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ABSTRACT

Objectives In this study, we investigated the biological activities such as anti—obesity using Samwondan

ethanol extract (SWD), SWD is a complex with Salicornia herbacea Linnaeus, Saururus chinensis Baill and
Houttuynia cordata Thunberg as the main raw material,

Methods : The SWD was extracted 80% ethanol, 3T3—L1 preadipocytes were induced adipogenesis by differentiation
media with SWD at 1ug/mL, 10 ug/mL, and 100 ug/mL, Effect of SWD performed using MTT assay, oil red O
staining (observation by microscope), and reverse transcription polymerase chain reaction. Also we measured
production of triglyceride (TG), fatty acid, and acetyl-CoA carboxylase (ACC).

Results : Non—cytotoxicity was in all test group from range of 1 ug/mL to 100 ug/mL on pre—adipocyte, The
droplet and production of lipid were decreased significantly by the SWD, And TG was decreased by
approximately 89%, 85% and 82%, upon the SWD treatment at concentration of 1 ug/mL, 10 ug/mL, and 100
ug/mL, Moreover, the SWD showed inhibitory effects on the expression of the C/EBP (CCAAT/enhaner binding
protein)B, C/EBPa, and peroxisome proliferator—activated receptor y genes in adipocytes. The SWD at 100 ug/mL
concentration showed inhibitory effect on fatty acid production by 79%. Also ACC production were decreased
dose—dependently,

Conclusions : From the results above, we concluded that the SWD indicated significantly anti—obesity effects,
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Adipogenesis® pre—adipocyte”’} adipocyteZ 3}
Hgow Feust ohefdt 32 2 9 =2 1A
o] wiskg FukshA Hn’?. Adipogenesis Il wE =
F2Z R 3T3-L1, 3T3-F422A 12|11 Ob1771 59 AN=Z7}
in vitro A7) 22 olgE1 gom'” adipogenesisE ¢
A E= AE A7le A2 HTo 2 #ejo] glo] Fa%
Bplez d2A Utk Adipocyte?] &3 Foll ot
AARRIA S Wdo] Uehtbdl, 2710 CCAAT/ enhaner
binding protein g (C/EBPB)2] ¥&o| A|Z=n, C/EBPa%}t
peroxisome proliferator activated receptor y (PPARy)2]
9Ee 9wslA Ho®!? C/EBPeg} PPARyS adipogenesis
£ zFstke= A AARIAK(transcription factor)2A4 £}
o F7l] %A waHel adipocyteRe] RIS HHsH,
acetyl—-CoA carboxylase (ACC)Q] A=t fatty acid®] A3
H& f=stA Bk Faity acids FHA4E P4 2
2 g3, ACCE fatty acid @AY 57H491 malonyl
~CoA?) FH4e] Telstel g En) she maz AguT
11,12)

oo g Hghe: dovle S BREHRET 34S
TABEAL ohAletd EY ELEAS KiESHAEY] &
WAshe, #ho] gl BuRS S55kaL faito] FEFSt] A
TS EHo FAAF7E ESHA Hof Hgke] Hrka sttt
Yk U E(LiAE] RSN T ko] WSt
HITHE op7|sbm | K, HEE ¥R Yovl= 5a% 9
oz myrp?

E Ao A" =St (samwondan, AHTHS i,
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off ARgETha A AP, w3 fuiEiss P, Rk
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g gEA o
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=4 w3 g, YAgy? S giFt A7t ol B
TEolA Y T FHE A4EE RE E FEEY
leptin®} adiponectin 74~ §%22), RREL 22he] syl 8%
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2 Aol AR =it A" samwondan ©]st
SWDZ #7))9] 4 FHEL EHFUSEA TYstrh
=55 Table 19] £ 80% 4 500 mL& ¥al 34]
&Y ARFE T RS o] Y TS 5=5E
LA freeze dryer2 F4 ZAXRste] B 8.2 g (5E,
7.85 %)% AU

Table 1. The Prescription of SWD

Herbal name Korean name Scientific name Weight (g)
fi g = Salicornia herbacea Linnaeus 30
=HE Az Saururus chinensis Baill 20
FafEE oz Houttuynia cordata Thunberg 12.5
H = z = Glycyrrhiza glabra Linne 1.9

Total amount 64.4

2. A<

AFEE AJ9FS  dulbecco's modified eagle's medium
(DMEM : Gibco BRL Co., U.S.A.), SejoldA(fetal bovine
serum. FBS, Invitrogen Co., U.S.A.), lipopolysaccharide
(LPS : Sigma Co., U.S.A.), isopropanol (Sigma Co.,
U.S.A)), cell viability assay kit (Daeillab sevice, Korea),
penicillin (Hyclone, Co., U.S.A.), streptomycin (Hyclone
Co., U.S.A,), total RNA prep kit (Intronbio., Korea),
triglyceride detection kit (Sigma Co., U.S.A.), fatty
acid detection kit (Sigma Co., U.S.A.), ACC dtection
kit (Sigma Co., U.S.A.), Oil red O powder (Sigma Co.,
U.S.A) 55 AMgstact

3. NlZ w9 £33}

H &to] ARgE 3T3-L1 pre—adipocyte= American
Type Culture Collection (U,S A)o|A Fuljste] ARSI}
AN|ZejFe 10% bovine calf serum (BSA)I 1% FYAZ
24" DMEM HjA|S] 37C, 5% CO.8] XZALZ Hjfsty
o} ANl B3l= pre—adipocyted] W=7} 80%7F H AL &
¢l & differentiation media (DM, 10% FBS, 10 ug/mL
insulin, 1 uM dexamethasone, 0.5 mM IBMX)2.Z 1A
3t & A2E AFste 297t =SStk Differentiation
maintain media (DMM, 10% FBS, 10 ug/mL insulin)2
2 A3t AEE oA HEstaen, 29 1452 DMM
I ANEE ZAIStY 59 ¢ #iYst adipocyte® E3HA|
.

4, MTT &4

3T3-L1 A|ZE 96 well plateo] 104 cells/well® B3+
ste] 48A1ZF Bt kst M= wigdo= wAHSHS
I, A& 22 1ug/ml, 10 ug/mL, 100 pg/mLe S=2
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At thA] 48A17F FF wieFsiath. wieF & 10 uLe
cell viability solutiong A7}ste] 3087 ¥REAIZl 3 450
nmolA FFE HILE SHst izl gt AlxE
£8 WELE B4 9T

5. Oil red O (ORO) |

Adipocyte® EIEE A=g Ity ¥ste] ORO 84
HE A4t Pre—adipocyte= YE7F 80%7F H RS
gl & & DMOe2 WA 3k A|RE 1ug/mL, 10 pg/mL,
100 ug/mLe] F=2 AHFsta 297t wiFstlct, DMMOR
BABIL ARE oA AFEged, 29 7HEoE DMMIt
ABE wAst 59 F viFste adipocyte® EIAIF
ot wjFdE AASIL NHsIE L™, 10% formalin 4O
2 1ARE B¢ 3 A7 ¥, IH}NE AASIL SHFLE A|
Z3lHek, ORO FM AR Y3 2417 B¢ 94 & 57
+2 AFsta, " AZE duFe o8ty TSR
o}, T F 100% isopropanol& ©|-§dte] FMA|SRE -85
A7l Zofl 96 well platee] 200 uLA &A 510 nmolA &
=g AL AR gz FEE 3ol o
HEgE Yehfgli, gz AR glo] BIFEE s
o, A4 AR E3iEE BEF JbekA] ok Ade A

Aokt

‘,..

I oz

6. Triglyceride (TG) &3

Pre—adipocyter= WE7} 80%7F & A& ¢ & DML 2
A sl A|RE 1ug/mL, 10 ug/mL, 100 ug/mLe =
2 At 29zt wigstatt. DMMOE WAISAL A8E
A HEstgen, 29 HE2E DMMIF AEE A5t
5¢ F¢t viksle] adipocyte® EIAATH TGE A5
Q84 triglyceride detection kit& AMESIFow, At Zk
2 triglyceride standard HIAl| wel AAbele] o229
groll digt WESE Uit iz AR glo] B3k
EE stgoen, A2 AR BEIMEE EF VA &
I AYE JPstnt

—

7. RNA ¥2] 9 RT-PCR ¥4

AdipocytedllAl EE HARIAE &A1) $8 RT-PCR
2 AFsETh Adipocyte= HIFAL A|AZ T AHTAHL
AA 5 total RNA prep kitZ ©o]€38le] RNAS =&3}%
o 9FHA B2 &% RNAE RT premix kit
mixtures ARMESHS first—strand cDNAE FASHE oM,
o] 4= cDNAE polymerase chain reaction (PCR)
o] AFg3tgtt RT-PCRE DNA polymerase 1U/tube®]
250 mM dNTPs mix, RT buffer (10 mM Tris—HCl, pH
9.0, 30 mM KCl, 1.5 mM MHCI2)E =Z33t mixture©]
ZF MEZ3} primerES Y1 PCRE Astact AREE primer
+ Table 29} Zt}, 1% agarose gelo] A7|FF + A
o QEE UVE &Fste] 2 1F§EE bandE &3S
o REe AR glo] Bshiu Aesigon], PR
B35 A=k @2 AlzoA AEE JIystsct,

Table 2. Primer sequences of target molecules for PCR

Primer F/R Sequences

F CCTTATAAACCTCCCGCTCG
C/EBPB

R TCCAGGTAGGGGCTGAAGTC

F GGTGCTGGAGTTGACCAGTG
C/EBPa

R CGGAATCTCCTAGTCCTGGC

F GAGCCGTGACCACTGACAAC
PPARy

R TTGGCTGGTGCCAGTAAGAG

F GATGCCCTGAGGCTCTTTTC
B—actin

R TCAGCAATGCCTGGGTACAT

8. Fatty acid &3

Fatty acid (FA)E 2A3}7] ¢3}o] fatty acid detection
kitZ AMESIETE Pre—adipocytes= WZ7F 80%7F H A&
ol T DMeg wH st A|EE 1ug/mL, 10 ug/mL,
100 ng/mL2] =2 A2star 297t wigFstgct, DMMO &
nABRL AlmE oA Astglen, 29 HAo= DMMi}
ARE aAste] 59 Bt vigste adipocyte® E3HAIH
o}, FAS] %2 FA standardE ©]&3| Akl fiz29
ol gt wEgs el dizde AR glo] 3kt
TE siglen, AdTE AR EFEE 2R VA &
1 AFS s

9. Acetyl CoA carboxylase (ACC) &#

ACCE= ACC detection kitE ©]-&ste] SH3I4Tt Pre—
adipocyte?] Wx7} 80%7F © AL 2l T DMOZ WX
3l A|2E 1ug/mL, 10 ug/mL, 100 ug/mLe =2 A
gt 29%r Hjkstgtt. DMMe g2 WA|StL ARE THA|
Adstgier, 29 71422 DMMI ARE At 5Y
S wigsto] adipocyte®2 #3HAIZTH ACCY F2 dixd
o] Ftoll gt WEE=Z Uelfidlth tixzd2 A= §lo] &3
=5 siglen, A4S ARe BEIREE EF 7R
B AR APt

10, SAEA

AE dat= A3 Zat= SPSS 11.09) unpaired student's
T-testZ &8t BAEA 192 p<0.05, p<0.01 &
p<0.001 244 Fo84& AR

2
1, A=A
SWDe] AlZ HE&S 1ug/mL, 10 ug/mL, 100 pg/mL
SroA g A¥, dzEE 100%2 st9e W, ZZ
100.4 + 3.2%, 99.9 + 4.1%, 100.9 + 7.8 %2 e} A
Z=4o] gl AeR IRIEUHFig, 1).
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Fig 1. Effect of SWD on cell viability in pre—adipocytes.. The cells
were treated with SWD at 1 ug/mL, 10 ug/mL, and 100 ug/mL for
48hr. Cell viability was measured using an MTT assay. The results
were expressed as mean = standard from 3 independent experiments.

2. ORO QAo ol AZY] X&) wHE:

I3t= A& &4% 23, ORO GAA &

uFoz 1%) 39S o, sx=o wEh xWEFo] dXISHA
FaEE AL AT 4= UAhFig. 2-A). FFH S04,
g27e 100%2 3t9S o, SWDE= 1ug/mL, 10 ug/mlL,
100 ng/mL $=ol|A] ZHzt 82.9 + 3.3%, 76.5 + 1.7%, 66.6
+ 3.9%2 {93t #AAS Jehick(Fig, 2-B).
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Fig. 2. Effect of SWD on the lipid droplet formation and accumulation
in adipocyte. Pre—adipocytes were cultured in the DM with SWD
at 1ug/mL, 10ug/mL, and 100 ug/mL. After 2 days, the medium
was switched to DMM with SWD at 1 ug/mL, 10 ug/mL, and 100
ug/mL for 2 days, and then changed to DMM and SWD treatment
at indicated concentrations for an additional 2 days to induce
differentiation. (A) The intracellular lipid droplets were detected by
Qil red O staining and optically observed by an inverted microscope
(X25). (B) The rates of lipid accumulation were measured at A
=510nm wavelength by a plate reader. Each value represents
the mean+standard from 3 independent experiments (significance
of results:  p{ 0,001 for control). Nor, pre—adipocyte; Con, adipocyte
without SWD.
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3. TG Aol uA:= %

TG S 243 27}, 272 100%2 9L o, SWD
L 1 ug/mLe] BEolA 89,5 + 0.7 %= ZAHUL, 10 ug/mL
9} 100 ug/mLe] F=oA+= 85.6 = 1.9%, 82.1 £ 2.7 %=
oI 25 Uehlth(Fig. 3).
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Fig. 3. Effect of SWD on the TG accumulation in adipocyte.
Pre—adipocytes were cultured in the DM with SWD at 1 ug/mL, 10
ug/mL, and 100 ug/mL. After 2 days, the medium was switched
to DMM with SWD at 1 ug/mL, 10 ug/mL, and 100 ug/mL for 2
days, and then changed to DMM and SWD treatment at indicated
concentrations for an additional 2 days to induce differentiation.
The rates of TG accumulation were measured at A=570 nm. Each
value represents the mean £ + standard. from 3 independent experiments
(significance of results: p{0.05; p{0.01 for control). Nor,
pre—adipocyte; Con, adipocyte without SWD.

4. adipocyte —Er?EfIOII A AARIA v FF

AARAY WES ZAT D3k GRS 100%2 5L
wj, C/EBPRE= SWD 10 ug/mLQ]- 100 ug/mLe] SZol A &
oA #AAE UEPHI(Fig. 4-A), C/EBPax= 100 pg/mL
9] =N AadHE AE YEllen(Fig. 4-B), PPARy=
TE 9EF A5 Yehllth(Fig. 4-0).
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Fig. 4. Effect of SWD on the expression of C/EBPg, C/EBPa, and
PPARy in adipocyte. Pre—adipocytes were cultured in the DM with
SWD at 1ug/mL, 10ug/mL, and 100 ug/mL. After 2 days, the
medium was switched to DMM with SWD at 1 ug/mL, 10 ug/mL,
and 100 ug/mL for 2 days, and then changed to DMM and SWD
treatment at indicated concentrations for an additional 2 days to
induce differentiation. Gel stain and visualized by UV light. And
the levels were calculated as a percentage of mRNA expression
versus that of f—actin as an internal control. Each value represents
the mean=standard from 3 independent experiments (significance
of results:  p<0.001 for control). Nor, pre—adipocyte; Con, adipocyte
without SWD.
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5. Fatty acid®] Aol ulx& FF

Fatty acid®] A44& &3 21, dizE 100%= 3%
= o, SWD= 1ug/mLe} 10 ug/mLe] F=olA 217+ 90.6
+3.6%, 86.5+ 3.3%=2 ZAE, 100 ug/mLe HEo|
A 79.0 £ 8.5%% A% A4AE YEHHTHFig. o).

120

100

Al

Concentration (ug/ml)

Fatty acid (%)
o ©
-] -]

N
°

N
o

Fig. 5. Effect of SWD on the fatty acid production in adipocyte.
Pre—adipocytes were cultured in the DM with SWD at 1 ug/mL, 10
ug/mL, and 100 ug/mL. After 2 days, the medium was switched
to DMM with SWD at 1 ug/mL, 10 ug/mL, and 100 ug/mL for 2
days, and then changed to DMM and SWD treatment at indicated
concentrations for an additional 2 days to induce differentiation.
The rates of fatty acid production were measured at A=540 nm,
Each value represents the mean =+ standard from 3 independent
experiments (significance of results: < 0.05 for control). Nor, pre—
adipocyte; Con, adipocyte without SWD.

6. ACC A9 mA= 9%

ACCO BE 34T 23 x2S 100%2 S o,
SWDE 1 ug/mL, 10 ug/mL, 100 ng/mL F=olA ZHz 91,6
+3.1%, 850+ 46%, 80.4*68%= &3t A4S Y
EbcH(Fig. 6).
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Fig. 6. Effect of SWD on the Lipase production in adipocyte.
Pre—adipocytes were cultured in the DM with SWD at 1 ug/mL, 10
ug/mL, and 100 ug/mL. After 2 days, the medium was switched
to DMM with SWD at 1ug/mL, 10ug/mL, and 100 ug/mL for 2
days, and then changed to DMM and SWD treatment at indicated
concentrations for an additional 2 days to induce differentiation.
The rates of ACC production were measured at A=570 nm. Each
velue represents the mean = standard from 3 independent experiments
(significance of results: p{0.05; ©<0.01 for control). Nor, pre—
adipocyte; Con, adipocyte without SWD.
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Az AL Azxd, WY 2 AHZ2E Ve =
d3l= adipokines ZHI3I U] HjAke] A 7]

st Qi yEu sjEez AT Joi?. ey HAw
o] BwstA FAE o] Hgto] =W, THJAZS] F7HETE of
Yt gRloll digk 7] 9 27 A So2 1g ATk
A7 e S Ak, wekd Hools AE 4 HAE
275 0]83te] adipogenesisE AAF2EZH H|FTHE o
staz} sk A7t ohFSHAl A== it

2 dA7od= SWD7t adipogenesis®] A¥E <IAEl
WA el dhel SHlskn, Mg o L A= 4 9l
£ 754 ABR0) A4E ATslar B,

3T3-L1 pre—adipocytex= adipogenesis®]| i3t &3 &
o] 2+ 4 A ¢l FH|gk 449 vlu BdE dg] ARE-
k. Adipogenesis7t AlZHEE A& o] P4,
oA SEe 2E ARSo| ZAgHHH? 2AE A
o] REL FAATLE AAYA E 2Hof| FFE vA
B2 AFoA SWDE Hatge w, ORO ML S5
AREA Y s IR, A-S &oljste] A EA4%
Aol A @AM ThEE AS T 5= JHen, TGY
Aol FosH EolE AL AT £+ YT o] A=
SWD7} adipogenesis®] oA &3} Azt FFE vA
T S Aoz g

Adipogenesis g2 o HARIALS] WA ot A|A
Al AzAGIEE Bl My, A Hilo] =Y o
#H0o2 C/EBPs¢t PPARy7} 583 QIAZA A= §)
o C/EBPpE AIZEY GE=E843} 52| 2T ojs}
of E3tz7]o] w2A = o] C/EBPa®} PPARyS] UdE
22NN, C/EBPe®} PPARy:= adipogenesis®] 4] A
AFeIAHadipogenic transcriptional key markers)2#] £3
S7)of Hdo] Ho] B3 st 235 skt T
8", adipocyte £35 I A= A3ag I, A7
Ztoll w2l C/EBPa®t PPARy9| T&A|7|o] A, F7]of
AL Z2 A7lo]| F AARIAZL HEET B dTE 9
1 PPARy7} W@ ¥ C/EBPe9 o] W] Az
slo] 2RETe A3 Busold oY EF C/EBPegt
PPARy+ A& tijAte]] Y= fatty acid synthase$} fatty
acid binding protein 49] §-&A} AL ZufjA|(transcriptional
activators)2 ZHg3te] 9HES 22 A7|0*%9 gcetyl-CoA
carboxylase (ACO)S AAT= Belo] Hojx e’ =2
AToA C/EBPRS PPARy+ w=9&4Q #AE UE
3L, C/EBPaf] 7% LskoA Zaste FAS Yyl
ol SWD7} £3} 27]Q1AR1 C/EBPA2 HJAIAA PPARyel
T G v AT, C/EBPeol © 73t G ujd &= 9
o AlREH, A2 JgRE st A B3 AaATlE Al
2 gk

ACCE fatty acid HAIREE sl AMZHo|A fatty
acide FAA|A adipocyte?] adipogenesis®] Ao F3FS
o)Xtky BugelA b wat fatty acid+ adipogenesis
7} X3 == 58 PPARyY 2j7tEE ZHg3le PPARyE ©
< ALY, B A4 fatty acid®] AL SWD
7t = wet ZAaAFHL, 53] 100 ug/mLe] FEolA @
A AAE Yelth, £33 ACCE F=o w2 {939l
Zrazh yeigth, o] A2 SWDe AW Ak A
A¥Ho R FPS v 4 Yok AR

AutA oz SWDE adipogenesisolA 27| E3loj| 3o

Lo 0 K
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B AACIRle] A3k nFozy dAE HilgAe st
o] HRE dHE 4 S AT/HoE T 4 Yok
oot AESE YeliAe 2 LAY 5% B7ReE TE
2z 74 g figt A+

3 Aoz Bt}

2
A GAollA BTkl 8L Q= =5t adipogenesis
THgol| TAH chefdt AAE] Hig 55 Felste] oIt
7o A2 S At

1. SWDe] MEZZA2 IR grfr,
2. Oil red O G4 & A3} SWD7} AYEHS FAS
A FEANFLH, AFH FHrloAe AT AYEH

o 748 ey

)
ok

5

3. Triglyceride A4 &% ZAd, SWD= & o
22 yelgen, 10 ug/mLe 100 ug/mLe] EEofA
gt AE Vet

4, F8 AARIAY] IE ZAut, C/EBPS= SWD 10 ng/mL
2} 100 ug/mLe] HZoA, C/EBPa= 100 ug/mL2]
L oA, PPARy= 1 ug/mL, 10 ug/mL, 100 pg/mL
9 LA ot TAE UE

5. Fatty acid®] A
AN

3% Az, SWD 100 ng/mLe] &
ZoqlA frefet HaE

3
b,

6. Acetyl CoA carboxylase?] A &4 Zi}, SWDY
o et {93 HAE YERT

ol¢} Z+e Al SWDE pre—adipocytedA] adipocyte
29| B3laly F, 27] E3lo] T QAo FFE v|X=
AL FRISHAIL, o2 <lete A" EIagole P v
A Tk G5 Yeilie Z2oE AREHY, §2Zd 3|
gk E4o] QS AFH R AT 5 ATt

ke 2
2 d7e AATEAEE A didgsta dxd w9l
gho] FAAGStAT A HFAAE ] Aol 23 APt
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