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P Aol #e AT AR AAo|d B A9 HFHE A9 of factorS nE st AE
3] AMEH I gle WA Y]] phenoxyethanolg ol &8 AXF WEA2E Ao FgE Aotk MTT assays
3o human normal fibroblast celle] tiet 48 H71s] 2 A3, ME 542 propylparaben > butylparaben > ethylparaben >
methylparaben > triclosan > phenoxyethanol 2.8 &<1=o] phenoxyethanolo] th& Aol vd] W& AX E4L Jepd
b g5 dalASg dolrr] $sted ik QA HAZAFAME triclosan, methylparabenol] Hl8l HL ¥ =& el
Atk 5~8 FHo &4 FRAF HRE HZso] in vitro Franz diffusion cell systemg ©]&3 Wi 32 EicE &
Agte] B As ¥ E3EE= phenoxyethanol > methylparaben > ethylparaben > propylparaben > butylparaben > triclosan &2
2 #olxlo] AE EAo] ¥ phenoxyethanold] ¥ 3% A=o] & ¥ Exro dpidel 2 78 #sgrl wakA,
E AFoMe by SAo] 92 phenoxyethanold ¥ FHLE ZaA 4= e WS FuA stgoen, A7 A3 A
W polarity7b ¥ oil& AF&& - phenoxyethanole] ¥ T/t #7438 7rAsiy, g2 A3 TS & 4 ek Oi
polarityell @& phenoxyethanol®] &/ ¥4 &8 A7 polarity”} W% ol A 70% ©]/de] phenoxyethanole] ol E4)3
9 polarity 7t ®2 oildidE 9F 70 ~ 90%2 phenoxyethanolel fAtel EAEdch wE, uAEd dF dHFEs
phenoxyethanolel /4o o] EAEFE Zriete AFE Jehdch ek, A W ol compositionS REAIZA O EH
phenoxyethanol®] AH8#& £Y F Y& B ofve}, #§ FH4E IAAA Boh 9% AFe] AL xR WRAzE 7)de]
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Abstract: Recently, according as people who have sensitive skin increase, we've been giving more importance to the safety
of cosmetics. Especially, preservative is known to be one of the main stimuli which cause side-effects of cosmetics.
However, there have been few reports describing cell cytotoxicity, skin penetration, oil-aqueous phase partition, anti-
microbial activity of preservatives and their correlation with skin irritation. The study is aimed to develop low irritable
preservative system with phenoxyethanol, one of the most commonly used preservatives in cosmetics, considering various
factors mentioned above., According to our results of cell cytotoxicity against human normal fibroblasts by means of MTT
assay, phenoxyethanol showed the lowest cytotoxicity when compared to other preservatives tested (cytotoxicity: pro—
pylparaben > butylparaben > ethylparaben > methylparaben > triclosan > phenoxyethanol), but human patch test for assessing skin
primary irritation revealed that phenoxyethanol has higher skin irritation than methylparaben and triclosan. We performed in
vitro skin penetration test using horizontal Franz diffusion cells with skin membrane prepared from hairless mouse (5 ~ 8
weeks, male) to evaluate the rate of skin penetration of preservatives. From the results, we found that the higher irritable
property of phenoxyethanol in human skin correlates with its predominant permeability (skin penetration: phenoxyethanol >
methylparaben > ethylparaben > propylparaben > butylparaben > triclosan). Therefore, we made an effort to reduce skin
permeability of phenoxyethanol and found that not only the rate of skin penetration of phenoxyethanol but also its skin
irritation is dramatically reduced in formulas containing oils with low polarity. In the experiments to investigate the effect of
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oil polarity on the oil-aqueous phase partition of phenoxyethanol, more than 70% of phenoxyethanol was partitioned in
aqueous phase in formulas containing oils with low polarity, while about 70 ~ 909 of phenoxyethanol was partitioned in oil
phase in formulas containing oils with high polarity. Also, in aqueous phase phenoxyethanol showed greater anti-microbial
activity. Conclusively, it appears that we can develop less toxic preservative system with reduced use dosage of phenox-
yethanol and its skin penetration by changing oil composition in formulas.

Keywords: phenoxyethanol, cytotoxicity, skin penetration, irritation, oil polarity, partition, anti-microbial activity
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(methylparaben, ethylparaben, propylparaben, butylpara-
ben, triclosan, phenoxyethanol)®] A¥ =4, I% F1
= olm @ R ASde] 4wy BAe Azsden,
=3 AE W oil polaritydl ©WZ phenoxyethanol® /3
e, R Rz, ¢uY, g8 25 vaE g A
A= A 2EG Astaiat shelt

gkebEets], A 314 Al 1, 2005
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2.1, MzEdHet

Aol FozA o)A E23 human dermal fibroblasts
= Biowhittaker (Walkersville, MD, USA)ollA 3}
AHE3EE o 10% -Elol & (Invitrogen Co., USA), 2
mM glutamine (Invitrogen Co., USA), 1% penicillin-
streptomycin (Invitrogen Co., USA)°] #7}¥ DMEM
(Sigma, USA) ®i= el A vjFstsict. 5% CO,, 37C 22
oA wlekatelon, 3~8 At AZE 2 Ad A&}
KAk

2.2 MZ 4 "ot

WEAe] AT EXE MTT [3-(45-dimethylthiazol-
2-yD)-25-dipheny! tetrazolium bromide]®] #Hol <3
blue formazan HA& |43 AE AEE AL E
Bkt Abge] Aot EE 96 well plates] 3 x 107
cells / well® EF31o] 10% $Hlo} €% /DMEM HlA =
48 h MU¥A7) O, M2 serum-free WX HA &
T HYoAM gAdeR gMe AlgE Jheta, ThAl 24
h &<t COy incubatoroll Al wFatich ®wiek &, MTT
F9 (5 mg/mL) 10 uLAS 7t welld] H71et H 4h F
b F71 wjesta, €d4E WY F oA 4 well B
dimethyl sulfoxide (DMSO, Sigma) & 100 yL&-& 7}
3Fod wHbet 3 microplate reader (SPECTRA MAX 340,
Molecular Devices)& ©]-83l9 570 nmolA FHEE &
ABATH3). dzT-2 AEE Ak @2 ugdo
39

Fu

2.3, ol EEAY
g% da A=E Hrkehy] A4 A HEA
CTFA guidelineo| 4] A|AISE HWelo] 2F7he] w3
of AABIATHA] Ha A5 AE 2 gt
o ARG 129, o= 89)E ditez HAst
BEE 24 ~3UA, 37 A4
A HEE 0% REE Hollln A=
E#o] A4 Finn chambers (Epitest Ltd
= Al HEsgrh 24 h Fo A
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Phenoxyethanol & ©]-&3F Azl =

AASIZL 30 min, 24 h T A= 24 55 FHrlslgd
t}. 7} 71%L& International Contact Dermatitis Research
Group (ICDRG)S] &4 7|Ed] wgto, o7 A= &
7Fsde Brte v AN ZRY AddE HEie
Z A56]

Grade X No. of responses X 100 X 1/2
3 (Maximum grade) X 20 (Total subjects)

Mean Score =

Grade Score

- 0 : No reaction
* 05 : Weak positive reaction (erythema)
+ 1 Moderate positive reaction (erythema)

++ 2 . Strong positive reaction (erythema, edema)
+++ 3 Severe positive reaction (erythema, edema,
vesicles)

2.4, In vitro 1|5 £3} Ay

WRAe gy ERrg dolur] Y8 in vitro skin
penetration test® B8 E+ A 33-E holderd] T
RANZ & 3 Zo|X AA medium ZoE Eo] &
HH = & A AAY 23 &2 cell, Franz dif-
fusion cell (FCDV-15, Labfine Co., Korea)s o]-&3}e]

FPetat. A Hol 250 3+ hairless mouse T
B2 Abedla M3 I Franz diffusion cell® donor
compartment®} receptor compartmente] 7]9-1 3} 32-&]
EHL Ao =FA A Skin membranes 5 ~ 8 +%
9o A FRAA(FTILEEE, Korea)ZHEH A&
Ag A7 -710TCAd Ws BEstd Receptor com-
partmentoll+ pH 74 <24t ¢EM(phosphate buffered
saline, PBS)2.2 Yo 600 rppm AEE AL wykd}t
WA 25E 37CE 7439 Receptor compartment
o} HEs= ¥R WAL 064 cm’elde™ receptor
compartment®] &% 5 mLoldlch HY¥ JEdd Al
E4 05 g8 A8 305 1,2 3,4 6 8 24 hell 015
mL9] receptor compartment®} -£4-& MAFEHoH =
Al EEko] AIMEE QQAMY 2o g W EE )

2.5, BEHel HPLC Mgt =4

Receptor phase® 38 WEAle soE u&ddaz
uE Z2IHPLO)E At A %kﬁ}‘iiq. A& 015 mL
o dEEE ol A¥s 1 mLE & F g2 24
A713 045 ym AT o] &, ‘44 stod 10 uLE HPLC
+4g dasitt. HPLC #4 27o2 AZntET# T
= WatersAFe} Waters 2690 HPLCE, column2 Symmetry
CI8 (5 um, 46 LD. X 250 mm), A¥ .| LTi= 30T,
727 Photodiode Array HAZ&7)E AH&stgen, &4

Az Ao B A 45

Table 1. Gradient Elution Condition for HPLC Analysis

Time (min) IZIII(])E;HTS Solvent A Solvent B
1.0 & 15
1.0 & 15
13 1.0 25 (6]
22 10 25 75
26 1.0 8 15
30 10 8 15

Solvent A @ Water
Solvent B : Acetonitrile

ko] Mol 200 ~ 400 nm, &4 #FFL 272 nmE &
Aok f42 10 mL/minol™, o]54L oldEUELY
54 72748 =E dlo] Table 1 70 wle} AAst5ch

2.6. /5 24 &8

Phenoxyethanol®] oil polarityell W& &/ Byl =
Aat7] 98l 0.1% phenoxyethanolS oil : water 8] &S 1:
12 3lo] £Fo] 40 mL HESZ He& F 30CAA 3%
ZoF ATt 4000 mpmollA 10 minZt gAEE
% oil phase®} aqueous phase®l €3} phenoxyetha-
nol ¥5& HPLCE A3l A7) dhie g FA39lrh

2.7. 03 Ay

Phenoxyethanol® oil polarity ¥ #/%
s S Hrkste] Rtk 94, tryptic soy broth (TSB)
Hjz]ell phenoxyethanolS 05% =& 7kt & Z+7
oilg 3%, 6% T=7t HEE H7letHh o] & 35T )
7lel A 24 h F<F 110 rpm o2 A& wjgstgdch TSB
Hiz]ell 23 5-triphenyl tetrazolium chloride (Sigma, USA)
2 0001% H71$ & 9| AE 3F(Escherichia coli, Sta-
phylococcus aureus, Candida albicans)s Ztz: 33}
Al 18 h vjFEtdth. Bacteria 2%(Escherichia coli,
Staphylococcus  aureus)? 74-%dl= wlgds A4 EE
(12500 rpm, 2 min)alod cell pelletS £33 93 9%

wHjel whE

ethanol® formazan=< 90 ~ 120 min?t %3} 48 nm
oM FTATE AR oH, yeastdl Candida albicans
ok adZ 660 nmel A $3EE SAH3A .

w

EELL Un i)

3.1, wEH 652 ME 4 HR

WA A B4 AEE dobus] Astel SgEel
A 7H ol ARgE T 9 WEA 6% (methylparaben,
ethylparaben, propylparaben, butylparaben, triclosan,
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Table 2. Comparison of Cell Cytotoxicity
Preservatives 1LCso (%) Rank
Methylparaben 0.072 4
Ethylparaben 0.027 3
Propylparaben 0.012 1
Butylparaben 0.015 2
Phenoxyethanol 0.196 6
Triclosan 0.087 5
Table 3. Results of Human Patch Test
No. of responses
Preservatives | 30 min 24 h Me(e;n:;(;:)ore Grade
+ + ++ + + ++
Methylparaben 6 - - - - - 1.25 I
Phenoxyethanol | 7 - - 1-- 167 il
Triclosan 4- - - - - 0.83 I
phenoxyethano)-2 o2 AFEE] AdfolMEol thalk A
¥ 548 MTT assay® B7bste Hoth A3 734
phenoxyethanol®] LCs 3, & AEE 50% AlEA7]
F=7F 0196%% 7HE G2 AR =4e "}E}‘ﬂ&’i&tq,

triclosan, methylparaben, ethylparaben, butylparaben, pro-
Fog AX 54& Yehd A Table 2).

o

pylparaben

3.2. oI HEAH

SA o) AE HA HaeA Bl
YERAAE  methylparaben, phenoxyethanol, triclosan®ll
EH?} olA HIEAY (human patch test) S FH3o B
5 dAAFE Frhst
HHoR 5” %‘—H} H%, ﬁ\—i 59 7 AEZE ¥
Zhget SR xS e 3A 5 grade® Wrol
7¥skAtt 0 ~ 0.75(Grade 1, no irritation), 0.76 ~ 1.50
(Grade N, slight irritatin), 151 ~ 250(Grade M, mo-
derate irritation), 2.51 ~ 5.00(Grade IV, strong irritation),
5.01-(Grade V, severe irritation). 913 HEZAE A=
Table 3ol AA|3+4 ).

A% A3 Table 3914 B%o| phenoxyethanole] 73
=2 IF dAAFE Yk ol 94 phenoxy-
ethanol®] M3E FAdo] 7% 7/4\7 gutse AIE
phenoxyethanol AHAS] A4
2 HEAd v =9 =7
k- 7401?,}1 7}14 o]."r HkE )
A

1d& Adyste] 2ok

=

3T o)
A g2 AL 5A4E

Lo

=1

3.3. In vitro T|§ B} A3
WA 62 9] hairless mouse skinoll ™

ekshdEats), A3 Al 18, 2006

3G - 247)
0.15
A 0.10
0.05 J
] JN | B U
0.00 R e
5.00 10.00 15.00 20.00 25.00 30.00
Minutes

Figure 1. HPLC chromatogram of preservatives by gradient
elution method.

Table 4. Retention Time of 6 Kinds of Preservatives

Preservatives Retention time (min)
Phenoxyethanol 11.499
Methylparaben 11.919

Ethylparaben 13.34
Propylparaben 14597

Butylparaben 15.704

Triclosan 20.210
14000
o
2 12000
T 10000 Pl
2 < 8000
o 5
5 S 6000
o 2 4000
2 [
g 2000 —
0 5 10 15 20 25
Diffusion time (h)
—— M-P ~E—E-P p-p
g B—P —¥— PhOH —8— Triclosan

Figure 2. Penetration profiles of preservatives through
excised hairless mouse skin from PG vehicles.

2 dolr iz} 4=2E 34 cell¢l Franz diffusion cell &
ol &3t jn vitro skin penetration test® 33ttt
Figure 1 9@ Table 47 7|&7]&2Hoz dojxl WA
6% 2] HPLC chromatogram} retention time$ X oja1l
o]

o

o -

H]— =] z—ﬂ =

LZ} 1.0%= 3}aL, vehicleZ propylene
glycol, ng-g 3 st I F F3 AFg 35 B
23, 9% ‘T‘*"]’Eﬂ' phenoxyethanol, methylparaben,
ethylparaben, propylparaben, butylparaben, triclosan <

o8 ZA%o] molecular weighto] Z7}3te] ube} n) %
FHEE ZHATS I & A HFigure 2). 53,
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Table 5. Steady-state Permeation Rate (Skin Flux, Js)

Rank Preservatives Js (ug/cm’h) MW
1 Phenoxyethanol 49,55 138.16
2 Methylparaben 13.81 152.14
3 Ethylparaben 6.94 166.17
4 Propylparaben 2.03 180.20
5 Butylparaben 113 194.23
6 Triclosan 0.05 289.50

Table 6. Formula Composition Used in This Experiment

Raw Materials Dosage (wt%)

Gil 20.00
Cetearyl olivate & sorbitan olivate 3.00
Polyacrylamide & C13-14 isoparaffin & 1.00
laureth-7

Phenoxyethanol 1.00
Methylparaben 1.00
Water To 100

skin flux, & SN @9 WA S Fa) FAg 24
9 2% YeE Js #°] phenoxyethanol®] 75
4955 pg/emth® FHAZ 95 FHE7L 5L methyl-
paraben®] & <F 36} ¥ FF FAREE HERATH
ek, g we AE 548 YEldlE phenoxyethanol
o ¥ IE AFL 2 3E R RIS & F

(o3}
DA

3.4. Qil Polarityoll @2 Phenoxyethanole| I|§
Foz ¢ of QAX= H|E

Phenoxyethanol®] 72-¢ t& WA S Hl3] v A
E =AML 5ol ud 9 Eurt 27] wfjEo] AhF
02 B2 d¥ AF5E& FEE A2
xyethanol?] 3% FAEE WFo] Fod (A 2449
AE EAL mHE D) AT SHEAZA A3 FH
Edo] & st5do] Eh

e Aoz dubE Ay elMe oil polarity 7}
phenoxyethanol®] % 3= @ #i. Ao #R&
AFE 2Bt Hokth AFol] AFEE il #1: squalane
(polarity index 46.2), #2: mineral oil (polarity index
43.7), #3: isopropyl myristate (polarity index 24.2), #4:
wheat germ oil (polarity index 8.3), #5. PPG-15 steary-
lether (polarity index 4.8) & 5%¢]%1o™, polarity index
7ol 242 nonpolar oil®4 E3}9] interfacial tension
grol Z& ouisel7] wehA B AFIAE nonpolar
oil 2%(squalane, mineral oil), polar oil 2% (PPG-15
stearylether, wheat germ oil) ¥ 7+ AZ2| polarity &

'OPhOH BM-P L
Figure 3. Influence of oil polarity in formulas on the skin
permeation of phenoxyethanol.

Mean Score

Stearylether |

OPhOH EM-P :

Figure 4. Relationship between oil polarity in formulas
and skin irritation.

k= oil 1Z(isopropyl myristate)> AA3te Ag] A
g3t en formula 34 Table 6 2.

Oil polarityo] W& phenoxyethanold] & T3 T 1
@ A¥ A polar oil¢l PPG-15 stearylethertt wheat
germ oilg &hsbe APl H)8) nonpolar oil?] squalane®]
U} mineral oil & AHEE AE el 7% phenoxyethanol®] 3
B2 2awrt 843 2239eS 3389t Figure 3).

w3 Figure 49 <A FEAY Aol & 5 UE
o], nonpolar oil (squalane)®] 4%, phenoxyethanolg& %
f3te A¥ol methylparabend TH-8te Aol wis)
23y ¢ HF AFE JEe, polar oil (PPG-
5 stearylether)& AME3F 79 phenoxyethanol®] %
E727t =7] W&o methylparabenol ¥l&l] 2 3%

A% LrEhygi,

ol

3]
h=3
o

2

[y

3.5. Phenoxyethanol®| Oil Polarityoi| e ]/F
2of 22X
ohAl 9] Ziol A, oil polarity7} phenoxyethanol®} %
Ehzd 2 4%S £ & d8S 93k Oil polar-
ity7b ojwl gt A& 7122 phenoxyethanol®] % F3
TE WA =EAE gotEr] Hated A oil polarity
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Oil-aqueous phase partition

80

Partition (%)

{B0il phase BAqueous phase ‘
| |

Figure 5. Effect of oil polarity on partition of pheno-
xyethanol between oil and aqueous phase.

o w2 phenoxyethanol®] /4 £Hl& &35t ®lth
Figure 5914 H.o]%o] polarityZ7} @2 oildl A& 70%

o]4+2] phenoxyethanole] 4ol £33 ¥HA polarity 7t

=2 gildlAE 2k 70 ~ 0% phenoxyethanolol F-Ako

AT mWakA, phenoxyethanole] f-A4tel EAj3ke
A9o) vla) FAe] EAse A, ¥E Eanr) i
e ¢ 5 I

3.6. Phenoxyethanolg Oil Polaritydl| 2 &2
w7}

gutd oz ujAEL Ay
o fgel EAsE 345 oz g
A, A S e
A mAE e gude] ¢S §5T JoE V)
Ho) 4},

/e Bl A" A3 ol polartye] wel pheno-
xyethanol®] &/ 2Hl7F 2A @edE #AQlsigon
/5 ol we} phenoxyethanol®] ¥## & ofw 3t
S W= A s 2Y) Yt WAE 3F(Escherichia
coli, Staphylococcus aureus, Candida albicans)ol t©jgh
gvd Ads FP&) 1yt Ad A3, 7o o
Z phenoxyethanolo] 4.2 ®o] partition® o] &
=2 S E S JedS #9139 cHFigure 6).

4.8 £

2 dFdAME SZAEAAM AR e AEA 6%
(methylparaben, ethylparaben, propylparaben, butylpa-
raben, triclosan, phenoxyethanol)®] AX =4, ¥§ 3
Toa g gf 579 AR BAL ARdHoeH,
w3 A& W oil polarityel w2 phenoxyethanol® /4

hetabdEers], A s1d Al 1 5, 2005

35
3
25 i
a 2 B}
O 15} r
1k
05 |
E.coli S.aureus C.albicans
EOil free BSqualane, 3%
OSqualane, 6% OMineral oil, 3%
B Mineral oil, 6% Olsopropyl myristate, 3%
Hisopropyl myristate, 6% DOWheat germ oil, 3%
MWheat germ oil, 6% MPPG-15 stearylether, 3%
OPPG-15 stearylether, 6%

Figure 6. Effect of oil polarity on the anti-microhial activ-
ity of phenoxyethanol.

w9, 9% 3%, v, 93 A5 HiE By
phenoxyethanol& ©]-§3F A= #WRAAES sfdkaiar
T Si =

MTT assayE &3} human normal fibroblast cellol
ek =48 Hrlsl 2 Ay AlE A4S propylparaben >
butylparaben > ethylparaben > methylparaben > triclosan >
phenoxyethanol 2.2 #<l=le] phenoxyethanolo] th&
WA wE e HE FAe WE}LHNS’—LP, IR
AAFE gotry] fste Fadt AA HIAHoM=
triclosan, methylparabeno] B] 3] 1:»—:% H7 AFg e
WA

5~8 F#HY FA FEAFY FEE HESY in
vitro Franz diffusion cell systeme ©o]-&3F uiale] =)
® RHEE Y5t E 43, J¥ £33 %= phenoxy-
ethanol > methyliparaben > ethylparaben > propylparaben >
butylparaben > triclosan =22 #<1% o] phenoxyethanol
o 2 gR AT & AF FHkd 7915e Fel
ahsic e

Esh & AFolME vy F4o] ¥h& phenoxyethanol

48 E =
9] g5 FLEES m—/;\—}‘]e = A

o, o7 A A¥ W polanity’} ¥ oil&
% phenoxyethanol®] H¥ F37} AF3] ZistH, o8
A% ZASS 4 4 3%k Ol polaritye] wE
phenoxyethanol®] /4 &8 £4 A3}, polarity’} W2
oilel A& 70% o)A+ phenoxyethanolo] 2%l )8k
2R polanty7} =2 oildlAE 2 70 ~ 90%9] phenoxy-
ethanolol 7ol Eastdct w3t vAEd dig g
8% phenoxyethanol®] 4ol Ho] &2 ZFr}s)
v A%E YR,

uebd, AE W oil compositions WA S ZH ph-



Phenoxyethanol & ©]-§3 A= WAl xd sk 73 A 49

enoxyethanol®] AHEZS £d 4 & ¥9 ofvd}, I
5 Eaz ZAAA B 95 250 H Az IE

Al=g] o] Thgstele Rojin.
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