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ABSTRACT

Purpose: Poncirus trifoliata has been reported to have anti—inflammatory, antioxidant, and immune activities, However, its
anti—obesity activity and the mechanism by which the water extract of dried, immature fruit of Poncirus trifoliata (PF—W) acts
are not clear, This study suggests a potential mechanism associated with the anti—obesity activity of PF-W, Methods: We
measured the effect of PF-W on lipoprotein lipase (LPL) regulation using enzyme—linked immunosorbent assay (ELISA) and
an activity assay, The LPL regulation mechanism was examined by reverse transcription polymerase chain reaction (RT—
PCR) to measure the mRNA expression of biomarkers related to protein transport and by western blot for analysis of the
protein expression of the transcription factor CCAAT—enhancer—binding protein (C/EBPP). Results: The total polyphenol and
flavonoid content of PF-W was 52,15 = 4.02 and 6,56 = 0.47 mg/g, respectively, PF-W treatment decreased LPL content
in media to 58 * 5% of that in control adipocyte media, and increased LPL content to 117 + 3.5% of that in control
adipocytes, but did not affect the mRNA expression of LPL, PF=W also increased the mRNA expression of sortilin—related
receptor (SorLA), a receptor that induces endocytosis and intracellular trafficking of LPL, in a concentration— and time—
dependent manner, Finally, cell fractionation revealed that PF-W treatment induced the expression of C/EBPP, a SorLA
transcription factor, in the nuclei of 3T3-L1 adipocytes. Conclusion: The LPL secretion and activity assay showed PF-W to
be an LPL secretion inhibitor, and these results suggest the potential mechanism of PF-W involving inhibition of LPL
secretion through C/EBPP—mediated induction of SorlLA expression,

KEY WORDS: Poncirus trifoliata, lipoprotein lipase, sortilin—related receptor, CCAAT—enhancer—binding proteins (C/EBP) £,
anti—obesity
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Lipoprotein lipase (LPL)= ZF, 473, A=232], = 5 41
Aol geFsl 22 2 AEol|A LT = lipase familyel]
431 = E.4-0|™ pancreatic lipase, hepatic lipase & endo-
thelial lipase”} E3FEITh!0 wEdl A o) A Z o) @ Sy
WA EZZE EH)=Eo] chylomicron®]Y very low-density
lipoproteinol] % triglycerideZ fatty acid®} glycerolZ &
a3t fatty acid= AIENE S5 5 QA 3h= 7152
ch 1O gz 6909 fatty acide ZSZF X &
gk o UAIAL wZel] ARslaES AX AFIER|RE A
ZAME FYE fatty acid7} AUAHALE Ff 25
A=A E3}aL triglyceride® A¥H=o] oz 7
ORI Az 2) 1 riglyceride 52 #o] 7181 Hw 4
e, ¥32 adipokine £¥], G5HHS- 5o
2 <I8) Sl A Y, B o, AR Sl vERY
Al =™ A3 Kopelman®?} Fernandez-Sanchez 5-'2¢] <17
o] gk uke} o] vivk, B, 1 A8 A3 59
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A 3087 YRSt AS5AE Whatman filter paper
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45=7] (Eyela SB-1000, Tokyo, Japan)Z &3}l 5
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3T3-L1 MIZHHQF & AX X2

3T3-L1 Al3Ee] EHi=E Oh 579 dA7elx A8%
WS 2853tk 3T3-LIME= 10% calf serums X &+
3= Dulbecco's modified Eagle's medium (DMEM) B X]
o]l 100 U/mL penicillin®} 100 pg/mL streptomycing 47}
3t 5% CO,, 37°Coll A vl <, A8kt 3T3-L1 AP
TAEo) AMAE R 0] B2 9)3 6 well plateo]] 5 x 10°
cell/well®] MEE 73t A7t $ds] L= A wl
Falar, 298 o vjeksk 3 MDI (0.5 mM 3-isobutyl-1-
methylxanthine (IBMX), 0.5 uM dexamethasone, 10 pg/
mL insulin) solution @ 10% FBSE X 3$}s}= DMEM Hj]
Aol A 3 Bt viRe =N 3k JRAEIITE 1 ok
< 10 pg/mL insulin @ 10% FBSE ¥$}5li= DMEM Hj
A& gt 4Y S B3E JAPAFHT A= I
7} ks E TAATE 6, 12, 24X7HE<E A 2] 8ttt

3T3-L1 preadipocyte Ol CHSH MIZ =

AzH vjEezte] B 55 (PF-W)©] 3T3-L1 preadi-
pocytedl] P]X= HMEZA-S Cell Counting Kit (CCK)-8
(Dojindo Laboratories, Kumamoto, Japan)S 53l 2215}
Ak 3T3-LIMZE 32A|EF23) (Korean Cell Line
Bank, Seoul, Korea)® 2 H €] £oF Hlo} Z}z} 96 wellol]
1.5 x 10 cell/well ¥-5-8F 3- 244)7F F-2pA) 710} FBS7}
A7FHA] e vjRoA] PF-WS ZH2}F 0.01~1 mg/mLe]
FEZ A8l 2447F FF 37°Cel| A vl SHATE. 244]
7 3 i) HlA] (100 pL)ol CCK-8 reagents 10
pLA 7Fsll5=a1 3A7F 52t 37°Cell A vl g - microplate
reader (EL808; BioTek, Winooski, USA)Z 450 nmol|A]
RS SASAE dET (control)?] FFE S 7]
F (100%)0-Z M| =AJ-S 1|1l 3} T

Z polyphenol ¥ flavonoid &% X
% polyphenol @ flavonoid®] 3k Lee 5'%] AL2-3F



Journal of Nutrition and Health (J Nutr Health) 2015; 48(1): 9~ 18 /11

L =N TS

Lipoprotein lipase (LPL)2| enzyme-linked immuno-
specific assay (ELISA) 24

3T3-L1 AAIES] LPL ©hd 3Hk Feng 5199
T-E #3135} mouse LPL ELISA kit (Cusabio, Wuhan,
China)s °]83l9o FE4A] 0.25 mg/mLS 24A3
Agt Azo] wjuRer Tl FZHeA ZH5
ok wjHiAlE 3T3-L1 AAES 33t £ 10%
FBS7} 3% DMEM HjA]o]] 24 (0.25 mg/mL)S 244]
3k A2et 5 ARt Bjgeete] 4°C, 12,000xgollA 1023T
ALt ATt ARSI, 3T3-L1 AAE
il 2252 AAE 24407 22]%E 2 cooling® PBS
2 33| AlFslar AEE 353 = 4°C, 1,000xgol|lA] 53
7+ 9AEE)skal PBSE A A3 & RIPA buffer (50 mM
Tris (pH 8.0), 150 mM NaCl, 0.1% SDS (m/v), 0.5%
deoxycholic acid (m/v), 1% Triton X-100 (v/v), 1 mM
PMSEF, protease inhibitor coctail}& 7}8}o 4°C, 307t vt
$-A71 & 28 =<k vortexingd}al 4°C, 12,000xgol| 4] 155
S AAEEst Aeds AFERE &4 FHls A
LPL ELISA assay 2 commercial kitoll4] #|&3t=
ELISA protocol& wWskt} =, mouse LPL antibody”} pre-
coatingZ]2]® 96 well platedl] HJZ] sample 100 pL F+=
FZ=hE sample 50 pg/100 plg gol 24)7H5<H A%
3t 2813 $- sampleS Al $- 100 uL] biotinylated
LPL IgGE a1 17} B¢ 37°Col| A ¥-3-A17] & washing
buffer (200 pL)= 33] A|Z3kct. 2+ welloll 100 pLo]
HRP-aviding 143F &<t 37°ColA w2171 5 ThA
washing buffer (200 uL)& 53] A|2}3}31t}. 90 uL TMBZ
HAL 302 B 2 Aol A ST RREAIZ] $ well B
50 uLY] stop solutionS 7130 Z M wk-3-& Zg A7t}
HkS- £ 8 5 microplate reader (EL808; BioTek, Winooski,
USA)Z 450 nmol|l X F3=E S783H3ich. LPL S g
T vz Hlalsto] Ao A9l gho 2 Yl

Lipoprotein lipase (LPL)2| #d&H

Lipase /32 mouse LPL antibody”} pre-coating® 96
well plate®} lipase activity assay kit (Sigma-aldrich, St.
Louis, USA)E o]-&3}te] S733itt. 3ol AR )
A FZHe 7Y T 3T3-L1 AMAE B31= 58l

DMEMH| R|oll A 37} 227t uj 3k M ZE PBSE 23] Al
2] 3 activity assay kit A|3Eol| A4 A|-FS= ice-cold lipase
assay bufferZ 4 volume 7} 4°CollA4] homogenizingdt
£ 4°C, 13,000xol| Al 10% Bt DAL FTHS +
g)3te] Fr1slIt. HIE T E sampleS LPL antibody
7} pre-coating® 96 well plated]] 100 pL2] £33+ 3 34|
HERE AT 3A7E & AdsHA] 282 Tl A sample
< washingdlo] A|ALOEA FUL] LPL Tfdo]
coating®l plateE YHE1l, ©| plated]] 4] 100 pL (0.25
mg/mL)E 3087t A-20A ¥ES-A1Z] § washing buffer
(200 uL)E 33] Al 43T M2 5 well & 50 uLe] lipase
assay buffers 715l 3ol Q3 volumes B &
lipase activity assay kitd]ZZAllA] A|-&sl= Whdel et
23S 35t Lipase activity= milliunit/mL T =
AR & gHINE 98l xS VIEeE Wiis

(%)= AFstATt

mRNA 2$201 (reverse transcription polymerase
chain reaction, RT-PCR)

3T3-L1 APEAIEel] 6A17E, 12A12F 52F 0.05, 0.1, 0.25
mg/mL EE A4S g & ujhiAE AAskaL
QIAzol lysis reagent (Qiagen, Maryland, USA)YE ©]-83}
of AzALlA AlEshs Wil w2t total RNAS 228t
At} Nuclease free waterol] =1 3 RNA 5 uLol] 0.1%
DEPC waterZ 995 uLZ 375l 260 nmollA] 355
ZA3}] total RNAYS- A 25199 Th First strand cDNAZS
A7l 18k AmfiRiert Platinum c¢DNA snythesis
Master Mix (GenDEPOT, Barker, TX, USA)S ©]-£3}%
o AFHE whH| wel 53 RNA (2 pg)e} RNase
free water® 9 plL& TRl 70°CoA] 587 HHSA171 &
2xcDNA synthesis buffer 10 pL, cDNA synthsis Enzyme
Mix 1 pLE 7} PCR tubedl] T3k & 25°Col|A] 53, 42°Ce]|
A1 605, 70°Cell A 1538-7F HH-E-A1A ¢cDNAES /433t

SHaALAYHRS- (polymerase chain reaction, PCR)&
Go Tag Green Master (Promega, Madison, WI, USA) 10
uL, forward primer (10 pmole)2} reverse primer (10 pmole)
£ Z}2} 1 L, nuclease free water 7 pL, /3 S} first-stand
cDNA 1 uLE F73el & 212 F Aasion] 4zte)
primer= Table 13} 720, PCRZ71S Table 29} 2t}
PCR AFE-& 0.002% ethidium bromide?} H7}38F 1%
agarose geloll 100 VOllA 20837F A7|9F & UV Foz
TR EEH Y5 dolRtt) 2 == imagel (National
institutes of health, Bethesda, MD, USA) AZEdoE
ol &-sto] 4 Ak



12/ 8§z}e] LPL 9417134

Table 1. PCR primer sets and expected sizes of PCR products used
in the experiment

Size
Gene Primer (5'-3'
(5-3) (op)
LPL forward ATC CAT GGATGG ACG GTA AC 483
reverse CTG GATCCC AATACTTCG AC
forward AATTCC ACC CCA AAGTCG AG
Vv-SNARE 224
reverse  ACC CAG CCTCTAGICTCC GA
forward CTA CCG CAA CGA CAA GAG GA
Rab3A 221
reverse CAC ACTTGTTIC CCACCAGC
. forward ACA AAG ACG GCTGCATITTG
Sortilin 282
reverse  GGC ATTTGT CTC CTG GGATT
SorlA forward CAG CAGTCC ACC AGCTCCTA 194
reverse  ACTGCTCATCCTTGCTGA CG
C/EBPp forward CTG AGC GAC GAG TAC AAG AT 445
reverse TIG ATC CGG ATT GCATCA AG
GAPDH forward GGA GCC AAA AGG GTC ATC AT 203
reverse  GTG ATG GCATGG ACTGTG GT

3T3L1 KM ST sha
3T3-L1 APgAEe] EEehide 2xxe]7t &5E Al
¥Z cooling®! PBSE 33] 4|23}l trypsinizedt & FHE
AIEE &7131 PBSE 57} 13] AlHg 3 A4lEe] (5,000
rpm, 5 min)E 53] HXES T2 3 cell fractionation kit
(Cell signaling technology, Tokyo, Japan)e] A8+ ol
e} AR 225 28t S, Al 271 tubeol] 250
uLe] cytoplasm isolation bufferS ¥l 5% &<t vortexing
S5 iceo]] 5% Bt XA LAEE (500%g, 5 min)
£ 5 3l cytoplasmic fraction (35S H-2]3}aL pellet>
membrane isolation buffer 250 pL= @il 15% %<
vortexing 3+ 3 icedl] THA] 5% B AR AR

Table 2. PCR condition of each primer sets

(8,000%g, 5 min)E 53} membrane fraction (5 Y)S &
23t % pellet 2 THA] nucleus isolation buffer 125 pLE

Y371 sonicationd}] nuclear fractions 24 55T}

Western blot analysis

T3 ko] ©iEdl B-mercapto-ethanols E§HSH
sample buffers 3:12 &g % 100°C oA 327+ 7FE3}t
Atk 01" PR AANEZ2 SDS-PAGE F polyvinylidene
fluoride membrane (0.45 um, PVDF transfer membrane,
Thermo, Rockford, IL, USA)S.2 THlA-S o33t}
Membrane 0.1% Tween 202 5% skim milkS &3k
tris-buffered saline (TBS)oll 2A|7F &<} blocking 3}4T}.
-1 3 C/EBPB (500 : 1), ERK1/2 (1,000 : 1), Vimentin
(1,000 : 1) 12} antibody (Santa Cruz Biotechnology, Santa
Cruz, CA, USAY} A7FH 4% skim milk bufferol| 4] 3A17F
=<+ ¥h3-5}a1 TBS-T (TBS containing 0.1% tween-20)=
S5E O9)E 33 AFEITE. 28 oS- membraneS 23}
anti-rabbit IgG conjugates horseradish peroxidase antibody
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) 7} 3
7+ 4% skim milk buffer (2,000 : 1)3 ¥l A0 A 1A]
k&< W33k % thA] TBS-TE o]-&3te] 5k 9= 33
2353} 2418 enhanced chemiluminescence method
£ ©|83t x-ray B 7ZAIFTE L IEE image)
(National institutes of health, Bethesda, MD, USA) 4~3Z
EdJo}E o]-&3to] 4 et

SHAEA

Lty |

Aol Qo) Azke] EAH Fold SPSS (Statiti-

Gene Pre-denaturation Denaturation Annealing Extension Final extension
. 95°C, 30 sec 56°C, 30sec 72°C, 30sec .
LPL 95°C 5 min 72°C 5min
30 cycle
95°C, 30 sec 55.4°C, 30 sec 72°C, 30sec
V-SNARE 95°C 5 min 72°C 5 min
30 cycle
95°C, 30 sec 57.5°C, 30 sec 72°C, 30sec
Rab3A 95°C 5 min 72°C 5min
30 cycle
95°C, 30 sec 55°C, 30sec 72°C, 30sec
Sortilin 95°C 5 min 72°C 5 min
30 cycle
95°C, 30 sec 59°C, 30sec 72°C, 30sec
SorLA 95°C 5 min 72°C 5min
30 cycle
95°C, 30sec 59°C, 30sec 72°C, 30sec
C/EBPBR 95°C 5 min 72°C 5 min
30 cycle
95°C, 30 sec 55°C, 30sec 72°C, 30sec
GAPDH 95°C 5min 72°C 5min

30 cycle
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cal Package for Social Sciences) program$ ©]-&3}e
Mean + SDZ 3 A|3} 3L, unpaired Student's t-testol] ]3]
p <0.05 5ol A 7 AP 1+ 19488 HEHAT

X 0|z & FE= (PFW)Q His3telE &
g L1 preadipocyte O CHSt MZ=M

HE3lotee I, FE95, s}, Fengst 5 ok
B A BHS 73 Qi Hle] Basle] Yof 7 Fey
o] 22| AT BE FPL FAE o Bo
3l Q. B Ao M= galic acid®} querceting: Z] )
=9 SEhEo|=l] RFEAR 77t ARgSte] PF-We
T Fopllsdt & SThieol=e] RS A% An
Table 3¢ gt uie} zFo] 52.15+4.02 mg/g, 6.56 +
0.47 mg/ge] o] BRI}, o] Avh= Lee T2'0] B
3k Zale)=dteE (58.5 me/g) 2 ZEkR o= (10.8
mg/g)eh A1 Wele] ARl BRI 4 U9, 57
gkel Aol FEHol &8 Aoz P,

PF-We] aslaS 8ilelr] 98] 2,2-diphenyl-1-
picrylhydrazyl (DPPH) 2}z &A%, 2,2'-azino-bis (3-
ethylbenzthiazoline-6-sulfonic acid) diammonium (ABTS)
o)z 2 7%, 993, superoxide dismutase (SOD) A}
235 793tk 1 AF= Table 40l F )€ v} o)
1.931 mg/mL, 1.536 mg/mL, 2.098 mg/mL, 11.53 mg/mL
9] IC5@ke T = 21121 o= controlZ AFE-% ascorbic
acid®] F 1/50-1/100°1 sFsh= gho= PF-We| &Hitst
o] Blara] g2 A5 I11E 4= vk

PF-We| d3 5= Z2Asl7] 918l 3T3-L1 Aol thek

Table 3. The contents of total polyphenol and flavonoid of Ponci-
rus frifoliata water extract (PF-W)

Total flavonoid
(mg/g. QE?)

6.56£0.47

Total polyphenol
(mg/g, GAE")

52.15+4.02

Sample

PF-W

Values are presented as Mean + SD from three independent
experiments.

1) GAE, gallic acid equivalents  2) QE, quercetin equivalents

Table 4. The half maximal inhibitory concentration (ICsq) of Ponci-
rus trifoliata water extract (PF-W)

ICs0 (Mg/mL
Anti-oxidant experiments s (mg/mb)

Ascorbic acid PF-W
DPPH radical scavenging activity 0.027 1.931
ABTS radical scavenging activity 0.092 1.536
Reducing power 0.069 2.098
SOD-like activity 0.129 11.53

M EEZ43S CCK-8 assay kits o]-8-3t] Hrlslsict H7}
Ay} A YZEE-S Fig. 13 2t} 0.01~1 mg/mLe] *]

FLollA FA90] TEEA] egon, B AE nigo
2 AEAEE] A4S Holr] HQ 0.25 mg/mL 9]
SlollA ko] &4 2 V) AFE WISt dEelef
A2 ARRE O PE-WE FEAFHA =4Jo] Yeht
#] ¢ko} Shim 5'09] Aol A7) %] 177} WA v}
N B A ANE Skl ik

UZX O|sYxt 8 FZ= (PF-W)0| lipoprotein lipase
(LPL) CHuizlstzof 0|X|= Fe

3T3-LIMEE E3}5}o] adipocyteE A4d3E & PF-WE
Aeate o wjgu)le] ErlE= LPLe| T Adhas
ELISAWPHS o] g-3lo] 24819t} 1 A7} Fig. 249 &
29 uvle} o] preadipocyte B AHIR|GIA 64.2 £7.2%
F==oldd LPL] @A geo] adipocytedll X 100% 5=
© 2 Z7}319.0™ 0.25 mg/mL PF-WE 24X 7} 223}
THA] 58+ 5% T2 frofalA 7hadhe 2s I
= At wbE v x| EulE LPLe| whldgake g4
S =330l = v|EkololA] 3T3-L1 adipocyte SZ¢H
Ag o83t LPL 448 543 27 Fig. 2B9} 20|
adipocyte (100%)2} PF-W 2] (95.1 £ 5.8%)7tl -2
gk o] Wshe AR dTh 3T3-L1 Al 2] LPLY
mRNA 2&o|| PE-W7} v X]= J3kS- 8He1slr] 9Ja) RT-
PCRS =33+ 23} Fig. 2C8} o] ApgA| s}l ofs)
Z7}d LPL mRNA %2 PF-W 0.05, 0.1, 0.25 mg/mL-&
OAITF BB 1247 HEels Wl FFS vIXA] e A
o2 Folgdr}. w3k PF-W 0.25 mg/mL =2l &3k
3T3-L1 Al LPL whjAgiare] Wsls =43 2y

120

® (.01 mg/ml
®0.025 mg/ml
®0.05 mg/ml
®0.1 mg/ml
H0.25 mg/ml
0.5 mg/ml
0 | B1 mg/ml

Control PF-W

Fig. 1. Effect of a water extract of the dried, immature fruit of Pon-
cirus frifoliata (PF-W) on the viability of 3T3-L1 preadipocytes. 313-
L1 cells were treated with PF-W (0.01, 0.025, 0.05, 0.1, 0.25, 0.5, or 1
mg/mL) for 24 h. Cell viability was determined using the Cell
Counting Kit (CCK)-8. Data are expressed as Mean * SD of tripli-
cate experiments.
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Fig. 2. Effect of a water extract of the dried, immature fruit of Poncirus trifoliata (PF-W) on the lipoprotein lipase (LPL) expression and activ-
ity in 3T3-L1 adipocytes. A: LPL content of 3T3-L1 cell culture medium. B: Comparison of LPL activities in cell extract with and without 0.25
mg/mL PF-W. C: LPL mRNA expression as a function of PF-W concentration and time of exposure. D: LPL content in 3T3-L1 cell extract.
Data are expressed as Mean * SD of triplicate experiments. #: p <0.05, ##: p <0.01 as compared to the preadipocytes. *: p <0.05, **: p

<0.01 compared to control adipocytes.

preadipocyte (59 % 1.3%)=.t} adipocyte (100%)011 4] 72
Sl 571l LPL ©ldghafo] PF-W 2] (117 + 3.5%)
2 L F7ksk= 3lo] E1E Ut

X O|HX & FES (PF-W)0| HHE 24 QIX}
ol Oxl= F&
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Fig. 3. Effect of a water extract of the dried, immature fruit of Poncirus trifoliata (PF-W) on the mRNA expression levels of protein transport-
related biomarkers in 3T3-L1 adipocytes. 3T3-L1 cells were treated with PF-W (0.25 mg/mL) for 6 and 12 h. A: v-SNARE mRNA expression.
B: Rab3A mRNA expression. C: Sortilin (SorLA) mRNA expression. D: SorLA mRNA expression. Data are expressed as Mean * SD of triplicate
experiments. #: p <0.05, ##: p <0.01 compared to the preadipocyte. *: p < 0.05 compared to the adipocyte.
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Fig. 4. Effect of a water extract of the dried, immature fruit of Pon-
cirus trifoliata (PF-W) on C/EBPB expression in 3T3-L1 adipocytes.
3T3-L1 cells were treated with PF-W (0.25 mg/mL) for 12 h. A: C/
EBPB mRNA expression by PF-W treatment. B: C/EBPB protein
expression in cytoplasmic and nuclear protein fraction by PF-W
freatment. Data are expressed as Mean + SD of triplicate experi-
ments. *: p <0.05 and **: p <0.01.
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