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Abstract: The levels of volatile organic compounds (VOCs) in adhesives to attach the wigs on the human skin and their
cytotoxic effect were evaluated using auto indoor air quality measurement (MS 300 55) and test for cytotoxicity (ISO
10993-5), respectively. Individual health safety assesment was carried out in comparison to 4 types of commercial wig-
adhesive products made mainly of acrylic and silicone base. In the VOCs analysis, silicone wig-adhesives, especially
Wig-Silicone-II, had lower emission values than other three adhesives, in all analyzed VOCs such as toluene and form-
aldehyde. Cytotoxic test was performed using 4 kinds of cell lines originating different tissues to increase experimental
reliability. The results of cytotoxic evaluation showed that silicone wig-adhesives were less cytotoxic than acrylic wig-
adhesives, and Wig-Silicone-1I had much more health safety than other three wig-adhesives. In addition, the relationship
between VOCs emission and cytotoxicity was confirmed in this study.
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Table 1. List of Wig Adhesives Used in This Study

Product
(Wig-adhesive)

Wig-Acrylic-1
Wig-Acrylic-1I
Wig-Silicone-I
Wig-Silicone-I1

Principal ingredients

Ethyl-2-cyanoacrylate
Cyanoacrylate, Ethyl acetate
Tetra silane, Ethyl acetate

Silicone, Ethyl acetate

Table 2. Test Conditions of GC/MSD

Oven initial temp 35°C
Oven temp. program 2 °C/min(80 °C)—5 °C/min(150 °C)
—10 °C/min(280 °C)

Oven final temp 280 °C(10.5 min)

Column HPS-MS(0.25 mm)(60 m 0.25 pm)
Slplit 20:1

Carrier gas He, 1.3 mL/min

MS interface temp 280 °C

Ionization source El, 70 eV, 230°C

MS range m/z 29~550
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Table 3. Test Conditions of TD

Desorption temp. 280 °C
Desorption time 15 min
Cold trap initial temp. -30°C
Cold trap final temp. 280 °C
Cold trap absorbents Tenax-TA
Transfer line temp. 220°C

Table 4. Test Conditions of HPLC

C18(0ODS)
Reverse phase column(155 mmx4.6 mm ID)

Distilled water/THF(8:2 V/V)

Acetonitrile

Column

Mobile phase A
Mobile phase B
Flow 1.5 mL/min

Eluting condition (0—25 min, B 20—60%,
25—40 min. B 20% HOLD
Oven 40°C

Detector 360 nm(UV)
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ZA4sl7] Sl 17ke] 7hellA gk HepG2 cell line(human
liver epithelial cells), HE2] 21l F23 NRKS2E cell
line(rat kideny epithelial cells), F}--2=2] ujolol A &2 gt
3T3-L1 cell line(mouse embryo fibroblast cells), 217+] 34
o] 23+ HaCaT cell line(human keratinocyte cellsyS- A}
B3t Aol ARE-H cell linesis 5% fetal bovine serum
(FBS: Hyclone, USA)3} 1% penicillin®] &% dulbecco’s
modified eagles medium(high glucose, DMEM: Hyclone,
USA) vlix]ellA 37°C, 5% CO, Z7A L2 st
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o] WFH(ISO 10993-5, test for cytotoxicity, i vitro method)
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(hatano research institute, Japan)y2 0.25 mg/mLe] F=F A}
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MULTISKAN GO reader(Thermo Scientific, Waltham, MA,
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sto] M2 YERAITE o] W, MTT &%} e 7
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Eclipse Ts2-FL microscope(Nikon Corporation, Tokyo, Japan)
£ o]&3f] HaCaT cells®] FEjoHd] W3ls Adsigich 2
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Table 5. VOCs Emissions of Wig Adhesives
(unit: mg/m?)

Wig- Wig- Wig- Wig-

Acrylic- ~ Acrylic-II ~ Silicone-I  Silicone-II
Benzene - - - -
Toluene 26 5,576 73 -
Ethyl benzene - 394 - -
Xylene - 566 25 24
Styrene - 230 18 16
Formaldehyde 482 618 45 47
Acetaldehyde 1,127 581 54 53
Acrolein 232 939 206 206
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Figure 1. Effect of adhesives on viability in HepG2 cells. (a) Wig-
Acryl-I; (b) Wig-Acryl-1I; (c) Wig-Silicone-I; (d) Wig-Silicone-II.
The results are expressed as mean+SD(n=8) of three separate exper-
iments. ***Significantly different from untreated cells at p < 0.001
(student’s t-test). m adhesive; O positive control.
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Figure 2. Effect of adhesives on viability in NRK52E cells. (a)
Wig-Acryl-I; (b) Wig-Acryl-II; (c) Wig-Silicone-I; (d) Wig-Sili-
cone-1l. The results are expressed as mean+SD(n=8) of three sep-
arate experiments. *, **, ***Sjgnificantly different from untreated
cells at p < 0.05, p < 0.01, or p < 0.001, respectively(student’s t-
test). m adhesive; O positive control.
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Figure 3. Effect of adhesives on viability in 3T3-L1 cells. (a) Wig-
Acryl-I; (b) Wig-Acryl-II; (c) Wig-Silicone-I; (d) Wig-Silicone-II.
The results are expressed as mean+SD(n=8) of three separate exper-
iments. *, **, ***Sjgnificantly different from untreated cells at p <
0.01, or p < 0.001, respectively(student’s t-test). m adhesive; O pos-
itive control.
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Figure 4. Effect of adhesives on viability in HaCaT cells. (a) Wig-
Acryl-I; (b) Wig-Acryl-II; (c) Wig-Silicone-I; (d) Wig-Silicone-II.
The results are expressed as mean+SD(n=8) of three separate exper-
iments. ***Significantly different from untreated cells at p < 0.001
(student’s t-test). m adhesive; O positive control.
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Positive Control I
Wig-Acryl-ll I

Wig-Silicone-ll

Wig-Acryl-l

Wig-Silicone-

Figure 5. Morphological changes in HaCaT cells by treatment of
adhesives. Cells were treated with each adhesives at a concentration
of 25 mg/mL for 48 h and then photographed(Magnification: x100).
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