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ABSTRACT : In the present study, we examined eye irritation of six anti-wrinkle agents (ascorbic acid, gly-
colic acid, all trans-retinoic acid, ginseng extract, retinol, EB). We also compared eye irritation with skin
irritation and cytotoxicity in HaCaT cells by these agents. The highest eye irritation was_found in glycolic
acid, but all trans-retinoic acid showed the highest skin irritation. The rank of eye irritation was not corre-
lated with the cytotoxicity of agents. This result shows that eye irritation potency by these agents were not
correlated with skin irritation potency, and cytotoxicity in HaCaT cells.
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Fo kA FrIA Y el 9e) VAR g R
= Algle) P aAde] 87 et gbA 371 in
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o] AATA o A3 A7 A I HAT AP R of
AT Algs AR#A 7t Fohe 9 7-(Ikarashi, 1997)
2} MTT assay W22 corneal epithelial cellsS A}4-5}
As o AT A1) HHAl7FEAd o] 91Tk (Yang, 1994)
E Eav} glont o u| g3t Aol

£ A7l FEUAE S W8 A Ho)
o slelA S7EE S AFARE in vivo WHELE
AXEFIL, ) in vivo QP AFZAE A} ket A=A
=9} IHAT A ZAtolof| FEHAE EARIT A
g SAANEE RS QI8 in viro AP SR TN
A5 A 7FsA el ddted Q77 @l A"
HaCaT cell& ©]-43F MTT assay A8 AAIGF & 5
W28 3 48] qPde A5 in viro MTT assay
2fe] Alolol] = HAS Al FY $EE AT}
UE=AE AlFEde. wmat B854 T A=
AT Aol Aol EAE AT

IIL A& % gy
1. =2

Retinok- retinol 10 C(BASF, Germany)S ARS-319137,
all trans-retinoic acid®} glycolic acid¥= Sigma(USA) A 52
AH8-31 ). Ascorbic acid® Roche(Switzerland), ethanol :
butylene glycol(2 : 8, EB)ll AM4-E]: ethanol> Sigma,
butylene glycols- AldrichA} #E-S ARE-31%I}. Ginseng
extracts  SHERAMEAIA AlEEsLel. Phosphate
buffer saline, sodium bicarbonate, MTT(3-4,5-dimethyl-
thiazol-2-yl-) 2,5, - diphenyltetrazolium bromide), dimethyl
sulfoxide(DMSO)= Sigmail Al E-& AR89, DMEM
(Dulbecco’s Modified Eagle’s Medium), nutrient mixture
F-12, fetal bovine serum, trypsin EDTAY= Gibco. BRLA}
AEE A3k

2. In vitro AME

1) MIZHH2

AFES) A4 ol - 2P (keratinocyte)Sh SVA0
3} §gsied DL AEFZA A e A Gmmor-
talizedye Z¥3 ) human immortalized keratinocyte
(HaCaT) cellsS 5 $d74lel(German Cancer Reseaarch
Center, Division of Differentiation and Carcinogenesis In
vitro)2] Dr. FusenigZ5-E] oA AMS-slglet. 2 Algel
A} HaCaT celtZ nutrient mixture F-12, sodium bic-
aronate, penicillin-streptomycin, 5% fetal bovine serumo|

23% DMEMeA vReksleich.

2) In vitro cytotoxicity assay (MTT reduction test)

96well plateol] 1x10°cellsmi®] MEZ 200w geol
37°C, 5% CO’ incubatorcll A AT wiofFst ¥ A&
S Me|shed 3A1zE, 242078, 48417), T2A17HS Wl oFslg
o AR 7 welle]l 200 w8 YolF3L MTT[3-(4,5-
dimethyl-thiazol-2-yl)-2,5-diphenyl-tetrazoliumbromide]
(Sigma Co)E 2 mg/m/e] FE& FH]sld 50 A7}
g F 3A7E RS Al 7 welld AIHEAR 220 WiE
A3k BebE4d 30 it 32 F DMSOS 150 W &
7Fsled microplate mixerAtollA] 1087 2 E318led HA
E& 83117 F, 96well plate ELISA readerelA] 540 nm
F4EZ O.D.(optical density) 35 S48t ZE A
AN AEE WA &2 welklA SAE Fi=
o Hte] BAE ZhE ARSI

3. In vivo ANE

1) HEE

Al A P42 2 2.5~3.0 kg®] New Zeland white
A E7E EoF o} 157UZ +3)7HE Tk B3 AL

£ 2HEA AFSES siglon 2E 2382°C, FE
55+10%, 12717 BdF7)9 A2 E FA1515 0

2) XS AIE

HFHHASAIE2 OECD 71E ¥ Draize] & $-83}
all trans-retinoic acid, retinol, ascorbic acid, ginseng
extract, glycolic acid, EBE 454914 52 A]A
Aol whe} Waste] BT A Algle] A%
T AI-AA o 24817 Aol £7)9] 29 b7 2= A
o, BASe] WA AT F, A9TAL E719)
ZAuhd(conjunctival sac)l] 0.1 m#¥ Fofsiglom 1A]3E,
19, 29, 39, 7ol b2 A=), AR, IS AFs)
At

4. MTTA| B

A FEAL NEEA AFAANE A E] AL 50% 7t
2AFe BEQ] IC,, 02 FABI0m, 1 Zh2 Litchfield
& Wilcoxon(1949)2] Hb o2 AALIIe}. In virro A&
A ICs, # in vivo ABAFE] <t AFEE A
ARt F in vitro AEE HIESAS] & $£2E &9
(rank)E A3}A.2, in vivo A= TG AJFe] ¥
722 9 (rank)E A3}e] o] 5 AAHTAI S Spearman’s



rank correlation analysis® #4353}
. 2 o
1. In vitro HIESHAE

FEMNAEI7E iR all trans-retinoic acid, retinol,
ascorbic acid, ginseng extract, glycolic acid, EBE HaCaT
cellell 3217, 24417, 484]%F, 72412 B3F A=ldt F, Al
F 9] mitochondrial succinate dehydrogenase £4~ A
< A3 NE SAS vZ3H. ZE AIQEA| F
57} ool ek AZSHo) $FIEAE ek
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Fig. 1. Cytotoxicity of anti-wrinkle agents using MTT assay in HaCaT cells. A, ascorbic acid; B, glycolic acid; C, all trans-retinoic acid; D, ginseng

extract; E, retinol; F, EB [Ethanol : butylene glycol (2 : 8) mixture].
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Table 1. In vitro cytotoxicity of anti-wrinkle agents in human keratinocyte (HaCaT) cells exposed for 3 h, 24 h, 48 h and 72 h (ug/ml)

3h 24h 48 h 72h

Chemicals

IC,, ICy, ICy IC,, IC,, ICy, IC,, IC,, ICy, IC,, IC, IC,,
Ascorbic acid 869 9917 11313 89.2 3108 1083.5 117.6 2916 7235 1325 2944  654.0
Glycolic acid 962.1 2720.0 76874  603.1 17872 5296.0 4683 11275 27146 2633 6831 17718
All trans-retinoic acid ~ 293.1  857.5 25083 2285 3789  662.8 107.0 2194 44938 835 1716 3528
Ginseng extract 903.0 2238.6 55493 5942 16164 43969 3376  805.7 1923.0 146.1 2887 5704
Retinol 17.8 456 1167 107 205 39.3 6.5 13.6 286 43 95 21.1
EB 3.9x10° 1.1x107 29x107  9.7x10° 1.8x10° 3.3x10°  7.6x10° 1.3x10° 2.2x10° 4.0x10° 8.0x10° 1.6x10°

29 735l retinolo] 45.6 pg/miS 2. 71 H& A EEA
< Yehligl3, EB7} 1.06x107 ug/mieE 71k B A
SAE el 2442 25750} 48AI7 =F AT
T 225l X R R M & AESEEA
I 7P 2 AESAEAY] Se A veEdR
(Table 1).

2. In vivo OtXIZAIE 1}

FE2HIX]A] = all trans-retinoic acid, retinol, ascorbic

acid, ginseng extract, glycolic acid, EBel] d3}e] zpale)

Table 2. Eye irritation of 6 anti-wrinkle agents

9 zhuel W3, Al Whe, Aoe) A, ¥E 9
WEE F7EE 7IEeE HURTS AldE A9
FAB} K (Table 2). 652 FFUAIAl F glycolic acidt
ALOZ} 2.672A Zute] HFa) by wljEEo] s o]
ekxl=o] 714 ¥4t} Retinol#} ginseng extract, ascorbic

acid, retinoic acid ZA=e] AT vepgch

. In vitro MESM AEI} in vive 2HXIF A|EHS| &
A H|

MTT assays ©]-8&38ld A2 in vitro A2} in vivo

Test material ~ Scoring time Cornea Conjunctivae Iris LLO.L MIOL AOlL Rating
1hr 0/0/0/0/0/0 0/1/1/0/0/0 0/0/0/0/0/0 4 0.67
24 hr 0/0/0/0/0/0 0/1/1/0/0/0 0/0/0/0/0/0 4 0.67
Ascorbic acid 48 hr 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0 0.67 Non-Irritant
72 hr 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0
7 day 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0
1 hr 0/0/0/0/0/0 4/5/4/4/4/3 0/0/0/0/0/0 24 4
24 hr 0/0/0/0/0/0 2/3/3/3/2/2 0/0/0/6/0/0 15 2.5
Glycolic acid 48 hr 0/0/0/0/0/0 1/3/3/3/3/3 0/0/0/0/0/0 16 2.67 2.67 Irritant
72 hr 0/0/0/0/0/0 0/2/1/1/2/0 0/0/0/0/0/0 6 1
7 day 0/0/0/0/0/0 1/2/1/0/1/0 0/0/0/0/0/0 5 0.83
1hr 0/0/0/0/0/0 1/0/2/1/1/1 0/0/0/0/0/0 12 2
all trans 24 hr 0/0/0/0/0/0 1/1/1/1/111 0/0/0/0/0/0 12 2 _
Retinoic acid 48 hr 0/0/0/0/0/0 0/0/1/1/0/1 0/0/0/0/0/0 6 1 2 Non-Irritant
72 hr 0/0/0/0/0/0 0/0/1/-/0/0 0/0/0/0/0/0 2 0.4
7 day 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0
1 hr 0/0/0/0/0/0 1/1/1/1/0/0 0/0/0/0/0/0 8 1.33
Ginseng 24 hr 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0 ‘
extract 48 hr 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0 1.33 Non-Irritant
72 hr 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0
7 day 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0
1hr 0/0/0/0/0/0 1/0/1/0/1/1 0/0/0/0/0/0 8 1.33
24 hr 0/0/0/0/0/0 0/0/0/0/0/1 0/0/0/0/0/0 2 0.33
Retinol 48 hr 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0 1.33 Non-Irritant
72 hr 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0
7 day 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0
1 hr 0/0/0/0/0/0 0/1/0/0/0/0 0/0/0/0/0/0 0.16
24 hr 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0
EB 48 br 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0.167 0.167 Non-Irritant
72 hr 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0
7 day 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0
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Table 3. Comparison between cytotoxicity of anti-winkle agents and in vivo eye irritation potency

MTT ICs, Rabbit eye irritation test

Anti-winkle agents

3hr 24 hr 48 hr 72 hr AOI Rank
Ascorbic acid 991.7 310.8 201.6 294 .4 0.67
Glycolic acid 2720 1787.2 1127.5 683.1 2.67 1
All trans-retinoic acid 857.5 378.9 219.4 171.6 2 2
Ginseng extract 2238.6 1616.4 805.7 288.7 1.33 35
Retinol 45.6 20.5 13.6 9.48 1.33 35
EB 1.06x10’ 1.78x10° 1.28x10° 8.04x10° 0.167 6

EB (ethanol : butylene glycol =2 : 8).

ol KASAE A 2|9} rankE AAEFSATH(Table
3). 2 AHAZE jn viro ANBZAFE} in vivo A1 FAF] A
FAAZ Spearman’s rank correlation HPH 02 HAJ3}od,
EE2AZPEE AP EAY d3 95 =2 JEpg
©}. HaCaTS ©]-83F MTT assay(IC,, 715)9} E7]E o]
43 dRFAIEH] ARIA = A7 2E2AH S de
A ©=0243°1313, 24274 A= P=0.0710]H,
48717kl M rP=0.243, 72020 P=0329EA4 o5
%2 correlationd WEPN IS 1IC,, B 1C,, el AH
A= vi$- FE correlations WFEPH T (Fig. 2).

A
7 -
EB
§ ° *
"_—E Ascorbic acid
€ 51 [ ]
[
741 Retinot
h—4 .
E 3 A Ginseng extract
hY ¥ =0.243
2 24 o
5 Retinoic acid
£ 14 ®
Glycollc acid
0 1 2 3 4 5 6 7
In vitro cytotoxicity
C
7 4
EB
5 61 [
s Ascorbic acid
‘E 59 ®
[
> 41 Retinol
E b inseng extract
a 39
2 = 0,243
S 24 @
s Retinolc acid
£ 14 ®
Glycollc acid
0 1 2 3 4 5 8 7

In vitro cytotoxicity

4. In vivo T| 5 Xt= A g1} QY OfXt= AR Q| At
Al gl

FEHAA 2 AR-E T3)E retinol, all trans-retinoic acid,
ascorbic acid, ginseng extract, glycolic acid, EB & A}
B5ted AMel] gt g RASAIY Aoh(e]-23], 2001)92k
QAT Al S AAIBl A2 7 $X]of| ThE rankE A|A]
31deH(Table 4). L AFAZ in vivo IFAFAIF AT}
in vivo SHASAIEZAHS] AAAAAE Spearman’s rank
correlation W22 B3l 7} A|FEA gt £

B
7 -
c 6 E
<}
'ﬁ Ascorbic acid Eg
E 9]
[
> 41 Retinol Glinseng extract
® ¥ = 0.071
S 24 @
S Retinolc acid
£ 14 [ ]
Glycolic acid
0 1 2 3 4 5 6 7
In vitro cytotoxicity
D
7 9
EB
5§ 61 i
'.(—G Ginseng extract
£ 57 *
o
2 41 Retinol Ascorbic acld
= [ ]
o
83 = 0.328
e 24 [ J
3 Retinoic acid Giyeolic acid
£ 14 ®

o 1 2 3 4 5 6 7
In vitro cytotoxicity

Fig. 2. Correlation between In vitro cytotoxicity rank by MTT assay using HaCaT cells and In vivo eye irritation rank by rabbit eye irritation test (A :

3h,B:24h,C:48h,D: 72 h exposure),
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Table 4. Comparison of in vivo eye irritation and skin irritation
potency of anti-winkle agents

Rabbit skin
irritation test*

Rabbit eye

Anti-winkle agents irritation test

PII Rank AOlI Rank

Ascorbic acid 0.83 2 0.67 5
Glycolic acid 0 5.5 2.67 1
All trans-retinoic acid 0.92 1 2 2
Ginseng extract 0.25 4 1.33 3.5
Retinol 0.42 3 1.33 35
EB 0 5.5 0.167 6

Tl a% A 2000).

7 1

6 4 Retinol EB
5 * ¢
B 51
E Ginseng extract
£ 44 ®
2]
2 31 ® r’=0.114
o Ascorbic acid
2 24
3 <
= Glycolic acid

14 [

Retinoic acid
0 1 2 3 4 5 6 7

In vivo rabbit eye irritation

Fig. 3. Correlation between in vivo eye irritation rank and in vivo skin
irritation rank.

£ A== veilisia. 4 ARERE 2E3AIA 4 A
FAA L= P=0.11422 Jeldoh(Fig. 3).

Iv. 1 &

= SIS AR BB TIeA e
o] 8] o] Fe A Qlo}. 2F FEHAE gl o
g Wilo] A Aaalsle Anjate] 879 dAFl &
oA . F IFFERR 72T, FEE A4
T 3 FEA 29| Adte] HIglont, AR g
B AR A 9850 S W & gl st in
vitro 37 o] o] Q1A k2 AAelet. AA FAE
YEe g A Hrhe AFIFEIAA <= 8}
of SRR, RFFASAHAE, HHHAS
= ZlepHASAI AR, IR AR, AAAL
SAPAR, FUSAA AR ETA ) BARIBe 3,
FEAANAAR T ARE G eE FEsle] A5
I Qlet =3 7 ks 980 AN B EEE A
2 Aol Al ol digh Aot AeE e gl ok
<+ 7hed EBalkse] ¥R Elwot A4 AHEE

HE Solgt A5 (T FA)0 zlel7) glol Hrk=udd
el dale] B4 M2 AHFEY HolAdo] glE Aoz
FE531e] $iot. 3] A 37 g AlAIAe &
T = Adt RAAHYY spde]d}

In vitro A A|FH-2 2] FRAME(Fund for the
replacement of animals in medical experiment), 3¢

ECVAM(European center for the validation of alternative
methods), P|=¢] CAAT(John Hopkins center for altern-
atives to animal testing), Y+2] JASSE(Japanese society
of alternatives to animal experiment) gollA A|g
validation 97 5= AAsPH FT3}2 ¢JvH(Marafante
%, 1994; Clothier 5, 1995). EC/HO(European commission/
British home office)|1AE eF =}t 2}5 Al&o] tgle] o
AAERE ARkt 71, v, d82e] a7 3
7 red blood cell hemolysis test, EYTEX method, bovine
corneal opacity/permeability test, HET-CAM(hen’s egg
chorioallantoic membrane) test, fluorescein leakage test,

Isolated chicken eye test, Silicon microphysiometer test,
neutral red uptake 5-& AlA|3}2 validation A7-5 A4
3lod (Balls 5, 1995; Clothier &, 1995) in vivo2}2] Ar
WAL 2 AR FotEglor RAFAIFEL in vitro
A 7FeAdel e AR FGrisilet et Sl
o] AT AAAEYE AT o] FoIA L A g
3ol

E ATFNA in vivo ARF AFS Al A g)Ra)
SollA BIAFAE JEIE glycolic acid?} A.O.I=
2.672A Aupe] -5 W wjgEo] #AE M B
AL Jelglch 2 9 9= all rrans-retinoic
acid= A.0I=2% e, ascorbic acids I¥-A}=FA]
o] & wbad RlTFelA A0I=0.672 @A vehtol
Ginseng extract®} retinok> A.O0.J=1.3322 72 Zlo]
WRENS, EBE I 5AS 0k ol gl = 7}
A W AS4E vERIE Glyceolic acide AFFAS2
ascorbic acid, all frams-retinoic acid, ginseng extract,
retinol, EB¥ BIAFSA 22 WA, 71 F54A] 4
EEA T IAFAFA RN B AFA ]l 2
E3-L all trans-retinoic acidg 3, AT AlFeM=
glycolic acidgl A2 M2 o& AFAE vehf Fof 3
FAFT A5 B4l uhel o 2A Jepds #els)
art. =3 5T dAAFYP LR 7Fede] o A
#Ade] ol MTT ¥ L2 HaCaT celld o]83ld 65
o] FEUAE E] 8 Yo NEEAS I
ofsta 1 Aol ke 253 eke] ARAAE FH3}
2, 725 JAAEH R 7FsAde] 9l HaCaT cell
A MTT Al el A= B3] AFA 2z
22 o gd = UeAE AT In vivo IAFAIY




3} in vitro MTT(ICs, 71488 A3 A=A} 322
o ) F=0243, 24X73D A5 *=0.071, 48X 74 72
AZYd 79 Z4zd P=0243, P =0.3292A W} AMaI
AZS Byck, o8t A3 in viro MTIT 3o ALSH
HaCaT cello] $EAF5ol A&l RIS vepiFA] E§2
2 A= dAAldel AgeA R3iokar A =3
ICy X IC,el 23 ME=A T} b |t 215718 A
Z BN MR ICHeE AR AdAde] Wk
o}, Andrew(1995y AT tHAIA| 8-S 93] rabbit skin
o2 HE] A& epithelial cell} rabbit cornea F-22] 3T3
mouse embryo cellS ARS8} 31, Chiba(1999)y= &
AE o2 Hela celld ©]-83fed MTT AFA 7} ¢IA}=<)
A Eel AE 7HsA-E AXEE S 2By £ Q7
oA HaCaT cell& AIFAIHETE HFAFA1E o
ARl Agsb el vIFEE 548 vepdoEZx
A=A A 7sA gl A=

olAke] Ax} FEHYAL AE Al I HRF A
=9} obgdutAls A x= Bl wet g2A A5& e
) HaCaT cells ©]-4-3F MTT A8 SASAIE in
vitro AN FHEZ AT 4= ¢l& A= Addo. o}
A ekl Hal =13A-E el e A EE o83
AF7} Al ol st Azt

INEIET

B A7 BAEAT AAATNLARI ] 28l A
Hglom ool ZHAL=F L THHMP-00-P-21900-0021).
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