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Effect of Bangpungtongsungsan on Suppressing Fat Accumulation in High-fat
Diet-Induced Young Obese Mice
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Objectives
The aim of this study was to determine the inhibitory effects of Bangpungtongsungsan extract (BTS) on fat
accumulation in high-fat diet-induced young obese mice.

Methods

The extract was administered to 3-week-old C57BL/6 male mice fed with a high-fat diet. The experimental
groups were divided into a control group (Ctrl), high-fat diet group (HFDF), and BTS treated group after high fat
diet feeding (BTST), with 10 mice assigned to each group. Lipid synthesis was observed to confirm the inhibition
of fat synthesis. Changes in body weight, body fat percentage, and total cholesterol in the blood were observed to
confirm weight control. Peroxisome proliferator-activated receptor gamma (PPAR-Y) and sterol regulatory
element-binding protein (SREBP)-1 positivity was observed to confirm the inhibition of fat accumulation in liver
tissue.

Results

Bangpungtongsungsan significantly inhibited lipid synthesis. Changes in body weight, body fat percentage, and
total cholesterol in the blood were significantly lower in BTST rats than in HFDF rats. PPAR-Y and SREBP-1
positivity were significantly lower in BTST rats compared to HFDF rats.

Conclusions
This study confirms the potential of BTST to inhibit fat accumulation in obesity.
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I . Introduction
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Z (atherosclerosis) ¥ HILTZE4 AW (non-alcoholic
fatty liver disease, NAFLD)< 3313 XAl Aol &
ST, 2 ATl o8k NAFLD 3 Hld =
<43 AW (nonalcoholic steatohepatitis, NASH)S]
AAR FHES gk 25%9F sl

AT vIRkS: olFr] Mol dx AHES
ARES 2771 EPH ddasold dg 5
of, ofAle] THAFH HRke: A F WA T
24 A Aol ek Aote] Aj2R1Ap} E 5 3]
o g 24 A AFE A71el alE 2 wigk
A A Bdo] Ao, A AAIZ o= Hnk F
BEo] S7Fh= 23t ®aste] 4ote] IA|F 8l H|
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Zregstal vigtolu NAFLDE ost7] 913k a7l
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regulatory element binding proteins-1 (SREBP-1)2 Z&|
/\Eﬂi‘/] 'GPAL/K4J,]. Z]%—JEH/\]'— ZF‘Q_O].__ F9 ;H/\}o]
Apo]Thh, m=gk HlTo|u} NAFLD 22 AW TiAF ol
Agke] Fg2 AP G2 A AAE ZE3R= perox-
isome proliferator activated receptor-y (PPAR-y)°l 2]3}
E25HA) A lEich?, Axp2 © 2 PPAR-y 2 SREBP-1
o WE 7L ek AL Ad $4 2@ vy
skt o Fa% Awolt). Heha o ulgto]
U} NAFLD 2:¢ Al ole] A2 5 5
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PPAR-y ¥ SREBP-19] & =4 9 AAo|th
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=, U3 G, i @Ry, s (KB 52
50| o} AF (RE)SE g v|gke)] ARSHT}H?,
WE5/34ke] Hgtel] gk A== HIRE Sxjol tigt
AsFIH0, aAgAo] FF ] 7F 22 ) A=A
A &3} gl NAFLD % J&dA 4 /N 53
o gk Har} Qlck
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NANZ 7 AS A= A

B2 AFE Sl EEdste] A Aol = il
H|nke] A8k =218 AA|S}al PPAR-y 2 SREBP-1 &
Holl gt 7hsdS Ikl Barsl= vlojok

II. Materials and Methods

1. Materials

DAY AEE

QIZF THSF M (Human hepatocellular carcinoma
cell line, HepG2)v= TF=Al| 2280l Fuffste] A}
|3+t HepG2 M¥E= 10% fetal bovine serum (FBS,
Sigma, St Louis, MO, USA)T YA (Penicilin-stepto-
mycin)% Z71e Minimum Essential Medium Eagle
(MEM, Sigma, St. Louis, MO, USA)2 A&} 5%
€02, 37 C 7l sttt

2) A58

Zte] . (JA-Bio, Seoul, Korea)ollA] H-F -2 E &
35 C57/BL6Al A AFE R8BIt A& 37t
) BT 5 e 0N WP H255] 949
2% O HGA FAF 13+ 1 0.2 AN A



ol A8ttt ART-E thar (Control, Cerl), 3L4]
W2lo] A3 (high fat diet feeding group, HFDF), il
Aol A3 F WEt FE= FoIT [Bang-
pungtongsungsan extract (BTS) treated group after high
fat diet feeding, BTSTIS-Z U3, 22} 10712
Hgstan 4971t St Fa 8 An AlE H
= 10 g o oA TE BEsl ST AAE
Aol A Al Llsk3dT

BE 7Y AFHES 23-25 °C, 55 + 10% =, 12
hr B F71004 ARSE AL, SAFE-40+RMM (SAFE,
France) 2 filtered tap waterS A|gHgI0] A F3HATE =
3 HFDFS} BTSTE 28717F 52k (2099 high fat diet
(fat, 60%; carbohydrate, 20%; protein, 20%; DIO DIET,
USA)% zh(_)rkl/ﬂ /\]9:]1*4_ 5%/3‘&-]_04 /H]Uﬂr,ﬂﬁ‘l—jl ==
AP-&E91d3]9] 591 IACUC No. smecae 20-10-02)
F AAEAAL, 718 £ 5;1%‘ =2 Bt ARGl o
SAe Pl= STHEAY (NIH) 7ol =il wet A

3) ddd=
Ao AHgE WEEH4 (Bangpungtongsungsan)
2 A thstal el Alxzd AL ARSskT
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Table 1. The amount and composition of
Bangpungtongsungsan extract (BTS)

Herb name Dosage (g)
WA Talcum 7
55 Peucedani radix 2
HH Glycyrehizae radix rhizoma 5
B Angelicae gigantis radix 2
N Coidii rhizoma 2
DS Paconiae Radix Rubra 2
He+ Gardeniae fructus L5
K Rhei rhizoma 2
i Schizonepetae spica 1.5
Folt Atractylodis rhizoma alba 1.5
HE Gypsum fibrosum 3
AT Menthae herba 2
JilzE Ephedrac herba 2
[a) Natrii sulfas 2
£} Forsythiae fructus 2
Tt Platycodi radix 3
L Scutellariae radix 3
HH Zingiberis rhizoma crudus 6

g
=N
N
)
N

% o7tk 1 NS rotary
ol-g3t 50 m(= 7
Q}, =3 & A7 %7] (Labconco, Kansas, MO, USA)
2 75 °oCcollA] AxE] FE2E 42 o (F5E Bw)S
Ak

WEEAN FEES A gl 345t 0.35
ngkge] ¥ 0.1 m¥ BTSTO| IAG2A]0] 85+ 442
3 127 B¢ AR sl

evaporator (Eyela Tokyo, Japan)&

2. Methods

D AERY 24

A& A7) 21k AP4E palmitic acid (PAYE
AR TE Sodium hydroxide (NaOH) 0.01M©]l PA 20

<= A3, 70 CollA 3023t FAIAA e vt

E e 10% fatty acid free bovine serum albumin (BSA)
solution¥} 1:3 HI-&E T3t 37 CollA] HAAHTH
013371] AZFgE PAT MEM (Sigma)< ©]-8-31% 500 uM

AS ‘?_PEOPH AHgsEAT
7}0}7] 218l HepG2 A2l 5573

Z}¥ 10, 100, 1000, 10000 ng/mL-/] &5
2 24A7F =2 A3 & 2-(4-Todophenyl)-3-(4-nitro-
phenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium (WST-1)=
2417t Bt A28k microplate reader® 450 nmOllA]
TREE S48ItE 389 FEEs AR B
o) AeFste] MEgg fitste] 13 siglom,
A= A2 et M2 509 AFEEE TS
inhibitory concentration 50 (IC5) 22 7S84 Th

PAR 59 Ao 4 mse A sl
HepG2 AE (1 x 10° cells /wel)Z tomodish (Shaefer,
Milano, Italia)ll seeding SFITE ©]F 500 uM PA<}
500 }1M9] H(}—%%/\é/\]- _Zrﬁ_ 71—71— 24/\]7} Eo]. ;q
A Th Tomocube HT-1S W74 (Tomocube, Seoul,
Korea) = ©|-83o] 2|29 ?1‘3']; g live cellollA] EE31
o} A9 33 2H-E 718kS 2 Tomostudio

softwareS ©]-&3t] A %— 4_% BAE9T

2) HTAE £4

;2-]]%,9_ /\164/\]3]'-%7 X]l:ﬂ—/\lo] STX]' HZE2 X
523 Fol A, TARA] 20574 (FEEA

FEE 5o 12573pel ST

A A} EE= Dual-energy x-ray absorptiometry
(DEXA)-Fat= ZAFSIAT 5% isoflurane O & +H v}

ee
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F7dEloll A X-ray absorptiometry (Inalyzer, Medikors,
Seoul, Korea)Z ZA3FThH

Y 1Y total cholesterol> 544 Fo 1253
o zjE3t NS A HE] & cholesterol E kit (BC
108-E, YD Diagnostics, Korea) S AH8-31] S35tk
2 G| (Freestyle, Therasence Inc, USA)E AR
sto] S48kt

oA 24AIE FF 7% F TR WHOE paraf-
finoll Zoldtal 5 m FAZ A&HEHS THEUTE 3¢
22 Yol|lx] Agslel whE Fepasts A 918t
& Masson’s trichrome G21S ARESto] 22|84 Lz
E BT

4) A9=A 33t

A ZF2 | FS= peroxisome proliferator acti-
vated receptor-y (PPAR-Y)&} sterol regulatory element
binding proteins-1 (SREBP-1)2] HH 22512 Hsl=
ZAVeE7] 918l & PPAR-y9} SREBP-1 IA|E ©]83
Azt AAE AT

4 22 AHS proteinase K 20 pg/pl (Dako,
Santa Clara, CA, USA)l| 5 &<} proteolysis 8-S A
Zl B 19 fetal bovine serum (Sigma-Aldrich, St. Louis,
MO, USA)e] Z3FH 10% normal goat serum (Vector
Lab, Burlingame, CA, USA)IA 12417t St blocking
WSS AIFTE 12} AR mouse anti-PPAR-y (1:100,
Abcam, Waltham, MA, USA)®} mouse anti-SREBP-1
(1:100, Abcam)®ll 4 C humidified chamber®l|4] 724|137}
&S WRSAIFTE 22k AIQ] biotinylated goat an-
ti-mouse IgG (1:50, Abcam)®l] 2204 24417} link 3}
31, avidin biotin complex kit (Vector Lab)ol) 1A%t 5
QF A2 A HRSAIZITE 0.05% 3,3'-diaminobenzidine
I} 0.01% hydrochloric acid (HCH®] E&H 0.05 M
tris-HCl 4588 (pH 7.4)°014 ZAYAIZ] 3 hematox-
ylin® 2 thzg el

5) A
HA22518te] A= image Pro 10 (Media cy-
bernetics, Rockville, MD, USA)S ©]-83%F GAEAS

53| 4=X|3} (means + standard error) ATk ZF 9

2] TE 0718 J2= A% 3 x 100 gl &
Sk T3 positive pixels (intensity 80 ~ 100) /20,000,000
pixels® FHEA 5 Th

il

off

6) 4

7= SPSS software (SPSS 25, SPSS Inc., Chicago,
IL, USA)E ARSI S ™, one-way ANOVA Al3S &5
3l ol (p < 0.05)S HFEAL, AR S Tukey's

honestly significant difference (HSD) test= AA|SHAT.

II. Results

1. X1 2 xah

AEZEA 1G5, 2 1206 ug/mLo|, ¥54 F%
500ug/mLbn & |3HATH (Fig. 1A).

PAZ =9 A&e] 42 BTS 500 ug/mLell 2]
Aol Z20] 0.07 + 0.02 ym’Z FJA3U= A H9]

T AslE UERHJAT (Fig. 1B).

rr

2. Mz ==

205 FRF IAA o7} A4241E HFDF9} BTST+
galolE AAle Cal BT B Al5o] B 718k
t}. HFDFE= 100%, BTSTE 50% 7FFAth 18y
BTST®| A5 S7k= HFDF| A5 S7kl Blsf 25%
Frold Al DT (Table 2).

AW AHHIE-S Cerl (23 + 1.4%)0] BI8l HFDF (53
+ 2.4%)E 130%, BTST (36 + 3.2%)E 56% %7313
t}. 22y BTSTE= HEDFO) HI3) 329 214 A &
At} (Fig. 24).

ol W total cholesterol Ctrl (151 + 14 mg/de)oll
H|3|] HEDF (388 + 24 mg/df)E 157%, BTST (248 =
37 mgdl)= 64% =UTE 1Y BTST HFDFO H]
3l 369% T4 UA FUTH (Fig. 2B).

+

7
type)2] AEAE 7H TN EET 2 AgE Jole
7t Mz 3 M| EE0] 3220 A T HEAE S
T} BIST+ HFDFol| Bl8l| 22 o] A=4 A
7F #EEAT (Fig. 3).
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Figure 1. Effect of Bangpungtongsungsan extract (BTS) on palmitic acid (PA) induced lipid accumulation in HepG2 cell,

(A) HepG2 cell were treated with BTS. Cell viability was measured by WST-1 (4-[3-(4-Iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio}-1,3-benzene Disulfonate)
assay. (B) The lipids were observed using the HT-1S. The volume ratio was calculated by lipid volume /cell volume (um3). The data are expressed as mean
percentages relative to the untreated group = standard deviations. ", p < 0.05 vs. untreated group. #, p < 0.05 vs. PA group.

Table, 2. Effects of Bangpungtongsungsan extract (BTS) on body weight in high fat diet feeding mice

Body Weight (g)

GROUP
INI 8W 20W
Curl 13.6+0.7 27.8:0.92 35.5:1.51
HFDF 13.5+0.53 45.4:+1.9" 74.1:2.89"
BTST 13.6+0.52 45.5+1.27" 53.3+2.26" *

Abbreviation :

Ctrl, General diet feeding C57BL/6 mice; HFDF, High fat diet feeding C57BL/6 mice; BTST, High fat diet feeding C57BL/6

with Bangpungtongsungsan (0.35 mg/keg/day) extract for 12 week; INI, Sth week old mice; 8W/, High fat diet feeding mice for 8 weeks; 20W,
High fat diet feeding mice for 20 weeks; *, p < 0.05 compared with Cerl; *, p < 0.05 compared with HFDF.
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Figure 2, The mitigative effects of Bangpungtongsungsan extract (BTS) in fat distribution of high fat diet feeding mice.

A. DEXA-fat. B. Total Cholesterol. Abbreviation : DEXA, Dual energy x-ray absorptiometry; Ctrl, General diet feeding C57BL/6 mice; HFDF, High fat diet
feeding C57BL/6 mice; BTST, High far diet feeding C57BL/6 with BTS (0.35 mg/kg/day) extract for 12 week. *, p < 0.05 compared wich Cerl; #, p < 0.05

compared with HFDF.



42 Effect of Bangpungtongsungsan on Suppressing Fat Accumulation in High-fat Diet-Induced Young Obese Mice

Ctrl HFDT BTST
rw..‘
=
=
L=

o N Py
o
E cv
1
o i
m .; : \.

80000 F’PAR-rImage# 80000 SREBP-1 Image#

2 * 2 *

=] =3

g 60000 ; S 60000 ]

= ot

& 8

w 40000 » 40000

® 51

o - B

] 2 20000

Z 20000 Z

Ctrl HFDF BTST Ctrl HFDF BTST
Group Group

Figure 3. The mitigative effects of Bangpungtongsungsan extract (BTS) in lipid deposition of high fat diet feeding mice,

Abbreviation : M/T, Masson trichrome; PPAR-Y, Peroxisome proliferator-activated receptor-Y ; SREBP-1, Sterol regulatory element-binding transcription

protein; CV, central vein; PV, portal vein; arrow, immunohistochemistry positve reaction; Bar size, 50um;

compared with HFDF. Other abbreviation same as Fig. 2.

At} PPAR-y YRS
Ctrl (6,140 = 990)01] HloH HFDF (56,738 + 4,5
824%, BTST (27,494 = 2,027)= 348% Z7}5 }9&5} i
2y HFDFO)| H]3l BTSTS] PPAR-y FAIHFS-S 529%
el A T (Fig. 3).

SREBP-1 YRHS-2 A W52 A4 733
oFA o2 BEE Tt SREBP-1 YAIHR-S Cerl (5,297
+ 773)°ll W13}l HFDF (55,431 = 4,706)% 947%, BTST
(28,812 + 3,364)= 444% S7Fek3dth. ZLevt HFDF|
"3 BTSTS] SREBP-1 ¥AWH3-2 48% 94 A
ST (Fig. 3).

IV. Discussion
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IO 3D T Y-S ARgste] AT 548 2
I} FFE FEES A FAE 2 FHE JAF
+ A7} S skt

AWzl 2057 B TAFAOlE H
HFDF$} BTST 525 A42]0)E 43218 Cullith AlF
o] 43| 7t 18y BISTY] AT k=
HFDF®| A5 S7tel vlsl 94 JA =okeh A
AHE GA| Celell Bl HFDFE 130%, BISTE
56% S7¥8+9 2, BTST+ HEDFO Bla| 3295 W2
A7} vkt @Y Y cotal cholesterolS Cerlol] HIEY
HFDF, BTST =% =3tO1} BTST+= HFDFO] H|3|
36% AE frold A @2 A7E Bk ol=g 4
P& WF54 o] A2 ol E S BIRKEE AR
)

FAR AF 37 L AT F71E WY 5 e

A

2o, BTSTE HFDFO) Bls] @A 22 4=2] A
W2 N7 BEE IS

PPAR-y A3 Cerloll WIS HFDFS 824%,
BTSTS 348%2 A Z7}skd ey}, HFDFRO| Hls)
BTSTS] PPAR-y YAWH-2 529 SQ)Th SREBP-1 &
gRke Al HFDFQ} BTST B AM52] ThA| 322 o
A 7% oz EEl o), HEDFO HISl BTST
o] SREBP-1 YRES-2 48% Skt

PPAR-Yy % SREBP-12 &F cholesterol @] &34}
AAAE 2Hshs T8 HARIA eI, ]l
OJL} NAFLD 22 AGTAL o7} Qe AFgre] Thol]
Al PPAR-y&= YR o R J7lsh= A2 Yehdtt
2 24 g4 o] oJA= PPAR-y & SREBP-12 £33+
i weo] AR ootk T AlME A
Ab QIZRR] SREBP-10] HIRkO|UY /-5 s)s,
NAFLDS} 22 Z3le)| #ofdttia Huska o,

£ AFAHE B3l sk Ak S8
gk AA}Q1 PPAR-y 2 SREBP-12] W& 315k 243}

to] TIX|AI0] R O] HIZH AFQ] X2 =Xof| 0lxl= F&F 43

s
ol¥ g A= T 5Ad4ko] PPAR-y 2 SREBP-1 %
HE ZaAA BTtolu NAFLD 22 AtiAL Aol
= < AN ASE rigith o
2hA] WFEAAAE A A S AIF oA HiTlo]

83 AR 5

AAE 149 YAAT @ ARA A7) Bed
Aow AztET

V. Conclusion
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SREBP-1 ks Wsls &oll ot 22 23 &
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1. BTSE A& 485 o4 A A8kt

2. BTSTS] A5 7= HFDFQ| A5 Z7}ol| Hls)
25% T4 A AT

3. AW A& Z71= BTSTZ} HFDF)| H]&|
329% ol Al Edth
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36% o4 AA HAT

5. PPAR-y YAJWFS-2 BTSTZ} HEDFOI B3l 52%
o8 A %
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