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ABSTRACT

Resveratrol is a phytoalexin with multiple bioactive properties, including
antioxidative, neuroprotective, cardioprotective, and anticancer effects.
However, resveratrol exhibits structural instability in response to UV, alkaline
pH, and oxygen exposure. Thus, resveratrol derivatives have gained
considerable research interest. In this study, we aimed to evaluate the
anti-melanogenic and anti-adipogenic effects of pinostilbene hydrate (PH), a
methylated resveratrol derivative, in B16F10 and 3T3-L1 cells. We also
evaluated the mechanisms underlying the effects of PH on melanogenesis and
adipogenesis in B16F10 cells and 3T3-L1 adipocytes. The results in B16F10
cells indicated that PH significantly inhibits melanin content and cellular
tyrosinase activity in cells without causing cytotoxicity. In addition, Western
blot analysis showed that PH downregulated the protein levels of
microphthalmia-associated transcription factor (MITF), tyrosinase, and other
melanogenic enzymes, such as tyrosinase-related protein-1 (TRP-1) and
tyrosinase-related  protein-2  (TRP-2). Although PH activated the
phosphorylation of extracellular signal-regulated kinase (ERK), it inhibited p38
mitogen—activated protein kinases (MAPK). Furthermore, the inhibition of
tyrosinase activity by PH was attenuated by treatment with PD98059 (a
specific  ERK inhibitor). Additionally, phosphorylated-protein kinase B
(p~AKT) was upregulated by PH treatment. Finally, the inhibitory effects of
PH on melanin content and tyrosinase activity were confirmed in normal
human melanocytes. These results suggest PH downregulates melanogenesis
via the inhibition of MITF expression, followed by the MAPK signaling
pathways. The results in 3T3-L1 adipocytes showed that Oil Red O staining,
lipid accumulation assay, and triglyceride (TG) content assay revealed that

PH significantly inhibited lipid and TG accumulation on day 8 without



cytotoxicity. In addition, we determined that PH decreased the expression of
adipogenesis-related transcription factors such as CCAAT/enhancer-binding
protein alpha (C/EBPa), peroxisome proliferator activated receptor gamma
(PPARY), sterol response element binding protein-1lc (SREBP-1c¢), and fatty
acid binding protein 4 (FABP4). In the mechanistic study, PH decreased the
phosphorylation of mitogen—activated protein kinases (MAPK) and protein
kinase B (AKT). Moreover, PH attenuated the expression of cAMP response
element binding protein (CREB) and C/EBPB. Furthermore, PH increased the
phosphorylation of AMP-activated protein kinase (AMPK) and acetyl-CoA
carboxylase (ACC) and decreased the expression of fatty acid synthase (FAS)
and FABP4. Based on these results, we suggest that PH suppresses
adipogenesis in 3T3-L1 cells via inhibition of MAPK and AKT-dependent
insulin signaling, and AMPK signaling pathways. Thus, PH may be used as
potential therapeutic agent to treat or prevent hyperpigmentation disorders,

obesity and obesity-related metabolic disorders.

Keywords: BI6F10, melanocytes, pinostilbene, whitening, resveratrol, 3T13-Ll1,
adipogenesis, MAPK, AKT, AMPK, CREB
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I A =

™ 2} (Melanin) & # @ @ ek d (pheomelanin)#+ 2 2 (eumelanin) . 2
T ok ol#gt Hepbde ze]d(ultraviolet radiation) % ~EH 29}
2 R A=S wow yE Qe WEbd A E(melanocytes) A7 #<Ql
2} (melanosome) ol 2]3] A FH o)tk AepdAEE 2929 gl
A=At dAeleFoll o] AHE WodS FW ZHEA X (keratinocytes) &
Agsts 43S dvh dad 5, 535 Fdgde Fo e AbEe i,

2ABAY Ao e EAAA
A3 F EHORRE IRE BIIY (1-6). 2 HFFHoR
HeatA A" Aebde S FE(melanoma), 70 (Freckles), 7 4l (lentigo),

"k (blotches) ¥ 28 3} A 2~ %] 2= (hyperpigmentation) 9] @<¢lo] = < 3t}

Wiy AL debd A Yol A A s B A dd 3y ol
gl o E] & A] Yo} A (tyrosinase) 2L E] Z A Lo} A S|

A (tyrosinase-related protein)-1 % -2} 22 #Ebd A4 § 4~ (melanogenic
enzymes)E9 T dbd Aol o] Wy Fad 9FE Ik
Tyrosinase®™=  @abd A FAHe  AH gxolw L-tyrosine H
L-3,4-dihydroxyphenylalanine(L-DOPA)2] DOPA# = (DOPAquinone) &= 4k3}
St HA T F83k FHul 93-S vl DOPAquinones WA W
383} (cyclization) S  AAH  cycloDOPAE A3t DOPAAE(DOPA
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3 56-dihydroxyindole (DHD® W% A=, DHICAYE TRP-1 HEi=
tyrosinase®l o]af AFstE o] FHzbds A (9-12).
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Figure 1. Melanogenesis in melanocytes and hyperpigmentation disorders.



2 Ao 93 microphthalmia-associated transcription factor (MITF)2]
& BI6F10 AlEolA debd Aol wholdte Wepd A4 Z4E59 2y
DA #do] Ak (13-15). = IH-7F AFL]dyp 22 95 gl os) A=&
ko A 1 a-melanocyte-stimulating hormone (a-MSH)9] Al o] 7181
Habd AlE 842 melanocortin receptor 1 (MCI1R)oll ZAgtslar A|E

adenylate cyclase (AC)E &4 3}35l9] cyclic adenosine monophosphate (cAMP)
TS /MY 29 v, 7 ® cAMPE protein kinase A (PKA) %
cAMP response element-binding protein (CREB)Z <14F3} 3lo] A&

Estar HAARRIARRI MITFe] 2Hd & F7HA1A A= TRP-1, 2, ¥ tyrosinase<}
2o dad G g450 s A 24 S (16,17).

Extracellular signal-regulated Kkinase (ERK), c¢-Jun N-terminal kinase
(JNK), ¥ p38% A ¥ mitogen—activated protein kinase (MAPK)2] ¢14h3l+=
MITF 2dE& Zdste] dAebd A4 9 Aol #e] 3k (18-20). ERK+=
izt FUHE Bel "Hebd A g4 HARIAS MITFE  914kst st
degradations =3t A= Wepd AAE ot 2d HdeR oA
(21). ol¢} ®ith= JNK % p38e <Iatshi= MITFe| 2ds S7HAA 2ekd
AAES Aek Al (22,23). B3 protein kinase B (AKT) A& Ad 7 29

-~

-

QAR Q1 FA s MITFE Zeia A dehd A4 Eae 2dS i
A5 wotd g dAEE Aes RuHdT (2425, wEbA H
ATFEoM MAPK/AKT A5 dd A=e debd A4 248 #elste
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ke A&l nzdRy S AHR Qe 4 AUAZE 2 dAES
Z3e W Aol @3 ZEYrE A EHo AT (43). ol2d A
Bt ol A &5 74 o 4 #] €] HEe A AkE &l
T AW (Triglyceride) .= A 3kx o] XA 3 (Adipocytes)ol] FA =3 A=
AFol S7HsHAl Bt (44,45). ¥lke] x7] @AlE AWAE =79 F7HM]
Hypertrophy)7} 5721 w57 dAl= AWAE o F7HIIA;
Hyperplasia)7} 57 olt} (4647). AgAxe] vjdl 2 P Az oA
THH = 32823 Aol BRI & HIAGA L
AEd A3 9 b 2 WA 43S fEET (48-50).
Adutx o g AR (Body fat)o® Lz AW EZA(Adipose  tissue)<

AWM EZ FAE =Y o) A WA= AW AA A (Adipogenesis) S E 8l

AA A E (Preadipocytes)®] #3tel Ss) FgHw By oIAE FHAY
ez A /15 o G, EE, AA At REsE Agre

A A Eo AAdEo] dY FAAAEES FE A E(Glycerol) ¥ AWK Fatty acid)
FE = ZEaietar Aol WEste] AUAE I (52). AWEAL ol dh
oux A 7le  Qelx  WIHrg(Immune response), XLEd  0H
A A AHGlucose and lipid metabolism) & Tt AESHA 3o 3]st
olt] 9l (Adiponectin), FE (Leptin), °}HA1(Adipsin) 59 td3t s=2#S
wH) e Wt H] 7] #H(endocrine organ) ¥ Egk f=agtt} (53-58). whEbAl A%

Z212 A4 32d4 (Physiological homeostasis)S A5k d vl$- F 8.3k}

-

A A3 (Adipogenesis)&  AAIE @F4 = AF A wg FaT
Aol o] HALE FA3= T8 HAARIAZE CCAAT/enhancer-binding
protein alpha (C/EBPa), peroxisome proliferator activated receptor gamma
(PPARY), sterol response element binding protein-1c (SREBP-1c¢), fatty acid
synthase (FAS) % fatty acid binding protein 4 (FABP4) %o] 2t} (59,60).
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& 24s, T3 FAS 2 FABP4: AWAE 23 $7] @A 93¢
A3 APGAE S FFET (61-63).
Mitogen-activated protein kinase(MAPK) % protein kinase B(AKT) ##
T AY ARE A ARFAA A AEES SHATIE AR F
a4 Ay, AKT 2 MAPK Al¥9 % extracellular signal-regulated kinase
(ERK) % p38 ztzte] <likst= Ql&dd o3 fFEdth (64). Qlabst= <13
g3t ® AKT(P-AKT):= SREBP-1c #X43sE& fEdtil ©]% PPARY
gA43tE S7HA 7Y (65,66). =3 P-AKTE cAMP response element binding
protein (CREB)9| <14tstE #A=3star <14tst ¥ CREB(P-CREB)+= C/EBPB<]
g4dE festel C/EBPa 9 PPARy® A &S F7HAA A= A A9
w3tE =T (67-69). F7HAS =, ERK®F p3gel <14iksk=  C/EBPa®t
PPARy® &A3tE Sal AGAE w3 A7) @ACdA A F3E FEg

H Ao wEw AMP-activated protein  kinase (AMPK)E AW €]
ANUAE <l star g3E 2 X" t)AHCarbohydrate and fat metabolism)E
&3 A E st T83% A4%8E st Ao® YyEwWt. AMPKe A
~Ed 2~ (Metabolic stress)H %502 <l AE U YA o] 74 o
AdA FFEE A8 flel ZAastE, HAgdAS AMPK 22 A
4 8k (Metabolic diseases), A& ¥# 3 (Cardiovascular diseases) % H(Cancer) 2}
DAE #eo] dvkar BuEAk (72). ol2ld AMPKy ADEA A AEAk

A ElE wiste] AL AP 2-A Fog 95 v AMPK=

N

A A/E Y 2 Y (serine/threonine)  kinase®] 7AYol &ue]  catalytic a
subunit¥} 2702] regulatory B % ¥ subunits® #E ©]F 4t @A (heterotrimeric) 2]
B35 P4t vk (73). AMPKE a AMEFY ZHul Z=v<l(catalytic
domain of the a subunit)ell 91*g E @2 W(threonine) 172¢] <lAkste] o] &)
A stE . AMPKe] &4 3F= acetyl-CoA carboxylase(ACC)E Q14+s}l 3}of
H M2 7531 acetyl CoOARZFE  malonyl-CoAR 2] A4S A st
T4 o2 SREBP-lc, FABP4, FASe @d A& B3] AU dAE
FIdbeh (74,75).
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Resveratrol (3,54’ -trihydroxy-trans-stilbene) < W& o|it} A XE % 72 o A
&3] 2HsEE EFY¥E(polyphenolic)  SFtEolA AEo] AAHE YAY
HhH| 2 o} L ol ] 3 TAE i uf A E =
y}o] E 2k Al (phytoalexin)©] W &< (anti-inflammatory), 3F4F3} antioxidative),
A1 7 ¥ & (neuroprotective), A& H & (cardioprotective) 2 &<9H(anticancer)
gyeo} 22 Ag & (bioactive) A3 tia] del AGFHAJAGY (26-31). FE3
resveratrol> TFE MEZFoNA AA 2 L FAS FARAA AT A
e 94 E3E dehe Adoezx BHuddy (76). 1Ed UV, Z3 pH
ZZ(extreme pH conditions) % 4F4 =F(oxygen exposure)< resveratrol?]
TZE A e AW ol&E 9 S AT webA HE
Te AFAEL FAH7](hydroxyl group) ™Al W E Al 7] (methoxy group)=

et % d AdAS  resveratrol XA (resveratrol  derivatives)E 9]
Ayads e die 2dE s Ao HS A4 Ade] waw

2 3} ¥l (methylated) resveratrol +2AE52 73 A A o] -8 & (bioavailability)
2 A A 24 (bioactive)s 7FA AL Qlrol Wl xlvk (32-34,77).

Pinostilbene hydrate (3,4'-dihydroxy-5-methoxystilbene)& 5¥H £ 2] o]
methoxy group®] H2¥ vE3 resveratrol %A (methylated resveratrol
derivative) =, 1 Ag]g&ido] &delA AL Ak HE AFEN w=Ew
pinostilbene hydrate(PH)= SH-SY5Y AlZolA #H#EH3 A7 HIE A4S
et o™ (34), 17 A% E LNCaP tAlxe] digh 3¢k g3 (3537), Azt
TS AEo] dE A o](anti-metastatic) &I (36) ez FAbs oL
tyrosinase <A &4 (38) T Aol Jvti RiuEHAY. 1y BI6F10
AlFEel APEAl oA Hepd g Bl Aol thE PHeO oA &3k obA
ZARE A gkokr), mEka] B ATt A= BI6F10 Al3E9F 3T3-L1 A A 3ol A

PHel webd ® AWy oA &dE 2AWY FAd 14 we
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*J,Chao; Z, H, Li; K, Cheng; et.al. Protective effects of pinostilbene, a resveratrol methylated derivative, against 6-hydroxydopamine-induced neurotoxicity in SH-SYSY cells. JNutr Biockem 2010, 21, 482489,
*£Y_ T Teong; §, G, Woo.;C, H, An; etal. Metablic engineering for resveratrol derivative biosynthesis in Escherichia coli, Mo/ Cells 2015, 38, 318-326.

Figure 8. Pinostilbene and its bioactivity and bioavailability.

_’|7_



1L AE 2 A

Pinostilbene hydrate (PH), dimethyl sulfoxide (DMSO), 2 protease inhibitor
cocktail &< Sigma-Aldrich (St. Louis, MO, USA)°lA 43t T} Dulbecco’s
modified Eagle’s medium (DMEM), fetal bovine serum (FBS),
penicillin/streptomycin  (P/S), trypsin - ethylenediaminetetraacetic acid (T/E),
bicinchoninic acid assay (BCA) kit Z#]3 ERK 54 9A|AQl PDIR059+=
Thermo Fisher Scientific (Waltham, MA, USA)olA F3le] A1-83F
Bovine calf serum (B/S)2 GibcoTM (Grand Island, MD, USA)|A

A3FA Y. Tris-buffered saline (TBS), phosphate buffered saline (PBS),
enhanced chemiluminescence (ECL) kits, ¥ radioimmunoprecipitation assay
(RIPA) buffert= Biosesang (Seongnam, Gyeonggi-do, Korea)oll X T3}
Ao Alg3tSth. Lactate dehydrogenase (LDH), a cytotoxicity assay kit, 2
a triglyceride quantification assay kit DoGenBio (Guro-gu, Seoul,
Korea)oll 51 F<43te] AFg3dtl. 2X Laemmli sample bufferi= Bio-Rad
(Hercules, CA, USA)oA F43te] Ao AFEstAtt. v39] tyrosinase,
TRP-1, TRP-2 2283 MITF¢ %2 primary A5 Santa Cruz
Biotechnology (Dallas, TX, USA)olA 4353t FABP4, FAS, C/EBPa,
C/EBPB, PPARY, phosphor-Ser133-CREB, phospho-Thr172-AMPK,
total-AMPK, phosphor-Ser79-ACC, total-ACC, phosphor-Thr180/Tyrl82-p38,
total-p38, phospho-Thr183/Tyr185-SAPK/JNK, total-JNK,
phospho—Thr202/Tyr204-p44/42/ERK, total-ERK, phospho-Serd73-AKT,
total-AKT, 2383 B-actin®} #2 primary A5 Cell Signaling
Technology (Danvers, MA, USA)9lA A3te]  Western blot 239
AbESEE T = o2 primary & AQ1 sterol regulatory element  binding

protein-1c (SREBP-1c)& BD Biosciences (San Jose, CA, USA)o A 43t
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Abg-3t . Image] (NIH, Bethesda, MD, USA)E A}g3lo] wwad &5
Agsletan 2 Z2 GERAT Ao AREE RE AR analytical grade

Aok AHgsHlL,

it

2. Alxv g

PHe Hgld A oA Ado A8-¥ BI6F10 murine melanoma A%+

gk AT &3 (Koeran Cell Line Bank)ell Al -9)3te] AR&-stdth. AlE= 10

ot
oy o

o

9% fetal bovine serum (FBS) % 1% penicillin/streptomycin©] =
Dulbecco’s Modified Eagle Medium (DMEM) ®j#]ol 37°C, 5% CO, %
F AR AEE RAS] 9ls)

seeding ¥ 49 wlt} 80% confluence ¥ %12 wl sub-cultureE 7 & &)Ut

off

%79 incubatordl A ®lSstAT MEE A4

-

17+ %3] Webd A ¥ (Human epidermal melanocytes; moderately pigmented
donor, HEMn-MP)+ Life Technologies (Carlsbad, CA, USA)ol A 434
AMEE 1% 2 AzgtdAE A% 2BZEA(human melanocyte growth

supplements) % 1% penicillin/streptomycin®]  $-F¥ 254 wjA] Life

Technologies (Carlsbad, CA, USA)el| 37°C, 5% CO, % 53 xA9
incubator®l] A Hj s} ST} B16F10 gl HEMn-MP+ E] & A Lol A
24 (Tyrosinase activity) % @Aebd  &&(Melanin contents) w+41& ]3|

72A17F &< PH 2 o-MSH (200 nM)< 54 A& 3ttt a-MSH (200 nM) 2
AF® (Arbutin) 100 tM< 242} &4 9 44 iz o= AESHiTh

PHel A AA oA Ao AFg% 3T3-L1 preadipocytes Al 33 American
Type Culture Collection (Rockville, MD, USA)°|Al G435t A&
M E= 10 % bovine calf serum (B/S) % 1% penicillin/streptomycin®] Hf-4¥
Dulbecco’s Modified Eagle Medium (DMEM) uj Xl 37°C, 95% air, 5% COsx,
2 F5% =19 incubatorell A wigstdd. AEE AdId AFR FHE
BAE7] 98 seeding & WY ¥lA(culture medium)E AYZ WA ST

80% confluence ¥I& W sub-cultures 733l 5AT}.
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Human epidermal melanocytes

» Cell line
»  B16F10 mouse melanoma cells : Korean Cell Line Bank (Seoul, Korea)
*  Human epidermal melanocytes (moderately pigmented donor, HEMn-MP) : Life Technologies (Carlsbad, CA,
USA)

» Culture
= BIG6F10 cells — Medium : DMEM 2 + 10% FBS® + 1% penicillin-streptomycin

*  HEMn-MP — Medium: 254 medium + 1% human melanocyte growth supplements + 1% penicillin-streptomycin
»  Incubation : 5% CO, at 37°C

Figure 9. Cell lines and process of cell culture.
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3. PHO A d A oA A7}

3.1. AlX=AR7}

Aol A" FFA F2 NADPH oA atslstdas g o &3t
kAo 84 7)1del 3-(4,5-dimethylthiaxo-2-y1)-2,5-diphenyltetrazolium
bromide MTT)E XA el vF8&A  formazanlo &2 U7+ 9=
o]-gste] Ax AEES FAe= WHold = formazan® FxE7F =S5
A BEE] Eve S rst

5

24-well plate®] seeding § 24 h

(89). BI6F10 A1 Z(1.0 x 10" cells/wel)E
b Al wjF el HAlE 209 FAT
oz wYgst & 157, 313, 625 % 1250iM F%° PHE 72 h &9
Agstdeh. 18 vhg, MTT &9¢] 05 g/L w2z A=A Zh2ho] 24 wellel
A7bstar 4 h Eob MEd T ASsds AAsEH. A4 wells
Phosphate-buffered saline (PBS)Z 3 AH3 F FAwE IF=2npzk
AX (formazan crystals)el 1 mLe DMSOE Y3 25°Col4 1 h &9
S A}t FF = microplate reader (Tecan, Mannedorf, Swizerland)Z

ARg-3te] 540 nmell Al 574 = Atk
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3.2. Melanin contents =#

BI6F10 AZ(5.0 x 10" cells/well) % HEMn-MP AIX(1.0 x 10° cells/well) &
6-well plate ZF wellol seeding 3 ¥ 157, 3.13, 6.25, 125 uM &Xx°] PH%}
a-MSH (200 nM)& A1 HAglsai. Qehd A4 A4 2 H4E2S #gd
AMEE 72 h & AE g Bl PAE 209 54 202 g

HErowme off e AHA &2 Ax7F 2903 FAANET

lo
t
gl

g
=
wn
s

(200 nM)YF A& ® Az FAFYRTFoZE PH thAl arbutin (100 pM)S
At ME7E AR EHAY. WY & ASAS AASE FH, AEE PBSE 23]
AMZA3a 80°CeollA] 1 h &<k IN NaOH (10% DMSO) 1mLel] -&3jA]Z ).

AL 3utE Agor HgFEHQow wWEE wWebd-S microplate reader”] &

3.3. Al¥Y] tyrosinase A =H

BI6F10 AZ(@R0 x 10° cells/dish) @ HEMn-MP(1.0 x 10° cells/wel)E
60mm dish % 6-well plated] seedingdtil z+z}e] wjok wix|olA 24 h ¢t
A ulg el BAE 21 SY3 2o R wjgsiith vdEo R AEE
3.13, 6.25, 125 uM PH, a-MSH (200 nM) % arbutin (100 uM)So.2 g3k &
72 h FQt wiks . Y v, vl F MRS AlASAL, AIEE 1.5 mL tubecl
collectingdl3l 1% protease inhibitior cocktaile 3$H-3F= RIPA bufferol
SaAAE HAE & E(Cell lysates)= 30 min ESF 10 min "}
vortexingstol AMEE  &ds] &3 FH, 15000 x golA 25 min &<
QRS dPstdet. AFAES collectingdtiz BCA A% kitE  AM8-3}¢]
dZ Aol E3E did FRE ARSI e o ®, 96-well plate 7} wellol

2 A" Z4zre] did AE 20 ulet L-DOPA (2 mg/mL) 80
UWLE T3t HEZAYvolA &4 Al Fastth 96-well plates 37°Cell A

2 h &< ¥jd3d & microplate reader”’| & AFE3Fe] 490nmolA FHFLEE
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3.4. Western blot 4]

B16F10 A1%(8.0 x 10" cells/wel)E 60 mm dishol seedingatir wjF wl =l
A e e PAlE 2 SUA}F 2O RE 24 h Fot wigstAnh oo
2, AEE 313, 6.25, 125 uM PH, a-MSH (200 nM) % arbutin (100 pM) 2.2
s 3 A7F w dE2 B33 target @ AS Felsty] e 1, 2, 3, 4, 24
h S9F wlkste] MEE collecting 39t TUEoZ HMEE 1% protease
inhibitior cocktail® ¢t RIPA bufferel &s|A#ATE AE &8 & (Cell
lysates)2 30 min 5<¢F 10 min "}t} vortexingdte] AlEE 3] 813 F,
15000 x gollA 25 min &<t AR E WAsATh AE GaES] TS
collectingstil BCA A& kitE AF&3to] AT deol] 3t oz F
A 22 v

B-mercaptoethanol) & 1:1 H] &2 &%3l3 5 min &9 7FE3l9] Western blot

Lo

gl Aol x3tE AJFd 2 2x Laemmli sample buffer (5%

N
X
wn
7.
8
=
?
il
%
Jo
ot
—
~
.%
o)
N
.%
frt
—
>,
)
offl
2
=2
o
o
oy
jm)
(1je}
o
ol
—
=
4
o
=X
T
=
D
(o

saline (20 mM Tris base, 137 mM NaCl, pH 7.6) containing 0.1%6 Tween-20
(TBST)Z 63] Al#3tctt 28 t}S membranes TBST(1:1000)°] 343+ 12}
A (Primary antibody)® 4°Coll A 24 h ot wrgA171 & TBSTE 63] A %3}
At 29 H, 12 FA7F BS membranes TBST(1:3000)0 3]413F 221 &)
(Secondary antibody)® 1 h &<t 25°CollA] RE&AIZ] % thA] 63] A& 3ot

3

7+l %% wwd wl=3 Enhanced chemiluminescence (ECL) kitE A}-83}<]

& At}

iy
(e

_23_



35. SAAH
EE AEE 33 sdHder 243 g2 mean

A Abole] Aol student’s (—testE AFE-Ete] 1 FolAd S

+ SDE FA ¥ A

ARk p < 0.05(x), p < 0.01(xx), p < 0.01(aa), p < 0.01(bb)=

_24_
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4. PHO| AR oA A7}
4.1. ARAE &3t

ANAERS] 32 98] 3T3-L1 preadipocytesZ B/S A (DMEM, 10%
B/S, 1% P/S)E AH&sted 5 x 10" cells/well HER  24-well plateol
seedingdtal 297F wjokst % AE confluency”’F 100%°] =23l w] wjok

¢ 9 FASAY. w3 = Ad dEi(day 0)¢]
3T3-L1 preadipocytes®]l MDI (DMEM, 1% P/S, 10% FBS, 05 mM
3-isobutyl-1-methylxanthine (IBMX), 1 uM dexamethasone (DEX), 10 ug/mL
insulin)& A #ste] 29 FF AATA LY A F3E FEskdth 29 Fl(day
2), Alae] DMEM, 1% P/S, 10% FBS % 10 png/mL insuline -3k Al =&
st WA E Agste] 29 Sk o wjgsiat a9 gs AxRE 23

A (post—differentiation medium; DMEM, 10% FBS, 1% P/S)® A3t 2Y
Qb wi<Fstdil(day 4), day 8o 2 wf 7kA 2¢ winp &3k F A=
WA EY B2 gwstgul. PHe AW AA o4 sHE sty 9§
w7 ehmE wzbA sk wiA 9k 3 125, 25, 50 100 M v %=¢] PHE
A el A 2 5 i

Mo

o}ﬂ:,:
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Differentiation

£

gl o S

Mature adipocytes

Preadipocytes

» Cell line
¢ 3T3-L1 preadipocytes : American Type Culture Collection (Rockville, MD, USA)

» Culture
*  3T3-L1 preadipocytes — Medium : DMEM 2 + 10% B/S ® + 1% penicillin-streptomycin

»  Mature adipocytes — Post-diffentation medium : DMEM + 10% FBS © + 1% penicillin-streptomycin
+  Incubation : 5% CO, at 37°C

Figure 10. Cell lines and process of cell culture.

Differentiation

Day -2 Day 0 Day 2 Day 4 Day 6 Day 8

Confluence
TS growth arrest
B/S® P/S®

Early: IBMX <, insulin,
demamethasone, FBS 9 P/§
(Day 0 —Day 2)

Intermediate:
insulin, FBS, P/S

(Day 2 —Day 4)

N4

Late:
FBS. P/S —

(Day 4 —Day 8)

Figure 11. Adipocytes differentiation.
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42. AXEE=AF7}

3T3-L1 preadipocytes® 24-well plated] seedingdt H day 0 7}A
sl oloj A, A Ee] MDI (DMEM, 1% P/S, 10% FBS, 0.5mM IBMX,
1uM, 10png /mL insulin)®F &7 PH(12.5, 25, 50, 100, % 200 uM)E * st
48 h &< MFstitt. 19 o, ZF welld] 4F S F75t9 3 LDH &4

EZ-LDH #4 71EE AR&ste] Axz=dAe] Aol wep AZFsigh H
AEE4S Fr7rskdch vl WA= volume control (blank)® AF8-% 3, Zh

well®] &3 %=+ microplate reader”’] & AF-&3te] 450 nmoll A =74 3%t}
43. Oil Red O 92 9 triglyceride ¥4

A1 FA(lipid accumulation)> XAxEZ #3tE Fd AP W& (ipid
droplet)e] FA¥™ Oil Red OF Sl A& WS AHste] 1 s AT
Atk F87F ¢kEE 24-well plate ¢Fe] AXE PBSE FE=gA 23] A FHsta
10% formaling #g3dte] 30 min ¢ AT 1§ 1A H AL
gro]>4=(deionized water)® HZ=gHA Atz FH]®E Oil Red O working
solutione 7+ wellol g sl AEE 25°ColA 30 min &<t FA3A Tt Oil
Red O working solution o] % 23] oJ3¥ Oil Red O stock solution
(2-propanol containing 0.5% Oil Red O)2 614 H|&Z 3]435to] ALE-3FA
A % 0il Red O working solutione &o]+= Al A3t AATAL AE
x5 WAE7] g8 PBSE wol H#AsAT. dAE AF g RY H

WIS S AvIFS o g3l A BYL Ak AW FHYS

-~

A}

s <]

o

AL

o

e
2

O

o

@3}t 7] 9138 2-propanol (300 pL)= ZF wellell 3 7}8lal shakerel A4 30 min

oF =9t 2 wellel &3 %3 microplate reader”] S A3t 540 nmol A

ofr
0

B\
N

43ttt Triglyceride 3$t#& EZ-triglyceride quantification assay kit
DoGenBio (Guro-gu, Seoul, Korea)E AF&3le] #A|zAle] X Aol wpe} A
AFstAnh. A2 2 triglyceride ¢ XL day 8 7MA I E F=

A A EE AHES v,

A

o
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4.4. Western blot 4]

3T3-L1 preadipocytesZ 6-well platedl seedingdlil day 0 7bA &) <Fstsdct.
a9 oS, AlES 125, 25, 50, 100 M 5%=¢2] PH % MDI #3} ¥l#] (DMEM,
1% P/S, 10% FBS, 0.5 mM IBMX, 1 uM, 10 pg/mL insulin)& * & 333 v}

@ EH awge BAS B A Fold AT Bk HaE FEanh

02

7 well®] AIEE 271 PBSE AlZ3stal 1% protease inhibitor cocktail, 150
mM sodium chloride, 1% Triton X-100, 196 sodium deoxycholate, 0.196 SDS,
50 mM Tris-HCl, pH 75, % 2 mM EDTAZ =A% RIPA bufferg A}-& 3}
AEE gafstdrt AE &alES 10 min 7t} 3¥ vortexingdtal 11,000 x goll
Al AR AE H AT S collectingdtth. AdEde] ©wld FE= BCA
kitg Ab&sto] AZFeAar A3 Fo] S A05-30ng)s AHEste] Z47+e
Western loading samples %FEAth 13 U3 western loading samples 5
min &9 95°Col A 7FLEstar 4°Coll - WZHA A Y. ZF western loading sample®l|

U FLI o dMHES HAVFdEs FHSEe] 62%-12% sodium  dodecyl

(o]
)
1B
fitl
M

sulfate—polyacrylamide gelsell 2] 332 Trans—blot Turbo (Bio—Rad,
Hercules, CA, USA)E A}&3}l9] polyvinylidene difluoride membrane .=
transfer k. @l o] transfer ¥ membranes 5% skim milk7} E3FE
TBST (20 mM Tris base, 137 mM NaCl, pH 7.6, and 0.1% Tween-20)S A}-$-
sto] 25°ColAl 1 h &<t blocking 3 % TBSTZE 10+ &<t 63] Al&HsAd. 1
A T, membranes TBST(1:1000)e] 3|4 %k 12+ A (Primary antibody)®
4°Col A 24 h &<t WA AT W&ol £ membranes TBSTE 63] A3}
322k BA(1:1,000) = 25°Cell A 1AIZF &< REgAIZ1 & TBSTE thAl 63] Al

H5tm ECL kitd AHgshel £4 audsl 23S Gelsgoh
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45. SAAE

e dolE el A3} mean + standard deviation (n = 3 per group)® ¥ &
#t} Student’s t-testE ©]& SAA A9 AP ol fh2 MDI @5 A€
T3 vlwEte] x p < 0.05, #x p < 001, PAE MAE Rz vuste] # p <
0012 ®A3A
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1. 2 7}
1. B16F10 2@ HEMn-MP A|XoA PHS 2 JdAA g3k H7}
1.1. B16F10 A3 A PHO AX AES

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) &A1& Ab&ste]l W7FE 54Utk BI6F10 Al gk PH Al 574 o]
Sl WSS &Qlsty] f8) AlxE 27 St vkRt s =2 PH(1.57-25 uM)
2 AgsAch MTT 23 43 25 uM PHE A3 AEEs obF A% A A
& Atz vaste] MTT A37F 65% #4% Aoz debuvh v,
PH &%x(157, 313, 625 3 125 uM)< A3 AE= obf A= At &
AE F2FF vkl MTT e 2 W3y gldor (Figure 12). wata &
H ¥ 7}
2]

rlo

52

°] P ©(157, 313, 625 % 125 uM)olA AxE S g 54 53
ol AFREo] A A= 157, 313, 625 2 125 uM =9 PHE A
of A4S Mkt

],
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@ on © .

]
100 - *
P 80 -
H
=~ 60 | **
OH [
b on <
(b) £ o
CI 20
\0 #
- + + + + +

0
O «-MSH (200 nM)
OH

PH (uM) = 1.57. 3.13 6.25 125 25

Cell viability (% of control)

+ XH,0

Figure 12. Effects of pinostilbene hydrate (PH) on the viability of
B16F10 cells. Chemical structure of (a) resveratrol and (b) pinostilbene
hydrate. (c) The cells were treated with various concentrations of PH for 72
h. Cell viability is expressed as percentages relative to untreated cells. The
data are presented as the mean * standard deviation (SD) of at least three

independent experiments. * p < 0.05, ** p < 0.01.
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1.2. Melanin contents ¥ Tyrosinase @A o3 PHe 43

PH7} "ebd @4 3 g E:AdobA] &4 wA = s glstr] f8 Al
of HAdo]l gl Wl ue PH(.57, 313, 6.25 ¥ 125 pM)E At & 4zt
SteF 2 tyrosinase €4 A S W3R o] AgolA a-MSH (200 nM)
arbutin (100 uM)= 2H2F 54 3 SA dE=d o2 AR E AT Alxe] He}
g (melanin contents)& oHF AL A ¥ A &2 AE tjzat¥} vlulsto] a
“MSH (200 nM)RF A€ AlEelA 21% F7FE Webldeh v, e
PH s%% FHi %< 125 uME A2 AEoA = Sz Bluske
34% -2t Al FaA AT (Figure 13a). ©]213F PHel 2zt A A g7}

[

[N

tyrosinase &4 Al <gk AR RIst7] 93] tyrosinase activity testE
&t} Figure 13bE ®BH, SANFET9 tyrosinase A4S o} FA L A
H A e AMaEe}t vluste] 78% F7FEHS RYUh wbH, a-MSH (200 nM)Z #¢
=H AEe] 313, 6.25, 125 uMe] PHE H#H IS Al ST va) 74zt
22%, 52%, 63% A FE oFEHoE TAZES

.‘_4

aributing A @3t ZFoA = S W ET H]E)] tyrosinase &Aool 38% A
S YT webA oleld A3t= PHe WaEkd A Al &237 AlEW

A tyrosinase B4 AAE T3 dojdri= AS AlAFSHOL
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140

120 4
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40

Melanin contents (% of control)

20

Tyrosianse activity (% of control)
=
3

0

##
200
180
160 wh
140
*x
: I
*%
*n
] el - N _;_I._‘_ I_
- + + + + +

a-MSH (200nM) & + + + + + a-MSH (200 nM)

Arbutin
- - 313 B 12.5 - - 3. . .5
PH (uM) 1.57 6.25 PH (uM) (100 M) 13 6.25 12

(@) (b)

Figure 13. Effects of PH on melanin production and tyrosinase activity
in B16F10 melanoma cells. Cells were treated with PH at the indicated
concentrations for 72 h. a-MSH (200 nM) and arbutin (100 pM) were used
as a negative control and positive control, respectively. (a) The melanin
content and (b) tyrosinase activity are expressed as percentages relative to
untreated cells. All experiments were carried out in triplicate, and the results
are expressed as mean + SD. ## p < 0.01 in comparison with the untreated

cell group and **p < 0.01. compared with the a-MSH-treated group.
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1.3. Western blot #4]
1) BI6F10 Al Eol A Metd Ay &4 2 MITF 2@ g PH &3

Tyrosinase, TRP-1 % -2¢} 2 dgd A4 g4+ dapd A 234 Fo
Hoste FMAEZAN Fagt 9L st Jrtk = MITF= debd A4
FAEY HARIAEZA ol#dt A o] AITES A AEoA WEd
JdS 2dstes 9ES vk (13-15). webx PH7ZE ol#g depd A4 #4
g o] Wl FaFe Fe=A Flstr] fla Western blot A 3& a5k
BI6F10 Al|EejAl @Ehd g4 #wHELS o MSH (200 nM)VF A=
Alazo] Hld]l PH A Al % oEA o R {FostA FHaste oz vEy

5 tM PH AL obFAE AdsA @2 Ax
ey o #Zad 4FS dehldv (Figure 14). ©l2dk PHe| @ehd
A JA Jdel] oigk MITFO 43S &lstr] 98] MITF @iz 2ods
gelsl Wk, WA PHE Adste] AlZHE MITFS &S &1d 23
3AIZE Al Al MITFe] 2&e] 7 asks Ae @<leiv (Flgure 15a).
weba FEAFAA g FEe PHE 347
oEXNOoZ MITF de] HAZHS gRlstsitt (Figure 15b). o3t A=
Aebd A G4 BFo] MANEA ARl MITF 2@ Al o3 stgdF=4

92 b,

.‘_4

ftllo

-

o A A3 Te

vy
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##
24 h
? 140
a-MSH (200 nM) - + ¥ + + & g 120 ** *x
Arbutin -
PH (M) - - 313 6.25 125 S 100
(100 uM) £ .
TRP-1 ‘— —— G Sy e— —" B 80
- - = 60
TRP2 [ - - | £ .
L :
0
acin | G G G S ——
P a-MSH (200 nM) - + + 5 & "
Arbutin
) - - 3 25 5
PH (uM) b ssdh 313 6.2 12
(a) (b)
#it ##
PRy = 00
H 2] Z
£ e g 0 "
$ w0 T .
= 120 £
£ o100 £ 100 = s
i Z
-g 80 ‘E 80 ok
£ 604 g 60
a4 ER
.
E o2 £ n
z
= 3
a-MSH (200 nM) - + + + + + a-MSH (200 nM) - + + + + +
Asbutin  _ g Arbutin 33 625 125
PH (uM) " (oM 313 6.25 125 PH (uM) (100M) 313 25 ;
(€) (d)

Figure 14. Effects of PH on the protein expression levels of TRP-1,
TRP-2, and tyrosinase in B16F10 cells. Cells were treated with the
indicated concentrations of PH for 24 h. a-MSH (200 nM) and arbutin (100 1
M) were used as a negative and positive control, respectively. Protein levels
were examined by Western blotting. (a) Western blotting and protein levels
of (b) TRP-1, (¢) TRP-2, and (d) tyrosinase. Results are expressed as
percentages of untreated cells. All experiments were carried out in triplicate,
and the results are expressed as the mean + SD. ## p < 0.01 in comparison
with the untreated cell group and ** p < 0.01 compared with the a

~-MSH-treated group.
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| 3n |

a-MSH (200 nM) - + + +
‘ PH (uM) = 3.13 6.25 125

PH (12.5 uM) & a-MSH (200 nM)

0 1h 2h 3h 4h

MITF \——---‘-4

MITF (- P S e

B-actin ‘- o e -.‘

B-actin |— -—— — —‘
3 120 _ 1
T
£ =
2 100 * * &
= - w0 =
;.Q N E
HE S s 8
E< :
oS 60 T *x
e e =
=8 g
£ 40 0 . e
z I .
g 20 E -
(= .
o 0 g ;
1h
o 2h Gl i a-MSH (200 nM) - + + +
PH (12.5 M) PH (uM) - 313 6.25 125

(a) (b)

Figure 15. Effects of PH on MITF expression in B16F10 cells. (a) Cells
were treated with 125 yuM PH at different time intervals. (b) Cells were
treated with the indicated concentrations of PH for 3 h. Protein levels were
examined by Western blotting. Results are expressed as percentages of the
untreated cells. All experiments were carried out in triplicate, and the results

are expressed as the mean £ SD. * p < 0.05, **x p < 0.01.
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2) B16F10 Al3zox MAPK 43 A3 = digt PH &%

PH7} BI6F10 AlEoA MAPK A& Hd A=2E F3) MITF 23d& A3
e s Felstr] f1dl MAPK Q14bstE FASEith 2 23 PHy: ERK 3
p33e] QMitstE Tk oEH R FostA T E TFAAHAR INK 14s}
= &S v AA &t} (Figure 16). Y52 ERK <148} 5717} tyrosinase &
3 Aol Hofst=A ofF-E AASHY] flel ERK 54 S AAQl PDIS059E A

8319 tyrosinase €74 A¥S st 1 A3} 200 nM a-MSH w5 A€
2 cocktail(200 nM a-MSH, 10 uM PD98059) A @l ¢]3)] tyrosinase &4
S7Fst A A Z42zF 125 uM PH A 2ol ofsf Aol Aldt= A& ®o] F3v
(Figure 17). webA] o] 23 A= PH7F AlEelA ERK MAPK 3 p38 MAPK

roh

NE AY A2E Fd AARSIA9 MITRS Bde oAstn webd 44 &z
o WAL PFaAA AEHOE Wehd P4 HP2A F& e

3) B16F10 A Z oA AKT A3 AG A=d dis PH &3

A o

-

of mEw AKT9] 143 F7b= BI6F10 AlFEolA #Hebd 444
stz dobm BuE Il (24,25). wEkA PH7F AKT Ql4ksl 43} 3o
AeS Felsty] 98] o MSHZ A=% MEE tgs w5 PHE A& st
7oAk i AEE RIS A¥E AKTO 4ksrb PH A elel &)
T oEH o R FoFA FUES HoFAY (Figure 18). o83 2y = &

&l PH7F AKT <Q14tshE S7HA17 2epbd Ads dardes &+ 3

_37_



o

3h‘

-MSH (200 nM)

PH (uM)
P-ERK
T-ERK
P-JNK
T-JNK

P-p38
T-p38

B-actin

+

3.13

+ +

6.25 12.5

P-JNK protein level (% of control)

0 -

a-MSH (200 nM)
PH (uM)

<
=
=

o
S
=3

o
=
S

*h

w o
S 3=
s S

*

=)
=
=

P-ERK protein level (% of control)

0
a-MSH (200 nM) - + + +

PH (uM) - 3.13 6.25 125

(b)

,_
2
S

=
B
= 100
2 w*
h; %
s ¥
= e
£ 604 %
]
< 40 4
2
&
0 .
a-MSH (200 nM) - + + +
PH (M) - 313 6.25 125

(d)

Figure 16. Effects of PH on phosphorylation of ERK, p38, and JNK.

B16F10 cells treated with PH at the indicated concentrations for 3 h. (a)

Western blotting results and protein levels of (b) p-ERK, (¢) p~JNK, and (d)

pp38. Results are expressed as percentages of the untreated cells. All

experiments were carried out in triplicate, and the results are expressed as

the mean + SD. *x p < 0.01. P: phosphorylated, T: total.

_38_



aa

900 - J *% bb

800 +
700 - *
600 - w*

500 -

400 -
300 A
200 4

.
0 1 1

a-MSH (200 nM) - + + + ;

Tyrosinase activity test (% of control)

PD98059 (10 «1M) & 5 - % 5
PH (12.5 uM) - - " - +

Figure 17. Effects of PD98059, an ERK inhibitor, on tyrosinase activity
in B16F10 cells. Cells were treated with a-MSH (200 nM) or PD98059 (10 n
M) alone or in combination with or without PH at a single concentration of
125 uM. Results are expressed as percentages of the untreated cells. All

experiments were carried out in triplicate, and the results are expressed as

the mean + SD. ** p < 0.01, aa p < 0.01, bb p < 0.01.
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Figure 18. Effects of PH on AKT phosphorylation. BI6F10 cells were
treated with PH at the indicated concentrations for 3 h. (a) The Western
blotting results and (b) protein levels of p~AKT. Results are expressed as
percentages of the untreated cells. All experiments were carried out iIn
triplicate, and the results are expressed as the mean = SD. **x p < 0.01. P:

phosphorylated, T: total.
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1.4. A7+ %39 A JAAZ(HEMn-MP)ol 4 PHS A I WA A a7

A FAF AESQ] BIGF10 Aol A PHe| @ebd A& &4de] 44 <1zt det
U AZeE GFE WA=A Elshy] fls) PHE Ae|gh I3 ] dEhd A

¥ (HEMn-MP)oll A @eld &3} tyrosinase &S FASFA T o] A doA] a
-MSH (200 nM) % arbutin (100 pM)> 747t 54 2 ¢4 dx2T o= ALEH
At A= o MSH w5 A Alxze] d@ebd shaFd) tyrosinase &4d o] o}
A AgstA]l &2 AlE tiza 3 Hlasto] 242 23% 2 24% Sk HolF
Act ol9 FAH oz FAHNRTS arbuting A2 d AEA = a-MSH 5
A2l Mo} vluste] Webd g5k 9 tyrosinase &Aool 747 9% W 22% FrA
sEATH 3 PH 313, 625, 125 uME& AHZgk AlzelAe] Wed 3haf 9
tyrosinase 42 o-MSH ©5 A AlEZe} uHluste] zhzd 2%, 20%, 38% 9
40%, 52%, 68% = A& g T wet folstA FHAsHA T (Figure 19).
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Figure 19. Effects of PH on melanin production and tyrosinase activity
in normal human melanocytes. Cells were treated with PH at the indicated
concentrations for 72 h. a-MSH (200 nM) and arbutin (100 pM) were used as
a negative and positive control, respectively. (a) The melanin content and (b)
tyrosinase activity are expressed as percentages relative to untreated cells.
All experiments were carried out in triplicate, and the results are expressed
as the mean + SD. ## p < 0.01, compared with the untreated cell group and

* p < 005, ¢ p < 0.01, compared with the a-MSH-treated group.
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2. 3T3-L1 adipocytesol A PH7} AW AA o] wx+= 3}t

2.1. 3T3-L1 AWA| ¥ o3t PHY =4

3T3-L1 AAze] tist PHe A& gR1st7] 918 LDH assayE 33t
a1, W38F 48A17F Fol wix = WEE LDHO ¥& AHsdvl 125, 25 50 2
o} vluw3te] Wizl Ul LDH 3+ &
ol 7F A th 1y 200 uM =9 PH A& wlx Ul LDH $#o] vz
A3zl vl&) 46% S 7FstA Yt (Figure 20c). o] 23 E wlgo 2 PHE 200 uM

LA AEEAo &S Felsted, 125 25 50, ¥ 100 uM<] PHE A€
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Figure 20. Effects of PH on cytotoxicity in 3T3-L1 adipocytes. The
chemical structure of (a) Resveratrol and (b) Pinostilbene hydrate. Adipocyte
differentiation was induced in post-confluent cells using IBMX/DEX/insulin
(MDI) differentiation medium, and the cells were treated with indicated
concentrations of PH for 48 h. (c) Cytotoxicity was measured using the LDH
assay. LDH release is expressed as percentages relative to the control group
(MDI treated only). All values are presented as mean * standard deviation.
(n=3 per group). * indicates significantly different versus MDI alone (p <

0.05).
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Figure 21. Effect of PH on lipid accumulation and triglyceride content
in 3T3-L1 adipocytes. Adipocyte differentiation was induced iIn
post—confluent cells using MDI differentiation medium, and the cells were
treated with indicated concentrations of PH for 8 days. (a) Differentiated
adipocytes were stained using Oil Red O on day 8 and the cell image
visualized by microscopy at 100x magnification. (b) The stained lipid droplets
were dissolved using 2-propanol and measured using a spectrophotometer to
quantify lipid accumulation. (¢c) The reduction in TG content was quantified
using the EZ-triglyceride quantification assay kit. Lipid accumulation and TG
content are expressed as percentages relative to the control group treated
with MDI alone. All values are presented as mean + standard deviation. (n=3
per group). * p < 0.05, *x p < 0.01 indicates significantly differences versus
the MDI-only control. # p < 0.01 indicates significant differences versus an

untreated control.
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2.3. Western bolt 4]

1) AW AA #AA AAL <A (adipogenic-related transcription factors)

w3 g PHO 4%

A AlaEe] 23 2 A FHE APE A A QAo T ddo] At
(59,60). ol& HAFQIAS] o] thgk PHO B3-S FAbst7] 918 69 &<
w35 =3 3T3-L1 APEAEE ARE-to] Western blot w41 3 3k3i.
A3¥+= PPARY, C/EBPa, SREBP-1c 3 FABP4¢F #2 A A #d HAL
Aape] de] mA AFE IRy w3td A AFAdAM SRS
BojFtk. =y old A A dd dARIAEe] dwid i

Tefzel] FAE FEe PH Aol of&f #AsdeS BolFAtt (Figure 22).
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Figure 22. Effect of PH on expression of adipogenesis-related
transcription factors. Adipocyte differentiation was induced in post—confluent
cells using MDI differentiation medium and treated indicated concentrations of
PH for 6 days. (a) Western blot of PPARY, C/EBPa, SREBP-1c¢, FABP4, and
B-actin in 3T3-L1 adipocytes. The relative protein levels of (b) PPARY/B
—actin, (¢) C/EBPa/B-actin, (d) SREBP-1c/B-actin, and (e) FABP4/B-actin
are presented as the mean £ standard deviation from three independent

measurements using the Image] program. The results in the relative protein
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levels are expressed as percentages relative to the control group treated with
MDI alone. *x p < 0.01 indicates significantly differences versus the
MDI-only control. # p < 0.01 indicates significant differences versus an

untreated control.
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2) MAPK ¢14tsto] digk PHO &

il

ol A A wd wWAYFTE 24357F PHel o8] AA|ls = o9 <
Aoy o As A FRE Fil AAEH=AE &9dst] fa dd vy

i

=

% A7 (mechanistic study)7} 3= At o7 A& dE 42 5 MAPK A&
A A2e gt Al A= o8] A3ty 54 F99 QitstE Sl
thekst A XY WSS FEE, 1 FAHLAZE ERK, JNK 2 p38e] gt}
o AT wEw MAPKS] @43t A Ao 27] @Al AAGAE &
slo] J&S v A BaEYT (70,71). wEkA PH7F #38F fX=% 3T3-L1 Al
x4 ERK (P-ERK), JNK (P-JNK) % p38 (P-p38)¢] <l4tstE o Alsh=A
gklstz]l 918l Western blot #41S a3ttt 23+= P-ERK, P-JNK %
P-p38& WA g AE tfxadt vlaste] 3 fFled AE 2Tl Fdad
Hodrh olek= tixA o Zhzbe] Ql4kst #

./_’I:
AE Gzl ws) PH Ael A dashe 298 dehidn (Figure 23). mhet
% °

_50_



MDI - + + + + +
PH (uM) 12, 25 50 100
— <44 KDa
P-ERK | — S S — — | < 1 KDa -
T
g
T-ERK | — —_— < 44KDa 8
<42KDa £
£=
£
. <« 54KDa -
PJNK | - — o w— | <46 KDa gg
i
TINK T S— — — — — | < 54 KDa z;
e ——— E”
E &
P-p38 |-— — — - e -"‘| 43KDa o

T-p38 |---- R —| 43KDa

MDI = + + + + +

B-actin |_ —— — S S— — | 43KDa PH (uM) - = 125 25 50 100

@ )

120 120
#i#
100
80

60

(% of control)
3
(% of control)

40

P_p3s/p3s relative protein level

20

P-JNK/JNK relative protein level

0

MDI - + + + + + MDI - + + + + +

PH (uM) =] - 125 25 50 100 PH (uM) - - 125 25 50 100

© (@

Figure 23. Effect of PH on the phosphorylation of MAPK. Adipocyte
differentiation was induced in post-confluent cells using MDI differentiation
medium, and the cells were treated with indicated concentrations of PH for 30
min. (a) The western blot result of P-ERK/ERK, P-JNK/JNK, P-p38/p38, and
B-actin in 3T3-L1 adipocytes. The relative protein levels of (b) P-ERK/ERK,
(¢) P-JNK/JNK, and (d) P-p38/p38 are presented as the mean * standard
deviation from three independent measurements using the Image] program.
The results in the relative protein levels are expressed as percentages relative
to control cells treated with MDI alone. ** p < 0.01 indicates significantly
differences versus the MDI-only control. # p < 0.01 indicates significant

differences versus an untreated control.
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3) AKT #4d Js A F=d o3k PHO 4F

AKT QI4FsH(P-AKT) = AW A #d dAF QIx} ddeo] 2z 2A Fa.3
S 3t Aoz BT (64). ek P-AKTOl dig P
3t7] 918 Western blot ++4]& Fddte] P-AKT @4 +=F& Rl
Figure 24a°l] el npe} o] P-AKT &S vl AE )z »
w3 FEE AE gz @43 EdAN sk oEAH o PH A <
3 frolatAl FastdSe HolFdnh A At wEY P

7+¥ 1#¢l CREBS] <14t3H(P-CREB) ¥ C/EBPB wdo] &S v Az, B3
Z4/d3t¥l CREB % C/EBPB+= PPARY % C/EBPa &S S7HAIA ADEAE
3 eI RauEdd (67-69,84). 3= P-CREB % C/EBPB @2
o]l w3t FEE AE dizarel BlE PH Aol o #AaHASS HolF
ATt (Figure 24b). whehA o]# s A¥i= PH7F AKT 4t A& F3) AW
AFE B3l AHH 599 9 (downstream) T A E ] whE 2 FAJS 7 A
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Figure 24. Effect of PH on the AKT-related signaling pathways.
Adipocyte differentiation was induced in post-confluent cells using MDI
differentiation medium, and the cells were treated with indicated
concentrations of PH for 30 min (AKT) and 2 h (P-CREB, C/EBPB). (a)
Result of Western bloting and protein levels of P-AKT/AKT and B-actin. (b)
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Result of Western blotting and protein levels of P-CREB, C/EBPB, and B
—actin in 3T3-L1 adipocytes. The relative protein levels of P-AKT/AKT,
P-CREB/B-actin, and C/EBPB/B-actin are presented as the mean * standard
deviation from three independent measurements using the Image] program.
The results in the relative protein levels are expressed as percentages relative
to control cells treated with MDI alone. #** p < 0.01 indicates significantly
differences versus the MDI-only control. # p < 0.01 indicates significant

differences versus an untreated control.
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4) AMPK 23 A2 ZARd digk PHe 43

U =] thAte] F L3 - A} AMP-activated protein kinase (AMPK)+= ¢l
AF3H(Thr 172)0 9]

{1

O

I 24353 acetyl-CoA carboxylase (ACC) H] &4 3}
st A AL A (72-75). Figure 25a0] WeElAnLe} o] 317}
fFrEd AE gizxatol Bls] PH Az A AMPK(P-AMPK) % ACC(P-ACC)*¢]
AL Fbet AT 53], P-AMPK % P-ACC ©¥9d &2 100 uM PH
oA Zbzy 24w 2 238 FUFskdch o9k o] PH A& 1% P-AMPK

W P-ACC ©M4 #@e] 7 A Al FFL MAEA FAss) A9

Ac)

-

3T3-L1 AlEE 8Y FeF B3 A7l & X2 A #d gwde] 2
At A= FAS % FABP49] whulz o] PH A glo] o8] #AEHE Ao
2 Yelgt (Figure 25b). ©l23t 2358 PH7F AMPK Als #Ad 7

dstste] 28k 3T3-L1 AlZo A A A A dAE FE2TS AAS

u

_55_



(@) (b)

MDI - + + + ® + MDI o % ¥ 8 + +

PH (M) - - 125 25 50 100 PH (M) - - 125 25 50 100

P-AMPK B s - | 62KDa
- FAS ‘s -_--—|273KDa

T-AMPK | ——— —— —— — — | 62KDa
— Pactin | S—— - - — G | 0

racc [0 0 N 0

T-ACC - - 280KDa

B-actin ’ — e —— — — — | 43KDa

120
# -
100 & B
-
80
60
¥o “ *
s w0
2 20 l .
ol s . s " "
MDI - + + + & +

PH (uM) = = 125 25 50 100

(% of control)

©

MDI 5 + & + + +

P-AMPK/AMPK relative pre

PH (uM) - - 125 25 50 100

MDI - + + + + + FABP4 ‘ P Y ‘ 68 KDa
PH (uM) o ® 125 2% 50 100

B-actin

—-----l 43KDa

120

(% of control)
(% of control)

P-ACC/ACC relative protein level

FABP4/p-actin relative protein level
o

MDI - + + £ e + MDI
PH (uM) - - 125 25 50 100 PH (uM) L - 125 25 50 100

Figure 25. Effect of PH on the AMPK signaling pathways. Adipocyte
differentiation was induced in post-confluent cells using MDI differentiation
medium, followed by treatment with the indicated concentrations of PH for 6
days (AMPK, ACC) and 8 days (FAS, FABP4). (a) Results of western
blotting analysis, and the protein levels of P-AMPK/AMPK, P-ACC/ACC,
and B-actin. (b) Results of western blotting analysis, and the protein levels
of FAS and B-actin in 3T3-L1 adipocytes. (c) Result of western blotting
analysis, and the protein levels of FABP4 and B-actin in 3T3-L1 adipocytes.
The relative protein levels of P-AMPK/AMPK, P-ACC/ACC, FAS/B-actin,
and FABP4/B-actin are presented as the mean * standard deviation from

three independent measurements using the Image] program. The relative
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protein levels are expressed as percentages relative to protein levels of
control cells treated with MDI alone. ** p < 0.01 indicates significant
differences versus the MDI-only control. # p < 0.01 indicates significant

differences versus an untreated control.
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g

detd el F8 R = A S AAsta AJHAUV)er AF 3 &
dorPYE IEE HEshe Zolvh 1wy ResiA AAE Wepde SAE
(melanoma), <7l (Freckles), 7 Al(lentigo), W5 (blotches)¥t #2243
2+ (hyperpigmentation)& 2% 4 vk (1-8). A Wx42 g iy <
22 g Apo] QL] ], AUAAG B tatE S8l Ao FFES #Ast

3 gee 3t} (4647). Ly viwto g <ldl x| MbA|E e =7] F7H(H]

rir
ko

=
tl;shypertrophy) ¢t =38k A 2H( 28 A hyperplasia)> 2| 2] ddAdol] ke +
o] A= A2d D (type 2 diabetes), i1 <%H(hypertension), IAEZF
(hyperlipidemia), A& 34 $t(cardiovascular disease), % (cancer) 59 FHZFL
e Aok (48-50). whEbAd HEbd g Ag A 2 Bojdte MEE &
a2 g 7AE AFshe A FALHERST F HYS X 53T
Uol 71 A A4+ HEfe] & 4 gt

HAAZo = v AygAd a37F 9= Z¢ 3 =(Polyphenolic) 3H3&Eo] &
Ajate G A ATE L ek (39,40). ~H"H k=o] =(Stilbenoid)= TRF e 2
B FoA AdHow DAt EelvlE 3FEER stilbene TF(C6-C2-C6) 9
713 =4S 7FAM resveratrold o] thFd FH O] FEAE EA (6.

Resveratrol®] A7 &4 EAdE 9 (anti-inflammatory), 343}

(o

(antioxidative), 417 X < (neuroprotective), A1°¢ X .3 (cardioprotective), &<+
(anticancer) % &H]WF &I (anti-obesity effects)”} ATt (26-31). 1}
Resveratrol& 27 % LE-9oF4 A (sensitive to UVR, oxygen, alkaline pH, high
temperature) &. & 213 A A o] & & (bioavailability) = A A A (bioactive)©] 74
3t A3z st ol HEolE e resveratrol FEAE, 53
pinostilbene2 ¥33 WE 3} 335 (methylated compound)o] &3] % 1
AT} (32-34,39,40,77).

o] Ao A= resveratrol %A ¢l pinostilbene hydrate (PH)2] @zl 2 %
WA AR gy 2dE& waEa BI6F10 A2} 3T3-L1 A WAHEE A3}
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Lg% s WUrsATh B 7o #ed e dd ARE ERlstr] 98l
mechanistic studyS 33ttt 2 23, PH:= BI6F10 Al % 3T3-L1 A4
Ao A debd s AGAES g o R e AR YErs

wA debd Ao ik PHO dFdFS #elstyl fs) Hdad @ "

tyrosinase &4 A3 S £ I tyrosinase, TRP-1 2 29} 22 wzid Al
A Fh W ool59] HAIAel MITFE vz utg S 2elsly] €8] Western

blot #A41& FstATt Egk ol MsAYE F2E & depd S JA S
=4 g3ty 918 MAPK % AKT Z=EolA <larste] thsk PHY <
Western blote &3 &<Qlstdct mpx|vto = dWepd 3k 2 tyrosinase &

AL RAdYste] ¢zt 33 Wb A Z(HEMn-MP)ol A PH7F ®ebd Ao n)

ofk
o

o,

Fack A

Ol

AxEAol Yl PHY =& &Qlstr] flaf MTT dds 13
+ PH AHg &% (157, 313, 625 2 125 uM)ol A AXE AE&
ek okS-S YeElA T}t (Figure 12). T3k a-MSHZE A% B16F10 Al o
Aol gl R PHE AHudh 2y 5% oF£4 O & tyrosinase &4 % =
g s FFAAAT (Figure 13).

old dAFEL Wkl A & A(tyrosinase, TRP-1 % TRP-2)2] 23
MITFo| 9]} AArdoz zHEE1, MITF AE @ahd A g4o 2
ol aske] A BIGFI0 AEo|A Webd Aol shgzd Hrtm w9
(13-17). °olelgr A& glst7] 98] a-MSH= X% BI6F10 A3 PH
A g]ste] Western blot 43S a2 A3, MITF 2 d@abd B4 g
do] v oA ow At s AT F AJ (Figure 14 2 15). o] 2|3
A3+ PH7F MITF 2@ Aol 933S vA depd g g4 dds Ha
Al71aL A= el A9 o 2dE Fedte S dEdth

AKT 2% A9 Z 2% BI6F10 AlEolA =et 2}
2= AY. 7 AKT <Q14kste= CREB9 Q1AHsHE #HAAlA MITF 2d & ¢

o

o & dF= 7

o
rlo

[-4 (0
o

o

il

_59_



FAStTh T A9 PHis AKTO] Q1S fo)shAl S7MIR&& 2o F ol
ol#gt ZA¥= PHZF AKT 2ls He A2E B3 MITFS 23S oAste] 4
g AdS FaATE AS YERdAY (Figure 18).

H AFEY wEW MAPK A& A9 A2 dabd Ao oo
MAPKo A p38 3 JNKO] 14kl F7be= MITFe 2ds F7hA1A AAEd S
FEsta A= debd #E ga5e] wdS FUHAZIT wEbA p38 B JNK <2l

w2 ERK®] ¢l4ksli= MITFS] serine 738 14k3} 3}
= 2 H|ob<% 7 & (ubiquitin—dependent proteasome pathway)
= B3 MITF #31E %3t tyrosinase AAME At} = Flo] BaxAT}
(1542). Wzt MAPK 4 24 PHO 93 glstr] 913 Western blot= <
A A3 PHE %= o0& ERKS I4kstE fofsiiA S7HA12 3 p3de]
AakstE FFAAZT. 22y JNK QIAbstel = F3S w A A skt (Figure
16).

ERK 74 =] 143} F7b7h depd Aol #osh=#] &elstr] 93] ERK ¢
A ARl PDIS0S9E AFE-3Fe] tyrosinase EHAS &213ith 200 nM a-MSH %+
= A8 2 cocktail(200 nM a-MSH, 10 uM PD98059) €] ¢]&f tyrosinase

g FUFsFA AN Zh2E 125 uM PH Ao o8] &Ao] A= S Ho
Ftl. 53] tyrosinase A S PHell 9&) o A% Aot PDIR059e] ERK ¢l14F

s} oA 28 o2 Q3| tyrosinase AL a-MSH = g o H]3)] cocktail
A oA @ AdAE AS AT 5 Sk o] ERK 21487} tyrosinase
g4 #do] IS RAFY (Figure 17). webA o]9f 22 ZH3l= PHY}
B16F10 A3l ERK % p38 A5 dAg A2E &3] MITF 2dS oFstA| 1o
24 "l A S dAggE R[S delErh

ERE F SAF Ao PHe debd A4 oAl a3 A4 1zF ded
Aol e TS vA=A Felstr] fls) Q1zF 29 Aebd A Eo] PHE A&
sto] "ebd g 9 tyrosinase €4S FAAGY. 1 A¥, dWad g H

tyrosinase &4 PH g ol ols] JA = Aoz &y, o= PH/} A

Ay
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125, 25, 50, 31 100 uMell A H4go] fle Zew yebwtt (Figure 20c). 237}
gud Assd A Axs A8 BES 45ty sAANE 28 AdE =
At (80). Figure 21914 H+= uvRe}l o] PHy AAE 31 8 A&
=4 2 TG &3S At olgst A3+ PH/F AlE 54d0] gle Held
A AE 4 8 TG Y AAE Sl AGAdE AAStL d5S AAFEH
T Aol mEY APPLS ABAE G4 2 A 4 8T HA o
1 C/EBPa, PPARY, SREBP-1c, FAS % FABP4%} 22 592 ZA}F <lxlo] 9
af =HEY (59,60). AT THodt= T8 HARRIAFe] wlo] thgk PHO
daks ZAFSH7] 918l Western blot w412 533t 23, PH7F A2 ® Aol A

ol gt AARQIAe] @M wdo] Tk oEHOR AA PSS BT} (Figure

o

ol ATES Z3 MAPK 25 A AZe A o] #ofsvia &
24 9tl MAPK Ald & d1¢l ERKE AW AA 3AA AE =2 2
slofl To3 dgs Fuh. FAsE ERK: AEAA dAeIAel C/EBPa, B,
PPARY®] @S F7HAA AAGAENA ABAERS] 35 e
(64,70,71). H=3F p38 MAPK= AW A %7] @AM Ax 23tE FHs4
(81,82). JNK MAPK¥= A WAE7F 3t &< &4 2 ¢
o] v RIFHAY (83). 23+ ERK, JNK % p38 MAPK<e| <14Fst7F PH
Aol o8 #AAaEAes BoAFA (Figure 23). ol dAolX= AKT o&
A As HAE ARV ARAAdR #-e] vka B P-AKTe o %

M

O

}‘6] A Y
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CREB®| <l4tst= C/EBPB 24 &
C/EBPB= C/EBPa %! PPARy® 2d & 43 Zdsto] AWAES F=do
(84). o] d7ollA PHe= AKT®O Itsts FolsiAl 7442zl P-CREB
C/EBPB ¥4 s dAlets 42 BAY (Figure 24). ol9d A3E vt
o i, PH= MAPK 3 AKT®| QI4FeE Alste] she] 7]de] d@ujd 245

AAskaL, ALY BE AARIAY] S 5t 2dste] TEHoE AW A

-

o
Ho
ki
rob
o
e
2,
do
N
_0|L1
=
%0,
rlr
e
o
ot
it

qe AAFTE AAFRHH

AMP-activated protein kinase (AMPK):= Aol A A ¥4ke] shAl v} Ha)=
&3l oA AbE - olv A S A g, AMPK Thrl72¢] ¢l
A3tE Ea gAdstE. <akst © AMPKE acetyl-CoA carboxylase (ACC)¢
H g sts fFeste] 234 52 SREBP-1c, FABP4 ¥ FAS d#d g
AAE T3 AAAYPE s =4t (85-83). A%+ PH A A AMPK %

C Qst7h S7bske o2 yesth 53 AMPK 31 ACCE S14bsteE 7}
d =2 F:9 PHU00 uM)E AHIe Al dASHA S7Hs BoAFAY
(Figure 25a). o]&]1s AMPK 7 27} AW 2] 7] dAA A DA g o
&= FAS 2 FABP4 2ddl &S vA=A e wiy. da= PH A
o os) A& A #d dwd we] AAaAHASS Bol F1 (Figure 25b 3
c), ol PH7} AMPK 2% Ag AZE T A& A AxdA A8 A4
S AAsTE S AAFST

2 9% BI6F10 A} 3T3-L1 ABA| el depd 9 2 de] o gt
PHe oA &35 H7hek 3 WA Aoty WA BI6F10 AlxoA A3 2
T PH7} MAPK/AKT 215 A9 A=A ERK % AKT <Iitsts S7HA17]1 2
p38 A2t E FAaAA MITF 2d AAE fFesta Zdo dahd A4 oA &
H}E zte=tE A4S Bo]Ft (Figure 26). ®=3F BI6F10 3 3% A 2 A
o 91z WEbd Ao wWelbd &k 9 tyrosinase &4 o] PH A2l o&) <
A= AL BFAsA 2 tgos AgA XA HdE A= PHF A%

F ABAEAA AT FAAE FAL oABTE AL BT EH

i

rl

Mechanistic study¥ PH7F MAPK % AKT 9&4 d4d 235 #Ad 9

=

AMPK 2% Agd A2E T AAE dd dAQIAe] 2ds 4o
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A @D AARYS 5 2det=
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o2 Vet (Figure 27). WatA] o]

23 A3 E vy o ® PHYE A A% 25 (hyperpigmentation) X & 2 33 ¢

WoAEe] 7 eAaR AREE S ER obd} W B oujw B oAb

o Z sl AAAH XBEAR A}EE

T A5Es AARE ey 3% PHOJ
AAGAl olF ALL A= ol B kAN HAE D invivo A8 7

o

S AT AA W 5% FUHE 9 FUF A9 Zesita Als R
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Figure 26. Pinostilbene reduces melanogenesis by P-ERK and P-AKT

upregulation and P-p38 downregulation in B16F10 melanoma cells.
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Figure 27. Pinostilbene downregulates adipogenesis and lipogenesis by
regulating the expression of adipogenesis-related factors via the MAPK and

AKT-dependent insulin signaling, and AMPK signaling pathways.
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Abstract: Resveratrol is a phytoalexin with multiple bioactive properties, including antioxidative,
neuroprotective, cardioprotective, and anticancer effects. However, resveratrol exhibits structural
instability in response to UV irradiation, alkaline pH, and oxygen exposure. Thus, resveratrol
derivatives have attracted considerable research interest. In this study, we aimed to evaluate the anti-
adipogenic effects of pinostilbene hydrate (PH), a methylated resveratrol derivative, in 3T3-L1 cells.
We also evaluated the mechanisms underlying the effects of PH on adipogenesis in 3T3-L1 adipocytes.
Oil Red O staining, lipid accumulation assay, and triglyceride (TG) content assay revealed that PH
significantly inhibited lipid and TG accumulation without cytotoxicity. In addition, we determined
that PH decreased the expression of adipogenesis-related transcription factors, such as PPARy,
C/EBPx, SREBP-1¢, and FABP4, and the phosphorylation of MAPK and protein kinase B (AKT).
Moreover, PH attenuated the expression of CREB and C/ EBP 3, while increasing the phosphorylation
of AMPK and ACC, and decreasing the expression of fatty acid synthase and FABP4. Based on these
results, we suggest that PH suppresses adipogenesis in 3T3-L1 cells via the activation of the AMPK
signaling pathway and the inhibition of the MAPK and AKT insulin-dependent signaling pathways.

Keywords: pinostilbene; resveratrol; 3T3-L1 cells; adipogenesis; MAPK; AKT; AMPK; CREB

1. Introduction

Obesity is caused by the accumulation of excess calories in the body when the energy
gained via the consumption of high-calorie foods exceeds its utilization [1]. If this energy
imbalance continues, most of the excess energy is converted to triglycerides via fatty acids
and accumulates in adipocytes, resulting in weight gain [2,3]. Early stages of obesity are
characterized by an increase in adipocyte size (hypertrophy), whereas the later stages
are marked by an increase in the number of adipocytes (hyperplasia) [4,5]. Hypertrophy
and hyperplasia result in an abnormal increase in the levels of hormones and cytokines
secreted from adipose tissue, leading to pathological conditions such as type 2 diabetes,
hypertension, hyperlipidemia, cardiovascular disease, and cancer [6-8].

Adipose tissue, commonly known as body fat, is composed of adipocytes, which are
formed by the differentiation of preadipocytes through the process of adipogenesis and
store excess energy in the form of triglycerides [9]. Furthermore, when there is an energy
deficit in the body, adipose tissue releases triglycerides, which are stored in adipocytes
in the form of glycerol and fatty acids, to supply energy [10]. In addition to this energy
storage function, adipose tissue plays a role in various biological processes, such as the
immune response and glucose and lipid metabolism, and serves as an endocrine organ by
secreting various hormones such as adiponectin, leptin, and adipsin [11-16]. Therefore,
adipose tissue is highly important for maintaining physiological homeostasis.

Adipogenesis is an important process in adipocyte formation and lipid accumulation,
and the major transcription factors regulating this process are CCAAT /enhancer-binding
protein alpha (C/EBP«), peroxisome proliferator-activated receptor gamma (PPARy), sterol
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https: / /www.mdpi.com /journal /ijms

_83_



cosmetics

Communication

Anti-Melanogenic Effects of Paederia foetida L. Extract via
MAPK Signaling-Mediated MITF Downregulation

You Chul Chung?, Jung No Lee 2, Bong Seok Kim 3 and Chang-Gu Hyun '*

check for

updates
Citation: Chung, Y.C; Lee, ] N;; Kim,
B.S; Hyun, C-G. Anti-Melanogenic
Effects of Paederia foetida L. Extract via
MAPK Signaling-Mediated MITF
Downregulation. Cosmetics 2021, 8,
22. https:/ /doi.org /103390 /
cosmetics8010022

Academic Editor: Kazuhisa Maeda

Received: 1February 2021
Accepted: 12 March 2021
Published: 15 March 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/ licenses /by /
4.0/).

1 JejuInside Agency & Cosmetic Science Center, Department of Chemistry and Cosmetics,
Jeju National University, Jeju 63243, Korea; jyc8385@hanmail net

2 CoseedBioPharm Co., Ltd., Jeju 63309, Korea; jnlee2000@hanmail.net

3 Bio-Convergence Center, Jeju Technopark, Jeju 63243, Korea; kbs6953@jejutp.orkr

*  Correspondence: cghyun@jejunu.ac.kr; Tel.: +82-64-754-3542

Abstract: In this study, in order to explore the anti-melanogenic effect of PFE ( Paederia foetida 1. extract)
and suggest its availability, BI6F10 cells, which are murine melanoma cells, were stimulated with
alpha-Melanocyte-stimulating hormone (x-MSH) to conduct an in vitro experiment. Treatment with
PFE in B16F10 cells with activated melanogenesis due to stimulants showed that PFE significantly
inhibits melanin content as well as intracellular tyrosinase activity within a range that does not cause
cytotoxicity. In addition, Western blot assay demonstrated that PFE strongly inhibited the protein
expression of not only tyrosinase-related protein (TRP)-1, -2, and tyrosinase, but also microphthalmia-
associated transcription factor (MITF). Moreover, mechanism studies have shown that PFE processing
inhibited the activation of melanin production by regulating the phosphorylation of each mitogen-
activated protein kinase (MAPK) family in the MAPK signaling pathway. To test the biocompatibility
of PFE on human skin, a primary skin irritation test was performed. The results revealed that PFE
did not have any side effects on human skin. These findings suggest that PFE holds great potential as
a skin whitening agent and in the prevention of hyperpigmentation disorders.

Keywords: Paederia foetida L.; anti-melanogenesis; MAPK; skin whitening; B16F10 melanoma cell;
bioactivity; ERK; JNK

1. Introduction

Melanin is present extensively in the tissues of the skin, eyes, and hair of mammals.
Melanin is synthesized in melanosomes in the cytoplasm of melanocytes, which are den-
dritic cells; its expression is regulated by various mechanisms within the cells and is
transferred to surrounding keratinocytes. Melanin is composed of brownish-black eume-
lanin as well as reddish-yellow pheomelanin. In particular, the amount of eumelanin plays
a crucial role in determining the coloration in mammals. The major act of melanin is ab-
sorbing ultraviolet radiation and blocking its penetration into the human body, protecting
the skin from photo-damage [1-6]. Thus, lack of melanin from the epidermis exposes skin
to harmful UV light, and this may cause hypopigmentation disorders, including vitiligo,
albinism, and grey hair [7,8]. However, excessive accumulation in the skin due to abnormal
over-expression of melanin pigments can also lead to the development of skin disease,
including lentigo, melanoma, blotches, and freckles, etc. [9,10].

Important enzymes involved in melanogenesis include tyrosinase and tyrosinase-
related protein 1, 2 (TRP-1, -2). L-Tyrosine, an essential amino acid in the initial stages
of melanin synthesis, which is converted to dihydroxyl-L-phenylalanine (L-DOPA)
through hydroxie reaction by tyrosinase, and L-DOPA is oxidized to DOPAquinone, and
then DOPAchrome. The DOPAchrome obtained thusly is converted to 5,6-dihydroxy-2-
indolylcarboxylic acid (DHICA) by TRP-2. Ultimately, DHICA is transformed into in-dole-
5,6-quinone-carboxylic acid by TRP-1 to produce black or brown eumelanin. Tyrosinase is

Cosnetics 2021, 8, 22. https:/ /doi.org/10.3390/cosmetics8010022
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Abstract: Melanin protects our skin from harmful ultraviolet (UV) radiation. However, when produced
in excess, it can cause hyperpigmentation disorders, such as melanoma, freckles, lentigo, and blotches.
In this study, we investigated the effects of pinostilbene hydrate (PH) on melanogenesis. We also
examined the underlying mechanisms of PH on melanin production in B16F10 cells. Our findings
indicated that PH significantly inhibits melanin content and cellular tyrosinase activity in cells
without causing cytotoxicity. In addition, Western blot analysis showed that PH downregulated
the protein levels of microphthalmia-associated transcription factor (MITF), tyrosinase, and other
melanogenic enzymes, such as tyrosinase-related protein-1 (TRP-1) and tyrosinase-related protein-2
(TRP-2). Although PH activated the phosphorylation of extracellular signal-regulated kinase (ERK),
it inhibited p38 mitogen-activated protein kinases (p38). Furthermore, the inhibition of tyrosinase activity
by PH was attenuated by treatment with PD98059 (a specific ERK inhibitor). Additionally, p-AKT was
upregulated by PH treatment. Finally, the inhibitory effects of PH on melanin content and tyrosinase
activity were confirmed in normal human melanocytes. These results suggest PH downregulates
melanogenesis via the inhibition of MITF expression, followed by the MAPKase signaling pathways.
Thus, PH may be used to treat or prevent hyperpigmentation disorders and in functional cosmetic agents
for skin whitening.

Keywords: B16F10 melanoma cell; p38; ERK; whitening; pinostilbene hydrate (PH); anti-melanogenesis

1. Introduction

Melanin is composed of pheo- and eumelanin. It is synthesized by specialized organelles,
melanosomes, in melanocytes in the skin after exposure to stimulating factors, including UV light
and stress. Melanocytes are located in the epidermal-dermal junction and transfer melanosomes to
the surrounding keratinocytes. The primary role of melanin, in particular eumelanin, is to determine
the coloration of human skin, eyes, and hair. In addition, it protects against photo-damage caused by
ultraviolet radiation by scavenging free radicals or dispersing UV light [1-6]. However, the excessive
expression of melanin can result in the development of hyperpigmentation disorders, including
melanoma, freckles, lentigo, and blotches [7,8].

Melanogenesis is related to a complex signaling process that occurs within melanocytes
and involves melanogenic enzymes, such as tyrosinase and tyrosinase-related protein (TRP)-1
and -2. Tyrosinase is a key enzyme in the process of melanogenesis and catalyzes the oxidation
of r-tyrosine and L-3,4-dihydroxyphenylalanine (L-DOPA) into DOPAquinone. DOPAquinone
undergoes intramolecular cyclization to form cycloDOPA, which is further oxidized into DOPA
chrome. DOPA chrome is then transformed into 5,6-dihydroxyindole-2-carboxylic acid (DHICA)
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Abstract

In this study, we examined the inhibitory effects of bergamottin on melanogenesis in BIGF 10 murine melanoma cells, together with
its effects on the mechanism of melanin synthesis. a-Melanocyte simulating hormone-stimulated B16E10 cells were treated with
various concentrations of bergamottin, with arbutin as a positive control. Bergamottin significantly decreased the melanin content
and tyrosinase activity without showing any cytotoxicity. In addition, bergamottin treatment significantly downregulated the ex-
pression of tyrosinase-related protein-1,2 and tyrosinase by suppressing the expression of microphthalmia-associated transcription
factor. The phosphorylation status of mitogen-activated protein kinases (MAPKSs) and protein kinase B (AKT) was examined to
determine the mechanism underlying the antimelanogenic effects of bergamottin. Bergamottin treatment increased the phosphor-
ylation of extracellular signal-regulated kinase (ERK) and AKT, but decreased the phosphorylation of p38 and c-Jun N-terminal
kinase in the B16F10 cells. Moreover, the use of PD98059 (ERK inhibitor) and LY294002 (AKT inhibitor) corroborated these
findings, indicating that bergamottin inhibits melanogenesis via the MAPKase and AKT signaling pathway. Thus, bergamottin has
potential for treating hyperpigmentation disorders and can be a promising chemical for skin-whitening in the cosmetic industry.

Keywords
bergamorttin, coumarins, MAPKSs, AKT, whitening, bioactivity
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Melanogenesis describes the production process of melanin
pigment in m:lanncytes.l’] Melanocytes are dendritic cells of
the neuroectoderm located at the basal l:lysr in the cpidcr-
mal-dermal junction, which deliver melanosomes to surround-
ing keratinocytes.”™! In mammals, the biosynthesis of melanin
is induced by several stimuli, including UV madiation, skin irri-
tation, metabolic disorders, and other underlying problem:s
Melanin is important for protecting against photo-damage
caused by harmful UV radiadon and coloradon of skin and
hair in mammals.” However, overproduction and accumulation
of melanin may cause skin diseases, such as lentigo, aging,
freckles, and other hyperpigmentation disorders.™

Tyrosinase largely regulates the process of melanin synthe-
sis in early stages, as it catalyzes the o-hydroxylatdon of
L-tyrosine  (monophenol)  to  L-dihydroxyphenylalanine
(L-DOPA) and the subsequent oxidation of L-DOPA to
dnpnquinune." In addition, tyrosinase-related protein-1 (TRP-
1) oxidizes 5,6-dihydroxyindole-2-carboxylic acid (DHICA) to
indole-5,6-quinone-2-carboxylic acid in mice but has not been
reported to have the same activity in humans, Tyrosinase-
related protein-2 (TRP-2), also known as dopachrome tautom-
erase, is able to isomerize dopachrome to form DHICA."

Recent studies have indicated that microphthalmia-associ-
ated transcription factor (MITF) is an important transcriptional
regulator which regulates the expression of essential melano-
genic enzymes, such as TRP-1, -2, and tyrosinase. UV-induced
o-melanocyte stimulating hormone (x-MSH) stimulates the
expression of MITFE by activating signaling pathway-related
enzymes, including protein kinase A (PKA) and cyclic adenos-
ine monophosphate (cAMP) responder element binding pro-
tein (CREB). In addition, the increased MITE binds to the
M-box of tyrosinase promoters, further regulating the expres-
sion of melanogenic enzymes, Accordingly, it has recently been
reported that h_\?e?igmenmtion can be prevented by the inhi-
bition of MITE'""
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8-Methoxycoumarin (8-methoxy-chromen-2-one), isolated from R. graveolens L., is able to alleviate arthritis
by inhibition of proinflammatory cytokines. However, its effects on melanogenesis have largely remained unre-
ported. The present study examined the effects of 8-methoxycoumarin on melanogenesis in B16F10 murine
cells, together with its effect on the mechanism of melanin synthesis. The cells were treated with different
concentrations of 8-methoxycoumarin; o-MSH was used as the positive control. We found 8-methoxycou-
marin to significantly increase the melanin content of the cells without exerting any cytotoxicity. In addition, it
significantly upregulated the expression of tyrosinase and tyrosinase-related protein-1 and 2 via inducing the
expression of microphthalmia-associated transcription factor. Furthermore, we demonstrated the involvement
of mitogen-activated protein kinase (MAPK) pathway-mediated phosphorylation of p38 and c-Jun N-terminal
kinase (JNK), and inhibition of phosphorylation of extracellular signal-regulated kinase (ERK) to be responsible
for enhanced melanin production. Use of SB203580 (p38 inhibitor) and SP600125 (p-JNK inhibitor) corroborated
these findings. Additionally, we investigated the effects of 8-methoxycoumarin on protein kinase B (AKT) phos-
phorylation and protein kinase A (PKA) signaling pathway (using H89, a PKA inhibitor). These results suggested
that 8-methoxycoumarin increases melanogenesis via the MAPK signaling pathway. Based on these findings,
we conclude that 8-methoxycoumarin could serve as a potential compound for treating hypopigmentation disor-
ders. It could also serve as a promising chemical for hair depigmentation treatment in the cosmetic industry.

1. Introduction

Melanin is the major pigment produced by specialized organelles,
called melanosomes present in the melanocytes (Bonaventure et
al. 2013; Briganti et al. 2003). Melanocytes are dendritic cells
derived from the neuroectoderm and are found in the basal layer
of the skin epidermis; these produce vesicles called melanosomes
and deliver them to the surrounding keratinocytes (Sturm et al.
2001; Tadokoro et al. 2005; Schadendorf et al. 2015; Gibbs et al.
2000: Cichorek et al. 2013). Melanin has many types, such as the
brownish black eumelanin and reddish yellow pheomelanin, which
are responsible for determining the skin and hair color (Thody et
al. 1991; Lamoreux et al. 2001; Hearing et al. 2005). Another
important function of melanin in the epidermis is to prevent the
skin from damage from harmful UV radiation by scavenging free
radicals or dispersing the incoming UV light (Anderson et al. 1981;
Brenner et al. 2008). Consequently, a defective melanin synthesis
or melanogenesis leads to hypopigmentation and increases the risk
of skin cancer and various pigmentary disorders.

Melanin biosynthesis is a complex process that occurs inside mela-
nocytes and involves tyrosinase and other melanogenic enzymes,
such as tyrosinase-related protein (TRP)-1 and 2. Tyrosinase serves
as the rate-limiting enzyme in a two-step synthesis of melanin: It
catalyzes the hydroxylation of I-tyrosine to 3,4-dihydroxyphenyl-
l-alanine (I-DOPA; diphenol) and oxidation of I-DOPA to dopaqui-
none (Hearing et al. 1987). The expression of tyrosinase is regu-
lated by microphthalmia-associated transcription factor (MITF)
that binds to the M-box of the tyrosinase promoter to activate its
expression and of other melanogenic enzymes (Bentley et al. 1994;
Vachtenheim et al. 2010).

Pharmazie 74 (2019)

Recent studies have implicated mitogen-activated protein kinase
(MAPK), extracellular signal-regulated kinase (ERK), c-Jun
N-terminal kinase (JNK), and p38 in melanogenesis through
regulation of MITF expression (Ahn et al. 2008; Widlude et al.
2003; Saha et al. 2006). An increased phosphorylation of p38§
and JNK increases the expression of MITF and melanogenic
enzymes, leading to melanogenesis (Kang et al. 2015; Han et al.
2016). In addition, a reduced phosphorylation of ERK increases
the transcription of tyrosinase, which activates melanogenesis (Wu
et al. 2011). Thus, regulation of the MAPK signaling pathway is
considered a strategic target for the regulation of melanogenesis.
Furthermore, c-AMP-dependent protein kinase A (PKA) has
been reported to activate MITF transcription via phosphorylation
of cyclic adenosine monophosphate (cAMP) response element
binding protein (CREB) (Chan et al. 2014; Kim et al. 2013). Other
reports suggest inhibition of the phosphatidylinositol-3-kinase
PI3K/AKT signaling pathway to upregulate melanogenensis by
MITF degradation (Kim et al. 2015; Chung et al. 2018).

Recently. many researchers have focused on melanogenesis stim-
ulators as potential options to treat hypopigmentation of skin and
hair (Niu et al. 2017). For instance, several compounds, especially
methylated compounds isolated from natural sources, have been
reported to induce melanogenesis in B16F10 cells (Niu et al. 2017;
Alesiani et al. 2009; Yang et al. 2006; Yoon et al. 2015; Chung et
al. 2017: Yoon et al. 2007).

Ruta graveolens L.. an herb commonly known as rue. has
been used in traditional medicine for treating diseases such
as rheumatism and dermatitis, and eye ailments (Gentile et al.
2015). Recently, a study demonstrated the inhibitory activity
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Abstract

Melanin plays a role in determining human skin color of a person, and a large amount of melanin makes the skin color
look darkened. The proper amount of melanin formation protects our skin from UV radiation, but excessive melanin
production causes hyperpigmentation and leads to freckles, melasma, and lentigo. In this study, we investigated the in-
hibitory effect of hydroxyectoine on melanogenesis and its mechanism in BI6F 10 cells. Melanin content and cellular ty-
rosinase activity were determined. The expression of microphthalmia-associated transcription factor (MITF), and the
activities of tyrosinase and other melanogenesis-related enzymes, such as tyrosinase-related protein | (TRP-1) and ty-
rosinase-related protein 2, were also examined. Hydroxyectoine treatment significantly inhibited melanin production
and intracellular tyrosinase activity in a dose-dependent manner. Western blot analysis showed that hydroxyectoine also
reduced the expressions of tyrosinase and TRP-I. In addition, hydroxyectoine significantly reduced the expression of
MITF, a major regulator of melanin production, and inhibited the phosphorylation of p38, c-Jun N-terminal kinase, and
activated the protein kinase B. The results demonstrated that hydroxyectoine inhibits the expression of MITF through
the inhibition or activation of melanin-related signaling pathways and downregulates melanogenesis by inhibiting melano-
genic enzyme expression and tyrosinase activity. Hydroxyectoine has potential value in functional cosmetics applications,
such as whitening.
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BI16F10 melanoma cell, hydroxyectoine, melanin, tyrosinase, MITF, whitening, TRP- |, melanogenesis, p-AKT, p-JNK, p-p38
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Abstract: This study was carried out to investigate the antimelanogenic effects of a Polygonum tinctorium

flower extract obtained using red nuruk, a traditional Jeju barley-based fermentation starter. We also

studied the mechanism of action of the P. tinctorium fermented flower extract (PTFFE) in mouse
melanoma cells (B16F10). Cells were treated with various concentrations (62.5, 125 and 250 pg/mL) of

PTFFE and the results showed that PTFFE significantly decreased the melanin content and tyrosinase

activity without being cytotoxic. In addition, PTFFE strongly inhibited the expression of tyrosinase

and tyrosinase-related protein 2 by decreasing the expression of the microphthalmia-associated
transcription factor, as shown by a western blot assay. Furthermore, PTFFE inhibited melanogenesis
via upregulation of the phosphorylation of extracellular signal-regulated kinase (ERK) and protein
kinase B, also known as AKT. We also used inhibitors such as PD98059 (a specific ERK inhibitor)
or L¥294002 (an AKT inhibitor) to determine whether the signaling pathways are involved.

High-performance liquid chromatography fingerprinting showed the presence of a quercetin

glucoside (isoquercitrin) and quercetin in PTFFE. To test the potential for PTFFE application as

a cosmetic material, we also performed a primary skin irritation test on human skin. In this assay,

PTFFE did not induce any adverse reactions at the treatment dose. Based on these results, we suggest

that PTFFE may be considered a potential antimelanogenesis candidate for topical applications.

Keywords: Polygonum tinctorium; nuruk; ERK; antimelanogenesis; whitening; fermentation

1. Introduction

Melanin determines the skin color and its primary role is to prevent skin damage from harmful
ultraviolet (UV) radiation. However, excessive production of melanin causes skin diseases such as
freckles, melisma, lentigo and other hyperpigmentation syndromes [1,2]. Thus, studies on inhibition
of melanogenesis have focused on medical and cosmetic treatments for skin depigmentation and
whitening. Tyrosinase acts as a very important enzyme, catalyzing the oxidation of L-tyrosine as well
as L-34-dihydroxyphenylalanine (L-DOPA) to DOPAquinone. DOPAquinone thus formed, undergoes
intramolecular cyclization to form leucoDOPAchrome, which is further oxidized to DOPAchrome [3].

Recent studies have also indicated that the microphthalmia-associated transcription factor (MITF)
and melanogenic enzymes such as tyrosinase-related proteins 1 and 2 (TRP-1 and TRP-2) contribute to

Int. |. Mol. Sci. 2018, 19, 2895; doi:10.3390/ijms19102895 www.mdpi.com/journal /fjms
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