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Effects of Foeniculi fructus Water Extracts on Activities of Key
Enzymes of Lipid Metabolism Related with Obesity

Dong Joo Seo', Tae Hyuck Kim', Hyun Sook Kim’ and Myeon Choe"?*

'Department of Bio-Health Technology, *Wellbeing Bioproducts Regional Innovation Center,
Kangwon National University, Chuncheon 200-701, Korea

Abstract - This study was carried out to estimate beneficial effects of Foeniculi fructus water extract on activities of key
enzymes such as lipoprotein lipase (LPL), acyl-CoA synthetase (ACS), and hormone sensitive lipase (HSL) on lipid
metabolism related with obesity. LPL and ACS were extracted from the epididymal adipose tissue and liver of C57BL/6J
normal and obese mouse. Foeniculi fructus water extract treatment significantly reduced the activity of normal and obese
LPL. When 100 ppm of Foeniculi fructus water extracts were tested, they decreased obese LPL activity by 12.0%. Foeniculi
fructus water extract activated obese ACS activity by 7-fold compared with control at 1,000 ppm concentration. Expression
of HSL mRNA was increased in Foeniculi fructus water extracts treated cells compared with non treated cells. All things
considered, Foeniculi fructus water extract efficiently inhibits the influx of fatty acid into the cell, and activates metabolic
process that uses fatty acids flowing as an energy source. Thus, it suggest that Foeniculi fructus water extract may have great

potential as a novel anti-obesity agent.

Key words - Obesity, Foeniculi fructus, Lipoprotein lipase, Acyl-CoA synthetase, Hormone-sensitive lipase
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A2 G4 HA T BBSE FHOR AN )
Hol B3 Felz waET 4B 5 B B
2 ofulx) AujFe gagoRA vEFA F715H 9)
o uEhe S, BEH 9 ASIE 891 5 TR 99l

So] Tolahs B ZFLOIAT o AAoIE T
oNA] 5 ARAH 25T Fe Ho] FHAOR A
A wlo] HAETHAlbu et al, 1997; Grundy, 1998).
A7 A W] 2 A= EEE A UEhY g

* MK XHE—mail) : mchoe@kangwon.ac.kr

FoRy L o] 50] A8714S Wl ATEo] s A

=3 ek,

A]
827, o] 43 W S50, 484 o WAL B2
ouix] 4ve] 27} @ AAe|Ak 2 S| o] elA
e (Ahn et al, 2007), ol & A|AAS] =47} o
A F2 A EE lipoprotein lipase(LPL), acyl—CoA
synthetase(ACS), hormone sensitive lipase(HSL) 5]
QITHChiu et al, 1997; Mead et al, 2002; Ryu et al,
2005), LPLE @% AAke A2 = HAdsls aazA
LDLo| 243t S/ Aol At SejMEz &l
B YA HEZ 89 E 0] o] &FtHLee and Kim,
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2007). ACSE Ao 2R AEYR 39U APAL
acyl-CoAZ A&A7|= &g sh=tll, B4 H acyl-CoA
£ carnitine—acetyl transferase® Z/d3s}E|o] A|HFS
A Aoz ARgstEA HTkE A 4 Stk HSL
AR FAR cAMPS] TS ot AT A Fole]
el EAoHe FHAE walelel At Fele
S A= 98-S IdslH(Langin and Arner, 2006),
HSLE] SH4o] ol A S ALE 9 24 ) AT &
&s st LE} = "4%101]/\1% HSL 5l ACSO| &4&

A, FEA, olkxAl, AAFA R AHEE o] %W(Oktay et
al., 2003), ‘H%L"ﬂ"i SeF FEEo0] EAE HAlE
o] 3|&Eo] A ANE UeWil(Lee et al, 2007),
lipopolysaccharide(LPS) & A}=3F thAA| 0] 4] 3] &F
%“H FEE Aol s 954 wi=e A8e At
(Choi and Koo, 2004), Hwang %(2007)& 3|3
Sael et AeUF BEY Al WYY A3
HojdS HolFEQith E3F Lee 5(2003)
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0]% 7% A& 3+9-% trans—anethole
o] a9 F= ERolg= Ryl Qo (Park et al,
2004), 2] o%— ol apakst Aol thet a7t AaE ol

(Faroop et al, 2009), 18} 3R} FE2EE°f Y3t
] A AF JG}L T8 G459 SIS Fo It &
ol Fet A TS Aot

wteba] 2 AtoAe FFEAe] B FEEC| vkt
TEE AAYA B 2Q GAE AW} WA=
FIE AwEo a2 Funt a2 Age 3t zeka
AE Az st

|I:I

Mz 2 2
FEEY A=

2 090 o4 Bty
. Sweet Fennel)2 nju2]3H(Apiaceae)o] 43}= T}
A Eo|t}, 3|5ke] £} A S|K( Foeniculi fructus)
R A9, 2, 1F Y AR g o] &EiL

. Foeniculum vulgare mill,

10. 78] Z=F4E 7}8k¢] 60°C shaking incubator(KMC
8480SF, VISION, Korea)ol|A] 24A17F &5}t 3]k
T4 & FEES 10,000 rpm, 3087 YA st A%
MG FkL 0.45 im= ATGE & 79 w5t 54 A
SFT

AdsE

£ AollA= 9528 ) C57BL/6J 427 170k E 9
3t} ALt ASAIR] F dubafolitat AgA o)LL,
2 o] 651 ARgste] ik sk, &3 Ao]
L ad libitum® & FoI8I%a, ARSERALS 2% 21 + 2T,

&% 50 + 10%0) 4] 12A417F 7|2 Hoz AL sgict 2
AFolA e BEe FEAe Aot A

4%
U319 Selsk] Sasten,

49 AR
TERNE P 28-S 28] 2419 25 mM NH,CL
(pH 8.1) £HojA] 900 rpm, —ErZ} 2% 2 2 000 rpm
oA 1027F ¥4l &g A AAsAL, e
TFA] 4,000 rpmof Al H4] & 0}0% $5 N2 Fste LPL
aifor A3 tHLee ef al, 2000; Mela et al,
1987).
Zl‘ Z A& A&3}o] buffer A(0,25 M sucrose, pH 7.4)
£ o]gsto] @Y U o]54S AAZH F buffer B(150 mM
KCI, 5 mM EDTA, 5 mM MgCly, 10 mM, 2—mercap—
toethanol) & 10v] 7}stof 587F A 4 AS
600 % g, 10570 AAEso] FEAS 3 5 Th
8,000 X g(JA-20, Beckman, USA)oJA] 108 F<F ¥4
2ajsto] AAES AASIL ASHL 105,000 X g(70Ti,
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Beckman, USA), 7087t YA Ee]3to] A5 F o
cytosol EER ARgslFITE

LPL 84 &3

LPL #5249 Z4& Quinn 59 WHoz Akt
(Quinn et al, 1982; Shirai and Jackson, 1982). Reagent
A(100 mM sodium phosphate buffer with 150 mM sodium
chloride and 0.5%(v/v) Triton X—100, pH 7.2) 800 ule]
A& 100 plS ¥l 2sto] 42 LPL 5489 100 ul
2} reagent C[50 mM p—Nitrophenyl Butyrate(PNPB)
< reagent B2 =] 10 ul2 ZHAA]A 570 nmof|A] v]M
gersto] LPLO) B34S 2oy,

ACs 84 &4

ACS9] &AL Shimizuf] WHOo 2 Z43}9tHShimizu
et al, 1979). E—tube®] reagent A(200 mM Tris Buffer
with 20 mM Magnesium Chloride, 2 mM EDTA, 0,25%
(w/v) Triton X—100, pH 8.1) 900 ul, A|& 10 ul, reagent
C(14,5 mM ATP) 25 ul, reagent D(42.7 mM Phospho
(enol) pyruvate solution(PEP) in reagent B) 25 1l, reagent
E(72 units/ml myokinase enzyme solution in reagent B)
25 ul, reagent F(120 units/ml of PK/LDH mixed enzymes
in reagent B) 25 1l, reagent G(49 mM CoA in reagent B)
50 ul, reagent H(5.3 mM B-NADH)E ¥ 1 wHISH &
cytosol 100 112} reagent J(0,98 mM sodium oleic solution
in reagent I) 100 plE Yl Fulof &7 340 mojjA &
FEg 25a,

A= g

AgA A EB|E= HSL 5420 2de 545 918t
o] 3T3-L1 AYAT HEE A28l A FYs}
of st Aol AME-SAT. 8T3-L1 A= DMEM
(Dulbeco’s Modified Eagle Medium) HjZ|o|| 10% fetal
bovine serum, 1% penicillin—streptomycing %7}l
37C, 5% CO, B0l A vjeFataAct.

Total RNA &

3T3-L1 A|ZE 24-well plateo] 1X10° cells/ml %%
2 1000 pl& ZF wello] H7}3ko] 5% C0.9}F 37°C ZA A
T2X7F FRE MiFAR] & iR E AATE & SFEA =

Table 1. PCR primer sequences

Gene  Primer Sequence’

HSL Forward CTCCTCATGGCTCAACTCCTTCC
Reverse AGGGTTCTTGACTATGGGTG
GAPDH Forward GAAGGTCGGTGTGAACGGATT
Reverse GAAGACACCAGTAGACTCCACGACATA
Y Primers are shown 5—3.

ZZ%3} 1 uM DEX, 500 uM IBMX, 10 gg/ml insulin
1000 plE #A7yato] 72417k Sob vjokalglct 72417 &
A& A vjAE AAT thE 2t well] trizol reagent
(Invitrogen, Carlsbad, USA) 500 WlE 7}sto] ¢35 &
3471 % total RNA &35t

cDNA 34

First—stand cDNAS 51| $J81¢] Superscript reverse
transcriptase(I)E ©]-83}9t} Oligo(dT) primer?} dNTP
mixE FYF 4o] 1 ul PCR FHo] Y1 %3 RNA
(2 192} RNase—free H2 25 R/ 11 w7t HEsE
gH1 65CollA] 58 WAl & WZAIATE 5X first—
strand =N 4 ul, ANTP mix(10 mM each) 2 ul, DTT
(100 mM) 2 pl ¥ SuperScript reverse transcriptase
(ID 1 W& M7kt $ 42°CollA] 5048, 70CoflA] 1587F ¥F
SA]A cDNAE 343514t Oligonucleotide primers?]
H7| M EE Table 13}

RT-PCR Hh&-

PCR tube®]| GoTaq®Green Master 10 ul, forward primer
2} reverse primerE Z}ZF 0.5 ul, nuclease free water
8 ul, first—strand cDNA(DNA templet) 1 pl-& 7}s}o]
ZF 412 3 mouse HSL mRNA H&E 27| 93] mouse
HSL primerE -85l 9l &3S 94CoA 48 7F
pre—denature A]7] & 94Cof|A] 3027t 54 CojA 30%
7k, 72°Coll A 30%7F 25 cycles AA|EF T, HEHoR
72 CoA| 587} extension BRIt PCR AL 0.002%
ethidium bromide”7} H7}= 1.2% agarose gel, 100vo]
A 3047 A7 FEe & A For A T E
E dolHglt} wl=o] A2 SigmaGel(Jandel Scientific,
San Rafael, CA, USA) AZEojof 93] EATIH L
Y5 EFE2H GAPDHE ARSI TtHON et al, 2009;
Choi et al, 2010).
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Fig. 1. Effect of Foeniculi fructus on lipoprotein lipase activity from the epididymal adipose tissue in normal (A) and obese mouse (B).
Data values are expressed as mean + SD of triplicate determinations. Significant differences were compared with control at

***p<0.001 vs. control.

SAEH

Alslo A dojZ] Ail= GraphPad InStat(GraphPad
InStat Version 3,00, 2003)& ©o]&3to] Hoa} XEHA}
2 epggen], BAHLAS AAs] ool gt 2
£ Tukey—Kramer multiple comparisons testof 2|5}
gttt

Zo 8 nE
Lipoprotein lipase 84

SR B F3E0) A4 Fisk vz 72 R 44
2RE #YE LPLY & nAle daFes gobHith
Fig, 10]A9} o] ZA} np9-29] LPL /& tjx2t H
wsto] IeFEA & FEE 72 AP s=ol s AASHA
Fasiim, AR B 2229 7 1,000 ppml
o LPLO] EAJ& 208.4 + 7.9 Units/mg protein® L}E}
LA LPLO] 20| 21.9% olqsleleh 1Al S
gt B0l PAee it vslel SR
= 559 Aol s BE FollA LPLY] 2ol
43l 1,000 ppm ¥ W] 240.5 £ 9.5 Units/mg protein
2 12,0%9] LPL S 0lAV} Ueheh, Znbao s sjgs
A & 2220l LPLY B4 olslo] BF A%

O

AZW F9& AskAA wlate] At ool =gof 9
AR ARE

LPL2 Aef &aficiat 2ol 2344
AR ket Algto] 2A AT AolE HAIhE F4 A
U A=A W A AR gl g
AL o] AASHA ASHE AL A= Dottt
= 3(Lee et al,, 2003)7} Qlo] uliet Aol BjgFEA

& F2ES 4318 LPL 249 Asfel 23) vvke 7hA
4 9S Ao R AztE AFo] A AFREdAE
HITRS BHAols AR &89 4 oS AYS AlAlstL
At

T, MRS A AtolA nue|et &7 & FEE
A2l Yiklean) 9 H|TH(fa/fa) SAFZFE F2]3 LPL

G FAHA FAAHASS Bargt v Qlch(Lee et al,
2009).

Acyl—-CoA synthetase ¥4

FEA = FEE0] ACS x| A vA= IF
2 Fig, 20l Uehigic), 4 hg2ol41e] AS B4 3
LA & 25 250 ppm XA 0,15 £ 0,01 Units/
mg protein .2 WER} FAE]oel tjZ2to] H]dle] ACS
o 4ol 151.8% oAz F7IsF3tHp<0.05), Tt
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Fig. 2. Effect of Foeniculi fructus on acyl-CoA synthetase activity from the liver tissue in normal (A) and obese mouse (B).
Data values are expressed as mean + SD of triplicate determinations. Significant differences were compared with control at

*p<0.05 vs. control, ***p<0.001 vs. control.

npe AL FEFEA} B 2250 BE FroA ACS 24
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1,000 ppm A gJtol| A= tf2tat Bl sllS o 742%%
ACS®] gHo] F7HeF3lth(p0.001), Ao m 3]3kE
A B FEE0] ACS B29] B4g3ts F olsre £
zleke] A4k oUA| P o= ARg-ste] vlgE 7h Ao At
olet AbmErt,
ACS+= €= VLDL, chylomicron®.2HE A2z &
AJHPALS: acyl-CoAZR AT 7= 2329 93-S
], ¥4E acyl-CoAt CATY| 9J3| n|EZE=zotz
glo] 0]5}4 20l B-oxidations AH B AL Al
l 420 ofsf FAAL I} X H R HetE, 7
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Fig, 304 ml&3abA|szol A 4% A7 djxt Hus)
o S = FEEY Be Aels=olA HSL mRNA
HEFo] T7HE AL, 250 ppmI} 500 ppm A 2|E o]
A 174%% HSL mRNA dFagko] o]z o Z7hx|9)
CH(p<0.01, p<0.001). Fig. 49} gro] FLopel M= Sk
Aib= 3gEA & F5E9] 1,000 ppm FEo|4 HSL
mRNA W3gko] 134, 4%2 $-2)2 0 & 27519 tH(p<0.01).
AA o g 3FEA & F5E°| HSL mRNAY] Wad<
SVIHSZA ABEAS Sopl M 3 3
o AmEe, B HSLY S HASe Bl
5 7}7\]7} Qeb ke
ShH, 2P FapAazo]| vlsf Qi ARZdA 2] Alszof A HSL
mRNA &&o] §ojx o7 —7]—E]°“E]—J—L H 18} 1 (Kim
and Choe, 2006), S8 &5-2 dH|ukA| 2 HSL Tzl
$FS Z7HA7) a1 A WA 32| E0]A OS2 transcription
factors® PPAR—V2] T3} mRNA £3& AA|gto =
» AHAEZ BEE ARty B tHKim et al,
2009). Park 5(2008)2 A|ro]o|olet 50| I A|HIA]
o)z §EE HEe sk on, 1 7R AEat
HeE &4z}l SREP1T} FA89] 2 oA, AEeet
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Fig. 3. Effect of Foeniculi fructus on gene expression of hormone sensitive lipase (HSL) mRNA expression in 3T3-L1 preadipocytes.
Cells were incubated with medium alone or medium containing Foeniculi fructus water extracts for 48 h. HSL mRNA levels
in each sample was normalized to the quantity of GAPDH mRNA. The fold induction of HSL mRNA in treated cells was
calculated as ratio of the corresponding mean value of the control cells. Data values are expressed as mean + SD of triplicate
determinations. Significant differences were compared with control at *p<0.05 vs. control, **p<0.01 vs. control, ***p<0.001 Vs.
control.

HOL e sl s S S
GAPDH s e s s
Fennel 0 100 250 500 1000

* %

0.80 -

0.60 -

0.40 -

0.20 -

HSL mRNA expression(Fold-induction)

0.00 RAnaRN
0 100 250 500 1000

concentration (ppm)
Fig. 4. Effect of Foeniculi fructus on gene expression of hormone sensitive lipase (HSL) mRNA expression in 3T3-L1 adipocytes.
Cells were incubated with medium alone or medium containing Foeniculi fructus water extracts for 48 h. HSL mRNA levels
in each sample was normalized to the quantity of GAPDH mRNA. The fold induction of HSL mRNA in treated cells was
calculated as ratio of the corresponding mean value of the control cells. Data values are expressed as mean + SD of triplicate
determinations. Significant differences were compared with control at **p<0.01 vs. control.
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