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Anti-obesity effects of an enzymatic extract of mandarin (Citrus unshiu) peel
in 3T3-L1 adipocytes
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Abstract Mandarin peel (MP) is a by-product of the processing of citrus juice or other products. This study aimed to
investigate the potential anti-obesity effect of an enzymatic extract of MP on the inhibition of adipogenesis in 3T3-L1
adipocytes. The enzymatic extract (MPCE) was prepared using the commercial food-grade carbohydrase Celluclast. Lipid
accumulation and triglyceride levels were significantly lower in MPCE-treated cells than in untreated cells. In addition,
MPCE treatment reduced the protein expression levels of peroxisome proliferator-activated receptor-y, CCAAT/enhancer-
binding protein a, sterol regulatory element-binding protein 1, and fatty acid-binding protein 4. These results suggest that
MPCE inhibits adipogenesis by downregulating the expression levels of adipogenesis-related proteins. Therefore, the
current findings demonstrate that MPCE possesses potent anti-obesity properties and could be a potential ingredient in

functional food industries.
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(C/EBP) family, sterol regulatory element-binding protein 1
(SREBP-1), and peroxisome proliferator activated receptor-y
(PPARy) 52| adipogenic transcription factor’} 4] HARIAIZ
Fodslo] adipogenesiss =30t LA lthRosen 5, 2009).
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I T B0l A AAIF LR Futske FAlolH o= <l
3 A3 A13]e] 7‘77}*.:1: ¥ EAZE TS JTH(WHO,
2020). wEbA HFEe R Qls) wHAske AWl RS Foliat
orlistat, topiramate, sibutramine®} 72 <FEo] Al H|YF X FA)
2 ol §E Jor} olHst ABAEL] e FAGEC] HiL
HHA ARG 7)ol A3l He 59 =] tlFEA th(Kang
, 2017). F< AAE F2l ohgSt phytochemical 5©] AR
g dAltE AEE0l deol Higd mef olgg AxlE

o]-g3ste] 2ol gle HNe] o gl X SR R0 7ol
718} ITHCefalu 5, 2008; Kim 5, 2012; Rayalam 5, 2008).
ZoflA AlEE AERE A7 o 605 Eo] AL,
{,5,].010] A]g}.};]tﬂ}ﬂ ﬂg-,] ]_Q_ ;]_tqﬁg °]3H E]_o];g]_
o] o] F7kEAL ArhSeo &, 2015). A& 7+
AEFS Aisks FAA oF 50%°ﬂ el e FikEol
WA=, B2 v AEAE s UEE HJUEE
A el wEt o] ‘]‘?"\}E/] ggo] Z FAZ UFHIL 9
(Hyon 5, 2010; Seo &, 2015; Wang 5, 2018). 7= (Manda-
rin peel)= TE7H 5 YA E 7HRAEY] dFoE 9
SRt HEWIF 5o oeke Aegd E4S stk
o=z dHA o HIole it} g 2 3
& A A8&s vehdtz i;ﬂ ATHAhn &, 2007;
Hwang 5, 2013; Seo &, 2015). o|XH 723 thgst A
44 =4 TR e AgE 28-S YERdo] AyEd &
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TRAEQ ZEvle] EaER) 24 o8 Wk A 9
sto] HF GO JstE AF 0§l Y 32d 2
=& Az, ole] itk a3 A ste] Wty 7154
HERARAN ] E8 7R Slstat sl
R
HENE
2 Adel ARE e AFEe] AR Gl 2

LT

2HFY Azl 3 § dFAxdE L AEE AT
o AMEBITE 3T3-LI AMATAEES woFals]) Sl Aked
Dulbecco’s modified Eagle’s medium (DMEM), penicillin-strepto-
mycin, phosphate-buffered saline (PBS), bovine calf serum
(BCS), fetal bovine serum (FBS)< Gibco BRL. (Grand Island,
NY, USA)lA F4ste] 2183199t} Oil Red O (ORO), 3-isobu-
tyll-methylxanthine (IBMX), dexamethasone, insulin, 3-(4,5-dimeth-
ylthiazol-2-y1)-2,5-diphenyltetrazolium bromide (MTT), formaldehyde
+ Bio Basic Inc. (Markham, ON, Canada)ollA] 3] A8}
%t} Dimethyl sulfoxide (DMSO), isopropanol> Junsei (Tokyo,
Japan)ollA] Fd3te] ARE-SIATE 3 Western blot assayS 913l
1x} A2 A8-%F PPARy, fatty acid binding-protein 4 (FABP4),
C/EBPa:= Cell Signaling Technology (Beverly, MA, USA)°ll A
T8kl ARE-8IITE. SREBP-12+ GAPDHE Santa Cruz Biotech-
nology Inc. (Santa Cruz, CA, USA)lA 430

N

#21 5245 FES(MPCE) M=
el 4% FEE Lee 5(2012)9 Wl wet &3}
At dE¥dxdE Ay 22 ARE SR Y3 AEd
2l

zyme Nordisk, Bagasvaerd, Denmark)S 3 7}sle] G429 w3
A ZZ(pH 4.5, 55°C)ellA 24X7F FF RESAIAT WHgo] &
n

= FT 5 gL, ol 8y 2 100°Ce]
2z 1087 7Hgste] 54 g BE84stEs RSkt
olF FaF FEEL TAMNx § Tuskele] Al ARSItk

Ciocalteus ®Hell 38l FaYstch FE2E 1 mLoll 95% &
< §98 1mLet SFF SmLE ¥ol EFS F 50% Folin-
Ciocalteu reagent (Sigma Chemical, St. Louis, MO, USA) 0.5
mLE 93 587 wEEAIZATE 9719 5% Na,CO; €9 1 mLE

o2 Al 1A7F B9t ¥HEAIZL F 725 nmell A
THEE S ol EFAFEAS EFEAE gallic acid
=AMt FYT o E E BE JHeENYH F E
iz FFo R st

3T3-L1 XU™FM = vt 25 |F=

Agof] ALg-% 3T3-L1 AFAHYAEE American Type Culture
Collection (ATCC, MD, USA)oIA #<F wtom | 10% Bovine
Calf Serum (BCS)3 1% antibiotics”} %% DMEM (Dul-
becco’s Modified Eagle Medium)E ARE-3ld 5% CO,, 37°C =
z9] AHlolE ol A B skt

212378152 A 53 WA 2 5 (2021)

3T3-L1 AATAE B35 F= 317] S8 WA M= ujg
& platecllA] 10% BCS7t 3% DMEM HIX|Z confluent “JEl
7HA] B B THDay-2). 29 & o o] 8d F9F 24 74
o2 WA E AP E3E kit 3 Al (Day 0y
3} §= wjA(MDI: DMEM containing 1% penicillin-streptomy-
cin, 10% FBS, 0.5mM IBMX, 0.25uM dexamethasone, 5 pg/
mL insulinZ WA F 2 FF vk B3 Al=F 2d $
insuling E3Fs 10% FBS-DMEM HIA| = A (Day 2)8to] 2217F
9 g3tk thAl 10% FBS-DMEM HiX| 2 2 ZHAo 2
Asted 4dFt vt AWALAE B3kE F=3F th(Day
8). MPCE®] Ad-7A|2 £3) JA] &35 A7) 8 &
3} 5 717t B9k(Day 0-6) 2% 7HAo = ¥3} {2 wjx] wA|
o} S 43] TR A3

M= =4 "ot

MPCE®] M54 47 tEo] A A2 v=& 4%
3171 918kl Lim 5(2014)¢] ol w2l MTT assayS A3}
ST}, 24-well platedl] 3T3-L1 A|ATFHEE B33 confluent
FEI7HA] wiFet & MPCEE == A slct 48717 &
MTT Al2F2 mg/mL in PBS)S *2|sted 3417+ <t 37°ColA] wh
SAFT o]F AFAE 48] AAskaL DMSOE Yol welldl
AE formazang 38| &3lA1Z] §, ELISA reader (Sunrise
TW, Tecan Trading AG, Minnedorf, Switzerland)E ©]-83} 540
nmel X FFEE 245U

Oil red O (ORO) Y3} triglyceride &2 X

3T3-L1 A7A WA EolA] MPCE”} adipogenesis &4 &4 <]
A=A ERIsl] st AE W A BEs degHoz oA
3= ORO 94 AAI8IN 2™ lipid accumulation (%)% YERY
Atk 237t ¢5E 3T3-L1 AAEe] wiAE A7 g § PBS
2 AL 10% formaling F7Fete] IA7F &3 Al 2E 2K
sttt 24 AEE SHTE 33 A F vEAHeRE 60%
isopropanol= Ml A 3IaL well& 3] 7124121 & ORO £94(0.5
g in 100 mL isopropanol) &= 2A|7F F<F GA1-S AA|SIATE o]
T QA gAs &S] AASA FHRTE 43 A T B3
1] 7 (Olympus D970; Olympus Optical Co., Tokyo, Japan)<-
B A A 2 G AEE IRl BFH E4E Hst
o] 100% isopropanol 7}sted GAE Qil red OF 23] &3l
A1Z1 3 ELISA reader (Sunrise TW, Tecan Trading AG Minne-
dorf, Switzerland)Z ©]-&3}e] 520 nmolM FREE A3

AEZ U 8" T84 TS commercial triglyceride colo-
rimetric assay kit (Item No. 10010303, Cayman Chemical, MI,
USAYE o]&3ale] A|ZALe vl wah SA 3kt

_1

Western blot assay

MPCE”} adipogenic transcription factor®] W&ol F&S w]x|
EA gotr 7] $18] Western blot assayS A ekTh U3 5
Moz FHE AHEE ice cold-PBSE 23] &3 5 lysis buffer
(20mM Tris, SmM EDTA, 10mM Na,P,0, 100mM NaF, 2
mM Na,VO,, 1% NP-40, 10 mg/mL Aprotinin, 10 mg/mL Leu-
peptin, 1 mM PMSF)E 1A%} 5%t 4°Cellx] #Aslelal 14,000%g,
4°CelA 208 Bt AEE st FFAs EElEilth e
o] @A FEE Pierce™ BCA protein assay kit (Thermo
Fisher Scientific, MD, USA)Z &3] 30 pge] TaS 10%<]
sodium dodesyl sulfate polyacrylamide gel electrophoresis (SDS-
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PAGE)Z 2|33, nitrocellulose (NC) membrane® 2 ©]5A|Z T},
NC membrane> 5% nonfat dry milk $F TBS-T (25mM Tris-
HCI, 137mM NaCl, 2.65mM KCI, 0.05% Tween 20, pH 7.4)
2 2A 22]7F F9F hgSte] H|Eo]FQl duld S| gk
blockingS AAI3FATE 2 ¥, 13} antibody (SREBP-1, FABP4,
C/EBPo, PPARY)E blocking buffer ol &43}e] 4°CollA] over-
night3t91th. TBS-TZ 20%7F 33 A3 % 23} antibodyS
blocking bufferoll &4t H2o|A RESAIZTE TBS-TZ 204
7F 33] M| #3t3 ECL &9 (Amersham, Arlington Heights, IL,
UsA)l RESAIA whlde] Wl AJ=E FusionCaptAdvance FX7
program (Vilber Lourmat, Austraila) £43}3t}.

SHXZ|

tolEle] EAEALE SPSS (SPSS Inc., Chicago, IL, USA)
programe- ©|-&-3le] FHFEFHAZ Yep)y, A 7k
Haael FAF FodL p<0.05 oA Duncan’s multiple
range testoll o] A& HAASHATH

HE20] 248 FES0| 2 Y & EdHs

HEd sES A8 e £X59 e 23 driE
o] FEA U] = 2
hydroxyl”]1& 714
ste 4EE 7HH, kst 29 59 7%S
ATHKIm 5, 2000). YutE o2 7HaFole vt ZvE 4
2ol FRA FE o] s}, I+t F9F, AskH 2E
2o ok AX Bead § o AgEs Vs VKRR
UE Aoz d#A UthAhn 5, 2007; Hwang 5, 2013; Song
%, 2013; Wang 5, 2018). JEH o2 A& A& YEHS
FE37] 8 @FEFEHely §7180 FEHo| o]&dt. 3}
TF&, ol ok AR 7, Ak F84 EF
24, 1918 Fo] W Aol R wEt Al
gk tigte] 8753 UthKo &, 2010).
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213 k1l

R
30,
=
7~
o
o
S}
=
=
—
[¢]
(¢}
o
NS}
=
»
—
[¢]
[¢]
ol
[\
oS
X
3
=
i

Fod
52 Axsdn. ET 244 FEEY & 582 3048%
2 ety & ZeuE g3 & 4 ;
ERtl Hwang 5(2013)2] A-ollA tlEzel =59l 9,
g, g, 257247 59 JUE 0% HEEE FEIl &
YlE s =43 47 204-30.6 mg/egl 2 RASAET,
AFA e} vlwste] o) o) v S Yepih o=
7180 FEE g E4F FEE 9 B FYdES
Rl Avhe AL ofuishy, R RE Eedsd 22
GAES FE3h=d o] 847 FER0 ¢ §8F Zow
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2L 248 FEE(MPCEO| M=Z MEE0 D|Xl= ¥
3T3-L1 AFA A Zo|A] MPCES] ME EA43 Ado| AL
g Ay FE 23] Y8 MIT assayS AA8HAT 100-
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Fig. 1. Effect of MPCE on cell viability of 3T3-L1 preadipocytes
treated for 48 h. The cell viability was measured using an MTT
assay. The values are expressed as the mean+SD in triplicate
experiments.
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&S 34T 43 BE AHE sRAA AE 54
AThFig. 1). WA £ A= Ax 54
400 pg/ml SETHAE APFA0R HA 3 ©
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U20nl 54X FEE(MPCE)Q adipogenesis ¥ M= LH
triglyceride 44 2{xoll DO|Xl= W&

ALATAZE 3t T2EI AARIAE o) &HA|
2 ZEoEWA AE O ARs A ZH e chHwang 5,
2019). Oil red O G AMAE Y == A Faaoz
o] A Este] Ao 54 ArE 9 &+
3T3-L1 AFA A Fo| A MPCE7F A X
£ FEE golr] 3l Oil red O GAE 53
2A9] YeRd ko) ko] MPCE A 2]skA] e
< o AEEHo] dAsA FAH= AoE #FHIA. AN
MPCE Aol F= JEF oz A F4o0|
He A gl =3 Ax O Y s g 2
I} MPCE HzlZolXe tiZzol vla] AlZ W S84 g
&S 7ZHAAZtHFig. 2B). ©l#13 Ax= MPCEZ} A-7-A WA £
oA AAEE E3lEe A A 2HE B3 SR =
Ag FHRHo R 7HAAE F AS YeEIth 2 B2 A7
o o3t A= f Egl#lE AdEol adipogenesis ol o]
she A ArRIAE] B 248 Ea AWAE £31 2 A
W28 oJAgtty. B sl thHsudk Yen, 2007; Kim 5, 2018;
Moon 5, 2007). ©W2FA MPCES] AWAHE #3} A5 MPCE
el gfElo] sl Eejus ARozRE rold Zow dcked.

!

21| 84X FEE(MPCE)?| adipogenesis 22 TARIX}
o| Lol Oixls A&

A TFH E7F A EZ A4EE 77 (adipogenesis)oll s o
H7HA] HARIAL, S28, dld Fo] Fojsitta dEA AUk
(Rosen 5, 2009). 53] C/EBPa, PPARy, SREBP-1 52 adipo-
genesis g0l FAofste T8 AARIARE 7P AR 715
< 93ty dEA thRosen 5, 1999). SREBP-1:= A% A
Aol - AAA 9 Wk ol2} fatty acid synthase
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Fig. 2. The effect of MPCE on intracellular lipid accumulation in 3T3-L1 adipocytes. Lipid accumulation was determined by the
measurement of Oil Red O staining (A) and triglyceride levels (B). The values are expressed as the mean+SD in triplicate experiments.
Significant differences from the untreated group were identified at *p<0.05 and **p<0.01.
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Fig. 3. The effect of MPCE treatment on the expression of
adipogenesis-specific proteins in 3T3-L1 adipocytes. The 3T3-L1
preadipocytes were incubated in differentiation medium with or
without the indicated concentrations of MPCE for 8 days (from day
0 to day 8). Values are expressed as the mean+SD in triplicate
experiments. Significant differences from the untreated group were
identified at *p<0.05 and **p<0.01.

(FAS), acetyl-CoA carboxylase (ACC) 52| S Zdslo] x4t
/\]—J,]_ H;{]H]—A tﬂ—/ﬂ o 1:]-1;}0 = x-],x]_o X]'i C/EBP(XS”]' PPARY
ZHo = S84 Fojdti(Horton 5, 2002). FABP4= XA
L B3} 5] dAld #oste ARE AMAERS] BIE o
Akl 2938 93S JIdsithSeo, 2015). waEbA] o] #
adipogenic transcription factor®] & ZHS B3l AW A E
o] E3E JAlshs AL AR AFoX FQ38 ZgrjHeR
oI AXtHWang@} Hai, 2015). MPCE”} adipogenesis 740l #o]
e AARIAFES] Wl oju g F3S vX=A] Rl 9
3l Western blot assays AAISIIL 1 A5 Fig. 3o YERY
At MDIE A8t E3E FE3t9S @, adipogenic tran-
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