80

i3 EyesOn

—)\'JA

RRg/~Y

RREPIKFRT

KR EfZERELT-
L5 DI

Z2 ] BY 5

FIER fE&

1. %8

KRy oF /A4 M EBEREARE T o
BB RGN 7 2K T 5 — . IEFETRRES
RIS, A2 AR O EE - L
TV2 I EDBHL»IZR Y2252 VY, Sl
BENFRICL - TZAESND ZEWRIBEINT
Wb, REMIC IR T A T U HL
T Y 7, TR O RSO,
PR, BRI, a5 —r UEESD Fa kAR
HiTa@aeHol LAMONTY2 Y A
ZETIE, JeATRRSE Y THE 8 NICREIBD B S
) 7 ARSI R EH Lo 2 ORI ISHIE
JE LML 7O BRI OB G 2R s YL
far ~ov TIMIERE OSSR & v 3 2 BR B
OB ENTH2 7,

22T, FEEMBENIC A A DRSS ELL,
Ca’'Ig ¥ DA MBBREGE S b > 7' v k
LT S EnmohnTes ¥, 2ok 5 i
FILL Y. MROE A AN & R BN (tran-
sepidermal potential difference, TEP) &I
pEMAEVEIN, ZOKRSSIEE MEHTIE
72 & OB mVAEEET 2 7 TEPOHIZEE
o3 7 OREARS (4 4 v A DE L% L)
L DEEET A 2 ER D, N T OEERFMRE
LUTIEMTS 2D B 2 10 — Ryl -3 )

A=

%ﬂ

Cosmetic Science 2025.10

7 G TRAE © & 2 FEH AR 70 L ik % &
TEP (3 B2 8 MLk O W EBIRRE & SOt 4 % 72 51
FRRDWELZ L, ATy FTOEF
A TREE 702 EHIFFCTE 2, W' Tz, 7%
YR Dex vivo® 7 v HV T, FEERIYL N
) 7 LY TEPASRES LIFET 5 2 &,
B 75 5 T DRI 2 TEP O [al45 2 gtk 4
52 LERBIEL I, AWIZETI, Rotic &

“U?(ﬁ@@%i@ﬁ”ﬁ%@%ﬁﬁka
AR S 2 & 2 RO 3l 2 372,

2. ik

SIS L LTAT v A~ AR EYR (kR
2R RBEEENT, 7R AF V) BRIV
CHBRERRFIC AT LAY Y AR (Hos:
HR-1) OFEBEEEETH Y FHIE o9
OKGIRETHE L, FEBi: T4CTRE LD
b FEBRIE AT B (gibco, DMEM, 7 =/ —
ey FARE) 2 E IR TSR LTS
TEPEHIRZEEH ™ 2512, MLRTHE
AT ) ¥ vl OSFEEE) 12 4wt% D 7
Aa—A (7Fa, Agarosel) RHEML, >
a—>F2—7 (ASONE, K7 Fa2—7, H
F3mm) FHEL TS, HiGE L1c, &
St 7 F 5 4 (BAS. AL7082E. BilIETEE
WEE—F) D2 >OWEm 12z 2 Ag/AgCl



D,
4 ILIEHE
BIREE (U >4 L)
=R
ﬁEEchl ERE
KB
AER \4
| BRI
BER
BE1 EEYVIRTEPEHIRERR, BEETOM

HFICSREBEIERL. SoICREER
FTEEMRR(EIMKCL Y TFIVIRIEE
&, R Y iR RR) TiERL 7=,

ZIREM (f —>—7 w27 47, RE-1B) #Hki
L1726 20D8MIE 7 N2 NETFIKCIARIZIZ L.
SO IIAETREN L LI, 22T —
OGS R (F)8) MO FHIR G 2 i BeH
S, )~ HIIEAREPSAICHEME B TH
Bk BRI LI, T DRIRER (FE)
LR L ORMICAEL 2 BAERERIT 525, B
PUC R ZED T L 220 & B3 Tiige ) 55 L O
LIRT O . AWFZE0 g X b MR
ThHh, Hll S N7 FEABOIE A (ES)
TP ) B LG EART I LY TS 5,
SRR Y LRk E L7, BIRLEDE
P8 (BREFRF .26, LA-HDF5010) 2okt 7 4 v
& — (MBFRFT3E, R-60 ¢p22.5mm) £ 54 b4
A F (BREEEF T2, LGC1-3L1000) #HLY 117,
FESEIRE LTI, 54 M A4 Nz atg
AT EAE8 mm AR D RO S AR
RS hL L IFELI, BT —t W (H
i&t B H%. Optical Power Meter 3664, Optical
Sensor 9743) THHIREZfEFE L. LEDGHED
A% HORE DY,

M

21. AT LRI REEY R OTEPEHE
BRI OFBE M TERIE RS 2 P, 2 DR
2 A TEPZ 60BHIEHIIL 720 o 7Y v 7))
WX 0.1 L LTc, 60F BRI & P 2 5
L., TEPOWIME L L7co Rl FHAGR
PrHulbb L7210 mmAOHIFAZ, 71 by (Bl
7 A v AHDEHEE) B R R TIRS S LT
JBERE U\ FEBRIY LYY 7 BRREA A IR 2 g L 72,
COLE, REHBROBMIIRES % /NI 2
CRMONE 12097 LISk A R R
PEL TS, 10 MfFE L. 72 b v 2HRRS €1,
FHIXT R MO TEP 2 FHEE 60 B RIEHI L 720 2 2
T, TEPH MM D 40-80% L Ik »72 2 L #Fff
RBLT X YD KE» - 2HE 1%, 40-
80%\272% 2 T7 & b VLB 2D K L 72, flin’
40% Al & 7 S A EEHI 2RI L. 2 oY)
Fro7—x 2oL,

2.2. FBRBEHIC L ZTEPEL DR

2.0 L BRI, BEYI R O KM TR
G gD, TEPZ 60BREHIIL 0o 20T ¢
bR T, BOTEPZ 60 RIEHIIL., &
DK E SHHMYMED 40-80% L s ~Tc 2 L %
FEEEL 126

DOV TEHI SRR EE R B L. K50
P72, MESMOHKRDICD, HETRE %
10, 20, 40 mW/cm’ D 3BEREIR%E L, K 7
VIZ60 M O 21T 572, 2Dk &, HEE
52620452 EWCTEPREHAIL 720 & 7o, U
HRJEE 2 20 mW/em® (Z[ESE L 72 9 2 T IS O Fife
WEf % 540 103 X ITRMCEH L, IR
L OB THROTEPZEHIIL 720 TXTO5AM
THGIBIED & 10558, 20 5% ICFRI 24T > 7o
7o, SEORIRDZERMIILIED Y IZD0T b
U7 RETIEEE # 20 mW/em?® 1, Fipeii 2
20502 RE Ly JEHRST R © ORRES R 2 3 0

Cosmetic Science 2025.10

81



82

DFHI R E L - T, BEFGE2» 52055282
TEP#FEHI L 7oo HiBEIX 0 mm OEHESS TIEF) |
10 mm, 20 mmé L7c, 2DEE, 7 bl
HOFIUL 3 SDFHI G TN THIE 5 &L 5\
10 x 30 mm{ZJAiF7e,

2.3. PVA# L% B\ - TEPES e HRl 0% s
RIS ok & 2 TEPE LD =41 v 2
ZHEL, HEHEHIOME #1770 22T 7
T b R FoNT L A~ T AR E O 2
o, KGOZEERWIT 5 L. ARKREORITE
HEsSh2 2 EryHrshTtes W RFHIRE
WG OB Y /- U CEERT & YR 2 5kt
T2 720, W HHE RIS 2 IR (PR 7
., EEZHET 2RSS D 2, ZORBIZO
CTHERRT 572, JER LR 220 X 20 X 1 mm
Dr Gy — P TEY, 2O E» SR RS L
T104rZ LWCTEPZEHII L 700 JYED R X

20 mW/cm® (2, FibelEix 10 L. Gt
T LR A VERG S — 2RI, o— b

DOFEE LT BERCTS 17 m—Ar vk,
PVAZ 54 F 7 v 2fffi% ik L 12, PVAZ 5
A FFNE, 25% T AF v ANVERF P KIS
PVA (Moiwol" 28-99. Sigma-Aldrich) 15wt%
PINBGAR L. M - RO A 2 v B 3D
BT 2 E TR L L KA TEk L 7o b i
YU VHIZER LI DR VI,

$1e. BRMUIR CEEMN L F 2 — T S
WHERERPVAZ Z A4 & X vt 2. 1THFE O
ARl 24T 5 720 RHAIEHIG 2> © 60 #0721 B SS %
FEGE L. FHIRE T & THYS 2 Hed) 72,

3. :BR

H2AT v AT AR O TEPEHIR R 2 /R
To FHUBBSORETIE, &Y Iz RE
i (@) MAEIZR B -6 mVEiBROENEY

Cosmetic Science 2025.10

—e— Sample #1
- Sample #2
-8 -0 Sample #3
—¥— Sample #4
—0— Sample #5

TEP [mV]

HHA(E 7t Bk

BE2 v IREEYROTEPHHME. $XU7
VEiRE&RDTEP,

R, BAZEOMMEDN & 3% HE4TR5 Y 21
DB E—HL., F1CEMEORKSSEANT LA
= A Dex vivo ' 45 X CBER ¥ 12813 B in
vivoR ISR OB TH » 17co 7 b Wi
XA BRRH 2T L, TEPIZ-22 mVa2 5
-3 4 mVIEOHIC & TR L7c, JeA7hisE 0 ©
W, AR L O TEPWIHHED /N & v (=4 mV
) YR LT —7A M) v 2
LAWY THBE L ICE 2 A, 2 mV
MEOEMARD»EE s, 22T, TEPD
IR Y R s 2 e hTes )1
. LBEOHGE T &RHIRI 61 5 UHDTEP
D% 100% & L THI L e bRIZHES S, &
fr B OMEI 2 i L 7c, 7 b LBz X 2
IR D ©TIREITHIE ' 2 5%, AWF%
T YW TEPIED 40-80% (2 kA L 12> T v
2RO IR AT RETH 2 LHIWTL 72,

3 (a) - (c) (2SI O TEPEHIE R % 7R
To K, T—2D—FHIXK2DFER EH—D B
DTH 5o BRLHIZL Y, TEPOMEIZ YL T
LMD 60%FEEELZ & T L 7co Z D%, TEP
DAIZ% { O > T THIR L IEOKIEIZ D
1203, IR DS L Y MEORE LR - 72,



(a)
120
100
g 80
H
a2
&
o
w
=
- Control (n=5)
20}(-¢-- 10mwiem?
=& 20mw/cm? (n=5)
Of |-~ 4omwjcm? (n=5)
5 20 40 %
BB [min]
(@)
120
100
g 80
L3
a2
&
o
w
=
=3¢+ Control (n=1)
20 -&- 20mm
=& 10mm
Of|—# omm
5 20 40 %

#EBEFR [min]

BRI OS> THEET 2 £ (M3 (a)) .
10 mW/cm’ % & IF20 mW/ecm® Tid. e RETL
ROGA IR TTEPHORIEN R £ D, 70, 2
DOFHE 20 mW/cm’ DFAFEDIZ I DL Y K& H
oo —J & SICHUNIREESR 3 Vv 40 mW/cm?
Tk, WEOREOLR BT L 2 W LI
HThoT,

WS OFHERE R c > TR 2 & (M3 (b))
1 min¥ & F5 min D4 T3, LA 20 55
3T CTROLA LA T 100%BEIZE T
TEPHWHIEL 720 1 secTid. [MIBARMER 7wl H 1%
BEAEALNL T, TSR O 22 B
NIETORBEIZS TR (3 (). g
TOMEO mm £ E 10 mm D g, FRCR
BHE TIE £ D 20 min DI 36\ TRBRD (115

(b)

120
100
g 80
#
o
£l
o
w
=
-+ Control
20 =%~ 1sec(n=5)
=& 1min
Of|—# 5min
0 10 20
FEBEFE [min)

BX3 KREREBHICKBTEPZEIL, (a) FBXEHF
BRI 60 min, 10-40mW/cm? D EH 31
HEETRHLEES, (b) FEXERSFE
E20mW/cm?, 1sec-5min DEXL3iEE
BETRELEEGS, (o) FEXERFRE
20mW/cm?, &K UFFREE 20min TRSY
L5560, BEAHSDIER0-20mm
BIFBTEPZEL, T7—N—3 TN TIEER
=, Bk EiE4n=3,

I 2 7R% L7 HilE20 mmori, % & Oe% gt
LIh - I TIRIENIZ LA EA LN 5 12,
¥, JOFEBRTIIMOFER L T2KIITEP
WIS D A 6 4, X TOSRM TR
BHE T, BERTRSE I PECTEP 2SR L T 72,
HEW & N A EEIZ OV TR REBT 5,

X4 (a) (b) (ZPVANA Fr 7 vifiigr v
TEP ksl OB #s R 2 R

N FR PN OB T 5 L (M4 @),
CTNOEMET b 105 B OHE - LIRS OEE
(2. TEPOEIXAIMED 20% 12 & T L
oo FvERBRELIE TAR—ATS VTHEL
1Y DI T 45%FEEIZ E b2 o T7C
., PVAZ v CHE L IcY > T iz -3 T 90%
FREEIC 2 T L 7o,

Cosmetic Science 2025.10

83



84

PVA 7 vifif & Fiv TGRS o TEP sl
BITo10b 24 (M4 (b)) FHUBAAAR (2 40%
FLEE T - I TEPEAL X, 36008 H T
83%1.z % THIFE L 12,

4 ER

JGHRS I & 2 TEPHIIEERD UL, B 2%
G- 1 A F — OB (RO IREE & Ffs
MO, 7wz 2) ok U CHER L AHBIBIfR 2
IRER D510 IR S 0 Tid 20 mW/em®
NESIDR-EIVEYIE 7R A =TGN S AN & 7 1 ]
OWTIE I HREET 8. 605 M oMk IRE
PSR A 6 T,

AWFZELARTCFEM L 70, KE 7 4 DA % H
CroEER Y TR BEREARECIEE LYK E
7 RS A A 6 I b DD, LI E DR
KIEEE (40 mW/cm?®) Zi#8 2 2 5F 20 Tk
WTELhrotee 7THRFIIHFCTE, SHITHK
BHREE DR 3 WAMF TR BIERNE AN { 72 518
MDA LNICHRENY D2, dIcTNVT L A%
B2 L. 40 mW/cm® OIREE T 105 F OIS 2

1T A X TEP IS L v N 2 T

—_
Q
—

-
N
o

-&- Agarose

TEPZEALEE (%]
5 8 8 8

[
o

o

10 20
FBEFRY [min]

FELI:—F., vy A THES 26 mW/cm® -
60 MO RS T+ mEL 2w T
Lot AMRDOBEREIMO LAEDE S L, b
(2 & 2 TEPE ISR HER) R % = A v F — R AKAT
BUCHN S S DT, AR TH - T b #Y)
RO LT, RHRNIREFHET S Tt
ANTVEETH LHEMEN L,

M 2 HF7ER L LT, REOLEDIRSHC X %
~ U A H O EEER L, T rvm A
HiF— b 7% A BBO LT b 7, O
DOFFET I3, FREES mW/cm® #HE D)t # £ 600
BIATERT2EMTE - L bRFIE R
DR - B DSl TR EAVNE 2o 720 Th
a7 v A BG5OSR 2 AL T
I — U LOREO N LETH L —)7, #H
7B A E LR E b 10O UIRBIGEZ 150
P2 EHER S o AWFE T A L I TEP ISR R
DBEENZDWT b, WO & - TP
CHHEMER D B

70, B O 7 2 RSO R G ER E
AREFFED~ 7 AR YN 2 G ICEBR T, b
BRSO LA O N RO R - 72,

(b)

120

DI

o]
[=]

TEPZE(LER (%]
3

40

20

0 450 900 1350 1800 2250 2700 3150 3600

RBEFR [s]

B4 PVANARAOFLIERE#BW-TEPEGHIDO®RET, (a) NMFOF L TRELLEL S ZBEIL-5
B DTEPEZE(L, n=3, L7 —/N—|IEHERE EFETEY DI FERIIEE - KR OHEEERT,
(b) PVANA AT LIERZRAW-TEPZ L DESEHAL,

Cosmetic Science 2025.10



T X3 E b 40 mW/em® BLEOSE
X AR VIE L Lic—T5, =T AREYT
ZINEH/PEC20 mMW/cm*OIBET L H KX
7 AEEER R A & N Tc, ARIFIETIE 2 DR
DFENIFBIZE S L 510 d DD, WHD 7
HEOECHEELERTHL EELOND, i
i, 74 REOBMMEOIE S ke P FIIe
Y, REOES P L T100pmARE Y T
bo—J), AFETHIc~T v A~T ZAHR-1
DEEOES I 10umU FTh -7 2D L
73 7B AR PR - LR D =R e
H, MERELTENENREL 20 ZR LI
LOLHENTE 2,

& Gy IR O BEALIC 2T OFHIRS e pe
O JEHIERC & 5 TEPIRIEARAERD R TGS oD
L6 10 mmAEEREN IS X T T4 2 LD
RIBS T, 7 % B 2 IR Y s
T, RSB 20 mmO Iz & TIAA 5 7
EALNDRERVHONTE Y, ZOERD BH
MmO L2 b LHENE N2, BB, 2O
ERRTI TN TOLETTEPHOBA D % 6 i
2, ZAUEFE— DR EYIR RCERI S 3 0
Lh, 7 b I & 8 T REEO TR A
DFEBRDO3G LI 5102 LR~ O BT 2 BK
SERIHDTHL EEZ LN, B T b [k
O PBIZE S NIz, FIROEEFBEL T, %
FERFZE 27 12 36 0 T B MR O 2 MR L2 SR T Y
Br—F RSP AL, JEFEOMIN T —E 7
Ca’ IRED FADBERSNIBR DY, N 7k
HWADIRERLINIRILD > 7' F ik & OREE
HERME N T2, BT L 2HORE L. KEW
A & VA DB E R AL TRERARTEL I
MRS E X LN b,

SRR & B AR A = X 2 OIS, &
W RIS OBERDIcHIZ, TEPRIRIEL L1
)T LFHEDENTHS LTS 2, %

BOMEY . ABFZETHCICTEPEHIR T,
YR > T ns r VRGN O (ERT %/
LCHhes L 7o, SRl B2 KFIL N Y
7 AR O B WREMES D 5 720 ABFZE TLX,
HARBAES S I VB E LT T Ar—2 L
PVA® 2ffi¥i % ik L, PVAZ v T & Y TEPH
TERHEREANE L 782 2 L RHER LI, PVAY
MKV CENR, T AR — AT v L ) ESTO
FEPRKS O (FAREPVRC) BET oLV
NY v 2R R LTI, B R G 212K
WCIEM R ORI B L 72 5. AR TIZZO
PVAYifG & v, il & > TTEPEA |
TARTFRBINT 2 2 LRI LA, 2 omlfE
IR R ORE S & T 2 RO H -
oo WG & 2 MK OMEER & VKRG HHED
FERRIANEN S KL g O BIEAEER R 1Z
IMWERIHTH -1 EALND DD, Ilifiat
T 10 5421 TIRIEASBEFT B 1278 2 HLBg
FALWA LN L2 ZET 5 L, WEORE
RIRE LTI T 3 e wokiEIZ D 2, TEPIZ T4
K & L NERIRBT 2 FEO RIS & D BB R
ELTRHIIT 2 709, HEOBSIBUHEOB R
HHREFETE, LIch > TEMEOBEM 2 &
LIRS TRMAD 5, S8 EMBRIE L BET
e ARAIEEYE 2 e i 2 7o MRS TIAR 2 Mg Ly LR
DA F B2 AL L e R 2 LI,

5. f¥E

REFFETIE, TN 7 DL - TED
LTEPOMERJRIE L LT ~NT v AT AJFEY)
P23 2R EOEDRE ) 7 BN ER RO
iz skArce LY O 7 % KU 2 o 1ok)
DFEFRD O 1%, HEHIREEDK 5 vz b R ERD
BRI EHRIBRENICH, KIFFETIIRK
TREDSMTRIRDOWEIH A 6 11, FIEI—ED
HREA D B 2 EHIRE S N, FEHIRRORE TS

Cosmetic Science 2025.10

85



86

ARG T (L EIFIERAL R EREE, il
B Lo TR 2D, SRR T 2 & b
BEIT 2 2 EDTFMENS, LICh - TIREEL L
TOMENAZ NG T, TGEHRRDR B RPN AERR L T
RT A= R P RHFEPI TS LA EETH
b, TEPO XS A v F=r FIcATE2 ) 7
WAL LFHIEES G TH %o In vivo TOTEP
FHNCI TR =7 9 7T L 2D 71
N4 TRBFEEATHY 2 SHRIRERE &
HPEDEIT IR~V A TAD T Fa—F
fh R s s,

HEE

AWZEOFITIZHICY, TTREHY F LA
WHEEA T ——3 2 A b v P —FFFEM RO
X OMFLH L B & 9

FIERLCHEE AN ECIIES LK
LR VEAREHIE. RIFEAKZE LD LTS
WEEDER R OEH P L L E 7,

SETHR - it

1) Sadler K E, Moehring E Stucky C L. Keratinocytes contrib-
ute to normal cold and heat sensation. Elife9, 1-14 (2020)

2) Talagas M, Lebonvallet N, Berthod E, Misery L. Lifting the
veil on the keratinocyte contribution to cutaneous nocicep-
tion. Protein Cell 11, 239-250 (2020)

3) Suh S, Choi E H, Atanaskova Mesinkovska N. The expres-
sion of opsins in the human skin and its implications for
photobiomodulation: A Systematic Review. Photoderma-
tol. Photoimmunol. Photomed. 36, 329-338 (2020)

4) Shin D W. Various biological effects of solar radiation on
skin and their mechanisms: implications for phototherapy.
Animal Cells Syst. (Seoul). 24, 181-188 (2020)

5) Denda M, Fuziwara S. Visible Radiation Affects Epidermal
Permeability Barrier Recovery: Selective Effects of Red and
Blue Light. J. Invest. Dermatol. 128, 1335-1336 (2008)

6) Goto M, lkeyama K, Tsutsumi M, Denda S, Denda M.
Phosphodiesterase inhibitors block the acceleration of skin
permeability barrier repair by red light. Exp. Dermatol. 20,
568-571 (2011)

Cosmetic Science 2025.10

7) Chabert R et al. Evaluation of light-emitting diodes (LED)
effect on skin biology (in vitro study). Ski. Res. Technol.
21,426-436 (2015)

8) Pillai S, Bikle D D, Mancianti M -L, Cline P, Hincenbergs M.
Calcium regulation of growth and differentiation of normal
human keratinocytes: Modulation of differentiation com-
petence by stages of growth and extracellular calcium. J.
Cell. Physiol. 143, 294-302 (1990)

9) Barker A T, Jaffe L F Vanable ] W. The glabrous epidermis
of cavies contains a powerful battery. Am. J. Physiol. Integr.
Comp. Physiol. 242, R358-R366 (1982)

10) Kawai E, Nakanishi J, Kumazawa N, Ozawa K, Denda M.
Skin surface electric potential as an indicator of skin con-
dition: a new, non-invasive method to evaluate epidermal
condition. Exp. Dermatol. 17, 688-692 (2008)

11) Abe Y et al. Red light-promoted skin barrier recovery:
Spatiotemporal evaluation by transepidermal potential.
PLoS One 14, €0219198 (2019)

12) Dubé J et al. Restoration of the Transepithelial Potential
Within Tissue-Engineered Human Skin In Vitro and
During the Wound Healing Process In Vivo. Tissue Eng.
Part A 16, 3055-3063 (2010)

13) Abe Y et al. Minimally-invasive transepidermal potenti-
ometry with microneedle salt bridge. Biomed. Microde-
vices 18,55 (2016)

14) Grubauer G, Elias P M, Feingold K R. Transepidermal wa-
ter loss: the signal for recovery of barrier structure and
function. J. Lipid Res. 30, 323-333 (1989)

15) Terutsuki D et al. Totally Organic Hydrogel-Based Self-
Closing Cuff Electrode for Vagus Nerve Stimulation. Adv.
Healthc. Mater. 11, 1-9 (2022)

16) Denda M, Ashida Y, Inoue K, Kumazawa N. Skin Surface
Electric Potential Induced by Ion-Flux through Epidermal
Cell Layers. Biochem. Biophys. Res. Commun. 284, 112-
117 (2001)

17) Lanzafame R] et al. Reciprocity of exposure time and irra-
diance on energy density during photoradiation on
wound healing in a murine pressure ulcer model. Lasers
Surg. Med. 39, 534-542 (2007)

18) Vardaxis N J, Brans T A, Boon M E, Kreis R W, Marres L
M. Confocal laser scanning microscopy of porcine skin:

Implications for human wound healing studies. /. Anat.
190, 601-611 (1997)

19) Denda M et al. Exposure to a dry environment enhances
epidermal permeability barrier function. J. Invest. Derma-
tol 111, 858-863 (1998)

20) Kumamoto J, Goto M, Nagayama M, Denda M. Real-time
imaging of human epidermal calcium dynamics in re-
sponse to point laser stimulation. /. Dermatol. Sci. 86, 13-
20 (2017)

21) AbeY etal Porous microneedle-based wearable device for
monitoring of transepidermal potential. Biomed. Eng.
Adv. 1, 100004 (2021)



Title : Spatiotemporal Evaluation of Light Treatment for Skin
Barrier Based on Transepidermal Potential Difference

Author : Yuina ABE
Tokyo Metropolitan University

Abstract : As the involvement of epidermal keratinocytes in
signal transduction triggered by various external stimuli at-
tracts attention, red light irradiation has been suggested to
promote the recovery process of skin barrier disorder. For its
practical application as a therapy, further elucidation of the
underlying mechanism and the optimum parameter of the
stimuli is needed. In this study, transepidermal potential dif-
ference (TEP), the electrical voltage generated across the epi-
dermal tissue, was utilized as a measurement indicator to eval-
uate the integrity of the skin barrier. TEP can be measured by
a simple system with a pair of reference electrodes connected
to the top and bottom of the tissue via salt bridges. The poten-
tial difference is derived from the localization of ions in the
epithelial tissue, and the disturbance of normal distribution
caused by damage to the skin structure decreases the potential
difference. Skin specimens extracted from hairless mice were
used for ex vivo measurement. The specimens showed ca. -6
mV of TEP and promoted recovery of TEP by red light irradi-
ation after the barrier destruction by acetone. The acceleration
of recovery varied depending on the radiance and the duration
of the stimulation. Higher radiance showed better recovery
even in short duration, but it seemed to have a “window” for
maximizing the therapeutic effect and avoiding the toxic effect
of high-intensity light. Then, continuous TEP measurement
was carried out to observe the acute response to the irradia-
tion. Hydrogel salt bridges composed of polyvinyl alcohol
were shown as a promising material to avoid excessive hydra-
tion of the tissue during the measurement. This method will
enable the in situ evaluation for elucidating the therapeutic
effect of the light stimuli and its safe application.
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