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Anti-obese Effects and Signaling Mechanisms of Chaenomeles sinensis
extracts in 3T3-L1 Preadipocytes and Obese Mice Fed a High-fat Diet
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Yu!, Seon—Young Kim"

Jeonju AgroBio—Materials Institute, “Department of Korean Medical
Prescription, College of Korean Medicine, Woosuk University

ABSTRACT

Obesity is one of the most serious health problem because it induced numerous metabolic syndrome and
increases the incidence of various disease, including diabetes, hypertension, dyslipidemia, atherosclerosis, and
cancer. In 3T3-L1 adipocytes, increases in reactive oxygens species (ROS) occur with lipid accumulation.
NADPH oxidase, producing superoxide anion, may contribute to the development of obesity-associated insulin
resistance and type 2 diabetes. In this study, we elucidated the effect of Chaenomeles sinensis koehne extract
(CSE) against the development of obesity and the inhibition mechanisms in 3T3-L1 preadiocytes. CSE decreased
triglyceride content and inhibited the expression of adipogenic transcription factors including peroxisome
proliferator-activated receptor (PPAR)y, CCAT/enhancer binding protein (C/EBP)a and sterol regulatory
element-binding protein (SREBP-1). In addition, CSE highly increased antioxidant activity in a dose-dependent
manner. CSE remarkably reduced intracellular ROS increase and NAD(P)H oxidase activity, NOX1, NOX4, Rac1
protein expression, and phosphorylation of p47phox and p67phox

We also studied the effect of CSE on weight gain induced by high-fat diet. The oral treatment of CSE (500
mg/kg, body weight) in diet-induced obese (DIO) mice showed decrease in ftriglyceride and adipocyte size.
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Therefore, these results indicate that the effect of CSE on anti-obese effects, adipocyte differentiation and

reducing triglyceride contents as well as adipocyte size in obese mice, may be associated with inhibition of

NAD(P)H oxidase-induced ROS production and adipose transcription factors. These results showed the potential
to inhibit the obesity by CSE treatment through controlling the activation of NAD(P)H oxidase in vitro and in vivo

obese model
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(C/EBPa)¥¢}  peroxisome proliferator activated
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AAsh= Aoz 4 dal, PPARyE=
preadipocytesv =& myoblasts, C3HI0T1/2 stem
cellse] adipocyte differentiations sl o=
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L3l = thE HARIAEA Adipocyte determination
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28-S =&l adiponectin, fatty acid synthetase (FAS),
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1A% 2 As
Dulbecco’s—modified  Eagle’s (DMEM),
fetal bovine serum (FBS), and newborn calf serum
(NCS)+ Invitrogen (Carlsbad, CA, USA)A}ellA
5k} Insulin, dexamethasone (DEX), 3—isobutyl—1—
methylxanthine (IBMX),
solution, and 2', 7'—dichlorodihydrofluorescein diacetate
(H,DCF-DA)+= Sigma—Aldrich (St. MO,
USA) A P18kt 12 @Al % B—actin® Sigma—

medium

Oil red O, paraformaldehyde

Louis,

Aldrichell /] #9331, NOX1, NOX4, Racl, and
p47°"*= Santa Cruz Biotechnology (SantaCruz,
CA, USA), SREBP-1, C/EBPa, PPARy, FABP4

= Cell Signaling (Beverly, MA, USA)o|A s}t
Atk o]9] AlokS Sigma—Aldricholl A Q38T

9. %%
EYELA, Japan)® 7AZx3}o]
e —80CAH wEsEA ALgahol

©
-1l

FEELS
3. 3T3-1 AWATHE £3 & AL J&& 4
3T3—L1 preadipocytest= ATCC (American Type
Culture Collection, USA)olA st A&}
t}. A= 10% NCS, antibiotic—antimycoticE gt
3 DMEM (Dulbecco's Modified Eagle Medium,
Thermo Scientific)ollA 37C, 5% CO,Z71CZ H)

st #3E 98l AIEZFE 100% confluence
AlZ1 & MDI (Isobutylmethylxanthine 0.5 mM,

dexametason 1 mM, insulin 10 ug/mb)<} 10% FBS

(fetal bovine serum, Thermo Scientific)ZS a3t
DMEM WA & ARg-ste] 293t widkeiglnt. 29 §
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(D—2) insulin 10 pg/ml wFS AH7FEF DMEM (containing
10% FBS)o.= ﬂiﬂokﬂ A F7h uget §, D-54
AHE 10% FBSHE & DMEM HiA| = A&t
o] D—-8o] H& AFZA Mgl Alse 23}
iR wg Al upd T w22 Al By S
FEo] AgAEe] MRS vH= FEgFS Flst
7] 98ted 96 well microplated] 1 x 10! cellso] &
EE skl 24430 FF wigaRSith. 3T3-L1
celldl F&ES st 4847 & 5 mg/mlo
3—[4,5—dimethylthiazol—2—yl] —2,5—diphenyl
tetrazolium bromide (MTT) &% 10 mlZ 7}t
34 AZE F7F g = HAHES DMSO (dimethyl
sulfoxide) & 7}3te] &A% ¥ ELISAE ©]-&3}o]

5
%

540 nmel A EFEE SASAG o FRE
2 JlFoR AEES WEAGL w9, AU
FE A F AZAEES vaste

4. Oil Red O staining ¥ triglyceride (TG) A=

4

3T3—L1 preadipocyte®] A¥X&3} W X|HE2 o
A e GEks vluay] flete w3 FRE §
10% formalin F&MNoz 3ASL Oil Red O
working solution (Oil Red O : DW = 3 : 2)0=2
As skt 9% Oil Red O 100%
isopropanol& ©]&3le FZF F ELISA (Perkin

Elmer, Victor2 1420, Multilabel Counter)E ©]-&
3le] 490 nmollA F3EE SA3SITE TG A4 A3l
52 triglyceride assay kit (Asanpharm, Korea)Z

Agstel S,

5 3t &% 4

i FEEC] sk DPPH (1,1—diphenyl—
2—picryl hydrazyl) radical 2A%3 ABTS (2,2’ —
Azinobis[3—ehylbenzothiazoline—6—sulfonic
acid] salt) 27151, SOD
(superoxide dismutase) AT oz FAala!?,
3T3-L1 ALAE #3} 3 DCF-DA (5 uM) &
3k /H]_:_IH ROS (reactive oxygen species)* A4
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AL
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6. Immunoblotting
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ice—cold RIPA buffer (10 mM Tris—HCIl, pH 7.5,
0.1% NP—40, 0.5% sodium deoxycholate, 0.1% SDS,
1 mM sodium orthovandate, 120 mM sodium
chloride, 1 mM phenylmethylsulfonyl floride, 10 pg/ml
1 upg/ml aprotonin)S Yol lysis AlZ!

shel 4ol

leupeptin,
% 10,000 X gollA 10 237F A=

Aotk T Fo] A (20 ug/mbS SDS—
polyacrylamide gel& AF&3te] #7]d% & PVDF

membrane (Bio—Rad Lab., Hercules, CA, USA)el
transfer 3} Th 5% skim milk (0.1% Tween 20
containing PBS, PBST) &4 1A%k &<t non—
specific binding siteE blockingd F 1z &
[anti—C/EBPa, anti—SREBP—1, anti—FABP4, anti—PPARYy,
anti—NOX1, anti—NOX4, anti—Racl, anti—p47-—phox,
anti—p67—phox, anti—f—actin (1:2,500)]1& A=
oA 1AIZF 3047t incubationdtal 22} &A|(anti—rabbit
IgG or anti—mouse IgG linked with horseradish
peroxidase, SantaCruz Biotechnology, USA)
2 2o A 1AIZY incubation 3FAtE ECL solutions

o]-§3}o] antibody—bound proteing detectiond}il

Inc.

relative protein expression< Image J software
(NIH Image J 1.47, Bethesda, MD) 2 A&Fa}oic®).
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condition)olA  &3AZ vhg APl A&
Ay F o/l eB I vkl EeEldt &, 7t
T2 A4 2T (ND), A0l (60% keal fat,
D12942, Research Diets, New Brunswick, NJ), #

L5 Fo (50 mg/kg body weight, CSE 1), T&
g Fol (250 mg/kg body weight, CSE 1I), a1-&

ZF Fo77(500 mg/kg body weight, CSE IS
TEskglen, FEEL2 dagd g4ste] wd o
Qe A1 12573 Fostgion, gxae
TR Fosiglnt, F 13 ATy Ao dA%E 5
Aseltt. A% T8+ shFdd 42 F Ay F
28A ¥ (white adipose tissue, WAT), % AL
&3t g9 243} hematoxylin—eoxin (H&E)
A T 24 WItE H s
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8. BA ¥4
7} A% A= Pt (mean) = EEHX}(standard

laL, 7+ wlelee] A

unpaired Student’s ¢—testE Fal Pgko] 0.05
v R P <0.05) Q1 A5 ool e A= ATs)
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o W& FF
By FEEC] N 558 A7) 18 MDIE
B3l %3 3T3-L1 preadipocyte®] adipogenesis
S AR A3 Fig. 1A9 1B ek
FLoEX] AAE 73} AT
100 pg/mlo]’de] FLoAHE fo3t
A'sS HAY. Lipid droplete preadipocytes]
stapgol A YA E™ phospholipid layeroll =214
A AW (triglyceride, TG)E TAE] gloH, F
A2 T3 duA Loyt FrsiA AEEHA A
Ao FHH 5o} Hnke] Aglow 2hgFrpeln,
I FEES Agst AdE TG &
I L oE&:Ho=m TG AAol AAlH <
y

a1

@'E] AL

o
fo My dr O oWy HOoR ox O FMr 12 i
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L

o o,

Y, N

stelom, 7 e Ay =9 50 pg/ml olx
H f93 A 535 HAvk(Fig. 10). B3 >
o kA AP AA 5ol AE FAd

gk AJNAE gA317] 9ol 3T3-L1 AlaEolA 1

1,000 pg/ml Bl 771 5= MAF)] 3T3-L1 &
3} A BT 548 LA g AoE ERlskd
tH(Fig. 1D, 1E). Axpd oz By FEHES A4 A
X B3 AE F8 Ik §5S Hole Hoe=
ek v

2,

400 pg/mle]l AHZlEZAA 60%
YER QT Fig. 2A). ABTS radical
w3t DPPH radical 27453 §A}st Ak
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BYgon mEEiME AR trolox$ FAF
3 AASGAS B (Fig. 2B). SOD a4 4 =
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C/EBPa, SREBP—1, PPARye] W&o wX= s
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DPPH, ABTS, SOD o= Wrre Avbol A
Akgl wsol & S7behe RS el
4 SA%laL, adipogenesis IAolA F7kate AlEU
ROS AAS odAlsl: Axs Ho FAKFig. 2).
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= dAA7FAINOX1, NOX2, NOX4, NOX5, DOUXI,
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o] F7kshz Ao® HuwArPY. NOXs o 24
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Figure legends
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Fig. 1. Effects of Chaenomeles sinensis extract (CSE) adipogenesis and lipid accumulation in 3T3-L1
cells. (A) Post—confluent 3T3—L1 preadipocytes (day 0) were cultured in the differentiation
medium in the presence or absence of CSE (50 ~ 400 pg/ml) and DPI (1 nM) from day O to
6. Cell differentiation was examined at day 8 by Oil Red O staining. (B) Stained intracellular
oil droplets were eluted with isopropanol and quantified by spectrophotometrical analysis at
500 nm. (C) Intracellular triglyceride (TG) contents in 3T3—L1 adipocytes. Data represent the
mean * SD of at least three independent experiments. (D, E) Cytotoxicity of CSE in
preadipocytes and adipocytes. Cell viability was evaluated using a colorimetric assay based on
MTT assay after CSE treatment with the indicated concentration for 24 h. "P <0.05 versus
NCS; *P <0.001 versus NCS. #P <0.05, #*P <0.01, *#*#P <0.001 versus MDI (differentiation
medium).
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Fig. 2.
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Antioxidant effects of CSE. (A) DPPH radical scavenging activity and (B) ABTS radical scavenging
activity. (C) Superoxide dismutase (SOD) activity. (D) Preadipocytes were plated on
coverslips, and induced to differentiation in the presence or absence of CSE (50, 100, 200
and 400 pg/ml) and NOX inhibitor (Diphenyleneiodonium, DPI, 1 nM) for 24 h. Cells were
stained with ROS—sensitive dye 2’,7'—dichlorofluorescein diacetate (DCFDA) and observed
under a fluorescence microscope. AA, ascorbic acid. Values are means £ SD of at least three
independent experiments.
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Fig. 3. Effect of CSE on adipogenic protein overexpression NOX activation in 3T3—L1 cells. (A) Modulation
of adipogenic transcription factors; SREBP—1, C/EBPa, PPARy and adipogenic protein;
FABP4 by CSE were evaluated by immunoblot analysis. (B) The protein level of NOX1, NOX4,
Racl, p47°°* and p67°"* was determined by immunoblotting. 3T3—L1 cells were differentiated
in the absence or presence of CSE for differentiation period. CSE (50, 100, 200 and 400 n
g/mL) treatment blocked NOX protein overexpression in adipocytes. (C, D, E, and F) Relative
expression of each proteins corresponding to [—actin was represented. Values are means =+
SD of at least three independent experiments. ); **P <0.001 versus NCS. #P <0.05, #**P <0.01,
###p <0.001 versus MDIL.
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Fig. 4. Effects of CSE on high fat diet—induced obese mice model. Mice were treated with CSE at
dose of 0 (vehicle), 50, 250, and 500 mg/kg body weight daily injection. Mice on normal diet
(ND) used as controls were intragastrical injected with vehicle. (A) Representative mice and

(B) Epididymal fat pads. HD (high—fat diet), CSE I (50 mg/kg body weight), CSE II (250
mg/kg body weight), CSE III (500 mg/kg body weight).
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Fig. 5. Comparison of final body weight and lipid accumulation after CSE treatment. (A) Body weight
after CSE treatment. (B) Food intake in ND, HD, and CSE treatment group for 12 weeks. (C)
Effect of CSE on serum TG content level. (D) Representative histology of white adipose
tissue (WAT) and liver section from each experimental group. Hematoxylin and eosin staining
of WAT and liver sections were viewed under a microscope. Values are means £ SD of at
least three independent experiments.; *P <0.05, *P <0.01 versus ND. #*#P <0.01 versus HD.
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