified as casuariin, 
punicacortem A, degalloyl-punicacortein A, 2,3-O-[(s)- 
4,4'5,5'6,6'-hexahydroxydiphenoyl]-D-glucopyranoside 

and 4,6-O- [(s)-4,4'5,5'6,6'-hexahydroxydiphenoyl]-D- 
glucopyranoslde, by comparison with the published data 
on let]D, UV, IR, 1HNMR, and 13CNMR spectra 
[11-14]. 

Effect on autoxldatton of hnole~c acid in alcohol-water 
system 

The Inhibitory effect of the isolated tannins and related 
compounds was examined in the alcohol-water model 
system with the thlocyanate and TBA methods [15, 16] 
Sixteen/zM offeach sample, ~t-tocopherol, and butyl hy- 
droxyanisole (BHA) was used for the assays. As shown in 
Fig. l(a, b), ellagic acid markedly inhibited the forma- 
tion of linolelc acid hydroperoxides or TBA-reactmg 
substances than that of BHA. All hydrolysable tannins 
and methyl gallate exhibited stronger activities than that 
of ct-tocopherol The antioxldative efficiency increased in 
the order of gallic acid < ct-tocopherol < methyl gall- 
ate < (4) < (3) < (5) = (6) < (2) < (1) = BHA < ellagic acid. 

Effect of isolated tannnins and related compounds on hpid 
peroxidatton of rabbit erythrocyte membrane ghost re- 
duced by t-BuOOH 

Like many other biological membranes, red blood cell 
membranes are prone to be oxidized because of their high 
polyunsaturated lipid content. Hence, m vitro evaluation 
of the ant~oxidant activity of tannins and related com- 
pounds using the rabbit erythrocyte membrane ghost 
system was undertaken [17-19]. Ten or 25 #M of each 
sample, ct-tocopherol as the standard antioxidant was 
used for the assay (Fig 2) The antioxidant efficiency, at 
the concentration of 10 pM, increased in the order of ct- 
tocopherol < galhc acid < methyl gallate < (4) < (3) = (5) 
=(6)=ellagic aod<(2)<(1)  At the concentration of 
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25/~M. the isolated tannins showed a maximal inhibition 
(about 90% l, and (11 exhtNted complete inhibition (over 
95% ) 

Effect of  l~solated tannins and related compounds on hp~d 
peroxMatzon of  rat hver mlcrosome induced by ADP- 
Fe ~ +-EDTA-Fe  3 + N A D P H  

Numerous  enzymatic lipid perox~datlon systems have 
been reported that addition of iron or won-chelate com- 
plex is required for promotion of peroxldation [20]. This 
requirement has been well studied in NADPH-depen-  
dent mlcrosomal lipid peroxldatlon, especmlly, by addit- 
Ion of ADP-Fe  2+ or by ADP-Fe  3÷ EDTA-Fe  3+ [2 l ]  
Enhancement of lipid peroxldatlon by ADP-Fe  2 ÷ com- 
plex and N A D P H  has been considered to correlate with 
the perferryl Ion-dependent initiation step [22-24] Addi- 
tion of EDTA has been suggested to increase the 
hydroperoxlde-dependent lmtlatmn step of mlcrosomal 
hpld peroxldat)on [23-25] The effects of isolated tannins 
and related compounds on ADP-Fe  3 ÷ -EDTA-  
Fe~+-NADPH- lnduced  llpld peroxldatmn in rat liver 
mlcrosome were also determined Figure 3 shows the 
inhibition of microsomal hpld peroxldation with the 
addition of hydrolysable tannins and related compounds 
at the concentration of 25 or 50 pM. At low concen- 
tration (25 pM), besides methyl gallate, (1) and (2), the 
other compounds showed no inhibitory effect At the 
concentration of 50 pM, the antloxidatlve order was 
ellaglc acid < (4) < galhc acid < (3/= (5) = (6) < methyl 
gallate < (2) < (1) = ~-tocopherol 

Recent studies have shown that ellaglc acid mhlblts the 

mutagemcity of dlol-epoxides of several polycychc aro- 
matic hydrocarbons (PAH) in the Ames test using Sal- 
monella typhtmurium [26], epidermal metabohsm and 
DNA-blndmg of benzo[a]pyrene [27]. PAH-mduced 
skin carcinogenesis m BALB/c mice by external or oral 
treatment [28, 29] It is well known that ellagic acid is 
easily produced from hydrolysable tannins in plants 
During the last 10 years. Nlshloka et al [30] and Okuda 
et al [31] have reported the isolation, identification, and 
investigation of physiological actlvmes of several hun- 
dred tannins Of these, 25 tannins and related com- 
pounds were examined for the inhibitory effects on lipid 
peroxidatlon using the rat liver mltochondrla and micro- 
some systems when hydrolysable tannins were found to 
show stronger mhibmon than condensed tanmns m both 
systems [32] In our prewous report, ellaglc acid was 
reported to have strong Inhibitory effect on peroxidatlon 
of hnolelc acid m alcohol water system Ellagic acid 
exhibited a strong mhlbltory effect on hpld peroxldatmn 
mduced by adnamycm, but, showed only a weak antmxi- 
dant activity in the other in l ttro systems [7, 32] On the 
other hand, casuarmin exhibited exceedingly strong in- 
hibitory actwmes both on t -BuOOH-lnduced hpld per- 
oxidation system using the rabb~t erythrocyte membrane 
ghost and ADP-Fe  3+ E D T A - F e 3 * - N A D P H - m d u c e d  
hpld peroxldatlon system using rat hver m~crosome, and 
it had almost the same activity hke BHA m the food 
model system Antloxldant activity of (2) was not as 
strong as (1) in both the food model and m cltro systems, 
but, stronger than that of (3) or (,~) This fact indicates 
that the hexahydrox>diphenoyl group (HHDP)  contri- 
butes to antloMdant activity while galloyl group does 
not 
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F~g 1 Effect of isolated tannins and related compounds on 
autox~datlon of hnolem acid m the water/alcohol system (a) 
Thlocyanate method. (b) TBA method. Sixteen /~M of each 
sample, ~-tocopherol, and BHA was used for these experiments 
Results are averages of three replicates - A  (1), - ~ -  (2), 
-~ - (3 ) ,  ~ -  (4), -II~ (5), -[]1-(6), - I D -  galhc acid, - ~ -  
methyl gallate, - ( 3 -  ellagm acid, - &  ct-tocopherol, - • - B H A ,  

and - • -control  
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Fig 2. Effect of isolated tannins and related compounds on 
hpld peroxldatmn of rabbit erythrocyte membrane ghost re- 
duced by t-BuOOH. Ten or 25/~M of each sample, ~-tocopherol 
was used for thin experiment The values obtained without 

samples were taken for 100% hpld peroxJdatlon 
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Fig 3 Effect of molated tannins and related compounds on 
hpld peroxidauon of rat hver microsome reduced by ADP- 
Fe3+-EDTA-Fe3+/NADPH Twenty-five or 50#M of each 
sample, c¢-tocopherol was used for thin experiment. The values 
obtained without samples were taken for 100% hpld peroxl- 

danon.  

In a previous paper, quercetm 3-O-fl-D-gluco- 
pyranosyl-(l~6)-fl-D-glucopyranoslde isolated from O. 
chmensts L, and rutm, quercetm-disaccharide, were 
shown to have very strong annoxldant activity [8]. The 
inhibitory effects of tannins were much stronger than the 
flavonoids on t-BuOOH-mduced hpld peroxldanon of 
membrane ghost (data not shown). Nevertheless, 
anttox~dant acUwty of tannms was not so strong com- 
paring with the flavonolds on ADP-Fe3+-EDTA - 
Fe3+-NADPH-mduced lipid peroxidation of hver 
microsome (data not shown). Thin reverse relanonshlp 
cannot be explained at the present stage, more extensive 
studms need to be carried out. 

Tannins and flavonolds are widely distributed in the 
plant kingdom [33] The human diet contains a complex 
m~xture of these plant phenols, and It has been esttmated 

that some individuals consume as much as 1 g of plant 
phenols per day in their diet [33]. Our data showing 
inhibition of enzymatm and non-enzymatm lipid peroxi- 
dat~on by plant phenols suggest that the use of certain 
plant phenols m cosmetic products and pharmaceutical 
preparauon may play a therapeutm role wa hpid per- 
oxidatmn. 

EXPERIMENTAL 

EIMS were measured with a JEOL JMS D-100, while 
FABMS were recorded on a JEOL JMS DX-300 instrument 
tH NMR (200 MHz) and 13CNMR (50 MHz) spectra were 
measured on a JEOL JNM-FX 200 instrument The dried plant 
material of O. chmensts L. was collected and identified by Dr 
T-S Wu m June 1983 A voucher specimen m deposited in the 



1318 J - D  Su et al 

Faculty of Pharmaceutical Science, Chinese Medicine College, 
Taichung, Taiwan, R O C 

The air-dried plant materials (4 kg) of O chmens~s L were 
repeatedly extracted with methanol  The methanol extract was 
chromatographed on a packed column of Amberhte XAD-2 
using M e O H - H 2 0  (0~ 100%) to give five fractions (l-V) Frac- 
tion (II) [elutton of 25% MeOH) was separated on Toyo Pearl 
HW-40 F w~th MeOH as eluent, and purified by HPLC using a 
Develosll ODS-10 to give (1), methyl gallate and ellaglc acid 
Fraction (i) (eiut~on of 100% i tzO ) was repeatedly separated on 
HPLC using a Deveiosii ODS-IO to yield t24)) and gallic acid 
Total yield of each tannin and related compound (1) 0 28%, (2) 
007%,  (3) 0 188%, (4) 0011%.  (5) 0012%, (6) 0 0 ! 2 % ,  ellagm 
acid 0 25%, gallic acid 0 188 and methyl gallate 0025% 

I, This compound was obtained as a pale yellow, amorphous  
powder, [~12s + 4 3 6  (MeOH, e l 0 ) ,  FABMS m/z 937 [M 
+ H ]  +, IR v ~ c m  -~ 3400, 1720, 1610, 1500, 1445, 1355 1300, 
1175, and 1085, UV/mm] °n nm 221 and 267, ~H NM R  (CD3OD 
+ DzO).,~.7 I_Z(.?JJ... ~),.6 q11.6.64,.6. S2?_(e.ac.h. 1.rd,. ~),. ~ 6-a. (.1.~,.d~.,/ 
- 5 H z )  538(3H,  b r s ) , 4 6 8 ( l H ,  dd, J - 2 a n d  5 H z ) , 4 1 8 ( I H ,  
dd, J = 3  and 13 Hz), and 406 (1H, d, J = 1 3  Hz), ~aCNMR 
(1"21)__ >QI)_ + 1):.Q). ,-). 1.7(). 6.. 1.7.0. Z. 16.0. 3.16.7. Ct. 1.6ft. 8_,. lAB. k. 1A.~ % 
~A5- 6. (.3-L L45_ 4 (.P-L 1Aa. ~. La3 % lAX -/. Ltq 8,. L3~ 4,. t.3.2 L- 1.36 2,. 
I.!~ Z. 1 )a d... I ?_(t~. L')_6-A.. 1 ~).Z. I lq 7. t17 6,. 1.L6. I 1A.6.0,,. 1A.% 1 
1.1_9 7 I QQ 0.. 1_07 ~. 1_0.~ t (.7'}. I_l_{[ ~_.. ~JlW&'~e_ momJg 77 4.74.4,. 
71 L 70Z  670, 65Z  

2 Tins comground was obtallTed as a lYal~ yellow; amorl:rhous 
powder, [~]~)s +162 (MeOH, ~ 05), FABMS m/z785 [M 
- H I  +, lRv~ ,~cm -~ 3400, 1720, 1610, 1450, and 1360-1295, 
UV zm~ °u nm 213, 233, 257, ~ H NMR (CD3OD + D 2 0  ) `56 79, 
662, 646, 5 66 (IH, d, ] = 5  Hz) 543 (1H, t, J = 3  Hz), 502 (1H, 
dd, J = 3 and 9 Hz~, 4 74 (1 H, dd, J = 3 and 5 H z), 4 64 (1H, dd, J 
=3  and 13 Hz), 415 (1H, dd, J = 3  and 9Hz), 384 (1H, d, J 

13 ttz), ~aC NMR (50 MHz, C D a O D + D 2 0  ), ,5171 6, 1706, 
!.6.9_ q,. !_62 ~_ 1_,1.6 Z- !_d,(t 0,_ !_45 8_ (2),. !_,15. !_ (?.Z),. 1A4. l_. !A3. q,_ 1.40 2~. 
!_t76,. 1_36 4~. 1_35.6,. 1_?_6.8,. !2.65.._ 1_Z3.3. 1_1_0.8,_ !_1_8.0,_ 1.1.6.3. (D,- 
1_1_5_ 2~. !_!.9_ g~. log  R.. !117 7~. LOS ~_,_ ~us '~se  m~e./y. 77 6,_ 74 a_ 70 8,. 
68 5, 67 2. 66 7 

3 This compound was obtained as a tan amorphous  powder, 
Fx]~* --71 8' (MeOH, c 1 0), FABMS m/z 6J5  L - M - H I  +, 
UV,:~,~f I nm 213 233, 272, ~H NM R  ( C D ~ O D + D 2 0 )  ,5708 
(2H, s ) , 641 ( IH  s) ,565(1H, J = 5 H z ) , 5 3 8 ( l H ,  br s ) ,500( lH ,  
m), 486 (1H, dd, J = 3  and 5 Hz), 4 16 (1H, dd, J = 3  and 9 Hz), 
an t i  38Z  (2tt: ~), ~ C N M R  ( C D a O D + D 2 0 )  (5!7! 4, !68L  
I(,,aR..Q.. ~A6.3. iA(tO,. 1A.g~5. (.?d,- 1A4.a.. !A4.0,. 1Aq 8,. 1.tq,*,. 1.3-5.1.. 
1277, 121 8, 1202, I t64 ,  1162, 1188, 1059, 111 2 (2), glucose 
moJeJ~ 77 3~. 74. Z. 77_6~. 716.. 68.)_. 6.1% 

4 This compound was obtained as white amorphous  powder, 
FABMS m z  483 [ M - H ]  +, [~]g'~ +552"  (MeOH, c05) ,  
U V ,, m]~l, nm 213, 233, 259, I H N MR (D20) 66 52(1H, s), 5 64 
{1H, d , J = 5 H z ) ,  526(1H,  brs) 481 l lH, dd, J = 2  and 5Hz), 
3 74 (2H, m), 3 61 (2H, s), ~3C NM R  (D20) 6172 3, 168 2, 146 2, 
1Aft.0.. tA4.a. 1A4.2,. t.3-q 2,. 1.35~. 1.~.8,. !.21).0,. !.!.6-Z (~,. !.!.qz. 
1_05. 7,_ g]ltca~se- mfueJ_v. 77 ~. 74 5,. 2Z6,. 7 !_ 6,. 68.0,. 6.38. 

5 A tan amorphous  powder, [~]zff~ + 6 3 8  o (HzO, c 10), 
FABMS m/z 483 [ M -  H] +, I H N M R  (D~O} b6 74, 6 64 leach 
1H, s), 543 (1H, d. J = 4  Hz), 5 38 (1H, t. J = 9  Hz), laC NMR 
(DeO].61_71 Z_ 1.6.9_ 8,_ 14(t 6.(.2),_ 1AS 7 (2),. !_36- 8,_ 1_36 S_. 1_?_7 ~. 1.2_6. 8,_ 
1A_6% 1.1.6.7,. I.Q9 '7 (.?A,. gJlwz~s¢~ mowa~v, nt. 93.4,. 7.Sq. 7.3.% 734,. 
70 9,.(tl 9,./] 97 8,. 76%75  q,_714,.7ZZ 639_ 

6 A tan amczrphous powder~ ~:~]g{' + 4 3 7 '  (.H-zO, c l ~,_ 
FABMS m/z 483 [_M- HI +, ~H NM R  (D~O} ,5673, 663 (each 
1H, s), 5 19 (IH, d, J = 4  Hz), ~3C NM R  (D20) ,51722, 1700, 
1472(2), !46Z(2), !369. 1t67~ !275, !?-73, ! !69,  116,8, !0_99 
(.'Td,.glIu:~m',.mJ~JeJ¥. xqq- 5-.75.4,.74. ~..-/4.()..6.Q 0,. 66. ~.,P, qq S.77 Z- 
76 L.75 3~. 73 3,. 6('t 6. 

Autoxtdatlon oi iinoielc acid in H20-aicohoi system Autoxl- 
dation of llnolelc acid In the water/alcohol soluuon has been 
assayed by the thlocyanate and rBA methods [15, 16] Each 
sample was dissolved in DMSO to obtain a concentration of 
161~M, and added to a solutmn imxture of Ilnolem 
ac ld -EtOHq)  2 M PI buffer (pH 7 0) The mixture was incu- 
bated at 40 ~ and the peroxide value was determined at 500 nm 
after a colour reaction with FeCla and ammonium thiocyanate 
The formation of TBA-reacting substances was measured at 
532nm after the reaction with thlobarbltUrlC acid 

Etpld peroxtdatton o f  rabblt er 3 thro~ ) te membrane qbost Com- 
mermally available rabbit blood (50 ml) was obtained from 
Japan Blotest Institute Co Ltd and diluted with 150 ml of 
isotonic buffer solutmn (10 mM phosphate 152 mM NaCI) Af- 
ter centrlfugation (1500 x g, 10 mm), the blood was washed x 3 
with 10 ml of isotonic buffer solution and lysed in 10 mM Pi 
buffer, pH 7 4 Erythrocyte membrane ghosts were pelleted by 
centrlfugatlon 20000 g, 40 mln) and the precipitate was diluted 
t a  ~.v.e.a. ~JLsiaem~m_ (.1 S. m& p.r_o;eJn;'.ml), a.~ de.te..r.mmeA, by. the, 
method of ref [17] Peroxldation of the erythrocyte membrane 
ghosts Induced by t-butylh3,droperoxlde was carried by the 
meah.aA, of. reJ'. [1_8.]. l.s,~la/e..d_ hgd.r.,gy~sahle, ~'a.onlns. :rod. r-eJale.d. 
c.¢zm fmo rocks_ w.ea:e,, px.e4"mr.esk by. ~bssds'.mg them. m. chmeJby.l, s J d: 
pJ~Me_ tg~ make~ fi~,d. ~a~.nr, ea~Jr.a1J~m, al. 1.0. o.r. ?_S_,I.M. &.flr,.r. 
,/]m01aLul.o. fftt 3_0. rain_>. I. ml. o5_ ?_0. M. rr.w, hllmdt:  a~:e,t,m'~ 1 7 M_ 
HCI and  Zml of 0 67°/,, T B A - N a O H  solnhon wa~added ta slop 
tlre reachmr The  qummty  of TBA-rtr, tcUng substances was 
determined at 532 nm after coloration with thtobarblturm acid 
[19] 

Lipid peroxldatlon of  rat liver mwrosome Wlster rats 18 weeks, 
180-200 g) were killed and the liver ~as  removed and homogen- 
ized Microsomes were prepared b~ dlfferentml centrlfugatmn 
with the method of ref [34] Fresh solutions, m 5 0 m M  
Tns-HC1 buffer, were prepared each rune at the concentration 
ctf 1 mg/ml_ m~cy.~omal W_otmn as  de3ex_mmesL by ~he_ l~)wr_y. 
meth,acL Test compcmnds v~ere dl~s,~l_v.eA m. I)M,S() anlk addeM_ 
t,a the_ m~cn~_omal, incuhalJlm (.fiJlN_ ~:once_n~r:Mm.n_ al_ ZS. oJ: 
SO pM0 The fcdlow!ngadd~llon were: made: and !ncnba/ed aI 3-/ 
for 30 mln 2 5 mM adenosme-5'-dlphosphate IADP), 0 1 mM 
ethyienedlamlnetetraacetlc acid (EDTA) and O l mM ferric m- 
Irate (ADP-Fe 3+ EDTA-Fe ~ s>stem) and 5 m M  nlCotlna- 
mlde-adenme dmucleotlde phosphate reduced form (fl- 
NADPH)  in 50 mM Trls HC1 buffer solution After incubation, 
ff~rmatmn of TBA-reactmg subslam~.s was measured as de- 
scribed_ ahoy< 
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