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Alcohol-based hand rubs are widely used for infection control in clinical practice. However, it is known that fre-
quent use of the alcohol-based hand rubs may cause skin irritation. To predict the skin irritation in human, animal ex-
periments are quite useful. Especially, the Draize Test using rabbits is suitable for this purpose because their skin is high-
ly sensitive. On the other hand, the development of alternative to animal experiments is important not only from the
viewpoint of ethical aspects but also from the efficient research and development. Reconstructed human epidermis
(RhE) was developed as a human skin equivalent model in vitro, and has been applied to the evaluation of skin irrita-
tion. But the RhE has not been utilized for the evaluation of alcohol-based hand rubs because of the high skin permeabil-
ity and cytotoxicity of alcohols. The aim of this study was to develop a new method using the RhE in evaluation of skin
irritation caused by alcohol-based hand rubs. The authors propose an experimental technique named ‘‘Skin model blow-
ing method (SMBM)*’ consisting of the sequential procedure as follows; applying small amount of testing sample on
RhE, blow-dry, post incubation, and cell viability measurement. According to the SMBM, the skin irritation caused by
alcohol-based hand rubs could be evaluated under the similar condition of their actual use. It was found that a high cor-
relation existed between the cell viability obtained from SMBM and the skin irritation index in rabbit which had been
reported previously.

Key words—alcohol-based hand rub; skin irritation; alternative to animal experiment; reconstructed human epider-
mis; three dimensional human skin model
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Table 1. Types and Concentrations of Antiseptic Agent in the
Sample

Code Sample Antiseptic agent

E Ethanol for disinfection —

Povidone iodine

®
IP  ISODINE® PALM 0.5% (w/v)

Chlorhexidine gluconate
0.2% (w/v)

Benzalkonium chloride
0.2% (w/v)

WU WELLUP®

WP  WELPAS®

IEAEHER ARt ZDIEA L (Table ). U >
4% @& (PBS, pH 7.4) 13 H /K IR X4, 3-
[ 4,5-dimethylthiazol-2-yl ] -2,5-diphenyltetrazolium
bromide (MTT) IS FIALENSET, 1V
a7V a—)L (APA) 1EF > bk att
KUOHEALZ.
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=RaEEE NEEETV (BEETIV) 1T,
LabCyte EPIMODEL 24 (MR &t v /8> - 574
a7 KEETIVER 6.4
mm) %AWz KHgFEy M Eo b0z fA
Lz, T7707—, I7HR>T #klatt=y
v —#l AWA-110, H:HE : 1.31/min), >V 31—
>Fa—7, 4F ¥ >*)V/ X)) (INTEGRA
BIOSCIENCE #!, VACUBOY 4 F ¥ > )7 ¥ 7
) ZfE L TERL .

3. HERITY / —ILLDEMICLZMIzEREE
DOREZEL HKEEFTIV ECHFERATZY /-
50ul 285U, FrEREfE#, PBS 500 ul OiRM &
WBlkrEZ 3EEEVIRL Tfro 2. 37°C, 24 K
A >Fax—Tarlizth HRAFEREFEML 2.

4. RBRFZE HEEFI EITBRK 104 % #
HLU, #5705 1 pDINICRIKNEET 2 KD ICT
770U —HWTERLE SEEETIVIZDON
T EROEMEZ 5 [mHERE T o 2%, 37°C, 24 I
A >Fax—Tarli ok fMletERz
AL 7z,

5. MRAEFEOFM (MTT-assay) MTT
7.5mg ZREETIVF v MME O 15 ml 1278
fR L, SRt ERES L2 SEEETIV
DREH 2 AR Rt B T sgH U, 37°C, 3 REf
AoFax—rarylLTEMEEzRELEZ £0
%, Wy ThEEEETIVENAL T 7 O0F 21—
TJIBL, 1V 7a)8N =)L 200ul ZHRML T=E
H, BN C—BE L 2. REET IS EHEN
T INZIEEEELTI Y )10
7L — M 150ul/well 33EL, 4707 L —hk
1) —4% (SpectraMax 250, Molecular Devices 1 4L)
Z H W CTHIE & 570 nm, Z & 650 nm (2T
WL 25 Uz, RO ST 5 )L 2 Btk 5t g
GREAEGER 100%) &L T, WHEEDHHEDN S
TNENOMRAETFREEL L.
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RO MEAEFRZFEML 2 (Fig.2). BAF, Z
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Fig. 1. Cell Viability Determined by MTT Time Course As-
say
Epidermis models were exposed to the ethanol for disinfection com-
plying with the Japanese Pharmacopoeia (ethanol content 76.9-81.4% (v/
v)), and is expressed as a percentage relative to untreated one (negative con-
trol). Data are presented as mean=+S.D. (n=3 for each lot of epidermis
model kit) .
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Fig. 2. Testing Protocol and the Blowing Equipment

(A) Schematic illustration of testing protocol named ‘‘Skin model
blowing method”’. (B) The blowing equipment consisting of air pump (ex-
haust volume: 1.3 1/min), tube and 4-channel nozzle. The 4-channel nozzle
corresponds to tandem 4 epidermis models in the 24 well microplate.
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Fig. 3. Cell Viability Determined by MTT-assay

E, Ethanol for disinfection; IP, ISODINE® PALM; WU, WELLUP?;
WP, WELPAS®. Epidermis models were exposed to alcohol-based hand
rubs, and is expressed as a percentage relative to untreated one (negative
control). Data are presented as mean+S.D. (n=3). *p<{0.05 and **p<
0.01 compared with Ethanol for disinfection.
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Fig. 4. Correlation of Skin Irritation Index (in vivo) and Cell
Viability (in vitro)

(A) Integrated score of primary irritation index of skin in rabbit (previ-
ous work) and cell viability (this work). (B) Integrated score of cumulative
irritation index of skin in rabbit (previous work) and cell viability (this
work) .
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Table 2. Dosage Amount of Alcohol-based Hand Rubs in
Each Subject

Single Dosage Application

Subject Amount Site Dose/Area
Approx. Approx.
3
Human 3X10% ul 600 cm? 5 ul/cm?
Reconstructed 10 ul 0.32cm? 31 ul/cm?

Human Epidermis

THBD, FHREEOHEEFEITBVWTHMD TH
BHETFHEHEHAZHER I EARETN TN
2.7 TEEET)IVTO—ik] TIIBAKO AL
B0 OHEEGENE NEFHOK 6 FITHD
(Table 2), #:VIRLU 5 [EHE TIEHA 30 B4 D&
AN T 52 Ens, DEOBRKZE AW THERS
L 72BN AT RE IR SR & L T b 5.
7z, EROBRKZEFERFCHAM T 255 TH MRk
WIS U THERETT IV HETIUIMIETES.
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X, ERERRICHIR U2 ME S U > DRI A
78Ry F2HWAZ EITXDWEBTESLEEZ
55,

INSOEFEEmEISHEMBEL THHATIRS
W, TREET IV 00—k 3R O K iE
Wtz PR RE R B EBRAREE L TAHTH 2
EEAB.
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