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ABSTRACT. The global cosmetic market in 2014 was estimated to be worth to about 250 billion USD and
has continued to grow. In particular, stem-cell based cosmetics, which can be used to repair skin and protect it
from aging, have become recently trendy. However, the questionable safety issue of commercial stem-cell
cosmetics has become a hot issue. Cosmetics consumers may buy a product without any information about the
safety of products whose ingredients may have less than 10 years of commercial history. For the safety
verification of cosmetics and ingredients, the classification for eye irritation needs to be conducted essentially.
The Bovine Corneal Opacity & Permeability test (BCOP) is recommended as a validated alternative method for
eye irritation by the Organization for Economic Co-operation and Development (OECD). Thus, in this study, we
evaluated the eye irritation potential of commercial stem-cell based cosmetics by the BCOP assay, Hens Egg
Test on the Chorio-Allantoic Membrane (HET-CAM) assay, and Human Umbilical Vein Endothelial cell
(HUVEC) test. Our results showed that all 8 test substances were not classified as eye irritants which could
cause serious eye damage according to the BCOP assay associated with histopathology and the HET-CAM assay.
But four test substances showed to be mild irritants in the HUVEC test. To the best of our knowledge, our
results are the first reported data about the classification of the potential eye irritation of stem-cell based
cosmetics, and demonstrate that the validated BCOP assay combined with other alternative tests such as the
HET-CAM assay and the HUVEC test, may be able to indicate mild to serious eye irritants.
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PR QP HtelA A woll g A=A B
7b= "4 3E 072 Organization for Economic Co-—
operation and Development (OECD)o|A= E7|E 0]
45t obdY A= A|E (Draize rabbit eye irritation
test)& 7ho]=EkQl (TG 405) 02 AAlstHcy, Ljut
20099 EUOA F=AIES 53 et He 3P
dEo] et AEFSE FH W AR FAE AldsH,
AEEY 5283 S Eo|A st =go| o
ofA, Il AE 2015 SHEE SEHE 54 W&

al,, 2015). 2005 AZFow E7|H2 3PgE 4
£38 &o] o]Rojxl o=, A 53 - A& Alt
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= /MRS o] &7 24w el & Ay
A (5317, 2016).
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Bovine Corneal Opacity & Permeability test (BCOP)
£ 7o R b A= H7}8kal, Hens Egg Test
on the Chorio—Allantoic Membrane (HET—-CAM)x}

Ao datfjal AlE vjoFF (Human umbilical Vein
Endothelial cell; HUVEC)E &8&3lo] 3 =4
BoAeA e,
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2 A= Als B Hi Qe E7] Al
9 IPE 8FS FASIE AAsidlen, HA
ANAEE 7ol o]=& thdet 719 AlEol
w2 NASAT (Table 1). HET-CAM testol
BCOP assayolX&= 3AshA] il BF7hE shalen,
HUVEC testo] A= AJ@E2E 0.1, 1, 10%% PBSO|
3| A5t H7Fel Tt BCOP assay?}t HET-CAM test
oA 24 dEEe 0.9% AUARSE A S,
AN RS ZHZF 100% N, N—dimethylformamide
(DMF)Q} Tween 20898 A}83}%ith HUVEC testo]
A S zILOZ PBS, PAYRLORE 5% Sodium
Dodecyl Sulfate (SDS) €M A&}
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Table 1. The list of tested stem cell cosmetics

Test Source of stem Properties
substances cells

A Plant nature Transparent viscid fluid
B Plant nature Transparent viscid fluid
C Plant nature Opaqgue cream

D Plant nature Transparent viscid fluid
E Plant nature Transparent viscid fluid
F Animal nature  Opaque cream

G Animal nature  Transparent viscid fluid
H Plant nature Opaque cream

2. BCOP assay

1) 29 & 2
X Z7l= OECD guidelines for the testing of
chemicals No, 4372 Hlg o=z £33ttt (OECD,
2013), E=EAoA A%E 49 BF F SA] UG E
=3t 100 IU/mL9] penicillin®} 100 p g/mL9]
streptomycing® Z7}3F Hank’s Balanced Salt
Solution (HBSS)o| €Hd3s] T A2 F3/dA] ¢
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2 7HA AA 2, A Aol 24
P A e
Zop gelol gasiglh, @ Wuel vl dgid
(32 + 171) phenol red& EX3 MEM H{XE &
1, 32 + 1T water batho]| A 1A]17F FoF A3 AH
t}. Opacitometerd] Calibration & EH& 7]$1
A HEL R=E2 AgoA opacityE ‘0’2 XA}
. AEEH= #EF opaque sheetE EUoll 7]
opacity®S ‘75 & %743}l calibration2 RSt
t}. & A 9] Eagle’s minimal essential medium
(EMEM) HjAE AATIE, A2 32€ Minimum
Essential Medium (MEM) HjA|& %2 Yo A<
Opacitometer& ©|-835}9] opacity SAsFG o™, 79]
S U Zrere ARl A Alelars,

_Il-ﬂ.l _1‘:‘ uoi'

ST

3) NESe Mg X FUYR 3%

Au Mol EMEM HjR| S A2 AAST & &
T & golA o} 9l MEM Hjz|E 2+A3] A A5+
ok A Au o] Ag4 J3 f2E AAs A ks
9E & e FES ¥9 IYE scrapper22 ZIF
e} 32ColA 107 =& Azt AdEds gule
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A sol TPl BE AAUIES st o
A A A A2 93 feE 1y s, Ay
Ao A2 MEM BjAE 3L 2A17F 5k 32T
oA =7} voFs}sitt Opacitometer = L—,E%
A% T 9% WHY MEM WAS AASEL, F
Aol M= MEMg il A Huos 32T
fluorescein solutione 1ml FYsFHTE 32 + 1T
water batho]A 90 + 5—‘?'— Zot vjofstar, =H AH
o] MEM HjRE 2% 3o, 96 well plated] 3ot
sample o 37] well Oﬂ 360 uL® Hx3sl9tt
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4) SEEANENS
(In Vitro Irritancy Score, IVIS) &
IVIS AHEAle T8} 2o,

IVIS = mean opacity value +

(15 x mean permeability OD490 value)

AALE IVISE Table 22+ ZHo] Globally Harmonized
System (GHS) 7|&2 & 3lo] A= 5319

Table 2. The IVIS cut-off values for BCOP assay

IVIS UN GHS
<3 No category
>3; <55 No prediction can be made

>55 Category 1 (serious eye damage)

The United Nations Globally Harmonized System
(UN GHS)

5) ZX WagA B
AZbe zHetol= Ao|A Table 30 ANE b}

| 2%, 714N 2ZE, YuANEZ Zof dist
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o EHBP 374 7]_._LJr
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—r°ﬂ diste] 7S 7ol 2F Mg AEst] ¥
S

4 H7te AR

Table 3. The histopathological evaluation of cornea
in BCOP assay

Layer Criteria Ratio
Epithelial  Erosion/attenuation, epithelium 0.3
Degeneration, epithelium 0.3
Denudation, epithelium 0.5
Stroma Necrosis/loss, keratinocytes 1

Edema, substantia propria 1

Eosinophils infiltrafion, substantia propria 1

Endothelial Necrosis/loss, endothelium 1.5
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3. HET-CAM test

1) £78 ¥ % CAM ZH|
The Interagency Coordinating Committee on the
Validation of Alternative Methods (ICCVAM)

Recommended Protocol: HET-CAM Test Methodo]
e} AFELS 5283l (Stokes et al, 2002), 2%

(=5

)

4. HUVEC test

1) ME Big X AESE
HUVEC (GIBCO, Life Technologies)E Medium

IOI N
10

131 kit (GIBCO, Life Technologies) BJZ|oj|A] ufoFs}
Fo] 4% (Holsd, &9, d=& A7l o 96 well plateo] 5 x 10! cells/well2 T}Es
£ 5.5 £ 050, G5 55 + 199 SA0R 09D of o] aans oo shAel, B A S
L él' oh wief 10dAe] 7S WSt CAMO] S Aj3zof 24417 AH2]gt & methylthiazolydiphenyl—
2 wighE] SAeule delgow Ao o] &ahlct tetrazolium bromide (MTT) 5mg/ml 25 4 L 7}8}al 2
G AA F, FZAEE CAMOA Z 29T 4 3 A7ZF ZoF ujoFstal, Dimethyl sulfoxide (DMSO)ES
=5, 37C E ARAEeE ARsi. ZAE o 100 4 L 7}5te] 2AL o] % 570 nmojA] =4
otol CAM RIS &4 glol WA AR gee
2) NgS39 Mg R T ¥ q
T AY B T 3AY AR ASSAL, E =
H CAM W] AE &4 200 ¢ L & X519 2 an
2027+ HL%%] 4]74 7. w0 W %‘Blél;j%i 1. BOOPE “I82 M=% ¥
< 7} (End Point Assessment)o] w2} Z} 3}& 20, & OEHJ—:ILLOHHC.Q_IEA_ B3 -1.667 |5l
°_° . o FAd RN EE=E7 Hd 93,333 ©]qlrt
A= B de Fer s @ (value)E AMESHT
Table 4. Classification of S score of HET-CAM assay (End point assessment)
S score Slightly imitating Moderately irritating Iritating Severely iritating
<6 ¢}
6<S<12 o
12<S <16 o
16 < o

(Adapted from %= 5, 2008.)

Table 5. The results of opacity, permeability, IVIS and histopathological score of the test substances

Test substances (mean £ 56) (mean £ 59 (mean  s8) e e
Negative control -1.667 + 0.333 0.064 + 0.001 -0.702 + 0.343 0.3
Positive control 93.333 + 9.871 1.783 + 0.298 119.747 + 12.581 52
A -0.333 + 0.333 0.04%9 + 0.003 0.397 + 0.291 0.3
B -1.000 + 0.577 0.062 + 0.003 -0.065 + 0.531 0.3
C 2.333 = 0.667 0.063 + 0.005 3.281 + 0.739 0.3
D -0.667 + 1.202 0.065 + 0.001 0.298 + 1.208 0.3
E 0.333 + 0.667 0.060 + 0.003 1.281 + 0.624
F 0.667 + 0.667 0.079 £ 0.011 1.858 + 0.671
G -1.333 + 1.764 0.054 + 0.002 -0.523 + 1.740 0.3
H -0.667 + 1.202 0.079 + 0.011 0.525 + 1.042 0

SE: standard error.



Figure 1. Histopathology of the bovine cornea freated with test substances. A Negafive confrol, B Positive
control, C Test substance A, D Test substance B, E Test substance C, F Test substance D, G Test substance E,
H Test substance F, | Test substance G, J Test substance H.

Figure 2. Representative results of the HET-CAM freated with test substances. A Negative control, B Positive
control, C Test substance A, D Test substance B, E Test substance C, F Test substance D, G Test substance E,
H Test substance F, | Test substance G, J Test substance H. Arrows indicate lysis and arrow heads indicate

hemorrhage.

(Table 5), SAHRT-E UN GHS 7|&0 & IVISZ} 3
o|5t=A] no category®= WAL, FAHEAES
IVIS 119,752 Category 1 A3t ozx}= EZZ A
Heloh 247+ 24 By W A 24 FHd=x
o =80] 0.3 ¥ 5. 72X 99 VIS #A7|E oA
stk & Aol Al 54 8744 & T7HAI7F
IVIS 3 ©]3} no categoryo|Qal, %2 WHa] 23} &
Ar mild=® FAEAC ovh C AFEEY] IVISe
3.281% No prediction can be madeZ TAE 3 X]
o %2 ¥y A3 03924 mild2 TAEAcH
(Fig. 1. webA AEE 859 S7|AxE 8 P&

2. HET-CAMZ ©|88t gt A3y Bt

H ilo A SAYZRFE non irritating® 2 TA
3, SFAgRTLL S valueZl 172 severely
irritating© 2 WA E 9t} (Table 6), A|TEE= £7]
NE SHE 2L AR HET-CAM testS A]8)
b A, 37Hx]9] AFE4 D, E, Go| thste] ofgt

T 2Ewol g9 &3o] Ho] moderate
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irritating© 2 BHAEHUD (Fig. 2), YHA] 5714 A
HFE2L 5 value 6 TW9] slightly irritating© =2
Aol =drt.

Table 6. The results of hemorrhage, lysis, and coagulation
score of the HET-CAM treated with test substances

Test substances S value Rate

Negative control 0 Non irritating

Positive confrol 17 Severely iritating
5 Slightly irritating
Slightly irritating
Slightly irritating
moderate irritating
moderate irritating
Slightly irritating

moderate irritating

I QO m m OO w >
0 W O N O W

Slightly irritating

3. HUVECZ °©|&%t ZHUMME =S¢ T

8714 A1 B0l thstel WphpuAES] S4S 24
ot Ay} SAETY S EE 100%= normalization
st o, 10% 3A%k 671A] Ald=HEe Al e
Sol9o2 Fasidn, 9l D, B G ABER
oA 50% o]ate] Al HEES Hol AdHer
& E=4e RaT 192 SHsIE olds] 47b A
3
=
=
=

=2 o
©

=
B4 C, D, E, H 4 $94e HE 4zg g
YT A B, F, G oA o4 747t glolt

1%
M 10%

100

Cell viability (%)
3

Test substrances

Figure 3. The effects of test substances on HUVECs
viability. HUVECs were incubated with  various
concentrations of test substances (1, 10%) for 24
hours. The cell viability was determined using MTT
assay. Data were normalized as a percentage of
control. Data were the meant SE (n=4).

e p<0.0001, ** p<0.001, * pP<0.01.
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@} the Isolated Chicken Eye test (ICE)E wu|=i}
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