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Objectives This study is to investigate the effects and mechanisms of Gastrodia elata
extract (GEE) on the high—fat diet-induced obesity model.

Methods C57BL/6 mice were randomly assigned into 5 groups (n=10). Control group
was fed normal diet (ND). Obesity group was fed 60% high fat diet (HFD). The other
three groups were fed HFD with 100, 200, 500 mg/kg GEE. After five weeks, body
weight, liver and epididymal fat weight, triglyceride concentration in liver and serum,
sterol regulatory element-binding protein-1 (SREBP-1), acetyl-CoA carboxylase
(ACC), fatty acid synthase, peroxisome proliferator-activated receptor v (PPAR-7),
CCAAT/enhancer binding protein a (C/EBP-a) expression level, insulin concentration
in serum were measured.

Results The GEE (100, 200, and 500 mg/kg)-treated animals exhibited substantial
decreases in body mass, liver weight and epididymal white adipose tissue collate to
the HFD—-fed group. GEE treatment also reduced hepatic and serum triglyceride level.
Furthermore, GEE treatment significantly inhibited adipogenesis in the GEE group by
reducing the protein expression of SREBP-1, ACC and the messenger RNA expression
of PPAR7, C/EBP-a, which are adipocyte differentiation-related genes.
Conclusions These research outcomes recommend that GEE is possibly valuable for
the prevention of HFD-induced obesity via modification of various pathways related with
adipogenesis and adipocyte differentiation. (J Korean Med Rehabil 2022;32(4):1-8)
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YA #Ho] glom, o3 oA #F xdol A 85792 C57BL/6 A PH-2~(22-24 )& LPAE
WSt A7) AEze] A, AA R 3K adipogenesis), H}o] 2(Seongnam, Korea)oll A g5 8tol Ad5E AL
A A 3ol A o] AHEHd(lipogenesis)©] F 27 F42} oA Aol ARE AT 54 dtoll 1579 &3+ 4
3 AFEH AT Moseti 52 peroxisome proliferator- LA F Aol AREEITE AR 71X F L5 18~
activated receptor y (PPAR-y)7} AA|E E3le] 9 24°C, 5 50~60%, ZHAIZF 08:00~20:00 (1Y€ 12A]
zARIAo| AL AARIALZ PPAR-y $lol& AHEst he] S A ARSEEH o, ARt ST E AHrEAl
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AABIES Fasta, AsS 7 13 Stk A%
A ok e2E 7 7 AR HE AFo] AREES AF
T2 WA SFA T Table 1). A 32]0] tZT(normal diet
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A ole} HEE, FEE, AFES Hnf FEES
oA APToE wiHst 553 AT TSt
’FAlol= QE|lENLe] 29| LabDiet SL79E AH8-3}
A1, IA o] AARE F EHY 60%7F Ao = T
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Rodent Diet with 60% kcal% fat (D12492)5 A3} T
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Inc., Gimpo, Korea)E ©]-83t%] 2,500 rpmoll 4] 103+
A& Felste] Aol ARgstATt £ ATl AMS-H

Table 1. Classification of Experimental Groups

Group Treatment
ND Normal diet + saline
HFD HFD + saline

GEE 100 mg/kg HFD + GEE 100 mg/kg

GEE 200 mg/kg HFD + GEE 200 mg/kg
GEE 500 mg/kg HFD + GEE 500 mg/kg
HFD: high fat diet, GEE: Gastrodia elata extract.

Table II. Composition of Mice Diet

Ingredient (kcal%) Normal diet High fat diet
Protein 21.028 20
Carbohydrate 65.304 20
Fat 13.668 60
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13,000 rppm@ll 4] 1023F LAlEElte] dojzl &
A Z AR SAEA RS 2 oA 2R(Seoul,
Korea)2] TG kit (AM1578)E AR&3ke] B354t 7+
22 U F3A 32 BCA protein assay kit (Thermo
Fisher Scientific, Waltham, MA, USA)Z thif A kg =
Fate] @il Frof wat AlLkekdith

4. \Western blot

7t 22 U] @22 protease inhibitor, phosphatase in-
hibitor (Millipore, Burlington, MA, USA)E X313+ RIPA
lysis buffer (Thermo Fisher Scientific)E AR&-3}e] &g
3k BCA protein assay & ©]-83to] 2|3 Thild &
AeFstal Td ¢fo] FAEFE HAE Azttt
20 pg?] TS sodium dodecyl sulfate-polyacrylamide
geloll &3kl H71FEAA E2lstaith Gel Wl
272 EeE @E-2 polyvinylidene fluoride mem-
brane (GE Healthcare Life Sciences, Buckinghamshire,
UK)®l| o] 5AIFtE Z+2+2] membrane- 5%2] skim milk

(BD Difco; BD, Franklin Lakes, NJ, USA)S A-&-3}o]
A7 B9 B2, 13 dAE lpg/mLE 1:2,000
o7 3Mste] 4oCol A WA BESAIZT o] o) AR
)| F B-actin antibody, SREBP-1 antibody+ Santa Cruz
Biotechnology (Dallas, TX, USA)Z-E 7433 FAS
antibody, ACC antibody+ Cell Signaling Technology
(Danvers, MA, USA)ollA 7433t 23 A= 1:2,000
oz At Ao 143 F% H-SAI7]AL ECL
kit (Millipore)2} image analyzer (EZ-Capture ST; ATTO
Corporation, Tokyo, Japan)E AMg-3te] Thillzl WA =RS
I8k}, olwf AR-E 24k A2 AHE-]E Goat Anti-
Mouse IgG H&L (HRP), Goat Anti-Rabbit [gG H&L
(HRP):= Abcam (Cambridge, UK)oll A -4 akic), o4
A FHAFL Image J software (U.S. National Institutes
of Health, Bethesda,, MD, USA)E ©]-83}4] B-actin %
B oltE 7o E st

5. Total RNA 22| % real time polymerase
chain reaction (PCR)

7+ Z%] U] RNAE TRIzol reagent (Invitrogen, Carlsbad,
CA, USA)E o|&3te] #elat3l, 335 (Implen
GmbH, Miinchen, Germany)ollX S-3 55 73t =¥
SFTE RNAZRE 9] cDNA 3432 1 pg total RNAS}
Prime Script reagent kit (Takara, Tokyo, Japan)< ©]-&3}
of X343} T). Real time PCR-S cDNA, primer sequences
(Table III), Power SYBR Green PCR master Mix (Applied
Biosystems, Foster City, CA, USA)E ©|-8-3}] =343}
o} THE ZH2 F-72412] messenger RNA (mRNA) %
real-time PCR systems (Applied Biosystems)E ©]-&3}<]

Table IIL Sequences and Accession Numbers for Primer, Forward and Reverse, Used in Real-Time PCR

Gene Prime sequence (5> — 37) Accession No.

GAPDH Forward: CGTCCCGTAGACAAAATGGT NM_008084
Reverse: TTGATGGCAACAATCTCCAC

PPAR-y Forward: GTACTGTCGGTTTCAGAAGTGCC NM _011146.4
Reverse: ATCTCCGCCAACAGCTTCTCCT

C/EBP-a Forward: GCGAGCACGAGACGTCTATAGA NM_001287514.1

Reverse: GCCAGGAACTCGTCGTTGAA

PCR: polymerase chain reaction, GAPDH: glyceraldehyde-3-phosphate dehydrogenase, PPAR-y: peroxisome proliferator-activated
receptor y, C/EBP-0: CCAAT/enhancer binding protein a.

www.e-jkmr.org 3



Aal& - Aot - ¥23] - $F - A - okl - $AE - T3] - oS
glyceraldehyde-3-phosphate dehydrogenaseol] thgh 3y 2. 2t ZXIT} X8 XXl 27|Q| H5}
ARl Fo = ALkt
=3 3F 223 Ragk Ay 220 FAE SA6
6. 8 Ol = =X of ¥ THFig. 2). IA Aol 3 22 FAI=
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Salem, NH, USA)-/] mouse ultrasensitive insulin ELISA vl FZFEF 100 mg/kg, 200 mg/kg, 500 mgkg FAT

kit (80-INSMSU)E Al&-3t] A|zAle] Wl wet =

gttt
7. £7 %2

RE AY Ay HyrdEasE itk 4 &
el FAA oA ARl e FAEAS one-way
analysis of variance test Ducan ARE 737 BlaE AHA|
stof p<0.05 o Fol3k o= AT TAEH

ol = SPSS program for windows version 12 (SPSS Inc,
Chicago, IL, USA)E ©|&3l%th.
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1. M52l Hat

13 A Z—% ZAst] AFo Hﬂi}% H] w3 T
(Fig. 1). 55 & 2d2]olte] 2152 23.83£1.23 gollA]
28.06£1.07 gO & F7}sldar, A Aole] AFe
24.50+£0.68 gl Al 40.40+2.78 g0 &2 F7}3ke] Ak o]
0] A5 wske} vl wskal-e v -2 8kA|(p<o. 001) =7t
STk Al F2E 100 mgkg 579 AL 2405+
0.69 goA] 33.76+3.02 g0 2 7}, v} FZFE 200 mg/kg

T AlFS 24.2240.61 gollA 33.18+1.61 g2 5
7}, Aol FEE 500 mgkg FolTe] AFS 24.28+124 g
oA 32.6342.17 g2 F7}ste] A A o)e] AF
HAstel BlulekelS W A2 olof o7t AlF F7H}
Frol3HAl(p<0.001) A= Atk
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o] 7+ A 9] BA= 247} 1.1340.16 g, 1.06£0.15 g, 1.14+
0.61 g2 JAFAlo)F tiv] b 229 BA F717}
F2]8FA(p<0.01, p<0.01, p<0.05) &A= ATHFig. 2A).

aA Aol Fadk A A FAE 2.06+
0.25 g O 2 0.41£0.09 gl A d2]ole] Fudh Ay =
2] BA e vwetd-e w F28kA(p<0.001) F7F8kA
o}, Hrb 55 100 mg/ke, 200 mg/kg, 500 mgkg F
oo gt A Ao FAE ZHzt 1.45+0.36 g,
1.45£0.17 g, 1.37£0.33 g&. 2 1A o|F thn] B3l
Ay 22 o] FA ST §-48HA(p<0.05, p<0.05, p<
0.01) &A= ATKFig. 2B).

50-
-+ ND
HFD
S -+ GEE 100 mg/kg
— 404 -~ GEE 200 mg/kg
= - GEE 500 mg/kg
@ ##
2 144
% 30
o
m
20
&

Fig. 1. Effect of GEE on body weight in HFD-fed mice. GEE:
Gastrodia elata extract, HFD: high fat diet, wk: week, ND:
normal diet. ““p<0.001 vs. ND group, *p<0.001 vs. HFD group.
n=10.
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A3 2+ 22 U SAA Y(triglyceride) 555 =
Wk THFig. 3). A4 olTe] dF W F

AR FEE 176.10 mg/dLOE AA2lole] &4 U
FTAAY F% 59.63 mg/dLe} ¥ SRS wf 2.954)7}
S7FFA 21 H(p<0.001), Pt F5E 500 mgkg Tl
o] 4 ) SAAY FEE 113.20 mg/dLE A2
o2 RIF dA W A v VS FosHl o
AN AL Z YERSITHp<0.01). A, Hn} FEE 100,
200 mgkg T B W FH4AY 5= 128.20

GEE - - 100 200 500
(mg/kg)

mg/dL, 132.50 mg/dL 2 FAHk2] 0] i) 7F23h..
v Frofdk gk ot

aAPEA ol b 23 U A FEE 58.58
mg/g protein & A/g2lo) 7 1 22 | A F
I 40.12 mg/g protein} B WSS | 1.46W17}F S5}
A2 K p<0.05), Hu} F=E 100, 200, 500 mgkg FoiT
o] 2t 22 W F8AY T 27} 48.19, 35.29, 38.49
mg/g protein®= v} FZE 200, 500 mgkg FoT
o mAPYAo]& QIF Ik 22 W FAHAY v & F

7He frefstkAl AIAZ AC 2 YERETHp<0.01).

C

Epi-fat weight(g)

GEE - - 100 200 500
(mg/kg)

Fig. 2. Effect of GEE on the liver (A) and epididymal fat (B) weights in HFD-fed mice. GEE: Gastrodia elata extract, HFD:
high fat diet, ND: normal diet. "p<0.05, “"p<0.001 vs. ND group, “p<0.05, #p<0.01 vs. HFD group. n=10.

(A)
250-

2004
1504

1004

Serum TG level
(mg/dL)

HFD - + + + .

GEE - 100 200 500
(mg/kg)

(B)

Liver TG level
(mg/g protein)

HFD - + + + 5
GEE - - 100 200 500
(mg/kg)

Fig. 3. Serum TG (A) and liver TG (B) levels in HFD-fed mice with effect of GEE. GEE: Gastrodia elata extract, HFD: high
fat diet, TG: triglyceride, ND: normal diet. "p<0.05, "“p<0.001 vs. ND group, *p<0.01 vs. HFD group. n=10.
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4. H[9F HH STl HHEHE Eoi9| Hot 5. HI2F #H FHXIC] mRNA Zeie| Hat
FA G2 o] f = BIRkel] gk Ml FE59] 53 V) DA o] = Higlel] gk vl 59| a7 71A
S 2K 913k SREBP-1, FAS, ACC2] whizl vt < xAFS}7] 918ke] PPAR-y, C/EBP-a, ACC2] mRNA
e AT O A3 a2 WA olE AAg TS ARG 1 A aA P2 o5 AT o

SREBP-1, FAS, ACC ©d W esFe Ag2ol of
v F7FstA o, ek &5 100, 200, 500 mgkg F
o} oAl SREBP-1, FAS, ACCS] iz wgzfo] 11
Ag2lo] HHAT tin] 4Aagh RS AvE 5

(Fig. 4).

SREBP-1 """'-hh-‘:"""Nin'H-iL”—"*
FAS -hi..i--—:-ﬂﬂlﬂ-‘.‘

ND HFD i 100mg/kg ! 200mg/kg ' 500 mg/kg

GEE

Fig. 4. Effects of GEE on liver obesity-related protein expression
in HFD-fed mice. SREBP-1, FAS, ACC protein expressions
were determined by western blot analysis. GEE: Gastrodia
elata extract, HFD: high fat diet, SREBP-1: sterol regulatory
element-binding protein-1, FAS: fatty acid synthase, ACC:
acetyl-CoA carboxylase.
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PPAR-y, C/EBP-0, ACC mRNA T& e Hatalol of
H] froJ3HAl F71she A2 UERETHp<0.01, p<0.01,
p<0.001). ¥HH, Hu} F25 FojTol|A 1Ag2]o] 444
T tiH] PPAR-y2] mRNA &3 o] & oEHo = 7t
23t om, vl FEE 200 mgkg T4, 500 mgkg
Fooll A FolstAl 2 (p<0.01, p<0.001)%+ Z2
et Ant F2E £ C/EBP-a mRNA 23
Fol M= mA Aol thY] At en, 53| Hnf
FE= 500 mgkg FATNA Fg A (p<0.01)7}
YUERSTHFig. 5).

= I A B A=
F5+ 2.96 ng/mLS
5 0.56 ng/mLS} H
oF sHj7} 718k O (p<0.01), Hn} 3=

500 mgkg T A U JdEd FEE 1.29
ng/mLE IX| o] 2 Q1 PA ] Aded
S oAl JAIAR] Ao E YERSTHp<0.05).

0.

= 27

39

T,

=

C

C/EBP-a

g Relative mRNA expression

H - + + + +
GEE - - 100 200 500
(mg/kg)

Fig. 5. Effect of Gastrodia elata €Xtract (GEE) on Hepatic mRNA expression level of obesity-related gene in high fat diet (HFD)-fed
mice. Hepatic mRNA expressions were determined by Real-time PCR analysis. (A) Quantitative analysis of PPAR-y mRNA
expression (B) Quantitative analysis of C/EBP-a mRNA expression. **p<0.01 vs. ND group, “p<0.05, #p<0.01, **p<0.001 vs.

HFD group. n=10.
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Fig. 6. Serum insulin levels in HFD-fed mice with effect of
GEE. GEE: Gastrodia elata extract, HFD: high fat diet, ND:
normal diet. “p<0.01 vs. ND group, “p<0.05 vs. HFD group.
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