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Abstract: The objective of this study was to investigate skin whitening effect of Resorcinol dipentyl ether
[1,3-di(pentyloxyl)benzene] by in vitro experiments. Resorcinol dipentyl ether was prepared by alkylation of resorcinol
with 1-bromopentane. The reaction products were confirmed by NMR, MS and other analytical equipments. In order
to evaluate the skin safety of resorcinol dipentyl ether, the cytotoxicity of the cells constituting the skin
(keratinocyte, melanocyte, fibroblast) was analyzed and similar cell viability was observed in all cell lines as
compared with the control group. Inhibition of extracellular melanin synthesis effect of resorcinol dipentyl ether
was approximately 65.75% at 20 pug/mL and inhibition of intracellular melanin synthesis effect of resorcinol
dipentyl ether was approximately 53.89% at 20 ug/mL. The real-time PCR and western blot analysis of mRNA
expression and protein expression of tyrosinase, TRP-1, and TRP-2 related to melanogenesis revealed that melanin
inhibitory effect of resorcinol dipentyl ether was inhibited from the transcription stage respectively. Finally, this
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study suggested applicability of Resorcinol dipentyl ether [1,3-di(pentyloxyl)benzene] as a whitening functional

cosmetic new material.

Keywords: Resorcinol dipentyl ether, melanin, MTT assay, tyrosinase, mRNA
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A 2] FEeALo] E(melanocyte) Al $H4 =™
1 -2 A E(keratinocyte) = F o] ¥ o] Abghe] 3R
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7] & B16F10 melanoma (ATCC® CRL 6475™), kera-
tinocyte HaCaT (CLS 300493), fibroblast CCD986SK
(ATCC® CRL 1947™)¢} A woF2 913 Dulbecco’s
Modified Eagle’s Medium (high glucose DMEM, Thermo
Fisher, USA), penicillin/streptomycin solution (SV30010,
Thermo Fisher), fetal bovine serum (SH30406.02, Thermo
Fisher), trypsin-EDTA (10x 15400-054, Thermo Fisher),
6-well cell culture plate (3335, Corning, USA), 96-well
cell culture plate (3595, Corning), 100 mm cell culture
dish (172958, Thermo Fisher), EZ-CYTOX (EZ-1000,
Daeillab, Korea)E A3t

2.2.2. M= H{KCell Culture)

B Ag o AFEE M3ZF2] B16F10 melanoma, kera-
tinocyte, fibroblastE 10% fetal bovine serum (FBS), 1%
penicillin/streptomycin®] 3 7}¥ DMEMO.Z M| X7}
5 x 10° cells/dish7} = == w9 FHcl. 100 mm cell cul-
ture dishE AR&3sle] 5% CO, HiF7]ol gt
Confluence®l] =23 MEZ= trypsin-EDTAE A3+
A wjFste] FAIZ

2.2.3. HEAISCIOIHEOE Q] QMY A

Al steldgo e hddS HIHE sk,
T 55 T4 3= keratinocyte, melanocyte, fibroblast Al
Soll tg 24 B4 4 £4& 7 Alx
=9 vjwAol g AEH(cell viability)S FAFS}H

Hrlstdoh 9RE FASHE 4y NMEFES
CO, w7104 Z+2} 6-well cell culture platel] 1 x 10°
cells/well == 10% FBS, 1% penicillin/streptomycin©]
7Fe DMEM HiFH O 2 24 h v g3t & dl2A=
oA E S FE¥(5-20 ug/mL)E 48 h 5+ =g
gk & MTT assaye BllA ME BEES 435I
ok Al2zo] Alg A2l Al 2] AR 2ol thEF sol-
ventZ ARE-$F DMSO o] th27] W&ol AlRF% 5,
10, 20 pg/mLoll &k Z+2+e] xS 2838kt

2 4N H

2.2.4, B|IZAISCIOHIZOES] M2 LY - 2f Rzl M & 24|
Malls &

B16F10 melanomaZS- 6-well cell culture platell 1 x 10°
cells/well FE= 10% FBS, 1% penicillin/streptomycin®©]
77} DMEM Hj o 2 24 h vfjefsict 1 & Wahd
A3 = E4 o-MSH 50 sM¥} A 57} 23 DMEM

Hjokol o 7 wA|Ele] 48-72 h v ket Al 9] Waphd
1] Aalls SA-L o] B MEE aj g A
LA R AL AF5H S 96-well plateo] =7 450 nml|
A FEE St AlE W depd A dAE =3
2 R3] 53 cell pellet= DPBSE A& &t
T 40 CAlA AZRAY. 429 cell pelletol] 1IN NaOH
£ #7ske] 80 T Eoll A 30 min B4 FREIA el
US &8 A17] 2L 17,000 ipm -2 30 min F2F YA EE
sto] NS 450 nm FF=olA SAHsA # A3
ol A= 37 C, 5% CO, 272 vljekr] o vl s}t

At

225 Hatd ¥y

e
r

mRNA 232t ZF(RT-PCR)

2.2.51. RNA Extraction and Quantification

B16F10 melanomaE 100 mm cell culture dishell 4 x
10° cells/dish® seedingd}™] 24 h & A|RE TEHE
Aglstal 48 h & MEXE 5350 53 AXE
DPBSZ Al#sta d4lEeste] 435S AAsta
cell pellet= AAS™, Nucleospin  RNA (740955,
Macherey-Nagel GmbH & Co. KG, Germany)E AH-8-3}
o] RNAES FZE34th Take™ micro-volum plate
(Yeastern biotech, Taiwan)E AR8-3le] RNAE A s}
At

2.2.5.2. cDNA Synthesis

Maxime RT PreMix kit random primer (iNtRON bio-
technology, Korea)E& AF83t] ¢DNAE FAdsTh
PCR 2712 45 C 60 min, 95 C 5 mins FJ3}FSAT

2.2.5.3. Real-Time PCR

iQ™ SYBR green supermix (Bio-Rad, Singapore)S A}
83t RT-PCR& 333 o, 2712 polymerase ac-
tivation®} DNA denaturation 95 Col|A 3 min X33l &
amplificatione 94 TollAl 15 s &<t denaturation, an-
nealing 58 C 30 s, extension 72 C 1 min 2= 35 cycle
39, melt curve= 65 CTollA 95 TS S35t}

22,6, Wt A g CHEEE LA Y (Western Blot)
2.2.6.1. Protein Extraction and Quantification

B16F10 melanomaS 100 mm cell culture dishol] 4 x
10° cells/dish® seedingd}] 24 h Bl & A58 5%
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Table 1. Primer Sequences of /S -actin and Tyrosinase and TRP-1, TRP-2

Gene Primer Sequence
. Sense 5-TATGAAGTGTGTGACGTTGACATCCG-3’
f-actin Antisense 5-CCTAGAAGCATTTGCGGTGCACGATG-3’
Sense 5-GCTGCAGGAGCCTTCTTTCTC-3
TRP-1 Antisense 5-AAGACGCTGCACTGCTGGTCT-3’
Sense 5-GCTGCAGGAGCCTTCTTTCTC-3
TRP-2 Antisense 5-AAGACGCTGCACTGCTGGTCT-3’
Tyrosinase Se.nse 5-CAATGGCTGCGAAGGCACCG—3/’
Antisense 5-TCCCACCAGTGCTGCCCCAA-3

M2 AT sta 48 h FHoll AEZE F53Th 53 Al
X5 DPBSE Al#sta dEejste] AL A7
al

= =]

SFaL cell pelletel] protein extraction bufferS * 2|3}
vortexing¥tth. A5< ©]-83t 3 min b WX &
C 1,500 rpm©O-= 4 min &< ARSI I G5

S dof TS FE3tE BCA™ protein assay kit
(Thermo 23227, Thermo Fisher)& AH&3te] THla-&
HekslA T EABH 30 ugo] ThilA-S chid urE
740l A&

i

2.2.6.2. Western Blot

30 uge] ©ElA-& Nupage LDS sample bufferS 37}
8kod 5 min 7+ 100 CollA TR3IAL ¥hgo] € & A=
o WAste] A 8E FHISFA S NuPAGE SDS-PAGE
gel system (Invitrogen)= ©]-83} 100 VoA H7]|9F
S 3T A Eo] &=5E F gel transfer device
(Invitrogen)E ©]-8-3}] blotingS A A3+ T} Antibody
= [-actin sc-47778 (Santa Cruz, USA)= 1:2,000o.2
) slo] ARSI AL, tyrosinase sc-7833 (Santa Cruz),
TRP-1 sc-10443 (Santa Cruz), TRP-2 sc25544 (Santa
Cruz)= 1:5002.% 3]st AHE-S3Ath. ChemiDoc
S o] 83ty o|u|RE Y53} AL image lab software

£ o] &3t whald WIS AU
3. 28 ¥ E9|
3.1. 2IZAl=CIO[HE OB S e
Resorcinol 50 g3} SFHE 250 mL& et~ &

dstal wykste] GafA Xtk B38l7F e KsPO,
212.06 g KI 3.63 g= Y3l 5 min 3+ 28+ 1-bro-

thEkaladEsks] A, A 439 Al 2 &, 2017

OH (@]

OH OJI
1-Bromopentane, K3POy4, Ki
Acetone, 60°C, 20hr
Figure 1. The chemical structure of 1,3-di(pentyloxy)benzene.
mopentane 150.89 g& Ze}23 ¥ 60-70 TE 7}

o]‘(ﬂ 20 h ﬂj“:ﬁ‘— /\]7] = /\]*Q‘OE. %Z]'o}j_ (ﬂJ»]-’ -
3 s MI@.OWIHME 250 mLE Yo &

& B 2250 mLE 9728 AH3 oS, T3} NaCl
48 250 mLO® AHITE SU]|ES Bsld

MgSOs= i AAsIA 7ekste] w5t 74t
T8l 53 crude 1,3-di(pentyloxy)benzeneS 112
ko] 2AA S, BABAS 12 SR/ =
P EReYS TYT 2HelA 23F ZHF3H 99.5%]

% 1,3-di(pentyloxy)benzene (Figure 1)E 5533t
‘r“l—:]‘??_ HF-S-ES NMR spectrometer®} MS  spec-
trometer 5 53 T2E FUSATE 'H-NMR (400
MHz, CDCl;, 8y) 2=HEZ ] A2 G A 472
olefine methine proton 6y 7.12 (1H, t-like, J=8.0 Hz),
6.46 (1H, d-like, J=2.4 Hz), 6.44 (2H, t, J=8.0 Hz) signal
S BE3tY meta-1,3-X3 WAL 7E EA5H= A
S FRISIFY. 4] FHol A= 2709 oxygenated
methylene proton &y 3.90 (4H, t, J=7.6 Hz) signalS ¥
3tk 1A Gl A= 6719 methylene proton
Su 1.75 (4H, m), 1.38 (8H, m) signal®} 271 2] methyl
proton &y 0.90 (6H, t, J=7.6 Hz) signalS #Z3}H L
W signal®] Z& FFOZRE] 7} signalo] Aol
oz 2458 &8 thFigure 2). ESI-MSol 4]

Bl opot d
H>
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RS5_CDC13 2016 9 27

Temp. 25.0 C / 298.1 K
Operator: sihyun
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Relax. delay 1.000 sec )
Pulse 45.0 degrees ‘
Acq. time 3.414 sec

Width 4799.3 Hz ’
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OBSERVE  H1, 399.9558444 MHz

DATA PROCESSING

FT size 32768
Total time 0 min 35 sec
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Figure 2. NMR spectrum of 1,3-di(pentyloxy)benzene.

"H NMR (400 MHz, CDCL): 7.12 (t, Ar-H), 6.46 (d, Ar-H, J = 2.4), 644 (t, 2Ar-H), 3.90 (t, 4H), 1.75 (m, 4H), 1.38 (m, 8H), 0.90 (t, 6H).
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Figure 3. MS spectrum of 1,3-di(pentyloxy)benzene.
ESI-MS: [M-H]" caled for CigHxQ, (m/z): 251.3844, found:
251.2037.

m/z 251 [M-H]'2] E4}0]L peak7} #2E ] EAFS
2500.2 A7 3} thFigure 3).

3.2, HIZAISCIOIHEE Q] oHHd E7t R Hatd dd

XMalf =t

3.2.1. H|IEAISCIO[HIZOEQ| OFFN T}
g zA T EE FEEE 520 pug/mL A

Table 2. Melanoma Cell Viability Assay of 1,3-di(pentyloxy)

benzene
Samples Concentration (ug/mL) Cell viability (%)
0 100 £ 1.54
5 98.97 + 1.74
Control
10 96.66 + 2.78
20 88.77 £ 2.33
5 95.29 + 1.55
1,3-di 1
i(pentyloxy) 10 9230 = 2.41
benzene
20 83.55 + 3.44

g+ % 48 h B}F #E3 A izl HlEiA] BE Al
FFEA FAFE cell viabilityS R FT)
ol¥3 At Ztzte] F o) thik thxd T HlwA
DMSO®| th&t =40] i B = SR =
Elo gt =42 gle A0 =2 g1t THTable 2-4).
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Table 3. Keratinocyte Cell Viability Assay of 1,3-di(pentyloxy) Table 4. Skin Fibroblast Cell Viability Assay of 1,3-di(pentyloxy)

benzene benzene
Samples Concentration (ug/mL) Cell viability (%) Samples Concentration (ug/mL) Cell viability (%)
0 100 + 1.32 0 100 + 1.45
5 99.23 + 1.85 5 99.80 + 1.77
Control Control
10 95.44 + 2.33 10 97.50 £ 2.10
20 90.55 + 3.12 20 91.30 £ 3.10
d | 5 98.80 = 1.77 g | 5 97.12 £ 2.13
1,3-di 1,3-di
3-di(pentyloxy) 10 9230 + 2.53 -3-dipentyloxy) 10 9220 = 2.80
benzene benzene
20 85.77 + 3.44 20 85.75 £ 345

Table 5. Effect of 1,3-di(pentyloxy)benzene on the Inhibition of Extracellular Melanin Synthesis. The Data were Expressed as Values
(+ Standard Deviations) of One Experiments (Paired r-test: " p-value < 0.05, ™ p-value < 0.005)

Samples Concentration (ug/mL) Inhibition of extracellular melanin synthesis (%) p-value
Control 0 71.65 = 0.37 0.00000001™
@ -MSH 0 0 + 030 1.0000
25 45.03 + 0.26 0.000000027"
50 62.86 = 0.89 0.000000399™
a-MSH+ -
) 100 65.09 = 0.90 0.000000204
a -arbutin P
200 67.59 = 0.26 0.000000008
400 67.72 + 0.30 0.000000000"
1.25 0.7874 + 0.42 0.0069
@ -MSH+ 25 2520 + 030 0.000000678"
1,3-di(pentyloxy) 5 43.04 + 0.30 0.000000136™
benzene 10 53.15 + 0.26 0.000000016™
20 65.75 + 0.50 0.000000008""

Table 6. Effect of 1,3-di(pentyloxy)benzene on the Inhibition of Intracellular Melanin Synthesis. The Data were Expressed as Values
(= Standard Deviations) of One Experiments (Paired rtest: * p-value < 0.005, ™ p-value < 0.0005)

Samples Concentration (ug/mL) Inhibition of intracellular melanin synthesis (%) p-value
Control 0 4870 + 0.77 0.0000566"
@ -MSH 0 0+ 0.44 1.0000
25 3031 + 1.18 0.00011%
50 4093 + 1.55 0.00026"
@ -MSH+ "
) 100 41.71 + 0.77 0.0000771
« -arbutin o
200 4093 + 1.34 0.00026
400 4041 + 2.49 0.000799"
1.25 11.40 + 1.34 0.00179"
@ -MSH+ 25 17.36 + 1.18 0.000778°
1,3-di 5 19.69 + 1.79 0.00112°
(pentyloxy)benzene 10 41.97 + 0.89 0.0000571™
20 53.89 + 1.18 0.0000462™*

thatabadEss| A, A 4398 A 2 &, 2017
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Figure 4. Effect of 1,3-di(pentyloxy)benzene on the inhibition of extracellular melanin synthesis (paired t-tast: * p-value < 0.05,

** p-value < 0.005).

g

]

Intracel lualr melanin swnthesis inhibition(%)
B E 582 3 8 8

& — arbutin

Concentration{wm/m)

o —MSH 50nM

1.3—di (pentvlozv)benzene sample

Figure 5. Effect of 1,3-di(pentyloxy)benzene on the inhibition of intracellular melanin synthesis (paired t-tast: * p-value < 0.005,

** p-value < 0.0005).

3.2.2, HIEAISCIO[HIEOIEIQ] M LY - 2 Wall At X
SEEn

gl zAETho| g B o] Al A& FFE 7
A 9 20 pug/mL ©l3t FEE AE W - 9 "apd
4& Ak AZ 9 dehd 21) A3ss =
gk A3} 20 ug/mL FEONA F 65.75%7HA] = <
Aoz dapd BulE A eH, ME o dapd
AR QAES AT A 20 ugml FEOAA F

H

ol
olr

d

N
M o N b

o

53.89%7HA) w5 & o g depd S AAskdo
(Table 5, 6 and Figure 4, 5).

323, Hatl SA B mRNA 2HiZb Z5(RT-PCR)

A EAE £ 24 h $of HAehd ¥4 I mRNA &
HAHFS AT Aol A EZAIUAS A9 HdFS
AA A7) A 55+ A (Figure 6), TRP-1, TRP-29] 73-%-
5 JEzFHoT AAATRA EEG oLt 031, 0.62,
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Relative expression(Fold)

:

Concentration{ag/m)

Figure 6. Effect of the mRNA expression of tyrosinase was
determined by RT-PCR for 24 h.

5.00

Relative expression(Fold)

Concentration{zg/m.)

Figure 7. Effect of the mRNA expression of tyrosinase was
determined by RT-PCR for 48 h (* p-value < 0.05).

3.00

Relative expression(Fold)

Concentration(ug/ml)

Figure 8. Effect of the mRNA expression of TRP-1 was
determined by RT-PCR for 24 h (* p-value < 0.05).

1.25, 2.5 pug/mL FENA wdo] oJAgS glsAtt
(Figure 8, 10). =3+ A E42] ¥ 48 h 3] mRNA 2&
AN E F5 2E2A JA| A= dA] £y o
U, E|ZAIUA, TRP-1, TRP-2 84 25 031, 5
ug/mL FE1A4 mRNA &do] AAgS sttt
(Figure 7, 9, 11).

iekslgEsts) ], A 4398 A 2 F, 2017

Concentration(ug./m)

Figure 9. Effect of the mRNA expression of TRP-1 was
determined by RT-PCR for 48 h (* p-value < 0.05).

3.00
2.90
2.00
1.50
1.00 +

0.50

Relative expression(Fold)

Concentration(ug/ml}

Figure 10. Effect of the mRNA expression of TRP-2 was
determined by RT-PCR for 24 h (* p-value < 0.05).

4.00

Relative expression(Fold)

Concentration(ug/m.)

Figure 11. Effect of the mRNA expression of TRP-2 was
determined by RT-PCR for 48 h (* p-value < 0.05).

3.2.4, Mol SA At cieixl 852k =X (Western Blot)
dehd A #d el Eli/\lﬁrxﬂ ch 7wk
29 ZA3IA I 0.62, 1.25 ug/mL =04 E|ZAY
A o) %*xﬂﬂ% 7 % QOIOP%E}(FIgme 12). T3
TRP-1 G d THFS SAT Ao A= 0.62, 1.25,
10 ug/mL & OM TRP-1 &&o] JA == A& 3l
31 tH(Figure 13). TRP-2 T WS =43 2
A ME 2.5, 5, 10 ug/mL F=oA A== AL &
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a-MSH S0nM
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Figure 12. Effect of tyrosinase protein expression in B16F10
cell. Expression of tyrosinase protein in BI6F10 cells were
treated with various concentrations of 1,3-di(pentyloxy)benzene
and @-MSH for 48 h.
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Figure 13. Effect of TRP-1 protein expression in B16F10 cell.
Expression of TRP-1 protein in B16F10 cells were treated with
various concentrations of 1,3-di(pentyloxy)benzene and «
-MSH for 48 h.
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Figure 14. Effect of TRP-2 protein expression in B16F10 cell.
Expression of TRP-2 protein in B16F10 cells were treated with
various concentrations of 1,3-di(pentyloxy)benzene and «-MSH
for 48 hours.
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