REAREE G A30d A45(20159 7Y) ISSN 1229-1765(Print), ISSN 2288-7199(Online)
Kor. J. Herbol. 2015 ; 30(4) : 121-128 http://dx.doi.org/10.6116/kjh.2015.30.4.121.

LA (HFRD S A4 o] ulg-A X
3T3—L1AH A oA 2] w9l A 7]A | B3l

ou.‘.
£
2
12
g 2
e

' B o)gd, olakE

B

o
&4

=

AEH FerAIF L=

Inhibitory effect of by Ojeok—san lipid accumulation in high fat diet—induced obesity
mice and 3T3—-L1 adipocytes

Hye—Min Choi#, Sung—0k Moon, Hee—Hyun Lee, Hwa—Dong Lee*

Korean Traditional Medicine Agency, Korea Promotion Institute for Traditional Medicine Industry (KOTMIN)

ABSTRACT

Objectives : Ojeok—san (OJS), an oriental herbal formula, has been used in Asian countries including Korea,
China and Japan to treat the common cold and illnesses including fatigue and gastrointestinal disorders, The
purpose of this study was to examine the anti—obesity effect and molecular mechanism of OJS, on adipogenesis
in 3T3—-L1 cells, Also, the effects of OJS in obese mice fed a high—fat diet on adiposity were examined,
Methods : Preferentially, we analyzed the component of OJS and measured the stability of its component in
OJS according to study periods using high performance liquid chromatography (HPLC). In vitro, 3T3-L1 cells
were treated with OJS (50 to 200 ug/mL) during differentiation for 8 days. The accumulation of lipid droplets
was determined by Oil Red O staining, The expressions of genes related to adipogenesis were measured by
RT-PCR and Western blot analyses, For anti—obesty effect in vivo, we experimented for 8 weeks with four
group (normal diet (CON), high—fat diet (HF), high—fat diet with OJS (HF+OJS) and high—fat diet with
Bang—pung—tong—sung—san (HF+BTS) in comparison group HF+OJS),

Results : OJS showed inhibitory activity on adipocyte differentiation at 3T3—L1 preadipocytes without affect cell
toxicity as assessed by measuring fat accumulation and adipogenesis. In addition, OJS 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 OJS—administered mice showed significant inhibitory of
body weights and abdominal adipose tissue weights,

Conclusions : This study showed that traditional medicine OJS has an anti—obesity effect in vitro and in vivo,

Thus, OJS could be developed as a supplement for reduction of body weight gain induced by an obesity.

Key words : Ojeok—san, Traditional medicine, Anti—obesity, 3T3—L1 preadipocyte, High—fat diet
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2) MEEAM Al2F & 7|7

#5529 naringin, neohesperidin, cinnamic acid,
cinnamaldehyde, glycyrrhizic acid, 6—gingerol, honokiol,
liquritine Sigma AE (USA)lA, paeoniflorin, atractylenolide
I, atractyloding Ava—chem ScienfificA} (USA), decursinol
an—gelate= GYAAEIBIN 7 ARESIHSH, nodakenin,
poncirin, hesperidin, decursin, magnolol2 2]&9]oFZ ot
AR oA EF ot ALt er 7t RFEEY ke 98%
olgdolgict Al® HAE ¥ HPLC 4% $I% methanol,
acetonitrilex= J.T. BakerA} (USA)ollA F£45}31, phosphoric
acid= Junsei (Japan)ollA FYste] ARESIGITE AJEEA
2 93t HPLCE Agilent 1200 HPLC system (USA)S A}
g3lg o, EA data AT o= Agilent Open LAB CDS
ChemStation(A,02.08) o]-&33t}.
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3) MEALE 24 Aot

Fetal bovine serum (FBS), Dulbecco's modified eagle's
medium (DMEM), Penicillin—streptomucin, Phosphate
buffered saline (PBS):= HycloneAl (USA)A|ZE, AJZuloF
Zg0|E2} 100mm HEZ HAlE= Nunc IncAl (USA)ZEHE
Tt ARgStTh AF] AME AlYF F 3-Isobutyl—
1-methylxanthine (IBMX), Dexamethasone (DEX), Oil
red O A|9FEL Sigma AldrichA} (USA), Bovine calf
serum (BCS), Insulin A]2F& Thermo ScientificAl (USA),
AMP-activated protein kinase (AMPK), pAMPK, Acetyl
CoA carboxylase (ACC), pACC 3AHl= cell signaling
technologyAlt (USA)ollA £33t al, PPAR y, C/EBPe ,
B—actin 12} A @ 22 &A= Santa CruzAb (USA)efA
TYsHsct,

1) XM 74 Y FEE

B Ao AR 0JST BTSE ¥ 13 & 29 Zo] 3=
o FAA #71E A dAQE A4 A4 HEE uiEE
oF7] (H3L27], AL, T=HE 10819] HA4=¢t 100Ce
Al BAI7HESE &% &, Whatman filter paper (No, 4)2
AqAistn APTEAAXTE ARESIY EEE 49t (=8
OJS : 21.87%/ BTS : 23.70%).

Table 1. The contents and dosage of Ojeok—san.

Pharmacognistic name (0JS) Country of Origin Pharmacopoeia (g)
Glycyrrhizauralensis Fischer China 0.67
Zingiber officinale Roscoe China 0.67
Cinnamomum cassia Blume Vietnam 0.67
Playtcodon grandiflorum A. De Candolle China 0.67
Angelica gigas Nakai Kyong Puk, Bong Hwa 0.67
Zizyphus jujubaMiller var, Kyong Puk, Chung song 0.67
Ephedrasinica Stapf China 0.67
Pinellia ternata Breitenbach China 0.67
Angelica dahuricaBentham et Hooker Chung Nam, Tae An 0.67
Poria cocos Wolf China 067
Paeonia lactiflora Pallas China 0.67
Poncirus trifoliataRafinesqul Kyong Puk, Kyoung Ju 0.67
Citrus unshiu Markovich JeTu 0.67
Atractylodes chinensis Koidzumi China 133
Cridium officinale Makino Kyong Puk, Young Yang 0.67
Cyperus rotundus Linne Kyong Puk, Go Ryeong 0.4
Magnolia officinalis Rehder et Wilson China 0.67




QAL (RS 2AAo] mheA AWEA A 9 3T3-LIAMGAIZAA S vt 24 7|de] Beh A+ 123

Table 2. The contents and dosage of Bang—pung—tong—sung—san.

Pharmacognistic name (BTS) Country of Origin Pharmacopoeia (g)

Glyeyrrhizauralensis Fischer China 0.67
Playtcodon grandjflorum A. De Candolle China 0.67
Angelica gigas Nakai Kyong Puk, Bong Hwa 0.4

Rheum tanguticum Maximowicz China 0.5
Ephedrasinica Stapf China 0.4

Sodium sulfate China 0.5

Mentha arvensis Linne var. piperascens Malinvaud | Kyong Puk, Go Ryeong 0.4
Saposhnikoviadivaricata Schiskin China 0.4
Atractylodes macrocephala Koidzami 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) mEMO| x|

Atractylenolide 1I, Atractylodin, Cin—namaldehyde,
Cinnamic acid, Decursin, Decursinol angelate, Hesperidin,
Hono—kiol, 6—gingerol, Glycyrrhizic acid, Liqu-—ritin,
Magnolol, Naringin, Neohesperidin, nodakenin, paeoniflorin
9 poncirin 1759 FEF] g ZZLHL FAE J
3] 233 T methanol2 ¥ 2%E 1mg/mLe &2 R
A & W BHste] AME W ZEEACE F|Aste] ARE-
skt

3) HAo| =A|

0JS 1g& BAIZol] 10 mLel] =of $Hs] =
&2 Wietl 109 34 B F dupelsid 43
Aoz shgr

4) HPLC 2MxA

HPLC: Agilent 1200 HPLC system2 ARE3le] A3}
Fom, BEAo AMg H ZY2 Kinetex C18 (2.6 um, 3.0%
150 mm, USA) HHZ AMESIE e, HAY2=E 30TE o
o 4% 0.2mL/mine 2 ZTHF o 10 ul FYstArt.

o]5A2 0.05% phosphoric acid in water (A)2} 0.05%
phosphoric acid in acetonitrile (B)& ARESlo] 7]&7] &
w24 (0-208, 18-40% B, 20—25%, 40—-45% B, 25-40
B, 45-80% B, 41-50&, 80-18% B)o|H, HAEIAL
230 nmollA HE3H

5) AlFIER

FTUAEEE SLCAF (A&, F)ollA & w2 ICRA
As 25-26 gWQlY 5578 AR AFE 42 T caged T
ulEl U3 2% 2242 C, &% 53.8%, 12:12 light—dark
cycle® AR (FAMARE AFY ALAZ T By

o7 47 AFE (FAFAO]Z:CON, TAHAJo|L:HF, i
120 +0JSES :HF+0JS, TA|HM2]o]+BTSES : HF+BTS) S
2 e 857 Agsiitt By Ad4oles A4 s
3Tk,

6) IX|&Alo] & k=2 T

Adof] Mg Aol ® 39k Zo] AIN-T6A RS A4+
4lo] (Normal Diet, CON)olAl A8k, 1xH4lol (High
fat Diet, HF)2 AIN-76A 2AL vlgo= 3 40% Beef
tallow ¥ Alol& ATt APEFEE I1F T 6ty
480

RS, CON, HF#-2 Z4ZF AAkalo] & A Alojet
A deE A, Addels 1AW o9t 0JS (HF+
0J9)T} APtzF BTS (HF+BTS) =23t EZ2ES 7k7h
500mg/kg ® AT Fosle] 83 ARS3IAT AFL dF
Aol gt MY AASE Azt ESAsHAh

Table 3 Composition of the experimental diet.

Component (g/kg) coN® HF®
Casein 200 200
DL—Methionine 3 3
Corn starch 150 150
Sucrose 500 150
Cellulose 50 50
Corn oil 50

Beef Tallow 400
Mineral—mix 35 35
Vitamin—mix 10 10
Choline bitartrate 2 2
Total 1000 1000

diets : (1) AIN-76A diet, #100000, Dyets Inc. USA
(2) AIN-76A Based Rodent Diet with 40%Kcal Fat, #101556,
Dyets Inc., USA

7) 3T3—L1 MII v L EsiRx

3I3-L1 vk wiopPdfomiEs nl=tAEE23) (American
Type Culture Collection; ATCC, CL—173TM)ollA 45}
Argtg o, s 10% BCS, 1% P/SE XZ§st DMEM
HiRIS AH2lsle] 37 T, 5% COs Hi%7] (MCO— 15AC, SANYO,
Japan)ollA BiFAIZl & BigdE EGE vidd (0.5 mM
IBMX, 2uM DEX, 167nM insulin/10% FBS)e& u}f
2 297F wjekith 29 & 167 nM insu-lin/ 10% FBS
W2 wgste 53t AAEZ(adipocytes) 2 THESATH
AYF 0JS Y gi= AFFE BTSS 8i#] ZA|A|7|utc} §HA
e =

8) ME=amIt

0I5} 3T3-L1 AZol thet SHHES Uohur] Sistod
3—[4,5—dimethyl thiazolyl]—2, 5—diphenyltetra zolium bromide
(MTT)assay2 $33tgtt. WA, 3T3-L1 AZ (1X10" cell
/ 96well)oll OJS= 100, 200, 500, 1000 ug/mL HE=E=Z
A ste] 24X viF T MIT AlekE H7Fste] 2R3 F<t
whgSt, 490 nmolH FHES ZRelch AESA AE
= AEE A g2 d2FHCON)T & AT H&
2 A4kttt
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Cell viability (%)= 100X (treated sample) / (Non—treated sample (CON))

9) XILMZ 235t Axls =8 (Ol Red O staining)

£3l 425 6—well plated] wWiX]E AAS & 1 XPBSZ
23] RolZgrt 10% formalin® =& 2A)7F oA} TAAZ] A
EZE 40% isopropanol® AlF %, &Hs] ARAFHY 1
% 0il Red O working so—lution® 2 1A|7F G}
40% isopro—panol® 3% AlHsIHTE, EME AMlEZ= ARIE
9 & 100% iso propanoleZ FME Oil Red O solution
< 59 520 nmol|lA FFEE 7 FFSIAT

10) BeisA CIMEEE (RT-PCR)O| ME X235}
2d |EL =

50, 200, 500 ug/mL =& OJS 9 BTSES Ashy 23}
G=3te] 3YU7F vijeFst 3T3-L1 A|ZE TRI-zol (Takara,
Japan)E ©]§3te] total RNAE EIstEtt, 2% total
RNAE 1ug2 AH3l oligo— dT, DEPCS g7 70 C¢oll
A 5EZE HESAIZ] T HEE jcedlA REE-E FAAZIT 7]
o] dNTP's, RT buffer?} reverse transcriptase A7}t
o= w2l (Promega, USA)S Yol 45 CollA &k 6087t
HESAIZL & 72 ColA 1087 A5t cDNAE 4dstatt.
o] template DNA®} Taq polymerase S©o| Z3E w8 &
gt (Promega, USA)T} Z+Z}9] Primer sequuenceql ATT
CTG GCC CAC CAA CTT CGG (Forward), TGG AAG
CCT GAT GCT TTA TCC CCA (Reverse): Peroxisome
proliferator activated receptor—y (PPAR—y), CTC AGT
GGG AGC GAC TCT TCA (Forward), GGC CTC TGT GGT
ACA CGA CAA (reverse);carnitine palmitoyltransferasel
(CPT1)Z PCR £Z %, 1.5% Agarose gel A7|¥4F5o=z
L=

11) Western Blottingdl| 2 X|@HEst A& CHER =X

50, 200, 500 ug/mL =& OJS ¥ BTSE AHTsy &
Shr=sle] 397 Wikt 3T3-L1 A& 1X PBSZE A3
3% Protease & Phosphatase Inhibitor Cocktail& 3Z3$Hs}
£ RIPA buffer (PIERCE, USA)Z #FA3}stqict, #23te
samples< AATFQ] thlA 2 10% Sodium Dodecyl Sulfate
(SDS)-PAGE®] 83t &, PVDF membrane® 2 Tz
AoJNHAY, I & 5% Skin milkE At H|Fo|H
chl o] th3t blockingS M, Zzke] 13 34 (P-AMPK,
AMPK, C/EBP—a, PPAR—y, B—actin)& 4 CollA] Overnight
vk AlXl &, HRP7} S8E 23 AE vh3-AIFTH Immuno
—positive bands= enhanced chemiluminescent (ECL, Thermo
Scientific, USA)o &J&ll Z3FA]A cheiluminescent detection
systems o|-§ste] dAFstict,

3. A&

A Aate] B4 g SPSS packageE ©]-&3lH.oH,
Ao gt 2L In vivo T mean+SEM (n=6), In
vitro S mean+SEM (n=3)Z FA|S}F Ao ojgt &
9442 one—way ANOVAE AA|, E441] gt p< 0.05

o 424 LSD BEAAUOR AFARE ANl 2 A
el 77re] HRAo] that Felge wAshar

2 3
1. 2A4¥e] HPLC SAIEH

0JS9] A SterA & ZeFe] 2 AE<2l paeoniflorin,
=9 FaAE liquritin®} glycyrrhizic acid, X139 F
8 ABQ] hesperidin®} neohesperidin, A|Z+e] FQ AHEHI
naringin®} poncirin, AX¢ F& A8l cinnamic acide}
cinnamaldehyde, A% ¥ 79l FRA4E2l 6-gingerol,
Sdbo]l 9 AJEQl honokiol¥t magnolol, &2 FAAE
Q1 atractylenolide II3} atractylodin, F#E FLAAEA
nodakenin, decursin, decursinol angelateg THASE 50
£ oo B, 230 nmolA HAE3FFTE FHAofA
9] peakts HEFEN peak? retention timed} UV T
spectrum= H|W3lo] Bo]dE FHIFOH, HAA 13
%9 JEo] AEFHUKFig. 1).

13,14 15

j, I ,T\LM,,, 1 }l‘\ ooy JMJ:J,,,

RN |
J UEJJLJJM?\J

Fig. 1. HPLC chromatogram of the standard mixture(A), Ojeok—san
mix soft extract(B)

Paeoniflorin(1), liquritin(2), nodakenin(3), naringin(4), hesperidin(5),
neohesperidin(6), poncirin (7), cinnamic acid(8), cinnamaldehyde(9),
glycyrrhizic acid(10), 6—gingerol(11), atractylenolide 11(12), honokiol(13),
decursin(14), decursinol angelate(15), magnolol(16), atractylodin(17)
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tAoR ZAsto Fig, 20| ettt A8 A1zt
AT ol & Zo] glo] At e, uAw
T F ukA9 AFo] 35RE [FeAHRE FUleteE
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I} Alo] & HF H|&| §94% AlF FAE el
8F A AFE +F HuEH OJS FojF A0
2ol H]E AFo| 20.74% HA3FETHFig. 24). A
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3% Aol AT Aozt gljleu, 0JS L BTS Folz

A9 mAAo] gzol ulg| i astgont felgt 3

ol7F UehtA] Hsktk(Fig. 2B).
(A 501

7 o coN - mRrOIS
45 - HF & HF+BIS .
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Time (Weeks)

1

Food Intake (g/m oune/day)

0
cay B H-05  HFBS

Fig. 2. Effects of Ojeok—san (OJS) on body weight in the
diet—induced obesity mice. (A) Change in body weight consuming
CON, HF or HF with OJS and BTS during 8weeks. (B) For each
mouse, average daily food intakes were calculated. The values of
|ndependent expenments are expressed as means + SEM (n=6).
P(005 vs. CON, *P0.05 vs. HF.

3. 234ko] AYAY 3 uX= I

A717 8% nhe-2 AU AW SHFE S
ﬁﬁkﬂ ERA ZF FAE &35k Fig. 3o Yehl It
Aol (CON)o| H|3] TA|HFA]o]lZ (HF)Q AS HHxz|
ol FstAl S7HtRL(p<0.05) Tk FA= CONej H]
3 HF7F frostAl 57 stith(p €0.05). 2t 229
HFe] ¥t HF+OJSZZt HF+BTSZOA b 229 A7}
742} 14.75.0% 15.30%2 Hashe Aol Uerdoud §
AFoz {oatA]  osttkFig. 3). AW =AY AL
HF+0JS2t HF+BTSoIA HFe] w3 f2l&el gash= 7
FE HERITH(Fig. 3).

ol
rUL“

Ay

Liver Perirenal adipose tissue (PAT)

Weight (mg)

..

E 5 8
Weight (mg)

g 8 &

5
g

-0 HF-BIS cay H

Gonadal adipose tissue (GAT) Mesenteric adipose tissue (MAT)

Weight (mg)
g
Weight (mg)
g

*
Wik

oy B HF-OIS  HF-BIS e )3 HF-055  HF-BIS

Fig. 3. Effects of Ojeok—san (OJS) on the weights of liver and
adipose tissue in the diet—induced obesity mice. The values of
independent experiments are expressed as means = SEM (n=6).
P{0.05 vs. HF.

4, APAFAZ S eAe] HEEA

OJSA ol o3t 3T3-L1 AFATAES] BEEE NEZEA
AAE Batel grist A3, Ag HisEel 1,000 ug/mL

oA 86.40 %= AEEAo] Yehlx @kchFig, 4).

Cell viebillty (%)

S0

COoN S0ugml 200ugml S00 ugml 1000 u/ml

oJs

Fig. 4. Effect of Ojeok—san (OJS) on the viability of 3T3—L1 cells.
Cells were treated with indicated concentrations of OJS for 24h,
The values of independent experiments are expressed as means
+ SEM (n=3).

5. L&Ao] AWA|E B3lo] u|X]= FIF

_3T3-L1 Aze] 0JS& Heldto] sUBed —E#ﬂ% =S

Z Oil red O GNE 5351 ALANEZ H3} A=E A3
élﬂk EIE =3 APAE (PO)olA+= —fﬁh A A

EZ (NOf =g oA A 232 vehfiglen], 0JS&

AEet AlZ= PCo| H|gte & oEHOE Fadhe AT
S BgckFig, 5). EF 0JS 200, 500 ug/mLE A3t &+
A= QF Z}Z} 44,22 %, 51,53 %2 TAAE&EZ p<0.059
25 Yok (Fig. 5).

TEER

Fig. 5. Effect of Ojeok—san (0OJS) on lipid accumulation during the
differentiation of 3T3-L1 preadipocytes. The intracellular lipid accumulation
was evaluated by Oil Red O staining. The values of |ndependent
experiments are expressed as means + SEM (n=6). P( 0.05 vs.
PC. (N : Preadipocytes, P : Adipocytes)

6. 22;to] APA|EESE A 2o v|X= FF

OJse] gmjgt dato| oigk ZAE7|HE RARE] 3|
0JS % =T BTSE A=ste] 345 =% 3T3-L1
MzoA A Ao F8 AARIAR] C/EBP-a2t PPAR-
e FAZ 9 Tl HERAS FE) A 23 dAE &
nHoR FAadE if%}%lt}.

ole] Ax}, E3} A AFAHAE (NO)ol| Hl3) £33
=3 AHANE (PC)o] AL C/EBP-e2t PPAR—y9 &A%}
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9 o dhgo] Frkske ARE Ustiged, OJS ¥
BTSE A2 oAl C/EBP-a % PPAR—y9 #74 9
alE o] Zaske AL Uit 531, 0JS 500 ug
/mL& A3 FoAe PPAR—y §AA 9 C/EBP—a%
wa dFHoME 48,78 % ¥ 51.59 %E FoH #AAS
Uetyiglen, BTS w2 PPAR—y9 SAHA W&olA 100,
200, 500 ug/mL& Azgt FoA f278 FAE Uehl A
A9k C/EBP—a ¥ PPAR—y ©HiZ HAM= 94 4
5 YehfA] ZetackFig. 6).

A)
HAURY 4 — SBTEN & S5 W = |
Bl g == oo an oo & - - o

NC PC 50 200 500ugml 50 200 500 ngml
BTS 018
PPAR-y

% of control

BTS oJs

(B)
C/EBP-0. B

e G S Al S e . .
PPAR-y I == omm smn ses oo e 60 oy

B-actin b S S S——

NC PC S0 200 S00ugmL 50 200  S500ugml
BTS 038

CIEBP-a PPARy
500

3000

% of control

1000 % 200

BTS oJs BTS oJs

Fig. 6. Effect of Ojeok—san (OJS) on the expression of C/EBP—a
and PPAR—y mRNA and protein in 3T3—L1 adipocytes. The cells
were treated with BTS and OJS at different concentrations for
3days during differentiation. The values of independent
experiments are expressed as means + SEM (n=3).

7. 2F4to] AWAE AMPK ©ld wHd g4
o A= F

0Jse] guut Jato] gk AL7IAE 2ASH] I8l
0Js 3 FPdi=T BISE A=t #3HE =3 3T3-L1
AZA AE oUA] giAk S4 Sidd AMPK 8435 4
EE AR 23 = $ AlZ W DE oA Western
blotting© 2 AMPK 243} (iF2hHE 24 23, 23
A AFAFAEZ (NOo sl 235 f=3 AAE (PC)
o] 7 AMPK Qlitsh= obfd Wsizh gigled, OJS 9
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Fig. 7. Effect of Ojeok—san (OJS) on the phosphorylation of AMPK
in 3T3—L1 adipocytes. The cells were treated with BTS and OJS
at different concentrations for 3days during differentiation. The
values of independent experiments are expressed as means £
SEM (n=3).
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