Dermal equivalent& ©]&3 AHAR®F % HaF
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(Wound healing effect of AHAs and
moisturizing compounds with dermal
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2 AT dermal equivalentE ©]§3l9 AHAH (lactic acid, glycolic acid, citric acid
% malic acid) ¥ R% 9Y8(sodium hyaluronate, glycerine, natural carbohydrate
complex)®] ¥ wound healing &3 ¥ 2 7]FEL dolr7] 93 Ho|t AHAF %
He 989 5AL dermal equivalentE ©]-€3t9 NR assayE 2AI% & AA FEE
petri dish®¥o] &A% dermal equivalentd] @3ttt 18] wound healing £ & <&
ol 7] 93t collagen +55& &A%Y =% collagen AL &A= A
&2 vitamin CE &7 3. AHARFS Z¥ ¥& pH 2-322 dl¢ @7 #&
ol 4N NaOHE ©] &3t pHE 6-7TAl°|2 23 sampleE 7 AFsAct By U=
o A¢ AMAo=Z 10% °lde %2 NRs 29 FA]u. 53] sodium hyaluronate(1%
stock solution)®] 799l 16% NRsE Ro FAuh pHE 6-72 =23 AHAFS 7
FelE ANAHoZ 06% WS NRxE 2Role 7FH lactic acide Aoz &
2% NRxoE& 2o FU.
Collagen % & &4 A¥ AP AME 2% sodium hyaluronate(1% stock solut
ion)7} djz2Fe wistd Mg F 294 26%Ude] FdE £5ES B9 FUY. pHE
6-72 A AHAT ¥ 01%9 malic acid® Z$AE dzdd vsts A8 F 1Y
A R 2YA 42 28% R B%Y FFES RA FRev pHE 6-72 =FE 01%
vitamin CAXE {FAIF AFAE B FJoh. WA pHE 6-72 A 01% citric
acide] B-FE 10-20%9 *e £5ES B FU
MTT assayE o|€% UV ZFA} & pHE 6-72 ZAE AHAFY repairing UV
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damage &3 o Wit AFHolA 01% L 0.01%9 malic acid®} 0.01% citric acid&
irradiation controlell H|3le] oF 10% ol MEFE F/HNHD. 22y dH o2 citric
acid®)- 3¢ 01% FxNA 233 20%HWIE A7 ZAHE ALE BAFYY 2
2] 3L lactic acid € glycolic acide FEHAE ETHE Vehlx &t

Collagen HA& &3 AYPdAE pHE 6-72 AT AHAZAAME= giz=Fo] H5 49
FdH R 12-19% ¢ §AHE £330k wrdo] pH7E 2-390 AHAF 9 A$dE gz
T3 FABIAY 28 ¥ $A4E&E By FUO.
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7154 stAF dig Ao nxHo| AN EME 75 S 71 HAEESY o
7} @33] o]FojXx Qlt}. E3] anti-aging™ WHST BAES AT Y= HEE 92
E49 vitamin C € AHAFE°] FE& w3 uvH1,2). Vitamin C9 7 $ skin fibroblast

cellel A noncollagen protein &4dolE 98 FA ¢ 2WA procollagend] FAL =2
3t A FAE AHdolt) o9 uwiw &3 @ UV-BY 93] DNAZF S 5H= AL
FAE BHAE BaE v Ju3E45). 53 2W W vitamin C7t 2¥Y AL

wound healing 7]5°] GojXl= Aoz ¥Wu H3 rQ3).

AHA®7Z} 959 93 g fEdted N2 AZY PAHE F/NIE 715 o AR
B dAA $0H6). =T R RFYES FAAIE FAHoE AN 9§ &AS
JEAZIL HA FES AAANA F= EAE 2ug u Utk ol #e o=
retinoids 20+ BAY A77t @ o] FoFolE BT Fx3t NEAZ o)&H: ¢
. 94 AYAME glycolic acid7t AZ 2 Fol s £4 VL NRE AHAA FE
Aeg B3 Hiu ok EF 71A GAEY FE] o5 FAE uAAEQA J1H A
E AN AXZE g BAFe 29E B3 3 1o collagend FAE A3 = Row
g2 A AH).

Hyaluronate 3| oA A X Z8&& 3} glycosaminoglycan. & HA BREAZH
o] &5 1 3t} olE glycoproteing TrYE MEFZF 75 EL ZAeE 7|3} B
Aoz delx . A& £ A ¥9 plasma membrane permeability @ W ukg
T frEste AX Ao A3 dg FHxE #oise wound healingg FESHE I
AHE 7HA L e Aoz d&A Ukd).
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Wound healinge] Yoy F<ol fibroblasts®] ©¥3 P5E0] F&AY. d& &
A AR AR olFde FAS% F AA FHd O F collagens FFHdL Ye
extracellular matrix& 3§43}t E3 fibroblastste A 20] 4 € extracellular matrix&
AEY JYE WE F AAXNE HEoF U910 HFAS =AY F YA w}
granulation tissue® ol F83 & F+ myofibroblast?t ©|$ 2L wound
healingdll #Asle= A Z &3 A Ych(11). Fibroblast®] wound healing 715 & <olx
71 938t In vivos) wound contraction® HA}g collagen gel®] reorganization %
contraction®] ¥ojY+= dermal equivalent cultureZd o€ 3 9th(12,13,14). 1A
AHAF ¥ vitamin C 2283 hyaluronateo] ™% wound healing E3}& @olr 7] $3
o 9 EE o] &3 AT

Dermal equivalent2 & diA] Ady9 stz B2 A7 JP=HA stoey ol&
o8& =4, vy 3 Pzt adet 2 B A AREO UT R yYHU =
4& A7sted &85AL 1TH15,16,17).

49 2 A=

Cell culture ¥ Az A=

Transformed mouse fibroblast L9298 37T, 5% COz°lAl 5% bovine calf serumo] 3
7+d DMEM ®iA2 vl tt. AHATF FolA lactic acid, glycolic acid, citric acid 2
malic acid® AH&-8t o™ REAZE sodium hyaluronate -

(1% stock solution), glycerine 2 carbohydrate complex(50% stock solution,
Pentapharm Ltd.)(18)& ] &3t} o] 9j¢l| vitamin C& AM&3lth

Collagen gels &4

Collagen type I(Sigma)E ethanolZ 4% ¥ AZ A7itt. AZE collagens 0.05%
acetic acid solution®] %< F W& BH(UT ol < FH(19).

Stock collagen solution® WS3 2 AEEZ FAH Ark & 10Xconc. DMEM
¥} 2] 0.3ml, 0.26M-NaHCOs buffer 0.3ml, FBS(fetal bovine serum) 0.3ml, 3 A7} Eo]
= 10Xconc. DMEM ®#1#] 03ml& Z 42 oh& cell suspension(1.0%10°ells/ml +



15% FBS) 0.48ml# collagen® 4io] &t} o] w HF collagen® =& 1.2mg/mlo] ¥
A & F3 celldl FEE 1.66x10°cells/mi= Al 8] Fth. o] stock collagen solution 3ml
Z petri disholl 53 & 37T, 5% CO20| Al &3 (20).

Contraction rate 573 % #&

collagen gel®] X E< Bell et al.9] W et AlE Aa F 59 T vd S
t}. collagen geld] 71 13 #& & 24 F 1 JTE TF39 Y. collagen geld
9] fibroblastell W& FeAHQ AE 43 @9 3L o] &t FAAT19,20).

Dermal equivalent toxicity

TrypsinizationOI] 93] 343 transformed mouse fibroblast 1.929& pre-stock collagen
solutiono] ¥& ¥ FHAF collagen FE+E 25mg/mie] HA & FI cell FET 1X
10%ells/mle] S A & ot 28l 96 well tissue culture plate) ZZ+¢] wellell stock
collagen solution 508 BEF &, 37CIAA 5% CO, 2AoE 297 wi%gsido
(1521). ¥i¥ ¥ medium 0uLS ¥F &1 q7]°]] AGEAE 10E At 3 297 9
gt vigol EUd 7+ wellol 1004£9 neutral red solution(50xg/ml)& 3 7}sto] 3
At B9t wreAlZA Y. neutral red7} €7 3] plasma membraneg £33t Aolgle A
X T &40A g AX9 lysosomed ¥FH 3 1.0% formalin/1.0% CaClz 100uL2
A3e thg 1.0% acetic acid/50% ethanol solution€ Ab83a] A X9 neutral red
£ F&39H(22). #£ ¥ neutral redE ELISA readerg ©]83t9 540nmolA FZEE
A BE A AFde AEE WGEA F2 welldlA 4" FF=2 BAG
o}
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Repairing UV damage

Mitochondrial dehydrogenase activity®] index& YElJ+= MTT colorimetric reduction
assayE T8t 2 d AL F AT AFEL did A YEES SAHF}AH.
WA trypsinizationl ]3] 3<% transformed mouse fibro-

blast 1.9298 2% BCS7} %% DMEMCEZ suspensionA]Zl & 96 well tissue culture
plates] 2}zte] well] AE #Eel(5000-10000 cells/well) 100448 HE@ oh&, 37Co
A A5% CO; 27202 197 I3t viYSF serum free medium 902 A8} o}
aglxn Z+zbe) welldl 25 m)/ard] UVE AN F AJPEF 104E Hsch oA



24X g 5 2z wello] 10049] MTT solution(0.1mg/ml)S H7l3le} 4X|13F &<t ¥
SAAY. MTT7F M9 #98e wa mitochondrial dehydrogenase €3l formazan<
2 ZAA3 1 olAEL isopropanolE FE8(t &% formazan AAFAE ELISA
readerg ©] 438} 540nmelH FFEE FASAUT. RE AY BHAE AXE WFEA
% welldld 248 FF=2 BAI}ATHLT24,25).

Quantitation of collagen synthesis

Sirius RedE ©| &3} fibroblastol 93] ¥4 =+ collagend &3 3tYth Tran
sformed mouse fibroblast L929E 24 well plated] 4X10%ells/well H| =& ¥F3t¢{ch.
24hro] A ¥ 2L DMEM - F'100.8 u#g ¥ A8 E ATl 48hro] AHAT F
AEE BHsta vixE AZANAY. F wellol 0.1% sirius red(Sigma) ImlE 5% F
lhr 59 A2 A collageng @34 10mM HCIZ 53] HE AT F 0.1M
NaOHZ sirius redg& #%% o8 ©|& ELISA readerg ©]$-39 540nmolAN FJE=E
SAAT. BE AY AHE AXE WA 242 wellld SHE FFER RASA

tH26).

A3 9@ nF

Dermal equivalenty] 2] fibroblast morphology

Wl & 24A13to] Z 3= H monolayer culture?] fibroblast: stellate B H| S o] &1t} uh
WHoll dermal equivalentdl A= bipolar HEE o]Fu A|7to] A|Fe] wWal dermal
equivalent?] fibroblasti & I FEE FX3IHA AX Yol 43 92 H
o] X¥AH O g aggregationd HEE o] Er}H(Fig. 1). ¥+A ] monolayer culturedi A& A
Bo) Ayel W Mz Az AT AANLE e WYY YHE o £k Dermal
equivalentol = A¥ 2L extracellular matrix7} EFFsA EXHo e HbHAd
monolayer cultured] A& W37 ¢lAth. =& dermal equivalento] A& collagen -5t
S wal M E7} elongation® i migration®] &#3HA] dojd}, 3 FL& AR
Aol FASHA m AR Af EEe] #FA(Fig. 1-A)(19,25).

)9 238 2 cellse collagen AAFh2& ol 83t MZ 938 o e AEI} F
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= 2 33 £359 collagen Aot Holule FAEE A He ez d3A
t} aelx ol HAALE E39 collagen HFTtido] AHE PA HE AR F&
H3 gltH19).

AHAH 2 B A d§ dermal equivalent toxicity

pH7} 2~32.8 & AHAFR(lactic acid, glycolic acid, citric acid, malic acid)el &
dermal equivalent toxicity 23 AWtx o2 {FAIY NRxoS HAFU(Fig. 4). vrdd] pH
& 6~TAlol2 F8AIZl AHARF S A9 A€ lactic acid7t 2%°l4¢] FdiFez 2
NRsoS B AF At} Glycolic acid, citric acid, malic acidE #AFeF H 99 NRxpg RE4H
FAH(Fig 3). 282 pH7F 2-3%) AHAT 2t pHE 6-72 23 AHAF S NRxol
ZUHo2 & FXNE Bo FHY oA L AHAFY 2& pH/l AdFez vf 2
FE& AN F 1S 2o F3 QltH6). Vitamin C9 A$-olx AHA®/ S FrAsHA
pH7t 2-391 ZA$olA Boes Aoz pHE 6-72 AT vitamin C2 NRx°l =5k
=3

BEAld) o3 dermal equivalent toxicity ZA oA glycerine®} carbohydrate
complex(50%)¢] A-LAAE 6%°]de Wl$¢ ¥ NRxoS E9 FAIL sodium
hyaluronate(1%)9] 73-¢ 16% NRse& B FAoh o] L sodium hyaluronate?} 484
2ol A pHIE WolA]7] wj&4) Aoz »AZY(Fig. 2).

AHAF 2 24549 wound healing effect

AHAF ¥ R&EA$ vitamin Col W3 Dermal equivalent toxicityd ZAFAE EQi=
dermal equivalent] IS FA e HAPY TEE AUt pHE 6-72 AT
AHA® 9 vitamin C9 7%+ 0.1%, 0.05% 2 0.01%E A7 st 28y 4993
o2 AUAHoR FAo] ¥k lactic acidd A= 1%, 0.1%E A2 39 HFig. 2
2 Fig. 3).

Vitamin C& pHE 6-7= ZA% ANEY 99 A8 BFAA 7HAA¢ wound healing
98 RAFYt pHE 6-72 ZAF vitamin Ce A= 01%E HHsAES 1 1
A4 L 2dA djz2Fo) Hstd 72 33% 2 3B% FHFEES B FATH dA9 FHLd
£ 0.1% vitamin CE& A 23t9<S 9 collagen A7} &= 005%E RS
ol = pHE 6-72 XA vitamin C 0.1% & A3 HE do} FASHA 194 2 2dA
247k 30% R 3B%9 £E5ES R FAX(Fig. 6).
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AHAFSY A9 pHE 6-72 =43 A %9 malic acid® 2% $Y %9 vitamin
C(pH 6, 0.1%)¢ fFAsHAl 194 R 295 242 28% R 35%S] 58 R FAG ¥
Woll e Fx9 pHY 2-3% A&Y AFAME 7HAAY wound healing E3E Ko

FAe EUth 0.1% glycolic acide A& A2 F 2dA oF 20%2 +FEL HoFY
0.1% citric acid®} BN T As A2 F 194 F 3% F5ES 29 FA2H 2
AANE 20%9 FFEL FASJT. 2Y 019% lactic acide]l A$NXE A2xF
F 144 2 294 E5F o 10%HAE & AHAR Hdte Zddeg @& +5§
< B9 FAX(Fig. 6). olZAL ddHez t& AHAREC] a1BAA ¢ citric acid
cyclesl X energy 33343 & FJAFIR ool ML olF3 FHHA BY zex
collagen ¥ glycosaminoglycans &4 3 2 23 tAlE A8 fEQd Aoz oA
A(2). dEE] glycolic acid®] 7% glycerate kinased] 23t} phosphorylations) o]
2-phosphoglyceric acid2 ARV TH26). =¥ malic acid L citric acid& citric acid
cycle®] substrateZ o] §HE EFojuh(2:26). 28l 0.05% 2 001%ES s pHE
6-72 ZH3I AHAFINAE 7HAAQ collagen T5E0] #FHA &4 pH7 2-3¢)
AHARS #A9olAE $Y9% 01% $EAAE 7ANHQ collagen 580 B2H=
ke oA & pH7L collagen %] dFE FE 84U AXx 4% ¢ &5l
FEFS F71 HEAY AeZ AAANGE20). WAl 9d4HQA AAE AIE collagen?
FAdo] Rudu o} EES] 2-4%A ARE R=gA & F9 collagend] HFA
! glycosaminoglycans& F7FA 712 8-12%1A I ¥-uUo] collageno]l ZFH o] F71A]7)
™ 12-15%94 43E collagen FHo] o]FojE Aoz B3 Hi: YuHT). o|RAL
AHA®7Y JF& 33 38 o3 #3& AR F pHE 6-72 =Y gy 4
Soll EAstE fibroblaste] JFS F7] QEQA Aoy FEH}h 1 ol{E pH7t 2-3¢
AHA®E Agd F 959 dold wt& pHY ¥sE HHE AP Ho7t F71Es
5 pH7F 3718 e B¥E RAF3a Q7] wEe|th2628). =g ZAZFo) ojd ua}
pH gradientE o1 & Aoz <A deoy AAF 2A4A A9 pH 79 747e
Aoz d&A At ¥ In vivo DA glycine, arginine 7183 lysineo] AHAF 9]
buffer 4&& = Reg A AH29). BFANAE dermal equivalent toxicity <)
A& EYE dermal equivalentd] 93¢FE FA &&= HAA w22 Aot} glycerine
T 2%, carbohydrate complex(50%)& 2% 221 sodium hyaluronate(1%)& 2% & =g
stdth. 1 ZF sodium hyaluronate®] Z$-oxet 7AlZQ a2 Y £ AUt
Alg Ael £ 194, 294 2 3dA 4 20%, 27% P 2% TEEE HA FUL



glycerined] A $ole AlgXg F 194 2 284 o 5-7%9 FFES Ro FAH. &
3} carbohydrate complex(50%)+ 144, 24 L 3UA 9%, 15% 2 7% +FEL B
o FQHFig. 5). ol9+2o] sodium hyaluronate(1%)7} AdlAo2 & FHES B9
F¥ o]&+ cell migrationsS £337] oz ARG ¢ EE9 wound healing ¥
development?} Yojy+ F<¢tol hyaluronate’} FFoz AT o|RA YAHLE
hyaluronate7t #¥& F4389 matrix& #EA 39 cell migration& XA 71E AL
2 d3A JvhE0). 2Y B FEE AP GE BEgAd v & FFES R
o F3 9 sodium hyaluronate2 R<¢5 &3] 23 7|3 o] IAHE FAH}E 4

oz EE EAo| 584 94FE FE o2 BATUE.

tlo
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AHA 9] repairing UV damage

AAZFe] UV(25 m)/anr)E ZAbst MEo] &4& 943 F pHE 6-7= HF AHA
F(lactic acid, glycolic acid, citric acid, malic acid)¢} pH7} 2-3¢1 AHA®E A& & o
& MTT assayg ©|&3 MX9 WEES FA3Y pHIE 2-320 AHARE 01% &
=2 A3t AE& W irradiation controldl Hlgte] o 10-13% @2 AEX HEES U ut
Hol] pHE 6-72 ZA3 AHARE 9% =22 A8s9E 1 irradiation controldl]
Hj3te] oF 10-13% =& AlXe HEES 2o FUAN(Fig. 7 E Fig. 8). o|4ZL A
E AHA®S 54 A8dA BAE Aaet FASHA @2 pHI AR 5oz 248
F A&E BaFa ot ¥Hdo) pHE 6-72 233 AHARY A$ F A0 =%
o]23t¥ AHAT ¥ & &4E AXE 2N & B9 F31 Yo 493
©2 citric acid®) F$-olME pHst AL 25F ZFelM o 20% WA= AL 4
&Ll #AasA 2 001%9 FEAZ citric acidlAE o 10% =2 Alxe A
EEE 29 FYHFig. 7-B). citric acid9] ©}1}4Z& 5AHL citric acid A7} A3 HA
oA inhibitor2 #-&37] wWEA FHoE  AAZAG. AgEE citric acid&
glucose-6-phosphotransferase®} phosphofructokinased] #4<& AF3] A= Ao Z
a2 A ATH27). Lactic acid9) 73‘?‘01]""]&: TUT 01% ¥ 1% FxAA pHE 6-72 =
4 A59 A% controld Hlwdte T AX AEEY Frle BEHA dgton
pH7} 2-390 A $-ol A & irradiation controlell H]3td] 10% @2 A|¥X9 AEEL BA F
3 ot 9 Z3}+E wound healing effecto] ¢t 543 AIFAHE R Fu glon o]}
2& AHE AHARES 24 UAs DAY AFHAA 5Fd sl Aoz na
}H(2,6,26).
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AHA 59} collagen synthesis

Sirius red& °]€3l9 AHAF (lactic acid, glycolic acid, citric acid, malic acid)E& ]
g % fibroblast cell*l 4l collagen®] #4%& AU pHE 6-72 2FE AHAFY
A9 01%E HEs 47 12-19% A= 2T ]34 collagen A &ol F713t Q)
HhH o) pHYE 2-320 AHAF 9 A$dAE dE2EFH FABIAY 28 232 collagen §4
€8 Bo FJh o|94F2 HIAE collagen A pH7F 9FE & 7 JY5E A F
ZAolty, 18lm pHE 6-72 %A% AHAF F citric acidg AYstz FAgH
collagen $48€<& B9 FU. F lactic acid, glycolic acid, 283 malic acide & Z
dETol Hlste] 17%, 19% 223 16% B4&°l F7FHHALH citric acid®] ¥l
12% Z7138t9th. ol e A= pHE 6-72 23§ AHAFZL collagen ¥4 % &
7 FAEE B & AHolth(Fig 9).

rr

48

Vitamin C @ AHA¥# (lactic acid, glycolic acid, citric acid, malic acid) 18] 3 sodium
hyaluronate’t wound healing &3& 7}A3 &< dermal equivalent ©]&%
collagen T & AF & Tt sl £ 4+ AAr}. Sodium hyaluron-
ate®] 7% glycerine ¥ carbohydrate complexo] #ldted AjH oz Fga  27%9
collagen FFEL EAFUAT. o|AL 9 AREY Ay FEAAY AX AEE E
sodium hyaluronate®] AtiF o2 ¥ Mg & uas) ¥ 9 sodium hyaluronated)
B 7159 A% M X migration £ o]fjo] mE x3z) AR oz YA 7%
°] wound healing &3 2] X}ol& 7} Ao E RAZT
AHAT T4 malic acid7l 01% F=AA 7H F=27 35%9 collagen % &
HoF o glycolic acid$} citric acide B4 & 20%9 collagen &L Ro F
At ¥kl collagen A& APl A E lactic acid, glycolic acid, malic acide -§A}3F
collagen A& 17%, 19% 281 16%S Ha FUon citric acide 4 B 12%
9] collagen A4 E€E B FAG = 0.1%1A 9 AHAFO st AE AEEo] &
AbeltteE A& zEs] B w AHAF AlelolA 9l wound healing &3 Aol collagen

N o



S 2 Axe HESHYE AHAFY energy AIS #EE A3 A EA4 7]
Ao 2 FZ¥t} Repairing UV damage A3l AE wound healing 4% ZA3e}
FAREAl 0.1% malic acidol A 71 F=2d a34& Ro FUG.
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I'igure 1. Fibroblast in dermal equivalent and monolayer culture
A. Dermal equivalent
B. Monolayer culture
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Figure 2. NR assay of dermal equivalent for moisturizing

compounds
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Figure 3. NR assay of dermal equivalent for AHAs and vitamin C
AHAs and vitamin C at pH 2-3
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Figure 4. NR assay of dermal equivalent for AHAs and
vitamin C at pH 6-7
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Figure 6. Wound healing effect of dermal equivalent for AHAs and
vitamin C at pH 6-7
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Figure 7. Repairing UV damage of AHAs at pH 6-7

on UV-induced cell damage
A. Cell viability after treatment of 0.1% AHAs at pH 6-7
B. Cell viability after treatment of 0.01% AHAs at pH 6-7
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Figure 8. Repairing UV damage of AHAs at pH 2-3
on UV-induced cell damage
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Figure 9. Relative quantitation of collagen synthesis for AHAs
at pH 3 and pH 7 in fibroblast culture



