YAKUGAKU ZASSHI 128(1) 89—95 (2008) © 2008 The Pharmaceutical Society of Japan 89

—Regular Articles—

P 7OFER N L EELANCHT ZHRAAREENEL L TOS 2T S>0
In vitro Sl - 704 27 0 > BEBREICHT 3R

FoME, EMNE — YETH RS

In vitro Evaluation of Cinnarizine as a Competing Agent to f-Cyclodextrin Inclusion
Complexes: Effect of Cinnarizine on the Membrane Permeation Rate of
Progesterone from Its f-Cyclodextrin Inclusion Complex
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The use of competing agents is considered a powerful tool for the development of a drug-delivery system with drug/
cyclodextrin inclusion complexes. However, there are very few studies examining this issue. To explain this phenomen-
on, it was thought that a competing agent with a sufficiently high stability constant had not yet been reported. In this
study, cinnarizine (CN), which has a high stability constant with B-cyclodextrin (8-CD) and unique solubility charac-
teristics, was selected, and its ability as a competing agent was examined in a membrane permeability study. The permea-
bility study showed that the permeation rates of the drugs flurbiprofen, progesterone, and spironolactone decreased with
their stability constants with the addition of 8-CD. In one of the drugs, progesterone (Pro), the decrease was restored by
the addition of CN. The amount of CN added was a 1 : 1 molar ratio to the amount of Pro. However, no similar action
was induced with the addition of DL-phenylalanine (Phe) in the permeation study at the 1 : 5 (Pro : Phe) molar ratio.
These finding indicate that CN acts as a competing agent, and its action is much stronger than that of Phe.
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1. = X B-Cyclodextrin ( -CD ) & DL-
Phenylalanine (Phe) [ZFIYEM3E T ML D, £,
Flurbiprofen (Flu), Progesterone (Pro), Spironolac-
tone (Spi), Cinnarizine (CN) I3 Sigma fd& 0 A
LiebDza MWz, =OMORIEL, Kl ea L
<IEHPLC HZfEHL 7.

2. KE  ORAEEERSME (DSC) 1F, MY
5 DSC 8230 D B ZfHH L 7~.

We Ot 6 R, H S AR FT 8 @ 220 A Pho-
tospectrometer z{#f L 7=.

HPLC # &3, HEAHOLUTOBOZ[MEHL
7=, ¥£72, BSLEYMC AM 312 150X6.0 mm
I.D. (YMC &) ZfiHL 7.

W7 1 LC9A, UV ¥ 48 : SPD-6A, 7/ O
~)Xw 7 @ C-R4A, T LA —7 > : CTO-6B,
A7 bhO—3 :SCL-6B, A—hrA 221V
4 — @ SIL-6B,

3. S tEYORR  aAEtbtEwE, BhcH
HEINTWB BT KD FAL /=, 192429 Flu/g-
CD A& (Flu/B-CD) DOFHLTIZ, Flu 1.00
g & B-CD 7.90 g, Pro/B-CD @it &% (Pro/g-
CD) TlZ, Pro1.25g & B-CD 15.33 g, Spi/p-CD
At aY (Spi/B-CD) TiE, Spil.25g & B-CD
11.55 g 2T NS HRK 500 ml 2Nz, 7 A=

T B, IR T7 1V —2RHWILEYZ
B L7z, =0, A=Y 2 HEET, =R TH
JEF R Z2 T 72, RBRICIE, HBEZE 850 um D55
WTHEHBELZSDZHNn.

4. DSC DAIE 1mcm,§ﬁ®%%$@,
£y & p-CD OWHEINEGY, RO awIC
WTHIE 217> 72, MRS, J:%@iﬂ%ib
- ARV D ICHEW, Fluld 1: 1 (3 : p-CD),
Pro BXUSpild 1 : 2 DEILHERD XS ICHEE
HTRMLZDOER WL, REYWEICTY IV T
FEMBHL, RAB 10mg, FIRHEE 10°C/min,
HIE IR #PH 50-250°C D5 THIE 21T o 7.

5. S tEYPENEEDRAE  AlaEY
HoEYE R, WEENERICIOMELE £
7o, BEOEHERRICHWZ Pro/g-CD IZBL
TIX HPLCIEIC K BAHE BT /2.

5-1. Flu/p-CD ORAEREEICLDEERE

Flu/B-CD 50.0mg Z#/K/ A% /—) (1:1) {&

WCIAfRL 250ml & L7=05, Z Ok 2.5ml %1
D, K/ A% /=) (1:1) B T100ml &L 7=D
5, HE248nm TR T LWMHEERIE L=, Y
SRIIHSMUDIERLRERIODEHRL 2.

5-2. Pro/p-CD ORAEAEEICLZESERE

Pro/f-CD 10.0 mg 2 T4 / —)L 50 ml IR L
boiz, KSoml 2iNAZ. Zhic, K/ LIT¥
J—=I)V (1:1) BEZEMATI00ml &LEDbH,
ZOWSml 2R, K/ Ty /=) (1:1) BET
50ml & L7z, ZOWICDE, PHiE 241 nm 2BV
LWHEEZREL, HENUDIERL ZHREBRICK
DEYGEEEHL .

5-3. Spi/p-CD O|RKEAEEICLDESERE

Spi/B-CD 50.0mg K/ A% /—)L (1:1) &

WIEMEL 250ml & L2056, ZO#K Sml %1
0, KAZ =)L (1:1) KT 100ml &L /=,
ZOWDWE 238 nm I BB WEEEIEL, H
SMMUDIER LR BRICK D EDERE2HH L /-

54. Flu/p-CD ® HPLC £ (C L 25 ER T

Flu/B-CD 10 mg & A% / —)L 10 ml IZV&f#E L 7=
RIZDE, LFOLMTHPLCICX B HIEZETT-
7z,

BEHE, Y2 RUIL K EERE B
FEEF RY T LA=548:452:1:5 (V/V/V/W) %
AL o AIERE 40°C, RIEIKRE 254 nm, i#
B 1.0ml/min, {£AEIT S0ul & L7z, HEYEE
1%, HOMUDIEKRLZRERITLDKRD .

5-5. Pro/p-CD ® HPLC :(C L3 &8 F

5S-4IHICHED, BEMMKOAE TN RN
VoK RN BEERR S MY Y LA=T16:
284:1:5 (V/V/V/W) IZAEEL, HEZETTo .

6. EYRUVVELELEYOEZEERER  HiEil
E841%, Donor fil & Acceptor flD &)L DEFEM
200 ml, FEZREFEAY 113.04 cm? O 5 2 B 7 i@
WEZAWE SEIVNORIRIZAY —F—I12XD
ML<HLU . BEBEERIL 37C ORBH TERE
f1o7=.

RIZDOWTIE, B-CD kO EELEMIIERS &
3, YT OAEHEBITDHE L T Spectra/
Por® Cellulose Ester Asymmetric Membrane MWCO:
500 (Spectrum Laboratories #1:%1) ZEIN L /-, i

G
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X, H5NUCOLEORKEKTHRELZDE, FEik
WAL .

6-1. p-CD OfEFEBEER  Donor fI]iZid p-
CD 500 mg % k587K 200 ml ICVAME L 72 H D, Ac-
ceptor fIIZITKEHI/K 200 ml & AN, Wt)l DIEIK
EITAXF I AY—F—Th<#LZ. 6FfEE
Acceptor A% 100ml 2O L, &MU OE
BEUELEF AR T I Z23ICAN, TNKRL—
=K OKERMEREE L. A=) D HET
THRIEREL, FAMT S Za0HERBAILIZKD,
B-CD D& zRE L 7.

6-2. EMRUOBEEEYDESEBEKE TDEY)
#=E  Donor I #)H#EMREIL, 37°C TOKE
WORFIRELI R &85 &5, Fluid 0.65 mg/200
mL (1.3 X 10! mmol/1), Pro % 1.90 mg/200 ml
(3.02X 102 mmol/1), Spi tZ 0.85 mg/200 ml (4.84
X10~2mmol/l) IZZNZENHZE L 2. SELED
3, BEYELIL TENTNOEYICHY T DHRE &
IR5H&ZEFHLZ.

6-3. Flu R0 Flu/p-CD [EEBAEER  Flu Bl
DB, Flu 13mg/20ml Dimethylsul-
foxide (DMSO) ®#EZE1ER L, Z® 1 ml % Donor
)L (KK 199ml) ITiRNd 5 Z & THRE %
B4 L /=. Flu/B-CD @ i%E i Tix, Flu/B-CD
19.07 mg/5 ml DMSO R Z#HW L, ZD 1ml %
WU 7=. Acceptor {112 1% DMSO/#58/K (1 :
199) 200 ml ZfFH L, RFEFAYIZ Acceptor IS 2
ml Y > 7Y T a7, WOEERIEE (248 nm)
WKROERBETO . 2TV TH, FAREROR
B MA TRV NOEREE —EICHR- .

6-4. Pro KU Pro/p-CD [&E%E 8K EE Pro 19
mg/10 ml DMSO &, & Pro/B-CD 79 mg/5 ml
DMSO Ak #F#8 L, 0 1mlZ2HHLE. T8
W, BOEERE 241nm) ICKDITo 2. FOMI
6-3 THE [FRRICHER Z1THo /=,

6-5. Spi X U Spi/p-CD %% 8 K ER Spi 17
mg/20 ml DMSO ¥, & U Spi/B-CD 18.2mg/5
ml DMSO & 2 #H L, 0 1ml 22 NENR
mizz. @&EIIWIEEE 238nm) ITX Do 7z,
Z DM 6-3 ITHE [FFRICHEER Z1T o 2.

6-6. Pro/p-CD (CH$ 2B TEEEMHELL
T®D CN D In vitro (CE& [+ 5 5Ff & Phe & D L8

FIEEBRNS, CNBRICERITHREING WL

E KT CN 7 Pro QIEANDOWFE 29 2 2 &2

BN, FITUTOERICE, HEcEER
LEOM LI CNERZRML, 1M <#
%, KEOKEEKTHMIIELZEZFHL .
B, DL R DB TIZ Pro @ Donor {7 1 B %
0.629 mg/200 ml (1.0X10~2mmol/l) & L 7=.

6-6-1. Pro &7 Pro/B-CD DEHBEER  Pro
M oEi#FERE L TiE, Pro12.58mg/10 ml
DMSO & #ERL L, Z Dk 0.5 ml Z DMSO/ ¥
K (0.5:199) 199.5 ml IZIRIMNT % Z & THEEZ
BiG L 72, @AY OISR IERIZIX Pro/g-CD
52.27mg/5 ml DMSO & ZfERk L, Z ® 0.5ml
=R U7z, Acceptor flliZi3 DMSO/7K (1 : 199)
200ml 2 L, REMICHHEEILNS Tml 3 >
TV T EITo k. ERIT S-S5 HEERFKICERKL,
HPLC "DFEABEDHE 20ul & L 7=,

6-6-2. CN @ Pro/p-CD [CX T B 5&AEEE
MBEELTOFME  Pro kL, BiaaEHEEY
BELTEIKKL: I TOMREZHET S0,
CN OEREE, 0.75mg/200 ml (1.0X 1072 mmol/1)
L.

CN 15 mg/10 ml DMSO &k ZEk L, H5n U
D) ANk EK 199 ml 12 Z DK 0.5 ml %
TNFNRMUZ. HiWT, 6-6-1 T8 & [ A1 3R 5L
L /= Pro X% Pro/B-CD ® DMSO &% 0.5 ml %
Donor ffi]~, DMSO 0.5 ml % Acceptor | ~\FRI9
52 ETERBRERBL . REEMICHEEEZILED 1
ml Y > 7 > %17\, HPLCIEIC X D EE 2T
o7z,

6-6-3. Phe @ Pro/p-CD ([CXI§ DA EEE
MBEELTOFM  Phe TOHAAEHESRER
i, EMEOTILI LS TERBL .

Phe @ 1.65mg/200 ml (5.0X10-2mmol/1) 7Ki&
WEERL, £0199.5ml 2@ # oDt )L~ ARn
7z, FnT 6-6-1 THE[FRIFRICHHE L 7z Pro 13 Pro/
B-CD @ DMSO ## 0.5 ml Z Donor ffi, DMSO
0.5ml % Acceptor flINIRINT 5 Z & THEEZ LG
U7z, REMICHEEEILED ImlY > 7Y 27 %
vy, HPLCIEICX D ERZITO =

6-7. RBTOEEHEEOCEYH  AETOK
i E (BEEEEE) (mg/h) 1, EEH Ac-
ceptor {IEEYEEHBD 1.SHRETOT—FM5
B/ANCRICKDERERD, ZOEEZEINOR
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1. FEEEYMOARNLER CNOFHLEE
FHEEHZERT 57290121, ﬁCD&@ﬁ%k’
K0, BNAMHEIND, WS N 2RI
hmm,%6MM%W_k%<weéﬁzém
vitro DI)NT A —H12, KORINAARF &I Z &
EPHSEAEBNERINTWSILEMNNET
H5. UL, ZOXOBEI, HOSOBECET
DX TR IN TS CN &3 U F)LEELIS .24
7257000, 2020 272 T B-CD & OLZEEEHMNK
ENT ENMEINTWDABLAYZETILEY
ELUTEIRL, InsIickd amaaEREERIC
DWTHFEZITD 2L &L B-CD EDEEEFE
¥t 5080, 13300, 27500 M1 & K & W 2 &N
SN TWBD Flu, Pro, Spi @ 3 3T DWW THEEL
BWERAR L. NS OREYITDOWTIE,
DSC O#llE TEY DR IZE D E— 7 MiHkL
R ENS, A bEMTH S EHWL 2. A
HEYh oY EEIL, Flu/g-CD Tl 17.04%, Pro/
B-CD 1% 12.03%, Sp/B-CD 1% 23.35% TH-o/=. Z
OIEICHDE, ¥ L B-CD DEBEEIIHEEHL
&ZA, FluTidl:1 (Y : p-CD), Pro kU
Spild1:2 THo7=. ZOHBLEYWDEIHIZ
SCHRED & K< —F L 7=,

2. BACED nviro FFMAZE FHOOHEHE
EWRGEMHRT D HFEE LT, bhtbrsmsE L
I R D ZOIREEEEIC K S FERKRD & Ono
5ICL2 N O0—2ATAFI)VEZFWTOBNTE
BOONMEINTNS, Ih5iE, EYEGHAMI
B-CD ZWOESEHZAT 55 3 D Z &M
L, ﬁ%&ﬁCDwﬁﬁ%#%éﬂ@%%ﬁWM?

HEAT ST ETEY OB RE, ISR
EOREZHIRT 5 HETHD., £ THENL, —
R E TEBR R O — AT 2 7))V EE
W EEBERICED, CN OFSEEHEERZ
FliTAZ &L T

3. p-CDOEFRME BHERERIL EWir
TDOH%EBESE B-CD K UIZF DU LAY ER
SHBWEEL THESTE 500 D)L O0—A T X
TIVIEZ IR L, FErl ’Jﬂmfc Z DfEIT 6 BEfET
0.04% LA FD BCD 2Bl T 5 EHMEINTW

%)‘ 27)

Sl W= SR EE TO B-CD OFEEEZ RD
=& A, 6 KT 0.86% EARMETH o 7= A3k &
DIZEEZERLUZ. ZIUIEBREEDOEND, Bl
HEDENWIIEDZHDTHDEEZLNS. LN
> T, AREBEIZLD B-CD @ Acceptor I~ D% i
W, BEACELALBLHBENTH S SHIEBL .
ZHUT KD, Acceptor fllOEYEZHFET 2 &
C Donor il OEEEEY & O IR A S Z EvH]
BETHDH I ENRINT.

4. p-CD BIE(LIC L ZEEBEEDEKT  Hi
BAZEHERZRHICBVWTORHKTH D M5,
CN OHBAUEHEFEMAZHERT 2121, EMEE
WRIRBE T Donor flINRINIL 7= ALK DR R &
2%, & I TEYROEEIEYIE DMSO IZIEf#
L7 ®% Donor flINRINT B2 & & L7

Flu }2 O} Flu/B-CD % Donor il NIRM U 7= B D
Acceptor fl®D Flu JBE % Fig. 1 IZ”x L7, iz,
Pro & Spi IZDWT % [ARIC Fig. 2 XU Fig. 3 1T/R
Ul SEEEM T, FEMHMRIC R U TIRE
WENMGHIE NS I ENER SNz, BEBORSE
M X, Table 1128 L72&L DI, Flu/B-CD T
VIR B 0D 80.8%, Pro/B-CD Tl 67.9%, Spi/
B-CD Tl 40.6 %12 L /=,

Z DS i E O MIHNL, Fig. 4 IR LELD
12, REEERE ORICIER I RIS HEARE (R AV
HITBHIEME, BEEERDOREZSITKEL T

14000
12000
10000
8000 [
6000 [

4000 [

Concentration of Flu (ng/mL)

2000

0 1 2 3 4 5
Time (h)
Fig. 1. Permeation Profiles of Flu through a Cellulose Ester
Membrane (MWCO: 500) at 37°C

(O)Flu, (@) Flu/B-CD. Each point represents the mean of two ex-
perimental runs.
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Fig. 2. Permeation Profiles of Pro through a Cellulose Ester
Membrane (MWCO: 500) at 37°C
(O)Pro, (@) Pro/B-CD. Each point represents the mean of two ex-
perimental runs.
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Fig. 3. Permeation Profiles of Spi through a Cellulose Ester
Membrane (MWCO: 500) at 37°C

(O)Spi, (@) Spi/B-CD. Each point represents the mean of two ex-
perimental runs.

HRHRELRBRDZIENHSNER D =

INS ORERNG, RIFILE 2 W%
BRI R B E sz EYEIC X 2 FEEEY & D RIE
Z, WA UBESEEEENEETSHEE LU THRA
SN2 AEEMR SN,

5. CN O Pro/p-CD ([CX§ 23S A EME
ELTOEARUY Phe EDOLEE  CN OFAE
FHEEHOMWRL, 3(EEWTITOEtETH > k.
L, CNDEEUOT I ANV ICRESND Z &
AVHIAL, O THESEEE 2 HEEL <
HIETZS{EWE Pro TH-o -, TDREERMS,

1001

=-0.0018x + 90.772 R2=0.997
80

60

%

407

201

0 10000 20000 30000

Stability constant (1/M)

Fig. 4. Relationship between Stability Constants of the Drugs
and the Percentages of Those Permeation Rates from the In-
clusion Complexes to the Rate of the Intact Drugs

Data and the calculation method of % are shown in Table 1.

Table 1. Apparent Permeation Rates of Drugs and Effect of
S-CD on the Rates

Apparent stability =~ Permeation rate og *%

constant (M~1) (mg/h)
Flu — 0.976 —
Flu/p-CD 5080* 0.789 80.8
Pro — 0.228 —
Pro/p-CD 13300* 0.155 67.9
Spi — 0.424 —
Spi/B-CD 27500%* 0.172 40.6

* : Data from Ref. 1), ** : (Permeation rate of drug/B-CD) / (Permea-
tion rate of drug) X 100, Each permeation rate is the mean of 2 experimen-
tal runs.

B-CD OFIEIC LD HREE DS HEEDHHIAH S
7= Pro 1% L T CN D & W EEH %2 iR
TBHIEEL.

CN D/KIEHR T DIERENIER TN 20, &
EWEZHWTpH 2 PP TEBRZITO ZLEHEE
L7z, UL, W& -CD & DRGEEEBDVER
DPHIZKXORELEEFHTLHIENHDLEDOHED
HDZEMS. 2 Pro O Donor HIEEMIEE 2 FiF T
EBETO ZEELT.

Figure 5 IZ Pro & Pro/B-CD D #%EFEYZ AL O
Pro/B-CD IZ CN #3¥ - OE)VE 11 THRML
EEOREER L. CNORINCK D EEEE
DRIBREIENED 5Nz, IRBHETIIRI RN,
Pro B OB\ ERIC CN ZiRINL TH, ZDHE
3D eNZho .
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Fig. 5. Permeation Profiles of Pro through a Cellulose Ester
Membrane (MWCO: 500) at 37°C

(@) Pro, (O) Pro/B-CD, (A) Pro+CN, (A) Pro/B-CD+CN. Each
point represents the mean and S.D. of 3 determinations.

Table 2. Apparent Permeation Rate of Pro

Preparation Permeation rate (mg/h) %

Pro 0.0523+0.0173* 100
Pro/B-CD 0.0328+0.0019* 62.75
Pro+CN 0.0547+0.0024* 104.60
Pro/B-CD+CN 0.0470+0.0047* 89.99
Pro+Phe 0.0471** 90.13
Pro/B-CD+Phe 0.0356** 68.05

*: These values represent the mean+S.D. (n=3). ** : These values
represent the mean of 2 experimental runs. % shows the proportions of the
permeation rate to that of Pro alone.

RIZ, BRCHOUEHEYE & U THE L& Phe
IZDWT Pro/B-CD iIZx9 S1EMH Ztkat L 7. Phe
3L EETEN 1000M-! (34°C) THD,? ZDH
BEBHEEMRR, YU M ZOEEIIBIT 55
WEEDORE EE—7 ) RTORINERIZBT S
Cnax & AUC OENBRIZBNT, HRKEHN T
S ZFIZT, B LS TRMLEZEEDE
BEEHEERICOWTHRELZ, LML, KT
AR TR NS [E] DN E TIERE I & O [R5 13 R 8
SINT, BROUBHEYEELL TOHMRIFTEFEAE
RO BN T

Table 2 IZEE i HE 2 /R L7, Pro & Pro/p-
CD OBfRIL, Table 1 IZRLZTF—4% &LIFEFE —
L, =Y OBBMENHEI N, BEIH1I 10D
CN {RINTIX, Pro HAHKF D) 90% 1T £ T it 5

EORENBD N, ZHICHL, BILEL:S
@ Phe DT I 7% 18 2 JE D [F11E 23380 5 172
Mo/, 4E Phe & CN ORI TZD& D % iEE
EORBEICENEDONZHEHAHEL TIE, CNOA
BT OREEEEN 6200M-! (2000)0THD, A
BH#BIETER WA, Phe O %FEEFE K
1000M ' XD HRKERMETHDZ EMS, LK
DEEEERTOLEND D, TOENSEOFEFRIC
BolkbDEBEZILND.

NS OFRERNS, CNIZPhe KD BHDETHD
WABRHEAUEREER 2R T 5 I EAMERS N,
LEEEEDRKE B-CD AL EMITHNT 25
CEEEYE S LU THRHATE S aliEEIVRE I N
7z,

I O ERO-HWICITHOIWEEFWEER
H, =k FOmMKIZEHKL 7
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