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Abstract: We have studied on the keratinocytes differentiation and skin barrier function using Adenophorae radix (A.
radix) root extract, which was known to contain triterpenoid, saponin and starch. 4. radix root extracts showed the
PPAR @ expression level of Wy-14,643 0.5-1.0 uM in CV-1 cells. The cornified envelop formation (CE) of human
keratinocyte cell line (HaCaT) and normal human keratinocyte (NHK) showed a statistically significant increased
compared to the control. When HaCaT cells were treated with 4. radix root extract, transglutaminase (TGase-1) was
significantly increased. As a result of clinical study of the simple cosmetic formulation containing A. radix root extract
for about 2 weeks, TEWL values were significantly decreased and water contents were increased. The ceramides, which
were obtained from the inner forearm, were also significantly increased statistically. We suggest that the 4. radix root
extract can be used as a preventive and therapeutic agent for skin diseases such as dry skin and atopy.
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2.2, Cell Culture

AA AP M T2 HaCaTAH|Ee} 1A 2+ E
4 A]Z<2] normal human keratinocyte (NHK), monkey
kidney ¥ A|ZFQ CV-1 AZEATCC CCL 70)S
10% fetal bovine serum (FBS, Sigma, USA)%} 1% pen-
icillin/streptomycin (p/s, Sigma, USA)S ©]-&3}] 37 C,
5% CO, 2319] AFHolE oAl v &8l THe-8].

2.3. MTT Assay
3-(4,5-dimethyl-2-thiazolyl)-2,5-di-phenyltetrazolium
bromide (MTT, Sigma, USA) assayS ©]-&35}°] HaCaT
AX SAH7LE @23ty HaCaT AlE= 96-well
plateol] 1 x 10* cells/well 2 #F8Fo] 60-80%7+%] Hl &

Sttt F-8A iAol 4 radix B FE2ES] thYE
FEHE 345t 24 h B9 AP T NS 2T

A AL 0.5 mgmL MTT-EHS 7 wellell 718kl 3
h &< 37 Ceoll REEAIZTE A9 formazans di-
methyl sulfoxide (DMSO, Sigma, USA)Z =-°]3l ELISA
reader (BioTek Instruments Inc, USA)E ©]-83}4 540
nmol| 4] skt

=
FA=8 %4

2.4. PPARa Expression

CV-1HZE charcol/dextran treated 10% FBSE
3= Dulbecco’s modified Eagle’s medium (DMEM,
Sigma, USA) Bl %] ol ¥} 5} L phenol red-free HiA S
ARESFAT. Plasmide LR 2=z 4 W3 == PPAR-
a FHAE AJ 237} PPRE (PPARs response element)
£ promoter=, firefly luciferase F+HAE Ad A re-
porterZ, reference 24 renilla luciferase A7 23

3
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H plasmid7} AHE-% ATH9,10].

CV-1 AZE 9 x 10 cells/well FEZ 24 h vlF &
ANl &7 plasmid A& TransFastTM transfection
reagent (Promega, Germany)E AF8-3}] transient trans-
fection 3}53TF ©]% 24 h HJF & phosphate buffered
saline (PBS, Sigma, USA) washing ¥ 4. radix ¥-&]
EES TEHE At 24 h WY FH PBSE
washing $ Passive Lysis Buffer (PLB, Sigma, USA)=
M ZZ lysisdte] Dual-Luciferase® reporter assay system
kit (Promega, Germany)E AH8-3t] FZE 7} reference
9] luciferase activityS A3 TH11].

2.5. Transglutaminase—1 (TGase—1) Expression
¥ HiA] o] TGase-1 Y-S ELISAE B3l &
3Fth HaCaT AlEE 96-well plateoll 5}
70-80% WF F, A FE 4. radix B =
Ao B45ke] ekt 48 h vk &, Wi
AAT T 20 T 422 freeze-thawingS 23]
HEE AAJSEATE A]ES 20 C ethanol/acetone (1/1,
vV)& T3t plateo] 1A AlZ1 & 4 CTolA 30
minZt HE-E & A Lo A A= AJF T 1% bovine
serum albumin (BSA, Sigma, USA)Z blocking g+
TGase-1-specific monoclonal antibody B.C1 (Biomedical
technologies, USA)Z 37 C, 1 h #jsldTh 0.05%
Tween-20 (Sigma, USA)S 33 PBSE 33] A& &
horseradish peroxidase (HRP, abcam, UK)7} ZA3td o]
AFFAE 1 h A28t TGase-19] &2 o-phenyl-
enediamine (OPD, Sigma, USA) 7|&3}e] W02 74
sl om, A #FollE 490 nm FF =0l 4] ELISA read-

ers AR5t A3 T 12-15].

e N
we wo &

=]
R
=
T

2.6. Cornified Envelope (CE) Formation

i wiA ] 7+ &4 S(cornified envelope for-
mation, CE)S A1 7] 98l HaCaT A|X$} NHKZ
100 mm dishol] 313, 70-80% Wi &, o8] F=2
A. radix 8] FZEE Aol FAste] 2T
5 day "l % WiAE AAZ F, Trypsin-EDTA
(Sigma, USA) &4 2 AXE o] %, 5000 rpm
A&t AFAs A AR PBSE 3|45t
g okS =A% T 3 min F 2S9 Btk
5 min %} boiling 3, 13,000 rppm YA} E-2]5te] A5
< AASATE ol & 23] WHESE & 340 nmoll A &7

=5 ZHSATHI6I7],

2.7. L& Al
F 129 9] A7 42120354, B4 59, A7)
S GO E FAYAL ERIAE BE2 3 Aol o]
ST 1%8] A radix 2] FEES 3Dl A&
staizl, @tk 9 84 AzE AT xR
ARLS Aol 0.5% carbopol ETD 2020 (Lubrizol,
USA)$} triethanolamine (TEA, Sigma, USA) 1%E 7}
slo] AEISITh % 112 eAe] st 2ol A
F& Ex3tA A PE AR e, A F7IE
b B} o] Belerd S4e oA ekgkow, of
4 EX AFE ARESHA| FUtk o] A7l o
D38l 2] 1Y 3(IRB, international
review board)] 3715 53t F3sIATH

271 BEE UM AE

Aol dgt REdd adE BI|sto, Ay
=2 THTEWL, trans epidermal water loss)3} 3] 5=
Bere 248t AFEEATFS Vapometer™
(delfin, Finland)©. &, 3¥FE2S Corenometer™
(CM825, Germany)S ©]-83}] A3t A3t Th

Ao

272, Mztoto|l= 24

AFoll thEk FjFoA Algutol= B4E 938,
HE Y Sl A AFEES AABIE L, B48 918 Al
ko T Sigma (USA)OlA T3ttt 1 cyclo-

hexane/ethanol (4/1, v/v)2 1 mint &3 &, 1 mL cy-
clohexane/ethanol (1/1, v/v)Z2 1 minZt FE< AAIgH
2, N, gass ©|-83} evaporations A AI3HA, 200 ul
chloroform/methanol (2/1, viv)2 3Z|AA]A, -20 Ceoll X
#Aat o A @RS 9 chromatography+ silica gel
< 4% high performance thin layer chromatography
(HPTLC) plate (60F254, 20 x 10 c¢m, Merck, Germany)=
AT AR FEA S Sl g2 2EEER
+ "= Sigma Chemical Co.%ll4] %%t non-hydroxy
ceramide, hydroxy ceramideE ARE-3SIAT A-53he
TLC sampler III ATS3 (Camag, Switzerland)E AH8-3}]
Z} platevlth 7t EFEEFES 2, 5, 10, 15, 20 ul¥
plate 3FHA 10 mmol] 7 mme] MEZ A5 23Tt
Z} platesE Camag AMD instrument= (1) chloroform/
methanol/water (40/10/1), (2) chloroform/methanol/acetic
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Figure 1. Effect of 4. radix root extract treatment on HaCaT
viability. HaCaT cells
concentrations of samples for 24 h and cell viability was

cell were treated with various

determined using the MTT assay.

acid (190/9/1), (3) acetic acid/hexane/diethyl ether (2/12/3),
(4) petroleum ether2] Bufjsloll A HA AT AN 2
ol Z}+ platesi= chloroform-methanol (2:1, v/v)& 1|&]
FAEHATE A7 4EH plate= 10% (wW/v) cupric
sulfate pentahydrate (Sigma, USA)o B+ ¥ charring
Al713L 140 COlA] 15 min & S Aldste] &
AMANAG ANEEH AHEEEF=EY DA E o
= (TLC2 II, Camag,
Switzerland)2} TLC evaluation software (ver. 3.15,
Camag, Switzerland)E AH8-3}9 slit width 0.4 x 7 mm,
plates ©}t} Zt

photodensitometer scanner

wavelength 570 nmZ scanning$+ & 7}

Zvo] £FEHY Fx9} Ao E Zzbo] Ux e}
WS SA3) Algele] TS 3, A5 EQ
A ZAHS AYFATH18,19].

2.8, Statistical Analysis

A A3 SHlE A4S 9, BAXSE f
9%t Aol 95% AlFF OS2 Student’s paired #-test
2 ANOVA testE 43 0}951 ttl, BE B4 B4
SPSS ver.23 (IBM, USA) &XZE )& o] &3] HA|
skt

aj
=

=}
=

. ZutH 1
3.1, M= =d ot
MTT assayE &3l A. radix T

A A EF2 HaCaT A=l thisk ZA4]

3ksl-Esta) 2], A 439 A 4 5, 2017
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Figure 2. Transactivation of a PPAR response element (PPRE) by
A. radix root extract (AR): CV-1 cell line was transfected with
PPRE luciferase and PPAR-«@ together with pSV40-luciferase
and treated the following day for 24 h (Error bar: S.D., ANOVA,
* < 0.05, **p < 0.0] versus control, n = 3).

sl S AR AT Aol 5 09lE A9
o} 0.1-10.0 ug/mL F=9] A. radix B ES=olA=
AE 54 el A 29kt Figure 1), Teb 2
Tol A= 0.1-10.0 pug/mL F= oA AlFS AA S}
At

3.2. PPAR—a Expression 7}

A. radix 2] FZE0° 3 PPRE®| trans-activation
= CV-1 AZE SalA AHEYT g8 iz =
AFEF PPAR- @ o] E0]2 02 [yciferase TAS Ho]
© Wy-14,643 10 uMol| Hl8te] wHe S-S Byl o)
th2=<l controlol]l Mt BAIHCE FoHoE F
7Vt AE YERY A thFigure 2). 5 JEXHOF
PPAR- ¢ ol &40 S718t= 23=5 HAAH

3.3. TGase—1 Expression ™7}

HaCaT M¥E 53 #1)9 %3
TGase-12] THUE 4. radix 2] FE2E
BrbstAoh E9] Alaze] £3) =191 2
mM ZZ A TGase-1°] S73+= 234=
A. radix 2] FZ2E9 o8 FxolA SAHS

718k tHFigure 3). % &j&%

ofatA kol
2 WAl STt AL dEEA Xk

h
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Table 1. Mean TEWL (g/m’h) = S.D. and Mean Water Content (A.U.) + S.D. Measured during 11 Days of Treatment with Untreat,

Vehicle, and A. Radix Root Extract (AR 1.0%)

@

Water Contents 0 day 2 day 7 day 11 day
Untreat 18.83 + 6.23 185 + 7.25 19.56 + 7.15 20.72 + 8.04
Vehicle 20.61 + 11.82 20.56 + 7.58 19.33 £ 7.99 20.56 + 6.22

AR 1.0% 19.33 + 7.12 18.78 + 8.23 19.67 + 7.25 21.44 + 6.16
)
TEWL 0 day 2 day 7 day 11 day
Untreat 4.60 + 0.14 3.85 + 1.09 4.12 +1.08 3.80 + 0.89
Vehicle 426 + 0.39 438 + 1.25 3.72 £1.43 3.80 + 1.10
AR 1.0% 490 + 1.59 4.62 + 1.86 4.78 +1.88 3.57 + 1.37*

All data were normally distributed. Compared to untreat data were ANOVA test and significant difference are indicated. (*p < 0.05)
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Figure 3. Transglutaminase-1 (TGase-1) increasing rate by A.
radix root extract (AR): HaCaT cell line was treated the
following day for 48 h with calcium 1.2 mM and various
concentrations of sample (Error bar: S.D., ANOVA, *» < 0.05,
**p < (.01 versus control, n = 5).
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Figure 4. Cornified envelope (CE) formation increasing rate by
A. radix root extract (AR): HaCaT cell line (A) and NHK cell
(B) was treated the following day for 5 days with calcium and
various concentrations of sample (Error bar: S.D., ANOVA,
*» < 0.05, **p < 0.0] versus control, n = 3).
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Figure 5. Percentage of increasing ceramides contents treatment
with Untreat, Vehicle, and A. radix root extract (AR 1.0%).
All data were normally distributed. Compared to vehicle data
were Student’s paired #-test and significant difference are
indicated (*p < 0.05).

FEEANA FAFCE Fo3 HEE
Aok e, AR AE 7 el +=
TEWLY AAME 4. radix B ZE 1%E
?LOM TZM o vt TAHCE {5l
B THTable 1(b)). 11¥3t A radix B

X3 &, 24T Hetvlol= 24 9
Foll

1l

-0
o =
el &

15} BEAA O Z Jol5}A AMehujo|=
23=E H{THFigure 5).

B AFAM= Ao 2 dHF A radix Y =
%—g— LHN—OE 71—754_-6:1/\4/3]39/] 71—7<l z‘sr]/d J,]. vqt'xl-
I B7]5S ATttt A E39] A Z52] HaCaT
A3 it ZA4 FH7lollA 0.1-10.0 ugmLe] F=0lA
54 UepiA] sttt o 7] &3l 27] QA=
4# % PPARae BIFEEA CV-1AZA 1 %<
AuE Ay A A 2Tl Wy-14,6439] 10

FroE uX)A] EEH oL 5-10 uMe] 9ol A
A. radix B8] FE2E9 A7} YEY PPAR e BZHE
2ZA &% YA 4 Aol oA dx
Q1 markerQ] TGase-12] &&-& HaCaTA|Eo A A5 R
e v, T= oE=HR] 75 HolA oL control

of wa] EAHCE FolstA Frtehe AHE B
w3 XS & AT A5 23] HT WA

Ee)

ksl AE8ts] A], A 439 Al 4 &, 2017

7214 %3}317‘1 iz

o)A@ AT ABE Fohol, A, radic e FEEE B
5 Wl A Eole] BB HANA 2 G4 Eo

A&z, 253 =
FZ3to, Aleutol
A3} hydroxy-ceramide®} non-hydroxy-ce-
ramide®] 4394 vehicleol] HI3| Alg}rjo]=9] ¢Fol
BARCE fFostA F7Fsh= 73;4__2_ Bk

FH ofEy oA YEheE AV RE Adske 3
AES 75 ECR 7]'—21"3}*’ A=, Axza 7
= M3 fete, viAdZQl 599 &35 B
o= = 979 7%“3&7]%% A= 2Fste] 78t
A g2 A77F A=A ok 4 FEE
2 o] i3l EF3 F U8 FHREA AJME

om, Az 95 e Yehd 5 s AR o=

o] Hth= AS HEEATH

GEgh 95 9 8A APYOE A radix BB FEE
= R YFETE JoAA, oF 25 B HF }«]
shEk WSl =23 Ay, v SRS FAA L
frolgt MiskE EE 4 gtk 28y, o5 “517]
= Uely= TEWLS A3, Fxx] 7o Hls)] 1Y
b AR Fo3 WslE #ES = I o]
E 53l A radix 2] FEELS IR &3
2
X
A=

_15
o

A. radix B

o

[<3Ke)
AR

A,

Reference

1. E. Fuchs, Epidermal differentiation: the bare essen-
tials, J. Cell. Biol., 111, 2807 (1990).

2. W. Wahli, Peroxisome proliferator-activated receptors
(PPARs): from metabolic control to epidermal wound
healing, Swiss Med. Wkly., 132, 7 (2002).

3. K. J. Smith, D. Eipreta, and H. Skelton, Peroxisomes
in dermatology Part I, J. Cutan. Med. Surg., 5, 231
(2001).

4. K. J. Smith, D. Eipreta, and H. Skelton, Peroxisomes
in dermatology Part II, J. Cutan. Med. Surg., 5, 315
(2001).



10.

11.

12.

Adenophorae Radix 2] FZE 23 Keratinocyte?] #3} W P2 7]z sk A+

. K. M. Lim, H. J. Ko, J. H. Choi, S. Y. Park, J. . H
Kim, and M. Y. Jung, Effects of Adenophorae radix
(AR) on atopic dermatitis (AD) induced by DNCB in
mice, J Korean Med. Ophthalmol.
Dermatol., 30, 31 (2017).

P. Boukamp, R. T. Petrussevka, D. Breitkreuz, J.
Hornung, A. Markham, and N. E. Fusenig, Normal

Otolaryngol.

keratinization in a spontaneously immortalized aneu-
ploid human keratinocyte cell line, J. Cell. Biol., 106,
761 (1988).

T. Tezuka, J. Qing, M. Saheki, S. Kusuda, and M.
Takahashi, Terminal differentiation of facial epi-
dermis of the aged: immunohistochemical studies,
Dermatology, 188, 21 (1994).

B. M. Forman, P. Tontonoz, J. Chen, R. P. Brun, B.
M. Spiegelman, and R. M. Evans, 15-Deoxy-delta 12,
14-prostaglandin J2 is a ligand for the adipocyte de-
termination factor PPAR gamma, Cell, 83, 803
(1995).

B. M. Forman, J. Chen, and R. M. Evans,
Hypolipidemic drugs, polyunsaturated fatty acids, and
eicosanoids are ligands for peroxisome pro-

liferators-activated receptors alpha and delta, Proc.
Natl. Acad. Sci., 94, 4312 (1997).

S. A. Kliewer, K. Umesono, D. J. Noonan, R. A.
Heyman, and R. M. Evans, Convergence of 9-cis reti-
noic acid and peroxisome proliferator signalling path-
ways through heterodimer formation of their re-
ceptors, Nature, 358, 771 (1992).

M. H. Hsu, C. N. Palmer, K. J. Griffin, and E. F.
Johnson, A single amino acid change in the mouse
peroxisome proliferator-activated receptor alpha alters
transcriptional responses to peroxisome proliferators,
Mol. Pharmacol., 48, 559 (1995).

S. Michel, A. Courseaux, C. Miquel, J. M.
Bernardon, R. Schmidt, B. Shroot, S. M. Thacher,
and U. Reichert, Determination of retinoid activity by
immunosorbent Anal.

an enzyme-linked assay,

13.

14.

15.

16.

17.

18.

19.

335

Biochem., 192, 232 (1991).

M. Westergaard, J. Henningsen, M. L. Svendsen, C.
Johansen, U. B. Jensen, H. D. Schroder, I
Kratchmarova, R. K. Berge, L. Iversen, L. Bolund, K.
Kragballe, and K. Kristiansen, Modulation of kerati-
nocyte gene expression and differentiation by
PPAR-selective ligands and tetradecylthioacetic acid,
J. Invest. Dermatol., 116, 702 (2001).

M. L. Svendsen, G. Daneels, J. Geysen, L. Binderup,
and K. Kragballe, Proliferation and differentiation of
cultured human keratinocytes is modulated by
1,25(0OH),D; and synthetic vitamin D; analogues in a
cell density-, calcium- and serum-dependent manner,
Pharmacol. Toxicol., 80, 49 (1997).

C. Johansen, L. and K.

Kragballe, 1-alpha, 25-dihydroxyvitamin D; induced

Iversen, A. Ryborg,

differentiation of cultured human keratinocytes is ac-
companied by a PKC-independent regulation of AP-1
DNA binding activity, J. Invest. Dermatol., 114, 1174
(2000).

L. King, S. L. Mella, and A. C. Sartorelli, A sensitive
method to quantify the terminal differentiation of cul-
tured epidermal cells, Exp. Cell. Res., 167, 252
(1986).

S. Pillai, D. D. Bikle, M. Hincenbergs, and P. M.
Elias, Biochemical and morphological characterization
of growth and differentiation of normal human neo-
natal keratinocytes in a serum-free medium, J. Cell.
Physiol., 134, 229 (1988).

D. M. Both, K. Goodtzova, D. B. Yarosh, and D. A.
Brown, Liposome-encapsulated ursolic acid increases
ceramides and collagen in human skin cells, Arch.
Dermatol. Res., 293, 569 (2002).

A. H. Kennedy, G. M. Golden, C. L. Gay, R. H.
Guy, M. L. Francoeur, and H. W. V. Mak, Stratum
comeum lipids of human epidermal keratinocytes
air-liquid cultures: implications for barrier function.
Pharm. Res., 13, 1162 (1996).

J. Soc. Cosmet. Sci. Korea, Vol. 43, No. 4, 2017



