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SUMMARY

(FE2FE)

I. Title of the Research

Development of antiinflammatory ointment using green tea extract

II. Specific Aims and Significance of the Research

Objective of this research project is to broaden the scope of GTE (green tea extract)
application and to investigate the possibility of developing antiinflammatory ointments using
'Green Tea Concentrate (GTC)’ (manufactured and marketed by ‘Bosung Green Tea

Agricultural Cooperative, Inc.’). Specific aims of the research are as follows:

1) Establishment of analytical method for effective anti-inflammatory compounds of green tea
extract and standardization of green tea products

2) Isolation of antiinflammatory constituents and establishment of optimal conditions for
extraction and fractionation of GTC

3) Evaluation of biological activities with special emphasis on the antiinflammatory activity,

and validation of pharmacological efficacy through mechanistic studies

II. Content and Scope of the Research

1) Establishment of analytical method for effective anti-inflammatory compounds of green tea
extracts and products.
- Establishment of analytical method for effective anti-inflammatory compounds of green tea

and use for a quality control of green tea products



- Find effective anti-inflammatory compounds of green tea as marker compounds to establish

an analytical method and to standardize green tea products.

2) Isolation of antiinflammatory constituents from green tea extract

- Preparation of green tea standard extracts from Bosung Green Tea Concentrate

- Fractionation of green tea standard extracts with proven anti-inflammatory and antioxidative
activity

- Subfractionation of bioactive fractions

- Isolation and purification of antiinflammatory and antioxidative compounds from active
subfractions

- Structure elucidation of active isolates

3) Pharmacological evaluation of antiinflammatory effect of green tea extract

- Evaluation of antiinflammatory effect of Bosung Green Tea Concentrate and isolated
compounds: Effects on LPS-induced inflammatory response in Raw 264.7 cells and related
signal transduction

- Evaluation of cytoprotective effect of antiinflammatory compounds of Bosung Green Tea
Concentrate against oxidative stress

- Evaluation of cytotoxicity on keratinocyte

IV. Results of the Research and Suggestions on Their Application

- Efficient quality control of the GTC-derived products, which are currently on the market, is
ensured by developing quantitative determination and standardization methods for the active
ingredients of GTC.

- Scientific advice on the enhanced biological activity profile of the GTE-derived products is
made possible by providing quantitative determination data for the contents of biologically
active compounds.

- Research results can be used as supportive data for the specification of contents and
efficacy of active ingredients, which is required for the application of various GTC-derived
functional food products to be licensed for manufacture by KFDA.

- Research results can provide preliminary activity profile data of the GTC ingredients for use
in the development of antiinflammatory ointment via validation of the antiinflammatory

activity of GTC, which will eventually lead to the commercialization of the ointment.

-5 -
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of wj$ &I/ St WAAAL T Aol HE o4 ZeAFAL A FUA WALA

obEolth. Wit Ragg FagHEA 93
4 AR Az A4Y & Q& FEAR] Vo] Wasith A o AW, FEFAR, X

HEAGEZFALANA Az, Bhs 2
RE EAEFIEE o8] FYF ARG AAE AuARe A% A5YE AEHD

e Aoz 1) FAFEEY A FET 248 =29 AFY dHe ¢ AdwdE 243
AES B2ES R FET AR F4, 2) FAFT EAE FdFs] A 28 FEHH9
H4Zz2A &9, 3) T 2HE TAHLE 3 UG Hrbs Jd ¥ S TF A
ASS SRR I B HAE Foto] EEd AdeE FF FAFEES o8 FdFT AxA

-11 -



A3 A ATFAEE B

D 5a5F2€ 78 95 84 29 AFY FHe 5T A998y 444 FF9 B2F

il
2,1_1’
m\m
o
op
ro
2
o]
lo
k]
4
)
)
)
e
o
oz
o]
|o
!
lo
=
k2
o
do
%
R
rr
A

!

© F4 catechin A5l o o= AA 6F9 AR HEF = 3
t}. o]+ epigallocatechin gallate (EGCG), epicatechin gallate (ECG), epigallocatechin (EGC),
catechin, gallic acid ¢} epicatechin (EC)e. 2 EHFEm 1 8¢ AR O =Z caffeineo] 9t} welA
ol EZY TF EXS AFY FZ FA ALdAA ZFAHolth E3 E AAe] 8 3G
=& 24 290 gt v & Y AEY TS EATFoEA AedA

=
=
oAstm Qi ARE AANG Bas Qon, ofF flste] thee] ATE FAsAA B,

- BARAFEERY B9F BAC AT AR NS 3283 395 A 37
o ol g gt

- FEF AE EZ U AFAHAS FHFoEN J|F L AFWHE AAF quality control

- BASAFEES BYste] FdS, @A 2SS Ul AYgEd fFaEde A=
=
-

FFEdS s SOl oal 7hed 3 Ao &ulE AAGL gz Foofr]ddA

ne
rlo

extract® Eo dEA]7]3 hexane, chloroform, ethyl acetate %=+ n-BuOH %S¢ &wj=z

i

3te] Z+ZF H20, hexane, chloroform, ethyl acetate ¥ n-BuOHeol|l 7}8<1 fractiong 9L

oM Aol FEAE H AT HEC dsto] FHT B s Ao SR 2 DA

o2
)

Wl

- BgE R B ;AR 2 9 AA!

[} fLS

Yol A B33 extractZS silica gel column chromatography s A A8t A3 o2 1}Er} o

- 12 -



reversed phase column chromatography X+

h=d}
=

S silica gel column chromatography

&

o
)

=
=

9] Z}# column chromatography

oAl e, AA

- g

p=2
o

MPLC, HPLC

prostaglandin A3

¥

o}

ERTE Rt

ol

°

717184 2= [UV, IR, MS,
314
%

S

il
=

=5
SEEEE

}

i

s} 3904 INOSe]

hvA
s Y

Al

L

L

°
pul

Ho}

2D-NMR) 59

-

< #HE
S 57121713 cyclooxygenase-2(COX-2) 2]

QS

)
=

I8

H
gl

=
<

[ex]
=]
A

A

NMR (1D-
REEEL

3) ¥ds ¥ AYLHY B/ 71A 8L F
@)

N

o

B

iNOS¢ COX-2

=
=

Hed

24
yul

-

T},

<

s

S

7}

3

FxA A2 NF-kBe] €4 o]

o=

A A
Al
=

L

L

R
SRR

°

o

q z24
=}

7;]1
1 3}
bl o

o

= 0

3]
2HE o] g

Al =22, o]

.
o] ¥rslA glex=® NF-kB

o)
o
o

eE
o
MR
2

At mEH s

fu

1

af

o

ol

oA o] AZEFS vl
S

o
]
il

pzel

Hr

A

2HE AME

_13_



H2Zd U2 7 g

ALA -9 gk dg 7N LdR

1) FdFoke] I AF/MNE d3

w449 =g3 Asl= Adetar glgel wheh wstd el vEol A7dd A& (wellbeing) ol

B AFE A $Ao] mEH T Qg AAA FAolth e AAROR 49 4FoE AR
T 9E 5% 3R B ATE WAL IR FFH D gov] 53 A2 Hol AU %

Ao &dS Zdel g A77F FF8kaL Atk olek HEo =a A B 33 A= v

G 2Rk dgelth vsol I A8 Fopell iy S3E9e] @t H wste] et 59

L

=R 9T A8 daelE, %4 F v FHE BGCGE FHOE stol gz
o
=
DEA B BN A7t AR ek e ok gAA %A AEe $9F 5%
'I_

st M F AdnA =z sfdo] o]FofAA= & jlem, EGCG °99 HE Hx
T AA A= dF =T FE3 FIAAA &2 FEH ol

2) RO s A7 d%

g Aol =getgitin gk o olnl AFd AAH Aol of wa P BF
o RAAAE Eol7] AF A2E A4F BF AT/ 2l 5o 443 HATE QAR
=i 293 fE AUy 4Re 0¥ FHsa o Be dTAE] oF weum 9

HHom Al @ @M ow ol FojAa glof oo U #717h Baste,

uy mAsEele Seu Ade] wa A, A Bxe A wAdA A 548

Adste] At Enel FEAE, 7% 58 EYAHoR BHE FEHI AZToR AFAHIL

a9 FEARS AW /FRA} EF 5 849 4TS AgHor wi Hed, Ad wy

- 14 -



Aol mape oZRE £ FAY AZ Agworgth AT %AE ol §F BFH FE Aol
we wilel gl Ha glov, 9Ed AFSEEAS o4& Ho oF o8 LRI

=39 FEHA FUHE T AQLA A5 A3
asht, TAHY E 53 JgFoze AUz 9P AAHA A7:

AgHos
P oz o] RolxA 21 T

Table 1. 539 &4 THE A% TH] 74T A%

AT+ 7H AFALY Y& AFNEAL TG S 8AT
National Institute of
Standard and Tech/ Sk F8 AR AT AE9 QC
USA

The Chinese Academy

. Aod ARE A FERAR AF | S5 wa 3Ee] A
of Sciences
2} 2] A2y 3h S (SRAME fAEAE - Actinic
NIH/NCI keratosis)oll Wigt 5} 7hEH 9] 84 T4 HAk dEe]
o
. . e | AR i g R =) digh A 3 walo] O.a ] B
s - _ g
University of California F=zmo ¥Pus g AT exle]l 84 o

rEslae | s eae cew on qaeEe
AR/ | A e e s $9 w7 AE A
523l o

A2 A @727 s - 9 TleNLEZAA A= AA

= Aee A o] gyuojof g HAFEEY FE ALY E4Y AFHES
HPLC WwWo] FHZE o]Fx ¢ o gallic acid, epigallocatechin, catechin, epicatechin,
epigallocatechin gallate, epicatechin gallate®] A AHS F EEE i Uy A 7j&Fdo
2 FA IFEEY B4 AFE Yl eE dHEEe 9 gradient mobile phase programe] F¥

WHoZ Hial 639 EAWol Wiy Atk & &3 mobile phaseE AM&3E isocratic

o]
methode 27b4 WiEH o] glott ¥ Aol A Hatol T FfHlol gl caffeine EAjo] %7}



Hol o] A7) Mo RE #A o] E7ls ottt wEbA 2 AFtel A e EA sk AR 27l
PR3 A 2§ isocratic methodE 7W@dle] gallic acid, caffeine, epigallocatechin, catechin,
PN

epicatechin, epigallocatechin gallate, epicatechin gallate(7%)Z 30% ol EA A= = =

BAWS 3y stk J1Ee FAWT B Aeld] Aud BAMS vusty ofd tablent 2

£

< Aol A e A >

Mobile-phase HAc:MeOH:N.N-Dimethylformamide:H20 = 2:3:30:165
Gradient elution Isocratic
o flow rate: 1 mL/min
Condition ™
p-Bondapak ™ Ciz (3.9 x 300mm)
within 30 min
Results gallic acid, caffeine, epigallocatechin, catechin, epicatechin,

epigallocatechin gallate, epicatechin gallate

1. Study of Catechin and Xanthine Tea Profiles as Geographical Tracers. J. Agric. Food
Chem. 2002, 50, 1833-1839.

(A) water/acetonitrile/formic acid (94.7:4.3:1 v/v)

(B) water/acetonitrile/formic acid (49.5:49.5:1 v/v)
STEP 1: start at 909 solvent A and 10% solvent B

STEP 2: increase linearly to 309 solvent B in 10 min
STEP 3: increase linearly to 80% solvent B in 5 min

STEP 4: for an additional 3 min at 80% solvent B
flow rate: 1 mL/min

Mobile-phase

Gradient elution

Condition .

LichroCART RP-18-5-um column(Merck, 25cm x 4 mm)

within 20 min

gallic acid, theobromine, theophyline, epigallocatechin, catechin,
Results

caffeine, epicatechin, epigallocatechin gallate, epicatechin

gallate

2. An investigation in the use of HPLC with UV and MS-electrospray detection for the
quantification of tea catechins. Food Chem. 2004, 87, 465-470.

(A) water/methanol/formic acid (74.7:25:0.3 v/v)

(B) acetonitrile/formic acid (99.7:0.3 v/v)
STEP 1: ¢t = 0 min, 100% solvent A

STEP 2: ¢t = 8 min, 100% solvent A
Gradient elution |STEP 3: ¢t = 33 min, 100% solvent B
STEP 4: ¢t = 38 min, 100% solvent B

STEP 5: post run time = 5 min
Condition flow rate: 1 mL/min(4.6mm column), 0.5 mL/min(3.0 mm column)

Mobile-phase

_16_



Luna™ 5um C-18 column(Merck, 25cm x 4.6 or 3.0 mm)
within 20 min

Results

allocatechin, epigallocatechin gallate, catechin, epigallocatechin
(STM-MSD) & e £ pie

gallate, epicatechin, gallocatecin gallate, epicatechin gallate

3. Analysis of Mixture of Catechins, Flavones, Flvanones, Flavonols, and Anthocyanidins by

RP-HPLC. Analytical Lett. 2004, 37, No.l, 157-165.

(A) 0.05% TFA in water

Mobile-phase . L.
(B) 0.05% TFA in acetonitrile

STEP 1: ¢ = 0 min, 88% solvent A and 129 solvent B
STEP 2: ¢t = 25 min, 79% solvent A and 21% solvent B
Gradient elution |STEP 3: ¢ = 30 min, 75% solvent A and 25% solvent B
STEP 4: ¢t = 35 min, 25% solvent A and 75% solvent B
STEP 5: t = 60 min, 100% solvent B
o flow rate: 1 mL/min, T = 21T
Condition )
LiChrosorb RP 18 column(4 x 125 mm, 7um)
within 40 min
epigallocatechin, catechin, epicatechin, epigallocatechin gallate,
Results

epicatechin gallate, rutin, apigenin—7-O-neohesperidoside,

quercetrin, neohesperedin, pelargonidin, quercetin, luteolin, naringenin,

hesperetin, kaempferol, pinocembrin

4. Determination of Catechin Compounds in Korean Green Tea Infusions under Various
Extraction Conditions by High Performance Liquid Chromatography. Bull. Korean Chem.
Soc. 2005, 26, No.b, 747-754.

(A) 50/50 vol% acetonitrile/water with 0.1% TFA

(B) 5/95 vol% acetonitrile/water with 0.1% TFA
STEP 1: ¢t = 0 min, 10% solvent A and 90% solvent B

Mobile-phase

STEP 2: ¢t = 10 min, 20% solvent A and 80% solvent B
STEP 3: t = 20 min, 20% solvent A and 80% solvent B
Gradient elution STEP 4: t = 35 min, 50% solvent A and 50% solvent B
STEP 5: ¢t = 40 min, 50% solvent A and 50% solvent B
STEP 6: t = 45 min, 10% solvent A and 90% solvent B
STEP 5: t = 50 min, 10% solvent A and 90% solvent B

flow rate: 0.02 mL/min
Condition Alltima C18 microcolum (0.5 mm x 300 mm, 5u)

C18 column (4.6 mm x 300 mm, 5n)
within 50 min

Results epigallocatechin, catechin, epicatechin, epigallocatechin

gallate, epicatechin gallate

-17 -



5. HPLC Analysis of Naturally Occurring Methylated Catechinbs, 3”- and 4”7
—Methyl-epigallocatechin Gallate, in Various Fresh Tea Leaves and Commercial Teas and
Their Potent Inhibitory Effects on Inducible Nitric Oxide Synthase in Macrophages. J.
Agric. Food Chem. 2005, 53, 7035-7042.

0.1 M sodium dihydrogen phosphate buffer (pH 2.5) containing 0.1

Mobile-phase mM ethylenediamine tetraacetic acid disodium salt
(Na2EDTA)/acetonitrile (87/13 v/v)

Gradient elution —-— Isocratic
flow rate: 1 mL/min, T = 30T

Condition Cosmosil 5 C18-MS packed column(Nacalei Tesque, Inc., 250mm x

46 mm, 5 pm)
within 50 min

epigallocatechin, catechin, epicatechin, epigallocatechin
Results gallate, gallocatechin gallate, epigallocatechin—-3-O-(4-O-methyl)
gallate, epigallocatechin-3-O-(3-O-methyl) gallate, 4’'-methyl
epigallocatechin—3-O-(4-O-methyl) gallate, epicatechin gallate

6. Isolation and Determination of Phenolic Compounds in Fruit-Green Tea. ]J. of Liquid Chrom.

& Related Tech. 2004, 27, No.1, 31-48.

(A) methanol

(B) water(pH = 25)
STEP 1: ¢t = 0 min, 20% solvent A and 80% solvent B

Mobile-phase

STEP 2: ¢t = 10 min, 31% solvent A and 69% solvent B
Gradient elution STEP 3: ¢ = 17 min, 31% solvent A and 69% solvent B
STEP 4: t = 32 min, 55% solvent A and 45% solvent B
STEP 5: ¢t = 40 min, 80% solvent A and 20% solvent B

flow rate: 0.5 mL/min

Condition )

Symmetry Shield C18 (Merck, 150 mm x 3.9 mm, 5 um)

within 50 min

gallic acid, protocatechuic acid, catechin, chlorogenic acid,
Results p-hydroxybenzoic acid, epigallocatechin gallate, -caffeic acid,

syringic acid, p—-coumaric acid, ferulic acid, rutin, rosmarinic acid,

myricetin, quercetin, kaempferol

7. Selection of column and gradient elution system for the separation of catechins in green tea

using high-performance liquid chromatography. J. Chromatogr. A 1998, 793, 265-274.

(A) 0.05% TFA in water

(B) 0.05% TFA in 60/40 vol% methanol/acetonitrile
Gradient elution STEP 1: ¢t = 0 min, 90% solvent A and 10% solvent B

Mobile-phase

_18_



STEP 2: t = 5 min, 8% solvent A and 15% solvent B
STEP 3: ¢t = 50 min, 60% solvent A and 40% solvent B

Condition Zorbax Eclipse XDB-C18 column

within 40 min

epigallocatechin, catechin, caffeine, L-tryptophan,
Results

epigallocatechin gallate, epicatechin, gallocatechin gallate,
epicatechin gallate

8. Isocratic elution system for the determination of catechins, caffeine and gallic acid in green

tea using HPLC. Food Chem. 2000, 68, 115-121.

Mobile-phase (A) methanol/water/orthophosphoric acid (20:79.9:0.1)
Gradient elution Isocratic
o flow rate: 1 mL/min
Condition )
Kingsorb C18 column(150 mm x 4.6 mm, 5 pm)
within 60 min
gallic acid, gallocatechin, epigallocatechin, catechin, caffeine,
Results

epigallocatechin gallate, epicatechin, gallocatechin gallate,
epicatechin gallate

229 0]L&S Ho] o2 o]&3F TEIINA AEY DL B2 AE =g @ =xto A
F7HA SUsE 5 A9gLAd 7|93y A3l Az oz o, FAHA AFE, 53

7 g9 BAE T Qe AASROH, ol R APY FY Evke w4 YR G
ol
A=

2

aA Rl glo] TaF e AES vEbd ¢ ES AlAlsA
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9 AL A5 FA%uA e A0, V12 FAFFAL RYFAY, TE FE Y
2 4% B4 Ane) A% FY FE HEE 77 il

gget A ahick 2 shae FAAA A A e g Py
1) =455
g ANAYAERe BAe B3

}
Hel, Fig. DEA, Alx3|A] BEAASAE 52T

gate] AR ASee

M

2) A1 ARAA: 5A32E FE F9F ALY 2L AFY FYL B AW
447 4E E2S L YT AARH B 34

=Z2ko] FA# 2l catechin %4 6% epigallocatechin gallate (EGCG), epicatechin gallate
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(ECG), and epigallocatechin (EGC) epicatechin (EC), gallic acid, catechin®} 2o 2 =3}
HF s dRoR gl caffeine®] A AFHES dHstaiz stk 53] AlEe] RT3

o]Z7] 93 & ANE EAEA E3] epigallocatechin gallate (EGCG)E A A9t}
TA AFHoR AP AWM HPLC Mo @A #wxEol 9 8% protocol(FiLi
=

A 1-8)S Wl FAste] 7tgF4 Aol &old isocratic method”} AMEHEHEE HFES

stk @ Aol 479 &7lel ¥ HPLCWS HUstga f8 A BATH) %
A Aol ByEel FdF waksh fE AX B FHUT 4 BAT AFsech o &

i
o
o
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=
ot
o
i
=
re
=
2
=

1

z,
lo,
N
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fu
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97
O
2
~N
=
B
ne
rlo
8
@
@
=
o))
=
e,
e
i
ot
g
Q
o)
Q
i
2
o
>
A
=
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b
ob)
S
¢

chloroform, ethyl acetate =+ n-BuOH %9 &wl&Z F=3lo] Z+Z} H0, hexane, chloroform,

o
ne
b4
o

ethyl acetate @ n-BuOHell 7}€-2 fraction

- EF o2 % AR U F9F B4 44

Aol Al dolxl FFdx B A5 dste] F9F 49 AR @ AAESE FA453
=3

- AT S Hy 2 AA

Qo &3 extractE silica gel column chromatographyE A A|ste] AR o2 YT} 9
2% 3 S silica gel column chromatography % reversed phase column chromatography %+

MPLC, HPLC 59 Z}% column chromatography & ©]&3 #2|WH e Sl gF 4SS oF
shA 22, AAstAT. ., Zge Z27IdACdA Eediof & AR e 4, &3] open
column chromatography < AL&3t=t], o] & 9= TLCE E3) vy 283 A =9 Rf
A7F 02-0.8 Wl Sk AMAE Fop ALgstH, FHAE F2 slica gel& ¢4 ARS8,

o 3717 AL A (10-40p)E AFE3sFt. Column chromatographyoll AF&3F+= silica gel?] &
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< A5 o] 25W) o] dE AFEEH, column®] A7 FHE silica gel] Eolot A w7}
T Ao silica gelS 7Fet thg £l

2 Zsla Ax & BEHdte] EEE 3 T columndl loading®. f&&£EE A7 150-300ml

1000 94 RS sk Ant 49d gud 3o ¥

2 ZxdsEA A, 94 1dow FEHE €98 TLCE monitoringd. Open column
AR R AlZko]l Q8] Aeglal EZo] H7hY
H7F low, tailingo2 Q3] 7t EFE = o, e

_O,_
Aol itk webd, 27]e o B oFolt ARE P o BHow Uy

(@)
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rlr
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L= vacuum chromatography= A}

o
of
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rr
=
job)
w0
=
o
=
=
]
3
Q
—+
o
0
=
Q)
k®)
=
<
1_\'\

o] = medium pressureE ©]
235te] A EE R ZAo] Ax o] B = A7 AL reversed phase column
chromatography & Ab&3h= 2ol #Felg 457k glew, 2ed Alse 5-10M) & 7hFe] 4
F23A (RP-18 5)& MeOHO AEAIA columnell F)ste] AR&shdct. F3A7F &3] 7hebok
of ¢tgste thg &2 B2 X% AJEZ columnol loadingd ¥ ALole B2 &&stirt 3

Al7]%= gradient elution &

i

A 02 MeOHY HEE Z7HAA UFolE 100% MeOHZE &

ALE-3F T ool MeOH®} chloroforme AFE3le] =212 © 2 gradient elutionS 331

@AY &A 33 7Y (Bioactivity—guidedSeparation)

Jz ng
0x

e
WO
1]

Fig. 2. 529 484 34 24
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® ANBH AEY F7z BA

=
21 A&l Fabe B e £ AEEAA oug Aio] ov HiuHAETE Fetetdith
gt 1 Edo] wy]d A (solubility, chromatographic behavior 5)% ©¢] =& o] ofu
o g A& sAERVIE FASE U =gl He A9 gk olojA, 1S4 did 4F
spectroscopic data (UV, IR, NMR, MS 5)& s|Ago=zx o] B4 &4 AlFs 2y
o & Aok 3, dofzl FFtEo] on Ry Edolgbd MEFE 9 =Zsety ¢ 5 4F

b ek,

ol

data® EFFH A4 ¥l £ A9 vuste] 1 7 xE §4

4) A 3 AFFA: FEF EARE THLE & AYLAPY A7t 2 V1A FE9E T FHg

4 &2 HAF
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)
o

O AEE o8 4THE EdoAe] dF W& AEE=Z R ¥ 54 Ao W3
T 95 24 97t 2 FA81d A

o=k A ZujYd A AElS ALR3}o] lipopolysaccharide (LPS)ZE A @3l Fig. 3o A H.o]
= vk} 2ol M Ul NF-KB, iNOS ¥ COX-29] wd 3} &4 F71E Yehdle d5Hks A2
a
[e)

B
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TA A © &2 macophage cell line¢l Raw264.7 cell lineg DMEM (10% FBS, without phenol
red) 2 W] ¥3to] &9 &S ARRE st d5utge =g Auistth 2 AdoA gy &4
JR==

BEA dY B4 BAR FeA Y dexamethasone FANN FAFEE) FAZ B
ol

bate AREAREE 2 FEY

o
e
2
o
&
N
i
rot
k1

FLE T3}l positive control A

A

- NO A %: 96well plateo] #iE3E A3 LPS @ oF=& =8l vl 2447 $o] 7 well & F-H
EE

medium= 100403 3l 12 Griess Reagent$} 2+ 4112 ELISA reader® AF&3lo] 550nmol A &%

Z43te] NO AAHFS =459

- COX-2, iINOS¢| &3 W3l AFEE A7 100mm culture plateo] ¥ %¥3te] LPS 0.05 pg/mlE A E

= FAIA F Z4 d g o] W3S western blote] WO R 13519 T}

- NF-kB @49 W3} gd= a3 H7 Al~"lo=m & delz2 NF-KB luciferase reporter assay
system Y& subcellular fractionation®] Ut 3$F western blot analysisE& ©]-&3te LPSel <23k

NF-kB 249 S7F7F 2h k=l olsto] ofAls =+ H7Fstdth

@ B3 84 H7HE T dS5H3ANMY AERT 53 AT
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- AIEE 24well plateo] v %3] HOp 53 =

- AEEAY Hrles AZFEAEA A EZE S&Aoz o AE Hor FEHHE lactate

RS FASE AX T 7P v g =2 AFPIAJANE (keratinocyte) & W ¥ste] =3

EE v B8 FEE0] AE5AS UERWEAE LDH assay9 W oz H71skdt)

A2 A dFHE R 23

L =29 4T A2 429 249 &4

D EE=HS o868 AFY Fd

B Aol = 20061 d 49l AFstE AFFEE(ERAASAES AE, LAY s 2T

M AeEol A AR ARG WA HAA RS fFEA

M
ot
ot
M
1%
tjo
Ao
p‘L
%
=S|
AN
>
i

(gallic acid, caffeine, epigallocatechin, catechin, epicatechin, epigallocatechin gallate, epicatechin
gallate) & FH|8tY standard® AF&3ste] #4190 AAFZAE ghgetaa sttt FAHORE, BF

A8E 01lmg/ml ¥E2 HES Z o] Fujste] 10 plE 244 FYsted 229 retention
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& peak =olE FAste] Ao REANEIF AR TS WA Fa aRHer Fo, AEFH=A

(nt
o
Lo
ol
ol
32
T

Column: p-BondapakTM C18(3.9%300mm)
o]% 4 HAc : MeOH : N.N-Dimethylformamide : H20 = 2:3 : 30 : 1656 ©]&3}9] isocratic
elution® = 7 3
olx e £x @ ZHZX7: 1 ml/min, chart speed= 2 mm/min, wavelength® 254nmolA =4
£ = A5 A 2]: 0.45pum membrane filter2 o I}A| A AL-&
0

uE FJste] YeEbd peakd EFE M peak?l retention timed} FolE W] nld}t

@ EFA & dE HPLC &4 2%

t}e Fig. 49} #o] FFA]&(gallic acid, caffeine, epigallocatechin, catechin, epicatechin,
epigallocatechin gallate, epicatechin gallate)E H]3d}9] standard® AF-&3le] HPLC #4 HAH =%

A2 #HYsrel

=

—— (3allic acid
Caffene
- Catechin

= Epicatechin
= Epigallocatechin gallate

= Epigallocatechin
Epicatechin gallate

3.192
3.933
5533
6.125
7.362
8.650
11.867
25.358

Fig. 4. 52 A8 TFEA 59 HPLC &4 pattern
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A4 o2 85ttt (Fig. 6).

C sinensis
(196.91g)
m—hexane CHCls EtOAc m—BuOH Hz0
(0.0255g) (6.499) (27.84g) (51.68g) (98.87g)

Fig. 6. 5&(C. sinensis)d & 2 £3 3A

747y dojz FEE F CHCl oA FEE tiiio] 7w oz wax 7hH ¢S A As)
71 913k gatdls FA4S HESAN Y. [Sakanaka, S. A Novel Convenient Process To Obtain
a Raw Decaffeinated Tea Polyphenol Fraction Using a Lignocellulose Column. Journal of

Agricultural and Food Chemistry (2003), 51(10), 3140-3143].
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s e F gzl Apdelth g R B AMRER A AvE 22 5 4
¥ gzddst ¥4 Kok siEats AT o ol AdHoR AdE IS AT
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(2) Bvi(rEA Fxeol= = AHolAH o E)S 71y Tt Mt Ee
of ZhuQlel AAED wi7hA 12413kl M 18A13E Ak Fpu s FE3H ©f
et S A= FhHd AAEAdEe A1 F AAEEY

(3) ZhIRle] AAR AdYDFo F71E Bl & &

(4) 79 dFE A=A

22 A9AL AAGE WHe Adde] Bo] & i 4AL o8 Aom AVATE

rl

el AR HEA71= Al 23 HFAA 7Hlde AAsks Wielt AA" 7hde
g =2 gulel HEFAA M AATY ALFE fdeA @ A, 5 F19Ee] A

BANA BAEe B2 ANe FE Wues go £de a4 gk §9F A8
s 7] dEdl ehidel Em g AAE A3 /18 wolde Ba glo) ANATA A

A 7] el de] AbgET

oX,
N

o

gHoE do % 42

297 FEWE AT BANACONE ol§F WP §u] FEYY HUR B 5=

Atk F7180 oA SRR ALgEe] AN FEE F AAAL G A5 B}
s}

e AAa glont, Aulzk wkel Ho| wHow ¥t

Seld dstd sl UAME FAL Yuhor FREEFo|Y vhd Fxejolsse)
e §ulE AgAT e 5o B4 wEe] 9y o] ol AgHAE R
woad e o A M wWEROE ud ckdsa 4Eshl @+ gl ddew

Lignocellulose column® < AF-&3F%]th.

3) Lignocellulose columng A}&3 O7t#H A3 FA

=
El

)

o2 "TE lignocellulose columnt tea extract®=5-E decaffeinated® tea polyphenol&
dol ¥ 4 & WHoly. Gallate residuesE 713 tea polyphenol, & EGCGY ECGS 22 A
£ & lignocellulose columno] S 7h¥|ele AHS S3sA4 Huh. F&¥ polyphenols
60% ethanols =& FUS b we dol ok ugkew #Hil A caffeine/EGCG & ©]

0.696°]3L A ¥ caffeine/EGCG H] &2 0.004% "o} (Fig. 7).
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C.sinensis 14 C\gi’gzed C.sinensis
Extract (A) B
60ml (12%%3.199) 1.72g
C.sinensis
Ethanol:water 1(4(1:1)
(30:70—40:60 —50:50 —60:40) 218

Fig. 7. Lignocellulosecolumn< ©]&3% tj7}9 3 34

O4d¥Hy

Materials: Quercus¥+ w45

Preparation of lignocellulose: 7] 18-32 mesh Atele] F¥S FHlste] 1 FA2 10u] 313
3l+= 0.1 N NaOH& 4ol 39 &<t &@7F s34tk AAS v Aol vex] &S wrA] yvhEg o
o= 01 N HCI&Hol| mpb7bA 2 39§ '@7F Forh AF Agd 595 52 & Hojd o
& ol 60%9] ethanolel] sFF w<F @7F FAC o]FA ®FEo(xl FWHE lignocellulose

columnel] AF-&3lc},

1

Chromatography and Analysis of Tea Extract: Tea polyphenol, EGCG, ECG, EC5<2 HPLCE

Agatel A

Experimental:

Tea extract(3.19g)S ZHol| loadingrlzl ¥ SHFE Fo TIHAAY. oW tea
polyphenol lignocellulose columnel]l &2ttt 179 FTHFE FHAZ F  water-etanol
solutiong &2 52Ut} columnol] && ¥ W E

ohibget.

AHS T3ty A 2 AR(C sinensis) A9 ™ T3 T A& B9 lignocellulose
columnell &2¥ o9 ¥ tea polyphenole] ¥38% A& C, o] 37}A] sample2 NP TLCE &3 &
€133 t}. phenolic compoundE ¥ A 7] = FeCl3 A Ao A Cx= @HAlE) 9l o} BE 79 A<
WHart Qe Aew A4 B3

¢t} 1 & ethanol& W oz &

f-Ho = tea polyphenole] 7o E3E o] Qx| &= AOE H
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=
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|

A: C sinensis A&

B: lignocellulose columng £33 &
C: 60% ethanolZ &7 W& A

La-as

Fig. 8. lignocellulosecolumn | 2] A 3} 3 ] v o

water—ethanol-8 9 2] ethanol®] T=E& HAX oz EoFHA EHFTH Ay FHA &
¥ o] ¥ polyphenole] o} vt} o] tea polyphenole] E3HH C sinensis C €94 HPLCE
AbEsle] EA 35 (Fig. 9).
= EC II/
1. I |III
- |
1= IJ" I.I III e
AR
I -"'—i——_—— ——
Fig. 9. @4 53 ¥ Aoz &9 HPLCE T3 &2l
QA4 LEdE
Uiel Fa3d FAAMES  ligning E3dE lignocellulosex  E#3  hydrophobic
compoundo|t}. 2 A= F1HAE glols TAHA F7]EE AESHA] &1 Fyes ©E

lignocellulose columns AF&-3) tea polyphenols % A3l %1

EC, ECG =8]1 Caffeines gl 4+ A= Hx 73t
column< o8] ¥ A&3todE AP AdFo gAaHA Gt ™ol St

4 OANAH T4 =A5S A T FH MAE 9F B}
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S2A 50 9 GAS AAA R Hrtsta, 7 AlEzke] EA4E v 24T F e A
FRdF Raw 2647 AIXFZ AFE3Fe] sl = % AJ7HE<t lipopolysaccharide (LPS)E A
g5t dSge] AEE YeElle AEXEds AT (Fig. 10). LPS Aol 9lste 93
oxide (NO)9 &S &AsA o, gk NO A4S A3 2H3t= 549 inducible NO synthase
(iNOS)¢} d=ur&9o] 393 %2 prostaglandin A4F &4 cyclooxygenase 2 (COX-2)¢

Wl ukbe AT 5 7+7; western blot analysis®] WH o g2 @215 %i ).

Azs

20
=Rt
T
=
E 10
=

4

1]

0 3 6 12 24
LPS

B LPS

0 3 6 12 24(h)
- e [NOS

e COX-2

— e - e Actin

Fig. 10. (A) Raw 264.7 AlEFA LPS A8 F A7t A3 @& NO A4ty W3}
(B) LPS A9 93 AX iNOS 2 COX-2 gl W3l

HAESAoREE QS AAse W AR @ S A= ¥ Hrrsta
Ab, =2 S (Cosinensis) A &9 lignocellulose columns & 33te] 7190E A A HAA &
o &9 A4S Bkt Fig. 11014 Bl wpel o] 749 AAR Aste] g o] A
FIE A gt mEA V&S] HAaES Az A JHEd AA A S FUIEeRA
Fd B4 adE FASEA FREAY RRE TRl GRS HAa5E e oHS

Bol@ 4 92 Aoz Andn
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Fig. 12. 5atdlA 9 A2d4d 4& £ 4A

1) e & 23

F=o A5 AMgHE fuEAs FAo] ¥ £9o% AF ether, hexane, benzene,
chloroform, methylene chloride, ether, ethyl acetate, acetone, butanol, isopropanol, ethanol,
methanol, & o] vt AFed &ujE WA AL T FH| 27 stellA ofe] ad FE5S S

ek, A vk =4 dgeel A Bde] s, & T e wEke] 9%

o
1o,

HoAF A= HASdE AEE A=A €92 hexane

o
fru
4
i
=)
K
A

=
S A5 A7) A chloroform, ethyl acetate, butanol, &AM E FE3GT F58 AB8EE 3F
(reflux) Y2715 Alg3ste] w5sta AxAZ 2o A4 AEE FE53 uos 22 u7]

(separatory funnel)E A}-&3sle] &7, E&3tt. F835E HE A polyphenolF& &

ro
ol
o
N
1

3|41 phenolic compoundE #AMA]7] = FeCl; £9S AF&319 T WA 5714 & & AL&35to] &

H AZE gt (Fig. 13).
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v H: Hexane =3
C: CHCL, 23]
4 E: EtOAc 22l
B: BuOH &=
Al Aqueous 22
HCEB A

Fig. 13. 383 ¥ %o A phenolic compound &<l

9 oA HEnkel 7o) hexaned 3 ¥ CHCI3EE oAM= FeCl3o] thsh Ao wW3lrl ¢l

ol
bl

Z o2 Hol phenolic compound™ 79| 32334 &= Fom Holw & Fo|AE ozl
Agk gw g Aol Walzh Itk EtOAcet BuOH 2 FellA Ao wslrt 74 Feishl ®moloh
o] AAE Hol F EFo| phenolic compound’} 7F4 Eo] E0]d& Aol o= oA =

U AdAay3E EYE ¥S v anti-inflammatory &40] 713 F Aolgt:E AL vz
¥ vuws] & "avt ok WA F BFS standard E & 57FA 9 $HA NP-TLCE A&

tol 2}l el 1 okt

rr
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catechin

CSE (Camelia sinensic EIOACESE )
. CSB [(Camelliia sinensis BUOHES )

Mmoo @ I
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ABCHEFG

Fig. 14. CSE¢ CSB #8 ¢ TLC H|

9] oA BEo] F (EtOAcEE)9 G (BuOHE ) A FeClsoll A 5= spote] 9 X
7F g 2A YEbE S £ 4 gt
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2) ] # 7} A chromatograph™ & o] & & & 2], A A

ool 4 o] don] AFAH}E EUE phenolic compoundE £ 3517] 93 A& =0

wate] ol FEe WA

2
N
N

A49 AzvEaIE S8 2 gt Open column
chromatographyt <4 94 MPLC %+ HPLCE F& AFE3Y, A S == Silica-gel,
Sephadex-LH20 %<& AF&3lal o]5A 0 2% hexane, pet. ether, chloroform, CH:Cl, EtOAc,

al
ether, MeOH 5% AL8#th Wzt o] 58 443 4ol AgaAY 23 ol Agare @,

Green tea
(Cameliia sinensis)

nm-hexane CHCly EtCAC BUCH agueous

CSH(0.00259) CSC(6.499) CSE(27.849) CSB(51.689) CSA(98.879)

I CSB 3.68g9 c:olumn chromatography

‘ CSB1 H CSB2 H CSB3 ‘
(0.189) (1.099) (2.15q)

C5B 2.04g column chromatography

‘ CSE1 ‘ ‘ CSE2 ‘ ‘ CSE3 ‘
(0.269) (0.60g) (1.07g)
Fig. 15. 4 A ZHI3Z2ulETJYgPTHE o] &3 £ 3

OEPECEET B

e m=AoA miol fujwm EHF AR vEdAlE dstr] $la open column
chromatography S Al3stgth. 28714 (silica gel, 329 ¥4 7F4F Si0ye] £z Zo] &

== AY7l AR SGAE Aol sk, o7 =3 TFHA B el 5 £¢ES F
Hass
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|

Fig. 16.

JAIZ2vtEORHE T £, AA

W7 EtOAc #3833 BuOH &3

Zhzte] i3 ofel 7bA] &uiE AREste] TLC =1s 4
A 3}3l anisaldehyde-sulfuric acid®} FeCl; @A Ao 2= spotS &13}al column =7& 2
A5kt
EtOAc # 3% < column chromatography < el
o] vl &

1, o] 5742 CHCl3: MeOH: Water=80: 16: 1
| &2 AlZsto] AApA oz =4 o7} 3709 fraction® & 1} i1 BuOH
MeOH: Water=80: 20: 19| H] &2 A|# 3l

SPER

%2 CHCly:
| 370 9] fractiono.2 &3Stk

2% fractione 6709] standard =& ¥

g7 TLCOl #ol Rkt Fig. 1704 Mol
A8 EtOAcZ3 BuOHZ9l| standard 23 #HX & spote] Hol:= AL &
acid®] A+

7l

ghelek 4 k. Gallic

+ anisaldehyde-sulfuric acid®ll Aol X ¢or} FeClol= T2 phenolic
compound®} wpZH7EA R WHAlo] ¥ = RS g ¢ 9l
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: L t
¢ L -
A Stationary phase:
NP-TLC plate
Mobile phase:

CHCl:MeOHiwater=635:40:5
Spray reagent:
anisaldehyde-sulfuric acid

. BT BL1B2E3 EG ECG  EC CAGA 1 L R A

cG o EGC
B.
- - ¢
» . » #
' Stationary phase:
. 3 ‘ NP-TLC plate
v Mobhile phase:
CHCl;:MeOH:water=65:40:5
Spray reagent:
2 o8 = . . s 0 . FeC
h: 3 i T I T g’r O AT AP L

cG  ECC  CA

Fig. 17. 4A 24 a=2vlE 13 AF (A: anisaldehyde ¥4 B: FeCls &4)

Q@9dazntEIY Y :

Open column chromatography® W3 A fractionol E3tE &E&S purification 3F7] €&l A
+ AR Zeye] ddsofof gk BE MPLC
UV-Detector’} 52t¥l MPLCE AME 319t Zd& NP9 RP Zd F 7HAE v} A&t o

rr

<

HPLCE o] &3l ¥ A3oAMe=

RP column®] 7= A27bd gAe] gde He2 FA4E FHAAN7AY B 18S 394

oz AN A Fol duk HIFACEAR)S] &lE GG FHAA AREsh=H, olH
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absorbance
254 nm

o —]
-
o

- T
time (h) 1

Fig.18.CSB29 reversed—MPLCchromatogram

CisRP ZHHE Alg3le] compound 1HAA 6HZIAE EdoHy
compound 1% 3} o] A L-o+= Water : MeOH : Formic acid= 79.7 : 20 : 0.3 Al&3t9oH

49
23 3 5 I 61 Water : MeOH : Formic acid= 89.7 : 10 : 0.3 AF&-3FA

otz o] Fig. 19¢1A4 He] Z 6719 compound’} el 2om NMR #41& w3 +x25
Byt Compd. 12 catechin (CA)S 2 ¢l gom 1.80mge At Compd. 2% epicatechin
gallate (ECG)°]al 4.0lmgS 921, Compd. 3& epigallocatechin gallate (EGCG)e]liL 7.04mg
S 9%t Compd. 4% epicatechin (EC)°]H 200mgS 9S 4 A2 Compd. 5
epigallocatechin (EGC)°o]3l 397mgS ATt A9 e 2 Compd. 6- gallic acid (GA)Z 1.2mg

2 ol
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Green tea
(Camellia sinensis)

r1-hexane CHCl, EtOAc BuOH aqueous

CSH(0.0025g) CSC(6.49g) CSE(27.84g) CSB(51.68g) CSA(98.87g)

. CSB 3.68g column chromatography

CSB1 CSB2 CSB3

{0.189) (L09g) 2.159)
CSB 204g column chromatography v

Com4

‘ Com5 Com6

CSEL CSE2 CSE3
(0.26g) (0.60g) (1.07g)
Com1

L4 v

Com2 Com 3

Fig. 19. 94 A2 EJfZH L o] &3 £ 3

AAE &Ao] A ddEA TRE Y8 E BFE A H(spectroscopy) S ©] &8
th AHAA F2 ALESE HHEE UV spectroscopy, IR spectroscopy, Mass spectrometry,

NMR spectroscopy, X-ray crystallography S°| 1t}

FEAY B AYALE ASH AF EE o] AR DANREZRY ofv] wu
A SFEsel Be gust ArHez a7, o Sl §(mp), ARPHEIA ] B
An, AR e Bl Qdojx FAkgel BE AR e HFEel NuBAN /L2 2
F5lol gt Bl FRG F 5L o= AR AZFel YoM AP ARE ATHE 5
wol @ 4 glonw ofd AnEe Herae] 4ol W Fadth 3 o5 AnNzRY =
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Aol w=5EA 670 tg FxE Fobstr] 98 NMR =A< o Fstgint. 'H “C
=l

NMR 18] UV, IR &4 dHolg & EAslo] =xto] £0]9 = phenolic compound®] T+%2 &
oAt g2 Z+zte] compoundel] W3 NMR data®t IR. UV data 22| &Ado] B3 A4
o] t}.

1)Compound1¢] &}3t+x2 A4
°] & catechin

22 CisHO6

WA 290.27

T

. 151
2'8 9
3 4(14'5
I LI T e | o e e T R R T R [ ) P | L P PR T T B I IR e e T T PR T
10 9 8 7 [ 5 4 3 2 1 ppm
Fig. 20. Comoundl & 'HNMR spectrum (500MHz, CDsOD)
=
i 4

i i o L L L L L L T 0 L L L L L L L L L U e |
200 180 160 140 120 100 80 60 40 20 0 ppm

Fig. 21. Comoundl ¢ ®*CNMR spectrum (500MHz,CDs0D)
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UV Amax nm(MeOH): 280
IR Ymax cm (KBr): 3400(0H), 1650(C=0), 1510, 1420(aromatic C=C), 1210(C-0).

Catechin® A # &A: SciFinder Scholar(Chemical abstracts)E& T3 A= ZAF A3

ST 9EA Ydo g A&7} (Handa et al,, 2002).
-~ o] FoAe BFE JA2¥ (Kim et al, 1993).
Apoptosisd] #odt= 252 m-RNA expressione =4 (Isemura et al.,, 2003).

ot =4 23 (Gao et al., 2003).

2) Compound 29| 38+ Z2A
o] & epicatechin gallate (ECG)
A2 CooHisOro

FE 2wk 442.37

T

— . ——————————T——T= —————— : —
11 10 k] & 7 1] 5 4 3 Z 1 ppm

Fig.22.Comound?2 ¢ 'HNMRspectrum (500MHz, CD;0D)
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200 180 160 140 120 100e gy Y a0 20 ppm

Fig. 23. Comound 2<"*CNMRspectrum(500MHz, CDs0D)

UV Amax nm(MeOH): 280
IR Ymax cm {(KBr): 3300(0OH), 1690(C=0), 1620, 1520, 1450(aromatic C=C), 1230, 1140, 1030.

Epicatechingallate(ECG) 9 A & & A: SciFinder Scholar(Chemical abstracts)E& 3 A8 %
A A3

ECG =419 a4 &3 (Hayes et al., 2006).

gutolg~ &7 (Song et al, 2005).

ECG f=A9 AMETA-to] i3t &3 (Anderson et al., 2005).
T30 M2 tist ECGE in vitro MAE=54 &3 (Nissim et al.,, 2005).
ECGe A A/ =3 (Kapoor et al., 2004).

kd

-

¢

Helicobacter pylori ¥oll thet A &3 (Yamada et al., 1997).
ik 2y Aol ik EdWe] JA &3 (Kuroda, 1996).
Beta-secretase @4 A3 &3 (Jeon et al., 2003).

ECG ¥ X419 methicillin-W4d 32X =A4Fwo] Of
2000).

rot

g 57 (Hamilton-Miller and Shah,

3) Compound 3¢ &3+ x=2AA

o] &: epigallocatechin gallate (EGCG)
A CoaHisO0n

A 458.37

T
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6
5 4a 2
OH
o
68
T
|
ZII
....l P - :?_.-.-—JLI! :I\_'_"\-_ P I....‘1£f“z. TR — - S
T ; - —r——

Fig. 24. Comound 3941HNMRspectrum(500MHz,CD30D)

Zoo 180 160 140 120 ioo &0 60 40 20 ppm

Fig. 25. Comound 39 "CNMRspectrum (500MHz, CDs0OD)

UV Amax nm(MeOH): 282.4, 313.2
IR Ymax cm (KBr): 3400(0H), 1690(C=0), 1620, 1510, 1450(aromatic C=C), 1230, 1140, 1030.

Epigallocatechingallate (EGCG)<] 8] & A: SciFinder Scholar(Chemical abstracts)& %
AAnzxA A3
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K

12

A &3 (Wang et al.,, 2006).

3= &3 (Huang et al, 2003).

A5 Wvhg, A F o AR 94 &9 (Dona et al., 2003).
STAT-1A431E &3 935 &7 (Tedeschi et al., 2002).

Nitric oxide ¥4 &4 induction A &3 (Lin et al., 2001).

4) Compound 49 3}st+=z2A
o] & epicatechin (EC)

A2 CisH1O6

AR 290.27

T

e o
—
[ T
e T
(=2}
r
b
i
=
E“?

o =
-
w
L]
-
-
=
L]

10 9 8 7 6

R
7 6
. 2 6
e 1] 4
LI VLI S0 LT L O LR A O A LA Y I L § T T | LT ) T L LB | T R
200 180 160 140 120 100 80 60 40 20 0 ppm

Fig. 27. Compound 42 *CNMRspectrum (500MHz, CDs;0D)
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UV Amax nm(MeOH): 280
IR Ymax cm (KBr): 3400(0H), 1650(C=0), 1510, 1420(aromatic C=C), 1210(C-0).

Epicatechin (EC) 9 A 8] & A: SciFinder Scholar(Chemical abstracts)E 3 A B XA A3

k-2~ Ao BFo tig F49F5 ¥ (Kim et al, 1993).
Epicatechin®] 9% &3 (Swarnalakshmi et al., 1981).
I x4 Ao]R Epicatechin Conjugates® A E=A &3 (Ugartondo et al., 2006).
ghebAlo] digk kg S 23 (Sato et al., 2006).
3} herpes ¥ FHH=54 &3 (Savi et al, 2006).

Bacillus cereus®| W3t 3+ &3 (Friedman et al., 2006).

ey
2.
o
o
t+
o
o
=3
=
lo
Y
w
B/
e
o
12

Al &3 (Quine et al., 2005).
Epicatechin®] 4tst &3 2 gujAE 28 (Mendoza-Wilson et al., 2006, Bae et al., 2005).
¥l Apoptosis®] ¢1A4 &3 (Heo et al., 2005).

Epicatechin®] & Wo] F2 &4 &3 (Geetha et al.,, 2004).

5) Compound 59 3}t ZAA
o] & epigallocatechin (EGC)
22 CisH1O7

AR 306.27

T
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Fig. 28. Compound 5 'HNMRspectrum (500MHz, CDs0OD)

| ;
75 ‘ a1 | o, 68 1 3 ,|1
fsa il Lo I
e
200 180 160 140 120 100 80 60 an 20 0 ppm

Fig. 29. Compound 5¢] ®*CNMRspectrum (500MHz, CD3OD)

UV Amax nm(MeOH): 280
IR Ymax cm (KBr): 3300(0H), 1690(C=0), 1510, 1450(aromatic C=C), 1210(C-0).

Epigallocatechin (EGC)¢] A8l &Al: SciFinder Scholar(Chemical abstracts)E 23 A8 X
A A

Epigallocatechin (EGC)9] &AIXE A% oA a3 (Kennedy et al., 2002).
ol &3 (Hara et al., 1989).

}Ar3l &9 (Higdon et al.,, 2003).

J= &3 (Siet al, 2006).

il

oo ook
=)
>

)
2
©

3 9A &3 (van der Merwe et al., 2006).
o

ultA
o|\
=
olo

A 2+ (Kobayashi et al., 2006).
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6) Compound 6¢] 33T+ AA
o] &: Gallic acid

A CiHeOs

AR 170,12

T

26

10 9 8 7 6 5 a 3 2 1 ppm

Fig. 30. Compound 6¢'HNMR spectrum (500MHz, CD3OD)

26

35

L] 1z0 100 &0 60 40 z0 0 ppm

Fig. 31. Compound 62 ®*CNMRspectrum (500MHz, CD;0D)

UV Amax nm(MeOH): 218,
IR Ymax cm {(KBr): 3320(0-H), 1690(C=0), 1620, 1520, 1450(aromatic C=C), 1345, 1260, 1050;
Gallic acid®] & &A: SciFinder Scholar(Chemical abstracts)E 53 A5 ZA A3

ghufol 2]~ 2 gd= &3} (Higuchi et al., 2006).
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3t Z &3 (Choi et al, 2006, Yang et al., 2004).

H]TEA] 3 o] A1 2] histamine 2 & YA (Kim et al., 2006).

DNA polymerase 28 A3 &3 (Mizushina et al., 2006).

Rat tlsHWoAe] &3 5 wbg 3t a7 (Sanae et al., 2002).
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7) Compoundsl~62 NMRdata

Table2.'HNMRchemicalshiftdata

S
No. 1 2 [ 3 | 4 T 5 1 s
2 456 5.03 497 436 475 -
3 3.98 552 552 418 416 7.06
4a 2.85 2.85 2.84 2.74 2.73 -
4b 2.53 2.99 2.98 2.86 2.83 -
6 5.93 5.9 5.9 5.94 594 7.06
8 5.36 5.96 5.92 591 591
2’ 6.84 6.95 6.50 6.97 6.51
3 ’ _ _ _ _ _
5 6.77 6.70 - 6.75 -
6 6.76 6.81 - 6.76 -
2" - 6.93 6.95 - -
Table3."’"CNMRchemicalshiftdata
&
No. 1 | 2 3 ] 4 ] 5 1 6
1 - - - - - 122.1
2 83.0 788 788 80.0 80.0 1105
3 68.9 70.1 70.1 67.6 67.6 139.7
4 28.7 27.0 27.0 29.4 29.3 -
4a 100.9 995 99.6 100.2 100.2 1105
6 96.4 96.7 95.7 9.6 9.5 -
8 95.7 96.0 96.0 96.0 96.0 1465
5 157.7 157.9 157.9 158.1 157.8 1705
7 157.9 158.0 158.0 157.8 158.1
8a 157.1 157.4 157.6 157.5 157.4
1’ 132.4 131.6 130.9 132.4 131.7
2’ 1154 115.3 107.0 1155 107.1
3’ 146.3 146.1 146.8 146.1 146.8
4’ 146.4 146.1 133.9 145.9 132.9
5 116.2 116.2 - 116.0
6’ 120.2 1195 - 1195
17 121.6 121.6
2" 1104 1104
37 1465 146.4
47 140.0 140.0
5 ” _
6 ” _
co 167.8 167.8
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Nitrite(%)

Con. LPS CSH{1) CSH(2) CSH(E) (ugimn

Fig. 32. H:0 (CSA), n-BuOH (CSB), CHCl3 (CSC), EtOAc (CSE), n-hexane (CSH)
FEE ] Raw 264.7 AIXFo]A LPS Ao 47 NO A4 F7to vA= FF

1S

fractionation
(5ugiml)

t

Nitrite(%)

Con. LPS CSA CSB CSC CSE CSH (5ugimi

Fig. 33. Ho0 (CSA), n-BuOH (CSB), CHCl; (CSC), EtOAc (CSE), n-hexane (CSH)
FE2Y 7 5 pg/mle &9 &3 v

g
HYoo=w
) [e)
= = ZEL
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CSB2, CSB3, CSE1, CSE2, CSE3 #9¢] &4 &4 A¥+= Fig. 34 % 358 2t}

CcsB1 CSB2 o CSB3
120 . — 12 |
0o [LI
I
-
- — = 3
g T £
£ k= =
E = =z
o a
a
o © a - 1 1
control  LPS CSB1(1)CSE1(5)  (ua'mi) control  LPS CSB2(1)CSB2(5) (we'mi contrel LPS CSB3(1)CSBE3(S) (ugmi

CSB 2 fractionation (sugmy

120

Nitrite(%)

ol : | 1
control LPS CSB1 CSB2 CSB3 (Sugiml)

Fig. 34. n-BuOH (CSB)2%H A& ¥3td CSBI1, CSB2, CSB37}
747} Raw 264.7 A|EXF A LPS Al 9 NO B4 F7td v A+ 9%
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5 CSE CSE2 CSE3

Nitrite(%)
=
Nitrite(%)
Nitrite(%)

contrel  LPS  CSEN1) CSENS) (ugiml) contral  LPS csézm tséz[sj (ugiml) contrel LPS CSE3(1)CSEXS) (wami)

CSE 2v9 fractionation sugmi

Nitrite(%)

control LPS CSE1 CSE2 CSE3 (Sug/ml)

Fig. 35. EtOAc (CSE)9| &%3¥ F&E&< CSEl, CSE27}

Z}7} Raw 264.7 A|XF A LPS Aol 93 NO A4 F7td vA= 9%

3) HAEFESY FToA LT FEEY AL FALY B}

- = 5] = = 5} .0
EagEd BIFEE T I Ao A9 vy

=
A& Zvzy Hrbsktk  (Fig. 36, 37). AF83 compound:E oS3 2t} compound 1 (catechin),

e

compound 2 (epicatechin gallate; ECG). compound 3 (epigallocatechin gallate;, EGCG),
compound 4 (epicatechin; EC), compound 5 (epigallocatechin, EGC), compound 6 (gallic acid;
GA).
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Catechine

Nitrite(%%)

|

control LPS CA-1  CAS  eaml

EC

Nitrite(%)

conirol  LPS EC1 EC-5

tugemil

Nitrite(%)

ECG

camtral  LPS  ECG  ECGS Dagimi}

EGC

Nitrite{%)

control LPS EGC-1 EGC-5 Fagmil

Nitrite(%h)

EGCG

control  LPS  EGCG-1 EGCG-5 lagimly

Gallic acid

Nitrite(%)

control LIPS GA1 GAS [ugimd)

Fig. 36. 53 ¥ ¥# % compoundql catechin, epicatechin gallate (ECG),

epigallocatechin gallate (EGCQG), epicatechin (EC), epigallocatechin (EGC), gallic acid”}t
ZtZy Raw 264.7 A/ £F A LPS Ao ¢g NO A4t F7tel v X& I
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STANDARDS i

100

Nitrite(%)

con LPS Dexa ECG GTC EGC EGCG CA GA EC {Sugimi}

Fig. 37. 53 % &9 compound?l catechin, epicatechin gallate (ECG),
epigallocatechin gallate (EGCG), epicatechin (EC), epigallocatechin (EGC), gallic acid
Z} 5 pg/ml9 8¢9 &3 W) H: Dexamehtasone (Dexa) ¥ Al & green tea extract
(GTC)$+¢) Hl &L

7. SAFEEY FEFT 249 #HE A W FEFZE HA 2
oke] AgozRE Fd FAHE JHAE =HAFFA Fd F4 vl compound

catechin, epicatechin gallate (ECG), epigallocatechin gallate (EGCG), epicatechin (EC),
epigallocatechin (EGC), gallic acid®l tiste] o]5 29 & &4 AX W oFEZE EHAS
oty E&HE Hwstr] 8t @ inducible nitric oxide synthase (INOS), cyclooxygenase—2
(COX-2) ¢l g3 @ NF-kB &Astel] w A= Fas 247 HESAT 2 £9A87F 747
o] Axd A= JFFS b5 2} (Fig. 38).
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iNOS |
(130KDa)

cox2
(72KDa)

Con. LPS EC ECG EGC EGCG GA CA

* Time : 12hr

NF-kB(P65) | e Bty Bwests  DNED Greets Sofh el oo
(65KDa)

nuclear

cytosol

Con. LPS EC ECG EGC EGCG GA CA

* Time : 1hr

Fig. 38. 5235 =9 39 &A compound catechin, epicatechin gallate (ECG),
epigallocatechin gallate (EGCG), epicatechin (EC), epigallocatechin (EGC), gallic acid”}
7} 7} Raw 264.7 A ZF A LPS A gl €3 (A) iNOS # COX-2 @¥ =g, (B) NF-kB

248 vAE 9F

W9E FHtE AE F bg ugo]l Be ARYYAE (keratinocyto)E W Fete] HO;
A

E]E
A Alxg 407 Q8] AXE ¥rog {EF5%+ lactate dehydrogenase (LDH) BASAS =

i NO donorE A ejste] sty AR Axrds 2l AEEde] F7ks Al

t
fl
R



et

AgorA AEEF] AER sGor, dsHd 28 258 2 524559 gonyy o
2 compound@! catechin, epicatechin gallate (ECG), epigallocatechin gallate (EGCG), epicatechin
(EC), epigallocatechin (EGC), gallic acide Zt7F AHe|st9< w, Atshd 2Eg 2 ot MxsE

Aol Brell mAE TS AT Fig. 399 AdolA mole nie} o] milEEd

M
o

= % 67 compound EF AFstY ZEd 2o o)k AZAMEE YAGE EdE Ko olE

4

=
= ES
=k o = = [eliKe] =
Ego] kst a9 AL des 9 gt
LDH assay LDH assay
600 - 600 -
500 -
500 -
3 )
5 L]
% 200 J g 400 4
‘E ]
g 3
@ 20 | 8
o =
© [
B o L oy
5 =
o - ’_‘ H H
0 0
Sample(5ug/ml) - - A CSB  CSE Sample(10uM) - - EC ECG EGC EGCG GA CA
H202(1mM) - + + + + H202(1mmM) - + + + + + + +

Fig. 39. 5x15=9 £38 F%E Y2 catechin, epicatechin gallate (ECG), epigallocatechin
gallate (EGCG), epicatechin (EC), epigallocatechin (EGC), gallic acid’} &2+
keratinocyteo]l A1 NO, H202 A gl o] 23 AEEA X 93

9. 9% A AT T HAFZRY ATEA % B}

S2EEY FEEFY IJF AEE A i AE7E 957 A AEe diste 59
3 =4S YER A ool sttt o] & AAS Y] Yste] keratinocyteE B %dlo] HabEs

FZ% 9 catechin, epicatechin gallate (ECG), epigallocatechin gallate (EGCG), epicatechin
(EC), epigallocatechin (EGC), gallic acid’} 22t M E=5AS YeEl =45 LDH assay S ©] &9
of Frletdnt (Fig. 40). AdolA & 4 = ¥kel 2ol ZF compounds Fo%% 3 ZdE
HAW FEdA (54 594 5 pg/ml 2 2FF 10 uM) 27 95 74 Az giste] ME=

e vhehA st

o
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LDH assay LDH assay

120 - 120 4

100 4 100 4

80 80

60 - 60 4

40 4 40 o
20 4 20
0 0

Sample(5ug/ml) - A CSB CSE Sample(10uM) - EC ECG EGC EGCG GA CA

LDH Percentage(%)
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Fig. 41. 523153 9x} 23 F9 catechin, epicatechin gallate (ECG), epigallocatechin
gallate (EGCG), epicatechin (EC), epigallocatechin (EGC), gallic acid 2 caffeine A&
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Table 4. 5255 Y A8 F9 49 A compound HF

sample |sx%z9 CSB CSE CSH CSA CsC CSBO01 CSB02
standard (mg/mL) | (mg/g) | (mg/g) | (mg/g) | (mg/g) | (mg/g) | (mg/g) | (mg/g)
Gallic acid 1.06 41.48 72.51 0.73 2.55 4.02 26.10 41.10
Caffeine 531 7.88 36.33 815.3 0.30 369.5 38.05 1.98
Epigallocatechin 1.82 65.43 210.9 - 1.40 - - 4.60
Catechin 0.31 2.43 15.38 - - - 10.42 -
Epicatechin 0.86 4.65 60.63 - - - 40.81 -
Epigallocatechin gallate 0.76 491 35.65 - - - - -
Epicatechin gallate 0.21 1.62 512 - - - - -

sample CSB03 CSEO01 CSE02 CSE03 #1 #2 #5
standard (mg/g) (mg/g) (mg/g) (mg/g) | (mg/mL) | (mg/mL) | (mg/g)
Gallic acid 10.60 10.72 93.62 25.82 3.98 0.27 4.87
Caffeine - 134.2 - - 9.15 3.18 130.0
Epigallocatechin - - 5485 23.51 6.20 2.53 4891
Catechin - 49.86 1.09 1.88 0.21 0.09 1.49
Epicatechin - 225.1 2.40 9.77 1.89 0.75 18.01
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Epigallocatechin gallate 6.74 14.17 9.23 44.55 - 1.39 63.85
Epicatechin gallate - - 24.54 - - 1.18 12.98

sample |wapza| CSB CSE CSH CSA CSC | CSBO1 | CSB02
standard (umole/mL) | (pmole/g) (umole/g) (nmole/g) (nmole/g) (nmole/g) (nmole/g) (umole/g)
Gallic acid 6 244 426 4 15 24 153 242
Caffeine 27 41 187 4198 2 1903 196 26
Epigallocatechin 6 214 689 - 10 - - 15
Catechin 1 8 53 - - - 36 -
Epicatechin 3 16 209 - - - 141 -
Epigallocatechin gallate 2 11 78 - - - - -
Epicatechin gallate 0.48 4 12 - - - - -

sample CSBO3 CSE01 CSE02 CSE03 #1 #2 #5
standard (umole/g) (nmole/g) (umole/g) (nmole/g) (umole/mL) (umole/mL) (umole/g)
Gallic acid 62 63 550 152 23 2 29
Caffeine - 691 - - 47 26 670
Epigallocatechin - - 1791 7 20 8 160
Catechin - 172 4 6 1 0.34 5
Epicatechin - 776 3 34 7 7 62
Epigallocatechin gallate 15 31 20 97 - 3 139
Epicatechin gallate - - 55 - - 3 29
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L =529 349 484 4£9 249 &4

S2AFE2EY 8 F9 88 BERY AFY FHS S8 AN AFZH AF
EF3E YT £ . sHAFEFE9 F3 A EZQA gallic acid, epigallocatechin,
catechin, epicatechin, epigallocatechin gallate, epicatechin gallate®] SA] A %S HPLC WHo=
gyttt #4 7EdoR2 fFA SEEY A ALS dsAE oo A5 gradient
mobile phase programeo] F¥ WHOo=Z HA| 6F <2 EAHol Wl ot B A=
of =xtel &k i

o] 9t caffeine 717 WAo] BAe] o]Fold 4 glrhi MM BA wyate & Aol o %

o]
oY =3 mobile phaseE A3} isocratic methodS ©]-&3fe] 30& U

2. SR F5Y BYLY AR AF

S2bE S5 NS 5714 &), E(CSA), ¥ &&(CSB), 222X E(CSC), o3 oA EH ] E(CSE)
2 n-FIHCSH)E AH&3te] FE3 243 Feb3(CSB)Y o & oM EH | E(CSE)Z oA F2 34
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WE columneS E3 green tea extractZHFE caffeine®] A A ¥ green tea polyphenols &o] ¥
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9. 5AFEY FEEY T FH ZY 4R Fn¥ ¥
1) CSE 28 W 23 £9
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