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Antioxidative Phenolics from the Fresh Leaves ofTernstroemia japonica
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Six new phenylethanoid glucosides, ternstrosidesFA(1—6), a new kaempferol derivativer), and eight known
compounds were isolated from the fresh leavegarhstroemia japonicalhe structures were elucidated by 1D and 2D
NMR spectroscopic analyses. Compourdds’ showed potent antioxidative activity in three different tests, witk IC
values in the range 3.26.50uM in the hydroxyl radical {OH) inhibitory activity test, 33.2982.21uM in the total
ROS (reactive oxygen species) inhibitory activity test, and 12153uM in the peroxynitrite (ONOQO) scavenging
activity test.

Ternstroemia japonicdhunb. (Theaceae) is a tall evergreen tree Rs
that grows in Korea, Japan, China, and the Philippiiesflowers, ORs >:<
fruits, and leaves have been used for the treatment of chest pain % T OH
and numbness in traditional Chinese medicingn aldehydic HO 10— >
carotenoid and triterpenes such as oleanolic acid, primulagenin R20 OR, R4
A, camelliagenin A, and Abarrigenot have been reported from OH
this plant. In our previous studies, eight sapohiasd four jac- 7 1,,2"
aranone derivativé$iave been isolated from tleBuOH fraction = —COCH, OH
and the EtOAc fraction of the fresh fruits @f japonica respec-
tively. As a part of our ongoing search for antioxidative constituents _ _COCHZOOH
from natural sources, we investigated the antioxidative activities
of the solvent-partitioned fractions from the MeOH extract of the R. R R. R. R
fresh leaves (Table 4). TheBuOH-soluble fraction of the leaves 1 A H H onon
showed stronger antioxidative activity than that of the fruits (12.15 2 B H H OH H
+ 0.09 ug/mL, ICso in hydroxyl radical inhibitory activity test), 3 H A H OH H
and the leaves are a more economical source of the antioxidative 4 H H A OH H
material than fruits since they are available any season. From the 5 AH H H H

6 A H H OH OH

n-BuOH-soluble fraction, we isolated and characterized six new
phenylethanoid glucosides, ternstrosidesFA(1—6), a new kaemp-
ferol derivative ), and eight known compounds, 2-(3,4-dihydroxy-
phenyl)ethy|3-p-glucopyranosidé? 2-(4-hydroxyphenyl)ethys-p-
glucopyranosid@&,kaempferol 30-3-p-galactopyranosid®, quer-
cetin 30-p-p-glucopyranosidé! hyperinl? quercitrin}® methyl 3,4-
dihydroxyphenylethanoaté and jacaranon@'>17 This paper deals
with the isolation and structure elucidation of the new compounds
(1—7) and the evaluation of their antioxidative activity.

Results and Discussion

Ternstroside A 1) was isolated as a yellow, amorphous solid.
The positive-ion HRFABMS ofl. showed a quasimolecular ion at 7
m/z 489.1373 [M + NaJ", suggesting the molecular formula
CoH26011. The ™H NMR spectrum ofl displayed an anomeric
proton resonance &t 4.39 and aromatic protons at6.49-6.75. -
The3C NMR spectrum ofl also showed the existence of a sugar (0 172.0, C-8). C-8' was correlated with H-7at¢ 3.52, and H-7
and aromatic rings. The anomeric C-4 {01.0) was correlated ~ Was correlated to the aromatic carbon resonances 5.9 (C-
with H-8'a (6 3.90) and H-& (5 3.47) in the HMBC spectrum. 1), 116.5 (C-2), and 120.7 (C-€) in the HMBC spectrum of.
The H-8a and H-& signals were correlated in the COSY spectrum The substitution site is supported by the chemical shift of H-2 (

and further correlated with the signal at H(@ 2.54). Inthe HMBC ~ 4-69), which was shifted downfield compared to that of the
spectrum of1, H-7 was correlated with three aromatic carbon corresponding proton of 2-(3,4-dihydroxyphenyl)etifp-glu-

signals a® 130.4 (C-1), 115.1 (C-2), and 120.2 (C-§, as well as copyranosided 3.17). The positions of the hydroxyl groups in the
C-8 (0 70.7). These data suggested thatad a phenylethanoid aromatic rings were determined by comparison of the chemical
glycoside as a partial structure. The resonance a.69 was shifts and splitting patterns of the aromatic protod$[62 (d,J =
assigned to H-2 of the sugar moiety from the correlation with the 2:0 Hz, H-2), 6.66 (d,J = 8.5 Hz, H-8), 6.49 (dd,J = 8.5, 2.0

anomeric proton { 4.39) in the COSY spectrum of. The Hz, H-6); 0 6.75 (d,J = 2.0 Hz, H-2), 6.70 (d,J = 8.0 Hz,
H-5"), 6.59 (dd,J = 8.0, 2.0 Hz, H-8)] with those of the

P i thor. Tel. 82.51.510-2811 Fax. 82-51.510-2811 compounds with the same hydroxylation pattéffhe sugar was
E_mai?rrlf;%%gﬂga?‘uacoi; el 8eoLoil - Paxs 8emoAo D " identified as glucose by acid hydrolysis and analytical HPLC.
t Pusan National University. Therefore, the structure dfwas defined as 2-(3,4-dihydroxyphen-

* Present address: Korea Food and Drug Administration, Korea. yl)ethyl 2-0-(3,4-dihydroxyphenylethanoy/j-p-glucopyranoside.

phenylethanoy! substitution at C-2 was revealed by the HMBC
experiment where H-2 was correlated to the ester carbonyl carbon
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Table 1. '"H NMR Data of1-4 (CDsOD, 500 MHz}

position 1 2 3 4
1 4.39 (d, 7.5) 4.41 (d, 8.0) 4.39 (d, 8.0) 4.24(d, 7.5)
2 4.69 (dd, 9.0, 7.5) 4.71 (dd, 10.0, 8.0) 3.32(m) 3.16 (dd, 8.5, 7.5)
3 3.50 (m) 3.52 (m) 4.97 (m) 3.30 (m)
4 3.30 (m) 3.39 (m) 3.48 (m) 3.26 (m)
5 3.27 (m) 3.35(m) 3.34 (m) 3.42 (m)
6a 3.86 (dd, 12.0, 2.0) 3.87 (dd, 12.0, 2.0) 3.87 (dd, 12.0, 2.0) 4.42 (dd, 12.0, 2.0)
6b 3.67 (dd, 12.0, 6.0) 3.71 (m) 3.69 (m) 4.20 (dd, 12.0, 6.0)
2 6.62 (d, 2.0) 6.63 (d, 2.0) 6.7qd, 2.0) 6.68(d, 2.0)
5 6.66 (d, 8.5) 6.68 (d, 8.0) 6.68d, 8.0) 6.65(d, 7.5)
6 6.49'(dd, 8.5, 2.0) 6.51 (dd, 8.0, 2.0) 6%5(td, 8.0, 2.0) 6.5%(dd, 7.5, 2.0)
7 2.54 (t, 7.5) 2.57 (m) 2.79 (m) 2.75(t, 7.5)
8a 3.90 (dt, 9.5, 7.5) 3.94 (m) 4.04 (m) 3.88 (dt, 9.5, 7.5)
8'b 3.47 (dt, 9.5, 7.5) 3.52 (m) 3.72 (m) 3.62 (dt, 9.5, 7.5)
2" 6.79 (d, 2.0) 7.09 (d, 8.5) 6.77d, 2.0) 6.7%(d, 2.0)
3" 6.74 (d, 8.5)
5" 6.7C° (d, 8.0) 6.74 (d, 8.5) 6.71d, 8.0) 6.67(d, 7.5)
6" 6.59' (dd, 8.0, 2.0) 7.09 (d, 8.5) 6.62dd, 8.0, 2.0) 6.56(dd, 7.5, 2.0)
7 3.52 (m) 3.53(m) 3.59 (s) 3.45 (s)

2 Multiplicities and coupling constants (in Hz) are in parenthe3&#ssignments with the same superscript in the same column may be interchanged.

Ternstroside BZ) was isolated as a yellow, amorphous solid. yl)ethyl g-b-glucopyranosided 3.86 and 3.66), is indicative of
The positive-ion HRFABMS of showed a quasimolecular ion at  substitution of the phenylethanoyl group at C-6. The HMBC
m/z 473.1429 [M + NaJ", suggesting the molecular formula correlation from H-6 to C-8 corroborated the substitution. The
CoH6010. TheH NMR data of2 were similar to those df, except hydroxylation patterns of the aromatic rings were determined from
for the splitting pattern of the aromatic protons, due to the absencethe chemical shifts and splitting patterns of the aromatic protons,
of one hydroxyl group. The positions of the hydroxyl groups on as inl. The sugar residue was identified as glucose, as above. Thus,
the aromatic rings were determined by comparison of the chemical compound4 was formulated as 2-(3,4-dihydroxyphenyl)ethyDé-
shifts and splitting patterns of the aromatic protof$[63 (d,J = (3,4-dihydroxyphenylethanoy/j-p-glucopyranoside.

2.0 Hz, H-2), 6.68 (d,J = 8.0 Hz, H-B), 6.51 (dd,J = 8.0, 2.0 Ternstroside E) was isolated as a yellow, amorphous solid.
Hz, H-6); 6 7.09 (d,J = 8.5 Hz, H-2',6"), 6.74 (d,J = 8.5 Hz, The HRFABMS spectrum 05 showed a quasimolecular ion at
H-3",5")] with those of the compounds with the same hydroxylation m/z 473.1424 [M+ Na]*, consistent with the molecular formula
pattern®°® The corresponding aromatic carbons were assigned from Cy,H2¢010. The'H and3C NMR data of5 were similar to those
HSQC data oR. The position of the aromatic rings with different  of 1, except for the hydroxylation pattern of the phenylethyl moiety.
hydroxylation was deduced from the HMBC spectrun2pofvhere The hydroxylation pattern on the aromatic rings was determined,
H-7' (6 2.57) was correlated to the resonances 480.2 (C-1), as in2, on the basis of thtH NMR spectrum o6, which displayed
115.9 (C-2), and 120.1 (C-9, and H-7' (6 3.53) was correlated  two sets of spin systems assignable to a 1,3,4-trisubstituted aromatic
to the resonances &t 125.2 (C-1) and 130.3 (C-2,6"). The ring [0 6.75 (d,J = 2.0 Hz, H-2'), 6.69 (d,J = 8.5 Hz, H-8)),
structure of the phenylethanoid glycoside and the phenylethanoyl 6.58 (dd,J = 8.5, 2.0 Hz, H-6)] and a 1,4-disubstituted aromatic
substitution at C-2 of the sugar moiety lwas deduced in the  ring [0 6.97 (d,J = 8.5 Hz, H-2,6'), 6.67 (d,J = 8.5 Hz, H-3,5)].

same manner as fdr Thus, compoun@ was identified as 2-(3,4- The corresponding aromatic carbons were assigned from the HSQC
dihydroxyphenyl)ethyl 29-(4-hydroxyphenylethanoyl|p-p-glu- data of 5. The structure of phenylethanoid glycoside and the
copyranoside. phenylethanoyl substitution at C-2 of the sugar moiety iwas

Ternstroside CJ) was isolated as a yellow, amorphous solid. deduced in the same manner asZoThe signal of H-7 appeared
The positive-ion HRFABMS 08 showed a quasimolecular ion at  as a multiplet in théH NMR spectrum of5, possibly due to the
m/z489.1371 [M+ NaJ*, suggest the molecular formula8,¢01 . restricted rotation of the phenylethanoyl residue, which is different
TheH and3C NMR data of3 were similar to those of, except from 3 (1,3-disubstituted glucose) aAd1,6-disubstituted glucose).
for the chemical shifts of the sugar moiety. In the COSY spectrum The sugar was identified as glucose by analytical HPLC of the acid
of 3, the anomeric proton at 4.39 was correlated with H-2 &t hydrolyzate, as above. Thereforg, was identified as 2-(4-
3.32, which was further correlated with H-3 &t 4.97. The hydroxyphenyl)ethyl 29-(3,4-dihydroxyphenylethanoyfj-p-glu-
phenylethanoyl substitution at C-3 was revealed by the HMBC copyranoside.
correlation between H-3 and the ester carbonyl carldoh72.6, Ternstroside F&) was isolated as a yellow, amorphous solid.
C-8'"). Determination of the substitution site was supported by the The positive-ion HRFABMS o6 showed a quasimolecular ion at
chemical shift of H-3 § 4.97), which was shifted downfield nvz 505.1320 [M + Na]*, suggesting the molecular formula
compared to that of 2-(3,4-dihydroxyphenyl)etlfiyb-glucopyra- C22H26012. TheH NMR data of6 were similar to those df, except
noside ¢ 3.30). The hydroxylation patterns of the two aromatic for the splitting pattern of the aromatic moiety. The hydroxylation
rings were determined from the chemical shifts and splitting patterns pattern on the aromatic rings was determined, as above, on the basis
of the aromatic protons, as th The sugar residue was identified  of the 'H NMR spectrum of5, which displayed AX and AMX
as glucose by acid hydrolysis, as above. Thus, comp@uwas spin systems. Two singlets &t6.83 and 6.43 from the AX spin
identified as 2-(3,4-dihydroxyphenyl)ethyl3-(3,4-dihydroxyphen- system indicated a 2,4,5-trihydroxyphenyl moiety. The correspond-
ylethanoyl)$-p-glucopyranoside. ing aromatic carbons were assigned from the HSQC da@aFrbm

Ternstroside D 4) was isolated as a yellow, amorphous solid. these observations, the structure6ofvas elucidated as 2-(2,4,5-
The HRFABMS spectrum of compourdshowed a quasimolecular  trihydroxyphenyl)ethyl 29-(3,4-dihydroxyphenylethanoyfj-b-glu-
ion at m/z 489.1370 [M+ Na]*, consistent with the molecular  copyranoside.
formula GoH2¢011. The'H and13C NMR data of4 were similar Compound?7 was obtained as a brown powder. The positive
to those ofl, except for the chemical shifts of the sugar moiety. In  LRESIMS of7 showed a quasimolecular ionratz 743 [M + H] ™,
the COSY spectrum, H-6a (4.42) correlated with H-6bd(4.20), suggesting the molecular formulaz835020. In the IH NMR
and both correlated with H-%(3.42). The downfield shift of the spectrum of7, the resonances at8.13 (2H, d,J = 9.0 Hz, H-2,

C-6 methylene protons, compared to those of 2-(3,4-dihydroxyphen- 6'), 6.89 (2H, d,J = 9.0 Hz, H-3, 5), 6.40 (1H, d,J = 2.0 Hz,
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Table 2. 'H NMR Data of5 and6 (CDsOD, 500 MHz}
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Table 5. Antioxidative Activity of Compoundsl—7

position 5 6
1 4.38 (d, 8.0) 4.31(d, 8.0)
2 4.68 (dd, 10.0, 8.0) 4.58 (dd, 9.0, 8.0)
3 3.50 (m) 3.41 (m)
4 3.34 (m) 3.35 (m)
5 3.26 (m) 3.29 (m)
6a 3.85(dd, 12.0, 2.0) 3.88 (dd, 12.0, 2.0)
6b 3.66 (dd, 12.0, 6.0) 3.68(dd, 12.0, 6.0)
2 6.97 (d, 8.5) 6.83(s)
3 6.67 (d, 8.5)
5 6.67 (d, 8.5) 6.43(s)
6' 6.97 (d, 8.5)
7 2.57 (t,7.0) 2.70 (m), 2.60 (m)
8a 3.91 (dt, 9.5, 7.0) 4.09 (df1.0.0)
8b 3.48 (m) 3.79 (dn§,10.0)
2" 6.75 (d, 2.0) 6.46 (d, 2.0)
5" 6.69 (d, 8.5) 6.78 (d, 8.0)
6" 6.58 (dd, 8.5, 2.0) 6.66 (dd, 8.0, 2.0)
7'a 3.48 (m) 3.55(d, 14.0)
7'b 3.43 (m) 3.36 (m)

I1Cs0 (uM)?

compound *OHP total ROS ONOO

1 3.41+0.09 39.26+ 1.02 1.69+ 0.02
2 4.66+ 0.04 62.52+ 0.51 2.364+ 0.03
3 3.26+ 0.01 33.2% 0.04 1.14+ 0.01
4 6.50+ 0.09 66.87+ 3.01 3.85+ 0.02
5 4,724+ 0.04 54.98+ 2.85 2.56+ 0.05
6 4.21+ 0.02 45.36+ 0.62 1.54+ 0.01
7 5.28+ 0.03 82.214+1.52 13.53+ 0.07
quercetin 2.39t 0.05 29.12+ 0.04 1.38+0.02
control 2.83+ 0.02 29.52+ 0.2C¢ 1.054+ 0.03

aValues of‘OH, total ROS, and ONOOare expressed as the mean
+ standard error of triplicate experimentdnhibitory activity of
hydroxyl radical generation in 1.0 mM B, and 0.2 mM FeS@©
¢ Inhibitory activity of total ROS generation in kidney postmicrosomal
fraction. dInhibitory activity of authentic peroxynitriteTrolox was used
as a positive control.oL-Penicillamine was used as a positive control.

glucose was determined by correlation between'H 4.80) and

C-2' (0 80.1) in the HMBC spectrum o¥. This was further
supported by the downfield shift of C*2and the upfield shift of
C-1" (6 100.1) by g3-effect!® The locations of glycosidic linkages
on the aglycone were determined as C-3-OH and’-CH4 of
kaempferol by comparison of chemical shifts with those of

aMultiplicities and coupling constants (in Hz) are in parentheses.
bAssignments may be interchangéBoublet of multiplets.

Table 3. 3C NMR Data of1-6 (CDsOD, 125 MHz)

osition 1 2 3 4 5 6 .

P kaempferol 30-5-p-galactopyranoside [C'4158.5 (-2.2); C-1,
; 1%? 1?1-,5? %g%l 71??38-2 715?31'2 713%-6 122.7 (-1.1); C-3, 5, 116.3 ¢0.3)]1° From the above data,
3 749 749 781 76.8 761 750 compound? was deduced as ®-3-b-xylopyranosyl(1>2)-3-b-
4 708  70.6 68.6 70.5 71.7 71.4 glucopyranosyl kaempferol'4-3-p-glucopyranoside, which is
5 76.8 76.9 72.3 74.2 78.0 77.8 unprecedented.
6 61.4 61.5 61.2 63.8 62.6 62.5 We investigated the general antioxidative effects of the com-
r 1304 1302 1302 1305 1314 1305 pounds to inhibitOH and total ROS and to scavenge authentic
g, ﬁi-g ﬁgz illi-gl; 111454-29 111361-19 1114%02 ONOO- for the isolated compounds (Table 5). Free radicals and
o 1436 1442 1434 1435  156.7 146 3 ROS or RNS (reactive nitrogen species), includin@®kl*O,~, *OH,
5 11582 116.f 1150 1152  116.1 1153 NOr, and ONOO, play an important role in the etiology of a variety
6 120.Z 120.1 1200 120 130.8 153.2 of human degenerative diseases. These reactive species are formed
7 35.1 35.3 35.5 35.4 36.1 32.7 in the body as a consequence of aerobic metabolism and damage
8 70.7 70.6 711 70.9 71.9 69.8 all intracellular components, such as nucleic acids, proteins, and
1 1259 1252 1259 = 1257  127.0 1263  |ihigs ROS are also implicated in both aging and various degenera-
2" 116.3% 130.3 1165 1163 1176 1172 tive disordergd C 4sl—7 with phenolic hvd |
3’ 1442 115 1441 1448 1462  144.9 tve disorders.” Lompoun » With phenolic nyaroxyl groups
4" 145.0 156.2 1449 1453 145.4  145.4 in their structures, showed strong ant|QX|dat|ve. activity in those
5" 116.00 115 1159 116.0 116.2 1181 three tests (Table 5). Compountland3, with (3,4-dihydroxyphen-
6" 120.7 130.3 1207 1206 121.8  120.9 ylacetyl moieties, showed stronger activity thanwith a (4-
I 40.4 40.1 40.3 40.2 41.6 40.8 monohydroxyphenyl)acetyl moiety, in all tests. In tid# and ROS
8" 1720 1719 1726 1728 173.0 1730

scavenging activity testsl, with a (3,4-dihydroxyphenyl)ethyl
abed Assignments with the same superscript in the same column may moiety at C-1, showed stronger activity th&ror 6, which has a
be interchanged. (4-monohydroxyphenyl)ethyl or (2,4,5-trihydroxyphenyl)ethyl moi-
ety, respectively, at the same position. Compourshowed less
strong activity than quercetin but still significant activities in all

Table 4. Antioxidative Activity of the Solvent Partitions

ICs0 (ug/mL)? tests. It is reported that in flavonoids the presence af-dinydroxyl
sample *OHP total ROS ONOOd substitution on the A- or B-ring is critical for the antioxidative
EtOAC 29.24:0.08  >300 30.33t 2.54 activity 2422
n-BuOH 4.34+0.11 38.83£ 0.19 6.05+ 1.05 E . | Secti
H.0 36.76+ 0.30 >300 59.47+ 3.70 xperimental Section
control 5.85+ 0.3%F 34.11+0.1% 1.224+0.05 General Experimental Procedures HPLC was performed on an

LKB Bromma 2248 HPLC Pump with a YMC J'sphere ODS-H80
(JH323, 250x 10 mm i.d., S-4um, 8 nm), using a JASCO RI-1530
detector at a flow rate of 1 mL/min. Sugars were detected by HPLC
using an analytical NH column. *H and *C NMR spectra were
measured on a Varian UNITY INOVA 500 (500 MHz) and a Bruker
AC 200 (200 MHz). The chemical shifts are givendrvalues (ppm)
relative to tetramethylsilane (TMS) or residual solvent peak. FABMS
data were recorded on a JEOL JMS 110/110 instrument. Optical
: rotations were obtained using a JASCO DIP-370 digital polarimeter.
overlapped with solvent peak), and 4.15J¢5 7.5 Hz, glc H-1"") UV spectra were obtained in MeOH, using a Shimadzu mini 1246-UV
suggested that is a kaempferol triglycoside, which was also yjs spectrophotometer. IR spectra were recorded on a JASCO FT/IR-
corroborated by thé&*C NMR data. The sugars were identified as 410 in a KBr disc. GLC was performed on a Hewlett-Packard HP6890
two glucoses and one xylose by acid hydrolysis and analytical with an HP-1 column. The fluorescence intensity was monitored by a
HPLC. The inner glucose was identified by the downfield shift of microplate fluorescence spectrophotometer, Bio-Tek Instruments Inc.,
H-1" (6 5.30)18 The attachment position of xylose on the inner Winooski, VT.

aValues of*OH, total ROS, and ONOOare expressed as the mean
+ standard error of triplicate experimentdnhibitory activity of hy-
droxyl radical generation in 1.0 mM 4, and 0.2 mM FeSQ ¢ In-
hibitory activity of total ROS generation in kidney postmicrosomal
fraction. 9Inhibitory activity of authentic peroxynitriteéTrolox was used
as a positive control.oL-Penicillamine was used as a positive control.

H-8), and 6.19 (1H, dJ = 2.0 Hz, H-6) and anomeric proton
resonances ai 5.30 (d,J = 7.5 Hz, glc H-T1'), 4.80 (xyl H-1",
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Plant Material. The plant material was collected in Busan, Korea, at 100 °C for 1 h. The reaction mixture was diluted with,®l
in February 2003 and identified by Prof. K. S. Im, Pusan National neutralized with Dowex SBR (OHform), and filtered. The filtrate
University. A voucher specimen is deposited at Natural Product was passed through a Sep-Pacls €artridge eluting with HO. The
Chemistry Laboratory, Pusan National University, Busan, Korea. eluate was concentrated and analyzed by co-TLC (Si gel) with the
Extraction and Isolation. The fresh leaves of. japonica(1.8 kg) authentic sugars (Gi€l,—MeOH—H0, 65:40:8;R;, 0.51 for glc and
were extracted with MeOH under reflux. The MeOH extract was 0.49 for xyl). The identity of each sugar was further confirmed by
concentrated under reduced pressure, and the residue (140 g) wagomparison of the retention time with those of standard sugars using
suspended in ¥D. The suspension was extracted with EtOAc and then HPLC: tg (min), 6.60 for glc and 5.30 for xyl. HPLC analysis was
with n-BuOH to afford 30 g of an EtOAc-soluble fraction and 27 g of

ann-BuOH-soluble fraction. A portion (11.7 g) of teBuOH extract

was chromatographed on silica gel (500 g) with a step gradient solvent

system of CHCl,—MeOH (10:1— 7:1— 5:1), CHCl,—MeOH—H,0
(7:3:1, lower phase—~ 65:35:10, lower phase> 6:4:1), and 100%

MeOH as eluants to give fractions 1 to 29. Fractions 5 to 7 (794 mg)
were combined and subjected to MPLC on a Sephadex LH-20 column
(4 x 30 cm) to afford 10 subfractions, B5-1 to B5-10. Subfraction

B5-4 was subjected to HPLC on agZolumn with 40% MeOH (1%
HOAC) to givel (8.3 mg,tg 23 min),2 (3.6 mg,tr 32 min),3 (14 mg,
tr 20 min),4 (5.9 mg,tr 28 min), andb (5.4 mg,tr 35 min). Fractions

810 11 (2.13 g) were combined and separated by MPLC on Sephadex
LH-20 (4 x 30 cm) to give subfractions B8-1 to B8-27. Subfraction

B8-7 was subjected to repeated HPLC with 40% MeOH to yield
(124 mg,tg 23 min),4 (6 mg,tgr 27 min),5 (3 mg,tgr 38 min), andé

(2.4 mg,tg 19 min). Fraction 24 (1.10 g) was subjected to Sephadex

LH-20 column chromatography (4 30 cm) and then purified by HPLC
on a Gs column with 57% MeOH to obtain compourvd(9.8 mg,tr
14 min).

Ternstroside A (1): yellow, amorphous solidpf]?% —33.5 € 2.30,
MeOH); UV (MeOH)Amax (l0g €) 228 (3.42), 280 (2.38) nm; IR (KBr)

performed with a Supelcosil LC-NHolumn (250x 4.6 mm, 5um)
eluting with CHCN—H,0 (75:25) at a flow rate of 1.0 mL/min.

Stereochemistry of the SugarsEach compound (23 mg) was
separately refluxed in 5% aqueousS®,—1,4-dioxane (1:1, 2 mL)
for 1 h. The reaction mixture was passed through Dowex SBR(OH
form), and the filtrate was concentrated. The resulting residues were
passed through a Sep-Paci €artridge eluting with HO. The filtrate
was condensed and heated lircysteine methyl ester hydrochloride
(5 mg) and pyridine (0.5 mg) fol h at 60°C. The reaction mixture
was heated wittN,O-bis(trimethylsilyl)trifluoroacetamide (0.3 mg) for
anothe 1 h at 60°C, with the supernatants of the reaction mixtures
employed for GLC analysis. Identification of the thiazolidine derivatives
of p-glucose andd-xylose was carried out by comparison of their
retention times with those of standard samplés:(min), 10.45 for
p-glucose and 7.37 fop-xylose. GLC analysis was performed with
an HP-1 column (30 m, 0.32 mm, 0.25) with an initial temperature
of 200 °C for 3 min and then temparature programming to 260at
a rate of 5°C/min.

Evaluation of Antioxidative Activity. (1) Measurement of the
Inhibition of Total ROS Generation. Rat kidney homogenates

Ymax 3737, 3610, 2919, 2854, 1739, 1690, 1646, 1515, 1457, 794, 671 prepared from the kidneys of freshly killed male Wistar rats, weighing

cm 1 IH NMR, see Table 1}3C NMR, see Table 3; HRFABM&vVz
489.1373 [M+ NaJ* (calcd for G,H2¢011Na, 489.1373).

Ternstroside B (2): yellow, amorphous solidof]*4 —19.8 € 0.12,
MeOH); UV (MeOH) Anax (log €) 235 (2.51), 257 (1.75) nm; IR (KBr)
Vmax 3652, 2875, 1714, 1675, 1502, 752, 675 €mH NMR, see Table
1; 8C NMR, see Table 3; HRFABM8Vz 473.1429 [M+ Na]* (calcd
for CooHo6010Na, 4731424)

Ternstroside C (3): yellow, amorphous solidpf]?% —31.6 € 0.32,
MeOH); UV (MeOH) Anax (Iog €) 236 (3.80), 290 (2.42) nm; IR (KBr)
vmax 3731, 3573, 2841, 1675, 1655, 1465, 682 ¢éntH NMR, see
Table 1;'3C NMR, see Table 3; HRFABM&Vz489.1371 [M+ Na]*
(calcd for GoH2601:1Na, 489.1373).

Ternstroside D (4): yellow, amorphous solidpf]?% —28.2 € 0.29,
MeOH); UV (MeOH)Amax (l0g €) 242 (3.21), 251 (2.17) nm; IR (KBr)
vmax 3741, 3620, 2925, 2860, 1703, 1643, 1510, 786, 660'ch
NMR, see Table 1}°C NMR, see Table 3; HRFABM&vz 489.1370
[M + Na]* (calcd for G;H26011Na, 489.1373).

Ternstroside E (5): yellow, amorphous solidof] %%, —36.4 € 1.04,
MeOH); UV (MeOH) Anax (log €) 254 (4.10), 310 (3.26) nm; IR (KBr)
vmax 3612, 2972, 2861, 1812, 1692, 1492, 765, 683 ¢rftH NMR,
see Table 2}°C NMR, see Table 3; HRFABM®Vz 473.1424 [M+
Na]t (calcd for GoH26010Na, 473.1424).

Ternstroside F (6): yellow, amorphous solidpf]?» —21.4 € 0.10,
MeOH); UV (MeOH) Anax (l0g €) 278 (2.85), 245 (2.41) nm; IR (KBr)
vmax 3712, 3652, 2974, 2812, 1712, 1513, 775, 685 ¢rH NMR,
see Table 2°C NMR, see Table 3; HRFABM&vz 505.1320 [M+
Na]t (calcd for G;H26012Na, 505.1322).

3-O-f-p-Xylopyranosyl(1—2)-3-p-glucopyranosyl kaempferol 4-
O-B-p-glucopyranoside (7): brown powder; §]*» —15.6 € 0.95,
MeOH); UV (MeOH) Amax (I0g €) 343 (4.35), 304 (4.34), 267 (4.57)
nm; IR (KBr) vmax 3365, 1650, 1600, 1560 crh *H NMR (500 MHz,
CDs;OD) 6 8.13 (2H, d,J= 9.0 Hz, H-2, 6'), 6.89 (2H, dJ = 9.0 Hz,
H-3, 5, 6.40 (1H, d,J = 2.0 Hz, H-8), 6.19 (1H, dJ = 2.0 Hz,
H-6), 5.30 (1H, dJ = 7.5 Hz, glc H-1'), 4.80 (1H, dJ = 7.3 Hz, xyl
H-1""), 4.15 (1H, dJ = 7.5 Hz, glc H-1""), 3.41-3.82 (m, H-2'—6",
2"—=5" 2" —6""); 13C NMR (50 MHz, CQ;OD) 6 179.7 (C-4), 166.3
(C-7), 161.5 (C-5), 158.5 (C¥ 158.5 (C-9), 158.4 (C-2), 135.0 (C-
3),132.4 (C-2 6'), 122.7 (C-1), 116.3 (C-3 5), 105.6 (C-1"), 105.4
(C-10), 104.3 (C-1"), 101.3 (C-6), 100.1 (C*D, 94.9 (C-8), 80.1 (C-
2),77.8 (C-3), 77.6 (C-5"), 77.0 (C-3"), 75.7 (C-5), 75.0 (C-3"),
74.9 (C-2"), 74.8 (C-2"), 71.5 (C-4"), 71.0 (C-4""), 70.1 (C-4),
68.7 (C-B"), 66.6 (C-6"), 62.6 (C-8); LRESIMSmM/z 743 [M + H]*
(CalCd for Q2H39020, 743)

Acid Hydrolysis for Identification of Sugars. Each compound (13
mg) was dissolved in 2 mLf@ N H,SO,—1,4-dioxane (1:1) and heated

150-200 g, were mixed with or without the suspension of extracts or
compounds, which were dissolved in 10% EtOH (final concentration:
0.4%). The mixtures were then incubated with 12.5 mM7'2
dichlorodihydrofluorescein diacetate (DCHF-DA), which was dissolved
in 100% EtOH (final concentration: 0.2%), at 3C for 30 min. A 50
mM phosphate buffer solution at pH 7.4 was also used. DCHF-DA is
a stable compound, which is hydrolyzed by intracellular esterase to
yield a reduced, nonfluorescent compound? 2lichlorodihydrofluo-
rescein (DCHF). The ROS produced by the homogenates oxidizes the
DCHF to highly fluorescent 'Z7'-dichlorofluorescein (DCF). The
fluorescence intensity of the oxidized DCF was monitored using a
microplate fluorescence spectrophotometer, with excitation and emission
wavelengths of 460 and 530 nm, respectiv@&l¥rolox was used as a
positive control.

(2) Measurement of the Inhibition of Hydroxyl Radical Genera-
tion. Extracts or compounds that were dissolved in 10% EtOH (final
concentration: 0.4%) were added to 1 mMQd4 and 0.2 mM FeS©
and incubated at 37C for 5 min. Esterase-treatedt® DCHF-DA in
100% EtOH was then added, and the changes in fluorescence were
monitored on a microplate fluorescence spectrophotometer, with
excitation and emission wavelengths of 460 and 530 nm, respectively,
for 30 min?2 Trolox was used as a positive control.

(3) Measurement of ONOO™ Scavenging Activity. The ONOO
scavenging activity was measured by monitoring the oxidation of DHR
123 using a slight modification of the method reported by Kooy et
al?*DHR 123 (5 mM) in DMF, which was purged with \was stored
as a stock solution at 8TC. This solution was then placed on ice and
kept in the dark prior to the study. The buffer consisted of 90 mM
NacCl, 50 mM NaPQ,, 5 mM KCl at pH 7.4, and 10@M diethylene-
triaminepentaacetic acid (DTPA), each of which was prepared with
high-quality deionized KD and purged with M The final concentration
of DHR 123 was 5tM. The background and final fluorescent intensities
were measured 5 min after treatment with and without the authentic
ONOO". DHR 123 was oxidized rapidly by the authentic ONQO
and the final fluorescent intensity of the oxidized DHR 123 was
measured using a FL 500 microplate fluorescence reader (Bio-Tek
Instruments Inc.) at excitation and emission wavelengths of 480 and
530 nm, respectively. The results are expressed as the tnetandard
error (0 = 3) for the final fluorescence intensity minus background
fluorescence. The effects are expressed as the percent inhibition of DHR
123 oxidation, anaL-penicillamine was used as a positive control.
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