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EWMERNOLEEL T AWML, LELKHE, SELBELTHBEIELIE
FHMELLERBRERABERBLTIES vy 7 FUNY ~ 254 (brug De-
livery System;DD S ) &MU, EiZHRIL (Controlled release) Liav{t
(Targelting) D2 ODFRPLOMABBA T TbTWE ., L TH,
EHErEEEALENE LLEDOBRESHM L T RBEBH S A7 L (Trans-
dermal Therapeutic System; TTS) {3, BEPORBEICHL & EHHIIZL
LAADZE, FEBTOMEIEANRPHELFICBTMERMERTLI LN
TELY, BAZNIBRSILRE > THSFOBRMPFTELYE Vs HDE
FEHBTVEOFHBREZHFELTEBY, BELT, RaRkssy, Zrusy
LYy, BBAVYYNEER, Zanydy, DAL VF - N EORABHER
Sh, EBROBICEINTEL.

FOREMRE AR LTI TR (RETOS )T 1.8 00 ) RLEEN
(FHE 4.8kg, ZiE 3.2kg) L BmAOHMBTHY, LALMESAKERN 3
FOLEZHEOTVLBLORMOBEFRHULE LTRELHERNEELTNS.
L LEREROBEIEROREL & FIAMET (2, HRAHE, BREH,
LEMEE) CHTENYP-REBTHBLD, LFHE (FEh) oRRER
—RICZLSBEHTEIRMCBRLHSE. LW oTTTSORRBIELT
i, BHASHRHNBBEORMLEL LS, BHOBRBUIITHERL
LTEPOBRGNEOFEMABERLFA P ThE Vb, TOLDICHEHE
LRBASCIVEHANCEBEECHT ORI ZOHRBIL L 2TL3INT

Wab.



TTSORMBEMIEES L TR (BE) Kb sin, BHOBRR
WV REBRORER & N CRY S S LB TEAR ERERLAT LI
Zwd, ErToin vivo RBEEYOBELEERE W CHE,SHRBD
PHBBEBOTERCFS D LRTEL V. LI AFREERNNOBEE
B TR0 B & BB ) A R % 7 T VI ERo°C o B 3 SR A T g
ThHBRD, EE, BERATHE FOBBEBEHVRRS Y -2y S HE
WED—DE LTI SATNE. L LedbRBleBn Tt F ot
ROANENEECH B 720, —BICHMOWEBEE F 7z in vitrod s
HEEARZY —2Y7EE LCREENT WS . B0l 508 % Vo il
BEBIZ, HBOATHES TH B B2 55 0% 5% % R o R et
B LTWaES, invitrok in vivo mm@”zf)&nmﬁ%& EhEnHEE
OEEE SN D BB LN T - F FEEL LD in vive BHIZETIED 3
EEFTEL W,

animal human

in Vitro W In Vitro skin permesbility

P
.
:
Y In Vive H T In Vive urinary excretion
""""" pharmacciogical effect

.
P

In vitro-to~in vivo approach
]
EaS
. -
< pennd

Animai scale-up

Fig. 1 Estimation wmethod for skin permeability in human
from the in vitro permeation data in animals

Each number (1-4) corresponds to volume number
in the text.



FCTHEBRICBNWTERE, BHHEELRER WL I vitroft R GRE
DERPLBHRBICE PToIN vivo BEBRDE: TFHFEIELEEBELT
BIF4fichbicos THRFEZRAL(Fig. 1) . Thbb, EFVEH (AT7TL 2
oy b)) MEERERWZIN VItroSBEEEDOTE o S E (B1W\)
ATV 2Ty MBS in vitro S in vive o FH (E28) , in vitro®
MEBTF -0t binvitredd T (B38|) , HWTaHin vitrekp s b
invivo oFH (HB4IR) TH 5.

TEFNERELLT, ROEFNBLECRBCE Ao TWEZ O Y
ik HW Zb rinvivo OFREEHME LAB4REBWTE, L
THOMPRETF - FWESR TR 7YY rEAWTREET 2.

PTEHEI~B4ARETOMPFICLIVBONLEREENLTRLL.

1 ANTL ARGy PEHEREAWLS 25 VN EREREDE

FMROEBGEEMOWHEBEHW L n VIlrOERBEEF -2 L T
Din vive EFEETFHITEIELIEHSE. LICHE-T, invitroToORMEGRR
BICBOWTHERLAEWICHETILINELOERERS L FUROMR
(BM2W~B4B) 2HROHLTEHETHS. ©ITHEBLBVWTE, €FN
e LCEELLZ a3y Y oin VittoRBBEREATL AT v Ol
BRI ELL. RREREOFRER, 2-F v N -HEel
CHEBLCEREEA, SEEMH (donor ) CEMEHEEANRT, Bl
(Receiverfll) CEBBL TS ARYRZEMMICHEI S I LICLDT.



Fig, 2 6B LR L3, SYRFVEBAY 70N (IPH) E7all
VAR PODBRSGERETHNVEILRE-T, 2a9 YV IOFWEHEER
BN BENEE Litbh o, 272, IPH Obb D EMOEHET 2T LH
ERWCLHAROBPREERLBEO LR, CRLOBHBIATFAVEOR
PREREBCRITGBHEMALLIS, HAAEKENOEEER (BEEY
ANOERERLRE) CEIDEBOBREEZTY, 2oEBRL LTRBOES
PRELTOWAIEFRMEARL,. SRR AFAVEREWAENSD
B (PEHBEWIELA) OFBEE LIFTBY, solvent draghtEE 235 & B M
D=DTHBIEbHETHE DL L7,

80

b
o

&
<

Nicorandil permeated {mg/cm?)

b
<

4]

Time {h}

Fig. 2 Effect of IPM on the permeation of nicorandil across
the full-thickness skin

PG(O )}, PG with 10%IPM(@&), water(A ), water with
LO%IPM( A ). )
Each point represents the mean * S.E. of 3~5 éxperiments.



BM2ZWTHIRVIVOINT LA w b)Y BUFRE3IRTOL FUin vitre}iZ s
WTHLIRIPH/PE (X »Toa sy VNOBFLRREEFABEEINLLIE X
D, A7PLRAF5y bEHERTHIn vitrol B OERE T (0 vive H B30k
RBARRSIEHILPTRTH I EHRINL. DEoL 3k, BYELE
BEHAWToIn vitrodBiE, TTSHROB—BRLLTHATHYD, B
ERDORIY =2/ RERNOBBBIEOEH D0 IR TRAFETH S
LEmITshns.

2. NTVUVASy hleBTaas vy -oin vitredr b in vivo FEEERE
DT

TTSoORKESEIy vivo TORHRFIZH S22, in vitroTHFRE
WA LTin viveo BB YL LHPERERLMEELL» T 5. EDLHHER
POLBBEFARIV NP AV FEFASIIBHIPEALGRTELY,
LN VItrod B BEREORTPFRHEZENELLLOHEE L, invive
(MPRE) oFHzENELELLbOR L. £ZCTERBRECBWTE,
SEEOKRE, §hbbaylya—3iaxik, shunt pathway 2H 9 5 i
EFN, EU<shunt pathway 2F 952N bPA LV PEFAERNT, &
AF VAR VIO EERT — S OBER L in vive (MEPRE) oFHE
wlemmiLet ) Table t LEFBOBEE L LD TRLLN, FRER
BREEREZEHELTBY, Lipbin vitroEERTF - 76 T8 L2 L4
R X in vivo RUELO—BRCELIZHOEREFELEFBED LY
PolBhs, ~BEEDFEMERLTWEEEERTTO R T, —R



Table 1 Comparison of the characteristics of the diffusion
model, compartment model and convolution methoed

Method {Model) 0i ffusion Compsrtment Convolution

Model dependency Dependent Dependent Independent 8

Physicochemical meanings of the Parsmeters{D,K,L) Parameters(ki,k . Ho parvameters

parameters in relation to are meaningful kd) are lass are used
skin permeability meaningful
erivation and utilization of Host difficult Difficult Easfer

the equation

Estimation of the blood concen- Possible Possible Impossible
tration beyond the in vitro
experimental period

b b

Slight change or modification Possiblie
of wodel

Possible Impossible

a) Useful whatever drugs are wmgiabolized and/ov adsorbed in the skin.
b} For exampie, introduction of shunt transport,

MIZETFLVERBLCINETHEEERTLINTI A -7 -2 2, BRE
LTTRE (BFEHE) tEMEOL DV RVW—EAELNE . SELEEE TV
ETYN—-FAPEFESHUN EVWIHE—-DOMASILICLYVERTE
HREMHMPH/ LN, Lo Lshunt pathway B L TRFRPEEHROESL
~hTHBHENIRP, EMoAR(hydration) 2X3LDEEVIFLFHL
B9, FTOEBCBNVTEDEAFRETHL LB LW, Lizd-»>TH
A, LVBELYFETHETELEENONI YR ENE s LONES
LS, EDREBWTEELSFBREBNOBHICHOTHBHLZ2 Y H{Y 2 —
¥ a ik, nodel independent THY L LMWELZEHELTHBEPRENT
WHEARTHE2ENIFEWEZFELC BB (Fig. 3), FELEBICBWTH
HiliErEnwborEZ2ohs. DEoBghrs, thinvive 0T E B
ELRBARcBwWlEHary®Ya~vavERnwasobiclh.
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Fig. 3 Relationship between observed and calculated plasma
concentrations of nicorandil after topical application
of gel ointments in hairless rats

{(a) Aqueocus gel; (b} PG gel; (c¢) PEG gel; (4) IPA gel.

3. masyYaain vilroEEERECBT EELLE PADTH

LS rVAREBRNCBAEEL ZORBEI2WTIin vitrod R TRE
L, B PANDRS—-A Ty 72 AL, TOER, UTOZOo0RES
"Boh, YLD FETHAVWAI LI E MEHEREAVWLITLED
HEF - bt FTOBNEFHCTE S LR SR

1. EREREORLIBEOBHMEAVTIn VitroaB @R 27\, 3
BRIV ERThoHHWICBE 3 HEREY, PEER, NYY¥-a
BatBEHLALLIS, PERBFABAEOEBRICAEHBRALTY
BIEHFWRINL., TITHERBY 7L ERBWCER (K) #6
HBNORBEBET W, TOF -2 N TORBEGELFHE



LCERBCe PEHERTRE L CRBEL LA, HEI
B<—8LA(Fig. 4).

2 EBBCHWCEHRUVE P ERAOMBU R RoERL, BEREBEE,
KROFBRE, R Y577y AFOEROTREL P L, 23T
YYNEREOEZLBEL W IHEERRELL. B, Boh
FRErHHL e FoBTHEBLALLEZ S, HOWHHEHIEBWI TS
BBEC FEBICES, 77HAC P TORRENEGHE TR T LR
HMLLEHETHLIEFHEES L.

o

Hicorandil permeated (mq/cmz)
o

TYime {h)

Fig. 4 Comparison between the observed (circles) and predicted
(solid line) skin permeations of nicorandil in human.

Each point represents the mean % S.E. of 3 experiments.

4, Wil bnzZyey y®ucat Min vivo T8

B1~83FomdoEER, $hcoin vitroZR 58 B Toin vive B
ZWEE PO VItred TP TETHBIEFRINLOT, REEHBT
HHEE Finvive (MEBBRE) oF@ELCO>WTHRH L., AL 5E3RE



TORBEANRZIT Y ILTRET2DNLEE LV, TOBRBIESEWT
e bToin vivoe BBETFTIENTEh->0DT, L FTORBEHERE
DWENDH B U7V Y RE EHCTRIEF . FORE, =
FaZueyYrafa&Thin vitrosin vive # FHTAFRELTa HFE
Va-bu YESAHATESSE, BT S WBREE VR0 vitroF -
S SEHEE b in vive OFWATRE S L SRR SR (Fio. ), BERINE
BB BEFAVBBMPLE FADRT — LT v 7L LCAMESFHTH
BB

Hitroglycerine concentration (ng/mi)

¢ 2 4 6 8 12 4

Time (h)
Fig. S Relationship between observed * and calculated

plasma concentrations of nitroglycerine after
topical application of ointment in human ~

* Data from OkaYjima et al. 7

Plb@wER, crBI2EHOBRERNENTHE BRI FNEHEV
Zin vitroRBbrooMidE ML, CFrORBERAWS L2 NTOBK
BREFHOTHUHSTELI LWL UL, BEOERIE, BB @ERIC
THETRINIBEBNOMELBVWTIVWISPORMBEMI L LDLEEL
LhLs.
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EPERRNOLBLT BN, VELGRE, AECBRUNES €SB L
FENELEERREHABERBLU TR Sy FFUNRY — Y X5 A (Drug De-
livery System;DD S ) &MU, FICRHBIL (Controlled release) &ML
(Targetting) D22 OBANSOMENBAKFEDATNS S, hThd
ERELSEREEMNE LEENORSHI L THBBRMY 25 A (Trans-
dermal Therapeutic System; TTS) &, BPYOERBC O MMM IE D
5AADC L, FRTOANEERYPRPELECSIDRFAERI BT LA
TERED, MHAELMOBRLCEL > TREDHHATELD LD > KEMODE
SRBCENS<ONEEELTHD, BEST, Rak53vY), =ray
ey mmovvrer, 202928, 1arsvi-srow
MABRSh, EROBLMSNTEL.
REESEHRESE U TEERN (KBTS 0DTH 1.8 07 ) KHEEN
(B 4.8kg, TH 3.2kg) CHBAOABTHD, LHAbmAFGEED3
ADIEEDTNHLDEPORSHU LU TASHBALNEBEL TS,
LOLEBAROBEREKORBEOTCHANAT (B, REH, MED,
EENES) CNTEAUY - BETHDLD, LEDE (EW) ORITHII
~RCZUCEATEAENMCEBARSS ). LEhoTTTSOBMRKEL
Tk, BARAPHADBZORMOS S LENHD, BPOBRY CICER
LEBMOBERBEOFEFEELE KLY FTHEENDN, 20K EH



BEERAPIOVZANLGAMECATOIMELIBALTDN TN S.

TTSOBRBEBNRBEDETHLEL M (BE) KH2H. EPOEBER
UG TCCRBEYPREOFIMZ I TALEIELEATENETNLRBLIEI LE
A, erTOINVIVO RRBEDOFSHAPRFRLVG>CHEMSHRED
THBECSVWTRALTDICLETEGY., LIANEMBEANAOBEE
BOXNPEFANSLEGOBUHEREZAOIn vitroTOREBERZTR A 0 88
THddD, B, FEMKTRC P POBHERERWEZAIY -V QG
EEO—-2LLTRIERTNES Y LaLsAsABKsTRE O
HEBOAFIAFAETH S, ~REBDVDOBMHEBELBA W Iin vitroEB
ERABERGEAIY -ZVJFELVLTRASENTNS. BPORLEERMERA
KERAERE, EBOAFHIEETHILOBAGEAMNOPRPBRINEEMND
ﬁﬁtmﬁbtm&ﬁwqﬁ,mvnm&MVWO®@%”)§éwm@%t
creomzomE P esrsscoBo KT -2 EEBE DI vivo
BHLHETEDHDICLEETEGY,

TCTAPMRKSWTEEG, DYPYREEBEROTIn vilroRBZEBXR
DERIPOSBEAICEHTOIN vivo BEBRINHZFPAU IS LEZEHBELT
DF4BEbi THREZEHAKL(Fig.1) . Tabs, TEFLVEH (ANFLUR
Sy b)) BEEBEROLInD VitroEMBERUOFMERINEE (F1H]/) .
NZVRASy PICBFSin vitrohSin vivo OFH (HE24) . in vitrod
WERBRFT-4AL5CHInvitrodFH (F3IW/M) , BPTOIin vitro~s £ b
invivo DFR (B48\) THd.



animal human

£~

] . . s .
In Vitro In Vitro skin permeability

g 1 3

[=d

>

- -

> [

e 2 4 Vo

T A4

S ~

S

é .

b= animal human

>

c et blood concentration

= Y In Vivo I In Vivo urinary excretion

g pharmacological effect

\

Animal scale-up

Fig. 1 Estimation method for skin permeability in human
from the in vitro permeation data in animals

Each number (1-4) corresponds to volume number
in the text.

EFNERBELT, BOESOBORLOERECALAVNSN TS5
W (N-(2-hydroxvethvl) nicotinamide nitrate)(Fig.2) ?&Fﬁb\f:w’”).
Flcebhinvivo OFRLZBNEULEBABLSV TR, cbhTOOPRET

- AP BEINTHR PO VERNTREEZIT K.

o~ CONHCH>CH2ONO2

XN

Fig. 2 Chemical structure of nicorandil



BIE N7PUASy bHHEBERAVWVEZOZVYDPINEBERLED
ﬁ%1m

FPRTOBRNELELDIK, AWROBENEHPOB/HEEBEB L In vitrof
BMEBT - 4AMS5ECbTOINVIVOBHZFMIAELEEHD. LIH>T,
inVitroTORBEBERICSV TERUVULERDLEAITZLEINLELOEHR
ZBEICLENAUBORR(B2~4B) 2EDDILTEETHSD. TITAR
KENWTR., ETNVEPLEULTERLEZOZIYMOIn vitroEBEBN %
NZVZAZy bOBEBBHHEBEZRNCTHGL .

ZASYING. SFEARBBNS < (K 21) LA boka-3. 180 FEE R
EMTHH LS, RKRUCBEBBEMBICBITEL, o d~10.8ETOHMKDE
®(/OOMVA/K) BB 2EBE—ETHBEAMBRTNSG D . L
Eh->T, BEBREAZLIOD VTN EGRTHFBM IS EBULGTTNERT
HHELEERERUL.

FE1E InvitroEREHOBRN

N VItroTORBEBERELNTOLHE--TRDEBELCLUERBOER,
THEDEHPBOBRTHS. BELSOTE., SWENKE MIEVEHE
En3eT740) DBEERS. FEATOLPIIEN > LANBT Y
k21 2 oy e®) sommERARNSRTE RN, BE
T, REORBEAGAFOESEATL 7Y R 2020 warL 25y

CENEw R



R2T28) L AP L AT B COREAER TND. AMBLCSVTHHE
BI00DEBDOAT LSy M2 2HnE. EEEAROFME2 —F v
RV CHELUEERERs, AEEM (Donor fil) CEMBWE AR

T, EEM (Receiverfl) KERBU T HEPELCHERBHUKWUET S LKL

DT - 1.
1000 50
(a) (b)

e

1=

G

N

[=2

= —_

o <
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© 5

g 500 §: 25¢

g. ~
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ﬂ! 1 1 ] 5 5 ) 2 ]
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Time (h) Time (h)

Fig. 3 In vitro skin permeation profile of nicorandil
from agqueous suspension in hairless rat

Each point represents the mean of 3 experiments.
Fig3 KiZa5 YN0 RkBBHLDnor BRLELTHVWKEBROREER
8 (ug/cl) #HBEKNLTZOYy FULE., REEANEOZEBEBEEEERN

ML, 2RBEITCOZERETRTCEEFRBABONSCLABRINI.
EPYOHMUYMBEYULVDOEERBEREE (Flux) (&, Receiverfilz> >



REERET AL UTFORTRINBCEAMBNTNE ) |

Flux = DKCv/L (1)

CCT IMEEPORBHEHHEMRE, KBEANLEBETOEYHIERE, Cvig
EHAPCBERLIVSEDRE., BEBAUVY-OBESTHSB.

AR -EO5HE, EVSLUEANZETINGE IRT KE—B&EZS
NaHOT. FluxizEH (Donor) MEPBEICKHAITSL. S 2d L, EHPH
TANTEBUTVL ARG EANDREICLAL, RYHFABRENLTRBL

THWA BRI —FT&£EG 5.

25 10 -~

| oyt

— =
E s / = 6
E
g , £
z / kl
5 t0f / g a4t
z /
$
/.
sty 2 b
/
/
/ =

/ i ] 1 i X 1 H

0 10 20 35 50 0 10 20 35

J
50

Conc. of nicorandil (mg/ml) Conc. of nicorandil (mg/ml)

Effect of initial concentration of nicorandil in donor
compartment on the permeation of the drug from agueous
solution across hairless rat skin

Fig. 4

Each point represents the mean * S.E. of 3-5 experiments.

The arrow shows the saturated concentration of nicorandil
at 37°C.



Figd k=5 S LREE10, 20, BRGS0N0/M CERULKEERL
o, ZaAZINOIICTORKEIDBEREE26.Tng/nl THHOT, 10K
v20mg/ml WARAY, I5KTCSOmg/nl ERBYETHD. Fig dakDBESHME &K
S, BRETHEFwECVICEML, BBRETEHFIWwE—-ETHho7k. (1) R
DFUXECVTE > LEEEWORBBARY, KDEHRLENORZRINE O R
BICRANSNTWS, BREMICKEKpECVIEMDDOET —-—FTHAN, =05
INEBVTHERUL IR TORERTEE—EOBERTCLARRSN
# (Fig. 4b) .

T.Higuchi (1) RE#IC(2) RERBLESY

Flux =av D/ 7vs L (2)

CCT, avVREBADDORPOEETHD, TSEEBNAYV-HTOFEER
BThHd. BRPOFEERRERBRCBVTIRZIOERPNBROBEBLELL
3. Enhade, BREAREBETHAE (BRIAEETNRIE) BREEXZEATDH
BMOaviEFLL, TSHAETHD (BENAVV-BKELIGEN) &R
BEIDLEFES—EFEGIRTTHS. LichoThonor D EA (BE) %
E2ZTEREZAOM, EPZWBARBICRKOCELHEEL LS. Fig.d IKRL
KEDKZaZUDNOBRERINEG HHiguchi BRICES>CLHARBEI N
DT, UBEORRIBERBTERU L.
REBEHEBORERBACLBZNAV P -BOELEDODVTHRNLE., ABRIK
BOWTREANZVASY FOBHEBEZESIKCERICHLLEN, BE3R/UBRKS
wtmk@%&@th@ﬁ&ﬁﬁ%&ﬁ?é%%ﬁiut.k@%@éwut



POREBTIHBHBEBSKCEREBBRIBCENABEH TCH e, —200T
BRHEREITLDCEKNLEL., BRBEL LI TEBON Y Y- ALKDNNIEE,
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Fig. 5 Effect of freezing time on the hairless rat skin
permeability for nicorandil

The values in parentheses are number of experiments.
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Fig. 6 Effect of IPM on the permeation of nicorandil across
the full-thickness skin

PG(QO), PG with 10%IPM(®), water(A), water with
10%IPM(A).
Each point represents the mean * S.E. of 3-5 experiments.
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Fig. 7 Effect of IPM content on the skin permeation of nicorandil

in PG
(a) Relationship between IPM content and flux.
(b) Relationship between IPM content and lag time.

Each point represents the mean of 2-4 experiments.
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IPH BRBEHSD2NRBIEMBOBMO—-2LLTHNSENTWS. HICILH
BORBTERAUOBHBR I AT UVEICKODPARTAFERINTHLSZOT,
Table 1 KR LK 5% (IPH ZANB & 6B) OBBWBIAFTLVERVWTZO
TUYIVNDORERBEREEHRICOOCTHRLL., BUHBI AT VNEOBEBE®O
BERELULTLg P (n-AFHY /K SBRFBBRONEE) 2ANK.

Table 1 Chemical structures and lipophilic indexes, Log P,
of aliphatic esters (RlCOOR2)‘

Subject M2 R, R, Log P ?

Isopropyl n-butyrate 3, CHy(CHy) )= ~CH(CH,), 1.12
(1pB)

Isopropyl n-hexanoate 5o Cy(CHy) g ~CH(CH,), 1.38
(1pH)

Isopropyl n-decanoate 214 CNs(CH2)8~ -CH(CH3)2 1.69
(1PD)

Isopropyl myristate 570 g (ciy),,-  ~CHICH,), 1.96
(1PM)

Isopropyl palmitate 598 (i (CH,),,-  -CHICH;), 2.09

(1pP)

Octyldodecyl myristate gog  y,(CH,) ,-  ~CHyCH(C, gy ) 2.79
(ODM)
CH,y (C/H15)

a) Molecular weight.
b) Logarism of partition coefficient between n-hexane and
water at 25°C.
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Fig. 8 Effect of lipophilicity of aliphatic esters on the
skin permeation of nicorandil in PG
(a) Relationship between log P and flux.
(b) Relationship between log P and lag time.

Each point represents the mean of 2-3 experiments.
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Fig. 9 Effect of IPM content on the release of nlcorandll
from IPM-PG mixed vehicles

IPM content in PG (%); 0%(0QO), 10%(A), 25%(0),
50(®), 90%(4A), 100%(®B). '
Each point represents the mean of 2 experiments.
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Fig. 10 Effect of IPM content on the solubility(@®) of nicorandil
and percent releasing of the drug over 4h(Q)
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Fig. 11 Effect of IPM content on the R(%)Cs
R(%) over 6h(@®), R(%) over 4h(A),R(%) over 2h(@).
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Fig. 12 Solubility of nicorandil in aliphatic esters((Q) and
in 10% aliphatic ester-PG mixtures(@)

The dotted line represents the solubility in PG.
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Fig. 13 Effect of aliphatic esters on the release of nicorandil
from aliphatic ester-PG mixed vehicles

IPB(Q), IPM(A), obM(O) (10% each).
Each point represents the mean of 2 experiments.
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Fig. 14 Effect of IPM content on the permeation of PG across
the full-thickness skin

IPM content in PG (%); 0%(Q), 1%(A), 5%(0O),
10%(®), 25%(A), 50%(@), 90%(w).
Each point represents the mean of 2 experiments.
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Fig. 15 Effect of aliphatic esters on the permeation of PG
across the full-thickness skin

IPH(Q), IPD(A), IPM(®), IPP(4A), ODM(ME)
(10% each).

Each point represents the mean of 2 experiments.
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Fig. 16 Relationship between skin permeations of nicorandil

Fig.

and PG
(a) Nicorandil permeation vs. PG permeation.
(b) Observed(Q obs) vs. calculated(Q cal) amounts
of nicorandil permeation.

PG(Q), PG with 10%IPM(@®) .
The number on each symbol indicates the measuring
time(h).
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17 Relationship between the calculated(Q cal) and observed
(Q obs) amounts of the skin permeation of nicorandil in
water

Water(Q ), water with 10%IPM(@ ).



Table 2 Relationship between the calculated and observed
amounts of the permeation of nicorandil

Solvent A?gjﬁ;:? Slope a r b
PG None 0.057 0.998
IPM (1) 0.240 0.996

(5) 0.235 0.996

(10) 0.421 0.999

(25) 0.407 0.996

(50) 0.610 0.998

(90) 0.811 0.998

IPH (10) 0.310 0.992

1PD (10) 0.342 0.999

IPP (10) 0.279 0.999

0DM (10) 0.419 0.998

Water None 0.103 0.999
IPM (10) 0.789 0.997

a) Obtained from a plot of Qobs Vs, Qcal'
b) Correlation coefficient.

ST O SIVREBPGS BV RADERE (ng/cn’ ),C sol FIITCTOZDS
YUNOBBRRE (9/c0° ), 0 RBEOBE (0/cn° ) THB.

Fig.16b 5 HLOMGEIICIPH OFMOERMICH MDD S5 FQ cal &£ obs
REFSESBEREZRLE. M 1TKEPORVDIKABEZAVEBOEZE
BEC7Ovy bUEN, PGORBEAIRKQ obs 20 cal BHFIBRERTCENT
RBENKk. Qcal L0 obs OBMRAEE LH TTable 2 KL, TZTQ cal
ERBICOobs ZHBMICTOY PUBMNZREBEKIODBEHULBES ZEslope &
FLZTOLEOHBEREE reLik, INTOEBRRICSVT rid 0.99 B E
ZrU, solvent draghA Z a5 VI NERBIKOBEEGANZLALD—DTH
BLENETILENL. UNHDDEBBRIAFTNVEZRENMUICEOSIope OEN
WMUBGOWEBCHEARNLD 1WA I (0@ cal&éQ obs DEAEMT D) C&nb,
CNOWMINEEMNORTMICLOEFH LU THWILPEH B IEAKDsolvent drag
EUTOFSABLTVWEBDEFEEIND.
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Fig. 18 Effect of IPM on the permeation of nicorandil across
the stripped skin

PG(O), PG with 10%IPM(@).
Each point represents the mean % S.E. of 3 experiments.
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Fig. 19 Plasma concentrations of nicorandil after intravenous
administration in hairless rat

2.5mg/kg (@), 5mg/kg(4A), 10mg/kg(@®).
Each point represents the mean * S.E. of 3 animals.
Table 3 K@BHNIENIHA -4 —FZRUE. 235NV 0OMBHRERKB
MR P EAE(AUC) I 2.5 510mg/kg S TRSEOBEMICEMLTEML, L
DOEBHOHEAERETEHN BREERTCERELVWES, ZaF VI NVDHKN
DEDEKREIBETTNERDCLEARALBMEG . FRLBONLHEXFE
HOBOREINTVWBIEESY IPEFTORECENVWKLY, BENGTRAOHN



BHATHAIREMETANZUAZY MIEINViIiVO TORERIERICHEL -
FMELEZSND.,

Table 3 Pharmacokinetic parameters of nicorandil after
intravenous administration

Dose {mg/kg)

Parameter
2.5 5 10
vy (1/kg) 0.396 * 0,035 0.326 * 0.029 0.347 * 0,058
a  (h 9.763 * 2,547 8.554 ¥ 2,020 10.757 ¥ 0.698
B (hh) 1.323 + 0,228 0.934 ¥ 0.128 1.173 ¥ 0.027
ki, (h™ 3.168 £ 1.017 3.533 * 0.890 3.387 % 0.124
ko1 (h™h 5.623 * 1,503 3.556 £ 1.344 6.602 ¥ 1.013
3 (hh 2,295 * 0,337 2.399 ¥ 0.126 1.942  0.218
CL  (1/h/kg) 0.914 £ 0.173 0.788 ¥ 0.108 0.661 ¥ 0,037
AUC (ug-h/ml) 2.926 £ 0.505 6.563 £ 0.796 15.179 ¥ 0.860

Each value represents the mean ¥ S.E. of 3 animals.

Abbreviations : Vd, apparent volume of central compartment;
0 and B, disposition rate constant; CL, total body clearance;
AUC, area under the plasma concentration-time curve.
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Effect of solvents on the skin permeation of nicorandil
across the hairless rat skin
(a) Cumulative amount of permeation, Q with water(O),
PG(@), PEG(A) and IPA(A).
(b) Permeation rate, f(t), symbols as in (a).

Fig. 21

Each point represents the mean of 3-6 experiments.
Vertical bars in dicate the standard error.
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Fig. 22 Relationship between observed and calculated plasma
concentrations of nicorandil after topical application
of gel ointments in hairless rats

(a) Aqueous gel; (b) PG gel; (c) PEG gel; (d) IPA gel.

Each point, C'ta(t), represents the mean ¥ S.D. of

3-6 animals.
The solid line, C ta(t), was calculated by using Eqg.8.
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23 Relationship between observed and calculated plasma
concentrations of nicorandil after topical application
of gel ointments in hairless rats

(a) 10%IPM/PG gel; (b) 3%Azone/water gel;
(c) l0%Azone/water gel; (d) 50%EtOH/water gel.

Each point, C’ta(t), represents the mean * S.D. of
4-5 animals.
The solid line, C ta(t), was calculated by using Eg.8.
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2. BRBREREDED

3. EMAWICICER A EOE
1LEEBULT, invive TOAEREWEIn vitroll kA Thydration OB E X EV
LnsgEssant)
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RLESNVORBROOI<KOREEZNAREFERAVTHNELLLECA, BN
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78 ~BCURBHR) THoc. TROIn vivo KREBHTH->TWB K
B, inVIlrocTOERBEIICLDER 1~ 2CEBELNIVDHOOETEHL,
invivo KPEAFHUBELOEBENERO-DTHDLEZBNS. OFMAH
BOEBNICEALTE, EROMUINEULTABRCERTACLEERELENT
bHEHLH., HTORFNEMA .

Fig. 21T, Fig.23THEO—FHULGEM> k3%Azone L50%ELOH KBRD Y

, invitro&in vivo Thydration OEBEEBA L OEE
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ZOFR. MBALOEFPUEREZEMBEBLR~H L, 3%Azone O KD ICHIN
BEHNOSERADPEVHEEPEHMBCEOHO LI GRBELENEBLELZ
DEHICBERNICEMNERNABEL IS (ZOELIARPOEBUEARESLER
) BTNHEHAIEEKE, 2-Fr R -BENVZFRACTERRETHEMT
HEDE., KROBAMICEWRBTHMIZHHIn vivo DFPHOLHICE LD
BUYTHLCENRBINE., WTRIELTH, RNEEANEZRNULRES
WTHaVRYa2-YavEiLkoinvivo TOMRPBEOFHEARETH
D, REREEREERCSITDin vitroh S in vive NOP70-FILAEH

ThodEtEmIToNS,
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Fig. 24 In vitro skin permeation of nicorandil studied by the
vertical type diffusion cells

3%Azone/water (@ ), 50%EtOH/water(Q).
Each point represents the mean of 3 experiments.
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Fig. 25 Relationship between observed and calculated plasma
concentrations of nicorandil after topical application
of gel ointments in hairless rats

(a) 3%Azone/water gel; (b) 50%EtOH/water gel.

Each point, C’ta(t), represents the mean } S.D. of
3 animals.
The solid line, C ta(t), was calculated by using Eqg.8.
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avERWTinvivo TOBRBEERE ("(DA9) ALSEHINDS.
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Cul)=1 A f(O)y———(-db (9)
0 Div

CCTC (0 &invivo BRENRXBRLIOBORLOMMREL, C, (1) @&
3) REMBKBEBOMBBETH 3.
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INGERE (Fig.21b) &&BIKC7OvY bLE, FaOyRY2-2avyDOFEHEKEL,
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HEEBBTARKEFIYAY 2-Ya VEABVEBRIEE TO LB &
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Fig. 26 Comparison between the in vitro skin permeation rate
and calculated values for nicorandil
(a) Water; (b) PG; {(c) PEG; (d4) IPA.

Each point, f(t), represents the mean of 3-4 experiments.
The solid line, £’ (t), was calculated by using Eg.9.
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EPOEBERRBZTOEPORBEHIEZRBHLIZIRGHEHRCHED (1K)
UVER> THEEBRINEERZMOBIBE, S<HBHBETNNTHAINT
#1808 pwErLRRER TS A4 ARBLENEEKERLT
WBEHINnVItroTOEHERTIDEEBNLEHETHZIH, ROFEHH
LS, REEPOBEEN2-aUN-PMAYPFETNIERSIBET LK in vivo
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YARY2-vavERBREGHEREXBELLEVLOTIn vitror 500 vivo
NOEPOEBEBREOFHUICEELTVLSA, EREAKODLEIOPREHE
RzPRUITHLHICIEinVivo TRELTEZZIALATD2-VEERBULKLE
HFEOINVItrARABBETHEI LV IRREBLINS. ZECTAERLHSO
Tk, shunt pathway ZBUICHBBET LV EZHRLCICBEL, 2720000
vitro EBF -2 OBF Lin vivo i REOFMCAH WL

BEREE—GHRHR (ULMABIBBIL - &MU cshunt pathway Psx &
LTW3) EMETDEL, BRENEHRETFNEFI2I0LSCRENDS. B
BORBBBENA—FT( MBRE), UMBReceiverflid> 7 REEMRL
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dX,/di=0 (10)

dX,/dt=— DA,(0C,/2x), o + DA, (0CJ0v), _, ()
dX,/d= — DA,(3C,/0%),_, O<i<1)

= —DA,(0CJ0x), -+ P.A,C, (t>1) (12)

tEOHAFEABECCFickdE 2 1/ ACJot=D(*CJox?) EEZNEND

RPMEH (Cs=KCv at x=0, Cs=0 at x=L) RO WHEH (Cs=0 at t=0) T,
RPOREZBE (xRkD2d2-MmA (1) 5B~

Yehicle

Skin

flecelver phase

Vehicle

Skin

Systemic circulation

Aount xv Xs X i
Concentration v (constant) s 0 (stnk condition) ! X X
i 1 2
Ares A‘
Distance [ e ) —— k
1 PN ez,
Partition coefficlent x I/D'ff . \\ A
iffusion dg/dt
Diffuston coeffictent I 0 \\\ model S B Al l
Flus (d1fuston) oA aCsan) Ly OA(aCs7an) \‘I" ko
Flua (shunt transport) | Psh, Cv l !
PRIt DAL |
, | |
l
1%0
(a) (b)
Fig. 27 Schematic diffusion model of in vitro (a) and

in vivo (b) percutaneous drug absorption

The skin is postulated to be a diffusion membrane
with thickness L, diffusion coefficient D and
transport rate constant of shunt pathway Ps. The
amounts of the drug dissclved in the vehicle, skin
and receiver phase are designated as Xv,Xs and Xr,
respectively. The concentration of the drug in the
vehicle and effective diffusion area are designated
as Cv and Al, respectively. At the vehicle-skin
boundary, the drug is partitioned according to the
partition coefficient K.
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Q=DKC,/L-(t—L*/6D)—=2KC,Lin* ¥ (—1)"/n*-exp(~n*n*D/L*1)

+P.C(t—1) (13)

C CTDKCv/L, GD/L2 BUOPsCvEZNETNP(1),P(2),P(3)&B&E, invitrog
BT - 4 EESBBRATEL WIS £mMiccurve-fitting I & 0@ L
.

BYPOKADSOBEENZ-OUN-PFAVFEFINECESH, invivo TO
BERNERTIANEF2I Ok CHRING. COBROMAHRRR
UFDOEH5>3CmDHEINDS.

dX/dr=A,(dQ/dr) — (kjy + K )X, + Ky X, (14)

dX,/dt =k, X, —ky X, (15)

;:FAzmﬁm@ﬁ&,kmAmmmu~m@ﬁE&%ﬁbtwé.
(1)K in vivo BIBGERE, do/dt (R (N E2@HLEDBO) /AL TH
hmEE Cp 29X (16)2 8.

n?n?P(2)

e~n1nll’(2)~1/6_ae—a(
PO)MA,| 1—e™™ ™™ 12 i(-1)" 6
PT D iv) o PQ) m*P(2),5, n? n2nP(2)
— o
6
2.2 1
n°m P(z)e_nznzpu).,/ﬁ_/}e._l“
P()NA, | 1—e™® ™" 12 = (=1y| 6
- - >
D (iv) B PQ) n*PQ),-, n? ntniP(2)
(16)
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X—4a4—THd. GHin vivo ICH W Tikshunt pathway OEZ PP O EH NI,

C(iv)=M-e 4+ N-e™ (17)

preshnicR€MOT, invitro (138) RTin vivo(16xX) TOZ=2 >
VINEBBRAMOT -2 @M UL, BAIKRBI1ETHESNI KL TICPE
BETOFAEE (1) LORPRE Cta(DO@EEZAVE (Fig. 21RTFIg.
222W) .

£2OF (KBEOHERIZFI0.281C, POEEOBRBIBFI¢29ICALEL) K&
WTKE, invitroTOSFESNAERERMBEIMELHCEMQ) K, in
vitro F— 4 S5t Ea N cmBRAREHMBRETNELHICEM(D) KRLE.
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Fig. 28 Comparison between observed and calculated values of
skin permeation of nicorandil in water treatment
(a) Cumulative amount of permeation in vitro.
(b) Time course of plasma concentration in vivo.
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Fig. 29 Comparison between observed and calculated values of
skin permeation of nicorandil in PG treatment
(a) Cumulative amount of permeation in vitro. .
(b) Time course of plasma concentration in vivo.
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FHIHAETNIKDOTIRAEEND.
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5088 oy R F AV FEFLBBREFNEBATRE—ROGE S
WEGB>TWD, ABEICHSWTIEE, B2ELAEHICshunt pathway 289 5O
YR-RFAVFEFNEBBL, 2 ISYILOERERT - 4 (Fig.21 BT
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Fig. 30 Schematic compartment model of in vitro (a) and

in vivo (b) percutaneous drug absorption

Xv, Xs, Xr, Cv and Al are the same in the legend

to Fig.27. The first-order rate constants connecting
each compartment are designated as ki,kj and kd, and
that of shunt transport is indicated as ks.
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dX /dt=kX,— kX, '(where k.=k;+ky) (19)
dX,/di=kyX, O0<r<t)

=k, X, +kX, (1=1,) (20)

COWAPHBAEZROTEHNEEYLVDORBEERE (2RkHDHAQQNEEFK.

Q=kiky X,k A{t+exp(—k)k,—1/k}+ kXA, (1=1) (21)
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Fig. 31 Comparison between observed and calculated values of

skin permeation of nicorandil in water treatment
(a) Cumulative amount of permeation in vitro.
(b) Time course of plasma concentration in vivo.
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Fig. 32 Comparison between observed and calculated values of
skin permeation of nicorandil in PG treatment
(a) Cumulative amount of permeation in vitro.
(b) Time course of plasma concentration in vivo.

Fig. 31RUFIC.IKEONILEREALE. BWAKEB3EOHEBTT N
O &A— T, shunt pathway 2 0 &Sk (dotted fine) , in vitro®
MEBOADFT — 2% i (dashed line) , B & shunt pathway % &
AUEB(solid line)® 3BOTH>KL. WFThOBERIKL>THLEBSNRIE
RFRMBBEFNORLARGEREZRL, THREFNVEIYN-MAVMET
Vidin vitroRBBER 7T - 2OBWH T in vitro® s in vivo OFRE L
IRTHIEERIFTHE2ELEEAONDS,
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ERERAMAMEAHEREZALEIn VitroTOFRBmATEGATHRORSH
BEAE<LRGE>»TVS. ULHMLGHASEBRENGEHLETHInNVIVO KHD
o, in vitroTOFEREVHIKLTin vivo KRB ESZMHABELGHEL
BoT<Kd. TOKODURDPSHEHRETNPLIUN-MAVYFETFNLLDR
HARASNTEREH, GLAINVIITIORBERLOBRHTPIANELEEMNEL
FbOhEL, MPREOFUZENLELEDBOB LGNk, FLEROC
EEHhS. MPREOFHUELBEALTIROMOFEZRBUCHDRAYLS G
W, ZECTAMBRECSNW TR @HEOAMK, bRy 1-Yarik,
shunt pathway #8599 2B T 7NV, AU < shunt pathway 2859523 /N -
FAVFEFTNERWT, 225220000 viltroEBERT - 2ORK &Lin
VIiVOO PRI # R BKRFE LK. Table 4 KB HEORBETLH TRLEN,
ZTREZNHIHRERFZBLTIBD-MICEDFEIBNTVEHELEEERGN.
Lo T, BRKBUTEAEEZERVDUBILHNEBTHDHEEADBND.

VARV 1-2YaVEERBREKSOTREBBOBHICHALEAN VK
H, MBREZBEALUCENGROATHELRNRENZSCENTHZO
BERAMzRELL., ZOBR, 2RV 21-YaVEIK&Din vivo TOMmMR
PREOPAUAFABTTELINSYFORBATHREG L, SRNEENZ
BORTHEANTHORCERBACEVWEBRTHRMUCIn vitroBRAXR
DHEBREZTOMBEZBALLLEDIN VIiVoO ODFFABRICBENRTHE I LEGBEN
Hom&EhG oI,



BHRETNEGERIBINIA -4~ (LBRE I, PERE K NUV-0
BES L) A ZENThPYBLENKEKOSHZDOTHD, BALTESNER
REBRBPEOANZZLPEBNLN-FOHRMCANWBIERATES. AET
Finvivo OFPREVI RO TEFNEMNALEN, GLBIin vitrof B
BRT-2OBHRICEULLABRTHD LA (B3GR TREHEREN
ALTRBPESTSinvitroREERUOBKI 200, BZ20ERZHSH
L)

Table 4 Comparison of the characteristics of the diffusion
model, compartment model and convolution method

Method (Model) Diffusion Compartment Convolution
Model dependency Dependent Dependent Independent a
Physicochemical meanings of the Parameters(D,K,L) Parameters(ki,kj, No parameters

parameters in relation to are meaningful kd) are less are used
skin permeability meaningful
Derivation and utilization of Most difficult Difficult Easier

the equation

Estimation of the blood concen- Possible Possible Impossible
tration beyond the in vitro
experimental period

Slight change or modification Possible b Possible b Impossible
of model

a) Useful whatever drugs are metabolized and/or adsorbed in the skin.
b) For example, introduction of shunt transport.



AN -FAYHFETFNEIN VIiVO TOBRBEROBHRIEBL<AMLSRATY
5HETHL, COBNKBWTRBOLWMUIINILHTETHDELEZAONS.
AHECSOVTE, BEEE—D2O3UN-FAVFEUTHROBROBITICHN
oA, BEBEF IV &AEEICshunt pathway 2B AT AH LK LD in vitroh s
OFPELIn vivo RUBEEZ—HIEHLHTREGH L. FERAOFHD
BHRETNVIKENDLBFRETHDIcH, BRERBROERD O KNSR RFHIC
ANBCRERGRED-DTHBLEEAOBND.

—BNICTT N ERBEICITNETEIREERTEINIA -4 -DNEL LD,
BBLUTHEELENEOLIOR-FHESNS. SsEADBEHTTNEDY
NW=HbATYPEFNHICshunt EVWIBEZ—DMADCEKLIDBETETEHR/R
HpESNK. LMUshunt pathway KBAL TRHHBLERMROFBNL - T
HDENIHP, SEO LS Hhydration KA DO LENWSIEZHDHO,
ETORPLEBSNVTEOHRASNZLETHDIELERBBEHSGL. Lich» TEAMBK
., dNDBAEGCHETHBETELRHRNONSYFENEIZIDLOHEZL L,
TORKBWTRB2ETHILELIARY 2 -2 3 V& Enodel independent
THOLUDLRMEGHERAEZDBELLGEVLOT, AAMELIBEVDHOEERS
nad. DEOBEAMS, cbhinvivo Z2FRISBL4B\BICSOTEIVARY 2
—YavEEBWSIEK UK.
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HBEDNLC2DHD. flAiE, BartekB I Z74ABVETFALEYP THD &

Ltnal’?

L HesterBS B Y NKBF AR ODORPOBRBNEN € bIC
B LALChBOREDBREAEEERLEEDO
BHWECPTO—HUEPHEBELODVWTHLUTWBRUITHD, BIPERT - 4
DEEMANDO7TO-FERPLMBEI AL TN,

BTRECKB2BCSVWTEEGE, N7V AZy FEEWTin vitro, in
VIVOIREAS Z 2SI VORKEBRRBEEZFMHL TEL., FIKE2HTE, in
vitro fHEMERAUEMSinvivo P REXEBEZEBCFAUILZIAELERY
TERLOT, RR/ESOVTRINVItroE@EERBB KLU LSIBEORTELEEMT
Din vitroREERBUEOFTWM, I GDE7INAT L7y TORFERAH
o

ok eEmNTND



B1E @P7F - 4S5 PREEREO TR

AETH, BLAOPOREEBLACTZASUYILOERERETN, &
SNERBBEBRBEFTNTHRMNTALLLIVDBEORREERLL. 1,
BHETNEEEBMT -S4 LAEB 2RO RERBEOELALTE MK
BEFZH523SUTDL0invitroEBEAREFALEMEL L LK.

Table 5 Experimental species

Hairless rat (WBN/kob) 130 - 170 g
Guinea-pig (Hartley) 300 - 350 g
Dog (beagle & mongrel) 10 - 15 kg
Pig (LWD, 4-35 days old) 2 - 6 kg

Table 5 KAETHALLBHO—BEZR L. ANPVASY b, TNMEY
FPRUAZIEHEBOERMEBHUTHAVES, 720@ERCEBEEOT S
NWEHEBORBEEALL (ZRCARTERINSEBAEBOBHZH
Sk) . FRTALAOBNEGRRERANER, T2GHRNAH S0 ML
BUBOEROBBYSLBENE b TN V> HERBEED 2070 | &
BIHABREE CORRBODOEBALE, LELEBBLENT 2 (2ES)
ODEMKBEL TR, AEEOAY V- BESKRREZLEDNEGEEAES K
DT(Fig.33), AMBRKSNWTRER I~3BASOT4 BN,
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Fig. 33 Effect of age on the skin permeability of nicorandil
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Fig. 34 Permeation of nicorandil across the excised animal
skin from agueous suspension

Hairless rat (@), Guinea-pig (&), dog (O),

pig (A).
Each point represents the mean ¥ S.E. of 4-8

experiments.



Table 6 Compariseon of the permeability, Kp and lag time
for skin permeation of nicorandil from agueous
suspension in several species

Species N Kp (cm/h, x104) Lag time (h)
Hairless rat 5 7.27 ¥ 0.77 3.51T £ 0.33
Guinea-pig 5 5.08 = 1.23 5.27 ¥ 0.46
Dog 4 1.69 * 0.30 6.53 ¥ 0.93
Pig 8 2.85 0,15 5.91 * 0.48

Fig MEEBPKSUZ2AXBBRNSO IS U INEBEEBRBES 70y b
L. BDBSEHEMGESIK, ZaZ 02 00in vitroE@ERAN IS 28
EBEET, ATVASYMHRBOELAINBOEN L. COBOEBR
UYL TH A LEBH UTable 6 KUK, KW TIKSHT 44 LDHELD,

IBOBPORTH IS VINDBEBRBCHNTANY v —BICH 4560 2R
hHEHEENTRBEINL,

B2WMICBVT, BPORRBEBANXLEEBRBUBICRIY N~ Pk
FPETNEODD, BOENENSHA -4 -HAPBLLENCERELEEIZIHBESF
NERWEBHOAPBLTIWASI LERANKL. LEAR> TRBICHE O T,
Rzl —-G—BLRGULEHR (13X ®shunt pathway 2B W E%H) T
LFREOEBMOT - 2EBH UL (23X) . AVKEEEHBOBOTH S,

Q=DKC,/L-(t—L*/6D)~2KC,L/n> ¥ (—1)"/n* exp(=n*n?D/L?-t) (23)

n=1



CASYVNRAERRCSUAZDMBORBRE DEPRRY KERS
BroK. (1DROKLABECQ2)ROKV/LE /L2 #2nZ0r(1), P(2)
EBWT, MILTI £MOTFig. 3407 — & Gourve-fitting #fio k. ZhT
NOBHETES NEP(NRUP(2)DINE@ETable 7 KRU K.

Table 7 Comparison of P(1l) and P(2) values in several
species

Species P(1) (pg/cmz-h) & p(2) (h-]) b

I+

2,043 0.0491 * 0,0045

Hairless rat 19.407 T
3.277 0.0329 * 0.0036

Guinea-pig 13,553 &
Dog 4,523 £ 0.799 0.0276 * 0,0049
Pig 7.504 % 0,340 0.0296 * 0.0024

a) DKC, /L. b) D/LZ.

Table 7 TESBNEP(), PRIOE S CHRT2)IXZHNT DRBTIC K
ExzftELEL. COR, WERIICKBW 222 INVOEAR (K) DER
E(26.7mg/nl) Z, IKEERBYRHPSERMFALAOTCHELLLEBHICET
S2AEBOERESEZERALEK.

2

D=P(2) - L (24)

K=P(1) - L / D~ Cv (25)



Table 8 KEHESINKL IRT KOEZHEMBATHAELLZRATND LO@EEL
EBEARLE., IBOBPODRTRRBRULEBE, BOBEBLEARONLOE
NERE KOET, COMAP—BRAZOANTUVASY PE—BNSOAZDHY
K BLOEDNROSNL. ZRIENLT P LOBRKEBAEBREGERES NG
Mo

Table 8 Comparisen of diffusion coefficient, D, partition
coefficient, K and barrier thickness, L in several

species
Species D (cmz/h, x107) K L (cm, x103)
Hairless rat 1.164 £ 0.108 9.68 * 0.67 1.54 T 0.33
Guinea-pig 1.138 * 0.125 8.61 £ 2,37 1.8 t 0,12
Dog 1.093 * 0,195 3.44 £ 0,94 1,99 ¥ 0.43
Pig 0.905 ¥ 0.074 5.68 ¥ 0,51 1.75 1 0.24

Table 8 TR UK SBOATA -4 L EABAEOHEE LORBN KT
BB, TADE-ISYINOREEARKOBECRIET D, K 550
i IOEBEZRBNSLHIE, BRMICFNThOERTO D, K, LOEE. e
CHBTHMOEET DY b Uk (Fig.35). ZOHE, DRTE KOEMAS N
BEIEASS . RAE LOBAMNS DESDEAZ < ESEANBDBRE
LU (BOBMETOMBOASZECKAT 0BBNE LOZRMS <,
S VY AHABENC B FBEADBEES LN DDEERBNL. 7
REHLT KOBMERERAS<KHDBEOBMEMBALEDBBARY 51
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Fig. 35 Effect of diffusion coefficient, D, partition coefficient,

K, and barrier thickness, L on the permeability, Kp of
nicorandil

Ko E&ED(r=0.970) , BANSHBADENOHRCEEDAS 5 EEA 5
BCLATRBRENL.

ENORFBEBLOELE, ZOENOEHNEAEBOBOHTBER OB
cLTHacBsEse 1Y ziczonERBOBLNEO W TASE
ERTSLHE, SISUILDRA (K) LAHRBHOHRAREERIK
KOk, BHPWOAERBRFNFNOfull-thickness skin # U 7 3
THLKEDBE. 2R FOAEBELTHEROALLL L XAZEH D
EH>THWE., Table S KIECOEHSRKULTELAEBEKEDODBEO S
SLORRFERERLE. CORNSHEAGLIC, HEFRROEREL D
BERRHONB ERDM> k. Fig.36iCdTable 8 TRUKEDEBE O



Table 9

Comparison of the partition coefficient of nicorandil

between stratum corneum and water in several species

Partition coefficient at 37°C

Species ' N (stratum corneum/water)
Hairless rat 4 10.38 * 0.94
Guinea-pig 5 8.55 * 0.99
Dog 3 4.48 * 1.63
Pig 4 7.90 * 0.69
Human 5 7.25 T 1.25

Experimental K value

Fig. 36

12 {

Guinea-pig

[l T .

~n
E=Y
o
oe]
—
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Calculated K value

Relationship between the calculated and experimental
partition coefficients of nicorandil



BELTable 9 TRUAERELOMBE 7Oy FLE. MEOMKCEHS M
ATOHBARDSN(r=0.945) . COBBE-ISYILOEBBERNL O
EOTLERAEPORANSALEBANDNROECHBC LERLTINS.
MBEHTFINSNVOBERBRERIECSNT, TELEYFLEMIHBT S
AEFRROEZHEABARR BN HEERLEC 285 LT0%) | 2
BO#ER+ERIZ-HATHEILEZENG.

K2 D, K L, CVEWERTA-4-D5, BLENORBERE 0
DEALHBETESILERLTNS. ZCTUFOHBETE LS H=15
YONDEREADASA -4 - BHHL, CHREMVTEFTORBER
Bx5Bok. PEAK KiE, Fio. 3 RLABNTOF - 4OERERKC
NTOARRBOERE (Table 9) FREL TRHL (Fio.35 KABTRLE
BA) . HBBR Dk, Table 8 KEWT IMOHMET DOBEKIFLALE
BRBNGNo kI LED, BHTO IDEHEEC FESTBEE LE. A
Uy -0ES ik, BN TOBALARCERYL OBMENZCLORD L.
B E%%EoTTable 0KALU K.

Table 10 Estimated diffusion coefficient, D, Partition
coefficient, K and barrier thickness, L in human

Parameter Estimated value
D (cm’/h) 1.075 x 1077

K 6,15

L (cm) @ 1.82 x 10_3

a) Microscopically determined.



BRI, CNBDASA -4 - ER(2ICRALTEREEHF B =05 Y
VORBEBELEML, ZOFWHMBMEFIQINCALL, Fig. 37 BE M
HEMTOEM@ESHETTOY bLE. ZTORE, PAASEENEEEL
~HL, B SEAETHRIANBEENEOASYFORBACIETENE > .
SR, EMEEFAEOMCETNALTZEANRS NN, 246K H
BICBNWTAZADZEODERI BELDPGVWHOTH»Ik. COZENB,
R HEYEBHMOELSNL IDONFTA -4 — (D, KRT L) 2ANWT
ERMEBRBEFEHULARS, CFESUAEBRINBOI WAL L TEHK
BRTHAICENRBINEK, EELSBIORBOTEEBNANY vV-OEFEAH
EHENELEROEEELLAVERTULS, BBERICH W TiEhydra-
LMD EBECLVAEBARBUTZNAZNELOFROBERL 5> T
BLOEABDNBOTHEEETS. $LARFRERDEBEOREE L
LITAFABEREANZAEANES, REROBATRABBOBHEA T >
TWHOTZOBUELTROBERE LIEREISGLERADSD . HEBEK
D2NTH, cFOANFYVORBRRENABEAERLIVDOEEOAINADR
B 1L 6EEI ok LOREDBHD) | AKEMORNCHRT SR EE
ABMKEBEEDERULBRHAEECHHLEEABND,
BERNEZROBKAMEIC PO IRPEANAEERIBLELH S,
UEkD->»TE PO PICHTDin VitroZEBAROT - 4B ZFOEDPOHLWVEA
AGHABROLOCEBCE<ONRARBITBICENGL. ULhLEME
HEREAFUBRERICM IS ERABLS O THERCHL L, —RI
KW EROLIn vitrod 30 kin vivo EBEHSEEE Min vivo AR
BAEEBE2HB0. COLIBRREEXDE. KEXEDOBRELQAT
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Fig. 37 Comparison between the observed (circles) and predicted
{(s0lid line) skin permeations of nicorandil in human.

Each point represents the mean ¥ S.E. of 3 experiments.



B2E EMNOFPHCELLBYPRICHIDIREG

MEKLSWTEMEHERBZEAVWTKZaZONLOEMTOIN VitroEZE
BAMEFALL. LALIANTOBAKCORLGSBONNERA TS &
RRETH O, GEBOTTLONOBEELTOLEE FCHABTE NIE
FREBULECEEEY, ZCTABRSOVTE, cbTOEYFEBMIEN
DNEORR EDDETRSNEBEORRICONT, BLARRROERS
MOKBEAGEANSORREMA K.

Table 11idTable 6 TRLAEBHYEBTOIS VI NEBREICE b
RUNPUVAIOATOEREBMNMUEDOTHD. a7 INOEBER
HRIANTFIVAVITIATRBOEL, TLAFATROEBELZOERERN ETHo .
ECARTALELOBARKRES —BLTHD, ErOFHOLHDET
LBMELTHT ARERTHRHC LARRAENE. TARRMOE RO
Tk, Montagnad ARHEE, MEEWAEN S FORBCEMLTHSC
L5 g kForbesH T 4O MBEROAHPAS AL FKENT &£ EHE
LTna®) | es2ABnop@msBEtcELTOENETS0OBO—Biit
prmliamizs< 0883 wever suTsORBABEENC b ME
Wb FEENTEAM—DBNTHEEBRIF T2 | Hxbx7
BRCHE2NECCHEENERANSORNERA K.



Table 11  Comparison of the skin permeabilities of nicorandil
from aqueous suspension in several species

species N Kp (cm/h, x104)
Hairless mouse 4 10.08 * 3.48
Hairless rat 5 7.27 £ 0.77
Guinea-pig 5 5.08 + 1.23
Dog 4 1.69 0,30
Pig 8 2.85 1 0.15
Human 3 2.66 ¥ 0.75

Filg 8 BEAWBETC M REHEBOYREBEREEZRLIL. BRENOEGN
DUy -THr2AEBEZHRIDHL, BERBOBN >EANTVAITAPATV
22y bDABBRZO-B-BAELULNIEBENMIDPGVEOL2BHNIKCER
KEBGBEKGE> TV, TRIECNUVUTERBHOBENAX, 74RTE+DA
EERFELBLE-THD, CORGAHBORBENGEENAEED—D
DERTHAHI_ENATBINL., SHAEBRKUTELREPEROES, B
RUTCKNEEE (E8, TRE) OHELVERBOLEBISHEL L
B, 740 MCBDEMLTOWB I ENTEMEG - .

LEPERBYFOEHPFERCLIVDEBESNLAHE, 2K (AEEZK )
RULKEBORI 2Table 12LALEA. ROEZOASVORLEBOEST,
AEBBEGORIBANPUVATTIIAZROTOINDH1~20un OBTH > k.



Microtome section photograph of animal and human skin
(a) Hairless mouse; (b) hairless rat; (c) guinea-pig;
(d) dog; (e) pig; (f) human.

The scale bar indicates 50 pm.



Table 12 Comparison of the skin thickness in several species

Species Strat%ﬂmgorneum Epzi;;mis Who};mikin
Hairless mouse 8.8 £ 1.0 18.0 £ 1.5 0.41 £ 0.02
Hairless rat 15.4 T 3.3 23.8% 5,3 0.86 % 0.06
Guinea-pig 18.6 £ 1.2 20,8 % 1,4 1.15 % 0.07
Dog 19.9 £ 4.3 28.3 % 4.4 1,71 10,16
Pig 17.5 £ 2.4 50.7 T 11.4 1.74 £0.18
Human 18.2 £ 3.3 51.2 + 12.2 2.58 1 0.07

Table 13 Comparison of the skin conductance in
several species

Species N Conductance (uw)
Hairless mouse 5 308.8 T 42.3
Hairless rat 7 178.6 * 21.7
Guinea-pig 6 211.8 * 36.2
Dog 6 167.3 £ 21.4
Pig 9 224.4 t 14.6
Human 8 327.6 35,3

RC, BEOXKRRKELRBAXBETHOEBI VY474V AFUETDC
LIk Uic(Table 13), c FOBAMKE TCOMNTHEERBALLNY, B
BB DA~ ATOMEMIE 334.9+42.6unho THOMMBOBEE AEL
Mmoic. Table BOBRDSE FRUANTZVATTAOEBOKS RGN
DIPEUNTEN (ERKBEESIBERNEY) CEARBINEK.,



BEBOEGBERARISFYAYNIEZNG0MMMEERD BKE T
5H5LEPNTN2Y) | AMREEEOASARBO—DREENSOASR
# (Transepidermal Water Loss; THL)’Eﬂi‘Hﬁlb‘Cmé,‘ﬁU:fﬁbm’%), THL A
BEOAUY -HERBUTNBCENSEZ2HES L. AUBHOEEE A
BBAUY -4k ET5L522505°) | sk, KERXNOTILER
V—bREMiREEEE @ DD ALipid donain routeTHdEHBEDONTH
0 | EEBROEEELNACLHEECHE. AMBLSNTE, € b
invivo TOBERREZERL THRNELG 7Ly Ay THEROCER
B0, BAERSYCOOBEETHBELE. COB, APLUAVYARER
WERANSinVivo TOP LY Ay THABAERGI >k ®, KT
CHRECEMEBHUMREELCTBERELEDOKON TP Y iH%

Table 14 Comparison of the skin surface lipids in several species

Lipids (pg/cmz)

Species
Acetone ext. Chloroform-Methanol ext.

Hairless mouse 212.4 % 32.0 (5) 163.5 * 36.2 (4)
Hairless rat 273.3 ¥ 36.2 (7) 269.3 t 47.8 (6)
Guinea-pig 224,7 * 24,0 (6) 179.7 * 52.4 (3)
Dog ND b ND
Pig 130.0 ¥ 19.9 (3) 125.0 * 14.6 (4)
Human 60.5 T 6.9 (8) ND

a) The values in parentheses are the number of determinations.
b) Not determined.



fiok. Table MBS NEKEERERULED, bV TORBREOHMEAR
DTHBECENBREINLOT, BYOBHE/BMASIODOARNLL - A 4L/~
WEBREROWTHHUEEROHELVLL, ZOBR, 7 hyvy7HLIO
ORNVALA-AS /- VEBERHBHOBICEREEEREL, LK TKREREE
ELTEebhinvivo TORMENAARBEG 7 YAy T7EHETOEEZRALIE.

Table 15 Comparison of the water permeability in
several species

Species N Kp (cm/h, x]OB)
Hairless mouse 3 3.38 £ 0.46
Hairless rat 3 2.96 £ 0.24
Guinea-pig 3 1.48 T 0.27
Dog 3 1.30 £ 0.09
Pig 3 1.71 £ 0.40
Human 3 1.39 £ 0.28

BIBISVT, DA UYIMERBROEGA DA LELTERLHK
FEREZEBT Hsolvent drag@ A EZ s LAL. ABTREA (BR) &L
TRKERNTNWEED, RKOBHEEWEBHZMA LRSI VERMY
NBEAERISLTERTHDELEEZOBNSG, TLTEIPUWTKEHHH
BEETK (BEX) OBRERATY, BRATable 15 LE. ROBSHESLED
BEOIK, KOBBRBEANZUVATIATERHBEL, UEBEAFPUVASY b,
THE, ENEYDH, EM, AAOBETEASLLK.



BLE. Tables 12 ~15X TEMBERBOMSBESNIKUEELERLEL., Chb
MUEC-IATUVIVERMOBRELDHALGHILI DD, BEBICZTNRS
FMUBEZHMCNRIDIZISUINMERREE70Y FUK(Fig.39), @&
DHBARARD>LDOEIAEBEOES, ERBEHEHEVTLAOZBRETH
Sk, ITOLFNNAOREEHEEORELLHV ISV INEBREN AS
CELITHCEHAHAENELED, AEBAMOBYICENZ LHHNBN LD
HMERYCODBEELLTRDEGN > ENFUVATIRERATDE, B
HECZARBEIBLRFGHEELERLE., ZCTUTLEEKEEOR
ELREIRBCOVTETORMNEMR L.

Y=-0.74%+17.1 ¥=0,011X+2.35 ¥=0.027%+0.75 ¥=0.335X-1.89
(r=0.912) (r=0.233) (r=0.724) (r=0.934)
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Fig. 39 Influence of barrier thickness, conductance, surface
lipids and water permeability to the skin permeability

of nicorandil
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H(Table 12)PAKOFBRE (Table 19)KSNWTHEEFDEIECEM>»ILT 2O
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Fig. 41 Effect of IPM on the skin permeability of nicorandil
from PG suspension in several species

C : Control (PG only); IPM : 1l0%IPM in PG.
The values in parentheses are the enhancing ratio
against control.
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Fig. 42 Effect of Azone on the skin permeability of nicorandil
from aqueous suspension in several species

C : Control (water only); Azone : 3%Azone in water.
The values in parentheses are the enhancing ratio
against control.
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BELODVT, FLB2ECSVTEIn vitron s in vivo (HRE) OF
WELKOVT, THEBEIFLBVTEABPHLSE AN VitroTO 7 =¥
WA= N7y TEODNTRNTEL., TOBR, invitroZEEEBR7T -4 N0
5aAYRY2-Ya EEOFERZAVABLKI>THHBEREOFAN,
FETHAEROETHUPTOREERBEEBAENISECHTOIn VitroEF AR F
MTEBCLEHABRE N, ZCTABLSV TR, ARROREKENTH S
BWTOInvitroFr — 4228 FTOInvivo ODFHERABZCELKCULE., &
BRICHWASEP LR, BIWETLABK O UINEFERITLHRLEN
BETHILEBBZONEN, AREBIKSVWTZ2Z Y200 Min vive E &
ERGSERTEGM >k, LEAST, ABTRTTSORTEDHEN
GanTHo, ULhdbehbiKHBiddinvivo -2 (MTPRBRE) A RAMTHS
—hOJUVEBYVOHREA (25%E) ERVWTEREN k.

H1TE —pbOJUEBY VEBERNHEOEE
ShOJURYYBIASYILCEAS ERBCEBRATN )
N ViItroRBRICBSWTT AP bPOEDIBEREOEWTull-thickness skin %
BONEBa, ENOBAAEERECE>TLESIBTNRH50) | ZR=
FOZUEBYVRKRBREBOCEFRABICSOT, 720Ofull-thickness skin
TOZEEM (Kp=0.13x10'2cm/h) D# 750um i Ay bUcsplit-thickness



SkinT OEBM (Kp-1.18x1072cn/h) KA TN 1BRETH > ik, 7
ARTCEbOEMIEsplit-thickness skinZFWTHBELL., ik, TRERE
WSy P LVEBRUERORBETRE (B2H88K) YOKEFTORK
mE®) ssECUTLLE. FoBEAPVRATY b, TERTE MEHE
M- bOZyEY Y ELT 0.56m0/ciDRBELEALLBO=bOTY £ Y
VEEERAMEERLL. ZOBE, SFOJULY VOBRRR=IS YD
NERBIKAPLRASY FABOGEL, UFEL, 720ETH k. EbD
FRUET A0 MBECBOEERLIISYILOBEOEEARDSNE
B, ANPURTY FERRBEEMLTVBEZERAB R, ZhOFY LY VO
BREBRRERCSVTOHTEABE FORVETACHEC ERFBRENE.

400 -

200

Nitroglycerine permeated (ug/cmz)

Time (h)

Fig. 43 In vitro skin permeation of nitroglycerine in hairless
rat (@), pig (O) and human (@)

Each point represents the mean ¥ S.E. of 3 experiments.
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Fig. 44 Relationship between the partition coefficient of
nitroglycerine (stratum corneum/water) and skin
surface lipids

BIMESNT, BRBRNCE 2EEOASCREASENDOREMRE
BiLby, ZOREBFAEPOAEEADSREAEL TN LEERLE.
FCTHEIBTAHWEZOS PN LDOEBERETHA O F YU OA
HE KEOARERRANEL. BREEBCHNLTT Oy b UK (Fig. 44),
ZOKE, SFOJU LY YONRBRRR -1V IANLCRAREE LR
FHEENERL. CONROEFABECRMSNTINES EARD THRAS
nic. BEADARKZLOABHOEN COBEDERECORGHES L
NEARCHE TP B EATEBNEIDRBETEANA, —RICTTS
CANTVAENEHBENEBRROENENTHdLanTs0 ) | Lnb



EFEBNTEANSATBAONHOENBTE (HR) LERRINE & H
BL—BULEEDBEDH3Y) | LEA-> THRRBRERBLL THEEZ
BUTH, THIASLROTRAEVELERIBNSG. CORGBANSII0. 4%
5L, hOJUELYYOHRBROG-IFYINERBLT 2 &L b O
<, 72TOinvitroA5 E bin vitro® 3, &5ICIEkEMin vivo $TO
EEFUATETHD LRBS N

g2 avRVUa-YalyEERAOCMPREO PN

RO RYVERCKEERRNEROBEES <, AMETHEAL LW
REEABOMGAEET - SKELTHy 20 wocer?) cosan
TWd. 20T, Fig I3CEBBNEIN VItOTOZ FOST Y Y VBEBMEM D
aVARY2-YavEEBANTInvivo MBPRELFHL, #EINTHD
Sy PECKEFTOEMBEELEB UL, aYRY 2 - a Y ERONEN
Sx-s-sLtEETY M wocer® coxmmrRng. zo
{E#xTable 16iCcRL .

Fig. dbEAN7VASy bOin vitroE@ZR 7 — 2 (Fig. 43)&BEZ YT
DEENA -G -CEOoMBhRELZGFEL. Horhota 505y bICHIT S
wiiE?®) chmUcRREERLL. BASHBARESCIYRY 21— ¥ a
VEKEBFMERENBERE ~HL, B2RTORBMEMEBERDH
G5Y, RBOLS>HEHMICSVTHIn vitroM S in vivo NO 7 70— FNH
AETHBERRS NI



Table 16 Pharmacokinetic parameters of nitroglycerine

Rat Human
Dose : 0.7 mg/kg Dose : 4 ug/kg
(214 ug/body) (240 ug/body)

Co : 257 ng/ml a : 1.86 mn]
k, :0.19m B : 014w
-1

. k : 1.54 m
tT/Z 4.2 m 10 E

Vd 3.1 1/kg K+ 0.9
. -1

kZ] : 0.18 m

CL 4,47 1/m

8

a) Data from Yap et al. 98)
b) Data from Idzu et al. °%)
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Fig. 45 Relationship between observed (circles)* and
calculated (solid line) plasma concentrations
of nitroglycerine after topical application
of ointment in rat

* Data from Horhota et al.96)



B#IC, 74TOinvitroF -2 (Fig. 43)M5 e bhinvivo ZEEFHL,

MBSO FTOMBMRET -4°) LHBLL. HB5EZOBREDOMT,
ZhOZY Y UVREEAROE M MBHIRECBARGBICOIOEEBSINT
GCUABRE (EME) CHARITLZILERMNTVS. LEA> T, APRKK
BOTRERBDEL B TERULCHB LN TOERE (BUEBEYCDOE
MBEMEPM—-&UE) DOSEEI VR 2 -YaVETHEPRELHE
ULic(Fig.46). ZO®KE, 72in vitrohSFRH UL LM TOMBIREHED
G, REOEHAEEASEECONMIDOTEMEOHBLENLZHERLT
W, BRARBECOHPRESAEALSEVERBEDODNTRSODELEIBAENMTRE
WA, inVIlroCORBEBRKSITBELETROERNS o> LT & &P
BTERXD L, T7HEARBTOIN vitroT — 42D B EMTOIn vivo ZEEFN

THCLDABETHAIELEALENS.
2

Nitroglycerine concentration (ng/m1)

4 i A 1 ]

0 2 4 6 8 12 24
Time (h)

Fig. 46 Relationship between observed (circles)* and
calculated (solid line) plasma concentrations
of nitroglycerine after topical application
of ointment in human

* Data from Okajima et a1.97)



FBIE BN

ABLBVTE, ZASUINETTVEPDLLTAVTIRRNULLERES

nicin vitrodsin vivo DPRE(B2H) ECK 7SV AST-LVFP v T
(B3/) CHAIZNROZUMUKOVT, ThoamBEORA (ZbOFY
CUVHRE) KIGATHLTHMEULK.

ZhraFUV Y REOIN VIlrORBEBHUHRIANTUVASY FTEDE L,
TARTCEPTOHERBANZLASZY PO/ ~1/4 LHBEBHEMNLEETD
of. gk, ZbQSFUEY YO invitro TORERB/E® (X)) Ao BREB
HLEBRBOBLKRBRAGCERBARIAROSN, CONRRBELHSNTD
THAREPKRBEVEZRLUE., LEOBR, 743 bOFUELY Y OR
BEAMICSWTEPKEVEPETHD I EBERITON, BE3EO=a5 >
IPINTORRBRERIBLTOI,

W in vitroprSinvivo NOZ770-F&a Ry 1 -YarvEERAVE
MBPAREOFMCIORRUL. APBRTROBPRERTCELENSA -4
—EUTYRMBEZRALVECLOEBCDODED2TRFBLBOVTERGSIRARD
NaH, TNEEESVTH (FRESYFTOFWBELEMNEREIBL-HLT
SV)AVRY21-YavETO770-FOERAUHNIETIISNE.

BRBIC, TTSRREOBERENTHZ L -TOInvive (MHPRBRE) 274
invitroFy —4n6a3YARY21-2YaVECKLDERFRALEL., ZOKRE, ¥
MELRME (XME) OXZHERRBULTBD, 740L5ICHBBENIC
HHENCODEFNFEBICEVHPETO in vitroF -aM5 b TOin vivo
OFMNLUAETHD LHERINK.



&

BB

BE, BFBRABCODLOBERRINKIBRICST58Y in vitro -4 56
Ehinvivo EFMIBIFELDVTREEZME, UTORKBEEL.

T.NZVASYy M EHEBERON IS VI NEBEANOTN

BRERRRRCAAIATVW 20 PHHEMEANCIn vitroTOREED
BABKODWT, TFVEBHLLTAPVASYFERO TR LKL, 208
B, ERCFRAVEEM -2V NO+RGEREEANEBIROHICIEIPN
EMOHETHIRMBIATVREPORSEANAED I LAWASHEG s .
B2ETOInvivo (ANPUVXFYy b)) HTIKBIH/ETOLC b (in vitro) £
SOWTHBNEPH/PE K Lo TZaSUYPNOREGRPREINBRB I NI L
KO, ANPURAZY FAHBERTOIn vitroRBROKER % in vivo D0 L
FPRBRARMIBSCELENTHETHLH LRSI NI,

FLBEHBIZATNVEORBRESRBLHIIETORNEMRALET S,
INSIATLVEOSODEGHFARBAEETHL, LHArHZaS U2 NDEBR
KIEEAMDOBRIC KL Ssolvent dragOFSHA RSN EHARBE N,

REO&SK, PHHEBEROLIn vitroBRERG T TSHREOSE - B
BELTHEATHY, BLEBHOR Y -V I/ PEYPOERABBORAD K
DICRAARGHETHILEBRBITSENS,



2.NZPVAZYy bEBIR2Za7 200 in vitrom s in vivo BEEEY
O F [

InvitroR B ZEBEROE R4 in vivo (MHBRE) CRBIEZLHIC.
SEOpBE (aVYRY2-2arvik, GHETN, I2N-FAZMETN)
EREBEL. APUVASY PRSP BEMEELEBLEL., WTROFTEKLSNT
DOMPREOFUEBELEVWEO—FAHCHALIRBELSL, BEEBRMEMIC
BULIHMEBERRL—BLTWE., FREFICiEhvdration SOREBOERELE
bhsdinvitrokinvivo OFnp@dOHonich, EEEFT VLT N M
YEEFNIMEEWTRESUN EOWINTA -4 -ZMABDCELEKLELIDBL -
IEBENTE ., Hodel independent G avARY 2 -3 a yikidshunt @
BEZMABEW>LTTNOERBBRBETEGVD, BHGHBERZLELL
BOOT, inVitroRBRF - 42405 invivo TOMPREREBEFIMITBZHE
EULTHRABBABNDDELEEZSENT.

3. ZaAZxIL0in vitroEBERBRICHTSBEELEEADTH

OSVINOBRBRICHSTLIBELZOREBIEDVTIin VitroDRTK

U, ABKEMANDZAT - V7 yTEMAlc. ZTOKER, UTO 2200

DELBN, EE6DDHEEAVSIENEIDEMNEHEBZAWELLTHE
WERT-4ADSCEPTOEHZFUTELILHRBINK.

1. REEBMORGHIBBOGPEMVLTin vitroZBKRZTV,

BERAKEIDZNTRODNICBSTDHHRE, PRAK, NU V-



DESZEHULT, ?HRREINEBRBEASIBBELTINSG L E
BRLL. TITAEBYYTLVEROTERA (K) DEEBANDOS
REREZITY, TOT-4NBEFTOREEREEZFHBEL TERK
EFMBHEBTHUELLRUELUBLLLIAMBERILL-BULL.

2. RBRCAWEESDDKEBOEBYRBOBRRL, RREBEHEE, KO
ERRE, BBV 74 2AFORBORRELNIG, ZOF2D
NERULSTIEELREBLTIVANIA -4 -FRELE. 70
R, BEOLIZALSNVTTAACFTORKEBINEHEZFMN TS0
KBLEKBYDETHD LHERSINIC.

4. = bOFZU LY VEHATOE Min vivo TR

B1~3BORFOKER, IWTOIn VitroERHSHWTOin vivo H 5
NWREFTOINVItroDFRPTBETHSIENARSINIEOT, BRENTH
peEbinvivo (MHPRE) OFHUZHBOBA (2X=rOJU Y VKE)
ZRHWTIT- k. ZOHBR, —bOJYLYVYOBETHaT I NEER
Cin vitromSin vivo #FMIHHHELTAVRY 2 -V a VEANAT
EBRCLUTRKTABHEEBZANLIn vitroF — 405 EZE Min vivo @
FHATEGCLHARBIN, BRENZRCSIZITETNVHDMISCEAD
A= W7y TEELVLTEAMREDNBERTHDCEHHESI NI,



HEZBZHG, crCHBUSGEPORKBEWUEOFHUEANCTTNEDET
in vitroEBHAS5OBRFEEMA, EhOWHEBERAVWSLGELERTO
EBZEBEOFUNATELHLEHSMCLE, LEOKRE, SHEAERER
KGd2LFHENIBERPOMELSVTVIEIHOHREMALDOLSE
Ad.



AMERBZEZATTID, RENRYGCHUNEERTCCHBREZBOZ UL
KBAAREEZR RAEBARCABGCIHRERLET.

g, APRICRL, RBHMEEVCICHBENMEZEBOI LICBAAERESER
ERBRE@ICEHILET.

EHI, ANEOBRE5A06N0, RKHBARLUPHSEBOILUCAFEN
BRAUEBMER EEEXTAMENE, SHENHER HIBHEL,
MEBBE=ZMENE, LBRBHNANEERLRABORLZERLET.

BREK, AMRO-BLBERCHUMSLUBHEWEILUCAECTIRER

St BHFAK, YCKBAARZRZERIAFHE, AFROEGEA LD
RARMOBFTRCBHILIT.



= B8R O 5B

FIR RBROK

1. RBRHH
ZASUIDNEHBERRMPRP R TAML. Hass, NMR, IR XX & L
RUBMRMELLORELL. BEEZAVTEHLUCHER 99.7TH - k.
IPM, IPB, IPH, IPDRT IPPREELERMNL D, PERUEKGMNEMEM LD
ALK, 00N GEIMWLORKESI K.

2. XRBY
HEOANTZ VAT y b (UBN/kob) 2B EIRBIPWMEIOBALVTERNLL.

3. InvitrofE B ERER

NPVASy b (B8 WI1809) XV EANES -V (VYT E-VES
., 50mg/kg,ip) THBULLOBRBEERRLREL, EANSE 1HTD
DEBzHEUL. REEBZENEREE 0.636aiD2-F v N - BN
(Fig 47) KEARBLITCOKRBICB LK. Stripped skin OB A&, BWHIOD
EHEEAEBZ O T -7 (ZFNAVH) T0EMAFELLOS FREMKRIC
WU THAWE., EREM (Receiverfll)) KAHERER 20z, AEE®I VR
FBEM (Donor i) KERB (RPBWB®W) 2mlzAh, 7708045
—ZMAWT 150rpn TRBLEL. PREOEBRBCRU TR (KOEBHREE
KERWTHBELL) . BTV -0OBFEOH 2nlZzDonor ML ICANIK.



SRERFBK 100u] ZReceiverfiABH Y T7TYYIL, FERIER 100u|
EFWMALL. ZaSUINOFEORE, Y7V UICRRBICARRER
WA-AFVREBEBIFN Tug/nlA 42/ - LBE®R) 100u!l mMA, BHe
ZO—MWENPLECEALE . |

=i

donor skin receiver

Fig. 47 2-Chamber diffusion cell

4 BREZER

BUO=5 >IN EBABHE (K, PG, IPH, T0KIPH/PGE) MR TITT
ORB|HPTRELE, 2BEBRKCZTO-MEMOAT T2 T & —(Type
RC, HERFEZN) TRECEBLEDSL, A&/ -LddniEsy7on
J-NTHRRUTHPLICE TEEB UK. RRICRLTE, 2BATARDEWICE
LTWwadlexdhohUHBERLIKL.



5 ME=RER

EREBRTHEMHULCEBENICERE (Visking membrane, Union Carbide
Co. )& A, Donor IC 2mi@O.5%(w/v) — a2 2 NEBBR %L, Receiver
M 2MIOBERAEANTITCTHEME LK. ReceiverBREERMICY > 7 U
YU, HPLICETEE LU K.

6. EEH
ZASYILORBEIPLCT, PGOEBEG-TINTH> k. ZRZNOME
RUEBUTFTORBDTHS.

HPLCH

B : LC-6A,SPD-6A (BEREME)

AZ L ¢ Nucleosil 5C18 4.6 mm X 250 mm

wEME - KR/S7ZLEMZBMUNL (6:4)

I © UV 254 nm

6C-FID%;

weE : GC-6A (BERFENH)

5174 ¢ Gaschropak-54, 3 mm X 1 m ( # A7 0T %G

RS LBE 200 C

N2H @ . 40 ml/min

EAOE@EThornton5 0 #% O IRy, IRETRIEU K. BRI

FTOBOTHS.

e : IR-450 (BEBBERG)

#E  : 2512



. BWBIXFLEONERE
50 DBHEIC 10mgDOFEB LBRKIMIBETn-ANFH210nlEZma, 250
THABMBUSHEALL. FHEE, FEO2ML T2500 ron, 5 min) n-A £
YEEWRO, GC-FIDETH-ANFHVhOBHBRIATLVSEZMELEKE. 15
AiE 3% 0V-17 on Gaschrom @ (3 mm X 1 m)&ERA W, HF7 ABE 80T (IPB),
120°C (IPH), 150°C (IPD), 200°C (IPM), 220°C (IPP), 280°C (0DM) & Uk . &
BERH PRUTORKEE > THEHL, ZONEE Log PERA LK.
-

ot hex

TCTC o - C BEPBRIZATVONBREL K EHEHRON-ANF49 Hh

RETHS.

hex

B2W EXROM

1. KRR

PEG, IPAR T E1OH GMXMEMLO, KU 75U JVER (Carbopol 934) &
B.F.Goodrich Co. k0, erOfXy7acitiao-X (HPC-M)EHAEZW
EDBAULK. Azone BEBRLY VHRLORHRERTL. TRUARBB 1R
a@u%w&ﬁmt.\

KA TIPES I, 0.8%(w/w) @ Carbopol 934%& &ML ic @ B NaOHE



BTHMUTRBEU, PEG LB TICIPA S, 3%(w/w) OHPC-M ZRME
HUTRRE UL, BPRE2TEBLEESLDICKMESNICEIN(w/W),IPA &)
W 15%(w/w), PEG Z I ICE20%(w/w)& ML k.

2. XBRYY
B1E 2. LRCBOEZANVEK.

3. BIRARSRE

ANPVASy bERBBRTTHENRBRTL. BERMELOD -5 INL 2.5, 5
RO 10ng/kg (AEREBR) Z2R3FHTLEL. BEFRMNCHEFRLO 0.3nld
DEML., mMBERIC.

4, InvitroRBEBEER
BRASORMEBEREE1E 3. LARCERLE. Y URETOER
SRERBOBMEL (B EHRES 4.91 of Receiver @ 200V 2m
W, 20 O #EDonor PINBRIBCEK DA S .

5. Invivo EEERER
BBEBRTCTHENBEAEULAEAZUVZAS Y FOBRHICHE /L EODonor B4 S
2N (ENHGEEE 4.9 50 0.636c) 227 /7000 - bEEH
(77077, REGRILZILRG) TREL, ZOHhATN 20 253
N<H—~KBBELOCEMUE., BRBATACNENS T NVLATEHL,
BRONICERBRIRLO 0.5nd>8mU k.



6. BB
ReceiverBM AWM BBO S U NRERRBETE 6. & RARRICHPLC
BCLDEBLL. MEONBBECEMUSOHED £HOE.

B3I®/ ZTHROD

1. ERM B
U F v (Type 11, from porcine pancreas)idSigma Chemical Co. LV B

ALK. ZOfOHBORBE1HE 1. RUBE2H 1. LALCDBOLZTRAVE.

2. HHRBORE

ANZLZAZYy FPRUGENT Y b (Hartley, & ,300-3500) B EEXBR W &
D.K?VZ??ZW%:M4,82%&@%55%@@%%&0%%%“%
AL, « X (beagle & mongrel, & £ ,10-15kg) KT 7 2 (LWD, & £ ,2-6kg) i&
HERBHRORMAT THESSIVWERBRBLALDOZAVE. S8PLOLRE
TTHEBA(T201ER) ZERRRBELULKOLERBEHEL, RIS
T—-20CTRELL. ChEBE, FRARICABULLCBBRE( ¢,27-627)

ZEHVHERARIOREEZZOTRRCHL L.

3. BBREADHE
BMEREEEARNLNTY VAT LEOBEECH > THRREYRZMHERL, A2 b



FYYY-IADYTRALE. COBXORPIABRRCLIVOAEHE, &K
CE£EBOESEZME LK.

4. InvitroZE B e @R
BI1HE 3. LRAKRIKCH- .

5. AEBY Y7 LOBE
BYMERLSOREEY Y 7 LVOBME Kutsond0HE O ICRL TH -
. BB, 1XRY 7Y EB(PES, ) 7.4)IC3TCT SHEBL, AHEO&E
MELE. COREBABEACH-KDEFY -4 - PTHEERL K.
EFBEE (55T YNADE—) BESHE>KEEOALIENO LD, AR
KFvr-4—mTERat TEE.

6. AEE KRESERBONE

KREEEREC 0.05%(w/v) O Y I UKEBR Il nNOAEEY
TN EAN, SICTHRHFLL., UBER, 27NV EEL 78 (11000 rpn,
Smin)L, KEPOEHPELIPICTEELL. PEBRBEIUTORICHE > TH
HUk.

Partition coefficient = (C. -~ C_ )/ Ce

in eq . TOOO/NSC

q

:C?cm,C%&@w“u::5>9m®mmm®@ﬁ§meL$%%®
BEMme/nl) RCAWEAEBOEE(Ng)THS.



1. K@ 2042 2ADRE

EHPORBHD2VRBER(T720H) EWICRBAE 1BLH5L, 100%
KM THRE Lok, @EHICSkin Surface Hygrometer (SKICON- 200, IBS
CONEMPTHEMIY A2 Y XEMELL D) & b 05 & b iR
UBRBTHELL. WEBROWTNROIZROBOICHBEO R (23 T, RIS0LLT)

Tifr»o k.

8 REWBEEOME

Invivo TORKEEEEZY7 b DYTH KEb@ELE. BB, X
YERNMESA-LVBBRTOHPEBICHBAS AL (RB 2.5¢n) ZBTE L.,
7&%75mv3@“@5ﬁ%)%§&%&bt.ﬁm&€ﬁ3174w9—
TERALULCOSBREZHEE T CTAERSL,. REOEE2BEEL LK. £ b
SHBBAMERAN, BEBRTTII .

TIPSO TE, BHEBZESKCHBEASZACIVCEETLAEBMNIC
s00KRNMALA-XE /- VEEMT) Sl ZAn, AKEKC 3EMELTRERIE

103)

HE4&ME Li(invitro &) .

¢

TUDNBRUEKROEBEE1H 6. K-> Tfrok.



4w EBROA

. RERHEB
—rOJVEYVER (AREBRED) BEALERIORB(ERT . Tk
OV eY VREBEHRONANY V-4 -28RE (ZfFH) 2RV,

2. WHBE
ANPVZAZy b, 7ARCE M HHEEEEIR 2. LACDOEEMAULUL.
KRRLU, 7ARCECrOBHE/BEI IO -AOFNEAVWTABRBUNNSH
750 un OFEHICAHY b U split-thickness skin ZR .

3. InvitroEBERER

H2E 4 ORMMELK&BHEERA VL. COR, 1.5 (=hOF U LY
YELT30N) ORBEESAGORBAFTHOBABILY—KERL, 204 15a
(ZFOZULYYELT 0.5600/ci) ZEMICEMU K. Receiver@ime L
TE20%PEG /A BEEHEAV K.

4, BEBY Y TILNORER
B3FE S LRAEKRKIT K.

5. AERE /KETERBORNE
B3E 6. CRAKKTo L. ZbOJTYVRYUVABRE, AEREDZE =
Oty ELT 0.05%(Wv) LGHLDCBRUTHEBULUL.



6. EEIW
ZhOJV LY VOEBRIPICTH k. WEXRGRUTOEDTH S.

5 : LC-6A,SPD-6A (BREEMEN)
AT ¢ Nucleosil 5C18 4.6 mm X 250 mm
BaE - K7 ZbBUN (4:6)

B’ UV 220 nm
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