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Effects of Sinetrol-XPur on Leptin—-Deficient Obese Mice
and Activation of cAMP-Dependent UCP-2

Jae Myeong Yool, Minhee Leel, Han Ol Kwonl, Sei’ Gyu Choiz,
Mun Hyoung Baez, and Ok-Kyung Kim®

! Graduate School of East-West Science, Kyung Hee University
, ’RP Corp Co., Ltd
Division of Food and Nutritional Science, Chonnam National University

ABSTRACT The present study investigated the effect of Sinetrol-XPur (polyphenolic Citrus spp. and Paullinia cupana
Kunth dry extract) and defined the action mode for cyclic adenosine monophosphate (cAMP)-dependent uncoupling
protein (UCP)-2 activation. Leptin-deficient obese mice were treated with two different doses, 100 mg/kg body weight
(BW) and 300 mg/kg BW of each AIN93G supplement, for 7 weeks. Treatment of obese mice with both low and
high doses of Sinetrol-XPur significantly reduced body weight gain compared to control obese mice. White adipose
tissue weight of mice was reduced by 30.96% in high dose-supplemented groups. Serum total cholesterol and triglyceride
were reduced by a high dose of Sinetrol-XPur by 20.02% and 30.96%, respectively. Serum level of high density lip-
oprotein (HDL) was significantly increased by treatment with both doses, as the ratio of HDL to low density lipoprotein
increased by 138.78% and 171.49%, respectively. Regarding expression of biochemical factors related to lipid metabo-
lism, fatty acid synthase significantly decreased and UCP-2 increased upon treatment with a high dose of Sinetrol-XPur,
but there was no significant difference in lipoprotein lipase and hormone-sensitive lipase. To define cellular mechanism,
intracellular cAMP levels in 3T3-L1 adipocytes significantly increased in a dose-dependent manner over the range
of 50~250 pg/mL. The phosphodiesterase (PDE) inhibitor 3-isobutyl-1-methylxanthine clearly blocked cAMP, suggest-
ing that Sinetrol-XPur promotes lipolysis of adipocytes through inhibition of cAMP-dependent PDE, resulting in in-
duction of cAMP response element binding protein and UCP-2. These results suggest that Sinetrol-XPur supplementation
is a viable option for reducing body weight and fat by improving serum lipid profiles and genetic expression of
lipid metabolic factors, especially activation of cAMP-dependent UCP-2.
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din, cyanidin; red orange, blueberries and wine), flava-
none(naringin, hesperidin, narirutin, etc.; orange, gra-
pefruit), flavonols(quercetin, kaempferol; onions, broc—
coli) & XEgstar ATHT7). T3, TR o= AFA
A% Ad3 A3 HPy A3 5 22 ZAy dgel 79
g msol sl Aew ueA i, cAMP-PDES] A&
%3] lipolytic activityE F7MAA Yo|o]E F9o 2 7%
a1 QtH(8-10). AUl EE(Sinetrol-XPur)<
(Citrus sinensis L. Osbeck), sweet orange(Citrus si—
nensis L. Osbeck), A% (Citrus paradisi Macfad), Z&t}
(Paullinia cupana Kunth)9] F&E23 283 Aoz £
© anthocyanins¥ flavanone 53} 22 ZglH o=
EFETH1L). weEkA] o 2] 7R o] EetE o= e
AEAE Xt AVEE 9A PDES] JAE S3f A

AT oyt A AW 2HA, s ElE v HAs T e

A AF7F Barg vk lk(12).
19494 Jackson Laboratoryoll Al & ¥4 C57BL6/
J-ob/ob mice® leptin encoding geneS x4 o2 Wy
A7 SER F2 D, HRE AL 7119 ATt ARg-ETh
(12,13). Leptine A FA Lo A ity = A dhald
% melanocortin, neuropeptide Y(NPY), agouti-related
peptide(AgRP) % anorexigenic peptide f-AA} &4& S =
At 7Fol A lipolysis®} lipogenesis, A5 2 A1 F 43
S ZH3H(12,14). ob/ob micet® AE AF 2 AYETHH
1ol ogh viwk 7 Aol I ARERlo o} 2
1 v X5 W g AR FATH(b).

2 Aol o]d AT ARE EWE i vivos 3
78 HRE uhg-2o AMEZES 2ol &2 AlFste] AT
N A FEL] HIE LolH I, ex vivoE T3 A W2
ol Al HIRF #A [ WstE Yol A} FFGlT).
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Zg2~9] Fytexia 948)25H 9 J= 5ol AF
off AL&3ISITE & Aol AlEE AMEE Aole F&E

AT g Az Arkeke] AgstEs skt

A3 Aot SEAHEAYS Y He(s
% KHUASP(SE)-15-019)& A & g}t A
(-zr)z"“‘?’d%%(Seoul, Korea) AFS4 0 2 5H
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A4 w9k AlF gl 27 (Obese), AUEE 100 mg/kg BW
(Sinetrol low, 21°]¢] 0.09%), AlMEE 300 mg/kg BW
(Sinetrol high, 2]°]9] 0.27%), & 4722 6vlg]X 472
2 st 73 Abgo] AT ARSEA LS 2= 23
+3°C, £ 50+5%°1 4 light cycleo] 12A13F 4% 1t}
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(16,000 rpm, 20 min, 4°C) &lo] S & =
A7A] -70°Cel| W¥E BA3GlTt.

=2 & o]835}9] triglyceride(TG), total cho-
lesterol(TC), HDL-Z#|2H &, LDL/VLDL-Z2H =
2 enzyme assay kit(BioVision Inc., Mountain View, CA,
USA)E AbE8to] 483t

RNA =& 2l real-time polymerase chain reaction(real—
time PCR)

AU EE(Sinetrol-XPur)®] AdF ¢ w2 A Al o=
Tk B S elslr] Hs real time PCRS 2 A3}
o}, AWz S #Z354o] RNeasy® Lipid Tissue Mini kit
(Qiagen Sciences, Gaithersburg, MD, USA)C. 2 A ZA}
9] protocolell Wl RNA F=8 2 A8t iScript cDNA
synthesis kit(Bio—Rad Laboratories Inc Hercules, CA,
USA)S AHg-3te] cDNAE sttt frixtEe] dd e
=2A3}7] 93Fe] SYBR Green(iQ SYBR Green Supermix,
Bio-Rad Laboratories Inc.)& ©]83 2 A7t 4= PCRE
2 A8 a1, 7171+ Real-Time PCR(Applied Biosystems,
Foster City, CA, USA)& AH&-3F3ITh. ZH2he] fr el of
3l PCR primer?] 971442 Table 19 A A8} t} Real-
time PCR ¥F8-2 & 20 pL Wo] ¢cDNA 2 pL9} 2x SYBR
mix 10 pL, forward, reverse primer+ Z+Zt 100 pmol/uL
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Table 1. Primer sequences used in real-time PCR quantification
of mRNA

Gene Primer sequences
F 5-GAAGTGTCTGGACTGTGTCATTTTTAC-3'

FAS R 5-TTAATTGTGGGATCAGGAGAGCAT-3'
LPL F 5-CAAGATTCACTTTTCTGGGACTGA-3'
R 5-GCCACTGTGCCGTACAGAGA-3'
HSL F 5'-CACTAGTCCCTCCCCCAGTTT-3'
R 5'-AGCTGGCACAGCAGGTCTGT-3'
UCP-2 F 5-GCCCCTTCACCTCTTTAGCA-3'
) R 5'-CCAAGCACTGGGAAGGTCTAA-3'
GAPDH F 5'-CATGGCCTTCCGTGTTCCTA-3

R 5'-GCGGCACGRCAGATCCA-3'

£ 1 ulA #H7Eekel s YA & H02 A+t PCR
% A= 53 2 FF cycle 40 cycles AA3}
St} Hot startE 913l 95°ColA 84, =F ©A9] dena-
turations 95°Coll 4] 15%, annealingS 52°Coll A 30%,
extensions 72°Ceol A 30&7F WkE3lH, 7} cycled] ex-
tension §-°| kel 7IFHUL EE cycleo] &4
primer? Eo]A & #2137] 93] melting curve &4
A A5 TE Aol 498 Applied Biosystemsoll A A

3}+= One step system software v2.1%2 24315t}

ofl o ot

3T3—-L1 M=ZH Yt 2351 2 AU EE X2

3T3-L1 preadipocyte® 10% newborn calf serum
(NCS)® 1% penicillin-streptomycin, 1% L-glutamine,
1% sodium pyruvate, 1% hepes, 1% NEAA mixtures
+5-3F high-glucose Dulbecco's modified Eagle's me—
dium(DMEM)& A3} 37°C, 5% CO27} A == vl
Z1ell A v ettt 29 mtct mFl-& aESHA I A ETE
ds o ka3 nige 70% o) 25l PBS €95
Abgete] AEZFHS A or, 0.25% trypsin-EDTAS
A7bet 7 w7l Al 33t WA gt AEE EE 5
o F AR 71(GYROZEN 416G, BMS, Seoul, Korea)
£ AR&-3te] 1,600 rpmoll A 57F A dto] AEE B
okt o]E AMEE 6 well plate(TPP)ol 5x10° cells/well
o] HAE #55A EF3F¥ L, 100% confluent AE]Q]
49 3 10% fetal bovine serum(FBS)¥} 1% sodium pyr-
uvate, 1% hepes, 1% NEAA mixtureZ 33+ high-glu-
cose DMEMel| adipogenic cocktail[MDI solution?l 3-
isobutyl-1-methylxanthine(IBMX, 0.5 mM), insulin(5 pg/
mL), dexamethasone(DEX, 0.25 uM)]& &3t3}e] £3}
s AT 235 7172 F 93 A FEen,
3) 271 3¢ B i 22w s wEke] Ak £3)
%7] 39 B¢ MIAS insulin(5 pg/mL)vHS E 3=
I DMEM 2.2 ngkato] vjd ksl 5291
a, #3} $7] 39 §9 10% FBSE -3 DMEM i &
Ao wfjd w3 FATk AW 23} F(10IA) AUEE
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(Sinetrol-XPur)< 24A13F &<k 50, 100, 250 pg/mL=E A
Zshsint.

M= Lf cAMP =& &3 % UCP-2 |t sl =4

AU E & (Sinetrol-XPur) 2] A] cAMP ¥3}& g<ls}
71 918 cAMP Direct Immunoassay kit(Abcam, Cam-
bridge, MA, USA)2. & A ZA}2] protocolel W} 7435}
Atk 1 M HCIS #718ke} cAMP %4 iMARK™ Micro-
plate Reader(Bio—Rad Laboratories Inc.)E& ©]-&3&}o]
450 nm gl A optical densityS A 3FSITE Tg Al
EZ A7 A UCP-2 32 HdE& &13817] 93) real-
time PCR& A8t 32 492 Table 10 YebH
Art.

SAH X

B A% A3t SPSS(Statistical Package for the Social
Science, SPSS Inc., Chicago, IL, USA) version 20 X~ &
I3 o] ot EAE ST BE SR AT Lt
(mean)+ 3 ¥ 2} (standard deviation, SD)& ¥ A]5}% 3L
AT 7F H 2] 2Fo]+= one-way ANOVAZ FoAd & &
213l % Duncan's multiple range testE ©|-&3}o] A$ A
Faklem X0.05 A frold el o5& AFselT

2 1

AHEE MFlo WE HESEL| MES7), 2 & X[H=x
2 27| H3}

AMEEZ] A8F5E9 Als W), 1+ 2 AWz FA
olr 7] &l Sk A3(Table 2), 4
559 AFT7e AANET(Lean; 12.67£1.29 g X
o} 214 ¥ WA (Obese, 20.23+2.38 g; Sinetrol low,
16.75+2.07 g; Sinetrol high, 14.92+1.88 g)¢] A F°]
olH o g Frtate] H|Fre] FEESS ATt FA
24 vlek A" )27 (Obese)ell H]3] AIUIEE 100 mg/kg
BW(Sinetrol low), A/ YEE 300 mg/kg BW(Sinetrol high)
oAlA Z+Z+ 17.18%, 26.23% o= FZAastt).

1 FAREHFLS Leanw @ 13178 BRkE Fhol] o] %<l
ZFo] 7} YERk=d] Obesew ol ]3| Sinetrol loww ¥} Sin—
etrol highw*ollAd Z+Z+ 15.70%, 30.96% A3} o
Sinetrol low+"2 Obesew ¥} 241 2}o]7} ¢l 3L Sin-
etrol highv& Obesew ¥} F2] A<l Afo]7} vre}WTE.

Az FAE WAR T AR 7 o] $4
sHeiTh WA FAM S F-E Leanw Bok 314 ¥R
AA FoHoz ==t Obesew ol H]3| Sinetrol low
3} Sinetrol high o4 Z}Z} 18.29%, 41.06% +4~3}3 Tf.
u}2}A Sinetrol highw ol A 7F Obese 3} 2] A<l Z}o] 7}
vERTh, 2] FAI R sES Leanw Hul 714 v RE
wo| A fFe]H o2 =9ki1, Obesew ol H]3|| Sinetrol low
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Table 2. Effect of Sinetrol-XPur on body weight gain and tissue weight in obese mice

Lean Obese Sinetrol low Sinetrol high

Weight gain (g) 12.67+1.29° 20.23+2.38" 16.7542.07" 14.92+1.88"
Tissue weight (g) . . N .
Liver 1.09ﬂ:0.06C 3.53ﬁ:0.86a 2.97ﬂ:0.68a 2.44ﬁ:0.21b
White adipose tissue 3.55ﬂ:0.99b 13.75i1.24a 11.23ﬂ:2.55a 8.1012.248
Brown adipose tissue 0.25+0.02 0.31+0.06 0.36+0.06 0.31+0.12

All data are presented as meantstandard deviation. Statistical analyses were performed by Duncan's multiple range test after one-way
ANOVA and using SPSS software. Differences were considered statistically significant at P<0.05.
Sinetrol low: Obese+Sinetrol 100 mg/kg BW, Sinetrol high: Obese+Sinetrol 300 mg/kg BW.

3} Sinetrol highol A Z}z} 115.61%, 100.14% <7}3}
RO} fre]AQl fol= gl wEkA] AU EES ’“217}
] o FAE At ATs TERATE JJr7P AE
2 Rl
AU EE MF ol o2 3 XH & =3
AMEZY] A7 Ads=9 g3 A4 = m A=
FgFS dotry] 98 TC, TG, HDL-Z & 28 E, LDL/

VLDL-Fd2H &S S43hFig. 1). TC = (Fig.
1A)S Az (Lean) 2t} 44 v 1k (Obese, Sin-
etrol low, Sinetrol high)olA ¥ o=z ZF71sksaL
Obesew-9ll H]&l Sinetrol loww*¥} Sinetrol highw*oll A Z}
7t 14.77%, 20.02% o2 o2 483tk TG &3 (Fig.
1B) JA| Leanw BT} 4 vvkrto] o)A o= =3ttt
Sinetrol lowi*¥} Sinetrol highw*-& Obesew°l vl& Z+zt
15.70%, 30.96% 218 o7 7+A8FSth HDL-Z# 2~

2ol = YERA] 9kt LDL/VLDL-Z# 2 H & = (Fig.
1D)2 Leanw Bt} F-714 v vhol A FoH o= A
E}staz, Obesexdll H|&l Sinetrol loww ¥} Sinetrol highi*
oA 242}y 20.36%, 32.9% 74319 2, Sinetrol lowirL%
ol # ¢l xfol 7} e bA] eF %Al Sinetrol high+
2 ¢l zpo] 7} vhebwtt}. HDL/LDL ratio(Fig. 1E)E ﬁl*&?&
A7} Leand-o] FolA o2 714 %9k31(0.87+0.07) Obese
o] frejH ez 7 vl YeEbstth0.37+0.21). Sinetrol
low*3} Sinetrol highw*2 0.51£0.05, 0.63+0.11%, Obese
ol vl&l Z+7F 138.78%, 171.49% 9402 Z71381%
ot ek AMEES] A7 H A S e
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C 250 D 450 E 10 a
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£ < %00 ¢ b g Y d
— b = b c
5 150 S w0 [ o 5 o0s
7 8 200 | S os T
8 100 | s S 04
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Fig. 1. Effect of Sinetrol-XPur on lipid profiles in obese mice. All data are presented as mean+standard deviation. Statistical analyses
were performed by Duncan's multiple range test after one-way ANOVA using SPSS software. Differences were considered statistically
significant at P<0.05. Sinetrol low: Obese+Sinetrol 100 mg/kg BW, Sinetrol high: Obese+Sinetrol 300 mg/kg BW. (A) Total cholesterol,
(B) Serum triglyceride, (C) HDL-cholesterol, (D) LDL/VLDL-cholesterol, (E) HDL/LDL ratio.
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Fig. 2. Effect of Sinetrol-XPur on expression of fatty acid syn-
thase (FAS) and lipoprotein lipase (LPL) in obese mice. All data
are presented as meantstandard deviation. Statistical analyses
were performed by Duncan's multiple range test after one-way
ANOVA using SPSS software. Differences were considered
statistically significant at P<0.05. Sinetrol low: Obese+Sinetrol
100 mg/kg BW, Sinetrol high: Obese+Sinetrol 300 mg/kg BW.

Skl Obesex™°l H]&l Sinetrol lowsi¥} Sinetrol highi*ol|
A Z¥7y 21.35%, 36.69% 74313l o ), Sinetrol lows 2
Obesew ¥ F¢ Al zpo]7} {19131 Sinetrol hightt-&
Obesew ¥} F-214 Q1 #fol7} YERTh LPL 28 AE+
Leaniol| ]3] 544 BlvkrolA fod o2 £9ka1, Obese
T3 AU EET 7He] frol Al Apol= yrERUEA] Rttt
HSL 2 AxE F34 Hwho A Leanw Xt} 940
2 =931, Obesew el HI3| Sinetrol lows 2} Sinetrol high
ol A Z4zE 2.73%, 1.07% s o F-2 4 Q1 2ol
UeptA] ket UCP-2 28 B+ Leanwo] 134 H]
TR fofH o2 s vk, Sinetrol loww ¥} Sin-
etrol high*2 Obesew ol H]3l] Z}7} 113.10%, 128.86%
Z7Vskth. 3], Sinetrol loww2 Obesew 3} #2] %<l
2ol 7k A A7t Sinetrol highw*& Obesexw-ol H] 3] f-2|
Q1 xFol 7} LpERET.

M Lf cAMP =& % UCP-2 RTX} UH

3T3-L1] AJUIEE ¥ inhibitor f5°| W& cAMP <
=¥ UCP-2 F34 #dS 433l th(Fig. 4, 5). 3T3-
Llol AMEETS A23 & cAMP 5% 543 43
TR oEH o7 FUlslE RS Essla, S cAMP

0.8 r

06

04 r

02

Relative levels of HSL/GAPDH mRNA

0.0

Lean obese Sinetrol low Sinetrol high

4.0

35 b ? I
30 | [

25 r

20

05 |

Relative levels of UCP-2/GAPDH mRNA

0.0

Lean obese Sinetrol low Sinetrol high

Fig. 3. Effect of Sinetrol-XPur on expression of hormone-sensi-
tive lipase (HSL) and UCP-2 in obese mice. All data are pre-
sented as meantstandard deviation. Statistical analyses were per-
formed by Duncan's multiple range test after one-way ANOVA
using SPSS software. Differences were considered statistically
significant at P<0.05. Sinetrol low: Obese+Sinetrol 100 mg/kg
BW, Sinetrol high: Obese+Sinetrol 300 mg/kg BW.

o

7} PDEC] 4&-& ®b=A] ¢olr iz} H|5o]4 PDE in-
hibitor?! IBMX$} A EES A 23t 23}, IBMXuha A
gk gzt BlE] AMEES &4 M $ oA cAMP7h
S7tetE As ERlstdith. UCP-2 A Ha s SA
AP AV EEZTHS A3 1ol A UCP-29] #3 o] o} -3
= AEsHA] &S T(100.0£7.9%)l Hls] ooz 7}
3+ WbA | cAMP response element binding protein(CREB)
9] inhibitor{! cyclosporin A/FK506& AUEZ3} -7
g st 7ol A& inhibitor®HE A gk T(10.243.3%)°l
Hl3l o308 7 atgloy, e SR AUEET
S Aeg Tl vlsl o)A o R A S Feladint
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Fig. 4. Effect of Sinetrol-XPur on intracellular cAMP levels in
3T3-L1 cells. All data are presented as meantstandard deviation.
Statistical analyses were performed by Duncan's multiple range
test after one-way ANOVA using SPSS software. Differences
were considered statistically significant at P<0.05.
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Concentration (pg/mL)

Fig. 5. Effect of Sinetrol-XPur on expression of UCP-2 gene in
3T3-L1 cells. All data are presented as meantstandard deviation.
Statistical analyses were performed by Duncan's multiple range
test after one-way ANOVA using SPSS software. Differences
were considered statistically significant at P<0.05.

EE FE50] AW A& JAlste] vwk F vwk 33
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Alzete] =8 ARolXeh dF A A Fo] oW AFH
AAS 5 e Ao fAEE Fol= A= At
(18). 8 LDL F#|2=HE2 FelA] v 2o
HES &9tsta, S 2HES Al F2 st AdaA
A3l 523 biomarkero|tH(19). APAFEol|A ZEH
wol=9 AF = LDL oxidationS ojAlsle] Ad H3ks
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