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Abstract

BACKGROUND: Zinc ion is a necessary metal trace element in human body, which plays an important role in
inhibiting osteoclast activity and promoting osteogenic differentiation. However, the effect of zinc ion at different
concentrations on osteogenic differentiation of rabbit bone marrow mesenchymal stem cells has been rarely
studied.

OBJECTIVE: To evaluate the effects of zinc ion at different concentrations on the proliferation and osteogenic
differentiation of rabbit bone marrow mesenchymal stem cells for exploring the appropriate zinc ion concentration.
METHODS: Bone marrow mesenchymal stem cells were extracted from the long bone marrow of rabbits and
passaged. The cells were divided into six groups, including 10, 10°, 10, 107 and 10® mol/L zinc ion groups, and
blank control group. The cell proliferation activity was measured by Cell Counting Kit-8 and the growth curve was
drawn. Alkaline Phosphatase Assay kit was used to evaluate the osteogenic differentiation ability of the cells, and
the growth activity of the cells was shown by Live-Dead Cell Staining Kit. The mineralization ability of the cells was
observed by alizarin red S staining. The expression of osteogenic genes was detected by fluorescence
guantitative polymerase chain reaction.

RESULTS AND CONCLUSION: The number of cells in each group showed an increasing trend with the
prolongation of time except for the 10™ mol/L zinc ion group. After 5 days of culture, the number of cells was
highest in the 107 mol/L zinc ion group, but lowest in the 10™* mol/L zinc ion group. Alkaline phosphatase activity
was highest when zinc ion concentration was 107 mol/L, but lowest at the 10™ mol/L zinc ion after cell culture for
14 days. The method of Live-Dead Cell Staining revealed the number of viable cells was highest in the 107 mol/L
zinc ion group. All cells were almost dead in the 10™ mol/L zinc ion group. Calcium nodule formation was visible,
and the expression level of osteogenic genes was highest in the 107 mol/L zinc ion group after 14 days of cell
culture. These findings suggest that zinc ion can effectively promote the proliferation and osteogenic
differentiation of rabbit bone marrow mesenchymal stem cells in a certain concentration range. The promoting
effects of zinc ion on proliferation, osteogenic induction and mineralization are strongest. Therefore, the addition
of a suitable concentration of zinc ions in the medium is beneficial for the osteogenic differentiation of rabbit bone
marrow mesenchymal stem cells.

Key words: bone marrow mesenchymal stem cells; zinc ion; cell proliferation; osteogenic differentiation;
mineralization

Funding: the National Natural Science Foundation of China, No. 81171472 (to FG); the Applied Foundation
Project of Science and Technology Department of Sichuan Province, No. 2016JY0123 (to XDQ), 2018JY0100 (to
FG); the Scientific Research Project of Sichuan Health and Family Planning Commission, No. 18PJ476; the
Scientific Research Project of Sichuan Provincial Department of Education, No. 17ZA0178 (to XDQ); the
Nanchong City-School Cooperative Research Special Funds, No. NSMC20170310, NSMC20170453,
18SXHZ0374, 18SXHZ0377, 18SXHZ0124 (to FG, XDQ, ZB, LK, and SX).

0 3| Introduction

BRI LHERMETE, TAEMRERE A
AR DL R DIResr b TS EEAEH . HHiRA, &
JEYCE TG 2 B = AT RE T EU™ H 1 E ST DR AT S AH SR
HU. B TENARLFEMEITTE, 5 5DNARIRNA
PIEH R E DG, HER S RE %A, S4RE A0
AT HE TR, IEEkSEME T EETHL L
e R B R, BT EM, SR
RE AL 200 M 480 B A B AP, BRI, AR s T
R )i U RS Y= s R AL S SR A
BERG IR IR T, RIS T IR N SE B ) 78
BT sE S b semn, DA SR ee B TR, N
SRR B TR I R S IR

1 #8FAA%E  Materials and methods
1.1 &3t MRAMIA SR

2986

1.2 BfEAME SEIT20194E 155 A 18 )| LB 2B sh
I PR B B - B R T HR 0 R B 4H 41 TR S A R A BT
5E Ko

1.3 #H

1.3.1 S LABETE A K AR A, MR, 4
JRE£90.5 kg, H)IAGEE 2B LR s o de 4t .

1.3.2 IR SE  BE LR G (Airtech A F], 3£ H);
Y ks 246 (Thermo A |], £ [E); 2 GMEIE B HBE (Nikon
AF], HA); 0.25%f#E A (SigmasFl, % E); DMEM
¥ A (Gibcon ], EH); faZEMiE(GibcoA ], EH);
CCK-8I B (IR K AR AR, E); Bk
Tt 1 Tl A X9 6 (R s A AR AP, R ) 3
2 i/ B4 M s R (it DU AR, D) PE R4S
RERAL R EREAR AR, P E); PCRIIVI(HA
S CEMRHEAR AR, FE); mRNASEEGATE (Sigma
ANFE, EE); AWe st (ThermoA®, FEE); BbrX

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH




ZHAO Q, YANG F, ZHANG CD, CHEN S, SUN X, ZHANG B, XIAO DQ, LIU K, FENG G, DUAN K. Zinc ion concentration affects proliferation and osteogenic
differentiation of rabbit bone marrow mesenchymal stem cells. Zhongguo Zuzhi Gongcheng Yanjiu. 2020;24(19):2985-2990. DOI:10.3969/j.issn.2095-4344.2042

(ThermoA#], )%,

1.4 ZBF*®

1.4.1 SUEBEN A TR AR R ARR 7 SER
FEFMIEA S, BNEFFECNTE% L BEHS min, S5 5E
B BLE . E &R E, BRI, PBS(& 5%
Ve Ja B N HE TAES s F20 mUvESH 884 k2 BIE
IR, PBS( 1% XU0) I 2 ph e d B, ikt
HRTA K B RE R e E RI50 mLES O
2 000 r/min&§.0>20 min, % L&, F20 mL DMEM(%1%
WBTHAF S HUN 10% 8 4 17 ) B e AT Dl I H A A
YR FRIES 775 KiFRl dfa KA m i, RO EH
10 mL DMEM59%3E, FIIA10 mL DMEM#; 775, HJ5
2 d¥e LR, L5 d, R B A TR Ao T 4 A K
BEFEm,

1.4.2 HHERI ST M LR R A R A BE R 7
AT R LS, WFE ARG IR0, FAPBSE R
2 RIHLA KM RIE ST, AL mLUEE E i, %2
RREFRIL, WH420-30 s, 7éI6(H B A T WAL T 40 fu 5]
FARE, AW ANMER, RIS mL DMEME®; 375
(B L% XL+ BN L10% G 4 M7 ) 22 181k, Bk
FIEE R, B A\15 mLEL %, 2000 r/minEg .5 min,
T

FHEE R TRAERIE T REE

it b s T 2K i RS

FEARBESR I R A B B AR B 9R9E 5y BS SR 17 70 5T 40

s DMEM basic(1x)#; 73

ligzE s A 10078 BB 2F M3 . ARFRS 09 1% 03T
(Penicilin-Streptomycin Solution). 7~ [ /i 1% 55 (0,
10%, 10°, 10°, 107, 10%moliL)

FEARBERNE:  FAUSIRR A E RS, W3R 1d )5 DMEM
B, TN DMEM 5350, J58 2d # 1%
W, #5d

a0 fafEAR: IR G A 90%, JHEREF(0.25% Trypsin-EDTA(Lx))i 1k %
FETF IR, #1348, 43dik 1R, k1R

Hf e K FR U SR G A % 5

sty SEIRZE 1 AL 2 B A6 2 51 2k

1.4.3 CCK-8LEAT 4N M3 sE K 55 24K S B B 1m) 72 o T
2 L Ax10%/ L %5 B I N 96 FLAR, 4y A 4L
10%, 10°, 10°, 107, 10°® mol/L&: & Fea3t64l, 45409
ASFATAL, AR FLAR oI N A R P IR B S T, BRI
24 h, FHBFINFATFLH FIDMEME: 772 (F 1% M i+
ARG BN 10% M6 25 1), P07 10%CCK-8: 771 1)
DMEM £ 37 3 (55 1% BT + 178 F2 43 $0R 10% fit 4 M35 )
100 pL, 55372 h, EGFROGIFHAEA50 nmAibi K i &
. HEE FREE, RN IR 3R I EB5R 1ROk
JEE.

1.4.4  BEMEEER BT SR BT b RE S K2R
B R 78 T AN N A8FLAR Hr % iR ik, R K
110180

P.O. Box 10002, Shenyang www.CRTER.org

BEOANFATIL, B T A IR h B 2%, BRI, K5 977 d,
FEAIE P3N FATIL, " FEDMEMES 35 5 (5 1% XU +HA
STHON10%AG 4 ML), PBSTRE3IR, &FLINIA100 L4l
J AR IR T 240 min, FE TR RS AN . A4 EL
30 PLFEAAMKIK IGO0 Lz il LB, 7miRs, T
37 ‘C/KE15 min, INA150 pLE @) EHES G50
FehruEfL, BEbR OGN HAES20 nmAib i K WG FEAE . 597
14 djF HEE LREE, dsEdE, RN KT R
By gk, HFRRCAVRRFLEE IR, RIATA3 20AH N AUE -

ol 1 gl 2 il 9 (4 IR BA62/100 mL)=(N 52 LR Y B
(B~ 2% AL FE AR (st FLI Y FE (B2 1 AL O FE A ) %
P B 7HE i R 100 mL
1.4.5 JEBCANM G AT AN RS 77 ¥ 55248 i B ) 72
RN IN N6FLAR H % IR Tk ar 4, BT A R 7R A
BFe, BRI, RIR7d, WIEHFRME, R ER,
A PRI AN B E1x10° LY AE A, PBSHEESIX,
F1200 pList TAEBCK 4 B &, 4 CRLHF A 30 min,
T AL {8 1 (490£10) nmisk JE H gL, AT WLk
G TE AN AR K 4 5 I FEAI AL
1.4.6 WERAPEMMELET K20 BEmamT
YL IMAN 6 FLAR 4z FIR Tk, BT AR TR R
I8, BRRI, iR FLINN2 mLE A A R BT 1)
DMEM:F=5:, M4l il fLIR80% /247, ML mLE &k
BRI L mLECE T 559R14 d, R R,
PBSHEM 3K, M MRFL 53 HH 10% H % 2% i i [ 72
10 min, MR [E S X PBSTRR AL, A PE R LT
PG ES min, TG AR, PBSYEG, Bt T i,
R FH P A s e,

1.4.7 ZOLEBEPCREMIAACHE RFRE HEE2 %
5B 15 78 5 T4 LA A 10 FL I N 124U 44 Bk 7k 4y
M, BHBENFATIL, FRI: Hofbt BFLIA2 mL
FA AN T IDMEMES IR 2L, 40 M Fl s LA B0% A
Fo IAANL mLEEEFRIFREE AL mLE B S H5F
14 d, FATrizolVZRIRNA, ¥ HcDNA, 17qPCRY”
W38, LAGAPDH AW S Wit5I¥5741: ALP L5114
F%: 5-GTT CAG TGC GGT TCC AGA CAA-3', T3l
Y)FF%): 5'- CTG CAA GGA CAT CGC TTATCA-3'; OCN
FWESIMFS: 5'-TGA TGC AAG CCT GAC CTC C-3',
TSI 5'-CCATAG CCC ACG GCC AAA A-3';
OPN L35I #1%%): 5-TGG CTT TCA ATG GAC TTA
CTC G-3', FUs5I#F%]: 5-CAG CTT TAC CAC AAA
CAC CCG-3'; OXS L5147 %1: 5-GCAAGG TGT ACG
GCA AGG-3', Ti#5l/7%l: 5-CAG AGC AGG CAG
GTG AAT T-3', 45 R UUIAHNT GAPDHINRIEEF IR
15 EZ2MREF OREHEA AR TAHREKER: @
o VAR ) B R ) 70 0T T AN PR B I e s OBFES T
RS T e 1) 70 5T - 20 B R i S Ak (R R
1.6 %itFEadr FHSPSS 16.08 1047, iHEHEL
xtsFon, ZHMECRHHHE 7 2554, P <0.05 0%
A REER S

2987



BBF #78 FKAt, B PR, KK RS R B, BETT. TR T G BRI A T A R A B 7).

HFFHH TFEBFETE, 2020, 24(19):2985-2990. DOI:10.3969/).issn.2095-4344.2042

2 ZEH Results

21 REHMEART@eaBEs IR SRE S 7R
T L KR, BT =M. ZMBEES, It
PR, WERRRPATHEAT,  BRAR AT DA 22 ifn 41 g K A 4
41, ERAARE, ISR AR E, WEL.

22 Hwmmppigiiee s FR10™ mol/LeE i T4sh, 4
B 1) 70 T 400 B B S R ) ) ) S K T IR T 22 . BE LR,
10°, 107, 10° mol/Lf% B 140 K %5 A4 2 1) 2 7 T i 3
PEE (P > 0.1), 10, 10°° mol/L&E s 20 4n s AL T
HAib&H, 2REEFEER P < 0.05); #3K, 107,
10°, 10°, 107, 10° mol/L4¥ B T4l 52 A b E 7
BEMR (P <0.05); 5K, SAMPEHLLEERE
BEMEE (P < 0.05), HA107 mol/Liy B 144 i ¥
&%, 10° mol/L&r s Tk, HEHIKI910° mol/LE:
B, FAA. 10° mol/lLAEE T4, 10 mol/LE g1
My Hith, YEFETURIE 9107 mol/Lin, %375 B e
FEIR T AR e %, T 24K 9107 mol/Li, H5 9%
SEPE B R T AR SER D, LE2.

2.3 BntmfRmRE it BR10™ mol/LEE B T4k,
HR B HBLAR IR BERR B M3 = T3 7R K5 977 d,
B ) 2= A B (P < 0.05), 107 mol/L#F 1
SRR B R I B v, 10° mol/LEEES T4k, HJE K
YCN10® mol/LAEES T4, 10° mol/LEF i 4. 45 4.
10 mol/LEF & T4, #3714 d, 107 mol/L4E 514tk
WRER A N i s, 25 5 E W5 R (P < 0.05). HIL,
B TR N0 mol/L , B B 1A 78 57 400 B 1 i e
MRmS M, L3,

2.4 Eivmipgehnmingg S 107 mol/LEEE TR
Frep o ey, RUNSMME%, 10° mol/LiE s F4lixz.,
HIFHCN10® mol/Lar B 140 2541, 10° mol/lLsy B
TFUHAAE D, I AT W2 FE4IM, 171107 mol/LEEES
TGV . Ht, 488 I 8107 mol/L
I SIS e, 44T B TR N 10™ mol/L IR 1 40 i
i, WE4.

25 HELOREHRNELET 107 mol/LEr B 14T WA
%, RUIZMEMLE IR RZ, 10°, 10°,
10 mol/LA% B8 A4S 45 3T MK U /b, 10 mol/LsE
T NACAI, GO R_AEE, 25 A 4Ln] /b B4
AR . ik, 248 TIRE 8107 mol/Li, 45454y
i %, ILES.

2.6 RKHIZEFPCREMAIXRFT LB KL 107 mol/lL:
B THAMALP. OCN. OPN. OSXIE K ik KK
e, ZRAREER (P <0.05), HAKHIERKIEK
S EMCRECN10°, 107, 10° mol/LEFEs T4, %5
HEEME (P < 0.05), 10™ mol/L&Es T4 )1°F LiEk:
TMBAA IR LK, Htk, 488 TIKE 107 mol/Lit,
0 ) 70 o0 200 B PO A DG i i R SR A /K P e, LG

3 i1i¢ Discussion
BRAVEKKE LA DR SR ITE, 85%HAFIE

2988

THLAAE# G, EAIEDNAS K. RNAK . BEE ik
WA ALERHE A S AR R R P M R A A
FAVSL, AR, BRI A B A T, X AT g L
s B 4 B 24 AR P RANKL % RANKAE 538 4 LA Rz 411
HINFATCL 3G A 90, a4 AT LA e (i 4 200 446 7
IMAb . R FE R A A R AR K SR A B R R e M L,
BEES T IONVE 2 A SRR IR T2

SR, 240 0T PRI o e 881 1) B S LA 7 B A st 1),
Bl IR e S R T R A e, ke
IR U AT 38 I LR RAR A SR SR AT, FREA
AT an g st RN, UK 5 B TR B R
f 77 A AT SRR R A R B B A I A6 P02, PR, H 7 B
e b5 B 1) 70 R 4N M B Ak, SRS B IR S A
B T A R A 8 TR O

LR, B 704 1 S 1) 7 J5R T 400 i 3 A B i
MR SSARIE B D, FER RN R IIRE S5 N E B 7SR T
NI 5 5 G oAb 2 TR VR o B 5 S5 PARIE e T
BIFUREELEL0® mol/LF|10° mol/Lz ], A FIT N5
16 76 3R 120 ML (R B 45 B Ak B 2 2 PRI o B Lk
FEN10™° mol/L AW HA K 42 i B i 1) 78 53 T 400 ik Fy s e
SYETEAE ST, AR N TS B 57 56 b s n e B 11
LBy . HEUTREE A 2 LAsh i se o R at, A
NHIRRHE AR SNIEAT A 0 2 M AR S, TR N S Bl R A4
PERIE R FTAT M, MELF RS, RBVBCR MR 76 22 K A
UEAFE SRR AR E 52 5200 N Tk, SR AU S 0
B 7] 78 57 T 40 M B A O S G L S S R B,
R 2 S5 B3 P i PR S 6 B A

CCK-81% 71) T 3 1o A6 01 40 L 4 A7 355 12 A S e 24
WA AERE ), EZEICT, N E A A
M¥%, HAESE FHEH10° mol/L3]10® mol/Lif, 4
MBI 4L, SEEE TIRE 8107 mol/Li, 4K
Iy T BEAN M G 0 R FH S ) 2 6 G 57 4 i NS/
U A P 30 R A R 2 ok IX 23 4 A AP IR A 4
BT EE 910 mol/LE10® mol/LINy, i 4H s 2 7 4 i
BREI R T 4, 107 mol/LZH 5 s PR RIN 75 v B ik
E B4 B TR AN M B O TR R A I E AR, Jfit— bR
SRECUE 9107 mol/LIN:, 40 i 1 5E g 1 % 9

TG T Tl 2 A2 0 B 0 B S T 4 P B
TP, OCNFEIEH AL P S ERE, REHAGIE DK
TR R TP, OPNAT 22 R A SR 4 £ BRI 403
0 JE R RV A AR i 3o A8 P % 3 9 T 4 TP, OSXAT
FERCE R R, B—Fh A g m P,
PR AR IR e e, PRIk, AR E AT R
T FE S DR KT ARSI, AT 94 8 i e ) 7 o T4
PP S A BAR T AV E T o 455 5, 107 mol/LEE s
T, S AR B ik S AR, 28 B TR
JEFE10® mol/LE|10® mol/L 2 [AIIF, 20 B v Bl i il 2 i
BN, PR, R SR 1 R IE KA R
FOILERE IR A0S SN B T B8 R T IR 4 B 434k B
AR 48 B TIRE 8107 mol/Lis, Bk iRl %

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH



ZHAO Q, YANG F, ZHANG CD, CHEN S, SUN X, ZHANG B, XIAO DQ, LIU K, FENG G, DUAN K. Zinc ion concentration affects proliferation and osteogenic
differentiation of rabbit bone marrow mesenchymal stem cells. Zhongguo Zuzhi Gongcheng Yanjiu. 2020;24(19):2985-2990. DOI:10.3969/j.issn.2095-4344.2042

IETEPE S AR UURR R R 2 TR Rk 7K 3 v T A A4
PORTEZIRIE TN, HEE SR Ry hhE 5k

BT B 9107 mol/LIN, 2 F 1 B 5 i 1 T il
VR RN A EE B R S (P > 0.05), & N4
TEZIREE NEET, RRAEMEE A, 41 ot
[ B EIIE T %000 4, 31Xt 5 BRAUER 25 PE 1 BF 7t 45 S AR
@, 268 FHEEm T-10* mol/Lk, B8 3 4n sk,
SEAB TGS EK . BB TR N10° mol/Li, %
EBER TS AH, WEsRES AR s AdmE, [
RE A2 BH T %R FE T S B I e T Al i e S TR T
1, AE40 MR, R = OB AR PG R, AT 26
G A 4 o 8 B 11 v R 5

gi b, GRS T B IR, AR AL
e Hk B BE R SRR A A S, HIREN
107 mol/Lif, HALHss . % S e e f oo Rk,
EREFREE IR INE BIR R BT, AR Sl iR 78 5 T
AR R A . RS SRISEEG o, IR 4k BRI SR
el e B R R R TBONT S B ) 78 5 T 4 R i 4 A F 5
W, AT ARG AR 20 A K S AR I S B 5

TEE TR FRRt A BAl. BT, FRFRARS. . KA. T k;
FEIRAE A IR IR O AR RRAR; TR AR,

BEZHE ZXFELT BROARMFEA(81171472)” w4 AHIT
JE R K #OR B (2016JY0123, 2018JY0100)” w9 )il 44 T i+ & A #F 3R B
(18PJA76)” “w3)I| 5 #F /THHR B (17ZA0178)” “dy .7 T A AAEALHF % R
# 4 (NSMC20170310, NSMC20170453, 18SXHZ0374, 18SXHZ0377,
18SXHZ0124)” #4558, PR tEH 78, 2% ZIFEA Hra XL FEEF 3T HR5R
HAEBELE R it AT AL IRGE .

Flapmss: XFeedtEd Fyl, ERMMAALFRE LY T4 E4)
#BHR,

PIFEIEEEE: FhH E2NMEFRAWZRICLER 2., £k
RGBT BFRLEEFHENS (K THMICE L@ 09 H 45 h3LR0) ARk
AE R iEA.,

Bt A ETEREFANARER S (FRAHA FREIRE S
E 3 87 %o 5 & R e BFITED.

XELZE LFHRITOEEH LRI G LRENALRITIAREE,

XEHFE: XFZNFEATINF ERRGINF, FATIFIOA S LFHE L
AR E.

LG ERER: I FGFFEERHERKRFWNBEERG T FERE
A%iB i,

B XF HMAT 4 E TS REERBALZE T AR AL,

FFRCHNE R, R — AR I, B4 (iRt ZF T “F4-
FER bR A-AR 5 XEFA.07 LK, ESEINANFELT, AFBALE
FAk B R T RN EHF. PR &, R ARERMR P A% TA.
M, A, TR, k. RAREEIZ K, AT L5, AAERLeH
ANFAE R AT R iR

4 SEYHL References
[1] AASETH J, BOIVIN G, ANDERSEN O. Osteoporosis and trace
elements--an overview. J Trace Elem Med Biol. 2012;26(2-3):149-152.
2] PEREZ RA, SEO SJ,WON JE, et al. Therapeutically relevant aspects
in bone repair and regeneration. Mater Today. 2015;18(10):573-589.
[3] JEFFERIES SR. Bioactive and biomimetic restorative materials: a
comprehensive review. Part |. J Esthet Restor Dent. 2014;26(1):14-26.
[4] JEFFERIES S. Bioactive and biomimetic restorative materials: a
comprehensive review. Part II. J Esthet Restor Dent. 2014;26(1):27-39.
[5] CHEN J, ZHANG X, CAI H, et al. Osteogenic activity and antibacterial
effect of zinc oxide/carboxylated graphene oxide nanocomposites:
Preparation and in vitro evaluation. Colloids Surf B Biointerfaces.
2016;147:397-407.
110180

P.O. Box 10002, Shenyang www.CRTER.org

6]

[

8]

[0

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

AN S, GONG Q, HUANG Y. Promotive Effect of Zinc lons on the
Vitality, Migration, and Osteogenic Differentiation of Human Dental
Pulp Cells. Biol Trace Elem Res. 2017;175(1):112-121.

TANG Y, CHAPPELL HF, DOVE MT, et al. Zinc incorporation into
hydroxylapatite. Biomaterials. 2009;30(15):2864-2872.

STORRIE H, STUPP SI. Cellular response to zinc-containing
organoapatite: an in vitro study of proliferation, alkaline phosphatase
activity and biomineralization. Biomaterials. 2005;26(27):5492-5499.
SANNAA, FIRINU D, ZAVATTARI P, et al. Zinc Status and
Autoimmunity: A Systematic Review and Meta-Analysis. Nutrients.
2018;10(1):E68.

PARK KH, PARK B, YOON DS, et al. Zinc inhibits osteoclast
differentiation by suppression of Ca?*-Calcineurin-NFATc1 signaling
pathway. Cell Commun Signal. 2013;11:74.

PARK KH, CHOI Y, YOON DS, et al. Zinc Promotes Osteoblast
Differentiation in Human Mesenchymal Stem Cells Via Activation of the
cAMP-PKA-CREB Signaling Pathway. Stem Cells Dev. 2018;27(16):
1125-1135.

XIAO DQ,YANG F,ZHAO Q,et al. Fabrication of a Cu/Zn
co-incorporated calcium phosphate scaffold-derived GDF-5 sustained
release system with enhanced angiogenesis and osteogenesis
properties. RSC Advances, 2018;52(8):29526.

PINA S, CANADAS RF, JIMENEZ G, et al. Biofunctional lonic-Doped
Calcium Phosphates: Silk Fibroin Composites for Bone Tissue
Engineering Scaffolding. Cells Tissues Organs. 2017;204(3-4):
150-163.

RAZ M, MOZTARZADEH F, KORDESTANI SS. Sol-gel Based
Fabrication and Properties of Mg-Zn Doped Bioactive Glass/Gelatin
Composite Scaffold for Bone Tissue Engineering. Silicon. 2018;10(2):
667-674.

LIU YJ, SU WT, CHEN PH. Magnesium and zinc borate enhance
osteoblastic differentiation of stem cells from human exfoliated
deciduous teeth in vitro. J Biomater Appl. 2018;32(6):765-774.

LIANG D, YANG M, GUO B, et al. Zinc inhibits H(2)O(2)-induced
MC3T3-E1 cells apoptosis via MAPK and PI3K/AKT pathways. Biol
Trace Elem Res. 2012;148(3):420-429.

HU JY, ZHANG DL, LIU XL, et al. Pathological concentration of zinc
dramatically accelerates abnormal aggregation of full-length human
Tau and thereby significantly increases Tau toxicity in neuronal cells.
Biochim Biophys Acta Mol Basis Dis. 2017;1863(2):414-427.

SUH KS, LEE YS, SEO SH, et al. Effect of zinc oxide nanoparticles on
the function of MC3T3-EL1 osteoblastic cells. Biol Trace Elem Res.
2013;155(2):287-294.

SHEARIER ER, BOWEN PK, HE W, et al. In Vitro Cytotoxicity,
Adhesion, and Proliferation of Human Vascular Cells Exposed to Zinc.
ACS Biomater Sci Eng. 2016;2(4):634-642.

LIU MJ, BAO S, BOLIN ER, et al. Zinc deficiency augments leptin
production and exacerbates macrophage infiltration into adipose tissue
in mice fed a high-fat diet. J Nutr. 2013;143(7):1036-1045.

BALTACI AK, MOGULKOC R. Leptin, NPY, Melatonin and Zinc Levels
in Experimental Hypothyroidism and Hyperthyroidism: The Relation to
Zinc. Biochem Genet. 2017;55(3):223-233.

RIS A 2 B0 N R 1) 78 O 40 AR SR SR i 23 PR B2l [ 3],
7622 2%,2018,40(8):928-933.

YEme s, BUET, IR, A A A N V) S T A e G G B iR LA
R ARSI AU [3). A4 R E AR 2013, 9(2): 81-84.
JAFARY F, HANACHI P, GORJIPOUR K. Osteoblast Differentiation on
Collagen Scaffold with Immobilized Alkaline Phosphatase. Int J Organ
Transplant Med. 2017;8(4):195-202.

UDEABOR SE, ADISA AO, ORLOWSKAA, et al. Osteocalcin, Azan
and Toluidine blue staining in fibrous dysplasia and ossifying fibroma
of the jaws. Alexandria Journal of Medicine.2018;54(4):693-697.

DE FUSCO C, MESSINA A, MONDAV, et al. Osteopontin: Relation
between Adipose Tissue and Bone Homeostasis. Stem Cells Int.
2017;2017:4045238.

CHOI YH, HAN Y, JIN SW, et al. Pseudoshikonin | enhances
osteoblast differentiation by stimulating Runx2 and Osterix. J Cell
Biochem. 2018;119(1):748-757.

BRAUER DS, GENTLEMAN E, FARRAR DF, et al. Benefits and
drawbacks of zinc in glass ionomer bone cements. Biomed Mater.
2011;6(4):045007.

2989



BEF, #58 KH, BET IS, K AR RURE B BETT. FEE TR AT G BRI A T AR B ik A ).
HFFHH TFEBFETE, 2020, 24(19):2985-2990. DOI:10.3969/).issn.2095-4344.2042

O I B A AR B FE R T4E M B-D
O RRERE 1, 2, 3 d, IR R WLE

ha=Sill

B 1 %B3EE 7R THEERAZS(x40)

Figure 1 Morphology of rabbit bone

marrow mesenchymal stem cells (x40)
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Figure 2 Proliferation bar chart of bone marrow mesenchymal Figure 3 Alkaline phosphatase activity bar chart of bone marrow
stem cells in each group mesenchymal stem cells in each group
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Figure 6 Quantitative fluorescence polymerase chain reaction detection of osteogenic gene expression levels in each group
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