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Correlation Between Skin Irritation and Cytotoxicity
of Anti-wrinkle Agents

Eun Hee Lee, Jong Kwon Lee, Yong Kyu Kim, Ki Sook Park, Kwang Soo Ahn,
Kyoung Mi Jung, Jung Hai Kwan, Sun Hee Lee,
Soo Youn Chung and Jin Tae Hong"

Department of Toxicology, National Institute of Toxicological Research, Kovea Food and
Drug Administration, 5 Nokbun-Dong, Eunpyung-Ku, Seoul 122-704, Korea

Abstract — To compare skin irritation and cytotoxicity of anti-wrinkle agents, we examined skin irritation
of six anti-wrinkle agents (ascorbic acid, glycolic acid, all #rans-retinoic acid, ginseng extract, retinol, EB)
in New Zeland white rabbit. Cytotoxicity of these agents was determined by MTT [tetrazolium salt 3-(4,5-
dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide] at multi-time points in cultured HaCaT cell, a
human immortalized keratinocyte cell. We then analyzed correlation between skin irritation and cyto-
toxicity by spearman's rank correlation analysis. All frans-retinoic acid showed the highest primary irri-
tation index (0.92) in skin irritation test. Being all the six agents not irritant, retinol showed the most
cytotoxic agents. The correlation between skin irritation and cytotoxicity (ICs;) at different time point was
0.814, 0.757, 0.814 and 0.7 at 3, 24, 48 and 72 h, respectively. We also found that IC,; and ICq, of these
agents showed similar correlation with skin irritation. These results therefore demonstrated that there is
close correlation between skin irritation and cytotoxicity ICs, value by MTT in HaCaT cell at early time
points by anti-wrinkle agents or IC,, value. ICs at earily time point or IC,, values may be reliable alter-
native determinant of skin irritation.

Keywords [] Skin irritation, anti-wrinkle agents, cytotoxicity, correlationship.
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/\1 ’\}%‘3}“‘3} HaCaT cell> AFghe] 77dm]ox
< A E (keratinocyte)?} SV403} §3lslo] A2
*ﬂi-zrifﬂ APEEA] 9d= A (immortalized) S 731
slom, B Adolri= HaCaT cellZ nutrient mixture
F-12, sodium bicaronate, penicillin-streptomycin, 5%
fetal bovine serum®] 22 DMEMeIA] wliksisich,
In witro cytotoxicity assay (MTT reduction
test) — MTT[3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl-
tetra- zoliumbromide]= M¥E U2 &9 3, v|gEZ
T2Jo}9] succinate dehydrogenase©l] 28] formazan
< FAsh=d o] £29 H]E‘ﬂ %3 & nEZ=go}t
9] B4, sAls AES 84S gujgimg Az A
EES SR WY2E olgEa 9Urk 96 well
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et F APEAS Al AL, 2477, 48717
TN eIt AHE 2 wellell 200 A gol
3 MTT (Sigma Co.)‘—:"— 2mg/mie] FE= Fu|d}
o 50 WA 7k & 3R WES-S AT 7 well
3 AW“’@_ 220 WE AASIL BHbNER 30wk
w71 3 DMSOE 150 i ZJ7}0}‘3’1 microplate mixer
"k’ﬂ’ﬂ 1083 & E3slo] =g Sar &
well plate ELISA readerol4 540nm 4= O.D.
(optical density) k& SA3ISirt. BE AEAI=
AAZE viFetR] 2tz wellolld 539 5=l
tfste] BASE ghe AHEsiich
UHESE - JHASAIE G2 =E 25~3.0 kgl New
Zeland white] 7]5 HoF wol 15U £8717h&

Tk B9 AlEE AEA RIS o &
T 231£2°C, &% 55110%, 1277t “30 =719 A
208 X3

OSXEAE - 95252188 OECD 7)5%] gt
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glycol2 : 8YF ARE3le] 24k, 7l9 2 ¥F 58 =
YEYATE EZAUAPAT e BEeion
S)58ela A3Fe] 28 157 B HRAT
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Fig. 1 — Cytotoxicity of anti-wrinkle agents in HaCaT cells. cell cytotoxicity was assessed by the MTT assay at the different

time point.
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dehydrogenase &4 @738 33t AX 59 v
T} 6709 AlEEA BF 571 okl ukel
AE=Ego] GREA 0T ST w3 AR W
Slof] L2 AEEAYS AHRE wFAT0] Sl
w2} AEEAo] FTIhs ZAEE WeRigich 3k 7}
ANEEAS AT =E2AAE e
LERISIAGE 2423F, 48213F, T2A3belA = 34171
Mok 2l vld AESAYE YeERNICKEFg. 1).
Ascorbic acide 3414 MTT assay 23 ICs,
7} 999.1 ug/miPE=H O 2447 Foll= 3108 pug/
ml, 48X17E 2944 ng/miE JER} 24171 o))
v AlE5Ao] Exato]7t gl ThFig. 1A). Glycolic
acid= 3A7A ICs7F 2,720 ug/miclA T, 24417k
AE 1,787 ug/mi, 48A7kllM= 1,127.5 ug/mi, 724
el A= 683.1 pgmiE THE ascorbic acidit all
trans-retinoic acid®} 28] x=ZAI7H uet M54
o] ZIetAaL, w3k e AEEAE Ueh)ch(Fig.
1B). All trams-retinoic acid= ascorbic acid®} A}
A ARl IC,7T 857.5 pg/miel3li, 24413F
Aol = 3789 ug/ml, 4871703 7247kl ZHzt
219.4 ug/mi®t 171.6 pg/mis e 2470 &
Foll= & o)z} Ach(Fig. 1C). Ginseng extract™=
37 IC7t 2,238.6 pg/ml, 247171004 1,616.4

& AESEE

pg/ml, 48A171# 72A17bo| M= ZHZ 805.7 ug/m,
288.7 ugmiE. =FAIZL] Aol o AEFAo] F
7¥8kAaL, MY B9 ICakell vl 2411719
ICs¢ 28%, 24~130ell B8l 481312 50%7 % FHa
Sk, vHAZIRIE 48A17F 72A|7RAbOl A =
6420752 MEEA o] Z7KRe vERITHFig. 1D).
Retinol< all #ans-retinoic acid®} ascorbic acid,
EBS} FARHA ICat0] 24717F, 48A)7Y, 7247kl
2 27} ¢Uith(Fig. 1E). EBE ethanol®} butylene
glycol®] 2:8 EFERA 71 2 AE=AES YEt
5o 24A7 & ol AEEAS Aolrt gl
(Fig. 1F).

2+ NEEAE 347 =EAAH MTT reduction
test A retinolo] 71 & MEEAES UERf I
%131, all #rams-retinoic acid, ascorbic acid, ginseng
extract, glycolic acid, EB £<]3it}. 2447+ =&
AZ AR el AR retinole] 7 =2 AIEEA
& eSS, ascorbic acid, all trams-retinoic acid,
ginseng extract, glycolic acid, EB £4& Jehigl
th 48717 72A17belA B retinolo] 7FE B2
NE5ES UL, 7FE w2 AESAE veRd
< EB=Ze|ith. B3 HaCaT cellel] oisie] IC,
< & A7 AR =EFF A9l retinolo]

P

£

Table I-1In vitro cytotoxicity of anti-wrinkle agents exposed for 3h in human keratinocyte (HaCaT) cells (ug/ml)

Agents IC,y, 1G5, ICq, (b)}rzalrzllio)
Ascorbic acid 86.9 991.7 11313.1 3
Glycolic acid 962.1 2720.0 7687.4 5
All frans-retinoic acid 293.1 857.5 2508.3 2
Ginseng 903.0 2238.6 5549.3 4
Retinol 17.8 45.6 116.7 1
EB 3.9 x 10° 1.1 x 107 29 x 107 6

EB (ethanol : butylene glycol=2: 8)

Table II —In vitro cytotoxicity of anti-wrinkle agents exposed for 24h in human keratinocyte (HaCaT) cells (ug/mi)

Agents ICyo o ICep (b}lfaf‘(zo)
Ascorbic acid 89.2 310.8 1083.5 2
Glycolic acid 603.1 1787.2 5296.0 5
All trans-retinoic acid 228.5 378.9 662.8 3
Ginseng 594.2 1616.4 4396.9 4
Retinol 10.7 20.5 39.3 1
EB 9.7 X 10° 1.8 x 10° 3.3 x 108 6

EB (ethanol : butylene glycol=2:8)
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Table III —In vitro cytotoxicity of anti-wrinkle agents exposed for 48h in human keratinocyte (HaCaT) cells (ug/m/)

Agents ICyp 1Cy, ICq (bgafcks )
Ascorbic acid 117.6 291.6 723.5 3
Glycolic acid 468.3 11275 2714.6 5
All trans-retinoic acid 107.0 2194 449.8 2
Ginseng 337.6 805.7 1923.0 4
Retinol 6.5 13.6 28.6 1
EB 7.6 X 10° 1.3 x 10° 2.1 x 10° 6

EB (ethanol : butylene glycol=2:8)

Table IV —In vitro cytotoxicity of anti-wrinkle agents exposed for 72h in human keratinocyte (HaCaT) cells (ug/mi)

Agents ICy, IC;, ICq (t)}l}aln(ll;o)
Ascorbic acid 132.5 2944 654.0 4
Glycolic acid 263.3 683.1 1771.8 5
all trans-retinoic acid 83.5 171.6 352.8 2
Ginseng 146.1 288.7 5704 3
Retinol 4.3 9.5 21.1 1
EB 3.98 x 10° 8.04 x 10° 1.62 x 10° 6

456 ug/miC % 7P & MEEAS Yehigly, EB
7} 1.06X 10" pg/miC 2 71 W2 AEZEAS vely
Aok 24x17F =E4G 48N =F S, 72N
EERE EIAE 7 22 AZEHEATD
7P e NESGER &4 24 veRisith
(Table I-IV).

In vivo TISX=

652 FEURA ] sl in vivo A8 HHAL
XS AAS A9E Table Vol HeRYSITH 2+ A
HEZDS 05ml X3 30, 13, 24717F, 484
3y, T2RRY, 7HE?F BESE ¥ glycolic acide} EB
7b 0o 7 we IRAES e, al
trans-retinoic acid’} 0.92=2 71 &2 FHEXSA0]
JgleH, I7F EBS o ot AR E) BE
o] #ZAEH S, ascorbic acid, retinol, ginseng
extract®] TAE RS ERIRILE All trans-
retinoic acid®} ascorbic acid:= 3t A=43-S LER)
1o, retinol?} glycolic acid, ginseng extract, EB
E A=A40] Sles & 7 UUTK(Table V).

In vitro2} In vivo Al&{e] AR
MTT assayS ©]83t in vitro NBAHEL} in vivo
A ARAFAIE dHe] A9 rankE AT

(Table VI. 2 AZZ in vitro NEATS} in vivo
AlgAdzte] AAAAE Spearman's rank correlation
whlo g BAslY, mEAIZPEE AlEEA gigt &
$8 =2 eItk Fe. 2). In vitro AP
ICsell 93 A1E 7)o Hlwser IC,, IC,
o} vl J7HE A AASKITE HaCaTs o8&
MTT assay(ICs, 715)%} 715 o] 83 9F A543
o] AABAE AT =E3XHE W9 FS Fg. 2
oM B uiel o] r=0.814F vk 2447F
Z73-Fo = r=0.7572 377} KMo} B2 correlations
UeRASICE 48A3F & A-Polie= 3K 22T
o} TUEHA r=0814F YRS, 7203 F7EF
o r=0.7002 7} W2 correlation® YEhHITH
ICy, Y ICg0ll 23 MTTS} in vives}e] da A=
Tuble VI, VII®] Lhebuigich. IC,, % IC, % in
vivo AFele] ABBAT IC X2 F9 FAkgol
Suigabel=

n #

AT 2dEd FeME ARFEEd 7x

3 FEUA 249 Aide] =1l
o, AAZE g AR % 4858 Aol
e g o8] 1 715 9 HAE Et

o
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Table V —Results of skin irritation test treated with 6 anti-wrinkle agents

Scoring Erythema

Oedema

Average

Test Material Ti PLI Rating
me Intact Abraded Intact Abraded Score
30min  10/1 0/0/1 0/0/0 0/0/0 1
1hr 101 001 0/0/0 0/0/0 1
Ascorbic 24 hr 10/1 0/0/1 0/0/0 0/0/0 1 S
acid A8hr 10/0 0/0/0 0/0/0 0/0/0 033 083 slight-irritant
72 hr 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
30min 000 0/0/0 0/0/0 0/0/0 0
1hr 0/0/0 0/0/0 0/0/0 0/0/0 0
Glycolic 24 hr 0/0/0 0/0/0 0/0/0 0/0/0 0 L
acid 48 hr 0/0/0 0/0/0 0/0/0 0/0/0 0 0 non-irritant
72 hr 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
30min 2000 0/0/0 0/0/0 0/0/0 0.67
AL 1hr 2/0/0 0/0/0 0/0/0 0/0/0 0.67
trans 24 hr 2/0/0 0/0/0 0/0/0 0/0/0 0.67 .
'r‘;tc"ig”c 481hr 2/0/0 V10 0/0/0 0/0/0 134 092 slight-irritant
72 hr 1/0/0 0/0/0 0/0/0 0/0/0 0.33
7 day 0/0/0 0/0/0 0/0/0 0/0/0 0
30min 1000 0/0/0 0/0/0 0/0/0 0.33
1hr 1/0/0 0/0/0 0/0/0 0/0/0 0.33
. 24 hr 1/0/0 0/0/0 0/0/0 0/0/0 0.33 N
Retinol 48 hr 1000 0/0/0 0/0/0 0/0/0 033 042  nomirritant
72 hr 0/0/0 0/0/0 0/0/0 0/0/0 0.33
7 day 0/0/0 0/0/0 0/0/0 0/0/0 0
30min 000 0/1/0 0/0/0 0/0/0 0.33
1hr 0/0/0 0/1/0 0/0/0 0/0/0 0.33
. 24 hr 0/0/0 0/1/0 0/0/0 0/0/0 0.33 .
Ginsung 4Shr 0/0/0 0/0/0 0/0/0 0/0/0 0 0.25 non-irritant
72 hr 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
30min 0000 0/0/0 0/0/0 0/0/0 0
1hr 0/0/0 0/0/0 0/0/0 0/0/0 0
24 hr 0/0/0 0/0/0 0/0/0 0/0/0 0 i
EB 48hr 0/0/0 0/0/0 0/0/0 0/0/0 0 0 mon-irmtant
72 hr 0/0/0 0/0/0 0/0/0 0/0/0 0
7day 000 0/0/0 0/0/0 0/0/0 0

EB(ethanol : butylene glycol=2:8)

e 4 gl BBl sl YA gk Agolch.
WA SPHE Agel the QA Wke AEjorEQr
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Fig. 2 ~ Correlation between in vitro cytotoxicity rank by MTT assay using HaCaT cells and iz vivo skin irritation rank
by rabbit skin irritation test (A, 3h; B, 24h; C, 48h; D, 72h exposure)

Table VI - Comparison of the cytotoxicity and skin irritation potentials of anti-wrinkle agents

. MTT (ICyy) Rabbit skin irritation test
Chemicals

3hr 24 hr 48 hr 72 hr PLL Rank
Ascorbic acid 86.9 89.2 117.6 132.5 0.83 2
Glycolic acid 962.1 603.1 468.3 263.3 0.00 5.5
All trans-retinoic acid 293.1 228.5 107.0 835 0.92 1
Ginseng 903.0 594.2 3376 146.1 0.25 4
Retinol 17.8 10.7 6.5 4.3 0.42 3
EB 3.9 x 108 9.7 X 10° 7.6 % 10° 4.0 X 10° 0.00 55

EB (enthanol : butylene glycol=2:8)

Table VII - Comparison of the cytotoxicity and skin irritation potentials of anti-wrinkle agents

. MTT (Cyy) Rabbit skin irritation test
Chemicals

3hr 24 hr 48 hr 72 hr PLL Rank
Ascorbic acid 991.7 3108 291.6 294.4 0.83 2
Glycolic acid 2720.0 1787.2 1127.5 683.1 0.00 55
All trans-retinoic acid 857.5 378.9 2194 171.6 0.92 1
Ginseng 2238.6 1616.4 805.7 288.7 0.25
Retinol 45.6 20.5 13.6 9.5 0.42 3
EB 1.06 x 107  1.78 x 10° 1.2810° 8.0 X 10° 0.00 55

EB (ethanol : butylene glycol=2:8)

J. Pharm. Soc. Korea
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Table VIII - Comparison of the cytotoxicity and skin irritation potentials of anti-wrinkle agents

. MTT (ICgp Rabbit skin irritation test
Chemicals

3hr 24 hr 48 hr 72 hr PLL Rank
Ascorbic acid 1131.3 1083.5 723.5 654.0 0.83 2
Glycolic acid 7687.4 5296.0 2714.6 1771.8 0.00 55
All trans-retinoic acid 2508.3 662.8 449.8 352.8 0.92 1
Ginseng 5549.3 4396.9 1923.0 570.4 0.25 4
Retinol 116.7 39.3 28.6 21.1 0.42 3
EB 289 X 10" 33x10°6 217 x10° 1.62 x 10° 0.00 5.5

EB (enthanol : butylene glycol=2:8)

T HZo] §Y % nlF 5 AXFA BB B
FEA Y AAIHES] ABFEARE] tiE v
FE Ao Bl wet FEAAEE g
Fo/do] tiFHl oy ES A FE A
AAZRQ 58] T8 HFaAdo] glore SEAY
o thgt A 7o) dAst AgolojA] tiAl
AlgRell tigk 712s gRAdge] Faslth. In vitro
tdl AEH2 972 FRAMEFund for the re-
placement of animals in medical experiment),
# 9] ECVAM(European center for the validation
of alternative methods), ©]=2] CAAT(ohn Hopkins
center for alternatives to animal testing), %+2]
JASSE(Japanese society of alternatives to animal
experiment)5°l4 A8 2 validation 97, XSES
Axs Frshal ok EC/HOEuropean commi-
ssion/British home office)olld= $AZog obgut
A= Aol dhgte] diAAEEE st 7], 1
=, 482 AF7)H 7 red blood cell hemolysis
test, EYTEX method, bovine corneal opacity/per-
meability test, HET-CAM(hen's egg chorioallantoic
membrane) test, fluorescein leakage test, Isolated
chicken eye test, Silicon microphysiometer test,
neutral red uptake G- HASI3L validation A&
AABIATEHY 7 A3} i vivos}e] AFAIATL B
ZoR Fets|gion] ARZAIEL in vitro THA| 7}5
‘do] Qe Aoz Hrisint. olgA EuRA=ZAIE
o] validation TF7F| &9l ¥ FEAGAIEe
gt A =2A WA ATk In vitro SRR
AlE AN YHOZ arachidonic acid release =73V
7} Muller-Decker 5'22 MTT A&, IL-100 Z40]
IRAFAI e gt A7 FesAde] qloka Husislo
#, Shin 5" LDHS MTT o] SJRAIAY
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diFAIEH ez 7hsAel diske] Rasigict. =3
R. Osborne'¥= neural red, MTT assay, lactate
dehydrogenase, N-acetyl glucosamidase release, glu-
cose utilizations ©]&% HEZAHI} FFAEA
prostaglandin E2 releaseZ Z73}l%] human skin
cell modelo] AYUNA HEA=F Frlo| F-E3ihar
A&kt

B Alfexe FiA=EA8 O dAAEReR
7Fsdol wor A@Ao] A= MTTHHS ol83)d
652 FEEAE sPHE UEE dPFoE A
keratinocyte$} SV40S §FAIA immortalizedA| 71
HaCaT cell V& o)83te] @it 4849 in
vivo HF-AFAHoM= 671K &4 F all #rans-
retinoic acid”’} PLI=0.922A4 7} & =344
BRI, 89 Z = ascorbic acid’} PLI=0.832
E AF3E Jeplon ol BT oKt Ao
FYEAY. Glycolic acide UhE acid?! all trans-
retinoic acid®} ascorbic acide}l= Cl2A TREA=A
o] velx] 9F9kil, retinol, ginseng extract, EB
2ol vAEA R BHEHUS. I vitro MTTAEE
I 7] AREH BT w27t Hole] uet AZ
Aol &R oR IR, kEAIZEY] WE)
of WE MESYE AHEE nEAZto] T8 nf
2} MESAe] R AgS & 5 Utk 71K Al
FEAT 4 3R EFOIA retinole] 7MY &
AEZEE e, EB7Y 7R e AIESAS
epdlch. 671x] 222 MEEAL 3A)7Y, 2447, 48
AlZy, 2AZ A% A AR AlEEAGNE Bl
VR, 24217L, 48R1Y, 72A17t0] AR AREE O
B, AlZhll wRE ER7ES] £97) WEkx] gkgho
PR 24N MESAEE S5k Ro) Fdsht
T A, e vivo WHE-AEZANEDH 0 vitro MTT
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78r) - sl - o3 - 35 - I

(ICs, 718 AT wEA IR S FHX|FE A
HEA 3A7HA r=0.814, 24r7tlME r=0.757,
48713t r=0.814, 72A|3teA r=0.7002 Eh} thA)
2 F2 ARAAE Both FEERE FFEUEE
o2 HaCaT cells: ©o]83 MTT 23olA A8
E2E 3 5F3A ICS 71502 SIS o 4
257} 0814% YRR IC,S 71502 319
0757019 24M7He =E3ARHE de ICH
IC,IA 07572 22 & eI o]z &3
b e AFEAYD FollEs 1C,@3e T3l A
547 in vivos}e] 3L o F Qlcks A&
AAKs}, LEE §'99 ATolME S357) W& A
HEANA IC2 T3] B BS ICi& 7=
AE= D in vives}e] S Heteh 5 Stk
Lk Sel=

o] Az} FEHAE el st aRA=
A&EE s A JRAFAIEL In vitro HAAY
Moz sfwe] 7F53 HaCaT celld ©]-&§F MTT
AgHo] 7hsAdo) T3 o 2% Al&3lo] validation
3 & 5 9l A7t Besivia A

4 £

FEUAE SE EAQ] ascorbic acid, glycolic
acid, retinoic acid, ginseng extract, retinol, EB&
R A8 NEEAAES Al ABIAE
AFRopct MEEAPAFEE 3AZE 24717, 48717,
T2A7FESH A2 Ao R A Ak f0)E
oz EAo] FIIEINLh HEAIFAI A E giR
B ApFAo] R, retinoic acid?] HHEA=ZE7F
0.92%2 7 =4t} AEEAAAIEME retinolo] 7F
Z 52 AEZS54E WEhi Spearman's rank
correlation analysisE ©]-83&t] IFA=T A5
(ICs)S] FABAE FAeI). FEEAE e =
A& 3NZh 2407, 48AZE, T2 =EARE o
ABASF7E 242 0.814, 0.757, 0.8149F 0.70001%1 1,
IC %} IC,3ke 71E3IE woll= AaAg7} vlszst
Aok £ dATelx FEYAE SE =49 R
= dARNGHCE AEERS AR =E2ARE W
ICi& 71E% AESAANGT Laert @ AlEE
oM ICE 71E8 AMEEAAIZ] 74Utk

kA,

Mol e

£ d7E BAEAR ARG 2lsked
Q=g oen oo 7A=Y tHHMP-00-P-21900-
0021).
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