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The purpose of this study was to investigate antioxidant activity and cell differentiation effects of
Monascus purpureus pigment on osteoblast-like MC3T3-E1 cell. In order to examine the antioxidant ac-
tivities of Monascus purpureus pigment, DPPH radical scavenging, ABTS radical scavenging and SOD-
like activities were investigated. DPPH radical and ABTS radical scavenging activities of Monascus pur-
pureus pigment were increased in a dose-dependent manner, and maximum activity were 94% and
99% at a concentration of 1,000 ug/ml, respectively. Additionally, SOD-like activity of Monascus pur-
pureus pigment showed 62% at a concentration of 1,000 ng/ml. MC3T3-E1 cells did not show cytotox-
icity in the concentration range of Monascus purpureus pigment 1~100 pg/ml. The ALP activity was
increased by addition of Monascus purpureus pigment, and the maximum activity was 124% as com-
pared with control. In addition, nodule formation, a late differentiation factor for bone formation, was
increased by adding Monascus purpureus pigment compared to control. These results suggest that
Monascus purpureus pigment is expected to be a natural source for developing functional materials to
prevent bone-related diseases by osteoblast differentiation.

Key words : Antioxidant, bone formation, Monascus purpureus pigment, osteoblast differentiation

N2
> 4
oo

o> 1

v 2
1>

off o
ox o>

e r[r rlo
i

£
)
ofl
1>
el
B
N
-y
[
>~
>
oo
= >
o
ol oy J
X o
AR
O
= o‘;; r
o
fo o
QL

N
S
illat
frtl
N
1%
A
e
a=)
[
e
e
1>
oy &
of
lo,
fuf
o2
ol

o
o
og v
oz
N
re

.o
g &
Y
rl

& oo o

£ 30
lo o ol

B o2 ox =
o

1=
>~
- (m o o ok

T AFFEEY P48 S B3 A[16], WLk, v
%S e FEEY FA8 5 A7 a3 S AT A
[22] & AL WL i Aol =2 Ao
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ZZ A 29 MC3T3-E14| £+ mouse calvaria 2] 2] Al Z
2 A3 A= slo] Z49] stromal cello| U 22 2] mes-
enchymal stem cello] &3} 0] 471 Aot} E, MC3T3-El
NEe Z2FAE AFAERYH AzFAEY 23AZ, = U
BAE g ZAEE B E A &3l AER, SAE
of Mz &47 fdd AT F83HA oS53 JTH17].
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Aom, FHo A A FRTo

Azol 24 9 g 31

=
F2A 5
wj et Ax
KR
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[¢)
93t AH8-E o] $ktH13]. =l = monacolin K (lovastatin)
i ste FUXHE FYAGAT FrH s AR
dei A Uo7, 21]. ¥ #dE AT EE L EAPB] 2
FHAsAY EF[45]9 T 22 Tol TFH A=
dimerumic acid, tannin, phenol ¥ unsaturated fatty acids
9 FAs A& g B Fo] Yo2] =, T
thofgk M A E(monascin, ankaflavin, rubropunctatin, mon-
ascorburin, rubropunctamine ¥ monascorburamine)©] 3
o S, FEF A&, y-aminobutyric acid®] A4 HZ



2 "ol A3 B 55 HuH o] ST, 19, 38, 40, 43].
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B Ao AE3 T4 ESH F Y 5 (Gunpo, Gyeong-
gido, Korea)oll A #ujdt= AlF &+ 244 100% 2
A% (Monascus Red 100)2.2 HZF A7} Elem/10%7} 1,000
ol AFES TYste] AL AT g 2 AP L 1
¢} BE A%k Sigma-Aldrich Co. (St. Louis, MO, USA)=
FEH FUAL, AE AFo AL Ak A7t HufA

AN A3k AE3EAT

1,1-Diphenyl-2-picrylhydrazy (DPPH) radical 2A1s

ax
T2 ARFASS AESY] 98 Blois HH[3,
29]& %7H M3t DP H (1,1-diphenyl-2-picrylhydrazyl)

s 3o
of hd & Fo ERE FAAG NEe BF SHT
&g s A&t 96-well plated] A 59} 150 M
DPPH A ¢F& E3ste] 37CAIA 3043t 734131 F ELISA
Multiscan Reader (Thermo scientific, Vantaa, Finland)E ©|
£3to] 540 nmil M FHE=E Z4389 Y. DPPH radical 47
S ANSE ANAA 48 UzEH FRE Aol vlmstel
free radical®] AA &4S MELEZ UERAAUT

DPPH radical scavenging activity (% )=

W27 §I=-AE AT §3
dZ7 §3%

x100

ABTS radical 2715 &3

ABTS &tz &A% 2 Lee T[24]9 WS ¢F HF3lA
%735tk 7 mM ABTS €% 3 245 mM potassium persul-
fates 3t 1A T Aol WASke] ABTS radicals

HAAZ T 30CoAA €5 FF L AA3 thd 734 nmol A
FHEE 2A45to #ol 1571 HEE F/RFE A4,

o F

st A2AA

e ECDEE

E
=
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=

3 Z
343 &9 F‘I’r‘[‘i 3¢ AlE
A & 734 nmol A &%
A& o] &3t Ast ST

W27 FRE-NE AT FRE
HET FRE
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Superoxide dismutase (SOD) FAIEM &3
A 49 SOD A4S Marklund 59 Hi[41]9l w

o BAFAHO)E AB A7E HEE EZujets py-
rogallol®] HA&E ZA5te] SOD FAHZA R Ve Sl
o ZR5e 48 ANEE FEEE 8450 pH 852 HA
gk tris-HCl buffer (50 mM tris [hydroxymethyl] anion-meth-

ane, 10 mM EDTA, pH 85)% 72 mM pyrogallolg A7Vt
25Col A 1023t ¥3AIZ1 ¥, IN HCIE 7}hete] whe-<& A

A # ELISA reader 420 nmol| A &35 & =4 0]‘%\1’%. SOD
A TS ol A4 wg Yt

A AT §3
A& RANT 53

SOD-like activity (%)=(1 -

ETHE i & 23t

ATCC (CRL-2593, Rockville, MD, USA)l A 2o #&
mouse calvaria osteoblast cell?] MC3T3-E1 A= 10% fetal
bovine serum (FBS, ATLAS, USA)¢} 1% antibioticsE E 3}
Gibco (Grand Island, NY, USA)°lA #vlsl= o-MEM
(Alpha-minimum essential medium) ¥l 2| & #7}3to] 37T,
5% CO, Mz &7l A 2~39 with WA & nstHA A
of AH&stAth &3 F=5 A8 5 mM B-glycerolphosphate
(Sigma-Aldrich Co., St. Louis, MO, USA)¢} 50 ug/ml9| L-as-
corbic acid& Hj Ao #A7}ste] B3l AZ AHE3lH o H

2~3d it A E w3

= 3-(45 dlmethyl -thiazol-2-yl)-2,5-diphenylte-
trazoliumbromide (MTT) assay ¥ & At&3te SA5 AT
[12]. ¥l ¥& MC3T3-E1 Al £ 96-well plated] platting3}e]
24N WY & FEFEM AR wsto] 493t £3E F 5
sttt 1 & WA E o] &dte] TR AT ARE HT}
3o 37°C, 5% CO Al ZHjF71o A 24413F v oFskiet. o
T NS EFetA &2 WAE H7ste] TLsA wj
ATk, 48413k v oF & MTTA & 242k of wellell 4 7}staL 37
C, 5% COy AlZujck7]ol A 4N B Wi gatslch Wi
Hj A& A| A3t dimethyl sulfoxide (DMSO) (Sigma-Aldrich
Co., St. Louis, MO, USA)E #7}ste] A4 E B84 9 for-
mazan 274 & §3|A7] 5 ELISA reader® 540 nmoj Al &%
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< Autetd 37T, 5% CO, Al Zuj g7 A30E7 A EE &
AR G AdFL TFAEE bovine serum albumin
(BSA)= ©| &3 Bradford & A3t BF FAS A4
T A 3+t Thermo (Waltham, Massachusetts, USA)o] A]
8t p-NPP(p-nitrophenylphosphate) & *$ 3t Ab&
st o, AxA A AT wl Lol whet 37T A 3027t
S A AT ¥E & 01N NaOHZ #7136t wh$-S AR A
A Y 405 nmoll A FREE SAs] ALP &0 93|
p-nitrophenol A $H# F& A3} ¢lTh23].

Alizarin-Red 2MH0fl o8t =435 HH &Y

MC3T3-E1 Al ZE 6-well platec] ¥ 43 3 433 45
A EefrEmAZ 747 ijFd A WAL ol &t =
HE N AEE A7} 4 w %8t 70% ethanol2 4T
A 1A &< MEE T A Fith Alizarin-Red (AR) sol-
ution (Sigma-Aldrich Co., St. Louis, MO, USA)& 10 ml &
o 40 mMo| HEE =& W& F pH 422 A
MEE I1A3I AR solution (2 ml/well) & & 10&7F A3
T SFRTE 2338 AAHY | v S ol &3t B
Nodule &4 =% F 10% acetylpyridinium chloride
(Sigma-Aldrich Co., St. Louis, MO, USA) X3 3l+ 10 mM
sodium phosphate buffer (pH 7.0), (Sigma-Aldrich Co., St.
Louis, MO, USA) 2 ml/wellE& % 7}3}4 ELISA reader® 550
nmol A FREE ZA3AH6].

bt

EAAzZ

AP A7} B SAS package (Statistical Analysis System,
Version 9.1, SAS Institute Inc., Cary, NC, USA)& A-§3}
7 AR B REUAAE AR, QLU FEALN
(one-way ANOVA)7} Duncan’s multiple range testS 4 A 3}
I p<005 levelol A A& o] Fo A5 HA S WlaskAt

23 9 8

E3M49| DPPH radical 2715

DPPH radical 275 A=< 43t &4& Frtete
E A2 WH[30]2Z free radical?! DPPHY} &4t} &4 &
Zte AES WA hydrazine FEH 2 SAA 7= A& ©
&oto] T4 Fistes HAESGT. T5449 DPPH
radical £27%5& A% AF(Fig 1), 7449 F=7}
10~1,000 pg/ml MY w s=JEH 02 F7l319 T 53,
F249) FE7} 1,000 pg/mlel FENAE ) 9411%9]
F2 AASE Yo, [Coft2 FAtET 2 ascorbic
acid 7} 1.65 ng/miIQVH| Hlkef =244 0] 713101 g/
mlE YERH.

TaH FEEE o1& AT[20]04 T54 ethyl acetate
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. 1. DPPH free radical scavenging activity of Monascus pur-
pureus pigment. Results are mean +S.D. of triplicate
data. AsA (ascorbic acid, 50 pg/ml) is used as positive
control. Different letters (a-g) within a total sample differ
significantly (p<0.05).

FZEE 02 mg/ml F=0 A 85%, 0.5 mg/mlol A 100% 2]
DPPH radical 274 %< YEW A 2™, methanol, butanol,
hexane FZ &4 02~1 mg/ml TEAA FEJEHOE
gHaksl A o] FUhek A E3, 589 ethanol FEE 9
g AT E FEE] FE7F 01 mg/ml & o 44
°
o,

oi

o Z2l 200 11M %9 ascorbic acid & FAHSH & E}
WAThE Bar} Qo). o9} vwste FaAA Edk 3F4ksl
f’é/‘éo] fﬂiﬂﬂoi %8 Zia é T ,\l‘:}

ol

ETMAO| ABTS radical 27s
ABTS radical /\ﬂ 5L «] == /%‘ AH radical—"— /\ﬂ

= o“” °lEH35] 15#*—11*4 ABTS
A3 (Fig. 2), T 29 FE7} 10~
1,000 ug/m Hed i s=oEHoR 17}0}%1@ 53, &
A A9 FE7} 1,000 ug/ml o u) 9466%% 7MY =2 ABTS
radical 2758 Vel o] M%7 L-ascorbic acid®}
A 84S YEIT £33, T34 429 ABTS radical
A% 3 ICso@tS 351.97 ng/mlZ Yepstom, AT
%<l ascorbic acid & 10.20 ug/mlo =2 UEFSET

DPPH radical £24% % ABTS radical 275 232 free
radical e 273t 84S 7HIAAT e 22 F4ts)
&4 Zd M= ABTS radical®] £7%5< 7FA Y4 DPPH radl—
cal 9 &A% YA ¥ethe 2Tt iv4] 2 F
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Fig. 2. ABTS radical scavenging activity of Monascus purpureus
pigment. Results are mean + S.D. of triplicate data. AsA
(ascorbic acid, 50 ug/ml) is used as positive control. Dif-
ferent letters (a-f) within a total sample differ signifi-
cantly (p<0.05).

of e} Fxds HFskd FAds A S AT AAd o
2™ DPPH radical ¥ ABTS radical 274 % & H| &3 £&
ALE gy oH, o T4 FiEo de 9 E,
ZgR5olt, A4 E 2 monacolin k B ojlyel 3

of MY A 7R B4 EHo] gFo R AAF o] ogd
B34 ey st Eoh28]. £ AFAAE T4
7} DPPH radical 24% % ABTS radical 2758 &A
U o] Bl &A o Hlste 4o A& TteAe] & &5
g gatsk A E 7|7 "ok

73 superoxide radical}
(HO)E ABA 7= iHgS Fjste
of AAH hydrogen peroxides
stof Fof gt 2EAet AagAs
s ?‘adr[n 32].

A4 SOD AR S S48 AAE Fig 39 U
BT 549 FE7F 10~500 ng/ml M9 oA =
S7tel wet EAo) Frkehs AFS HAou o9l A

© YEhA ekt 39, 344 1,000 pg/ml FEOA =
62.35% 2 Hlu A E& %LH < Uehisis. @4, F=4a L
9] SOD FAEA T te ICoa< 869.58 pg/ml (¥4 o=
Q1 ascorbic acidt= 66.36 ng/ml)Z UERHTE 2 Efef A A
29 gakst &4 i T[N Hze7t 5 er
SOD 42 5% 100 mg/miol A 7+t 63.36%, 60.98% = 1}
Eistal, &34, A4 8 =R ES) SOD 242 F % 100
mg/mlol A 217 4993 4237 4 34.68%2] E4-& YER ST
of# 3 AAM2E9| SOD fAHEA I skl e T4
A HaF 52 S0D A2 S Yl 2oz 4744
.

F-33te] hydrogen peroxide
Fao|t} SODe 93}
peroxidasel} catalase®l 9
HENA A BEde
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Fig. 3. SOD-like activity of Monascus purpureus pigment. Results
are mean + S.D. of triplicate data. AsA (ascorbic acid, 50
ug/ml) is used as positive control. Different letters (a-d)
within a total sample differ significantly (p<0.05).
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Fig. 4. Effect of the Monascus purpureus pigment on cell viability
of the MC3T3-El ostoblastic cells by the MTT assay.
Results are mean = S.D. of triplicate data. Different letters
(a-c) within a total sample differ significantly (p<0.05).
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SoA ALP &4 &4 9
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Fig. 5. Effect of the Monascus purpureus pigment on ALP activity
of the MC3T3-E1 ostoblastic cells. Results are mean *
S.D. of triplicate data. Different letters (a-c) within a total
sample differ significantly (p<0.05).
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Fig. 6. Alizarin Red S staining of MC3T3-E1 cells for calcification after treatment with the Monascus purpureus pigment for 7 days.
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Fig. 7. Effect of the Monascus purpureus pigment on mineraliza-
tion of the MC3T3-E1 ostoblastic cells. Results are mean
+S.D. of triplicate data. Different letters (a-c) within a
total sample differ significantly (p<0.05).
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