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2 9F: UV ¥ ofyz} ZHAIgA, Hejdd sl #Ad E2 3 I8 25 A5, MMP-19] F7td] o
5 w37h P geba] doll o3 oA HF 25 2-LE w3 Ao Fa3% A4 asolth o
A &4 A 522 TRPM8L W& &4 (CMRD) 24 25 T o]t 2&=olA 431 AT
Z+S AN = WY F8A2 BHuEo] vk TRPMS 248 53 AY3 2443 98 28 z4d3s
} &3] Y3 ot B AFdAE AAES] GARAE o] &3t W 8490 TRPMS dadol of
St FES F=A RIS Y. GAHAFEE & & £ E2 TRPMS &g gt 9%& =g 2y,
n—hexane ¥ & % water £ ENA FEJEHOZ TRPMS &do] 715 g1t
th Hex & FEAES Zux A2nfedaE A sk 1749 33ES EEstgen 'H 2 °C
NMR spectrum £4& 53t 3a4x25 54390 £218 JFELS =21 2HEZ TRPMS #d Z7}
of &7} U5 It AHAE EUE, GAHANFEZE D dED2HEL SFF FoklA 2L &
B A 2ZA Mdrbsdol doha AAsETh

Abstract: Skin-aging is accelerated by the increased expression of MMP-1 caused by the increased skin temperature
induced by IR/visible light as well as UV. Thus, the control of skin temperature is important to inhibit
heat-induced aging. Many studies have been conducted to lower the skin temperature through the controlling
transient receptor potential melastatin § channel (TRPMS), which is known as the cold and menthol receptor 1
(CMR1) and is activated at temperature below 25 C. In this study, we first investigated the effect of Ganoderma
lucidum extract (GLE) on the TRPMS expression. Results showed that GLE, hexane (Hex) fractions and water
fractions increased the TRPMS8 expression in a dose dependent manner. Active compound in Hex fractions were
separated by chromatography and analyzed by 'H and '“C NMR spectroscopy. The isolated compounds were
identified as ergosterol and it also significantly increased the TRPMS expression. Taken together, these results
strongly suggest that G. lucidum extract and ergosterol have the potential as a new cooling ingredient in the
cosmetics.
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7F 40 C ooz el Ha, MMP-19] &3
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F= 3 559 E9s5t Aol ArEsidth Izt
2+ - g A Al L (HaCaT)= American Type Cell Culture
(ATCC, USA)OIA #F T2 NEE AME3FH o,
ME S 2138 Dulbecco’s modified Eagle’s
medium (DMEM), fetal bovine serum (FBS), penicillin-



Ganoderma Iuc:dum (400 g)

70% EtOH Extractlon (359)
Suspended with H,0
Partitioned with n-Hexane

n-Hexane fraction (700 mg)  H,O layer

Partitioned with CH,Cl,

CH,Cl, fraction (1.6 g) H,0 layer

Partitioned with EtOAc

EtOAc fraction (1.0 g) H,O layer

Partitioned with #-BuOH

n-BuOH fraction (800 mg) ~ H,O layer

Figure 1. The flowchart of G. lucidum extracts liquid-liquid
separation.

streptomycin, trypsin-EDTAE Gibco (USA)Ol A -1l sk
Aot 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT), B-actin 3| % dimethyl sulfoxide
(DMSO)+< sigma (USA) AlFS AHE-3FH 2™ 96-well
plate, 6-well plates= SPL (Korea) A& AR&3}l T
TRPMS &A= alomone labs (Israel) #|E& Al&3}
gom, FFE =HES 93l ELISA plate reader
(SpectraMax i3x, Molecular Devices, UK)E ©]-&3} %t}

2.2, GX| HHe == & S0 2=

FAWM A (Ganoderma lucidum) 400 g% 70% ol ek
o @;Ho].o:] Ao 24 h B AEAAT FEA
A ANEE AFste] Aozl Ad & At w3t &
%835 g2 Oir:} 2ol =
2887] 98l
Astglt) ol 7l %%%(3.5 & Al Fersio]
o g Fart INFS AAS L E AA
29 gu) 24 Ao wet £HoE wYaZ
2ol =, ojdoprlEl o] E >

MY E9& duoh 7+ %% SIS

(Hex) &8, Wld@A S 20| E(MC) &8, o DotAlH|
O|E(EA) #3, HE-L&(BuOH) 3, E(DW) E&°o
= ]’]'TN\E]'

23 &M MHEO| EHp| 4l =X

Mo o
A BB E-S silica (C60) #R-S o]gale] 20}

7 84 TRPMS ¥d 4% &y 17

Ganoderma lucidum n-Hexane fraction
Silica open column (Hexane100~EtOAc100)

GLH1~5 GLH6 GLH7~9

Sephadex LH20 (CH,Cl,:MeOH 1:1)

White Crystal

GLHB6A (Compound 1)

GLH6B~D

Figure 2. Isolation of ergosterol from G. [lucidum hexane
fraction.

EdguE AAEkAnh oju &2+ F4F 100%0
Al AlZFEEe] "ot HIO|E vl &S S8V cldo}
AHICIE 100%7F 2 w74 STyt A2ntETD
o E &l ol B8-S 59, 9l 8 S 6W
23S vddFzelol=e}t wgkgo] 1:12 &3Hd
L0 & AMESHY LH-20 % Z2rtEIH9E 53
Sttt AAE ZRuETDHIE Bl 4719 £8&

A o] F 1H £S5 Uﬂ‘:d'%g ol g3 AAAS}
QaL, 55 TolA 7453}04 hekal A S ol 3}HE
53 SetE —8— NMR 48 =3

e FEST. %
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2.4, M= HHF

HaCaT A3+ 100 U/mL penicillin, 100 ug/mL strep-
tomycin 2! 10% FBS7} ¥+%¥ DMEM HiA| & AR8-3}
o] 37 C, 5% CO, vl F7|olA] vjeFats o, 2-3Y 9
g HA A v eFskT

25 NZ d&E=g8 &3

HaCaT A3EZ 96-well plateol] 2 x 10* cells/well®] =

= 180 uL ¥F31aL 37 C, 5% CO, w714 24
h RFASAZ T 2o A 8E AY A8t s

220 uL AEskal 24 h vt Th 2 wellell 500
ugmLe] EEZ MTT &94-& @7}0}04 37 C, 5% CO,
HjF7]oll A 2-3 h B3 WESAIZ &, FSHS A A
At} DMSO 100 uLE 7t welloll 75k A H for-
mazan< 8314171 ¥ ELISA plate readerE ©]-83} 540
oA FFEE SHIA AE EE&(%)= ALkt
Pri=g
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2.6. Western BlotE £5t TRPM82| Wal =X

HaCaT A ZZ 6-well plate©l] 4 x 10° cells/well®] =
T5 1.8 mL 53} 37 C, 5% CO, vlF7]elA 24
h QFASA S Z42te] Al g5 3438k 0.2 mL A
kAl 6 h W eFslH T HiX|E AAS & 1 x phosphate
buffered saline> 2 M| A3} scrapers ©]-&38}o] Al
& 533t 53 M Eof| radioimmunoprecipitation
assay buffer (Cell Signaling Technology, USA)E 100 uL
£ #7Fsted 30 min &< REEAIZT F, 12,000 rpm,
4 ColA 15 min &< A4 EEst] FFAE 5
sEATE 53 %S H-2 bicinchoninic acid assay kit
(BioRad, USA)Z A &Fate] 20 uge] @2 -S 10% so-
dium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE, BioRad, USA)°lA Z7]9%5& AAsA
o} Eod ohEe polyvinylidene fluoride (PVDF)
membrane 2.2 ©]FA|Z] ¥, 5% skim milk (in tris-buf-
fered saline and tween 20, TBST)% o] €3}l 1 h B9
g0l A blocking 3t TE TBSTE ©]&3t4 10 min
A0 2 33] M| A3t TRPMS, f-actin®] 13+ FAE
4 CollA 24 h &<t BHEAZH. 1 %, TBSTE ©]-8-3F
o] 10 min 7+4 0.2 33] Al Hs}1 22} &(in 5% skim
milk)E F=4 2 h 5 ¥-3 A7l & TA] TBSTE
o]-83}od 33] M3} Th Enhanced chemiluminescence
(Amersham Pharmacia Biotech, USA)E AM&-3l] =&
F2-351a1 Imagel 1.47 softwareS ©]-83t] MEE 44
sasich
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Figure 3. The structure of ergosterol.

ZRH silica X, LH-20 FXE o] &3l A2ntE
I E HASE 35HE 1 (GLH6A)S E2| 33T
'H-NMR 23}, 8y 5.57 (1H, dd, ] = 5.4, 2.8, H-6), 5.38
(1H, g, J = 3.0, H-7)EHFE 6 g} 79 &h49] ole-
fin protong I 4 AAJTE E=ZF 6y 5.19 (1H, m,
H-23), 5.16 (1H, m, H-22)Z%E] 221 29} 231 &
29] olefin protone I F AT a3
13CNMR 21 Ad} 5,6, 7, 8, 22, 23 2] olefin carbon

= Flste] 33HE 12 | 23L2~H| E(ergostero) £ &
Xé 3% thFigure 3)[26].

UV (CH30H): A max nm 201, 272, 281

'H-NMR (500 MHz, CDCL3) ¢ : 5.57 (1H, dd, J = 5.4,
2.8, H-6), 5.38 (1H, q, J = 3.0, H-7), 5.19 (1H, m, H-23),
5.16 (1H, m, H-22), 1.03 (3H, d, J = 6.5, H-21), 0.93
(3H, s, H-19), 0.91 (3H, d, J = 7.0, H-28), 0.83 (3H, d,
J =70, H-27), 0.81 (3H, d, J = 7.0, H-26), 0.62 (3H, s,
H-18)

BC-NMR (125 MHz, CDCl;) 6 : 38.37 (C-1), 31.96
(C-2), 70.45 (C-3), 40.77 (C-4), 139.80 (C-5), 119.57
(C-6), 116.28 (C-7), 141.37 (C-8), 46.25 (C-9), 37.03
(C-10), 21.54 (C-11) 39.08 (C-12), 42.83 (C-13), 54.83
(C-14), 22.99 (C-15), 28.29 (C-16), 55.73 (C-17), 12.04
(C-18), 16.27 (C-19), 40.42 (C-20), 21.11 (C-21), 135.57
(C-22), 131.97 (C-23), 42.83 (C-24), 33.09 (C-25), 19.63
(C-26), 19.94 (C-27), 17.59 (C-28)
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Cell viability (%)

MC fraction (pg/ml) - 2550 100 - - - - - - = - - - - =
Hex fraction (pg/ml) - - - - 2580100 - - - - - - - - -
EA fraction (pg/ml) - - - - - - - 25 B0 400 = — = = = =
BuOH fraction (pa/ml) - - - - - - - - - - 25 50 100 - - -
DW fraction (pg/ml) - - - - - - - - - - - - - 25 50 100

(B)

Figure 4. Cell viability of G. lucidum extract (GLE) and
fractions. Cells were treated with various concentrations of
GLE (A), and fractions (B) for 24 h. Viability was determined
in th MTT assay by measuring the absorbance at 540 nm.
Significance was determined compared to untreated cells (* p
< 0.05). All data are expressed as mean + S.D. of three
separate experiments performed in triplicate.
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Figure 5. Cell viability of ergosterol. Cells were treated with
various concentrations of ergosterol for 24 h. Viability was
determined in th MTT assay by measuring the absorbance at
540 nm. Significance was determined compared to untreated
cells (*p < 0.05). All data are expressed as mean + S.D. of
three separate experiments performed in triplicate.

7+ 447 TRPM8 & &% &7} "

TRPMB/B-actin

GLE(pg/ml) 0 25 5O 100

Figure 6. The effect of G [lucidum extract on TRPMS8
expression. HaCaT cells were
concentrations of GLE for 6 h. Total cell extracts were blotted

treated with  various

with TRPMS8 and /3 -actin antibodies. Band intensities were
quantified using Image] 1.47 software and nomalized to /S
-actin.

2 2 3to] MTT assayS 3383 AlEo] thet A8

o] ME 545 Uttt 25-100 ug/mlLe] %

A 3ol A 23t A3, ‘ﬁZlHi I FE2= 2 E29E 5%l
100 ug/mLe] T=7HA] 54 HolA gbas& FRlst
ATHFigure 4). YAHAFE=0A 223 F8 A&
A d2uHE = 100 ugmLe] F=7HA] SAZ
o7 Fo3k Al ZAo] HolA] gFas skt

(Figure 5).

cold and menthol receptor=
dHA A= E/\IX—M T84 A9 B2 TRPMSP/I
o) Ut AMAFEE, BIE 5T D o2

HEe] TE dolrgth Azte] ARE ME 54

CJ?_E} o2 o2 TRPMB2]

=7 Hex &8E =3+
(Figure 6, 7).

Bl & T3 TRPM8S] ¥ S 25 ug/ml F=HE f2
Hog 7RIS g8k Th(Figure 8).
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(B)

Figure 7. The effect of G. lucidum extract fraction on TRPM8
expression. HaCaT cells were treated with various

concentrations of fraction (Hex, MC, EA, BuOH, DW) for 6 h.
Total cell extracts were blotted with TRPMS8 and /5 -actin
antibodies. Band intensities were quantified using Imagel] 1.47
software and nomalized to / -actin.
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Figure 8. The effect of ergosterol on TRPMS expression.
HaCaT cells were treated with various concentrations of
ergosterol for 6 h. Total cell extracts were blotted with
TRPM8 and pJ-actin antibodies. Band intensities
quantified using Image] 1.47 software and nomalized to /S

were

-actin.
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