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ABSTRACT : Alpha-hydroxy acid {AHA} are used in cosmetic products as a pH adjuster. mild exfoliant and
humectant-skin conditioner. Cosmetics containing higher concentration (30%;} and lower pH {3.0) of AHA
can cause side effects if it is applied without the prescription. For providing information on the safety of
AHA and on human risk assessment, we studied skin irritation effect of glycolic acid, one of the most com-
monly used AHA in guinea pigs. The skin irritation by glycolic acid was increased in a dose (10% to 70%)],
acidity (pH 2.5 to 5.5} and length of exposure dependent manner (for up to 14 days). respectively. The com-
bination treatment with UVB (0.4 or 3.0 Jicm?) increased glycolic actd-induced skin irritation. Histological
examination showed that hyperplasia of nor-inflammatory cells in the epidermis of skin treated with high
dose of glycolic acid (pH 3.0). These results show that glycolic acid increased skin irritation in a dose,
length of exposure and pH dependent manner, respectively, in guinea pig. and the combination with UVB
increased glycolic acid-induced skin irritation. The cell proliferation of non-influrmmatory cell may be
involved in high doses of glycolic acid-induced skin irritation. Long-term application of more than 30% of

glycolic acid (pH 3.0) may cause skin irritation.
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Alpha-hydroxy acid(AHA)Y= glyeolic acid, lactic acid.
citric acid. malic acid %! tartaric acid 5~ 35 f-o]
2 x5 ARt EE, 28A 5 A A S ?}‘5] <
Asted v dAb(fruit acidyo] 2 B AR Sl &
o]vk(Brody et al, 1996). °|& AHA= pH =E=h4 E.’-i
| Fate)apga) 5 R gA g S 7)) glems )
AE Q2R AMETY g ML AASEE F7IAA
A EHAE F2151 22 3 F e shg W 7)olv I E
ol 7)Fe] dlokl g Moy er al, 1993:
Wang et al.. 1997; Newman et al., 1996). 22} AHA
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TE7F 32w AR Fe] ks
TR} A 02 Wl 3] 7S HHA7 5 T

2Rgo] veld 4= Itk (Vanscolt ef al., 1996; Clark et al.,
1996: Becker er al., 1996). B|l=r FDA®|A = 5=9
AHA - 38l 2ol gk F-2hg- fradatel g det dst
Az Fub B, pEHA, FE o B8RS
JOo7)= Flo| walFc). mal Ao Wat wlgE ¥
of 3 9l m]¥el 2 98 8AF A ¢ e
7l R gIvh(Ditre et al, 1996: Simon er al,
1992). o]el] we} w5 FAE U= A H7RI 3]
A= 2t 1996990 AHAS 571 10% o)8lel 7-$=
pH 3.5 <]/, 30% 5t 7= pH 3.0 olAkez & A
& sty 2, elEe] AeE ARG B
30% o|4+2] AHA &5 3| Ak, T, aml=]ar gl
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= AR A, oF AEe oAl feided Hst =
Jo] ot glet. WebA u)= FDAS AHA 3+ #7382
rsiiAd =712 $18led National Institute of Environmental
Health Sciences(NIEHS)*l AHA & ZplEe] a5
¢l glycolic acid & lactic acidel] F&F ek o S4ded
T AAE & #1999l National Toxicology Pro-
gram(NTP)2.2 7} ZlaE<] Aot

el A A 2-34 Ale] AHA - BREE AR
o] ZA F7hsla glem £3] 30% |4t pH 3.0 ¢]3]1#]
AHA 3+ 3AE 37} B HEe] AeagEFadd
Bl A AHA T 3AHEe] gk 2 £4] 7|48 A
Gtk ye A At AHA 5= 10% °ls), pH
Al pH 3.5 o]de] HES AF3)7)2 sfal, =5k 4]
FAE Aol R AukE 9ol gl 3 HARINE-E S}
A g gl e g AR FL 7he] ARSI A
2. AR e #ARES Bl gl ot Ak Ab
A Aot HAR d=AdA T2 #5 AHAC g s
Aol fald Hrl Fol o] Feix]A] ¢ gl

webA. £ A7 AHA 8 3R AR T o g
2] ARE, BFRpEke] 71 Aol AFHe] # glycolic
acid®| ‘g =2} pHe| WF el ulE 2} 3l UVBel 2
g s HASe] F7 AR A Hd Hre] )RR
2 ARSI T 1l Ak L%t 517 e] Al ¥ F-
2 AR guinea pigE ©]-8-8ked Wrletsiet.
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1. M2 & MEHEE

Glycolic acid, 12-O-tetradecanoylphorbol-13-acetate (TPA).
hematoxylin-eosin 52 A2} Sigma(St. Louis, MO,
USARIN T8ted ALEsI9E, ARFEL 4528
oA = FUTAEANE T2 93 Harley?
suinea pigd AHEEIHL, B9} AlRE AGRA A=
E dlglen, &% 2312°C, X% 55+10%, 1227} W95
A9 AgEAL FABSE.

2. AE gHY

1) U[F =4 Bt

Glycolic acid®] ¢} pH W& ol UVBele] W& &
ool 2|8k I F-A=-2 guinea pigs HALLE 277} e
Al AFATHE Wledl. BE 2402 Aol
clippere} M} 7| ME7| 5 o] 48le] A|2EF- de] AR
A &1 ABATE AR Foll Absisct 157
7F Feb vld 2% dA Aziel| REEAL ohd 04l

25 Aeg e 5 AR wwe] W] o
T odskT dolHr] fl8te] A2t g-gale] 10, 30, 50.
0% X2 glycolic acid(pH 3.0Y2 & 5 9] 434
(2.5 cmx2.5 cell 500 Wi EESRY YERFeEe
FTHRTE AL WL R wxd)] F9I Glyeolic acidd]
pHel| WE mHA}5-2- olyeolic acid®] ¥%E 30%2 2
AAF}I pHE 2.5, 3.0. 3.5, 4.0, 5.5% FA5}ed guinea pig
o 500 w¥ TE3RITE UVBEAME RMX 3W #2417
{Dong Sung Lab. Tech.. Seoul, Korea)Es o|-B&le] 312
nm= 30cm Aellr 2LAS Z=ARIIT Glyceolic
acids?} UVB2| W42 A3 oM glycolic acid(pH 3.0)
10 % 30%Z 500 ¥ guinea pigell =¥F3F F+l] UVBE
AU 9] 2 =le] AEF UV BANES FEale] 04 =
3.0 lem'2  ZARICHDiffey., 1996; Holman ef al.
1996). Skin irritation®| # 5= A22 3F U= ¢
A4 AEAR 5l S48 BEabed 2 A A (19992 Fx
E Table 15 7522 FHE A 71, 55 ksl 7
EF} o (Table 1).

2 EA walsts wa

Guinea plg‘ﬂ] glycolic actd 10, 30, 50, 70%{(pH 3.HE
So0pe 1497 MR SRS MdETOR 120
letradecanoylphorbol-13-acetate(TPA, 100M in acetone)
£ =33l Guinea pgd 5§ IHE HstxA7pA| v}
gk F FTAL AFGAe] A 10% F4 ¢ T4
folelA] Tsilet, 740 SHE el o4
HE Hol= ¥HFE T4o=T g F e 232
0% YL Fadmgrid 2 iHe 94 3
e Azior] xyleneS & A3 T et (paraffin)yd-F
£ 1A Eol (embedding)dled AR27]el Helsln= 319
v}, gl Fo)|ak 24)-S 8B 7] (Reichert-Tung, Reichert-
Jung Co.. Wien. Austday] 2338 F 3-5um FA= £

Table 1. Scaring critena [or skin irritation

Scoring criteria [or skin reaction scorc

1} Erythcma and eschar Tormation

Nene 0
Very slighi erythema 1
Shght erythema 2
Moderate 1o sever ervlhema 3
Severe erythema to slight eschar [ormalion 4
2) Edema tormatiom
None U
Very slight edema 1
Shight edema (edges of area well-defined by definition raising) 2
Moderate edema (raised approximately | mm} 3
Severe edema (raised more than | mum and extending beyond 4

area of exposure)




AFES wE S hematoxylin-eosingd A &}e] #Hu|A
(Kahl-Zeiss, Oberkochen. Germany)®-% 5 3-f &
(x100 % 400)s}ellA] FEsledct

. 2}

1. Glycolic acid 5= W30 2|g I|FA=

Guinea pig2] 5 F-#loll glycolic acidE FE3pe] 244
7t Fof| H)HATE s A, glycolic acid 10% 55
M= m|FAFe] ehdA] el 30%2 50% el
e 0.5 ol3k, 70% FENME THASAE 1.0 o519
71 Fulwte] FEEo] v|AlTA] E= Q_'f:a-]. AL 2]
22 gholslele), HHE Fode) 2]8} A5L cuinea pigell
14‘?4_7& uhE =sl s EE 7}“—'*] E IR s
Aste] FHATA 47} 2 8.00) H=F TR EYH. 7
A=A L Bgst A3 glyeolic acid 10% AHTE2| A
1 gkl B 7L ETs) o) R e
¥ ZhAER] HEASA G #al 1.0 oFHe L glycolic
acid 30% AR FHAbTe) A} Frlste] 10d~124
Aol —L]—ri};fz“r 33~3.5 HAEF vesiet o)F
ol B o] AEA] it FHFUel = FAHASA T 3.3
- viehfelc}. Glycolic acid 50% A3 w2 9d7kA] Fnb
I F2 A7 7130t Slsle] 42 3.0 458 S5 A
%o AFE e 53] AR s 2R
o] A7} kR At A7) fEEdem 949 o
% 77 w3k A4ke] Zrksledel. 70% A H7e] A%
E RERY5E AL £ AxE AR ARAAE 9
AH-e Wfepgich(Fig. 1).

A e L 98| guinea pigell glycolic acid

—— GATO%
- GAs0%

Irritation index
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Day

Fig. 1. Skin imitation in guinea pig treated with different con-

centration of glycolic acid (pH 3.0) {or 14 days. The backs of guinea

pigs were shaved and treated with glycelic acid daily, and then the skin

irritation was determuned 1n every next day morning. Data represent
means+S.D of 3 ammals.
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10. 30. 50. 70%(pH 3.012 144 zF vHE- =310 =5 K-
2o wslEA7lA| dlejsle] TR Glycolic acid
10% Fodut AF-Ee) a9} 21z Akl a5 K
Aot 55 dF-FolA FRA (M E3] M 2Tt St
o 3y, el = WA Ak A e} 5
: —‘:—°1 Egbsl AR Sl Fakee] Qlgict ol
WLele] A 2ol gl AFFAlY] ML FvhE
*JFHE Ha=lgl o), Glycolic acid 30% Fedut2- 10% &
o] HlE W2 F9jel] AA oFek2- gk glom %WJ—— Hl
= gl E’M R M EEe) =4 S E X5t
v ZhElZel= WA 2jalg Az QS ESe] &
gl A2 PR Ze) H3F| o] glelc). o] H4le] Al
o] MES Z717 10% Fodol vlsl 434 F7H5
o] glelc}. Glycolic acid 50% Folv-2- B} yeofal 34

°ﬂ HA £9)32) 734 (hyperplasia)e] ¥l Pl AA
P o FANe] Eals Ak A 1]/%10% -
o] WAl FAbE HE A S (cell debrispl} 3 G5 AR
So| EAE | glsict A EkA] HakEe gle] F3]2
AAFFEE ghE] ARAlSLT glom BHE WA, 3|ALH
04 I RS AREEL gloh o] WERele] AT o
F$lell vl Afopdl 2 ﬁﬂﬂ?ﬂ- zAon AFHE

D: GA 30% (Epidermis)

A: Control (Skin)

Fig. 2. Histopathelogical examination of gminea pig skin atter expo-
sure to 30% glycolic acid (pH 3.0) or 10nM 12-O-tetradecanoyl-
phorbol-13-acetate (TPA) for 14 days. The backs of gunea pigs were
shaved and treated with glycolic acid daily. The skins were fixed in
10% neutral formahin and stained with bematoxylin and eosmn
Magnificauons are XS (A, B and C) and X20 {D> and E).
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(cellularity)7} $71=le1 S14l™}. Glycolic acid 70% <3
T gl el 2H E, ]3137}741 F|ApE o] glew]
Ak el 259 F2E HHF] AR 7 AR
ZE(cell debrisy 9= *ﬂiﬂr EAEa gl=y o
SHAES T2 FTEA YT YET= o]FelA 9lth
AR FHIE FA L e 39 FSAEF] F4]e] 7A
Ble] 3F]2e] Al (hyperplasia)e] FA=H Yol
2 o S s - S Z]E]i el =2 Fof el H]
) "A g dfrelH 2] 45 2L 4 lsivhFig. 2).
2. Glycolic acid®| pH H3l0| M2 n|SXI=Z4
Guinea pigel] pHS] *H Elo]] Eq-i T RAF-L BrEr] &
gl FoE AEY I)HAFE vERAE 30% glycolic
acidE o]4-3}e] pH 2.5, 3.0, 3.5, 40, 5.52 W3A]A A5
AALS- #EAEE A5 pH 4.0 o] Ak AT =3
Al=re] b= A ekskem pH 3.5 A¥ T 6 o) F ¥y
A7 0,503k BlARSA S viepgl ot #1838
%13, pH 3.0 A 294 o] 52 o) FAlFe] S7lEd
2w TR A 7ie] A4S epfiglye 1*’5']’3’“77]'2 AL
S7kete] 4.0 A=) 3 HASS FEAIZ Y =5 pH 25
AR sUAe ofm] =x N9)7) e -::"J‘% xR
HE, 71F vEhiglen] pH 2.5 ¥l g A
g RS e 795 o] F2 AlwlZe] A9
£ HE= AsE 35834t - o] delydel(Fig. 3).

3. UVBO CHE O/ 8X=M

Guinea pigel]l UVBE 0.4 @ 3.0 J/em™® FApk 95

10 4

——pH2s

Irritation index

0 2 4 6 8 10 12 14
Day

Fig. 3. Sk irmritation m gumea pig freated with different pH of 30%
glycolic acid for 14 days. The backs of guinea pigs were shaved and
treated with glycolic acid daiy, and then the skin wmritaton was
deterruned in every next day moming Data represent means*S.D), of
3 animals,

10 7
81 _e 304cm?
8 —O— 0.44cm?
71

Irritation index
[5,]
2

0

2 4 6 8 10 12 14
Day

Fig. 4. Skin rrritation in guinea pig irradiated with UVB for 14 days.
The backs of gumea pigs were shaved and wradiated with UVB daily.
and then the skin writation was determumed in every next day moming
Dala represent means=S D of 3 animals

Zaldch UVBE ZARIAL 24A17) Feof 3|44}
= Eh& Az} UVB 04, 3.0 Jiem® A2 4% =
ok bl vepslal IS A g 1508k of
T A o) HAFG. AL 2ARROE 1490 W =
ARgl Az = UVB 0.4 Jem” BAVFES g A 7bA] 2.0 o5
o] IFAFAPE vepdelrb 1047 F32 3.67 oy
Lt 7 o)A} %lﬁEEJKl% ekokth, UVB 3.0 Vem® AR
L g lE] A& Zrlste] (0. 119A] 5.3 A2 7))
ATAE Byl gt e el P TS Halen] o
TRy & w3y ¢ledokFig 4).

4. Glycolic acid2} UVBS| HEL & 9l u|F X34

UVEB ZARFS 04, 3.0Vem’e2 A4S elyeolie

10 5
[ Nan treatmepi
8 GA 10% treatment
I GA 30% treatment
e
T s
-
=
g 1
H 4
-
=
=
2]
)]

L=

UVE intensity {J/cm?)

Fig. 5. Skin imritation in guinea pig treated with the combination of
glycolic acid and UVB irradiation for 14 days The backs of guinea
pigs were shaved and weated with glycohe acid daily [ollowed by UVB
wradiation. The skin iritation index was determined in every next dav
moming Data represent means+S D of 3 animals.



acid 10, 30%(pH 3.0) 2} ¥4- =& F 1494 =F=Al=
AL Al 7B A e fRA5ae= 1.5 o8t
2] gt A=S4E Ve glem UVB 04, 3.0 Jem® F4
&1 glycolic acid 10, 30%E TE&h] 2447k o] Fofl &
Q1gk A} glycolic acid 30%7F UVB 0.4 Vem®l) o=l =]
FAFE AR 14U7) W8 23 slial=
- agt Aa 1484 ZRATAPE UVB 04 Jem®
10% glycolic acid Fo3F2 3.3, UVB 04 J/cm™ 4
30% glycolic acid T2 5.5%] #F-A5-& vepl
UVB 3.0 Jiem's}e] ¥4 Fole] APFEE BF 509
A s RA5A o] FaE Y (Fig. ).

wd,

Iv. o )

o-Hydroxy acid®] ¥F¢l glycolic acid®] A5
ul el =Z 5o st Y84 HAE $Elked glycohe acd
(pH 3.0) 10, 30, 50, 70% =4, pH H3}¥(2.5-55)2
277F "y guinea pig® F Y9l TEEL F4k-riy
ql B8 ShaEel A S Al o)Al el ¢
E2Hoa F¥AFAGvE SrlEict UVB 24 2447h
Fof| B FA=5-g BT AR, AFASAS 15 o)stE o
T ASAE v o, 1497 MA@ 23 guinea
pigel M= UVB ZAF 88 o F- At #|fab=4do vie}
wie}. Glycolic acid $F UVB2| H-8-xZl] 2|3 =] x5
-2 glycolic acide} UVB whE-Fode| uls] =]H=}=4d 0]
oS FrEEla Sl vdEd M Fe Fie]
Z5 it

w3 Folel| 213} glycolic acid®] FH-ATAHL gl= A
22 B Ay A5 gel=g)dl, FDA(1996)A Est
E7E o]&3t A& A3} glycolic acidel] 2|5l 735t -F4t
o oka) g 2ol g HIl=e] velduls W 3 (Anderson,
1998)9}= El}, o] AlFle] AME FEX|e]ol 7]l
Zom 2AEEY, AAZ glycolic acidd] T|F A=A
v} Guinea pigelA ohFe| SEF T} pH o8kl
o5t #2455 H7ME A glycolic acid®] -5 pH2
WL 95 ATl F03 85098 gl 5= el
pH7} 3.5 o)ie] 55 #|FAF4 o] 47 (144 71A])
o elsjME s vjepdA| Wstct. HbA, pH 2.5¢A =
Zdst JRApSAle] 4 o F Heldon]. pH 3.000A4 =
ol 37} S w2 HalSe| Frslgiv) wal
A elAldl glycolic acid(pH 3.002] HFE- Algeo] Zrlehgs
5 9 Al F7HE A2 m G4 UVB 24 ¢
g B HASAE Ak ojEs g Feol7)7ke|| ufet £}
e wAbe] Fel= %Rt glycolic acidsl UVB H-£2-Ed]
olsle] ©l& ZrlEldceh 10% °l81e] glycolic acids}
UVBeke] W& wmZe dizlds B drelrE Ealdr
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R A N, ApA e ® ol s &b ukE- d] o]l 8% glycolic
acid® A=A F AP E} ehg ARk Zate] R
o BuF) qlel(Stiller ef al., 1996). wekd u]F wh2-
FE(10%. 30% glycolic acidy?] AHA A #hEel=
slelEke 7] Ak g he] £AEE-2- £3 FAe] ol
Aakdgel v 5L Haow wxsls A9 A7 #
Wof| mEE)9l-g o A5 viebd 4 el 784
 flafAd o] Adsh dedol 28k AMge] g7 B
ATt

Clycolic acide] 2|8t |- A}5A47A oA 2] 23]2] 4
22 AR At glyeolic acid Foiol 2)ate] EI
AE2] 3 Z77F FAF T glyeolic acid F57F ol
=5 hyperplasia”} 8415 A= M2e] Wad=a)
7} WA= gl 3k 50% o)A Fodrell A A= Fel| 7|
A2 (fibroblast)2] F2=t HAb7F =, 70% FE
o] wjefst AlERAa FalElE] F-¢lodlA] @AM ESL
A7 = slglvl. ¢]i= 12-O-etradecanoylphorbol-13-
acetate(TPA) Fodof 2]l 4 & Hilel= okile] T} &
g TPAY= ZHAM 2] WA doF|n] of FAelM d+
AN E7E B 5EE T @Asdd SRRt TPAS
s}zl SENCAR mice®} CD-1 micesl] @84 #7]7F #2]
& 75l = &3)F hyperplasia® -f-=3hchs ZHAzlw s
(Walborg et al., 1998; Skarin ef al., 1999)7} 9le{ TPAX
A Bk o g BldFAIES F2E F7A7
1} glycolic acides QG354 2.2 AT} dofilr] ¢he 7o
2 Ro} AdzpH ) alTe] Akt o] AA g
Aew daxct o 4E5e-S kel g iy
FHES] wrmover®: WAL HE %9 glyeolic
acide] F|F 8 Wix) 25 slehs sAlglae AR
A lE AT AeliRe B o gleh Al gl we
(15%)2] glycolic acidZ 10570 # =51 upg-2ell4] 1] A
A2l B|3led collagen 3] S0%A S F7IElE A o
s f1e)e] Hekil B g ok (Moon et al., 1999).
7EZ} in viwoell A glyeolic acid?} fibroblast cell®] S35
de] collagen HAE SAAZGe A2 3HClark,
1996)2} 50% o]/Fe] Ip® ATl AlelF-2] H|E
(fibroblasty3-2l o] #2HE 2 A7d 35 S8 o 5=
4 glycolic acidt fibroblastell = %33RS 32 3lad &
T Wt R 2] ddFe]el] ofsled A 22 7
Aol REARET o] HMAIE wxv} Fepds S A
L2 3Rl glycolic acidi= J¥-F2 H+g ZH gt
A E vt B2 5TY glyeolic acidE AHAE 2
M k2 FEeME B g g 43 Ee] Aae] 4t
Au] FR)ef| Al Weofitr] AlAHge] ke Y] ol ¢
FHE2] Ffrel HAHA] gerhs U ofE 9FET
(Moon et al., 1999: Moy et al., 19963%} Alo) sl A=z
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[e3

= 5% 3%%9 glycolic acidel] 2|3 722 Fgishy,

31 %9 olycolic acid?} #|H-EFAJE4el TPAS} -HAF3H
HRS2 vehd 4 Qlohs AellA S ARG Hakgell
3t F27) amkEle Ftein)

A d3] Fo] Z2elM G5 Fedels ARE
2] Y= glycolic acidel ]3] T W} geAE o
olH7] ste] QM-S uisA2] 3lidel prostaglandin
EJ(PGE)¥] 843} o] #Rol| FHedsl FLAAL] st
o] cyclooxygenase-2(COX-2)¢] 8-S 78t 47 PGE,
A COX-2 WEE wEr) 919 weda2ib(data not
shown) Q&-Fofof 28} o|F @5 E4e] £4E A
I gle] o)F Bdhq Be A H 2= glycolic acidel]
ofgt W RS ma BA9 geale] #igE W ¢
glezel Rejxud, =F} plycolic acidel| ¢|3F FIS
hyperplasias 33| & ZUZ)Fel| M8 M2 (FSHE
9 HGSHE) = AEZAPE L 34 e] sl AL= AL
RETY o5 Abeatulal wl AT el d3fed
= Bef FAE da) AE 9e] ol EUE gly-
colic acid®] a8t s gt -] et = Tfof
g Flez ghdsia glv) wat flejA] X FEA=A
Mg A 9 AL I AR S-S o 4ate] <l
AMg- g oole ARE R 4R 5 A% A4 A+
A 7L g ool Fof shd] o H-tel tEteds T
AR 3 55 E8 AR} gt

#HAL2| B

At AFIRFRAY ZAATA (19999%)

ﬂHﬁL 1% 49 A2 2| gle] AR,
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