Japanese Soci ety of Pharmaceutical Health Care and Sci ences

190 EREZEE Vol. 32, No. 3 (2006)

Jpn. J. Pharm. Health Care Sci.
— AT 32(3) 190—198 (2006)

AT EZANEY ARY R EHIREREIED
EESE(LHBRDB LUORESY V= EOHEEER

REGE", KHIERE, fSAMEGE, WAL
BRI AR Yok Ty — ket

Evaluation of Compatibility of Risperidone with
Soft Drinks and Interactions of Risperidone with
Tea Tannin using Isothermal Titration Microcalorimetry

Hatsumi Aki*', Masaaki Ohta’, Kanji Fukusumi’ and Yasuhiro Okamoto®

Faculty of Pharmaceutical Sciences, Fukuoka University’
Janssen Pharmaceutical K. K.*

[Received September 14, 2005]
Accepted December 31, 2005

Compatibility between risperidone and soft drinks was examined by means of isothermal titration microcalorimetry, and
the interaction of risperidone with tea tannin- (-)-epigallocatechin, (-)-epicatechin, theaflavin and their gallates-was investi-
gated thermodynamically. Risperidone exothermically bound to tea tannin monomers with a binding affinity of 10°—10*
M™" in aqueous solution to form an insoluble complex at a 1:1 molar ratio. The binding reaction was characterized by
small enthalpy and entropy changes, reflecting hydrophobic and van der Waal's interactions.

After mixing Risperdal® liquid (1 mg/mL risperidone oral solution) with soft drinks containing tannin-such as green tea,
black tea and oolong tea, there was an immediate decrease in the risperidone content and the mixtures became cloudy. The
heat effect of risperidone titrated into these soft drinks was exothermic and proportional to the quantity of the complex
formed in the mixture. However, no significant heat effect was noted when risperidone was titrated into drinks in PET bot-
tles that do not contain tea tannin, such as mineral water and an infusion of parched barley. Isothermal titration microcalo-
rimetry is thus a rapid and effective method for evaluating the compatibility and physico-chemical interactions of drugs.

Key words risperidone, compatibility, soft drink, tea catechin, microcalorimetry.
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Fig.1. Chemical Structures of Risperidone, Epigallo-

catechin Gallate,

Epcatechin Gallate, and

Theaflavin 3’ -0 -gallate.
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ARy Y 3 YEWTOREANTTRET, B, W B
KXo THEPHEIN LV EXFBITENLTY, F
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1. ##

AALIRA ) AR FUONHWIEE, Yoy T — <
1) 25 — VONAE 1 mg/mL(30mL B2 %) % AW
720, FOEWITEAENTpH I32.0~4.0TH - 72,
RAMEH OFRIHS D A~ K (RISP) DIEHE L, &
LT, Yt 7 7 —~<Wb 5 Risperidone (Lot. V890~
I MM I NS, BEY e LT, (—)-TEH
0% 5% v(EGC), (—)-¥HFarFF AL — b
(EGCg), (—)-TE¥#HFF(EC), (—)-ZE¥HFF
HL - MNECHOBLUITT 77K -3-0"-HL—1
(TFg) DHEI0% D HEEREERT A T AW L b
WAL, F7, BERSZOMOREEL, T
MEREE WA, ) AN — VORHE 1 mg/mL DEE
ZALICH 72 HEREREHILL T 0@ ) Th 5 ¢kt (B
BE), 7o EMH M)W BIUHE(FY v E
NLy P8, KE Y M) =), xR T2AE),
AHBAERBLIOF L v VTV a—2(H v Y —
).

2. UZNSF—I®°HAHE 1 mg/mL &HERER¥ & DEC
AELHER
7 B AREL00mL 12 Y A /85 — VN I 1 mg/mL %
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BxER L7, RISP&RI3, HPLC ¥ A 5 A (LCI0A®
B sEpT) 12 X D% L7z (4 7 & Mightysil RP-18
GP100-4.6, 25°C, BEIHH  0.5%HEEE T ~ £ =7 &K
Wi/ 72 b= b UVIBHE(78 1 22), EAE D 10uL, T
£ 1.5mL/min, #ZE#HE : 275nm).
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R FEEINZ, 0.06TM 1) ~ BEARE W (pH7.5) TE R
L, 540nm 28T AWE L ME L 7.

4. FRETHERE
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% R (titrant) % 250 uL 1) ¥ 2 TR IVAIC 5 43115
uL 3 016[E, FEAREL 0 pL/sec TEEEAL, 70
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(X, 0.05M B KERSB L U0.0MBEAHEEF MY
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7z.
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MEFICFDF FH v Titrand & L 72, RISP L W&
1.0mg/mL (2. 44mM) % pH3. 0% 8 i |2 & f# L T titrant
LA, WEICLY, LIVAD RISP EE 5 ng~T4
pg/mL(~0.18mM)\ZZE L L7z, BAEE(LDATHRAET
b EBER RISP DGR L HIET 5720, £hEh
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xf B g &l L7,
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B E Dl E
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EGCg, EC, ECg 3 & U' TFg) &% # 1. # . pH3. 0itfi 11 B
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& L7z, RISPIIMIEE Smg/mLIZFHEE L, titrant & L
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B CHTEBLGE (1)ANTERT &,

A+B 2 C (1)
B & - THEE LD #E qr 1$
gr=nc: AHk=V-[C] - AHg (2)
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1. DVANUFKNDEEZBBREEDEEGZEIL
RRBEEATO RIS, HEHKH SR TV ERED Y ¥ =
VEHBEERMAE L. HFRETHH SN T BERAAE
R 26FEMEAE A BN L, KE 1g 2100C300 H TR i
Lol a e LcR, 7= v E&E1d12~89mg/100
mL CTEASH Y, FHH48+27mg/100mL & 2 0, 27k
DIESDEDH o7z, —J7, BEELWIIHRARBETO
yrovagfeRillE L, MRS, FE LB
IRy v v ElEl R L, BRIBERHFICIDELE
BT H L, S5, TRORAHRE Dy = v
SAEIE34.2~62.4mg/100mL T, #iHIZL > TRE 2
TEERELTVA, IROSORBRERT 2T, REK
BelLTr o VvEAENIZIZ—ETHATRORY b
REPIVADRRIE, 77— ryRBBLURE, 25125
YERERLBVIK, ER, T, BT LTV a2—
ADOTHRHE AR E 7213y FPEFIVAD ) IZDWT
1) AN — VO L DELERALAER 1T - 72,
Table 1 1%, FRETTHAE &V A5 — VOAHBRDE
EERBOKBEZ T LOZIDTHE. JARY) RV
OMERB T, RFPEP, WThoOBE#IZBvTD
HFWEOERIIBD SN Lol ¥V EERL
HWERETIZRISPOEER TIRIZLAEEL Lo 72
A, KRR, ARBIUY -0 RO L) RIFEHRET
&, REBESRPSBEWISEY 2EL, RISP &AM
FL7Z. L2 L, ZORISP &4 m O T HRITALERR
WEINTWEY YoV ORIKE Lol 2F
D, ) AN — VO T, FREHEE ORABRR
CARBEWE DL, FRARISP OGEK N2 FHHIT
LLEZLNS.

2. UZRRY R ERBHREEDEAZILICH T IHE
BE

)ANT = VENHWE FERBERELLE, B
WHTIRED L) RBBEIR S TR ED0 2D
72 ® 12, RISP#Z # {f; 1 mg/mL (2. 44mM) % pH3. 0 A
EEARE IR L C, SRETIREE E OREGHEZWE
L72. Wol2, BREFFAIE RV H, titrand & L TOHR
#43mL%RISPCHEL, TOEUY—FET7 I 4%
Fig. 2 (a) 127" L 72, 8N ERE R h, HE#h i35 2
DEGFE W R L, &Y — 2 HDRISP B 1541
HERBOERERE (qua) & % 5. T, Qoa!d RISP
D RISEE (qr) 21T TR, B pH 21 7% SRR
WIS & % iR A & (qu) R RISP DA B & (qun) FE %
RTCEGAZBETH 5 (Qua=qr T quxtqan) . D720,
Qi R Qe DB OV TUEBNT I E 247 o 7286 R, qan
i, AREBRTIHIZEA B I NG D o7z, REROY

B DWW T F AR & A RV T8 L 72 que D
W —€7 9 L% Fig. 2 ()R L7, ERT R,
BRFORIGE VABER BT 5 L, Fig. 2 @Dt
WBEHCTIHRERTIFICSRH I PALN, 20T $5E
BRET S L2 ~3 BRICIEEEYH»ELC. LaL,
Fig. 2 (b) D VBT AIIMVRZAL DS E o 72 A BT
Loz,

Z D% < OTTIRECE & RISP il & DREBE Y b
L& FRE R TR CHIE LoRR, AkE Yy -y Rico
WA L W DRSS /2 (Fig. 3). AL oY
Va4 = ZATREEIIERT @B LV gm 3L, Tl
BIZIZ L AEEDNHRLNT, LIVNEIRIC S LA I
SN o7z (Fig. 4). —J, KBLUOEXTIE, RISP
BRTHELTCOREEMLE s ENE o
(Fig. 5).

MEREZ LIVARISPEEICOVWTRET L L, &
RISPEEIIRIET A r ¥R T I &M TE 5. Fig. 612
EHHEERISPO 2T LHZLDTHE. 2Dk
&, RISPOEIVHEEIZARS L, 0.005~0.074mg/
mL(~0.18mM) TH o 72, qriZ(2)KTRENSB LD
2, A%, RISP DZALE, $7:4b b5 RISP DEARER
BICHHIT A, BETIE, YV oV EHEBDEVICLY
WAHWA LEETHEMBABEON LD, KA —a s
FEIHENE Vg 2R L, AL DOREIZH~S & RISP
EOBEERERBSHEIMLTwh EHEEEINS. O F
D, Tablel 1A 5N 5 &) ITRERACAHLESE LRGERZ
5 RISP OEAEIMET T 5 DIE, o OFEMRE
WEENDL Y DB DRERI LD ANERRERO
RN T 2 Z LB L7,

3. URRJRVEBERESI LV EDRICHE
yoomvbid, [a9—FrRESFrEDY XY
BROTNVHOAL Fip EEWBERORB LR T 5 HE
% 0551 8500~3, 000 D KB A1) 7 = /) —
V] EERINTALEWETH Y, LFEHE L O,
L, MERSY Yy v ENKGRELY = RIS
LY. KELIEINDEL DY Vv AR V=Y
T, 7I9N0=-3~F—NVE(FELLTHTFY, TER
F¥ ) (Fig. 1) #HWHEME LT, Z208EBG T C-
4~C-8(F/lE, C4~C-6)THOCCHEEMLT
WAELEIATOR) 72 ) —VThhb, 2—b—H K
V72 )= VEEGD, FOERTTHLzOOY Uk
IHESEMATLEEL, ¥y o v ITiRB S v, R,
KA, v—arERRHEOENIDHL OO, BRI
R 2 EOR S L CBldE S NG, REIEINE Y &~
e LTI, TCICT0M % B A 5 oS Bl S g
BHLPIZENTWEY, JFREEXFEORTTIZLAL
FOEFTER, FOILDREI VU THIATF
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Fig.2. Thermograms of Risperidone (a) and pH 3.0

Fig.4. Thermograms of Risperidone (a) and pH 3.0
Tartrate Buffer Solution (b) Titrated into a

Tartrate Buffer Solution (b) Titrated into an

Fig.3. Thermograms of Risperidone (a) and pH 3.0
Tartrate Buffer Solution (b) Titrated into a

Black Tea.
* | Heat flow of 30u'W

Green Tea. Orange juice.
* | Heat flow of 30u'W * | Heat flow of 30u4W
(a)
90+ 50 (a)
= 601
~ = 60+
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=
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30} Fu
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Fig.5. Thermograms of Risperidone Titrated into a

Pet-bottled Water (a) and a Parched Barley
Tea (b).
* . Heat flow of 30p4W
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25 o oolong tea
o <O ix X black tea
L 20 0 ox*
E o X
: o X oo
5 - O X O
2 15 o X O )
§ o X BBOOOOOO green tea
S Bl L
< ++++
® F+++
2L OQEB

§ AAAAAAlAAAAQAAA Ioremgejuice
0

0.05 0.1 0.15 0.2

Risperidone concentration, mM

Fig.6. Heat of Reaction between Risperidone and Some Soft
Drinks at 25C.
The initial concentration of risperidone was 1.0 mg/mL
(2.44 mM) and the final concentrations were 5 ug/mL~ .
74/zg/mL (~0.18 mM) in the, reaction cell.

Bz, #o0l3 LA ()~ A THY, EC, EGC,
ECg, EGCg DAV ETH 5B. #DOHTH, EGCg D
EHEERDE L TO%E EOTWBEY, —J, fI%kL
U0 Y IEDOBITIIFREREFIC L DBRET, AR
7z ) = VLR R 2T DR EAT WS, AL
BROFOBEOT LT T 75 VE(BLIUTZFDO AR
ANVIZAT VE)IZAFR IR T D2 ~6%% 5%, EC
(F 7213 ECg) & EGC(F 721X EGCg) & AR LB ICHEA L
THERLEZODTHHY, 22T, BEICHENE S
TNTVEDTF VHBLORIEDORES TFg 122\ T
RISP & DM BN % 5T L 7.

Fig. 7 1%, ECg, EGCg B L U TFg DE Bk % Fh#
10. lmg/mL % & A 72 pH3. O/E 1 B2 #% & ¥ % titrand &
L, RISP(¥&E 5 mg/mL) TiiE L7z & & DBEHEE
Wi ERT. 2oL X, Kt IVN RISPEEIZ0.025~
0.37mg/mL T& o 7z, P DOEFIIFAT /ST A —F 12
£ % fitting curve ¥ FE L TWA., & 512, titrand DIERE
%#0.05~0.3mg/mL DHFTEL I THEL, b
DHEFHEMBE» OHEEHK), BEENV KO B &L
UBIFH8T X =% (AG, AH, AS)ZHEH L7255,
titrand DIEEEICL B85 A —F OEBFITE A ER
MolzDT, b DOFHfEL Table 2 1R L7z,

INODRER, KEHNTF VEOBEHRIIRISP & O

EGCg

Heat of reaction, mJ
m
(@)
©w

L

0.0 0.2 04 0.6 0.8 1.0
Risperidone concentration, mM

Fig.7. Heat Effect of Risperidone Binding to Epigallo-
catechin Gallate (EGCg), Epcatechin Gallate
(ECg) and Theaflavin Gallate (TFg) in pH 3.0
Tartrate Buffer Solution at25°C. The initial
concentrations of the tannins and risperidone
were 0.1 mg/mL  and 5.0 mg/mL (12.2 mM),
respectively. The final concentrations of risperi-
done were 25 pg/mL~ 370 pg/mL(~ 0.90
mM) in the reaction cell. Points show the ex-
perimental data and solid lines represent the
computer-generated best fit curves.

DA T BEEAA SN, T2, BT F VIS OH

BARNIG(AH<O)IZE Y, ELHAP1 : 1hh=1)D
HEREZRT 5 PSPz BT % VI
RISP & ILEXRIG W AS A5 M (K=10°MY) 7R L, TFg i
T % VHHICHARL0R (K=10'M) OB W s iE %
RL72. AuA VY v AR ML, &
A NVEOEACLY KBIT—AHIHEML TASE

FEOWIML, — AH O¥M%fEv, EGC(or EGCg) & EC
(or ECg) & DA TIZH kI /mol DHAENEL T, Zhb
HEffLRISPLEOEASESELLNL I 1THEZ
&, — AHEA5 ~15kI/mol &<, AS FIED/PNE Wl
ERTIEDNS, BEBEBRICEBAMMHEARB L O
Ty ITNT 7= VANPEG L TwEEEZONS,

NI | -El ectronic Library Service



Japanese Soci ety of Pharmaceutical Health Care and Sci ences

197

EFEZEF Vol. 32, No. 3 (2006)

Table 2. Binding and Thermodynamic Parameters for Risperi-
done Binding to Tea Tannins at pH 3.0 and 25°C.

13peT1

n 3K -1 : _AH-I —AG.1 Z}ls -1
(10°M™) (kJ-mol™) (kJ-mol™) (Jrmol " -deg™)
EGCg 1.16 £0.12 1.54+0.18 13.4+1.7 18.0+0.3 15.7
EGC 1.10 £0.11 1.00 £ 0.21 10.3+2.1 17.1£04 23.0
ECg 0.98 £0.21 1.15£0.15 6.92+1.1 17.3+£0.2 359
EC 1.01 £0.23 0.73£0.24 457+14 16.3+0.3 39.5
TFg 1.02+£0.17 9.15+0.62 5.18+£0.1 22.6 04 58.4
411 — x30
38 :
0 564

400 bs1%]% 608

709 B4@ 398 miz

Fig.8. Positive-ion FAB-MS Spectrum of RISP-EGCg Complex Pre-
pared by Lyophilizing a Precipitate in Mixed Solution of RISP
and EGCg after Calorimetric Measurement. The complex had a
base peak, [RISP+EGCg+H]", at m/z 869,which corresponds
to the sum of the molecular masses of RISP and EGCg. The
other fragments at 411,564, and 821 were identical to RISP,
RISP+ galloyl group, and dimer of RISP, respectively.

4. VRANRYRDERELL =D EDEERTIK
FREHEL & RISP OB A ZLABRSLBRERE D 5,
RISP 75425, MR —u v RIZEINDL D75 /8
RTFTIICVHERELTAREY VoV LAk
BT A EDNELPICE -7, LarLl, EBOEEIC
GENTVBEDIE, HFFURIEANTF U 2B
L, FOEBOSFIC-4—C-8(F7213 C-4—C-6)
TOC—CHEENLTHEG LA TDR) T2/ —
VTHY, Mo, EEEEOHMAGDLEDENIZL
N MEOILEMHTFEIET H DT, RISP & DEEEKED
FEIIRETHL. F2T, TROLHEMAKE RISPOK
A ERIEDHET L2 VNBIICTER S D AR
Bl HESNEFAB-MSH)IZE DEEANRY PV
PUEL-EZA, BN 1 OBAERSTOBRA F
Y¥ =2 (m/7) PR S N7 (Fig. 8). & 512, EGCg

HERB L U RISP O EoB LS & BRI 75 BB %
TdH5H AM 1 5 (MOPAC) TR&, #NEFND5F D
F 5 BLE (HOMO) & K Ze#5E (LUMO) B %2 %
BdaE, BN . 1 OBMBEAIEEK (charge trans-
fer complex) DIZHLASTRE S, BMMEOR R IFL
7-.

D LofER, BEFICBIFARISP EXESY =0T
HoHATHFVHEDOREWBEEMITREBREFICER S
n, #OEERERICIZEL L TBKWHEERR 7 7
YFENT = VANDEET L, A VEIZEOKET
WAL, A TFFCEOT7IR B IMIZT AT
V& L7z a4 Vv ED SEOKEERE 75K Bk
D BB EOKEEEE L ORI A EILRIE RISP & OB A&
ROVAANBEELICEG L TWE EARALRENE, 61T
EGCg & ECg A" FRILIY ICH#EA L 72 TFg & O GG D
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ROENWI EDD, FESRIEIND I TF VDY
A==, FYITv—, RUT—OHELEIEHIILZEDY
ANRY P EDONEHEGRERZELHIILTWwEHO
CHEREND . A1, BEROUMAHEEIZOWTIE, &
AL (NMR) AR Y F B & MY —R5TF B %M
Talb—Ya VI BB EiTY, MRS AT
ThH5b.

YARY FAL, BEITFVRTFT 758/ RED
REY =V EBEHHR TABHEEHREZIENL T, &7
BTOERE LD EHBE LA BRI, 2honia
e FBRUMEERR 7 7 v TV T — VA OB
BOREENTEN]L | 1 OBAKRETERT 525, T
FUOEOTOANEOBARLESLIZ L o TKREHED
5 AR R DT &, ) AR KUk DfEA
PEAE ), NEEEARERLEmMT A LEbN
5.

D EHIT, FEE N E I EY DR AR
PHEL B E R E B L CGEHiiTE 5 2 b,
SHOERASEfF s NG,
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