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Abstract

Numerous polyphenols are contained in tea leaves, the most important of which are flavan-3-ols and their gal-
lates, referred to as 'catechins'. These two types of catechins have different physical properties due to the presence
or absence of a galloyl group. Cyclodextrins (CDs) generally form some inclusion complexes with hydrophobic
molecules. However, polyphenol catechins have been included by CDs and the bitterness and the astringency were
reduced. In this study, the formation mechanism of inclusion complex between (-)-epigallocatechin gallate (EGCg),
that is main compornent of tea leaves, and B-cyclodextrin (3-CD) was studied by molecular modeling calculation
(MMC), 'H-NMR and isothermal titration microcalorimetry (ITC). MMC studies clarified that two rings of EGCg
(A-ring and G-ring) could include in the cavity of 3-CD in water. The A-ring of EGCg being deeply inserted into
the cavity of 3-CD since the steric hindrance of B-ring or G-ring was small. The G-ring of EGCg was included in
B-CD cavity to form an energetically the most stable complex by six intermolecular hydrogen bonds. 'H-NMR
spectroscopy and ITC measurements supported these results. These results suggested that when determining the
structures of inclusion complexes in an aqueous solution, MMC might be indispensable to discuss the inclusion
mechanism between cyclodextrin and guest molecules such as catechins with some insertable sites.
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VAR, TV a— 7 OFEEEEDOEERILCHAT 4 A7 BFROIKIEY, BETLFERIEE RO & ¢
LEHEALER T, BB O EAERBATCAIZED 720 D in silico A7 ) — =¥ Z IS ST 5
[1,2]c 3 FRICE BRI CIZEENMHEEIER, SUBTFRAHEEER, KEFHEICL2MEIEH, Bk
MHBEVERED D Do KEHEIZ L DMEEM T AV F—1310~40 kJ mol'! TH V), MOMELIERICH
NTIEFITKRE W [3]0 £ OFW TGP IKEEE, 73 VR VAR VEEOEREEEET S,
ZD70, KERTTIIEYRE LD L IZEY L oWE L OMEIEH, $Fchk L EiEz ALz
STHARFREEOKIZE D, HHFEFBOWREELZE Z SN D, Bl 21, HELMERERLTH S



risperidone (RISP) WHIR 1L, ZSZEHMHICE TAMT 2 L RISPEEVRT T 5 [4]e ZOEHEEKT I,
RISP & A HEINEREHC & E 5 1 7 F V3, 4§12 () -epigallocatechin gallate (EGCg) & EIVI1:1 DA
MEAEERERR T A2 EIGERL, RISPO YR U UVBEFR L EGCg DA U A VIEIIH L KERFEE O
TIEM SN 5 TRIKFZIEEDVPEETH L LHE SN TS [5]. 717 F YHHiE flavan-3-ols & AR F 1%
EFTHR) T2 ) —VO—FETH Y, KEWER LR A HiY & L Ceyclodextrins (CDs) 12X AW
AT DN T %, CDs DBUKIEZHANIE— I AIZBKRIE S A MR A+ 45 O BUKPERAL 2 &,
L, BUKMIMAEEINLEZ L RIBOTHTH L, TDO, BTF L HOLH)RAK) 72/ — )
ECDsIZ X B EHEBEERIEKIZOVTEIEIZ DI IEHIE % SNTWDEDS, ZOWBRREA IR 7
EDOFBER IR ZZHS I STV,

AW TIE, BEHOW A2 ET 57 A i1 & B-cyclodextrin (B-CD) & O @I A AT
HONCT 7280, mTALFEIE CERERI G THLER « PM3 L REMBEEGE  DFTHE) 12X - T,
FAMNFFLB-COOEHEE—F (M) g Lz, BEEAGHRIERIC X 2 HEERZELT AV F—
BILODFHEITER S N7RFERHE 2 £, RGP L7z, S 512, "TH-NMRllE &
SRR E I 7 n B (ITC) W & - TEHEH R & FERE L 72,

(585 )5 1%)
1. aHSE % O 22537 I AR o 730

B-CDZEHMIZUESND 7 A MrT & LT, 37 O#aEmg (AR, BBEBLUGE) A7 5
EGCg % 72 (Fig.1)o (X L ¥ 12, ChemBio3D® % fi\» TEGCg B £ U B-CD O W A & % ERK L,
CONFLEX ver.6.12al & % BUEE AT 2 47 - 726, 7] o IR T, BT S N7 BCHE SRR D ) b AT A )L F —
WHR/ANTH HEEED S +12.6 kI mol ! OHEIPANIZH 5 ELIHEIZ DT, PM3 LIS & 5 SUAHH T O ki
1t (GAMESS Ver.12) Z17\vy, & HIZDFTEIC X A KAH AP TORg &R #1L (Gaussian 09 rev E.01) %175
72 [8,9]c TNZENORIEDET AN F — (Eo) X I L, WA, Eow 25R/NOREE % i B
EL7ze INDORZEMEL WHEEGHRERDZOOMEEE LT L7,

B-CD KR FE M D NEENT —HKBRZEMNC HRTRE L, #9900 pm TH Y, FADTF A My o
FRKEREE 2> & ZEWNICTIET 2 e TE Do 1,3-NV BV F—b (AR) ORRFERETHEHELS &
Z480 pm Td 5728, EGCg D AR, BEF72IEGERIL B-COZEFINICUE SN LT EEMESEZE 2 515,
Fig2lZ/R T & 912, FFFED B-CD D ki AKREEM 2 5 22| N IZ W33 % 556 (EGCga-BCD,
EGCgp-PCD F 721X EGCgG-pCD) # it L7z 7 A My T ORI FE T -3 R FH T &, B-CD 22N
V\ZREE L7 P & OfiBER r (pm) & L rfE% 400 pm 72> H-100 pm F T 100 pm§ 22L& 72 6 O W
ATRERE R VR L 720 ERE L 728381, DFT #:02 & 2K TR 2 1T - 720 S bl o4
I A F — (Ecomplex), EGCg 3 & U B-CD DL EMEIC BT 54T 4V F— (Erceg B & UEBpcp) 225,
KA & A THEERZE LAV F— (AE) 2HH L7,

2. '"H-NMR #li5e

"H-NMR A X% b JVIZINM-ECZ600R (HAET) % H\vT600 MHz THlE L 72, ZEEO/EIZHE
B, N IZD,0 (% AL, presaturation (%% iV CTROESY A7 MV &% L7z, pH3.0 HCIIAR
F 721X pHS .5 NaHCO i % FI\», EGCg & B-CD % iR& L 721w & slBa & L7z,
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Fig.1 Chemical structures of EGCg and 3-CD
The numbers of these structures represent the hydrogen atom attached to the ring according
to [TUPAC. Symbols in the phenyl group of EGCg represent the names of the rings.

EGCga-pCD EGCgs-pCD EGCge-BCD

Fig.2 Initial structures of inclusion complex between EGCg and 3-CD for MMC

3. SFIIEE I 7 v BRI

St #ha Ol 7E 1L, Thermal Activity Monitor 2277 (Thermometric f1#2, Sweden) % H\»"C, 298.15K
TITo720 pH4.5H 5 pHS . SIZHIH L 72 Y EREER * >, 0.5 mM D EGCg A % FliEE 10 mM D
B-CD VA CliisE L 720 B 2 S A HIEE R (K), {bFEmwI (n) B L UBIIF 8T X —
y (HHTAVF =2 AG, o VE-2fL: AHB XU Ty huE—2Z1t: AS) 2HH L7,

1. GHRAE% & O 7257 B AR O F 3

EGCg DELEEFRNTTIL, 165 O ERMEARIEIE SNz TNHOEEILX, Y FEEY T VERETHD
C BED AR E DY 7 D Conformer A B & UF Conformer E (2 KB & 4172 (Fig.3) o I/NOIAKT 3V ¥ —1fi
T AHEED D +12.6 kI mol! OHiPHMNIZIE Conformer A DA DI fAE T, FIELEORANIL ML




D96.9 % % 5872 (Table 1) LM HE ZERBEIZETIOHANICE TN TWD I EATRIRBE N,
NS DI DOWTDFT 12 X 2K ToOfEREL 21TV, RAND Eow B % H 3 2 BUHE & L E
Ry & 720 EGCg DR EMIEIT AR, CBRB L OB BENNTIZFE—FH EICMVEL, GERIZARIIH LT
HEE I ALHE L 72 (Fig.4) o B-CD DKM I B 2 i % 1 EGCg & AR L TH M L 72 (Fig.4) o

EGCg & B-CD DKAHFII BT 5 UHEBEG RO RELEMEZ KD 5729, EGCg D £ I O H e 5 F- 28
B-CD & ZHKEEAM Of% L 1) R0 FALIZALE T 5 r = 400 pm 225, B-CD ZEAMNIZALET % r =—100 pm
FCEAL S 6 ORI ATIREE 2 VER L, MER#Et 21T 572, 72721, EGCga-BCD D r = —100 pm
DA AIIHERE L, EGCgD 2" Wi kFEFT & p-CODIMBMBEIE T L L Eo720, HskElt 247
I EIFTEL P72,

Fig.5 1, EGCg,-pCD 57, EGCgp-pCD B &L EGCgq-PCD 4% 6 FE D e (LA 1 12 D\ T, il % Al 12,
IR 5 AEME 2 #tHh 2R L7ce 2 ToRBLEED AEEZ LKL 72 & &, EGCgy-fCD B & U
EGCgg-pCD D AEflIZEGCgg-BCD & ) /NS WH[AI ThH o 72, D728, KMHAHFIZHB VT, EGCglEB
BRICHARTARERSLGID B-CODZEINICURE I N T W EE 2 bz, AEMHOR/IMEIZEGCE D
GEEH B-CD ZEMPI e |2l L 72 A S T - 72 (Fig.6)o 2 OMAHHEEIL 6 2T D5 T-RkHR
WAL L, HEERIIKRE CRENLNIND ZEDHL 2L 572, EGCga-BCD Tld, AZRDS B-CD 2=l
WIS IR U SN EAREES S N7 (Fig.6)o EGCgDABRIICEIREFE S L TWAD, BEREB

Table.1 Conformational search results of EGCg

Energy Sumof  Population of
range conformers  conformers

/kKJmol? A E /%

0 ~42 1 0 74.6

42 ~ 84 3 0 14.8

84 ~126 7 0 7.5

126 ~ 167 7 3 2.4

Conformer A Conformer E 167~209 6 9 0.6

209 ~25.1 10 7 0.1

Fig.3 Puckering structures of EGCg R | represent galloyl 251 < 74 38 0.0

group, R, represent pyrogallol group.

Fig.4 Most stable conformes of EGCg (left) and 3-CD (right) in water



FUGEREVAEMIZHNT VS, 2070, ABRIZEL, SHICIZCEDB-COEANICUE I LE
ZAoNb, —F, BEIMAEINEAAKRIZ, Fig 8 IR THREEMEICHNAEMIZ+23kT mol! PLEX
EVWZ EPHIH L7280, EGCgDBERIL B-CDZEMMNIZIT L AL BFEEIN RN EATRENT,
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Fig.5 The optimized stable energy in water during complexation between EGCg and 3-CD

r=-18 pm, AE = -66.0 kJ mol "
EGCgs-BCD

r=-188 pm, AE =552 kJ mol"
EGCga-BCD

Fig.6 Most stable structures of inclusion complex between EGCg and 3-CD in water



2. BERESILIE 2 X2 DL RIsE

EGCglipKa=7.5TH ), KEMWHTEFTTEB LA + VST S (Fig. 7)o EGCgH I
HUEIT100% T 5 pH3.0, BIL A F VK91 % FAET 5 pHE.5 A TROESY A% L& illlE
L7z EGCgPH-6B X ' H-8 ITHEKEH S N3V 728, pH3.0 HCIAE S £ U'pHS .5 NaHCO 5 {1 &
I L, presaturation 3% 72 [10],

EGCg & B-CD % {RA L7284, pH3 .0+ Tl B-CD D 3-H & EGCg D H-6 (H-8), H-2'(H-6'), B &
U"H-2" (H-6"), B-CD®D5-H & EGCg D H-6 (H-8) £ D7 0 A — 7 HBIHl & 17z, pHS.SIEWEF T,
B-CD?®3-H & EGCg D2 (H-6'), B-CDD5-H & EGCg D H-6 (H-8) L D2 fEfHDO 7 0 A ¥ — 7 HEIll & v
720 BWPHIZE DS FTR-CDDS-HE EGCgD AEH-6 (H-8) LD/ HAY =27 BLUB-CDD3-HE
EGCg®DB 3RH-2(H-6) L D7 O A= PBESNT, TNOLOMERIZID, HTTFEBLOAA+ VE
2B 5 9 EGCg D ABRA® B-CD ZHAANIZ B S 2B A F (Fig.9 £) 2RI S h/z, £ 512, B-CD
D3-HELEGCgD AU A NVHEDH-2" (H-6") L D7 T A — 7 PEEMEHER COABEIN, T4bb,
5 FIEDEGCe Tl&, H A VEEDS B-CD O Mok BRFEMIA I 0 22N AL E 5 2 WiEE G614 (Fig.9 13)
PR ENTVDE I EZRBLTWD,
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Fig.8 ROESY spectra of EGCg and 3-CD mixtures in pH3.0 HCl solution (a) and pH8.5 NaHCO3
solution (b) at 308 K
In ROESY spectra, the symbols shown on the X and Y axes represent the protons of EGCg
and B-CD molecules, respectively.



Fig.9 Two expected types of inclusion complexes for EGCg-BCD.

3. SFIIEE I 7 v BRI

EGCg 8 L U B-CD % pH4.5 ~ 8.5D ) R |2 L UGB E 2 lET 5 2 & T, WEEGHIE
A % I pH O RSB T at L7z, B e s, @b T2 o WA RS RN 5 2
&R ARE L CTRRIT L 720

EGCg + n1B-CD < EGCg-BCDn1 K1, AH1

EGCg + n2B-CD <= EGCg-BCDn2 K2, AH2
2L, KIEOKREWIE (K, >K,) I 1EEERBIOHE2EEKE L, H1EGKEEVRLL (l1=1.0)
TS % EARGE L 72 (Table 2) o

EGCg & B-CD D1 HEAMIERIZOWT, KifiB L O AH HIZpHIZBIfRZ: 13IF—E L o Tzs £/X
T A= OFHEEIL, K1=7430 £ 168 M'!, AH1=-47.2 * 4. 7kImol'!BIUAS1=-84.6 * 14.8]
mol' K' Th o720 AHIEB L ASHENEIZKEZ WD, FIHERERITEL L OKE/BE»ES
LTWwbEEZLNL, —TF, n2fli, K2fliB L O - AHEIZpH D LAV L, FFIZpH8.0 BL WY
pH8.5I2BWVTIE, INHDOWAPIIEETH o7 ThbL, WMEMERTCIE, FE2EARITIETILA
EEBEN W EEZSND,

EGCg I GER4" MLOKERIED A + fbE i, € DA 1L Henderson-Hasselbalch K12 L 4T, pH4.5T
0.10%, pH7.5T50%, pH8.5T91% & pH LHIZHEWEIINT 2. B 1 EHANRIERIZ BT 554 2%
INT A= pHIRAF D e o722 Lk, A4 AALICBIFR L 2V ABRF 721X BER S B-CD ZHFA NI el#%
ENFZEPWEEND, —F, E2HEAERIEpHD EFITEN, n2fB1X1.0450.512, K2fE133250 M-!
25180 MDA L7ze B-CODZEFAMIZBKETH Y, YA MrFEA4 VIR LY L 5FROFD
B-CD DBUKMEZHAMIZ B S LT [11]. 2@ 2, F2HEEEIET a1 VDS B-CD Z2F NI wH
ENTUBEEAERTH Y, pHO EFITHEN B-CDE D LI OBEARITER SIS oz EZ BN D,
'"H-NMR Ml ZEFE R THO N UHEEEAHEELZE T S L, F1IEGEIEpHEITKE L 2w ARD
B-CD ZEH NI WHz SN UFEEERTH Y, HE2HEMKIZEGCg D 1 £ )V H:AY B-CD ZEHNICEIZE S
IoEaBHARTHLEEZ LN,




Table.2 Best-fit values of stoichiometries, association constants and thermodynamic parameters
for complexation between EGCg and 3-CD at 298 .15 K and 101 .32 kPa

45 1.0 5040 21.1 443 -77.8 1.0 3250 200 598 -134
53 1.0 6470 217 484 -89.5 09 1640 183 423 -80.6

6.0 1.0 7120 22.0 451 -77.7 08 1220 176 395 -73.4
6.5 1.0 5020 21.1 423 -71.2 07 599 158 281 -41.2

7.0 1.0 9450 227 442 -72.1 06 292 141 241 -33.8
75 1.0 8210 223 437 -71.5 0.5 180 129 191 -20.7
80 0.8 3360 20.1 328 -42.5 0.3 43 9.3 5.8 11.8
85 0.8 2520 194 492 -100 0.3 50 9.7 7.7 6.5

[#4%]

BT RO L) ITHEBOBUKMR U2 H T 527 A Ml onT, G FHKEREICL ST
Y HNVE—ERE) TCDs OBUKEZEFAMICAE SNDL ZERHL N ooy ERTIZHLPIZT LI L
AL WEEROT R, KSR OREEMRES LG FHEMEEERICOWT, SEENTEE
VG Z & THa RS 2 EDSFEH SNz, 4%, ANTHREZIZLD LT 530 Ea—F il
BT HIEIZE - T, BHEALEN T, RNICB) 2 3EYBIRER S & AR E & OMEAEHICHE
OB 2T REE 5 2 RSN S,
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