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Relationship among permeation of ethanol, leaching of hemoglobin from capillary blood, and
permeation of morphine hydrochloride in hairless rat skin

Relationship between permeation of ethanol and leaching of hemoglobin from capillary blood,
as a possible index of skin irritancy, was examined in hairless rats. Ethanol solutions were applied
in vivo on the abdominal skin for 5h and then content of Fe, instead of hemoglobin, in the
application site was measured. Permeation of ethanol through the skin was examined in vifro in
the corresponding condition. The index, i.e. Fe content in the skin, shows correlation with
cumulative amount of ethanol permeated or maximum flux of ethanol through the skin, while that
wasn't correlated with concentration and content of ethanol in the applied solution. Since a slow
and continuous permeation of ethanol for 8h didn't damage the skin, the maximum flux is more
important parameter for the effect of ethanol on the skin irritation than the cumulative amount
of ethanol permeated.

Relationship between permeation of ethanol and morphine hydrochloride (MPH) was also
examined. The cumulative amount of MPH was correlated with the maximum flux of ethanol. A
formulation containing ethanol should be designed carefully so as to attain effective skin permea-
tion of drug while avoiding the occurrence of skin irritation.
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% | Composition and applied volume of test solutions

composition (v/v%)

applied volume (gz1/cm?)

No.  ethanol PEG400  I-menthol 50 100 200 300 500
1. 10 25 5 A
2. 20 25 5 O 4 L4 N Y
3. 30 0 5 & P ¢
4, 30 50 5 v
5. 40 0 3 O

R EBRLESE L, =¥ 7 —2fiogng
I & B BRI & OB O RO FIE i
LTHa2ERET TR TWIbITRERL, &
DR ERER B 2 L2 R T 2720
ik, EhoO#E B AERLEcBLT
R EMATER TV ZEBUETH S,
FZTEMETR, =7/ —VvOfERA®> 5, M
B LOHBOBEE L ZOBROHERE S £ 5
THEREEWERIER L, YO XD ARt
BWITEZOERABH LN EZ DI OWTHRE 21T
fe. Thbb, EBEYMELT~TVAZy  E2H
W, TF =k [-XA Y = B0 HRO%E
WrlcDBERTEE LCEAL, #ofEoR
ErEMABFomazEoR L L TEk(Fe) 2HlE
TEZ LT EDEELI:,
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(1) ~TVRFvy b~DEEWD in vivo HH

HE~7 Vv A7y F(WBN-ILA-Ht, 200~250
g7y r(1.0g/kg) THEL TEAEEL, £
DO CEHHEM 3.36 cm*OHF 7 AL E7 O
V77 TCEELE. RIETRT LI, RBHEOZ
nEhERAEEZEVRICNZ, ABEHSEIICE
LI, EEOERRGREIR, FREDMER 2 h 2 B
Xy /—=NDt5ERSE S N DRFH O %
HELT, SR L.

HHRTHE, wAZ2R0AL, @lEEBEE TR
Efo7:b L, MMBIEXE, ARETEEO LN %
BT &bkl L, ML -Es, &R
LIEE RHIE LRI —40°CTHESRE L.

(2) MM Fe DER

B % 128 A TR A, B2 AN, HA/S—F—
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TR, BEAFGOOC, 3B TKIELY:, HE)
%, 8 1 ml, 7 v{bk3RE 0.2 ml T—REEBMEL -
By b7 — 1 (120°C) L CHREE L, BE®BH
BT 1ml 202 ERL, KTBmlCERL
iz,

EVEW T O Fe X, WA 7 X~ N0
i (ICPS-1000, B5dEBUERT) & H L THIE L 7219,

(3)  fath R % Rl o RS ER

ANTVAZy MEEENEREL, 77 VBE
NMZEF LT, B1CRTEMRE 1% MPH 2
L, in vivo FE L RBRZFETeAdICEAL
fz. ZEMANE ITCIED, 1 EEECEREERIL
7z, EFpFOzy —vBEERAEL, BEEO
B - RAOE AR 15T,

EEROM TR D @i s 8 OE % 5 SRR E
(Fmax) & L. =4/ — )vOERI I NEREEY
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{EAR) %, MPH O ER I BATHEEDE 2 o $ Y
»E LT, HPLC(LC-6A, BEH{ER) 2EFhFh
iz,

ERCER

HRALBED FL P U Rk 2 LE 21T THIEL 2
FEih Fe B ® Iz, 0.57+0.35 ug/cm?*(+SD) T
Holz, =¥/ —NEERTHERESEMAEL:H
ETH, ZOMEMH Fe 86RO, HHROMRP
HARMC Lo TARELE(LE. EMABOHEE
ODRALZLHEIBSE LTI, =5/ -k -4
Yh=nBEZ SR, KBEHEHTI-A> -
NOBEPEFEL L, TR B W TEMT Fe
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% 2 Relationship between concentration in applied solu-
tion or applied volume of ethanol and Fe in skin
after 5h

No concentration of applied volume of Fe in skin
* ethanol(v/v%) ethanol(gl/cm?®) (xg/cm?) : (£SD)

112 10 20 1.87+1.35
2. 20 10 0.14x0.13
20 20 1.780.90
20 40 3.53=x0.91
20 60 4.45=1.29
20 100 4.2620.90
3. 30 15 1.900.66
30 30 2.87x0.33
30 60 3.90+0.90
4. 30 60 0.14+0.24
B, 40 40 2.79+0.29
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IF /= NVORBREDENDATHEAT S I LR
TERW(R2). Fl~0xy /—N#EFE L OBRT
HbHE, =¥/ —VOBEARDMEINCH L TEMH Fe
SHBASEINT 2 AL S35 44 No. 4 © 200
pl/emSBAOBETIEHES I EOMFRERE ST
3(R2). SEFEBRLLLATORNT, TONHIZB
WTDH I-AY b—VRFE2ERL T3,
BRUATOHETI- A r—NExd /) —NEH
HEDLETRIVEERICBWT, ZD{EEERN -
AP —IVOERICEKET A EERLTWLAEY,
FOI L6, MF Nod - 200 xl/cm=BEHDBE,
WIVEEEIME L, EMHEBOBELE, -2
DEEZBNDL. IhoOFERLS, BFRPTY /—
NEEPLY /- ViR EOBRRMGP SRS
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wEEbhs,
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PRV, EEP FeaEREOBFRER 1 5L UR2
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E3A X HEEORHMF No. 3 200 gl/cm?
WA XA No. 22100 gl/em*BEHI 2T b
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fz. 3R OMARMOERIC L D EEERICED
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1 Relationship between cumulative amount of ethanol
permeated through hairless rat skin in 5 h, Qsh, and
Fe in skin after 5 h

Symbols are shown in Table1l. Each plot represents the

mean+SD(n=3-6).
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2 Relationship between maximum flux of ethanol through
hairless rat skin, F max, of ethanol and Fe in skin after
5h

Symbols are shown in Tablel. Each plot represents the

mean+SD(n=3-6).
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[ 3 Permeation of ethanol through hairless rat skin(A)and Fe in skin(B) after application

of ethanol solutions

@ cthanol 30%, /-menthol 5%, applied 200 xl/em® I No.3in Table 1+ (A) €, n=6: (B) a,

n=3

@ cthanol 20%, PEG400 25%, {-menthol 5%, applied 100 gl/cm® : No.2 in Table1 - (A) (4,

n=6; (B) b, n=3

@ cthanol 10%, PEG400 25%, [-menthol 5%, applied 1 ml/cm?®: No.1 in Tablel « (A) A,

n=3:(B) ¢, n=3
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B4 4 Relationship between cumulative amount of MPH permeat-
ed in 5h and F max of ethanol through hairless rat skin
Symbols are shown in Table 1. Each plot represents the mean+SD

(n=36).

LR WALY No.1: 1ml/cm®# A & 4L /5 No. 2 :
100 pl/cm* B A TR EMBEESIRE B2 500
nE, THZELENRLHL DY, ThsOHED
HhafiaERICI Y, EMEEOFRBEMEHEES
hERD, X DEELUFDHEARECR D EBD
n3.

EREBOBECB VT, F max BEER/ S
A—FThHbHIENRENTIE, TONFA—FL
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BEMTo 5 FME % o MPH @ B/ K W& AR
O{EEZMGT 2 Fmax @i LT7ay b LT (E
4), ZOMEOBMFR IZUELERMENED Sh
3 ¥ /7—NORINEEREDO—> L L Tsol-
vent drag ZIEMHEHI N TWw24+59 MPH O
MESEES LY ) —OEBEECKELTWVLS
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FUCERIEKEL TWwB & nwd 2O, in vitro
EETEMEEEDACER L TR RTI Z
LICESEERETLOTH .

£z, b hMERshaMAITE, BHROEWN
OHieEL D FoFEHBEBMEONREL S,

Licdso T, WIIUEHEDIRE 23R L ~LiC
TH-BmaT EVORN L ENRIES EhEFhE
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Tl 5 HEEHIT A Z Licinz, BEEOT
fii & FHIBEROMIHSVETH S L Ebh s,

x &

1) Hsieh DS(ed) : Drug permeation enhancement. Marcel
Dekker, New York, 1994.

2) Bando H, Takagi T, Yamashita F, Takakura Y, Hashida
M : Theoretical design of prodrugs-enhancer combina-
tion based on a skin diffusion model : Prediction of per-
meation of acyclovir prodrugs treated with 1-geranyl-
azacycloheptan-2-one. Pharm Res 13 : 427-439, 1996.

3) Sugibayashi K, Nakayama S, Seki T, Hosova K, Mor-
imoto Y : Mechanism of skin penetration-enhancing
effect by laurocapram. J Pharm Sci 81 : 58-64, 1992,

4) Hori M, Maibach HI, Guy R ! Enhancement of pro-
pranolol hydrochloride and diazepam skin absorption in
vitro. 11 Drug, vehicle, and enhancer penetration kinetics.
J Pharm Sci 81 : 330-333, 1992,

5) Friend DR, Smedley SI: Solvent drag in ethanol/ethyl
acetate enhanced skin permeation of d-norgestrel. Int J
Pharmaceut 97 : 39-46, 1993,

Drug Delivery System 15-2, 2000 125



6)

7

8)

9)

10

11)

126

Tata S, Flynn GL, Weiner ND : Penetration of minoxidil
from ethanol/propylene glycol solutions : Effect of appli-
cation volume and occlusion. J Pharm Sci 84 : 688-691,
1995,

Kobayashi D, Matsuzawa T, Sugibayashi K, Morimoto Y,
Kobayashi M et al. : Feasibility of use of several car-
diovascular agents in transdermal therapeutic systems
with /-menthol-ethanol system on hairless rat and human
skin. Biol Pharm Bull 16 ! 254-258, 1993.

Altenburger R, Rohr UD, Kissel T : Rate control in trans-
dermal g-estradiol reservoir membrane systems: The
role of membrane and adhesive layer. Pharm Res 15
1238-1243, 1998.

Nangia A, Camel E, Berner B, Maibach HI ! Influence of
skin irritants on percutaneous absorption. Pharm Res
10 1 1756-1759, 1993.

Sugibayashi K, Sakanoue C, Morimoto Y : Utility of
topical formulations of morphine hydrochloride contain-
ing Azone and N-metyl-2 pyrrolidone. Selective Cancer
Ther 5:119-128, 1989,

Wada Y, Nakajima K, Yamazaki J, Seki T, Sugibayashi

Drug Delivery System 15-2, 2000

12)

13)

14)

15)

K et al. : Influence of composition of /-menthol-ethanol-
water ternary solvent system on the transdermal delivery
of morphine hydrochloride. Biol Pharm Bull 16 : 600-
603, 1993.

Matsuzawa T, Wada Y, Shimoyama M, Nakajima K,
Seki T et al. | The effect of different routes of administra-
tion on the metabolism of morphine : The disposition of
morphine and its metabolites after topical application.
Biopharm Drug Dispos 15 : 665-678, 1994.

W O, EE R, WEET, TR R - i
FreELE AEERINHRR L 2 OREEH~OTERE. Drug
Delivery System 11 : 393-397, 1996,

R K BRERZ RENTEH EOEET SUse 7>
X2 FMTIC L AHEEERANOS TERFER. Sk
4 34 1104-108, 1985,

Hatanaka T, Manabe E, Sugibayashi K, Morimoto Y :
An application of the hydrodynamic pore theory to per-
cutaneous absorption of drugs. Pharm Res 11 : 654-657,
1994,



