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P

NV AEREIR. PR OHICEET AN TALATF ¥ RIVICEA
U, MIRAANDAN T TILAF 2 ORAZIETHI IR0, FnEBERZE
R, ANTTLEREL TOBEOEVNWLD 4DD5 1 JIZpEINTY
% (Table 1) . Nifedipine IZfREIND 1,4-P ROy P R2DLLEYT.
SKAY O ME FIRH OMBEANELS, EEAFEDEBCEAINTVWS, &
W7 IVFIVEIBE B G 5 verapamil 1d, FAED MEFEEH L D HLGHICERDY
WERT2ZENE, FIAREBRELLTERASNTWS, £, XU IUTE
Y OELEIE R AT B diltiazem 3. WEOFMABERZRT. —FH. ER
S5 VEB%EE T S cinnarizine B L W cinnarizine I 7w E A EA U /-FEAT
$ 5 flunarizine 13, IMED AN T LF ¥ ORIVICERBIZEAL. DR
BEOMEIFEAEEE TS I ERSHMMNEZILEL. RKEZENE®
%, EEPREVIZIX. cinnarizine 121 H 75~150mg. flunarizine {31 H 10 mg
DEGET, WIEEREE. HEUMBEER X OKEIRELEICE S0 F 0N,
. EER. BIVSOBEROUBHRERT [2-4]

Table 1 Classification of calcium antagonists [1]

1) 1,4-Dihydropyridine derivatives
Nifedipine, Nicardipine, Nilvadipine, Nitrendipine, Nisoldipine,
Manidipine, Benidipine, Barnidipine, Amlodipine, Efonidipime,
Felodipine,

2) Phenylalkylamine derivatives
Verapamil v

3) Benzodiazepine derivatives
Diltiazem

4) Piperazine derivatives

Cinnarizine, Flunarizine




1986 fEtH L ¥ | cinnarizine % flunarizine iR EB3# 1T parkinsonism 72 &
RN BEROBIERAMNRER T2 ENBEINB LS ITh> 7= [5-7.
Parkinsonism {JEEHEOHHEEERE TH> T, BREEL TIE, EE

(tremor) . FHREE (rigidty) . #EH) (akinesia) Z=FH T 31T, K
REFRECER WAL, ZiTREOBEHARER DA 5N 5, Parkinsonism
I RIEEEOREREEIIBVWT R=NI B 2 — O > OEEIME
TUENEICO Y AEEME— 2 — O > OB EDEAICR > HEICRET 3 [8,
9. BEIE, PROEITES KEHOTFITHEL TWAEDEWKEAE T, A
SLUIEDERHIETH D, RN EHME 2 — O ZHEEAE D,
R (striatum) 13, KECEBROFEH TRIKDOEL ICHDRABEOH TH-
T. BRR# (caudate nucleus) &E## (putamen) 5735,

5[ EHE T 9 parkinsonism & UTld. haloperidol % chlorpromazine
IREDHTREREOHANES NSHSNTND, FEEREDBESZREICH
T ORI, FRABRBIVOFREERIIBITS =82 VEHERICK 5.
UL, FIERREO R—N2 D EFEAIEEREER TR, BRED
R=NRIVETI5—%EMHTEIECED RN B2 — O D
HZE TS BEIEA & U T parkinsonism #4 U % [10-13]. —7. reserpine
REBZa—OVKRBTR—NIVEEE - HEBIRZZEICLD,
parkinsonism #5[&Z# Z 9. Cinnarizine BL N flunarizine 1Z. 7z =J)V7
WEILT I UEEZE L. MBEAREIESELOELMENE L, FikkmpEs
Rk DOBEFF T parkinsonism Z &L 5 W REENE X 515, Flunarizine 12
LTI B DERED, R=NRI 2L ET Y —~OBEENRINTVS [14,
15]c —75. cinnarizine IZD W T, FOEEIZEHS M TiE/2 W,

EWcL2ENE BUER) REOKEZERTI-DIIT. TOEYDER
B, FICRBBARBICOWTHSMITIHEND S, #121E. HTAMAE
@ carbamazepine |ERFITA T DIFHHEROEIERAIL. REHD 10,11-T
RFEIREICKD ZEHENT NS [16,17], EYDRENT. B—HE OB/,
BT, MAKRDREETNICEIEREMOBWEREN 5125, ZOHE DK
BOFTHRLAEIREEE 5D DDOHN cytochrome P450 (P450) 12k 3EL
KIinTd 5 [18,19]. P450 RFFED I 7/ 0V — ABESICERDEZFEL. [BA
HYEICBEEZEA LRI SN0 TWRICER T 5, P450 Ik DA
ERITLEYIZ/EETDHD, TOEBEL<ZW [20], P450 ZFEED



wHORBICEEL D 2EHIT, < OHFFE (isoenzyme)NEEL. Tz,
BOBOOHTFREEEOEERAENEENENZDTHS, BE. £ LOE
HREICED LB OEITTHH 20 BOLFRENHSNTHO [21], N5,
72 ) BESOHEEMENS CYPINS CYP4ETD4DDT7 7 I U —IIREESE
NTW3 (Table 2) . A D773 —I3E 512 CYP2A X CYP2B D#ficH
TI77IY—ICHINEIN. —DOY T 773U —3 1 ~5FOOTENSHE
RENTNVD, '

Table 2 Human cytochrome P450 enzymes involved in the drug
metabolism [21]

Family Subfamily Isoenzyme
CYP1 CYP1A CYP1A1
CYP1A2
CYP2 CYP2A CYP2A6
' CYP2B CYP2B6
CYP2C CYP2C8
CYP2C9/10
CYP2C18
CYP2C19
CYP2D CYP2D6
CYP2E CYP2E1
CYP3 CYP3A CYP3A3/4
‘ CYP3A5
_ CYP3A7
CYP4 CYP4A CYP4A9
CYP4B CYP4B1

Cinnarizine DFEIZEI L T, Soudijn 5 [22] 2T v b Z B in vivo
DRFED. Ty bORFOERFYIL benzhydrol XDV o 02 EH



EETHD., EF O EKHPIL 1-(diphenylmethyl)-piperazine &
benzophenone TH D EH|E L TWWB, E£/z, Dell 5 [23] O HXEHA N
in vivo DEF Tld. R D FERF YL benzhydrol D F )V 7 O D EEHIEETH
272, —7. flunarizine DFIZEIL Tld, Meuldermans 5 [24] #%in vivo
DERETE D, # S w N TIE bis(4-fluorophenyl)methanol 7%, #5w M &1 X
Tl hydroxyflunarizine NERFHY TH 5 EHEL TWB, = 51, Lavrijsen
5 [25) QS v b, A X, BEUOE MOFFI 70V — A £
ZHAWE in vitro DR XD, S b, 1 XBIXRE hOERBWIT
hydroxyflunarizine THHZ tZ B L7z, L L. MEHORBICET 25
FiZDe<, FITRABHKGCICEES T 2BRECEERNBRIC DOV TOHSE
INETITRN,

Flunarizine {Z X % parkinsonism OFERBIL, £F/E5EED 10~50%12DH
20 [26]. TOEFHRED LY, —F. cinnarizine [T L T, #E5EN
flunarizine @ 10~20 f& (EIVHEE) ZVWITHELNDSET. TOEFIRE T
flunarizine {ZEERTAR VY, Parkinsonism OFEBRBNELZEEREL T, T
EYORBBR, MANOBTHE. L7y —~OREHEREDMENE LS
N5, FHETIE, EIZF v FZFAW cinnarizine, flunarizine BELONZFN5
DRBYICODVWTINCDOHEEZHET DI LITED. MEHITLS
parkinsonism FEIERERS NICHRBEBOMEBIIDWTERTSADIT, XIT
NI REBICHET BRI EITo 7z,

1. Cinnarizine & flunarizine OKEZHKRETT 572D, cinnarizine BL N
flunarizine EZN5 DRFYOEEREI O T 57 44— (HPLC) 12Xk
B EEFEEZHIL L=, 517, cinnarizine ZHEE L TSw NFI 7Oy —
LERINEEERIZ, HPLC 07 0< M7 5 AL TRE SN/ RARSEY O
BERIELE E1E) .

2. Wistar RS v b, DARMES v bBLRE FOFI 7OV —A&EE
P450 BEERFREY ONFHRME I s oy —LA EHWT, cinnarizine &
flunarizine O —XRAGH OEEFHBIRET & B KNI ST 5 P450 2 FREICD
WTRRLE E2E) ,



3. SEAALRZR OEEEFRAE AR IC &IT T cinnarizine & flunarizine OEFH %,
REMVE N EFELL Tz Wistar REES v FZ2RAWTHELE, 51T, R
— NI LTI —0BRETY I A M THS apomorphine ZfHW), K—
N2 LTy —IZx3 5 cinnarizine BE N flunarizine DIEWZIEZE in
vivo T L7z (B3 E) .

4. 5w MNESEOHEEE S Z AV, cnnarizine B L flunarizine &Z15
DOREYDO R—NI VL ETY—ELARY ETEFI)ILa) LTy —iz
T AEMEEFAND Z LI D, parkinsonism OEBEHZHELE G4

=) .

5. 9w N cinnarizine £7-13 flunarizine ZE#{H&K 5 L. MEFRBIOEE
EHRORBEEBIOCREYBEZAEL T. ERKXSROENEREZHANT,
& 51T cinnarizine, flunarizine BLOZENS ORFY ORBREEFIBE & MmE
FEELOLZEEL. HABTHIIODWTHERHLE (B5E) .

AHLIE. TNSOFHEEMEREFRL, EREMAZDDOTH 5,



£ 1% Cinnarizine X flunarizine N5 DRBEYOEE
HEDMEST

EYOERNEREEMBITT 57201018, BEEOE W AR R By RS
YMRERIEE DML ETH %, Cinnarizine IZDWTIE, HXZ O~y
74— [27] E@EREI O NS T T 0 —HPLC) [28, 29] 1T kB Mg
BEOEEENHEIN TS, LML, cinnarizine DAY OEEEICEET
B &RV, —7F, flunarizine IZDWTIZ, HPLC [30-32] ok 5 ImiEE
FEOEBENHEINT NS, £z, flunarizine OREYITEL T, 504
HPLC i ko &/l (Mg, B R, ¥ DPBEOEEENREINTYL
B0 [24]. BERIEEHMZRWEFETH D, BELFETIEIRN. o T, &
IFERITICH 72> T\ cinnarizine B LN flunarizine DAEHY) DR THIE
EEBEDHEIUNHERARTH B LEX SN,

FETR., v bBIFEMOFI 70V —LAZ B W in vitro fABIEERIC
&KV, cinnarizine B KT flunarizine DB R 2 FHMICHAR D =DIT,
cinnarizine &% 0 5 D REY B LN flunarizine &7 D 47D KB %
HPLC ZHWTHEN DBREICENZTNFERKERT 2 HEE2RH L, £,
EBEZRNT 2ICHD . cinnarizine ZHEBE LTS v NFI OV —A &
RISS®7ZRIZ, HPLC 02 0~ M5 A L TRHEENIZRAR#Y ORE %
fro’z.



% 18 Cinnarizine DFHBEAHHYOFEE

Cinnarizine ZEEH & U T NADPHEENICIw MNFX 70V — A ERIGE
BRI, HPLC 70X S A ETRARE Y B Z 5D E— U 0k%kH
Nz, TORAKF eFRAETHEL, BE/ O N5 70— (TLO)
BIUOHPLCIT L DBEEHEE L T, £OYAZARY by NMR A7 LB
FURUV AR MV EBREREMETA2Z EICLDEBEEZREL &,

[EEFER - BE]

Cinnarizine OFRMABY D EITZAARY FUE Fig. 1 (A) 1R L. 5F
AFE—RBREEINBN oM. miz182 BELW 202 [TFNETN 4-
hydroxyphenyl-phenylmethylE 3 & X cinnamylpiperazine ZiZH3kd % &&
ABNBTITA AL E—I BB SNz, T 51T, cinnarizine DFRA]
K#FHD NMR A7 ML (Fig. 2A) IZBWTIL, 6.7 ppm IZ phenyl D F
N MIOTO I clRT 537 FE—s RSNz, TNEDTELD,
RERHMIL cinnarizine D7 2 2V AFIVEDOR Y VR4 MIAVKEEL S
17= 1-[(4-hydroxyphenyl)phenylmethyl]-4-(3-phenyl-2-propenyl)piperazine
EHEINTE, INS5DARY MVIE. EES 1-[(4-hydroxyphenyl)-
phenylmethyl]-4-(38-phenyl-2-propenyl)piperazine @b D& —FK L 7= (Fig.1,
2). ¥7z. cinnarizine OFRFRBFH O UV AR ML (Fig3) BELWHPLC
DRFFRFE Figd) b, WThbERER E—HLE, Doz kD,
cinnarizine DR FH YL cinnarizine DI T = ZIVAFIVEDOR I EEH 4
AL MK B b = 1 7= 1-[(4-hydroxyphenyl)phenylmethyl]-4-(3-phenyl-2-
propenyl)piperazine T& 5 ERIE L7z,

Cinnarizine D RHH BT 2L, Soudijn 5 [22] DEET v FEH W zin
vivo Ik BREt &, Dell 5 [23] OUHFEANZ in vivo OREEE TN
TWBDHTHD, TDOHT Soudijn 5 [22] V&, #F v ~OERKHYDO—
> & U T . 1-[(4-hydroxyphenyl)phenylmethyl]-4-(3-phenyl-2-propenyl)-
piperazine EH®D 2 XY L& X 515 p-hydroxybenzophenone % R 172
LTW3, FRICRVTIE. Ty MFEI 7OV —ARES 1L RREIELT
~ 1-[(4-hydroxyphenyl)phenylmethyl]-4-(3-phenyl-2-propenyl)piperazine % #J



(A) unknown metabolite
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Fig. 1 EI mass spectrum of an unknown metabolite of cinnarizine in rats, as
compared with that of authentic compound.



(A) unknown metabolite
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(B) 1-[(4-hydroxyphenyl)-phenylmethyl]-4-(3-phenyl-2-propenyl)piperazine

[

S N o e o o o e B e B S ML e
¢ 5 q 3

2
E
-]

Fig. 2 NMR spectrum of an unknown metabolite of cinnarizine in rats, as
compared with that of authentic compound.
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(A) unknown metabolite
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(B) 1-[(4-hydroxyphenyl)-phenylmethyl]-4-(3-phenyl-2-propenyl)piperazine
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Fig. 3 UV spectrum of an unknown metabolite of cinnarizine in rats, as
compared with that of authentic compound.
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(A) unknown metabolite
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(B) 1-[(4-hydroxyphenyl)-phenylmethyl]-4-(3-phenyl-2-propenyl)piperazine
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Fig. 4 HPLC chromatogram of an unknown metabolite of cinnarizine in rats,
as compared with that of authentic compound.
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28 Cinnarizine BL N flunarizine &FN 5 DRE MO HPLC 12 L3 E
27k

Cinnarizine &F® 5EOMREH Y. B X flunarizine &F D 4 ORI %
HPLC ZHWTEENDRBIC TN ZNEBERT D AEERE LI,

(EBRER - BE]
2-1 Cinnarizine BLURFDORBEY D EETE

FF2 70V —LBEHEF D cinnarizine 3B XU DR B 2 TFEENM pH10)
Ty nAFH TR (9:1, viv) THHELUZ. MIEEEES LTI o
FH BT, cinnarizine O/KEELAEDHERMNEL <EL 35720, n-
NFYETENORKBEER L. MIHYOSBET. BEMEICIYZ2b
UV EY UEERBER (50mM, pH3.7) DESEEZFEAL.ODS ZFEL =N
SAEAWTo R GHECOVWTIREROTSHR) .

Figh i, v MNFI 70V — ARER (lmg protein, 1ImD)IZEEHIED
cinnarizine B LN ZDORE ZEM L. FHLIEEE HPLC [T THIE L =#%
"9, Cinnarizine BEIUOELDOREHOE—IHTHORDBERF SNz, X
oo 19%Wd7=0 OEREIZKN 16 2 Tho 7. |

Cinnarizine &FD58OHY (C-1, C-2, C-3, C-4, C-5) 1L, Wind
0.02-5uM DHEHIF TEWERME (r= 0.999) #RL7%EZ. HABLUHMOE
BREIINTND 82%LUTTHD., BEWERENESNE (Table 3) . /=,
FEERIL. cinnarizine, C-1, C-2 BEN C-4 IZDWVWTHE 0.005uM TH Y,
C-5130.01pM. C-310.02uM THo =

Ll k. cinnarizine &2 0 5 BORBEY DREN DE B REREEMEIL L.
R, cinnarizine DY OEREL L TR, FHEDEMNDODDTH %,
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Fig. 5 "HPLC chromatogram and chemical structures of cinnarizine and their
metabolites.

C-1:
C-2:
C-3:
C-4:

C-5:

1-(diphenylmethyl)piperazine

1-(diphenyl-methyl)-4-[3-(4’ hydroxyphenyl) 2-propenyl]piperazine -
benzophenone

1-[(4-hydroxyphenyl)- phenylmethyl] 4-(3-phenyl-2-propenyl)piperazine
benzhydrol
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2-2 TFlunarizine B X NZFORBFY D EETE

FF2 70y — ARRETT O flunarizine 3 X O QR % cinnarizine D3
& EFBRICTEREMEQHIO) T, n-AFH 2 PN (9: 1, viv) THIH L=,
HEMOSEET. 7N MUIVE ) VEEEEKR (50mM, pH3.5) DESAR
EBREMEEL. ODS IS ALZHAWTTTo 72 GFICDWTIZEROHEBR) .

Fig6 2. v MFI 7 0V — ABE K (Qmg protein, Im)IZEEHE @
flunarizine BLONZFDOREDZEIL . HHAER HPLC I L=FO 7 O
<X KIS ALTHB, Flunarizine BLUIZDREH DO — VB THLH 20BN
BoN., 15HTH70 OFERFEETRN 1T 2 TH o7,

Flunarizine &% ® 4 BONREY (F-1, F-2, F-3, F-5) id. Wiihd 0.02-
5uM QOEHFE TEWESEME (r= 0.999) ZRL7%. BRNBLXUHEDEEIRE
TENTND 9.0%LUTTHD, BNERENE SN (Table 4) . £z, &
PRI, flunarizine., F-1 BEUF-2 1I2DWTIE 0.005uM. F-5 13 0.02uM,
F-3130.08uM TH o 7=, .

PAE, flunarizine &2 ® 4 O Y OHREN DB REEEZHEILLTZ,
RICAREICBEL T, INETOEREEWZ AW VA4 HPLC K&K 5
BTN, XEERITEEICHERAETH D EEZ NS,
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C: ketoprogesterone (I.S.)

N
D: - CH-OH
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CH-N N-CH,-CH=CH- 0
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Q
C

Fig. 6 "HPLC chromatogram and chemical structures of flunarizine and their

metabolites.

. F-1: 1-[bis(4-fluorophenyl)methyl]piperazine
F-2: 1-[bis(4-fluorophenyl)methyl]-4-[3-(4’ hydloxyphenyl) 2-propenyl]-

p1pe1 azine

F-3 : 4,4-difluorobenzophenone
F-5 : bis(4-fluorophenyl)-methanol
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N FE

v MNFI 7OV —ADKIEE LD, cinnarizine DR 1 XREHTH 3
1-[(4-hydroxyphenyl)phenylmethyl]-4-(3-phenyl-2-propenyl)piperazine % %]
O THBERE L,

X 51T, cinnarizine &% @ 5 BORFH Y B L flunarizine &F D 4FEDX
# % HPLC ZHWTHENDRRICENENERER T 2 HEEMILI L.
WTNDH. cinnarizine 3 X N flunarizine DR E 2 FHIZANR D =01,
BERREEETHD EEZ NI,
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EERDEL

1. ZEEREY
8T D Wistar RIS v b (HAESLC#®) AW,

g;
ft

Cinnarizine. 1-(diphenylmethyl)piperazine (C-1). 1-(diphenylmethyl)-4-
[3-(4*-hydroxyphenyl)-2-propenyl]piperazine hydrochloride (C-2)3 &k 7\ 1-[(4-
hydroxyphenyl)phenylmethyl]-4-(3-pheny1-2-propenyl)p‘iperazine C-Hix
—UTAL LD fEEINE,

Flunarizine hydrochloride, 1-[bis(4-fluorophenyl)methyl]piperazine (F-1).
- 1-[bis(4-fluorophenylymethyl]-4-[3-(4’-hydroxyphenyl)-2-propenyl]piperazine
dihydrochloride (F-2) 33 & T bis(4-fluorophenyl)methanol (F-5)V3 {7158 T
FWEXvtEN/z,

Benzophenone (C-3). benzhydrol (C-5), 4,4-difluorobenzophenone (F-3)
B XU 11-ketoprogesterone VIFIVMZE TEM L VEEA L=,

TOMOBIEL, FEBRAEI O NS TR E- IR E s iR T
WEDEALK,

REAP DI FIVOFEITIZRD B D& A=,
UV ZARZ M« BEEUV-160 BRI TTHE D YL S
NAANRY MV : BEEF JMS-DX300 #
NMR A2 RV : BEET JINM-GX400 %

HPLC OEEIIRDHDZE Az,
R B LC-6A B NS LF—T > ¢ BiE CTO-6A B
RHE | B SPD-6A BUSRA St
AtEE  BECRIBEIOI M VF L —F—

4. 9y MESH OV LM |
v bFI 270V —A13. Omura & Sato DA [33] WL DHREL /=, &
5NEI 0V =A<y M3 100mM U > EEEER pH7.4 IX8HE L. -80C
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THRELZ. RNV BEOEEIL. Lowry 5DHTE [34] 12960, FEEME
EULTHMBET VT U7 YHE) 2RV

5. Cinnarizine D%

Cinnarizine % NADPH #E#H FIZ Wistar 2w VI Z7 0oV — A
(Img/ml) & 30 HEREZ Bz, KINRIC IM REFEER (©H10)ZmA =1,
RE@tZz n-~\FH>2 7> (9 : 1, vv) THHLUE, EEEEZBTESZ
£, BEEAY J—)VITBEREL. U A7)V (Kieselgel 60 F254, Merck #
g) 2ZRWEEMEIZOY NS T 40— (TLC) THE Lz, BEBEEKIZIE, 7
OORVA - AF =)V 72EZY K (100 : 10 : 1, viv) ZRWEZ, KRNT,
TLC #R& D R D/IN> KB (Rf {E=0.75) ZWEWD., A% /—)V THiH
#. HPLC i2ff L 7=, HPLC Tld. Asahipak ODP-50 # 5/ (6mm id. X
150mm, JE{L R T2 % 40 CTHW, BEHEELT7 =YV :50mM
D > EEER pH3.7 (35 : 65, v/v) Z¥E 1.2 ml/min THEMA L7z, RAAH
MOBHEE—2E25B L. 7 MU IIVEREZSRE. IM REEER
CEHIOZEMA. nAFH> :7ERY (91 1,vh) THHELE. AR
BEBEL. BBESTAY V2R,

. Cinnarizine B X UNZ QY D EES

Jv MR 70V — LABRER 1ml IZBEHIE D cinnarizine BLUFOREY
EWHML. IM REZEHK H10) 05ml & NHMEEELL T 20uM 4-
hydroxyflunarizine (F-2) A% / — )V 10pl ZMAZH. nANFH 2 : T
k> (9:1,viv) 6ml THIH L%, 1600Xg T10 2R LHBEL. AHREZ
HERL Tz, O—FU INEL—F THRBEREZESR. BEEAY /=)L
100pl IZHEfE L . HPLC IZff L7z, HPLC TOSBEDHTIE. LT OEETH -
7z ‘ |
HSL; TNy C 18 (4.6mm i.d.X25¢cm, ’éiﬁ(ﬁ:))
HSLBE ;40 C

BEHE ; 7E RNV 50mM U CEEREER pH3.7 (45 : 55, viv)
FE ; 1.2ml/min | i ; 210 nm
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7. Flunarizine BEOFDORBY D EEIE

NEBEEIEIZ 11-ketoprogesterone Z AWV, BEMHEICTER= KUY )L : 50mM
U CEEREER pHS.5 (45 : 55, viv) ZAWELISMI T6. Cinnarizine BX N
TORBYOERE] LFRBIZTo 7.
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% 2% C(Cinnarizine & flunarizine @ in vitro TOLEH

BEHOEREZEZ S LT, ABERBEIEERERO—DTHS, RBHICK
EZYIEBECLINZFELH N, BEEIhI I EbHB, £i-, RBHER
IZid, REREECHENEFEETAIENELHASNT NS, > T, ERH
MERANWTESCERERZTDICHZ> Tld, TEAZITREHE AT
WEERAWTITOINRETHD, HEOHHDERE T, t%%a@t@&@%
MIT BT B EEEDORBEEZ LR T2 0END 5,

Cinnarizine OEHIZEEL Tld.Soudijn & [22] WS v b ZEH W/~ in vivo
O ED. HES Y bORFPOERFYIL benzhydrol EZD IV O EED
G ThHhD. EF 0 ERHYIZ 1-(diphenylmethyl)piperazine &
benzophenone TH 5 E|EL TW5B, F/z, Dell 5 [23] 1T, THF TR
D ERBEE benzhydrol D )L 7 O D@?@.A@FT%5 ZEERHELTWS,
—75 ., flunarizine DI L TiX, Meuldermans 5 [24] @ in vivo DARET

IZRWT, #F v b Tl bis(@-fluorophenyl)methanol 2%, S v hEA X T
13 hydroxyflunarizine NERFY TH o7z, 5T, HESY A, 71X, Bk
b hOFI 0V —A E 3 EREFMEZ AW in vitro OBREFED.
Lavrijsen 5[22]13ME S v b, 1 XBXOE b OERB YL hydroxyflunarizine
THdERELE. UL, MEYORHIC E@’—‘?ﬁ"%%?ﬁ“@ﬁfg VAN E
[=eAq RN

A Tid. cinnarizine & flunarizine |2 & % parkinsonism DFEIFEER S
CEHENC LSRR ROHEERFTIEDOELIDRAT v TELT,
Wistar RS> ~. DA RS v v BLVE FOFI 70V —A&E R
P450 BETFHRRD O AHRMEI 2 0V — LA 2H VT, cinnarizine &
flunarizine O — X OFEEFHAFRT 217D SRR RISICEET 2 P450
SFRITDONTRI Lz, |
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E1H Sy MFI s OV— AL BRE

2 DDEYDRBERE LLRBFED—DE LT, in vitro DRBER TRD
SNEERIINT A—4 (Km, Vmax) DEBENH D, £/, ZOFEERZH/S
TA=FE, HIEYORBREBVEEGFET 2856, ENPTERRHRE
THLNZHATLEIAT, BEEREREEZATINS, £ 2T, Wistar Rl
oy bOF 0V —2A%AW, cinnarizine B & flunarizine @ in vitro
IZBT B —REHMERKIEDRERB/NT A% 23ked, WMEYORBITD
WTHBRS U, KNT, RERBICHT BEEFIOSRERE, 35
I CYP2D BT 77 IV —DOREETINTHSDARMES v b [35-37] 2,
cinnarizine 3 & flunarizine DR KIKITHBIT S CYP2D 7 773U —0
- BEEIZDOWTHRE L.

[REER - EER)
1-1 Cinnarizine B X flunarizine DFCHEREE

Wistar RIES v bOFF X 7 1Y/ — A & Cinnarizine % NADPH 4 X R 7F1E
T, 37T CT20 AETREIVTERT H2REYOEZBEMICHEE L (Fig.
7). Cinnarizine DENRT Y VOB Y )V F ALK TH S 1-(diphenylmethyl)-
piperazine (C-1)& benzophenone (C-3). > > F I JVEDR B4 DK
BALE (C-2) BRUY Tz ZIVAFIVE A AL OKEEAR(C-4) DERIE.FI 10
5 £ TRISKRICELST L THMN L. —F. benzhydrol (C-5) DAMEIT. F
W ER -2 XD, C-5 13 2 kRBYTH B EREMMNE Z SNz,

[F#&IC flunarizine IZDWTIE (Fig. 8). EXRS T VBOBT I FIALET
& % 1-[bis(4-fluorophenyl)methyl]piperazine (F-1) & 4,4-difluorobenzo-
phenone (F-3) BLURL > FINEDORI Y UB 4 LOKE(LE F-2) D&
BRI #9 10 53 £ TRISKFREIC ELA LT U 7= Bis(4-fluorophenyl)methanol
(F-5) OEREI. TRl o 2z LD, F5 X2 kKRB TH B
EJREMEDYE X STz,
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Formation of metabolite (nmol/mg of protein)

Time (min)

Fig. 7 Time course of cinnarizine metabolism in liver
microsomes from male Wistar rats.

Incubation was performed using 50uM of cinnarizine and
Img/ml of microsomal protein. Each value represents an
average of two separate determinations. Key : C-1 (@), C-2
(0), C-3 (&), C-4 (4A), C-5 (M)
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Fig. 8 Time course of flunarizine metabolism in liver
microsomes from male Wistar rats.

Incubation was performed using 50uM of flunarizine
and 1mg/ml of microsomal protein. Each value represents
an average of two separate determinations. Key : F-1 (@),
F-2 (0), F-3 (A), F-5 (H)
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Cinnarizine DREHITBIT S C-5 DEKIZDWTIL, UHF invivo IZHBW
C benzophenone (C-3) %% benzhydrol (C-5) IZEILENS [38]2 & KD, T
v ROFI 70V —LIBNTH C-3NEBETHRBZZITTCHRER L&
Zz5N/, F-5 1L TIE, Table 512/ L7ZLDIC, F-3 2EE (10pM)
ELTSy "I Oy —L&REEES2E F5 NERL., ZORBIE -
NADPH k#EFEM THo . Iv MFI 70OV -LIIRBTBT N EEEFETHE
DT I a— ARADBITHRBEIT D WTIL, bromazepam D REHTH 2
2-(2-amino-5-bromobenzoyl)pyridine D& LRI DFI [39] 7 EMNWEIN
TW3, 2047 b EOBTHRBEICIININRZIVBETEENEE L TS E
EZZ5NTWVW5 [40] 2&&D. CHRIUF-5 OERRIBICHHIVEAZIVE
TEZNES L TWa EHEINE. BEOZEED, Sy MNFI IOV -4
12 BT 3 cinnarizine B X W\ flunarizine DT Z Fig. 9O LD IZHEE L=,

1-2 HEHEHZBRISSA—YOEH

Wistar RSy PO I 7 0 — AT B B cinnarizine B L N
flunarizine ®—XKAREW & RIS DEERKI/IN T A—4 %KD=, cinnarizine
B LN flunarizine DEFEE L L TiL. 0.5-320 uM ZH Wz, Cinnarizine
TR L TIE, MR & HITKEER(C-2, C-4) D Km L. B 7 L3+ IE(C-1, C-3)
@ Km EIZER/INE o 7= (Table 6), D C-1, C-3 BEUC-4 ® Vmax fE
. MEOMEICHEANKE L, #IZ C-3 @ Vmax EITIE, 135 FOUENRD 5
Nz, —H., C-2 @ Vmax BEICITHEZEITE 57, Flunarizine DWW T,
Wi & B 1T KEEILF-2)D Km EIZ. BL7 VFIUEEF-1, F-3)D Km EIZ L~
Eipole (Table7), #HD F-1 BXUF-3 D Vmax fEid. BEDOHEIZH~K 3.5
BEUNB FERENSTZMN, F-2 @ Vmax HIZITHEZEIRD NN o7,

Cinnarizine 3 & T\ flunarizine D&KMW OEERI/NS A—F L0, f£E#
SR THIERBREOFTEEZHELBOINSA—FELTEF IV >
Z (CLint, Vmax /Km) ZE H L7z (Table 8), tf 5w MNZB W T, cinnarizine.
flunarizine & HIZ7KEE{L(C-2, C-4, F-2)D CLint {&iZ. 7 F)E(C-1, C-
3, F-1,F3)DfEL DB REL, T v b TIRHKBIERKGAFELZRBEETDH
BEHESN, —H. HESY MIBWTIE, Sy MTERBETIVFIVED
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Table 5 Reductive activities of F-3 in liver microsomes from
male Wistar rats '

Cofactor Activity (pmol/min/mg)
None 45 + 4

NADPH 156 + 14 **
NADPH-generating system 709 + 154 **

Activities ware assayed at F-3 concentration of 10 p M.
Each value represents the mean + S.E. of three determinations.
** Significantly different from "None" (p < 0.01).
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Table 8 Intrinsic clearance for the metabolites of cinnarizine and
flunarizine in liver microsomes from Wistar rats

Vmax / Km (ml/min/g)

Metabolite Male Female
C-1 3.19 = 0.54 1.47 + 0.04
C-2 12.12 + 1.22 25.67 + 1.11
C-3 68.67 + 1.83 2.90 £ 0.22
C-4 11.57 + 0.33 21.48 + 1.03

Total sum 95.6 51.5
F1 5.87 + 0.54 0.63 + 0.17

P2 8.09 + 0.58 1149 + 1.21
F-3 3.66 = 0.22 0.78 + 0.07
Total sum 17.6 12.9

Each value represents the mean + S.E. of three to four determinations.
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Clint fERRELS, RINFIERBDOFENKENWEEZEZ SN, FIC

cinnarizine DERS P VR 1O T ILFIVE(C-3)D Clint EANRH KE<,
flunarizine OISR T AREHTH % F-3 ERRIGDEDH 19 ETH- 7=, &

512, flunarizine DY D CLint ED#FII. cinnarizine & HENES v

FNTHE 1/, Sy P TH 14 THo7/=Z &L D, flunarizine I3 cinnarizine

ICHARREEZTICK WEEBZ BN,

1-3 FHEFOZIE

Wistar R#ES v FOF I 70V — AT BIT 5 cinnarizine B8 X T
flunarizine OARGTEHICRKIF T EEHEA OWMFIEZE Table 9 B LU Table
10 175k U7z, Cinnarizine XN flunarizine @ 1 XRAHEHIZ. WINnd
NADPH ¥HE T CIEE< #7879, —B{LRFEB LUV SKF525-A KL DAXE
KR I N=Z LD, ARISICIZP450 NEE L TWB EEZ 51/, &5
I2. Wistar RS v P TERBMKIETH 7= cinnarizine B L flunarizine
DI FINVEOFER 4 L OKELTEYE (C-2, F-2)2% CYP2D ¥ 7773
U—@OEE TH S sparteine 3 LN metoprolol [41, 42]DFHIMT L DET L
ZEED, C2BIUVF2 DERRKKITIECYP2D 777X U =2 EL T
W5 EHEE XN/, E7~. metoprolol I2&D C-2 BLXUF-2 DERKIEDIEE
BRIX. WTNHHEEHETH -7 (Fig. 10 BEL U Fig. 11).

1-4 DarkAgouti FT v MNFI 7 OV — L TOREH

Dark Agouti (DA)% 5 v k. debrisoquine 4 A77KEE{LIE DMK <. CYP2D
BT 77IVU—ET 5 P450 H FROERENETRHITENZ E3H 51T
W35 [35-37], |

BEDMBERZRNEERICED, C-2 BXUF-2 OERKGICIE CYP2D
ST 77 IV=0EELTWA I EWRBENE, €I T, DA RSy hD
FF2 7 0V — AIZ & cinnarizine 3L flunarizine OB EEZE RN
(Table 11). Cinnarizine 3 & 7\ flunarizine DEH WL, Wistar TT v b
TORMICED. L0 F INVEOHER 4 OKBLEY (C-2, F-2) BEAR
JREE (Vmax) IZERELTWS EHEEIND 16pME Lz, DARES Y bD
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1/V (min mg/pmol)

L / | 1 ] . | | |
1 I

02 -015 -0.1 -006 0 0.05 0.1 015 02 025 0.3
1/8 (1/uM)

Fig. 10  Effect of metoprolol on cinnarizine 4-hydroxylase
activities in liver microsomes from male Wistar rats .

Concentrations of the inhibitor were 0 (®), 50 (A) and 100
uM (M). Each value represents the mean + S.E. (N=3).
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1/V (min mg/pmol)

Il | { | l }

i i I 1 1 !

0.2 -0.15 -0.1 -0.05 0 0.05 0.1 015 02 025 0.3
1/8 M)

Fig. 11  Effect of metoprolol on flunarizine 4-hydroxylase
activities in liver microsomes from male Wistar rats .

Concentrations of the inhibitor were 0 (®), 50 (4) and 100
uM (H). Each value represents the mean + S.E. (N=3).
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Table 11 Oxidative activities of cinnarizine and flunarizine in
rat liver microsomes -

Activity (pmol/min/mg)

Metabolite female Wistar female DA
C-1 11.0 = 0.9 23.7 £ 3.0 **
C-2 53.3 = 2.7 14.0 = 0.7 **
C-3 26.8 + 2.1 46.6 £ 4.0 **
C-4 249 = 1.6 2.0 £ 0.1 **
F1 12.5 + 49 549 + 5.0 **
F-2 ’ 36.0 = 1.2 4.0 £ 0.2 **
F-3 58 + 2.5 295 £ 3.2 **

Activities were assayed at cinnarizine or flunarizine
concentration of 16 pM. Each value represents the mean =+
S.E. of four determinations. ** Significantly different from
corresponding activities of female Wistar rats (p < 0.01).
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C-2 BLUF-2 DAEREMEIL, Wistar BT v MR WINHHEZITED
ST, TDZELXD, C2BLUNF-2 DAERICIZCYP2D YT 7731 —0DH
BRI N, =75, B IVFIVEES (C-1, C-3, F-1, F-3) &, DA RIS
w MO Wistar REES v MIZHARNWTNHFEEITEN o 7=, & 51, cinnarizine
DT ZI)VAFIVEDEFER 4 (LOKETESE (C-4) H. DARIES v v T

BICEWEZR LA, Wistar X5y MFI 70V - L OEFEHEN
sparteine & % W metoprolol ICK DK TF LN -72Z &LD. C-4 DERRIC
X CYP2D A DY T T 7 2 U—DEENE 2 5z, |
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B28 EMFIZOV—LAICEBRH

RIEIDFERK D, cinnarizine BL U flunarizine ® Wistar S v RFI
70V — LA TORBITEEGBERS 32uM LLF) Tl P2 FINEOYH
TR 4 L OKEERE (C-2, F-2) WERIGTHD. ZORHKEIZIZ CYP2D
YT 77205 LTV EHEEINE,

XETIEE MFI 70V —AZ AW, cinnarizine 3 & flunarizine D
EHZAEL. CYP2D6 G &P LU\ debrisoquine 4 fir/KE(LIEME & DI %
AN, E5I.CYP2DH T 7 7 2 U —OBRIRMEERITH S quinidine [43]
L BHEEDNR OB Lz

(£ E]

2-1 Cinnarizine 3 X flunarizine DRETE M & debrisoquine 4 (IKEE(LIE
iz 5Nz CYP2D6 S8 & DOFEE

EMFIZOV-LELTHE. SIRYTIVEOFAEL, 0D P450 28N
0.21-0.51 nmol/mg of protein DEFH TH -7~ 10 FlZH W=, E NFI v OV
— A T® cinnarizine B XK flunarizine DAHTEM: &, debrisoquine D 4 fif
IKERALIE T2 5 TNT CYP2D6 S8 & 4B % Table 12 & Fig. 12 1T/ L7,
AEEMEIL, cinnarizine TIX C-2 £RIEENEDE <. KW T C-1, C-3, C-4
DNETH o7z, Flunarizine TlZ, F-1, F-2 BLUNF-3 DOJETERIEHEI
7z, Cinnarizine B & flunarizine D > F I IIVEDOEEE 4 L OKEE(LE
f£ (C-2, F-2) 13X, debrisoquine O 4 fI/KE{LIEMER SN CYP2D6 S L5
WHBEZRL. (WFhd r=090, p<0.001), —FH., ¥ >FINEOFER
4 (ZIKEALLASL O cinnarizine 33 & Of flunarizine D AHHTE M & debrisoquine 4
FLREBRALTE M £ 7213 CYP2D6 & & & DRI R - 7=,
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Table 12 Oxidative activities of cinnarizine and flunarizine in human liver
microsomes

Metabolite Activity a) Correlative coefficient

(pmol/min/mg) (r-1) (r-2)

C-1 35.4 £ 17.5 0.617 - 0.409
C-2 52.6 = 19.5 0.949 *** 0.919 ***

C-3 19.3 £+ 8.6 0.736 * 0.583
C-4 7.4 = 2.7 0.602 0.683 *

F-1 374 + 15.9 0.686 * 0.460
F-2 23.9 =+ 84 0.895 *** 0.928 ***

F-3 18.0 £ 10.3 0.589 0.318

a) Each value represents the mean = S.E. (n=10). ,
b) r-1 and r-2 are correlative coefficients with debrisoquine 4-hydroxylase
activity and CYP2D6 content, respectively (* p <0.05, *** p <0.001).
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Fig. 12 Correlation of the CYP2D6 content and the ring-hydroxylase
activity at the cinnamyl moiety of cinnarizine and flunarizine with the
debrisoquine 4-hydroxylase (4-OH DB) activity in human liver microsom

Mean activities of the ring-hydroxylation forming C-2 and F-2, and of
DB 4-hydroxylation were 52.6 + 19.5, 239 + 84 and 158 + 4.0
pmol/min/mg of protein, respectively. A) represents the correlation of
CYP2D6 content and DB 4-hydroxylation (Y=0.193X+1.559, r=0.846). B)
represents the correlation of C-2 formation and DB 4-hydroxylation
(¥Y=4.29X-11.11, r=0.949). C) represents the correlation of F-2 formation
and DB 4-hydroxylation (Y=1.74X-2.01, r=0.895).
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2-2  Quinidine IZ X HHEERER

Cinnarizine BX N flunarizine D > FINEFER 4 L DKL IR
(C-2, F-2) IZBWTF2 CYP2D YT 77X —DHEE5EZ2 I SICHLENIT S0
12, CYP2D U777 2 U —DBIRVEEHRTH S quinidine [43] DERIMZIE
Tz (Fig. 18), C-2 BELUNF-2 DARKIEHIZ. quinidine DEFIN (5pM) 12
FOERIE T LR —F. TOMORBMERKBIL. WIFND quinidine
DEEEZ\TIRINo T, ‘

(Z£]

C-2 BXUF-2 OAEREMEN CYP2D6 & &P L W debrisoquine 4 f77KE1L
EHEEVWAEBZRLEZ &, 5 NCHEAETEED quinidine 12X D KEL
BFLEZZELD, ENFIZ OV —AKBIT S cinnarizine B KW
flunarizine D > F INVEDOFER 4 KB LKINITIE, CYP2D6 23BEE5 L
T3 &EZ 5172, CYP2D6 I3 haloperidol. propranolol, dextromethorphan
2E 40 BRVDOEYORHEICHEEL . BERELEEZRIIEBHSNTVS
[20,44]. CYP2D6 D RIBEFDEIEIL. BRAKATITA 7 % & LBBIE Y [45],
HEATIZ05%LLFTH B [46,47]. LM L. TN FE T cinnarizine BELN
flunarizine OB BITS CYP2D6 DEEIZTDWTOHAI R RN, Eiz,
cinnarizine % flunarizine IZ & % parkinsonism DOF¥ & CYP2D6 D&EELR
EDOBRBEBHAS LTIV,

b hF2 70— A2 & 5 cinnarizine 3 & U flunarizine OF /N5 — 1,
Wistar REEZ v b LD b Wistar Rt Z v MTELIL TW/z, Flunarizine {Z
AL TZ O AL, Lavrijsen 5 [25] Stf#ES Y hBXI UV hOFI OV —
LFEFILESTMEZE B W in vitro DRFTE D, B FORBNSY— 13 S
v MZEELIL . Z0ERBEYT hydroxyflunarizine THh 5 & T 28H|EFE—HL
0o TOZTEXD, B DI T cinnarizine 3 X flunarizine [T K5
parkinsonism FEHOMEEEZKRFHL TIAICUL->TE, ESY FRODHES
v N EERTAAEREETHD EEZEA LN,
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Fig. 13 Effect of quinidine on oxidative metabolism of cinnarizine and
flunarizine in human liver microsomes.

Open and hatched column (mean + S.E., each n=4) are control and
quinidine-added (5 pM) groups, respectively. A) and B) show effects of
quinidine on metabolism of cinnarizine and flunarizine, respectively.
Statistical significance was calculated by Student's t-test.

* Significantly different from the control values (p < 0.05).
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E3E b P450 BETERY NAFEERI OV -2 KR

I, B MO P450 ZEREMEAICHEE ST, EYRHICEAT2HERE2ES~
DOFEMNFEL., HERDDER>TETND, P450 ZRIFEI VL EEH
& LTI, BRCE NHEBEE HepG2 HIfE/R EFEAL D ONFHIN TN
% [48], ZDHTH, B b B U /FERMITRIL P450 ODRBEENL L, MD
BARE (P450) MHIRE OB ICL > TEM U WRERRRA L THM S
NTVWD [49], |

AHETIE. BEb B UNAFHRMARRICEER ST, 10 BEOE + P450
EBEFREZRI O —AZEA, cinnarizine 3 L flunarizine D RETE
ZHIEL. MEYORBRISICE ST 5 P450 S FREORIEZHE A,

[ERIER - B8]
3-1 Cinnarizine 3 X flunarizine DREHIFHE

10 BEOE k P450 BETFREERY ONAFHRARI 70y —LzH0n, £HE
EE 50 pM T cinnarizine B& X flunarizine ORBEKE ZHIEL I-#ER 2
Table 13 1ZRL 7z,

10 BEHOLTFED S B CYP2D6 DAY, cinnarizine 3L U flunarizine @
TUFINEOEER4MAKBKIE (C-2, F-2) 2L~ E MNFI 70V

— AEAWEERRICED., C-2 BLUNF-2 OAERENED CYP2D6 SEBIN

debrisoquine 4 {7 /KEE/AFEE EEWMHEBEZRL., S S5IKAAHEEDN
quinidine WX D KRESETFTLEZELD., ERFIZ OV —AKBITS
cinnarizine 3 & U flunarizine D3 > F I )V EDFEER 4 KB RKISITHL.
CYP2D6 ML L TWnB EE X 5Nz, b b P450 METFHRED >/ 3R
OV -LAERWERERIZED, C2 BEUY F-2 OERRBIIBITS
CYP2D6 DB G-NEHERIZEH TNz, '

Cinnarizine ¥ 7 = =)V A FIVEDKEELIEHE (C-4) 13. CYP2B6 DA T
D BNz, CYP2B6 DOEYABNT BT B RENIRZHE TIZR W, FUEA
® cyclophosphamide DL IZEA5 L. %7z phenobarbital IZEDFEEINS
SFETHHEUREENEZEZSNTVSD [50],
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Cinnarizine DR 7 JIVFIVLEE (C-1 F7/=1X C-3) 1Z. CYP2C9 BL R
CYP1A2 THH I, flunarizine D7 IV FIVLEHE (F-1 £7213 F-3) 1L,
CYP2C9. CYP1A1l BXU CYP2A6 TR Z N/, CYP1A1 Y flunarizine
DT NFIALDBZMEL ., —F . FEEIIENH DD CYP1A2 8 cinnarizine
DERTIWVFIACD B Z Al U7z Z SI3EKREN, @O TFROBEEF.LADIN
SOEYOEEIT T 2 ZINAFINED T vRNEEL THBHONE LN,
Flunarizine D > F I )UEEHSE F-1)id. CYP1ALl B W THERE W E
ERLEN, BEE MFCBIT5 CYPIAL SRBIZFERICEY [51,52] 2 &b
5. cinnarizine B XX flunarizine @ i > F 3 )L{k (C-1, F-DIiZiL.
tolubutamide DREHICEEE T 3 [63] CYP2CO BEICEE L TV A ATREMEM
EZ 5N, .

CYP2C8. CYP2C19. CYP2E1 » 5\ id CYP3A4 {3, WITNOEHEDRE
TEM DTz,

3-2 EERBNNTA—FYOEH

CYP2D6 B &L X CYP2B6 Z T, cinnarizine B& U flunarizine D7k
{ERISDEERE/N T A—4 (Km, Vmax) 2R, EH 271 7 5 > X {E (CLint,
Vmax/Km) ZZEH L7 (Table 14), Cinnarizine 3 X flunarizine D EH
BELLTIE, .5-320 M ZH W=,

CYP2D6 1= & % cinnarizine 3 & 7\ flunarizine D3 > F I VEOKELR
& (C-2, F-2) @ Km {&l 2-4 uM. CLint {13 0.14-0.31 mUmin/nmol TH D .
CYP2B6 Ic &% C-4 £RKE (Km : 17.2uM, Clint : 0.1 ml/min/nmol) T}k
~YEN Km fE & Clint fEZ/R L7z, Cinnarizine & flunarizine Dt
MeBIFsEFRBOMBEFRENZTNZN 04-08 pM [54, 55] BIY
0.05-0.4 pM [56, 57] THBZ & kD, CYP2D6 Ii cinnarizine B & N
flunarizine DRFITBNT, FERBHXEE>TNWBLEX SN,

2B, BT NVFINERISOEERI/ST A—FIZDWTIL, BEEHRERIC
BWTHBRNBOEY ORENHEMHICRELS, EHTERM o7,
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N FE

Cinnarizine & flunarizine 12 & % parkinsonism DZFEIREERE 2 5 NI EY
WEDRBEROHEBEZRFT27-00FE 1ERE LT, Wistar RIEEHS v I,
DA X5y FBLUVE FOF 7OV —AEE b P450 BEGETFREY 2 /8F
I 70— L2 HAWT, cinnarizine & flunarizine O —RXAH O EER
HRRE E R RIRICE 59 5 P450 D FRICDWTHRF L. L TOAIRZ &,
1) v MFI 7oV —AZHAWE in vitro fRBEERICTB VT, cinnarizine B
L X flunarizine @ 1 KACE KGRI, lei}’l% NADPH F#ZEE T CiIE< EfT
®9., —BILREBLY SKF525-A ICL DI NI ELD,. ARRITIE
P450 ABEE L TW5B Z EAVRE SN/,

2) 9w MO —AIZBVT S cinnarizine B & O flunarizine D{EEE B
EHTOXRFRINL. Vo FINEOEEFR 4 f/KBLRIE (C-2, F-2)TH

>7,

3) 5w NI 70V —AIZBV) B cinnarizine B & O flunarizine DT )L F
LR (C-1, C-8, F-1, F-3) 1213, BEE/REEIRED 5N,

4) Sw Iy —AZAWVE In vitro KEHER LD KD ZEF /U T S5
> Z4E (Vmax /Km) X V. flunarizine i cinnarizine {2 b _H 2 Z 11T <
Wb EEZ 5N,

5)@%%B¢UDA%5vbémmt%%&b\ivhﬁSﬁnfwAf@A
C-2 BLUF-2 DERITIZCYP2D H T 7 7 2 ) —DEENRER I NI,

6) b FFI OV — ATO cinnarizine B K flunarizine & /8y — 13,
Wistar RS v bk D Wistar TS v MTELIL TWE,

7) C-2 BEUF-2 DAERIEMED CYP2D6 BEBIN debrisbquine 4 hrKEE
EEEEFVEEZRLZZ &, RS NCHEABIEMES quinidine ICX D KE
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SETFLZZEELD, ERF IOV —LAIBITS cinnarizine BL N
flunarizine @O > FI)VEDFER 4 KB RIGIZIE. CYP2D6 A5 L
TWBEEZ 5N,

8) £ b P450 BETHIREU INFHMHEI 70V —AZAWERBERLD,
C-2 BLUF-2 DERITIL CYP2D6 2385 L. C-4 DAERRIZIZ CYP2B6 HH
ELTWBZ ERENTZ,

9) b b P450 BEETHRR U ONFRERI 0V — L& AN RBIERID,
cinnarizine 3B L flunarizine DR 7 IV FIALKIRIE. BEOSFEIC L DL
BENDZ ENDMhoT=,

PAlERARFERMN S, B MTBIT B cinnarizine B & flunarizine DL
BWTE FICEEERERE T CYP2D6 MAE T 2 0 F I IEDFEEFR 4
MOKBEENEERRINTH D Z ERNbnol, iz, FORBINT— 13,
Wistar RIES v bR D BHES » MTEUL TW/=Z XD, cinnarizine B &
O flunarizine IZ & % parkinsonism FEHDEE LR T BI04 T #ES
vhEOBMS Y FEFERTLIANELTHB EEZ SN,

o0



1. EREW

SES DD Wistar T v FBX VDA REZ v MIEEASLCHL D EE
AUTz,

2. F12

Cinnarizine 3 & flunarizine & FN 5 DRBYDAFIZIONVTIL FE1E
DEBRDERIZEC L 7z,

Debrisoquine hemisulfate 3 ) 4-hydroxydebrisoquine hemisulfate {3 H
Aoy aWEofEsExNni,

10 BEOE b P450 EETFRE U > /NFHRMM I 7 0/ — A (CYP1AL,
-1A2, -2A6, -2B6, -2C8, -2C9, -2C19, -2D86, -2E1, -3A4) BLURTZ F—DH
EEa o=l 70V —AL, Gentest ttL DAL=,

Glucose-6-phosphate (G-6-P), glucose-6-phosphate dehydrogenase (G-6-
PDH) BEL U NADPHIA Y T ¥ VBRI DEA L,

SKF 525-A 3 Research Biochemicals Inc.. metoprolol tartrate 3L\
quinidine hydrochloride 1% Sigma #f. sparteine sulfate B X % 11-
ketoprogesterone |IFIHFIE T EM L D T NTIUBA L7,

FOMOFEEL, FTROBFEKREKZ O NS THERIISEREAEZFERAL
7o

3. T
FELIEOERDOEICE L7z,

4. FIroy—LoHs
Sy MNFIZ7OV—ADFREICDWTIL. 81 EQERDIITE LTz,
ENOFI 7OV —A1F, 10 A\OBEFABHE (2-72 5. F15 45.4 &%) OF|
BT SRELE [58].
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5. Cytochrome P450 & DEIFE
Omura & Sato MFHTE [33] IV, BB —B{LRFJHBESEARYT MLh
53kD7z,

6. I MFIZOJ—=LTODF-3 DAH

Wistar RHES v NOFI 70V —AZFERL. XD 3 BORGERZ
Ufze DRIZ7OYV—=LF 27 1 mgZ2EE 1 ml @ 100mM U > EEEEIR
(@EH7.4) 2) 1)ic 5mM @ NADPH 2SO RISER 3) 1)IZ 10 mM G-6-P, 2
units G-6-PDH. 4 mM MgClz LN 0.5mM NADP+&& {0 RNERK. Kis
BWE 37T CICTSHMT LA > Far—bE F-3 DAY ) —)UERK 10 ul
FHMLU (BREE 10 M) RnZERBSEz. 1 >FaxX—3 20337 C
12T 5 9RITN. IM REEEEWR (0H10) 0.5ml Z2MEZKiSEEIE Ui, &R
L= F5 28 1 ERLEFETERL, REEEEZRELE.

0.5-320 pM O cinnarizine % % V)3 flunarizine, 10 mM G-6-P. 2 units
G-6-PDH.4 mM MgCls BEXNR1mg DI /O —AY N7 ZEE 1ml O

100mM U VEERRER pH7.4 ORGBKRZAM L7z, 37T CITTS54HETLA
>FaR— &, NADP* 25N L (&KEBE 0.5 mM) KEZEHBIRZ,

£ >Fa_—2 30 37T TIETEHRITN. 1M REEER (©H10) 0.5ml
EMARISEFEIE L7z, R UZREYZE 1B LUEZFETEREL. K##
EEEHIE L7z, |

8. fREimHZE

FEEEHFNL. BABEMN SKF 525-A BL N sparteine Tl 50 £7=13 200 pM.
metoprolol T 50, 100 FE/=1% 200 pM. quinidine TIX 5 uM &5 L3IC3
70— AEFURNERICEMU 7z,
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9. b b P450 EETFHED /SRS 7 0/ — A T cinnarizine 3L
X flunarizine fXEHTE M DE

50 uM @ cinnarizine ¥ /=13 flunarizine. 5 pmol G-6-P, 1 unit G-6-PDH,
250 pmol NADP+ BX U2 pmol MgCle 28 0.45 ml @ 100mM U >
#BETR pH7.4 (CYP2A6 & CYP2CY @& 100 mM Tris-HCl #BE R & (&
) OEEEHRELE, BEZE 37T CITT3MOT LA Fax—hLE,
0.05 ml Dk ~ P450 EETHE ) > /SR 7 0V —24 (0.5 mg protein,
4-107 pmol P450) ZHRML TRIGZRBEEL, 1 >FaX— 3 V&
37 CIZT 54TV, 1M REEEER (pH10) 0.25ml ZMARKISZEELZ,
KNT, WEREXE S LT cinnarizine OHB& 1L 20uM 4-hydroxyflunarizine
(F-2) A% /) — JVE# 10ul . flunarizine @ H & 13 100pgml 11-
ketoprogesterone X% J— VAR 10ul ZMZ 7z n-ANFH 2 :TEr (9:
1,viv) 3ml ZMARINT Yy I AIFP—T10HESG LR, 1600 Xg T 10
SREELDBEL. BEREEZPE L, O—F ) —INRL—F—TEEBZR
- EBEE. EBEZ 100p] OBEEICEMAE L. HPLC IZfY L7z, HPLC O&AE
Ty hBIARE NFI 7OV —LDOHEEERKETH 5,

10. Debrisoquine 4 {77 D 59

50 uM @ debrisoquine., 10 mM G-6-P. 1 unit G-6-PDH, 10 mM MgCls
BER05mgDI o0y —AF NI EFE 0.5ml @ 154mM U > EREE
W pHTA4 ZRIBERE LU, 87T CRTHAMT LA rFax—h&,
NADPH Z#HMNML (BEEBE 0.5 mM) RibzHEBEEE, 1 >FaxX—3
2 37 CIZT 54TV, 12N KEg{EF b U T A 0.5ml ZINXARIGZELE
U, ERYEEEETTF IVICTHER. ATEEYE & LT glycinexylidide -
ZEMLU. 0.01 N BRERICK o TKHNERE L7z, BRI FTIVERELIZD |
5, 0.01 NKE(LF MU DTLATHAL, RAEZER. REKITE» L HPLC
It UJze HPLC IZ kB EEIX: A5 AIT Inertsil ODS ZAW, A5 LEE
40 CTTHo7%. BEAICTZ M= MUV : 0.1M 1) B pH3.0 (15:85,
vivyE AW, fEIE 1.0ml/min & U7z, UV IZX 2% 1T 210 nm TiT- 7,
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11. CYP2D6 SEOHIE

CYP2D6 E&id. H1Fv b P450 UT-H (CYP2DL)HifEkZ AW A/ 7O
v MTEDEIELRZ [60]. v NFIXZ OV —AFD 5 pmol @ P450 DLLE
SREZ 1 unit & L7-,

12. EBER/N_FEEICEIDIEERFNTA—-IDEH
RFOFEERH/NT A—F (Km, Vmax) (3. IS [61] OIEERE/N_=
BT S5 A “Multi “& AWV, Simplex ETRD =,
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% 3% C(Cinnarizine BL D flunarizine OfTEEELRI/ER O L
B

Parkinsonism OERIE. $EAKROEE (R—/XIVEROET) 1o
IREFHEBIVEHHRAUEOET ZHHLET S 9], BKRIZIBWT.,
flunarizine #5813 cinnarizine @ 1/10 05 120 (F)VHE) I2bhnb
573, flunarizine IRFAEBEICHIT 5 parkinsonism D FRIEHEEIL, cinnérizine
RABRECIBITALDBEN,

EREBYICBITSHEDOETREEMERZ B UEHREL TE BES
[62] XTI, Tv FBEOA XEHAWZEHRER EE~%T mgke T
DEEHBRORNT, —BRERELTEREHOBON AL, FOERAIZ
flunarizine D AMNEW I EZ2H|E L TNW5D, MEYOEFHED L SEEHFAE
WERESTERAZESERLUEFHEEL TR, WES [63] A% ITAZHAN,
EERBEA. 7 A w7 A, BEEE, BREEDIORIEREICL D, flunarizine
DAHNEHES XEESHRAECE TERANRNI EZRL TS, YTAKR
BT 5 cinnarizine 3B L flunarizine DENENRRICET 24 Rid72 <. WEY
DEEIR SEBHAICRIETHEAOEN, ARBBENERICE 00, ¥
HEHEEOBEWIIE 2 ONSHETERN, ‘

FETIE, £ M ERFHDONY —2%ERL TW= Wistar REES v RZHAW,
cinnarizine X7z 13 flunarizine EHi#% 5-FF DY) O HEAIBE R O EENFREH
BICKIZTERZEBLE,

& 512, cinnarizine BE W flunarizine 1&. 7z 2V 7IVFIVT I UHEEE
L. TIBEARELBELOBELUENSWZ EXD., FIEHHRE S FRICES
DO R=NI LTy —%EW L T parkinsonism #&E&9 2 AJREHNE X
5Nb, €I T, R=NI DV ETF—0BRAZTIZZARTH 3
apomorphine [64] ZAW, R—=/XI > L& T7F—ixT % cinnarizine LN
flunarizine OEWZIRZ in vivo TEH& L /=,

SIS}



% 187 Cinnarizine ¥ 7213 flunarizine EH % 5K OTEIRIESLH/ER

ERERBONS —WELL TV Wistar RHES v R 2 AW,
cinnarizine X7z13 flunarizine ERe i 5F OTHEY OEHE S ESHHFAIEIC K
EIERERE L. BEEREL TR, A5V 7 —EEER. Esipas
2T BER B L OTENENE 2 FNF 4 high bar test . [ﬂ]ﬁﬂﬁ{i (rotarod
®E) BT 70—V RETHIEL =,

HEVTo—E3, BNFGENICEEREREE2—EREEDRIT2 &%
BL., INZEET 2T, KFEIELEZBIIITART v hORIKEEMNT X
EHRELT, OIS BEERLEE 30 WULRFTEHEEE2HFL T
— Bt EHErd S (highbar test 1) [65], 728, FiEHHEEOHNF L S —
FiE{EA X parkinsonism FH R EHBEEGERT I ENFGENTNS [66,
67],

[El#=fikld, parkinsonism 732 ESEARANERIER BB IER 72 & OFEMIC
WH5ND [68,69], KFICKXASNEEEGELICEYEEEREFERMIICES &,
EXBME—EREERICSGDOETHITTHIENTESY. EFEHAtDR
EVRDNTBEZICHETTHLIITRS,

F—=T T4 =V RER. ITXRT Y NORRITHOZ DM EETEID
FILZBEITSIHETHS [65], HEIT. EE60cm OEEZ 19 KEICKY]
DINTVROBDTH D, —ERFMNICKEZ#Y] - -5 (ambulation) &
Y5 ENOEE (rearing) ZIEENEE L TIHMET 5.

[EERFER - B

Wistar %> v MZ cinnarizine (20~400 pmol/kg) %7~ flunarizine (5
~40 pmolkg) Z 1 H 1[E 15 HMEGERORE Lz, EY%E 1, 5, 10 BL W
15 B &G 24 BRERICHS LT —ERER (Table 15) BLOEEN T
IX9 B1EA (Table 16) #I%E L7z, Flunarizine iZDW T, 10 pmol/kg LA
LOREETHI LV TP —0EBRBIEH HAMEDOE TR D SN0,
cinnarizine Tld. 400 pmol/kg #5FITH T 10 HEABEIZ 6 ILH 1 ILiC Z
S5ORPBDENEDOATH o7, 10 HEDHERELIVEL LAY L T —
DEEB X OEENFHFHEIEIER T BT 5 EDsold. flunarizine T 23.5 BN
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Table 15 Cataleptogenic effects of cinnarizine and flunarizine in
female Wistar rats

Treatment Dose Incidence of catalepsy
(pmol/kg)  1day 5 day 10day 15 day

Vehicle — 0/6 0/6 0/6 0/6
Cinnarizine 20 0/6 0/6 0/6 0/6
100 0/6 0/6 0/6 0/6
200 0/6 0/6 0/6 0/6
400 0/6 0/6 1/6 1/6
Flunarizine 5 0/6 0/6 0/6 0/6
10 0/6 2/6 1/6 2/6
20 0/6 2/6 3/6 2/6
40 1/6 3/6  4/6 2/6
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25.0 pmol/kg TdH o /=AY, cinnarizine Tld 400 pmol/kg LLET&H - 7= (Table
17) ,
EHIT.EYE 15 BEKRE 24 BERICA -T2 7 4 — )V RRICK DITENE
HZELE L (Table 18), Flunarizine {3 10 pmol/kg ML ED R EE T:EE=E
(ambulation) ZHEICHAEIL =, cinnarizine Tld. WINORHEIC BN
THUFRIRIZBD SN > 7=,
PLED#R LD, flunarizine VX cinnarizine 12 bR Wistar RS v ~ B
oA VT —EREA, EBBRETSIERB I OITEEEISIER R
<., B MZHBWT parkinsonism Z5[EH I T HEENE W I ENREINTE,

59



Table 17 EDS50 value for cinnarizine and flunarizine on
catalepsy and rotarod performance

Treatment ED50 (umol/kg)
catalepsy rotarod

Cinnarizine 400 < 400 <

Flunarizine 23.5 25.0
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Table 18 Effects of cinnarizine and flunarizine on ambulation and
rearing of Wistar female rats in open-field test

Treatment Dose ambulation rearing
(pmol/kg)

Vehicle 53.56 * 4.6 10.0 = 1.5

Cinnarizine 20 57.8 + 8.3 11.8 + 2.8
100 51.0 £ 9.9 13.3 + 3.3
200 61.5 = 74 12.3 = 1.7
400 43.8 + 9.8 6.8 £ 2.3

Flunarizine 5 44.8 + 3.8 10.7 £ 1.5
10 20.8 + 3.3 ** 6.0 £ 1.5
20 31.0 £ 3.8 ** 6.8 £ 1.6
40 36.7 £ 5.7 * 6.8 + 1.3

Each value represents the mean + S.E. (N=6). Significant difference
from vehicle group was determined with Mann-Whitney U-test ( * p <
0.05, ** p <0.01).
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5% 281 Apomorphine IZX D FER I NS ERTEIOMAIZIRE

PUREMAREIZL D, parkinsonism AEEINAZ EFHFSMSHASNTH
D, TOREEFIT. IERRENREREFEROR—NRI LTy %
Wroa-HEEZ5NTND [10-13]. Flunarizine 3 X X cinnarizine 13, ¥
REIDVIBEDD T IIUTINFINT I UEEEZE L. NIBFHRELBE LD
FEMENGNWI LD, MEYIIBRRECRARICR NI LTy —%
W L T, parkinsonism % 5| ERL I G AIEEHENE X 515,

R—=NI L7y —DBIRZT7 T X NTHS apomorphine ZJw k
WHRET 5L, BRTEOEN, KEIDAWKKRS (sniffing), ¥—I %D
% (licking) R EDERTEIMNRIRT 5. ZOERTH:I. L F—/SI VEH
Mg <, BIEA &L T parkinsonism Z3[EBIT 2ERNAENTN S
haloperidol % perphenazine 72 &1 & D EBEICHIFIZ NS [65]. FETIL.
apomorphine IZ LD FEEITENIZEL T, invivo IKBITFB R—=NI 2L ET¥
— 2%t 9 % flunarizine B X W cinnarizine DOEWIZNE Z LB L 7=,

[SEERFER]

2-1 Cinnarizine ¥7z21d flunarizine B [R[$¥5-KF D apomorphine R E FTE)
- OMEIZNE

Wistar Rt S w N IZ cinnarizine (100, 500 3 XX 2000 pmol/kg, p.o.) £/
/& flunarizine (25, 50 & &N 100 pmol/kg, p.o.) #% 5 2 R apomorphine

(2mgkg, ip.) ##H%E5L. EFRITEIZEZE L. Costall & Naylor D 5% [70]
> TRa7—{kl7z, |

Apomorphine IZX D FHR N B FERITENCKIEZ T flunarizine BL U
cinnarizine |5 DFR%E, FNFN Fig. 14 BLWNFig. 15 ITRL7=. BED
HetG Ut BEEITEER, cinnarizine 100 pmol/kg #%5%f T apomorphine
5% 30~35 77, 500 pmolkg HEF T 25~30 43, 2000 pmolkg HEHT
30~40 DI ENTNHBERIMGEINER SN0, PR SBEEEIR
S5 o 7z (Fig. 14). —7. 25, 50 BL TN 100 pmol/kg @ flunarizine &5
ATED . BRITENIHREICHR, WIhoBIEREICBW TS AEEKENIC
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Score of stereotypy

0 10 20 30 40 50 60
) Time after apomorphine injection (min)

Fig. 14 Time course of the score of stereotypy induced by apomorphine
following cinnarizine administration.

Apomorphine at a dose of 2 mg/kg was given intraperitoneally to rats
2 hours after oral administration of O (®), 100 (4), 500 (M) and 2000 (¢)
pumol/kg cinnarizine. The intensity of stereotypy was scored by the
method of Costall and Naylor [70]. Each value represents the mean +
S.E. (N=5). The statistical significance as compared to control (®) was
estimated by Mann-Whitney U-test. *p < 0.05, **p < 0.01.
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Score of stereotypy

0 10 20 30 40 50 60
Time after apomorphine injection (min)

Fig. 15 Time course of the score of stereotypy induced by apomorphine
following flunarizine administration.

Apomorphine at a dose of 2 mg/kg was given intraperitoneally to rats 2
hours after oral administration of 0 (®), 25 (A), 50 (#) and 100 (&)
pmol/kg flunarizine. The intensity of stereotypy was scored by the
method of Costall and Naylor [70]. FEach value represents the mean +
S.E. (N=5). The statistical significance as compared to control (®) was
estimated by Mann-Whitney U-test. * p <0.05, ** p <0.01.
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BFERICHH N (Fig. 15).

2-2 Cinnarizine ¥ /=13 flunarizine E&i#% 5K D apomorphine F R ¥ F1TE)
DENEHEYES

Wistar %t < » M cinnarizine ¥ 7= flunarizine 20 umol/kg & 1 H 1 |
1,5, 10 7213 15 BEEHREORE L. SEKBE50D 24 BB
apomorphine (2mg/kg,ip.) ZH#ES L TERTHZEE L. ERTEHO X2
7 —DKXMEE, flunarizine %5 TIIRERRFRIC/NE <725722%, cinnarizine
BETRIEEN N>z (Fig. 16) .

(%)

Flunarizine @ F—/N2 L7 —1Cxd 2ERICELTIE. <720
apomorphine FF — - 7 54 2 >, methamphetamine 512 & % £
TLEE. FRFRSEERHEET D X D apomorphine F /7 1& methamphetamine 5
EEEEHZNWTNDHFTH EM|ETNTNS [71], £i2, S04 LT
F—7wEAIZLD, flunarizine 1IZ5 Y MEFER—NI 2 LT —ITHEE
THZEDRENINDSNT WD [14, 15], —5. cinnarizine IZB L T,
cinnarizine OERHRETT v MREFEO R —NI VLTS —ENEMNL 7=
ETB8E [72] 23H BH—F T, cinnarizine |37 A D amphetamine #5127
L 2EETIEEIFET [73]. cinnarizine D R—/SI > L& T¥—~ADEE5
DOWTIE, WEEHSM TR, FEHTIE, F—NXI2 L7y —DRR
#7727 I= A N T&®3 apomorphine [64] ZHHV., v Min vivo ITBN T,
R=NR2 2L E7F—ITx T % cinnarizine 3 & U flunarizine DEETZNR % [t
gliz.

Flunarizine M B [E[# 5 2 FfE#ICB W T, apomorphine I K DERI NS
HFHTBICHT S flunarizine OIHEIRITRL, Livs BBEENTH S,
—7. cinnarizine OFHIZIERIX, flunarizine ITHERFEFL <3<, cinnarizine
2000 pmol’kg HERFICBT 2HUFZIRIZ. =D 1/80 OFEICHHT S
flunarizine 25 pmol/kg HER L D BTN -z, TD I &LV, flunarizine D
parkinsonism ZE/ERMIL. cinnarizine IZ LR TR T EWTER XN,
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" Maximum score of stereotypy

0 T T 1
0 : 5 10 15
Day of cinnarizine or flunarizine administration

Fig. 16 Time course of maximum score of apomorphine induced
stereotypy after repeated oral administration of cinnarizine or
flunarizine.

Rats were injected once a day with cinnarizine or flunarizine
(20pmol/kg). Apomorphine (2mg/kg) was given intraperitoneally
to rats 24 hours after oral administration of cinnarizine (®) or
flunarizine (A). Each value represents the mean = S.E. (N=5).
The statistical significance as compared to control (0 day) was
estimated by Mann-Whitney U-test. ** p <0.01.
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F7z. flunarizine ZEFHHREG LIZHE. 5 24 BE# O apomorphine 17
K OFARESNDERTTENIHT B flunarizine OINFHIZIEIL, BE5 Q& O
WD Izo e, ZHUE. flunarizine DEFHREIC LD, EWHURRK - BE
THIERTED, BEERTHOHUFMNR OB B0z EEZ BNE,

Cinnarizine & flunarizine D% R{TEIIFIZIR D ZE T, MEY DL EICH
TBR=NRI2 LTI OHEEBRFIMEOEIILDZ DD EEZONDN, B
ST OMENBEOZICER L TVRA LSS, £/, parkinsonism
OFEBFIL, BEEYHDOHRET. INEOREYDOEEDEEICANIZITN
ER5720, o T, AEYOBRENOBITHDRY, BLETBELES
THRBPRRRDOENEDOEAFEICDONTHEEMIC BRI T2 LERS
B
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N FE

ERERBONSY—NELL T/ Wistar RSy NE2H W,
cinnarizine ¥ 7213 flunarizine DSEFS KR OEENHEBEICRITIERAZ
gL, 5. RNV ETIY—DERHRBRYIZANTH 3
apomorphine Z AW, R—NXIX 2L 7¥ —IZx 9 % cinnarizine B LN
flunarizine DEEZIRZ in vivo THE LU TOH R ZEET.

1) Wistar RS v MZBWT flunarizine 12 cinnarizine iI2tR_AF Y L 73—
EHEER., EFBREENSERBLIUCTEEENSERANRER, B MNIBWT
parkinsonism % 5[ EE I JRIEEENE NI EAVRE N,

2) Cinnarizine 3 & U flunarizine /& apomorphine IZ & D FEFR I N3 ERITE
ZHHT D Z &L V. cinnarizine B & U flunarizine 7333 % parkinsonism
13, MEMICELD R—NRI LTy —DlElickd EHESINEZ, £ £
DIEBVEM L, flunarizine 2% cinnarizine K D BN EE X 5Nz,

LL_t. flunarizine /4 cinnarizine &K 06 R—/N2 > L7 —OERIERMN

58 <, parkinsonism Z5[Z# ZTEANE NI &AY Wistar RS v hzA W
7= in vivo EER THHL M &2 o 72,
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EERDER

1. EEREY

10~13 AR D Wistar RS v + (HZ&SLC ) ZRW=, B3 EER
MEELT—EBRIET (FE 23~25C. B : FRI7TH~FR 7)) THT
L. BEEE U OFZIIVERKR, MF) BXOUKIZEBICERZ /-,

9. s
Flunarizine hydrochloride 3 & 7X apomorphine hydrochloride /& Sigma #-
£V, cinnarizine BEONT7 S E7 ARSI THHRIDBAL .
FOMOFEEL, TEROFRHAEZER L=,

3' ao

EERERIC K D @B A OBRIE T, RE B BERTEL KN-75 2! rotarod (B
O)E@ 9 Cm) E‘Fﬁ 1137-:0

4. WA VT —EEER, EEiGaak :
16D Wistar RS v MIZ cinnarizine (20~400 umol/kg) i?"_bi
flunarizine (5~40 pmolkg) Z 1 H1[E 15 HEEHEKRO®REL 2.
Cinnarizine B & N flunarizine 13, 5% (wiv) 7 SEF7 TAICRREL . 5mlkg
DEETY/ T eAVWTRAKICROKSG Lz, A5 LT —EBRBERABIN
EHHEEICTT2ERIL BYHRE 1,5, 10 BLU 15 EE O 24 FEEEICH
EL. fTEERICHT SIERIEEYRS 156 BE O 24 RERICHIE L.
1) A¥ VT —ERER ‘
FE 12-16 cm TKFICE L 7288 (EE 3 mm) 125 v MORTEZD
TEE, ZOEBZEOWULEFLEZEEEANI LV T —BiEE Lk,
2) EBIHRAIEICH T BEM
Rotarod £BOEOEEHKEZES SEEEL, Sy FEOE2HMET
BRL, B TREZHEELEZ, ARE3ETY., dEEZZDOT v FO%
_FE%FEﬁ EL7=,
3) TTENEHICH T B/EA
B 60 cm OEEZ 19 REICR Y- 721N VROEBICT v hEAN,
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SHMOMICKEZ Y > /2EE (ambulation) &35 LYY EE
(rearing) 217> =EIFZHIE L 7=,

5. Apomorphine IZ & DEFE N5 H FTEIQHIH[ZNE

Cinnarizine B X U flunarizine 13.5 % (wiv) 7 I E7 T AICEEE L, 5ml/kg
DEETY T2 AVWTERRMIEDOHS L. Apomorphine {4 RHEKIZ
BEL. bmlkg OFRETHEENICREL .

Cinnarizine %7z flunarizine BEHR SR O¥ FITEMHIZIRIL. S v Me
cinnarizine (100, 500 3 X X 2000 pmol/kg) F /=13 flunarizine (25, 50 BL N
100 pmol/kg) 325 2 BRI apomorphine (2mglke) %251 . ERFE%E
gzl
- Cinnarizine %7213 flunarizine Efiix 5RO H REITEMIGIZIRIL, 1 85T
@ Wistar Rt 5 v b IZ cinnarizine X7z flunarizine 20 pmol/kg 2 1 H 1 [
1, 5, 10 /213 15 HHEGRES L. EBRKKRED 24 KT apomorphine

(2mgkg) =5 L TERTEIZEBR L=,

ERTEOBEIL. v FERSTERWEEBRALB TS AFvIrr— (it
25 X 50 XE & 20 cm) [T AL, 60 2fEICHI=> T, 52T &I 90 BETT -
7=. #RETTENZ. Costall & Naylor DA [70] IZE> TROELDICAAT —
b7z, O : EEEBHEKEEGS Y b EFKROTE. 1 : #iEH sniffing (B
MEEE) HDWIIFHERRITE. 2 : FFRA sniffing B K VBHRRIERERTT
gy, 3 : #F6iRY sniffing, Wi licking (720 2178 . Wikt gnawing (A
C5178) BLUWKH biting (EOMTED MNROH SN, BWETENIEHHEL
MEBDHENIZWV, 4 : FktH licking, FFHER gnawing P L A biting AN
BOOLN, BRTHIFED 5NN,
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#AFE Cinnarizine 3L flunarizine &FN5 DR D K— )%
L ETY-BIRLZA) ETEFIIOY LS
B —~\DFEE

Parkinsonism 3. BEBREARIIBVWTR—NSI @2 - 0E
HEMET U BRI ) AEEE S o — O > DFEMNEBALIC - k1o &1
T% [8, 9. EMHEIEM & L TBIZAEZ ¥ parkinsonism & LTI, Hi
REDOCIVESHSNTNS [10, 11], FIEHHEEREIL, BLRED R—/52 > D2
L7 — (D2-R) Z2HEETBHIEITED, R=NIUEEE- 22— OFE
2 {K T =& parkinsonism Z5| &I T, EHEAREIIRRICAZARY
METEFNaY LTSI — (mACh-R) OEMERSELTRD., Z0H
aU AERANENDDIE E parkinsonism OFBBHENMENT NS5 TH
% [74, 75], §720 L, FUEHRENEEED D2-R EEEA & mACh-R E
TEF OFEMBRRE DEWICE D, FIBEEREZED parkinsonism &R A HE
SNB [11,18,74], ZDEKD72EZICEHTE, cinnarizine B X U flunarizine
\Z & % parkinsonism REFEDOEBERRD BB T, HEY ETNSDORBYOD
F v MEEED D2-R BELUmACh-R NDEESHEIC D WTHERT L.
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FLE v MEERER—-NRI D2 LETH— (D2-R) D&

BETIZEOESICEN, MEETR—NI L7y -2 58EOYT¥
17 (D1,D2,D3,D4,D5) R O—=7ENTW3 [76-80] A%, #EE F ik
RPN T RESREN S D1 (D1,D5) & D2 (D2, D3, D4) O
2DIHEINTVS [81, 82]. DI-RITIFITEHESLMR, HIBEL, BEEIZ. D5-R
IS EHRTHICEEL., Wi 72X MORIEICE D 7P Fo)VEES »
I —EREEERET D, D2-R ITHREE. Q8 BEHICEEL. 7I-2
FORIRICE DY TNV EES U S —EiEEZIIE T3, D3-R 13EI&LE,. b L
NINE, IREEFIREITHH L, DARSAMEEREEREICHOHL TNDA,
Wth&*@%ELTM5%%WEE%%:OMT@*ﬁ%B#Tﬁm

R=N2 VI BITHEBENIALE. D1 LSy T I7573IY— ¢
D2 L7y —HT7 77U —0ORRAEACEDITONS [83,84] A%, HkEH
WEMNG[ER T 9 parkinsonism 13, BREAED D2-R OEWICEZHDEEZ
5HTW3 [13, 85],

Flunarizine {2 2DWTlE, 9 TIZ 7/?[/“&7&' TwtLIiZTkD,
flunarizine I3 7 v MREAK D2-R IZHES L. DI-R ICIFHE LW E03kEHR
HENTWS [14, 15], —7. cinnarizine REESGORBY DO R—NI > L+
TH —DEREEHEITDNTIERFSHE S N TN,

FEITIE D2-R KEWHEMEZE T2 FHIYM-09151-2 [86] Z2UH > R&
LTHWZS VFLET7 =7 v &A1& D, cinnarizine X\ flunarizine
EZNSDREYDOT v MREFRE D2-R "OFEAHZHERBRF L, B
[FH]YM-09151-2 13, D4A-RIZHL THEWEFMEEHE TS [78, 85] 2%, D4-
RVBEEIIZEAEDHRLIENI & [78, 82]&. D2-R OAITH U TERY
RUA Y RBFICASEN =2 DY > RER W,

[EBRFER - Z8)]
[FHJYM-09151-2 @ D2-R NDOFEEIZX T 5, cinnarizine &Z D3 D
EVRZAERN A BAHHRE (haloperidol, chlorpromazine B L N

thioridazine) D#EHRE & HIZ Fig 17 1Z;x L 7=, Flunarizine &% DO{EY -
DNTH[EHRREEMBEZERD, Fig. 18 IZ;x L7=, Cinnarizine iSJ:U;
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[3H]YM-09151-2 binding (%)

-11 -10 -9 -8 -7 -6 -5 -4
Log [compound] (M)

Fig. 17 Competition curves for the inhibition of [3H]YM-09151-2 binding
by cinnarizine, its metabolites and typical neuroleptics in rat striatal
membranes.

The membranes (0.1mg/ml) were incubated with 0.1nM [3H]YM-09151-2
and varying concentration of compounds for 20 min at 37°C.  Control
binding was measured in the absence of compounds. Data points are the
means of three independent experiments, each performed in duplicate.
®, Cinnarizine ; A,C-1 ; ®,C-2 ;¢,C-3 ; ¥,C4 ; 0,C-5; A CNP ;
O, haloperidol ; ¢, chlorpromazine ; v, thioridazine.
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[ 3H]YM-09151-2 binding (%)

T T
-11 -10 -9 -8 -7 -6 -5 -4
Log [compound] (M)

Fig. 18 Competition curves for the inhibition of [BH]YM-09151-2
binding by flunarizine, its metabolites and typical neuroleptics in rat
striatal membranes. '

The membranes (0.1mg/ml) were incubated with 0.1nM [3H]JYM-
09151-2 and varying concentration of compounds for 20 min at 37°C.
Control binding was measured in the absence of compounds. Data
points are the means of three independent experiments, each
performed in duplicate. ®, Flunarizine ; A, F-1 ; H, F-2 ; ¢, F-3 ;
O, F-5 ; A, CNP ; 0O haloperidol ; <, chlorpromazine ; v,
thioridazine.
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flunarizine OR#HY & LTI, FB2EORBLETHERL=K&EY (C-1, C-
2, C-3,C-4,C-5, F-1, F-2, F-3, F-5) Ofttiz, C-3 HHWIIXF-3 NERT 2T
NWFEIVERIICBIT 2D 5 —FOERYTHS cinnamylpiperazine (CNP)
WWOWTHEF Uz, B5NEEEMZEO Hill plot X0 ICx 23KkD, 51T
Cheng & Prusoff 5% [87] TRifE%EH L7= (Table 19),

Hill 3503, WINnbv# 1 TH o7z, KifEid cinnarizine ® 13.2 nM ITH
U flunarizine 3 8.96nM T& V. cinnarizine {Z X flunarizine D54 D2-
RICHL 3.3 @SR ER Ui, $h 0 FINEORIE IR AMLOK
BEAETHS C-2 BLUF-20 Ki EIZZINEN3.87 BLU0.908 sM TH D,
EDITRHEEH I D DENTN 34 FBLV 44 FEnENEEZRLE, Zh
5O Ki EIZFIFEHRE thioridazine @ 1.75 nM IZILE T 2ETH > 2. —7H.
cinnarizine DT 7 x Z)V A FI)IVEDFEHERDKE(LME C-4 @ D2-R ITHT 3
BRI cinnarizine D 1/4 TH o7z, B7 IVFIVEE (C-1, C-3, C-5, F-1,
F-8, F-5, CNP) IZDWTId, HMMEDPREEM LD BEL <EWH, ElZe
<HERLEBMNoTz, D2-R ITHTHEMMI, F-2 > C-2 > flunarizine >
cinnarizine >C-4 > F-1> C-1 OJEICE N> 7.

PLED#ERE D, flunarizine 13 cinnarizine IZEbR D2-R IEW/ER N < |
flunarizine |3 cinnarizine |2 bR parkinsonism ZEEANRN EE X 57,
Eiz, YOFINEOREVRAMOKEE A (C-2, F-2) @ D2-R T
LRI TN ETNOREEM LD bEN -2 &L D, parkinsonism D%
BHICERHMBEES L TWBRIEEENE 2 STz,
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Table 19 Competition by cinnarizine, flunarizine, their metabolites

and typical neuroleptiesl for [*H]YM-09151-2 binding in rat striatal

membranes
Compound Ki mM) ng
Cinnarizine 13.2 = 0.4 1.16 + 0.03
C-1 5261 = 151 1.19 + 0.06
C-2 3.87 = 0.038 1.02 £+ 0.01
C-3 > 8760 N.D.
C-4 46.0 + 3.3 1.18 + 0.09
C-5 > 8760 N.D.
.Flunarizine 3.96 £+ 0.08 1.01 + 0.02
F-1 517 + 22 1.36 + 0.05
F-2 0.908 =+ 0.06 1.00 £ 0.02
F-3 > 8760 N.D.
F-5 > 8760 N.D.
CNP > 8760 N.D.
Thioridazine 1.75 £ 0.13 1.08 + 0.02
Chlorpromazine 0.675 = 0.088 0.96 £+ 0.04
Haloperidol 0.125 £+ 0.029 0.98 + 0.02

Each value represents the mean + S.E. of three independent
experiments conducted in duplicate. Hill coefficients were obtained
from the competition curves by Hill plot. The inhibition constants
(Ki) were calculated from ICy, values by the method of Cheng and
Prusoff [87]. N.D., not determined.
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E2HT Tw

~
k=)

BEERLAAHY ETEFIN AU > LT — (mACh-R) ~

S

R=NI L7y —EEHIC. mACh-R DWW THREZTHRBEOY T
F4 7 (M1,M2, M3, M4, M5) #7 O—=2FENTHW3 [88-90]. ik
IZBITD M1 5 Ms OEFEFEEIEIL. TN 35, 12, 6, 45 BLTUN0.8% &
WEZNTWS Q1. LAL., E0FTH1 IR BREECLS
parkinsonism OFEEEFZL TRBMITRETHS [92], —F. mACh-R @
JEBIRAYZY A > RTH S [BH]quinuclidinyl benzilate (FH]QNB) DFESLR
mACh-R ND#EEZRET HEANERNWIIEEHREIZ L parkinsonism DFEH
BIMENWT EDTRENTWS [74, 75], Cinnarizine 3 L flunarizine &%
5DREMD mACh-R NOREEHICETHHEN TN &5, FETIR
BHIQNB ZU A RELTHWES DA VET YT vt 1ic&D,
cinnarizine B L flunarizine &ZN 5 DRKHHD T v MEEAE mACh-R ~

DFEEHZ LBRE LTz,

[EBFER - BE]

BH]QNB @ mACh-R ~"D#EFITH T 5 cinnarizine &2 DREY DEERD
BEREN2TEEHRZE (haloperidol, chlorpromazine 3 XX thioridazine)
D#ER & & HIT Fig. 19 IR L7=. Flunarizine &FDREHBIT DN T S FEHER
ERREER L7 (Fig.20) . Table 20 IR T & 51 Hill 4¥id. Win
H# 1 TH o7z, Cinnarizine @ Ki fEIL 493 oM TH V. flunarizine O 1287
nM IZbER 2.6 EFWEIMEEZRLUZ, C-1,C-2, F-1 BXUF-2 OFFEITE
LBYD 1.6 - 3.THETHo/, —F. C-4 DFFEIL cinnarizine D] 1/2 T
HO. HORKHEMITI mACh-RITH L 2<EHALRN >z, mACh-R IZXT 2
AT, C-2 > C-1> F-2 > cinnarizine > F-1 > C-4 > flunarizine OJEICE )
27z, ’

PLED#RE LD, cinnarizine |3 flunarizine 17 tbX mACh-R ¥ E 2358
<. cinnarizine % flunarizine iZ bR parkinsonism FEIEOHHIER ML D 5%
WeEEZ 5N,
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Fig. 19 Competition curves for the inhibition of [3 H]QNB binding by
~ cinnarizine, its metabolites and typical neuroleptics in rat striatal
membranes.

The membranes (0.1mg/ml) were incubated with 0.1nM [3H]QNB
and varying concentration of compounds for 20 min at 37°C. Control
binding was measured in the absence of compounds. Data points are
the means of three independent experiments, each performed in
duplicate. ®, Cinnarizine ; A, C-1 ; ®,C-2 ;¢,C-3 ; V,C-4 ; O,C-5
; A, CNP ; O, haloperidol ; ¢, chlorpromazine ; v, thioridazine.
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Fig. 20 Competition curves for the inhibition of [3}1]QNB binding by
flunarizine, its metabolites and typical neuroleptics in rat striatal
membranes.

The membranes (0.1mg/ml) were incubated with 0.1nM [3H]QNB
and varying concentration of compounds for 20 min at 37°C. Control
binding was measured in the absence of compounds. Data points are
the means of three independent experiments, each performed in
duplicate. @, Flunarizine ; A, F-1 ; ®, F-2 ; e, F-3 ; O,F-5; A, CNP
; O, haloperidol ; ¢, chlorpromazine ; v, thioridazine.
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Table 20 Competition by cinnarizine, flunarizine, their metabolites

and typical neuroleptics for [3H]QNB binding in rat striatal
membranes

Compound Ki (mM) ny
Cinnarizine 439 + 31 0.97 £ 0.09
C-1 316 + 22 1.08 = 0.05
C-2 ; 205 + 16 1.12 £ 0.06
C-3 > 11738 N.D.
C-4 1131 = 103 1.08 + 0.08
C-5 > 11738 N.D.
Flunarizine 1287 + 66 0.94 £ 0.08
F-1 563 + 19 1.18 + 0.06
F-2 352 + 11 0.99 + 0.03
F-3 > 11738 N.D.
F-5 > 11738 N.D.
CNP > 11738 N.D.
Thioridazine 9.79 + 0.81 1.02 + 0.02
Chlorpromazine 34.7 + 2.3 0.93 + 0.03
Haloperidol 3158 + 82 1.24 + 0.01

Each value represents the mean = S.E. of three independent
experiments conducted in duplicate. Hill coefficients were obtained
from the competition curves by Hill plot. The inhibition constants
(Ki) were calculated from ICj, values by the method of Cheng and
Prusoff [87]. N.D., Not determined.
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% 3 f7 Parkinsonism & DR

EYNT X DFER NS parkinsonism 13, REMEKITBIT S D2-R EWIERN
mACh-R EHERICHEARERICRBNS DIFEECRPTNEEZEZ OGNS [11,
13, 74]. > T ML 75— OEHEROMEMNZREZML T F —I1Tx
THKiEDL (mACWD2)TERT &, ZDLOEREDKRELS, MDD2RIKZ
T DEMENRENEEHTE, EWIBETX DERANICD2-R Z2HEL,
parkinsonism ZEE LT WEHE IS, |

AETIE, EITROD 7= cinnarizine 3B L X flunarizine &F1 5 OB O
L7 H—1cxd % Ki fEL D mAChD2 b ZETE L. cinnarizine BX N
flunarizine &F 15 ORBEY D parkinsonism FE N ZHEEL /=,

[ERGER - BER]

~ Table 21 iT cinnarizine 3 & U flunarizine & 2N 5 ORFEY D D2-R BLU

mACh-R 23 ¢ 2 HFED H(mACKD2) R Ui, TOROENREDAEL,
MDD D2-RICH T HEMENT Y (Table 19) {LEHIEE. BEWEBETIDE
FEIZ D2-R ZfHZE L. parkinsonism Z2ERELPTWNEEZ NS, D2-RIT
T AEAEDE S & mACWD2 thDORKE X DJEN flunarizine & C-2 EAFME
B U T®H>7=, Flunarizine & C-2 IZDWTld, D2-R i[9 3 KiERNZFNTE
N 396 BLW 3.87 nM EHFHEZIZIER U TH - 727%, flunarizine O
mACHD2 HOMEN C-2 IZHATH 6 fskEM o7 && D, parkinsonism
DEL S D flunarizine DHN C-2 LD DBRKENEZFZ SNz, TIN5 DIEE
%% &1Z, parkinsonism OEFC /] % F-2 > flunarizine > C-2 > cinnarizine >
C-4>F-1>C-1 OEEH#E LT, |

SOF VLTI =T vtA DERKLD., flunarizine X cinnarizine &0 b
parkinéonism DEREANBNEE X 5Nz, £7=. parkinsonism DOFIRIZ
ML AT D T L. CYP2D6 1o & BEHLEEETH 2> > F INEDF
FRAMOKELAE (C-2, F-2) bEMHABYE L THEET S ENRR &
Nz, |
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Table 21 Estimation of parkinsonism inducement by cinnarizine,
flunarizine and their metabolites as a balance of affinities for mACh-R and
D2-R

Compound - mACh/D2 Compound mACh /D2
Cinnarizine 37.3 Flunarizine 325
C-1 . 0.06 F-1 1.09
C-2 53.0 F-2 388
C-3 N.D. F-3 N.D.
C-4 246 F-5 N.D.
05 N.D. CNP N.D.
Thioridazine - 5.59 Haloperidol 25264
Chlorpromazine 51.4

mACH/D2 value were caluculated by division of the mean Ki values of
compounds for mACh-R by those for D2-R. N.D., not determined.
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NHE

Cinnarizine 3 & U flunarizine 12 & % parkinsonism FROEEZHX 2 H
HT . HEY EZTNS ORBYD T v MEERAED D2-R BELUY mACh-R ~D#
SHIZDWTHEBRF L. L TOHRZE.

1) Flunarizine ' cinnarizine 12 tb~XT D2-R EW/EAN®R <, £/~ mACh-
R EMERANTEMNMN > T && D, flunarizine I cinnarizine 1T kb
parkinsonism OEBREANKL DN EZEZ 5N,

2) CYP2D6 12 X BEE{LEREARTH B C-2 BLUNF-2 D D2-R 1733 28k
2. FNTNOREEY LD HE L, parkinsonism OFERICTIIABHHY HREE
U TWDHEEEMENE Z 5Nz,

3) D2-R & mACh-R T T 2EMEDE mACHWD2), BLWND2-R ITXT
% KifEX D, parkinsonism DEF % F-2 > flunarizine > C-2 > cinnarizine
>C-4>F-1>C-1 DJELH#EEL 7z,

IS OEY B IOREDA, EER T parkinsonism OFERIT EDEER

ELUTWANZEFHMET 272011E, E5ICINSOLEMOEERNRBREZER
WKCANDHEND D EZEZ SN,
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12 BSO Wistar 2S5 v b (HESLCH) ZH W/,

2 . =3

Flunarizine hydrochloride |3 Sigma £t & V. cinnarizine /ZFNYEHIEE T 3260
L VEA L, Cinnamylpiperazine (CNP)RI—H 1ML D fEENE, £
DD cinnarizine B L flunarizine DRFPDAFITDONTIL BIEDOE
BRIz Lz,

[BH]YM-09151-2 (83.9 Ci/mmol), [FH]QNB (38.8 Ci/mmol) B X IN&IE
>F L —%— Econofluor-2 {& New England Nuclear 22 5BEA L7z,

Haloperidol. chlorpromazine hydrochloride . atropine sulfate B XL W
poly-L-lysine hydrobromide (5F& 30,000-50,000) IIFIEHMETEML D
BALK.

Thioridazine hydrochlolide (& Sigma ft & V. (+)-butaclamol I& Research
Biochemicals Inc. KV HEA L7,

HRBYAMR] Soluene 350 13, Ny H— R - Dv XK DBEALZ,

ZOMOFHEIL, TROFRHAEZFAL =

3 . 7o
WEEEDHIE L. Beckman £ LS-1800 Bk > F L —aho ¥
—THIEL =,

4. BEEAEES OFH

Ty FNEREHETIIP<BEREZRODELE.8 5 12 R OREEE T —
JVU.20 8D 50 mM Tris-HCl #E@E® pH7.4 THREZFAALEHE.4 C
DB, 12,000 Xg T 20 HEE LU XL v b % 30 FED REERICE
B, BREOL., B5N7=RLy NEREHKR (30 &%) THBEL T, -80C
TRELRE. FON7EEDOEERIL. Lowry 5DHE [34] ITHEW, EEEHH
ELUTHEMBET NI I (Sigma #t8)) ZHAWE,
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5. D2RDIVALETF =T vt A

0.1 nM [3BH]YM-09151-2, 120 mM NaCl. 5 mM KCI, 1 mM MgCls, 1 mM
CaCleBPX 0.1 mg ODBEEMEERDY N7 230 1ml @ 50 mM Tris-
HCl #E& (pH7.4) ORINERZRELZ. 10-10-MORELHHE TEY X
FIEREYERMLURZEE, 37CT 20 51 >Fa—bLk, LETS—& -
BELEUA REEREY T FOSEEL. 0.1% poly-L-lysine THIALE L /=
Ty R GFB ASAT 4 VI —EEALERBIERETT /2. T4V
—1%. K& L7z 4ml @ 50 mM Tris-HCl i (pH7.4) TTIER< 4 @Y
Bliz, LETHY—ICREBELEVAREIE. 7405 —ICkE LIZEEES
% 0.8 ml @ Soluene-350 THIAEL (Z|iR. 30 2 . 10 ml @ Econofluor-2
EINZ. BES >FL—a Aoy —THELZ. BN SEH L2
1T, H50% TH-o 7. FEFRRMESEIZ. 10 uMOD(H)-butaclamol % H
WTR®DTZ,

6. mACh-R DIIFLETE =T w4

BHIQNB 2D H > K& U, 101-10M DR E B THEY) /- 133 2 7
L. D2-R OS5 VF LTI —TvtA LRKBICLTLETY—HEEEZHIE
Lz, 28, EBENESEIZ. 10 pM D atoropine Z N TKRD 7=,
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¥ 5% Cinnarizine 7713 flunarizine EH#H SR OENENRE &
A NFE AT 1

HMEOI VAL T —T vt1 OkERKLD. flunarizine I3 cinnarizine &
D % parkinsonism DERMEANTRNT &, /. parkinsonism DOFIRIZIZ
BEEWEn 0 T, CYP2D6 IZ L BB LB RTH D > F IINEDHFE
B4 OKELER (C-2, F-2) bEMRF M E L THET S aJEENRRE N
o LU, Th5OEMSLREYM, BHRTO parkinsonism RHIc &
DEEFSTINEZIMT 272D, 5 INSOEMOERNBEZ
EZRICANDIBENH D EEZ SN,

EEXENY) T, cinnarizine E /=13 flunarizine DM ENREERRF LzHEE L
i3, Allewijn [93] #% Wistar ## 5 v hIZ cinnarizine 0.63~40mg/kg (1.7
~108 pmolkg) ZHEROBLESE LZHROOLFRBEZHIEL TV S,
Flunarizine IZDWTIE. Michiels 5 [94] »Y Wistar R T v b Z AW, 20
mgkg (50 pmol/kg) BE, BXIN20 mgkg/day 9 HFEIEFRZEOREL. £/
Waki 5 [32]V3 Fischer %> v biZ 3 mg/kg (7.5 umol/kg) FEIRNIXES L.
FNEFNMEFBEEZREL TS, LAL. MEYD in vivo DERNEREZ
EHEES LU EARITRN, —2F4, mAAEHYICEE L Tid, Meuldermans 5 [24]
231 X flunarizine ZHREHRORBFFYOMPBEOHR T -FZEZRLTND
DHTHD,

FEICBNWTI. 270V —L02AWRBERIIBNT, REORMEN
b N &L TV Wistar RS MZ cinnarizine 7213 flunarizine % &
FE L, MEFBIRERTOREBEEBIORBYBEZAEL T, &
G ESEOENIEERFE /-, X 5IT cinnarizine, flunarizine BLUPIENS
DRBFYOREEFBE MBEPBESHZHEL. HABTHEIZIDONWTH
BRETL 7=,

728 C-1 EF1IZDNWTIR, NREYEICKD TSI E—7 LOEE - 3
AT+ TH o /= DBEE LR o 7=,
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[EER#ER]

1. Cinnarizine & % W\ Flunarizine Btk S8 DR E(LER L OREY O M
ERBINELRETRE

[t N IZ cinnarizine ¥ 7713 flunarizine % 20 umol/kg/day. 30 HEIER:
BB UBORDIAR L ORE O METREHB Z Fig. 2112, BEAEF
BEHZ % Fig. 22 IZR L7z, 30 HEEGRSBOMEHRER flunarizine >
F-2 > cinnarizine > F-3 > C-2 DJHIZE < . BMEFEFREIL F-2 = flunarizine
> F-3 = cinnarizine > C-2 QJEICEM >z, MEHB IUHEFEF O
cinnarizine, C-2 BEXUF-2 BEIX. EFHE 10~15 H TEIFEFREBITE
LTWws EEZ 5N/, flunarizine id 30 HEIZBWTHARB LFERZR
LTW, F-3 1I3ERHHRE 15 HE TR ENT 30 HEIKPD THREENZ. |
—%. C-3, C-4, C-5 BXUF-5 3N olz, FHELOVEH LM
ERB I UREMAEF O flunarizine ¥ E /cinnarizine RENL & F-2 RE ./
C-2 BELL % Table 22 IZ/R U7z, MEEHF D flunarizine J2E cinnarizine &
EH 1T, EERS 10 HEE TR 2.5 TH - 7=H%, cinnarizine 2VNE FHIRFEIC
ELTWBaEEZLENS 15 HB X330 BTIE. O35 BLN6.11ITE
HL7. —FH. F-2BE/C2EBEL T WTIhoRSAKIIBVWTHIZER
CETH o7 (Table 224), X7z, BEEFOBELD, METOREL LR
FROEMRZERLU (Table 22B).

2. Cinnarizine # % Wi flunarizine 58 DR EEB L ORBEMEBEICK
TR

EZAT, EBOBERTOE hAD®EEIL, cinnarizine {d flunarizine O
10~20 EDEHEETH 5. =2 T. Wistar BT~ M cinnarizine 7213
flunarizine 2 & OIS ET 10 HREIELRE L7, Cinnarizine & 20, 50,
100 pmol/kg/day. flunarizine % 5, 10, 20 pmol/kg/day 41 10 HEERE
BELEEBEOREESIOREYOMEPIREZ Fig. 23 1T, BRETEE
% Fig. 24 IR LTz, WTNORBREDREEOENE L DI, BIFERMICE
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Fig. 21 Time courses of plasma concentrations of cinnarizine,

flunarizine and their metabolites after repeated oral administration of
cinnarizine or flunarizine in rats.

Female Wistar rats (10-14 weeks old) were orally given cinnarizine or
flunarizine at a daily dose of 20 pmol/kg for 1, 5, 10, 15 and 30 days.
The concentarations of cinnarizine, C-2, flunarizine, F-2 and F-3 were
determined 24 hour after the final dose. A) Cinnarizine(®), C-2 (4) ;

B) Flunarizine (®), F-2 (A), F-3 (#). Each point represents the mean £
S.E. of five animals. '

88



>
w
|
v3]

Striatum concentration (nmol/g)

| 0 10 -20 30
Time (day) Time (day)

Fig. 22 Time courses of striatum concentrations of cinnarizine,
flunarizine and their metabolites after repeated oral administration of
cinnarizine or flunarizine in rats. \
Female Wistar rats (10-14 weeks old) were orally given cinnarizine
or flunarizine at a daily dose of 20 pmol/kg for 1, 5, 10, 15 and 30 days.
The concentarations of cinnarizine, C-2, flunarizine, F-2 and F-3 were
determined 24 hour after the final dose. A) Cinnarizine (®), C-2 (A) ;
B) Flunarizine (@), F-2 (a), F-3 (#). Each point represents the mean
-+ S.E. of five animals.
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Table 22 Ratios of flunarizine to cinnarizine concentration (FZ/CZ)
and F-2 to C-2 concentration (F-2/C-2) in (A) plasma and (B) striatum

" (A) Plasma
1 day 5 day 10 day 15 day 30 day
FZ / CZ 2.32 2.73 2.33 3.54 6.13
F-2/C-2 — 11.3 8.37 8.07 10.2

(B) Striatum

1 day 5 day 10 day 15 day 30 day

¥Z I CZ — 2.26 1.80 2.71 5.31
F-27C-2 e - 9.54 6.64 10.6

Female Wistar rats (10-14 weeks old) were orally given cinnarizine or
flunarizine in a daily dose of 20 pmol/kg for 1, 5, 10, 15, and 30 days.
The concentrations of cinnarizine, C-2, flunarizine and F-2 were
determined at 24 hour after the final dose. Each value was calculated
from the mean concentration-of five rats. — : not available.
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Fig. 23 Plasma concentrations of cinnarizine, flunarizine and
their metabolites after repeated oral administration of
cinnarizine or flunarizine in rats.

Female Wistar rats (10-12 weeks o0ld) were orally given
cinnarizine or flunarizine at various doses once a day for 10
days. The concentration of cinnarizine (®), C-2 (A),
flunarizine (#) and F-2 () were determined at 24 hour after
the final dose. Each point represents the mean + S.E. of five
animals.
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Fig. 24  Striatum concentrations of cinnarizine, flunarizine
and their metabolites after repeated oral administration of
cinnarizine or flunarizine in rats.

Female Wistar rats (10-12 weeks old) were orally given
cinnarizine or flunarizine at various doses once a day for 10
days. The concentration of cinnarizine (@), C-2 (4),
flunarizine (M) and F-2 (&) were determined at 24 hour after
the final dose. Each point represents the mean + S.E. of five
animals.
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BLx, £/-. THEIDEHRLUZMEFBIOEEEFO flunarizine BE
/cinnarizine ¥BE & F-2 BE C-2 BEL % Table 23 IZ;RL T,
flunarizine @ 5 F7=i% 10 pmolkg/day BE5 R OMEF B L UORERE
flunarizine EEL. THNETNZTD 10 FEITHY T S cinnarizine @ 50 7zl
100 pmol/kg/day #% 5K D cinnarizine BEDH 13 ThHolk. iz,
flunarizine 5 pmol/kg/day # 585D flunarizine BEIL. T O 20 FEITHNT
% cinnarizine 100 pmol/kg/day # 58D cinnarizine JBE DI 1/5 Th o7z,

3. Wistar 25 v MBI S flunarizine (KNENFED 2

Wistar @5 v NFI 70V — A% AWz in vitro BB T, cinnarizine Bk
X flunarizine OARBHTIIHEZENERD 5Nz, £ T, & b T parkinsonism O
FEHBAE L flunarizine 2 &0 HIF. T v M TO invivo IKBITBHHEEITDON
TR LTz

HB L OWES v MZ flunarizine % 20 pmol/kg/day, 15 HEERH & L=k
D, RE(HED LORBENO MIETF 735 ICREETFBEE Table 24 1RL
7o #Sw MZBW D flunarizine OMEEHBIUREETBEITVW TN DI
v hOK 14 THD, F-2 DBEIWTNBHET Y DK 16 THiz. Tik.
Sy FTIEF-3RFEREYM TH o7,

4. Cinnarizine. flunarizine 33X NFN 5 HEY DA ITH

1~3. DRI VEH LZBRERTRE, MEPRELZE Table 25 ITRL
7=, Cinnarizine 3 & U flunarizine DREMARFIBE /MEHBELLIL. TN
1.2.46+0.09 (mean+S.E.:N=30) & 2.25+0.11 (N=40) THVD. FEEZ
BHOSNARNS T, C-2 & F-21I2D0WTIi. THEh 6.11£0.17 (N=25) &
6.17+£0.16 (N=41) THV. FEZIRMN o7z, /-, cinnarizine & C-2,
flunarizine & F-2 2 FNENHET B &, C-2 BLUF-2 ORFETIRE /ML
SR . 2N F 1 cinnarizine B & U flunarizine & 0 #£IZH 2.5 fFERE
Moz (EHIT p<0.01),
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Table 23 Ratios of flunarizine to cinnarizine concentration (FZ/CZ) and
F-2 to C-2 concentration (F-2/C-2) in (A) plasma and (B) striatum

(A) Plasma
FZ(5)/ CZ(50)  FZ(10)/ CZ(100) FZ(5) / CZ(100)
FZ /CZ 0.32 0.27 0.19
F-2/C-2 1.80 2.08 1.38

(B) Striatum

FZ(5) / CZ(50)  FZ(10)/ CZ(100)  FZ(5) / CZ(100)

¥Z /1CZ 0.34 0.36 0.20
F-2/C-2 1.81 2.15 1.41

Female Wistar rats (10-12 weeks old) were orally given cinnarizine or
flunarizine at various doses for 10 days. The concentrations of
cinnarizine, C-2, flunarizine and F-2 were determined at 24 hour after
the final dose. Each value was calculated from the mean concentration
of five rats. The value in parenthesis represents dose (pmol/kg/day) of
cinnarizine or flunarizine.
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Table 24 Sex differences in (A)plasma and (B)striatum concentrations of
flunarizine and its metabolites in rats '

(A) Plasma (nmol/ml)

Flunarizine F-2 F-3
Female 0.85+ 0.08 0.46 + 0.04 N.D.
Male 0.20 £ 0.02 ** 0.09 £ 0.01 ** 0.24 + 0.02 **
Female/Male 4.25 5.11 —

(B) Striatum (nmol/g)

Flunarizine F-2 F-3
Female 1.63+ 0.16 2.39+ 0.18 N.D.
Male 0.38 £ 0.03 ** 0.53 £ 0.05 ** 0.88 + 0.08 **
Female/Male 4.29 4.51 —

Wistar rats of both sexes (10-13 weeks old) were orally given 20 p
mol/kg/day flunarizine for 15 days. The concentrations of flunarizine, F-2
and F-3 were determined 24 hour after the final dose. Each value
represents the mean + S.E. of five (female) or six (male) rats. N.D., not
detectable. ** Significantly different from mean values of female rats
(p<0.01). '
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Table 25 Ratios of striatum to plasma concentration (S / P) for
~cinnarizine, flunarizine and their metabolites in rats

Compound S/P Compound S/P
Cinnarizine 2.46 £+ 0.09 (30) Flunarizine 2.25 + 0.11 (40)
C-2 6.11 £ 0.17 (25) ** F-2 6.17 £ 0.16 (41) **
| F-3 3.97 £ 0.29 (11) **

Wistar rats of both sexes (10-14 weeks old) were orally given cinnarizine or
flunarizine at various doses for 1, 5, 10, 15 and 30 days. The concentrations
of the compounds were determined at 24 hour after the final dose. Values
are expressed as mean + S.E. Values in parentheses represent the number of

rats. ** Significantly different from mean values of corresponding mother
compound (p<0.01).
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REDNET— 2 b EFERIL Tz Wistar ZES v N2, cinnarizine ¥
7213 flunarizine % 20 pmol/kg/day. 30 HEER#E OB E L iMiET OERL(is
BLOKHEHYOBEZEE L /2. £S5 8 20 pmolkg/day 13, S£IciFo7=h% L
T —EERBEP L rotarod FHERICHT S, flunarizine @ EDsy (FHZEHN
23.5 & 25.0 pmol/kg/day) IZIEVWETH D, & NOERHAED cinnarizine 13
#J 2.5~5 &, flunarizine 138 50 FIZHEYE T 2B ES5ETH S, Cinnarizine
F7-12 flunarizine @ 20 umolkg/day #5112 L D, MIEF D cinnarizine, C-2
BLUOF-21, EfRE 10~15 HTRIZEEFREBIEL TWBH EEZI BN
78, flunarizine {4 30 HEIBWTH S SIC ERERZRL TWEZ ELED,
flunarizine [ZERM 5 DHEEDE N EE X SNz (Fig. 21), £z, Ehi#kE 30
H#IZBIT 2 M O flunarizine IBEIL. cinnarizine BEDK 6 EEM o7
(Table 22), EYOMBPHFREZHRETDEREL T, I 5%, R#HBL
CEEEAN % 5. 5 v BT cinnarizine 7213 flunarizine % 20mg/kg (% 54 B
X 50 pmol/kg IZAY) MEMEORE LR ORINEL, cdnnarizine TH
75% [95] . flunarizine T 80% [94] TH V. WEY DRINZIIIZITFEE
EEZ5N5, HEtICEL T, flunarizine 3R B L IEHHITIF & A EHE
ENT [24]. cinnarizine b RFFEE DD TN [22] TERNREN TNV S,
Cinnarizine OB FFHREIZ DWW T OH RIL72 1A, cinnarizine H flunarizine
ERBRIZHEH RIS, TNSEY ORIV RE Lz 0 Ht s &
ExoNhs, £lo, BEYOLHBBEEFLBRTHZDOT—FIIR0nA,
HEY OEE DB & SEIOERICBWVT cinnarizine & flunarizine D&
SAERPBE /MEPEBELNABL TVWS Z &S, HHERICIIREEN
BN EHRITES, 5T, cinnarizine & flunarizine O MR EE D
REZFEWL, EICRBOBVICESDDTHY, cinnarizine »% flunarizine
LD BRBEZTPT VWD TH B EEZ 5N, MIEFBEZREL TV
FERIIRFEETH 5 &5 XL, flunarizine 2% 5 LS5 v b Mg
& flunarizine BEN, S v bOK 14 ThoZ thbbIHFIN5
(Table.24),

Parkinsonism OFHITHZoTIE. MBHBELD HERTM TH HEL
BRORYRENEESLRD, BifTokoy MEEREERWES A LS
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& —7 vtA1CLD, cinnarizine 3L flunarizine EZN 5 DRFYTH 5.
C-2. C-4 BEUVF2MNR—=NI > LTSy —%EH L T parkinsonism %%
BI2MAEENREINE. BT, C2 BLUY F2 3EFNFTNEHEE
(cinnarizine B L flunarizine) &0 HZTDIEANENEEZEZ 5N/, HED
T, INSDEEYOMEF NS BRENOBTHEDOFE. cinnarizine &
flunarizine 12 & % parkinsonism OFEFHEEDENWE H L TEHEEFRHOERE
IEBEOD—DEBZE5ND, FEOD Ty NTOERERIZBWTIL, cinnarizine &
flunarizine DFEFAEANOBTRIIFALCTHD., WMHdTH5RBEHTHS C-2 &
F-2 OBTRICHETRD 5NN o7z (Table 25 ; C-4 [TRKEH) . £o T,
cinnarizine & flunarizine T parkinsonism OFRESEENEZZERE LT,
RBEDBEEANOBITHIBBEGELARVNDDEEZ SN, —F, C-2 B
N F-2 1, FNEh cinnarizine 3 X T flunarizine T EENF 2.5 FERRGFAEAND
BITERNEN S =, 7€5 T, cinnarizine BEL N flunarizine &, > F I J)VE
DRV VBROKBILIZED R=NI LT Y —~OFEEIN D TR,
BRANOBITHEDE/RD Z EAURE N, parkinsonism DFEIRITITAEH B
BAEERKEZHS>TVEDDEEZX SN, RESEDERIIBNT, 20
umol/kg/day FEFi#% 5 30 HREICBIT HELEFEEIL. & parkinsonism D
EREANRVWEEZS5ND F-2 BHEHE < flunarizine EIZIERIZEDHEZ R
L. cinnarizine BEDK 6%, C2RBEOHNI1IFETHo7, JDIEXD,
flunarizine R #% T cinnarizine [RFAEHE X D b parkinsonism DOFEHEHE
NEWRERELTF-2 REIEAORBRICEE L TS ATREMANRE S 117z,
EZAT, EBROERTOE hADEEREIL, cinnarizine 13 flunarizine d
10~20 EOFEHETHD. BEROBIIBVWTIES Y MEARZ®RE L/ZK
?D & 512 flunarizine B LUV F-2 D M B E DT cinnarizine® C-2 £ D BE <
725 ERE S5V, £ I T, Wistar RS w b IT cinnarizine 721
flunarizine 24 DR SR T 10 HEEGKRE L. MEH OREEB IR
#HY (C-2, F-2) OBELZZTNZENLE L= (Table.23), Flunarizine @ 5
¥/-13 10 pmolkg/day ¥ SR D M#EH flunarizine BEIX. ZNTNETD 10
EBICHM TS cinnarizine @ 50 E/-1d 100 pmolkgday #% 5k 5+
cinnarizine JE DK 1/8 TH o7z, £7=. flunarizine 5 pmol/kg/day 5HEFD
M d flunarizine BEIX. T O 20 FEITHYE T 5 cinnarizine 100
pmol/kg/day 58 D 4% & cinnarizine JBE DK 1/5 THo7z. L. Ef
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#5 10 HHET cinnarizine BENZIFZEERBICEL TVWHDIZHR L,
flunarizine BEIRSHAREZE T EIBICER TR EHEI SN DI EnG
(Fig. 21). EEREIZHBNWTII flunarizine BE cinnarizine IBE T X 51
KEWEICRS EEZ SNz, —H, F-2 OEBE, flunarizine OB EEMN
cinnarizine @ 1/10 E£721% 1/20 TH3IZbnhb 5T, C-2 BED 1.4~2.1

EE <. P23 C-2I1THART, 2RAH SO TERIMTHRIE S 1T < W S A
N7, '

E MIZBIT B cinnarizine F 7213 flunarizine @ il FENFRIT B T B HE1T D7
<, MEBEYZERLEEL/-T—FI13720, & MIBITS flunarizine DEFIL
ETOMEFREIIDOVWTTRAS [57] 1&. BF A 4412 flunarizine % 10mg.
1 H1E (21 pmol/day) 57 HHEEFRE LizHE, BELE5~6BTEERK
BIZEL, 50~100 ng/ml (0.12-0.25 nmol/ml) O THRZEEIT 3 &L TW
%, E7z. cinnarizine IZDWTIX Hernandez 5 [55] 2%, @BH A6 &I
cinnarizine % 1 B 75mg. 1 H 2@ (407 pmol/day) 15 ARIERRS L=
&, 156 HEWIZ T TIZERWREIZEL. 150~300 ng/ml (0.41-0.81 nmol/ml)

OMTHREET 2 L ERLTND, LRNWANTREAEDRARD I &R,
¥ 7= flunarizine [56]. cinnarizine [27] & HICMEEFREEIZIZ 20~30 ZLLE
EVNIFEHITKERBAENRDEND LD, BHICHET S EITE
723, cinnarizine | flunarizine IZEEAR$ 20 FOEAEEZHRELTH, &
BEREOMEFEFRBEINIBEELMELBLRWERDNZ, £ITo725
v MCBITRERERBIUNS v MEEEZRAWES DA LTS5 —T w1
N5, flunarizine I cinnarizine IZELN58 V) parkinsonism EEEANH 5 &
HESINZ., %o T. flunarizine BEICH L 3 BREEOEBETH.
parkinsonism QOFR T BEEMEIL, flunarizine FHESEEDITONE W EHEE X
N7z, £/, £ bO® flunarizine ODMAKEHMICTONWTIL, REEOT—F T
% %%, flunarizine O EFE 5817 flunarizine & FHEE~% 1/7 DEED F-2
BREEN TS [96]. Tv MTBW TOMEED SHEEERTADBITRI
flunarizine O 2.5 FEREN ST E XD (Table 25). & MzH blf%ﬁ%ﬁ-‘
D F-2 BEI flunarizine IBE SF LNV TH DA REENRB I N/, €D
T, flunarizine [RFA£B#HF T parkinsonism DOFJITIL, RE(EZT TIE
<HEY F-2) BEEL TWIHEENKENEE Z 5N,

PAE. T w BT cinnarizine £7213 flunarizine ZEGEHRE UkHERLD.
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flunarizine- B XN F-2 1d. cinnarizine B XN C-2 & D HEAICHE S iz <
WwWeEEBZSNE, £z, WMEMIS OFINEDON YR 4 MLOKEICK
D, R=N22 D2 LTI —~DOEFEEHITREENDOBITHELEMNT S
Z &5, parkinsonism FIRIZIE CYP2D6 NEE 5§ 2 BB RENEE /& E|
ZHoTWB EFEZ NI,
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2N

{J(E%‘O)#i*ﬁﬁ\t N EELIL Tz Wistar RIS v MZ cinnarizine F7xi3
flunarizine ZEFR 5 U, MEFB I NERKEFTORENMMEB L ORHYBE
ZREEL T, EfFZEROENEEZHR /. & 51 cinnarizine, flunarizine
BEOENS DRBMYOBREEFRE, MBFBELEEEL. MABTHER
DWTHBKEF L., LTOMREERE,

1) EE#S 30 BRICBT 2 Mgk @ flunarizine ¥R IZ cinnarizine EED
KeEE<. F2EBEIZC2EBEDH 10 a0/ LD, flunarizine
L TNF-2 i, cinnarizine BELN C-2 LD HRH#EZIFICL L, FHTHEE
nneEzsNE,

2) cinnarizine & flunarizine OIFEEANDOBITRIZIZEFUETH D, Eiexwt
INTHHREYTH S C-2 & F-2 OBTRICHERRD SNah o7z, #Eo T,
cinnarizine & flunarizine T parkinsonism OREHEENELSERE LT,
MEEANOBTHIZBARLZNVD D EZ X 5N,

3) C-2 BN F-2 OBEBADBITRIL. TNTNOREEMID BEL.

parkinsonism FEIHIZIL CYP2D6 2359 2 KB BRI EERZE ZHSTY
bEEZ BN,
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EERDEL -

1. EBREHY)

HASLCHEVEBALKE 10~14 B4 D Wistar RItfT v FBXIT 11~13
B4 o Wistar RSy hZ2RWE, EIERFMZEL T—ERET &
B 23~25°C, HAHA: FROTEE~F78) THEEL. EEEHE Uz ¥
JVEERH., MF) BEIOKIZEHRHIZERE =,

2. 2 _

Flunarizine hydrochloride i& Sigma #t& O, cinnarizine BEX U7 S EF7 I
LREBFAMETRRIDBALL.

Cinnarizine 3 & X flunarizine OREMICE L Tid, 5 2 EOERDEITH
U7z,

FOMOFEEL, TERORFHEEZFEAL .

3. EYoKEG
Cinnarizine ¥ /=% flunarizine 2 5 % (w/v) 7 7 E 7 JLKBRIZRE U .
VT ERWTHRRMICGEORE L.

4. EHEGR SR OREAED L OREY O fi i B X OIREEPIRE

Wistar &M= v MIZ cinnarizine 7213 flunarizine Z 20 pmol/kg. 1 H 1
Bl 1,5, 10, 15 BLN30 HMEERRE Lz (18 5L) . &kES 24 FH
BICHWEL, OERBIVEKEZRINL 7z, MRIIHEEICIDMESBEL ., &
&R (20~40mg) 13K&E L7=FKE/K 1ml TREI T X U7, Mg (0.2ml)
B K R ELAERRER T O cinnarizine 3 X W flunarizine &1 5 DEHYIE
BRI 7oV —-AHBEOHEERE (B 1ESR) KU THIE L. 7B C-1
EF1BRREYMEICEE TSI E—D EOREE - BANDNA TR TH- T/
HEFE L7ah o7,

b. ERYBREBDODEE ,
Wistar Rt 5w NT cinnarizine % 20, 50 3 & WX 100 pmol/kg. flunarizine
% 5,10 BXLN20 pmolkg, FN-F4 1 H 1E. 10 HEERHKRE L. 4. LFkk
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DHETIMEB L MEREFTOEY BLORBBEZRE L (15T ,

6. Wistar 25 v hIBITHHZ=E

Wistar R#Z v MiZ flunarizine % 20 pmol/kg, 1 H 1[E. 15 HEEGEL
U, 4. LAROFETHRBERERFOEDBIORHYBEZRE L
7z (186Im) .

7. BHPETE
ERR4~6. DR X DRAKPBE & NS FIRE S Ol EHE L.
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1. Cinnarizine B & flunarizine &35 DB D EEEDRESL
(E1E)

1) Sy bFI/0V—LADKBIKED . cinnarizine OF#H 1L RAFHH TH 5
1-[(4-hydroxyphenyl)phenylmethyl]-4-(3-phenyl-2-propenyl)piperazine (C-4)
ZHBEERE LTz, '

2) Cinnarizine &2 0 5 BD BB & U flunarizine &7 4 BORHY %
CHPLC #WTHENDRBICENTNFRRERT 2 HETHEILL =,

2. Cinnarizine & flunarizine @ in vitro TOXH (58 2 &)

1) 5w hFI 7OV — A% B e in vitro REFEERIZB VT, cinnarizine 3
L 7\ flunarizine @ 1 RARBEIGIE. Wi NADPH JEFEHE T TIIETET.
—E{bRFRB LU SKF525-A Ik DHF SN Z L XD FRINITIE P450 23
5L TWBZERHSEERD . |

2) 5w NFI 70V —AIZBIT 3 cinnarizine B X flunarizine D{EEH R
ERTOERBRINE. ¥ FINEOFER 4 fKBELLRE (C-2, F-2 £k
Kis) Tholz. MEFPBLVO DA RSy FERWEERELD., v MFIS
OV —hizks C-2 BLXUF-2 DERITIE CYP2DH 77 7 2 U —DOEEIUR
BE N,

Sy R NFIZOY—AZANE invitro (KHER L ORDOEEF IV T T >
Z (Vmax /Km) X ¥, flunarizine I3 cinnarizine IZ bR ZZIFIT< 0 H
DEEZLNTZ,

4) b MFFR 70V —AICBIT S C-2 BEUF-2 OAEREHEIL CYP2D6 SES

L TN debrisoquine 4 fI/KEELIEM EFWHEZIRLZZ &, s NTHAEH
EHEDY quinidine KE D RESETFLAEZEED, EMFI 7OV —AIRBY

104



% cinnarizine 3 & U flunarizine D ¥ > F I )V EOEEE 4 /K EL R,
CYP2D6 &L TWBEEASNZ, £, EMNFIIOV—LTO
cinnarizine 3 K U flunarizine fEHHEAEIL, Wistar RH#S v L D % Wistar
REES v MITEML TV,

5) E NP4S0 BRTRE /NFHRABEI /70— AERWERBIERL D,
C-2 BEU F-2 DERLIZIE CYP2D6. C-4 DAERICIE CYP2B6 OEENRE
17z, Cinnarizine 3 XU flunarizine D7 IVF I LKL, BEROHFREI
L DA E N,

3. Cinnarizine B X N flunarizine DfTEIZEFRLHIIER O LBk (5 3 )

D EERBONT—2NELYUL Tz Wistar TS v MlzB T,
flunarizine |d cinnarizine IZLARAF L 7 —KEER, EHHAEMHER
BEOTEEEMFIERMNE<, B MIBWT parkinsonism Z 5| X# 23
RO I EASRENLE,

2) Cinnarizine 3 K U flunarizine |3 apomorphine I L DFERXNBZ 5w FD
HRTE ZHHE L7722 & XD . cinnarizine 3 XN flunarizine WNEFRT 3
parkinsonism 1. FEMICLZ R—NI VLTI —DEMICEL S EHEX
Nz, £z, TOEBEMRIZ, flunarizine 7% cinnarizine £ D HbBRNEEZ 5
iz, ‘

4. Cinnarizine B L flunarizine & ZFN S5 DORFYD R—NI > LTy —
BIOLAZAAV T EFINIOY LTI —ADFES (54 E)

1) Flunarizine & cinnarizine IZHRT R—/%2 > D2 Lt 7% — (D2-R)
EWERANRLS, £2LAH) M7 EFIVa) LT — (mACh-R) &
WERMEEN o2 Z & & D, flunarizine I3 cinnarizine 12 X parkinsonism
DEEEANLDEBNEE X 5N,
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2)CYP2D6 12 L 2B bREETH 5 C-2 BEUF-2 @ D2-R 1T 8
. FNFNORMEES LD BE <, parkinsonism DFEBICIIAF D BE S
LTWaHEEENRZZ 5Nz,

3) D2-R & mACh-RIZxd ZEFEDE (mACHhD2)., BLUD2-R IZHT
% KifE & D, parkinsonism DE S % F-2 > flunarizine > C-2 > cinnarizine
>C-4>F-1>C-1 DJEEHEE L =,

5. Cinnarizine E7-13 flunarizine EfH# 5B OIENENEE & KA ITHE
(565 %8)

1) KRB OB E b EELIL T Wistar it w M cinnarizine 7213
flunarizine ZEGHHE L., EHEHEROEKNSEZRAN. Eftks 30 HE
BT A MR O flunarizine EE 1L cinnarizine IBE DR 6 & <. F-2 BE
1T C-2BEDH 10 FEMN - 722 £ XD, flunarizine B LN F-2 14, cinnarizine
BEUC2 &0 bRFEZITL L, ML NI EEZ BN,

2) Cinnarizine & flunarizine DREFEANOBITRIZIZIEFA U THD ., £t
BTHRHEMTH S F-2 & C-2 OBFTRICHEITRD SNABM o7z k2T,
cinnarizine & flunarizine T parkinsonism OFRFENEIRBEREEE L T,
BEENOBTHIZERLAEVWDDEEZ SN,

3) C-2 BLU F-2 OBRFMEAOBTHIL. ThZhoBemiDdE <.
parkinsonism F¥IZ1d CYP2D6 2B 5§ 2 REBENEE /R ZE Z2H-> TW
5EEZ BNz,

A TIL, EIZT v bE AWV cinnarizine & flunarizine O EIERE, WE
B LOFNE DRBPDOIRARANOBITHE. LTy —~OfekaEONE
EHERMRNT B EICX D, WEYIT XS parkinsonism FEHUERTR 5 TR
EHROMEIIDWTERL=.

S FEAWE invivo EEERBLIRinvitro DI VA LTI =T v
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T £V, flunarizine |3 cinnarizine {Z tbX parkinsonism OERHAERN
ENRE NIz, ET-AREMICE L T, parkinsonism OEREHIZE 7 I)LF))
{LICEDELULETL., CYP2D6 BNEET BT U FIINEOR U BAMD
KB (C-2, F-2) ICKDBMTEEBZAON, WSy MERAW-EFHERS
ABR LK D, flunarizine BL U F-2 13, cinnarizine BL U C-2 L 0 HiRHICE
LY TWIEMWRENZ, /7, C2BLUF21E. FNENOREEY L
DHEBREERNDBITHEIREN L. INHDZELD., MEYH D
parkinsonism OFIRITIL. KT CYP2D6 MNEEE T A RENBENEE 2 BE%
RELTwaEEZSNE,

AP, BRTERCRELEEYICEBEERICDNT, TOMEEE
Wi B & OVRNEREENZY TO—FIc L DB S Lk, &ic, BHos
MREHICEE5 T oRHEBEOEER 2R L. EEDERMEIC BT ENEE
ROEEMERR L. BEERERESBEROBIZBN T, EykkoER
fERSEAEEICERABIN, DR THEREIICOVTIIERENS
CEWBB, UL, FRETRLELDIC. REYSEEEEEOEERER
ICRDBANB 0. BICREYOEBIER LANBIEBIC bERT S BEENS
5, Eh. BICRBBRCRASABENEET AL LD, EXREROR
WEBELD, ERFI/OV - AREEFRERI IOV LB EERNTE
rORFEHSHITL., 51T, BFFE T Wistar TS v b Z2RAWEZX D12,
b b ORBRE SEO LB A CERRBOERRR 2T O BB
BBHEEZD, ‘
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