J. Toxicol. Pub. Health
Vol. 19, No. 4, pp. 285-291 (2003)

}FES) ¥

Official Journal of

4\

Korean Society of Toxicology

Available online at http://www.toxmut.or.kr

A8 (Local lymph node assay)S 0|E8t

= =
O|fo|HelEE e OFZEY oAF
OIS - Waa| - UHE - YVS - ATS - WYY - BN - BEY - HBY - 25

HEFENRNY FYRYATY FEEAR

by Local Lymph Node Assay

Beom Seok Han, Dong Deuk Jang, Kwang Sik Choi and Hye Young Oh

Department of Specialized Toxicology, National Institute of Toxicological Research,
Korea Food and Drug Administration, Seoul 122-704, Korea

Received September 22, 2003; Accepted October 22, 2003

ABSTRACT. The use of skin whitening agents has been recently increased in various kinds of cos-
metic products, although there were some reports that whitening agents might cause allergic contact
dermatitis. A murine local lymph node assay (LLNA) has been developed as an alternative to guinea
pigs for contact sensitization potential. This study was carried out to investigate the skin sensitization
potential of three whitening agents, arbutin, azelaic acid, and kojic acid, by LLNA using a non-radiois-
topic endpoint. Female Balb/c mice were exposed topically to a weak allergen, o-hexylcinnamalde-
hyde (HCA), and three whitening agents following LLNA protocol. Lymph node (LN) weight and cell
proliferation in ears and auricular lymph node using bromodeoxyuridine (BrdU) immunohistochemistry
were evaluated. LN weights were significantly increased at the HCA group compared to the vehicle
control. A weak allergen, HCA elicited 3-fold or greater increase in cell proliferation of lymph nodes as
well as increase in cell proliferation of ear as measured by BrdU immunohistochemistry. However, in
the case of skin whitening agent groups, there were no significant changes in LN weight and cell pro-
liferation in the ear and lymph node of mice treated with 5, 10 and 20% of three whitening agents
compared to the vehicle control. These results show that these three skin whitening agents may not
have contact sensitization potentials at tested concentrations in Balb/c mice by LLNA.
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Pavel, 1993). @2}d-& melanocyte?l melanosomesil
A tyrosinase’} tyrosineS Aks}sle] DOPAS AAl st
DOPA quinones AA AEA Akshatgdl] o3 ks
o]RItiHearings} Tsukamoto, 1991; Pavel, 1993). W=k
A mulslgEdge] Fr1d-e depd Madgdl Mt F
23 tyrosinased JA k= EZZEA kojic acid, arbutin,
azelaic acid 5°] AM-E 3L AtHMaeda$} Fukuda, 1996;
Curto 5, 1999).

slstEdol tht AR RGPS HEHoE V"
& AMEgE BERYo)] o]@5o] f=v(Botham 5, 1991),
1 FME HIBZAE o83 GPMT(Guinea Pig
Maximization Test) Al83 WARZAE AM-EHA] G
Buehler A|&o] 714 n#HZ 02 A% dtHBuehler,
1965; Magnusson®} Kligman, 1969). < & ¢
AE 42 FEAES 7 AYsEe 394
SEHY9 tAl(replacement), d&AFE R A7
@ (reduction), AgaPHe] FX(refinementielzle &
9] 3Rs' &Fo] AAAIZRoZ HARXZ JATHEC, 1999).
o|H 3 B ELolA e LA A EH A 7]
Uge ARS Alge HES AYHI, FETE £o0lY
£ UAAEYH e 277t FolAHA mhe-2E ©]8-3) local
lymph node assay *}'H(LLNA)] OECD S4AIE 7o
=gkelo] AFdEe] JtHOECD, 2002). LLNAE 313HE
AL vk Aol =l o]7f @xA (auricular lymph
nodejellA 8] Z218k3-& 3H-thymidine uptakel & H7}t
s WHog 1986 Kimber ol 28 A7l® ol=H,
o] Algxtel] oJa) o] whHo] A1 gtk (Basketter
9} Scholes, 1992; Kimber 5, 1995; Loveless &,
1996; Kimber %, 1999; Lee %, 2002a). 2&{u} o] A|
e Wb FYAE ARSI "ie] FHeol
go)3lx] gkx B Aldo] "aste] Fujdla AME-St
Zole gA &g B ope, Atk A=Y EEE =X
RS w LA FARE BESo] Yepdte 2% 9
tHSikorski 5, 1996; Basketter &, 1998; Gerberick
=, 1999; Lee &, 2002a). o133 &S B3tz &
A73{Lee T, 2002b)e BIIARY AFWHE ol&F
LLNA Algubiol digt d-+=2, 5-bromo-2-deoxyuridine
(BrdUYs ol-&3te A HHxAFE7|™(immu-
nohistochemistry}g ol&3l= wWilo]l f-83ltty B
shTh.

2 A7e pRuasiaE 982 arbutin, azelaic acid,
kojic acid 3F# PPuRTo2ZA w|ekdt dAlQl
a-hexylcinnamaldehyde(HCA)I thate] u]¥AAS o]
/3 LLINAN R g 3= e slaat 3t
At

M o

EE2 o7 Balb/c PRS2 E AFoJokEehAy
ATHoBFE FEwol 12U E3IE E
T 6~857% 9 74T 5ES Mgl ARSI B3
Alge AFEA AFASHEE slelem &% 23+2°C, 5%
55£10%, 12417t BE+719] A& FAANZeH,
SEE AAF 4lg)E 7L TES AAALAC
{Association for Assessment and Accreditation of
Laboratory Animal Care) 750l @A #2)3}5itt.

A=

DR oHsAE Y82 kojic acid(Sigma, USA), arbutin
(Sigma, USA), azelaic acid(Aldrich, USA), 28]a okt
dejdo 2 HCA(Sigma Chemical Co., USAYE AME-3}
Atk ful2= duAEE B3MA kojic acid, arbutin,
azelaic acid®] sl +< dimethylformide(DMF}E AH&-
3193, HCAE acetoned} olive oilE 4 : 12 412 AOO
(4 : 1 acetone/olive oil}E AH&3Io, 7]El Aleke &
< ARSI

uE
LLNA A LLNA A8 57329 A2 (Lee
A3 e AxE A 3o %

E2 S oudEe Sl
Sz 26 py wRes G =
g AFEF] FFHOT FFHEE P, +
G 4npl® 1Y 18] 3 Bt AGM mEste] ZFEA
% 29 ol BAS AAEAH.

BrdU 0 & &7(9| X2|: Au|dPe Tl 4 2
F= Ea B8] 247 Al BrdUg 2 100
mgl2 E7} FARSIATE FAF o @z ¥
S A%k, A ¥ HZAS B4 iR 34 X
=g 1A% ¥, gepd Zolste] H&E FA42
5=

BrdU MeixX|sistedsy 3! f2ifl £ BrdU WY
ZA 8B | ee 5(2002b)2] TR A &A=,
7vds] eoksbd ot 7tk mietd AAAAEE Az
proteinase K& A&t 2N HCIE- 7ttt W€
peroxidase® #ll3l7] A8t 3% s AE A
A} 30%7F 718kAT). Blocking serums “d-20lA 208
7+ 7}k Zo) anti-BrdU @3 (Beckton Dickson, USAYE
607 Wik AT ZA el biotinylated 22k AAE 7+
3} streptavidin peroxidaseo] B3It 71H2=

5=



Skin Sensitization Potential of Skin Whitening Agents by Local Lymph Node Assay 287

diaminobenzidine(Sigma, USA}E AH&-3le] EalAl7] 32,
2GML hematoxylin®® dte] Feau| 4oz izt
4tk AelM BrdU labelling index(LIf= z}7]¢] X
FellA 10070e] ME F BrdU FPHEFE Altai
. YmAY AZZANSS 4ol BEZIE FA()
2, Wod, FEPlA 10008 AEF BrdU $EAE
4% BrdU LI s Z4siar. e e w4
£ Lee 5(2002bje] ol wheh FZ Aol ZAHe-2

Sl(stimulation index)7} 3 o2l A& FAo= A3}
At

Ear thickness &&: Ear thicknesse 7% H9
F7E Lee 5(2003a)8] WHUE thast 2ol AAlstA
th. Ao FAe dxtgo] BWAWOE micrometer(Digi-
matic Caliper, Mututoyo Co., Japan}E AREsle] wlhsg-
29l A& Al ¥ vHE ZA 3l el

SAXzE|

2 Ao st 59 A4 FAAE Z2acl
Sigma stat(Version 2.03, USAYE ARESI fo45
0=0.05 °|3}lZ 3}z EAHEM(analysis of variance}
AAEE Zo] Dunnett's ttests o]-&38le] H] 2 tHGad
2} Weil, 1994).

4 =

HE 2 7| e Hst

u|wsldE A8 arbutin, azelaic acid, kojic acide}
oFgt Al HCAE Fojste ASHstE Hast A4,
e dge dEAl TxE v 232 AT
e FEEkA] esktlTable 1).

Arbutin, azelaic acid, kojic acid, HCAE =X3F 52
ol7f @=Aeo & W3S Fig. 19 JepiATh. gz
9] AfEeke Y=z (DMF), 5% arbutin, 10% arbutin,
20% arbutinoll A 2zt 0.41, 0.42, 0.44, 0.37 g/kgo &
veht tizgell vls] 32 1.0, 1.1, 0.99]¢] W&
Bt Azelaic acidi®] 3% tH&F, 5%, 10%, 20%
oA zHz} 0.32, 0.32, 0.27, 0.24 g/kgl & e} thx
ol Bls] =2 10, 0.8, 0.891Y WIS Eoh
Kojic acid?] 7% ZT, 5%, 10%, 20%°A zkzf
0.41, 0.35, 0.38, 0.45 g/kgo& Jeh} ozl u)a)
S3E=Z 0.8, 0.9, 1.19) Haksl9 ). 23y HCAZIA
= AL, S8 9= foA e U B
& 4= JSItHFig. 1). HCAT2] i3S tiZ(A00),
20%, 30%, 40%I~ Z+z+ 0.42, 0.67, 0.76, 0.76 ¥&&

lo

Table 1. The change of body weight in mice treated with
arbutin, azelaic acid, kojic acid, and HCA

Body weight (g) Percent change

Treatment
day 0 day 53) of B.W.

DMF 21.0+06 21.0+1.0 98.1+1.7
5% Arbutin 21.3£0.7 20.5x0.7 96.0£0.5
10% Arbutin 229107 21.9+0.8 95.41+2.1
20% Arbutin 21.5+0.7 21.0+0.8 97.6+3.4
DMF 209+04 20.4+0.7 97.9+1.8
5% Azelaic acid 20.7£09 201x0.7 97.1x1.6
10% Azelaic acid 21.1+0.6 20.6+0.7 97.5+1.0
20% Azelaic acid 21.7+1.3 20.8+1.3 96.2+1.7
DMF 21.0x06 21.0x1.0 98.1+1.7
5% Koijic acid 21.6+06 20.4+0.7 945121
10% Kojic acid 215+09 21.0+1.1 97.4+2.0
20% Kojic acid 21.5+14 21.5+12 99.9+0.8
AQOO 21.5+1.8 21.3%+1.3 99.5+2.3
20% HCA 21.9+1.7 20.6x20 93.9+26
30% HCA 21505 21.4x02 99.5x2.3
40% HCA 225+1.0 20.9+1.8 93.0+4.2

“Day 5 means the day of necropsy.

Data represents mean£S.D. of four animals.

B.W. represents mean body weight.

Percent change of B.W.=(Final body weightinitial body
weight)< 100.

AOQO and DMF represent 4 : 1 acetone/olive oil and dimethyl-
formide, respectively.
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Fig. 1. The absolute weights of auricular lymph nodes in
Balb/c mice treated with arbutin, azelaic acid, kojic acid, and
HCA. Mice were treated with low, medium, and high con-
centrations in the appropriate vehicle. Each bar represents
mean= SD of four animals. Asterisks indicate significant dif-
ferences from the cotresponding vehicle control (p<0.05).
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oge] ATk et o EeAld HCA Fo2 32§
F(30, 40%)04 FA FA FelH vt A
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Table 2. The change of ear thickness in ear following treat-
ment of mice with arbutin, azelaic acid, kojic acid and HCA

Ear thickness (mm)

Treatment
Left Right

DMF 0.24£0.01 0.26+0.02
5% Arbutin 0.23+£0.02 0.23+0.01
10% Arbutin 0.24£0.01 0.24+0.01
20% Arbutin 0.25+0.03 0.25+0.01
DMF 0.24+0.02 0.23+£0.02
5% Azelaic acid 0.27+0.03 0.26£0.03
10% Azelaic acid 0.27£0.02 0.26+0.01
20% Azelaic acid 0.25+£0.02 0.25+£0.01
DMF 0.24+0.01 0.26+0.02
5% Kojic acid 0.24+0.01 0.25+0.01
10% Kojic acid 0.241+0.01 0.241+0.01
20% Koijic acid 0.24+0.03 0.24+0.02
AQOO 0.18+0.05 0.20+0.03
20% HCA 0.22+0.03 0.26+0.02*
30% HCA 0.23+£0.01 0.22+0.01
40% HCA 0.24+0.01 0.25+0.01*

Z259 Wils #EAsIAY. A9 FAE =29 43
o3k R ofs & u 20%, 40% HCAZ

AMe izt via) fo3l SV AEE ¢ AT
24} arbutin, azelaic acid, kojic acidoﬂ % £-9j2 9l
HIE AT 5 U3itiTable 2). AE L
2 #F3k A3}, arbutin, azelaic acid, kouc aud%oﬂ
© Tl 9%t RN E FAY T} FEvES HE
& & gldloy, 30%, 40% HCATS] dRlMe
Al FA 9] S7hF HZEIA

o SANEE F4317] stk BrdU " EAS
Alg A3}, arbutin, azelaic acid, kojic acidZ-9lAE
o)FQl Wl A& XAtk 1Y, okgk deiAl
HCAZ M= izl Hig) o)<l S715 a3
ARTHFig. 2).

_.L4

.

=5
H

A 2 Fo nx

Bl=Hol Z4HS It

njlstE AR arbutin, azelaic acid, kojic acidell
ek o/l Wzdef nhg-g dnjAoR AAF A, tx
2ol Hla) F-oAQ Wshes #AEA] Gt 2ev HCA
g FRrAAM etz vt o)l gizdel 27171 A

Table 3. The change of cell proliferation in auricular lymph
node following treatment of mice with arbutin, azelaic acid,
kojic acid and HCA

Data represents mean+S.D. (n=4).

AQO and DMF represent 4 : 1 acetone/olive oil and dimethyl-
formide, respectively.

*Significantly different from vehicle control (p<0.05).
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Fig. 2. Proliferative activity of ear after application of arbu-
tin, azelaic acid, kojic acid, and HCA. Mice were treated
with low, medium, and high concentrations in the appropri-
ate vehicle. Each bar represents meantSD of four ani-
mals. Asterisks indicate significant differences from the cor-
responding vehicle control (p<0.05).

Cell proliferation

Treatment BrdU LI/ S| BrdULV
LN total LN(C+M)

DMF 55+0.6 65104

5% Arbutin 6.0+1.7 12 64+18 10

10% Arbutin 87+19 13 73+18 1.1

20% Arbutin 7412 14 79408 12

DMF 23+03 28+05

5% Azelaic acid 24+19 1.1 26+11 1.0

10% Azelaic acid 3.1+1.1 1.4 33+13 12

20% Azelaic acid 36105 15 35+04 1.3

DMF 5510.6 6.5+0.4

5% Kojic acid 5314 1.0 59+1.3 09

10% Kojic acid 58+17 1.1 63+1.9 1.0

20% Kojic acid 78+12 14 85+14 13

AOO 34+0.6 36+1.3

20% HCA 92+02* 27 108%£0.3° 3.0

30% HCA 94+26* 28 11.1+24* 3.1

40% HCA 12.9+2.0* 38 143+21* 39

Data represents meanx S.D. (n=4).

Sl=mean ratio of values found in the chemical-treated mice to
that in vehicle-treated mice.

LN and LN (C+M) represent the lymph node and lymph node
(cortex+medulia), respectively.

AOO and DMF represent 4 : 1 acetone/olive oil and dimethyl-
formide, respectively.

*Significantly different from vehicle control (p<0.05).
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Fig. 3. Proliferative activity of local lymph nodes after appli-
cation of arbutin, azelaic acid, kojic acid, and HCA. Balb/c
mice were treated with low, medium, and high concentra-
tions in the appropriate vehicle. Lymph nodes at both sites
were removed 2 h after BrdU treatment and processed for
BrdU staining to determine the percentage of BrdU-labelled
cells in the conex (a), paracortex (b), and medulla (c). Each
bar represents meantSD of four animals. Asterisks indi-
cate significant differences from corresponding vehicle con-
trol (p<0.05).

23, @EFe] Z2)o] BAEQ T} Arbutin, azelaic acid,
kojic acid, HCAS] o7} Hzde] FAEE FAst
7] $18te] BrdU HAFA-S AA|k] -4" W, 4
Az PR3l FAEATE Arbuting A thxwtel
Hlste] BrdU Li(labelling index)?] Z7}7P A=A
%4 tHTable 3). Kojic acide -&HFolA 92 &
b #EEJ oY, T F99 F4L2 FEY U
k. a2y HCAE Uizl His] ALz H4,
W d - Ao BrdU LIZF feld A E7HeksETh
(Fig. 3).

il &

2 AFe dRuwsPdE 9859 arbutin, azelaic
acid, kojic acid 3%} FEizFozA weks g
¢l a-hexylcinnamaldehyde (HCA)e thaled B]HARA
WHE ol&3 LINAAEWH O 7 w|B7ha] H7E AA
sttt FRoWsAE Q8 3F BF S 2 oj3lE #
ZEo] S0 2 Ve, oFsE gl HCAE 3 o4
o2 veht AR AU

slstEde] ogt R AN EEeZE LLNA
W= MESTZF 270=E 2 ledl, OECD H4A1E 7te]
zERle) AgEY e AlEYEE LLNAXEoltlGad
=, 1986; Kimber 5, 2001; Lee &, 2003a). ©] LLNA
HhHe < 2k A 2] _4_,_71;5}}\—1£ o]7H a_u.ﬂ_,] Z At
ol &3 HMPRHOEA ¥4 3H-thymidines
HEHoA iz vis] St 3 ©]
o2 WAEE AEHolcHBasketter T,
1992; Loveless, 1996; Kimber 5, 1999, Lee &, 2002a).

I o] Ad2 AP B °V\§' AAY A A ALE-
317] wjitol] WAM-E ARSE £ Qe AlSHR QL AE A
ARE o]&E 4 vt wEbA F o EHEAQ URoE
AMD SR E /\}‘Q—OW L%l?: HWO] A= U=,
BrdUE o]&-3= ®
cytometryS 01%0}04
= W Tl /\]EQZ Elﬁ‘r(BOUSSIquet-Leroux 5.
1995; Arts &, 1997; Dearmana} Kimber, 1999; Hariya
5. 1999; Manetz &, 2001; Takeyoshi &, 2001;
Gerberick %, 2002; Suda %, 2002; Lee 5, 2002b,
2003b). BrdUs thymidine analogueZ4 AMx2e] F2]
£ &A= ARZ thymidine uptake?] tiere @ o] &
Ha glon, GEE A E oLl HARZSE M
< 3&le] BrdU Labelling index® #71& 4+ oot
(Schutte %, 1987; Lee 5, 2002b, 2003b). BrdU ®¢
zAs7|Ho s e Boussiquet-Leroux 5(1995)
o] & A=5=t], CD1 vRg-2ollA LLNA WS
FAA short protocolZ A8 F 23} potassium dichro-
mated]] thale] ek L BReY, ethyl 3-amino-
benzoateQ‘r 4-chloroanilined] thated= S249ke-5 o2

F = gIich Arts $(1997X2 Brown-Norway®} Wistar
%‘150% TMASE DNCBell ojsf gzxdojxje} F4nt
-2 BrdU WH{zAgsgN oz EREAT Lee T
(2002b) LLNAS] HAIg oz A o]7)] HZgoA 9
dajRlel Z=AETE BrdU AYZA &7 1™ (immuno-
histochemistry}2 ©]-&3ld #Hr}ald=dl, WA (para-
cortex) Bok= 3 (cortex)d & (medulla) -1l
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DNCB2} TDIlol 2% labeling index(LI7} ZF7lsl=&
BrdUE o]4&3t tﬂcﬁ_g\_z}ﬂﬁb]mo] Oﬁ.%]. ;(]_;f}_i o]ﬁ.
g 5 A2 A £ AP e FduxRTeR
HCAE Ad7Aste] oFst dejallol] diste] vPIARd AlER
S o83 HNE A==, 20% o9 &l
Fd W3R AAEE AHE AU HCA 10% &%
dME HH F4o] A9 vEhR] FUTHAI= HoJ
A eEk).

Nakagawa $(1995) 22082} 3A} 5 kojic acid &
fr SPEES UE AT €9 (6%) HEAH dEA F
o] yehdtly Bty Serra-Baldrich 5-(1998)&
30t9] oAdo] kojic acidZ2HE BRI HEAL FH4
o] ATy BEAT 2y  AgoXE kojic
acidell oJgt H=Ade] F2] vEg2 L&t FAA
T Ao, FABA TEele MAR] ZEE A
AAR] dxA9) Hwdt F42 #EAT = U

R 985 BrdU YA 7| HE o
3 LLNA Aldeo s 718k A3 arbutin, azelaic acid,
kojic acid 2% T8 20%NME HEH FHFo] F
7t S48 YepA] Yol 5402 AEY

=

rat

n-)'l_l

=
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