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ABSTRACT

Effects of Hwanggimacmundong-tang on Body Weight and Gene Expression in
Obese Rats with Estrogen Deficiency

Hye-In Lee, Dong-Youl Yoo, Jeong-Eun Yoo
Dept. of Korean Medicine Obstetrics & Gynecology, College of Korean
Medicine, Dae-Jeon University

Objectives: This study was conducted to assess the effects of Hwanggimacmundong
~-tang extract (HM) on obese rats with estrogen deficiency.

Methods: The experiments were performed with ovariectomized rats as estrogen-deficient
obesity model. Rats were grouped NC (Normal Control Group: sham operation
group), OC (Obesity Control Group: estrogen-deficient group), HML (20 mg/kg/day),
HMH (100 mg/kg/day). HM was administered orally for six weeks. Body weights
and serum lipid level were measured, and real-time PCR was performed to estimate
the effect of HM on gene expression in liver.

Results: HM decreased the total cholesterol and triglyceride in serum. And HM
increased leptin, CPT1 gene expression in liver tissue of obese rats with estrogen
deficiency. However HM decreased PPARy, PGC-1la, HMGCR, CYP8BI1, LPL,
ACATI1, ACAT?2, ApoB, ACOX gene expression in liver tissue of obese rats with
estrogen deficiency.

Conclusions: It is concluded that HM reduced total cholesterol and triglyceride
in serum, and regulate gene expression related to lipid metabolism. These results
indicate Hwanggimacmundong-tang that might have potential for treatment of
obesity and complications during the menopause caused by estrogen-deficiency.

Key Words: Hwanggimacmundong-tang, Obesity, Menopause, Estrogen-deficiency,
Gene Expression
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. A 3
1. Ay =
D A
A3t shoF B3hA| & 3|9 E5Ee
Az, WA, AAeRE

Table 1. The Composition of
Hwanggimacmundong-tang

Herbal Pharmacognostic name D((g)ie

name
B OIG Astragi Radix 40
B% Liriopis Tuber 20
58 Bupleuri Radix 20
e Rehmanniae Radix 20
EIS Corni Fructus 20

Total 120

2)
AYFEL 2| dleu}o] QoA ‘%:L
SD rat% %’—1‘%0} AP Ao A 1

sl A 2

-{N

—|—’

A
TA7EA] 12717k 0.2 24 3Ha1, AW
T 2T W2 =% 60% N2
Akt AT Fodte Atge 1
& AL 8 (Samyang Corporation, Korea)Z
Z2 21%, 7714 8.0%. ZAER L=
50%, =AM 35% T2 Z2AHI9

5
=3 Qb =T AT

=2

]
rlr
=

2~
T

Foo Ant ARE FA ke

]

2.9

D ¥E 55 AY

(1) oxEZA APA wvukf

Ratell ketamine(Yuhan) 1 ml/kgZE
=5 FAFsle] HAlekHAE A7 F 52
o] &2& AlAsGH. 0% EtOHE A

el FeRdlE £%T F o9 B2

TETTIE T IO B
e 1l em AE AN F das A
Ak G BgetAch Adee da

£

AA eI 2 WHoR rate] &
AN7EARE Al star, dAa A E2 FHA]
oky ) 23 sl= 2 2|4<(sham operation)
= A3
(2) Ad+ AA 2 48 &
A e Fo7 "H‘—‘ﬂ ’27‘15}93
\;].. (D _’li'_\:ﬂ- z—17H p]./\ zJ
Al 6}11 U Bolee HAH(NC) (2)
G2 AE F FES FosA 42> A
b %OC)()%S:@%—?—HM%
ATE 43 F(HML)
(4) & 7‘4% & HM<S 100 mg/kg®
3 2 HMH)S.E. b
Ao AHS-3E FE2 NC2F 0C+ 109
2], HML%} HMH= gupg|¥ o= 319
o T3 FELX FTAAE FE5 200
mg/mle] 2 4 UA=F A2 ggel =
gA 19 134 652 Fo33td . whA|
T Fo] 24A1ZF Fof ratE 3| AYAIA
719 A& FHsla, Arle 2
Al A BT Yt 80Tz B3
3l ot
) AF A
A g APFES A FA (Ohaus, Korea)
2 A3k

(4) A A = 54

AN o
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JUM=2sE0l HAE=2 24 Ratel A= Hotet Hi

GBS FoJd 24AI7F F A st
3000 rpmo. 2 10%3F FAEEE A3}
o A2 20 ¥ F3kdek. Total cholesterol,
triglyceride, HD L-cholesterol &2 o
FA oA FUF FNEE ALl =
A3kl

2) AR L A

(1) = RNA £¥

Ratel|A] 92 7+x4]& PBSell ¥ +3
33k & 1 mle] TRIzol reagent(Invitrogen,
USA)E 7}sle] & RNAE E= 3+
E2]5 RNA £ 200 ul®] chloroform
: isoamylalcohol(24:1)2 Y37 4o 14,000
rpme 2 YA RElEte] 1 F A 500
ulE 235k ek 0.5 ml isopropyl alcohol

ol 93} 20CE 3FxHHEs RNAE

HEE S AR ASAE MY o
= 70% AetEE AA3ste] 2t x4
Zh. RNase free waterellA RNAE 54l
o} RNase-free DNaseE ¥ o] -70TCel
Al A AFsk ol

(2) cDNA Az

2L APLAA A4 E25 1l
2] total RNA% el RNase free water 3 nl
2} oligo dT (&= 100 pmol) 1 plE ¥ 2
ZA2HA &8t F, 65TaAA 102
incubationd}d . Primer”} annealing &=
5 4TColAM oF 582 W3 % reverse
transcriptase(M-MLV 200 U/ul), dNTP,
reverse transcriptase buffer(ZF 2.5 mM),
RNase inhibitor, DTT(100 nM)& &7}
g o, obF RAILHA EElH o] &
42°CellA 907}t incubation 3k 95Tl
Al 587 A= gk os ARSI

(3) Reverse Transcription-Polymerase

Chain Reaction(RT-PCR)

‘_,

o

Oligo(dT) primer(Promega, Cat.No. C1101),
reaction buffer(50 mM Tris-HCI, 3 mM
MgCl,, 75 mM KCI, 10 mM DTT, pH
8.3) (Promega, Cat.No. M1705), 200 unit
M-MLV-RT(Moloney murine leukemia
virus reverse transcriptase)(Promega, Cat.No.
M1705)<} 1 mM dNTP(Promega. Cat.No.
U1515) 5 #8sk RNAe| Azls] A4}
S Al3ste] DNAE A slsdeh. PCR
2 % volume 25 plol 0.2 mM dNTPs,
10XPCR buffer, 2 pmole®] sense£} antisense
primerS 22 &3 N 1.25 unit®] Taq
polymerase(Promega, Cat.No. M8295) ¢}
cDNAE FSistel PCRe A3
PCR Z=7L 94TelA 4%, 30 cycles?
[94C(20%), 54C(202), 727C(30=)], 72T
10822 3l5cH(Perkin Elmer, USA). &=
%l PCRe| AFE-2 2% agarose gelellA] A
7193%F st A719F F v bandE
density ¥4 Z =2 7% Gel-Pro analyzer
3.1(Media Cybernetics. USA)S &&3}
o 255k RT-PCRell A8 primer
= ot e} ZoH(Table 2).

(4) Real time RT-PCR

Z+2+2] optical tube(MicroAmp® Optical
96-Well Reaction Plate with Barcode
and Optical Adhesive Films, Applied
Biosystems, Cat. No. 4314320)¢] 3uj £
SybrGreen Mix 2.5 ul(Sigma-Aldrich,
Cat.No. S9430)2 oA AT Z4
2.5 mMe ANTP 2 ul, ¢cDNA 1 ul, Tag
Polymerase 0.3 pl, 10XTag polymerase
buffer 2.5 ul, 10 pmol/ul primer pair mix
1 ple} H,0 147 plE ¥, 95T 5% 1
cycle & 95T 30%, 45T 30%, 72T 60
%2 40 cycles, 95C 20% 1 cycleZ2 =
Z Aok, Primerts RT-PCRell A3t
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A& &83l9v. PCRS vlA 2 tubeE Detection System(Applied Biosystems,
AR oL, vk 5 plE o] 83l 3% Cat.No. 4349157)& A3l real time PCR
agarose geldlA] PCR specificityS =4 o] A#}E EA A

slgden], ABI PRISM® 7000 Sequence

Table 2. Primer Sequence Used for RT-PCR

Target gene Forward (5-3)
Reverse (5-3)
ACATI ATGTGGGAAGTAAATGAAGC
AAATACTAGCCAGACCGAAT
ACAT? CGGTCATGCTGATCCTCTTT
GTGTCACCAGCTCCCAAAAT
ACOX ACTATATTTGGCCAATTTTGTG
TGTGGCAGTGGTTTCCAAGCC
ApoB TTGACACACTGAAGTTCCTA
ACATCAAACCCTGGTATTAG
CPT] TATGTGAGGATGCTGCTTCC
CTCGGAGAGCTAAGCTTGTC
CYDp27 CTCAAGAGACTGTCGGCAC
CTTCCTGGATCTCTGGGTT
CYPSBI ATGAAGGCTGTGCGAGAG
TCTCTTCCATCACGCTGTC
HMGCR GCTGGTGAGTTGTCCTTGAT
CTTCTTGGTGCATGTTCCCT
LDLR CTTGCCCTGATGGTATGCTA
CTTGCGCTTCAGTGACACA
Leptin GACACCAAAACCCTCAT
CAGTGTCTGGTCCATCT
LPL GCCCAGCAACATTATCCAGT
AGCAGCATGGGCTCCAAGA
PGC-1a GAAGCGGGAGTCTGAAAGG
GTAAATCACACGGCGCTCTT
PPARy TCGGAGGGCTCTGTCATC
CATCTGTACTGGTGGGGACA
SREBP-1c GGAGCCATGGATTGCACATT
AGGAAGGCTTCCAGAGAGGA
3. B4 A Aokl A s A
1

A

7+ A= SPSS v12.08 ARE3sle] ¥
+ 2 AT Al et
94 HEE 984 student’s t-testE
A stg e, p0.0581 A HoA el

wn
=
=z
o
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)2 AAZ(NC)el B8 A
Ve Hgew, v4yg &
(HMH)# A-8% T+ (HML) =
Jz2FHe A Fe] Ao} f
b X ).

1. AZ< W3}

GBS oty (F F AFS A
g A3, AAZ(NC)S oF 277 gold 2
NZ2Z(00)2 371 g AL T (HML)
2 359 g, 28 T (HMH)S 348 ¢

450
—a— NC
s |
§ 350
g
E 200 4
g 250
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Wa

0 Wi 2nd WK

4th WK Bth WK

Fig. 1. Effect of HM on change of body weight.

NC : normal control group (sham operation group)

OC : obesity control group (estrogen-deficient group)

HML : group of obesity group administered HM 20 mg/kg/day. P.O. for six weeks
HMH : group of obesity group administered HM 100 mg/kg/day, P.O. for six weeks

** 1 p<0.01, OC vs NC

2. HMeo] ¥ & lipid el X =
o 8

1) Total cholesterol &afoll w]Xx]= <

Aako] 50.1+13.8 mg/dlel sl o,
Z-0] 79.3+13.8 mg/dlE AATL R
o Al F7kEkTh A L7 T
78.1£10.3 mg/dlE o F ol B]alA]
sl ot oA AN, L
T2 60.9+13.1 mg/dlE Wzl H]
o4 Al FFAaEd(Fig. 2).

2 B orlo o 2 o

O =N

A

Total cholestrol level(mg/de)
o
3

Fig. 2. Effect of HM on the serum total
cholesterol level in rats.

NC : normal control group (sham operation
group)

OC : obesity control group (estrogen-deficient
group)

HML : group of obesity group administered
HM 20 mg/kg/day. P.O. for six weeks
HMH : group of obesity group administered
HM 100 mg/kg/day. P.O. for six weeks

** 1 p<0.01, OC vs NC

# : p<0.05, OC vs HMH
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2) Triglyceride &gkl n]x]= o3
A2 548189 mg/dlellem, H
272 117.7£19.8 mg/dlE A AFTol W]
sl F2A A F7hesdoh
g8 FolFe 111.6+24.7 mg/dlE
s A FFastd ot foAd o]
< 94.6£19.7 mg/dl=

ol vl oA Al Ak

Triglyceride(mg/de)
N
3

NC oC HML HMH
Fig. 3. Effect of HM on the serum
triglyceride level in rats.
NC : normal control group (sham operation
group)
OC : obesity control group (estrogen-deficient
group)
HML : group of obesity group administered
HM 20 mg/kg/day, P.O. for six weeks
HMH : group of obesity group administered
HM 100 mg/kg/day, P.O. for six weeks
#% 1 p<0.01, OC vs NC
# : p<0.05, OC vs HMH

HD L-cholesterol &&Fel m|x|&= o33k
A2 47.2+11.3 mg/dlelgd o, o
2 34.9+8.4 mg/dlE A Ao w3l
st ot o442 sl
L8 T & 389+10.2 mg/dl. X
£ EoFL 427498 mg/dlE HRFE
of wlslA Frlsl ot oA ol

M

70

60

50 4

40 4

30 1

20 4

HDL- Cholesterol(mg/d#)

10 4

0

NC oc HML

Fig. 4. Effect of HM on the serum
HD L-Cholesterol level in rats.

NC : normal control group (sham operation
group)

OC : obesity control group (estrogen-deficient
group)

HML : group of obesity group administered
HM 20 mg/kg/day. P.O. for six weeks
HMH : group of obesity group administered
HM 100 mg/kg/day. P.O. for six weeks

[e]

) 272 leptin W o] AAF
F94 A A =HJ e, & F
T Wzl B3l leptin HEHo]

A Al F7hska o (Fig. 5).

Relative mRNA of Leptin
H

o

NC oc HML HMH

Fig. 5. Effect of HM on the leptin gene
expression of liver tissue of rat.

NC : normal control group (sham operation
group)

OC : obesity control group (estrogen-deficient
group)

HML : group of obesity group administered
HM 20 mg/kg/day. P.O. for six weeks
HMH : group of obesity group administered
HM 100 mg/kg/day. P.O. for six weeks

## 1 p<0.01, OC vs NC

# : p<0.05, OC vs HMH
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2) PPARy 3o mx]&= o33k
272 PPARy & o] A
frol st A Srkskd om, A4
< Wzl uls] PPARy W3
o) &}A 7FA3soH(Fig. 6).

oA
ol

o]

e o

lo

Relative MRNA of PARy
H

o

NC oc HML HMH

Fig. 6. Effect of HM on the PPARy
gene expression of liver tissue of rat.
NC : normal control group (sham operation
group)

OC : obesity control group (estrogen-deficient
group)

HML : group of obesity group administered
HM 20 mg/kg/day, P.O. for six weeks
HMH : group of obesity group administered
HM 100 mg/kg/day, P.O. for six weeks

** 1 p<0.01, OC vs NC

# : p<0.05, OC vs HML

3) PGC-la %+

Hx=72 PGC-la

oAl SrtE e, M4 T
1l 188 Fojfol|A] el vlsl] PGC-la
o] fo8tA Hastd o (Fig. 7).

LRI E
el Azl vl

ha|

-la

Relative mRNA of PGC

o

Fig. 7. Effect of HM on the PGC-la
gene expression of liver tissue of rat.
NC : normal control group (sham operation
group)

OC : obesity control group (estrogen-deficient
group)

HML : group of obesity group administered
HM 20 mg/kg/day. P.O. for six weeks
HMH : group of obesity group administered
HM 100 mg/kg/day. P.O. for six weeks

** 1 p<0.01, OC vs NC

# : p<0.05, OC vs HML

## : p<0.01, OC vs HMH

4) HMGCR 8ol mx&= o33
x2S HMGCR o] AAFFel
vls fosHA FrtEG e, AL
< HMGCR #&o] djzxe u]3
46}711 43k ok (Fig. 8).

1

oo o o

Relative mRNA of HMGCR

o

Fig. 8. Effect of HM on the HMGCR
gene expression of liver tissue of rat.
NC : normal control group (sham operation
group)

OC : obesity control group (estrogen-deficient
group)

HML : group of obesity group administered
HM 20 mg/kg/day. P.O. for six weeks
HMH : group of obesity group administered
HM 100 mg/kg/day. P.O. for six weeks

** 1 p<0.01, OC vs NC

# : p<0.05, OC vs HML

5) CYP8B1 2rale] m]xx= o

oft

Nz CYPSBI dle] Aol ]
sl frolskAl ke e, AL7F Fo
T2 x| vl CYP8B1 wae]
oJ3HA A=A (Fig. 9).
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Relative mRNA of CYP8B1
N
[

° o o o
NC oc HML HMH

Fig. 9. Effect of HM on the CYP8BI1 gene
expression of liver tissue of rat.

NC : normal control group (sham operation
group)

OC : obesity control group (estrogen-deficient
group)

HML : group of obesity group administered
HM 20 mg/kg/day, P.O. for six weeks
HMH : group of obesity group administered
HM 100 mg/kg/day, P.O. for six weeks

** 1 p<0.01, OC vs NC

# : p<0.05, OC vs HML

6) CYP27 3o um|X& oIk

2> CYP27 o] AArTol H]
A felal Zrsent, Aed wo

=i - &

A
p

rl

(@]
<
—J
[N
EN|
)
r a
o

o+ (Fig. 10).

Relative mRNA of CYP27

o

oo o
NC oc HML HMH

Fig. 10. Effect of HM on the CYP27
gene expression of liver tissue of rat.
NC : normal control group (sham operation
group)

OC : obesity control group (estrogen-deficient
group)

HML : group of obesity group administered
HM 20 mg/kg/day, P.O. for six weeks
HMH : group of obesity group administered
HM 100 mg/kg/day, P.O. for six weeks

** 1 p<0.01, OC vs NC

7) SREBP-1c ®&dl] w|X]& <33k
272 SREBP-1c & o] AAHol
vl f-osHA st ot A8
9 y843 T2 SREBP-lc
o] el Bls] Mol xeo]E e}
Al S8 (Fig. 11).

=

i

M

= o 2
o

©

Relative mRNA

RN
—

0

NC oc HML HMH

Fig. 11. Effect of HM on the SREBP-1c¢
gene expression of liver tissue of rat.
NC : normal control group (sham operation
group)

OC : obesity control group (estrogen-deficient
group)

HML : group of obesity group administered
HM 20 mg/kg/day. P.O. for six weeks
HMH : group of obesity group administered
HM 100 mg/kg/day. P.O. for six weeks

** 1 p<0.01, OC vs NC

272 LPL wale] AAFZo| w3
fFolstAl Frtsld ., 28 FALE
LPL & o] o vl # 7
23 eH(Fig. 12).

9) ACATI 8o wA]x= <33

272 ACATI 3o AAE3 &
zpol7b gl ot A& Foi> ACATI
Wl o] o ol HlEte] {oEA A
= i =H(Fig. 13).
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of LPL
o

i 5 T..

Relative mRNA

0 L = o
NC oc HML HMH

Fig. 12. Effect of HM on the LPL gene
expression of liver tissue of rat.

NC : normal control group (sham operation
group)

OC : obesity control group (estrogen-deficient
group)

HML : group of obesity group administered
HM 20 mg/kg/day, P.O. for six weeks
HMH : group of obesity group administered
HM 100 mg/kg/day, P.O. for six weeks

* : p<0.05, OC vs NC

# : p<0.05, OC vs HMH

of ACATI

Relative mANA

0

NC oc HML HMH

Fig. 13. Effect of HM on the ACATI
gene expression of liver tissue of rat.
NC : normal control group (sham operation
group)

OC : obesity control group (estrogen-deficient
group)

HML : group of obesity group administered
HM 20 mg/kg/day, P.O. for six weeks
HMH : group of obesity group administered
HM 100 mg/kg/day, P.O. for six weeks

#4# : p<0.01, OC vs HML

fand

10) ACAT2 r&of v]x&= 33

Nz ACAT2 w3 o] AAMZe] H]
3 2 o]t gldlov, AL TS
ACAT2 wral o] o) xol nlsle] 28}
A A= ek (Fig. 14).

oo o
oo o

0

NC oc HML HMH

Fig. 14. Effect of HM on the ACAT?2 gene
expression of liver tissue of rat.

NC : normal control group (sham operation
group)

OC : obesity control group (estrogen-deficient
group)

HML : group of obesity group administered
HM 20 mg/kg/day. P.O. for six weeks
HMH : group of obesity group administered
HM 100 mg/kg/day. P.O. for six weeks

# : p<0.05, OC vs HML

11) ApoB 2&ef m X g3

27 ApoB HdE o] AAFF
o8l Zrhet om, A 4-3F
ApoB rdle] d ol u]s}e]
748w (Fig. 15).

b9

RE
SEXS
BEE

=3

T
[}

T

LI I R

0

NC oc HML HMH

Fig. 15. Effect of HM on the ApoB gene
expression of liver tissue of rat.

NC : normal control group (sham operation
group)

OC : obesity control group (estrogen-deficient
group)

HML : group of obesity group administered
HM 20 mg/kg/day. P.O. for six weeks
HMH : group of obesity group administered
HM 100 mg/kg/day. P.O. for six weeks

* 1 p<0.05, OC vs NC

# : p<0.05, OC vs HML
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12) CPT1 del vA+=

6;]:

22 CPT1 o] Aol vlst
of frelstA FaEen, A8 Fo
ted

+& CPT1 ®rdo] gzl H|s

NC oc HML HMH

Fig. 16. Effect of HM on the CPTI1 gene
expression of liver tissue of rat.

NC : normal control group (sham operation
group)

OC : obesity control group (estrogen-deficient
group)

HML : group of obesity group administered
HM 20 mg/kg/day, P.O. for six weeks
HMH : group of obesity group administered
HM 100 mg/kg/day, P.O. for six weeks

** 1 p<0.01, OC vs NC

# : p<0.05, OC vs HML

13) ACOX &ef mX|= o33

Q22> ACOX al o] AAT-o vl
oA Frbsta, 18 T
ACOX wdo] "zl vz 237
a8kl ok (Fig. 17).

U

By
¢

tive mRNA
.
H

LI

0

Fig. 17. Effect of HM on the ACOX gene
expression of liver tissue of rat.

NC : normal control group (sham operation
group)

OC : obesity control group (estrogen-deficient
group)

HML : group of obesity group administered
HM 20 mg/kg/day. P.O. for six weeks
HMH : group of obesity group administered
HM 100 mg/kg/day. P.O. for six weeks

* 1 p<0.05, OC vs NC

# : p<0.05, OC vs HMH
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Fig. 18. Effect of HM on the LDLR gene
expression of liver tissue of rat.

NC : normal control group (sham operation
group)

OC : obesity control group (estrogen-deficient
group)

HML : group of obesity group administered
HM 20 mg/kg/day. P.O. for six weeks
HMH : group of obesity group administered
HM 100 mg/kg/day. P.O. for six weeks
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A& Fole dxTel v oA
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I 2 Ael7b gy, AL
= = ACATI1 w&e] Yz vl3}
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o} (Fig. 14).
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