B o
Kor. J.
47(2) :

st 3 A
Pharmacogn.
172 ~ 178 (2016)

Nl e]

T H|2t ORFF2A0M XE7HHM (Inonotus obliquus) FEE9|

Mz B7F AM A X[ETHAL 7 &HE

Al - A - BB
BT SL A HIY-

Suppression of Adiposity and Improvement of Fat Metabolism in High-fat
Diet-induced Obese Mice Treated with an Inonotus obliquus Extract

Bobae Kim, Min-Seok Kim and Chang-Kee Hyun*
School of Life Science, Handong Global University, Pohang, Gyeongbuk 37554, Korea

Abstract — Using high-fat diet-induced obese (DIO) mice, the mechanism of anti-adiposity and anti-obesity actions produced
by Inonotus obliquus water extract (IOE) was investigated. Significant reduction in body weight in DIO mice orally admin-
istrated with IOE for 8 weeks compared to IOE-non-treated control mice was observed, which was attributed to the reduction
of epididymal and mesenteric adipose tissue, but not the liver and skeletal muscle. Adiponectin synthesis in epididymal adipose
tissue (EAT) and AMPK phosphorylation in the liver were significantly increased in IOE-treated DIO mice. Gene expression
analysis showed that IOE-treated DIO mice had higher expression levels of lipogenic genes in EAT and fatty-acid oxidative
genes in the liver, but lower expression levels of hepatic pro-inflammatory cytokines compared to IOE-non-treated controls. Our
findings confirm a therapeutic potential of Inonotus obliquus for reducing adiposity and ameliorating hyperlipidemia to treat

metabolic disorders.
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Real-time RT PCR - 7} 2% 2 HE 2] RNA E&]+
Tri-reagent(Molecular Research Center, Cincinnati, OH)E
018313137, Yoizl RNA 2 pgoll thald GoScript™ reverse
transcriptase(Promega, Madison, WI)€} Oligo(dT) 20 mer
& o] &3to] o dALSEAA T Real-time PCR-2 Premix Ex
Taq' "(Tli RNaseH Plus) kit(Takara Bio Inc., Shiga, Japan)
2} ABI 7500 Real-Time PCR system(Applied Biosystems,
Foster City, CA)2 A}&3le] A A5 h Acetyl-CoA
carboxylase(ACC), acyl-CoA oxidase(AOX), adiponectin,
acidic ribosomal phosphoprotein  PO(Arbp), carnitine
palmitoyltransferase1(CPT1), CD36, fatty acid synthase(FAS),
glycerol-3-phosphate acyltransferase 1(GPAT1), interferon
Y(IFNy), interleukin-4(IL-4), IL-10, leptin, long-chain acyl-
CoA dehydrogenase (LCAD), peroxisome proliferator-
activated receptor Y(PPARY), peroxisome proliferator-activated
receptor y coactivator 1-o(PGCla), sterol regulatory element-
binding protein 1-c(SREBPIlc), tumor necrosis factor o
(TNFa) §-2] primer 4192 Table 19 %71¢ vl 7+
om, Arbpe SFHE FAAES] T o® ARHEAT

Western Blotting — Z} ZZ]ol|4]2] AMPK <14t} =
= Western blotting] &2 =43} th 2o 2K o
e 121—5}7] fJsted GRlikstgs AAAE 715 PRO-
PREP™ Protein Extraction Solution(iNtRON Biotechnology,
Seongnam, Korea)ys 223} &3}, 233t &, 4L
dAEet dES Ak S 15 pgs 10%
SDS-PAGEZ #2]3F § PVDF membraneZ electroblotting
3, 5% skim milkZ blocking §-, 12} 321 adiponectin,
anti-phospho-AMPK(Thr172) ¥+ anti-AMPK &3] 3 2],
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Table I. Characteristics of specific primers used for Real-time RT PCR analysis

Gene Forward primer Reverse primer
ACC TGACAGACTGATCGCAGAGAAAG TGGAGAGCCCCACACACA
Adiponectin GCAGAGATGGCACTCCTGGA CCTTCAGCTCCTGTCATTCC
AOX GTGCAGCTCAGAGTCTGTCCAA TACTGCTGCGTCTGAAAATCCA
Arbp TCACTGTGCCAGCTCAGAAC AATTTCAATGGTGCCTCTGG
CD36 TCCTCTGACATTTGCAGGTCTATC AAAGGCATTGGCTGGAAGAA
CPTI TGAGTGGCGTCCTCTTTGG TCAGCGAGTAGCGCATAGTCA
FAS GCTGCGGAAACTTCAGGAAAT AGAGACGTGTCACTCCTGGACTT
GPAT1 CAGACACAGGCAGGGAATCC GCCTAGGTCGAAATCGCGAG
IFNy TCAAGTGGCATAGATGTGGAAGAA TGGCTCTGCAGGATTTTCATG
IL-4 GGCATTTTGAACGAGGTCACA GACGTTTGGCACATCCATCTC
IL-10 TGCCTGCTCTTACTGACTGG CTGGGAAGTGGGTGCAGTTA
LCAD TCCATGGCAAAATACTGGGC TTGCAATCGGGTACTCCCAC
Leptin TGACACCAAAACCCTCATCA TCATTGGCTATCTGCAGCAC
PGCla TCGATGTGTCGCCTTCTTGC ACGAGAGCGCATCCTTTGG
PPARy AGTGGAGACCGCCCAGG GCAGCAGGTTGTCTTGGATGT
SREBPIc GGAGCCATGGATTGCACATT GGCCCGGGAAGTCACTGT
TNFo CACAAGATGCTGGGACAGTGA GAGGCTCCAGTGAATTCGGA

horseradish peroxidase 2% 22} A A2)E& AAH(FAES
5 Cell Signaling Technology, Beverly, MA), enhanced
chemiluminescence a2 thil A8 AZalgic) vhla
blot®] 7=+ Alphalmager 2200(Protein Simple, Santa
Clara, CA)E ©]&-3at #4313t
SA M| - 2E A BT 0AE 2
oh F AR 7] fold AL Student’s rtests 18-S
o p<0.05 = olde] 5 TAA freldel e Aow
ket
Y
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Fig. 1. Effect of IOE treatment on body and tissue weight.
C57BL/6] mice were fed a normal or high-fat diet with IOE
or PBS (control) treatment during 8 weeks. (A) Changes of
body weight and (B) tissue weights. *»<0.05 and **p<0.01
compared to high-fat diet(HFD)-fed control mice. Data repre-
sent meanstSD for 5~6 mice per group. ND: normal diet-fed
PBS-treated mice, HFD: high-fat diet-fed PBS-treated mice,
HFD+IOE: high-fat diet-fed IOE-treated mice, EAT: epididy-
mal adipose tissue, MAT: mesenteric adipose tissue, Muscle:
quadriceps muscle.
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Fig. 2. Effect of IOE treatment on (A) adipokine expression in
epididymal adipose tissue and (B) serum adiponectin level. In
(A), total RNA were extracted from epididymal adipose tissue,
reverse transcribed, and mRNA expression levels were detected
using real-time PCR. All genes were normalized with expres-
sion level of Arbp. In (B), serum was adequately diluted in
PBS and analyzed by SDS-PAGE and immunoblotting.
*p<0.05 and **p<0.01 compared to HFD-fed control mice.
Data represent means+SD for (A) 5 mice and (B) 3 mice per
group. ND: normal diet-fed PBS-treated mice, HFD: high-fat
diet-fed PBS-treated mice, HFD+IOE: high-fat diet-fed IOE-
treated mice.
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Fig. 3. Effect of IOE treatment on AMPK phosphorylation in
the liver of HFD-fed mice. Total protein was extracted from
the tissue and analyzed by SDS-PAGE and immunoblotting.
**p<0.01 compared to HFD-fed control mice. Data represent
means+SD for 3 mice per group. HFD: high-fat diet-fed PBS-
treated mice, HFD+IOE: high-fat diet-fed IOE-treated mice.
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Fig. 4. Effect of IOE treatment on expression of lipogenic
genes in epididymal adipose tissue of HFD-fed mice. Total
RNA were extracted from epididymal adipose tissue, reverse
transcribed, and mRNA expression levels were detected using
real-time PCR. All genes were normalized with expression
level of Arbp. *p<0.05 compared to HFD-fed control mice.
Data represent means+SD for 5 or 6 mice per group. HFD:
high-fat diet-fed PBS-treated mice, HFD+IOE: high-fat diet-
fed IOE-treated mice.
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Fig. 5. Effect of IOE expression on gene expressions related
to (A) fatty acid oxidation and (B) chronic inflammation in
the liver of HFD-fed mice. Total RNA were extracted from
the liver, reverse transcribed, and mRNA expression levels
were detected using real-time PCR. All genes were normalized
with expression level of Arbp. *p<0.05 compared to HFD-fed
control mice. Data represent means+SD for 5 or 6 mice per
group. HFD: high-fat diet-fed PBS-treated mice, HFD+IOE:
high-fat diet-fed IOE-treated mice.
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