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Abstract— Hyperkeratinization is a dermatologic disorder, which is due to the increase of corneocyte
cohesion force. Glycolic acid, an alpha hydroxy acid (AHA), has been used to breakdown the hy-
perkeratinization processes. However, it has a problem of skin irritation when applied topicaily, due to
the strong acidity especially in high concentration. A molecular optimization of glycolic acid has been
tried to reduce the skin irritation by the way of prodrug formation. Ethyl glycolate was synthesized by
the esterification of glycolic acid with ethanol in acidic conditions in the presence of sulfuric acid, and
examined under the spectroscopic trials. such as UV, IR, 'H-NMR, and GC-MS. The physicochemical
and biopharmaceutical properties of the prodrug were also evaluated. Through the toxicological tests of
both skin irritation and eye mucous irritation, it has been proved that ethyl glycolate was less irritant
than glycolic acid, since the pH value of synthetic prodrug was higher than that of glycolic acid. In the
penetration test through nude mouse skin by diffusion cell, ethyl glycolate was continuously hy-
drolyzed to glycolic acid, which was assayed from the receptor compartment. It was obtained that the
penetrated amount of ethyl glycolate was five times higher than that of glycolic acid. These results sug-
gest that ethyl glycolate might be a succesful prodrug of glycolic acid to reduce the skin irritation and
to increase the skin penetration as well.

Keywords [ ] Glycolic acid, Ethyl glycolate, Hyperkeratinization, Skin penetration, Local irritation, Pro-
drug.
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B Aol AHEE A9k Glycolic acid(Merck
Co.. Germany), Sodium glycolate (Chung San
Co., Korea), Tetrabutylammonium hydroxide(G.
R.Fluka Chem. Co. Switzerland)%-°l® 7]Et¢] A]
S EF BT AFA%E ARSI ARSE 7VlE
HPLC(Pump: Waters 510, U.S.A, Detector:
Waters 484, U.S.A, Intergrator: Shimadzu C-R
6A, Japan), FT-IR spectrometer (Model Magna-
750, Nicolet, U.S.A.), 'H-NMR spectrometer
(Model AC-200F, Bruker, Germany, 200 MHZ),
GC-MS spectrometer(TSQ 700, Finigan mat.,U.
S.A)), UV/Vis spectrophotometer(UV 240, Shi-
madzu, Japan), Diffusion cell (Horizontal Type,
Korea)$-°lt}.
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Scheme I — Synthetic pathway of ethyl glyco-
late.

J. Pharm. Soc. Korea



A gegolse] F243 L AREIY 157

Ethyl glycolate2] &{01 & A XA

ethyl glycolate®] $Hd-& #<137] s UV, IR.
H'-NMR. GC-Mass spectroscopys 83t on
HPLCE o] &3} w382 glycolic acid$} A1 E<]
ethyl glycolate® #4139t} &, columne pu-Bon-
dapak Ci 25 cm*4.0 mm, 452 1.0 ml/min, 7
93L& UV 203 nm, 25 0.01 AUFs, 932
20 wold o, o542 glycolic acide] ¢ QA
A 713 pHE 582 4% 0.005M tetrabutyla-
mmoniumhydroxide &9, ethyl glycolate®] 7%
ES AMEIY HER HBNE B3] AE gly-
colic acid ¥ ethyl glycolate ¥X=7} 22t 10, 50,
100, 500, 1,000 pg/mio] HEE F7TN 5o A
gHH 0.45 pm WEHQ FEE A3 H& HPLCZ
A3t

In vitro 10| %3} A#

AP EEZE AF 2042 g2 nude mouse(BALB-
c species) & A% FE dF2dA 7Yt A= F
Wglo] ALt AY 717k aEAE 2 B2 A
FEA ART 5 oA Ao ARSAY 5% 20+
2°C. AHEEE 50+10% 2 F-X3IHt. Aol AH:
3t nude moused] FHE A F3 EH0} gl A
o2 Mgyl on FFEAsle AT F 5F 5
g YA 7ol 8ol e AWES 36°CE 7}
2% 0.9% NaClg&HoA] AAst] AFA Y A&
ARgEtgith. AXElE BH-E horizontal diffusion
cellell ¥ %-2] ¥Ho] donorZ-& It FA| 3t
DonorZoll= glycolic acid®} ethyl glycolate®
glycolic acid2A] 1%(131.5 mM)ol| AP EE FHF
F2 843l AT A& 5ml¥ ¥l receptorZol
£ 0.9% NaCl £9 5 mIE ¥°] 37£0.5°C 5-8-0j
A 200 rpm2.E magnetic barE 3AA|7HA] (.5,
1, 2, 4, 6, 8, 12, 21A7"t} microsyringeg ©]-8-3}
o] receptorZol|A 0.2mi% &3] st aceton-
itrile 0.8 mi4& 718l Al Aoz e
o, nj3] &3 F 0.9% NaCl& FUFE w389
o}, ol Bitoll FET HFHEHL oF 1.766 cm®] )
on RE ANBL yortex mixer® 187F Akt ¥,
3500 rpmo2 YAFSE T AFRE 045 um ¥
Byl HEZ o3t 1 o4& HPLCE AF3HA
o}, $tH donordll A ] Z+ 429 Fx WEE B

Vol. 40. No. 2. 1996

3 A=) A7 AHAE donorFoAN AW &od Aakal
At 7t dlolele] BAME FX= it FHF IFE
SAHS.E)E BA st on zH #1te zfolol @3 7
A& paired Student’s t-test® #3led pc0.05%
p€0.01914 #9A4 A5E st

Ethyl glycolate2| SZAH0f|A2] OHE N

Ay Fad 8ol A nude mouse HHY 7R &
A olglel ThE agIdl £WiE ARSE FEdore]
ethyl glycolate®] 715823 J¥-& #R1saa} 7 2=
o ] eFYA-& #aAS T Ethyl glycolateE 1%
|0 g3l Al g2 AHEEE e, 25°C, 40°C, 50°C,
60°CS] &x=0lM 2, 6, 12, 247wl A gke] A|HE
& 0.45 pm HE#Q) W2 4 73sta HPLCE &
A3l ethyl glycolate?] &% gt A7k FEwst
£ wEsAr.

oR x= Ay

&4 € ethyl glycolated] ZAEA4E Hr13l7] S48
oJeREE9 A AE VFE(ZFY 27 ¢kd 479 4
T A 105, 1988. 10. 29.) Al 12=f A5l =Y
B7 kA A7y X2 EA(S.0.P)e ot A

& St AEEEL 179 A% £ 44T
EA(AF 2.5kg ~ 3.5kg) 6vlElE AMR3lgion 4
85 A AR S E& A-EA HA BT AR EE
glycolic acid, ethyl glycolateE FH-ol] o zbz}
10%-84 o2 3] AE-3I3T) W2 Alg Ao ALE
& &ulE 2T A48 AEE 3gon, E79
ARE THFE F2 ol FE F47F, & 0l
ZTo 7 31 Au] e @ Rrl A2 it
o2 F¥IHEE TR AR 27149} Fau R
hAZ S5} FRukge] s Fo § 2447
2N SEstg o, i sy, 2P
9] Aol we} 0~ 45Fo 2 AHsi] 2 PF
AZRE FHRYGZA S (Primary Irritation In-
dex: P.LL)E F8te] vl a3}t

SHE9t XI5 Al

JeETe 54 AY V(=Y 2 o I
o|7F, 1988. 10. 29.) A 12x° A3 =Y B4 ¢
HATE BEAY WA (S.0.P)A whet A=
ARSI & 7 E7(AF 2.5~ 3.5kg) 671



158 e -8R ATY - HYS

E 7o AgEigen, A¥sF n¥rtas 82 &
S84 B4 sgck Ag2% glycoic acid. ethyl
glycolate® 7tz el e o] [0%&Hen =
Azl Abgstd e vlete] AL FYRAGHAF

GRS s e I R - R L A e i e

e Bae) old e Aol gisaw gREin. Al
SHE F 24Nz Fol Fubel By B3 2 EE #
2] WsE fotoz pakdle el S 9o
8 WAL )25k vl

=W orge X A W pH &Y

ZAER NFME ARy AgRAM 1 AT
72 gasig ot 74 B wro ©E e A
T Ax9 7 wiel pH g viEsyl A8 £ 48L
Pty om, & 29 EV(AF 2.5~ 3.5kg) 20HElH
& ARSI E ohd e Sz 89 pHeke] A
BAAS ol ual 4 B5d A5 pHE 439
t} AR 23+ glycolic acid, ethyl glycolate, sodi-
um glycolate® 74zt AgjAg oz sj43te 0.5%,
1%, 3%, 5%, 1%, 10%-%94 0.2 A8 N8R 3}
o Agsigen FA S AgASAEHR FY
& aho® gl AR HE F 24N HA &7
ol ¥ 3F GFVYE A S YxE & 22
st

- FU-

Ethyl glycolate®] &4 3 P81

HE AR AL T AR F5ES &
50% olgith. Ethyl glycolate®] UV, IR, NMR %
MS spectroscopyliAle] B3l peaks THd 2
ok UV : A (water): 205 nm, IR(VEE cm™): 3400
~ 3000 (-OH ), 1748 (ester -C=0 ), NMR (DM~
SO dg, 8=ppm): 1.18 (&, J=7.1Hz -CH;yCHjy.
3.98 (broad -d. J]=6.6 Hz, HO-CH,). 4.09 (q. J=
7.1 Hz, -CH;-CHy). 5.28 (broad -s, HO-CH,), GC-
MS(m/e): 104.1

Glycolic acid} 2mj ¥l

Receptordl Al glycolic acid =8 %3 23} 64
ARE A9 glycolic acid7t &= ] edgton} 84
R BE= A o] Bm 11 F AlZ Avte] gt M

150 ¢

125 -Mk‘f
e MO0 e
/EE‘\
~ 75t
g
c
©
o
50 +
25+
M———'_‘O
0 e ENEIWE O sty g 1 |
8] 5 10 15 20 25
Timne(hr)

Fig. 1—Glycolic acid concentration changes in receptor
(0)and donor(®) compartment as a function
of time by diffusion study of glycolic acid at
37+0.5°C throught nude mouse skin. Data are
expressed as meantS.E.(n=4}.
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Fig. 2 — Glycolic acid and ethyl glycolate con-
centration changes in receptor and donor
compartment as a function of time by dif-
fusion study of ethyl glycolate at 37+0.5°C
through nude mouse skin. Data are ex-
pressd as meantS.E.(n=4).

O : Glycolic acid (Receptor compartment)
® : Ethyl glycolate (Receptor compartment)
V : Ethyl glycolate (donor compartment)
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Fig. 3—Glycolic acid concentration changes in receptor
compartment as a function of time in comparative
diffusion study of either glycolic acid(O)or ethyl
glycolate(®) at 37+05C through nude mouse
skin. Data are expressed as mean+S.E.(n=4).

* . Significant compared to glycolic acid (p€0.05)
** : Significant. compared to glycolic acid (p£0.01)
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Fig. 4 — Plot of residual ethyl glycolate concentration as
a function of time in aqueous solution at 25°C
(00, 40°C. 50°C(V) and 60°C(W). Data are ex-
pressed as mean+S.E.(n=4).
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Table I— The irritation score of skin reaction after administration of glycolic acid

Control Glycolic acid
erythema & eschar edema erythema & eschar edema
Rabbit No. T - - X
intact abraded intact abraded intact abraded intact abraded
24h 72h 24h 72h 24h 72h 24h 72h 24h 72h 24h 72h 24h 72h 24h T72h
1 0 0 0 0 0 0 0 0 2 1 2 0 1 0 2 1
2 0 0 0 0 0 0 0 2 0 3 1 0 0 1 0
3 0 0 0 0 0 0 1 0 2 0 4 1 2 0 1 0
4 1 0 0 0 0 1 0 1 3 1 2 0 1 1 2 1
5 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 0
6 1 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0
sum 2 0 1 0 0 1 1 1 11 2 13 2 5 1 6 2
mean 033 0 017 O 0 017 017 0.17 1.83 033 217 033 083 017 1 033
sum of mean 1.01 6.99
PIIL* 0.25 1.78
*P.11. (Primary lrritation Index) was calculated by sum of mean/4
Table I1— The irritation score of skin reaction after administration of ethyl glycolate
Control Ethyl glycolate
erythema & eschar edema erythema & eschar edema
Rabbit No. - - ; :
intact abraded intact abraded intact abraded intact abraded
24h 72h 24h 72h 24h 72h 24h 72h 24h 72h 24h 72h 24h 72h 24h 72h
1 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0
2 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 1 0 0 0 0 1 0 1 0 0 1 0 Q 0 0 0
5 1 0 0 0 0 0 0 0 1 1 0 0 1 0 1 1
6 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
sum 2 0 1 0 2 0 1 0 2 1 1 0 2 1 2 1
mean 033 0 017 0 033 0 017 0 033 017 017 0 0.33 017 033 0.17
sum of mean 1.0 1.67
PIL* 0.25 0.42

*P.L1. (Primary Irritation Index) was calculated by sum of mean/4

237 FAHAT, 60°ColAE ethyl glycolates] £
o] 7MY 7RSS & 7 AAHFig. 4). o] 4
#=2 ethyl glycolate 2571 2718 4E FE Aol A
o] #aiFe] ARE & 7 o), AAFAHS
g 37+0.5°CY 2= 8o o3 7=
A9 U

[e]

=2 AT F AU

il BYSTY

Y R ok A7olA e % 43N E 44
7Pl whe} Aaap2A4(P.LLIO) 0~ 0.5 Yn)
= HAEA, 06~ 202 o3t A=A, 21 ~5.08 &
SE A4, 51 oL e A2 oz B
Glycolic acid FoJ7¢] PILES 1.7482 4] IRz}
Azgo] ela] okg AFHoz VWAL ethyl

o

glycolate FHTL 041824 HAEAH o2 WA
o}, 23 279 A= A 2z 0.253, 0.25FA] 4)
AZgoz vebgel (Table I, 1) oY AoEA
ethyl glycolatet= glycolic acide} v]maw] =)o) o)
g A=o] @A3] Aetd AL o 5 Uit

ohEet X=4

etA vt 10% glycolic acid, 10% ethyl glycolate
2 22 Y & AT vk BYE A AP
A3} (Table I1I), glycolic acid ool e A 2}
F A47t 16.301%121} ethyl glycolate 79| =}
F FFE 167900k g7 A5 A9 HuA)st
20491 AL 74y ethyl glycolate: glycolic
acid2.ok A%l g A= H4rt @A3] EFolE Ao
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Table III— The irritation score of rabbit eye conjuntiva after administration of 10% glycolic acid and ethyl glyco-

late
Glycolic acid Ethyl glycolate
: Score : Score
Ri}?“ RD” 2D X Total score” R;zk?“’ RD” D° B—— Total score”

1 3 3 2 16 7 0 0 0 0
2 2 2 3 14 8 0 0 0 0
3 2 3 3 16 9 0 1 0 2
4 3 4 3 20 10 1 0 0 2
5 3 2 3 16 11 0 0 0 0
6 3 3 2 16 12 1 1 1 6

Sum 98 Sum 10

Mean 16.3 Mean 1.67

 redness: ¥ edema: © exudate: ¥ Total score was calculated by 2x (RD score+ED score+EX score).

Table IV—pH values of aqueous solution of glycolic
acid, ethyl glycolate and sodium glycolate in different
concentrations

Sodium

Conc. Glycolic Ethyl
acid glycolate glycolate
0~ 5% 243 3.47 6.63
1% 2.21 3.14 7.21
3% 1.94° 2.92 7.79
5% 1.85* 2.80 8.35
7% 1.76*** 2.74 8.40

* : mild redness in rabbit eye.

 moderate redness in rabbit eye.
. severe redness. conjunctival edema and exudate
in rabbit eye.

*¥

EEE]

E H7HE

2t oHgo| sl oHNaiX|T 3} pHelO| AR

Glycolic acid¥ 3% ol 4] sTolAFE E7¢ &+
o $¥& doFlo] ARHAX T/ FETE 379
Axrt Afleon 7%, 10% FoATolie AF 874
BE 34 2ujBo] AAEdo) 221y ethyl glyco-
late, sodium glycolate ¥l = BE XA F
Holu} EH]Eo] AF #HAFA] Asct F. glycolic
acid® 3% oldolA ¢t A& FEdht ethyl
glycolate 0.5 ~ 10%A10]9] FEA A& A= ¢
0717 88 & 4 AUACh FH A A= =]
pHeS) At BAAE FH3laA 7 HELde] med
pHE =A% A3H(Table IV), glycolic acide A=&
FEPE 3~ 10%9 F=9 pH7I 2.00182 Jelge
1} ethyl glycolate®} sodium glycolate= A %9
pH7T 2.70140]%it}. & ethyl glycolate: 71 ¥
pHE YehlE 10%899 pH7F AFE A5 frudt
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glycolic acid 3%-§49] pHE U} AHAo] ¢ oFghe &
F glgleon olZ Eu ethyl glycolater glycolic
acide] pHETH AiA o2 =7 ajFd] 0.5~ 10% At
o]e] A Tzt FEoNA AFE FA FL AoE AR
"} A3H o 2 glycolic acid®] eH ol tig A=Fe
1 20 ZHaAde] pHell 71918 AoE e 4 3l
k.

d B

Sulfuric acid 239l A glycolic acide ethanol&
H8-A1A ethyl glycolateE A E & AUt Ethyl
glycolate® nude mouse skin ¥3} A@elA a5
esterasel] &&} 2 oFE-9l glycolic acid= AW A
o] s, receptorZol A9l ethyl glyco-
late$} glycolic acid®] F=& AlZtd] wat A3 &
7}51%35. Ethyl glycolate:= glycolic acid®th A5
E9 40} o] ¥ker glycolic acidell ¥l&] W+ £ <t
Aatell gk 2p=to] @A 3] FAE e FLAT AE
< 58 & T U

AEHOZ glycolic acidE ¥AH=213 ethyl gly-
colate® glycolic acid®} &8¢ MFEAFTE A3
N H e HEERLE SAERASTSE L 5 Ul
3 Y 2t 7] 3Rz AR of
23 5918 Aoz 7igEd.
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