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The effects of Pueraria lobata extract on gene expression

in liver tissue of rat with estrogen—deficient obesity

Yoon Sang Shin & Gwi Seo Hwang™
College of Korean Medicine, Gachon University

Abstract

Objective : It is known that Pueriaria lobata has an anti—osteoporetic effect, anti—cancer effect, anti—pyretic
effect, and anti—diabetic effect, The aim of this study was to evaluate anti—obesity effect of Pueriaria lobata
extract (PLE), and elucidate the effect of it on gene expression related to lipid metabolism,

Method : The experiments were performed with the use of ovariectomized rats as estrogen—deficient obesity
model. They were grouped NC (normal control), OC (estrogen—deficient control), PLH (100mg/kg of PLE),
PLL (20mg/kg). PLE was orally administered for 6 weeks, Body weights and serum lipid level were estimated,
and real—time PCR was performed to investigate the effect of PLE on gene expression in liver,

Results :

PLE decreased the body weight and serum cholesterol and triglyceride, but increased HDL—cholesterol,

And PLE increased leptin, CYP27, CPT1, CYP8BI, ACAT2, LDLR, and SCDI1, but reduced PPARy, PGCIA,
HMG—CoA—-R, ACATI1, SCD1, and APoB gene expression in liver tissue of rat with estrogen—deficient obesity,

Conclusion :

It is concluded that Pueriaria lobata reduced body weight, and

its effect was expressed by

regulation of gene expression related to lipid metabolism in rats with estrogen—deficient obesity.

Key words . Pueriaria lobata, obesity, estrogen, gene expression

HlE
e o734 él hﬂr e e S8kl & s
aL
=2

3} wEAE o

< H 20149 129 169 - oA 120149 129 22Y

hypothalamus®l| 419} leptin®] &HIE A5t 4]
AFHE dAlste 482 25 5FY 7K AA
o)A lipogenesis AL} lipolysis =7}, AHHA|E
2alelxto] vy oA 58 B ez wol 3t
o2 4ol W7 FA dAEE 9 AARR, 2

1% S HleAAY|Y] $1%0R Qg A AT, uk
of, HIE, w91y A, Frhes, Aol L B4

« A 20149 129 26Y

* WAIZ|R} . Gwi—Seo Hwang, College of Korean Medicine, Gachon University, Seongnam 461—701, Korea

A3} 1 +82-31-750—5421, AAL-A : seoul@gachon. ac kr

17



HU
R
i
o H
lo
w

KX

‘ﬂolab"’— %PEV% ‘il‘:}. %3] Oﬂ 2
FSHO] 57}, testosterone®] 57F, 7]ZtiARFS]
4, sex hormone binding globulin(SHBG) 74
o susiel Appeie) Ao, T B4 54 2
Tkl A 2oz H]U]—O om-gh—/} 3-4)

S oft oY ofN e

WA= A S5t %*éxl‘* FE = 7‘1”0}04
A7t B off Zsfiste] ARgRItE o] TpAoflA
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—80Co] Hasiict.

”;

&
£

(3 83 A4 F 54

OFE o] 24 AI7F & AJE3IaL 3000 rpm S22 10
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TG(triglyceride) HDL(high density
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(1) ¥ RNA &g
HTo|A g 7F 22& PBSE YL #H3E o
2 1 ml TRIzol reagent (Invitrogen, USA)E A&

sto] & RNAS skgh 223 RNA 299 200
w0®] chloroform : 1soamylalcohol (24:1)& 911 7}
S 41 % 14,000 rpm o2 A4 Eejste] 45H

500 wE 3}t 0.5ml isopropyl alcohol2
710l 7P°P°4 @t 20TColA R RNAS A
¥ 1,400 rpmo 2 2087 YAEE|EA) *PZQH
HE & 70% olehe® AlFsk A ARA
RNase free watero]A] RNAE %<1 & RNase—free
DNase® #7}5}i2 ~T0ColA] Asieich,

Mo PN 2
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(2) cDNA A=

2t 9 Agtof|a] 22k Balsh total RNA 9 1
woll (1 pg RNA -3 oligo dT (5= 100 pmol) 1
uﬂ RNase free water 3 w2 Y& & XAAHA &

313t T, 65T olA 1087F incubationd}it}, Primer
7} annealing 3H=S 4CoA oF 5 E7F A8 th2,
Reverse transcriptase buffer, dNTP (Z} 2.5 mM),
RNase inhibitor, DTT (100 nM), Reverse trans—

ol =
. 42CoNA 9087 incu—
95 SOl 5 Bk Helak B Akg s

criptase (M—MLV 200 U/w)<S #7135t 3,
AAHA| Eselct o] &

bation 3t 3

(3) Reverse Transcription—Polymerase Chain
Reaction (RT-PCR)

Oligo (dT) primer (Promega, Cat.No. C1101),
reaction buffer (50 mM Tris—HCl, 75 mM KCl, 3
mM MgCl12, 10 mM DTT, pH 8.3) (Promega, Cat.
No. M1705), 1 mM dNTP (Promega, Cat.No, U1515)
I+ 200 unit M—MLV-RT (Moloney murine leu—
kemia virus reverse transcriptase) (Promega, Cat.
No. M1705)Z £2J3F RNAo| Zgjsle] JAAE 4=
Psko 24 cDNAE T35t PCRE total volume
25 ugol] 10 X PCR buffer, 0.2 mM dNTPs, 2 pmole
9] sense ¥ antisense primers 92 &3HHo] cDNA
29} 1.25 unit®] Taq polymerase (Promega, Cat.
No. M8295)& o] PCR& Al&stoict. PCR 24
94T 4 B, 30 cycles?) [94C (20%), 54T (20%),
72T (802)], 72C 10 Ho]3thPerkin Elmer, USA).
ZZ% PCR AF=S 2 % agarose gelof A7|49535}
ar}, A7|19% Aat U2 bandE density B4 Z&
Z139] Gel—Pro analyzer 3.1 (Media Cybernetics.
USA)Z o]g3sto] 3tk RT PCRe| ARESt primer
+ ©Ff Table Iol FEAISFSITE,

(4) Real time RT—PCR

Z+7+9] optical tube (MicroAmp® Optical 96—
Well Reaction Plate with Barcode and Optical
Adhesive Films, Applied Biosystems, Cat.No.
4314320)°] 3 v} SybrGreen Mix 2.5 uf (Sigma—
Aldrich, Cat,No, S9430), ¢JollA] €43t cDNA 1
ul, 10 pmol/wl primer pair mix 1 wl, ZZ} 2.5
mMe] dNTP 2 wl, 10 x Tag polymerase buffer
2.5 ul, Tag Polymerase 0.3 wl ¢} 14.7 w H20E
231, 95C 5 min 1 cycle, 95C 30 sec, 45T 30
sec, 72T 60 sec 40 cycles, 95C 20 min 1 cycle=
ZZA|F T}, Primer— RT—PCRoﬂ ALgSt AL o] &
st PCRS vkl & tubed 7AW oS, WS 5
wE ARESHo] 3 % agarose gelolA] PCR specificity
£ 24511, ABI PRISM® 7000 Sequence Detection
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Table I. Primers

Primer Sense (5-3) Antisense (53
ACAT-1 ATGTGGGAAGTAAATGAAGC AAATACTAGCCAGACCGAAT
ACAT-2 CGGTCATGCTGATCCTCTTT GTGTCACCAGCTCCCAAAAT
ACOX ACTATATTTGGCCAATTTTGTG TGTGGCAGTGGTTTCCAAGCC
ApoB TTGACACACTGAAGTTCCTA ACATCAAACCCTGGTATTAG
CPT1 TATGTGAGGATGCTGCTTCC CTCGGAGAGCTAAGCTTGTC
CYP27 CTCAAGAGACTGTCGGCAC CTTCCTGGATCTCTGGGTT
CYP8B1 ATGAAGGCTGTGCGAGAG TCTCTTCCATCACGCTGTC
HMG-CoA—-R GCTGGTGAGTTGTCCTTGAT CTTCTTGGTGCATGTTCCCT
LDL-R CTTGCCCTGATGGTATGCTA CTTGCGCTTCAGTGACACA
Leptin GACACCAAAACCCTCAT CAGTGTCTGGTCCATCT
LPL GCCCAGCAACATTATCCAGT AGCAGCATGGGCTCCAAGA
PGC—-1a GAAGCGGGAGTCTGAAAGG GTAAATCACACGGCGCTCTT
PPARy TCGGAGGGCTCTGTCATC CATCTGTACTGGTGGGGACA
SCD—-1 GCCCTGTACGGGATCACA CCCAGGGCACTGATAAGGTA
SREBP—-1c GGAGCCATGGATTGCACATT AGGAAGGCTTCCAGAGAGGA
Bf—Actin CTATGAGCTGCCTGACGGTC AGTTTCATGGATGCACAGG

ACAT-1, acyl—coenzyme A:cholesterol acyltransferase 1; ACAT—-2, acyl—coenzyme A:cholesterol acyltransferase
2; ACOX, acyl-CoA oxidase; ApoB, apolipoprotein B; CPT—1, carnitine palmitoyl transferase—1; CYP27, chole—
sterol 27—hydroxylase; CYP8BI, cholesterol 120—hydroxylase; HMG—CoA—R, 3—hydroxy—3—methylglutaryl coenzyme
A reductase ; LDL-R, low—density lipoprotein receptor; LPL, lipoprotein lipase; PGC—1la, peroxisome proli—

feratoractivated receptor—y coactivator la; PPARy, peroxisome proliferator activated receptor—y; SCD—1, stearoyl

CoA desaturase—1; SREBP—Ic, sterol-regulatory element—binding protein—Ic;

System (Applied Biosystems, Cat.No., 4349157)%
AR8351o] real time PCR ZAiE 4513
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olsle]l I3 LDL —cholesterols &A|8H HDL—
cholesterol A4S £7}A]7]al, homocysteine A3A]
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nectin, resistin 59| theF3t adipokineE©°] G2 =
Al =}l Adipokined Tumor necrosis factor—a
(TNF—0), Interlukin—6 (IL—6), Transforming growth
factor—B (TGF—B), Macrophage migration inhi—
bitory factor (MIF), leptin, Peroxisome proliferator
activated receptors (PPARs), Plasminogen acti—
vator inhibitor—1 (PAI-1), adiponectin, angio—
tensinogen, tissue factor, resistin &°] Hil%] o]
otk Adipokine2 o= HukS Z7IAA G
i SHAISS FEATIE el et
Aol Aot olzigt A AYAEL Eahf Ao
A WEEl= vascular cell adhesion molecule—1
(VCAM-1), E—selectin ¥ intercellular adhesion
molecule—1 (ICAM-1) 9] i3S Zrlsto] sl
AlZ(monocyte)7t BTN I A F= AL FH8t
7] i OIEP 14) E3F o AERALe HDLY REg-sto]
U LHES olAE=IA AL, A A Ze} el

Az} @Ertl?% = ‘%*Zﬂﬁ}t SAloll LDLO] 4tst
£ &0l A= oxLDLO e ARl thiAAl
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X7} AZMEZ(foam cel) 2 BZ}sl= AL ox.DL A
A W Eaeek WA w0 9lon FuAsiSo] WAy
= Ao R UeA Stk o AERZNLS tiAlA|x
7t AZAIETY EH= AS AAIsks A A, A A
EREE FUASIE ks AolEZRRIS] WS

(o]

oiAFte] HET AE Hajet FAL oA 4 9
o} oaEzAe o) AFTA Ut 2§ @ of

et AedS Ao z=A AAIEZ W O] A=
= oA ), olHdt A2 = ARAER A
ZA71= ;A9 lipoprotein lipase (LPL)2] Z&F
EYozy dojrt 19

£ Afollis 4 55 (PLE)o] ol2E=ZZ 2
H HiEsEoA 9 AlS W EF AATARRE Z[HhA
2 AR Z O] FAAE e w|A]e gkl st
of Agste] 7] o]F o/4de] vivt 9 AduA A

2

oy
oo flo

oA ¢] PLES] ¥&& HESH A} PLE £ 6 F+ £,
of|AERZ AY hRatollA Bt BlsiA
O Sl= AlSY SV Helow, Adeel 4 5
S5 L8RHPLH) FololA diztol] vl Algo]
A= lek(Fig. 1).

PLEZ} Z|AtALe] tisll v|2= FakS AESaLAt
= ZY2HE §=F Triglyceride §F, HDL—cho—
lesterol S S5ET) AAEREZ A H|TE 4
Ejof| 4] dtzte] vlgte] F FHAHE
glyceride o] @A F7H=]o] USItH(Table II).
H|gl Bi=o] PLES 100 mg/kg S0 2 6 7 £
g 18sFFoTt (PLH)Y 4%, 85 T2 2HE,
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Fig. 1 Effect of PLE on change of body weight(g)
Group
NC oC PLL PLH
Wk
0 225 £ 8 227 + 11 229 + 10 227 + 11
2 242 + 8 297 + 18%* 296 + 14 292 + 12
4 267 + 16 340 + 17%* 331 + 13 325 + 16
6 278 £ 18 371 + 18%* 361 + 18 341 + 20#

NC: Normal control

OC: Estrogen—deficient control

PLL: OC + PLE 20 mg/kg/day, P.O. for 6 weeks
PLH: OC + PLE 100 mg/kg/day, P.O. for 6 weeks
PLE: Pueraria lobata extract

*#%: p (0,01 vs NC

#. p < 0.05 vs OC
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Triglyceride geFo] Frasioct, Egt, 1A &5 4
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2 PLE Fol& Ql8l| ozt 753l thTable II). ©]&
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ZHAaA7]12, E% % cholesterol 2|9t TGE #|5}HA|7]
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T 335 (PLE)o] A& o2 7hA|3Eo)| 4] cholesterol
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Leptin oYA|#@2de] FaJA=E ob F4%F
o R e ot Leptind 2 ZHA|
oA Eu|Ee, APAE7F AR = A4 leptin LA
S7¥ect. Leptin A A Z*E% rof At
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o] ALyl thal, YEBH) 7|5 5 24@3th Leptin
S acetyl—CoA carboxylase?] G-Axpdra A|HFARSH
g, AARMSS ARt g HTh EEE AT

leptin =84 (Ob—Rp)= ANAERZNL] Aefjol waf
Z A= o|AEZA] ARE A9 leptin 2847}

Table Il. Effect of PLE on serum lipid level of rat with obesity

e Total cholesteral Triglyceride HDL—Cholesterol
(mg/dl) (mg/dl) (mg/dl)
NC 53.1+15.7 67.2+9.3 45.5+10.2
oC 81.2+14.2% 121.83+23, 1°%% 33.3+7.8%
PLL 73.6+8.1 110.8+26.3 37.6+8.2
PLH 59.2+11.3# 87.2+24 3# 46.2+9.6#
NC: Normal control
OC: Estrogen—deficient control
PLL: OC + PLE 20 mg/kg/day, P.O. for 6 weeks
PLH: OC + PLE 100 mg/kg/day, P.O. for 6 weeks
PLE: Pueraria lobata extract
*: p<0.05 vs NC, **: p<0.01 vs NC
#: p<0.05 vs OC
2 3 3
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Fig. 2 Effect of PLE on the leptin(a), PPARy(b), PGC1A(c) gene expression
in liver tissue of rat with estrogen deficiency

NC: Normal control

OC: Estrogen—deficient control

PLL: OC + PLE 20 mg/kg/day, P.O. for 6 weeks
PLH: OC + PLE 100 mg/kg/day, P.O. for 6 weeks
PLE: Pueraria lobata extract

#kp € 0.01 vs NC
##: p ( 0.01 vs OC
#: p < 0.05 vs OC
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leptino] Z7F8kA|t HTho] fHrsl= 1glo] Hoh,
Aedw, o|~ERA AYAd A
leptin W&lo] oA|E]lom, PLE= 7F22]oA] leptin
AR HES S7HAIZCHEig. 2a).

Peroxisome proliferator activated receptors
(PPARs)= AgAZo] 231} tirte] Fa3h 28-S
3= nuclear hormone receptor superfamilyol <
Sl PPAR family member®2+ PPAR—a, PPAR—
v} PPAR-57} 8101 o= PPAR HARIASS RXR
(Retinoid X receptor)o?} heterodimers o|5o] &
2 §7AA9] promotor FX enhancerol| EA|sI=
PPRE (peroxisome proliferator response element)
£ Akl BAGARR] Hae 288 Uit o]
% PPARyw HIWH] 5&9] AgA|ZoA 87 £
o SAI AR A A F5E S
31 B—oxidations FXIsto] A4 S S7HAX
¢}, E3l PPARy+ adipose tissueol| 4] A|WFAF Ak
sfo] 37h W A A FhIKIcka del
oh ) A A, olAaERd AW Asois B4
of uJs} PPARy Wdlo] F7tslglon], PLL ol
A PPARy o] Zhawlol AU A S4oh 4
sk Ao BerETHFig, 2b).

2
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!
1o
™R
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X,
=2
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¥

F

o

Peroxisome proliferatoractivated receptor—y
coactivator 1o (PGC1A) &= PPARy 2] co—activator
2 Zg3ictan BuEQieh ) ek, A A &4
= SR8k 22 gin), AY Ay, oAER27 A9
SHEof| A= Aol Bls] PGCIA Wdo] S71=% e
1w, PLH FojitolA] PGCIA o] fhasto] A %]
W& S48k= PPARy®| 282 AT Zlo = wtty
AUckFig. 20).

3—Hydroxy—3—methylglutaryl coenzyme A re—
ductase (HMG—CoA—R)= cholesterols $Hdsl=
T4 HMG CoAE mevalonate 2 H3HA|7]E= &
282 FZYAHE ST ofy el G Al 7]sel 2
422l nonsterol isoprenoidsE A= g wt
S AH Aol SFshe mdoltfY) o] AAE oA

= 3L cholesterol 4o A€ 4 ok 211
Elom, HMG—CoA-R Z4& AAshd it
E T2 Amshs ofF=o] /i 4= ok Ad Ax
HMG—-CoA-R & ol2E=7 ZAg/4 HTE oA
o] S7kskl o PLH Foiatd o] HA Hds
A5k cholesterol ¥d& AAIE Aoz =l
thFig. 3a).

olet &4, Sterol Regulatory Element Binding
Protein (SREBPs)®= Z|AHEOIU ohE A9<] 34

4 5 4
a b c d
[}
o 4 2
O 34 3
Ko}
— *
% * 3+ N * *
< 2 2
2 , : 1
* _ _

€
¢
£ 14 14
6 i
x

0 - 0 - 0- 0-

NC OC PLL PLH NC OC PLL PLH

NC OC PLL PLH NC OC PLL PLH

Fig. 3 Effect of PLE on the HMG—CoA—-R(a), CYPBi(b), CYT27(c), SREBP1c(d) gene expression
in liver tissue of rat with estrogen deficiency

NC: Normal control

OC: Estrogen—deficient control
PLL: OC + PLE 20 mg/kg/day, P.O. for 6 weeks
PLH: OC + PLE 100 mg/kg/day, P.O. for 6 weeks

PLE: Pueraria lobata extract

*. p <0.05 vs NC
#: p < 0.05 vs OC
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o Tolsh mae] fAlA WAL K Al
2A, ool A A5 W] Sisiel 24

#"1_"% = ’%‘Q‘é"ﬂ %—1_03]0]*; HMG—CoA~—
Re} 22 49| & S7HIA SHaEHE 34
A2z S5 71X olek= Ee], SREBPIc
Acetyl—CoAXE] Z|HFAL} triglyceride (TG)Y pho—
spholipid (PL) Aol ¥HE a4 ddE 24st
L o3ke 3l AlE Al o AEZA AW WS
oA SREBPIc Hdl> Aol Bl S7ksklct. 1
2}, PLL fo 9l PLH Foi3tof|4] SREBPlc '
o AERZ Ay HEFy HrkE ZolE UEhAl=
Ech(Fig, 3d). webA, FE2EHE A0 dHE
aa e AABHANE AL TG ol s
a0 WHdofl= Foo] fle A= wHE Sl
Cholesterol 120—hydroxylase (CYPSB1) ¥ cho—
lesterol 27—hydroxylase (CYP27)+= cholesterol 2]
=oge Fdll cholic acids AJdsh= maolct,
272 A% Au), o 2ERA A MEoHE HAE
of "l CYPSBI W&o] F7h=|glon, PLL wHoilA]
oAERZ A si=stof vl CYPSBL do] 571+
ch(Fig. 3b). E3h o|AERZ A SHEofA CYP27

e we

WAL Al ws) A Aol giglont, PLL Fof
9 PLH Fojtof|x] CYP27 Wdo| F71Eo] PLE=
A HzEE Eale 20T oz BEE

(Fig. 3c). webAl, 2 &2 (PLE)}S HMG—-CoA-R,
SREBPlc 2l Asfiste] Al Z2ElE e o
A5kaL, CYPSB1 W CYP27 o] HdS Z7AA 29
sE|E BalE ZAske] Al S BEE sow W
gl

WA F ol B ohe ERo 4
lipoprotein lipase (LPL)®] &4 X]‘ﬂ'/\ﬂilﬁ Z|vk
of FAHIL FAMFTE FAE FFATE F7HEE
o, AAERANS SFPQ] AERE (B2)E F
s =9l A=A o] FojErh 2 B o Av}, oA
ERZ 434 vlvtelA= LPL 3ol F7istaom,
PLEE Foigt oA Edo] A= it ‘IJrEW
PLE= LPL &S dAste] BlTks Alsh= A
e Ack(Fig. 4a).

Acyl—coenzyme A: cholesterol acyltransferase
(ACAT)= of2] 29| Alaute] A3E aazA
ACATIZ} ACAT29] 2719] isozymeo] &Afgict. o]
fAEcholesterol?} long—chain fatty acyl—-CoA &
0]-85}o] cholesteryl esters (CE)E AJAJste] AlZ2Y|

m{m
N{N'
Q‘L
=)

3 2 2
a b c d

)
@ 2+
o
‘B 2 - *
g *
< 1 1 *
E * 14 «
£ 14
[
=
©
[0]
4

0- 0 - 0- 0-

NC OC PLL PLH NC OC PLL PLH
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Fig. 4 Effect of PLE on the LPL(a), ACAT1(b)m ACAT2(c), APoB(d) gene expression
in liver tissue of rat with estrogen deficiency

NC: Normal control

OC: Estrogen—deficient control
PLL: OC + PLE 20 mg/kg/day, P.O. for 6 weeks
PLH: OC + PLE 100 mg/kg/day, P.O. for 6 weeks

PLE: Pueraria lobata extract

*#p (0,01 vs NC
*p (0.05 vs NC
#: p < 0,05 vs OC
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Fig. 5 Effect of PLE on the CPT1(a), ACOX(b), LDLR(c), SCD1(d) gene expression
in liver tissue of rat with estrogen deficiency

NC: Normal control

OC: Estrogen—deficient control
PLL: OC + PLE 20 mg/kg/day, P.O. for 6 weeks
PLH: OC + PLE 100 mg/kg/day, P.O. for 6 weeks

PLE: Pueraria lobata extract

*#p (0,01 vs NC
#: p < 0,05 vs OC
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