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Effects for the New Formulation of Daesiho—tang on
adipocyte development and differentiation in 3T3—-L1

Hye—Min Choi#, Se—dJin Kim, Sung—0Ok Moon, Ji—Beom Lee, Ha—young Lee
Jong—Beom Kim, Hwa—Dong Lee

Korean Medicine Preparation Team,
National Development Institute of Korean Medicine (NIKOM), Republic of Korea

ABSTRACT

Objectives : Daesiho—tang (DSHT) has been widely used in the treatment of cerebral infarct in traditional medicine,
However, there was not report on the anti—obesity—related diseases efficacy of DSHT, In this study, we investigated
the effects for the new formulation of DSHT, on the adipocyte differentiation cycle in 3T3—L1 cells,

Methods : 3T3—-L1 cells were treated with DSHT (50, 100, 200 ug/m¢) during differentiation for 6 days. Also, the
inhibitory effect of DSHT against 3T3—L1 adipogenesis was evaluated in various stage of adipogenesis such as early
(0—2day), intermediate (2—4day), and terminal stage (4—6day). The accumulation of lipid droplets was determined by
Oil Red O staining, and, the expressions of genes related to adipogenesis were measured by RT—PCR and Western
blot analyses.

Results : DSHT showed inhibitory activity on adipocyte differentiation at 3T3—L1 preadipocytes without affect cell
toxicity as assessed by measuring fat accumulation and adipogenesis, In addition, DSHT significantly reduced the
expression levels of several adipocyte marker genes including proliferator activated receptor—y (PPAR—y ) and
CCAAT/ enhancer—binding protein—a (C/EBP—a ). Also, the anti—adipogenic effect of DSHT was strongly limited
in the intermediate (2—4 day), terminal stage (4—6 day) of 3T3—L1 adipogenesis. In addition, the DSHT treatment
down— regulated mRNA expression levels of PPAR—y ,, C/EBP—a in mature 3T3—L1 adipocytes.

Conclusions : These results suggest that, the ability of DSHT has inhibited overall adipogenesis and lipid accumulation
in the 3T3—L1 cells. The new formulation of DSHT may be a promising medicine for the treatment of obesity and
related metabolic disorders.
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HIUTLE SeHIRIES SN a0 F & BEIAE
PR kLS T2 Al she] A kiR ik Db
I ARE] 2 JEREC], 22 kMR Ao 9o ol
g Adboltt? | Adfjo]l oA ki BAE Bty A7z
AE, Y B A% A7 7tes Y 9 9 For B
AF 050 mA e G| T ATt F2 o|FolA %1,
Hoo wwk 2 wjwka B FHEo) i KR
A5 AAFTF AL TThe] g ATLE o] FoX T g
O sk A B AWAE Batzdo] st
B2 7|AH o2l AH vt glo] & ALE AASAT
o5 U AlA ZRHE F&3 AT eR Arstd
Aol met o) ouA] AF 9 Ao EFFES 29
stef vjgte] FEata gieh, HITHE A H oy x|eko] 2] of
Yz FrTh goba Fe U7} Aoz 22o] Yxx ol
ogAel B4 W olUzt zE A AAo|AE St
12k At ol A3 5L SUEtT glo] BAA H
E3] ot & Had o AAE uthgel A
17] vlgtate &) AgAlE A0 (77} oFga 4
Hlgko 29 743t o|g WAE /AT Qlon, A7) e 27
=9} Axto] ol A1l AZHE HgtEch A2 Al Beot
o 2 X271 asts, I AFE Fesct Y ddare)
AL wmte] ot X 2E 9% A7t ol oo m
3, ol gulgt &R} Y Aol YEHE ok &
FAAE o] &3 A} AE AL A= AFEHT U},
geba], B ATl Jaes JuA g, M, By F F
T2, 25 A% 5L N7 Aol hASHCkEEI) S
3T3-L1 MEE o] gsto] AATFA L] F4]A|(Z27] 83},
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1) Slebx o AHH|

£ Ae] A BhAET (DSHT) 2 WEFAA (BTS)

W 2 FYSS @FASE (BR A4, FH)IA 79
st dzelzA] AGLel Bast A7HIE sHysrRer
EAHE)NA TS

2) MZAE 24 A2t

Fetal bovine serum (FBS), Dulbecco's modified eagle's
medium (DMEM), Penicillin—streptomucin, Phosphate
buffered saline (PBS)& HycloneA}l (USA)A|ES F+435}Hd]
AHgstath Aol AREE AIYF F 3-Isobutyl-1-—
methylxanthine (IBMX), Dexamethasone (DEX), Oil red O

A|2FE-2 Sigma AldrichA} (USA), Bovine calf serum (BCS),
Insulin Al2F& Thermo ScientificA} (USA), PPAR—y,, 8 —
actin 12} A= cell signaling technologyAl (USA)ol| A
T, 22 A= Santa CruzAl (USA)OlA ST

w

) HEEAM A2 7|7

FFE2ZI9Q baicalin, baicalein, naringin ¥ paeoniflorin
2 Sigma—Aldrich (St. Louis. MO, USA), rhein2 Fluka
(Buchs, Switzerland)ol|A FY3}A Tt wogonine 41%&2]
FEPH A o A BF wtof ALt om ZF #EEAHY ke
95% ol4ol3itt. A& HAE ¥ HPLC £4& 93 methanol,
acetonitrilet= J.T. Baker (Phillipsburg, NJ, USA)o| A
AJ3t9 2™ phosphoric acide Junsei (Tokyo, Japan)©]A]
TFAst] ARESHATH 24S $1% HPLC= Agilent 1260
HPLC system (Agilent Technologies, Santa Clara, CA,
USA)S AME3lg o, B4 data A oll= Agilent OpenLAB
CDS Chem—Station (A.02, 08)& o]&3}%tt,

S

2 Ao AHE-3t DSHTS SHAIAZA T34 (Hed=
gkl F43, KHP)O 718 A 5= A Ay
1 kg& AAstS e AAZH J2A9] Al wet A=
9 Eueo et 282 s, 977 (HSIR7], AZ, T
)2 A4 10 #ZFE 718 100ColA A1 AEF vy
Whatman filter paper (No, 4)2 oji}st1, AHofe] AEM&
5% 85Tolet AYsH)T AxA2E FL& A 22 KHPY
W & 1P E ol dulste] = &S A
(F D). 2T 2 AL BTSE ETAAZA 7 29 o]
o] FAA O 718 A oFQE 2 4 HIEE uiEe &
7] (H-eFg7], AL, =2 1089l FA=et 100T
oA 3A|7HE¢E &3t &, Whatman filter paper (No, 4)2
sl AGFEAZRIE AHEStY EEE AUt (=&
BTS : 23.70%).

Table 1. The contents and dosage of Daesihotang (DSHT).

Dry
Soft
Countryof | Pharmacopoei | Yield matter
Herbal Name extract
Origin a@® (%) content

®
%)

Bupleurum chinense DC China 5.00 103 1.03 50.0

Scutellaria baicalensis China 313 280 125 200

Georgi
Paeonia lactiflora Kyong Puk,

Daesiho-tang Pallas 3.13 17.0 0.82 65.0

Ui Seong
Soft extract

Rheum tanguticum Chi 250 218 178 300
Maximowicz ex Balf 2 - - - .
Poncirus trifoliata Kyong Puk,

; 1.88 18.0 0.85 40.0
Rafinesque Gyeong Ju

Pinellia
ternata Breitenbach

Total 16.89 8.14

China 125 153 | 0.64 301
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Table 2. The contents and dosage of Bangpungtong— sungsan

(BTS).

Pharmacognistic name (BTS)

Country of Origin

Pharmacopoeia (g)

Glycyrrhizauralensis Fischer

China

0.67

Playtcodon grandiflorum A. De Candolle

China

0.67

Angelica gigas Nakai

Kyong Puk, Bong Hwa

0.4

Rheum tanguticum Maximowicz

China

0.5

Ephedra sinica Stapf

China

0.4

Sodium sulfate

China

0.5

‘Mentha arvensis Linne var. piperascens Malinvaud

Kyong Puk, Go Ryeong

0.4

Saposhnikovia divaricata Schiskin

China

04

Atractylodes macrocephala Koidzumi

China

0.67

Zingiber officinale Roscoe

Chung Nam, Seo San

0.4

Gypsum Fibrosum

China

1

Forsythia suspensa Vahl

China

0.4

Paeonia lactiflora Pallas

China

0.4

Cnidium officinale Makino

Kyong Puk, Young Yang

0.4

Gardeniajasminoides Ellis

China

0.4

Schizonepeta tenuifolia Briquet

China

0.4

Talcum

China

1.67

Scutellaria baicalensis Georgi

China

0.67

2) MZ=gEot
DSHT®| 3T3-L1 A|Zof of

3—[4,5—dimethylthiazolyl]—2, 5—diphenyltetra

% SHYEE oty $5tel

zolium

bromide (MTT) assays $33tlct. WA, 3T3-L1 AZ
(1X104 cell / 96well)S Seeding &, 24A17F 5 100, 200,

500, 1000, 2000 ug/ml SE=HEE 2 2]5to] 24A17F vjGk
MTT Alek& H7Fete] 2417 F2t 8H8-3FaL, 490 moll A §
F=E A AEEY e AREE AFsA g
2 (CON)I} & Ao H&E ALttt

kel
)
ol

Cell viability (%)
=100 X (treated sample)/(Non—treated sample (CON))

3) 3T3—L1 M= B 2 23R =

3T3-L1 whe2fe Hjohdfotd2s nlmAZ323
(American Type Culture Collection;ATCC, CL—173TM)
ANM FAstA ARSI H, A= 10% BCS, 1% P/S&
23 DMEM A2 37 ¢, 5% CO2 #j%¥7] (MCO—15AC,
SANYO, Japan)ollA ®jFstgitt, wikE AZe 6-well
plate]] seeding &, 120% ©]4F confluence AYE|7} & HJ
oFolS B8 ujoFed (0.5 mM IBMX, 2 WM DEX, 167 nM
insulin (MDI) / 10% FBS)2.2 u}FLa 3U7F wjofsich, 2d &
167 nM insulin / 10% FBS A2 n&shy A<3t XA
(adipocytes)® TH=Ith A¥ DSHT ¥ iz BTSE
FEHE WA aA A 7|vct A A2ste] 64-5<t A2 st
EIE ottt 1ol & 49 Zo] 697 B Es =
71&38, 7183}, 2183t 32 FE5te] DSHT ¥ =2+
BTS2 200 ug/m¢9] ¥=2 167 nM insulin / 10% FBS Hj
2ot A A st

ODay 2Day 2Day 4Day 4Day 6Day 1z

27 MDI+ Oil red O,
=3 10% FBS+ Insulin+10% FBS RNA

DSHT/BTS Sampling
ODay 2Day 2Day 4Day 4Day 6Day 22}

Z7] MDIL+ Insulin+ Isulint Oil red O,

_ nsulin

23 10%FBS+ " RNA
10% FBS 10% FBS .

DSHT/BTS Sampling
O0Day 2Day 2Day 4Day 4Day 6Day 3k

27] . Insulin+ Oil red O,

&= MDI+ Insulin+

=3 10%FBS+ RNA
10% FBS 10% FBS .

DSHT/BTS Sampling

4) XLMZ 23t AHls &

(Oil Red O staining)

23 45 E 6-well plate?] #jAE AAT F 1 XPBSE
23] MojZEAth. 10% formalin© 2 2417 o] LA A
X E 40% isopropanol®z A& 3 L4As] AXA|HT, 1 3,
0il Red O working solution® & 1A|7t GMEHTL 40%
isopropanol® 33| M3}t ME MEZ= ARRIEY T,
100% iso propanol®2 HAH Oil Red O solutionS =

520 nmoj|A FFE=E 54 4

FatAt.

5) ZeEA 4EISY (RT-PCR)O| M2 X|ut2st
S

50, 100, 200 ug/m¢ FEE DSHT ¥ BTSE E3}3EA|
7|42 A5ty vjekst 3T3-L1 A|ZE TRI-zol (Takara,
Japan)E ©]&3}9] total RNAS &3t E8%H total
RNAE= 1 ug2 AT} Oligo—dT, DEPCE A7}et &% 4t
SN (Maxime RT PreMix, intron, USA)S Yo 45 CoA
ok 60R7TE ¥HEAIZL F 95 TollA 587F st cDNAE
A3, o] template cDNAQ}F Taq polymerase 59°] &
el W E3H (WizPure "FX—PCR 2X Master, Wizbio,
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Korea)@} Z}Z+e] Primer sequuence$l 5—ATT CTG GCC
CAC CAA CTT CGG-3" (Forward), 5-TGG AAG CCT
GAT GCT TTA TCC CCA-3 (Reverse); Peroxisome
proliferator activated receptor—y (PPAR-y), 5—GCA
ACG CCG CCT TTG GCT TT-3" (Forward), 5—AGT
GCG CGA TCT GGA ACT GC—3 (Reverse); CCAAT-
enhancer—binding proteins—a (CEBP—a), 5 —~CAA CTC
CCA CTC TTC CAC CT-3" (Forward), 5—CTT GCT CAG
TGT CCT TGC TG-3 (Reverse): Glyceraldehyde—3—
phosphate dehydrogenase (GAPDH)Z PCR $% & 1.5%
Agarose gel 719522 EA54T

6) Western Blotting0l| [t X|BHE5 XM CHHEE =X

50, 100, 200 ug/m¢ == DSHT ¥ BTSE A5ty £33}
FZ=5ko] 3YZE wieFet 3T3-L1 NIZE 1X PBSE AlF &,
Protease & Phosphatase Inhibitor Cocktaild Z3}3l=
RIPA buffer (PIERCE, USA)Z #3A3} atgich, #A3td
samples2 A& Tl 2 10% Sodium Dodecyl Sulfate
(SDS)-PAGE®] £&3 &, PVDF membranel 2 Tifz-&
AN AT, 1 & 5% Skin milkE X elste] v]Eo]Zl th
W) o3t blockingg stRAL, 1x} A (PPAR—y, (-
actin)& 4 CollA] Overnight ¥H-2 A7l & HRP7} &=
22} A E WHEAIF T, Immuno—positive bands+ enhanced
chemiluminescent (ECL, Thermo Scientific, USA)o] 2]3j
33 XA cheiluminescent detection system-= ©]-&3lo] &

Asrdct.

7) DSHT2| X|&Het

Aol AHEE DSHTS Ewn| Az 24| (DSHT-SE)&2
AL, ool Wag s 4EFA L oJebE
A B} Fhol=etele] FHAMA AAGH: ERo M
FAEFRLS HEAR, p-Alo]2RHAEY L 21|, &4
T 9 pAPRAE FEA, FAA 9 FAHIUERS
Az A, oA A CMC—Nat AEAZA Zzho) o
T2 7IEAE A = 74 HEE £ & A=
(& 49).

Table 4. The content and dosage of Daesiho—tang Soft extract
(DSHT-SE).

Content Ratio
Name
(= (%0)
Daesiho-tang
8.140 54.27 T TS
Soft extract =
P
DwW 4.421 29.47 |
Sodium benzoate 0.009 0.06 % ; .
ix
B-Cyclodextrin 1.050 7.00 ¥ ok
Excipient om
Oligosaccharide 0.900 6.00
Sucralose 0.0075 0.05 “
Trisodium Citrate 0.0075 0.05 ‘—'P
Citric acid 0.015 0.10 % 3
Plum aroma 0.300 2.00 4
"‘..;.»i
CMC-Na 0.150 1.00 -
Total 15.00 100.00

8) EEMo| x|

baicalin, baicalein, naringin, paeoni—florin, rhein &
wogonin 6%2 EFES methanolZ 59 2% 1 mg/ml2
BER ZAT F g3 A H4stel Bl gttt

9) ool =X

DSHT E3gu|dzx A2 (DSHT-SE) 01385 A4
10 m¢ of] A3 53 thE T HehES H7sto] 28 34
5 & ¥4 B3t AL 0.2 4m mambrane (Advantec
Toyo Co, Japan)2.2 ojatste] AN o g AR T

10) HPLC 2MxA

Agilent 1200 HPLC system< AH8-3t91, A2 YMC—
Triart C18 (5 um, 4.6mm I.d. X 250 mm, YMC Co., Kyoto,
Japan)& AMHEEYTH 942 1.0 mf/mine 2 stgow Al

= 10 WE FY3Ht. olFF2 0.05% phosphoric acidS
28t water (A)QF 0.05% phosphoric acidS Z§sts
acetonitrile (B)2 ¥ 53} Zo] EZFoon HETAL
230 nmZ 3t

Table 5. Solvent gradient condition for HPLC Analysis

Time (min) Solvent A (%)® Solvent B (%)
0 85 15
45 70 30
50 65 35
59 45 55
60 50 50
65 0 100

a) 0.05% phosphoric acid in water
b) 0.05% phosphoric acid in acetonitrile

3. SAEA

A Aol B4 A2l SPSS packages ©]-83l9oH,
Ago] gt 2472 mean+SEME EA|SFA I E4of tigt
59142 one—way ANOVAS AlA|, 24 A7} thgt p 0,05,
p<0.018 $=FoA LSD tFAAFYLE ATHAFS AA
sto] ZF A2 7he] Ht Ko et §-948F 245kt

o 2 I
1. 3T3-L1 A*HAFA| 2] tfg DSHTE| A|E
=4

DSHT Ao 23t T3— L1 AGHFAIZY Al254 2
S $13iA DSHTZ di27¢l BTSS sE¥2 A5t 24
A|ZE BjFet & MTT assayE 3¥stqch (Fig 1). 3T3-L1
AGAFAE e A ZEXL DSHT U BTSS X F3HA
3 HjFEt tf2 (CON)Y NZAYEE 100%F 7|&L2
DSHTOIA 250 ug/ml 5=7kA] (2% MlZEo] Yeht]
okt mebA, B A3 PEE 200 ug/ml o3k HE H
Aol A s=F3tATt,
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Fig 1. Effect of Daesiho—tang(DSHT) on the viability of 3T3—L1 cells.
Cells were treated with indicated concentrations of DSHT for 24 h.
The values of independent experiments are expressed as means
+ SEM (n=3).

B

2. DSHTo] Z¥A| 2 &3] v|X]= F3F

3T3-L1 A|FH+A 2] DSHT ¥ BTSE AHsty 64
ot B3lE 423 3 Oil red O GAS E3to] APA|Z B3}
=S &3 A7, E3E =8 AYAEZ (MDDAAE
AFALAE (Control)oll vI3] 41 A B35 et
Atk olof wlste], AWESE F=5t1 DSHTS A A3t
AZL 100, 200 ug/mle] HEOA S& oJEFHoF 93 54+
1.36 %, 81.41+ 2.20 %2 ZA&2 g2 BTSY 21,27+
2.86%, 26.76+ 1.86%%] ZHAago B8] Sl A=+Es}
AA A EFS et (Fig 2).

100+
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Adipo ge ne sis (%)
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i [

T T T T ™ T T
Control MDI SluwgmLl 100 wgml 200 ug/'mL 50 ngml 100 ug'mL 200 vgml

—
w

DSHT B

Fig 2. Effect of Daesiho—tang(DSHT) on lipid accumulation during the differentiation of 3T3—L1 preadipocytes.
The intracellular lipid accumulation was evaluated by Oil Red O staining. The values of independent experiments are expressed as means
+ SEM (n=6). *P {0.05, **P {0.01 vs MDI. (Control : Preadipocytes, MDI : Adipocytes)

3. DSHTo] AMA|Z B3} 2FHAA Y njx=
3

DSHTY] gt aate]] gt B3} 2807 o) n|X|& FFS
ZAFst7] 9l DSHT ¥ FAHRT BTSS Aty E3E
=3k 3T3-L1AIZo| A A% A2 =8 ZARIAR] CEBP-
a® PPAR—y9| f3% 9 ol g & S5ttt

3 A3}, AAFAE (Control)oll Hls) £3H5 F=3 A
Al (MDD)¢] 7% CEBP—a$} PPAR—y9] 34+ © chal g
o] Qolxgog =71 stg o, DSHT 100, 200 ug/mé
< A3 oA CEBP-af ##AF @Hdo] iz BTS
200 ug/mle] 72.96+0.008%2 Z2Eol| HE 80,99+
0.006%, 66.45+0.0001%2 F2J42 A4S Yeffiglon,
PPAR-y9] 414+ & o dddo A BTS 200 ug/ml= 2
Z+ 57.314£6.92%, 47.81+8.91%% DSHT-L 50, 100, 200
ug/mZ A3 oA PPAR—yS f382 2@ 60.03+
0.73%, 78.66+1,39%, 65.84+0,71%2] Z4&7 thid

WE 3.15£7.07%, 78.71+6.42%, 89.07+ 7.58%L2 5=
gzsoz g8l g4 A2E HrkFig 3),

5. #3} A]7]'8 DSHT A g B2 AIA 2
23] vl 9F

3T3-L1 AA|2 E3tndS o|-8ste] DSHT % BTSY
3T3-L1 B3A7|HE &3} AR5 gRlsts s, 1
A1, 647t BIHE K23 AHAE (MDDoA = AHA+
A3 (Control)ol| HIal <4<l A% 235 el Bsto],
ARIE F=5H DSHT 200 ug/més A A2gt AlZ=
271838} (FA19A, 0-2day), F71&3 (AFBAE AAl, 2-
4day), 37|83 (XE3), 4-6day)EE 29.69+ 1.07%,
33.23+0.27%, 37.44+3.08%2] ZA&=2# DSHTL 27],
271, 371 BE E3A7]0lA AESE AthE e,
= BTS 200 ug/mé= 7| &3 A T 26.15+£0.63%=
FAQd AR AAFFS Yt (Fig 4).
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Fig 3. Effect of Daesiho—tang(DSHT) on the expression of C/EBP—
a and PPAR—y mRNA and protein in 3T3—L1 adipocytes.
The cells were treated with DSHT and BTS at different concentrations
for During 8 days on differentiation. The values of independent
experiments are expressed as means * SEM (n=3). *P<0.05,
**P(0.01 vs MDI. (Control : Preadipocytes, MDI : Adipocytes)
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Control

MDI

DSHT
4-6day

DSHT
0-2day

DSHT
2-d4day

BTS
4-6day

BTS
0-2day

BTS
2-4day

120+

100+

80

60+

Adipogenesis (%)

|l 7

. i T T T - -
Contral MDI 0-2day 24day 46day (2dsy 2-dday 4-6day
DSHT BTS

Fig 4. Effect of Daesiho—tang(DSHT) according to the treatment
of 3T3—L1 adipogenesis early (0—2 day), middle (2—4 day), and
late fat production (4—6 days).

The intracellular lipid accumulation was evaluated by Oil Red O
staining. The values of independent experiments are expressed
as means = SEM (n=4). *P{0.05, **P{0.01 vs MDI. (Control :
Preadipocytes, MDI : Adipocytes)

6. ¥3HX7]'8 DSHT Ao w-&

2Rl WXE G

AR Z 23t

DSHTY| &#3HA7|d2 &3 2dRIA e nAl= §F2 =
Abet7] $13l DSHT 9 fgddi =+ BTSS ESAI7|E=2 2|
Aol Azt A9 Ao 2 HARIARI CEBP—a%t
PPAR—yY] §4A Hd-E& E4st4tt. 1 23, DSHT 200
ug/miE FA A AEzes F7183 P 9A, 2-
4day), 37183} (YR, 4-6day)ollA CEBP—a 50,21+
14.14%, 73.88+ 7.07%2] Zr2&3} PPAR—y 43.68+7.07%,
47.45+4.24%9) 94 A4 FFE Udefled, gz
BTS 200 ug/mé= F7|23 |49k CEBP-a 21.49+7.07 %,
PPAR—y 23.67+4.24%9) 7+4 AL Jehy gt} (Fig 5).
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Fig 5. Effect of Daesiho—tang(DSHT) according to the treatment
of 3T3—L1 adipogenesis early (0—2 day), middle (2—4 day), and
late fat production (4—6 days).

The mRNA expression levels of transcription factors such as
C/EBP—a and PPAR—y was examined by RT—PCR. The values of
independent experiments are expressed as means + SEM (n=3).
*P {0.05, **P<0.01 vs MDI. (Control : Preadipocytes, MDI :
Adipocytes)
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34,58, baicalein® 55.9%, rhein ¥ wogonin< 61.4,
61.8%lA Z-2 HE= A} (Fig 6).
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Fig 6. HPLC chromatogram of standard mixture (A) and Daesiho—
tang(DSHT) (B) Paeoniflorin (1), Naringin (2), Baicalin (3), Baicalein
(4), Rhein (5) and Wogonin (6).
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