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ABSTRACT

Activity guided isolation of 80% acetone extrachnirthe barks of Acer ginnala Maxim. yielded fivagannins[6-
galloyl-1,5-anhydroglucitol (ginnalin B)1j, acertannin (3,6-digalloyl-1,5-anhydroglucitol?)( methyl gallate J),
acertannin(2,6-digalloyl-1,5-anhydroglucitol¥) and gallic acid §)].In order to evaluate the anti-inflammatory
effects of these compounds, their inhibitory atifigiagains tnitric oxide production in lipopolysharide(LPS)-
stimulated RAW 264.7 cells were examined.
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INTRODUCTION

The inflammatory response is a defense mechanisimstgnfection or injury and leads to the over+egsion of
several pro-inflammatory enzymes[1]. In particulengucible nitric oxidesynthase (iNOS) produce initoxide
(NO), respectively, which play a critical role irsdlase pathophysiology.

Nitric oxide plays a role in vasodilation, neuratsanission, blood coagulation and immune regulatmgl, is mainly

divided into cNOS and INOS. Of these, iNOS is iweal in the massive production of NO when it is\attd by

various cytokines(IFNs TNF-o and IL-13) or bacterial Lipopolysaccaride (LPS). An excesspresence of NO
aggravates the inflammatory response[2].

Massive amounts of NO produced by iNOS under patfichl conditions (e.g., inflammatory diseases) are
potentially harmful, especially when time-spatiabulation of iINOS expression becomes compromisadinD
inflammation associated with different pathogen®, production increases significantly and may becogtetoxic.
Moreover, the free radical nature of NO and itshhigactivity with oxygen to produce peroxynitritakes NO a
potent pro-oxidant molecule able to induce oxidatiamage, and to be potentially harmful towardeilegltargets.
Thus inhibition of NO production in response tolanfimatory stimuli might be a useful therapeutiatggy in
inflammatory diseases[4,5].

Acer ginnaldAG) is a plant species with woody stems nativadaheastern Asia from easternmost Mongolia east
to Korea and Japan, and north to southeasterni&iinethe Amur River valley. AG is a deciduous smuteg shrub

or small tree growing to 3-10 m tall, with a shtsttnk up to 20-40 cm diameter and slender branches.bark is
thin, dull gray-brown, and smooth at first but bexdog shallowly fissured on old plants. The sap @ Aas been
used for treatment of stomachic and diarrhea. €heds and barks of AG have been used for treatofembund
healing and eye disorder. Recently, phytochemiozdstigations on leaves of AG were reported thatifleation of
various compounds such as gallotannins, phenolggliboacids, flavonoids and saponins[9-14]. Alsotian
oxidative[11,13,15]anti-bacterial[16] and cytotoxactivities[14] of leaves of AG have been reportéd.the
previous study, we isolated several anti-oxidapihenolic compounds from barks of AG this continued search
for anti-inflammatory phenolic compounds from AGjsblated the major components of the stems of AG a
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evaluated NO production in this study.
EXPERIMENTAL SECTION

General experimental procedures

The stationary phases for the column chromatogcaphblation were performed on Sephadex LH-20 (1@u25 GE
Healthcare Bio-Science AB, Uppsala, Sweden), MCIg}¢P 20P (75-15@m, Mitsubishi Chemical, Tokyo, Japan)
and ODS-B gel (40-6am, Daiso, Osaka, Japan). ODS-B gel was used ésnstat phase on middle pressure liquid
chromatography (MPLC) system. Sample injector wasatané 650E (Waters, Seoul, Korea), detector was
110UV/VIS detector (Gilson, Middleton, WI) and pum@as TBP5002 (Tauto Biotech, Sanghai, China). Téyer
chromatography (TLC) was carried out using a prated silica gel 60 &, plate (Merck, Darmstadt, Germany) on
chloroform, methanol and water (6:4:1, volume fatiche spots were detected under UV radiation (@53 and by
spraying with FeGland 10% HSQ, or anisaldehyde-}$0, followed by heating.

The components from the AG were identified by salverstrumental analyses. The 1 D NMR sucHHs(300 or
600MHz) and'®*C- (75 or 125MHz) nuclear magnetic resonance (NMpdeiments were recorded with Gemini
2000 and VNS (Varian, Palo Alto, CA, USA) at cenfer research facilities on Chung-Ang UniversityoviL
resolution fast atom bombardment mass spectrumABRRAS) were recorded with IMSAX505WA (JEOL, Tokyo,
Japan) at National Center for Inter-University Resh Facilities on Seoul National University.

Plant material

AG was botanized 5.5 kg from Korea National Arbonetin Pocheon-si, Gyeonggi-do (Korea), on Augus2@d9,
certificated by Dr. Choi (Pharmacognosy Lab, Calesf Pharmacy, Chung-Ang University). And, a vouche
specimen (AGM2009-08) was deposited at the herbvadfithe College of Pharmacy, Chung-Ang University.

Extraction and isolation

The 5.5 kg of AG were extracted several times Wth% acetone at room temperature. Concentrationisha
removing the acetone under vacuum afforded to 389.&f extraction. The only 142.87 g of extractioas
dissolved in water and this aqueous solution witardid through Filter paper No. 20 (Hyundai micAmseong,
Korea). And, purification and isolation were perfad by below liquid column chromatographic methedth
TLC monitoring. The concentrated filtrate appliedthe Sephadex LH-20 (2 kg, 10 x 80 cm) equililtatéth
water. The column was eluted with water-methanatgamt system and then yielded eight fractions.,Ah@0g of
fraction 3 on Disogel (300 g, 3 x 50 cm) with wat®0% methanol and 10%-80% methanol gradient in ®IPL
system (10 ml/min, 280 nm)resulted gmnalin B (1, 0.5g) andgallic acid (5, 0.85g), respectively. 13.86g of
fraction 4 on Sephadex LH-20 (200g, 2.5 x 30 cmlew&00% methanol and Disogel (300 g, 3 x 50 cntif WD %-
80% methanol gradient in MPLC system (10 ml/mir) 28n)resulted iminnalin B (1, 10.22g). 6.07g of fraction 5
on Disogel (300 g, 3 x 50 cm) with 20%-100% methamnadient in MPLC system (10 ml/min, 280 nm)resdlin
methyl gallate(3, 2.5g) andgallic acid (5, 0.389), respectively. Also, 5.54¢ of fraction® Bisogel (300 g, 3 x 50
cm) with 20%-100% methanol gradient in MPLC syst@f ml/min, 280 nm)resulted imethyl gallate(3, 0.999)
andgallic acid (5, 1.36g), respectively. 14g of fraction 7 on Diso@®0 g, 3 x 50 cm) with 20%-100% methanol
gradient in MPLC system (10 ml/min, 280 nm) yieldbtee sub-fractions. Among these sub-fractioragtion 7-2
on Disogel (300 g, 3 x 50 cm) with 30%-100% and 1&®9%0 methanol gradient in MPLC system (10 ml/mi80 2
nm) and Sephadex LH-20 (200g, 2.5 x 30 cm) 50% amsthisocratic resulted iacertannin(3,6-digalloyl-1,5-
anhydroglucitol)(2, 7.74g) and methyl gallate(3, 0.04g), respectively. Finally, 13.45g of fractio8,
crystallizationyieldedcer tannin(2,6-digalloyl-1,5-anhydroglucitol)(4, 8.37g) and 4.08g of water soluble layer on
ODS-B gel (50um, 300 g, 3 x 40 cm) 50% methanol isocratic ancb@s$ (300 g, 3 x 50 cm) with 20%-100%
methanol gradient in MPLC system (10 ml/min, 280 )msulted in acertannin(3,6-digalloyl-1,5-
anhydroglucitol)(2, 0.15g) andicertannin (2,6-digalloyl-1,5-anhydroglucitol)(4, 2.879), respectivelig. 1).

6-galloyl-1,5-anhydroglucitol (ginnalin B) (1)

white amorphous powderg]: + 30.8° €=0.005, acetone), Negative FAB M®/z315 [M-HJ, *H-NMR (600MHz,
DMSO-s+D,0) : 6 3.03 (1H, tJ=10.8Hz, H-1), 3.15 3.11 (2H, m, H-3,4), 3.3%43.25 (2H, m, H-5,2), 3.72 (1H,
H-1), 4.14 (1H, ddJ=12.0Hz, 6.0Hz, H-6b), 4.40 (1H, d&12.0Hz, 1.8Hz, H-6a), 6.93 (2H, s, galloyl-HjC-
NMR (125MHz, DMSOds+D,0) : § 64.3 (C-6), 69.8 (C-1), 69.9 (C-2), 70.3 (C-4),278C-3), 78.6 (C-5), 108.9
(C-2',6", 119.8 (C-1, 138.6 (C-4"), 145.7 (&3,,166.2 (C-7")

acertannin (3,6-digalloyl-1,5-anhydroglucitol) (2)

white amorphous powderg]p: + 45° €=0.005, acetone), Negative FAB M#{z467 [M-HJ, *H-NMR (600MHz,
DMSO-dg+D;0) : 6 3.21 (1H, tJ=10.8Hz, H-1), 3.40 (1H, t, H-4), 3.47 (1H, m, H-8)56 (1H, m, H-2), 3.84 (1H,
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dd, J=11.4Hz, 5.4Hz, H-1), 4.22 (1H, dds12.0Hz, 5.4Hz, H-6b), 4.41 (1H, br #12.0Hz, H-6a), 4.93 (1H, t,
J=9.0Hz, H-3), 6.94, 6.95 (each 2H, s, galloyl’fg;NMR (125MHz, DMSOds+D.0) : § 63.9 (C-6), 68.2 (C-2),
68.4 (C-1), 69.9 (C-4), 78.6 (C-5), 79.5 (C-3), I)909.1(C-2',6',2",6"), 119.7, 120.5(C-1',11'38.3, 138.7 (C-
4'4"), 145.6, 145.7 (C-3',5',3",5"), 166.2, D6E-7",7")

methylgallate (3)

gray amorphous powderg]p: —3.4° €=0.005, acetone), DIP El MSm/z 183 [M], *H-NMR (600MHz, DMSO-
ds+D,0) : 8 6.91 (2H, s, H-2,6), 3.71 (3H, s, -OQHC-NMR (125MHz, DMSOdg+D,0) : 5 52.0 (-OCH), 108.8
(C-2,6), 119.7 (C-1), 138.7 (C-4), 145.8 (C-3,96B (C-7)

acertannin (2,6-digalloyl-1,5-anhydroglucitol) (4)

white amorphous powderg]p: + 27.6° €=0.005, acetone), Negative FAB MSm/z 467 [M-H], ‘H-NMR
(600MHz, DMSOdg+D,0) : § 3.24 (1H, tJ=10.8Hz, H-1), 3.32 (1H, =9Hz, H-3), 3.45 (2H, m, H-3,5), 3.91 (1H,
dd,J=10.8Hz, 5.4Hz, H-1), 4.21 (1H, dd512.0Hz, 5.4Hz, H-6b), 4.44 (1H, br#12.0Hz, H-6a), 4.72 (1H, m, H-
2), 6.95 (2Hx2, s, galloyl-H)}:*C-NMR (125MHz, DMSOds+D,0) : 8 64.0 (C-6), 66.5 (C-1), 70.6 (C-4), 72.0 (C-
2), 75.1 (C-3), 75.7 (C-5), 109.0, 109.2(C-2',662), 119.6, 119.7(C-1',1"), 138.8 (C-4',4"4518 (C-3',5',3",5"),
166.9, 166.2 (C-7',7")

gallic acid (5)
gray amorphous powderg]p: —3.2° (€=0.005, acetone), DIP EI M$n/z170 [M], *H-NMR (600MHz, DMSO-
ds+D,0) : 6 6.96 (2H, s, galloyl-H)

Cell culture

The murine macrophage cell line, RAW 246.7 cellsemgurchased from the Korean Cell Line Bank. Theses
were grown at 37 in a humidified atmosphere (5 % ©0n a DMEM medium (Sigma, St. Louis, MO, USA)
containing 10 % fetal bovine serum, 100 IU/ml pélicG and 100 mg/ml streptomycin (Gibco BRL, Gdatsland,
NY, USA)[17] and were used after cell counting wlhithmocytometer.

MTT assay for viability

Before the biological assay, the cytotoxicity wasasured by the mitochondrial- dependent reductfadr [3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliushromide] (Sigma, St. Louis, MO, USA) to formazar]1After
each cells were cultured in a 96-well plate anditiated for 2 h, the cells were treated with theam(12.5, 25.
50 and 100 ug/ml or uM). The cells were incubatadah additional 24 h, and the medium was repladéufresh
medium contained 0.5 mg/ml MTT and the incubationtimued for a further 4 h at 37. The medium was then
removed and the MTT-formazan produced was dissalvé&D0 ul DMSO. The extent of the reduction of MTar
formazan within the cells was quantified by measyithe absorbance at 540 nm using an ELISA readeCAN,
Salzburg, Austria)[17]. The cytotoxicity was calatdd as cell viability (%) = samp@.D. / blankO.D.x 100

M easurement of NO production

NO production was assayed by measuring the nitrithe supernatants of cultured RAW 264.7 cellsefBy, the
cells were seeded at a density of 5 X/hDin 96 well culture plates. After pre-incubatiéor 18 hours, the cells
were pretreated for 30 min with Cox5 (10, 50 and 10@M) and then stimulated with LPS (200ng/ml) for 24
hours. The supernatant was then mixed with an egoalme of Griess reagent (1% sulfanilamide, 0.1%
naphthylethylenediaminedihydrochloride, and 2.5%sgoric acid) and then incubated at room tempexdar 5
min. The concentration of nitrite was then deteedily measuring the absorbance at 570 nm and comgae
values to a standard curve generated using sodiuite (NaNG).

Statistical analysis

All data were expressed mean * S.D. Values werdyzath by Dunnett’s t-test using Statistical Packégethe
Social Sciences (SPSS) software pack and considerkd significantly different when thevalue was less than
0.05. Values bearing different superscripts ingaime column are significantly different.
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RESULTSAND DISCUSSION

I dentification of phenolic compounds
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Fig 1. The structures of compounds 1-5 from AG

Compound 1

Compoundl is a white powder, whema/z315 [M-H]ion peak could be observed on the negative FAB-GIS™H-
NMR spectrum, there was a singlet signal corresppgntb 2H ats 6.92 ppm in the aromatic field. Based on this
finding, galloyl group is presumed to exist withilie molecule. OR®C-NMR spectrum, there were signals (166.2,
145.7, 138.6, 119.8 and 108.9) originating from gafloyl group. Besides, six oxygen-bearing methsignals
(78.6, 78.2, 70.3, 69.9, 69.8 and 64.3) were oleserVhis indicates the presence of hexose. In defgahexose,
based on the findings that 1 mol of oxygen (-16)deficient as compared with normal types of hexars&1S and
there was a absence of anomeric carbon signaleeafil0 ~ 90ppm, the substance was presumed to5Ske 1,
anhydroglucitol. Accordingly, compourtlis assumed to be monogallate of 1,5-anhydrogluditoregard to the
binding site of galloyl group, there was a dowrlefishift of two proton signals (4.14 and 4.40) esponding to H-

6 of sugar moiety ofH-NMR spectrum. Based on the above results, compdunas identified a$-galloyl-1,5-
anhydroglucitol (ginnalin B). This was also in agreement with the spectra desgaribed in literatures[19].

Compound 2

Compound? is a white powder, whema/z467 [M-HJion peak could be observed on the negative FAB-®IS:H-
NMR spectrum, there was a singlet signal correspgnth 2H até 6.94 and 6.95 ppm in the aromatic field. Based
on this finding, galloyl group is presumed to existhin the molecule. OR*C-NMR spectrum, there were signals
(166.2, 166.0, 145.7, 145.6, 138.7, 138.3, 12018.7, 109.1 and 109.0) originating from two gallgybups.
Besides, six oxygen-bearing methine signals (78%, 69.9, 68.4, 68.2 and 63.9) were observed indicates the
presence of hexose. In regard to hexose, basduedintlings that 1 mol of oxygen (-16)was deficiastcompared
with normal types of hexose on MS and there wabserce of anomeric carbon signals at the 110 ~rA0fme
substance was presumed to be 1,5-anhydroglucitiioringly, compoun is assumed to be digallate of 1,5-
anhydroglucitol. In regard to the binding site a@flgyl group, there was a down-field shift of threeton signals
(4.22, 4.41, 4.93) corresponding to H-3 and 6 afasumoiety on'H-NMR spectrum. Based on the above results,
compound4 was identified a8,6-digalloyl-1,5-anhydroglucitol (acertannin). This was also in agreement with the
spectra data described in literatures [10, 20].

Compound 3

Compound3 is a white powder, wherm/z 183 [M] ion peak could be observed on DIP EI-M$ BI-NMR
spectrum, there was a singlet signal corresponmirtiH até 6.91 ppm in the aromatic field. Thus, the protmgmal
originating from galloyl group. A$ 3.71 ppm, there was a proton signal corresponingethoxy group. ORC-
NMR spectrum, there was a typical presence of tmang carbon signals &t108.8 and 145.8. Besides, there were
also acidic carbonyl signal 4t166.8 and quaternary carbon signad 4t19.7 and 138.7. Finally, &t52.0, there was

a typical presence of carbon signal correspondingnéthoxy group. Following a comparison with theéadahich
has been described in literatures, the substansédeatified asnethyl gallate[21].
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Compound 4

Compound4 is a white powder, whema/z467 [M-HJion peak could be observed on the negative FAB-®IS:H-
NMR spectrum, there was a singlet signal corresppgntb 2H atd 6.95 ppm in the aromatic field. Based on this
finding, galloyl group is presumed to exist withire molecule. OR°C-NMR spectrum, there were signals (166.9,
166.2, 145.8, 138.8, 119.7, 119.6, 109.2, 109.@jiramting from two galloyl groups. Besides, six gen-bearing
methine signals (75.7, 75.1, 72.0, 70.6, 66.5,)64dde observed. This indicates the presence ajdeexn regard to
hexose, based on the findings that 1 mol of oxyg&®)was deficient as compared with normal typebefose on
MS and there was a absence of anomeric carbonisighthe 110 ~ 90ppm, the substance was presuwrisel 1,5-
anhydroglucitol. Accordingly, compound is assumed to be digallate of 1,5-anhydroglucitolregard to the
binding site of galloyl group, there was a dowrefighift of three proton signals (4.21, 4.44, 4.@@)responding to
H-2 and 6 of sugar moiety dii-NMR spectrum. Based on the above results, compdunas identified a®,6-
digalloyl-1,5-anhydroglucitol (acertannin). This was also in agreement with the spectra discribed in
literatures[10, 20].

Compound 5

Compounds was gray amorphous powder, wher&z 170 [M] ion peak could be observed on DIP EI-M&eTBpot
was detected under UV radiation at 254 nm, thekbépot was detected by spraying with Fe&@id soft violet spot
were detected by spraying 10 %S4, followed by heating.

'H-NMR spectrum showed the only one singke6(88) of two protons because of its H-2 and 6 weagnetically
equivalent. Thus, compouritlwas identified agallic acid comparing the spectral data with the values reploirt
the literature[22].

Cdll viability

Before the measurement of inhibitory activity on lduction in RAW 264.7 cells, MTT assays werefqgrened
to test cytotoxicity of each compound from AG. Nooé compounds from AG exhibited cytotoxicity at
experimental doses compared with blakg( 2). These results demonstrated that inhibitory @@ on NO
production of each compounds from AG were not eeldb its cytotoxicity.

_102
O
< 101
> =]
% 100 - -2
'S 99 3
o) =i
8 98 T T 1

10 50 100 >

Concentration (uM)

Fig 2.Effects of compounds from AG on the viability of mouse RAW 264.7 macrophage cells
The cell viability was measured by MTT assay. Residre expressed as % of control absorbance. Conthd-5 meant6-galloyl-1,5-
anhydroglucitol (ginnalin B) (1), acertannin(3,6edilloyl-1,5-anhydroglucitol) (2), methyl gallate)(Z&certannin(2,6-digalloyl-1,5-
anhydroglucitol) (4) and gallic acid (5) respectiye

Inhibitory activity on NO production

NO is known to be associated with many conditiamsuding inflammation. To examine the effect ofrft.dl-5on
LPS-induced NO production in RAW 264.7 cells, celisre treated with or without Corti-5for 30 min and then
treated with LPS (200 ng/ml) for 24h. The cell out medium was then harvested, after which the &@I$ were
determined using the Griess reaction. The LPSddeatlls produced approximately 2.5-fold more N@ntihe
control cells; however, treatment with Coir5 inhibited this NO production in a concentratiorpdadant manner
(Fig.3-7).
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Fig 3.Effect of Compound 1 on the expression of NO in L PS-stimulated RAW 264.7 cells
RAW 264.7 cells were pretreated with the indicatacentration (10,50 and 100 uM) of Com.1 for 30 pmior to being incubated with LPS
(200 ng/ml) for 24 hours. The culture supernataasuhen isolated and analyzed for nitrite productiStatistical significance: *P<0.05, as
compared to the LPS treated group. Significanedéffices between treated groups were determined tlsnDunnett’s t-test. Values shown are
the mean £ S.E. of duplicate determinations froreetseparate experiments.
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Fig 4.Effect of Compound 2 on the expression of NO in L PS-stimulated RAW 264.7 cells
RAW 264.7 cells were pretreated with the indicaimacentration (10,50 and 100 uM) of Com.2 for 38 prior to being incubated with LPS
(200 ng/ml) for 24 hours. The culture supernataasuhen isolated and analyzed for nitrite productiStatistical significance: *P<0.05, as
compared to the LPS treated group. Significanedéffices between treated groups were determined tlgnDunnett’s t-test. Values shown are
the mean £ S.E. of duplicate determinations froreglseparate experiments
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Fig 5.Effect of Compound 3 on the expression of NO in L PS-stimulated RAW 264.7 cells
RAW 264.7 cells were pretreated with the indicataacentration (10,50 and 100 uM) of Com.3 for 36 prior to being incubated with LPS
(200 ng/ml) for 24 hours. The culture supernataasuhen isolated and analyzed for nitrite productiStatistical significance: *P<0.05, as
compared to the LPS treated group. Significanedéffices between treated groups were determined tlgnDunnett’s t-test. Values shown are
the mean = S.E. of duplicate determinations froredrseparate experiments
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Fig 6.Effect of Compound 4 on the expression of NO in L PS-stimulated RAW 264.7 cells
RAW 264.7 cells were pretreated with the indicataacentration (10,50 and 100 uM) of Com.4 for 36 prior to being incubated with LPS
(200 ng/ml) for 24 hours. The culture supernataasuhen isolated and analyzed for nitrite productiStatistical significance: *P<0.05, as
compared to the LPS treated group. Significanedéffices between treated groups were determined tlgnDunnett’s t-test. Values shown are
the mean = S.E. of duplicate determinations froredrseparate experiments
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Fig 7.Effect of Compound 5 on the expression of NO in L PS-stimulated RAW 264.7 cells
RAW 264.7 cells were pretreated with the indicataacentration (10,50 and 100 uM) of Com.5 for 36 prior to being incubated with LPS
(200 ng/ml) for 24 hours. The culture supernataasuhen isolated and analyzed for nitrite productiStatistical significance: *P<0.05, as
compared to the LPS treated group. Significantdiffices between treated groups were determined tl#nDunnett’s t-test. Values shown are
the mean = S.E. of duplicate determinations froredrseparate experiments

CONCLUSION

In conclusion, phenolic compounds of AG were fotmgossess outstanding significant anti-inflammaffects

in cell models. Particularly, compoun8sand4 were potent shown to inhibit the inflammatory nadis, such as
NO, in RAW 264.7 cells, suggesting that these camgs may be a potential source of anti-inflammasmggnts,

which is advantageous for pharmaceutical applioatio

REFERENCES

[1]COOkoli;PAAkahPharmacol.Biochem.Beha2004, 79, 473.

[2]SKharitonov; DYates; RARobbirlsancet,1994,334,133.

[3]B Epe; DBallmaier; IRoussyn; KBrivida; HSiédlicleic Acids Res1996, 24, 4105.

[4]A Hobbs; A Higgs; SMoncadaAnnu. Rev. Pharmacol. ToxicdbB99, 39,191.
[5]LSautebinFitoterapia 2000, 71, 48.

[6]TJ Kim.Wild flowers and resources plants in ka&eoul national university presSeoul,2008, 202.
[7]10J Choi.Components and application of herbaligied.llwealseogakSeoul,1994, 378.

[8]RJ Im.Flora medicacoreana vél(part modern medicinedgricultural publishing housePyongyang1998, 249.
[9]THatano; SHattori; Ylkeda; TShing; TOku@hem. Pharm. Bulll990, 38, 1902.

[L0]WY ParkKorean J. Pharm1996, 27, 212.

[11]SS Han; SC Lo; YH Choi; MJ Kim; SSKwadorean J. Medicinal Crop S¢1999, 7, 51.
[12]YK Son; YN HanKorean J. Pharm2002, 33, 301.

[13]SS Han; SC Lo; YW Choi; JH Kim; SHBa&ll. Korean Chem. Saq2004, 25, 389.

[14]YH Choi; SS Han; HO Lee; SHBa&ull. Korean Chem. So2005, 26, 1450.

[15]3S Chung; MS Lee; JY Chumatural Product Science2001, 7, 45.

[16]SH Hong; CQ Song; Y Sheng; FJZhang; Rai. Prod., Proc. Sino-Am. Sya982, 244.
[17]TMosmann]. Immun. Method4983, 65, 55.

[18]SKametani; HMizuno; YShiga; HAkanunaBiochem1996, 119, 180.

[19]CQ Song; NZhang; RS Xu; GQSong; YSheng; SHHaota Chimica Sinical1982, 40, 1142.
[20]K Bock; NFLaCour; SRJensen; BJINieldenytochemistry1980, 19, 2033.

[21]DJKwon; YSBaeViokchaeKonghal009, 37, 164.

[22]Y Lu; L FooFood Chemistry1999, 65, 1.

402



