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Skin Absorption of Lawsone in Henna Hair Dye and the Effect of Skin Protectants

Ju Yeon Kim + Bae—Hwan Kim - Seung Won Kim"

Department of FPublic Health, Keimyung University

ABSTRACT

Objectives: This study evaluated the skin permeability of lawsone in henna hair dyes to understand the
exposure characteristics of henna hair dyes in the human body. It examined the protective effects of
protectants by applying protectants A, B, and C to test skin.

Methods: Skin absorption tests were conducted using Franz diffusion cells according to OECD test guideline
428. After applying one kind of natural henna hair dye and chemical henna hair dye, respectively, to a
standardized pig skin model, samples of receptor fluid were collected at 1h, 3h, 6h, and 24h. The skin
permeation of lawsone was determined using HPLC. After the skin absorption experiment, the skin to which
hair dye was applied was analyzed to determine the residual amount of lawsone in the skin.

Results: The cumulative permeation of both natural and chemical henna hair dyes increased over time, and the
natural henna hair dye had a flux value (t=3.194, p<.05) high both in the K, value (t=3.207, p<.05) and the
residual amount (t=22.701, p{.001). For skin treated with a protectant, the cumulative permeation of natural
henna hair dye 24h control and the cumulative permeation of protectant A, B, and C increased over time. Flux
and K, values were in the order control ) protectant A ) protectant C ) protectant B. The residual amount
(F=4.469, p{.05) was in the order of protectant C ) protectant A ) protectant B ) control. At 3h, the dye
application time of natural henna hair dye, the lawsone flux value (F=4.454, p{.05) and K, value (F=4.455,
p¢.05) were higher in the control group than in the protectant groups. The 24h cumulative permeation of the
chemical henna hair dye increased with time in both the control and the protectant groups, and the flux and K,
values were in the order of protectant A ) protectant C ) protectant B ) control. The residual amount (F=7.901,
p<.01) was in the order of protectant B ) protectant A) protectant C ) control.

Conclusions: Within the normal dyeing time for henna hair dye (three hours for natural henna hair dyes and 30
minutes for chemical henna hair dyes) lawsone skin penetration was not observed even when no protective
agent was applied. After that time, however, evidence of skin penetration and retention of lawsone and the
protective effect of protective agents were observed.
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ARRIAEA = ohoet A at GA9] 2] 9 ARE-
9] "Hald 59 Aol Uol(Jang et al., 2000) 2
AREEDL glom, ARAY EAAL A HEL AR
g aHd] I AdEo] QHAdoF st(Nohynek et
al., 2004). sHAITF ARt RA|l= LHE7]E FSH
4, 9], & Y FAEE deod £ doH
(Draelos, 1991; Ros et al., 2012; Tai et al., 2016;
Zanoni et al., 2017), 73t &Zed8foz g
ko] &2 Ao & IokKim, 2002). ©]#gt o]
2 AA dRA-] oigt #io] FHiEI ARERIE

ESH 011/}_7 AT
v FAETS I AEQ E2Aauo} ojyu|A
(Lawsonia inermis)?] 9 & TH= 71Fo]H, o] 4]

=9 A= o]HEO|L YIE, Q& upF|AToA At
q. EH]—O?U\H Eﬂ X]—/ﬂ ‘u] E’/‘k_]__,] Oéﬂ }\]»_g.];]q
%L‘luil(McMﬂlan et al., 2004), T} THF AR A] ©F
u2y Aotsto] @Ajo] o]fojZthDalglies, 1949). E
ot o] gy} IY Bt Hof g3 @S
Lk &A18 2|45 (Choi, 2008), F 9 I,
FARL g0 2 HE, Fu WA, 7He5E VA4S
a9E Atk Lee, 2004, Lopez et al., 2014). slUyE R
A= 244o} ojHu]A 9 100%= °o|Fo|Z Hd slvt
AEA(natural henna hair dye)?} S}sHAHES H 7|5t
AuA U EA|(chemical henna hair dye)7} Utk
Al sUFEA= FEAQ] HEARRS S0l1 2 5
= £0)7] ¥3ll p-phenylenediamine, p-aminophenol
=9 Hylslo] AR83lt) 99, ofAlo}, Bo] 9 Q1w mEH
& 3x}9] 4.1~11.5%7}F p-phenylenediamine2 2 <l
s gElEry FEERAo] s 9pgoz ekt
(Schuttelaar et al., 2016) o] B8 my zAd &A)
1:ﬂ oﬂzo _8_]:”‘01— 2~ o]ou:] 7‘_3,—1 /\ﬂioﬂk] ROS }xg/HO
fFrote] A AFEE F= 4 AtHGalbiati et al.,
2014; Meisser, 2019). p-Aminophenol2 I|& 2=
AU Ho}ﬂ, A9, 7184 A4, HEEZERIES
4 99t Gosseline et al., 1984; Noh &

KIm, 2008).

Sue] AN Eayol ojHu|Ag] HREH Ao
0.5~2%9] sz 375 22<%(lawsone, 2-hydroxy-
1-4-naphthoquinone)©] 2J3} o]FojZc}t ZQEL
UIZEF= ASLoE de27] vk A9 do7]X]
A= Aog AHA rKSukuroglu et al., 2017). 3}
A9t Sauriasari et al.(2007)2 AFoA 2oL T

[¢]
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3 Ao ARE-S PO MEEALS 7HAAL Ut
3 9goh ESE 2004 SCCNFP(The Scientific
Committee on Cosmetic Products and Non-Food

Products intended for Consumers)olA] Z9&2

5o}l Hubof] A= dorl= UAARE 28T 4= 9l
1 FE, 9, 28A10 =40] 71 wiwel kAol o
SEA ol A 9 o PR dRoEE AT
SHA] oithal AASEITE 2017 AFLJeRERPAA 1L
AlA = SU7 = BEAIZ= /\FQ-‘Q —}F Aot A
o= AR ‘311‘ Hi A 25okal ot
20184 gh=rAn|Abo] ﬂ_l_% Oﬂb} A8 A=
20154 44, 20164 114, 20179 314, 20184 10
¥ 7|E 6272 F551911, olF sIlUa=EA7E 105
297.2%) 2% Ve on, AFEE = 40~50t71 52
2A(73.2%), BEE= o}/do] 9871(90.7%) 2= ekt
o}, g Ao W2 SUARAE ARk S o4
oA =T} Fof MATt MFet= MAHPEA ﬁl‘jm
o] WAL, FofEtl TA oA WANIELl S5
7F 9 =4 Yebdt(Jeon et al., 2018). A4 @—i—*é
o 2HA2 19708 Osmundsen©| HHsH Asto =z =
o] oA F& Ao dI3 Fof 2 MAZ
Zro] YEPATHOsmundsen, 1970). o= A9 <&
240 vHEF o g L-2x|o] dYSk Au|g A&xn]x
o7 MA AzxZo] e A 27] FST]FHolA
£ 7 Qe SAHES 1/}E‘r‘/‘rxl &+=CHEbihara and
Nakayama, 1997). st} AMS-& B0l mFof A7t
Z]X o]‘L Oﬂ/lﬂ/xéo X‘]Eo]- 7—]]{E4 29 oﬂ "]OH O],_‘_
017‘] 7] o] 280 gk TRESs B4 Ao
u,]H'G/\E _8__1,]-24_§ lﬂ]—;(]g_‘:_]- 2~ O]L l:ﬂ- -‘%-;
7‘101 g gsirt,
E22ES XTI RA A2 2EE B %
o] mjA A4 U EL]?]]—X] SEy Au ZAgEx Ao
T xS 59 AAETAR So7tal, FH9f
Ty dn ﬂ éao Huo] ZHd5-E B9 Hnof &4
o] HAeSHAR Soj7ItHWolfram and Maibach,
1985; Steiling et al.,, 2001; Genina et al., 2002).
ojg|gt o] F-= QA =4 Aol FEAR Ik ¥
ZFo] DNA $4Jo] BIET 9loik(o, 2002), A
Alg Al GEAY T3 T2 Hjg) Fun|gE
ZHo] QA Y ABIAEHAE AHA Zeficte] HX
T9] DNA £4o] A& Aoz YEYtHKim et al.,
2004). 5 - A= 7Y 24, 4 I vuiE 22

I
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o|L} o]59] TIES HEL EXo] qlo] dM Al &
oA AR Fr9 JES WASHAY Algtsks Aol
7Fs5ltHKalopissis et al., 1983).

In vitro & A|FHS 58 E= A gEE o]
goto] £49 mF F5EE S5, AR 1R
A-&otalA} Sl oJerEa) SR AEIgolA FA
J& BI7FSHAY ol fefistAY At =40l o
ot =4 B7F Agof @ol o]-&F1L itk In vitro T
B354 AlY Guideline 428°] 2000W =0 AF=A
1, 11 % o] ¥E o]&sk= B2 BV AARCE
o]20{Z 1L QITtHOECD, 2004). Al AR&sl= mE
o] A% 4T FAZ AE e}t A FA mF
£ AR & QAT Ed5] " Qo5kR] oF2 g nE &
7 1 mm o2 Tfof gt} AFge] nRE 23ksto]
HE, H{AHE o] AR AAskL tHDavies et
al., 2004). FEL} hairless mouse TX7} A3l H
g4 52 °olf= Eo| A= AT Al mjHo] H]s}o]
FRert = A oi = AR A fASEAY o
4 2 FHeE yepdoha EiEo] QIeK(Chilcott
et al., 2005). Park et al.(2016) ofeFet ojF zd
= ol&sto] FAIHRS HF RS Atk

2 dolMe 2SR AlTRE SR oo A7 E
= B354 3%(Milbon, Loreal, Paimore) & fU4E A
23 T HA sy ALt AnE sUAEAE EESH
o] OECD(Organization for Economic Cooperation
and Development) A8 7Io]=2kQ1 42809 w2} Franz
diffusion cell °]-&sto] THZS thA] Al %135t
Aot QEA & 2980 nRENg gRIRES o
o5l oA Ao W JuA & 299 nHS
S RS oetete] sludEAle] oREes
LE gt 4 H5A19] HoauE It ol B9
SUARA Y P/ melstarl 11 /oS Y = A
= Uk Al HHY] 852 B7eto] FAsAe] 1t
T} QFHE G5l 93t 7| 2A =S A5t} oft.

. g+ U

AR AREn gt 4uA & 2ol w
8ol £ A AARA 353 A SHIRA 3
Zg Adelo] 29 FFL BN ¥, 15 294 T
o £ A SutAnAe} Avld AtIRA 27t
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Table 1. Ingredients of skin protectants

Skin protectant Ingredients

Petroleum distillates, hydrogenated
A polyisobutene, olive oil, diethoxyethyl
succinate, stearyl glycyrrhetinate

Water, cetearyl alcohol, polysorbate 21,
B ceteareth—-25, phenoxy ethanol,
chlorhexidine digluconate

Mineral oil, cyclomethicone, squalene,
tocopherol

1548 Adste] ARe ATt AmA & 29

1A17F B2t sonicationd}th. B3R 1 mLE AFZA]
dEE ol&st 5849 24 AAst, ZEL &
SFH-E mass vialo]l §o} HPLCEZ E4313tt 29
A2 offf A)Z o]gste] Attt 7t AEY =%
Fo 27 0.62% E 0.55% ATt

p

2-E3F (wg/g) Al D
_ AmALl R Agt—y A 10°
N 7147 NHEEA 5% (ppm)

H3AE oZup fjgo] w2 35S AHoiil,
7k B2 Table 1] Aottt B54 H8F &
ARt Al AlEQl PR 2XM(cosmetic lotion)&
ZFrasto] Aot A1Fo] kR HA(2011)0014
AAGE 18] 24 AHEFE 7|02 4753l ol
Aoz Axig A3t 2 Adols 3 igg F85k3t

B 5 A % (mg)

2. IR+ MY

AU AY TRl OECD Alg 7tol=akel 428
L et FAEJHOECD, 2004). Franz diffusion
cello] 48] E= oA 3F 5 sfUE A3t fis
Azt UAEA(HA A=A, AnE sud
2A)et B 1:39 vl&=2 T3t 0.1 g& 0.785 cm®
1Ko 2853t

nRESs & AY2 Lap fine(llsan, Korea)9l
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Franz diffusion cell& ARgsto] XFsIATE Franz
diffusion cell static diffusion cell FEj=Z, W7ol
10 mmo]al &A] ZA|9] 2Z8} stirrerd IHEE
(revolution per minute, rpm) &Z&°| 7Fs3lt}. In
vitro IF-E4 AHOZ Franz diffusion cell
method= AI@E40] IF-E Ssto olsst=s &S
S7ok= A o g AlAEA tisf ¥HE S50l 7}

(OECD, 2004).

5= 671€® Micropigd] SollA A&3t #HQ}F A
7} 9= %A 300 gm, Ho] 1.5 x1.5 cm9 FZ5=
HRFHEE (F)olFo]A(Pyeongtaek, Korea)ZHE
Aotk AY 7R -20C 9] P50 R,
F2olA 5] =of Aol AMgstoIT) A o] Z+
430 ESAE AYst & Franz diffusion cell®]
donor chamber®} receptor chamber Ate]o] mF-2]
Z44Zo] §9&oz 9oxE 1HsI9rh. Receptor
chamber©ll+= receptor fluid (ethanol/distilled water
1:1) 5 mLE Y35t} Donor chambero]] Z-8&=
0.785 cm’™ AFEH(FRA : 375 =1:3) 01 g&
HE9t & =4S T 2= 32 £ 1C, k=
30~70%% FAIStA o™ ulauE vhe] 3d4 k= 800
rpml.Z Aot HTable 7). A8 Al & 1, 3, 6,
24A7¥0l micropipette E+  syringeE ©|-&5}o]
sampling portE &3l 1 mL2] receptor fluidE A&
2 ZH3IL receptor fluid ¥4 1 mLE B3
AHF MEZ 4 A7MA -80T | Eysiict.

NHEET AY T8 F of JFEY AEEES
ethanol/distilled water (1:1)Z HoP# & Franz
diffusion cell A¥oA A[@E4o] H-&H FF HE
ot ZElJo] ethanol/distilled water (1:1) 1 mLS
FAotath AEEE FE2 Aol 32€ AUA|E

Figure 1. Franz diffusion cell with pig skin
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)

A 1AIRE B9 250 AY & BR5) Sl R =
< 7HeEe]7] Yal 5000 rpmollA 587 YR st
Il 24A)7F B9 WA SHHL). Syringe filter(0.2 pm)E
olgste] 0.5 mLe AIRE oFetll, & AEE &
A Z7HA] -80T oA Hyotct.

3. 2ER& 2N

ANRE EAop] #18t A¥l= HPLC(high performance
liquid chromatography; Waters Alliance 2695, US)
2 AR5, 22 Agilent zorbax C18(150x4.6
mm, 5 #m, Agilent Technologies, US)2 AR5t
0] ZARE trifluoroacetic acid(TFA)7} 0.01% A7
water®} acetonitriles 3:19] HEZ2 ARgolYloH, Z
HO] 942 0.5 mL/min, ¥4 Al7R> 24202 39tk
(Table 2). ZAEZQ] 2<% HFEL Sigma-Aldrich
(Seoul, Korea)2H5-8 FJsto] ARESISIT

Table 2. Analytical conditions of HPLC

Parameter Conditions
Column Agilent Zorbax C18 (150%4.6 mm, 5 pm)
Flow rate 0.5 mL/min

Injection volume 10 uL
UV detection 2998 PDA detector (210~400 nm)
Run time 24 min

Solvent Water (0.01% TFA) : acetonitrile 3:1

Zo Wkt AT ARl
Exlere AR A A0 LAY SR 245

o ofgf 4}Z o]gsto] WA =2 RS ALt

_ 1hE-EY A XS
1h= SEaE: A3
© A5 © A5
3h— ShZF-EF Gk x5+ 1h 20 A7k <1 A 4

B

6hE I AR X5+ 3hEFEIH A X1+ 1hEF-EF G X
i)

g] p3]

6h =
‘I‘Dd =1

&5
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4 6)

T, BRREA| Ao w2 Holo] thstel A #lA

_ UhEEIAGE X5+ 6h ST A X 1+ 3h ST Ak x 1+ 1h 2SI A gk <1
2= EEaRE:
Flux(gg/hr « cm?)ZE2 @AY dAeh o7 ¢ R, =
olZ Bttt ARS| FOE ofdf AL olgstel A HAHEH(one-way ANOVAIE AlWTHOM, A5
ST <2 Duncan’s multiple range testg ©|-85F% T}
2 A SAHA Fod S p05& 7R
1hF3E  3hFd=  ehFueE | uRTFHTE 2351 )
Fug = (WTHE | TN ST WA oA
A7 m.z
B _ SILIH D IOl = MENI2f
K Qe FHASE ooloiet flux g g1 2 RSAAPASAE
i S A= Xel
FAELES Table 33 Akt A sUdEA =
s B 1h, AP AHGRAL 6hiE 29£0] Fipt 4
5= guaeazssasm) A8 Amglom, A AuARAL} Avd AIERA 2
% A7ko] Aol wet FAETGo] F7HSIAL, A
9-60] HARRS Aprat Qugw £ oyel  VTERAVE AT SRS o) gl 35
oko.
e oz (4 9)g olgslo] AT WS Ao v
AR sudEALt AnE SudRAe] =28E
(1) 1O Z1o} T EXNX
ARRAFL (ug/mL) = (41 9) flux 93F K, @ Table 4st D9t + 54X 2
% A sgAe And sudEAEe] folgt
_ RRASIZ S gy 1000 Aol2  HATH=3.194, p(05: 1=3.207, pC05).
71€7] A DEA o] F %= (ppm) — - =
Flux &t B+ ¥ 23 A sud2A(M=4.78)7}
A AGAZAM=0.D] #1848 o L Ao
5. X=X 2 g7Ed K, 4 B ¥ A3 A U EA
SPSS Z=1HZ o|-&3to] Akm A4S ARSI (M=8.63)7} AmA sluta=AI(M=0.14)°f HIsH § =
A sudzAet Avld sudEAe 29 o e A FriEdnh ALtd sugrA9 K, e 485
¥ 5w RT Aolo] tis] SHER t-testE HAISE o Marzulli® 9o wel @dstyS W A 3yt
Table 3. Cumulative amounts of lawsone over 24h by henna hair dye
Amount of lawsone (ug/g)
Henna hair dye N Mean £ S.D
1h 3h 6h 24h
Natural 3 3.58 £ 0.21 6.57 £ 0.13 3154 £ 162 19419 + 8.34
Chemical 3 ND ND 1.22 + 0.09 5.54 £+ 0.15
Table 4. Flux values, K values and residual amounts of lawsone over 24h by henna hair dye
. Flux (ug/hr - cm?) Ko (cm/hr - 107%) Amount of lawsone (ug/mL)
C L i Mean + S.D pl\/lean + S.D Mean + S.D
Natural 3 478 £ 2.54 8.63 t 4.58 9.66 + 0.62
Chemical 3 0.10 + 0.12 0.14 £ 0.17 0.74 £ 0.27
t 3.194 3.207 22.701
(o value) (.033) (.033) (.000)
Journal of Korean Society of Occupational and Environmental Hygiene, 2021: 31(2): 173-183 www.kiha.kr



AXA= ‘moderate’, AWA FUHIEAE ‘slow'= A A) ESA C) ESA B «o2 Yegtow, F4

ERTg B 4 9

m o] SUARAE 2441

Polgl 298

BAM=9.66)7F AnZ
A5gol o e Ao

tHBarber et al. 1995).
7r &<t A8%
FrF2 Table 49} 29k
U mAe}l And sudRA7Ee] F-2gk AfolE B
Oom(=22.701, p<.001), B+ vl A3 HA Ut
S A (M=0.74)°] B3]

H7HE A

2 MA oLIHZEHN HEA 25K ME 21t
Z

29E FHEIRFS Table 59+ 294t

o] AJzto] Ao wet

T T ST

Ao A

1 A

FARI0] SIS, F
Ago] Hs] KSR A= Fafo] Wotal oA B
HSA C= Fago]

29 flux @2 Table 63 Z3tt) FA4eE ) HS

% 3o
EEE

3. 0|2 SRR MBA| #EH K
294 s %
o] Alzbo] Aol upet

e A
I

o Rt

32 2

HOR GO Hol

29 flux & K, &

Table 73} 23k

At 2E K, 72 FAE
> HEA| A ) HEA| C) BHEA B ¢08 Yehgo

SAFCE FoIFt Aol= AT K, #=
Marzulli®] “g9lof we} wHsils ff e Aol
‘moderate & FHTE WA 5= UAAcKBarber et
al. 1995).

|
o

FHEsgo] S/,

2l 6h, HoA| AT 3hiE F7F HA H

22 Table 83} 2%k
HOA A) HoA C) HoA B) FAY &€= 4

Table 5. Cumulative amounts of lawsone over 24h for natural henna hair dye by skin protectant

o o2

Amount of lawsone (ug/g)

Group N Mean = S.D
1h 3h 6h 24h
Control 3 3.58 + 0.21 6.57 £ 0.13 31.54 + 1.52 194.19 + 8.34
Protectant A 3 ND 459 + 0.73 2839 £ 0.24 214.20 + 18.21
Protectant B 3 ND 1.86 + 0.28 18.26 + 0.79 136.86 £ 14.32
Protectant C 3 ND 4.76 £ 0.91 24.05 £ 7.08 169.74 + 25.27

Table 6. Flux values and K; values of lawsone over 24h for natural henna hair dye by skin protectant

Flux (ug/hr * cm?)

Ko (cm/hr - 107%)

Group " Mean + S.D Mean £ S.D
Control 3 478 + 2.64 8.63 + 4.58
Protectant A 3 3.80 £ 3.95 6.86 £ 7.13
Protectant B 3 2.34 + 2.60 423 + 4.69
Protectant C 3 3.17 + 3.08 572 + 557
F 333 333
(p value) (.802) (.802)

Table 7. Cumulative amounts of lawsone over 24h for chemical henna hair dye by skin protectant

Amount of lawsone (ug/g)

Group N Mean £+ S.D
1h 3h 6h 24h
Control 3 ND ND 1.22 £ 0.09 554 £ 0.15
Protectant A 3 ND 1.86 + 0.11 3.12 £ 0.03 6.07 £ 0.39
Protectant B 3 ND 1.17 £ 0.02 1.60 £ 0.07 3.46 = 0.64
Protectant C 3 ND 0.99 + 0.00 213 £0.20 3.83 £ 0.31

www. kiha.kr
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Table 8. Flux values of lawsone over 24h for chemical henna hair dye by skin protectant
Grou N Flux (ug/hr + cm?) Ko (cm/hr - 107%) Amount of lawsone (ug/mL)
Mean £ S.D Mean £+ S.D Mean £ S.D
Control 3 0.10 £ 0.12 0.14 £ 0.17 0.74 + 0.27°
Protectant A 3 0.35 = 0.28 0.46 = 0.37 0.87 £ 0.11°
Protectant B 3 0.20 £ 0.17 0.26 = 0.22 1.36 £ 0.15°
Protectant C 3 0.21 £ 0.17 0.28 + 0.22 1.18 + 0.10%
F .873 784 7.901
(o value) (.494) (.535) (.009)
Efgon, EAFoZ [ogt zol: glodth 29 2019). SHEAY] nR R BXEF sletx, Hf
Ko %2 EoA A ) oA C) H3A B ) FAY « A, F4/MH54, 54, A8 8o AA0 wt
o= UEHon, FAXoE [OJRt Aol= glSith o224 yeiue =4 £ ZHEE fA Bl ®
K, #&= #-8&slo] Marzulli®] “go]o w2t wasil 1o} Au 7 EFtEciMavon et al.,, 2007). IF= E
o FA2et oA A B, C BF slow'2 §3& B7F »o} ¥, vstrAow 4w o] Qi B4l Hgo]
g 4= SI9tHBarber et al. 1995). 29 2R HIRE 7R BEskL vt wEkA SehEd Y
HoA| B) HoA C) oAl A) FAY <22 4 IiEES+= #3939 F=2e g 9 B39 ui 2%
Eon, SAACRE [FoJgt Aolrt UUTKEF=7.901, 718 AEE o]FojZtHMoser et al., 2001).
p<.01). 2 AFoME sUdEA & =90 e ¥
7¥st7] s w7 2o sudRAE A&ttt 1
v.1 # A HA sudmAe AnE SudRA] 25 AL
o] AgdpE FAFIFO| FUlte AR UEHL
ko]l M2 7[Ql9) ofm Ao W2 FRFE wAH 2w, HA HUARATE AnE sudRA R 354
o] M BISH7|= AEAIE AA APRlA 7F 5 A dEsth E3E flux 3H(t=3.194, p<05)3 K,
93} SI=E = slutoltiOzbek and Akman, 2016). (t=3.207, p 05 HA YA} Avjd Sy
FEARE 7HF de ARSEHE ARNRIEAlE #odY EAEG A4 UEEew, ALk K, 3 7IEeE
9 mRpEEAT d5S fd5kal(Zanoni et al, Mazulli®] Aelo] wat wsiS o dA Judn
2017), p-phenylenediamine®] AFHNS-0 g wH7F A= ‘moderate’, AU JUIEA= slow'= EF}
ZAQl Bandrowsi's €719 E¢¥old B4 4% A o] AEIH M sudmAol v AwlA
HGhosh and Sinha, 2008). AEZAEAIR] st SUARAS] F2 FijeF2 2950 A9 AHo|
dAFEA Hs =4 LH=7] ¥hgo] Fow AA sudnA & A7 salts: B35t HHF
7t AL AR diEHE K Joshi et al, 1977). EZH
JUFRA & 2L FE glycosidic bondZ ©]
Fo|& 13, glycosidic hennosids® 7FE3] a4
U At oo 2e<o®  RIEHEZ(SCCP,
2005) &vlo]l wE &aiee] Zpole U A
Hr}. Kraeling 5(2007)2] Ao 299 mji

B3} GRS 2718k ol Eme ZolE

2ol Bl & AoAs 6AIRE olFole FFe] 5

(Kirkland and Marzin, 2003), 28 £ AA %
7Vttt Kraeling et al.(2007)2] A7ollA+= 244
S

#5to] ARG RIE7F 31 QItHKim, 2018). kAR 3
FAGEQ] 292 S/gAkA HAjo 2 Q]
Lakstcty B %911 (Sauriasari et
al., 2007; Jordao et al., 2015), sUFEAZ QIst

7+ & nREgo] 03~14%2 UERECe™, SCCP

EOES!
O

=
B2

gt Al &4
MArREA gH1YE R1ET QtkLee et al., 2016
Jeon et al., 2018).
Aoy oA PFE A8EE 2
&5 59 FH=E oI FEdE ot U
LA sk stet
d5ke St Meisser, (2005)9] AFoA= 2447 & THEY

HL o]
= &
AAE HFske I3k

Agre
(Maibach, 2010), T
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180 ZFH . Zuh2

o

A -3
(=[S

rio

2 Ueidt & dolAs dudEA of F8 &
27} 1A17ZHKraeling et al., 2007) ¥ 30%(SCCP,
2005) & QHEAE Aol thx HREAFS ZH5t
AARE, E AP E 2249 flux # K, #
Tot7] 95 24417 B9 HE flo] dRAE AHE5
of AolA Aol Sliet mEZbREE AvE
SUAEA7E HA ﬁc]]b}oﬂ_-;ﬁ]gu} FJsHA Rokth
(t=22.701, p<.001). ol A dUHARA7} AwZE
S RA| Bt FARTE o wj Rt ”1—:—7*}#
7t =2 AoE A, Aujd suARA &

+£2 A9 TE T FF Qo 92 A=A & ‘:1 ‘f%}-
o Aoz MzrETh

APE 50049 70N G4 A FuuEE &
B7h F3HE wxol Hs) kst B BAo] L
Bl DNA &40] 3] et 84 A& 99

wEbs] FEA] gt i =55 FEste] dEAY
ARG (risk)o] A= Zﬂ% A = QAT TEkA 2
A= A 771 B e EE9 05 &4
= ©o]&st] FEA ”11'?—13 2 AR 5+ Ad=
Kalopissis 5(1983)9] J+= vHlgo g mHof| HS
A AE T & Oﬂ‘/}oﬂ—'@‘ﬂ% &5to] 290 nH

FIE oefetal He A9 83E HUFsIeIth

AL SUAEAE 2+ B2t oA A, B, C A
25t mFof 24A17F 483519 W HE A to] Alzk
°] Aol wet AR FTleks ACE UEY

I, HA A ) FAT ) BESA C) HSA B ¢l=
FaFo] UEhHT sHARE FA 8= 1AHRY Fii7t
el Ao vls) HoA| A2t 3AXMRE Fxi7t
el He A7 1 U 2A 9] 28 sRERE

AAA7I= a3E gelsielth. AnA JudRAl=
747y Aot oA A, B, C A3t mjFo] 2447t
A3 Ay BE Aol AlZto] Adoe] wEt FAHE
HFo| F7koks AR UEHAT, FA T2 6hi
H, H5A A2 3hFE 29E 0H R el
AA SudzAet g9 HoA A2 mREFEiAr}t
o ¥ Yehtbs A2 & F AUtk ol= AnE v
A9 B Log Po/w o] Wol 2940 &3}
7t AQ=ER oY, B2 A9 Log Po/w &2 =°F =F
£9] Bt 219 ﬁ—i FHo

FEAC] AA HEATES Aot 293 THEE
s FrrelS o A slutdAe] A-8&A1E 3417
2 7180 R 2920 B e, AvE sy
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TAE G4 FHEAIZR] 307 7|Eo2 29 Bt
YeRR] @kt o]= Jeon et al.(2018)9] Aol
U RAS] MAPEYNREL 55 S EA
oflA gt oS FHbdS] Frt Hd udn
Aol gM HLAHE 7|EoE BIAS A A
oA FAE Aol vl flux gH(F=4.454, p<.05)
3t K, #HF=4.455, p<.05)°] FolotA F Ao 1}
Efuitt, weka] dA SUAdnAoA BESAC] HEE
7t e AL E 5 ASlH

HoA A7l A] 29<9] mREHS A sy
A= HSA C) H3A A ) ESA B ) FAY
o7 UERFOH(F=4.469, p{05), AvA sluta=A|
= B34 B ) H3A C) H3A A ) FAY &=
e om(F=7.901, p<.01), BAZog §oJ3t jo]
7F Ak A E AWA Sy EFolA] FAE oR

> o8,

M

of Hls HoA| A& uFojx =& JJJTX}EE’FO]
o= AL gE 2 BE3lE B S A|9] AR 93 29

[¢]

] oEﬂQH ‘c:) xﬂOﬂ og o]E ].1— 7-]0] 01x4x41:,_ H}aﬁa}ol—
15IAY QUMM =

R ShAE 4 ek I 713
e W} Y A IS AL o] AT ¥

-‘"]-1*—4 :rLJZ— E55HA o]FolA =4 gAY A
71%5< ol JAtHSimon and Maibach, 2000). In
vitro AlRRS SPEE A ol feet AdEd
Brkelr] 98] wo| o] {E 1 9o, WEETE 7}

:é% o] ¢ gHFgHo=w ZAEstuE it E/do] §l
L H&H gHr 7Fs35tHHan et al., 2009). SEA9E
=249 YR E= oRY dHet A%, 79, ¥ 5
9] g Tro(Pappinen et al., 2007), ¥4} &
< ¥ &2 9 Ale §7] 9 Hlko: IS
WS 2102 d&Eu o] F2 REYEA] koo, §uvt

GuAle] Azt sl YAkKlo] T2 Holw Hi4
wol SAHoR etk

v.z E

Ao HARA So EE 290 3]

B3 S48 AT SEEA) 4 nUe oI
3 RREEA A APS Folo] 2949 WF

ik ARHS ZAIC
A7 ATE FPNRH, JYol A8E HrREA
L 24A7F ARl 2940 WFENE Kook &
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T YERAH. oiRh sludzAle] A AMAIKE
A SUARA 34, AnE SHFRA 302)S 1L
St¥e o o ¥l dolMe 2E wFERERT A9
UERLEA] kot HoA9] A2 Edl Folulet Aloja
e 7] 95 ALz dqSHAT. dHel 3lof HF
‘JHiet dAF7] SOl et mRRa 4] g A
oz A7 o] Faof gt A 2 Aol
A=At BAA-C] ofyl] Wizl o] d+EAHE
@Aof| FZste Aole AVE EARH. 2-0E, =
&9 wRRIe} ol digh sy oA FHzo AY
IS AABIRALH, ol sl g2 o= FHTt o
A Algz ARt &R Hoo 7]ofd Aoz 7|didnt
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