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Catechins, which are polyphenols contained in tea leaves, are an important ingredient in tea beverages.
Epigallocatechin gallate (EGCg) is the most abundant catechins in tea leaves.

(-)-
It is known that inclusion of EGCg with

cyclodextrins (CDs) reduces the astringency and bitterness of EGCg. To elucidate the formation mechanism of the
inclusion complex between EGCg and BCD (EGCg-BCD), the study using isothermal titration calorimetry (ITC), 'H-
NMR spectroscopy and molecular modeling calculation (MMC) was performed. It was found that two types of EGCg-
BCD are formed in an aqueous solution depending on the pH of the solution.  The first type of the complex with a large
association constant was formed independently of the pH of the solution. In the complex, the A-ring of EGCg was
inserted deeply into the cavity of BCD. On the other hand, the second type of complex, the G-ring of EGCg was
included in the BCD’s cavity, was formed depending on the pH of the solution. Furthermore, the intermolecular
hydrogen bonds formed between EGCg and BCD were found to be important for complex formation. These results
suggested that when determining the structures of inclusion complexes in an aqueous solution, ITC might be
indispensable to discuss the inclusion mechanism between cyclodextrin and guest molecules such as catechins with some
insertable sites.
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KBTI T D7 A My+ & CDs & OWUEERINE

WEEARIL, D TWNIZZEHAEZ b ORA MMy T L2 DZE
FANICEEESND F A N6 b —HOa &M T
HbH, RAMSTFLELTE, Y275 %2 MY U¥F (CDs;
Figl), 7 7> x=—7), 770y T UNLVERMLN
TWb, ZTRHDOKRR My T HEERSBICBNTHIHT S
B, KEPESPHEMEO A EORME, & OICHEHHE A ik
MRS THHNEORENSH Y, BEIL CDs DA EHK
R R L TERIEENTWS, 9 CDs 12k 548t
1%, 7 A My 7 CTh DM OB O U, ZEMOm L,
HERORIRE D~ A 7, FEMN 7 SIS SR D,
F7, EWETENAMRICT 22 —7T ¢ v THGe s H
L7zBAIOBTSe, Y2V v 7 ERB~OISHNEM L
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ARG T 2 H kL Ui, WML, S EEB LV
NMR A7 N AEZEREN B AL TV D03, BEE A RO LR
& DMK TIT e, ZOEBO—2L LT,
FARFFDEL D CDs 12k L THEE OB 24
LTWD I ERETHID, ZOHE, KERTIZENT,
TR Ny OERABEINLA CDs 12Xk > TENEFN A
SNTEAENEEIER SN D, LinL, FEBRENOHEH
SINDEAEHRES e & O, KERT CIRIET 58
BOUBEEASROTEEE L THRBESNABENEL, &
Z B FDEWEBEINLD CDs Ik » CABESIEZEN
FNOEA RO E LSRG B 5 15872 & ofi
BRDD I ENARAEEZ Z L I2 L D, (-)-Epigallocatechin
gallate (EGCg;Fig.l) 1%, HED 7 =/ — MoK E A
THRY 7= /) —NVO—FTHD, CDs ZEANILBIKMET
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BDH1, BUKMEOEBILZ T 5 EGCg 1%, CDs 22
AR aEgEES SN EnEx bid, LA L, EGCg X
CDs L ABEEAEREEKT D 2 & T EGCg Hif O HRou:
BRASHIH S 4, PURBILIERNIIH AT 2 2 & NFEBRAJICH S
MZENTWD, 5 Figd 127 L 912, EGCg 1% 3 fED
BRIEEZAT D10, KAEBRFTILABROARR LT, BB
FIE G BBOKERD CDs ZHRMNIC AL S5 Al RN S
ZBNBN, KEERPIZBWT EGCg DFENENDEN
CDs 208 SN EEEROSEEIIA L I T
AR
AEEARIE, 77 T AT —V RS, BUKMREEVER
BLOKFHELEOIIAEESEOTI I EAERIC
KRS, A MyT& CDs & OEEEA RIS
BIFAREEERIT10~10M I THLZ b b, BEEE
OB OBAFNFEREZ TR LT, SEEA RSS2
I T B Z ENEETH D, BJIFEMIGE R & BT AT
R FETH ZEENE, St EECITE CE o0
RIEME 2 BV I OV TRIR EE D> S OMIE RS A HET
HDH, b, AENEOMITEIELE TRTIE, KEK
H TR SN 2B HEOBEEEERICOWT, ZRENoi
EROHEBICONTHRETT A Z N TE S,
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Fig.1 Chemical structures of CDs (n=6 ; aCD, n=7 ; CD and
n=28 ; yCD) and EGCg.

The numbers in these structures represent the hydrogen atom
attached to the ring according to IUPAC. Symbols in the phenyl
group of EGCg represent the names of the rings.

AR I, B22% pH OKBEHETFIZE T, SHEME
Rzuvuhul) A MY — (ATC) IC LD ISBEZHET S Z
& T, EGCg & BCD I X 2O BEHEAKIC O THESE
IRTERRES R L OB 2GE BT L, ZhEhoais
BABONIEEZHET D, SHIT, HEINOBEE
BIRDSLIEMEE 2 REET 572912, TH-NMR 237 kL
EBLOSTET Y »73HEZAV, KERTICBIT 28
BEEA G EZW ST 5,

-
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2. EGCg & CDs EDHEER

BT 2 My FITxt 3 2 0 FREfig e Ot 2 B
& LT, KEEEEDKFHEZ Mo BEHEICAEH LT CD #FEk
IEELFET D, CD FHERIIEBIEOE I L OLE R
EES> TRV DONL WD, SElIERLE A S22
D HEI % aCD, BCD LY yCD & AV, EGCg & D
I HAE RN 217 > 7=, 0.5 mM EGCg 1A % 10 mM CDs &
TR CHE L, 298.15 = 0.01 K (2B 5 MI5EE % Thermal
Activity Monitor 2277 %! (Thermometric #E%) THIE L7,
EGCg & CDs O —% 7 7 A% Fig.2 1277, EGCg I aCD
EORISEVEITBEZ SN T, HEMERIZRWZ EAREN
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/2o EGCg & BCD & DORSEEIL, yCD LV H RENWZ &
MR S 7, EGCg & BCD 35 LU yCD 122\ T, 4B
BRI E AR & AT L TR D T2 B ERE i % Table 1
IR, EFEEREE () BL O 2 e —Z5 b (AH) X
Y EGCgZ BCD £7-1% yCD & E/VI 1:1 THA R (EGCg-
BCD F721% EGCg-yCD) % FEHNIIAL L, BEKRIMRE
% (K) &Y BCD X yCD & v HENALIZ EGCg L HAKE
TR D 2 &R Tz,
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Fig.2 Thermograms of EGCg titrated into CDs.

Table 1  Stoichiometry (n), association constant (K) and
thermodynamic parameters (AG, AH and TAS) computed from
calorimetric titration curves for EGCg-BCD and EGCg-yCD
complexation in water at 298.15 K.

CDs n K AG AH —TAS
/M1 /kImol! /kJImol! /kJmol!

BCD 1.00 6830 -21.9 —49.2 27.3

yCD 1.00 330 -14.4 -35.1 20.7

3. EGCg &BCD IZ &k BB EARTEAL

Ao X 912, EGCg 1% BCD L EAKE TR Lo\ 2
EBRASMNTeoT-, 2T, EGCg-BCD DA IKRIE i
HWOFEMAZ R ST 572010, AFEEE (03mM ~ 1.0
mM) @ EGCg & 15mM @ BCD & OLUGEE % 298.15 =
0.01K, FHRKEITY EEERT TRIE LT, Fohik
BOSEE & BRINE U 7= ARG & D72 % 1G] Al
& L7 & HERE O EGCg & BCD & DEVE & dhft (Fig.3)
ERTL, BONTEARERICE T 28I F#E RS
Table 2 (2779, EGCg DIREEDHAIZ Y, FOGEE T
KT 2 Z EAHB LT (Figd), B SNz #0128 &1,
KB FIZHBWT EGCg IREIZE LT, TN
A —H DFEEIL—EEER L (K=7590 £ 110M™,»
=1.01 = 0.01, AG=-22.1 * 04 kJ mol"! AH = —49.8 =
0.34 kI mol™!, TAS= —27.6 = 032kImol™!), 7=, VU
FEER ORI K S TES RN T A —Z 3 — Bl %R
L1z, D=, EGCg-BCD HEANWIAIZIL, EGCg
RV UEERRETIR DM E OB A Z T 0T E B LT,

& 512, EGCg @ pKa fHlL 7.5 TH D720, KEHRDIK
P2 PRSI Cl3 R L O A B EGCg 28759
%, FDI, pHT HEDOKEKFTIX, 4515 D EGCg
2% BCD I SN EAKE, 44 B EGCg 3 BCD
WCABEINTZ 2 MOBEEGEROBRA TREND, T72b5
TEIR D pH IZ &> T EGCg D53 7L & A A T D LA
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Fig.3 Calorimetric titration curves for the reaction between
EGCg and BCD in aqueous solution at 298.15 K. The
concentraions of EGCg were 0.3, 0.5, 0.7 and 1.0 mM. Points
show the experimental values and solid lines represent the
computer generated best fit curves.

Table 2  Association constant and thermodynamic parameters
computed from calorimetric titration curves for EGCg-BCD
complexation in water and various concentration of phosphate
buffer solution at 298.15 K.

O?%Igg'g . K AG AH —TAS
/M /MY /kImol! /kJmol! /kJmol!
0299 097 7113 -220 —49.1 27.1
0519 099 7584  -22.1 492 27.1
0.66"  1.02 7292 220 -50.1 28.0
0.629  1.03 7633  -222 ~49.0 26.8
0549  1.06 8097 -223 -51.8 29.5
0.70°  1.00 7731  -222 —49.5 27.6
096 1.0 7708  -222 —49.4 27.2

a) water, b)1/60 M phosphate buffer, ¢)1/30 M phosphate
buffer, d)1/15 M phosphate buffer.

b3 D78, ¥ pH I EGCg & BCD I X 2 A BIERK
BT DRSNS 5,

% ZC, EGCg-BCD JERRICIIT DA pH D% it
T 572, EGCg BLTN BCD % 5HE pH O VU » BEFEENR

(pH 4.5~8.5) &M L CHEAMIE RSB 2 I 7E L7
(Fig.4) , EGCg-BCD #HAMREKIZI T 2 MG B = IL

pH45 DL EH{EKE2Y, pH O _EFITHEWRSEE 1T
L7z, 2 %E@%’E/\{m?%n%“hﬁiﬁfﬁé X o EET
Minz L, 45 pH 28T 5 SOBEAE MR & M Uiz, AT

BoNFE2HOKOKREE (K1>K2) IZHEW, 2F D

%ﬁﬁ%%%ﬂ%ﬂ% 1 BAKRBLOFE 2HEKE Lz, &
BHERICH IS T 21 FH B %2 T ENAG, AG:, AHI,

AHb, ASI BEXTAS, & L, [GEEMENSELNZET
IR (AG, AH 1 X OV TAS) % pH #1Z Fig.5 128 L7z,
%1 BAEEROEEERRE n 13099 £ 001 THY, KiBX
OAH 1 F pH IZBMR < IEIE—E L 2o T2, Ki, AHI B XD
AS| DFHIMEIX, TNEI K =7430+£ 168 M, AH =-472
+4.7kImol™! BL N ASI=-25.6+52Tmol' K Tdh - 7=,
AH B LY AST DEADENDOKE stz s Li=728,
B 1EAROEMICITEE LT FRIAFREANEE LT
WHEEZBND, H2EAEEOFERILETHD m i
pH 45 DL X 1.00 Th-72728, pH O EFIZHEWED L,
pH 8.0 TiX 0.25, pH 8.5 TIX 030 LIEFIT/NEL otz

B

K2 3B X O-AH, Ol pH O EF WD L, £ pHS.0
BLOpHSS IZBWTIE, ZhoDEIFMmD T/hEL o
T2 T 72, HEMEAIR P T, pH O @& W/KIETR R Tl
B2 HEEMITIER SIS WEB BN, i’ﬁ%r@k{@(ﬁz
HCIE, EGCg i G Bg 4”(LD/KERI (Figd) A 41L&
naxzenmonTBy, A A NERHEX
Henderson—Hasselbalch 012 L AUiE, pH4.5 T 0.10%, pH7.5
T50%, pH8.5 TI91%& pH EHICHEWEINT 5, 1 #
AIRERIC T 22 OB EIREREIC pH KTFMED 720
ZEky, B 1 EAERERIE A4 MEBREZ DI
EGCg ® A B2 ¥ 7213 B B/AS BCD ZEMANIC i & 5 BUG
ETIVTHEITT B LHEESND, —F, F2HEEEBED
WA, pH O LSS, na fEIE 1.0 225 0.5 12, K fEi
3250 M1 25 180 MM T L7z, BCD D ZEiR NI Bk
THY, TA N TIEAA LRI L7 E DI BCD O
BOKEZERNICEE STV, 2 2z, FH2EAR
WK pH O BRI TA A AL LTV G 8223 BCD
ZEANIC OIS NI EEREE X DD,
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Fig.4 Calorimetric titration curves of EGCg-BCD systems in
various pH solutions at 298.15 K.  In all experiments, the initial
concentrations of EGCg as a titrand and BCD as a titrant were 0.5
mM and 10 mM, respectively. Each solid line represents a
computer-fitting curve by using a two-type binding model.
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Fig.5 Best-fit values of thermodynamic parameters for
complexation between EGC and BCD at 298.15 K and 101.32
kPa. [ :aG, &:am, E:-1as;, B aG,, B : A, and
E:-ms
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4, BEEERBRIZET S ROESY ARY FILZE{E

NMR A7 MVBEITEEIL, R OFBELE Y O EfiE
OO OEERAEETHD, ¥ A Myt & CDs © H-
NMR A7 bV DAbZEy 7 REAE (AS) 1%, BEEEAIED
HEEDMIICHEBEICHO O TWS, 10 fil21E, HERE
FFO 7 A R348 CDs ZERNIC BB S D56, BB
RIZ LY CDs ZERNIZALIET 2 3tk LS it 7w ko

(3-H BL W 5-H) OfbFy 7 MImBissM~BE+ 25 =
EBEISEN TS, D LiL, & FyFiE, CD ZERM
DBUKBREE FICALET D 2 & T, B EOHA, Z2MA
WCEHE SN2 Z LT K DM, 7 A Ny OSLRI
HEEEA 72 EDEBIZ L VASD B TIZF A Ry DAl
EALOWREIREECH D, —J7, BEA— "= TP L

(NOE) 1%, RIFEEZM D22 MR 4R f7 L, —i%IZ, NOE
FHMEMIZ 600pm (6 A) LINOIEREZH S 7 v kRl
RTLTBIIESN D729, 2 Rt NMR 227 kL (NOESY
A7 tV) ORIEICE Y 7 A Ny OB & HEE T
DT EMTE D, 127121, 20 700~1000 F2ED(LEY)
TIX NOE HEN 0, £7/21FAD NOE & LTHEIEND Z
ENH DT, A ENLS1-FHBEIRE RO E i Kk 7
7, BRENE AL/ D I L1370 ROE (Rotating frame
nuclear Overhauser Effect) Z #1iil]9-% ROESY HIE %17 - 7=,

IZU®IZ, EGCg & BCD % D0 F TRA LY T

(EGCg+BCD) @ 'H-NMR %22 kL ZHIZE L, EGCg 1%
FETIZEBITD BCD DK 7T b DfEFET T b (Smid) ZIK
E L7z, Table3 i, BCD Db 7 & (8sen) B LML
¥ 7 ML (A8=8mix—8pcp) & F & 7z, EGCg+BCD T
1%, BCD @ 3-H B LUV 5-H DI 7 MIBEE 2 @GS Al
~BE) L7, ZofE%IE, EGCg 2% PCD ZEHiNICaEE Sh
TWAZEaEIFFLT,

Table 3  Shift values (ppm) of chemical shifts of BCD alone
and BCD in the presence of EGCg at 308 K

BCD / ppm EGCg+BCD / ppm
BCD proton Spcp? Smix? AS®
1-H 4.954 4.957 0.003
2-H 3.536 3.555 0.019
3-H 3.843 3.677 -0.166
4-H 3.466 3.517 0.051
5-H 3.764 3.663 —0.101

a) 3.2 mM BCD, b) 13.2 mM EGCg + 11.6 mM BCD,
¢) Ad = Omix — Op-cD

Wiz, HHEEROKER TIX, EGCg  (pKa=17.5) X4y
TR A A RINIAFST B L EEE L, EGCg Dy 1
DOEEINEIFE 100 % TH 5 pH 3.0, BLOA A AROEIE
25 91 %TEET % pH 8.5 T ROESY JIE&IT -7, 7272
L, pH3.0 38 X pH 8.5 &IKH Tlx, ABRD H-6 38 LU H-
8 IFHAKEMENLT <, BFFfZ %Y %5 ROESY MIET
X, BEKEWRICE D7 m A —7 OEKIZED ABRIZHOW
TERRFMATE RV, 200, KFFRIZET S
ROESY HIEIC T E & LC E®E2M AL, pH3.0HCI
Wi B L O pH 8.5 NaHCOs iR IR B2 A fig & &,
presaturation %% 7z 12,

pH 3.0 HCl &3 L O pH 8.5 NaHCOs &K H T D
EGCg+BCD ¢ ROESY A< kL% Fig.6 |/~ L7z, BCD
ZEMND 3-H 8L U 5-H & EGCg LD ROE IZVEA L, X
#li% 5.6~7.6 ppm, Y #liE 3.2 ~4.2 ppm DO#IPH & XR L7z,
X #hé Y #hizix, TNEN EGCg & BCD D& 7'm kv
T F NN & FFL LTZ, pH3.0 HCl ## 1 Tl%, PCD @
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3-H & EGCg O H-6 (H-8), H-2’(H-6"), 35 J (N H-2" (H-67),
BCD @ 5-H & EGCg ® H-6 (H-8)& D7 1 A &' — 27 )3 ELH
&hi= (Fig.6(a)), pHS.5 NaHCO: ¥&iZ Ci%, BCD @ 3-H &
EGCg ® 2’(H-6"), BCD ® 5-H & EGCg ® H-6 (H-8) & D 2
PO 7 o A — 27 BN E 7= (Fig.6(b)) .

TR pH ICBEH 597, BCD @ 5-H & EGCg @ A Bg H-6
H-8) D/ v A —27 B LT BCD @ 3-H & EGCg @ B B
H-6)EDT B A= PRI ENT-Z L, TR &
OA A TD EGCg 1V 1 EGCg D A 82723 BCD D—
FAREEFEMAHE O ZEFRNICEES L, B B2 BCD @ ik
FKEEFAAHE O ZHRNICALET D, > F Y Fig.7(a)D K 5 72
WS BEEPHEE Sz, —J7, BCD @ 3-H & EGCg
D GEBOH2 H-67)& D7 1A —2 %, pH3.0 HCl &R
TORBEINDGZ &LV, 57 EGCe 1%, GEA BCD
D AR T OZERNIZALET D Fig7(b)D L 5 72
AP A IR RE S 7=, pH 8.5 NaHCOs I F Cid, BCD
® 3-H & EGCg ® G 2D H-2” (H-6") L DY 1 AL — I )
BeEsnirol, 2£0, TR EGCg I ABRE GBEN
BCD ZERNIZTUEE S NLD 2 OB A RDIERSHER S 1,
A A AL EGCg IE A BROAA BCD ZERMICEE SN D1
BEROBEIERT D Z & BHERI S vz,

(@) H-2" (H-6")
H-2' (H-6")
| H-6 (H-8)
N ’.
™ J
= ] =
] _5.H
_% ] U S—— : =
9 ]
- 4
76 72 68 64 60 56
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(b) H-2" (H-6")
H-2' (H-6")
H-6 (H-8)
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E ©w | e
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- o ] 3-H
< |
L O L Iy

78 72 68 64 60 56
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Fig.6 ROESY spectra of EGCg and BCD mixtures in pH3.0 HCI
solution (a) and pH8.5 NaHCOs solution (b) at 308 K In
ROESY spectra, the symbols shown on the X and Y axes represent
the protons of EGCg and BCD molecules, respectively.

@) (b)

Fig.7
BCD.

Expected two types of inclusion complexes for EGCg-
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5. EGCg-BCD FEEARDKMEFIZHITS
REREBEDHTE

AR O FEERIZ X » THE O N2 R 2 BERICHR T 5 7=
DIZ, BENREHE (DFTE) XA 0 TET UV 7HE
Z1To7, XU ®IZ, ChemBio3D %AWV T EGCg BL W
BCD D FIREE & 18R L, CONFLEX ver.6.12a (Z & 5 BoJ#
RN AT o 72, 319 RWT, Al S 7Bl R MERD 5 5
SEAR T LR =3 /N T BELEED H+12.6 kI mol™! Dl
FHPNIZ 3 B ELEEIZ OV T, PM3 HEIC K A& ToRkiEik
(. (GAMESS Ver.12) #17\), & 5IZ DFT EIZ L 5 KHH
o L (Gaussian 09 rev E.01) 1T -7z, 1510 %
NENOBED LT R NF — (Eow) ZIHEEL, HEHIZ
Evotal WE/NOWE & L TEMIE L LTz, 2D ORZE
E, AEESERIEROT DO E S LTHEM L,

Fig.8 (IR 7 KL 912, EGCg DEFEHEERMN BCD D kK
B AR & 4HRMNICEE S D 3 O EHET— N (EGCga-
BCD, EGCgs-BCD F7-1% EGCgs-BCD) # it L7z, EGCg
DRBRICFH T - FHERFEF - &, BCD ERMNICERE L=
im & OREAE r (pm)& L fE% 400 pm 225 —100 pm £ T
100 pm 2 L X w72 6 MO AEE E1ER Lz, 1E
B U 7= I A 1Y, DFT EIC & 5 AKHH o C o i B it
{b&4T o7, fE{bHEED 2T VX — (Ecomplex), EGCg
BLO BCD DI LZEMEIZBIT DR NF¥— (Eeceg
L Epcep) 706, WRE AW THEMERZELT F ¥ —

(AE) Z#HH LT,

AE = Ecomplex - ( EEGCg + EB-CD )
7272 L, EGCga-BCD @ r = -100 pm DA S,

EGCg D 2" [RFEF+ & BCD @ 3 (ERRIF 25841 L9
oo, WMEREILEIT) 2 LIETE eh o7z,

®,

{

)

EGCg,-BCD

EGCge-BCD

EGCg,-BCD

Fig.8 Initial structures of inclusion complex between EGCg and
BCD for MMC.

Fig.9 iX, EGCga-BCD 5 FE D A iE DAE fil, EGCgs-
BCD & L (NEGCgs-BCD Z L E 41 6 Fl D Fe it (LA D AE i
Z,rEicd L CFuay FLEbDOTH DS, 2 TORELRE
WEDOAE % i+ 5 &, EGCga-pCD 3 L' EGCgs-pCD
DAE 1% EGCgp-BCD DAE L W HARVMEZ R LTz,
FD7®, KHEFIZEBWT, EGCg BRIV L ARDD
VWME G B B-CD OZERNICEEI STV EE X BN
%, AEfER B/ MEZ RTHEERIL, EGCg @ G BA BCD
ZERPICEEE S NG TH - 72 (Fig10(a)), Z DEAIKR
DEGEAFEETIE, 6 AT FRIKBREANR S,
BERII= XX —ICRESLEIMLIND Z AL
&L 7e o7, EGCga-BCD TiX, A ERDS B-CD ZERMNIC R bk
{BEINFEAREEN ANV —IZLETHDL L
23 L7- (Fig.10(b)), EGCg D A BRiZ, CEREFALT
WA=, BEEB X ONG B & SR EENL TV 5 (Figd),

<

-80.0 n L n L n I n L n L n )y
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(b) r/pm

400 | o oo

-800 -600 -400  -200 0 200 400
(C) vl pm

AE / kI mol!

-200 0 200 400
r/pm

-800  -600  -400

Fig.9 Stable conformation energy (AE) diagrams of the
inclusion process of BCD complex (a) EGCga-CD mode, (b)
EGCgg-BCD mode, and (¢) EGCga-BCD mode.

Top
view

r=-18 pm
AE =-66.0 kJ mol! AE =-55.2 kI mol!

r=-188 pm

Fig.10 Most stable conformations of inclusion complex between
EGCg and BCD in water. (a) Inclusion complex between G-ring
of EGCg and BCD, (b) inclusion complex between A-ring of
EGCg and BCD.

DT, ABRIL BCD ZEHRANICEHELS B# S, S5 C
B BCD ZHNICEEIN=EE X LND, —, BERN
S NT-EEEIT, Fig10(a) (R RZEMEIC T
AEfEIZ+23kImol ' DL EREWZ & A L7272, EGCg
@ B BRI BCD ZEAMICEE S U WI ERB ST,
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1. BhYIc

EGCg O X 5 IZHEEOBUKM OB 2T T 57 A b
53713, EGCg DENZENDERD BCD DOZERNICEE S L
DEBOEEEERMT D EEZLND, R TITo
IKEEHE D pH %284k S¥7- ITC 72 5 TNT TH-NMR HIE 1,
B OBAEEEROGFEETEN T 5 & 3kZ, EGCg D LD
BRBCD DB KMEZEIRNICEBEE ST VI 2N T D
MRERED Z EEAREIC L, 351, TET VU IE
REAT2ZLick-C, BEESRORERICIE, B
BN FHKREBEOERNEETH D Z EBNHEH SN,
FERCTHONTEEHOMAEZHRT LN T,

#0 O

SFET U 7REITIE, JUNR S ST 72 B 8
B H =T B ONS B AR R JERRAE ) IR L 38 AT 5 it 5
RISEALENITE o 2 — DR AR EZ RV LE LT,
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