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Resveratrol (3,4',5,-trihydroxystilbene), a phytoalexin
present in grapes, exerts a variety of actions to reduce
superoxides, prevents diabetes mellitus, and inhibits
inflammation. Resveratrol acts as a chemo-preventive agent
and induces apoptotic cell death in various cancer cells.
However, the role of resveratrol in odontoblastic cell
differentiation is unclear. In this study, the effect of resveratrol
on regulating odontoblast differentiation was examined in
MDPC-23 mouse odontoblastic cells derived from mouse
dental papilla cells. Resveratrol significantly accelerated
mineralization as compared with the control culture in
differentiation of MDPC-23 cells. Resveratrol significantly
increased expression of ALP mRNA as compared with the
control in differentiation of MDPC-23 cells. Resveratrol
significantly accelerated expression of Col I mRNA as
compared with the control in differentiation of MDPC-23
cells. Resveratrol significantly increased expressions of DSPP
and DMP-1 mRNAs as compared with the control in
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differentiation of MDPC-23 cells. Treatment of resveratrol
did not significantly affect cell proliferation in MDPC-23
cells. Results suggest resveratrol facilitates odontoblast
differentiation and mineralization in differentiation of
MDPC-23 cells, and may have potential properties for
development and clinical application of dentin regeneration
materials.
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golti6-8]. oA AL 3l wHE AR s
transforming growth factor-BL+ dentin matrix protein-1
(DMP-1) 5o] A7 dejA o, o] 5L vgFet 74
ZA 9] Ao AN O R Fofeh= JAAEEA] Aot
HAES] E3fof] MElA 02 ofsli= QA= ohd Z1o
2 WSR3 QIe9-11]. B3 el DSPP A7 &
AEE Aobd o] A3lst ol A5]ATe] F37te] o
FOIAA] iV AgAlo] AA| AL FAFobH o] FA7} U
ojxu] 435} Ast Y AFieFo] dojd 5= Qv 8t
ou, o] Il oA RAES] F3he}l A5y
< A o= A3YHTEL 510, dentin sialophosphoprotein
(DSPP) o] 2]of| iz Aol R A ] H3}E A= A}
7b o] "ol EAE Z1ox o e lrH12). o9} 2
B2 Aol Esta Aol EAES] kol
dorde] |t dHE BAAESA 7S ofF
7k g 2s] gl A QA etk H Ao Al thgt
wilo] oAHA o]e} #F A7 Es] Iy
Ao Adotd o] STt o] 7hA A4 Ao w <l

AN T
S8 sk A BAYE, JETS 2 2438
2 o8-8 Aobd A HERAY o] G Aol
AT FHo] B Ao ArdH[3], o1F FaA
= 53] gold ALY RaldE 3] sk 4
o] ezt A7,

AJoKcrude drugs)ol ¥t HAMNE AAES IR £

=
T Bety, HE 59 ol st AFERNE thekst A
HARE A3 A2 Fa A A7 ookEs /st
7] 918k o] AAH o= EhislAl WaE 3 rH14-15].
X5, gEolu ede o ghyEo] QA& resveratrol
(3,4,5,-trihydroxystilbene)> It ELEA(Q] 540l sl
AEzAo] AAEste A5 E)oEA ZEdeA &
Zo]t}{16-17]. Resveratrol-> Fixolll, AEA, N EH
3 Az ot 2 abksl g3 59 Ve S AAsh
I HaEolA ko m[18-20], #<t 5] resveratrolo] 2|3t
o] T79 AE A dAaNE BEQITH21-24].
T Aol BARE] Eslabdolu) Aol o] A2
oA resveratrol®] &I}l Tt xHE= A it

A S0 AolARAE Aol 9 o]&Eal e
MDPC-23 M3E5-% CD-1 AF o=y 9] A f-FF o]&3t
o] THE NEFEA, XA wlFshd Adobd A
32O BAS Yehdth: RS glsh AlEZFolth25-27].
B Aol Als obd BAZEA MDPC23 HIEFY

sl oAl resveratrol®] ®IE A skod, Aok A AY
FEEA Ao EgiE Awstaat egick

EEE

1. A3A 8

Resveratrol (trans-3,4',5,-trihydroxystilbene, Fig. 1), Alizarin
red S 2 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide (MTT): Sigma-Aldrich Corp.(St. Louis, MO, USA)
oA FHJate] ARt o, 7R EA A 9FE analytical
grades T3t AMEEIGITE 2 AFE fst oA
o] A, resveratrol®] MDPC-23 A|¥5F #3}of njx]&= &3}
E ZARE A, resveratrol 100pM A 2ol A HE o
T ApolE Hol7] A&eigict weba] 2 AgelA=
resveratrol 2] &7} UYER}7] A& 5520 100uM= ©]
43to] MDPC-23 AIEF #3lof m|X|= ofe] 7k av)
= AbskolTh

2. A| EFok A Fuf

2 Aol Aot EAIZEA AF A]H-7A| 3 (dental
papilla cell) -212] AoFdAE ZFAEF MDPC-23 Al
3XF% J. E. Nor ¥AK(University of Michigan, Ann Arbor,
MI, USA)ZFE A|aito} A3io] o] §-s}3ith. MDPC-23
MAETFE 10% fetal bovine serum(FBS)¥} &4 Al(penicillin
100IU/ml, streptomycin 100xg/ml, gentamycin 50xg/ml, fungizone
2.5ug/ml)7F 3% Dulbecco's Modified Eagles Medium
(DMEM)°ll s eFetoi om, Al sE3}el 4 3] 3} 5 st
o], s ullA] || ascorbic acid(50.0/ml)2} B-glycerophosphate
(10mM)E F7}sto] 79714 wfjekaba A Addel o] 83kt
TH25-28].

3. Alizarine red—S 94-¢ 53 7|2 34 &4
MDPC-23 AlZF2] X33t dd5 2lshy] $lsto]
=

Alizaline red-S M-S A3Y5IAT) £315 55} resveratrol
S A3k 7t AT MDPC-23 A|EFE PBSE 33] Al
23+ ¥ 70% ethyl alcohol & 20% £t 11743+ ThE 0.1%
NH,OH”} ¥ 1% Alizarine red-S(Sigma-Aldrich, St.
Louis, MO, USA) €907 5871 Jste] #2313t}

HO
9 v

OH

Fig. 1. Chemical structure of resveratrol.
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4. JAA FFELAHH-S(RT-PCR) £4

AxRstel A3t fEd 2 AETe] MDPC-23 Al
¥ o4 TRIzol Reagent Kit(Gibco BRL, Grand Island,
NY, USA)E ©]8434] total RNAS FE3F -, #}9]4l &
#71(UV spectrometer) S ©]-8-3t] 260melA FHFEE =
4, FFY RNAY 55 AXesith @A vhg-E 9l
3t 14g°] total RNA®} TermoScript RT-PCR  System
(Invitrogen, Carlsbad, CA, USA)= ©]83I3lth &/3% cDNA
£ alkaline phosphatase(ALP; ALP-F, 5-CTCTCCGAGAT
GGTGGAGGT-3"; ALP-R, 5-GTCTTCTCCACCGTGGGTCT-3"),
type I collagen(Col I; Col I-F, 5-TAAGTTGCCAAGAACG
TGCC-3"; Col I-R, 5-AATTGAAAGCCAGGAGGCAT-3"),
dentin sialophosphoprotein(DSPP; DSPP-F, 5-ATAGCACC
AACCATGAGGCT-3'; DSPP-R, 5-CTTTTGTTGCCTTTGTT
GGG-3"), dentin matrix protein-1(DMP-1; DMP-1-F, 5'-CGG
CTGGTGGTCTCTCTAAG-3'; DMP-1-R, 5-ATCTTCCTGGG
ACTGGGTCT-3"), bone sialoprotein(BSP; BSP-F, 5-AAGAAAA
TGGAGACGGCGAT-3'; BSP-R, 5'-CACCTGCTTCAGTGAC
GCTT-3") ¥ GAPDH(GAPDH-F, 5-TGCATCCTGCACCA
CCAACT-3'; GAPDH-R, 5-CGCCTGCTTCACCACCTTC-3")
59 primers ©]838lo] FHEAAHNREEE AT
RT-PCR ¥ 1.5% agarose gelolX] A7]53to] 2H2e]
PCR productE 213551 0™, 7+ A7l Alo] ] vk xjo=
VersaDoc' - Imaging System(Bio-Rad, Hercules, CA, USA)<
o1 g3te] WALk

5. MTT Al & A 234 53

Resveratrol®ll &3t A|¥x52] a3E A=s7] 96,
24well plate®l] 5 X 10°cells/well®] MDPC-23 X5 A%
SFATE 2441 7F vl oFst 3 resveratrol S TFUFSH H 9} A
Zrel| Al A ste] 37CellA HESAIZ 5 A|2Ad7 oAl &
= MTIT #4072 Z43FATE MTT 412 resveratrol
S #]2] 3 MDPC-23 Ao MTT €AMTT HE5E 0.5
ug/lys 37°CA 4A13F A st & MIT €45 A A3t
31 0.04N HCI®] &% isopropanol® =oIu|o] 570nmell
AN FREE S48t AlEskith

6. A5 FATA HA
RE AYAFAL mean £ SEMOE YERS T, 7+ A
7F) 9 AL ANOVA 3o Student's t-test=

Ml F

3]
=

3R o™, p valueZ} 0.05 U] THp<0.05)2] F--o4 EAA
Fo)idel s Aew Eegith S B Ao B
2 71798 SPSS ver. 12.0(SPSS Inc., Chicago, IL, USA)=
o]-g-ato] ALY

g 1

1. MDPC—23 AFobd 2 A2 25 abgol A2 7]
A3 Aol u] 2|+ resveratrole] &3}

MDPC-23 “Jobd B3 E5} g of| A A|3Ee] 7] 434
o WX resveratrol 2] E 35 &R18H7] $13He], MDPC-23

A Day of differentiation
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Fig. 2. Effect of resveratrol on the mineralization in MDPC-23
odontoblastic cells. Confluent cultures of MDPC-23 cells were
maintained in complete medium with the addition of differentiation
cocktail (50 xg/ml ascorbic acid and 10 mM [B-glycerophosphate).
MDPC-23 odontoblastic cell mineralization was altered by
resveratrol. (A) Mineralized nodule formation in MDPC-23 cells.
MDPC-23 cells were treated with 100 uM resveratrol for 7 days,
and the mineralization was evaluated by Alizarine red S staining
(0; 0 day after treatment with differentiation media, 4; 4 days after
treatment with differentiation media, 7; 7 days after treatment with
differentiation media, Control; treatment with differentiation
media only, resveratrol; treatment with differentiation media and
100 uM resveratrol). (B) Quantification of mineralization was
accessed by colorimetric spectrophotometry. Each data point
represents the mean = SEM of four experiments. = p<0.01 vs.
control (the control cells were measured in the absence of
resveratrol treatment).
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AETF B3N resveratrol 100iMS A #3F &
Alizarine red-S {45 Al&st3lon, H3HTEE 96t
ascorbic acid(50(/ml) £} B-glycerophosphate(10mM)E 3 715
St F35- 5 4L A ol A H-E] thZ 7} resveratrol # 2ol
A AEES] 7ABA Aot Sk AEe Balow, 23t
= 447 744zl ]3] resveratrol A 2]<roll A Al
9] 71430 FEst T E1E 4 ASUTHFig. 24).
A2 Alizarine red-S 94 =2 FHFsto] Alxe] 7149
e S7Fs Ig AN E E3HTE 493 7L A
thz=oll H]3) resveratrol A 2] ol A A|Ee] 71H /g o] 5
S5k T7HE #R1% F lUThFig. 2B).

9. MDPC—23 Aol EAZ 23tatg ol 23} So|
FHARE YH o) v X Eresveratrole] &3

AF XA 3 (dental papilla cell) f-212] Aol Az
ATFAMEFC MDPC-23 A EF]  ascorbic acid?} B
-glycerophosphate S %] 750 4] 3]3} A4 9] PS5 /=38

A

Day of
differentiation 0 4 7 4 7 days

280 4

Control Resveratrol

W
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240 {1 w2224 Resveratrol

200

160
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Density of band (% of GAPDH)
(ALP mRNA relative level)
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Fig. 3. Effect of resveratrol on alkaline phosphatase (ALP)
mRNA expression. Total RNA was isolated using TRIzol reagent
and reverse transcription was carried out with 1 ug of total RNA
using the TermoScript RT-PCR system. The PCR products were
electrophoresed on a 1.5% agarose gel and visualized with
ethidium bromide. (A) Agarose gel electrophoresis was performed
on the RT-PCR products from MDPC-23 cells. (B) The
quantitative data for (A) were analyzed by using Imagegauge 3.12
software after GAPDH normalization. The percentage of ALP
mRNA expression was calculated as a ratio of GAPDH band.
Each data point represents the mean + SEM of four experiments.
*p<0.05 vs. control (the control cells were measured in the
absence of resveratrol treatment).

ulj ok} of| A resveratrol 2] &3S #-41517] Y 38l, MDPC-23
A ZF B3} o A resveratrol 100pMS =] 2]3F 2 ALP,
Col 1, DSPP, DMP-1 %! BSP Z}2}9] primergs ©|-£35}¢]
RT-PCRS Al Y5}3 T

ALP mRNA2] W+&l-& MDPC-23 A|EF9] ®3lH5 3}
Aol Azp F718FAtkFig. 3). iRl #3F 4Y
A7EA] ALPE] & AL B 4 glalo, 7449
+ ALP mRNAS 23S #HT 4= QIQItiFig 3).
Resveratrol A 2ol A& 3l 4UA o oA B ot
1.3411 2] ALP mRNA &S W31, 794 - = v 2

o Bt 1.57902] ALP mRNA &S #&e 5= gl9lo
o, B 70 A3E MDPC-23 MEF9 B3-G% 74

ol A resveratrol ALP mRNAZ2] %?‘L% Z7MN L ok

=15

L

- O‘%‘lﬁ}(ﬁg 3). Col I mRNAS] &% MDPC-23 A3
T«l SR BgollA WAk SRS thFig. 4). TRt
o= 23t 44 7HA Col 19] Wdo] vl m|okatal o
t, 794ol:= Col 1 mRNAS] & F5lo] YestTh
(Fig. 4). Resveratrol *]2]Tol|A = &3} 4°‘7%H o] thFETe
/HEE} 1.61¥12] Col I mRNA &S B 1, 79 oA
= Rl BT} 1.76912] Col I mRNA ¥ ﬁd—% Uiy
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Fig. 4. Effect of resveratrol on type I collagen (Col I) mRNA
expression. (A) Agarose gel electrophoresis was performed on
the RT-PCR products from MDPC-23 cells. (B) The percentage
of Col I mRNA expression was calculated as a ratio of GAPDH
band. Each data point represents the mean + SEM of four
experiments. p<0.05 vs. control (the control cells were measured
in the absence of resveratrol treatment).
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Fig. 5. Effect of resveratrol on dentin sialophosphoprotein
(DSPP) mRNA expression. (A) Agarose gel electrophoresis was
performed on the RT-PCR products from MDPC-23 cells. (B)
The percentage of DSPP mRNA expression was calculated as a
ratio of GAPDH band. Each data point represents the mean =+
SEM of four experiments. ‘p<0.05 vs. control (the control cells
were measured in the absence of resveratrol treatment).

Ao, I AFRe] AFE MDPC-23 A|EF9] #3}
I} ol A] resveratrol:> Col I mRNAS] &S F7}HA]
ok T ASUTHFig. 4). Aot BA|E 3} Sol At
21 DSPP mRNAS] 31> MDPC-23 AMEF2] #8#%
ol Hat F7FsHthFig. §). tixTtollA 13t 4Y
A HE] DSPP2] WElo] Falo] vFEbkO | resveratrol ]
oA E3 44 A o] thZell A Kek 1.2691 2] DSPP
mRNA HES B, 7944 ol BTt 1.35
#l2] DSPP mRNA &S #2e 5= lthFig 5). £
Al A¥E MDPC-23 MEFS B3 A
resveratrol> DSPP mRNA2] o3-S S7MAHS & 4 3l
2ATHFig. 5). ¥ <AolA MDPC-23 AHEFo|H #3315
TS $ Alto] 7 #ste] wel DMP-1 mRNAS] o]
S7Vehs As #Ee 5 QS thFig. 6). thxTrollA] 23t
4L A F-E] DMP-19] &o] F3lo] YERSE O M, resveratrol
AT s F3F 49Ae diRTeA R 1.218)9
DMP-1 mRNA &S B33, 794 o = 2ol A 1
t} 124191 ¢] DMP-1 mRNA 28 72ah 2= OWD}(Flg
6). ¥ 9] AT MDPC-23 A EFS] R3-HE 34
ol 4 resveratrol> DMP-1 mRNAS] W& & F7IAHS &
T USATKFig. 6). & AT-olA] WEAE 23} 5ol

0y do )
tlo ki
|

O

A

Day of
differentiation 0 4 7 4 7 days

Control Resveratrol

GAPDH

vy

240 -
—— Control

6014 Resveratrol

160 -

120 -

80 -

40 -
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Fig. 6. Effect of resveratrol on dentin matrix protein-1 (DMP-1)
mRNA expression. (A) Agarose gel electrophoresis was
performed on the RT-PCR products from MDPC-23 cells. (B)
The percentage of DMP-1 mRNA expression was calculated as a
ratio of GAPDH band. Each data point represents the mean =+
SEM of four experiments. ‘p<0.05 vs. control (the control cells
were measured in the absence of resveratrol treatment).
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Fig. 7. Effect of resveratrol on bone sialoprotein (BSP) mRNA
expression. (A) Agarose gel electrophoresis was performed on the
RT-PCR products from MDPC-23 cells. (B) The percentage of
BSP mRNA expression was calculated as a ratio of GAPDH band.
Each data point represents the mean + SEM of four experiments.
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Fig. 8. Measurement of MDPC cell proliferation by resveratrol.

The cells were treated with resveratrol at various defined

concentrations (1, 3, 10, 30, 100 and 300 pM) for 1 and 2 days at

37°C. The cell proliferation was determined by MTT assays after

resveratrol treatment. The experiments were repeated four times,
independently.

¢l BSP mRNA 2] W& MDPC-23 A|ZF¢] 2355 1}
oA - 4= QA ThFig. 7).

3. MDPC—23 AFo}& B A £ F A o] u] x|+ resveratrol
o &3

MDPC-23 “JoF2 A3 Z-2] o] v]X]+= resveratrol ] &3}
= dolr 7] I3 MTT assays A AISHSITE Resveratrol
1~300uM= 193} 2 2 2] st A3}, resveratrol= MDPC-23
FoA RAREL] FAloll= AE TS TA 2 THFig 8).
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24 Eles A4
AA o 7 AolA RN EE= X A AlolA o) i
o f1x15to] ol AG 4182930, Lelut ol A A
EO| E3p1A Ao o FAEE ek Ik 17
31 779} By BAEstA )AL oldkx] Heke] o
A QA ). HE AYokS o] g5l AIAE ES)S

3 oekE-g Autaly] 915t o] AlAIA o7 theksh Ak
Hofoll Al AX L QIti{14-15]. H- o] Exof Zo]
wo] Sl Jo|EdHAl T LRI resveratrol 2] Fixol M,
AZAA, AAE WA Asko] o) kst g3 @ E

i

d

oX

QAL 38 A &7 59 71%50] Ha=glrh16-24]. 1
w XJo}ed A B ol A resveratrol 2] AESHA 752 A
us] %) 2] RSkt whEba] B AtellA & Aol AL
s} ol A resveratrol 2] &S W] 7] 9138l, AFH AT
ASE el ] Ao MR A EF]] MDPC-23 Al 2279
A B350} resveratrol S | 2]3F & MDPC-23 Al| X2
EANEE AT

£ dgtela 23} F<9l MDPC-23 Al Z5-2] e8]
HEY Aol 7APAAS HUow FRlsy] s
Alizarine red-S 3 45 A| 33} T} ST 4D A o A H-E
23 resveratrol 2]l MES] 71AEA] AT}
S7Fehs AdS Relow, I E 493 79A dlx=T
o] H]3|| resveratrol A 2] oA AI3EQ] 7] -] o] HF-Eigh
71 geleh 5= QitkFig 2). ¥ 2] Avk= MDPC-23
MEFS] B35 I A resveratrolo] AFolE FA|E
MDPC-239] #3}5 AHA 02 WA & 35S AlAF

o)A Aol B A MDPC-23 A|EF9] 232

= T 7 UO vjeFAIge] A akebHA A ST
SFStHFig. 3, 4). ALP mRNAS] &2 resveratrol #] 2]
oA 23} 4dA ol el A Eet 1.340] 2] TS B
a1, 79AIA =tz A B 157912 ALP mRNA 2
ds BET 4 9l9oH, Col I mRNAS e
resveratrol 2] 2]l A 3} 4A Aol thF oA R} 1.61
o] BES B, 79l M= ool A Bt 1764
] Col I mRNA @& 23 # Qllch & A< 4
W2 AJoA T AE MDPC-23 HEF2] 23k 7ol
2] resveratrol> ALP$} Col 19] WS S7MA7S & <
1N O O]+ resveratrol©] oA RAH| X2 E3lE =X
A T S ATk

7oA BAE MDPC-23 A|3EF2] -3ty ol A 2ot
BAE 23} 50|42 DSPP2} DMP-1 mRNAS] W&
[1,5]<> MDPC-23 A|325-8] #aHrie #gollA Ak 571s
S Th(Fig. 5, 6). DSPP mRNAS] & resveratrol #] 2]l
A 23t 4adA otz R 1.268]9] WS RS,
7R = Tl A Bk 1.358] 2] DSPP mRNA 28-S
Ae 4= 2121 0 DMP-1 mRNAS] 2312 resveratrol #]
glrollA] 23l 4adAol el A Bt 12189 s 1
Rz, TRl Tl A Bk 1.244] 2] DMP-1 mRNA
e S kel 4= QIth B Ao Ang AolA BA X
MDPC-23 A|XEF2] E3L-% A resveratrol> DSPP
o} DMP-19] HdS S7HAAS & F Qe o]+

resveratrol®] “JoPARAZ] 3 A 5 SleE A
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AbgtT) Zefuh 2 Agtell A WAL 73} Sl Akl
BSP mRNA?] &> MDPC-23 A22F-2] E3H-t-5 7
Al BEE gl thFg. 7).

3, Aol AL MDPC-23 AT A resveratrol 2]
AE 9 Ao v A= avs o] fgk MTT 4
Ayf, 2 AFoA AlFsE F5(1~300uM) 2] resveratrol
MDPC-23 MEF2] o] JaFe 4| L3UrkFig 8). A
A& 23 insulin like growth factor- 5-:= transforming
growth factor-B &> 54 8] A FA ok AARIAE
2 A 910 m™[31,32], fibroblast growth factor 2> A7
AR A2 v A3 of| Al 2/ S-S (progenitors) 2]
S FHehs gA71AS AFsitty deA ok
[31-33]. ¥ Aol A resveratrol<= o} B 3L MDPC-23
Az F2lo JFE FA dgkon, o] Aif=
resveratrol©®] OB A3 S ol YIS A &
O WA, B E A Ao AL 3k A4
O FAAA T QeS AAKSRAL Qith e x|o A
T oA Aot BA 2 F3}e] 24 Q1 717 7} resveratrol
o] aol sk Al W A4 71AATE o Ftstoiof
ok A= AZTE,

AEA o= & AT daE AH AFFHE FH9
Aol ME AFH LT MDPC-23 HIEF #3717 of A
resveratrol©] oA RAE B35 FHUAD F 55 &
T AT B 2 A Ayr, Aobd I A
ek o] A7EEES AXE s AR AbREh

#ZHAe 2

o] vt 20188 AT gL S| o) Al e
who} A% $13(This study was supported by research fund
from Chosun University, 2018).
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