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Inhibitory Effects of Bojungchiseub-tang on Adipocyte Differentiation
and Adipogenesis in 3T3-L1 Preadipocytes

Soo Jung Lee, Won IL Kim, Kyung Hwa Kang's

Department of Internal Medicine, 1: Department of Physiology, College of Korean Medicine, Dong-Eui University

Bojungchiseub-tang (BJCST) has been used in symptoms and signs of edema, dampness-phlegm, kidney failure,
and so on. BJCST is also expected to have strong anti-obesity activities. However, little is known about the
mechanisms of its inhibitory effects on adipocyte differentiation and adipogenesis. In the present study, we examined
the effects and mechanism of BJCST on transcription factors and adipogenic genes of 3T3-L1 preadipocytes to
understand its inhibitory effects on adipocyte differentiation and adipogenesis. Our results showed that BJCST
significantly inhibited differentiation and adipogenesis of 3T3-L1 preadipocytes in a dose-dependent manner. To
elucidate the mechanism of the effects of BJCST on lowering lipid content in 3T3-L1 adipocytes, we examined whether
BJCST modulate the expressions of transcription factors to induce adipogenesis and adipogenic genes related to
regulate accumulation of lipids. As a result, the expression of steroid regulatory element-binding protein (SREBP)1,
cytidine-cytidine-adenosine-adenosine-thymidine (CCAAT)/enhancer binding proteins o (C/EBPa), C/EBPf3, C/EBPS,
and peroxisome proliferator-activated receptor y (PPARY) genes, which induce the adipose differentiation, liver X
receptor (LXR)a and fatty acid synthase (FAS) genes, which induce lipogenesis and adipose-specific aP2, Adipsin,
lipoprotein lipase (LPL), CD36, TGF-§3, leptin and adiponectin genes, which compose fat formation were decreased.
BJCST also reduced the expression of acyl CoA oxidase (ACO) and uncoupling protein (UCP) genes related to lipid
oxidation. In conclusion, BJCST could regulate transcript factor related to induction of adipose differentiation and
inhibited the accumulation of lipids and expression of adipogenic genes.
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1 A=

3T3-L1 mouse preadipocytes= American Type Culture
Collection (ATCC, USA)oll A #grto} AM-8-319) 31, Dulbecco’s
Modified Eagle’s Medium (DMEM), bovine calf serum (BCS),
fetal bovine serum (FBS), penicillin-streptomycin mixture 2
dimethylsulfoxide (DMSO)= GibcoBRL (USA)ZH-E T3t
o}, Insulin, isobutylmethylxanthine (IBMX), dexamethasone
(DEX), tetrazolium bromide salt (MTT), dimethylsulfoxide
(DMSO), bovine serum albumin (BSA)+ Sigma (USA)ZH-H

R

2. A& &

1 % %) % % (Bojungchiseup-tang, BJCST)& i, 7ol
JAste] & Ho] BFE Table 13 Zo] 3t FAEL A&
Ak (A, )M FHAFS 7, B8t 53 BFY 346

ge SHTE Ksted 15 ¢ 9 S7E mste] 3AF 52t 7}
d FEth F29 84S ARG E Foko AH IS B
3taz, 0.2 pm o Ao A o #3}o] rotary evaporatorZ 200 m¢7}
HEE BRI A2odA 9AA7 § ZAEEHE A
W 11%3td 334 g9 FEES Y534 FEES 2 ocoﬂ
Bastdohrl A3 A A PBSol A sta] A& TH(Table 1).

Table 1. The Composition of BJCST

Herbal name Drug name PRrsgilécne Dosage(q)
AE Ginseng Radix Alba Korea 20
Bt Atractylodis Rhizoma Alba China 20
B Atractylodis Rhizoma China 14
BE Citri Unshii Pericarpium Korea 14
BRS Hoelen China 14

EINES Liriopis Tuber Korea 14
Aid Akebiae Caulis Korea 14
=4 Angelicae Gigantis Radix Korea 14
5 Scutellariae Radix China 10
EAb Magnoliae Cortex China 6
b1 Cimicifugae Rhizoma China 6
Total amount(g) 346

3. MEu g 2 £3t

AA E] E3tell B3 AP A9, 3T3-L1 AFAPA E
= 5% COy, 37T Hi<}7]el A DMEM (10% FBS, 100 unit/ml of
penicillin G sodium, 100 pg/ml of streptomycin sulfate) &= Hj
9F& 9 th. 100% confluent 3l A< W 0.5 mM IBMX, 1 uM DEX
s} 1 pg/ml insulin®] %ﬁ}%E%Q(MDI)Ol gaaa DMEM2. &
agstel -39 B $8E FESIGOM, 1 F ) 29 vtk
ug/ml insulin®] £3¥ DMEMC. 2 n 334t 23 8 & Al
ZE 4L Al AFEHUATE AP TS 3T3-L1 AFA LA X
%i}%E—% A e vEEE, 3T3-L1 AFALAE 05

M IBMX, 1 uM DEX®} 1 pg/ml insuling *2]3to] 8¢ &<t
—E'rﬁ-% =3 E3-FE7(MDI), 3T3-L1 AFA A Z 89 &
¢ #3 F =9 #irhmky FEES 24 4 mg/ml 8 mg/ml
22 A3 #FBSCST)L.2 U3l th(Fig. 1).

3T3-L1 pre-adipocytes
Post confluent 2 days

Growth arrest Differentiation Maturation
2 1 0 1 1 3 4 H 6 il §
| | | | | | | | | |
[ T ] I T ] T v T d
Hormone induction (MDI) Media exchange
IBMX 0.5 mM Insulin 1 pg'ml
DEX 1M RNAProtein
Tnsulin 1 pg/ml exract
BICST treatment
(4 and 8§ mg/m)

Fig. 1. The Experimental Scheme of Differentiation of 3T3-L1
Preadipocytes. The 2-day post-confluent 3T3-L1 preadipocytes were treated
with MDI (0.5 mM IBMX, 1 uM DEX and 1 pg/ml insulin) for 48 hrs. Cells were
then replaced with maintenance media containing 1 pg/ml insulin every 2 days for
8 days. To investigate effect of BJCST on adipogenesis, the differentiating 3T3-L1
cells were treated every 2 days with BJCST for 8 days.

4. MTT Assay

3T3-L1 WAl theh BE&ol vIA= bR
o] Jgg dolr7] 38t MTT assayS A B 3HATE 24 well
plate (Corning, USA)ell 5 x 10" cells/well?] F=2 HEE
DMEM Hj%keo] -33}e] 24 A|7HEQE QH48lA7] 3, BJCSTE
FEE(0,1,2 4 % 8 ng/nl)E Ae]ste] 48 AZHEL W-EAIH
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5. Oil Red O ¥4 3 A%

AEZH AR BEE FAsH7] H5te] Oil red O F4&
31T v YE M X phosphate-buffered saline(PBS)S.Z
gk $ 3.7% formalin® 2 10 #7F 31783} deionized water
2 AlAH38Y Oil red OF AHEg & A-2oA 30 £+ 943814
o 1 & GMNAS A A5 deionized waterE 33| A F 3t
A E A EZE microscopic image (Olympus, Japan)Z &34
ok 3 AFS 9 DMSOE 7hatd s
microplate reader (Molecular Devices, USA)E Al-&3te] 490
nmol| 4] dst 3Tt
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6. RNA % ¥ RT-PCR

AlZo] TRizol& R 287 WX AT AZE wojd
% chloroformes 23 10 %37+ 734 vortexing3dhil
14,000 rppm &2 15 &3+ A48 Ah A7
F3ted 5% isopropanole 3}
7 UEth 2 F 4T A 14,000 rpm o E 10
2] sk NG A AL 75% ethanolS Wil 4ojFE ¥
A 7,500 rpm o 2 5 &3 A4 2] 8F S Th RNA pellet2 10
Ao 72 A)71 1 DEPC (diethyl pyrocarbonate)-DWell
260 nmol A FFEE Z7835t] RNA =& ALt
mg9] RNAE #3}4 RT-PCR kit (Bioneer, Korea)S AM-&3}4
45Col A 30 &, 94CellA 5 BF WH-EAIZ] T 94Cell A 30 =3¢
denaturationA] 7] 11, 55-62Coll X 30 %%t annealingA|Zl Th,
72Col A 1 £3F extensionAl 7] = cycled 30-35 3] WHE-3 &, v}
A& extension 72TColA4 5 #7F PCR machine (GeneAmp,
PCR system 9700, USA)ol A =33}t 2+ PCR products®
0.5xTBE buffer (45 mM Tris-borate, 1 mM EDTA)E A}-4-3}4
2% agarose gel°ll loading3le] 100 V 2zl A 30 £+ @719
&% & ethidium bromide A& ¢ F E4stdth. 27

primer+ Bioneer (Korea)dll &J%|s}e] 4d3} % th(Table 2).

ST Eo]=
= R

A
ey

+Z % Western blot

Cold PBSZ A& ste] A3 M El protease cocktail S 3
7}gk RIPA lysis buffer (0.5 M Tris-HCl, pH 7.4, 1.5 M NaCl,
2.5% deoxylcholic acid, 10% NP-40, 10 mM EDTA)E 37}t
w5 &7+ vortexdte] el 30 #3F WA EHh 1 F 12,000
rpm, 4CellA 20 &7 AT st FH A& St @i
&S AF3Ah 7 lysate 50 pgS F3te] SDS loading buffer
(100 mM Tris-HCl, pH 6.8, 20% glycerol, 200 mM @

7. Protein

-mercatoethanol, 10% SDS, 0.2% (w/v) bromophenol blue)<} 41
©] 10% SDS(sodium dodecil sulfate)-polyacrylamide gel®l
loading®}e] 150 VoA 1 A3t 30 & F<F #7153t Tl
S BgAzT #28 @9 EE PVDF (polyvinylidendifluoride)
membrane (Amersham, Little Chalfont, UK)Oﬂ 1 A7t transfer
A7l 3 10% skim milk7} H7}E TBST(tris-buffered saline
tween) buffer (10 mM Tris-HCl, pH 8.0, 150 mM NaCl, 0.1%
Tween20)Z 20X 1 A7t blockingA1Z] & 12} antibody
PPARy9} C/EBPa (Cell Signaling Technology, Beuerly, MA,
USA)E 1:500~1:2,000 8 4ste] 7k3gk o] % W& 7t} TBST
buffer2 33] s 2z HRP-conjugated
secondary antibody (1 : 1000 dilution)& 1 A7t o]’ WA
th.  TBST bufferZ 33 A3 ECL(enhanced
chemiluminescent) detection kit (Amersham, Little Chalfont,

UK)E o] &3t Xray filmoll =&A1A A3

EEL!

antibody

5
T

Table 2. The Primers for RT-PCR
Oligonuclotide

Oligonuclotide

Target Target
sequences sequences
gene (5' to 3' direction) gene (5" to 3' direction)
S AGCTCARRCACCTEGTGE F CTGCTGGACGAGCAGTGG
‘1 5 TCATGCCCTCCATAGACA Adipsin R GATGACACTCGGGTATAG
A A
F GTTTCGGGAGTTGATGCA F GGCCAGATTCATCAACTG
C/EBP ATC oL GAT
R AACAACCCCGCAGGAAC R GCTCCAAGGCTGTACCCT
AT AAG
F GATCTGCACGGCCTGTTG F TTGTACCTATACTGTGGCT
C/EBP TA D36 AAATGAGA
5 R CTCCACTGCCCACCTGTC R CTTGTGTTTTTGAACATTT
A CTGCTT
CGCTGATGCACTGCCTAT ATGGAGCTGGTGAAACGG
PPAR F oA TGF-p F AR
Y R TGCGAGTGGTCTTCCATC RACTGCTTCCCGAATGTCTG
A A
F GTGTGCACGTCTATGCTA F GGAGATGCAGGTCTTCTT
C/EBP AACCA Adipon 66T
o} R GCCGTTAGTGAAGAGTCT ectin R TCCTGATACTGGTCGTAG
CAGTTTG GTGAA
AGGAGTGTCGACTTCGCA CCAAAACCCTCATCAAGA
F AA F CCA
LXRa Leptin
CTCTTCTTGCCGCTTCAGT CTCAAAGCCACCACCTCT
R m R 6T
TGGTGGGTTTGGTGAATT CGCCAGTCTGAAATCAAG
F GTC F AGA
FAS ACO
R GCTTGTCCTGCTCTAACTG R ACTTCCTTGCTCTTCCTGT
GAAGT G
CCAATGAGCAAGTGGCAA AACAGTTCTACACCAAGG
F F
aP2 GA UprC2 6C
R GATGCCAGGCTCCAGGAT R AGCATGGTAAGGGCACAG
G TG
F CCACAGTCCATGCCATCA
GAPD C
H R TTCACCACCCTGTTGCTGT
A
8. TAEH
SA AL SPSS 12K for Windows 4] T2 13 #7] %]
E AMgSte HuA + BFEAAE YEINL FY5ES p
<0052 39 4 AP 9 F5ANEH £4L One
way-ANOVA<} Dunnett's Multiple Comparison Test 4 & 4

A3kl
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1. AGAE 23494 53
1) AGATFAEL F2ol VX e 9%

3T3-L1 AR LAE 0,1, 2, 4 L 8 mg/mle] #irhARE
S 48ATHERt AR st AWAFTAE F2o HAE
o 3l iﬂ}ﬁ AR, ol AYE }Zl Fe gz vty 1,
2, 4, 2 8 mg/me] wWiFHRLS AT oA 7z
112.106.97, 120.90+20.33, 123.90+16.51, 119.001r36.69%94 H& S
vetdlo] ilirhiaiiine s=e wEt Axy F2o] A=A o
K-S AT & A (Fig. 2).

150+
1004

504

% of control

1 2 4 8

BJCST (mg/ml)

Fig. 2. Effects of BJCST on the Cell Viability in 3T3-L1 Cells. 3T3-L1
preadipocytes were treated with the indicated concentrations of BJCST for 48 hrs.
Cell viability was evaluated using a colorimetric assay based on MTT assay. Values
are means * SD of three independent experiments.

MDI

BICST (mg/ml)

4 days

8 days

Fig. 3. Effects of BJCST on the Microscopic Morphological Changes
of 3T3-L1. Preadipocytes Differentiation. The 2-day post-confluent 3T3-L1
preadipocytes(day 0) were treated with MDI (0.5 mM IBMX, 1 uM DEX and 1 pg/ml
insulin) for 48 hrs in the absence or presence of indicated concentrations of
BJCST. Cells were then replaced with maintenance media containing 1 pg/ml
insulin and BJCST for every 2 days. Accumulated lipid droplets in adipocytes were
observed 4 days and 8 days after the initiation of differentiation and morphological
changes associated with adipogenesis were photographed using Inverted
Microscope (Carl Zeiss, Germany).

2) AAES 3?

100% 7}5 %k 3T3-L1S 29 &< #3185 f=sta £3 &
e Au|FEoE HEste] AX Feo wsE #Ed Ay, A
TAWAE] NELE7} 100% confluent® A EFHEH = Z il
AfelEe] FEE RAFAOY, AWAEE &
497 8 A A X Fej= Algte] Al wpeh AE
AL AEA ) AgFEo] Ha gol A

e wae nAE 4P

r

#3d $ 9 #hd BJCSTES wxo] &g A XY
WTe] Ao @Mlil% Ae #2E + UATHFig. 3).
3) AAEY F
Oil red O& Olﬁo}cﬂ A QS Aleste] AWAE] ¥
£ #ES T AXW FAAE] &S AFeAh FES 2
, B3kl HIE) 4 mg/mlT} 8 mg/mee] BJCSTLoll A AAlE
R uF o] & Ao Mx}]go{ 9= Aoz #AAHTE L X
AE W dNE FAALY] &S AFS 29, vEsTY] §
€ 0.05+0.012 YElton, F3l7ol Ao F3EE1.2040.15
Yebgth 4 mg/ml3 8 mg/m¢ BJCSTEY EF3:-v 77
0.61£0219} 0.32+0.062.2 ALAAS FosA dAsAT
(p<0.05)(Fig. 4).
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0.0
MDI = =+ =+ =
BJCST(mg/ml) — — 4 8

Fig. 4. Effects of BJCST on the Adipogenesis and Lipid
Accumulation of 3T3-L1. Adipocytes. The 2-day post-confluent 3T3-L1
preadipocytes (day 0) were differentiated into adipocytes in the absence or
presence of indicated concentrations of BJCST. Adipocytes were stained with Oil
red O to determine the degree of adipocyte differentiation. Stained intracellular lipid
was solubilized in isopropanol and absorbance was measured to evaluated lipid
content. Values are means + SD # p<0.05 vs. undifferented cells, * p<0.05 vs.
control. (A) Undifferented cells, (B) Control was treated with MDI to induce
differentiation, (C and D) MDI and 4 mg/m¢ and 8 mg/mé of BJCST were treated.

2. AAE 2o #E AARIA 9 fAA #E 2 529
1) ARt 7] XA Sdo) X = FF

SREBP-1, C/EBPB, C/EBPS, C/EBPa%} PPARyS] & <k
A& A9 B SREBP-1, C/EBPB, C/EBPS, C/EBPa$t PPARY

mRNAE #3372 mlEgTe] Hlste] Wdo] Fr43i9a,
BJCST#2 &3twol Hl8)] ¥& oEdo=z oy 7H4AE BTt

(Fig. 5).
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[e)

3-8 AR aP2, Adipsin, LPL, CD36,
Adiponectin mRNAS] 73-¢- £33} 1

Z7}8t9 A BJCSTE& H3bFol wls)
Hag BAT(Fig. 7).

EAL

Adiponectin®] &d
TGF-B, Leptin, 18]
b Hlste] L
T 9EHOR
4) Aakst @4

ACO$} UCP-2 mRNAS]
1 F7+E ®glon, BjCSTdl

1 % th(Fig. 8).
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Slﬂrﬁt}ﬂoo

SREBP-1
CEBPp
CEBPS
CEBPa
PPARY

GAPDH

MDI
BJICST(mg/ml)

+

150

=+
w +

PPARY
(%o bayaly

MDI
BICST (mg/ml)

Fig. 5. Effects of BJCST on the Expression of SREBP-1, C/EBP{3,
C/EBPS, C/EBPa, and PPARY in mRNA Level. The 2-day post-confluent
3T3-L1 preadipocytes (day 0) were differentiated into adipocytes in the absence or
presence of indicated concentrations of BJCST for 8 days. The mRNA levels were
determined by RT-PCR as described in ‘Material and Methods'.

; 200:

E.ﬁ 150

_1:\= 100-

= s

150

<}

i ow

_—————

"
MDI| - t + t MDL | - &+ o+
BICST(mgml) | - - 4 8 BICST(mgml) [ - - 4 8

Fig. 6. Effects of BJCST on the Expression of LXRa and FAS in
mRNA Level. The 2-day post-confluent 3T3-L1 preadipocytes (day 0) were
differentiated into adipocytes in the absence or presence of indicated
concentrations of BJCST for 8 days. The mRNA levels were determined by RT-PCR
as described in ‘Material and Methods'.

rr

3. AAE 23} AR C/EBPast PPARyS] W& o) w]x|
%
8 24 HAAIAR] C/EBPas} PPAR
dolr 7] st HAFALAE

[¢]

275t
7V B9, BJCSTE S ®shrd W v& o&doz Iy
s BHYow, C/EBPa B d 23 B3lgo] vi3d
Hgte] W Z7hE B3 BJCSTwS ®3ltol we] v& o F
Ao wd 7HAE B HTHFig. 9).
250,
& 20:
S¢
T s
200 2005
Egmw
0
=5 mo
iEw
P
210
-
o
MDI| - + o+ f M| - o+ o+ o+ M| -+ 4+
BJCST(mg/ml) | — = 4 8 BICST(mgm) | - - 4 8 | BICST(mgml) | - - 4 8

Fig. 7. Effects of BJCST on the Expression of aP2, Adipsin, LPL,
CD36, TGF-B, Leptin and Adiponectin in mRNA Level. The 2-day
post-confluent 3T3-L1 preadipocytes (day 0) were differentiated into adipocytes in
the absence or presence of indicated concentrations of BJCST for 8 days. The
mRNA levels were determined by RT-PCR as described in ‘Material and Methods’.
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150-
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MDI| - o+ o+ 4 ol
BICST(mgm)) | - - 4 8 BICST(ugh)) | - - 4 8§

Fig. 8. Effects of BJCST on the Expression of ACO and UCP-2 in
mRBNA Level. The 2-day post-confluent 3T3-L1 preadipocytes (day 0) were
differentiated into adipocytes in the absence or presence of indicated
concentrations of BJCST for 8 days. The mRNA levels were determined by RT-PCR
as described in ‘Material and Methods’.

125 0
100
E = 20
§ i
2 a
£ 50 £ 10
25 | | |
CEBPa PPARY | G e’ G w
P-actil | e— — —— P20l | o — ——
MDI| - + + + MDI| - + + +
BJCST(mg/ml) - - 4 8 BJCST(mg/ml) - - 4 8

Fig. 9. Effects of BJCST on the Expression of C/EBPa and PPARy
in Protein Level. The 2-day post-confluent 3T3-L1 preadipocytes (day 0) were
differentiated into adipocytes in the absence or presence of indicated
concentrations of BJCST for 8 days. The protein levels were determined by western
blotting as described in ‘Material and Methods'.
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