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Abstract: Pueraria thomsonii Benth. as a medicinal ingredient, has been traditionally used in Chinese medicine to treat
fever, acute dysentery, diarrhea, diabetes, and cardiovascular disease. The effects of P. thomsonii flower on skin have
not been reported yet. In this study, the whitening effect of P. thomsonii flower was verified using B16F1 melanoma
cells and HS68 fibroblasts. P. thomsonii flower extract reduced melanin contents of B16F1 cells in a dose-dependent
manner. To identify its active components, we analyzed P. thomsonii flower extract using high performance liquid
chromatography (HPLC). As a result, we identified three major isoflavones of tectorigenin, tectoridin, and tectorigenin
7-O-xylosylglucoside. At a non-cytotoxic concentration, the three components also reduced melanin contents of B16F1 cells
in a dose-dependent manner. The depigmentation effects were attributed to the reduced gene expression of tyrosinase and
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microphthalmia-associated transcription factor (MITF). In order to elucidate another depigmentation mechanism, their

effects on DKK-1, a fibroblast-derived depigmentation factor, was determined in HS68 cells. As a result, P. thomsonii

flower extracts, tectoridin and tectorigenin 7-O-xylosylglucoside, reduced DKK-1 gene expression, while tectorigenin

increased DKK-1 gene expression in a dose-dependent manner. These results suggest that tectorigenin can be used as

an effective whitening agent that inhibit melanin synthesis in melanocytes and promote the secretion of depigmentation

factor from fibroblasts.

Keywords: Pueraria thomsonii Benth, tectorigenin, tectoridin, tectorigenin 7-O-xylosylglucoside, tyrosinase
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e} @b (melanosome)o4 AVHE 7, Wehlxjze)
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Ap2)40o]] ©Jsh HAYE A48 efrlH(fee rdical S 4]
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tyrosinase, tyrosinase-related protein 1 (TRP1)3} dopachrome
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microphthalmia-associated ~transcription factor (MITF)©|th
MITF= b g8 243 #at ohe} Wehd A e
2ot el Fash AE shH, ot MITF=
MAPK/ERK  (mitogen-activated protein kinases/extracellular
signal-regulated  kinases), cAMP/PKA (cyclic adenosine
monophosphate/protein kinase A), PI3K/Akt (phosphatidylinositol
3"-kinase/Akt), 2! Whnt/3-catenin pathway Sof <Js] 2%
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Sema7a, CCN, FAP-0)@} AJ%<12KKGF, HGF, bFGF, NT-3,
NRG-1, TGF-R)E #H[5lo] Hepdedo] 93 = 5
Wk §He Extet 219329 Y= dermal-cpidermal
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7-O=xylosylglucosidet= TokiwaAl(Chiba, Japan)ol& 15}
o] AR5} o™, tectoridind} tectorigenin2 SigmaAl(Louis,
USA)ollA -fsto] ARESIITE At E41e Isl AR
methanol, acetonitrile HPLC-8-© 2 Duksan Pure Chemicals
(Ansan, Korea)ollx]  FJsiglom, FFa=  Milli-Q
purification system (Millipore, Billerica, MA) .2 A5}
A8}

2.2. HPLC EAM

BAof AMEE High-Performance Liquid Chromatography
(HPLC) 7]7]+= Agilent 1260 infinity system (Agilent, Santa
Clara, USA)o|™, AL Phenomenex Kinetex C18 (4.6 mm
x 50 mm, 2.6 um, Phenomenex, Torrence, USA)S AFE515
Tk AR 90 1ol 552 1 mUmin, o542 0 -2
min : 10 — 10% acetonitrile, 2 — 10 min : 10 — 65%
acetonitrile, 10 — 11 min : 65 — 95% acetonitrile, 11 — 15
min : 95 — 95% acetonitrile 2ASZ 7]L27] 82515 S
wl, UV 22712] 260 i TPol SUES 249
HE 3F 8oy} Aol A= Milipore membrane filters
(PTFE, 045 ym) & oja}slo] ARR3I9Ic) dlojele] 4=%1}
%2} Agilent HPLC Chem station (Agilent, Santa Clara,
USA)S 519t

2.3, M= it

BI6FI Mepenl Aol HS6S AlQopEl ATCC
(Manassas, USA)OA] 2)31).om, 10% FBS (Invitrogen,
USA)®} 1% penicillin (50 Uimlysteptomycin (50 pg/mL)
(Invitrogen, USA)o] 37}l DMEM (Invitrogen, USA)S- ©]
Boto] wjokstlon, Azt uiokg Sefol oF 80%
S uf, 025% Trypsin-EDTA (Inv1tr0gen, USA)E o] g3}
o] Adielgley BE AlZ 37 C, 5% 00, 2719 A%
H}joJ7](ThermoFisher, USA)of| A HHOOL‘cT} %t

2.4, " &MZf

Hepd e J. Hosoi 5-9] i W sto] AAJsE
11]{17] 5X 104 cellswell 552 6-well plateo] 53}
24 h &, ARE 5 2 34sto] Alae] 72 h F<t A
2J5keict. o] of /\]E— 48 h ¥, g wAslct Al2E
10,000 rpmoilA] 10 min F<F YA Eelsto] F2 =
1 N NaOH / 10% DMSO 211 80 CojlA] 1 h £<¢F =9tk
dapd R (BioTek,
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microplate  spectrophotometer
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Winooski, USA) 71715 ©]85}0] 405 nmoj|A] SP=E =
sl ApIgt  ehgeko s mAsigirt

CIMHIS(GRT-PCRIS S35t

BI6F1 A3 F= HS68 A|3EE- 6-well cell culture plateo]|
well &2 x 104 E=5)o] 24 h5<2F 10% FBS DMEM.S.
& wjokslglth 1 5 FBS free DMEMO S A3t & A
25 HiRlof sXsto] 24 higt A2siaith Als 3l
5lo] PBSEZ A|ASH 5, RNeasy mini kit (Qiagen, Hllden,
Germany)E ©J-85}o] 24| = F= AT F 25
uge] RNAE cDNA Synthesis Kit (PhileKorea, Seoul,
Korea)E o|-83dlo] HAAISIHCK Veriti 96-well  Thermal
Cycler, Applied Biosysterms, USA). $HJ% ¢cDNA= H1-S- o
100 ngS ARSI, TagMan Universal Master Mix II
(ThermoFisher, USA)S ARE-313Ick ajo o= TagVen Gene
Expression Assays (ThemoFisher, USA) mTYR, mMITF2}
hDKK-12  Hfsiglon], AR Sas o wkS
(quantitative real time PCR) Step One Plus Real-time PCR
System (Applied Biosystems, CA, USA)S o|-85}o] =843}
Pk gRT-PCRE F3 ¥ AFZ7E= mTYRI
mMITF= mouse housekeeping gene?l glyceraldehyde-3-
phosphate dehydrogenase (mG3PDH)E- 7|50 2, hDKK-1-2>
human  housekeeping  geneQl  glyceraldehyde-3-phosphate
dehydrogenase (hG3PDH)Z 7]220& AACt HPH o= ALl
Sof Lpehigick ol 24 o] mRNA Wieke: of
L0o= 7]Este] Al A2jt9] mRNA ok A4
o= ZAsI

26. E7| BA

2 Apolla] AlsiE A 5 33] o wkEsllon,
A ol w2 dlolE Alele] FAA freld Ade
Paired samples t-tests (SPSS ver. 20, IBM, USA)Z A|3f3}%
t}. Ay} ZF5-S mean =+ standard deviation (S.D.)2 & e}
WEtEk P 4101 005 olslel A9 %, 001 ofstel A i
AR FoldS FAISISITE

3. Zut ! nH

3.1 ==l Hatd Wy oAH 50t

AT FEEo] dehd Aol miRle dFe dotkE
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Figure 1. Inhibitory effect of P. thomsonii flower extract on
melanin formation in B16F1 cells. Cells were incubated with
various concentration of P. thomsonii flower extract (PT) for
72 h. Arbutin was used as a positive control. Melanin contents
were measured by absorbance values at the wavelength 405
nm. Data are shown as a percentage of control from the three
independent experiments in triplicate and values represent as
the mean = SD * p < 0.05, ™ p < 0.01 compared with the

control.
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Figure 3. Structures of three major compounds from P.

thomsonii flower extract.
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Figure 2. HPLC profiles of P. thomsonii flower extract. 1:
tectorigenin 7-O-xylosylglucoside,

2: tectoridin, 3: tectorigenin.
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Figure 4. Inhibitory effects of three tectorigenin derivatives from P. thomsonii flower extract on melanin formation in B16F1 cells.
Cells were incubated with tectoridin (TD), tectorigenin 7-O-xylosylglucoside (T7), and tectorigenin (TG) for 72 h. Arbutin was used as
a positive control. Melanin contents were measured by absorbance values at the wavelength 405 nm. Data are shown as a percentage
of control from the three independent experiments in triplicate and values represent as the mean + SD “ p < 0.05, ™ p < 0.01, ™ p
< 0.001 compared with the control.

(A)
2
<C
=
T 5
a
28 1
P
— * * *
© >
< F
fosd *
0
0 100 250 500 100 250 500 100 250 500 10 25 50
PT (pg/mL) TD (pg/mL) T7 (pg/mL) TG (pg/mL)
(B)
2
<
= T
T g
[ap)
(O] 1 L
z T *
— = ul * *%
8= ok
()
(o'
0

0 100 250 500 100 250 500 100 250 500 10 25 50

PT (pg/mL) TO (pg/mL) T7 (pg/mL) TG (pg/mL)

Figure 5. Decrease of transcriptional expression of TYR and MITF after treatment of P. thomsonii flower extract and its three
tectorigenin derivatives. BI16F1 cells were incubated with P. thomsonii flower extract (PT), tectoridin (TD), tectorigenin
7-O-xylosylglucoside (T7), and tectorigenin (TG) for 24 h. Total RNA was extracted and quantitative real time PCR was performed
for mTYR (A) and mMITF (B). mG3PDH was used as an internal control. Results are the mean = SD of experiments using data
are shown as fold increase from the three independent experiments in triplicate. ~ p < 0.05, ~ p < 0.01 compared with the
untreated control.
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Figure 6. Transcriptional expression profile of DKK-1 after treatment of P. thomsonii flower extract and its three tectorigenin

derivatives. HS68 cells were incubated with P. thomsonii flower extract (PT), tectoridin (TD), tectorigenin 7-O-xylosylglucoside (T7),
and tectorigenin (TG) for 24 h. Total RNA was extracted and quantitative real time PCR was performed for DKK-1. hG3PDH was

used as an internal control. Results are the mean + SD of experiments using data are shown as fold increase from the three

independent experiments in triplicate. * p < 0.05, ** p < 0.01 compared with the untreated control.
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