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Effects of Mahwangpohang-tang on the Expression of Obesity-Related
Genes and Cytokines in Obesity Mice

In Sun Song, Tae Won Song, Min Suck Oh*

Department of Oriental Medicine, College of Oriental Medicine, Daejeon University

In this study, the aim was to investigate the effect of Mahwangpohang-tang on the expression of obesity-related
genes and cytokines in high fat diet induced obesity mice. In order to investigate the effects of
Mahwangpohang-tang(MHPH) on the obesity-related genes and cytokines, C57BL/6 mice were fed with high fat diet.
C57BL/6 mice were divided into three groups and fed for 13weeks. Body weight change, diet intake change, final
increase of body weight, the ratio of the adipocyte in body weight, the expression of leptin gene in primary adipocytes,
the expression of UCP-2 in primary adipocytes, the production change of TNF-a and leptin in primary adipocytes, the
expression of leptin in adipocytes tissue. The body weight of Mahwangpohang-tang(MHPH) intake mice was
significantly lower than high fat diet group. The amount of the adipocyte in body weight was decreased significantly.
In primary adipocytes, leptin gene expression and the expression of UCP-2 did not change significantly. In primary
adipocytes, the amount of TNF-a was significantly decreased at dose of 100x¢/mé density. In adipocytes tissue, the
expression of leptin did not change significantly. These results suggest that MHPH may inhibit the expression of
obesity-related genes and cytokines in high fat diet induced obesity mice
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Table 1. The Components of Normal Diet
Components %
Protein 22.1%
Fat 8.0%
Fiber 50%
Ash 8.0%
Calcium 06%
Phosphorus 0.4%
Table 2. The Components of High Fat Diet
Components %
Casein, High protein 26.0%
DL-Methionine 04%
Sucrose 16.2%
Corn Starch 16.0%
Beef Tallow 300%
Cellulose 50%
Mineral Mix, AIN-76 45%
Calcium Carbonate 04%
Vitamin Mix, Teklad 1.3%
Choline Dihydrogen Citrate 0.2%
2) okl
g3 882

248l A28 DIEESRMHPH))
23 ZtHTable 3).

Table 3. The Compositions of Mahwangpohang-tang (MHPH)

BEY £H8E RE(
ME Ephedra sinica siapf 129
FL Armeniacae Semen 129
"= Scutellaria baskalensis George 129
EE Typhae Polen 129

Total amount 489

uiE L EEHMHPH) 280l 574 1,300me gol 2413t 5
Z o H}RE Ho rotary vacuum evaporatorof A ZHet
=551 558 8UE freeze dryerE 52 X0l 18

[=]
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=
1

dEe FIE VIZEYD), TAL AR VIE X

O 3ol 13%F SO ARAIOIBIYCE A

o AT Fol UEF B FYE, YBTOEZ Lhrol AT

JPe ER4E ABTE MHPH 2528 22 350 ne/ke
E

74 4 HMEL Aol HFEe 01g GRAA
ZHIPrt. IS 1357 Folsi] ASHIS} Aol
g BFIAC. AB7I= Cas AeEs AHEBIITE
4) EHSHH 24

gaists R4 d8 12FA ] dAlsiRlon 4aiee
A ol SRLHE FAA STt

1) ALAEZR, Mg W S8 2e)

ether2 13 5la] Aol A ANFHSH F 3,000 rpmoil

A1 1587 A4l gelslol g8e Felsiitt 1811 539 Al

AZAY FAE 01g 7HA

5) At AT BlEE ME wEE 24

(1) AL E 2] vl W ELISA 58
O Alzeler

Ol

C57BL/6 A3Z]ol] Fat-dietS 457} 2013} & R Zo| oF 40g
HEZ E715/ E3EEE AT & 22U ABMZEE &

gigict £2lg 2A 3 g & 2% ejor EF (fetal bovine
serum, FBS)o| £ &HA RPMI 1640 iAo 1 mg/mé8] collagenase
IVE 713 89 15 mlE 37T, shaking HiRE7|ollA] 3082 5S¢t 5
3]0]4} £ES B3 (digestion) lod AL ZE BBt Bl

= g X E MAE F cell strainer (FALCON)ol| £}
AlA M Z01Q)9 BEFHEA 22 REOIL BEEEES AASIC o]
E MEZEERE ACK ENE 37ColA] 58 B¢ Aejsld HE
T2 831A1717]1 1 T MAIR A&S & 0.04% trypan blueZ

Qs B NELE SHACE AWM EE 10% FBS-DMEM Hj
ol 7Y

17} vkl & AUHEE 22i5ld 24 well plateo]]
5x105A4| =2 BFESIc} ulekst & MHPH (100 pg/mé, 10 pg/ml,
1 pg/m0)E K2)GFL 48 A17F ulekalRd
® TNF-o 18] Leptin®] A4k 844
TNF-a 8] Leptin®] di}USHHOl £HZ enzyme-
linked immuno- sorbent assay (ELISA, Endogen, USA)Z 44}
2e BHEIITE 2 wello] BHSYSA 100 w4 BFEHL, 1
17+ £} AL20IK WAIS & 28] washing YEEAOE HA
§} t}2 antibody Avidin-HRP conjugeted 100 & AZI5HL 1
AlZF A20A] WS & ThA] AT TMB 718& 1004404
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FBIaL QhAollA] 30 B7F XIS F 50 pL9] stop Bl A
} % ELISA leader 450 nmoll4l EBEE FE5IAC

() AMEAW Leptin LE A4}

O AgHEY] BP9 RNA =&

C57BL/6 AFE XAKIZ] & B2 M ZE woll
of M A4E 0|83k A & RNAzolB 70044 F7}
sl MzEErE HER %, RNAzolB2l 1/10 2kl sigdhs
CHCl; (chloroform)& @2 & 15 &7} vortexZ 81511 L&
ollAl 1587F BRIBICE 4T 13,000rpmofjA] 1587 |4 2E]
3 & HBHE Folo] S iso-propanolzt 85I THA] 15
B 4 2elold 4E9E AAHSHL 1ntd) 70% EtOHS ¥l
washinggt & 204 ARAIZCE £E3 total RNAE
diethyl pyrocarbonate (DEPC)E AMZ|8} 20 pt8] SF<ol =
RT-PCRo}| AFE3IX

@ dAA-BEE. dHPtE RT-PCR)

A} (reverse transcription) BF32 FH|FH total RNA 3pg
g 75ColA] 58 &9 A (denaturation)A]7] 1L, Olo 2.548
10mM dNTPs mix, 1gf random sequence hexanucleotides
(25pmole / 2544), RNA inhibitor24] 1xf RNase inhibitor
20U/ ub), 1u¢ 100mM DTT, 454 5xRT buffer (250mM
Tris-HCl, pH 8.3, 375mM KCl, 15mM MgClL)E 718t &, 1t
M-MLV RT (200U/ )& T}A] 76} DEPC Rzl EFee
HE Ru|7} 2047} B 58 BTt o] 209 vle Edle &
He H 37T @2 FRoA WA S BISAIA first-strand
cDNAE 3 UhE, 95TCollAl 58 S¢F gixisiol M-MLV RT
g 223} A7l & ghgdo)] #EF (DNAZ polymerase chain
reaction (PCR)oll A1E319]

@ cDNA PCR

THT DNA E 1S AHS3FI] 200) PCR 412
(10mM Tris-Cl, pH 8.3, 50mM KCl, 1.5mM MgCl, 7.5mM 4
NTPS, 20pmoles sense, antisense primers, 2 units Taq
polymerase)& AZSI¥CE PCR HFSAE Turbo Thermocycler
systemZ AFESIA pre -denaturation 3%, denaturation 94T, 18
; annealing 55°C, 18 ; extention 72°C, 18 ZZ0lA 303] 21=6}
@At 7+ primer] EMofl WA annealing 2= W34 00
Bl AHEE 1% agarose geloll A7) QB3I AR

6) SAAE

A8 A= SPSS 11.09] unpaired student’s T-test® AR

3l EARD 51900 P<0.05, P<0.01 & P<0.001 &FollA &

gde Agsidint

%M

©
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1. A& w3l vxls gE

taze AE Hals X&EEQ] 5718 Ueho] 13F0=
48.1gx05g Q& LIER} T, MHPH 072 4371l SY38 2
o g XY=L, 67 FE = R0 HIgl] & 22 2
Sl 13Foll= 40.7g£1.5g2 2 LIERATHFig. 1).
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Fig. 1. Effect of MHPH extra¥fS4 the change of body weight
change in high fat diet-induced obesity mice. C57BL/6 mice were fed
high fat diet containing MHPH extract for 13 weeks. The change of body weight
was measured at every 2 day. Normal group received conventional food that
contains low fat Ten mice were used for each experimental group. Data are
represented as the mean + SE.
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Fig. 2. Effect of MHPH extract on the body weight of high fat
diet-induced obesity mice. C57BL/6 mice were fed high fat diet containing
MHPH extract for 13 weeks. At the end of experimental treatment, the increase of
body weight was measured. Normal group received conventional food that
contains low fat Ten mice were used for each experimental group. Data are
represented as the mean + SE.

3. AEW adipocyte S0l DX|= G

&N adipocyte 2 H 20| 0.435g+024gF LIEbG
I, AT 5175:043g2 Ueht ZFLE EVHINA
MHPH E0§22 1.266+0.36g% LIEL} R0l HISld {4
U=(p<0.001) ZAE LIERNQCHFig. 3).
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4. Primary adipose celloflA] SR A0 DX
1) Leptin wdlol 0]zl @8

Primary adipose celloflA] Leptin 2téiol] njx|&= Heklie=
F4T HT 7ol 12, HETE HT #lo] 2058 Vet & ZO8
Z7}81%3 OLL, MHPH 0432 100, 10, 1 ug/m¢ S EolA] = 242}
18, 189, 2042 & HT o] ViEht thETol Hisld 5k A&
OF AABIRNCH, 100 ug/mt sEollME & F9 Tavt Lig

WITHFig. 4).
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Fig. 3. Effect of MHPH extract on the weight of adipocyte in high
fat diet-induced obesity mice. C57BL/6 mice were fed high fat diet
containing MHPH extract for 13 weeks. The weight of adipocyte was measured at
the end of experimental treatment. Normal group received conventional food that
contains low fat. Ten mice were used for each experimental group. Data are
represented as the mean + SE. Stratistical analysis was performed using student's
T-test (™p<0.001).
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Fig. 4. Effects of Mahwangpohang (MHPH) on the the Leptin
mRNA gene expression in primary adipocytes isolated from Fat-diet
C57bl/6 mice. Primary adipocytes were isolated from the fat tissue of high
fat-diet induced obesity mice, Cells were treated with MHPH in a
concerntration-dependent manner. Total RNA was isolrated and then used for
reverse iranscription (RT). Using RT mixture, PCR was performed with Leptin
specific primer. PCR products were electrophoresed In 1.2% agarose gel. HT value
was normalized to Leptin level. {A) normal, (B) high fat diet group, (C) 100 mg/ml
of MHPH, (D) 10mg/ml of MHPH, (E) 1mg/ml of MHPH
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Fig. 5. Effects of Mahwangpohang (MHPH) on the the UCP-2
mRNA gene expression in primary adipocytes isolated from Fat-diet
C57bl/6 mice. Primary adipocytes were isolated from the fat tissue of high
fat-diet induced obesity mice, Cells were ftreated with MHPH in a
concerntration-dependent manner. Total RNA was isolrated and then used for
reverse transcription (RT). Using RT mixture, PCR was performed with UCP-2
specific primer. PCR products were electrophoresed in 1.2% agarose gel. HT value
was normalized to UCP-2 level. (A) normal, (B) high fat diet group, (C) 100 mg/ml
of MHPH, (D) 10mg/ml of MHPH, (E) 1mg/ml of MHPH

2) UCP-2 W&o nlAl= B

Primary adipose cellofj4] UCP-2 wtgiel mix]s F&klA=
A7 HT o] 205, thR2S] HT kol 2162F LIERt I,
MHPH ol 100, 10, 1 ug/mé sTolAle 22 210, 217, 216

©F UERITHFig. 5).
3) TNF-a4Z0] nlxle &sk

Primary adipose cellollA19] TNF-a o] B|X]& Gk, &
A2 48+1.1 pg/ml, HETFS 11626.3 pg/m, MHPH o7
100, 10, 1 ug/mé =T0IA] 722£7.7, 92.5+6.8, 1075 7pg/ ndE
UERL thEZel digle sR9Edoz ALsier, £l
100 ug/m sTAME |FAY U= AIHp<0.0)7t LERITE
(Fig. 6).
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Fig. 6. Effects of MHPH extract on the TNF-a production in primary
adipocytes isolated from Fat-diet C57bl/6 mice. Primary adipocytes were
isolated from the fat tissue of high fat-diet induced obesity mice, Cells were treated
with MHPH in a concerntration-dependent manner. The TNF-a level in culture
supernatants was measured by ELISA. Data are represented as the mean + SE
of quadraplicated experiment. Statistical analysis was performed using student’s
T-test ("p<0.05, =p<0.01, **p<0.001). (A) normal, (B) high fat diet group, (C) 100
mg/m Of MHPH, (D) 10mg/ml of MHPH, (E) 1mg/ml of MHPH

RS

Primary adipose celloll4}9] Leptinoll T1X|= Qekol|A], B4}
£ 82455pg/ml, LNE TS 957+44.0pg/nl, MHPH ScdF 100,
10, 1 ug/mt ST oA 55668.0, 638+22, 826+17pg/mb, 2 LIERL}
10 ug/mt o149 wLolAl izl Hisld {94 UA
(p<0.001, p<0.001) L}ERTHFig. 7).
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Fig. 7. Effects of MHPH extract on the Leptin production in primary
adipocytes isolated from Fat-diet C57bl/6 mice. Primary adipocytes were
isolated from the fat tissue of high fat-diet induced obesity mice, Cells were treated
with MHPH in a  concerntration-dependent manner. The Leptin level in culture
supernatants was measured by ELISA. Data are represented as the mean = SE
of quadraplicated experiment. Statistical analysis was performed using student’s
T-est (*p<0.05, *p<0.01, *p<0.001). (A) normal, (B) high fat diet group, (C) 100
mg/m of MHPH, (D) 10mg/ml of MHPH, (E) img/ml of MHPH
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5. Adipocyte tissueol Al S XIelE o] nlx]E
1) Leptin @dloll nlx= ok

Adipocytes tissuedllA9Q] Leptin 2F&l 2 AAlTto] 124, T &
T0] 225, MHPH F&{7%0] 1285 HT #tol viERT(Fig. 8).
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Fig. 8. Effects of MHPH on the obesity Leptin mRNA gene
expression in adipocytes tissue in normal and Fat-diet induced
C57blf6 mice. Adipocyte tissues were isolated from normal an high fat-diet
induced obesity mice. Total RNA was isolrated and then used for reverse
transcription (RT). Using RT mixture, PCR was performed with leptin specific
primer. PCR products were electrophoresed in 1.2% agarose gel. HT value was
normalized to B-actin level. (A) normal, (B) high fat diet group, (C) high fat diet
+ MHPH
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Pt

ol Higle & ECF U4 8}01 13#01]% 40.7g+15g2 % 1}

AE AR

ERdTiFig 1). HE A S oA g Ba2e 4
B AZKE Adol Blsl 9.9g:21g0] EMBIIL, HEZRE
221:32g0] E7}5K4T) ololl HI3 MHPH £6{7#S 13.6+15g

2 E7AaT Hliskd &
A

29| ZAE UERIAUCHFg. 2).
TZ AFHSS} HEk A FEZ 997} vt
HEW adipocyte S8 H41740] 0435g0.24g 2 VIERG T, T
T2 5175+043gE Ve E2E0 7 E716K1 1, MHPH %
T2 1266:036gE UER} ROl digld |94 Us
(p<0.001) ZH4E VERNRICHFig. 3). Primary adipose cellofjA]
Leptin wlo] njx)E o)A 4 HT #l0] 12, 2T 2
HT Zto] 2052 LiEh} & Z20F F7I5I9 Sut, MHPH £o{T
100, 10, 1 ug/mé SEAAE Z+2t 18, 189, 204C.2 HT #lo] L}
ERL} tiEol Hisl =5 AEHOE 74K o, 100 ug/
n STolAE & E9 Zarl VERdtKFig 4). UCP-2
(Uncoupling protein-2)= F]|EZ=gjol] = BHEBEE WEE
celofe] ATP ATt BAHQI0] BE BAAA oA BREE
HIAIZICPY. Primary adipose cello|4] UCP-2 wtglo] piXl&
FakolAE el HT 4tol 205, thAETS) HT #lo] 2162 %
LIER T, MHPH S35 100, 10, 1 ug/mé EEollAlE 2H2} 210,
217, 21602 LIER} 51017} QI THFig. 5). TNF= BCGREG

adipocyte:=

=

Aol LPSE BEEdH T M doll 1gmshs EFEA 2=
=0, ¥#(P macrophageet T HERR7} TEE BEMR &

=[HF7} &4 TNF (INF-a) &} lymphotoxin (TNF-B)o]ch’.
TNF-a(Tumor necrosis factor-a)= FZ #EHE macrophageod]
9J5lod ARKEw RN cytokine SEA] Ml REREN &
QE IS 511, BEY T2 cytokines?] £RLE HMAITIH
Gram [GHSEBRGO) R4 2, shock, Ik BEHE &
2 TNF & TNFS #EOE A 110 dof et
%3 Primary adipose cellofl 42} TNF-a ol B]X]& FakolA, &
A7 48411 pg/ml, EFS 116263 pg/ml, MHPH £AT
100, 10, 1 ug/ml SEOIA 72.2+77, 925:6.8, 107:5.7pg/ M
LR TRl vlglel 5% JEHOE LAIN2H, EF)
100 ug/ml STAAE S UE BIHp<0.01)7F UEkITE
(Fig. 6). Primary adipose cello419] Leptinofl m]X]& @EkolAd,
BT 82+55pg/ml, WETE 957+44.0pg/mt, MHPH FoiT
100, 10, 1 ug/mé STOIAT 556+68.0, 63822, 826+17pg/mi, = LIE}
U 10 ug/m o]0 E=TolA ozl Hisid /A4 A
(p<0.001, p<0.001) LIERATHFig. 7). Adipocytes tissueolA12] Leptin
2 Fakro] 124, thaTo] 225, MHPH Fo{F0] 1282 HT 4%
o] 2 #Jol7} YIRITHFig. 8).
oj40] Aug nFEEEY LAYAFY HF 2 FUST
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Sl than 22 2
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Al Leptin, UCP-2 ol mlXlE FER2 Fodol gict
Primary adipose cellolA] TNF-a3} Leptinol] tlX]& gak2 79
o] UAPCE. Adipocytes tissueol|A] Leptin &2 =
ok oldel ATE B wlo] vl EFE2 B]TdA #
FA} wislo] 58HCE AES 202 HolW & Q
T7F EQ8 AR 4z7igrt
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