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ABSTRACT

Received: 30 November 2017

The anti-obesity effects of extracts of Inonotus obliquus and roasted I. obliquus were investigated
Revised: 18 December 2017

through the measurement of the differentiation of 3T3-L1 pre-adipocytes to adipocytes. Cytotoxic
Accepted: 18 December 2017 4tjyity was determined by MTT assays on 3T3-L1 pre-adipocyte. Adipocyte differentiation was
assessed through the evaluation of lipid accumulation (by using Oil Red O staining) and the
expression of adipogenic proteins (by using western blotting). Compared with the control, the
treatment of differentiating adipocytes with extracts of 1. obliguus , and roasted I. obliquus
significantly inhibited differentiation. In the presence of an adipogenic cocktail (isobutyl-
methylxanthine, dexamethasone, and insulin), /. obliguus and roasted I. obliquus extracts
significantly decreased the expression of adipogenic proteins, peroxisome proliferator-activated
receptor- Yy (PPAR 7 ), and CCAAT/enhancer binding protein alpha (C/EBP- @), relative to the
expression level of N-acetyl-L-cystein (NAC, negative control). These results indicated that the
extracts of I. obliquus and roasted I. obliquus were potential candidates for the prevention obesity.
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A7gdolthJoo et al., 2010). Z-E0] Hatrgo] 2A ZS7IsAA 4] el tigh Q14 0] Hglz ¢lste] 252 70|
L} Ao] @RSl ZH gl om, o] ool ke AlF ol ARl 7154 Wi, 55| AlE4d shekEe] wholEAlold
(phytochemical)< -85 @} H|RF 2 HFt 71 2R 7] 734-& olsffsl iz} shi= A-50] AlSE AL Qth(Kang et al.,
2007; Kang et al., 2008; Mercader et al., 2011; Perez-Vizcaino et al., 2006; Rayalam et al., 2008). ©|2{3+ Tfo| &7
o2 FHdout oAl 22 IR ol Ho] dtE|o] 9lom v G JRER sl 4, A 5] Aejegel
a'so] ekl LA Qlar, ueht yeAsto] 2R o] M| 2575 2Esko] ke Thald Bl o e
Aol= 7107 H11E|3 Itk Eberhardt et al., 2005; Khor et al., 2008; Lim et al., 2012).

HARtF(Basidiomycota) 2] T2 HAE{ Aphyllophorales), A8 =AY Hymenochaetaceae), A5 H|
AlZ5(Inonotus) Ol k= Z}71HH Al (Inonotus obliquus (Pers.) Pilot)<> 28 thaeh E81e] 2R, @ 2|u, uf
7hEolA 2PshE Al o ® & gAlote] AM|goft TtE, e 2gjo] B2 "R SAoA F& AAgsh dH5
= Qi SR04 ZPYstal okl H 1% o] QITHGuk et al., 2013; Shashkina et al., 2006). 7 AL %]4] 9]
APYEE 7HA AL Qe EAlotellA] 1950\ T ERE] A7t AR o] Zp7F Al o] ZFdA oA &3]t B -glucan,
polyphenol ¥ polysaccharides, peptides, triterpenoids, steroids ‘5 TF4RH 71554 AR5 T-fotal it &
SITHCui et al., 2005; Guk et al., 2013; Hyun et al., 2006; Lee et al., 2007; Nakajima et al., 2007; Rhee et al., 2008;
Shashkina et al., 2006; Zhang et al., 2007).

oj2fe A7 A PRE AHES AHE A, A7 A FEEC| ARIAE A oiffolut 94, S5t 5ol &
7} Qlrtal B alE|o] 9lom, E6] SAE A B16-F10, TS Al DLD-1, 287459t Al 2 HeLa S3 121 ¢
AL SNU-484 5 Thdet oF A7) F415 AAohH Fojd I BAE Hol= 2 o0& AE|o] gloj e of
SAL=ol7| 23t QJthBurczyk et al., 1996; Hwang et al., 2003; Kim et al., 2006; Kim et al., 2007; Lee et al.,
2007; Najafzadeh et al., 2007; Park et al., 2005; Sung et al., 2008; Youn et al., 2009). S}A|7+ | gk} P oL
A= nHRH o o

wEbA] 2 dtolaE A PHAL A2 371 thE 2 0 & R ARREAZPHALS o]-85to] Eot 3T3-L1 2%
Alazof] A2fstSle w) A F2A ot A ATiAL B Azt o] ke mIAl=A] skt skl

2z Y

e

AP HALS Get2 ato] TAKRussia) oA YE-S FU5HR. 0™, AHA1AZ(3T3-L1)+= Lonza (Switzerland)
oA Fdste] ARgotTt. ZXHEAFEA| 2] uiekof] E Q3 HiX|@} Penicillin-streptomycin-< Thermofisher (USA)
oA Flotd o, Edlofl AF8-E]= insulin, dexamethasone (DEX), 3-isobutyl-1-methylxanthine (IBMX), nitroblue
tetrazolium (NBT), Oil red O (ORO), isopropyl alcohol, N-acetyl-L-cystein (NAC), tetrazolium salt (MTT) % 7|€}
AJOFE-2 Sigma-Aldrich (USA)olA -edsto] ARgo1odct

A7 f{Ate] ZAS U AR M
2P pA L] 2R 2E 2AFH7]|Q1 SMART 1500 (IMEX Corporation Ltd, Korea)= ©|-85t Z13461%1.0.
™, A =38 S o835t 3712 4051004 2" 435Itk (Table 1).
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Table 1. Roasting conditions of /nonotus obliquus

CE RCEI RCE2 RCE3
Mode Roast color: Medium
Bean Temp. Mode Ist - 78 78 78
°C) 2nd - 83 83 -
Color - 88 88 -
Aging Set Mode Aging water - - 5 -
(sec) Aging time - - 60 -

UCE, Inonocus obliquus extract; RCE1, roasted 1. obliquus extract 1; RCE2, roasted 1. obliquus extract 2; RCE3, roasted 1. obliquus extract 3.
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ZHFHEA QT 3T3-L1-2 10% Bovine Calf Serum (BCS, Welgene, Korea) 2! 1% penicillin-streptomycin®] 3

H% Dulbecco's modified Eagle's mediaS AF8o1d 37°C, 5% CO,2] 7oA vleFsisitt. vid7iA] 24 &
3T3-L1 AYATLA|EE ZA| 2 B3 B4 (10 ug/mL insulin, 1 uM DEX, 0.5 mM IBMX)¥} FBS (10%) 2!
P/S (1%)5 &35 DMEM (E3HliA) 2 wgste] 247t 7} vijofsldlet. 1 & Boljz| = wglslo] 1297 uijok
SHAA APA LR 0] FHE Fe stk A& 24nte AA I 231 -G 7|7 F < Hljekelof A 2shitt.

M= B0t

YA A S| n|EZEgotol A Hapa @ AZRRo] o5l kgt O] MTT tetrazolium-= 8AMY 9] BI4-8/d MTT
formazan (3-(4 5-dimethylthiazol-2-y1)-2,5-diphenyl-tetrazolium bromide) .2 HAA|7]= 532 o|-85}o] AL
=38 =45t Carmichael et al., 1987; Mosmann, 1983). A[SFA-A| 21 3T3-L1-2 24-well plate©]] 2 x 10%/well

7510 5% CO,, 37°C i ]ol|A] ulieFstalom, 27 Al & 8-E 55 E(0 - 200 ug/mL)E 2|25}
ZAuieF 23S LRt 2Fgof| A 24 A1 vl eFot oLt MRS = 4417 7 MTT solution (5 mg/mL)S 3 7Foto] HRS-A]
71 3 vz E Al stal DMSOZ -£-5l51. 2. H, spectrophotometer= ©]-8-51 570 nmol|A S8 =5 S4 51T}

HIZLY 2|22t 210l
Ro}agoll W2 3T3.L1 AT AEEERS Slels}r] Sloko] Z12k0] |22 A2lgh 6-well oA 129 BT Rt
¥ 3T3-L1 AJ3E2] WS AT %, 10% formalin 1 mLE H7Fslo] 5E7H A2l wAaisic). ofF Fake]

10% formalin -84-g THA] H7IStal Eold AIEE 1ARE ol A2olA et & e A7kl 60%
Eﬁ
=

isopropanol 500 uL-E @75 A 2ZE A2t & 5] AZAIZALE. Oil red O working solution (Oil re
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F=6:4) 22 A|Z Ylof| FHH A PAJEES QMR F PBS (phosphate buffered saline, pH 7.4)E AF8-51] 3 -

53] o AlHste] §lS 5] AAR = & FAS 9151e] hematoxyling 1427t 2|53t o F Al-ste]
hematoxyline 25| A|AstL AZAIZ] & ou|z|E FYFstal, A =t 29t Oil red O w2 100%
isopropanol 2 85X 520 nmollA S F =S =451t

24 CHHZ] Hh5iaE B

A=} 2t ThiY S oA

e
m

Az Ao F2 SRIEm AL Bl kS t]x]&= peroxisome proliferator-activated receptor gamma
(PPAR- )2} CCAAT/enhancer binding protein alpha (C/EBP- ) T 0] HIHAQLS: =H517| 9J51e] Western
blot analysisS Z=385FSAtt. HIOFE AL o] 2| S A| 7|3t & RIPA buffer® lysis A]7]1 cell scrapers ©]-8510] A
E 3155k BCAOR Tl 0S4kt 7, 10% SDS gel 2 0 851] 30 ug] B de 77| 455}ct. o] %
PVDF membrane®]] 0|5} blocking - 1¥antibody-2"antibody 2] <=4t 2 B}, WEST-ZOL PlusS ©]-85}
o] s}shalagod AHbA © 2 thill 2 o] Wi A - 2 Slolslc)

2ARI A A 2EE 20| M= &0l

AYHAAA R 3T3-L1 oA 2AE A7PHA S50 AlaE=Ado] JleA] &4l 5]'7 | $161] MTT W o= A2
&S SRISIITH(Park et al., 2013). 71 A}, 2 AR 617 b2 A7HHA 255" CE (Chaga Extract)°llA]
20 200 ug/mL FEoA= Al A5 do] LERA] 94lal, A2 thE 2ok A" AP A 5328 7
H] RCE (Roasted Chaga Extract) 1, RCE 2 ] 4--9%= 150 — 200 ug/mL Z==0{|4] EH Zt Bl wsled okgke] ZhA
S B o, /o421 ztoli= e A] Q0 THFig. 1A-C). BFHO|, TATo| 2A'S St A PHAl =28
Q1 RCE (Roasted Chaga Extract) 3+=20 — 100 ug/mL ‘5504 thZ0 AR O U, 150, 200 ug/mL #{2]
A §roj80 2 AsmS] EGo] ZHasto] AITEAo] S A 2 LeetrkFig. 1D)

2P e 3T3-L1 MO AR AP7HHA 2E2R9t0| 2|41 A =1}

>~J

JATEA 3221 3T3-L1-2 12 52t £35FA1Z1 3 Oil red O staining2 55l AW A[=H(Lipid droplet) A3
sleleh A}, Alg5 AjslA] ol Holet A|iE tj 273} H| w5 CE, RCE 1, RCE 2, RCE 3-2 ZH2} 100, 200
ug/mL AR W BT F 20 2 A FAo] AaEE AL FRISIH oH, o]t e HjRe A HizFo s
AFERENAC (N-Acetyl choline) e} Bf 2 Z0] 01210 ¥4 RS WehilthFig. 2). 1ol Feds B, 212}
9] %28 100, 200 ug/mLE A 2] 5t AP ZoflA] 2]HEo] 84 &A17H200 ug/mL-S Helstae o o kel

22 SISt EE AP B FEET 248 A FEES vlng AT AP 28 FEE9 CE
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Fig. 1. The cytotoxic effect of /nonotus obliguus extract (A) and the extracts according to each roasting condition (B, C,
D). Cell viability was measured by MTT assay. 3T3-L1 preadipocytes were incubated with extracts of / obliquus (CE,
Chaga Extract) and roasted /. obliquus (RCE1, RCE2, RCE3, Roasted Chaga Extract) at various concentrations (0, 20, 50,
100, 150, and 200 ug/mL) for 24 h. The data shown in the graphs are the mean + SD (n>3). *£< 0.01 versus control.
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Fig. 2. Inhibitory effect of /nonotus obliquus and roasted /. obliquus extracts on lipid accumulation in 3T3-L1
adipocytes. 3T3-L1 cells differentiated with differentiation media in the / obliguus (CE, Chaga Extract), roasted /.
obliguus extracts (RCE1, RCE2, RCE3, Roasted Chaga Extract, 100 and 200 ug/mL), and NAC (N-acetyl-L-cystein,
negative nontrol) for 12 days. The data shown in graphs are the mean + SD (n>3). *P< 0.01 versus control, 'P< 0.01
versus I. obliquus extracts (100 ug/mL), *P<0.01 versus /. obliquus extracts (200 ug/mL).
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Fig. 2. Inhibitory effect of /nonotus obliquus and roasted /. obliquus extracts on lipid accumulation in 3T3-L1
adipocytes. 3T3-L1 cells differentiated with differentiation media in the / obliguus (CE, Chaga Extract), roasted /.
obliguus extracts (RCE1, RCE2, RCE3, Roasted Chaga Extract, 100 and 200 ug/mL), and NAC (N-acetyl-L-cystein,
negative nontrol) for 12 days. The data shown in graphs are the mean + SD (n>3). *P< 0.01 versus control, P<0.01
versus I. obliquus extracts (100 ug/mL), *P<0.01 versus /. obliquus extracts (200 ug/mL) (Continued).

A) B)
PPAR-y > | - - s "-‘! PPARy» | % ® - - |
B-actin > | -_— | B-actin » | — |
0 NACCE 1 2 3 0 NACCE 1 2 3
RCE RCE
(100 ug/mL) (200 ug/mL)
(©) ()
cror. [ e [ |

|]-actin>| ——.——-|
0 NACCE 1 2 3

ﬁ—actin » | A . . — — ‘

0 NACCE 1_2 3

RCE RCE
(100 ug/mL) (200 ug/mL)
(E) (¥)
1.5 1 1.5 1

2 £
g E
g g
< <
= 3
o A

-]
£ =
A O

0 NAC CE 1 2 3 0 NAC CE 1 2 3
RCE (200 ug/mL) RCE (200 ug/mL)

Fig. 3. Effect of /nonotus obliquusand roasted /. obliquus extracts on expression of PPAR-¥(A, B, E) and C/EBP-q(C, D, F).
3T3-L1 cells were differentiated with differentiation media containing extracts of / obliguus (CE, Chaga Extract),
roasted /. obliquus (100 and 200 ug/mL), and NAC(N-acetyl-L-cystein, negative control) for 12 days. The levels of PPAR-
¥ and C/EBP-a were determined by western blotting using specific antibodies. The protein expression ratio was
calculated against /- actin and represented as arbitrary units of integrated density value. The data shown in the graphs
are the mean £ SD (n>3). **P< 0.05 and *P< 0.01 versus control, ++P< 0.05 and +P< 0.01 versus /. obliquus extracts

(200 ug/mL) (Continued).
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