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ABSTRACT

Effect of Cornus officinalis extract on the differentiation
of MC3T3-E1 osteoblast-like cells

Ming-Zhen Zheng
Advisor: Prof. Byung-Ock Kim D.D.S., Ph.D.
Department of Bio Dental Engineering,

Graduate School of Chosun University

Various traditional herbal medicines have attracted interests because they have
fewer side-effects and are available for safe use, and are relatively inexpensive.
Cornus officinalis has been widely used as a herbal medicine exerting various
pharmacological actions such as diuretic, anti—allergic, hypotensive and antibiotic
activities. Thus we studied the effect of Cornus officinalis on the proliferation,
differentiation and matrix mineralization of MC3T3-E1 osteoblast-like cell line.

To do the experiments, Cornus officinalis extract(COE) was prepared using
ethanol at different concentrations. The cytotoxic effect and the osteogenic
differentiation were examined using MTT assay, alkaline phosphatase (ALP)
activity, ALP staining, Alizarin red s staining and reverse transcriptase-polymerase
chain reaction for osteogenic differentiation markers such as collagent type I(Col-1),
ostoecalcin(OCN).

The results indicated that there was no effect on cell proliferation on both 1%
and 3" days after treatment in MC3T-E1 cells. The level of ALP was significantly
higher in COE treated group than non treated group on days 7 and 14, and the
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level was highest on day 14. The results from ALP staining, showed basically the
same results. The level of Col-I mRNA was higher in COE treated group than non
treated group on days 7, 14 and 21, and the level was highest on days 7. The
level of OCN mRNA was higher in COE treated group than non treated group on
day 14, and it was highest on day 21. Also, the level of mineralized nodule was
higher in COE treated group than non treat group on days 21 and 28, and highest
on day 28.

Our results suggest that the COE promotes the osteoblast differentiation and
mineralization without observable cytotoxicity. Therefore, it may play an important
role in osteoblastic bone formation, and may possibly to be an effective measure

for bone healing promotion in regenerative applications.
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1.1. 3 & A=
B oA Agd Art BF FIA ddoA SAE ez AvEE T
AR BATAEL TAFC WP mBs BAT T ABE AESAT

M3 v ko] A}8¥ alpha-Minimum Essential Medium(a-MEM)& Gibco(BRL, Gr
and Island, NY, USA)ZF-H 3R o™ 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl
tetrazolium bromide(MTT)A] ¢}, dimethyl sulfoxide (DMSQO), Alkaline phosphatase st
aining kit, Alkaline phosphatase &4 =% A]¢F3} Alizarin Red S 94 Al ¢F2 Sigm
a—Aldrich(St, Louis, MO, USA)ol A F+43Fe] AFE3FSIth Polymerase Chain Reactio
n(PCR)e| A}-&%¥ Primer+ Bioneer(Bioneer. Co., NY, USA)ol A <35t 1, RNA F
%o A}4%® TRI REAGENT®: Molecular Research Center Inc.(Cincinnati, OH, US
A), Chloroform(JUNSEI, JAPAN), 2-Propanol(SIGMA, USA)E Al&3t9 2, cDNA
sk M-MLV cDNA Synthesis kit(Enzynomics Co., KOREA), Reverse transcripta
se PCR& Rocke Script Reverse Transcriptase(Bioneer, Co., NY, USA), DNA ladder
i Bioneer(Bioneer. Co., NY, USA)oll A Fd3le] Al&stdct. 71Ef AL88 A e

EFAGES Tkl AHgaact
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RVI10B, Germany)= &3ttt ol 43 2& A4S 33 RiEste] FE2ES A X3t
Aor HFHow wFHH ARE T2 7ZE(Bondiro, Ilsin Lab Co., Korea)

Coll a3t DMSO° =] Aol A8t

]
o
N

I

3. AX wWidd 23 =

AF FE FAe FEAMEST MC3T3-E1 Al (RCB1126, osteoblast-like cell line
from C57B/6 mouse calvaria)x= 10 % fetal bovine serum(FBS, Gibco, BRL, Grand i
sland, NY, USA), 1 % @A A(100 U/mL Penicillin, 100 yg/mL streptomycin)E& 3+
st «-MEM (growth medium, GM) ¥j#|& A}&3ste] 37 T, 5 % CO; 7oA HjF
stk AlE7E 80 % ApEhd Sl =5 93] 10 mM B-glycerol phosphate$}
50ug/mL ascobic acidE #H7}st9 o™ (differentiation medium, DM), MC3T3-E1 Al
Fo] 23 {FHE FAsty] fste]l &4 ER T (negative control)ol = GME ¥ i %
A W&+ (positive control)oll = DM Yo wjaldtt 2k vix]= 39 tAo = A1
Aoz sl

Ll

o

Al

4. ZEAEY A& 2 248 BA

i

a9

2 ES MTT assay WS Alg3)o]
E B3t 10 % FBS7F 4 o
CAEZE ZF owelld] 80 %A E A gES

g Arkstel wFstgn g v

3
)
o)
o))
=]
@,
=5
2
@
=2

0. —_
e
—
o |
~J
5
@,
Lo
)

ﬂ m ol

o
f Adddtells 7 sEE FrE g F

MN'

_5_

Collection @ chosun



Avt ¥a vE 2012 FdaA wdedtt s 1Y, 3¢ MTTG mg/mL) Al
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5. Alkaline phosphatase(ALP) &4 % &3

R FEEY FEAAMIE O F3eS gdshr] 9] R AMETE 38k
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6. Alkaline phosphatase(ALP) & 4§

MC3T3-El1 AEZZ 24 well plateo] 1x10°/well® EF31 A E7} ZF wello] 80
A A 54 gxTol = AT A dixzdds BRI, A=
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Aoz Aoa 30x7+ BASIT ve B TFTE AFHI F  alkaline-dye
mixtureE F7bete] Hlo] Adkd A2oA 1583 GAAZE. G Aie Stow
HEsta oAl 1008 gHdi &< #7174 (Nikon Instruments Inc. Japan) o2 #z 5 A}

A #9 s

fay

7. reverse transcriptase-polymerase chain

reaction(RT-PCR) &4

MC3T3-El AlxE 54 Uz, 448 dxd 2 Aoz vy 1, 7, 14, 214
wjokslar RT-PCR #48 %3] ZRAYY B3ty AH o 2&d 5= collagen type I
I} osteocalcin A WHEES BEASAT. WldE AEE DEPC(diethyl
pyrocarbonate) water® 4|23 & TRIol reagent 1 mL ¥ RNAZ F=&3 %
Chloroform< 200 pl 231 1023+ ¥H-8 % 12,000 rpmel A 1523F 9AEElste] 45
He Tttt AT FFe 2-propanols FH7bete] &I vhE thAl 12,000
rpmoll A 1023 YA & sttt A5 dS Wil 75 % ethanol® A A 3tal pelletS
stol & 29 A EA A Y. RNase free water 30 uLoll RNAS 3olil 60 T2 71L& &
Aot -80 Tol H#sdoh dixa 2 APddolA 22 #2ld 1 ugd total
RNA°| Oligo(dT) 1 pL, Rnase free waterS ¥ % &3%sle] 70 C w-3-A171t} 4
TolA oF 1023+ WAk th 10x reverse transcriptase buffer 2 upl, Reverse
transcriptase 0.5 pL(200 unit/uL), 2 mM dNTPs(deoxyribonucleoside triposphates) 2
uL, RNase inhibitor 0.5 uL(40 unit/uL), DEPC waterS % 7}sle] 42 CTolAd 603+
AXAL HEES A sttt A E cDNAE  GAPDH, collagen type I(Col-I),
osteocalcin(OCN)2- Tablel.o] v<g3 ZHdo wzt FFaALAHHS  (polymerase
chain reaction, PCR)= A]3&3}At}t. 20 yL ¥ES- o= 43 ¢cDNA 1 ul, nTaq
DNA polymerase 0.2 yl, 10x nTaq buffer 1 yL, ANTP mixture 1 yL, primer 1 uL&
EZ3A AT =ZH PCR AHES 6x DNA loading Dyeé £33t 1.0 % agarose gel
off Al H7|dE tRem EtBr2 44 % UV YAttt #&93 bande= Image ]
program= AF&3te] Z}Zbe] Band densityE® A3 % GAPDH 45 7|02 X+

CERIEE ELIE SN P
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Table 1. primer sequence for RT-PCR.

Primer sequence

Reaction Condition

PCR
Target NCBI gene
G Cycle product Numb
enes Forward Reverse Denaturation Annealing Extension size umber
number
Collagen 1 | ° AGGCAGAGATGG | 5-CACCAGGCTGTC 28 94T (20%) | 62C (20%) | 72T (40%) | 449b NT_007743.2
n A= A= A .
orase TGTTGATG-3’ CCTTTAAT-3' P -
Osteocalein | © L CATGTCCAAGE | 5 -TGACACCATACT | 95T (20%) | 633C (20%) | 72T (40%) | 223b NM_007541.2
n A B A A .
SO | AGGAGGGCAATA-3" | TGCAGGGCAGA-3' P -
Gappr | 0 AACTTTGGCATT | 5-TGGAAGAGTGGG | 94T (20%) | 56T (15%) | 72T (40%) | 382b NM_039595.8
GTGGAAGGGCTC-3" | AGTTGCTGTTGA-3’ - - - P - '
— 8 —
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8. Alizarin Red S €4<& 3% 433 Z4d JAH &4

MC3T3-El &R fAbAlEe] A 3]st AdE& 8lsty] flate] Alizarin Red S 945
Al&Yst ek 6 well plate] 1x10%/well2 ¥-53Fa A|3E7F ZF welloll 80 %4 = #b&hd
24 zallE A AR A thxatd s EabuAnt, Aol Bt 4
TH FEES HUtet 23 vt B8R E 1, 14, 21, 289 § AlE v gaS
A As PBSZE A A3 5 4 % paraformaldehyde® 20+ 5oF Ah2olA 1Al Z T},
gS "Wy SHFFE AAHSE 2 % Alizarin Red S £ 9(1 % ammonium hydroxide =

103 &t dAstal d FRHTE AFste Setoz H& Mo A3
AA PA qRE Uzay vwsta #AsFgon 1008 Lo 3u A (Nikon

Instruments Inc. Japan)o. & & & Apzl

Al A =
7= SPSS 180 EAI%A =2 1@ (SPSS, Chicago, IL, USA)S Alg3te] #

2E Ay Ayes Hd + TFEAXE ZAEFE T ZF 7 2ol wgk

S
EAH oA AZEL Dunnett T3 test®t Mann-Whitney U testZS o]-&3}o] A 33}
=
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A 2%

1. AX A& &4 2%

(o3

A FEEol MC3T3-El AlE SAdd mAs g3s ##s 43 1, 10, 50,
100, 200 pug/mLe] EE FXolA 94 % oo AEES Ho Alx 540 glas &
AstAtt. 1A a9 AEES 10024 + 742, A5 F=58 5% 1, 10, 50,
100, 200 pg/mL w9 AEEE Z+2F 10255 + 887, 9883 + 691, 9872 + 5.26,
10163 + 578, 94.08 + 5500]13th. 3LA = e HEE2 10007 £ 3.87, Ak
r =& % 1, 10, 50, 100, 200 pug/mL o] AE&S ZH7F 109.73 + 492, 108.94
+ 6.66, 111.81 + 3.62, 11243 + 545, 9533 + 7.64°|Att 1¥Al = o f FE5=

of wel e sAHez FoHd 7S HolA AT (p>0.05). 3

_‘

oo
O

2] A o] FEE % 1, 10, 50, 100 pug/mL oA = thEzTol Hls] AEE]
el oz okt F7Hp<0.05)8FF A 200 ug/mLol A= tiz=tol Hls] oF 47 % v
Y FSAIHeE FoFQl A= O}14<>*T:‘r<p>005 (Flgure 1). oA

_10_

Collection @ chosun



Cornus officinalis extract (ug/mL)

140 -
S 120 -
=
G B O control
[T
o
g % M 1pg/mL
& B B 10ug/mL
% 40 - Ns5opg/mL
= N100pg/mL
© 20 & L
s o @ 200ug/mL

0 —L— _&§ .

1 day

Figure 1. Effect of Cornus officinalis extract(COE) on the proliferation of
MC3T3-E1 cells. The cells were cultured in the presence of various
concentrations of COE for 1 day and 3 days, respectively, and cell viability was
measured by MTT assay. Results were expressed as % of control and data were

mean *+ S.D of three independent experiments.*, p<0.05 as compared with control.
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2. Alkaline phosphatase(ALP) &4 %= &4 A3

FRAE Fsho] AxQl ALP 4 EE ZA45t7] st e d FEES M7t
1, 7, 14, 214 wiekdt & MC3T3-E1 Alxe ALP E4=E EA5Ath 3 f= 1
AR E AL BE IFAA ¥ dxae] o4 dExartg AR FosA F
7t Ed w3k TUAFE ALPO 4=t FUbehy] AlEsron, 14d Aol Hd
A F7 e, 21 Aol = thAl adtE AES Rt 3 fE 7dAE Ak

I %A izl Hle] 1.2

F F2E Azidol &4 dzd v 36 F7139
o] o

Zobstgom, AN E &4 ETel va 439, P BRIl sl LI fol4
A FAS BE fE QA6 s A5f FE2E Aol $4 umel M
358 Z st AR A wwr EAROE fold Ho]7
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OoGM EDM mDM + COE

500

400 j L P
*T N i
\

300 -

200

i
i

100 -

ALP activity(% of control)

day 1 day 7 day 14 day 21

Figure 2. Effect of Cornus officinalis extract(COE) treatment on osteoblast
differentiation by ALP activity in MC3T3-E1 cells. Cells were cultured in
differentiation medium(DM) or with 100ug/mL of COE(DM+COE). ALP activity was
determined on days 1, 7, 14 and 21. Cells cultured in growth medium(GM) alone
served as a negative control. The values are expressed as the mean = S.D, n=3.

* p<0.05 as compared with control.
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Figure 3. Effect of Cornus officinalis extract(COE) treatment on osteoblast
differentiation by ALP staining in MC3T3-E1 cells. The result observed under

macroscopic images of whole culture dishes. ALP staining intensity was
proportional to the content of ALP secreted from MC3T3-E1 cells. Cells were
cultured for 1, 7, 14 and 21 days in the differentiation medium(DM) or with
100ug/mL COE(DM+COE). For the negative control, cells were cultured in growth
medium(GM) alone.
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Figure 4. Effect of Cornus officinalis extract(COE) treatment on the ALP

staining in MC3T3-E1 cells. The result observed under microscope with 10X
magnification. Cells were cultured for 1, 7, 14 and 21 days in the differentiation
medium(DM) or with 100ug/mL COE(DM+COE). For the negative control, cells

were cultured in growth medium(GM) alone.
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Figure 5. Semi-quantitative RT-PCR analysis of collagen type I(Col-I)
mRNA expression in MC3T3-E1 cells treated with Cornus officinalis
extract(COE). A, Cells were cultured in differentiation medium(DM) or with
100ug/mL of COE(DM+COE) for 1, 7, 14 and 21 days, and cDNA were amplified
by PCR using specific primers. The PCR products were electrophoresis on a 1.0%
agarose gel, visualized on UV, and photographed. GAPDH was used as the internal
control. B, The quantification of mRNA expression was accessed by densitometric
analysis using image J software. The percentage of Col-I mRNA expression was

calculated as a ratio of GAPDH band.
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Figure 6. Semi-quantitative RT-PCR analysis of osteocalcin(OCN) mRNA
expression in MC3T3-E1 cells treated with Cornus officinalis extract(COE).
A, Cells were cultured in differentiation medium(DM) or with 100ug/mL of
COE(DM+COE) for 1, 7, 14 and 21 days, and cDNA were amplified by PCR using
specific primers. The PCR products were electrophoresis on a 1.0% agarose gel,
visualized on UV, and photographed. GAPDH was used as the internal control. B,
The quantification of mRNA expression was accessed by densitometric analysis
using image J software. The percentage of OCN mRNA expression was calculated

as a ratio of GAPDH band.
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Figure 7. Effect of Cornus officinalis extract(COE) treatment on the
formation of mineralized nodule in MC3T3-E1 cells. The cells observed under
macroscopic images of whole culture dishes. Cell were cultured for 1, 14, 21 and 28
days in the differentiation medium(DM) or with 100ug/mL COE(DM+COE). For the

negative control, cells were cultured in growth medium(GM) alone.
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Figure 8. Effect of Cornus officinalis extract(COE) treatment on the bone
nodule formation in MC3T3-E1l cells. The result observed under microscope
with 10X magnification. Cells were cultured for 1, 14, 21 and 28 days in the
differentiation medium(DM) or with 100ug/mL COE(DM+COE). For the negative

control, cells were cultured in growth medium(GM) alone.
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