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Tea beverages such as green, oolong and black teas are very popular in the world. Recently, green tea
extract-based dietary supplements including a large amount of green tea polyphenol (GTP) have been widely
consumed to expect beneficial health as anti-aging, weight reduction and etc. Although tea beverages are considered
to be innocuous, the large ingestion of GTP from dietary supplements and the administration of a drug with GTP often
produce some serious effects. The GTP with high physiological activity can interact with some drugs to affect the
absorption, bioavailability and efficacy of the drug. Therefore, it is very important on medicinal treatment to analyze
the compatibility and the mechanism for drug interaction with GTP using isothermal titration microcalorimetry (ITC)
and molecular modeling calculation (MMC). It is concluded that ITC is the most suitable and powerful measurement
method to analyze interaction between drugs and bioactive substances in tea beverage, supplement and health food.
ITC can bring some useful information in medical treatment and elucidate the drug interaction at the molecular level
by combination with MMC.
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R, EROBESEOSE Y L, mEamas ROBMICRERS A TO D REROEEFHIILFEHO 7
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X MRIENZHBE LT < 35) R EDHERBIER RN TE

2O AR L 7Y R k7 & DA AR K 51T, ZRERM MR CRZIRM 25 2 L I1TRE
Dt L. LR E o, Bogs BENRS Fot, £0HT, i

12 LT R it B3 T BB R i 7 5, L ORI &R 2RI L GHET 5, PRI, ek
%@f_&) BEREPEFRR N 72 S FUT-AE & 72 i oo 2N T 4 gﬁﬁ?ﬁfﬁi;’?@“@%é JAXY K (RISP;Fig.l) OWNAIRD
ChSII LTS, —F, KEREMEFRRRAREE D = & V‘Ffii X, TARZEMHECEE X, v—rm %, BARSK
AR ST EEERL TV D, A%, i >&03*71@ THEERMBET TS Z L BHHO
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ZLEAHEAL, BEHO T L— X IEbne <L fciof_o?%, Fig.1 Chemical structure of RISP.
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Table 1 Content and content drop of RISP in the filtrate of
mixture between RISP oral solution and beverage.

Beverage Conten/t; fRISP Content Drop of RISP /%
Oolong 2 73
tea
Black tea 38 62
Green tea
A 78 22
Green tea
B 88 12
Orange 100 0
juice

H1D RISP #E& L7, 2 AETO RISP &HEL LUE
K F=R% Table 1 (2759, RISP WNJHIE & FHafh H &k} &
BAELESA, BABKITELIZRBL, AP O RISP
BER (%) METT5Z LM RSN, Fio, v—n
VIR LIRE LTEGA, B X 60~80 %D RISP & &
WMETF L, — 0, ALy va—RLRAELESE, RISP
EHRIIESIET LRz, E6IZ, #ifHo RISP % pH
3.0 W9 A BRFR BRI AR S8, 1| mgmL ™' RISP ¥AE 2 RS L
T titrant & L, SMEFRECE 3 mL % titrand & L CE&IRM
ERBERIE ITC) X 2AEHE (Fig2) 21fT-72,
TREEFI AR titrand T 254, HERIIK & 72 SOGEVE:
DERIESN, ALY LT —a AR KOHE ORISR
BERRKEZVVEMICH -7, Titrand IF L > PP a— 2%
WA O SR EEIITA EBIEE S e h o 72, Table 1 TR
9" RISP G EILTHRT, v—r B >RESHRE>S ALV
VUV a—ADIETH Y, Fig2 TRIMISHABORKE X H[H
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Fig.2 Heat of reaction between RISP solution and beverages at
298.15 K.
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KTFEBIEE T AREMERS B VBN A B2 Db,
F7o, REPOEIFEERYOEHERY 2+ 5 &, K
L EHEINTHWDHDOE, BERY 7=/ —n (GTP)
Thb, PxIZ, Table 11253 & 972 RISP & OFFAEAEH
X, BERTPOGTPIZL DD EHEflSND, 72, Tablel
TR LTEREA A BL OB 0@z RSNz GTP EHIE
EiZZn2h 080 mgmL™”, 032mgmL THY, GTPH
HIRENEWEA A O RISP S HRITHAB LK TLE
T IE EROHER A SR LTV B,
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Fig.3 Chemical structures of GTP.

Table 2 Content of GTP in tea leaves.

GTP Content / %
EGCg 54
EGC 22
ECg 11
EC 10

pH 3.5 O AEEFEENR Z A\, RISP B L LR 4 fiD
GTP ® 1.0 mg mL™ ik A FiR L7z, % GTP %K | mL &
RISP A% 1 mL % Z{E CTIRA L CIEH%, BAWKE A
L, AR D RISP % & & L7- RISP &k & 77 L— N GTP
T 5 EGCg 7213 ECg IRk IRA L2586, IRATRIRIE
EHIZAHEL, Ao RISP EARITITNZI 64 %k L
W53 %ETIKF LA, —J, EHL— b GTP IFiR %R
A LA, BRARRILEHOEETHY, RISPEARIT
KT Loz, ThHDfERLY, GTPDH b, *
\ZH L— N GTP 23 RISP & AHAAEH L, RISP &4 KT
D EAHM L,

S 512, RISP & GTP OFHAANEM 2B NN RN D
728, pH 3.5 WA mRFEME K TR L 7= RISP &K % titrant,
[RIFEMETR CEY L7z GTP & % titrand & L, ITC 12 L B £
HHE (Figd) Z1T-o7z, & ISEVERIIR A BT LT 6
NTET) 348 % Table 3 [Z7~ 7, RISP & L — i GTP
D GEET, s 5 ET L — R GTP LW K&EWwWZ &
NHERENT-, F£7=, RISP & 4 L— Nl GTP DO#E&ER
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Nl

15 15 ECg
- firant : 10 mM RISP EGCg o Gitat -20 mM RIS AL
= . [ ) - iy
10 titrand : 1.0 mM GTP 0000 510 titrand 0.5 mM GTP ﬂAN}‘

g o] 3 A

g < g A

= ] 4 A

= o° = A

23 o0 o g AA EC
3 o® W 2B X XXXXXXX

. o° 000000000000 A X%

0 020 040 060 080 0 0.50 1.00 1.50

Concentration of RISP / mM Concentration of RISP/ mM

Fig.4 Heat of reaction between RISP solution and GTP
solutions at 298.15 K.
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Table2 53X (X Table3 T/RLZ K DT, FREFICEAES
N2 GTP O¥4yLh EIX EGCg TH W RISP &b ifi< AHA
B4 %, 2T, RISP & EGCg %iR& L TA U= Rkt
#HAEM (RISP-EGCg) #4yI L, WASHEM%, FAB-MS &
WL D ERESTE T2 25, RISP & EGCg ME/VI
L1 TR LEESEICKHET 281 40 B — 7 B
Nni7=.? & BT, RISP, RISP-EGCg 35 L OV EGCg  'H-NMR
% Z 1 E I DMSO-de Tl L7z, @ RISP-EGCg % Sk
T5HZLICL-T, RISP HAVWNIEGCg IZBITF D7 I v
V7 NOEERFLIZEZ A, RISPOERY U UEBRB X
NZEDEEDOT T v oD 7 SRR~ B84
DT EDNHA LT, WwxIZ, RISPOE~Y PV EGCg
EOMAEAERIZRE BT 2 Z &Rz,

Table 3 Binding constant K, gibbs free energy change AG,
enthalpy change AH, and entropy change AS of the interaction
between RISP and GTP.

GTP /Llnfol ! /kJAnil ! /kJszl ! /JmﬁlS: K
EGCg  8.5x10 -16.7 -14.8 6.4
EGC  1.9x10° -13.0 29.3 -54.7
ECg  3.1x10° -14.2 -60.0 -153.7
EC  1.2x10° -11.9 -39.1 91.3

FRERICE > THEONTMAZHRNICHERT 7D

W2, BENBKECLDSFET VU 7EEAE (MMC) %
iTo72, GTP 1%, HREFRIZLIEFEND EGCg & EGC
(Table 2) % MMC D%f4 & L7-, £ RISP, EGCg X
NEGC DELERENT 21T - 7otk K0+ DKPIZBIT 5 &%
EREERE L, Bon-&80ToREEHEZ AV,
RISP-EGCg 3 L O RISP & EGC O#A{A (RISP-EGC) O
KR D BB EMTE (Fig.5-6) % B3PW9l/cc-pVDZ L
~LTRDIZ, ©  RISP-EGCg 35 X OV RISP-EGC (34:12, 3
FEDOKFFEA TRENT D Z LMy - 7z, RISP-EGCg T
L, RISP OERY U UBRER E T A VO KRE L DM
TKFREG I SN DA, RISP-EGC T RISP D XY
UUBREFRITEGC L O TRIAFBHEAICEE LRV, &5
2, BAERERELELTRLX— (AE) & AE= (kTic
B 2EEERORKLZE/REDETZANLF—) — Ok
75 RISP OREEMIEDEZ R NF—+AKPIZEIT D
GTP DI ZERED BT XX —) NOEH LIRS, &
5 NZ COSMO-RSTENIC L » THE LN AKTICEB T 584
BARD T2 EEE DRI+ DIEMREE (S/mol L) Dxi¥k
% Table 4 (7”9, RISP-EGCg #5 & OV RISP-EGC %, ik
W23 D KERAETER LTV D (Fig5-6) 73, AE % Hifig
9% & RISP-EGCg ®J7 73 RISP-EGC L ¥ b ZEICAKT D
EEZ N5, £72, RISP-EGCg DK% 2 AR 1%
RISP-EGC OB L% 257D 1 TH D, P 21T, RISP 1T EGC
XV b EGCg LHEAKREZRMA LT, AR LEEARK
RISP-EGCg [Z/KFTH T 5 Z L NERETX 5,

-
-

4. RISP & EGCg 12k AR BMEAARBRKIZHT S
SOBRTERXN) UORMME

AR X 912, A I2 L D RISP O & K 1L, I EGCg
WREFEENDHL— MY GTP k- THIEEZEND 2
ERBALMNE o, BUE, BARTIIEEHSLmA = 12
Tu— UK FEANE LT, BiRED GTP 25 H 3 58k}
KBZHHIRINTND, ZD XD 72EEKT RISP N
WEFRT D&, RISPOFGEBEL TR I DIEEIND Z &
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Fig.6 Most stable conformation of RISP-EGC in H,O.

Table 4  Stabilization energy of complexation AE and
logarithm of water-solubility S of RISP-EGCg and RISP-EGC.

Complex AE /kJ mol” log S
RISP-EGCg -108.6 -6.68
RISP-EGC -49.6 -5.26

NP ENT-7-%, Table 1 TR FEER & BEEOBFT 21T -
Too AWTZEEIKORSYERICE D &, GTP X 1.08 mg mL™
EHEENTEY, 4 A (Table 1) L0 b GTP BEILS
W, L, ZOREKICE AR I T RISP O&E
RFIZELECRholz, ZOFHBE LT, EiEED GTP
BEATHEKICIE, KED GTP 2IEfSE5HIE
GTP DA T 5 EWREZMHIT 57208 A Y I8, Al
a7 ¥ARY Y (CD) ZHMLTWDLENREZ B,
SFY, FAIZL B RISP OFEIKTIE, CDIZ L > THIH
ARETH DHZ LAREI NI, CDIEZ Vv a—RAN a-1,4 7
by REEA TERIRICERE LI ThHy, Jra—=
65T, T TRIV8HT DD CD %2 ZENEH, 0-CD,
B-CD B LN y-CD LIES, ZD9H b, B-CD (T/KAEMINE
W=, ZOME SRS 570K 7L a— A EALO
2,3, 6 fEDKEEFEN T X AIZk RrF v 7 BV TE
fifi &7z HP-B-CD NEKMLSBFETHW LI TV,

pH 3.5 OB ERARMIK 2 L T /LR @ RISP A
& BEGCg v # TR L, MR E RAECIREG Lz, &
52, ZORAEIRIC RISP IZX LT 4 [FEOWEREE D
X o2 CD Z¥INL, KR TRA L CHEEE, RABKE
AL, AT ORISP ZER L=, ¥ B-CD, HP--CD
X y-CD OB & » TRAWRITA®EYE T, AT o
RISP &4 31X 93~99 % & 72V, RISP O& BEIK TIXIZIFM
&Nz, —F, o-CD ORI TIL, BARRITA® L E
ETHY, AT O RISP & A F1% CD EHRMOGE L Rk
D (65%) &72o7-, 0-CD %< CD DRI L - T,
RISP O & &AL N3] S 7= FK & LT, CD 2% RISP &
721X EGCg, & BWIiiE & GEEAEREIRT 5729,



RISP-EGCg DERLZNHI L T\ 2 Z & A HER S 417z,

CD & RISP £ 7213 EGCg DFH EAEH % 1 F 0 ffT 4
572, pH 3.5 B AEEIEEHR TR L7z CD K % titrant,
[FI%Z & CaffL L 7= RISP % 7213 EGCg IRi% % titrand & L,
ITC IZ L 2BVEWE 21T o7, CD & RISP DRIIIGE &
NELBRIN2h-o7272, CD & EGCg DRICEIT 5
BOSEAEMBR (Fig.7) & & dfRZ AT L TR 80
% Table 51”7, SUGEAE AR b NG EHD>
5, RFIZ B-CD B X OVHP-B-CD 1% EGCg & AHA/EA LT
WEHBrC& 5, $£72, Table 3 (/R L7= RISP & EGCg ®
ROFEATER LY B-CD & EGCg DZEDFEARIID T E
X% 25 fFRE VDT, RISP-EGCg DKIZXIT % B-CD
NEhERIL, I B-CD & EGCg & DMEAMERICE DL D
ThbH I EDNMERENTZ, y-CD & EGCg & DRDFEE T
23 B-CD & EGCg DR L W /NS WEEHTE, v-CD D4y F-NZE
RAONEED B-CD L Y K& Wi, y-CD DZERNIZ EGCg
DPHABEENTNAHTD I THD L ST, £77,
o-CD %< CD & EGCg DAHAMEMIZ, Eicmr Zre—
BREN CHEITI D 2 VI L=, —F, a-CD & EGCg D%
T, ROGRENR EME ST, BRI~ 6e
TP o712, 0-CD 1T CD ITHAT, 2SR O NN
INEWTZ®, BGCg #uEETE W EB 2z bhd, BT,
RISP O HAFIZ L - T, B-CD IZ LD EGCg DAz Es
ZAT D E T OV TRE L7z, 10.0 mM B-CD &R %
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Fig.7 Heat of reaction between CD solution and EGCg
solution at 298.15 K.

Table 5 Binding constant K, gibbs free energy change AG,
enthalpy change AH, and entropy change AS of the interaction
between CD and EGCg.

cD K, Jho, Ao A
/L mol /kJ mol /kJ mol /Jmol " K
a-CD - - - -
B-CD 2.1x10* -24.7 -29.6 -16.4
HP-B-CD 1.0x10* -22.7 -38.8 -54.0
v-CD 1.3x10° -17.8 -15.2 8.7

IR AN & 5 RISP O&BIR T Ot 25D
RISP DY P UBEHR LN L— MU GTP OKEEEEE
54250 FRIAZRHETHDZ ENHMA L, ZDOEEN
B THD Z L HMERT DD, BNV UVBRERT D
DI D —ERIZ- OV T RISP & RBEOHTI 21T/ & 2
%, RISP LISMCE KoY RuRo7 TR — MNEERER 72

FlzBWTHL— FMIGTPIZL A EEET (G EETE .
KoY Rt 54 %, 7 7RV — MEEREIL 23 %) 2
HezR & ni-,

5. REMEBBNST UETS =L
EMEREICS X ARE

B DUBRCHEEHOBRBE THIERT U UVRERT
LM TchHDHT I ETT Y — (ARIP; Fig.8) OWNAIERD
WA SCEIC S RISP & [AlER, ARIEMHEEHC L 5 /R T
ARIP GEEMET 45 Z LN SN TS, TD ARIP O
EEETIZOWTYH, ARIP & ABEMHAEIF O 1—
GTP L OHAEERANEERNTHY, TOME(EHA%Z CD T
HHIFTRETdH 5 Z & & ITC 72 5 NS MMC (2 & 5 fifght T
LML TWADR, TOFMIOWTITEET S, 22T
I%, ARIP & EGCg & % VM IABERHIHICRHT L A REPE S
{KFEREAS, ARIP O R5/E IE51E 72 & QNI PR BRI - 2 D %
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jasenye

Fig.8 Chemical structure of ARIP.

ARIP D& IEEEIL, wistar T v + 248 U7 in situ 15
EREE (Fig9) TR L7z, V¥ — —Z AN ETRTE
W O ARIP & BE & R RFHICHIE S 5 Z & T, ARIP O
HEZ M 2 A L 72, ARIP ¥ % BGCg IR & 7o 13 R K
T 50 5N LRk 2 2 e L, EGCg 2
ARIP DIBEFEBIEICEH 2D B2 MF L E L
Fig.10 |27~" 9, EGCg FE4:77 FCl, ARIP O E %R IX
—H R CHIT T2 Z EHBAL, 7T 7 OEBOM
XX ARIP O E EFEREE EH (D) 2T &Exbhb,
—7J5, EGCg OHAFTF, ARIP ORGE @I AR %2R
L7z, £72, EGCg Il L » T, EBRBHIANS 30 pMick T
% kX, EGCg HIAF FICB T kDB L E 1/SITIKF L,
WIZ GTP OEHIREN R 5 2 O THIGARCE & L,
FZE2Y ARIP OFE LS EMEIC S 2 D BERF LIz 2
A, BRI EH S5 GTP DERES Th % EGCg LFE T D
54 (Fig10) L [ARE, #2% TAIR L72 ARIP O IG5 1
PEIZTHMEZ R LT, GTP IRENEWRKIZE, kF OIKT
TEHEEMIZEL RoTz, 61T, 2 EOHR Y — 1 VAR
Bt (A B3LUB) 28 ARIP OBEEHIEIEIC G 2 D%
Et L7ckE R % Figl IZRd, Uv—r U AIGFE R TR, £
BRBRIEN D 1200 ECTHITIIR T L E EThHo T, £,
TSR 2 L7 REt b 1T 7248, Figdl & RgED
FERDF O, U— 1 VAR T, ARIP O I
ICRE LSBT D2 LRI, ZiU, Table1 TR
L= —o UHERORLA A RISP A RAHICKEETES
oM E—HLTNWD,
FREEBRICHER LR O B, v—a U IT
ARIP DIFEFEEEBMEIZE L < B L, ARIP Ol iR
LI B% 5.2 DAREMENRRKRENWEE NS, £2T
ARIP WH % 7 — v VK CHIR L72IAR % wistar 7 > b
W5 L, ARIP O AR B ORRRFE(L A2 IE Lz, £
OFER % Fig12 (R T, ARIP WHEZ 7 —n 4k &4k
T RO EE L7234, ARIP O i iR & 53 =
iz,
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Fig.9 Schematic of in situ intestinal perfusion method.
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Fig.10 Time course of ARIP concentration in reservoir under
coexistence of EGCg. o0 : mixture of ARIP and purified water,
o : mixture of ARIP and EGCg.
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Fig.11 Time course of ARIP concentration in reservoir under
coexistence of oolong tea. O : mixture of ARIP and purified
water , o : mixture of ARIP and oolong tea A, A: mixture of
ARIP and oolong tea B.
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Fig.12 Time course of ARIP blood concentration after oral
administration with oolong tea.o : ARIP and purified water , o :
ARIP and oolong tea.
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6. HEHYI

RISP D X 97 ©RY P UBEAT HHEME LV ARIP
DESRENTVUVEEARTLIEMIT, KRIEMBECEHIE
HINbdHL— MY GTP HMHAEML, FEEHEOH
ERLESIXEZTARENRD D, DRI, HKipr IR
HECEF TR 2 BICIE + o R S 258+ 5,

ITC 1%, 3L BBt oABNEMYE o R O AR
T BTN 2 72 DIl OB /1 R EIETH Y,
BEFRICBWCHEARERE L1693k, ITC &5
FETV VA EDa e x— 3 0, MR AER
LoV TTRIFTREE 95,

# O

ABFFEDBATICH L, SR DR LMIE 2 M- T
LR LI (RREMIRFEEAE) (EHH L LT &4, %
72, MMC (ZIZTUN KA AR TR S £ o 2 — 72 B Y
(Z HARBL AT RS PR @A SE R AR e
Z—OFHREBEEZFIHB L E L,

X W

K. Kubota, T. Sakurai, K. Nakazato, T. Morita, and T.
Shirakura, Jpn. J. Geriat. 27, 555-558 (1990).

H. Aki, M. Ohta, K. Fukusumi, and Y. Okamoto, Jpn. J.
Pharm. Health Care Sci. 32(3), 190-198 (2006).

SRR 28 AR EZEBIRERE, ASEAN B AR E
FEAT H BfE, [Rozhme&ISHBIEl, T av
—HkR (2006).

H. Ikeda, H. Moriwaki, M. Yukawa, Y. Iwase, and H. Aki,
YAKUGAKU ZASSHI 130(11), 1589-1595 (2010).

H. Ikeda, H. Moriwaki, T. Matsubara, M. Yukawa, Y. Iwase,
E. Yukawa, and H. Aki, YAKUGAKU ZASSHI 132(1),
145-153 (2012).

A. Klamt, and F. Eckert, Fluid Phase Equilibria 172, 43-72
(2000).

H. lkeda, T. Matsubara, H. Moriwaki, M. Yukawa, E.
Yukawa, and H. Aki, Netsu Sokutei , W39, 6-8 (2012).

J. Xu, T. Tan, J-C. Janson, L. Kenne, and C. Sandstrom,
Carbohydrate RESEARCH, 342, 843-850 (2007).

1))
2)

3)
4)

5)

6)

7)
8)

9)

HE A
Hirohito Tkeda
E-mail: ikeda@fukuoka-u.ac.jp




Netsu Sokutei 45 (3) 2018

© 2018 The Japan Society of Calorimetry and Thermal Analysis
124



