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Suppression of Fat Accumulation and Improvement of Glucose Tolerance in
High-fat Diet-induced Obese Mice Treated with an
Acanthopanax senticosus Extract

Bobae Kim and Chang-Kee Hyun*
School of Life Science, Handong Global University, Pohang, Gyungbuk 791-708, Korea

Abstract — Although it has recently been reported that Acanthopanax senticosus has a protective effect against the development
of metabolic disorders such as diabetes and hyperlipidemia, its underlying molecular mechanisms have remained to be elu-
cidated. In this study, we observed that treatment of an extract of A. senticosus (ASE) reduced body weight and adiposity and
improved glucose tolerance in high-fat diet (HFD)-induced obese mice. HFD-induced weight gain in white adipose tissues and
liver was also significantly reduced in ASE-treated HFD-fed mice, which was found to be contributed by suppression of mRNA
expression of genes involved in fatty-acid uptake and fat synthesis in white adipose tissue. ASE treatment also attenuated M1

macrophage activation, increased regulatory T (T,

) cell population, and modulated leptin/adiponectin profile that might alle-

viate chronic inflammation to protect against HFD-induced insulin resistance. Our findings suggest a therapeutic potential of
ASE for prevention and treatment of type 2 diabetes without adverse effects such as weight gain and dyslipidemia.

Key words — Acanthopanax senticosus, Diet-induced obesity, Insulin resistance, Anti-diabetic, Anti-obesity, Chronic

inflammation
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7WX 87Vl (Acanthopanax senticosus 5= Eleutherococcus
senticosus, Siberian ginseng)= &5°} 2 AlH|2]o} X9
A FaHre] g EEA dEoeelA tiiE
2, 724, AR, 17, e 59 §%°] oA uom, &
WollM= AAE, T, B, L8, #E9 59 A=l
olg¥x AUt 7MLt FEEo] tiE AedAl o
M &Es] Ao, 7N o] FEEH 2 F8 ¢
73521 eleutheroside S-Sl tsliA] &Ats), &+, 3
S, FYE, HAXHZE T ohdst 243 gk A7t
AHHAALY 53] 7M1 FEE] B0 teire

T2 APsES 5 TAE B SHHEY FAE @
FolFE IXNFT MAFge] FHoR BuEAt
Wi g A gl tieide ok At Bel 1y
FR] o}, 7IA Q7] FEE] tIsiA = streptozotocin &

i SF oA ] et ?:}771] GLUT4 &8 =
e ARt 15’_9}13) SLEFSHE 2o (fructose-

EE e

rich chow dietyg w3t Qled A3 ﬂ 3L G5 31Fo
A s AARE Eéﬁ O]ga A FAES F]lst

Atke B Ael Aol ot 7 e 74
23391 eleutheroside §}H€59 g B tisk At
U 18 =|=0], syringin(eleutheroside BYS- streptozotocin
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A71aL G U 1] S VA B 2EE =
Ethe Bt dglem," o2t a%9] 710 = syringin
o] 217 Hek A= ofgh oA EE ] FH] FXlo] A%
A3 Y] muscarinic M3 receptorE Al5sh= AZ7F At
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FA S 01]*1 7 0}04 /‘F%OP%{
om SAREL Fhethoha Akt A do] B &
olty. 7 L7ty & FEE(Acanthopanax  senticosus
extract, ASE)®] A|xE 918l 7HA|e719e] &71o 55 o
H] 10 F-3]o] AAFE Fdsted 80°C 7+, 317 F1t
WRE 329 & o3 S AR T 95+5°ColA 307
o)A} ArEte] omhq ﬁge ‘:Mq. ouu =25 =

A7ZERE ® 20 mg/ml] 2T HFE VeI

OFP2 AR o =F &F - 6732 CSTBL/6) vh2E
R ol eAtolei sz e TRIsle] 15 Fok A
(=5 2241°C, FHFE: 45+10%, BYHF7]: 122417
light/dark cycle)ll A-8-A171 &, thA] 15U7E A2 95
(0.9% NaClyg AHg-8lo] A-Fofoll H-3A17]aL 2 A
}\],_Q_o],oig]_ A= 7L7] A A o] TZHZ——rL(normal chow
diet, ND), ZA| 2] o] t]Z+(high fat diet, HFD), 22|
FE8 FOLHFD+ASE)S. 2 o] 857 Alssiaith
7L AeFEES 19 13] $YTE Al 100 mg/
kgél o2 AT s, o4 dxetole 4T
oo YA ATE ARl sl w29 A8 A4
ogale] gizgtoll Fo3gk 2lo]= Harlan(Indianapolis, IN)
2] 2018SE AL}, I A W2 o] Research Diets
Inc.(New Brunswick, NI)2] 60%kcal high fat diet(D12492)
£ ARSIl rhe-so AT Aol AR 7Y AL
Z A" A7kl A A7) 7 AX AT 3_1,__0,] /\]—
F717k0] e mhiE AT A F SAA 7
A, AR, 2AS R4S AEE, 2171‘94 —‘?~7ﬂ
=

S22 =551 ZAl(Intraperitoneal Glucose Tolerance
Test, IPGTT) - ASE =& A HATE 7577 FoAS &
u]_l_/\e 74/\]_ ;q 16’\]7} Eo} x%z\u]yb_ _Lcuoy_g__ 2g/kg
o] g0 g B Folaiditt. g2 2T Fo] 30
Ao ® 12087HA] 2] AHE Sote] A FH sk oH,
Accu-Check Go® &%Z4 7](Roche Diagnostics GmbH,
Basel, Switzerland)E AHE-ste] I8 74313t

Real-time RT PCR - 7z} %2 2HE 2] RNA £2=
Tri-reagent(Molecular Research Center, Cincinnati, OH)&
o &&}%132, HoIx] RNA 2 ugll thale] GoScript™ reverse
transcriptase(Promega, Madison, WI)¢} Oligo(dT) 20 mer
€ o] &3ted 9xAslth. Real-time PCR-S Premix Ex
TaqTM(Tli RNaseH Plus) kit(Takara Bio Inc., Shiga, Japan)
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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
Acox1 GTGCAGCTCAGAGTCTGTCCAA TACTGCTGCGTCTGAAAATCCA
Adiponectin GCAGAGATGGCACTCCTGGA CCTTCAGCTCCTGTCATTCC
Arbp TCACTGTGCCAGCTCAGAAC AATTTCAATGGTGCCTCTGG
CDl11b CCCCACACTAGCATCAAGGG GAGGCAAGGGACACACTGAC
CDllc ATGGAGCCTCAAGACAGGAC GGATCTGGGATGCTGAAATC
CD36 TCCTCTGACATTTGCAGGTCTATC AAAGGCATTGGCTGGAAGAA
Clecl0a CTCTGGAGAGCACAGTGGAG ACTTCCGAGCCGITGTTCT
CPT1 TGAGTGGCGTCCTCTTTGG TCAGCGAGTAGCGCATAGTCA
Foxp3 GAAACAGCACATTCCCAGAGITC ATGGCCCAGCGGATGAG
IFNy TCAAGTGGCATAGATGTGGAAGAA TGGCTCTGCAGGATTTTCATG
Leptin TGACACCAAAACCCTCATCA TCATTGGCTATCTGCAGCAC
TNFa CACAAGATGCTGGGACAGTGA GAGGCTCCAGTGAATTCGGA

9} ABI 7500 Real-Time PCR system(Applied Biosystems,
Foster City, CA)S AF&3te] AT Acetyl-CoA
carboxylase(ACC), peroxisomal acyl-CoA oxidasel(Acox1),
adiponectin, acidic ribosomal phosphoprotein PO(Arbp),
CDI11b, CDllc, CD36, C-type lectin domain family 10
member A(Clecl0a), carnitine palmitoyltransferasel(CPT1),
forkhead box P3(Foxp3), interferon y(IFNy), leptin, tumor
necrosis factor o(TNFor) -2}2] primer 4182 Table [0
3718 v} o, Arbpe SEE FHAAES] RS
2 AREH AT

Akt QIikst B — 7} xH oM o] Akt QIAFSHE Western
blotting] &= ZA4sIct. 22 o= Ry whd S F55)
7] 98] gelatstas A4S H 713 PRO-PREP™
Protein Extraction Solution(iNtRON Biotechnology, Seongnam,
Koreays 23 &9, #slst & #2d-S d4lielshar
G AS gtk @l 15 ugS 10% SDS-PAGEZ
#2]¢t ¢ PVDF membrane= electroblotting3t3L, 5%
skim milk® blocking ¥, 1% &A%l anti-phospho Akt
(Ser473) =+ anti-Akt 33| *] 2], horseradish peroxidase
A 2z A A E AA(FAES 2T Cell Signaling
Technology, Beverly, MA), enhanced Chemiluminescence
o gude AEaarh g bloto FEE
Alphalmager 2200(Protein Simple, Santa Clara, CA)E ©]
gste] Akt

SH M| - & A4 =R UAE FAE9

AT 7R fold 4782 Student’s rtests o8-8t
o p<0.05 7o A FAA FAol e AR A

sttt

Zu 3 nE
HE: A =X 2AH0| 0lxl= Y& - /A FEE
(ASE)?] A5 & ol vX= FFS AFs7] S8k,
IAPGA o) 2 I HFho] i C57BL/6) PR-2e] Al
YA ATFE SAUNRTFOE 3lo] ASEE 100 mgkge] &
Foz 1Y 13 AT Ao si9it 85 w3t Bt
229 AT wWsts et A3} XA o] (HFD)S] A
S0 A I(ND): #h-2=9] A|Foll Hlste] Folz o
Z7Vsh= Wi, x4 o] ASE o] (HFD+ASE)T-2 H]
Fo(HFD) Hlawste] AlFo] o2 o= haale] oF
25% A= P FFATS UeERUTHFig. 1A). ASE £
w3 o 7ke] 2o FH oll= ztol 7} glith ASE
Fo7t zh 220l vA= YT gohr] st 71, Far
2l(epididymal)A| 1, 7FH(mesenteric)A Y, 3] SH(subcuta-
neous)AW, A, ZAZ(quadriceps), P17 59 224
HEst] FAE S4¢ Ax, gAdalolel vlste] 1A
2lo|te] 7k, FagkA Y © Ak el FA7F fog
DAl S718IaL, ASE Foli-S A A o] 3} Bl 5]
< ST 2AE] e FHeZ volfe &
Ath(Fig. 1B). B+t ZAFAE 7522 7 7.5%, T3
AL 27.3%, RS 32.8% Al e o]
gt A2 5E] ASE Fo7F #HF a5 UERE 8 ol
2}, 53] IA A o= Q3| fridE= 7 9 WA
o] HItfS-S A= a7t AS-S RIS
3 ol&dl MSHME| O|Xl= dE - ASE

A 254 27 EHE BAH) 95k]
F B gRel AALE ST EE
939 A 7 2ol 2RAYGES 249 A3, ASE Fol?
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Fig. 1. Effect of ASE on body and tissue weight and glucose
tolerance. C57BL/6J mice were fed a normal or high-fat diet
with ASE or saline (control) treatment during 8 weeks. (A)
Changes of body weight and averages of food intake per
week, (B) tissue weight, and (C) blood glucose level after
intraperitoneal injection of glucose (2 g/kg). *p<0.05 and **p<
0.01 compared to HFD mice. Data represent means+SD for 6
mice per group. ND: normal diet-fed saline-treated mice, HFD:
high-fat diet-fed saline-treated mice, HFD+ASE: high-fat diet-
fed ASE-treated mice, SAT: subcutaneous adipose tissue, EAT:
epididymal adipose tissue, MAT: mesenteric adipose tissue,
BAT: brown adipose tissue.
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o] 739 157.5£9.6 mg/dLZ H]Foio] H]s| feojo=z v
& Y] (179.8+9.4 mg/dL)E X FJAtHFig. 1C). =38+
EeFE FYe & 7 o] X A FolE Hlws
S v, 2= F9 6087 90 T ASE Tl X
A &&7t vl W o] {30z sfjiEoe] ¥
b 17.5%, 10.5% G502 Yolxjs Zo= vt
Sttt olef e B-st Ake] A EHE ASEZF AW
s Qled APAES JAsk] s &
T ASE IRIT F YA
dedd el A3 AN EY d&d F8A9 2
Shalo] T A9 GLUT4E Al 22O 2 o] A7) o
23 AE ol] =S F=3}. 2 F phosphatidylinositol
3-kinase(PI3-K) 2154 ¢l&d Asdg A= o3 GLUT4
o] T} o5 Akt A4Sl oste] mizlE=H], Akt
2 sh= Akte] 3089 threonine¥ 473W serine®] <14Fs}
o o3 o]HRILE B ApME ¢l&d 744 270
Al ASE Foj2 1% ¢l&edl Alady &3 285 8l
7] 95t A&Ed AFE T w29 FASAeA o
WS Bagh & Akte] 4739 serine ¢14tsl A5 H2
SI3ATE. Fig. 200 Ve upe} 7ro], rx|ublo]tel| Al Akt
o] Qliksh= A3 ol vlaLste] geds] THasiglon,
ASE Fool A= H]Fotol] Hste] Akt Q4Ms) A=rt

J

ND HFD HFD+ASE

pAkt S473

Akt

N
[N

-

0.8 |

0.6

0.4 A

0.2 |

Relative intensity (fold)

—

ND HFD

HFD+ASE

Fig. 2. Effect of ASE on insulin-stimulated Akt phosphoryla-
tion in epididymal adipose tissue. After 4 hours of fasting and
acute insulin stimulation (1 U/kg) for 10 min, mice were sac-
rificed, and epididymal adipose tissue was rapidly excised and
snap-frozen in liquid nitrogen. Total protein was extracted from
the tissue and analyzed by SDS-PAGE and immunoblotting.
*p<0.05 compared to HFD mice. Data represent means+SD
for 3 mice per group. ND: normal diet-fed saline-treated mice,
HFD: high-fat diet-fed saline-treated mice, HFD+ASE: high-fat
diet-fed ASE-treated mice.
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fre|Ho® Frlsiaint. ool AAEHE, ASE Foio 9
§‘l. o]ga} 71—3‘[4\4 ix] _‘6_7_;}3: g]/\ﬁl. ;(]HPZXJ'Q]H_/] PI3-
K 9F3 Ql&d Alsddo] &/gdstele] GLUT4] Al¥9}
ool Z7hgomM Leh ks Zlow AlggT,
XUZ=Z0jMe] XIUTHAL 2 FEIA} Woio| H3} — ASE
Eo7) A WA} B3 § 1] W) mRE GRS %
A¥el7] flsle] F-8x oA mRNAS E2]3lL real-time
RT PCRE 53] AP3ed 2 Ak 2bstel e 24
E°] mRNA 2 S AKIITHFig. 3). 2 A, At
2bslol] #EE Acox1ZH CPT12] Wd& ASE Foizt H]
ol 7He] f2]ZR] ApolE HolA] ettt i, Aik

OHFD  mHFD+ASE

*k

0.8 *
0.6 -

0.4 -

Relative mRNA (fold)

0.2 4

Acox1 CPT1 CD36 ACC

Fig. 3. Effect of ASE on gene expressions associated to lipid
metabolism in epididymal adipose tissue. Total RNA were
extracted from epididymal adipose tissue after 8-week treat-
ment of ASE. All genes are normalized with mRNA expres-
sion level of Arbp. *p<0.05 and **p<0.01 compared to high-
fat diet-fed control mice. Data represent means+SD for 5 or 6
mice per group. HFD: high-fat diet-fed saline-treated mice,
HFD+ASE: high-fat diet-fed ASE-treated mice.
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ol A3z CD363 Aol 283 ACCe] 7
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E7R] (proinflammatory cytokine)-o/] e S8k Wi,
iaAlze] M2 A8 E4sk= dF oA *}Oliﬂ"l(antl-
inflammatory cytokine)2] A48 %18
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oMo AFA Alo]E7IC1S] mRNA 2& S 8l A}
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Th(Fig. 4A). ©l8gk ASE®] 954 40157}0 A &}
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7] flate] tiAAl ] & B st AES fA; T
8 ZARSITHFig. 4B). ASE Fo7toll A thajAlEe] %
AQ1ARI] CD11be] T&ell= frol#l Mshrt glslovt Ml
2gste] BARJIARI CD11ce] WAL fo]H o g 7h4st
932, M2 EA3te] #A]1AR] Clecl0a2] Tdl= o) 7}
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Fig. 4. Effect of ASE on gene expressions related to chronic inflammation in epididymal adipose tissue. (A) Changes of pro-inflam-
matory cytokine mRNA expression. (B) Changes of gene expression associated with macrophage markers and Foxp3 ™ regulatory T
cell marker. (C) Changes of adipokine gene expressions. Total RNA were extracted from epididymal adipose tissue after 8-week
treatment of ASE. All genes are normalized with mRNA expression level of Arbp. *p<0.05 and **p<0.01 compared to control
mice. Data represent means+SD for 5 or 6 mice per group. HFD: high-fat diet-fed saline-treated mice, HFD+ASE: high-fat diet-fed

ASE-treated mice.
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