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Objectives The purpose of this study was to investigate the effects of Silbi-sanon the
antioxidant and fat accumulation inhibition and to analyze the anti—obesity effect by
analyzing the changes in serum lipid composition in obese mice.

Methods We compared contents of phytochemicals like total polyphenols and total
flavonoid and antioxidant activities such as 2,2-dipheny—-1-picrylhydrazyl and 2.2'-azi-
no-bis (3-ethylbenzothiazoline-6-sulphonic acid) radical scavenging activity. After
Silbi-sanin 3T3-L1 cells /n vitroand mouse adipose tissue ex vivo, we quantified in—
tracellular triglyceride accumulation and lipolysis. Moreover, the anti—obesity activity
though inhibiting pancreatic lipase were analyzed. In 3T3-L1 cells, morphological
changes showed that control cells had many lipid while cells treated with Silbi-san
had less lipid accumulation. 30% EtOH Silbi-san treatment also suppressed the fat
absorption by inhibiting the activity of pancreatic lipase and led to high lipolysis through
promoting glycerol release. The experimental group was divided into four groups:
Normal group fed normal feed, Control group fed 60% high fat diet (HFD) and distilled
water, drug group fed 60% high fat diet and 200 mg/kg of Silbi-san water extract, drug
group fed 60% HFD and 200 mg/kg of Silbi-san 30% ethanol extract.

Results Serum total cholesterol content and serum low density lipoprotein—cholesterol
content were significantly decreased in the Silbi—san extract group compared to the
control group, serum high density lipoprotein—cholesterol content was significantly
increased in Silbi-san extract group.

Conclusions In this study, the antioxidant and fat accumulation inhibitory effects of
Silbi-san were confirmed. (J Korean Med Rehabil 2020;30(4):41-53)
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1. X2
1) Aot

B Aol A8 gallic acid, Folin-Ciocalteu's phenol
reagent, sodium carbonate, naringin, diethylene glycol,
sodium hydroxide, potassium phosphate monobasic, po-
tassium phosphate dibasic, insulin, dexamethasone (Dex),
dimethyl sulfoxide (DMSO), Oil red O A2k, 2,2-diphenyl-
1-picrylhydrazyl (DPPH), 2,2'-azino-bis(3-ethylbenzothiazo-
line-6-sulphonic acid) (ABTS), potassium persulfate, 3-isobutyl-
I-methylxanthine (IBMX), 3-(4,5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide (MTT), p-nitrophenyl bu-
tyrate (p-NPB) ©]°d 2FE-52 Sigma-AldrichAKSt. Louis,
MO, USA)°IA -8t AR8-8F3l o
rum (BCS), fetal bovine serum (FBS) % high-glucose
Dulbecco's modified Eagle's medium (DMEM), Dulbecco's
phosphate-buffered saline (DPBS), penicillin/streptomycin
(P/S), trypsin ©]’d A|2FS HycloneAHLogan, UT, USA)®l|
A AEE TUSIATE Isopropyl alcoholS Junsei Chemical
AKTokyo, Japan)ol| 4] T3+ 2™, formaldehyde sol-
ution> Duksan Pure Chemicals (QH4F Sh=h)ollA <)

™, bovine calf se-
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Table I. Composition and Amount of Silbi-san

Herb name Pharmacognostic name An(1;))un ¢
Hubak Magnoliae Cortex 3.75
Baekchul Atractylodis Rhizoma Alba 3.75
Mokkwa Chaenomelis Fructus 3.75
Chokwa Amomi Tsao-Ko Fructus 3.75
Daebokja Arecae Semen 3.75
Buja Aconiti Lateralis Preparata Radix  3.75
Baekbokryeong  Hoelen 3.75
Mokhyang Aucklandiae Radix 1.875
Geongang Zingiberis Rhizoma Siccus 1.875
Jagamcho Glycyrrhizae Radix 1.875
Sanggang Zingiberis Rhizoma Crudus 4
Daejo Jujubae Fructus 4
Total amount (g) 39.875




Aupitel atst 9 AEA oA fﬂ)rj'

Silbi-san, SSW)< 22.78 g & 14.33%°]103, Avl4t
30%°NEHS FZ5(30% EtOH extract of Silbi-san, SSE)
2 19.08 g & 12%°]3]t} AnH|2E 996 -80°Co
Al BASE & Ay 2o AR8SST

£ Addol AEE 771 E"F=71(DWT-1800T;
tl-g1le] L, 3k, $H=), rotary vacuum evaporator (Buchi
B-480; Flawil, Switzerland), deep-freezer (Sanyo Co., Osaka,
Japan) FANZI|(FD5508; L2, TFA, g=), I
AR 7](Megal 7R, A8t 7E, 3+, vor-

tex mixer 5= AHE3FETH

2. Y

1) DPPH 2iC|Z As

P
0zt

A4 free radical 2715 =32 $J3ll DPPH free
radical 2AHE ©]-83F39TY. 0.2 mM DPPH £ 100 pL
o} FiEHS TEHE 3AAIZ 84 100 uLE 411A]

37°COllA 3083t AVFEN = AR 3 540 nmoll A &

BEE =339 0™, L-ascorbic acidES FAWZRTEL

2 ARgSRth 35 otglY Al wet Altksto
k=St

DPPH radical scavenging activity (%) =
{(ODcontrol - ODsample)/ ODcomrol} x100
ODcontrol: }\E]H]/ﬂ'ol “‘;84017]';(] ?81_‘% 75]"?" E%E

=]
ODsample: /\E]H]/f_]_'o] %Oﬁl' 7(:)]"?—' 'g‘jg-g:—

2) ABTS 2tC|Z 4715 &4

Avjske] ksl B85S dolR7] 913l ABTS free
A% S SAAN. 7 mM ABTS £ 2.4
mM2| potassium persulfateS 4304 A-2-2] 24 e
ol A oF 16413 o) FrAlske] ABTS & 44X &
415 nmell A F3= kel 0.70£0.027} = A g2 3
AEact 348 & 95 uLoll Aulat 5 uLE 71ske
15% &< FA% § FFEE 3439 2H, L-ascor-
bic acid® YANETFoZ AL39T T3 == ol
o] 2o we} ALkst =Skt

radical

ABTS radical scavenging activity (%) =
{(ODC""“OI - ODS@mlﬂe)/ ODcontrol} %100
ODcontrol: /\E]H]/?_].'O] %017]'X] ?31'—8— 75]—?— %%E
=

ODsarnple: /\E]H]}?_]_'o] %oiz_]_' ﬁo-—?—— -—%—_3’61-

3) & EE L EatEL0|= S &Y
% Zo9E &2 Folin-Denis HY& o] &3lo] =
Atk ZF AnlAk 10 pL (100 pL/mL)3} distlled wa-

ter 790 pL 2 Folin-Ciocalteau’s phenol reagent 50 uLE
E3ste] oA 183 ¥ESAIRITE 11 ¥ 20% so-
dium carbonate 150 pLE Tisle] 2AI17F HESAIZ]
UV £33 =7 (spectrophotometer)(Infinite M200; Teca_n,
Salzburg, Austria) 2 765 nmol|A| FFE=E S5t 4
el & EelE Tde GEsn

F ZglH ot L Lister 502 WY S o] 83}
o} ZH3IATE FE3 A¥I%E 100 L (11.1 mg/mL)<l
diethylene glycol 1 pL % 1 N NaOH 10 pLE E3}ste
37°Col A 1AIRE &< 238t FAIRE F UV 333
EAZ 420 nmolX FEFEE AT 2E=d
naringin e AM8SlY X HAFHES Ao An|4ke
T ZThR ol S ARSI

4) 3T3-L1 M2 i 2 25t

AWAE 3T3-L1 MESF= American type culture
collection (ATCC; Rockville, MD, USA)N A 435k
ARSI oM, MEE 37°C, 5% CO, H]%7](HERA
Cell 150; Thermo Fischer Scientific, Rockford, IL, USA)
o4 10% BCS, 1% P/SE X% DMEM Bl S X2
sho 8ARE HiGFsll o Ml RAIZ] F Y E BIHT
= v FAH(10% FBS, 1 mg/mL insulin, 0.1 mg/mL Dex,

1 mg/mL IBMX) S & vHE 297 vjeksiqit 2
T B3 = ol gA(10% FBS, 1 mg/mL insulin) .2
w35k 297 wlFAIZ] F insuling H7VeHA] g

10% FBS7} 323 DMEM HiA| &2 vl kst

b) &H[MO| M S &f¢l

= -

3T3-L1 AlZZ 96 well platecl] 2x10° cells/mL A3
£ &5t PSR & AHlgk
(100, 250, 500, 1000, 2000 ug/mL)E & %5} MTT

3529 7%t 55
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GLika 0] &tk Anlit FEE2S mo}o:l 244
FS g8t
4AIZE R %Al 71 5 DMSO 200 uLE 7}3}31@ ERT=
UV E4335AZ 570 nmolA F2=E5 =43k

6) Oil red O M

3T3-L1 H3EoA Anji FEE0] A4l tigh
P FRlstr] 23t Oil red O FANHS T3+
ok AlEZ &3} Fol| Aulit FE2E5S 449 5
pgmL)EE 2 F7|2 3 HY ujA & wgsi A g
‘3}95111} 8Y ¥ A3 vjdlS A AL DPBSE 33
A F 5% 2L 07 A7 IAHAT I FHTEE
A3t AE Ol red O FAAFo 2 FAEI T
GalE HEE Hujgo g AR om FAE XA
29| 2 ek S8k f18) A= F 100% isopropyl
alcoholZ AW FE3}] 510 nm A B33 =
AR FFEE SHATh

7) Pancreatic lipase &4 21x| A&

Pancreatic lipase 24 ¢Al= Kim V9] WHS 383}
o] =431} Enzyme buffer (10 mM 3-(N-Morpholino)
propanesulfonic acid, 1 mM ethylenediaminetetraacetic
acid, pH 6.8)°ll porcine pancreatic lipaseZ 2.5 mg/mL
FEZ2 59U Tris buffer (100 mM Tris-HCl, 5 mM
CaCl,, pH 7.0)5 THIStA lipase’} 41 &= enzyme
buffer 6 pL2} tris buffer 169 pLE T3S LE A=
et FE=H(50 pg/mL, 100 ug/mL 250 pg/mL, 500 ug/mL
1 mg/mL)i FHIGE $ buffer S 175 Lol A 5(F

Auah 20 LS B -sh,, 37°Coll A 15871
&SFH T, Substrate solution (10 mM p-nitrophenyl buty-
rate in N,N-dimethylformamide [DMF])E 5 pL 37}3t
T ThA] 37°COll A 3083t Wi <FskaL, ELISA 405 nmol
A S5t ICs a2 AF=E3kh

Inhibition (%) = 100-{(B-b)/(A-a)*100}

A and B: 7|2 & Z+8-3= p-NPB (in DMF) 5 uL&
22 well

a and b: p-NPBE ¥4 %2 DMF 5 uLE 22 well

A and a: AEZ S/HF 20 uLE 22 well

B and b: ASE AHIF 20 pLE ¥ well
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8) Ex vivo lipolysis assay

-5 mouse (25~30 g)ZF-F] epididymal fat padE ]
o 3 Hank's balanced salt solution buffer (HBSS;
Invitrogen, Carlsbad, CA, USA)°ll 2=t} ol fat pad
= A (20 mg/piece)3tL, AlFTF 150 mg? 1% free
fatty acid free bovine serum albumin (Sigma-Aldrich Co.)
o] Z3H8 1 mL HBSSO| ER|%th it =2 3]4
AR oFE W A thE9FE< isoproterenol (7.5 mM,
1.86 ng/mL)<S Al@¥ell A7kt 3 1AZHERF 37°Cll A
iRt IARE & 45 de AFH sk fato] #al= o]
=5 glycerol®] Y& glycerol assay kit (Sigma-Aldrich
Co)E o]&3td 43t

i1hd

137 A E(EEHE 22.1% o, AW
8.0% ©l&}, 24 5.0% olsh, 3|2 8.0% °ls}, 2+
0.6% 1’3, 1 04% o1, A 737 AFhE =
3t A/~ (normal), 60% high fat diet (HFD; Diet 12492;
Research Diets, Inc., New Brunswick, NJ, USA)E &
3l FFH4E 593 t) 2 control), 60% HFDS +
3FaL SSWE 200 mgkg Ft ke Silbi-san water
extract administration group (SSWG), 60% HFDE &
331 SSEE 200 mg/kg FIgF = Silbi-san 30%
ethanol extract administration group (SSEG)S.E Z 4+
o= 7+ 7 ‘d‘-‘f]m_f:i 10w ¥ viESAI AT A
Ao|ol A mle SRS ZE 2| o] AT A7) 7
U7t Ed(zonde)E ©]-8-3t] 7 TFIS ) TH Table 1I).

1_4

10) &8 X1E

7%_‘ & kROl ko] Al A e &
< 4,000 rpmO-Z 1083F AR5t HHL A
o, u-2 A2 triglyceride (TG), total cholesterol
(TC), high density lipoprotein (HDL)-cholesterol<> TG,
TC, HDL-cholesterol assay kit (Wako Pure Chemical
Industries, Ltd.)2] Z2E | wlg} ZHst¥th 1 9
offel 22

yS|
A

AT

low density lipoprotein (LDL)-cholesterol->
Friedewald 32 ©]g3te] Ab=3tch?.

LDL-cholesterol = TC — HDL-cholesterol — (TG/5)



Aol sk 2 Y5 oA a3t g

Table II. The Ingredients of 60% High Fat Diet

Product # Di2492
gm% kcal%
Protein 26.2 20
Carbohydrate 26.3 20
Fat 34.9 60
Total 100
kcal/gm 5.24
Ingredients gm keal
Casein, 80 Mesh 200 800
L-cystine 3 12
Corn starch 0 0
Maltodextrin 10 125 500
sucrose 68.8 275.2
Cellulose, BW200 50 0
Soyabean oil 25 225
Lard 245 2,205
Mineral mix S10026 10 0
DiCalcium phosphate 13 0
Calcium carbonate 5.5 0
Potassium citrate 16.5 0
Vitamin mix V10001 10 40
Choline bitartrate 2 0
FD&CBIlueDyet#1 0.05 0
Total 773.85 4057

1) &3 XZotet £

Aol E3x2spAak EA4ATo] AtebdA o
A= A Fitshs 4ksld] ~E# s ARE 0]
=H o] A A== malondialdehyde (MDA)E
ZHFoEn A4 HI8E AR WA 9
t}. &3 A& 3H;ksl(thiobarbituric acid reactive substances,
TBARS)+= Mihara®} Uchiyama2] WS AMS-sle] =4
AT, FREE UV EFFEAZ 540 nmoll A F3
55 34t

12) SAXE

EE A= meantstandard error of the mean© 2 &
A)3FH 2™, SPSS program for windows version 22 (IBM
Co., Armonk, NY, USA)E AM8-3}4] one-way analysis

of varianceZ A% & Z} A59] TAH FodS

Dunnett's multiple comparison test® 753t aL, tha
T3 BT Alolof] p-value<0.05¢ @ FolAdo] U=
Aew BYaIs

71.;:,‘_37,]-»»»
1. DPPH 2tC|Z AHS

Ao AHSH Anke] g4t S gl
a DPPH &}tz &7 S84 SHS 2, 55 o9&
o Z DPPH 2A%°] 27159tk DPPH A2A%S
ICsoRt o2 YERNSS = SSW 252.52+0.84 pg/mL,
SSE 122.13+0.54 pg/mLE YERFTHFig. 1).

2. ABTS =ttiZ 27 &9 21t

Aol AHgE Aule] Fash 2L Blsh] 9
sl ABTS 2452 238 2%, 5= 94%@3

Of

ABTS &A%5°] 7183t ABTS 4
o2 YIS wl SSW 287.68+0.36 pg/mL, SSE
160.12+1.64 png/mLE UERHTKFig. 2).

3. & 20z & SctE0|E oY £ 21

Anjake] & ZowE W ZeRolEE 243 A4
3, F Z¥Es &S SSW 22.69+0.16 mg/g, SSE
24.22+0.08 mg/gO. = UENG oM, F EgfHolE &
22 SSW 4.68+0.17 mg/g, SSE 5.16+0.08 mg/g o2 1}
EFST} (Table IID).

4. 3T3-L1 M2 X[L=X0| 0|X|= &

oo

3T3-L1 Al3zol] SSW<2} SSE 100 pg/m

mL 352 X7
3k T2 Oil red O G481 Fed |4

3 Az
stttk 1 A3} SSWeF SSEE #2]3t FollAE iz
ol HI|A AWSH Y] HET) 7FAag Ao0E HEE

ATHFig. 3).
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Fig. 1. Scavenging activity of Silbi-san on DPPH free radical. (A) DPPH free radical scavenging activity of L-ascorbic acid,
(B) DPPH free radical scavenging activity of SSW, (C) DPPH free radical scavenging activity of SSE. DPPH: 2,2-diphenyl-
1-picrylhydrazyl, SSW: water extract of Si/bi-san, SSE: 30% EtOH extract of Silbi-san.

A 8) o]
100 4
100 - 100
= 80
— = o g
£ .
£ 8 5
£ = 2
= K] = &0 4
E o 2 o E
— [ £
E=3 : [-]
e =] )
EE = @ =
w w 4]
— = [=-]
@ o % 2
2 2 <
o (4] o
A - 05 1 25 5 10 25 50 100 250 500 1000
1 2 5 10 20 50 100 200 500 1000 @5 1 25 5 10 25 50 100 250 500 1000
Concentration (ug/mL) Concentration {ug/mL) Concentration (ug/mL)

Fig. 2. Scavenging activity of Silbi-san on ABTS free radical. (A) ABTS free radical scavenging activity of L-ascorbic acid,
(B) ABTS free radical scavenging activity of SSW, (C) ABTS free radical scavenging activity of SSE. ABTS: 2,2'-azino-bis
(3-ethylbenzothiazoline-6-sulphonic acid, SSW: water extract of Silbi-san, SSE: 30% EtOH extract of Silbi-san.

Table III. Total Polyphenol and Total Flavonoid Contents of SSW and SSE

Name Total polyphenol (mg/g) Total flavonoid (mg/g)
SSW 22.69+0.16 4.68+0.17
SSE 24.22+40.08 5.16+0.08

All values are meantstandard error of the mean of triplicate experiments.
SSW: water extract of Silbi-san, SSE: 30% EtOH extract of Silbi-san.

5. MZ ¥E=0] 0|X|= Fgt 6. /n vitro pancreatic lipase &4 Xof 1t
3T3-L1A13Ee] 100-2,000 pg/mL 5% SSWe} SSE Pancreatic lipase 273 #|sll 3= 75317] flsf SSW

E 217t AYstal MTIT SRS o] 83t A A& ¥} SSEQ] x| & vlw EA3t A} SSWH SSEQ] &
&5 AT 1 A, 2T BlusiiS Al A SO W pancreatic lipase 84 A= F& o|EH 0
AP EEANN HNE 54 JehdiA Ly shA 2 S7F8lAtHFig. 5).

2,000 pg/mL FEIA 8236£62] AYELL HYowH

215 A3 A= 100-250 pg/mL FEZ AL 3Ys)

HTHFig. 4).
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SSW
100 ug/mL

SSE
100 ug/mL

Fig. 3. Inhibitory effects of SSW and SSE on lipid accumulation
in 3T3-L1 cells. Intracellular lipids were stained with Oil red
0. Oil red O dye was dissolved in isopropyl alcohol and detected
at 510 nm. Con: control, SSW: water extract of Silbi-san, SSE:
30% EtOH extract of Silbi-san.
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Fig. 4. The effects of SSW and SSE on cell viability in 3T3-L1
cells. 3T3-L1 cells were treated with 100-2,000 mg/mL of
SSW and SSE for 24 hours. Cell viability was measured by
MTT assay. Values are shown by meantstandard error of the
mean of triplicate experiments. There were no significant
differences between control groups and SSW and SSE treated
groups. (A) Cell viability of SSW, (B) Cell viability of SSE.
Con: control, SSW: water extract of Silbi-san, SSE: 30% EtOH
extract of Silbi-san, MTT: 3-(4,5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide.

OSsSW BSSE

] - ’_‘_i |J_I |—I
0
50 100 250 500

Fig. 5. Comparative analysis of SSW and SSE on pancreatic
lipase inhibitory activity. Values were expressed as mean+standard
error of the mean of triplicate experiments. The significance
between SSW and SSE didn’t show. SSW: water extract of
Silbi-san, SSE: 30% EtOH extract of Silbi-san.

Pancreatic lipase inhibition (%)
=

1000

7. Ex vivolipolysis 22|M|IZ HiE2
SSW3} SSES] A|WESEHE fat padE ©]-&3H
ex vivo lipolysis A& Fal U A} A|gEs)rt
1 pg/mLe] s=olA FostAl SX1=ATKFig. 6A).
1 pg/mLe] F=A9 =AE #lEHmg/dL/hr)
< Control 11.39+0.16°1 B]3] Isoproterenol 26.32+0.02,
SSW 16.81+0.11, SSE 18.01+0.08 2 -2J3}A] 7+A ]

TKFig. 6B).

2

©
g

HSEKY

|:|O|I

g U triglyceride THS AT
32.84+1.17 mg/dLoll ®ISked th2=T" 50.9442.80 mg/dL
(p<0.001)> oA UA S7FHR AL, SSWG 48.27+2.28
mg/dL, SSEG 48.01£0.68 mg/dL-& Tzl Hlaf 7Ha
ot fojde FATHFig. 7).

Az, A4

0. &Y SSYAHIE =

2 W total cholesterol -2 =43 A3} A
25.23+1.72 mg/dLel Hlg} ThET 35.01+0.83 mg/dL
(p<0.001)& 24 AA 715+ 3L, SSWG 35.33+0.24
mg/dL, SSEG 30.77+1.87 mg/dL (p<0.05)Z thzx o
H] SSEGOA F-2JskAl ZHAstHTHFig. 8).
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A)

Control Isoproterenol

1 2 4 1 2 4 1 2 4 (ug/mL)

(8)

30

*kk

25 4
£
)
£
— 15 4
2
@
; 10 4
]

5 4

0

Control Isoproterenol ssw SSE

Fig. 6. The Effects of SSW and SSE on lipolysis in the mouse fat cells. Glycerol release was measured in mouse fat cells
after treatment with isoproterenol, SSW and SSE by a various concentration (1, 2, 4 mg/mL). Values were expressed as
meantstandard error of the mean of triplicate experiments. Isoproterenol (a beta adrenergic agonist) was used as positive control.
(A) the color change associated with isoproternol, SSW and SSE concentration, (B) Lipolytic activity of SSW and SSE. ***p<0.001
vs control groups. SSW: water extract of Si/bi-san, SSE: 30% EtOH extract of Silbi-san.

60 -
#HH

=5 1
2
=
E 40 -
[}
s 1
=
@
o
=
2 20

0

Normal Control SSWG SSEG

Fig. 7. Serum triglyceride levels measurements. All data are
expressed meanststandard error of the mean, n=10 mice per
group. Significance: ##p<0.001 compared with normal group.
Normal: general feed treated mice, control: 60% HFD and
distlled water treated mice, SSWG: 60% HFD and Silbi-san
water extract 200 mg/kg treated mice, SSEG: 60% HFD and
Silbi-san 30% EtOH extract 200 mg/kg treated mice. SSW:
water extract of Silbi-san, SSE: 30% EtOH extract of Silbi-san,
HFD: high fat diet.

10. @A HDL-cholesterol gt=f

34 U] HDL-cholesterol 3+ W3S =43 Ay} 4
T 67.89+2.39 mg/dL, THET 60.64+4.27 mg/dL, SSWG
76.13+2.25 mg/dL (p<0.05), SSEG 74.72+0.39 mg/dL (p<0.05)
° 2 Yeh tiZz7ol vls] SSWGH SSEGeA 7213}
Al F7FtHFig. 9).
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Fig. 8. Serum total cholesterol levels measurements. All data
are expressed meanststandard error of the mean, n=10 mice
per group. Significance: ###p<0.001 compared with normal
group and *p<0.05 compared with control group. Normal:
general feed treated mice, control: 60% HFD and distlled water
treated mice, SSWG: 60% HFD and Silbi-san water extract
200 mg/kg treated mice, SSEG: 60% HFD and Silbi-san 30% EtOH
extract 200 mg/kg treated mice. SSW: water extract of Silbi-san,
SSE: 30% EtOH extract of Silbi-san, HFD: high fat diet.

11. @& LDL-cholesterol &&F

g2 1 LDL-cholesterol 5 WH3l= =43 Ax} A4t
T 10.53+1.24 mg/dLoll VISt THET 16.09+0.98 mg/dL
(p<0.05) FostAl S7Fst o™, SSWG 15.23+0.63
mg/dL, SSEG 12.05+1.25 mg/dL (p<0.05)C.& T
oi¥] SSEGOIA frolshAl A3t th(Fig. 10).
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Fig. 9. Serum HDL-cholesterol levels measurements. All data
are expressed meanststandard error of the mean, n=10 mice
per group. Significance: *p<0.05 compared with control group.
Normal: general feed treated mice, control: 60% HFD and
distlled water treated mice, SSWG: 60% HFD and Silbi-san
water extract 200 mg/kg treated mice, SSEG: 60% HFD and
Silbi-san 30% EtOH extract 200 mg/kg treated mice. SSW:
water extract of Silbi-san, SSE: 30% EtOH extract of Silbi-san,
HDL: high density lipoprotein, HFD: high fat diet.
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Fig. 10. Serum LDL-cholesterol levels measurements. All data
are expressed meanststandard error of the mean, n=10 mice
per group. Significance: ##p<0.01 compared with normal
group and *p<0.05 compared with control group. Normal:
general feed treated mice, control: 60% HFD and distlled water
treated mice, SSWG: 60% HFD and Silbi-san water extract
200 mg/kg treated mice, SSEG: 60% HFD and Silbi-san 30%
EtOH extract 200 mg/kg treated mice. SSW: water extract of
Silbi-san, SSE: 30% EtOH extract of Silbi-san, LDL: low density
lipoprotein, HFD: high fat diet.

12. & X2 IpitelE 2N

H4 XA J4ksHE MDA 42 2-TBARS A
(nM/mL)S Z73te] FAst Tt A4 0.60+£0.22, T
ZT 2.32+0.12, SSWG 1.82+0.34, SSEG 1.51+0.25%
YERStTE Anlgh Bols dd 2 st ES FaA
713l 53] SSEGOIARE foletA| A= ATKFig. 11).
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Fig. 11. Serum MDA content measurements. All data are
expressed meanststandard error of the mean, n=10 mice per
group. Significance: ###p<0.001 compared with normal group
and *p<0.05 compared with control group. Normal: general
feed treated mice, control: 60% HFD and distlled water treated
mice, SSWG: 60% HFD and Silbi-san water extract 200 mg/kg
treated mice, SSEG: 60% HFD and Silbi-san 30% EtOH extract
200 mg/kg treated mice. SSW: water extract of Silbi-san, SSE:
30% EtOH extract of Silbi-san, MDA: malondialdehyde, HFD:
high fat diet.
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Rom I F APFAAYe] wol| -85 i
S+ BiEGEEAL, KIS E, B8 WSS, vk
KBS ol gk 771 AUk 20001 o] e+
APEAY B ISRGES S, RGBS 94 &
of tigh ®yr} Eks] o] FoHTH,

ARl BN, B 7!<JIR R, KB, W7, Bk
%, OKE, LE, RHE, A8 KRR TAE o=
IR, (LIRIENE, %Ak SHs B0l Stk =3+ 4
HIARS- BEDUN O] /KNG, WafghR, SiE, Bnim, T
%, MEEE, KERHE, SofhE, S, S5ERE
1, lRES S23°] e k& A5y, st
o] FAKE Tl B FE2=2 3T3-L1 M=o tigh
A ARAA TFY, AL gk 7570, Kol g
HIgE ZPY) [Jikgro] RIvkrE 3159 Aled AUz
2o w2 G, AF2 I el digk B
T DAl thE ATE AR AHlE EIEAA

< 23

of o AL REI WHololA olo] ATE F
s
v Aulake] gaks 24 §7187] Slstel DPpH

o} ABTS @tz &7 &4 a¥e} &
ttH o= S =431t DPPH assay -2 Al
ZF Yol @ikt a3 SAHS o s WHos Hd
E2RE st 24E& st Bol o] 85
Y. DPPH &7%< IC5@ -2 YERIIS ] SSW
252.52+0.84 pg/mL, SSE 122.13+0.54 pg/mLE EFS}
t}. o] SSEZ} SSWXHT} DPPH S}tz 427 &4do] o
Fralthe s Bo=Utk(Fig. 1). ABTS assay= DPPH
assay 9} #o] 4ksl B0 275 E S5 He
2 A o] 7FAslT ZAA B} HZA Ao gt
sk %—Zé% 25T 9&01 DPPH assay©ll HI3}| theFa}
o= JERHSL

< wj) SSW 287.68+0.36 ug/mL SSE 160.12+1.64 pg/mL
2 YT ABTS &7 ST 43, 55 9&
2o F ABTS A7%°] Z71315t}. o] SSE7} SSW
BT} ABTS 4&7%5°] § 53t 21& HAFUT
(Fig. 2). 753t 4ks} BIERTIR] L-ascorbic acide &
48l 8% E vlalshs 7]Fe] P B ATeAs
An4kE Blask] flﬁﬂ L-ascorbic acidE& FJthE"
OS2 ARSI, &, Anlihe FE6h7] S S &
3} 30% olere-S *da“o}?ittﬂ gujjol] ©2 &5 A}

Feld= 2 B
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7} 992 Jeon 5, Weon 522 HIaoA % o gk
& FEEAA a3t o F2 AR Yeyth

Zg)¥E F3HE-L flavonoid, isoflavone, catechin, tan-
nin, anthocyanin 5.2 2| EA 0l FH A EEF o
A FgHE SFgE Ue 3| EEA7I(-0H)] A
3t AgHow GRS glofar A E st ofa
Hgsh= AU sedol et w3kE oAlsh= d4kst 7]
2 2t JTPY. FElRo|EE BAE i HlEA
H oz AdAtels A Y. DPPHS} ABTS &
Oz &4 g4 ZgdE e 557 55 ’“%
F7ktEE EEjvs StEY TS S A
Frksls- Hrishs & AxrF Ao, Avlike] F
ZoWEs 9 ZelRyolEE 243 Ay = Zovs
ko SSW 22.69+0.16 mg/g, SSE 24.2240.08 mg/g .
2 YUehgon, & ZetR ot 3RS SSW 4.68+0.17
mg/g, SSE 5.16+0.08 mg/g O 2 SSE7} SSWHT} & £
HE g SRR ol|E o] B EA] VYERSTH Table 1)

The o2 Anjake] 3T3-L1 AA 2 mX= F3F,
ME =4 -5, pancreatic lipase 43 A3, lipolysis
SYME HiEE, €4 AEA ¢ A HiksE S
<= S48k

N' rlo

1319 3T3-L1 AHA el Anj4kE 22 g Oil red
O @Mof|A] SSWet SSEE A &gt wellAl= &l
HlgjA] A=A o] ATt 74 208 AFEAS
© SSE7} SSWH T =2 oz G50 B a3ERI

Ao2 UepdthFig 3)

Lipase= TIF-&2 FAdoNA BHE= 28842 A
S Jhrialste] ¢ 7hs s el EesoPY. 2
B SYAEF AP ol|A L og 2o, 2 A
W SAAL R A H Aol 29t webA
lipase &4 2] A= AW AWFTE JAAA A
Ao R iSSP, ARG o Hallol A
9= A5317] 9130 pancreatic lipase &4 oA AF
# Ex vivo lipolysis 2E|ME WlEHS SH3IATH
Pancreatic lipase &4 A&l 8375 AEs A=, + 4
H|4ke] FXof w2 pancreatic lipase &4 A= SSE
7F Sswoll vlgl] s% o|EHo R 3 thFig. 5).
A E3E fat padE ©]8-3F ex vivo lipolysis 23

< &l Rl A Age] i ST E wiE=Zol
1 pg/mLe] =04 ol JA FXEe AL &l



SIS tHFig. 6).

ol FAAEFTE AW AAthAp A o= Ol
AR ot dF A4 F=7} 0 ﬁwi 4 ls
olM 4kslE LDL-cholesterol> ®&o] 3}5t54]
S7HA171aL, BA 3£l A] chemoattractant cytokinesS AY
AAA digol FHAs & BAYSEE g, o]
FAAAEFE A5 o A1 F3E+= LDL-choles-
terol®] TAE BFF= Aotk AAEF A7 1o
LDL-cholesterol & %3+ A ﬂoﬂE HDL-cholesterol=
= = F83H), &8
HDL-cholesterol-> S| 2HE H54 JAHoZ 5
o7 AL AAsH 11 Qo= sl FEF, &
T A E AR BS 7]Eo] o] #E
Azt B PSS EEO.

AZANAL HAgolAe] Anjite] 28 AuRy] 9|
3 &7 AH IS AT 8 W triglyceride 3
o T2 50.94+2.80 mg/dL, SSWG 48.27+2.28 mg/dL,
SSEG 48.01+£0.68 mg/dLE thxol Hlste] 7H43k3
O} FroAde fISItHFig. 7). €% W total cholesterol &+
2ROt 35.01+0.83 mg/dL, SSWG 35.33+0.24 mg/dL,
SSEG 30.77+1.87 mg/dL (p<0.05)% ™) X3} B w s}
o] SSEGOA o9& 0.2 743t thFig. 8). @4 W
HDL-cholesterol 32 /3" 67.8942.39 mg/dL, =
T 60.64+4.27 mg/dL, SSWG 76.13+2.25 mg/dL (p<0.05),
SSEG 74.72+0.39 mg/dL (p<0.05)& th&r7} 1] a}e]
SSWG, SSEGOA F-2lstA| 57 stAthFig. 9). €% W
LDL-cholesterol 3% T 16.09+0.98 mg/dL, SSWG
15.23+0.63 mg/dL, SSEG 12.05+1.25 mg/dL (p<0.05)=
o zell Hlsl SSEGOlA f-olskA 7HAskAtHFig. 10).

A oA Feog =Am AxzA3 gdaks)
A o] Aiksk= @A mZH=d 2 cytokines= A
ZRke] 750l F&FS Uehll= A2 Buso] H|nk
o= QIFH ZF Ao A gl X 8E flaf olHTt &
Aol AAg A7t wj9- FRsith EF Ad A4k}
E MDA £42 2-TBARS A4 FHnM/mL)E 431
st A 0.60£0.22, THET 2.32+0.12, SSWG
1.82+0.34, SSEG 1.51+0.252 YRt} AnH|4F Foj=
g 2" IkstES AAIHI 53] SSEGOARE
oA Ae %‘ig B2 oKFig. 11).
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