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Drug-induced phototoxicity is caused by exposure to sunlight after topical and/or systemic administration of
photosensitive chemicals. Both photoreactivity of chemicals and its distribution to sunlight-exposed tissues are key
determinants of drug-induced phototoxicity. Recently, 3 Rs principle (replacement, reduction, refinement) tends to be
compliance in pharmaceutical and cosmetic industries. In this study, a new photosafety screening strategy based on
the combined use of a reactive oxygen species (ROS) assay and an in vitro skin permeation test was developed as an
alternative to animal experiments. The phototoxic risk of 6 phototoxic compounds, acridine (ACD), furosemide (FSM),
hexachlorophene (HCP), 8 -methoxypsoralen (MOP), norfloxacin (NFX), and promethazine (PMZ), were evaluated based
on photochemical and in vitro skin deposition properties. An in vivo phototoxicity test in rats was undertaken to verify
the prediction capacity of the proposed system. All tested compounds exhibited strong absorption in UVA/B regions, and
generation of significant ROS from all tested chemicals were observed under simulated sunlight exposure. The steady-state
concentration (Cs) values of tested compounds in removed rat skin were estimated on the basis of the skin permeability.
The Css values of ACD, FSM, HCP, MOP, NFX, and PMZ were calculated to be 69, 2.8, 57, 50, 3.2, and 59, respectively.
On the basis of the ROS data and Cs values of tested compounds, the phototoxic risk of tested compounds was predicted.
The predicted phototoxic risk by proposed screening system (ACD > HCP > MOP > PMZ > FSM = NFX) was mostly in
agreement with the observed in vivo phototoxicity (ACD > HCP > MOP > FSM = PMZ > NFX). From these findings, the
phototoxic risk of tested compounds could be predicted by combined use of ROS assay and in vitro skin permeation test, and
the new photosafety screening system would contribute to product development and animal welfare.
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L7z, HCPB X U'MOP B GFYLR TR L WAL, £
DD I WL 2 A L THIW /2.

2.2. g9
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Fig. 1 Chemical structures and physicochemical properties of test compounds.
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2. 4. ROS assay
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PR IR G 20 & L T Atlas Suntest CPS+ (Atlas
Material Technology LCC) # MW7z, i3 1,500W D
Xenon arc lamp B X MEEED UVEH Y V557 4V
F—%fiZ b0 MR Lz BRAEIZUVA detector
Td 5% Dr. Hénle #0037 (Dr. Hénle) & Hvy, UVA SR &
LTH2.0mW/em®> TH5H I L &ML, Atlas Suntest
CPS+WNDISEIL 28 C 12t - 7.
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96 -well microplate {27 L, 440nm ®WItME% SAFIRE
microplate spectrophotometer (TECAN) %W CilllE L
7z. Z®Df%, 7L —DbM%reaction containeriZt v bL, #E
BORF G2 Th L 72, TR, 440 nm OWOGAE % Jl &
L, 440nm ®WOGAE D 384 % singlet oxygen # A4 O 5 1
& L7z, Superoxide IZDWT, #E&WE (200uM) B L
nitroblue tetrazolium (50 uM) % & > 20mM NaPB (pH7.4)
200 uL % 96-well microplate IZ 47 L, 560nm & W 5%
% SAFIREZ HWCTM@E L. 2Dk TL—1F%
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B2 T IV O 4B B B % ultra-performance liquid
chromatography equipped with electrospray ionization
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2. 7. In vivo X & 1EH
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Fig. 2 Photochemical properties of test compounds. (A)
UV absorption spectra of test compounds (20uM) in 20
mM sodium phosphate buffer (pH7.4) . Thick solid line,
ACD:; thick dashed line, FSM; thick dotted line, HCP; thin
solid line, MOP; thin dashed line, NFX; and thick dotted
line, PMZ. (B) Generation of ROS including singlet oxygen

(filled bars) and superoxide (open bars) from test
compounds (200 uM) exposed to simulated sunlight (250
W/m?) for 1 h. QN, quinine (positive control) ; and SB,
sulisobenzone (negative control) . Data represent the
mean=S.D. of 3 experiments. N.D., not detected.

11,200 (HCP), 24,900 (MOP), 24,900 (NFX) & 6,600 (PMZ)
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1,000M "cm™ Ll & e WAL A 0 2o E v % 1
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T, HCP % B < 288 & 255K e IR GT I & D Bl
singlet oxygen B X (Nsuperoxide @ & 4 % #2%, HCP i
singlet oxygen DAL B R 21, T OREIT PR
WHEPRbEWEZ R L7 (Fig. 2B). WINoOW%ERYE
b DT OMEEFIC Ti%sE L 7z eriteria (AA 4y, X 10°: 25 for
singlet oxygen and/or AAsg,, X 10%: 20 for superoxide)
DA THEY, MOERIBEEZ A LT, HRig,
ACD & singlet oxygen 3 & U superoxide ® &% & O
SIEFITE L, BB TR SVOLRIEBEEZ B L Tw
7z.
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Fig. 3 In vitro skin permeability of test compounds.
Accumulated amount of test compounds that permeated
through (A) whole skin and (B) stripped skin. O, ACD; 2,
FSM; [, HCP; v, MOP; , NFX; and X, PMZ. Data
represent mean=xS.E. for 4-6 experiments.
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BB E i bIMETH o 72, B E O R E T 07 7

ANIZHED X, P13 1.6 x 10" (ACD), 2.3 x 10° (FSM),

9.3 x 10 (HCP), 1.0 x 10™* (MOP), 4.6 x 10° (NFX)
BIXU1.0x 10" (PMZ) ecm/sTH Y, P,1x3.1x 10"
(ACD), 7.8 x 10" (FSM), 4.3 x 10™* (HCP), 2.3 x
10" (MOP), 1.4 x 10° (NFX)3 X 1¥4.5 x 10™* (PMZ)
cm/s Td - 72 (Table 1).
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v MEHBEEIZBIT S C 2HIL72& 2 A, ACD, FSM,

HCP, MOP, NFX 3 X O'PMZ ® C. 1Z = 21 69.1,

2.8, 57.3, 50.7, 3.2B X U59.1ug/mL T - 72 (Fig. 4).

L72255T, v MEBICBIT 5 in vitro 2§ ACD
>PMZ >HCP >MOP >NFX >FSM T® - 7-.

3. 3. In vivo X=HTHE

BRI E D in vivo X FM TR, Ty M EH
W7z in vivo eEMERERE AT o 72, REEETIX, UVA RS
Hite D7 v MO BRI B 5 it % 573
% Z & Tin vivo YemME % -l L 72 (Fig. 5). &HEBWE &
UVARGHZ X D BRI RO w2 L7z, FiZ
UVA BT, £ TOWBRWE TAafid IEDOZAbE R
L7z e SBATERORAIB L 722 L 2R LTHY, B
M52 X ) UVARSH CTHBRISZFRT A2 L 2
bz Thbb, EWBRYEIIREEGICE ) ERNT
FHEErIERITIEERB LA HIZ, ACDBLW

BMEIRD 3Rs ICHF ST 2L FMED KT LM MEDE IR

HCP ¥ 5- Bt D2t A o> 4 T o B e '8 & ke L C
KEDoTz, HWEWEIZB 5 UVARGIES X OIER
WD AE D% 312, in vivo eHMED IR 11X ACD =
HCP >PMZ >MOP >FSM >NFX T 5 & Hlr L 7-.

4. ¥ &

ARWEFETldin vivo P28 NEVEERHI % in vitro P28 FE Pk
AR Lot atkaf iR 2 % L, SehUstEs Lo
in vitro EJBWETE T — ¥ % H W T 6 FEOWERYE o Yem 1
YR % FT 5 LT, RNEEEREIM RO @ H T Heik
AL 72,

SEREERYVEIE UV HIBC B W TR E R L, MEC
fEIZICH S10 TED B H#flEZ KRESHMATHY, St
EIZE DAEEWIOEEN 25 SR L 2RE
L7z AL RS & ROSBEA L & o et 563
552 EAME SN TWS Y, ROS assay £ 0, 4
B EASE VOO EE R L, Y A7 2 ET 52
LERIR L7 6 OB ED )L, ACDB &L UTHCP
DOFIENEDE L, FSM B X O'NFX O3 BUGME 1& dr A2 1
THho7z. MOPB L I'PMZ I3V ROSFELE %278 L 7275,
MOBERM L & WL UIRIECTH o 72, e eiHiio7zo0
criteria 12352 < ROS assay ® B PE# it #10x 100% T %
TG SN TV P R T 2 B R
TRCHFEZERTLZENHESNTEY, Hohi
FRIT BT O WG 2 HMF T MR TH - 72

Table 1 Parameters for skin permeation of test compounds

ACD FSM HCP MOP NFX PMZ
Peot (X 105 cm/s) 16 9.3 10 0.46 10
Preda (X 105 cm/s) 31 43 23 1.4 45

Pot, permeability coefficient through whole skin; and Fed, permeability coefficient

through viable epidermis

;s o1 1

40

Css (ng/mL)

20

0 | — 1
ACD FSM HCP MOP NFX PMZ

Fig. 4 C, values of test compounds in the intact rat skin.
Data represent the mean=S.E. of 4-6 experiments.

Change in skin color (AE)

ACD FSM

HCP MOP NFX PMZ

Fig. 5 Colorimetrical changes in the rat skin caused by
irradiated and non-irradiated test compounds. Filled bars,
irradiated group; open bars, non-irradiated group. Data
represent the mean=+S.E. of 4 experiments. *, p<0.05; **,
p<0.01; and p<0.001 vs. corresponding non-irradiated
group.
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In vitro J2 )8 % MR TIX AR E S 2 )8 = &
WLz — IS RE Y BN LR %G TR

500 BT 35 & UHE 2 it & 5o AL A5l T B .

BRHRGENTALEM I TEICAERB L ORE - BB
DML BB X OBV — b+ 2 Fick O33N fE %
BT 5B L TEGIEHR~BITT S Y. Clog PP IETH
55 HOWBWEIEEICT v MEHZE OMIEB S X O
MRV — s 2BBLLE Ty =BT A~BIT L2 E 2

%. —7, NFX D Clog PEIZ-0.78 TH V), NRENEDML W,

KBHALE R E S TALEW O G E BT T ICEREB X
CTFREAN L2V — FoFEGPMESRTEY Y, J5is
HEDOENNFX E N OMNEGEZ N L CEE L &M L7
LEZ 5.

LB H O BUSIE S & OF IR 8% 13 EF M0 ) 2
77708 —Thb. L7A->7T, ROS assay B & WNin
vitro Fe 3% MPERBR & 0 15 O N7 5 2 M A I IR AT S
5L THEBWE O ) A2 ZFM L7z (Table 2).
W R EE AT S ACD B X OHCP I BV in vitro

BEWEER 2R L2 2 HotmE ) A 7w LRI L7z

FRIZACD ORHE) A7 b EwEFREIL7:. MOPB
L UPMZ I PR OSBRI 2 7R L7228, in vitro B2 )8

BEFRIZOWTIZACD B X O'HCP L MRRED C %2R L7

L72285 T, MOPB X U'PMZ DY 2 7 134 AW
B ER IR RETCH D LM L. FSMB LU
NFX @ ROS EEAE I EH TIEIHRETH - 7225, 1l
D ATEOPERYE & B L, in vitro B E W FITIEF 12K
WEZER L2 ED S, FSMB X UNFX O%#HFE Y A 2
AW 7B E P TRV e £ 2 72 Thab
Lot TlE Table 3R EBYVTHL. 7y M2
W7z in vivo SEHMERBRIC T, T RTOHBRYE ThEt

FUBZRNT 2 L E 2 B2 BEMOMMEEZ#LEE L. %
L 725l 5% O F RS BE 2 Bl <, Pl L2zt A
7B X Win vivotHEORREZ K L-L 2 A, HIERWY
HIFISHe 52 2 O %2 572 (Table 3). AAR
X0, $EFE LU CEHR O #E AL A O e AT NS
P9 H AR RE L. ARE TR RIFRFBERIH O
7oAS, B EMEBREEAN CIZ UVIBREIA IS BIT 2L6W D
KIEEEDB L O R oW )7 256wt B lo ) 27 Lz
5. SRR L7z Co 3 bEW o K 1§ 7 #3925 F IR
TEE 7 o 7o BE DR R L EE LA M3 5 7208/ N Eit & 22 5

MEND D, RERGALEW O K8 IR E B X O R
B FOREEICKAET A2 EAMEIALTVWL Y, L

Ao T, GRRESE L Z2EHIR IOV TIE S 5 7% I ThE
PEDMRAEADETH A 9. ROS assay B & in vivo kN
BYREETAMG 2 Fl V7ot e kR R & R L, B FEERE A
W 7R W ARETH R G2 AP BT L 0 T 7 SR B o I
BLOFHEA V=T PO EICHEGTHEERDL. B
JotEB X Oin vitro B FEWETE 235D < 2Tl 13
HWALEWRTUC BV THENNDO R 7 ) —= v 7FEE LT
FHTHA9.
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Table 2 Decision matrix

ACD  FSM  HCP  MOP  NFX  PMZ
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105 (AAssonm - 109) [ R 335 120 251 127
05 (AAseonm - 109) [ N.D 92 158 100
Invitro skin permeation test
Cis (ng/mL) 2.8 573 501 3.2

The risk level was divided into two grades.

phototoxicity.
As60 nm, respectively.

Black cells indicate high risk for

2 AA440 nm and AAs60 nm represent decrease in A440 nm and increase in

Table 3 Prediction capacity of the proposed photosafety screening system

Predicted phototoxic risk

ACD > HCP > PMZ > MOP > NFX = FSM
Observed in vivo phototoxicity
ACD = HCP > PMZ > MOP > FSM > NFX
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