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Abstract: Alkvl ethoxy sulfate type surfactants, widely used in commercial cleansers, are easily adsorbed to skin to often
cause skin irritation and inflammation if not thoroughly rinsed out. In order to replace or complement existing surfactants,
we screened the existing surfactants through protein denaturation method, cell cytotoxicity assay and human IL-la assay,
etc. Fourteen surfactants have been chosen from among low irritant anionic, cationic and/or zwitter-ionic ones and
investigated for cell cytotoxicity in human fibroblast cell lines using monolayer culture with the thirteen commercially
available cleansers for sensitive skin. From these results, we selected 5 surfactants and 2 commercial cleansers (names not
shown), such as sodium laureth sulfate (anionic), sodium cocoyl isethionate (anionic), sodium lauroamphoacetate
(zwitter-ionic), and cocamidopropyl betaine (zwitter—ionic), alkyl polyglycoside (non-ionic). 20 formulations were made out of
5 surfactants and five of them were chosen through a protein denaturation method (lower than 3 M sodium dodecyl sulfate
solution (13.2%)), cell cytotoxicity and human patch test. These five selected formulations containing preservatives were
compared to two selected commercial cleansers by cell cytotoxicity and human IL-lo ELISA assay using dermal equivalent.
Finally, we selected the best formulation. To this formulation, fructan (3% or 5%) or/and portulaca extract (3% or 5%) well
known for its anti-inflammatory and moisturizing effects were added and investigated for cell cytotoxicity using dermal
equivalent. In cytotoxicity assay using dermal equivalent, two formulations containing 5% fructan and 3% or 5% portulaca
extract were less toxic than the others. In cytotoxicity assay and human IL-la ELISA using 3D culture, the selected
formulation containing 5% fructan and 5% portulaca extract showed better efficiency than those of the others and 2
commercial cleansers. As a result, we could develop a low irritant and safe liquid cleanser.

Keywords: sensitive skin, low irritant, surfactant, portulaca extract, fructan
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At Adfrebd Ehuman  normal flbroblast ATCC,
CRL 2703)2 1 x'10° cel/mLE 24 well p’late°ﬂ 2 Ejo}

A (Gibco)o] 10% gHd DMEM (dulbeccos ‘modified
eagle’s media, Gibco)& ©-&dted HEah 19 § 4
o] 2% %7t Al DMEM ®jAZ ZolFWHA A8E &
TR Ak 24 h wlY F wAE AASE 033
mg/mL MTT [3-(4,5-dimethylthiazo-2-y1)-2,5-diphenyl
tetrazolium bromide, Sigma] 1 mLE #7}sle] 37T A
4 h ¥WiFA Y 1 3 MTTE AAS DMSO 1 mLE
"A7kete] AelAl 10 min B9F £33k ghAs] &3)
29 96 well platedl 200 pLA &7 570 nmelA] &34=

g 2R3,

2.1.2. 71| HiYtg olgst Aﬂ =4 MY
E}Y I collagen¥ 592 &5¥ DMEM Wi, 221
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Table 1. Compositions of Formulation 1 to 9 and Compared Formulation 1 to 3

Formulation Compared formulation

Surfactants

1 2 3 4 5 6 7 8 9 1 2 3
alkyl ether sulfate (3M) 12 12 12 25 25 30
alkyl ether sulfate (5M) 12 12 12 8 8 8
Anion sodium cocoyl isethionate 4 4 4
disodium lauryl sufosuccinate 4, 4 4
alsylglutamate
Zwitter-ion alkyl aminopropylbetain 10 10 15
alkyl polyglucosid 3
Non-ion  fatty acid-diethanolamide (CDE) 2

fatty acid-ethanolamide (CDE)

D.W.

up to 100%

Table 2. Compositions of Formulation 10 to 20 and Compared Formulation 4 to 7

Formulation Compared formulation
Surfactants
0 11 12 13 14 15 16 17 18 19 2 4 5 6 7
alkyl ether sulfate 2 2 22 3 33 7 7T 7 11 11 7 3 29 22 11
. asyl-N-methyl taurate 10 3
Anion - ——
sodium cocoyl isethionate 3 1 1
alsylglutamate 12 4 .
) ) alkyl amphoacetate 10 10 10 3 30 30 30 20 10 2 10 13 20 30
Zwitter-ion - -
alkyl aminopropylbetain 7 10 20 10
D.W. up to 100%

Raft buffer 9589(22% NaHCOs, 200 mM HEPES,
005 N NaOID)-& 7:2:12 #of ©E gd3 A} dH
SFMEE 1Xx10° cel/mLe UEE EFste] 12 well
plated] Wol AFZHE Azgch o]Enjc} b A Vit-
C (50 ug/mL, Sigma)7} €017+ WA= Zreo} FHA 7Y
A ANRE FEEE AT 3Y g F A E o
22 MTT (033 mg/mL) 15 mLg A7isle] 37ColA
4 h WA 2 5 MTT €98 B8z DMSO 2
mLe #7}ste] 37CelA 12 h #Hx 3o} 943 g3e
3 well plateol 200 uL¥ %71 570 nm

d

A9 Aze A9 s Wy Fdsht AME
(insert, Milipore)oll A wl%3ich 79 B¢t AAME X A}
T AFEE 718 F B9 AZY A Al E(X
9 zAo|A %88 normal keratinocyte)E 5 X 10°
cells/em’®] =R ¥ 22| olo] 797k o W%k
th 1 %3 JIME W9 A& AAS ] T3 ME F

: 79 Axe 44E g
AMEE 24 h MEstd A5 o3 54&

g Aol 10% 28
~-SFM  (keratinocyte-serum free medi-
1:12 42 A= sjekdich

R

o] gato], dhul &hwl 05% &H}
o 5% &AL 747} whgo] ofg 7z}
10 mLA Egstar, 0T 24 h §9 AN8E YT
gdoz ste] Ax FAzmEIHPS o §adrh &

/g0l
Mz mAaoon (1. BEUI(peak)BH

2.3 HiE=zE &
05% AA &

12 oo
T
C
3
o
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Figure 1. The test of protein denaturation from form-
ulation 1 to 9 and from compared formulation 1 to 3: F1
~ 9 =formulation 1 ~9, CF1 ~ 3=compared formulation
1~3.
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£ REEYE AMESY, AeolA 1 h % A IL-le

= =
A9 dhEAIZl § vl " (biotin)o] A% 22k dhAle}

A2 71t 1 & Streptavidin-HRP (horse-radish per-
oxidase)Z 30 min #g ¥ TMB (trimethylbenzidine)-&
Aoz 7]2 we& A7) & ELISA reader® 450 nmoi|
A &A%Y

3. gdn} &
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Figure 2. The test of protein denaturation from formu-
lation 10 to 20 and from compared formulation 4 to 7: F10
~ F20 = formulation 10 ~ 20, CF4 ~ 7 = compared formul-
ation 4 ~ 7.
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Figure 3. Cell cytotoxicity of formulations and compared
formulations: F1 ~ F20 = formulation 1~ 20, CFl~7=
compared formulation 1 ~ 7.
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T o g
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S O d9 v Al & AEEYE HolW, 015%6%E
meistge W AY 183 MRAY 7= wnd we A
EE4E vehdtE 2% nelZo,

HEEA0] ¢ AY 5 16, 18, 207} vl uwAY 7& A
dotel 4 SRS AZ9E o) A AR
HAEES 4SS Table 4914 ekt wsh 2o A
g 5 16, aelm 18] BF we] Ao g Heg
& % gt

= )
S 1o 3 A 7 A v Ey # vuAE 72 *ﬂi HH“Oﬂ B —TL% Z13] kel
A deite 2 808 & vk 0] 3 o 13 1 Aol AE =48 Yol r|2 S3irh Figure 49 Z 3ol
304 AFe]E AEY Lol AUBYPAES 2F A A BHEo] 34 Fxrt 1.25%9 0.039%Y F$ole A
d oJAELHOE, obd-N-wDE--Ho|E, obd 2FE H%3 AnE wo] vz gloy 01560/3 7%l
HolE T A4 AvSAAR e Sl AY AE 59 160] 7FF W& AE 5L Holz itk uh
AR dF A A 10~12 2 156~ 178 A4, A ool F AEE v Add Al 7EY AE=
T3] 1 o 3004 ofd SFREMOIEE 2 AF 175 A H @ Adsl72 ot
ity BT HaA e ould wAds FAE 2
o 3 GEOAHCIE % 0E E ARELAL o 3.3. AlHEMH HMED 4ESE A MEHA K=
Zoln|ez 2 IWelQI o2 BE AT B9 A4 AF Climl
13, 14, 18, 19 B 20efM sk Zo] W& @9 WAHES 7NEY ARA AFH vlm Agsr] A8, AF 5% 16
Qg £ Sk AR or FHA ADEGA ot o tate] A wjyo s Aﬂ# A AFAAR! IL-la
Table 3. Marking of Human Patch Test
Skin sensitization score
Response Grade Mark Classification

++t extreme 2

++ strong 15 slightly irritant (< 10)

+ moderate 1 mild irritant (10.1 ~ 20)

+= weak 05 moderate irritant (20.1 ~ 30)

0 no reaction 0 severely irritant (= 30.1)
Table 4. Human Patch Test of Formulation 5, 16, 18, 20 and Compared Formulation 7

Formulation fg:riluﬁz;egn Alkyl ether sulfate PES
5 16 18 20 7 0.25% 0.05%
Induction rate (96) 92 53 9.2 105 11.8 9.2 6.6 6.6
Classification slightly slightly slightly mild mild shightly slightly slightly

J. Soc. Cosmet. Scientists Korea, Vol. 31, No. 1, 2005
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Figure 4. Cell cytotoxicity of formulation 5, 16, 18, 20
and compared formulation 7.

Cell Viabillty (%)

F5 Fi16 A B
Figure 5. Cell cytotoxicity of formulation 5, 16 and
commercial cleanser A and B.

o] FH#FE FA4aAch AelF20-1einterleukin-lea,
= % 43 24 Y AH(proinflammatory mediator) &
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= Ax 9l A4y 3Hre-epithelialization)
A FEAZA &3 Bk ofye), 2elA] wb
4 W 2AAAEA BEY 25E A
E %iéiloﬂ By 5, 12-, 15-HETE (hydroxyeicos-
atetraenoic acid)Z2 olgb7| =4 G EAAIGA AL A
E ANE SN A2 484 UtH15,16). whekA
AEER Mg T [L-1e e AYHFS SHsH v
% B AFY Ars: Aoz FHse
HE T 3 *a‘fé 7:37)5 A¥ 5% 16€ 7|1 Al
AL 2B
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FgESs], #1314 A 1 &, 2005
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Figure 6. IL-1¢ measurement of formulation 5, 16 and
commercial cleanser A and B.
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Figure 7. Cell cytotoxicity of formulation 5 with portulaca
extract and/or fructan: F5 =formulation 5, PE = portulaca
extract, Fr = fructan.

g3l Ax=e AEYE & =+ Ak(Figure 6).
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N FEE% TR FEED Arbsel AL 54
43¢ sdth 393 2E T} Hold AW F3
23 ZBe P7HE AY 5% Figure 79149 2o o}
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I 545 9% AT RS Sohis] A8l 339 A
F 3% 2de o§stel AE B4 AFANY L-le
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Figure 8. Cell cytotoxicity of formulation 5 with portulaca
extract and fructan comparing with comercial cleanser A
and B: F5=formulation 5 PE =portulaca extract, Fr=
fructan.
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