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Summary: An artificial polymer membrane consisting of polyethyleneglycol and methyl methacry-
late units was prepared as a better alternative to predict the skin permeability of drugs in our pre-
vious report. The aim of this study was to determine whether the membrane is useful to evaluate
skin permeability of drugs to transdermal products. Three tape formulations, three cataplasms,
two cream formulations and two gel formulations containing ketoprofen (KP) were used as the model
products and KP flux from each product across the membrane (Jy) was compared with the flux
across human skin (Jg). In the formulations except for the gel formulations, Jy strongly correlated
with Jg, although Jy were slightly higher than Js. The effects of ethanol, as a typical pharmaceuti-
cal excipient in gel formulations, on swelling of the membrane and the KP permeability were exam-
ined to account for the discrepancy in the gel formulations. The increase in ethanol content led to
the increases in the membrane swelling and the following enhanced KP permeability. Although fur-
ther modification might be required for tolerability to pharmaceutical excipients such as alcohols
formulation testing using well-modified artificial membranes will be useful to assess the quality
and the bioequivalence of transdermal products in the future.

Keywords: artificial polymer membrane; in vitro permeation study; transdermal product; formula-
tion test
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DIz, WI%E - BB ORBPEEICEWT, #AloH
¥k & IS EIC & 2 R RIERICERTH
%, —7, BHloOMEFEEZ B L LT in vitro 1K
HERER R B W B2 R % B 72 in vitro BB RERAYE <
fThhTwd, ZhoORERELT LD EAOR)E
PRILT S D OTIEEWD, $FI2 in vitro E R BER
e PEMERECEMLAAEZEWwWAZ EITX
D, &M LBy RCESTRYER O LW
o MEFHMEICRHETE R LE 2 6N 5.

WO EREZ T 572010 PEM T
FEE ARt A, PEROATI R
HikEoBurolichrc L, FBWERM
RO HEIOIEABESICL 27— 0IELED
&, S VEMEREANDAr VT v T
CEREBLZTME ROV Y, MAT, Bk
BOMHEHYHRAOBE»SMITLNETH
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AOBHFREBIZBWT, & MEFLEHWEMIcED
B NTHE A FIH U7 Bk o ERE I N5,

DiioRatc, A TR ICBmY: & Boktko 2
OOFEBMFEMAEALT D EREL 7Y, v RN
BATIEOBHIR 2R LT & 200, gimtke /<
—ELTAFARAYZ ) L—F (MMA) BIUZ
YYINAZ 7Y L—1 (GMA), FAMEY <—
ELTRYVZF LY FY) a—ViEERT HEAMH
M%) (VPE-0601) % Jiv, MMA : GMA : VPE-
0601 DHARMLE 75:5:20 & LCTER L7=F5
FHROHFBWLATIEZ WA E S, BHEORL
% 9 MDA DORERA S OE RPN M E
WY EEPT A EERLAE W, Z0L) LRESTF
N TR B 1 38 1 A 0 3R ER~ O FU &, RERFE K
EHREZICTHENYTHL, RBROKEZRDLC
EHWETE S,

AHETCIE, RIS LB T ALEZA LR
B R BEA 2 & QS B2 i E BT REE L, 859
BRI T BB T ATROF A L MEREEE
L7z, EFVEHIELT, #h7u7x> (KP) #
EHTHT—7H (3, Sy TH (8F), 7V
— A (2F), BXUFAH QF) 2ERL, &

MEMEHBEA P SO PEEE L OES T AT
I LR Y OZBARE 7 B Lz,
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1. & #

VPE-0601, MMA, GMA 8 X U'KP (MW ; 254.3)
EREMEE Tk A (KD L OBALZ. KP
2% EHTAHT—7HA B (Ta-A, Ta-B) B&
*2.86% &HTAHT—7H C(Ta-C), 0.3% &HT
573y 7Hl A, B, C(Ca-A, Ca-B, Ca-C), 3% &
55270 —2bH A, B(CrA CrB), BXU3%
EHTHTINVHIA, B (Ge-A, Ge-B) I, #hZh
BBSESH P OREA L7z, & MR IR B IR A
AT F - o— - U GERD X0
AL7z. ZOMoBEES X R IEO SN %
JH 7,

2. ENFALBEORER,

AR X RO A LIS O R BIRTH &
BRICAT o 7210, F b b, KRB 12 VPE-0601,
MMA 3 XU GMA 2 FhFh 225g, 6.75gB X
045 g3 o®mDED, Py 30 mL LHED
FuwskvAENATHER L. HRE, g
SHEERBE L SR CERLCORES Vi
NOREDRR E 7 HEEHRZ R T 5 7 DI B RL
fRa SRR L. 0%, 80°C O Tt
LaAs 24 M4 v FaxX— MLTRIGZET &
A7z, BT #, BHETH B8 500 mL DR
Y ) —=NZERUSE A LW T LTRSS T O
LB AR BONARES T2 AH L 728,
—MEAT TR L7, Al Lo8aF% 0.1 g/
mL & %b kA r7aafRl B L, R,
18,400 rpm T 5 2~ [0 7B L7z, BB A M 800
UL 2 A9 AN R ) 2 F LY F LT L—
F7ANWVARIZHTL, F¥A74 Y7 HBICEoT
10 um OE SR L 7z, KT 1 R L2
%, HI2100°C T 1REMEERL, B L-EOTF
AT EBICHERT AT TF V7 — % —NTHRE
L7z,

3. EMERORES

v b EMIMERE T A T -80°C THREL, IR
BHCRBCHE L2 BRI ONFITHY ML,
JEA%H 600 pm IZHRIE L. Tok, HEH
V12 (CHDEBRTRE S 0.95 em?) W ¥ hL, B
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Bl v ¥ o5s—W%E pH 7.4V ¥ BB A K
(PBS) TiiliZz LT, —BRHFEE#ICERICH W
7.
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2Ny THIBLOTF— 7HIEEE 1.3 em 1KY ) Hlo
ToF 2B RSB LRI BTy YN —2RE
L, 7V —=2#HBLOFrVHOEETEERF ¥~
N—REHRIC12g 2K E 095 cm? ICH#H L7z, B
BMF v v 5—PW%E PBS (2.6 mL) Tifi7z LT
L, e VAORER 32°C It o 7z, BRI
BB (0.25 mL) ZHRINL, A& 32°C O
k7 PBS & BEHF ¥ V8= T2 7=, 3R L 729
YINVHOKPEEEZHPLCICE D EE L. &8
L-BhoRBEEREICY LT ey PL, BF
BlE - FE ST 7 7 4 VOBEEERS & D ERIRE
flux (J) &7,

5. T4/ —IV/PBSIRERICH T2 ATERER
B&, KPAMEAEDH LU KP BiEHER
WERETIX, PBSHLH0idr ¥/ —/PBSE
A (5, 10 B XU 30%) HIZH O LOEREN
HELAESTFALE (1emx1lem) 8L, 32°C
DOXRBF T 24 B4 Y FaxX—F LA F0O%#,
BT ALBREGCHE LT A RAEZRERD,
HEAZIE L, SRBHETA VFa_— MRICH

MLzBEROESZBHEEE LTRD .
WIRENE T, =% 2 —V/PBSRATPICKP
ZMENCI A, BB XS RE T 32°C DX T
12 MM L 72, BB, #Eos#E2=y b
Ultrafree-MC (0.2 pm) (Milipore Co., MA, USA)
ZHWTARLE, AWEZEIICHRLE, 20
WEZHPLCIC X WIEL, FPEREETLL
WX DT RO 7z,
BBRECI, NTEEE 2 - 71 v —REEEE
LoV 18 (B RDE RN 5 0.95 em?) 2w v L,
PBS AWy /) —)V/PBSIREW (5, 10BX
U 30%) CTHBLL 7z KP &Mz P —HIc#EE L
7z, BEWpEMVE KT B B EERT IRR OB L
7o R =L CHRORBEBEL LV —3—
W, Ay —~y FHEBRTFZANRTT S %
FA v I ALY =T —ICCREL. EBPh okt

VORI 32°C It o 7. BRI ¥ —o3—
BHAZFNL, AROLY—A—WRMITHERE
fRodz. RL 2% 0 7V @ERR L CHPLC I
TKPREZWEL.., Ao XICT 2R, F
F—{ERIC BT A BB R OMMBME T 2T
CEWRXXVERLL, ANTOERRE P) &2#H
7=,

6. KPDER

KP OE&E HPLC (#%if1=v b : LC-10AS,
Kili2: : SPD-10A, Y A5 A2 ¥ bu—F—:SCL-
6B, ¥— 1M ¥V xr ¥—:8IL-6B, HAEHE
HBUERT, R 2 W TIT o7z, &9 Ald Inertisl
C18 (4.6X2.5mm, 5pm, Y—I V¥4 ¥ Ak
R4k, W) 2MHAL, B 40°C, i 1.5 mL/
min, #& 230 nm, B 0.1% Y Y 7L b=
MYV =60:40, WEHFEYE 5 pg/mL T F L3
SRYEHOWTCER L.

7. fEET B

FERT — 7 3 FE - FEFRETRL, 25H
BLUSHMOLEIZF N F N Student t-test B X
U Tukey test IZ & DBUE L7z, &8, Hit#NEE
#1013 p<0.05 & L7z,

BRHELUBE

F—=7FH, Ny TH, 7U—2LH, BLOTIVH
CBITAHAOEAPLOBGTATEB XL b
FEEMNLLZRKPDJME (Jyandds), BIUFED
EHEDH (Ju/Js H) % Table IIZ/RT.

F—7HITIX, 3HHTRTUITBNWT Jy DFH
Js ICHARTE WA %2R L7225, Julds Hld 1.21~
271 ThHotz. T2, Ta-A B L U Ta-B I2BIT 5 Jg
12 Ta-C OWHFIHRTERICHVEREELZR L
M (p<0.05), JylZBW TR R RER
BDOONLEDolz JuBEFIJsDIT V7 F—F—
i, WThd Ta-A>Ta-B>Ta-C T—HLTW
(Table I).

2Ny THNCBWTH F—7Hl AR, Har o
HIZBWTIn s LY DEEERL, Julds i
2.833~3.76 12z, Ju b JsDI ¥ 7 A —F—I3,
F—THOEH L —F L (Ca-A>Ca-B>Ca-C), &
512 Ca-A @ Jy 1d Ca-B B X U Ca-C DHAITHR
THBILKEL (p<0.05), ZORKFILIs TROS
N7z HEEE —F LTz (Table D).
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TasLE I. Ketoprofen Flux and Flux Ratio from Each Formulation through the Artificial Polymer
Membrane and Excised Human Skin.

Ju (g /em?/hr) Js (g /em?hr) JIulds

Tapes Ta-A 7.49+2.928 6.21+1.12% 1.21

Ta-B 6.56+0.93 5.06+0.86% 1.30

Ta-C 4.50+2.56 1.66+0.46 2.71

Cataplasms Ca-A 2.68+0.66* T 1.15£0.438% 2.33

Ca-B 1.07+0.61 0.38+0.13 2.82

Ca-C 0.981+0.557 0.261+0.099 3.76

Creams Cr-A 6.92+ 1.45% 3.86+0.70 1.79

Cr-B 5.58+2.23 3.58+1.27 1.56

Gels Ge-A 84.03+21.57* 18.24+6.13 4.61
Ge-B 140.2 + 55.4% 12.54+6.16 11.2

Data represent mean+S.D. (n=3-4). * p<0.05 versus Js obtained from same product,
# p<0.05 versus Jg obtained from Ta-C, ¥ p<{0.05 versus J5 obtained from Ca-B and Ca-C,
respectively, T p<<0.05 versus Jy obtained from Ca-B and Ca-C, respectively.
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Fig. 1. Relationship between Jy and Jg in Four Formulations In-
cluding Gel Formulation (a), and in Tape, Cataplasm, and

Cream Formulations (b).

Open circles, tape formulations; open squares, cata-

plasms; open triangles, cream formulations; solid circles,

gel formulation; dotted lines, regression lines without data

from gel formulation (y =0.744x—0.731, r=0.973, p<0.01).

T2, 7 —2HICBWTY, Jyldds LHEL,
Juls Hld 1.56~1.79 & 7 —THIL 8 v THTHS
M7l XD RV EZR L7z (Table I).

—7, VAT Ge-AB L Ge-BOMEHITH
WCJIy Mg E DL EBITKE L, JultJs b (4.61~
11.2) o 3HBICHRTE L KE P72 F
2, I JsDOMDS v 7 A —F—{—H Lixho
7z (Table I).

Fig. la id, 4 HIBETORAD Iy 15T B Js D
7y PERLTWS, FIVEA 2 WA O Jy B &
O Js BMoHIEORE L L TE { (Table I),
IhoD7ay MIOFIETH LNz Tay M
SHELMIHNT W, FO0k, FIVEHRS 2
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b PEMBILOES T ATIRICBY 5 KP ERICE
BeRlZLTwbEL bR FLAIZERL 3#
T8 WAID Jy & Js DN BT B2 BET L7
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12, EAOREERE,T I & TRERINEEZED T
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LU'RP O P, BhoxTy / —vEROWEh
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KL7: (Fig.2a, b). %72, KP® PEREDKH
RIEFELTHALL (Fig. 2C). Ge-Ald 35% @
Iy —rRERTHEEN, Fig 2C OBEFR»S
ED Jy PDWRKEIFVEHPICEThAE T VA
B L DBEICERT b 0EEZ SRl —7,
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B O3 TREZ KT S CREBETIMEERRE b 72
HBFEEZLNY, FNFDIy DSds LD DEP o
l—HE LT PENICERXTESFALBREIZBW
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Fig. 2. Effect of Ethanol Content on Swelling Char-
acteristic (a) and Ketoprofen Permeability (b)
of Alterative Artificial Membrane and Rela-
tionship between Swelling Characteristic and
Ketoprofen Permeability {c).

Data represent mean+8S.D. (n=3-9). As-
terisk indicates statistically significant dif-
ference at p<<0.05.
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2-hydroxymethacrylate/polydimethyl siloxane poly-
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5 B X B

1) EEHEAIEN 0707001 5, ST R R 8 BA 0
BEEROLDOEWENRSEWTL F54 27
(2003).

2) M. J. Bartek, J. A. LaBudde, H. I. Maibach, Skin
permeability in vivo: Comparison in rat, rabbit,
pig and man, J. Invest. Dermatol., 58, 114-123
(1972).

3) V. M. Meidan, C. S. Roper, Inter-and intra-indi-

vidual variability in human skin barrier function:
A large scale retrospective study, Toxicol. In Vi-
tro, 22, 1062-1069 (2008).

4) F. K. Akomeah, G. P. Martin, M. B. Brown, Vari-
ability in human skin permeability in vitro: Com-
paring penetrants with different physicochemical
properties, J. Pharm. Sci., 96, 824-834 (2007).

5) W. M. S. Russell, The development of the three
Rs concept, Altern. Lab. Anim., 23, 298-304 (1995).

6) European Commission, Directive 2003/15/EC of
The European Parliament and of the Council of
27 February 2003, amending Council Directive
76/768/EEC on the approximation of the laws of
the member states relating to cosmetic products,
Official J. Eur. Union, L 66, 26 (2003).

7) Y. Morimoto, T. Hatanaka, K. Sugibayashi, H.
Omiya, Prediction of skin permeability of drugs:
Comparison of human and hairless rat skin, J.
Pharm. Pharmacol., 44, 634-639 (1992).

8) T. Hatanaka, E. Manabe, K. Sugibayashi, Y.
Morimoto, An application of the hydrodynamic
pore theory to percutaneous absorption of drugs,
Pharm. Res., 11, 654658 (1994).

9) T. Hatanaka, M. Inuma, K. Sugibayashi, Y.
Morimoto, Prediction of skin permeability of
drugs. I. Comparison with artificial membrane,
Chem. Pharm. Bull., 38, 34523459 (1990).

10) R. Miki, S. Kimura, H. Ueda, T. Shimamura, S.
Numajiri, T. Seki, K. Juni, H. Kitano, Y. Mori-
moto, Suitability of synthetic copolymer membranes
as a human skin alternative for in vitro skin per-
meation testing, AATEX, 15, 14-27 (2010).

11) Y. Yamaguchi, T. Usami, H. Natsume, T. Aoyagi,
Y. Nagase, K. Sugibayashi, Y. Morimoto, Chem.
Pharm. Bull., 45, 537-541 (1997).

12) K. Sugibayashi, H. Todo, T. Oshizaka, Y. Owada,
Mathematical model to predict skin concentra-
tion of drugs: Toward utilization of silicone mem-
brane to predict skin concentration of drugs as an
animal testing alternative, Pharm. Res., 27, 134—
142 (2010).

13) M. Okumura, K. Sugibayashi, K. Ogawa, Y.
Morimoto, Skin permeability of water-soluble
drugs, Chem. Pharm. Bull., 87, 1404-1406 (1989).

1) WA 3L, ERIEH & 2ol #£)7, 53, 2664
2672 (2002).

15) JrUlPHESE, Sindy o JLMEGiR, #£7, 53, 2721-2731
(2002).

16) 5 HE SR, ALHH LR, EEY v —F v, 36,
2785-2790 (2000).

17) A. H. Ghanem, H. Mahmoud, W. 1. Higuchi, P.
Liu, W. R. Good, The effects of ethanol on the
transport of lipophilic and polar permeants
across hairless mouse skin: Methods/validation of
a novel approach, Int. J. Pharm., 78, 137-156
(1992).

196 % Al % Vol. 71, No. 8 (2011)



