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Recently, animal experiments become very difficult to be done in the research and development of cosmetics and
cosmeceuticals due to animal welfare and 3Rs (replacement, reduction, refinement) concept. However, usefulness and
safety of these preparations must be strictly guaranteed before human use. We thus proposed three sets of extrapolation
methods to estimate in vivo profiles from in vitro and in silico approaches, to evaluate permeation profiles through real
human skin from those through animal skin and cultured human skin model, and to estimate responses such as useful-
ness and safety of cosmetics and cosmeceuticals from their skin permeation and concentration profiles. Although we
need more data and discussion, the present extrapolation methods must be very useful for estimation of cosmetics and

cosmeceuticals without using animal experiments.
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Fig. 1. Three Extrapolations to Evaluate Usefulness and
Safety of Chemical Compounds Applied or Exposed on Skin
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Fig. 2. In Vitro Skin Permeation Profiles of Chemical Com-
pounds
(a) Cumulative amount versus time curve, (b) flux versus time curve.
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Fig. 3. In Vitro to In Vivo Approach for Nicotine Tapes (a) and Lidocaine Tape (b)
Predicted plasma concentration was obtained by convolution using in vitro skin permeation data.
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Fig. 4. Comparison of Drug Permeabilities through Hairless
Rat Skin and Human Skin
Abbreviations for model compounds: FP: flurbiprofen; BA: benzoic
acid; ISDN: isosorbide dinitrate; ISMN: isosorbide mononitrate; AMP:
aminopyrine; CAF: caffeine; ANP: antipyrine.

4. Fig. 1(0)[C2WT : REBOFDM - Bt
REFREDRE R

B2 JE V30 & 7 e A R O LA E
DEEHIZBITZ L AR A (EoERREN 2
FNODKRETREICEI > THETDHZENTES
MEDIMEVNDHEZERIRT D LIFREHETDH
5. BEiC, EMORWERZIA, AMEE BRIFICH
HXE57-91Z, therapeutic drug monitoring (TDM)
NESHANWSNTWS, TDM T35 L=y o
REEDLHROIFELS L TP REZH NS,
Fiz, Dy 7 EYOBFEIIEFEN EF Ui
TR R AT HEAR T g

(area under the blood concen-



30

Vol. 134 (2014)

tration time curve; AUC) ZHEUEL L TS, Zh
SIMEFEME DR 2SR OHEITE DIREZ H
WHZENTELZEZREBLTVWS, bhibih
1%, TNHEZRLT, KEFHOERESCLZEED
FETIZ B R JEH O A EIRED DN D && A
R AEHED -, Figure 5 12m USRI A4 S
T 7 PE %1 cetyl pyridinium chloride (CPC) Dfd &
R ORI % 5§ (intact skin) & )8 2 B D
B/ 2% (stripped skin) 125 F U C Rz & i
O viability & F{R7zAERTH 5. 7 CPC 1B FEHIIL
MALNSDT, HDIHOIUTZDORIFAME DR ERE &
U T cell viability @ # ik & L TEZHEINTWD
MTT 7 vt 112k > TEEMILD viability Z H|E
L.

— I, HEAECEARESL XR X DR,
REIALS2E O B il & R RS I BL R ISR
F Hill DD T ENHI SN TS [Eq. O)].

E . XC?
T ECy+C

ZITC, ELEWBLVARAERRKL AR
A, C & ECso \FiFHIREE & 50% L AR > A B
B, LTy R3ERARTFTHS. LKL, C&
ECso 13 XV & ITII IS ZIT BT 2L FMEIRE
EBZEABDIEMTES,

Figure 5(a), (b) IZ/8 L /= intact skin & stripped
skin |2 CPC Z i i U 7= & & O R & fl P (cell
viability D) IZEFIICHIl LTRIND L AR
CATHoZEERLTNS, BZDHDOIET
H D73, stripped skin IZ CPC Z2@H L /72 & D
viability O {84>Z intact skin 2@ H L /= & & D via-
bility DFiA K D K Z VY. Figure 5(), )5S

()

N E ST, MEFDOEMAREE & viability DA D
BRI Hil RKic Kk VREINAk. T2 TR THIE
DTHo=N, Fig. 5@ ICRLELDIT, AR
SARKMLTZIDEEDRET D CPC iRE % fi
{2 B &, stripped skin & intact skin [Z@#EH L 7= &
= D viability O JEAAYE U Hill I i RrSI N/~
ZOFRERIZ, HETDOL AR ADNKEETRETT
HTELHZLEZRLTVD,

Hill X TRIND L AR AFEERIGEFDN
TWa, —7, BAERISPZEARTOMREREMNE
BRI DL AR AL, MEERINITIED EwmE SN T
W58 RIS OFMITERK T 5, Wizl
THOREFDOL AR IR EFREDOBEKTH 5
DT, KEFRENL XK A& TFHT 2EESN
TA=HFZRBIEEZRLTVNS,

5. Fig. 1(d) ([CD\T : In vitro BT in vivo Z&}
#YR$ D7D in silico 770 —F

{bZEYBE O E RO R EEREITAEEEICH
0, F&F RS R R B S & (transdermal
drug delivery system; TDDS X |Z transdermal ther-
apeutic system; TTS) O X F /BB EIINEE
TSN /=ABMLEL—-FTdsS. Lidi>
T, KIEERITIZT YRS REE S LT
WS ZENTED., —MRIT, KED KD IRIEMILH
K23 2L EME O ZEBEIT T FORESOEHE
EBRB0TEMW, U TEANS KEHIREA
DR OREEL DT 05—V /KB RE
Ky, ICE->TTHILES., Potts & Guy? 13 2 )&E %
WFREL P OREAENLL NIRRT L H72KX Eq. 3)T
IREINDHZEaHEL TN,
log P=—2.7+0.71X1og K,,—0.00061 X MW (3)

Fig. 5.
Full-Thickness Skin

a) Stripped skin

b) Intact skin

¢) Stripped and intact skin

Applied conc. (%)

Applied conc. (%)

100 o 100 100

~]

el ° 80 ° ® %

g

E OF o 60 ° 60

2 40} wob ® 40

T 20l 0| e 20

3 0l 0 0

A 220 i I L ) _ 1 1 I 1220 1 ) 1 1
0 5 10 15 20 0 S5 10 15 20 0 30 60 90 120

Conc, at reaction site (%)

MTT Assay in LSE-high after Application of CPC on (a) Stripped Skin, (b) Full-Thickness Skin, and (c) Stripped Skin and



No. 1

31

=77 L, 18<MwW<765 kX —3<log K,,,<6 T
H5. £, bbb OTII—T0F 1T EOET
WERZHHLT, EMEEANT VAT Y MKE
BB R DA EAE LN TFITRT K 57230 Eq. (4),
B) TREINDZEZMEL .

human skin:

log P(cm/s) =1.17X10-7 K5/314+2.73 X108
4)

hairless rat skin:
log P(cm/s) =4.78 X107 K97 +8.33 X108
(5)

ZZT, bhbhoZ ) —7DHXEq.4), (5T
MW DQIHBZNWDIE, 7 TR AH 130-357 785
W, B TFEICESZEHIEHATE /2D TH D, W
THITE K, EBq.(4), O)IIEEEBMEN K,y 1T
STTHILESZEZREL TWS, BiIfE, Db
IR SEFE M & B EFIREIZDWT in silico TE
ZETTHINRREIR DNFSE - PAEL T 5,

6. Fig. 1(e)(CDW\T : 3 RikHEL FREET
LOBRM

Figure 4 IZ;RL72& D12, b bEEBEMEZFH
TLDICERBYMEEEZH NS ZENTES. L
L, EBREWMERWS Z & UICE ML ESEMED
THITENUL RPN, T2 Thhbid, 3D 5
b NEEETI EHWTHEA LEME OB %
X, b NEEEEM & L 7-. Figure 6 1% D
R (B MRJEERGREE 3D E#EE NEEET IV
BB O BAE OB ZRT.0 /o, 3D K
#FbL MEEET)L & LT living skin equivalent (LSE)-
high CEEERG) #HWZ. BEEKESHEENE b &K
JEBEENEL D —RRICE NS 72D DD (K 16 50,
Fig. 6 IT/RL7Z& DI, HEMFFT 1.0 B0, &
WHEBAER AN D Z EDNDh >k, Tabb5,
Fig. 6 Z2ffi5> Z &ick D, b bEESEHENTHEIT
ELTENDMoE. bEAA, ZOTFHIEERESS
IZRD 2720121, FH% S SITLHFA DL YE %
HAWTHML TWhRIERSE BN ERIEDIETH
AQ Y

7. Fig. 1(H)(COWT : REEZBEREZ AWK
EBRREDOTA

&I U7 E O i E T IREZRIET %
DIFDTH LW, T 1 DOFEKIT, KEE#ENE
SRR ENIC B S T RRBIETE 2 D00, K&

4

LogP human skin (cm/s)
&

LogP 1 s nigh (cm/S)

Fig. 6. Comparison of Drug Permeabilities through Three-
Dimensional Cultured Human Skin Model and Real Human
Skin

Abbreviations for model compounds: FP: flurbiprofen; BA: benzoic
acid; ISDN: isosorbide dinitrate; ISMN: isosorbide mononitrate; AMP:
aminopyrine; CAF: caffeine; ANP: antipyrine.
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Fig. 7. Relationship between Theoretical and Observed

Steady-State Concentration of Parabens in Hairless Rat Skin

Abbreviation for model compounds: BP: butyl paraben; PP: propyl
paraben; EP: ethyl paraben; MP: methyl paraben.
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