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Mechanism of Interaction between Risperidone and Tea Catechin
(1) Complex Formation of Risperidone with Epigallocatechin Gallate
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The mechanism of complexation between risperidone (RISP) and (—)-epigallocatechin gallate (EGCg) was clari-
fied by 'H-NMR and molecular modeling studies. RISP and EGCg formed an insoluble complex with a 1 : 1 stoichiomet-
ry in aqueous solution. In the 'H-NMR spectra of RISP in DMSO-dg, the chemical shifts of protons neighboring the N
atom on the piperizine ring clearly moved downfield upon formation of the complex. In the molecular modeling study,
the 'H-chemical shifts for nine optimized structures of the complex were calculated to compare them with those of the
experimental results. Only one conformer with the second minimum energy for the complex supported the downfield
shifts of RISP protons. It was found from the structure of the complex that the two hydrogen bonds between hydroxyl
groups of the galloyl ring in EGCg and N atoms in RISP, one of which was on the piperizine ring, were formed to stabi-

lize the complex.
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DIREENREMETERNZ LIRS, £oT
RISP @ & 5 e R SRl H#ORE & O OFRITE R HEMIT D
WA AR FHEHRS 2 5ER I RAT % 2 &3, kY
ERENTF OB HERERMS SIS EERFT
KFORRICHENT 5 &2/ 5.

AL TIE, RENTF 2 FEMTEL T(—)-epi-
gallocatechin gallate (EGCg) ##RL, 'H-NMR
ARTZ hOA MY —=ROpTET Y 2T EEEE
FWT RISP & DIERTEEIKRIRA T Z X %1
A AEIA L 7=,

£ B 5 &

1. =¥ J XY K> (RISP) DFEAENT,
Yo7y =L INA (Risperidone,
Lot.00457676). (—)-Epigallocatechin gallate (EGCg)
13 Sigma-Aldrich tE X DA L 7=, 7238, RISP &
N EGCg Db #1513 Fig. 1 IR LZED ThH 5.

2. RISP & EGCg DESEDHAR  RISP 10
mg (2.4X10"5mol) & EGCg 10mg (2.2X10-3
mol) # EMEICFEE L, TN T3 EE A% & il
(pH 3.0) 7.0 ml IZVAMRL 7=, MARE SR = TIR
G L, WP U = REEE SR 2200 8EE
IZ R0 BB, SR ETT S .

3. H-NMR XX %7 bJLDOAIFE  RISP 5mg
(1.2X1075mol) % 0.70 ml ® DMSO-dg IZ A fi#14,
'H-NMR Z X7 ~)V & (HZAETH INM-A500
(500MHz)) #Hl#EL, RISPOK IO DI N
W7 heEvY b7y —<Who Rt N
RISP ® '"H-NMR 7 2 J)L > 7 MMEIZH D W TIH
#F L7/ 7z, DMSO-dg 0.70 ml #1 RISP &% —%&
2L T, EJLH (RISP:EGCg) 7A%2:1,1:1,1:

N | CH,
N
CH,

O HC_

=z

-
RISP %

2,1:3,1:5 725X 9512 EGCg ZIRML 7= &A1
@ 'H-NMR AX7 MLV ZEBFEL. RISP OO
N2V T~ (6) % &, EGCg HIEFTD
0% 0rp & LT, HAKIBKIZBIBTI NIV T
RE(LAE (Ao : Adops=0re—0r) ZHEHIL .

RISP & EGCg 28 E )L It 1:1 TH# & {k RISP-
EGCg (R-E) #ERT 5 & IKET UL, T DK
KT Eq. (DD XSicEaNn, HEKREREE K)
13 Eq.(2) &735.

RISP+EGCg < R-E (1)
- [R-E]
[RISP] [EGCg]

I 72HbB, 'THINMR AX%Z7 LIZHT S RISP
BTORD Adgps 1%, Eq.(3) DX S1Z, RISP J&
UNEGCg D44 ([RISP], M N[EGCg]) EfEH
HFER (Kops) OBIfEL TEREINS.

A0, i1
2 Kops [RISP],
X (A—+/A>—4 K%, [RISP],[EGCg],) (3)
A=14K,[RISP],+ K, [EGCg],

ZZT, 46, 1 13EIV 1: 1 OEAERBRRFICZS
% RISP{b%> 7 MRFE (6;.1) & RISP Hi{k
DTrIANTTE (6r) EDZE (46,.1=61.1— )
Ths. [EGCg] T % Adops DIE IR 5,
KaleidaGraph®& W\ T A8, .1 KU Ko ZEH L /-,

B R I

1. RISP & EGCg DA KTV DMSO H(CEH (T
DEERE(LETE  RISP XU EGCg 4r T O F]H
&2 dH 57 U Chem3D TER L, T Zz2HIT
L T CONFLEX ver.6.12a 1T & % il JE fig #f7 2 17 >

2

4 aobs =

OH OH

EGCg OH
OH

Fig. 1. Chemical Structures of Risperidone (RISP) and (—)-Epigallocatechin Gallate (EGCg)
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7z, BERJEFRENTIC & > THRR U 7= 55 E¥E OB JEE D
26, HNTFRIF—L )5 +3.0 keal/mol
TOIZFINF =L NIIZHDEEIZDNT, KK
U DMSO H z A2 U THdE ik 217> 7=, Wik
R LR b —% )L T3 )LF — D EHE 1L Gaussian
03 revision D.0110 7’04/ 5 A& AL, HEEFE
#¥3: (DFT) % M\ B3PW9l/cc-pVDZ L N)L TfF
o7z, /KU DMSO D% &R E T )L iZ Onsager &
T E W,

I 5T RISP 4pFi2BI L Tid, DMSO H T
REME S TICDWTIHNMR 72 )L 7 M
% B3LYP/6-311+G (2d,p) LNV TEEL 1=

2. EEHREDOHHBEOEERBLTR

RISP & EGCg D /K1 T O & il i il & #l A 5
DOEDL I ETHMEDEEH R-E O YIS % 1FRk
L, 5 IXTOESKRR-EIZDWTKF KR
DMSO 1 T @ # & i E b 5t 5 & DFT 2 W C
B3PW91/cc-pVDZ L X)L Tfio 7z, 61T, #idE
RELFIETHRONZ IHEOESIK R-E DR EMH
W TFIZDOWNT, DMSO 1D 'H-NMR 7 2 1)L
7 Nl B3LYP/6-311+G (2d,p) L N\)L Tt
L7z,

] R

1. KBF&EDB(CEHITS RISP & EGCg EDTRAFM
BEEREHR  WHOMBEEK (pH 3.0) IZEML
72 RISP XU EGCg 2ERET DIRG LI EZ

A, MIRIIEBICHEL, 7EBIVT 7 ZIROAREE
WBEMNEHE LU (Fig. 2). ZOREMEYE % Bk
L T FAB-MS 27 ML Z&HIE L7=FER, RISP &
EGCg &IV 1:1 DEEKRR-E TH D I &AM
BHL/=.7

Figure 3 121, Hifjf L 7= & 1K R-E ® DMSO-d
IR TH-NMR A X7 RV X RISP & EGCg B
M@ H-NMR ZX7 MLZERLTWSD, #HAEK
R-E TiZ, RISPOERY P UREZRFE FiLfE 7 O
k> (X e, e, h, i, ka TELTWD) ODE—7
MERESICBIT L=, EGCg 7O b7 I )Ly
7 MZFEEAERBITA SN T

2. DMSO-dq ;3t#h, RISP 7O b4 I hIL>
7 MEE  HEEEKREFRICK S TR ICHK
79 % RISP . FOKE 7O k> (e, e, h, i, ko)
IZDOWT, ¥ 7 MLITKIZ T EGCg D& % i
# L 7z. DMSO-dq iFIEH, EJLHAY RISP : EGCg
=2:1,1:1,1:2,1:3,1:5 &£72%5 %L 512 EGCg %
BINL 7= R YAKD 'TH-NMR Z X727 ML &HIE L,
EGCg FE FEHGHEFITBIDZrININT T bE
{bfE (40s) ZHH L7z, Figure 413, RML 7=
EGCg /% ([EGCgl) 1ZxT % Ay, D E HR
ZRLTWS, ZORESR, EREFICHEL xFE
JFRTFICHET 5 e ki 7O Db HEEZT
5 <, [EGCgl, DMEMT 21 & Adgps 133E L <K
L7,

IHIT, A7 OROHABIMER Ke) ZH

Fig. 2. Aqueous Solutions of RISP (A), EGCg (B), and the Mixture (C)
A, a buffer solution (pH 3.0) dissolving RISP (10 mg); B, a buffer solution (pH 3.0) dissolving EGCg (10 mg); C, a mixed solution of A and B in equal

volumes.
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Fig. 3. 'H-NMR Spectrum of RISP, EGCg and the Complex (R-E) in DMSO-dg
The symbols of e, e, h, i, and ke represent neighboring protons to N atom in piperidine ring of RISP.
Adups Table 1. Binding Parameters and the Maximum Chemical
0.030 - Shift Changes of RISP Protons Assuming a Complex R-E
_eX with 1 : 1 Molar Ratio
0.025 - /9/ . Proton Koy (1/mol) Ay ., (ppm)
- e
T e eax 6.56 0.07
@020 - o e eca 10.4 0.04
% o +.-=""
- e h 8.80 0.02
0.015 7 T i 5.45 0.07
- ,‘]’:1/—” e
o kea 14.0 0.01
gl -
0.010 g e h
o, 4+ SN
jrc i O Kk
0.006 - @7~ e-rTl--t
2 KeItoo 9 5720, HEMEZEZ Eq. Q) ITHE> TR L .
# X =
0= L L L ! ! Figure 4 [ BT 2471, Table 1 IZF & D77 Kops
0 0.02 0.04 0.06 0.08 0.10 N ~ — o~ s
el LAy DREEIEDT ¢ v 7 1 P MERERL
t

Fig. 4. Changes in 'H-NMR Chemical Shifts of e, e, h, i,
and k¢? Protons of RISP in DMSO-dg
Points show experimental results of the protons, O ; e, + ; e, X ; h,
O ;i, and < ; k2. Dotted lines are the fitting curves for each proton using
Eq.(3).
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<, BEARREARICEIODERY P BELRITH
BI270F OB TFEENRKRESMKTTLI LN
HHHLZZ, 7082 DT XRTD Adeps IZBEL TH
O—N)V7 1y hLEEE, Ko & 46,1 13F0T
1, 9.731/mol & 0.04ppm THo/=. TNHDfE
I&, Table 1 IZ/RY Ko @ FHfE (9.04+3.381/
mol) KX A6,.; DF-#fE (0.04+£0.03 ppm) &iF
L7

3. BFETFTY>YICLBRISP & EGCg DK
TORREEEDRE  /KHIZBIF S RISP L}
EGCg IZDW THERELEIREZTTo /&R, £
FNOREEME % Fig. 51TR L7, RISPIIEAX
U 2 2B G 2 HO I D E LY b T 2 AL
BELTHBO, FeEnindhn-> s Lo
7z. BEGCgld, Fig. 1 T/RL7Z A, B, GROZTNZE
NITIFFER LG TH - 2.

RISP

4. RISP RU'EAA R-E O 'H-NMR 7 I hJL
STME HTFEFTUCTEETIHRELAKF
DIRLERBENEREE BT DN ESINERFT S
=%, mEEMEZEHFT S RISP IZD W T DMSO
WP O#ETO NI AN T ME (Ore) %
FHEL T, EBfE (o) &LbEiL 7z (Table2). %
HIZIZERY D VRERRTEHEOTO N> D6
B2EHELTVWEA, I AT T MTe h, i,
e, kea 70 b > DNEITAKRES I S @G I hLE L,
Or & Opea PEBIFFT —H L . ZOMmOT O N>
WOWTHHEKRTH - 7.

BHEKREIZDWTIE, #FI®IZ, Fig. 5IT/RL
72/KH T O RISP & EGCg D & E Wit &2 /il A&
DETHETHEEO R-E O HIREEZERL, &1
WIZDOWT/KFP TOMERELET> 2. T DR
B ORNIFIVF—L NI Z2ET LGNS TRV

Fig. 5. Optimized Conformations of RISP and EGCg in H,O Obtained by DFT

Table 2. Observed and Calculated 'H-NMR Chemical Shift Values for RISP and Complex R-E in DMSO-dg

RISP (4, ppm)

Complex R-E (dgE.ca, ppm)

O SR cal R-El  R-E2 R-E3 R-E4 R-E5 R-E6 R-E7 R-ES R-E9

ec 3.02~3.04  2.98 2.85 3.29 2.94 3.59 3.08 2.89 3.63 2.94 2.86
h 2.59~2.63  2.93 2.74 3.15 3.03 2.88 2.93 2.89 2.91 2.85 2.92
i 2.38~2.41  2.58 2.51 2.79 2.82 2.84 2.63 2.56 2.86 2.59 2.66

e 2.16~2.19 231 2.29 2.36 2.32 2.40 2.08 2.29 2.27 2.27 2.39
ke 2.02~2.04  2.17 2.31 2.42 1.64 2.27 2.04 2.25 2.16 1.87 1.84
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F—DOEWIEIZ, IFMBEOEASMHE (REI~
R-E9) Z#EMIICRELZ. N5 OfEICID0n
T, E5ITDMSO HofdERELZTHNAT O
> 27V T Ml (Orp.c) ZEIHE L 7z (Table 2).
BEEKRRE OFRICE > TRISPERY ¥ VA
Wo7o b > E#SEICEITd5 (Fig.3) 2&%
ZEITDHE, IBEOBEGHAREDS L, ZThodD
OrBcal AT X T et L D HRKEZ VDI R-E2
DHATH>DT.

% =

'H-NMR Z X7 hOA MY —=KOGFETY >
JWZEBTON I T b liESINSHE
H1K R-E2 ORsE % Fig. 6 Ik L7z, ZOEAEK
R-E213, AKHFIZBWT2HHIZEW =)L Tx
WF—2HFL, ANENCDLRERBETH -7~
£, TEFTUTEREICHBNWT EGCe #45rD
G5 (galloyl #£) DF 9 % /KEEHE A RISP &4 D
ZBRFETF L2 T TRFEBEEZBRL TVD T &N
HIBH L 7= (Fig. 6). EGCg iNic & % RISP O E X
UPCURENTOR O I IV T N ORESS
11E, ZOKEHEEITEIOTRISP DERY VU8B

ZROBTEENERL, THUCEVWELT O >
ODBTEENMITFLEZEZDEEZLON, K, €5
JRFICHE L7z e RONi 70 K > @ Adgps 7Y EGCg
BEOHEMTKREE#EES 7 ML (Fig. 4),
IHITka & ed DKy DENRKENT EMS,
RISP 3 FOHTHE R D VRN RS EGCg /7T
E DR RE W EHER I NS (Table 1),

TEES DFERVICK D &, KIEHKFP TO RISP &
EGCg O#EEEE N K=1540+1801/mol & Lk
NS L, EHEERERRIZIZA F AR A K
BOXDBRELSTFRHEERIIB N TN E
INTNVWS, X512, galloyl &K T % EGCg @
7578 (—) -epigallocatechin & VD & RISP & D& A1k
NE<, EEERERICBIT S galloyl HOEEMES
RBINTNS,

DL OSSR, /Kisikd RISP IZRENTF > DF
%5 Tdh %5 EGCg LiRAT 2 LRRFICAEMEER
K R-E 2T 20, ZDOEAEKEKIFIZIZ RISP
DERY Y EE EGCg O galloyl M Z Hu0 2§50
ST EERNGEIN, EGCg O galloyl £ D
K & RISP 2 £ TR O KEESEA K R-E
DETEMEE A TNWB Z ENHSNTE S 2.

o
N
\ CH, N\o
N~ o 4
JoeHy
P on”

Fig. 6. Optimized Conformation of Complex R-E2 between RISP and EGCg in H,O
Dotted lines in the complex represent hydrogen bonds between RISP and EGCg.
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