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Development of Low Irritative, Eco-friendly Nail Polish Including Shellac/gelatin
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Abstract — Nail polish is used to decorate nail beautifully however, it contains lots of toxic materials. Generally, Nail
polish consists of film-forming agent, colorant, solvent, surfactant and stabilizer. In this study, to replace toxic chemicals to low
irritative, eco-friendly ingredients, we prepared 4 kinds of nail polish and tested safety, stability and performance. Nail polish
including shellac/gelatin showed best performance in water-resistance, friability and drying time. When cell toxicity test
is done by MTT assay, shellac-gelatin nail polish showed over 70% cell viability at 1,000 png/mL whereas control nail
polish in market showed 50% cell viability. At 4 weeks temperature stability test, color was stable at low temperature
however it needs formulation improvement at higher temperature.
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(Film-forming agent), 3] 2to] ol X% ¢4 fAXE HolFE= 7}
oAl (Plasticizer), Y= 218 W7 £13F A4~ (Colorant), =2} 71
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2-1. 7171 & Al

ANE A S F @ (Ethyl cellulose)?} 7] EAk(Chitosan), A &}&1
(Gelatin)- Sigma-Aldrich (St. Louis, MO, USA)SIA] T-¢]a}0] o]
a1t Zeu 9 LTS (Polyvinyl alcohol, PVA) 1500 th 3}
(South Korea)o#], 4 el(shellac)> Avention (Concord, MA,
USA)IIA FU8HATE Al§HE-(Ethanol)Z oFH| Ex(Acetic acid)y
GAekE &% (South Korea)oll A, o] A~X 23 & S (Isopropyl
alcohol, IPAYZ Merck Millipore (Burlington, MA, USA)ellA 73]
sfoil.
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wiv%), PVA1500 (14 wiv%)S E315F0] PVA1500 8948 |3}
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A Z AT PVA1500 £ : 7| EAF g9 : [PA=13:3:3 0] &
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Table 1. Composition of 4 types nail polish

A87 vl A 23

T 5 wiwve BIEE 7Fsto] viiLlfol & Al xsiSict. vivlte] x=
el H7Es AAE Fr)9kE A MA4kslE (Oxide ultramarine
blueys 354 0= AMg-3ISict.

2-3. OLROEN =3 H|wAH

ol EEell nk27)o) Aget A s AUl 7dshA %
], F=2 A7kl Az E o) stk wat, Bofl A)A] ¢kl 2
B FAE s AEE AYok st 47HA] FRre| Hishe]
iy ol 2 A A ghekx] dolrr] S8l A, I, AR ]
54, vERagdel| disl] nl A S [ss on, 7152 vy ito] ]
TAOIRY FH = ANAE A=A BRI Ax a3
B R 71 B AR e gt gy o) gl el
A H7E AAIEHATE thET (Control)yS Aol Bufs] 11 Qe
A o2, Eoly 322 (South Korea)oll X -8t ARSIt

7 5= Brookfield H =A4|(DV-1, USA)Z S62 spindles ©]-&3}
30 rpm & =olA] 3057 SBT3 of ATt ulju) o]
Be]HE o] g3lo] MUFHoIE 5 cm x 5 cm WA 07 T¥slo] A
AR F, 21919 10--H]2] 771 Mitutoyo Digital Caliper (500-
196-20, Japan)® 7 3Fl k. Ao} g et 2 AALR A4k
Az} gho] AeE HAs EEE vk Fesiich AzAIRR
TUT F7]9] AFEF 10700l iU oS EEs § 2 (o R

A
AFEEFS shby TS w QIZEF A S @714 i Ak

s2F Foll FElRle w AAW K= Al

QF wju o] o) Adepsyt low uigde] lvkar hetksksict, vl
TAL mjy o] 24 Ast FEs AYE=AE vwsl] sla) vt
£5 AlFNS WEste] Hrskoith14]. ZF 10719 Q1 xEwel
Yo E XL AFAX T nles A8 7] (WKTF-25 fiiabilator,
South Korea)el] 2ol 1003] &dAIZA-E& o T30l ¢ JEE 0~5
Hom HAE Folste] Hr8lglnt. = mivo] £ o4
7F WA QA=A vlasty] 918l 1zedEel vivitols S
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2-4. QPN A& (Safety test)

w8 A AN 793 598 HolF3E No. 4 mljU7o]
/&0 s RN A S B7RE] $13, in vito AW &
M E5A A1 O F MTT (3-(4,5-Dimethylthiazol-2-y1)-2,5-Diphenyl-
tetrazolium Bromide) assayS <3 5} 31 TH15,16]. EZ-Cytox A] &F-2
Dozen Bio (Seoul, South Korea)®ll A +$1 3} t}. B16F10 cell(3+
A EF23Y) BB 1x10° cells/well 96-well plate]] =35}
24A]17F5-F 37 °C, 5% CO, incubator (sanyo, Japan)ol| 4] Bl F3}11,
ekt F5(100~1000 pug/mL)S] AlF-EZ o] 371e A vix] =2
ATE 5 thA] 24475} v FeESiTE. wiuStol o] A4 A g

No.1 No.2 No.3 No.4
Solvent Ethanol Acetic acid, Purified Water Ethanol Acetic acid, Purified Water IPA Ethanol, Purified Water
Film-forming agent Ethyl cellulose PVA 1500 PVA 1500, Chitosan Shellac, Gelatin
Surfactant - PEG 600 PEG 600 -
Plasticizer Glycerin Glycerin Glycerin -
Colorant Oxide ultramarine blue
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o] & | X= A WAE] A3l PBSE Al skaL Al vl 2
A&k 3 EZ-Cytox A1 2F& 10 pLiwell® F7}8FATh 1417F B¢k
incubator®l| Al ¥H-8-A1Z1 $-, 7439 100 uLE # 3l ELISA reader
(SYNERGY HTX, BioTek, USA)E ©]4-8F0] 450 nmoll A &3
= =311u}. A FEAYZE(Cell viability) S oF2 210 & Attt

M 3EAYES(%) = [(Exp-Blank)/Control] x 100

2-5. QP Al (Stability test)
78 vudelA 7HE 3 548 B9 d No. 4 ¥y

Table 2. Formulation of No.4 nail polish

Function

Component
Ethanol, Purified Water
Shellac, Gelatin

Solvent
Film-forming agent

Surfactant Sclerotium gum PEG 600

Stabilizer Citric acid

Plasticizer Polyvinyl alcohol

Anti-foaming agent ~ Dimethicone

Preservative Propylene glycol

Colorant Oxide ultramarine blue, Black No.401 (tar color)

Table 3. Odor and viscosity for 4 types nail polish

1A -

AEA A - S
o] g B QA 7R= A4 e AR (Table 200 22 PElE:

Az F, 37FA(4 °C, 25 °C, 40 °C)°] 2= A 45 FF R
ShAA A% Ws), o) Ws), Bl W3l 52 HEsieloh.

A E9] W3l Brookfield FEA(DV-1, USA)Z, S62 spindles
o] &-8to] 30 rpm EFEolA] 303t S5k}l S]] M=
8710l 31 wiyFtold] S, A= 57 T2 S0 #F
3Hict. wEAl o] Mshe gl East
&, s 55 Sko 2 it
EEGlom, Fgko = ALlE St

3. 44 3 oE

3-1. DLIFOIZN &3 H|mAS

S RFAAE 2T 47 Yol 2AAEY FH A HE
(Table 3), 71 F A1 7H(Table 4), W5=7d (Table 5), v} F.4d (Table 6)°|
et A& A = v 2t} No.1 vy o] 24 &2 2 7) )
A=A A AEgE 7l oH, AZRAIE SHA a4
yle)Eek - vle]) skom, WA = Ay ISiTh s
Tk ukEE AR & Fxo] thas gz of wjyso] 24 At 7

Control No.1 No.2 No.3 No.4
Odor - + + + -+
Viscosity 544.0 cp 216.0 cp 1218.0 cp 1137.0 cp 2150 cp

Table 4. Drying time for 4 types nail polish

Control No.1

-8

2min

4min

8min

IBmin

16 iII

20min 18min 20min

4 min 2 min

Over 20 min

Over 20 min

Table 5. Water resistance for 4 types nail polish

Control No.1

No.3

Before Before

Before After
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Table 6. Friability for 4 types nail polish

Before — After Score
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No.1 2
- BBKBHENENe L BHENEEE
R L LT TG T
No4 W 0

EE 7HA KRR No. 1| ZAES mluiFol =4 2 §ebA] o
thar Akl

No. 28} No. 3 #lyFfo] A= Gl AFESE o EA S5
o] o7t AR AL, thET(544.0 cP)E T 28] 7F(1218.0 /
1137.0 cP) A7} 90 A7 U 01 S5l nk27] 35
W op et s ] S8l au@ Al S W A vl
o] FA A k& 7Fs Aol ASITE BFF T xAlTlo] 203 o)
2 E o o 17 WeZ AAYF Uedo] glsith rle
Al FH2 B A gttt webA No. 29 No. 3 2AE &
SF U stol 24 2gkabA] kot

vk kS & No. 4 wjuFo] 25 o7} = A=
thas wout AEAlE F7tste] Bast 4= 9lom, HAzAIRo] 24
W& o)z (4t WS)Et -9-3kgitt, Bt mjusfo] 24 Ul
73 W 2GS AEE AW whEbA No. 4 wivsto] 2250 47
A TR F 7P e A0 E sgict

3-2. QMM AlE(Safety test)

B A AT 5 Al 7 955 EAS
o]F9E No. 4 WUFo] ZAES, 2T o= A|FE T Q)
iy 5ol & ARESEIT ZF AR EA S 0~1000 pg/mLe] F %
3|4 to] AEEAS A E e A= Fig. 19] eI tixT
E1YU2AZ2)F} No. 4 viLFo] ZAE BF 55 9EF o072 AE
AEFo| Fhashs AES HolFleh 1oy 3= 1,000 pg/mL
FrolA ti=k 50%2] MEAESS HofF Wil No. 4 WU 7
o] ZAEL 70% od2] AELAYESS BTtk wEkA No. 4
U o] ZAE2 AlFE 3L Qs viu ol Bt Al o) vt

rr

3-3. QFHM AIE (Stability test)

AR g8 vl 7P 5 548 BolFd
No. 4 mjuFFo] A&l thald 25 e A S A ekl o,
71 A¥}= Fig. 29} Table 7, Table 8o YFERA ATt H ol thako]
(Fig. 2) A174e] 7 atel whe} Haf A w7} Aadts 2ow s

120.00 - @ Control

_ 100.00 - B Shellac/Gelatin
e
< 80.00 -
g
2 60.00 -
=
= 40.00 -
2
O 20.00 -

0.00 )

0 100 300 500 700 1000
Concentration (pg/mL)
Fig. 1. Cytotocity of No. 4 nail polish.
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Table 7. Appearance of No.4 nail polish
0 day

28 days

#1 #2 #3

4°C

25°C

40°C

Table 8. Texture of No.4 nail polish
0 day

21 days 28 days
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w
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*
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-

**
w

< Zad -
= =
- s
40°C #2 - #2 . #2 a
oA FE Mog Wsld rhs/do] wrkal Bhe A lok. whEbA] A 207 BZFATH20,.21]. 5 1k WA E A= 2137 ool =
W3 mjuo] 2/ Eoll EAlSh: ZF o]l o8l Fatsle] k7] Sleix= MAslke] viEA 3y, PEGS] 79 Tl wt
JEF olemd 1S 9 I A e Ankw F2Ark17-10, £ 994 wajel i 27159l 7k Basi

WS PEGEF 22 7haA 9] 5 vk oP Aol 43S VIS
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