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Influence of Carthamus tinctorius seed extract
on the proliferation and differentiation
in MC3T3—E1 osteoblastic cell line
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ABSTRACT

Influence of Carthamus tinctorius seed extract
on the proliferation and differentiation

in MC3T3-E1 osteoblastic cell line

Lee, Seung-Yong
Advisor: Prof. Kim, Su-Gwan, D.D.S., Ph.D.
Department of Dental Science,

Graduate School of Chosun University

Bone homeostasis requires balanced interactions between osteoblasts and
osteoclasts. New bone formations are primarily a function of the osteoblasts
and therapeutic agents regulating new bone formation are able to act by
increasing the proliferation and differentiation of osteoblasts. Carthamus
tinctorius 1s a member of the family Compositae or Asteraceae and has been
recommended as a functional material because of its several bioactivities
such as purgative, alexipharmic effects, fever reducer, blood stasis,
promotion of bone formation and the prevention of osteoporosis. Although
numerous literatures are available on the pharmacological and biological
activities, the biological activity of Carthamus tinctorius in bone regeneration
process has not yet been well defined. In this study, the effect of Carthamus
tinctorius was, therefore, investigated in the proliferation and differentiation
of MC3T3-E1 osteoblastic cell line.

To determine the characteristic alteration of MC3T3-El1 cells by

Carthamus tinctorius in the proliferation and differentiation of MC3T3-El



cells, it was examined by cell culture, MTT assay, Von Kossa staining,
RT-PCR and quantitative real-time PCR analysis in MC3T3-E1 cells. The

results are as follows.

1. The treatment of Carthamus tinctorius did not significantly affect the cell
proliferation in MC3T3-E1 cells.

2. Carthamus tinctorius significantly accelerated the mineralization as
compared with the control culture in the differentiation of MC3T3-El
cells.

3. Carthamus tinctorius significantly increased the expression of alkaline
phosphatase (ALP) mRNA as compared with the control in the
differentiation of MC3T3-E1 cells.

4. Carthamus tinctorius significantly accelerated the decrease of osteonectin
(ON) mRNA expression as compared with the control in a
time-dependent manner in the differentiation of MC3T3-E1l cells.

5. Carthamus tinctorius significantly increased the expression of osteocalcin
(OC) mRNA as compared with the control in the differentiation of
MC3T3-E1 cells.

These results suggest that the Carthamus tinctorius facilitate the
osteoblast differentiation and mineralization in the differentiation of
MC3T3-E1 osteoblastic cells, and therefore, that it may have potential
properties for development and its clinical application of bone regeneration

materials.

KEY WORDS : Bone regeneration, Carthamus tinctorius, Differentiation,

Mineralization, Osteoblasts, Proliferation
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1. AdA=

3-(4,5-dimetylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide(MTT)+
Sigma(St. Louis, MO, USA)°lA 4391 e, TRI reagent kitx Molecular
Research Center, Inc.(Cincinnati, OH, USA)olA Fgd3ste] AL&3 k.
M-MLV reverse transcriptase®} RNasin® plus RNAse inhibitor ¥ dNTP+=
Promega(Madison, WI, USA)o| A F43+H 2™, AccuPower® PCR premix+i=
Bioneer(th A, digtql=h)el Al F+¢Jste]  AF&3stSith. Brilliant I Ultra-Fast
SYBR® Green gRT-PCR master mixT(Agilent Technologies(Santa Clara,
CA, USA)IA FY43stA 2™, Von kossa A< ¢13F Silver staining kit acc.
to von Kossa®t Nuclear fast red-aluminum sulfate solution< Merck
KGaA(Darmstadt, Germany)ollA F43ste] AFE3FAT. 7]Ef BEAAGELS
analytical gradeE T 3to] AF-&3FAth

2 oAFo] A&t AFH FUNE ZIFAMXET MC3T3-El2 American Type
Culture Collection(ATCC, Rockville, MD, USA)ol|A] A &xko} 23] o] 83}

o, 1 Fdn 7 ARl Fig. 1ol JeEhd

\)

A=A met FE2(&3 s +5)

N

AZzE E3(Carthamus tinctorius)E Jeonnam Herbal Medicine Farmer's

Cooperative( e, tHRI=h)ol A Ak, 2= =ol A & Ex=s A7
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s b sk B & 10819 95% dlEe S o]&3te] ALolA 244
& At FFEL Advantec No. 2 o FA| & o]-g3lo] of

, rotary evaporator(N-1000V-W, Eyela, Japan)& ©o]&3dlo] g 5=

:_’6‘_
st w5E FE=S 40TolAM 39 B $AAxE Fflom, 2°ColA =
]

2 Age AEz Algsgh

Fig. 1. Microphotographs show MC3T3-E1 mouse osteoblastic cells; A (x

40), B (x 100).

3. Al Xxujek

AF FE ZEFAEF MC3T3-E12 10% fetal bovine serum(FBS,
Invitrogen Co., Carlsbad, CA, USA) ¥ A A(100u/ml penicillinm, 100xg/ml
streptomysin)’F ¥ 37°C2 alpha-minimum essential medium(a-MEM,

Invitrogen Co., Carlsbad, CA, USA) Ad7&uj#] sloll Al wjFstHA 2o o] &



stlth. MEZEstet MBletfins flste] AE7F wFHA AN FrbekAl At

, EYHfA o ascorbic acid(50ul/ml)2} B-glycerophosphate(10mM)E 3 7}sk

4. MTT &4 2J3k A

kel
o|\
1>
||\
o

}

71 9138, 24well platee] 4 x 10" cells/well?] MC3T3-El A¥XE HZEstgoH,

i
o

23to] ofgk A T A EF MC3T3-El9] AxF4 a3&

ry

37°Cel COz i 7oA 24413 wi<kdt § A= wifuiAlz aAlstdtt. &3}

== 1, 3,10, 30, 100 3 300ug/ml= 3 7Fste] 24413 &<t wiekstdom, Al

e

2l 35 MTT 2402 =43t MTT 42 MC3T3-Elol MTT &

olN

HMTT HEFF%E 05ug/pl)S 37CAA 4X7F A8 s & MTT £42 A A3t
12 0.04N HCle] &34 isopropanol® FHoJjo] 570nmollA] FFEE =74 sl

Al 38k A TH 201

(@) = 3L =
5. Von Kossa @45 &3t =714 A 4

A7 2T AEF MC3T3-E19] 3]st 2d& gQlet7] 91kl Von Kossa 94

S At B3 EE 95ke] ascorbic acid(50u/ml)2}t  B-glycerophosphate

(1I0mM)E #H7tsta, €3t FE5252 A8 3 2 Aol MC3T3-El Al X

= PBS® 33] A&3 & 70% ethanolS o] &3] 10%3 A AL =5/
2 AHS F 5% AgNOsE AHZlsle] 3083 Ao nasidon, ST/HTE

o] &3t 3] Al ATt ZF Aol MC3T3-E1 AlEFo] #AeAS 1557
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ZAFeE ) NaHCOs/formalin €5 el 7:27F 9HSAH 01| 5% NagS:05= o &

o] AgNOsE F3MAZ .z A& d nuclear fast red MAZ 587F vH3-A1 A

om, FRHTE ol&dte] 3] MHg F Mo WstE st MC3T3-El
oh

AEF] BAFRE Helsto] siste] BAE THHA we

filo
e

6. AxA TEEAAHWHS(reverse transcriptase—polymerase

chain reaction, RT—PCR) +4]

AZRE} N} FEd 2 29

r—u

°] MC3T3-El AlEFel|A TRI
reagent kit(Molecular Research Center, Inc., Ohio, USA)E o]&3}d total
RNAE F=3 & 294 E337](UV spectrometer)S ©]-&3to] 260nmoll Al &
FEE 54, 59 RNA9 525 AMtesith cDNAS &7d3t7] flske] bug
9] total RNAZE reverse-transcriptase(Promega, Madison, WI, USA)$%}
oligo(dT) primerg ©]-&3te] 42Tl 60F1F AL vk&S At 4
¥l ¢cDNAZ alkaline phosphatase(ALP), osteonectin(ON) ™ osteocalcin(OC)
59 primer(Table D& °]&3ly TFELAATS(PCR)S Attt PCR
HES AL 94ToA 58, WA (denaturation)¥+$-S 94TolA 15%, AT
(annealing)¥+-8-8 50~55 ColA 30%, T (extension)¥F-32 72Co A 30x7+
, PEA . SRS 72TCoA 103 Aste] WA
Z} primer®d Tn #t= ¥ ste] ONZ GAPDHE ZA3HHES &%= 55T, ALP}
OCe] At &%+ 50C=E Al sttt RT-PCR $ 15% agarose gelol A

A 71953kl Z+2ke] PCR productE 2<18}FS3 o,



7. A2 PCR &4

AEZZstel A3 fr=d 24 ALl MC3T3-E1 AlEZFelA OCe
mRNA 2&dS A% PCR Aoz AF<dstgitl. Brilliant M Ultra-Fast
SYBR® Green gRT-PCR master mix(Agilent Technologies, Santa Clara, CA,
USA)E ©]&3}9] cDNA 1pg, 2X SYBR Green master mix 10xf, 2} primer 1
w0, 100mM DTT 0210 2 RT/RNase block 1S £33 & AA Hy7 20
W7y E %2 DEPCE Aed == HAA3Art Exicycler™ 96(Bioneer co.,
Daejeon, Korea)g ©]&3le] 95TColA 15%7F WkSAl7l & 94Co|A 15%, 5
5CeA 30%, 70CelA 30xE 453] wb&ate] whEAZ Y. A= PCR A=
gcalculator 1.0 program(Institut of Pharmacology & Toxicology, University of
Bonn, Bonn, Germany)< ©]83to] Ct #toll W& mRNAYS FHFx o= Ait

sto] EAlstth A#EHS 993 R o) Z+(internal control) &2+ GAPDHE

o] g3t o Az PCR #4249 Al&3 OC primer sequence= RT-PCRoA
o] A< Fd3 AS AESA T

il
>

<3|
=4

o,

A2 mean + SEMO 2 uehilar, 7k A ko] #o4d A

fd

42 ANOVA 39 Student’s t-test® 3t 2™, p value’l 0.05 7] 9H(p<0.05)

o] Aol FAA Felde]l = Aoz HFEeH



Table 1. Primer sequences for PCR

Primer Names Sequence (5'—3') PCR Product (bp)

ALP (sense) CTCTCCGAGATGGTGGAGGT

430
ALP (antisense) GTCTTCTCCACCGTGGGTCT
ON (sense) ACGGCCATACCTACAGCTCT
268
ON (antisense) AACCAGTCACGGAGCCTATC
OC (sense) CCACAGCCTTCATGTCCAAG
173
OC (antisense) GGCAGAGAGAGAGGACAGGG
GAPDH (sense) GGTGCTGAGTATGTCGTGGA
196

GAPDH (antisense) CAGTTGGTGGTGCAGGATG

ALP: alkaline phosphatase
ON: osteonectin

OC: osteocalcin



1. 53} F=E| 93 MC3T3—-E1 A%
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AR FAH 2ZAEF MC3T3-El AZFA 33 F5=
of HXE e dolry] 3 MTT assays 2AAstGTh &3 F5& 1~

300ug/mls 24413F A ejst A3, 33t FE5=2 MC3T3-El AlE59 S4d+=

das FA gkort, 300ug/mlolA MC3T3-El AMEF9] F2& oFF HAaA
7= Aol AATH(Fig. 2). Wb o] F . Aol = §3F FEE 100ug/ml
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FEE Aol H3st Ade Sl FE #AAE & UgH(Fig. 3).
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Fig. 2. Concentration-dependent effects of Carthamus tinctorius on the cell
proliferation in MC3T3-E1 mouse osteoblastic cells. The MC3T3-El
cells were treated with various concentrations of Carthamus
tinctorius for 24 hours. The cell proliferations were determined by
the MTT assays. The percentage of cell proliferation was calculated
as a ratio of Ab70.ms of Carthamus tinctorius treated cells and
untreated control cells. Each data point represents the mean * SEM

of three experiments.



Control

Carthamus
tinctorius

Fig. 3. Mineralized nodule formation in MC3T3-E1 cells. The mineralized
nodule formation induced by the differentiation media and Carthamus
tinctorius was examined after 0, 5, 10, 15, 20 and 21 days of culture.
The cells were grown in the presence of ascorbic acid and P
—-glycerophosphate for inducing the mineralization and were
examined the effect of Carthamus tinctorius on mineralized nodule

formation. The nodules were detected by Von Kossa staining.



AF ZZMEFT MC3T3-Elel ascorbic acid®} B-glycerophosphateE % 7}
sto] 3]st Ao dAe =T AN ko] s 487 9,
MC3T3-El A5 Z3AAoNAM &3 F== 100ug/m= A3 5 ALP,
ON % OC 77+ primer(Table 1)E o] &3t RT-PCRS Al &3ttt

ALP mRNA®| Zd2 MC3T3-El AEZF9] 3k dHAX F7heklvt
(Fig. 4). 2ol = vlF 744 mjd 0L At 66691 2] ALP mRNA 2
AS Hol7] AAstdon, 15YAoA = 4828, 20 Aol A= 514919 ALP
mRNA 23d& #3d F# At (Fig. 4. &3 F5&5 AHgTolAs 744l

ok 04 ARt 7.308¢] ALP mRNA 23

FBL
tlo
T
30
M
—_
Q1
ne
)
S
>

= 6.0549), 20
Aol A= 5898 e] ALP mRNA ZdS ##E 5 Ao, & A+ 47
Z MC3T3-El MxEF9 3% FAoA 33+ ALP mRNAS 23S <
7R e 4 g A e (Fig. 4).

Ao Al MC3T3-El AlX2FoA #3tE5 F%3 § ON mRNAS o]
Aadte AL BEFE = AAHFig. 5). HE2wollA ON2 wieF 7L x4 uf
& 0gA R} 0779 9] LAS Bom 15U A A 0.789, 204 Aol A= 0.80
2 wdo] st th(Fig. 5). $3F F&E A wollA = v 7dA o] v
0g A xl 115812 ON mRNA &S Rl 15dA oA 0.54u, 204 o A
= 0650 = o] astgon, & ATe] AR MC3T3-El AXFe] &3}

Fri= B F3= ON mRNAS] 2d S daAzls o 5 AAHFig. 5).
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Fig. 4. Effect of Carthamus tinctorius on alkaline phosphatase (ALP) mRNA
expression. The first stand cDNAs prepared from the MC3T3-E1 cell
total RNAs were used as template for PCR amplification. The PCR
products were electrophoresis on a 1.5% agarose gel and visulaized
with ethidium bromide. A. Agarose gel electrophoresis was performed
on the RT-PCR products from MC3T3-E1 cells (ALP; 430 bp,
GAPDH; 196 bp) (0; 0 day after treatment with differentiation media,
7, 7 days after treatment with differentiation media, 15, 15 days after
treatment with differentiation media, 20; 20 days after treatment with
differentiation media, Control; treatment with differentiation media
only, Carthamus tinctorius; treatment with differentiation media and
Carthamus tinctorius) B. The percentage of ALP mRNA expression
was calculated as a ratio of GAPDH band.
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Fig. 5. Effect of Carthamus tinctorius on osteonectin (ON) mRNA expression.
A. Agarose gel electrophoresis was performed on the RT-PCR
products from MC3T3-E1 cells (ON; 173 bp, GAPDH; 196 bp) B.
The percentage of ON mRNA expression was calculated as a ratio

of GAPDH band. Other legends are the same as in Fig. 4.



OC mRNA¢®| @od-2 MC3T3-El AMX2F9 £3F% HAgolA F7tstAart
(Fig. 6). tixwoll A& wig 7dA o vt 04 2ot 1.2101¢] OC mRNA &
S Hol7] AFslgon, 154 M= 1.254], 20¢ A= 11891 2] OC
mRNA &S ##28 4 gAdtFig. 6). T3} FE2&5 Agolys 750l
ok 0L ARt 15789 OC mRNA 2dS B, 158 A0 14340, 20
Ao A= 12992 OC mRNA 2d-& ##3d F qdden, & A5 An=

MC3T3-El AMl22F9] 235 gl &-3h= OC mRNAS Td& S7HA

staprgdel A A7 PCRO o3t &3} SolfHxt

B
BN
s
i
N
M

AxiEster M3yt f=d 4 A
mRNA 2&L A PCR 2402 A7 98], MC3T3-El A5 %3}
dF

N
N
>
e
MU

o] MC3T3-E1 AlEZFeA 0OCe

HAHoM &3 FE5E 100ug/mS A8 3 & OC primerE ©]-&3te] %

-
=

C
= A5tk RT-PCR A#elA OC mRNAS o] 71 @Etomn o

BN
Sl

s} b4 aelsh ZW wWF 7R 4% PCR A3, OC mRNAE o2
of wal T3 22 Awold 1 wdel 1704 Frle o (Fig 7), 4%
PCRol ©/% miRNA W#¥4 Zsi RT-PCR #4479 dA3e e
F st
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Effect of Carthamus tinctorius on osteocalcin (OC) mRNA expression.
A. Agarose gel electrophoresis was performed on the RT-PCR
products from MC3T3-E1 cells (OC; 268 bp, GAPDH; 196 bp) B
The percentage of OC mRNA expression was calculated as a ratio

of GAPDH band. Other legends are the same as in Fig. 4.
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Fig. 7. Effect of Carthamus tinctorius on OC mRNA expression by real-time
quantitative RT-PCR (qRT-PCR). The expression level of OC
mRNA was calculated by using qcalculator 1.0 program after
internal control u6 normalization. Each relative copy number value
represents the mean of three independent experiments. The relative
expression of OC mRNA was accessed by gRT-PCR according to

methods described in 'Materials and Methods'.
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o7 AEHA golE B et 2IEAES FAI B3N T3k &
A ESHA 71 oA kA B Ee] WE A A Fu15-17]. webd 2 AT
AM= ZaAlxe] T4 2 E3taAddA F8te] avs a7 &, A F
M Z=EAIEF MC3T3-EllA 23kt &3 FE=2 A 5
MC3T3-El AlZ52] S40sE 24t

AF TS 23 AEF MC3T3-El Al2FolA 23 559 4 2 52
of WA= E3E dolry] S MTT A4y 2 AFdA Ags 5=
(1~300pg/mb)e] &3t FEES> MC3T3-El AlXF9 T2 4 F4 &
AtHFig. 2). TFA S FAAII= oY Bdo] 2AXY F4S FEIHAL
dHA Jdon, AAT2ZE(growth hormone, GH), insulin like growth
factor-I(IGF-I) % transforming growth factor-B(TGF-B) S°] ZIA X2
sAS FXste] wol QS sk AAQIAECIH21,22]. HER7E platelet
derived growth factor(PDGF)¥] fibroblast growth factor(FGF) #Z-& A%<l

E2 o Axe] 7]do| HFE o Ze] w MM 23 A 2= (progenitors)
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