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Effect of Probiotics-Fermented Samjunghwan on
Differentiation in 3T3-L1 Preadipocytes
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Dongguk University, Gyeonggi—do 410-773, Korea

Abstract

Samjunghwan (SJH) was fermented using five different probiotic bacterial strains (Lactobacillus plantarum,
Enterococcus faecium, Pediococcus pentosaceus, Lactobacillus acidophilus or Bifidobacterium longum) separately.
We examined the inhibition of preadipocyte differentiation through Oil Red O staining and analyzed the ex-—
pression of CCAAT/enhancer-binding protein a (C/EPBa), peroxisome proliferator—activated receptor y (PPAR
7), uncoupling protein (UCP)-2, and 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase which
are adipogenic transcription factors. Both Lactobacillus plantarum and Enterococcus faecium-fermented SJH
reduced Oil Red O dye staining compared with the same dose of non-fermented SJH. Only Lactobacillus planta-
rum-fermented SJH inhibited all adipogenic transcription factors and showed the best down-regulation of PPAR
7, UCP-2, and HMG-CoA reductase compared with the same dose of non-fermented SJH. The effect of SJH
on the inhibition of preadipocyte differentiation was more prominent from the fermented SJH. Lactobacillus
plantarum-fermented SJH, in particular, blocks the expression of PPARy, UCP-2, HMG-CoA reductase.
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A 5o JYNYA AF FA o] BEFAE
WENE, V50 AR R A Fobol A ThFsA LS
[e]

F AAAN A B tiste] F538te] B, Lactobacillus
acidophilus(15), Streptococcus fiecalis(16), Lactobacillus
plantarum(17) L Enterococcus fecium(18)9] Zd 2~H Z
Astazt grsl A ok 3 thE A RS2 13
o] A% 3T3-L1 AWAEZANAN AWEZe AA|A7] 2,
sterol regulatory element-binding protein 1-c(SREBP-1c)
2} peroxisome proliferator—activated receptor y (PPAR-7)
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X oA PPAR-7 9 T3S 7AA]F]AL tumor necrosis
factor-a(TNF-0)& F7MAFA oY, TEAHAA e n3
o] B}t 59 A&AAA FAEGE TR ALE e
ATF7F AN K 23), 1 9] HE Sheke] Nt 537 e
A ®BiER ki ok

2 AFolMs R S A 23} oA EHE AT
3l7] flal A A8 8-S 7R F8 FAF O E 747 HEA|
2 %, 3T3-L1 AALAZ] &3} oA 43 CCAAT/
enhancer-binding protein a(C/EPBa), PPAR 7, uncoupling
protein(UCP)-2¢} 3-hydroxy-3 methylglutaryl coenzyme
AHMG-CoA) reductased] 12t @ AA 28 55 &
sttt

EREETE

FA2L = TS st A 9 (Dong -

guk University Ilsan Oriental Hospital, Ilsan, Korea)oll 4]

dtRom, A 425 g& EH3tA ¥ F 250 ceoll

T71A 21.25 g, FZE 21.25 g& 4L &, 70°Cell A

Hestel YAEL nF BAAZ F, 4559
7

FHA F2Fz A 70°CE 3217 Tt A 3A . o]

12

vl

Table 1. Bacterial strains used for fermentation of Sam-
junghwan (SJH)

Fermented SJH

Bacterial strains used for fermentation

formulations
FH1 Lactobacillus plantarum
FH2 FEnterococcus faecium
FH3 Pediococcus pentosaceus
FH4 Lactobacillus acidophilus
FHb5 Bifidobacterium longum

A AzE e pHe 4601021, ]S 10 N NaOH
£Ag o] &3l pHE 652 HE 5, 121°Cell A 2083 2
& HHg Tt A2 213 3 Cellbiotech(Kimpo, Korea)
N FY43 Lactobacillus plantarum, Enterococcus fie—
cium, Pediococcus pentosaceus, Lactobacillus acidophilus,
Bifidobacterium longum 5%9 f3bdS A% HE
(1% v/v)ste] 48417k &<t A A A HTable 1). &A= A
B2 A dx2TE Al HEF Al 2%(v/v) A TE
ogtie Z2 o FHlstin) uhA
s AAX ARAE
A

313 L1 Mz 3 25t7E

Ago] AHE-3 3T3-L1 AEe vl ARAFAER
American Type Culture Collection(ATCC, Rockville, MD,
USA)ol A 4391, 10% fetal bovine serum(FBS, Invi-
trogen, Grand Island, NY, USA)3} 100 unit/mL penicillin,
100 pg/mL streptomycin(Gibco/BRL, Grand Island, NY,
USA)°] &% DMEM(Invitrogen) B A& A}&3}a] 37°C,
5% COx9| ZolA wjFstdtt. 3T3-L1 AALAEE
Western Blotting® Real-time PCR 2&8< 9& 6 well
plated] 1x10° cells/welle] A E52 EF33, Oil red O 4
A AL 93] A= 12 well culture platesol] 0.5x 10° cells/
welle] MXFZ B33} 2~3g v} g HA A XS v X
2 HZEsPHA 243 confluency7} 2 wi7tA] 713 T 1
& AEE DMEM Hj Aol A £t o2 DMEM ®j A 2
oA AN F=AH A flol AHE FAUHDMEMT), e
DM Hj ®] (differential medium, DMEM?®] 0.5 mM 3-iso-
butyle—1-methylxanthine(IBMX), 0.25 mM dexametha-
sone, 10 pg/mL insulin, 10% FBS, 100 unit/mL penicillin®}
100 pg/mL streptomycin®] F71E E3u]X])Z o] F A A
A, A71e) daE AHAFE )T TEEA 2 S
(WZT)S 742 50, 100, 200 uL/mL FE2 325t A
Western Blotting, Real-time PCR A& o) A}&3l9 1, =Y
SFEES 100 uL/mL =2 A3l Oil red O A o) A}
L3ttt o] el Z 447t g T X E AAS Y TYS



3T3-L1 AAYAHEANA da

Oll Red O A4

oro] AL Azl vt v A= A AsA pH 7.4 PBSE
A2 8kal 10% formalin £ 0 2 2A17F H<F 113 o] 5
60% isopropanol® Al &ttt &3] X212 5 Oil red
O QS At 1A7F 24 Gasta, GAdS
AAZ T EZ2 o8 W A FH AT Microscope(Olympus
BX61, Tokyo, Japan)Z #2Z3F & Olympus DP70 digital
camera® 7} %3} o},

Western blot £44

28 AEZE PBS(pH 74) §d o8 AH3 3
lysis bufferol] ¥ 3L 4°Coll A 2087+ &3fA A Th A
Aske] 14,000 x g, 4°Coll A 2087+ 9L F A5
3]43t] BCA Protein Assay kit(Thermo Scientific,
Waltham, MA, USA)E o]-&-38fo] @eidS J&Fstaith 100
mM DTTES ¥3}38F Laemmli sample bufferol A 95°CE
A7 & @ AE 30 pgs 10% SDS-PAGEZ resolvedt
% nitrocellulose membrane®l] transferA] Z th. 5% FA|&
71 3718 tris-buffered saline(TBS, pH 7.6) 91l -2

ol A 1A]17F &<t blocking A1 &, anti-HMG-CoA reduc—
tase antibody, anti-PPAR-7 antibody, anti—uncoupling
protein—2 antibody(Millipore, Billerica, MA, USA) &2
anti-B actin antibody(Cell Signaling Technology, Beverly,
MA, USA)$} 4°CellA overnight ¥HS-3F$3th
horseradish peroxidase-conjugated goat anti—-Rabbit IgG
(Thermo Scientific)& 22} A2 3} vl gAY 1 &
chemiluminescence solution(ECL)2.2 > 2]3}4] image
reader(LAS-3000, Fuji Photo Film, Tokyo, Japan)Z &2
393t} Resultant protein band®] 7

A4,

=+ densitometry =

=43, S e JFL Bacting FILE sl B4
3T
Real time PCR

7z} FEE AP H AEE PBS(pH 7.4) S0 2 A 23
% Trizol® reagent(Invitrogen)E ©]&3}] total cellular
RNAE FE3tAth 24249 A3 ETA o 2 pgol
RNA+ cDNA synthesis kit(SprintTM RT Complete Oligo—
(dT)18, Clontech, Mountain View, CA, USA)ZS o]-&3] &
AsEe] first strand cDNAE 41t RT-PCR A&
LightCycler-FastStart DNA Master SYBR Green(Roche
Applied Science, Indianapolis, ID, USA)S o] &3} H=
WS 838 20 uLE 3} LightCycler instrument(Roche
Applied Science)oll 4] 2183} A Th. Primer xge
Table 29 ¥ A3 vle} 2t} PCR amplificatione C/EBPa

==

=

oTl'tg

=

Table 2. The primer sequence used for Real-time PCR

2

8 oA E3 3

OJN,
i

ol A
ol A= 95°Coll A 108 &< prior incubation ¥, 50 cycle®]
amplification(95°Cel| 4] 10%& 7} denaturation, 52°Coll 4] 10%
Zt annealing, 72°Coll A 15%3} extension) 3} 32 GAPDH
| A& 95°Coll A 108 =<t prior incubation 3, 35 cycled]
amplification(95°Cel| 4] 10% 7} denaturation, 52°Cell 4] 10x
Zt annealing, 72°Coll 4] 15%3} extension) 3t} HH-S-2]

o|=& FI37] YA SF wirlt} melting curve ¥
S £33t HolEE LightCycler Software(Roche
Diagnostics, Penzberg, Germany)Z #23l9th. z2t2e] &
HolX cDNA Al B2 &4 hEFOR AHgste] way

7Fs 3 primer-dimer 374 A Z3FATh 2] HAL
W GAPDHE 7|F2=Z 4lo} 2-ACHEHES f3x}e
threshold #t—GAPDH®| threshold )& T3l= Walo =z

AArE Ja, FAA ] WL differentiation media¥t 3]
gt x2S 1002 7133k A A<l g SHA.

N

1 _|1m

Znp 4

2 _T;_fcl-

=

313-L1 MX[EM Ol M K|2EM 220 25t AX| 1}

whg Abg3ho] 3T3-L1 A7 AAA| E oA 2 hA| 3
2 FolEe B ZAEate] AT S A=A
g FR13t7] A3l A Oil Red O G4 H-g ©]-834 3T3-L1
AZ e A48 ATE A% & dnjg oz #F39
t}. & 3}uj %] (differentiation media, DM) Tt 2] 2] 3+ Fol] H
A =] HEEA e Ak GAE AT Ut
Zadte AL g1 Aok FE ST
DMTol HI&| A FH13} FH2o A4 =% 7
ARNAT, FH 3, 4, 5ol M= F318 7+
G (Fig. 1).

T
=
T

C/EPBa, PPARy, UCP-2, HMG-CoA

EPBa®] mRNA % PPAR 7, UCP-2, HMG-CoA reductase
o gz e HEE B EUTE AARAZAA] A
AExZ B35 FAode A SH o A A
Fef et Q] Ml ofye} AR SolA @il d mar-
kerE9] wd F7te} 22 AeE A Walsh e, o] 9}
A XA E E319o} #HEH transcription factorg 2] @3
T} adipokineg 9] #HI7F 71 v A FFS yERY
(24-26). 1% 7V F23 @4JAAE C/EPBa, PPAR 7 &

Gene Forward primer Reverse primer
GAPDH CGCAAGAGCCGAGATAAGC CACGGCTCAGCTGTTCCA
C/EPBa CGCAAGAGCCGAGATAAGC CACGGCTCAGCTGTTCCA




FH4 in DM

£ 4 JH27). C/EPBax= basic leucine zippersoll 43
AARIAZA A Y g AWHE 3o BoAst= AAZ
93] % 21, PPAR 7 = nuclear hormone receptor super—
family % 3Fuo]™, retinoid X receptor(RXR)<} hetero-
dimerg @At A FHAe] THS 2ds= AARIA
olt}. C/EPBa, PPARy © 3} 270 &do] f &
3} %717} =+ adipogenic f+AAHE 9] WE
3, ®3tE AGA A B Fo] AEA FTt
& VERATH?28,29).
2 C/EPBa #3#}e] &d H T E Real time PCR

o] &ate] #FaATh 1 A3 DMl Hls) FH4(50)
Aoetie BF AAHE Ao AFHYoH, 7} ¥
WEs] e 4AE darel MaN EAE Jeha A
FH1(50), FH2(200), FH2(50), FH3(50), FH5(200) ¥ FH5
(50)el AT 13 FH2(200)°] 5¢ X9 iz Hl3|
C/EPBa®] &S 57% AAAA JA a7t 7P & A
o 2 AFAH A (Fig. 2).

PPAR7y 9 §31A w8 AT = Western blot Wy o2

#FsA=l, 7 el dEhd W=e] vt AS5E
Tl ware] B AL ojulRthFig 3). 0% duHe

ruEr-lJnE
fr

Fl

FH5 in DM

FH3 in DM

Fig. 1. Effect of fermented SJH prepara-
tions on the fat accumulation in 3T3-L1
adipocytes. The effect of treatment with dif-
ferent unfermented or fermented herbal for-
mulations (100 pL/mL) on the lipid accumu-—
lation in 3T3-L1 cells as measured with Oil
red O staining.

2 EAYE o DMl HsiA FH1(200), FH2(200), FH5
00)N Mg 74 E Aoz FAFYoH, 7t TEEE U2
T3 ¥ wElbE FH1(200), FH2(200)00 4 &3S VeR S
o} 1% FH1(200)°] 59 F=9] iz vis] PPARy &
B%E AAANA 7 &7 £ Ao 2 YERRTHFig. 4).
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Fig. 2. Effect of fermented SJH preparations on the gene ex—
pression of C/EPBa. The effect of treatment with different un-
fermented or fermented herbal formulations at varying doses on
the gene expression of C/EPBa in 3T3-L1 cells.
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FHA(S0) FH4A{L00) FHA(200) FHS(SC) FHS(100)FHS(200) Ci50) C(100) C2e0)

DMEM (=20
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Fig. 3. Effect of fermented SJH on expression of PPAR 7y, UCP-2 and HMG-CoA reductase. Immunoblots showing the effect
of treatment with different unfermented or fermented herbal formulations at varying doses on the level of expression of PPAR 7, UCP-2,
HMG-CoA reductase, and B-actin levels in 3T3-L1 cells. The detailed experimental conditions are mentioned in Materials and Methods

for Western blotting.

HEF =g o} WEtel EA5 =

© WAz 25 ¥, 75 A

o Uy tAtE 23t Edolth F&, A4t gluta-
mine & 9 FEo| FHopstA =W UCP-27F F7HE . UCP-
29] 7 ATP AAS 244 5
JoA hARES AtA7]AL HIFke] o]2 4] dh= A

A 9o 3 &y BHZ JAEE Aors dEA
ATH30). W2 UCP-29] YgAl& » el

A F=F B-celld) 71530
Western blote. 2 UCP-29¢] Fd#}
o) Fig. 33 22 A%E 4oy, o|E HH3
< ], DMl Hls|A FH1(50), FH2(50)2 Al
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Herbal formulation and doses (uL/well)

Fig 4. Effect of fermented SJH preparations on the ex-
pression of PPAR 7. The effect of treatment with different un-
fermented or fermented herbal formulations at varying doses on
the level of PPAR 7 in 3T3-L1 cells.

T ase 4945 BYow, 72t FEHEE gl HlFA
FH1(200), FH2(200), FH2(100), FH3(200), FH3(50), FH4
(50), FH5(50)°] &#E Yetth. 25 FHI1(200)w-¢] UCP-
29] BE S 57% AAANA a7} 7Hg S5 Ao w3
= H(Fig. 5).

AZJANA FAEE S 28HE 24 8§42 HMG-
CoA reductased] A== 4 ZH2HE 552 4A35}
A FA3eH T8 98-S ez FuA S AAe F

2 E7lo] He &4 o]t HMG-CoA reductase®] 4] o]
A3LE A LDL-receptord] &4do] F7tste] @3 ZFd 24|
T FEIF HASERE uFHSHELTS oY, A8

o §83 Aoz &e#A UATh33). HMG-CoA reductase®]

140 -

120 4

100 - M M M

80 -

60 -

40 4

20~H H

0+

Ssogocgcoococoocococoogogogogogo

LUDQOOLOOOLOOOLOOOLOOOLOOO

s S8y dsc 989 IFog
T - I NANTOOMOISSTTIWW S 5 0o

O FEIIcrrrocrroxrrorre g

Fig. 5. Effect of fermented SJH on expression of UCP-2.
The effect of treatment with different unfermented or fermented
herbal formulations at varying doses on the level of UCP-2 in
3T3-L1 cells.
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Herbal formulation and doses (uL/well)

Fig. 6. Effect of fermented SJH on expression of HMG-CoA
reductase. The effect of treatment with different unfermented
or fermented herbal formulations at varying doses on the level
of HMG-CoA reductase in 3T3-L1 cells.

Western blot A& Fig. 33 28 232 Ao o=
Aoz B35 uf FH1(200)o A% DM % thZ ol
HS| A A SAEHAT 2T g S o 549% AAA
71 ALeZ YERTH(Fig. 6).

g C/EPBal Al FH2(200)2F UCP-2, HMG-CoA re-
ductaseol| A FH1(200)o] £3}A]7]%] &2 DMEMXE Y} &
Ho] Al Aoz Yehged, F71 24388 53 Ao

S
ToHA) e AL Ol Red O AN b HH2

3t 92 DMl vls] g At 7 ghAshed 2w
Fo] A HE AEE FaAHSH, FE71 100 ul/mL ©]
A+ w] C/EPBa, PPAR 7, UCP-2 @ HMG-CoA reductase
E JAstA g AR 73 A 945 d1E A
At HEYPS % F7hleAE gRlalr]

S g RS FY w5

20 fAkT e FRO ot
gulut g 3o xpol2 B+, Lactobacillus plantarum®-
2 2E3 AAgeY a9t M e AR ygytth
Lactobacillus plantarum®.2 W83 A3 3e utgsiA] ¢
< A8l BIsiA Ol Red O AEolA A4 1 7
st o, =7 200 ub/mLY W TY sxo] Last
7 & ARG PPARy 35%, UCP-2 57% % HMG-
CoA reductaseS 54% TS AA A 7| A o]Abe] FE oA
AT T M =& dAES YeElth 221y C/EPBad
739 50 uL/mLo| A5k A2 B 71 o] o] TRoAME 2
3l FA7F SUkek A= ‘/}E‘rur C/EPBad] A a3+

23] 22N 7] oJE 9. Enterococcus fecium-2 Wt

a3 AR 3o 73_% W FelR] & A3 BHIA] GA
Oil Red O A&l M A48 A7 5=7F H23ksia C/EPB
a, PPAR 7, UCP-29] 37} &&FA A a5 Heile
H, F=7F 200 pl/mLY ® TY =9 Ha A &2 44
3x o C/EPBag 54% U5 JAIAA, C/EPBa 170 59
A ART F M =2 dAES JE T Lactobacillus

I.rrﬂf
>4ru

¢ T o

¢

rUEJ

mio _!2

riov

plantarum< lactic acid bacteria & 74 &3 fAHTOE
ZA(34), BAF(35)0l Eol] g fFAkd o]t} Lactic acid
S =HE Astay, a7t 913(36-38),
1% Lactobacillus plantarum-e hepatic cholesterolS &%
Aoz RN #HAFES F7HA7I= 71AE T3 LDL
cholesterol, triglyceride A 3}A| 7] & Ao 2 W& FAHF
o TH(17).

2 AT A3 3T3-L1 AAFA A A 23} JA) &
#E Bl S-S HEANZAS W 2 AUt 0% %—7}3}91
, 53| Lactobacillus plantarum® &2 T &3 A3 se 7
} 3t 395 Yelhd=t)], PPAR v, UCP-2, HMG-CoA
f 22 $&8 S down regulationA]| ] 024 A
WA e FEU2EHE FEES Adlske Aoz EIHA
o 2y iRk &48 el e oy ZHA] e A 27
omz g Zg 711 B8 down-stream T F o] A
3t gl OE AsdEA A #3 AFE oS A E oo}
& Aot EIF X AMA, AEd o QA L AF: A

bacteria=

-

2

o

reductase®]

FIER olygt FRAREY W} 23 HEY {7 3
599 W3l T HAERE A% ofg] Wl dFEojop &
ot
e

2 AT A = 3T3-L1 AAGAELE o] &35t Ha 4+
o] AW w3 A a5 st vk A TS
5714 8 FAEOR 242 AL F, Oil Red O A4
o2 AYAE E3} gA| 4FE golr 1, o] 7|HE
71 1A A A4 AH 0 9SSl transcription
factor @ A2 24 g49 F31x dHFS vluste] B

t}. Oil Red O 94 4o M= Lactobacillus plantarum,
Enterococcus fiecium® 2 a3 A go| A X uka 429
AAE AT & 9;19113} T3t transcription factor®Z C/
EPBa, PPARy, UCP-2 ¥ ¥ 2HE 243 AH"E a4
¢l HMG-CoA reductase®] 47}#] A4} @3 =2 B4
st =, TEAI7]1A] 2 AR H9 F=7F 100 pl/
mL o] wl Ul 7}A] A A EHE JEPH o,
LEAAE e FAbre] FR7ol wet &3 A&7}
Q=) Lactobacillus plantarum®- 2 a3 474 %ko] gy}
7y YA £e Ao 2 VYElwt}. Lactobacillus plantarum®-
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