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Fig. 1. The anatomical structure of skin.
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Fig. 2. A two-layer skin diffusion model with polar and nonpolar routes in the
stratum corneum combined with the blood compartment.
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Fig. 3. In vitro and in vivo percutaneous drug absorption processes.
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Fig. 4. A flow-through type diffusion cell used in the in vitro permeation study.
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THBETAIEEZENELT, AR THEINEEFVE MBS U KEEFLED
SIGB RIS DN TEEAR A,

THERBTTNVE. RAEAEBET U TOROE—L B SR b ERALEFI
Thb. FAMATHELCAEBIEBYE LS IUHBHEBAERE LT FVICE T,
HRAFTOD Z, HB50E Z, PEHETEZIFE/NI0BEITIE. ZRETFAOFELHE
LD, COEEDTTIARTETORBEBRILTOL I cEIN S,

0 =Z:ZaX0! s/ g(s) (85)
X =V X o(Zscoshd,sinhdy + Zgsinh dscoshdz) / s/ g(s) (86)
M, = ZsX 9{Z;sinh d;sinh dy + Z(coshd; — I)coshdyg} / s/ g(s) (87)
Mg= ZsZaX o(coshdy— 1)/ s/ g(s) (38)
dx = Ls‘\«‘S / Dx R (89)

dy=Lgs/ Dg (50)
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Zs = KsVs /ds (91)

Zqa=KdValda (92)
g(s) =V u(Z;coshd;sinhdy + Zysinhd;coshda)
+Zs(Zssinh dysinhdy + Z4 coshdscoshdy) (93)

T TRHUVGBREDs. d3ENTHAEE. ThUTOEEEFBIUCEREAET,
Fh, MITEEUTOEDIZEZINS,

MTT:V( Lsz Ld2 ]+(L52 Ldz ) La‘2

+ . + KV x +
KDV KaDiVa 2Dy KaDiVa 2Dy

(94)
LEROFEEIT. ERIEED 2 OITERBZEROWTRIMOEBEZERT SHEER LT
Wb, =TI/ KESEREN 107 U TOHEAHOEEICROEY TRBERE AT
BEBTEIELNHONTEI®, ThoOEMICH UTTHKEE T VICE TS BNEfT - 712
HERIZ, BEERTOBA A -FIFHENE LB oNE, —HA. 2—T I/ K%
BRHD 0 L D+ ASVEYTRIEREERIC L - THEEANXRIN I DD, Th
S DEMITH U T OFRTRRIIEBHEROBR/ NFT A —FEBRTHLEBIONED, F
ET Rt A S OEMITE T 3BTRS S L UEREEB OFHRE/IZ A -5 &
LTHEEN3 EEZ 5N 5, Tojo i+ clonidine @ in vitro ¥ 351} 2 “HEE FMTES <
BRSNS A —F DS invivo TOMFBEOFRNAETH S - EERELTHHO)
HEOEYORNBELFHRTE ETR. 29 URFAN AT A—FTH-THTHELD
EEZHNAB,

XS0, di ANy DEETEAFE SNV, ZHBEETFVICE—H/EET
VIR TE. 575 ZRTORIE

O =ZXo/s/(Vysinhd + Zcoshd) (95)

X =VuXosinhd / s/ (Vsinhd + Z coshd) (96)

M, =ZX o(coshd — 1)/ s/ (Vysinhd + Zcoshd) 97

d=L-s/D (98)

Z=KV/d (99)
&80 MTT .
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MTT =V, x —— 4 — (100)

LEELS,

ZhoDGER. AEBTOWR/ S5 A—% DAL HDNITAEELUT OB TOHEK 5
A= DAL DBODTRKENI LICHIET 5, AEBTOREYHEEIBD TENI LiIZR
CHIONITERTHY . EELUEFISTLUTHEORESER TE 288 1EHDEATNEE
Zohbd, —HEBEKBLTS. AEBUTOROIERZEH =107 cm¥sec) i A B E(x10™!
em¥sec)tZ ETHARE DI, —#FIZ in vitro ERICHWS N ARBICHII 2 AERBLUT
DEDRE X (350 pm)id AEBDE X (=15 pum)ITHARTRENHIZON, DLl IZERTS
BIEENIWVETRITWEZEZ oIS, FEECTFIICE I EEN S, HEBIERIEET
XLBTH-THFT A LEZERLBAZEPMONTE D™, $H-ERMICOEREE
OB EBINERIC S - THEEU/ACRFE DES TIE. betamethasone 17-valerate D EBAZE 5T
BRELCTH2DICH L. 7794 LRERESURBOIEIVREN I ESHMEINTNEP),
Lichi->T, AEBAREARLNIBENEN TS, HETFLTHEOWESES LU
WHED/X7 A - TAEBEREDNSA—FEZRBRTEEBBSHNEELISNE, LKL
RS, EFRETHIKEEF NG KEEFTIVELTHRD &0 TE, -84
BROBROAERELUTNUTORBK B 2EYRBOEB LR UERBAR L. H-h b
HEN-HEE LTRAEI ZE3AoNTNAED, ChedI s, R —HEE S
U & BIRE BT ICE AT EEZ Sha 0, Boh3/ 54— 3HETRE
EEROFHYIL A - FTHLIEICHEELDLETH S,

I -2 ZHEBREMEEEFVICESL invitro RNERXEI ORI

WHEETFIVICE TS EN T, REERICEIA5WE LUE%O ZBE4 58T T 2
S EDTTH BN, R RE A EBERTE SN BB Y — VAT FIVENT S -
EICE - THBRICHIET 5/55 A~y HEHEN B, 95 4 —F OERAELE LTI [
BEBIRICH LT, EREEAOxPH (3754L) LS GEBEEE) 158/ 95 A —
FETURT BHEE. T Ea—FICE BERROYS TIEBEEAFT S FENEO SR T
Bo —REICEAED HEIEETH - DEAINTOAH. EEREIC ST 5 HHES
DYEEBBIITT S FRIIOEOS B LOMBEARA TS, 50, FEORK
T, EFPERBEA—F (nfinite &4 ITROLHBENRD 35, ERITT 2 8Os
EHHNBED. FF—MOBERAT S L BER LA AT 5847 & infinite &

- 15 =



HaFR DI EXEBTIRANRE N, BYEBE (fnite £H) EULTRELCBESGIKERR
RITTOERADOHELEIIEE TH 50, REARFEFHERFZHE TR finite RHET T
EMBRELULBEDOI I ARTORBEBDORE —HEE®RET VICESOTHEHEL.
MULTIFILT) % o B 7 — OB EZ RS LT 5,

TR TOVICE T BT, EMERICBTARRKONY TR HEED )
T—REAEATAIEEAZENE LSO TH AN, FEFIVTH infinite FH T TEAK
EEELZZEZTHRAOFEINREBTHD . T F THEITE lagtime ETLULHMMTHhHA TG
Do 120, AT BICHFE UL THEBEIEEE T VCE S finte FBHTTDF 75 AR
DR BEBDOR ((85)-(93)7%) % BT, MULTIFILT) LA E&H 7 in vitro ZEWEF
EBEFHOBT T BEREFNCE S RINERBFT~OFXHERE T To—-F DIk
FAMIC O TEBIRT AT - 2%, £ FIVEMIZ S [Cl6-mercaptopurine(6-MP) % F O
FEEBIUAEBRERBICBIIZER/ Y~ RN TAZ LItk ->T. 6-MP D EE
WS A—FARBERT A EHIT. ThOD/T A —F 2RO TEYRERABARE MTT £
B L. B EERICE T 3 SRIGEROF 54 5 85HE Ui,

2—a ERBICALBREEMICETS 6-mercaptopurine DER®

invitro K EBEBEBR TR, BHETHEEITIIHI D ABEORHLT—FPERaN L
W LTy —fITEICY v I EENRY D 70— R —REEE )V (Figh)E R0z, &
BEsEzhUTORO Y 7 —RitES8EEd57cH. EXRELT-TX MYy EVT
EMCE D AEEARE LUAEBERBOTEARREZIT > 7, Figs 3. AREICEITS 6-
MP DRHEEAE —BHEMRERL TS, EFEEICE 5 6-MP OFBIIRWH T/IHE
NotzDIH L. AEBARETA I &0 » THEEBISREICHAR UMD lag time IR
B Utc, BEBRERLD, 6MP OEBEBRICEWTHERNEALANY 7L UTHEL
THA I ENRBRINT,

Table I 13 24 hr OB ABEBRERTEICEIT S FFr—d. KEP. B XUOREEE UEYE
AFEEDEDTH D, WThOEYEICFTH, EXEBREAEEREREORMTHEER
HENDHONT, RERTIZENE finte £ THRE LoD, RAEBICHD FF—F
EMBORMILAE SN, LDKRESUREBEBETRLULAEERERE TREZOEELK
Xhotc, £, KETEYRICELTHIAEBRERBOEF I BREN P, Jhidd
DAREXUBBEATTAEERERE CRERNICAKSTEYREARIEEATERSNT
NWBZEERRTAEHDEZBZ S5NS,
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@®; Stripped
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0 6 12 18 24
Time (hr}

Fig. 5. Invitro penetration of 6-mercaptopurine through intact or stripped guinea
pig skin, The drug was applied in the form of saline solution. Each point respresents
the mean value of at least three experiments.  The curves were simulated using
parameters listed in Table II.

Table I. Amounts of 6-mercaptopurine recovered at the end of 24-hr diffusion
experiment in guinea pigs.

Recovery2:b (%)
Condition R
of skin i .
Total Donor Skin Receptor
Intact 4 94.66 £ 2.16 88.40 + 2.84 5.60 £1.36 0.66 £ 0.15
(94.,66) (92.52) (1.09) (0.61)
Stripped 3 94.10 £ 2.52 5007+380* 1671+£260* 2733+120%
(94.10) (53.46) - (13.71) (26.94)
4 Means + S.D.

bValues in parentheses were estimated using penetration parameters obtained by the analyses of
penetration profiles.
* Significantly different (P < 0.001, Student's 7 test) from the values of intact skin.

2—-b ZHBMREFNMIZES{EMER 5 A—5ORH

REFIVBIN T, DTOL3RFETYTIIHHEETO. ZEBIE 2 EEE <
TA—FEFMUI. £, AEBREEE TCOEBMBICH LT HEEFIicES< K
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Table II. Parameters for in vitro skin permeation of 6-mercaptopurine based on a
two-layer diffusion model.

Partition leﬁlsm% Volumeb Distanceb
fhici ta constant 3 3 3
coefficien <106 (cm2 /hr) x102 (cm?) x102 (cm)
Stratum commeum  1.25 + 0.10 0.390 7.60 2.42
Viable tissues 1.97 £ 0.29 255 251 80.0

& Partition coefficient between stratum comeum or stripped skin and saline was
experimentally determined and given as means £ S.D. (n=4).
bThese values were obtained by curve-fitting to the penetration profiles.

BEBR (95R) 24 TRD. HHEUTOBIREY AHES LTS/ S5 A —-F2EH
Ulco RICINSD/NT A —F%RANT, EFKETOZEBHBRICY LT ZHEETIVICE
SLEBERN (85 £UTRY., AEBIK I ERE LU ST AT HFEEL
foo ESIT, BITEORYHARITTEoDIC. AEBSLUAHEBREREIIHT 358
FEAER L LT, BTEIDFEILL->TRONINA AT T-BOEZH X
CHEREEREBR L. CThETIREEINTOSEORHE U

Table 1 IZOMERB L UL TRHHBICL > THEMINZEEEB A -F%2E LD
lbDOTHD, HHE LTHOAEBRREKER, SEEB~OLEERIE. AEBRER
BADOSEAREEIEFRLEER L. 6MP OBEEHS LUThUTOB~OHMHIIFIF
REBETHS LRSI, AEBICE T AIBREIE ThE T ORI H~TH 650 50
1 THY., BEBFOUBRERBODTENC EVPHLINENL Tz, £/ FRICEITS 6-MP
DHEHEFEHE, BKAT 04 FETRESNTLWEEOLRUA—F—-TH D,
MULTI(FILT) 25 Uz RSB OS5 HNREIN, £/, AEBOEXE. BpE"™
BTN L - TREDZW 15um EZZLSNTE D, KRALEAEBETRESKE
WS ETEEINTVAZENST, FBTHERETESH 24 ym SV HEIRITTRYETD
BEEZONS, 7. HEBLUTORBOEZX S/ FAEFAOTEMUEE L —H LU,
A7 Fo—FTlit. BBHEHBORITICL > TRONISFI A —FERNT. EHF ((86)
£) BLUERET (87, @)R) OEYMBEFET LI ENFETH S5, KEER/ VT A —
X OB UERYE LU EFEDRITEME S HITTHIE L. FRITREROZAHEN
R X 372 (Table I)o

PLED X D it TR E FIVCETS BRI, BEHENICS XSHE LG -5 %5
A, DOEFICEBTTOENFHROIBEILS Y Iab—vayTEBHI D0, EYRME
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BREEEICH U TERT AL THBOD TERLT e —FTHE I LWREEINT,

2—c FHEMAEARRE MTT ORH

SRR B ER I B EALETERNII NG A I THED., EYORBITLITS
FREAMBIhSOMASLEI I THREZINSG, MITTOEHIZIZ S Lz&BIZE
A BB EENAERT S FTEART o —FTh b, BRO/ 5 A -7 2B TERNY

ICEBUPTWETERRTSILNTZ S,

Fig.6 iZ. F(O4) icE-TX, Tablell DEBE BT A—F O oBHINLERBIUAHE
BREREBICBIAMITAERLIZbDTHS, ERREICBITS MIT TAEBRER
BowETHY, EROSCHEB BT T 2ABILRIGHEETAZ EPHOoNEN 5
720 6-MP ODAEBILNT20MERLAEERERBIOTT 550 WEHNMIIRBEET
Holcl Db, 6-MP DEFEBICE I 2EBEMECEHE UTITAERB TOIBIRE

(A) Intact Skin

(Donor) {Stratum comeum)

(Viable tissues)

7.50 hr 12.55 bhr
L2 L3
2D, 204
1621 hr 0.48 hr
—]——') -—-—-1—)
[-12 Ldz stsLdz
vv(—-+-—-— Stied total
KDV, mm) KDava o,
>
(B) Stripped Skin
(Donor) (Viable tissues)
12.55 hr
L i
208
50.74 hr
—t
Yo, total
K V. o13a
Ve 63.29 hr

Fig. 6. Calculated mean transit time (MTT) for 6-mercaptopurine permeation
through intact (A) or stripped (B) skin.
parameters listed in Table II. Theoretical equations for MTT and MRTs are also shown.

- 19 —
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DD T/NESNIENEZONEH. Jhid. AEBHOEEBRI VB LA. ERANS
AEE~BITT A HERBICRIRT 2 2 E0REAN, $h. BEHBEEENLTOBALET
&L BEHEPEEFEENBD T/NED - 20X Uy HKICETAEEERIIFhIESAX
CREAGID -, Jhid. BELERSIVERBETOLBRERIAEBIZLE~NTED
1eDTHY HEEBICE N THRHERIERL NS A5 D—D2THE I LBTHREI NI,
MIT BEAOERBEEFTANNNTA-FTHAOT,. BEHEIL L > THHEEEBINRY
0. EHOSHEBABTT2BRILET 2 FERBREEREN NS NELE L EE
Zohb, ERICREHREIVNSWNIZ E salicylic acid D BB KT 2 I E8MEX N
THEO, MITH S TFRENZERE L LSHIBL TS, BRI 6-MP © MTT 138
BHEN 0 DBRISR/NELD . BRI SAEB~OBTICET AHEERV AT ORRH
THH2053wEFETHRITHILICNS,

HEDESIMIT iE. SREHDPEBRBOL D UREEA N7 A —-F I TEIERL
HOEBOEMEGRHICE T ARBNITERET 2 I LATE. BEYRINEBRESHICEH
WY A ETEHERUEAATA—FD—DEEZ LGNS,

1 -3 RPBRESHICEIIEMPBREONME

R B EA D in vivo ICE T AFMEE. —RICMFRECRYEHHMOMEIZ L DITHDN
TWENH, BEINCEYOREFREIRMICE T AEEDRCEERLHRET 2EEN
KFThh. TOBEEEZHILTAZLEEELRETH S, KEERIREIhI-EYIT
HEAEZBIHE L. IRICL > TRERANEBIENZ N ChSOBBOFTEYOEE
HARIEERICEREINS 852505, EEOBIORBRNREAR S KEEE L OME
KOWTEEH L. AEHBROEMBESRD o — KB E 7 WS E SO TR % TR
TERFEAERILLLD, LHLERS, REICIENOENIAI LN AE S EKETOR
BEAFMTAIENBEETHO., 29 LB EERT S LTIHEBARBE-ZR LI LD
e FVIZET  RINBRBOBRT I EELEZ Sh b, |

A Cit. EEAAEBEFNUTOBO B SILS LR L E e T /VICET]
TS MTT OS2 BATE I LKL - T, BERAEARROALSTHENERET
EREMIIERTES I EER UL, T2 THL S SIZERE in vivo BERIRE THRE L.
EMREESEORPHM Y - o o RRTEMBRE LM T 5 H RO ET 21

T Tl BEIAVRRY 4 VRIBEAE I T B IEBEE TH 5 acyclovir(AC)™? 27 )L E
WMELUTHOI, AC BIERL b ARHERPEOA L LTECAV o TE 4 Bl
SRR 4 W ABRRSE I I ERBOHUBANINRAPCOBNIIRITEOREA S H . 2
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Fig. 7. Procedures for estimating drug concentration in the skin from plasma
concentration or urinary excretion profile.

UBEIKILAT LRSIV ETHRL, ZeEPFEWE I OED S AR HR
XNT3, ThETICACKEOEKRZARIIEVLWTZOHEAEIE S TE 088,
GABRERR TRERREEOMFFE ICRFBEIRERAL TTH 2 2 L0 5 RINEK
DD TENEEZEZL ShY, 2RI SLWTREMASBINATHS, £2 T, PHIAC
AHOTHEORETERE U BEORTHMZREL. ETVEITICEI DIERALEER S
N5 K AN TOERYEEAFE L7,

3—~a inviveo LB 2EMPREONME

invivo CBNWTEERSEINCEYORBIRELFMT 2 FERIC OO T Fig7 ICBE
Lizo BEREXNEYOMFBES 5 LR PHERHT. RIBRBICM. 2% - {3 -
Bt W > 2 BBHBICET A ERLEFENTE Y. EEYEYRED LS U RAEEEZR
RTBIHITE. BIGARESBTFGET A LNMBBEENLSE, FaUvRY a—Y g ViER.
TSR T 7 —<IFXT 4 7 AOSGHTHAIN T2 HETH ., BB (3K
BREBOMPBRED 2 VIRPHM) & AHBEY (REBEROMTBED S OILERFH
) hoEAEM (RIEE) £5ETAHETHEYS, Farvkya—va vEEHL
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TEHHINIBNY — ASSIKETVENT A LICL - T, HEERNNZ A - HE
HT&. ZhoD/ S5 -7 2 RETHRECEARIRATE I EILL > TRATREDE
BELEV I 2 -V g TRl &NTES,

FHACE EBROFREIHE > TRETEEOFMEIARETH 50 REOFHEICESHTR
TEAFIIMBESTEIC L ABRELAR/MNITEIENMBETH S, 29 LEED SRS
i3 RPHEE NS — ic U TEERRR ALY THED TREZB N A —FOEHET -
FESHN FaALRY a—Ya MICEAMEREOAREERTSE., JDRHEEORVHER
BEONBEELZOSND, BRIFES L EWORFHEOBMBAIT. RINEE EHEROR
FHEMORAE TV EY o=V a v T AT EICL - TE SR, FHiFESORPHRER D bi-
exponential DR, (dX./dt = Aexp(-at) + Bexp(~Bt)) & L TEMPSINBL ST, REESRE
DEBRPHMEO T 75 ZARTORBLUTOL D IKERSI NS,

X.=0 x{A/(s+a)+B/(s+p)} (101)

ZIT Xus O BENENRS 75 ARG TO RS MRS LRREEERT,
EERICHUT 5% AC BIE T T2 AC BBEIRETH - 7D T, ZORBHIHIET 5 ER
ROFRET oo JHEHEEFIVCERL UcBe, EWORENIZEH 2 MENGIR
BUTOLIcRIN S,

9Cs _ D; 0°C; (102)
at azgzc
dCa 3Ca
9td 103
a a2 (103)
BREE
Cs = KSCO (x = Ls) (104)
Q=%R; (x=0) (105)
Dad %64 - poa 3 (x=0) (106)
ox ox
Ca=0 (x=La) (107)
FIRRM
Co=Ca=0 (108)
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THoDORAES T AERTE &

Cs=K:Co{Zscoshds(x / L) sinhdy — Zzsinhds(x / Ls)coshdg} / s/ h(s) (109)
Ca=KaZCosinhdy(I-x/La)/!s!h(s) (110)
Qi = ZsZ2Col 51 h(s) (111)
de=LofsiDs (112)
dag=Las/ Dy (113)
Zs = K;V: /ds (1 14)
Zg=KaValda (115)
h(s) = Z4sinh dscoshdy + Zscosh dgsinh dy (116)
eSS,

T, AEBRERBICETAEARE. QUIDRICHLTL =0%2BL itk ->TH
HBTE3,

0., =Z«Lo/ 5/ sinhdy (117)

T EWENNTA—-FELT,

Pl=Ds/Ls? (118)
P2=Dg/ L3? (119)
P3=K,D;¥V:Col Ls? or K:D:AC o/ Ls (120)
P4 =KaDgViCql La? or KaDgAC o/ Ly (121)

EERFETAIEILED, BBEICHTAEYORNBELARITAZ LN LEEEYEED Y
Ial—=YaVAREEENE S, CThoDEAE/NNIA—-FEHNT. (109)-(111), 117) izl
Tokdicgdhs,

~ _ P3 P3 x |5 \.: s P4 . x | s s 1
C;——T;F—ﬁ{ﬁcosh(}; E]smh E-uJ-};_;smh[L—s E)cosh‘/;—_z}/s/h ) (122)

~ P3*P4 . =\ ,
Ca =y apmirr Smh{(f“z;)\/g}/ s/ H(s) ‘ C(123)
it = Tomag 53 11(s) (124)
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O = s/ 5+ 1simh [£ ' (125)
vy P4 5 s P3 5 5
R (s)= 3 sinh \[;cosh‘lp—j+ Wcosh J;sth—P——z (126)

(101), (124), (125) AN TR PHM S — OB 2T, Bohio/ S5 A —F P1-P4 %
(122), 123) RICRAT A LI E > THEEHTREDY I 2 V—Y 3 VIR[EEETL 5,

3—b acyclovir REEEHED in vivo B IF — ‘/@ﬁfﬁ

FRBAIC. PHAC OLEBHRBEHSMIT 2 DILHRASZERSEREZT 272 iv
BEHORTAOHHEEOHMIZED THEPITH D (Figs). 4hr FTIHEED 38 %
HER E N, B o Rt <& — % U T bi-exponential DRE L TidHic &I 5,

dX,/dt (% of Dose/hr) = 166%exp(—2.611)+17.4%exp(—0.6661) 127

HiE o,
RERINERIL. BEBE TN TOBD Y 7 — it 4 0B 3 o, BifiE R

100

10 |

Urinary Excretion Rate (% of Dose/hr)

Time (hr)

Fig. 8. Urinary excretion profile of acyclovir injected into femoral vein of rats.
Each point represents the mean + S.D. value of three experiment.
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(A) Urinary Excretion
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(B) Skin Absorption
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O; Intact

@ Stripped
1500
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10
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Fig. 9.

The urinary excretion (A) and calculated absorption profile by

deconvolution method (B) of acyclovir administered with polyethylene glycol
ointment to intact or tape-stripped rat skin. Each point represents the mean * S.D.
value of three experiments.

BEEEBEAEEREREBIIN LU TIT-7 FigdiZid. 2o ORI U THREHER
HEEL 5% ACKEERS ULBORFHM Y - XTI R Y 2 -2 5 VEIC
Lo TEHEINIBINNY — V&R UK. Fh, Table I i3 8 hr DLINEKBRKETRICE TS
EYMOORBEEE DO TH S, KBRETRICE T ZBCHERORPIRMRIT. E¥K
BTREEERDO 2% TH-OIIH U, AEHBBREICL-TRB% ETHALLZIED
5. AC ORBEBICEVWTAEBENEHNEZNY T B> THE I EHPENE o T,
AEERERM T, &5% 3 hr UBKSTEEOPEEE & 2 W IZBGEEE D& T 2388

Table III. Amounts of acyclovir recovered at the end of 8-hr in vivo absorption
experiment,

Condition of Recovery D (ug)
skin
Ointment Skin Urine
Intact 2660 £ 750 35.1+8.3 10.5 £ 8.1
(1.96)
Stripped 655191 88.8 £ 17.7 1450 +90
(341)

4 The experimental data are expressed as means * S.D.
bvalues in parentheses were calculated using penetration parameters obtained
by curve-fitting to urinary excretion profiles.
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SRS, BMEREYROBEOKTICEL D infinite HESEENRO LT Tlcd &
B INE, —HEERBIIBNTH. BE5# 6 r LBEHEREOIE TR D 5N fcdi
COEEOBNEIBDTEN I EN D, WEFACBEOETINLSBDTIRIENE
EZOoh, JOLSHEHO—DICENEMKE T TRRET - /o DICBEBREMET Lt 2
ENEZONE, UTORBIRTII. 5774 L8EED. /Y7 — L OERELEY XD
FEHETOT —F IR L THTRDEHHEET 7

3—c ZHBMEFNESEMES 7 A—-FORH

WIE O RATBIRERRAT & FREIC . AEBRERBICET 2 EFNVERN SAEBUTOAZ
rEEBIUCEEBIL B AKEER A -V A, EERETCOBIMOAERBICLITS
BB ST A — & ABE Uz, Table IV IREFNVEBITICE DB ONI ST A—FEE LD
ADTH D, ST A -9 DI, £XLERB JUVERBICH~AEEOIEI K
XMook, ChIZAEBOEEFRHIININICEEb S THEBOE I SFHFFIIMZ
P EEZSND, —H BEDNT A~ KDVCYL? BEBEEORTEBLEETO
AC DEBHAETHEEG T A - EEZ oML, AERIEBYAERIESLERE LT
BREICHTH 1200 TH D, AC DABEEBEIED TENZ ENH S LN -7

BoNI ST A - EARNTEBRKRTHRICB T ARETFENRO Y 12— a VET-
FoiER. EERMICE UTIREAMEL DS, #ICABBREREIOE U TIRRAMEL D
5K {57 (Table o ERHKMTIE. KRRED) SKEELTHICRET S I EOHE
THDIn. MEIN-EEPESRIIEOEIC N TARFMEI N T2 TERENEL S
hz. —F5. AEERERETHE. RPEfs 3 RER Y —rhsdFRENLLDIC
SRR YT BT 1 BEIC infinite 3 S & MDRIL L TWEWV DI, ERORE PR R E R

Table IV. Parameters for in vivo skin permeation of acyclovir based on a two-
Iayer diffasion model.

DAL2 KDVCp/L2

(hr-1) (ug/hr)
Stratum corneum 697 +1.05 2.08 + 0.25
Viable tissues 0.571 £ 0.102 390 12

Parameters are expressed as means + computer calculated S.D.
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Fig. 10. Simulation of concentration gradient profiles of acyclovir in the skin at
various time points. [Each curve was calculated using parameters listed in Table IV,
assuming thickness of the stratum corneum and the lower viable layer to be 10 and 100
um, respectively.
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Fig. 11. Simulation of time courses of the mean concentration of acyclovir in the
stratum corneum and the lower viable layer. Each curve was calculated using
parameters listed in Table IV, assuming thickness of the stratum corneum and the lower
viable layer to be 10 and 100 um, respectively.
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Fig. 12. Chemical structure of 1-geranylazacycloheptan-2-one (GACH).
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Fig. 13. Penetration pathways of drug and action mechanism of enhancer.
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Table V. Chemical structures and physicochemical properties of model drugs
used in this study.

Molecular QOctanol-Water

Drug ~ Structure Weight Partition Coefficient ?
CH,CH
HO——4—H
m&l%ol HO—F—H 182 0.00155
H—t—0H
H et ——OH
GH,OH
NH,
0
cytosine B-arabino-
furanoside (ara-C) o 243 0.00939
Hi
HO
H
o]
: N "\
seydlovi Y S, 225 0.0304
HO S~
N
O
S-flgso_rlgagacﬂ i | \L 130 0.144
SH
. N N\
HO~ 2
HO H, | OH
_ hydrczlc{og)isone Hy 363 7.42
Q
COOCHy
butyégﬂi;r;bcn 194 371
H

a Octanol-water partition coefficients of drugs were determined at 37 °C.
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Fig. 14. In vitro permeation of MT (A), ara-C (B), AC (C), 5-FU (D), 6-MP (E),
HC (F), and BP (G) through intact guinea pig skin pretreated with an ethanolic
solution of diferent doses of GACH or through tape-stripped skin. The drugs were

applied in the form of aqueous solution.

Each point respresents the mean value of at

least three experiments. The curves were simulated using parameters listed in Table VIL
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Table VI. Amounts of drugs recovered at the end of 24-hr diffusion experiment in
guinea pigs.

GACH dose Recovery® (%)
Drg (umol)
Donor Skin Receptor Total
MT 0 95.72 £ 0.25 1.05 £ 0.16 0.53 £0.04 97.30 £ 0.13
3.2 93.30 + 1.57 1.73 £ 0.11 0.60 £ 0.12 9564 £ 1.54
6.4 93.14 £ 0.77 1.99 + 0.64 1.44 + 0.15 96.56 1+ 0.52
12.7 93.24 + 0.86 1.83 £0.37 0.98 £ 0.04 96.05 + 0.93
25.5 92.78 £ 4.57 2.39 1 0.16 1.86 £ 1.35 97.03 £ 3.39
51.0 71.06 £ 12.57 638 £1.91 6.161£1.76 83.60 +13.10
Stripping 27.62 £ 13.86 450 +2.46 523541044 8447 £ 8.70
ara-C ¢ 92.67 + 0.69 269+1.02 0.91 £ 0.13 96.37 £ 1.49
3.2 90.14 £ 3.44 2.81 £ 0.60 1.65 £ 0.80 94.60 £ 2.25
6.4 91.13 £ 2.77 3.81 +0.68 1.96 £ 0.65 9591 £2.93
127 90.52 £ 2.22 547 £2.14 2.871+0.74 98.86 £ 0.75
25.5 86.81 + 3.07 493 £0.54 4,60 +0.56 96.34 +2.71
51.0 7135+ 1.44 10.50 £ 1.77 14.66 + 1.98 96.51 £ 2.19
Stripping 33.84 + 10.38 735t 3.82 50.35 £ 14.25 91.55 +1.37
AC 0 96.17 £ 0.83 327 £0.14 1.19 £0.31 100.62 *+ 0.66
3.2 92.22 £ 0.73 434 £2.39 1.22 £0.31 97.79 +1.97
6.4 96.18 £ 4.62 5.01 £0.49 1.61 £0.40 102,79 + 4.88
12.7 92.37 £ 5.14 6,28 +0.48 1.49 +£0.36 100.13 £ 4.86
25.5 85.10 £ 1.79 8.17 £1.92 8.24 £2.75 101.50 +2.00
51.0 66.23 £+ 10.64 15.88 £ 3.83 16.89 £ 5.15 99.01 +2.21
Swipping 41.01 £12.17 10.91 £ 0.97 39.73 £ 13.74 91.66 +1.37
5-FU 0 97.66 £ 2.71 3.09 +£1.01 2.09%1.50 102.84 £ 1.68
3.2 7795+ 1.04 6.84 £ 3.72 6.99 + 2.80 91.79 £0.97
6.4 74.86 + 2.65 7.53 £0.52 13.65 £ 2.50 96.04 +1.35
12.7 57.31 + 6.53 10.03 + 1.81 28.07 £ 6.80 9541 + 0.85
25.5 4572 + 4.94 955+ 1.86 4498 £ 6.77 100.24 £1.24
51.0 2498 +4.04 475 +£0.78 60.90 +7.13 90.63 +4.41
Stripping 4,77 + 3.16 2.14 £ 0.79 89.38 + 3.82 95.76 + 0.54
6-MP 0 91.24 £ 3.86 6.69 £ 2.07 2.96 £ 1.63 100.88 £ 3.56
3.2 8421 £3.99 1143 £ 3.14 5.03+£1.27 100.65 £1.90
6.4 77.61 £572 15.35 £ 6.21 8.54 £2.35 101.49 + 2.46
12.7 63.79 £ 5.08 17.32 £7.23 17.05 £ 3.45 98.15 + 4.68
25.5 34,82 £3.92 2367 £9.04 4727 £531 105.75 £ 2.22
51.0 35.12 £ 4.45 1549 £ 0.34 45.80 + 4.63 96.41 +0.52
Stripping 23.88 £ 8.38 8271478 56.56 £ 11,73 8871 £2.95
HC 0 66.27 £ 7.44 24.25 + 5.07 4.31 £2.85 9483 +£3.37
32 50.62 £ 4.38 3046 £ 3.74 1164 £1.03 9272 £3.01
6.4 50.26 £ 8.19 30.72 £ 5.73 12.57 £2.58 93.54 £ 0.86
12.7 51.69 £ 3.98 29.31 £ 1.55 12.62 £ 0.95 93.62 £3.38
25.5 38.44 £ 5.17 42,42 + 6.06 18.57 £ 8.02 99.43 +2.49
51.0 30.99 £ 4.69 5396 +7.71 14.55 £ 5.08 99.50 + 3.51
Stripping 23.77 £ 3.80 13.55 £ 1.69 51.62 +4.21 88.94 +1.83
BP 0 18.00 + 4.94 49.06 £ 3.05 2103 £3.26 88.09 £ 5.19
32 9.52 £ 1.02 55.84 £3.28 423 +1.64 69.59 +2.28
6.4 8.50 £ 0.84 65.29 £ 6.38 2.55+0.79 7643 £ 6.44
12.7 8.41 1 0.53 68.48 + 4.14 1.21 £ 0.52 78.09 + 3.66
25.5 1223+ 1.72 75.39 +£12.17 1.21 £ 0.06 88.83 £ 13.78
51.0 10,33 £2.33 79.66 £ 3.18 0 89.99 £ 0.78
Suripping 9.19 £ 1.56 26.32 £ 6.05 38.04 £3.44 73.55+2.65

3 Amount recoveries at 24 hr are expressed as means + S.D. of at least three experiments.
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Fig. 15. In vitro permeation of 6-MP through tape-stripped skin pretreated with
GACH or saline. Each point respresents the mean value of three experiments.
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Fig. 16. Relationship between logarithmic value of octanol/water partition
coefficient and enhancement ratio (A) and drug amount in skin at 24 hr (B) under
the pretreatment with different doses of GACH. Each enhancement ratio was
calculated by dividing the amount of drug penetrated through GACH-pretreated skin by
that through ethanol-pretreated skin.
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Table VII. Parameters for in vivo skin permeation of drugs with GACH based on

a two-layer diffusion model with polar and nonpolar routes in the stratum
corneum,

Polar route® Nonpolar route? Viable tissues®
Drug GACT dose
(mol) Dpls? KpVpxl05  Dppls?  KppVnpx103  Dafg?  KgVg
(hr'l) (em3) (hr' ) (cm?) (hr1) (cm3)
MT 0 38.1 0.766 — — 0.0812 0.693
32 39.8 0.872 — — 0.0812 0.693
6.4 40.8 2.04 — _— 0.0812 0.693
12.7 37.4 1.43 —_ — 0.0812 0.693
25.5 38.6 2.88 —_ — 0.0812 0.693
51.0 39.5 11.2 — — 0.0812 0.693
Stripping —_— —_ —_ — 0.0812 0.693
ara-C 0 36.5 0.766 1.64 0.233 0.0610 0.745
3.2 38.2 0.872 2.21 0.349 0.0610 0.745
6.4 39.1 2.04 1.95 0.286 00610 0.745
12.7 359 143 2.00 0.706 0.0610 0.745
255 37.0 2.88 1.62 1.35 0.0610 0.745
51.0 379 112 3.47 2.28 0.0610 0.745
Suripping —_ —_ — —_ 0.0610 0.745
AC 0 36.9 0.766 1.39 0.354 0.0565 0.566
3.2 38.6 0.872 2.56 0.172 0.0565 0.566
6.4 39.6 2.04 1.52 0.0941 0.0565 0.566
12,7 36.3 1.43 1.01 0.421 0.0565 0.566
25.5 37.4 2.38 2.13 2.57 0.0565 0.566
51.0 38.3 112 291 3.92 0.0565 0.566
Stripping — —_ — — 0.0565 0.566
5-FU 0 40.0 0.766 2.04 0.381 0.0858 1.84
32 418 0.872 4.90 0.780 0.0858 1.84
6.4 42.8 2.04 3.98 1.90 0.0858 1.84
12.7 39.3 1.43 4.34 5.05 0.0858 1.84
25.5 40.5 2.88 47 9.56 0.0858 1.84
51.0 41.5 11.2 4.69 21.3 0.0858 1.84
Stripping — —_ — — 0.0858 1.84
6-MP 0 19.1 0.766 3.39 0.483 0.0595 1.04
3.2 40.9 0.872 3.01 0.954 0.0595 1.04
6.4 41.9 2.04 1.20 4.11 0.0595 1.04
12.7 38.4 1.43 2.98 4.65 0.0595 1.04
25.5 39.6 2.88 4.07 17.7 0.0595 1.04
51.0 40.5 11.2 2.95 287 0.0595 1.04
Stripping — — —_ —_— 0.0595 1.04
HC 0 34.5 0.766 0.161 25.0 0.0390 1.67
3.2 36.0 0.872 0.691 18.1 0.0350 1.67
6.4 369 2.04 1.43 9.46 0.0350 1.67
12.7 31.8 1.43 1.39 9.77 0.0390 1.67
25.5 34.9 2.88 0.238 4140 0.0390 1.67
51.0 35.7 11.2 0772 6710 0.0390 1.67
Seripping —_— —_— ———— — 0.0390 1.67
BP 0 37.7 0.766 0.194 2020 0.0372 1.52
3.2 304 0.872 0.0682 13300 0.0372 1.52
6.4 40.4 2.04 0.0658 26700 0.0372 1.52
12.7 37.1 1.43 0.0335 50800 0.0372 1.52
255 38.2 2.88 00942 78500 0.0372 1.52
51.0 — — J— — 0.0372 1.52

& Diffusion parameters for polar route ('Dprsz) of each drug were calculated by correcting the corresponding values of
mannitol based on molecular weight. Partition Parameters for polar route (KpVp) of each drug were considered to be the
same as the corresponding values of mannitol. These values were used for estimation of parameters for the nonpolar route.

b Diffusion and partition parameters for the nonpolar route p,‘[.sz. KnpVap).

< Diffusion and partition parameters for viable tissues (Dd/Ld%, KdVd) were considered to be common 10 each drug with
different GACI dose.
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FEEE Ui, KETITRET 6 DD/85 4 — yARET B2 EHBETHBH. —AD
BRUHBHN SBONABRICIMD 2B 20T, BEICHII 5,95 A — 7 OFHIEH TR
U1 B THF - 2o |

() BEBICH LT, AHBEREREICBIT BB Y — v 2 — BT 7 IVCE DO TR
U (Eq.95)) « BEBUTOBICKE I 28 E L FHE N5 A —F (Ddld~ KV EH
H Ul GACHOBHEBLUTOBIZHLTIEEALERA LI &b, FEYIC
BOTAHERBUTOREICE I 52E8/37 A — 7 FHiABEHFIC LS T—EERELS

Q) FEILBKENS - OBEREDAEEBTEEEI 0N MT OBEB/ Y -2
BERE T IVICESOTEITL (Eq85) « AHEBMERICE Y 2IEH L USR5
A =% D/ KpVp) BB Uiz SEMO DL . FFROIHHRICK AT S &
EZ.MTO/8F 4 =7 EHNTHBE Ulce —H KV, KB LTI, BHEEBSERDK
ERUESUHEE D ORBTH Y. HRMAHK, 201 SHETEE0T, EYHTHL
EE Lz,

GYUED 4 DDR5 A —F5FNT. RENOER/ Y — L5 BikE L UHEBHERLEZ
BUNRMZHEEFINCESHTETL (Eq(78)) « FEMOERBEERICH T 2K S
LGB NT A — 5 (Dup/Ls*s KnpVip) ZEH U7z,

Table VILiZ. Y TEIDHEFEICL - THROSNIFBICBITEBE T A-FE2FE LD
DTH5, WHZEETOERYIHEIZE U Tid. DyLS 2 D/ IH~NTHERIIKREN T
LS. BERE T OIRIIBH THEND EORRI N, 12KV, ICBAL T, arn-C %
ACD XS ILHEBHERICHTI20EIMD TENEZLOSNIHAREYDIEESTEIZ
KnpVop &0 /MWDoty HE/AST A —F IS RERBEFDEREROBEEZTE L/ YT
A—FTHHN, BHEERIIHITI0EFBHIELRNIZ L EEBI5NLDP9, Coge
BAEEREEBROEDRERIBO TNE VI LE2RETIHDEEZ LMD, — A,
GACH DRBHEBICH T 2EMICB LTI DL RIFLALEAI VT KV, 2BK 146
BRI e, ZOBEHNI S, GACH ZABERBOKMELEX . BERKOEHETES
BASELERERT LI ENFRENT,

FERHEREIIZ TS GACH DIERIKB U T, T RTOEMITH LT DLl 213 LA E
TALSEF . KnpVop BB BKENICHKE LS 2 EHWSIEI - 2 (Fig 1T)e = DA
1RZ A — 5 OFEAIE. BEEBRICHT 5,37 A - FELITHAIEFITAE L. GACHDE /-
e AL FEBHRB TH B Z EWRBI NI, Elo /ST A — 5 ZATARE & 1%
BHEPOIEBEE/ T A—FTHIN, REEN 100 L ELEIMT S E3EZHOT,
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Fig. 17. Dose-dependent Effect of GACH on diffusion and partition parameters
for the nonpolar route of MT (A), ara-C (B), AC (C), 5-FU (D), 6-MP (E), HC (F),
and BP (G).

O GACH OEAITE L LTHRFBHOE/ICLESABDEEL OGNS,
EBHSOBITICL > THRONINATA—FEHNT, ERETRICBIAEFTLE LT
FEHEYEOBBMATE L. EAEEOHBEARE LR, UTrTEigonik,

(estimated amount in vehicle) = 1.051 * (observed one) (r2 =0.987, n=48)

(estimated amount in skin} = 1.023 * (observed one) (rz =0.900, n=48)

EREGOEIIET I ART I E0S, RETIVCE S BTEOZ YHIEEIN. B
HOREZIFELOEYICH L. REEBDOABOTERNTEIUKET TORMBRBETE:
WBOMIERT L LT, ZREFUNERICENETIVTH S EIRENI,

1~e @BEHHIRLF—HAMRIZEI{ GACH RERROER

LLEDEF B OHR. GACH ZEYOHBHER DLW ERRIREILLIDEK
EEEAEET S S EM oA IO LA L O SHEICRBT 52010, R
¥ HBRTRAF—EESN RSB AT - 1.

Collander 13 2 MEIOR » 2R EKEOEOFRFRE (- k)WET O X 5 TEERA
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A, Control

A ; GACH 3.2pumol
O: GACH 6.4 umol
$; GACH 12.7 umol
®; GACH 25.5 umol
0O; GACH 51.0 pmol

Logarithm of Partition Parameter (K,oV no)

Logarithm of Octanol-Water Partition Coefficient

Fig. 18. Relationship between octanol/water partition coefficients of drugs and
their partition parameters for the nonpolar route under the pretreatment with
different doses of GACH. The regression lines are also shown in this figure.

TEUPTEL - EARE LTINS,
logk;=a*logk:+§ (128)

COMBRITEBRNEATIID AN, ZLOBRICEVWTRFIHBBERMNRONS Z &4
SN TE DI B PCorrw IS OB S B EKE~DAE D 5 WNIEREHR -OBFRE
Zad 2 FCLCHANSRTERY), ZHULET T o—FE2BNT. EYOD PCoun & &

Table VIXI. Slopes and y-axis intercepts of correlations between octanol/water
partition coefficient and partition parameter for the nonpolar route.

GACH Dose (pmol) o B
0 1.30 -2.94
3.2 1.30 -2.47
6.4 1.21 -2.16
12.7 1.13 -1.87
25.5 1.11 -0.91
51.0 1.14 . -0.64

a ¢ and B values mean slope and y-axis intercept of the following linear relationship:
log KpV)p = & * log PCocifw + B ’
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GACH BT ICH T 2 IEBHERAN DR/ ST A — 5 Kyl & DBBHEIC DV THE
Utco 1272 U log KnpVip DEDFEFIT/NE ONBE(<-3.5)IC13. EMERICH 1T B BERE
DEEHIERICKE . EFUVBRTRONIIEBMEERIZE T 3/35 A — 7 DREBEEE
WEEBAONBIENS, JITRINGDMEERN L TEITELRT -7

% GACH BB M & L IZEY D PCocw & KnpVp FEMRONE LIcER. SERIZEDMHE
T BmESSOERIEEBRERRADSGENKE N I EXNFREI NI (Fig.18)
Table VII i3 F M BEROBEX L LTy PHOMEE T EDIHDTHEH. GACHOERE
OEMIZHENEROEEZ OB L. y IR EBEZBICHAT A LMHOE T - o, HEOD
=B L TR, BRICESIVNIVEEMBE EKBOBEINEWEZEL oNTED, —F
y ORI LTI, BEOBEIEIFERE . BBICK T 3KOBME & RIEFIMAMEE
BERTIEDFSNTHEYM, ThSDHRICESHT. GACHERKOBEHB LTy
R OZELD/N — 5 6. GACH HUE A BIKFIICIEBRERER CBUKMIREARK(AIE S
CEMBESNET 57z, Flo. GACH EBUOHEEEF TS Azone® ICBA LTI, IBE_E
BOKREEEARDAMEAEZETAZLBAONTE DO, &5 L REEOREE LIS
L OEYOSWHERT IO LEHRAZTNS,

1 -1 HBEXEYICHTIRIEESRDOYI V-V ay

EHOMHAERE UL EYHEBEEL L URIELEDROKRESMETEBREZENELT.
EOEFIVBITICEDBOoNIZEGFIA—FEZANTYIab—Ya v &EfT>T Figlod
D PCouw 1o LT 24 br OB BB IUHETEMELA L I~V a VUERT
HH. I TRHEREMLHG LI finite R COREERER LTS, RERRMERE
TTid. EHOBHMEEBEEOMITIEDOBRNKDILE. log PCoun W' 1.7 DEWT
BHEBULYTOI ENFENRI, BEESBOEYISH U T, FHBEER DB
FEBITE NI, finite RTRAEBUTOEAOBITHHIR S W ZEIHRORE I L5
AHEBLTORB TOREARINS (LB DT, BlEOBKICHES KBERADORD N
BoNb, COREBSAOBABIRERBICE > TRUESTMELEL S8, finite TTOD
B EICHNTIHI S U REEE L EDRENTERNDLETH S,

BDEFVENTTIE. GACH 3X & UTHBHEE~OEYSE ARSI ES I LMo
EL ST, DY A TORERIZ, ERMICIEEDORMNE LK EERAORFRELS R
FHOBBHEOZOHRAANY 7 FEEE I LIk > TEYDOREAERERAET 5 (Fig.19(A))o
TOBEAS. AC D& I HHEKEOBCEY TITRLEINRINES L, 6MP DL ) KFREED
P AE T 3 TR LA UEBRENSED SN 30 —7H BP O & 5 IHMERY T
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(A) Amount Penetrated until 24 hr (B) Amount in Skin at 24 hr
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Fig. 19. Simulation of the amounts of drugs penetrated until 24 hr (A) and
remaining in the skin at 24 hr (B) against their octanol/water partition coefficients.
The following constants were used in these simulations: D,/L?=40(hr™Y), Dpp/L*=1.5
(™), DyLs= 0.06(hr™), KVp=1.5x10(cm’), KsV= 0.7(cm?), and V,=1(ml). The
KrpVnp values were calculated from PC,qip, values using the following equations:

log KpVus(cm®) = 1.3 x log PCperp — 3.0 (for control)

log KnpVpp(cm®) = 1.1 x log  PCpepy — 0.9 (for GACH treatment)

EEYOF BB BADQEHIMEAT S 2 &I E D REEBIBICHD T2 2 LRANT,
T, KATEYRICE LTI, EYOBMENREMIERE ., GACHERICL Ik
% Z LHURE N, Fig.16(B) & L MG LAERIF SNz,

PEb. BREASLURBTENBIETIVIalb—Ya i, EBERED LK
U ZETFICE S BT, BYHAESS L UOBRIVRESFE—cEH URINE RS F
32 ET. BOTEARKT /o—F&ERNBEIEBHONER ST, ’

0—-2 BMIEHETFMCES BB RLERI D FE I B

RAEER DIER N Z DLERES 5 BYHR L > TRECRUABZ I LRI men i
BEETHD. JHhE TS  OREEFICH U THISIE R 3 RN TbhT
NBIPHOTIN o pe | OO REMLEERICH LTI, FT-IR ¥ DSC T L 348
UTAEBRERS & OMEERANREIhTOE?), EEOBMRH LTS LTk, =
35 U BB DR ORI OB T & | SHRIEMICIE U TH U2 BRI %2R L
HTBIEHBEEEZ ShD, ARATHELZEEEREF VLS RT%IL. 256
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HOOC

d-limonene oleic acid

Fig. 20. Chemical structures of d-limonene and oleic acid

BIRAEER DIER £ RS SR - FEARROBNE UTEHET A LTS,
O UG EBMRARE 22T 2 LTEO TERN 7 Fo—F 0B322 003,

FHTH. GACH LL¥HEORE ZRENEBIEER L UTHEBE ) FL_V0 d-
limonene *>121-19 L X ea T iR BEER D oleic acid®®!1511® ZRF(Fig20). ThoOERBEL
ETIVENTT B  &Z & 5 T 1-alkenylazacycloalkanone 8k ThH 5 GACH OIE IS & 1
BegeEt Ui,

2—a d-limonene. oleic acid GACH OBRI{EALSIED K8

B AR DB FEYE B IH T B A BT 2 1o iz, BINEREO R 33
MR, ChoORBEREMTT L EVBETHS, £2 T HlEORENIIE-T

(A) d-limonene (B) oleic acid (C) GACH
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Fig. 21, In vitro permeation of MT through intact guinea pig skin pretreated with
an ethanolic solution of diferent doses of d-limomene (A), oleic acid (B), or GACH
(C). The drugs were applied in the form of aqueous solution. Each point respresents
the mean value of at least three experiments.  The curves were simulated using

parameters listed in Table X.
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(A) d-limonene (B) oleic acid (C) GACH

50 - 50 50 -
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Fig. 22. In vitro permeation of 6-MP through intact guinea pig skin pretreated
with an ethanolic solution of diferent doses of d-limomene (A), oleic acid (B), or
GACH (C). The drugs were applied in the form of aqueous solution. Each point
respresents the mean value of at least three experiments. The curves were simulated
using parameters listed in Table X.
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Fig. 23. 1In vitro permeation of BP through intact guinea pig skin pretreated with
an ethanolic solution of diferent doses of d-limomene (A), oleic acid (B), or GACH
(C). The drugs were applied in the form of aqueous solution. Each point respresents
the mean value of at least three experiments.  The curves were simulated using
parameters listed in Table X.

FNENRIVEBHUR 5 MT. 6-MP. BP ZB T in vitro REEBEREAT - /2, Fig2l.
22, 23 1. SEMIT LT RIELEH] d-limonene. oleic acid. GACH THILE U/ EIZH
i} % in vitro BEAAE LI fERER U T 5, Table IX 3\ 24 hr DEBERE THIZH 1T
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SZORBAE DN bDTH S,

BUKBOERITEOEN TS B MT I LT SRIURER & b 2 h1E &K = 120 E2
FRERSED > 72(Fig2l)e SHITH L. TERECHBEAET 2 6¢-MP OB SIITEELE
EZRPED SHich, BEME TREDROBES L URBERICENL S (Fig.22)o
d-limonene TRHFEGEMTOH 6-8 EORENREETR L. DERBRITEBEIED Shis
DI U oleicacid 3 & TF GACH B4R EARKENIEEGENZD Sh. £HhE
hEK 13 . 16 EOBBEENRETF Uic, —F. BHEOHEEICEL BP OEBICHT

Table IX. Amounts of drugs recovered at the end of 24-hr diffusion experiment in
guinea pigs.

Rec a
Enhancer ecovery” (%)
Drug (umol)
Donor Skin Receptor Total
MT None(control) 95.72 £ 0.25 1.05 £ 0.16 0.53 + 0.04 97.30+0.13
Stripping 27.62 +13.86 450+ 246 5235+ 1044 84.47 £ 8.70
d-limonene
96 95.87 £0.78 223+ 031 0.27 £0.14 98.37 £ 0.56
144 87.10 £ 3.89 3.87+1.26 2.56 £ 0.75 9354 +39
192 85.86 +4.56 3.15+0.94 242+ 141 9143+334
288 86.22 +£5.32 5021044 2.24 + 0.88 9348 +4.32
384 76.62 £ 7.95 3.65+1.91 249+ 0.26 82.77 £ 6.38
oleic acid
7.8 92.00 £5.32 2.29 £ 0.63 0.25 £0.12 9454+ 595
15.7 94,52+ 244 2.84 £ 0.25 0.25 = 0.04 97.60 £ 2.20
31.4 9350 £ 1.85 382+ 1.08 0.68 + 0.41 98.01 £+ 2.60
62.7 88.64 £ 7.39 3,12+ 0.87 0.32 £ 0.15 92.08 +£ 6.95
6-MP None(control) 91.24 £ 3.86 6.69 £ 2.07 296 £ 1.63 100.89 + 3.56
Stripping 2388 £6.25 8.27+233 56.56 £ 7.95 88.71+3.27
d-limonene
48 85.37 £ 2.69 5.34 £ 2.01 276 £0.33 9347+ 272
96 83.62 £ 3.37 847 +£1.50 450 £ 0.21 96.59 £ 404
144 78.67 +8.79 6.58 + 0.99 3.28 £0.84 8853+ 763
192 64.49 + 10.76 699 £1.95 19.26 £ 7.72 90.73 £ 543
288 64.88 £ 4.61 7.01 £ 1.04 21.29 +1.90 93.18 £ 5.09
384 58.10 £ 4.34 732+ 1.15 2500+ 1.73 90.42 + 6.60
oleic acid _
7.8 8043 +2.22 6.31£1.01 5.17+x 191 9191+2.14
15.7 75.63 +4.70 8.24 +1.49 7.80 £ 2.33 91.67 % 3.62
314 65.62 +5.27 6.72+3.52 19.13 + 4.74 9146 +4.75
62.7 41,56 +7.98 7.06 £ 1.49 38.45 £ 494 87.06 + 2.01
BP None(control) 18.00 + 4.94 49.06 + 3.05 21.03+3.26 8809+ 5.19
Stripping 9.18 £ 1.56 26.32 £ 6.065 38.04 £ 3.44 13.55 + 2.65
d-limonene
96 12.26 £ 2.31 57.57+4.93 24,70 £ 2.88 9453+ 3.31
144 8.77+£0.73 5291 +597 26.66 £ 5.87 88.34 £ 342
192 1009 £ 1.04 5224 £ 4.25 28.72 £ 2.52 91.06 £ 5.33
288 10.39 + 3.87 45.51 + 4,46 34.33 £ 341 90.23 + 3.97
oleic acid
7.8 13.68 £2.03 56.50 £ 6.90 20.93 + 4.45 91.10 £ 7.76
15.7 1386 £1.76 58.20 £ 6.90 2166 +1.44 93.73 1+ 5.61
314 13.62 £0.65 5244 £ 3.53 21.70 + 1.62 8775+ 434
62.7 13.98 £ 1.69 51.68 £ 890 19.88 +4.24 8554 £ 6.31

4The data represent means * S.D, of at least three experiments.

— 46 —
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Fig. 24. Effect of preloading dose of enhancers on the amount of MT (A), 6-MP
(B), and BP (C) in the skin at the end of 24-hr diffusioon experiment. The
horizontal line and shadow area in each figure represent the mean value and range of
standard deviation of drug amount in the skin without enhancer, respectively.

AHAEERRIT LR E T2 T RN SN (Fig.23). d-limonene {3 BIKFH
HRNREDRETR L. BROIRWERERTRIZITAEBEREEFICRBIT 55 { £ TR

U7=Dizst L~ oleic acid TiHIE LA EFRNS ST GACH DFEITITHIEARKFN
ICEBY R T B HEANED S i,

Fig24 i3, KBRETHRICEI 2RETEYELLZRIEEROHEARIST LT oy L
7bDTH5, MT ICB L CRBIVEER OBEAROERICHOCREHEWR T 5 H
HARA SN, FOEYBIBHHICEBITNZ OO TH - /-(Fig24(A))e 6-MP I &
BRI LTI GACH TREFBOBRNIZHORETENROMMSS Shl-0il U,
d-limonene 35 & TF oleic acid Z#HA U= B&IC 3. RERAERNMOLSITHEFTERED
AERLELTED SN - 7(Fig. 24(B),(C)o

2-b FABREER ORI

L EEBEBOLANNG, ARETHOZSRIEER OB T, EVMOEEEBL L O
FRSRICRIITEERELZZENHONEL ST, TN SRERM OB A (AR
DOED SR 2 DI EEHRE T VCE SO BT 21T - 72,

Table X I2id B CHF LAFIRCHENSERICE I 200 E L UHB Y7 A -5 28 H
Uik B4 E &b, MT ORMEEN 5HHE Ui AR EREERIC B 55,95 4 — 5 i
BILTid. BRIUEER & bt/ S5 A —F F R LA LBAIRUD o 1ot HB S5 A —
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Table X. Parameters for in vivo skin permeation of drugs with enhancers based
on a two-layer diffusion model with polar and nonpolar routes in the stratum
corneum.

MTab 6-MP a,C BPacC
Enhancer
(umol) DpLs? KpVpx10%  Dnpis? KppVnpx10*  DppLs?2  KnpVnp
trly  emd) () (cm?3) (hr') (em3)
None (control) 39.9 7.27 3.46 4.79 0.194 2.02
d-limonene
96 39.0 3.65 6.41 4.79 0.169 1.44
144 42.0 33.3 3.59 2.76 0.256 1.09
192 40.4 25.0 41.0 4.46 0.257 0.859
288 41.7 31.5 45.9 4.74 0.806 0.587
384 46.6 37.6 53.6 5.45 — —
coleic acid
7.8 35.8 3.86 3.50 9.99 0.179 2.17
15.7 37.9 3.50 4.13 13.2 0.243 2.25
31.4 42.5 8.41 109 15.9 0.245 1.96
62.7 46.0 3.78 25.1 27.2 1.47 2.29
GACH
3.2 49.5 6.99 3.46 7.59 0.0682 13.3
6.4 42.1 19.6 3.42 13.9 0.0658 26.7
12.7 41.1 13.0 2.85 42.0 0.0335 50.8
25.5 49.6 22.3 3.53 366 0.0942 78.5
51.0 48.5 90.4 4.19 431 — —

4 Parameters for penctration through viable Lissues were deLd2 =0.0812 (hr-1) and K4qV4=0.693 (cm3)
for MT, and Dg/Lg? = 0.0595 (hr1) and KqV4 = 1.04 (cm3) for 6-MP, and Dg/L g2 = 0..0372 (hr-1) and
K4Vq = 0.693 (cm3) for BP, respectively.

b The values are diffusion and partition parameters for the polar route of MT. For 6-MP and BP, diffusion
paramelters for the polar route were calculated by correcting the corresponding values of MT based on
molccular weight, while partiton parameters for the polar route were considered to be the same as the
corresponding values. These parameters of 6-MP and BP are not shown in this table.

C The values are diffusion and partition parameters for the nonpolar route,
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X5 A—F U T BIUEEFNC & 2 BRI BEREFENTEASEYD S 7 (Table X, Fig.25)o
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Fig. 25. Effect of preloading dose of enhancers on diffusion and partition
parameters for the nonpolar route of 6-MP and BP.
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Fig. 26. In vitro permeation of MT (A), AC (B), and BP (C) through intact rat
skin pretreated with an ethanolic solution of different doses of GACH or through
tape-stripped skin. The drugs were applied in the form of aqueous solution. Each
point respresents the mean value of at least three experiments. The curves were
simulated using parameters listed in Table XII.
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Table XI. Amounts of drugs recovered at the end of 12-hr diffusion experiment in

rats.
a
Drg  GACHdose Recovery & (%)
(umol) Donor Skin Receptor Total
MT 0 9242+135 046+ 001 226112 9513 %0.24
6.4 9233 £2.51  2.02 + 097 260+126 9695263
51.0 7755 £428  10.67 + 1.26 428 +033 9250 % 2.69
Stripping 2150 £318 068035  6525+676  87.43%9.59
AC 0 9370 £2.89 095+ 0.12 2514079  97.15 £2.50
6.4 92714127 127043 3634058  97.60 245
51.0 6592 +6.60 3871122 2433 +465  94.12+134
Stripping 2229+435 108052  7030+577 9367110
BP 0 1335+2.79  1436+438 5743 £555 8514252
6.4 2015+484 73811105  20.15+4.84 10478 + 7.44
51.0 9174072  71.13 £2.07 0314002 8061 +1.34
Stripping 1084+306  130+012 7604 +308 8818 +0.74

4 The data represent means + S.D. of at least three experiments.
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Fig. 27. Comparison of amounts of MT (A), AC @), and BP (C) penetrated until
12 hr between rats and guinea pigs.
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T K. BLUL 7y —TERINCEYRAT LD EDTH D, BABOF
MT. ACTHIY bo—)vORETCREBBEANED T/NEL, AHBBRET S &I
> THRFICKEEBHIEA Ut BiEOERITE L BP THAREEEAI K Z I
DILEHBREICLIEBEEBOWAII/NEN 272, —F. GACH OEEICE L THE. MT
R UTRIBEACRENENRA SN T, AC TIIERERO GACH o L D EHELZEDE
DD LN DICK U BP Tid GACH HABKENICE BEBIED Uiz, £/, ERK
THIZETAREPEYRIZ. 8EYWE b GACH OEFBEENICHRAT 2BANED S
N7z (Table XD L EOERMKEEES L GACH ORIVZEDRICBI LT3, BIZETODE
VEy PRETOESERHBAUERNE M, MBPHT. SNEE4EICEY
BEZ DR KBTI EEREME LR, EYOBERCHEAEHICEST Iy bO
1D BEEEASKRE NI EHE S0 E1E 5 2 (Fig2 7)o

1-b ENVEyY Ty FETORMER S5 2 —5 OHE

MEMRICE T 5B EROEELWESINIT 7010, RORBER Y — % KB

Table XII. Parameters for in vitro skin permeation of drugs with GACH based on
a two-layer diffusion model with polar and nonpolar routes in the stratum
corneum in guinea pigs and rats.

Polar route® Nonpolar routeb Viable tissues®
Ay GACH Dose
T {mol) Dpﬁ-sz KpVpxl 0’ anlLs2 KnpVnp Dgla?  KqVd
trly  (@md) (1) em3) Gl (emd)
MT Guinea pig 0 399 0.727 —_— —_ 0.0812 0.693
6.4 42.1 1.96 _— —_ 0.0812 0.693
51.0 48.5 9.04 —_— —_ 0.0812 0.693
Rat 0 61.6 6.13 _— _— 0.0818 3.67
6.4 64.6 7.38 —_— _— 0.0818 3.67
51.0 64.8 12.2 —_ —_— 0.0818 3.67
AC Guinea pig 0 37.2 0.727 5.19 00000910  0.0565  0.565
6.4 39.2 1.96 1.08 0.0000766 0.0565 0.565
51.0 45.2 5.04 2.39 0.00450 0.0565 0.565
Rat 0 514 6.13 5.43 0.000109 0.0804 3.76
6.4 60.2 7.38 4.99 0.000358 0.0804 3.76
51.0 60.4 12.2 5.18 0.00935 0.0804 3.76
BP Guinea pig ] 389 0.727 0.164 2.02 0.0371 1.53
6.4 417 1.96 0.0661 133 00371  1.53
Rat 0 61.0 6.13 0.722 1.05 0.0845 8.03
6.4 63.9 7.38 0.0778 41.5 0.0845 8.03

2 Diffusion parameters for polar route (Dpﬂ.;z) of each drug were calculated by correcting the corresponding values of mannitol
based on malecular weight. Partition Parameters for polar route (KpVp) of each drug were considered to be the same as the
corresponding values of mannitol. These values were used for estimation of parameters for the nonpolar route.

b Diffusion and partition parameters for the nonpolar route Opps2,KnpVnp ).

¢ Diffusion and partition parameters for viable tissues (DdA.d<, KdVd ) were considered to be common to each drug with
different GACH dose.
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Fig. 28. Mean transit time for permeation of MT (A), AC (B), and BP (C)
through guinea pig or rat skin pretreated with different doses of GACH.
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(Fig.29).

ERUORPIMIT ABEOWIETR L. LTORI L - TET I ERNTE S,

MT:  dX,/dt = 146%exp(-2. 240)+17.8*exp(-0.689f) (132)
AC: dX./dt = 166%exp(-2.61£)y+17. 4*exp(-0.6661) (133)
BP: dX,/dt = 250%exp(-6. 751)+69. 7rexp(-1.051) (134)

Z 2T dXydt ISR P HEME (% of Dose/hr) %% 4, ChodRicETE. MT. AC. B &
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Fig. 29. Urinary excretion of MT, AC, and BP injected into femoral vein of rats,
Each point represents the mean value of three experiment.
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o MHBZRELLHETR. WTNOEMWIIHE TS in vive TOERAKE LT & A
o E ot REFERT (T Fo—)L) FHTOREERIET. B L - CHER
M TORNERDRIT Y. FEAEDOHEEITE O MT Tl invitro D1F 3 K Z b - 72 D=3
L. AC THIERFRBETH Y. BB OERICEL BP OBAIZIE invivo DIF S ik & ¢
Lot 7o, KEEBD lag time KB L TiE, WIFhOZEHOBE D in vivo DIED 451
ZERHESME ST,

Fig32 & GACH IZL 5B EE RAETIHELE LT, BINERETRORESERD
WNBEFBLHERET LSO TH B, invitro 3L invivo DOTHOEBRZIZ 510
Thy ACITH U TR B RS HRIVBEZROED S h i d, ZOREID invivo DI Bik
FNI L, Foinvivo RTHMT KM UTHEERRESEN SO D 2 ERHEO S
Eolte TOIT, BPICHUTIHAERE b GACHERIZL WV EEEBORI A Shi b,
ZDBREID in vitro DIF ) BEETH - 1, '

Pretreatment of abdeminal skin surface with
ethanolic solution including enhancer tor 6 hr

Application of drug solution to donor cell

Collection of urine from urinary bladder for 4 hr

Estimation of skin absorption by a deconvolution
4 methDd
Urinary Bladder {%

Fig. 30. Procedures for in vivo percutaneous absorption experiment.
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InVitro: A ; G umol GACH @®;6.4umol GACH  4; 51.0 umol GACH B ; Stripping

Fig. 31. In vivo and in vitre absorption of MT (A), AC (B), and BP (C) through
intact rat skin pretreated with an ethanolic solution of different doses of GACH or
through tape-stripped skin. The drugs were applied in the form of aqueous solution,
In vivo absorption profiles were obtained from urinary excretion data using a
deconvolution method.  Each point represents the mean value of at least three
experiments.

Table XIII {2+ 4 hr @ invivo BINEBK THRICEIARNRET LDIEOTHSE, KE
MOTL k- EGOHEBELD. BHEORVEMIEEETEYRITOI ERESH
Ll otr, Ty GACHIZWThOEMIIH U THIRETEYREZHAIEE 2 LhREN,
in vitro EER D5 R (Table XN & b B CHE L T, |

2 — ¢ in vitro/in vivo D MEH/ 5 A — & O HE
FERERIC 1T 5 in vitro/in vivo ZE2 ZFBIEBOUVANVTHRETA I 4B E LT,

FROEREREHBILRE T MCESOTET L7 nvivo TOBIT T, invitro TOR
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Fig. 32. Comparison of enhancement effect of GACH on skin permeation of MT
(A), AC (B) and BP (B) between in vivo and in vitro. Each enhancement ratios was
calculated by dividing the penetration amount at the end of experiment with enhancer by
that without enhancer.

Table XIII. Amounts of drugs recovered at the end of 4-hr in vivoe absorption
experiment in rats.

Drug GACH c]l)osc Recovery & (%)
(ma Donor Skin Urine Absorbed b Total ©
MT 0 86.32 + 8.79 0.35+0.12 0.08 £ 0.02 0.11 £0.03 86.79 £ 8.72
6.4 101.34 + 5.08 022 £0.07 0.55+0.31 074 £ 041 10230 £ 540
51.0 8276 £1505 0.5210.12 1.74 £ 0.45 2.48 £0.56 85.76 £ 15.55
" Stripping 39,29 +2.11 1.09+060 4206+3.36 54.6714.18 95.05 £ 1.52
AC 0 99.08+£1.14 0.32 £ 0.13 0.24 £ 0.13 0.30 £ 0.16 99.70 + 1.27
6.4 97.46 £4.78 0.69 1 0.33 1.13+0.71 1.51 096 101.72+£3.56
51.0 81.77 £ 6.89 1.61 £0.01 10.64 £ 3.04 14.81 £ 3.88 98.19 +£ 3.02
Stripping 39.73+1624 1491048 47.13+16.35 5984+19.29 101.06+ 5.05
BP 0 13.06 £ 0.70 0.84+7.28 46761726  50.87+7.06 73.77+7.74
6.4 25471221 28961762 20371565 24.23 1 6.65 78.67 +1.58
51.0 1632 +3.59 51.84+1.7% 1.47 £ 043 1.78 £ 0.51 6994 + 525
Stripping 6.30 £ 5.70 1.03£0.89 70.71+1085 71.77£996 79.11 1 3.48

& The data are expressed as means £ S.D. of at least three experiments,
b Absorbed amounts were calculated using a deconvolution method.
©Total amount is the sum of the amounts in the donor, in the skin, and absorbed.

FiR L EEERTEA LS. BT v 7 &E2EE LI invitro ER—DEF V%
HHELr. BRLfEEIBEICRERY UEVRED, EMESINRERICT SN &40
ShTE0H'Y, COREZEERNICKIULTAEZTAONS, B TEHDHEAETR. KRESR
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Table XIV. Parameters for in vitro and in vivo skin permeation of drugs with
GACH based on a two-layer diffusion model with polar and nonpolar routes in the
stratum corneum in rats.

In vitro Invivo
Dng GACH dose
(umel) Dpls2®  KpVpx10°®  Dnpfs2C KnpVppx105¢  Dpi,2s KpVp x1050  Dnps?® KnpVnp x105¢
('l (em?) @l o) @rl (@) ('l (em’)
MT 0 61.6 6.13 — — 58,7 0.612 — —
6.4 64.6 7.3% —_ — 60.2 3.91 — —
51.0 64.8 12.2 — — 60,2 14.5 — —
Stripping Dyf.g2 = 0.0818 hrld KdVd = 3.67 cm34 Dgfg? = 0.677 prid KdVd = 0,368 cm34
AC o 51.4 6.13 6.57 12.9 54.7 0.612 6.79 12.6
6.4 60.2 7.38 47 458 56.1 3.91 5.03 64.9
51.0 60.4 122 5.14 953 56.1 145 4.53 1320
Stripping DalLa? = 0.6804 held KdVd = 3.76 cm34 Ddl.g? = 2.84 hr-1d KdVYq = 0.0838 cm3d
2 Diffusion parameiers for the polar route in the straum corneum 2y, These values of each drug were calculated by correcting the

corresponding ones of mannilol based on molecular weight and were aiso used for calculation of anli.s2 and KppVrp of drugs al each dose.
bpartition parameters for the polar route in the stratum comeum (KPV . These values of each drug were considered to be the same as the
corresponding ones of mannitol and were also used for calculation o an/Lsz and KppWnp, of drugs at each dose.
CParameters for the nonpolar route in the stralum corneum (DnPILSZ. KapYnp)-
dParameters for the viable tissues (Dd/Ldz. KgVd). These values were considered 1o be common o each drug with different GACH dose.

OHFBRICH LTERBERERTRES I ARTTIVEARY 2— v 3 v U (FH(78),
(101)) 2FT, EYBRREHORTHHO 7 — 7 ST, FEEER S5 A —F
ZREB U, £2D/35 A —F OFMOFIFEICE U TIE. BiE TR~ HEICE U TIT- .

Table XIV 3. EFNUEINICE D RONIKBER 7 A —FE2E LD BOTH B, 1=
72U~ BP ICBE U T3 in vivo EERH T B O E R FEF IZED - F272D(Table XIIT), REF
VBT RIThIE D - 1c, AEBLUTOBICE L TR, IXTOEMICH TR IS A -4
i invivo DIFIHRE L. FE/SF A — B in vitro DIFH BKREI - 7o, E S
A—F IREIERD 2 FICERA S 555 A - F THAHOT. BERE TEMILHRGHIE
UVNERET S &, RERERD S invivo DIF I PIEHIEHREOZ LA RBE N, F
1o RN A —ZIIWEEHIC AT AN A —FTHLDOT. ZOZ LIIRE/ S5 A —
ZBETABTRRE D ISHEL TV, JOFBFERR. BEYR3AEEERERIhUT
DE% ESITHEET A4, invivo R TRER LB TRELNERD S MKIC X ABE%
ZiFBlcH. ERAGHIEKBEOEBREFRT in vitro RROBEE I HAATH BB T <
BEZEZTRETHHDERDLND,

—F. BEBBHERTO/ 5 A—FICBELTH. 87 4 -5 3AEBRETIZIZE U
ThH-TeDICH U TV bo—NVEECBTALE/ ST A —F 3 invitro DIEH 4% 10 kX
Motz T ORI, invitro T invivo ICHANBEEBORABIRE N L4547 T L0
THY. HEBOKFDNAEL TN I EFRE i, ~F. GACH OBHEEBICT 3
YER . mvitro TIRIZEAEH SN - DI UL invivo T 24 1% TH// ¢35 4 —
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FHUEK LTz, GACH IZ & 2 BHEFRBA~OFE YT A — 7 O¥KiL, AEEKMOEESE R
BRI S5HDTHBN. AEAMMNTTE L TS invitro 4T TREIVEERIC X ARES
FICWIEEETHOLEEDbNS, I 95 UABRIERERIC X BKFMOHKIT. oleic acid
P lauricacid THHFEINTEY. ChoO0RRNEERNIAEBIS DRI HEF
Transepidermal Water Loss(TEWL) 2K EH 23 Z EMEINTHAND, Zh o ORI{ELE
AT X BKAHERO A A= XL LTI, Zh S RBEOERICHOLAM TH B 720,
EHEREZERICH UTIERT A EBEIABOOT, B o AEBOZEREREORELE
T oLk THROKABERETERT 5005 5 WIIBRICIE BRI 5K AR EIE R
THLDEEDIE, £, AEHBOKMICHBRANEET A Z EBA5N TR D
GACH # AR IZIL in vitro & invivo DB/ ST A - FHUFIFHE LML &9 5. GACH
E D AEEOKIMREBIRRIGEL B> T30 EEbhb,

—J . AEBEEBEEEICE LTI, @5 A —F &b invitro & invivo DB TIEEA L
M UEER U, 51, GACHICKBFHEBURE TD/I5 A —F O, BHREETO
IR5 A — 7 OEAIC TR E (. GACH IFBHEICHEREZER~OEP S AP R ES
EMBESNETLD . GACH ORUVEABEICE L THEANICHERBATRIUCUTH S &0
TREN, Lo o, EPFFEBIBOWTRIEELTRIBER EEZZL o b3k
HEBICE LT3, EE AN LU GACH 19 2 B HEIC in vitrofin vivo ZVINT &
DERSHETL D, EEERPRIUEEZRICE T3 in vitro/in vive ZiE. BEHBE OKARKE
PERBOEEEOFE ML > TRENT EEUA I ENHSMLL -,

M— 3 oleic acid I2 & % in vivo &K RIEAE DRI

PLEORE IS, GACH 7 & 2 WIVRABEICHE LT, EXICEZE LU in vitrofin
vivo EDLNT EMSF AN, I Lic@BRIMbOBIUBERICH LT S RBRICEK DL
AT BT, BIEER & UT oleic acid 2B, 7 v FERAVT invivo BEBROF
BAMET A SICL Ty WETOEINE Y bEANT in vitro EBRTORITE R & B
Lize

8—a oleic acid I & B in vivo BEBIREZIR

EETI. EEy FTO inviro REFTERACETNVERTH S MT. 6-MP. BP D 3 D
WA RN T, BTHET & ERED in vivo BIEBRZIT - 72
FavE) 12— g VERIDRNEEEAFETS00IC. 6MP ORI SER SRR
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(A) mannitol {B) 6-mercaptopurine (C) butylparaben
25¢ 25 80 1

Penetration Amount (%}
Penetration Amount (%}
Panetration Amount {%)

o i 1 2 T3 4
Time (hr) Time (hr) Time (hr)

/N ; Control O ; oleic acid 6.4 umol {1 :oleic acid 62.7 umol

Fig. 33. In vivo absorption of MT (A), 6-MP (B), and BP (C) through intact rat
skin pretreated with an ethanolic solution of different doses of oleic acid. The
drugs were applied in the form of aqueous solution. In vivo absorption profiles were
obtained from urinary excretion data using a deconvolution method. Each point
represents the mean value of at least three experiments.

Table XV. Amounts of drugs recovered at the end of 4-hr in vivo absorption
experiment in rats.

Drug Amount of Amount recovery (% Ap‘plied)a
oleic acid
{(umol) donor skin . urine absorbed” total®
mannitol 0 86321879 0351012 0.08+0.02 0.11+003 86791872
15.7 90.88 £539 0.5510.12 1.04 £ 0.34 1.19 £ 0.9 92,62+ 570
62.7 79.44 £0.03 1.01 £0.02 1.34 £ 0.08 184+ 011 8229+0.15
stripping 3929 £2.11 1091060 42061336 54.6714.18 9505+ 1.52
6-mercaptopurine 0 98.06 £582 217x067 0431014 1.12+ 036 101.36 £ 5.84
157 86.65+t3.15 357+0.17 2521086 7.021220 97241451

62.7 63.65+ 1498 455+ 119 6389+1.11 1876+2.62 8696+ 1212
stripping  32.68 £4.48 4911 0.19 3262 £3.29 78881701 116.47 £ 10.89

butylparaben 0 18.18 £5.88 1231 +747 45171536 50.02%+466 80.50 % 3.07
15.7 1025 £574 7.50+£3.43 59.78+7.00 64.68+6.11 82431765
62.7 18.88 +£2.99 29.06+ 8.16 35631264 4126+237 89.20x3.71

stripping 2014038 0.34+014 8031%329 80.37£236 82723193

BThe data were expressed as mean * S.D. at least three experiments.
bhe values were calculated using a deconvolution method.
CThe values were the sum of drug amounts in the donor, in the skin, and absorbed.

AFT - T 5B . 6-MP DR PR (% of Dose/hr)id

dX,/dt = 108*exp(-11.00+30.4*exp(-0.6921) (135)
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THHIEhREh. EREEEE TORFERRITP.7% THY .. RPERLAOBLE
BOGEET B ENEONEE 5T MT BLUFBPICE LTI, (132) Rp LT (134) X%
iz,

Fig33i3, 730K Y a—¥ 3 YERBHOTEHE L, oeic acid DEBEAEHETIB Y
BEEWD in vivo BRI/ $F — &R LT B, oleic acid iE. MT $ L UF 6-MP DB B %
SR ICRAE Lo’ BP OBAICiE. EREBETRETEBRELRLU-DIKH L. S
BTREEERAEZRHDP IS, BIVEy PEBE BN invitro EBROFR TIE. oleic acid
KX SRPUEERRIT 6-MP I8 L TOAED SN TH D Fig2ls 22, 23). & in vivo EE
DFERERBMT ICHT 2 REEHROFRICB L TRES RIS 2 &R Ihis,

Table XV ERBETRICEITAEEYOONELZE LD D THEH. TXTOEY
IZHBUNT oleic acid BRI L D RE P EYRIE KT 2 Em5ZD Shic,

3 —b invivo IZBIF B oleic acid DFEA LK

Table XVI 3. R/ SF -V DEFNVBITIC L > THRONIIRBEB NN A -F X E
EDILDTH5, AEEBEEKICEL TR, oeicacid i3TLE/ S5 A —F 2T LA LEL
TRUD DI U S/ NT A —F ZBEARKFINIEREIE/ T EN 5. oleicacid iZ
LB HERBAMOITEN TR I NI, ZOXIAEARENEY FEEEAV invitro £
BRTIRAD SNIEh - 7o Y(Table X). O BIREHTH %5 GACHIZBEWNWTH invivo IZH

Table XVI. Parameters for in vivo skin permeation of drugs with oleic acid based
on a two-layer diffusion model with polar and nonpolar routes in the stratum
corneum in rats.

Amount of Polar route Nonpolar route
Drug oleic acid 2
(umol) Dp/Ls?  KpVpx 105 Dpp/Ls KnpVnp
(hr'l) (cm3) (hrd) (em3)
MT 0 60.9 0.586 — —
15.7 67.3 6.67 —_ —
62.7 65.4 9.65 — —
stripping Dyg/Lq2=0.691(hr"}) KV 4=0.359(cm3)
6-MP 0 64.7 0.586 4.19 0.00112
15.7 7.5 6.67 11.7 0.00226
62.7 69.5 9.65 14.7 0.00745
stripping Dg/Lg2=0.352(hr"1) K4Vg=1.37(cm3)
BP 0 59.6 0.586 0.544 4.04
15.7 65.9 6.67 1.08 227
62.7 64.0 9.65 0.243 4.03
stripping Dg/Lg2=1.13(r" 1) KgVg=2.04(cm3)
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WTOAEYOBEZEEADLE/ Y5 A — ¥ DEENHEANTHONE I EEHOMILT
U B(Table XIV)o B EDZ ES. THhSOFMEOEORIVEER L. AEECKRESE
BO#EEHT I EICLVAEBKNEEET 2EAEET 25, AFKFIOFAL L in
vitro REE TR ZD L D BIERANA ST D AR I N,

—%5 . oleic acid DA E BHBEERITHN T B /EHIZ. 6-MP & BP & AU TFFME LD
6-MP 2%t LT3 oleic acid B3H#E L PFROM/$F A —F BRI, ELEY PEE
T in vito ER TOBITRERE R (HIE Ui, —F . BP OFEBITH L TF oleic acid
1ok B R ERITED SHED - 72 h%, T it BP OFBIED TH#E O o HEOEBHEE
LD, BERBTONRIA—YERERSTHMTAZ EQRBTH A D EEZI OND. &
7-. oleic acid IZ £ 3%/ %7 A — 7 OE(DRE ZEBEERKIC KT /35 4 —F DEALITE
F%TdH - 723 oleic acid WHMIZE LT BEEBTOSR/ 5 A — FRFEFIT/DE L.
£ OEMICE O TIREEEEARLEICH T IBRMEEROFEININEBIONE I L
NG oleic acid DE 7z % [ EEBRERBIIIBEERIIYT ZT T A - OBRESHT
HE3H0EEDN5,

LLEDOBHTER L D oleic acid 12 & 2 BB I LT HHEES LU in vitro/in vivo
EEEHONTNI EBBEONERLD, ThSOBOEYHEEEBDEIZ. GACH DH4G L
%, in vitro/in vivo B TOBEEOKFREBOENP, AEBLT OBIZE T 5 ILmEEE
DE NS HOITEEIC L S HEBMBORZIOFEN L-> THAI NS D EBDN S,

m—-4 %%

FE T, BEMEEERS X URIEEZRICE T 2 EZEEH XU in vitrofin vivo Z O
ABOSWICERTALDIC. HEBELZRUIERETFTNVEER S UTERIRERRE LA
N TOEEDRNE HBERE LI,

KT TIE. BEBUTOBICEIIA3ER T A —FICE LT, HZEE XU invitro/in vivo
ENTEH SN, FEEICHLTHE, Sy bEENEY P THITNANFA—FDARIELZ L
o, BREOMBEEOKNE IDVHEYMTRILS I ENTRENZ, —7. in vitro/in vivo
ZICB LT, invivo DIEIDBIER ST A —FIBKRE L, BIST SFA—FINII &
5. invivo CITERIEHERENEH I ENFRKEI NI,

I UAEEUTORD/ Y 7—iEDENE, FEEOFVWEYOHESPRIVEEHR %
ERLBHEO LD CARBEBEIEOREIC. RRERICERTLEEA5NE. €V
Foy MHARSy hOBEDIZINBP ORFEEBRANKREN 722 L, HBVRIBEALED
BRSO T invivo DIE S WV in vitro IKHENREEEBPKEN oI EE. 2HULKE
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RERDE NI LB EBEZ 6N B, £z, invito KB TH. BEO—HAT DI - K
ATERE2EEZANBELD S EREENOREBBHIE O EDE 5N THS™,
BUKHEENTIIAEBORBEAVRERETH D0 HEEAEREANIC - OER
BRI > THEM LT EEL SN BH, FEBEDS /74 MZI DL S5 IBET

LREESNDZLOMEINTHE™, AERSERICE VT bERILEER DS in vivo
DIEIVIEICS 7T A LHFENTD, 25 UAERESEHEUIEENE ST,

AEEREREICE L TR, B85 5 03 in vitro/in vivo I TERMEBOEFEENRL .
CNOoDMTAEEKMOBRENRRIS Z ENFRINI, kLD, AEBOKIITEY
EEZEAEXRTIEELATELTASNTE L Y, RERECHEERNICY > T8
BHICKRDEREMASZ LEBIKIML, EYEBEIEATZ I LRBMEINTIN S,
7o, FEBLY S D benzoic acid DRI E AHEH & OIS ERERE TEWL & ik BIF/54HES
BfRER L. BNOIMZE S AEBOKIDENTHIEHTEZ 2 L MEIR TN B9,

O UVAHBKHOHRICB U T, BHEEREZA LY TOEAEEY IS REsr S
IPTNEBZONS, BMEORLZEYOKEEAEICHT 2 ERKNORSEABE
U7zWit T, Bt D& SE W butanol TIHIF LA EKMNBHOEEE S0 I &40
SNTNBE", KR TIT > BEICHET IR TR, BAREEYTHS MT P AC DFE
BIFHERKRDOAE LT v FPOIFIHKRENT LARENK, £/, in vitro/in vivo HHE
KT 5B TR, BEALOBERAZEMAIEOT invivo DIFSIBNEN - oD L. B
FIEBINEF O MT OFEED H in viro TO R FEBIKED - e hi. T HiT in vitro DI S B
AEREKIITTELTNB I EICLE3bDEEZ SN B,

—h. FYKBERLFEEXETIRDEETRIERLEZ ShAEREERICE LT
3. B35 L O in vitro/in vivo I TEB/ N Z A = ICEERERBH SN o2 &
5. BIUEEBEICE U TEEXMICFUTH D BEEANS X UERK OO &
BEDENIL > T BRIVEESREO R LOZERE A ZENPONEN 5Tz, F s
EREYTIIE PEBICENTKMMIL2AEREONY T—EOETHELL. EBOE b
TORREFNE LTHEETRENENIBREDH 20, FER TRIERREROER
IRG A= FIEBELNBEDSNT 52 I EN S REFIVRHED & 5 I EWOAEEEE
IR SRRSO ERIMT A 2 SR LTy 2 LEER TOKROBED %
WEERUCBRBTHNAEEL LS ENEREN,

PLETHS NI L HIZ. BEH B invitro/in vivo ZEF | ER T HERIKDWLWTiIdE 4
DOERRNFEBBIEICELRIEVDETHD . EHOYHICL > THThSOFENEL S
fodh. BHRIIC BT 5 NS OMBEEBRRT 5 LTEREAWTERIDEEL XIS, &€
FIBENTRIE, BIGARZEBRBICOEHETE 32O T, BED in vitro/in vivo 2D B4
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w5

Pk, BEHEEZRICDD, REBEERER U ERERE T VEREL. ENRETI
B S UBRIRRAER R OB EITU ROBRER T,

(1) BEEILEE 7L OHEE S ER RIRE R~ OIGA

KB OEBENS ICHRAZNEECE ST, FREAEEEZTNUTOBO BN S
BB EBZNERERETNVE LI NCI SICAERBICEIICEET 2 BEERS LU
BEERERE UICETVEREL. BYEEEET S VI ARTOREFEL T, G
TIZRABEBRT NI XL L A HEHELES SO YRR RINERBEETE AL L7,
T, BREDHEZBESMIIFMET 5 ENT. FERBABAKRE MIT) B EDE—A b
RS A—FOFEREFH LI, KERT Tuo—FOICRELHEIR THRITT 2 EHH T,
HF ZHER B € 7 VicE-50 T 6-mercaptopurine O in vitro BB RE D 21T - 72/ R-
AEETTRENUT OBICHATHEFIHBEAE C . MIT ORERIK L) ERIAEOF
TERDISHEENOBITILRINEEZET S I ENHOI LI - oo RISETTIVEEE
A REWBREOFEIZICA Us acyclovir 28K ¥ & CBIRAIKREG U7 B OR PR/ X5 —
VEBHTAIEILL T, REAYEYBEORRAER EL 5 I LTI LIS

(1) BZREILHCE 7 Vi < TURRLER O R AR

AR A R R AR O fE AR IEAE U, dREW O & RINEESNR & OREt
ABB UL, BHMEORKLZ TEEYD nvibo K EZEBICRITTHRIINELEH 1I-
geranylazacycloheptan-2-one(GACH) D BB A A LIk R HREW D octanol /K H 5 B f%
AR EOMICIANVEOBERED Shiic, CHRIREMT KEEFNVTRHINAT
29, AEBOHIBEEBIEET S - LORBE NI, £ I T, itk X UIERMERER
ZAR AA AT TR ECE FIVICE-S BT O R, GACH B3 & U THBHERIINT 5
B SRABAIRE S SN EVRINARET S EPHEON LR -7, SOKREEHAT
FOLE—FEEOEZ IR SO EITIC L D GACH (TFEmEEEAE X b BKMIRBICEL
XPZCENERIN. OO LB E SO TEERYIICN T 2 RIREENRE S I 2
L— ;22 & Uine RIS, BE-{EBMEEETHREA LT, BRE/ 7T
220 d-limonene & ABIFNIEBER D oleic acid DIEABBEE T NVEBIT LR, WTho
(R & E & UTHEREEBIZERT 505 dlimonene RERGBBTIE ST A —F %18
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KEHE. —F oleic acid IR EBEFNITER S I USROS A -y 45 NEEEI &
WREN. GACH LRRUA-/ERABBER T3 LB O 5T, HLERETFIVERT
Bizk b, BIUEEROEREHEEZERNERARO VAVTHERET S EXMHEELD. &
BRIEER O RAZEAS - EARROBCESXBET L - LTS 27,

() EEBPEERIZE T 2EHWEZE S X O in vitro/in vivo 8 D2 DT

EYER R BT 5HEE B LU invitro/in vive ZE T T 2HMT, Ty bEELEY
FEBOTRINERZIT - HEREZ €7 IVEN Ulc. MBS 5 in vitro REES/NZ
A—FEHBEUIER. 59 PORIIPBHUEERSIUCHAEELUTOBICNT 52/ Y7
A=FZDRENT EHHSHENL - 720 FEREEREOEYE RN B L CRIEERIIH T
HBEHICIEENBDONTED 5T, ol Ty MBS invivo RBROBREET IV
BEHT L in vitro & OENWERBEA/ S5 A —F O UV THBMKRE UickER, in vito FHT
A EBEARLTIE LBERIIEALTHWAEZ &, $hinviZETRALBEUTORE
DOIEEEHRE N EPRPF SN EL 570 —TF GACH OFEFABEHEIT in vito & in vivo O
EBRFFBUTERMICEUTH A0, Rdi LORIVEESRITIAEEKANOBRESPER
TEHBE DB N L » THERBTRA S Z EH S EM 572, oleic acid & O T-RETIC
BOTh, IhoOfEEE XU in vitro/in vivo ZICB L THABORKERIVBE SNz, Db, &
PE#RT 52 EFABRO VUL TEIMEBS LT in vitro/in vivo HOBWAEETE I &
iIZ& o Ty BYRINE L CEERIEEICET 2860 ERNE S,

Blb. BEESE PRI TRIURAER DR B ST U A B (L2 1
BAX DRI B 3. MIUREYRRIICH 1T 325 LU in vitrofin vivo Z 1288 LT
R BT AT - 72, AFRTRSNFMRIL. ENRIHRCET 3 EEOBTFRE
ThL U RIURERI AR LR R D% e, BIRICH U TARIINE 2 0 3
bDEEDLNS,
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RDOYICES KFFRICE LT, RIABYEESE, AERLR VLR EEET
N BICRS CHHBEEEBD  ULERASRIGCAEERIROL D ERLIH#HEE
#ZUET, 7o, ZLOFRUMEE LEEEERO LT ERAECHEE. THER
REFUFEDHERIOMSOBRHOBEERELE T, X510, BLOEENHBSEBEIEL
FRERFEILEEREE. Ty VarvIr—<vau T4 ANZY 374 v FRAELE—S
T, REESTESBREE L. B RBAEEFLENFHEE —RicEHLET,

T oI, ERO—EICHB IO . FEETFEL, 8% G BEL. AUBREL.
REREABL, LEFFERFLT, ARERFELCEBHLUET,
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E B D W
B1E  EHBROK

[1] EFNLEY
6-mercaptopurine(6-MP) iZ+# 74 7 R 7 BRA & L D BA U7z, acyclovir (AC) 3B &
v WhLBRLE IV HESI R bOE B, [MCl6-MP. PHIAC REhEh
Commissariat A L'Energie Atomique #L. F—{b¥EIHRESEHLSEA LB DOEMANVT,

[ 2] in vitro £ WL LB

Hartley ZiEtEE /L€ b ((EE#H 250 g) # pentobarbital (40mg/kg, ip.) THET. £TOEH
BERA/NY) 77 o CTHRB Ulcth. SHEBREIEIC X 0 Bl LISEREE AL Uiz, &iT, BERM
KRFEUCETENZEERCMDBS. SSIICAEBMOESICHLTHEHT—TA M v
7B AE 15T Il THERBERE U HE, EEBME KUAEEREITAL
NOEE 3 om OYH A% 2 FFOTBbRE . 70— U~ B )L (HHERTE : 3.14
em?) IZEE Ulce VBT Z —1li3. streptomycin sulfate (50 mg/l; Sigma %t) 3 & T penicillin G
potassium salt (30 mg/l; 4 T 1 7 X 7 HALH) 2 S CEBERIEKER T 6 mbhr TER L
720 FF—llid. HEORERITKMRBELZELEEZHIT, 37°C Tohr £BEE
K TR Ui, £EAHEKEWMY B #E. [“CI6-MP (0.011 MBg) 2889 % 1 mM 6-
MP ABEEKERE ImlBES5 L. LETF —HEK% 90 min ®iZ 24 e 277 7 L,
24hr #iZid. FFH—@E%Z#8ml OKTEHRUHR, KEEZEHEVNOTON Lz, &
S, EEOLOERE 1 cm O 2T HHK E. Soluene-350 (Packard 1) THEME Lz, LT
T —HlH. FFr—8K,. BIURBERETOENOERRI. Biky v FL—v a3 ViR
£DF7-o7 '

[3] EER

FEE > — b id Kligman & Christopher D #1288 U THEE L 721, 0.1 % trypsin (trypsin,
1:250; Difco Laboratories ) & %#& 9 % pH 7.9 Tris/HCL Buffer * BB X ¥ /- @K LIz €L
Ty FMEHNBREERAEEX, FHLUCREBETIOr HE L. X651, AEBAELE 2y b
THIEE L/, KToeE LRI,
- BHEEBRERE (#6Tmg) H50E BHEE (W 4 mp) % [CI6-MP (0.0011 MBq) 2 3H ¢
5 1mM6-MP ABAKKAR Iml FT37°C. 24hr A VF 2R~k Uz, £ vF 2=}
KTH, &% TNEBERAE U7t Soluene-350 THEME L. ik v F L —v g ViEICk
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DEMBENE L7, Eho 4 Vv FaX— MEOEBAKKERFOEYER S HETEREL.
B L B RIE K D EY S AR M A E LT,

[4] invivo B RINEE

Wistar REEMES » b (KEHT 200 ) % cther BREV FSU B U TRELK, ek 5o b4
urethane (1g/kg, ip.) THREEL. BEMIZE=—)UF 2 —7 (id. 0.50 mm, 0.d. 0.90 mm; Dural )
ERWALN, HBAREAY x v b= 0T U078, PHIAC (18 MBy/p) 2357 5
5 %(w/w) AC polyethylene glycol BE 50 mg . BEIEHE 3.14 cm? DROLEN-FNT 7 1
VT V= FERCTEBREICRA L. REZBICH 7Y 7 Ulkce ROV VT Y V57
s V7Y VRO AR AEKER 02 ml A4 = 2 — LA LT 2 BEA UBEBER
EOETHIEIEDITo, Shr DIRNERK THIZS v M ESRH. RERSHLOK
BERBBE L. K30m PCHREEHEET B ECE-T. FREHOBEFA LR 70 R
BLUKREY Y7V Soluene-350 THMEHR. ZOFICEENIEMWEEREY VF L —
YaYEIKIOER U, £, KERBETOMNERLHETAR L. ET YRS
'BE U,

[5] BRASBEEEER

Wistar REEPES v T (REHY 200 g) % urethane (1g/kg, ip.) BB T . in vivo B RINEER &
FRRBMA =2 —2 3 &L, 0018 MBy/ml PHIAC 5 X Tf 045 mg/ml AC 2 5HT 5
AFEIEKAER 02 ml 2 AREIRE D 3 ERE UCBREMICRERR L. RyBsiEtes
HRE L

[6]1 7— 78w

(1) BTIIHETE

MTROER. EHRAEARHERE L7 — OB L BEARER M-382 LTHL. 5
BT AMERTINITY X LERNHERER/N_FET 05 A MULTKFILT) 2 H 0
TG A~ ZEH Uz, MULTIFILT) i, RBREZFHUMBHHER LD t53
HOEER Ui,

(2) ¥ialb—¥aV

VIialb—vgvid. ERAEARGERE S -OELTEAREGERM382 LT, &
B TS ABEBRTNT)XLER N Y I alb—Ya a7 SAFILTS 50 i3EH
A—BEBELLTOS T LEBOTIiTo, FILTS 3. FEAFEFHIUIMEEIRL b4
BahicboEERLA,
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FIE SROW

[1] =7 EME X CRIEER

1-Geranylazacycloheptan-2-one(GACH)~ oleic acid {3 # N EFhkR et 7 5 L. BEMEHRRA
Lt ot ahi-bDE R, dlimonene HFIEAiE T 2#ASH L DA LT

Mannitol(MT) % & UF 6-mercaptopurine(6-MP) 354 5 1 7 2 7 #R&#L &£ B cytosine -
arabinofuranoside(ara-C) 3 & ¥ hydrocortisone(HC) i3 Sigma #t & ¥ . butylparaben(BP) IZH 1L
BT EHASH X DA UL, 5-Fluorouracil(5-FU) 35 & TF acyclovir(AC) {E B &Y = V77 A%k
e L t5EXNbOEHO, [MCIMT. PHIAC. PHHC 3 —t¥ELSKASH X
Y. [*C]5-FU % LT [“C]6-MP {3 Commissariat A L'Energie Atomique & ¥ BA U7co

[“CIBP 3. S—IuEE Tk aH & D EA Uz [M*Clp-hydroxybenzoic acid 2 & LT DFR
TE&E U7z, [YClp-Hydroxybenzoic acid 1.8 MBq & FEHZEEK 1.5 mg % butanol IS L. &
BOBWBEET S BER UK. KIGKEKKFITMA 728 ether B XTI, T 61
NaHCO03 K% BT ether BEEFHRMERE Lic, I 510, BohioEE&%E CHCL: IKE
BUI®, YUATFNATLERTHEM LU (BEHE CHCL; : ether=4:1)0 22 LTHS
iz [MCIBP (JLIEHE 0.27 MBy/mg) A WINSEBRIZ AL,

[ 2] octanol /7K@ EEFH B D RIE

SEEBRBAERIIZ. MT. ara-C. AC. 5-FU DB-43KEERO octanol IZ. 6-MP. HC. BP
D& 13 octanol BFIDKIC, FEREE X UHEEREOBRENEZNEH 1.8 kBg/mls 0.1 mM
ERBELICER U, BYER 2ml EHBHE2ml ERBE L. 37°C T48hr A1 U F 2 X—
b Utzo . octanol B EUKENSENEH Iml F2WML. BEY v FL—L g vk
L&D EYREER U,

[ 3] in vitro R RINEE

E1ZD [2) CEROFETHELEZENEY VEEREEEY 70— 2 — Bt
ZEE L. Fr—icRIEER % ST ethanol BH 02 ml 5 L7z, 24 hr DR
BETH, FIAV—2BVTHRERKEET S cthanol Z8E L, B ERE 0.018

BP) 5 d 2 mM (AC. 5-FU) DEE LS LD ICIHFEREEMA -S04 H Vi, UTOD
FECELTIE. S130 [2] OFRICELTHT -7,
i, AEBREREERCIERTIE, 24 r ARAHK | ml THAESIEN 1 ml 248
Sl ZIT. BEEEILELS RF—no LT T =Dk OBEE i, B8 &
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UTROR b DIC AR ISR E A iz,

[4] 75k
F— ST, B 1D [6] ERABOFETHT -,
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BIE  EBROY

[1] =FESE X CRIEER
TFNENE JUOBRIVRERICBE LT, BIZFELFAULOAH .

[ 2] in vitro R WINEE

Wistar RIS v b (REH 200 g) % pentobarbital (40mg/ke, ip.) CHBT. TOBEIHAEN
UAVTHREL. ESKE—BOTFy MM UTHR, F=FA ) vy EV7RER 15D
B EILL-THBEERRELU. T M AEBREREBMUEEEHE L. RTEIZR
DBV, 70— AN—BIEEEINCES U, BIEEHR]Z ST cthanol 7# 0.2 ml T
K —fll% 6 hr ATALEE . BET B ethanol ZHHK L. 0.018 MBq B EREZEL 1 mM
DEMKBER 1 ml 25 Uiz, L7 —UIEEIC 12 m/hr TEEREEKEZERL. LE
T —HEEE A4S min BIZ R 7Y U, FOMOFEICELTIR. FOED
[3) KELUTIT- 1,

[31 invivo BERINESR

in vivo #EE BINERITEANIC [ 2] Din vitro WIS &3t U712 TB T - 72 Wistar %
HHEZ v b (EEH 200 g) % urethane (1g/ke, ip.) THEBT. TOBEEA/ YY) 7 THE L.
ASRE—HOTy MIHUTIE. 7—7A MY v EVTREAE 5ERDETI EICk-T
AEBEARE LU, REREAY 2 bR——TEB R %, HERON I 2NV (ED
EHE3I M) ET 07T 7 A (SHERSH) EFAOTREBBMLICER U, BUEE
FORMBA T 7zo Efo. 6hr OFMBRTEINCE 1 ZD [4] LRBOFETENS
Zalb—Ya vERL. EERED cthanol W EHK. EWKER 1 ml 285 L. Rt
ZRIE LI, '

(4] 758
F- BRI, FI1ED [6]1 CRAROFETIT-I,

- 77 -



51 A X M

1) . E. Shaw and S. K. Chandrasekaran, Drug Metab. Rev. 8: 223 (1978).
2) W.R. Good, Drug Dev. Ind. Pharm. 9: 647 (1983).
3) Y. W. Chien, P. R. Keshary, Y. C. Huang, and P. P. Sarpotdar, J. Pharm. Sci. 72: 968 (1983).
4) D. Amdts and K. Arndts, Eur. J. Clin. Pharmacol. 26: 79 (1984).
5) M. 8. Powers, L. Schenkel, P. E. Darley, W. R. Good, J. C. Balestra, and V. A. Place, Am. J.
Obstet. Gynecol. 152: 1099 (1985).
6) R. J. Chetokowski, D. R. Meldrum, K. A. Steingold, D. Randle, J. K. Luk, P. Eggena, J. M.
Hershman, N. K. Alkjaersig, A. P. Fletcher, and H. 1. Judd, N. Engl. J. Med. 314: 1615 (1986).
7) B. Bemner, G. C. Mazzenga, P. M. Gargiulo and R. Steffens, J. Controlled Release, 20, 13 (1992).
8) W. 1. Higuchi, in Transdermal Delivery of Drugs. Vol. Il (A. F. Kydonieus and B. Berner, eds.),
CRC Press, Boca Raton, 1987, p. 43.
9) K. B. Sloan, in Prodrugs: Topical and Ocular Drug Delivery (K. B. Sloan, ed.), Marcel Dekker,
New York, 1992, p. 17.
10} J. Hadgraft, Pharm. Int. 5. 252 (1984).
11y A. C. Williams and B. W. Barry, Crit. Rev. Ther. Drug Carrier Syst. 9: 305 (1992).
12) R. R. Burnette, in Trandermal Drug Delivery: Development Issues and Research Initiatives (J.
Hadgraft and R. H. Guy, eds.), Marcel Dekker, New York, 1988, p. 247.
13) C. Cullander and R. H. Guy, Adv. Drug Delivery Rev. 8: 291 (1992).
14) T. Higuchi, J. Soc. Cosmet. Chem. 36: 85 (1960).
15) R. . Scheuplein and 1. H. Blank, Physiol. Rev. 81: 702 (1971).
16) A. S. Michaels, S. K. Chandrasekaran, and J. E. Shaw, AIChE J. 21: 985 (1975).
17) C.D. Yu,J. L. Fox, N. F. H. Ho, and W. L. Higuchi, J. Pharm. Sci. 68: 1341 (1979).
18) B. Berner and E. R. Cooper, in Transdermal Delivery of Drugs Vol. Il (A. F. Kydomeus and B.
Bemer, eds.), CRC Press, Boca Raton, 1987, p. 41.
19) A.-H. Ghanem, H. Mahmoud, W. 1. Higuchi, U. D. Rohr, S. Borsadia, P. Liu, J. L. Fox, and W. R.
Good, J. Controlled Release, 6: 75 (1987).
20) K. Tojo, C. C. Chiang, and Y. W. Chien, J. Pharm. Sci: 76: 123 (1987).
21) S. M. Wallace and G. Bamnett, J. Pharmacokinet. Biopharm. 6: 315 (1978).
22) R. H. Guy, J. Hadgraft, and H. L. Maibach, Int. J. Pharm. 11: 119 (1982).
23) R. H. Guy and J. Hadgarft, J. Pharmacokinet. Biopharm. 11: 189 (1983).
24) K. Kubota, J. Pharm. Sci. 80: 502 (1991). :
25) K. Sato, T. Oda, K. Sugibayashi, and Y. Morimoto, Chem. Pharm. Bull. 36: 2232 (1988).
26) K. Kubota and T. Ishizaki, J. Pharmacokinet. Biopharm. 13: 55 (1985).
27) K. Kubota and T. Yamada, J. Pharm. Sci. 79: 1015 (1990).
28) K. Kakemi, H. Kameda, M. Kakemi, M. Ueda, and T. Koizumi, Chem. Pharm. Bull. 23: (1975).
29) B. Berner and E. R. Cooper, J. Membr. Sci. 14: 139 (1983).

—_ 78 -~



30) K. Tojo, J. Chem. Eng. Japan 20; 300 (1987).

31) T. Hosono, Radio Sci. 16: 1015 (1981).

32) Y. Yano, K. Yamacka, and H. Tanaka, Chem. Pharm. Bull. 37: 1035 (1989).

33} M. Hashida, H. Okamoto, and H. Sezaki, J. Pharmacobio-Dyn. 11: 636 (1988).

34) Y. Yano, K. Yamaoka, Y. Aoyama, H. Tanaka, J. Pharmacokinet. Biopharm. 17: 179 (1989).

35)Y. Yano, K. Yamaoka, H. Yasui, and T. Nakagawa, J. Pharmacokinet. Biopharm. 19: 71 (1990).

36) H. Yasui, K. Yamaoka, and T. Nakagawa, J Pharm. Sci. 83: 819 (1994).

37) E. Nara, M. Masegi, T. Hatono, M. Hashida, Pharm. Res. 9: 161 (1992).

38) H. Okamoto, F. Yamashita, K. Saito, and M. Hashida, Pharm. Res. 6: 931 (1989).

39) F. Yamashita, Y. Koyama, H. Sezaki, and M. Hashida, Int. J. Pharm. 89: 199 (1993).

40) F. Yamashita, T. Yoshioka, Y. Koyama, H. Okamoto, H. Sezaki, and M. Hashida, Biol. Pharm.
Bull 16: 690 (1993).

41} F. Yamashita, H. Bando, Y. Koyama, S. Kitagawa, Y. Takakura, and M, Hashida, Pharm. Res. 11:
185 (1994).

42) L. A. Goldsmith and H. P. Baden, Nature (London) 225: 1052 (1970).

43) B. W. Barry, Dermatological Formulation, Marcel Dekker, New York, 1983.

44) M. K. Nemanic and P. M. Ehas, J Histochem. Cytochem. 28: 573 (1980).

45) P. M. Elias, E. R. Cooper, A. Korc, and B. E. Brown, J. Invest. Dermatol. 76: 297 (1981).

46) M. L. Williams and P. M. Elias, CRC Crit. Rev. Ther. Drug Carrier Syst. 3: 95 (1986).

47) A. 8. Michaels, S. K. Chandrasekaran, J. E. Shaw, AIChE J. 21: 985 (1975).

48) X. Tojo, J. Pharm. Sci. 76: 889 (1987).

49) B. lllel, H. Schaefer, J. Wepierre, and O. Doucet, J. Pharm. Sci. 80: 424 (1991).

50) R. T. Tregear, J. Invest. Dermatol. 46: 16 (1966).

51) J. E. Wahlberg, Acta Dermato-Venereol. 48: 549 (1968).

52) B. Idson and C. R, Behl, in Transdermal Delivery of Drugs. Vol. IIl (A. F. Kydonieus and B.
Berner, eds.), CRC Press, Boca Raton, 1987, p. 85.

53) C. Ackerman, G. L. Flynn, and W. M. Smuth, Int. J. Pharm. 36: 67 (1987).

54) G. L. Flynn, in Principles of Route-to-Route Extrapolation for Risk Assessment (T. R. Gerrity and
C. ]. Henry, eds.), Elsevier, New York, 1950, p. 93.

55) T. Hatanaka, M. Inuma, K. Sugibayashi, and Y. Morimoto, Chem. Pharm. Bull. 38: 3452 (1990).

56) AE—FVE (FBR) 7T RER. o7, 1982,

57) K. Yamaoka, T. Nakagawa, and T. Uno, J. Pharmacokinet. Biopharm. 6: 547 (1978).

58) D. J. Cutler, J. Pharm. Pharmacol. 30; 476 (1978).

59) Y. Tanigawara, K.Yamaoka, T. Nakagawa, and T. Uno, Chem. Pharm. Bull. 30: 2174 (1982).

60) K. Yamaoka, T. Nakagawa, and T. Uno, J. Pharm. Pharmacol. 35: 19 (1982).

61) Y. Tanigawara, K. Yamaoka, T. Nakagawa, and T. Uno, J. Pharm. Sci. 71: 1129 (1982).

62) T. Kakutani, K. Yamaoka, M. Hashida, and H. Sezaki, J. Pharmacokinet. Biopharm. 13: 609
(1985).

- 179 —



63) K. Nishida, C. Tonegawa, T. Kakutani, M. Hashida, and H. Sezaki, Pharm. Res. 6: 140 (1989).

64) R. Hori, Y. Tanigawara, Y. Saito, Y. Hayashi, T. Aiba, K. Okumura, and A. Kamiya, J. Pharm.
Sci. 77. 471 (1988).

65) K. Ohkouchi, H. Imoto, Y. Takakura, M. Hashida, and H. Sezaki, Cancer Res. 50: 1640 (1990).

66} E. Nara, T. Hatono, M. Hashida, and H. Sezaki, J. Pharm. Pharmacol. 43: 272 (1991).

67) K. Mihara, M. Mori, T. Hojo, Y. Takakura, H. Sezaki, and M. Hashida, Biol. Pharm. Bull. 16:
158 (1993).

68) C. Ackermann and G. L. Flynn, Int. J. Pharm. 36: 61 (1987).

69) K. Tojo, Int. J. Pharm. 43: 201 (1988).

70) R. L. Bronaugh and R. F. Stewart, J. Pharm. Sci. 73: 1255 (1984).

71) R. L. Bronaugh, in Percutaneous Absorption 2nd Ed. (R. L. Bronaugh and H. I. Maibach, eds.),
Marcel Dekker, New York, 1989, p.239.

72) R. A. Siegel, J. Phys. Chem. 93: 2556 (1991).

73) K. Kubota, M. Sznitowska, and H. 1. Maibach, J. Pharm. Sci. 82: 450 (1993).

74) G. L. Flynn, H. Diirtheim, and W. 1. Higuchi, J. Pharm. Sci. 70: 52 (1981).

75) R. L. Bronaugh, R. F. Stewart, and E. R. Congdon, Toxicol. Appl. Pharmacol. 62: 48] {1982).

76) R. L. Bronaugh, R. F. Stewart, and E. R. Congdon, J. Soc. Cosmet. Chem. 34: 127 (1983).

77) R. J. Sheuplain and L. J. Morgan, Nature 214: 456 (1967).

78) M. Takehara, T. Nakagawa, Y. Ushio, K. Nakahara, and H. Oishi, Chem. Pharm. Bull. 24: 1779
(1976).

79) K. Tojo and A. C. Lee, J. Invest. Dermatol. 92: 105 (1989).

80) H. J. Schaeffer, L. Beauchamp, P. De Miranda, G. B. Elion, D. J. Bauer, and P. Collins, Nature
272: 583 (1978).

S FAEA. AHE O I, BRI, BRUE, BHEF &8 B, EhE— &M
B, WHERAIT., F58 E. EFREFES 281 (1992).

) FIMEA. AHE O I, BRI B B, EFE—. A 5. BEREHES 289
(1992).

83) AT EA. B . BAE. WOLEF, KHBIKEE. KAWL, BFREEGE: 15
(1990).

84) A. Rescigno and G. Segre, Drug and Tracer Kinetics, Blaisdell Publishing, Waltham, 1966, p.102.

85) I. G. Wagner and E. Nelson, J. Pharm. Sci. 53: 1392 (1964).

86) J. C. K. Loo and S. Riegelman, J. Pharm. Sci. 57: 918 (1968).

87) H. Kiwada, K. Morita, M. Hayashi, S. Awazu, and M. Hanano, Chem. Pharm. Bull. 25: 1312
(1977).

88) WM . BJIFEHN. <4 T IC k2 EWHERRAFT. BEILE. 1983, p. 9L

89) R. J. Scheuplein, J. Invest. Dermatol. 48: 75 (1967).

90) H. Okamoto, M. Ohyabu, M. Hashida, and H. Sezaki, J. Pharm. Pharmacol. 39: 531 (1987).

91) H. Okamoto, H. Tsukahara, M. Hashida, and H. Sezaki, Chem. Pharm. Bull. 35. 4605 (1987).

- 80 —



92) H. Okamoto, M. Hashida, and H. Sezaki, J. Pharm. Sci. 77: 418 (1988).
93) B. W. Barry, J. Controlled Release 6: 85 (1987).
94) J. A. Bouwstra, L. J. C. Peschier, J. Brussee, and H. E. Boddé, Int. J. Pharm. 52: 47 (1989).
95) G. M. Golden, J. E. Mckie, R. O. Potts, J. Pharm. Sci. 76: 25 (1986).
96) M. L. Francoeur, G. M. Golden, and R. O. Potts, Pharm. Res. 7: 621 (1990).
97) H. Okamoto, M. Hashida, and H. Sezaki, J Pharm. Sci. 80: 39 (1991).
98) H. Okamoto, K. Muta, M. Hashida, and H. Sezaki, Pharm. Res. 7: 64 (1990).
99) Y. Obata, K. Takayama, Y. Machida, and T. Nagai, Drug Design Discovery 8: 137 (1991).
100} B. W. Barry and S. L. Bennett, J. Pharm. Pharmacol. 39: 535-546 (1987).
101) R. H. Guy and J. Hadgraft, J. Controlled Release 5: 43 (1987).
102) A. C. Williams and B. W. Barry, Int. J. Pharm. 74: 157 (1991).
103) R. Collander, Acta Chem. Scand. 5: 774 (1951).
104) A. Leo, C. Hansch, and D. Elkins, Chem. Rev. 71: 525 (1971).
105) C. Hansch and W. J. Dunn, IlI, J Pharm. Sci. 61: 1 (1972).
106) A. J. 1. Ward and R. Tallon, Drug Dev. Ind. Pharm. 14: 1155 (1987).
107) D. L. Sekura and J. Scala, Adv. Biol. Skin 12: 257 (1972).
108) B. J. Aungst, N. R. Rogers, and E. Shefter, Int. J. Pharm. 33: 225 (1986).
109) H. Sasaki, M. Kojima, Y. Mo, J. Nakamura, and J. Shibasaki, Int. J. Pharm. 44: 15 (1988).
110) M. Hori, S. Satoh, H. 1. and Maibach, in Percutaneous Absorption 2nd Ed. (R. L. Bronaugh and
H. I. Maibach, eds.), Marcel Dekker, New York, 1989, p.197.
111} A. C. Williams and B. W. Barry, Pharm. Res. 8: 17 (1991).
112) H. Okabe, K. Takayama, A. Qgura, and T. Nagai, Drug Design Delivery 4: 313 (1989).
113) Y. Obata, K. Takayama, H. Okabe, and T. Nagai, Drug Design Delivery 6: 319 (1990).
114) M. Hor, S. Sato, H. 1. Maibach, and R. H. Guy, J. Pharm. Sci. 80: 32 (1991).
115) E.R Cooper, J. Pharm. Sci. 73: 1153 (1984).
116) M. Yamada and Y. Uda, Chem. Pharm. Bull. 35: 3390 (1987).
117) P. G. Green, R. H. Guy, and J. Hadgraft, Int. J. Pharm. 48: 103 (1988).
118) B. Ongpipattantakul, R. R. Bumette, R. O. Potts, and M. L. Francoeur, Pharm. Res. 8: 350
(1991).
119) R. O. Potts and R. H. Guy, Pharm. Res. 9: 663 (1992).
120) M. H. Cohen and D. Turnbull, J. Chem. Phys. 31: 1164 (1959),
121) W. R. Lieb and"W. D. Stein, Nature 224: 240 (1967).
122) W. R. Lieb and W. D. Stein, J. Membr. Biol. 92; 111 (1986).
123) M. Goodman and B. W. Barry, J. Pharm. Pharmacol. 38(Suppl.). 71P (1986).
124) A. C. Williams and B. W. Barry, J. Pharm. Pharmacol. 42(Suppl.): 156P (1990).
125) W. J. Lambert, W. 1. Higuchi, K. Knutson, and S. L. Krill, Pharm. Res. 6. 798 (1989).
 126) 1. A. Dix, D. Kivelson, and J. M. Diamond, J. Membr. Biol. 40: 315 (1978).
127) K. B. Bischoff and R. L. Dedrick, J. Pharm. Sci. 5T. 1346 (1968).

— 81 —



128) £ZIUHE—. ML 109: 231 (1989).

129) BIHE—RR. 77 —<3%%5 1 7 ARROFELHR. BREYBIESES. 1993

130) R. B. Stoughton, in Animal Models in Dermatology (H. 1. Maibach ed.), Churchill-Livingstone,
Edinburgh, 1975, p.121.

131) M. J. Bartek, J. A. LaBudde, and H. 1. Maibach, J. Invest. Dermatol. 58: 114 (1972).

132) M. Walker, P. H. Dugard, and R. C. Scott, Hum. Toxicol. 2: 561 (1983),

133) R. C. Wester and H. 1. Maibach, in Percutaneous Absorption 2nd Ed. (R. L. Bronaugh and H. I,
Maibach, eds.), Marcel Dekker, New York, 1989, p.221.

134) K. Sato, K. Sugibayashi, Y. Morimoto, H. Omiya, and N. Enomoto, J. Pkarm. Pharmacol. 41
379 (1989).

135) T.J. Franz, J. Invest. Dermatol. 64: 190 (1975).

136) R. L. Bronaugh, R. F. Stewart, E. R. Congdon, and A. L. Giles, Jr., Toxicol. Appl. Pharmacol.
62: 474 (1982).

137) R. L. Bronaugh and H. I. Maibach, J. Invest. Dermatol. 84: 180 (1985).

138) R. L. Bronaugh and T. J. Franz, Br. J. Dermatol. 115: 1 (1986).

139) F. Yamashita, Y. Koyama, M. Kitano, Y. Takakura, and M. Hashida, Inz. J. Pharm., m press.

140) W. Meyer, R. Schwarz, and K. Neurand, Curr. Probl. Dermatol. T 39 (1978).

141) H. Durrheim, G. L. Flynn, W. I. Higuchi, and C. R. Behl, J. Pharm. Sci. 69: 781 (1980).

142) W. J. Lambert, W. I. Higuchi, K. Knutson, and S. L. Krill, J. Pharm. Sci. 78: 925 (1989).

143) R. T. Tregear, Physical Functions of Skin, Academic Press, New York, 1966, p.1.

144} B. Idson, J. Pharm. Sci. 64: 901 (1975).

145) H. Oishi, Y. Ushio, K. Narahara, and M. Takehara, Chem. Pharm. Bull. 24: 1765 (1976).

146) A. Rougier, C. Lotte, P. Corcuff, and H. I. Maibach, J. Soc. Cosmet. Chem. 39: 15 (1988).

147) J. R. Bond and B. W. Barry, J. Invest. Dermatol. 90; 486 (1938).

148) A. L. Kligman and E. Christophers, Arch. Dermatol. 88: 70 (1963).

- 82 —



