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Abstract: This study was conducted to discover substances that regulate skin surface acidification using human epidermal
keratinocyte cell lines, and to investigate their effects on the moisturizing ability and skin barrier function of the stratum
corneum. Prunella vulgaris (P. vulgaris) is an herb widely distributed in Northwest Africa and North America that has
been studied for its anti-apoptotic, antioxidant, and anti-inflammatory effects. However, research on the regulation of NHEI
expression and the restoration of skin barrier function has not been conducted. Analysis of P. vulgaris revealed the presence
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of rosmarinic acid and caffeic acid as active ingredients, which were tested for toxicity in human epidermal keratinocyte
cell lines (HaCaT), and showed no toxic effects were observed at high concentarion (100 ug/mL or 100 xM). It is known

that sodium-hydrogen ion exchange pumps (NHE1) decrease in expression in aging skin to maintain the acidic pH of

the stratum corneum, and it is hypothesized that this decrease plays an important role in the impaired restoration of skin

barrier function in aging skin. P. vulgaris extract and caffeic acid increased the expression of NHE1 in keratinocytes,

increased the expression of natural moisturizing factor (NMF) precursor filaggrin and ceramide synthesis enzyme serine

palmitoyl transferase (SPT). In addition, P. vulgaris and caffeic acid decreased the extracellular pH of keratinocytes,

indicating a direct effect on skin pH regulation. Taken together, these results suggest that P. vulgaris and caffeic acid

can regulate skin pH through NHE1 modulation, and may help to restore skin barrier function by increasing NMF and

ceramide synthesis. These results show the possibility that honeysuckle and caffeic acid can have a positive effect on

skin health, and can be the basis for the development of new skin protection products using them.

Keywords: skin pH, Na'/H™ exchanger 1 (NHEI), filaggrin, serine palmitoyl transferase (SPT), Prumella vulgaris, caffeic acid
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21. B2 F&

B ASof| AN BE(Prumella vulgaris, (P. vulgaris))-2-
BB R Korea)oll ] it AZE 75}l A
22 AMEBICE ARE EHE 200 g& 95% oER(EOH) 2
Lol 48 h 59T A2ofx] FEsieih 24 fllerpaper
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2.2, High Performance Liquid Chromatography (HPLC)
2

Agilent 1260 Series HPLC systenVDADE- ©]-83}o] HPLC
B SaElolrt WAARS ol BY YMC it Ci
(4.6 x 150 mm, 3 pm)S ARESIITE EAAE= 10 Wl 5
siel, Ao LEE 25 TH GBIk 054 of
AEUES (A) D 2 (B) ERHGAL 71802 sful,
© 07 mUmin®& 5}o] 5% A 9 95% Bo| ZAjo g A%
slo] 8% gu) Bo Rus HAHem ZAAlE
gradient solvent system© = Z75Ict AE TS 24
3517] 9J510] 215 nm, 254 nm, 280 nm, 365 nme] UV =}

Table 1. Condition of HPLC Analysis

HPLC condition
- Agilent Infinity 1260 series HPLC-DAD system
- Column : YMC Hydrosphere Cis
(4.6 x 150 mm, 3 pm)

- Column temperature : 25 °C
- Injection volume : 10 uL
- Flow rate : 0.7 mL/min
- Mobile phase : Gradient system

(A) 0.1% FA in Acetonitrile

(B) 0.1% FA in Water

Time (min) Solvent A (%) Solvent B (B)
0 5 95
3 5 95
23 95 5
28 95 5
30 5 95

e 287 ARMEIRS vlush, 7MY w2 AEE
Bl S 4 He: ol 280 nmE A
HPLC %712 Table 10] 2|33k

2.3, M|ZH{RE

A4 AEFQ] HaCaT AJE= AddexBio (Catalog
No. T0020001, USA)oflx FHufsto] ARSIt 2HEa A
A|3E= 10% fetal bovine serum (FBS, Hyclone, USA)2} 1%
penicillin/streptomycin (10,000 Upen/mL, 10,000 ug strep/mL)
(Invitirogen, USA)Z #75F Dulbecco's Modified Eagle's
Medium (DMEM, Hyclone, USA) HX|& o]|&3}o] 37 C,
5% CO, 2219 vijF7lollA] ajgaliek. Alite viFRgAl
H2A19] 80%2] confluencyE 7HA=S 2 ~ 3 o IHAoR
A iy AJRYSIL passage 15 ~ 209 Sigshe Al
£ Aol ARSIt

24, M= MES =3

7V AL 96 wall plateo]] 2 x 10* cellswell ‘B
2 B=3510] 24 h E<9F DMEM sljz|ojlA] vijoFslaa, o]%
BE 2EEP. wigaris) D 7S HEER A|Eo]
Azlsle] 37 C, 5% CO, 22] |04 24 h E9T bl
oFslict vijeke] 4t 3 Ezcytox (DogenBio, Korea)E HJ|
Aol Z7¥sle] B7ls ntolaRE o] 2lej7]R 450 nm
oM TBEE Zgslnt NE BEEE (B At
o) T4 / FAE] TEE) x 1000 AXksigict
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2.5. RNA =&, cDNA & 2! Real-time PCR
ZE A HZE 6 wall plateo] 5 x 10° cellswell UEE
75101 24 h “52F DMEM Hfjz|of| 4] uieFslRlar, 24 h 5
BE 2P vilgaris)H FHHQIARE A 2lsto] 24 h vljek
3}tk Total RNAE Qiagen RNeasy Mini kit (Qiagen,
Germany) S ©85to] A|xAR}F AKIGE WHtiE S=5)sio]
At EY RNA 5= 1 ug® & HA51AL ¢DNA synthesis
Kit (RevertAid First Strand cDNA Synthesis Kit, Thermo
Scientific, USAyS ©]-8510] cDNAE 3t ¥ Adol| A
g3loic). 3449 cDNAEEE| NHEI, Fliagerin, SPT, {3
-actin®] e FE ERISEY] fI5to] RT-PCRE AHAISH
t}. Real-time PCR-2 SYBR Green (Power SYBR Green PCR
Master Mix, Applied Biosystems, USAYS AR&31o] 7500
Real-time PCR A|AEl(Applied Biosystems) S & HA1519ich
Real-time PCROJ| AR sZefo]m= Table 20f 2|5}tk

2.6. Western Blot

ZVAEA] A= 6 wall plateo]] 5 x 10° cells/well ‘WE=
B=23} 3 37C, 5% CO, ZA\A] vljokslal, 24 h Fof &
F F=2(P. vulgaris)T} 71 FEERE A 2]sto] 24
h HljeFskict vjeF & 1 X RIPA buffer (Tech&innovation,
Korea)5 ©o|-§-50] thilals &39Ity 53 Thild S
Bicinchoninic acid (BCA, Sigma, St. Louis, USA) A==
olgsto] EE whilaS At S 10% sodium dodecyl
sulfate polyacrylamide gel& ©l-85lo] &elshlar, =%
TS PVDF membrane (Immobilon-P membrane, Merck
Millipore, Germany)©]| o]-s-A|Zit}. Agoll A8 1 2} &
A= NHEI (1 : 1000, Santacruz, #SC-136239), Filaggrin (1 :
1000, Biolegend, #PRB-417P), GAPDH (1 : 3000, cell
signaling, #2118)5 AM-3I3ITE HHE= LAS-4000 (General

Table 2. Primer Sequence

Electric ImageQuant LAS 4000 Biomolecular Imager, GE
Healthcare, USAYE ©l8sf 45000, WES] e
Image J 2713845 o5t} 217} =S GAPDHE e
o] Bstict

27. M= u/2l pH =3

7V M= 6 wall plated]] 5 x 10° cellswell 2] U
2 8 537 C, 0% O 27l el BE S
ZE(P. vlgaris) T} FF|QIARS FEHR Halsio] 48 hE
Qb wieFsiGick vl & ZEPE AlxZe) A= W pHe
pHrodo™ Green AM Intracellular pH Indicator (ThermoFisher
Scientific, MA, USAYE AR83te] S45l0 Al W pHE
SASIA: L Al 9 pHol viRl= FRe &S]
Qlsto] AR A EE FEEP vilgaris)T} 71
AFe EE 48 h B9 Aelo] vkt F Themo
Fisher-Orion™ 3-Star Benchtop pH Meter (ThermoFisher
Scientific)& ©]-85t] Al 9] pHE S7g3to] H7FslAt:

2.8. SAXE

2 Aol AlsiE A Azl 3 3] o)
3L HlolE o] FAA Fo4d A student’s rtest= Al
=ik AR ES mean + standard deviation (SD)O.2 3
AIBIRAAL p FEo] 0.05 wlFkel He-5 FAXORE Fo/do]
Q= Aoz gosielc

w

Znt o 3
31, BE Z&20| HPCL IjE 2

BEP. vulgaris) 95% FOH =250 HPLC Z20}E1
WollA] e W2 4 L Aol Tz UV Aned

Gene Sequence Genebank Accession Size (bp)
NHEI-F 5'-GCCCTGTTAATCATTCCGTC-3'
NM_003047.5 149
NHEI-R 5'-CACATGGAAACCTATCTTCATGAG-3' -
Filaggrin-F 5'-GGCACTGAAAGGCAAAAAGG-3'
M24355 90
Filaggrin-R 5'-AAACCCGGATTCACCATAATCA-3'
SPT-F 5'-TGGTCACGGTGGAACAAACA-3'
AH010598.2 318
SPT-R 5'-GCCTGGGCTACCTCCTTGA-3'
B-actin-F 5'-CACTCTTCCAGCCTTCCTTCC-3'
M28424.1 112
B-actin-R 5'-GTGTTGGCGTACAGGTCTTTG-3'

sl ok e] A, A9 Al 1 =, 2023
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A
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Figure 1. HPLC analysis of Prunmella vulgaris extract. HPLC chromatograms of P. wvulgaris extract (A) and caffeic acid standard

sample (B). HPLC chromatograms of P. vulgaris extract was performed using LC/MS at 280 nm.
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Figure 2. Cell viability of P. vulgaris extract (A) and caffeic acid (B) in HaCaT cells. The percent cell viability was calculated relative
to the nontreated cells. Each bar presented as mean = SD (N = 3). PVE: P. wulgaris extract.
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H] 3 ug/ml EEOIA 112% 10 pg/mLl SEoA] 150%=
<7t E S (Figure 3A), 71|k Z47F A2l ofH] 1
M EIEOYA] 110% 3 M 504 146%, 10 1M 520
A 155%=2 Z7} =ckFigure 3C). NHE1 whalal Bk
gk FAEE ] EE 252 30 ugml soA of
2.5 v F7} = (Figure 3B), 7HHQIAF EQF 30 uM F=
oA oF 1.8 v Z7} = QItK(Figure 3D). o] Aut= EEw}
71| Q14to] NHE12] mRNA <=3t Tz =328 Z71A]
A oi P30 pHE 24T 4= S A= AlEEHch

3.4, BE 3527} 7R hio| ZIKBUIMEOIM Filaggrin
WS 2 1t 2N
Lol I2he NMF A2 o2 g 7150] SR8}
UCA, PCAZ H3jslo] pHE 285k 209 48200]
o BE FEEP wigwin} Fm|RAlo] Bk
o HA YL FIsl] 9J5to] HaCaT Mol A2S
FEEE Aefeto] Wek17le) mRNA whels) i vl

Relative NHE-1 gene
expression (%)

CON 18 3 10
PVE (ug/ml)
180
- 160 *
S
2 *
H 140
e
a
5 120 *
g
$ . 100
o0 R
< = 80
s
T
= 60
g
2 40
A
2 20
0
CON 1 3 10

Caffeic acid (uM)

< W7I519ick Real-time PCR AT}, #& 325 A2l
Zekagl mRNA o] zHzF BAedt Y] 1 ugml 5
=4 145%, 3 pgmL =0l 189% 10 ughml o]
A 21%2 F7F =9 al(Figure 4A), 71H|QIARS 217 KA
g7t gH] 3 uM BI04 151%, 10 uM HEol| 4] 182%=
37t E|Qlck(Figure 4C). Hepidl ol vk E=3t 30
pgml B FEE Aol FAElt giy] oF 1.5 bj
37} E]laL (Figure 4B), 30 pM 7HH|QIAE A 2ltollA]
At ofy] oF 1.9 vl 57} = ckFigure 4D). ©] AutE
BEZ3} 7jgQlito] el o] mRNA 23f thilal =2
S T7WAA TR HG 9 pH 2Hof| o] Qs Aos
AEEICE

35 BE &2t siwiolio] Matojols AEH A
24 (SPT) mRNA &5 2AM

Serine palrmitoyl transferase (SPTy= )7 ke L4s}

L 28 aaQl Aehiol=S AgYeks ol AgEe &

NHE-1 | — ‘-ﬂ- _

Relative NHE-1 protein
expression
&

CON 3 10 30

Relative NHE-1 protein
expression

CON 10 30

Caffeic acid (pM)

Figure 3. The regulatory effect of P. vulgaris extract (A,B) and caffeic acid (C,D) on NHE1 mRNA expression and protein expression.
Real-time PCR analysis of NHEI mRNA expression in HaCaT cells treated P. vulgaris and caffeic acid. The intensity of SPT were
normalized to the band of GAPDH. NHE1 protein levels were measured in HaCaT cells by western blot. The band densities were
calculated using Image J software and normalized to the protein content of GAPDH. Each bar presented as mean + SD (N = 3). 'p < 0.05
vs. control (CON). PVE: P. vulgaris extract.
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Figure 4. The regulatory effect of P. wulgaris extract (A,B) and caffeic acid (C,D) on filaggrin mRNA expression and protein
expression. Real-time PCR analysis of filaggrin mRNA expression in HaCaT cells treated P. vulgaris and caffeic acid. The intensity of
Filaggrin were normalized to the band of GAPDH. Filaggrin protein levels were measured in HaCaT cells by western blot. The band
densities were calculated using Image J software and normalized to the protein content of GAPDH. Each bar presented as mean + SD
(N = 3). *p < 0.05 vs. control (CON). PVE: P. vulgaris extract.
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Figure 5. Promoting effect of mRNA expression by P. vulgaris extract (A) and caffeic acid (B). Real-time PCR analysis of SPT
mRNA expression in HaCaT cells treated P. vulgaris and caffeic acid. Each bar presented as mean = SD (N = 3). *p < 0.05 vs.
control (CON). PVE: P. vulgaris extract.
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Figure 6. Intra/extracellular pH control effect of P. vulgaris extract (A,B) and Caffeic acid (C,D). P. vulgaris and caffeic acid were

treated in HaCaT cells, and after 0 h and 48 h culture, intracellular/extracellular pH was measured. Each error bar presented as mean
£ SD (N = 3). 'p < 0.05 vs. control (CON). PVE: P. vulgaris extract, CA: caffeic acid.
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