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Introduction: Results & Discussion:

Phospholipid carbonylation induced by both UVA and UVB

Human are mostly exposed exclusively to solar ultraviolet (UV) radiation, which contains UVA and UVB that can be
harmul to skin and hair. UVA and UVB have different properties and induce various reactions on the skin and hair, and o ey s
UV radiation is much more energetic than UVA radiation [1]. There is an increasing need for analysis of molecular
mechanisms and biological events induced by UVA and UVB, which will be used as a method of clinical treatment and
cosmetic application.

number of reports indicate that UV radiation significantly disrupt the redox balance in human skin cell by
overproducing reactive oxygen species (ROS) [2-4]. Furthermore, ROS derived oxidative stress can be accumulated in
macromolecules, which result in oxidatively damaged (carbonylated) proteins and lipids. Oxidative modified protein
mostly shows reduced enzymatic activity, reduced stability to heat, increased hydrophobicity, and increased
susceptibility to proteolysis degradation [5]. Also, oxidized lipids play an important role in the pathogenesis of .
oxidative stress-related human disorders such as obesity, i and diseases. And £
it has been reported that carbonylated glycerophospholipids can initiate and medate chronic inflammation (6],
Human hair is mostly made p of keratin, which forms 65-95% of hair with insoluble cystine-containing helix protein
complex [7]. Also, Hair lipids have been described as fatty substances loosely attached to the hair surface and can be
easily extracted by lipid solvent [8]. Those hair lipids constitute mainly with sebum, oily secretions from the sebaceous
glands of the scalp, and with lipids excreted as a by-product of epidermal keratinization [9]. Since most of the
constituent materials of the hair surface are proteins and lipids, it was decided to measure carbonylated
macromolecules as methods to study that can measure changes in the hair surface by UV.
Octylmethoxycinnamate (OMC, also known by ethyl-hexylmethoxycinnamate or octinoxate) is one of the most
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n sunscreens on the market in cosmetics to resist UVB from sunlight due to its excellent UV absorption curve, Figure 2. In situ visualization of carbonylated protein and lipids induced by UVA and UVB. Carbonylated proteins

h;‘gh \f\poph:‘\\c\ty and good oil solubility [10, 11]. By the way“ the photo'v"stzb\hty of UZ'B N‘éf; is an urgent vssuea and were labeled in situ on hair shaft with CHH. Carbonylated phospholipids were labeled in situ on hair shaft with E06.

therefore, they have received special attention today [12]. Also, OMC is listed as an endocrine disruptor compount For bett tation of co-st: CHH stain she (A), E06 stain sh (). Merged i

(EDC) by the European Union's database [13] because of its potential risk for DNA damage associated with endocrine or better representation of co-staining, CHH stain shown in green(A), E06 stain shown in red(B). Merged images
(vellow) the of and protein. Left panel: Image

disrupting effects. In this sense, it was necessary to develop new formulations of sunscreens to stabilize or replace " 2 2
OMC and increase their protective effect, increasing their efficiency and safety for human health [14] of a hair strand without UV irradiation. Middle panel: Image of hair shafts after UVA irradiation (56)). Right panel:
Phytoene (7,8,11,12,70,80,110,120-octahydro-W, W-carotene, PT) and phytofluene (7,8,11,12,7'8"hexahydro-W, W~ Image of hair shafts after UVB irradiation(1.6J) Images were taken with a 40X zoom.

carotene, PTF) are special carotenoids as they are colorless, and precursors of all other carotenoids. Also, PT and PTF

have light absorbing properties. PT absorbs maximally at 286nm, and PTF absorbs maximally at 348nm [15, 16]. As UVB Protein and phospholipid carbonylation induced by UVB are prevented by OMC and UV-ene

radiations ranges from 290 to 320 nm, PT and PTF have possibilities to be used as sunscreens. Also, some studies
suggest that PT and PTF can exhibit antioxidant capacity against 2,2-azinobis-3-ethylbenzothiazoline-6-sulfonic acid
(ABTS) radical cation [17], which can be help structural stability when present together with structurally unstable
substances. In addition, it has been reported that PT and PTF can protect against erythema and DNA damage induced
by UV radiation and hydroxyl radicals, and may have anti-inflammatory effects as observed in human peripheral blood
lymphocytes, in vitro, and mouse ear edema model,in vivo [18].

Based on the UV absorption ability of OMC, PT, and PTF, there have been quite a few studies on the skin protection
effect, but the hair protection effect from UV has not yet been studied. Therefore, the purpose of our study is to
visualize UV induced hair damage through staining of carbonylation, and to try to confirm the UV protective efficacies
of OMC, PT and PTF.

Materials & Methods: .

Human are mostly exposed exclusively to solar ultraviolet (UV) radiation, which contains UVA and UVB that can be
harmful to skin and hair. UVA and UVB have different properties and induce various reactions on the skin and hair, and
UVB radiation is much more energetic than UVA radiation [1]. There is an increasing need for analysis of molecular
mechanisms and biological events induced by UVA and UVB, which will be used as a method of clinical treatment and
cosmetic application. .
A number of reports indicate that UV radiation significantly disrupt the redox balance in human skin cell by :
overproducing reactive oxygen species (ROS) [2-4]. Furthermore, ROS derived oxidative stress can be accumulated in

macromolecules, which result in oxidatively damaged (carbonylated) proteins and lipids. Oxidative modified protein

mostly shows reduced enzymatic activity, reduced stability to heat, increased hydrophobicity, and increased

susceptibility to proteolysis degradation [5). Also, oxidized lipids play an important role in the pathogenesis of

oxidative stress-related human disorders such as atherosclerosis, obesity, inflammation and autoimmune diseases. And I l I
it has been reported that carbonylated glycerophospholipids can initiate and mediate chronic inflammation [6]. 8
Human hair is mostly made up of keratin, which forms 65-95% of hair with insoluble cystine-containing helix protein
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complex [7]. Also, Har lipids have been described as fatty substances loosely attached to the hair surface and can be Figure 3. In situ visualization of proteins and ipids induced by UVB in OMC or UV-ene treated
*,“"g Ext{z;ted b‘y M:m; sa\\;\e‘m [:] Those sa-r hpleds wn;mu'e' ma‘;\ly wﬂlhksebu"‘r oily SE‘;'ES"D"S from ";E;E"MUUS hair shaft. Carbonylated proteins were labeled in situ on hair shaft with CHH. Carbonylated phospholipids were
glands of the scalp, and with lipids excreted as a by-product of epidermal keratinization [9]. Since most of the labeled i st on hairshaft with EOG. For better representation of co-staining, CHH stain shown in green(A), £06
constituent materials of the hair surface are proteins and lipids, it was decided to measure carbonylated o 4(8). Morged e vl o . "
macromolecules as methods to study that can measure changes in the hair surface by UV. stain shown in red(B). Merged images (C, yellow) the o _ an
Octylmethoxycinnamate (OMC, also known by ethyl-hexylmethoxycinnamate or octinoxate) is one of the most carbonylated protein. Images were taken with a 20X zoom. The average fluorescence values from three different
common sunscreens on the market in cosmetics to resist UVB from sunlight due to its excellent UV absorption curve, hair shafts are shown in the table for each channel (D), and the relative intensity is graphed based on this (E).

high lipophilicity and good il solubility [10, 111. By the way, the photo-instability of UV-B flters is an urgent issue, and
therefore, they have received special attention today [12]. Also, OMC is listed as an endocrine disruptor compound
(EDC) by the European Union's database [13] because of its potential risk for DNA damage associated with endocrine .
disrupting effects. In this sense, it was necessary to develop new formulations of sunscreens to stabilize or replace

OMC and increase their protective effect, increasing their efficiency and safety for human health [14] i
Phytoene (7,8,11,12,70,80,110,120-octahydro-W, W-carotene, PT) and phytofiuene (7,8,11,12,7'8"-hexahydro-W, w-
carotene, PTF) are special carotenoids as they are colorless, and precursors of all other carotenoids. Also, PT and PTF
have light absorbing properties. PT absorbs maximally at 286nm, and PTF absorbs maximally at 348nm [15, 16]. As UV8
radiations ranges from 290 to 320 nm, PT and PTF have possibilities to be used as sunscreens. Also, some studies
suggest that PT and PTF can exhibit antioxidant capacity against 2,2-azinobis-3-ethylbenzothiazoline-6-sulfonic acid
(ABTS) radical cation [17], which can be help structural stability when present together with structurally unstable
substances. In addition, it has been reported that PT and PTF can protect against erythema and DNA damage induced
by UV radiation and hydroxyl radicals, and may have anti-inflammatory effects as observed in human peripheral blood
lymphocytes, in vitro, and mouse ear edema maodel, in vivo [18],

Based on the UV absorption ability of OMC, PT, and PTF, there have been quite a few studies on the skin protection
effect, but the hair protection effect from UV has not yet been studied. Therefore, the purpose of our study is to
visualize UV induced hair damage through staining of carbonylation, and to try to confirm the UV protective efficacies
of OMC, PT and PTF.

Effects of UV-ene on cell proliferation and hair growth factor expressions in DPC

Figure 4. The effects of UV-ene on (a) cell proliferation and (b,c) mRNA expression levels of growth factors in DPC.
(a) DPCs were treated with indicated concentrations of UV-ene for 24 h. Cell proliferation was measured by the
Resu ItS & DiSCuSSiOn . MTT assay. Results are expressed as mean values + SE of three independent experiments. **p<0.01, *p <0.05

. compared to the control. For mRNA expression levels, DPCs were treated with of UV-ene for 24 h. Relative mRNA
expression levels of (b) VEGF and (c) FGF7 were measured by RT-qPCR. The means + SEs are the average of three

Protein carbonylation induced bv both UVA and UVE independent experiments. **p<0.01, *p <0.05 compared to the control

WA LA C I .
The present study demonstrates that UVA and UVB irradiation increase carbonylation of protein and lipid, an
indicator of oxidative damage on the hair surface. In addition, by utilizing the principle of OMC, which is a UVB

e T blocker, it suggests the possibility of expanding the use of formulations that can protect not only the skin but also

the hair from UV rays. In addition, it was confirmed that UV-ene, a complex of PT and PTF, which are carotenoids
similar to OMC, has a hair protection effect. By further confirming the HFDPC activating effects of UV-ene, UV-ene
could be widely used in hair care formulations.

Acknowledgements:

AY

Figure 1. In situ visualization of carbonylated proteins induced by UVA and UVB. Carbonylated proteins were

labeled in situ on hair shaft with CHH. They are represented by the green signal. Left panel : Image of a hair This work was supported by the Technology Development Program (20014582) funded by the Ministry of
strand without UV irradiation. Middle panel : Image of hair shafts after UVA irradiation (56J, 112J). Right panel : Trade, Industry and Energy (MOTIE, Korea).
Image of hair shafts after UVB irradiation(1.6J, 16J) Images were taken with a 40X zoom. Also, we would like to appreciate Matchfinder for advice on quantification of in situ study.

References:

1. de Gruil, . R (2000). 3] photocarcinogenesis: UVA vs UVB. Methods in enzymology, 319, 359-366.

2.e Jager,T. ., Cockrell, A_E., & Du Plessis, 5. 5. (2017). generation of pecies. Ultraviolet Light in Human Health, Diseases and Environment, 15-23
3. Natarajan, V. T, Ganju, P, Ramkumar, A, Grover, R, & Gokhale, R. . (2014). Multifaceted pathy 10(7), 542:551

4. ichihashi, M., Ueda, M., Budiyanto, A, Bito, T, Oka, M., Fukunaga, M., ... & Horikawa, T. (2003). UV-induced skin damage. Toxicology, 189(1-2), 21-39.

5. Stadtman; ., & Levine L. (2000).rotin oidaon. Annals fth New York Acacemyof Scences,£30(1) 15120

6N, 2, Milc, 1, & Fedorova, M. M lipidomics. Analytical and bioanalytical chemistry, 407(17), 5161-5173.

R, C 5.8 ot C 5. (2012) e and sl bear f oo rr 6 4 Ber Sornger
8.Curry, K.V, & Golding, 5. (1971). HAIR LIPIDS. 1. EXTRACTION OF FATTY MATERIALS FROM HAIR CLIPPINGS. Journal of the Society of Cosmetic Cheists, 22(11), 681
9.Borie, P. (Ed). (1972). Modern Trends in Dermatology (Vol. 4). Butterworths

10Mots, M.D, da o3 Marte A, €Sika, L C.R. , & Chinal, . A (2020) lappaceum L) ethanolic extract. Journal 8: Biology, 205, 111837.
15 Notars, 5. iaharajan, K, Heraloth, 5 8., Arul, N, & Ramesh, M. (2020) o dits photoprod Science of the Total Environment, 71, 134546,
12 Netoror A Bt ¥ e Copr . 200 ethylhexyl Comparing E I toxicology, 32(2), 569-580.
13Lorigo, M. Mariana, M. & Caitao £ (2018) ultraviolet-8 Steroids, 131,46-58.
14 Lorigo, M., & Gairrao, E. (201 il UV filters: An exampl v 3(1),19.
15 Britton, G. Jansen, 5. L, & Pfander, H. (1995). ids. Volume 18. Spectr Basel, Switzerland, 359.
. D. 5.(2001). analysis in foods (Vol. 71). Washington: LS press
17.Martines, A, Stinco, C. M, & , A (2014 hytofiuene and phytoene isomers s compared to lycopene: acombined experimental and theoretical study. The Journal of Physical Cheristry 8, 118(33), 9819-9825.

/L, &Shaish, A. (2019), Appli 9 phytoene, and phytofiuene in cosmetics,wellness, nutrition, and therapeutics. In The Alga Dunaliella (pp. 423-444). CRC Press.

WiH E'RE B EVAUTY . ‘skcb

1EUNE e §A N D 1 NTNC o AT



