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To evaluate the effectiveness of the skin barrier improvement of lactic acid (LA) and gluconolactone
(GL), the expression of filaggrin, loricrin, hyaluronic acid (HA), hyaluronan syhthase-2 (HAS2), and
aquaporine-3 (AQP3) in keratinocytes, and the moisture content and transepidermal water loss (TEWL)
by clinical trials were evaluated. The expression levels of filaggrin and locricrin, which are the main
factors affecting the proper functioning of skin barrier function, and HA, HAS2, and AQP3, which
are skin moisturizing-related proteins measured by quantitative real-time polymerase chain reaction
(gqRT-PCR) and western blotting. The results showed that the expression levels of the factors that
decreased by H,O, treatment were significantly increased by LA, GL, and a mixture of LA and GL
at the mRNA and protein levels (p<0.05). The nanoemulsion containing a mixture of LA and GL
was prepared using the emulsion inversion method, and the average particle size was 299.9 + 0.287
nm. After measuring the TEWL of nanoemulsion using Vapometer, it was found that TEWL sig-
nificantly decreased by 15.53% and 26.73% after two weeks and four weeks of product use, re-
spectively, compared to TEWL before product use (»p<0.001). Similarly, the skin moisture content
of the nanoemulsion significantly increased by 15.40% and 26.59% after two weeks and four weeks
of product use, respectively, compared to skin moisture content before product use (p<0.001).
Therefore, the skin barrier function and moisturizing effect of a mixture of LA and GL are shown
by increasing the moisture content and decreasing the TEWL by increasing the expression of filaggrin,
loricrin, HA, HAS2, and AQP3. This suggests the possibility for the development of functional cosmetic

ingredients in the future.
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Table 1. The primer sequences used for quantitative Real-Time PCR (qRT-PCR)

Gene Forward sequence Reverse sequence
HA 5’-TACCCATACGTCCCAGA-3’ 5’-TCTGGGACGTCGTATGGGTA-3’
HAS2 5’-CAGAATCCAAACAGACAGTTC-3’ 5’-TAAGGTGTTGTGTGTGACTG-3’
AQP3 5’-AGACAGCCCCTTCAGGATTT-3’ 5’-TCCCTTGCCCTGAATATCTG-3’
Filaggrin 5’-CAAATCCTGAAGAATCCAGATGAC-3’ 5’-TGCTTGAGCCAACTTGAATACC-3’

Loricrin
GAPDH

5’-GAGGTGTTTTCCAGGGGCA-3’
5’-ACATCGCTCAGACACCATG-3’

5’-TGGGGTTGGGAGGTAGTTGTA-3’
5’-TGTAGTTGAGGTCAATGAAGGG-3’
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Table 2. Components and formulations of nanoemulsion

Components Content (w/w%) Phase
1,3-Butylene glycol 5.000
Bis-PEG-18 methyl ether dimethyl silane 1.500
Caprylhydroxamic acid 0.700
Sodium acrylate/Sodium acryloyldimethyl taurate copolymer 0.510
Isohexadecane 0.680
Polysorbate 80 0.510 Oil phase
Caprylic/Capric triglyceride 0.500
Dimethicone 6.000
Polysilicone-11 0.500
Hydrogenated polydecene 3.000
Tocopheryl acetate 0.050
Psidium guajava fruit extract gs to 100
Lactic acid 2.500
Gluconolactone 2.500
Sodium carbomer 0.100
Ammonium acryloyldimethyltaurate/VP copolymer 0.200
Disodium EDTIZ ’ ’ e 0.030 Water phase
Allantoin 0.100
Trehalose 0.500
Glycerin 2.000
Sodium hyaluronate (1%) 0.200
Lavandula angustifolia (Lavender) oil 0.035
Ipomoea hederacea callus culture extract 0.100 Additive
Blue complex 0.200
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Fig. 1. Effect of lactic acid (LA) and gluconolactone (GL) on HaCaT cell viability. Cell viability was measured by MTT assay
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Fig. 2. Effect of LA and GL on mRNA expression of filaggrin and loricrin in H,O»—induced HaCaT cells. Cells were treated
with LA and GL for 24 hr and H,O, for 5 hr. mRNA expression was measured by qRT-PCR. GAPDH was used as
an internal control. All data are shown as the mean+SD of three independent experiments (*p<0.05 vs control; #p<0.05
and ##p<0.01 vs only H»O, treatment). LA: lactic acid, GL: gluconolactone.
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were treated with LA and GL for 24 hr and H,O, for
5 hr. mRNA expression was measured by qRT-PCR.
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Fig. 5. Effect of LA and GL on protein expression of HA,
HAS2 and AQP3 in H,O»-induced HaCaT cells. Cells
were treated with LA and GL for 24 hr and H,O, for
5 hr. Protein expression was measured by Western blot
analysis. HSC70 was used as an internal control.
Protein expression was quantified with image J
program. All data are shown as the mean+SD of three
independent experiments (*p<0.05 vs control; #p<0.05
and #p<0.01 vs only H,O, treatment). LA: lactic acid,
GL: gluconolactone, HA: hyaluronic acid, HAS2: hya-
luronan synthase-2, AQP3: aquaporin-3.
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Fig. 7. The effect of nanoemulsion with LA and GL on TEWL (A) and skin moisturizing improvement (B). All data are shown
as the mean+SD (***p<0.001 vs Before). LA: lactic acid, GL: gluconolactone, TEWL; transepidermal water loss.
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