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Red yeast rice has been extensively used as food and traditional medicine for thousands of years in
East Asian countries. It is produced by the fermentation of a particular yeast (in general, Monascus
purpureus) as rice and various cereals (barley, soybean, etc.). Monascus sp. produces many secondary
metabolites during its growth, including pigments, monacolins, and y-aminobutyric acid. Some metab-
olites —specifically, monacolin K, y-aminobutyric acid, dimerumic acid, and monascus pigments —have
been reported to lower cholesterol and blood pressure while showing anti-obesity effects. In this
study, we investigated the anti-obesity effect of ethanol extract from red yeast barley (RYB) fermented
with Monascus sp. BHN-MK 2 on 3T3-L1 cells. The anti-obesity effects of RYB extract were examined:
its lipid accumulation inhibitory effect was tested by Oil Red O staining, and obesity-related mRNA
expression levels were tested by real-time RT-PCR in MDI stimulated 3T3-L1 cells. The intracellular
lipid content of MDI-stimulated 3T3-L1 cells decreased significantly to 5.04%, 12.24%, and 23.52% in
response to 200, 400, and 800 ug/ml RYB, respectively. Moreovers, we evaluated that RYB extract sig-
nificantly downregulated the expression of C/EBPa, SREBP-1, and PPAR-y gene in a dose-dependent
manner. As a result, red yeast barley ethanol extracts exerted the strongest anti-obesity effects. Also,
the results indicate that red yeast barley could be used as a functional anti-obesity food material.

Key words : 3T3-L1, bioconversion, fermentation, Monascus sp., red-yeast barley

M B
HITHE o U A ALY B¢ 8 S Fdsted AE# 2 giAt
4 Age] Fa dRloR g3, 27 AR fidste
Fo 99948 &HA QYUH18, 21]. HlvHe dubA ol A%
A8 F SUEAM AA R Jd F4 B S| AHE
Uetdth gk A A2 =g #31 9 AE 5 ST
ILVI A oF 20 2 BHY, 13 82 F ook dle

2 suEt

Hig A7) BEEE Wo] &85+ 3T3-L1 AARAEE
Ao ARFEAZ el AAGA Lot} 3T3-L1 AAFA 2=
AE B3} FEEAMD)Y T2 £ Fofo s AgA =
2 Ztatn AAE 34 A4 A A E morphology W3},
A4 9 gy, 28 774 ws) Fo] FitEn 3,
19, 29]. MDI (0.5 mM 3-Isobutyl-1-methylxanthine, 0.5 M

dexamethasone, 10 pg/ml insulin®] E£3&, AWE£3} FE&

*Corresponding author

Tel : +82-31-376-1973, Fax : +82-31-376-1907

E-mail : bio91@hanmail.net

This is an Open-Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http:/ / creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

A)ek s oo AYAHERY 347t AAH, F3} 2
7]l CCAAT/enhancer binding proteins (C/EBPs)] % 0]
S7HE R, 7] AAIAC A £k xd AARIAY perox-
idase proliferator-activated receptor-y (PPAR-y)S] % o] 3
M oEA AYAE So] A B F4, 3 24
g 2e ‘%0}"1 AYAZZA 5 B | o] o] F

o X7, 20, 28]. E=3F PPAR-y B & F7F= adiponectin,
resistin®} % % AWAZ Eo] FAAY HHL §5353, o
T ASE APAEZE LA o AR g, gt
2 A E2H T Odd AY duA dAE 2HsE AoE
delA Aok mebd ARAE 23 A4 2 e, A d4
9 Es) 28 5 A AxY 7 2o g %k A7t
A AAAZ Y5 JT2, 14, 25, 28].
B 2| (Hordeum vulgare L) @A ANF F9¢ 4 F
o= Heyyh #E A Fog e, 9, A, 77
T U IEEES ot Y1) =3, BEE luto-

narin (isoorientin-7-Oglucoside), saponarin (flavone-C-gly-
cosides) s 9] g ZejH =z SR ol BT} ol 9
o, 784 Aol AF4 B-glycan, o}v| =4}, B8t Eo] 3
fata 9o, Bl Yo FHIA E0UE superoxide dis-
mutase (SOD)9} B doA £ & glycoprotein?l P4-D1,
D1-G1& 2% 45 A& AAY S48 dAsdes 59
AU el a3z LA ne, 15, 23] £ He) 44



Monascus sp.&= *ﬁ WH% 5 OH i?l”é}:% &
2 %EH, o F T4 04011]—‘5 AA WLrELe F

£ monacolin K, lovastatin, mevinolin, y-aminobutyric
acid (GABA), acethylcholines 9] Tkt Be]&4 £4< &
ot satsl 29, A e 9A Y 71l e Al
2 4HA Jddp]. 53 T ¥ monacolin K& 82
HE &4 AfARZ AH&ET 12835 SAEERH S~
HE A ZF7F RIFATH9, 34]. mebA S5 o] &3
17154 A g B L A7 5AF 2 AFAAE
g&atd e AF7F SLEA o] Fo A, 2005 2] F 9 oFE <t
AANAN T84S AF FY2HE 54 = O%
7154 dEE A A A TH3]. Monascus sp.= HEl ¥
F58 4 9o, A Monascus sp.& ]

l

>

3]
he

b
o o rfr

ol
_Erlo

dp ©

Els

= ljo\l ﬂ.l'{ﬂ
fe o mlo
=
T
i
r
?.:
re <
-+ e
Ir
=
=3
ol
>,

&)

o
_Q

=)
o
S

B g o] Monascus sp. BHN-MK 2&
NS 70% NS o] &3 F=3}
H]-/qlgj._ 1:!1:-114 Hg]_ o) x]l:ﬂ- ix%

==
o2
ol
ol
&
o=
>
oo
o]o{.

EEER

H
.}
&
off o
o
w
=
v
()
)

O

o
&
(o
e

R

o,
>

> N
off g

N
ofr 12 rir

P g =

(m
oX
>
e
b ox
2
frl
lo
N
olr
o,
o
o
fr o
ol
=
_>,i
o !
uk

AT e 71E0 G EE Monascus sp. BHN-MK 25
o] g3t HelE Hastgon, TAH T4 200 gF 119
70% ethanol& ¥ EFate] 143 F<F 80TAA F25H5)
T}H10]. o] FZ9 < filter paper (Qualitative filer paper No.
2, Hyundai Micro, Korea)Z {73t % rotary vacuum evapo-
ratorg ©|-&3t] &S AAS} L FFoH Fo w5
& 70T olgtell A &2 Adzxdt] ANEE AEAT

3T3-L1 HX|LM|Z2| b X 23

op9-2 fref 3T3-L1 A A WA E£5E American Type Cul-
ture Collection (ATCC, Manassas, VA, USA)ell Al o io}
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Table 1. Primer sequences for Real-Time Reverse-Transcription Polymerase Chain Reaction (RT-PCR) analysis

Gene name Primer sequence (5'-3") Reference
GAPDH Forward TGAAGGTCGGTGTGAACGGATTTGGC 7]
Reverse CATGTAGGCCATGAGGTCCACCAC

F d TGCTGGAGTTGACCAGTGAC

C/EBP-a orwar (4]
Reverse AAACCATCCTCTGGGTCTCC
F d TCGCTGATGCACTGCCTATG

PPAR-y orwar [31]
Reverse GAGAGGTCCACAGAGCTGATT
F d GGAGACATCGCAAACAAGCTGA

SREBP-1 orwar [35]
Reverse CAGACTGCAGGCCAGATCCA

A AES s AR A 8 %V} ¢sd 3T3—L1
HAA AN Eo trizol-agents #H713] RNAE 3
Bead"" Total RNA Prep Kit (Biofact, Daejeon, Korea)é OI%
3t total RNAE % 2 Bt BAH RNAE 2X RT
Pre-Mix kit (Biofact, Daejeon, Korea)& ©]&3] cDNAZ %4
St5ith. RNA %3 ¢DNA &42 manufacture’s protocol<
e} FPsA T FA4H DNAY Realtime PCR kit without
intercalation dye (Biofact, Daejeon, Korea)E ©] &3 %4
2d AxE 34 9 gt #aAe 282 house-
keeping gene$l glyceraldehyde-3-phosphate dehydrogenase
(GAPDH)E internal control 2 3t} A WA 2 235} #of 2z}
¢ C/EBP-a, SREBP1, PPARyS] #2472 HdHFE& &3 ATH
(Table 1).
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ToAME 5 &2 02 lipid droplete] FA o] dAHE
q%s ﬂr% < 1ltH(Fig. 2D ~ Fig. 2F). =3, FBS7} A7}
o] &3 w3t thxw 3 Hlas) MDIRE A 23
1h oF 155%2] §A=E Holr thiFe] OROZF &
5213} S T} (Fig. 3). Isopropyl alcohols ©] &3l @44
3 3 Aol M= MDIT A2ld @z e &
o] 200, 400, 800 pg/mlC.2 H7HE AH7 490
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Fig. 1. Cell viability of 3T3-L1 adipocytes under various concen-
trations of Red Yeast Barely (RYB) extracts by MTT
assay. 3T3-L cells were cultured in DMEM media in 96
well microtiter plate and after attachment different con-
centrations of RYB extracts were added to different wells
contained same number of cells. Cells without treatment,
only with DMEM was taken as control. Cell viability was
calculated for each group by checking the absorbance
of the dissolved formazan crystals in DMSO after addi-
tion of MTT reagent. Safe and toxic concentrations were
determined. Data are expressed as mean + SEM of five
different experiments.



Fig. 2. Effects of RYB extracts on lipid droplet formation in 3T3-
L1 cells. It was stained with Oil Red O dye and examined
using a light microscope. It was captured at 9™ day for
adipocyte differentiation. A: the control group cultured
with DMEM, B: Positive control group that was cultured
using MDI mixed DMEM, C: Negative control group cul-
tured with 0.5% DMSO mixed DMEM. Each picture from
D to F was cultured with 200, 400, and 800 ug/ml RYB
samples in adipocyte differentiation culture media.
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Fig. 3. Quantification of the stained lipid droplets were per-
formed using the eluted Oil red O stain via measuring
absorbance at 490 nm. The readings were normalized
to background values of non-induced control DMEM.
The OD values of all treatment conditions were com-
pared to the adipogenic control group.
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Table 2. Quantification and ORO reduce rate (%) of the stained lipid droplets were performed using the eluted Oil red O stain

via measuring absorbance at 490 nm

Control MDI 200 pg/ml 400 pg/ml 800 ng/ml
Absorbance (490 nm) 0.335+0.007 0.520+0.003 0.493+0.001 0.456+0.004 0.397+0.004
ORO reduce rate (%) 100.00+0.68 % 155.01+0.33% 147.20+0.06% 136.03+0.37% 118.55+0.43%
The OD values of all treatment conditions were compared to the adipogenic control group.
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Fig. 4. Gene expression in 3T3-L1 cell depending on effect of red yeast barley (RYB). RT-PCR shows gene expression level of differ-
entiation for adipocyte formation. A: C/EBP-a, B: SREBP-1, C: PPAR-y. It was analyzed based on GAPDH as housekeeping
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