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Abstract Objective: To study the effect of Zein/PLLA co-axial electrospun nanofiber scaffold with sustained release of
bone induction factor on the osteogenic differentiation of bone mesenchymal stem cells (MSCs). Methods: The core-shell
coaxial electrospun scaffolds containing bone morphogenetic protein-2 (BMP-2) and dexamethasone (DEX) were pre-
pared,and the core-shell structure of the nanofibers was verified by transmission electron microscopy (TEM). The prima-
ry MSCs were isolated and cultured, and the adhesion and growth of MSCs were evaluated by scanning electron microscopy
(SEM). Osteoblast differentiation and mineralization were determined by Alkaline phosphatase (ALP) activity and quanti-
tative assay and Alizarin Red S (ARS). Results: MSCs showed osteoblastic characteristics after osteogenic induction and
differentiation. TEM observed that the nanofibers prepared by coaxial electrospinning with zein and PLLLA as raw materi-

als had a complete shell core structure. SEM observed that
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control group. Conclusion: A novel coaxial electrospun nanofi-
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ber scaffold with core-shell structure loaded with bioactive factors BMP-2 and DEX was prepared from natural biomateri-

als (Zein) and biopolymers (PLLA). It shows ECM like structure, stimulates early adhesion and proliferation of MSCs, in-

duces osteogenic differentiation,and is suitable for the application of bone tissue engineering.

Keywords :

trolled dual drug release

A TS E B s A B AU A i T
A B RS AE B T R T R S B T S R B RS A 1
SZ ARG RE SN R AL 1 10 1 O Y ORI R
(Zein) M ] —Fl K AR A= Wy b1 RE . B2 B 4T 19 A 1) % il
PERE DR L )R [l o 2 22 5 AROKE B i
Y BB R 25 k2 2 1 (BMP) il Hb 28 K 48 (DEXD) 43
NI ELE SAR S @b et e e o7/ S i o
PRV IR SR L . A S0 3 5 56 VI TS 1 40 K 2T 4
AL AR LA BT (ECVD X5 AR 450 e B T B &
A AR 1R M ZE K A 0 PR TR VE T i 4 ) S T 4
(MSCs) 4 BH 43 A T 8 2080 7 K SR 28 W) b kAR
B ST AR MR AT AT
1 #EFzEE
1.1 SE5shy)

3 A HEE SD K EL 10 H ATy 60~70 g, 14 1 3
RK 2S5 B Wy vt B A 7= VF AT IRy SCXK (G-
2013, SEER IR G SIS B S AR O E B
1.2 SEg Rl

Ao B FLIR (PLLAL T g I8 A Al 5 BoK B &
H (Zein, 8 Sigma 2 w)) 5 B & &4 H H-2 (BMP-
2. bt R R IR 2 | 5 b ZE KA (DEX, 36 [# Sigma
INFED s TEZE L (EE Sigma A F)D 5 B R EE (ALP)
et il & (Rt LA FD

bio-nanofiber scaffolds;bone mesenchymal stem cells; osteogenic differentiation;coaxial electrospinning;con-

{X(H A SHIMADZU A &D .,
1.4 ik
14,1 KEUEBE N 78 5T 400 0 40 B8 R s 32 S ME
JI ¥R A FE S W L AR TC T R ERAE & 1 ECHR R BB i
181, F PBS rhis Pk i 2 B3 WA o 04 B 5CH b S b
A HL TG, U LA AEHE AT HHR
MEEH R DMEM/F12 K32k, oh e B B s . JH e
OB BE MR . DL 1 000 r/min .0 8 min,
T 10% 1% ) L-DMEM/F12 ;32 10 mL & &4
JifL, DB T25 $5 38 b, B 37 CHEIR 5% CO, K
FRAAN . AL AR, SE 50 b CES 2 AR B 8 1] 72 5T T 2
JHL AT S5
1.4.2 & 875 05012454 04 [5) il v 95 22
YKL YL HFIER LR -2 S8H 14BSA
E o PRV iR AE 20 T8 R FL IR W W b, 4R 1% PLLA-BMP-2
W . F7S9 5 N (HFIP) % Zein,PLLA . Zein-
DEX fil PLLA-BMP-2,7£ 25 ‘C F#idE 6 h, oA 5
P S  T I ANZ IR W (Zein B Zein-DEX) 5 85 2 15
(PLLA 5{PLLA-BMP-2) LA 3:1 W B A, 163 E #
WA B (R 2 O AN 15 KV fE S R R i A [ Al i e
Yo PR AL D, 78 25 CF . M.
WA FE A% G548 N A [6) 18 53 3 SR AN TR) S 3 2H (I 1)
®1 BESLABIRAE-ZARBS

L3 S s Iy % ¥

FREE 4 T 0 B (SEM, £ [/ FEI A A ;38 A Zein PLLA
Fe B A MR (B Leica A7) ;35 94 1 T % 0085 b ZeinDEX PLLA
(TEM. [ 4 HITACHIZ i) s 8 .55 2 Bl (I 5055 ¢ zein PLLABMP2

D Zein-DEX PLLA-BMP-2
N 5 BERRAX (5 16 Bio-Rad 2 7)) 5 55 BOR AR € 1%
BOBH  TEW
HR—E= == B z:in W Bsa )BMP—Z
() LA |

YT om
|
|

1 HlEBESETFHRE REMNEHBRNILNKRTEIRTER



E PR Ak 2023 4E 5 A4 31 BB 5 Y

1.4.3  ffiJf] TEM 55 9iE 44 K £ 4 32 42 i %52 45 40 Je
YA B YK L 4E 48 TEM(H-7650, H
SRR SRR H A LS G4 K 2T 4 1 A% 5T 45 0 L T AN
KA R v 2 (5 BRI i £F 4 B AR S AR N
K 2T Y R 1 43
1.4.4 A7 B IPAR T4 38 B
HRER B TN AEYIESAEN wlai
B (SEM, S-3400N H a7 #k X &4k, H A4 M5
B ) 75 i F 40 B2 76 Zein/PLLA. Zein-DEX/PLLA-
BMP-2 %5 3 F LAY 2# R . #59% 12 h 5§
7d g A R R E K IR AR B B A TR
TR
1.4.5 Q25 22 40 K 2 4 <2 20860 B 1] 70 01 40 i
(4 BB 3 AR SR S AL 1) F 52
1.4.5.1  BEPEBSER T (ALP) &2 M5 B W7 - 76 A F
gE BV B R WG 8 Gomori Y 8 7 v 31T UL 8,
AMMIEERN S 5 d.10 do15 d F10 20 d, 3P 0 [ 2 bR A
10 min, 2R 5 7E 25 ‘C F A Gomori 5. R 4k il &
T ) 0 T A DA o ot e A o R B R L DT E i 4
T kP Tl TR g 2 35
1.4.5.2  WFoE-E 860 500 T a7 B Yok 48
DU S 0 A o6 28 20 4% o e o o0 B - FH P R 4
i N A 27 22 R R S k. 7 do14 d Rl
21 dJ5 KRERTE 4 CTREE AN Z R B RG
fE 25 CRNIBA L PR EAEW T 1 h,
BABEWET b, B0 = 10 % & Ak X b 5k
M (5 ] PG A B - DR R 48 L 47 ) K v % % 10 min, 7E
562 nm % B H FH AR AT gt F 21 g 48 O 1 IR
SR 4l 2 o mE AT .
1.5 St Jrik

KT SPSS25. 0 GE it 4R #EA T84 o3 A o T AR a4
Pl s B FER,P<0.05 ZRAEGH¥E X,
2 H#R
2.1 JRARCE B T T A0 Y o B LB 3R M

s

FH % FE AR BE B0 15 43 B R B 4 (] 5 5T T 40 i
(Py) CULIEL 2a) o I FH 00 B ok 4 3 8 1% 2 ) 8 Jo 1+ 4
JiL (PO FE KT %0 N 85 7% (OB 2b) , 41 Jit 0 B 5 4 7%
MRIBBEIE A K Bon A R K AR RS
(5 AR T Al B 5 B 15 97 3 R WL AR 40 i VY IE
FTE AT AR K i M AP T AT WS ARk 9 R
LY )5 R AT 45, R I BB 40 A Bl T
fRfE S (UL IE 200 o R 5= 5 1Y B B 1) 52 o1 40 i
JH 3 PN i 2 3 PR B R 1 - Gomori 5 4 €8 )5 41 ifd 52 3
W e fm 2T, R A0 A TS BR B R B RE h
(K 2d),

5 s i »

(a) J7I4 BE A B8 B0 B 8 K RBP4 B 7 O T 40 A i S 240 i
(x4); (b) FIMGERREZEHESRE R MBI R T As — i
(x4); (c) PERAGESTHIIMET T WL ARSI LS
(<10); (d) XM BB IEPEER B HET GomoriBE R 6, 4T R
PRI B B B A YL E (< 10)

E2 EREBEAZTRTHRERMKEFSHN

2.2 HABEEKAETA-2 A ZERR M Z-55 8 [H

Bl L 27 22 A2 ) R RL I BRI

TR 35 S5 0 WL 5% 11 25 1) 7 FRL 27 22 9K £ A S
) T i A% 25 4 S s I AR 3 1 TR S 9 K £ 4
IR IRVl 25 #e TC Bk IR, Zein/PLLA (L&l 3a) Fil Zein-
DEX/PLLA-BMP-2(800 ng) (WL I8l 3b) R &7~ H 3% &5
1) FEAZ L5 A8 AR B B 28 & A2 B -2 FH ZE R A 5
YRR LT 4 SR N AN S R TR A T AR A ) B A 4 v

AEAFRM

S 200 nm ¢, ‘2'00
(2) Zein/PLLA; (b) Zein-DEX/PLLA-BMP-2(800 ng)Z 2R
WIS ety 2 I RS- 4

E3 RmBRsLnkfETmnsHeETRASER
2.3 AL EOULEE B A) 5T 5T T AN B AE 40 K 2F 4E S

M AEYITE S SN O

BBE ) 75 R T 4 ML AE Zein/PLLA (W& 4a) Fl
Zein-DEX/PLLA-BMP-2 (L& 4b) 4l K £F 4 % 48 |- 42
flv12 hJ5 . FRIUH 60 40 I RGBT RE O o 44 UG
PER F 1 Zein-DEX/PLLA-BMP-2 I 4 1 %8 6] 75 i
T 200 i R B Y S B 2 TS S T ) I SE AR TBOR 1Y
IR (UL IR 4e) fib 7 B i ) 5 5T 1 4 I 0 2F 4 5 [n] fif
RE NSO Ry B e T B T el (e o o L T T
TE KT 4 9 R 3R 7 dJn s Zein/PLLA (LA 4d)
Ml Zein-DEX/PLLA-BMP-2 (WL, [ 4e) | 1 & 58 (6] 78
J T 40 B B B € R UL TR 4 D) b R A B KL T
B,BRA LW EHF B Zein-DEX/PLLA-BMP-2



Chinese ] Trad Med Traum &. Orthop,May 2023, Vol. 31,No. 5

DURET Y SO0 B A MR B AE L A P R R W R s T sl

B ) ,‘7}1 :};

ESMLZEMSCs S8
BMLR2NE  §

(a) Zem/PLLA (b) Zem—DEX/PLLA—BMP—Z c) Zem/pLLA(ch\ ><2 000) #k
SRR MY ASE

MSCs¥ef7 )5 B2

kY. 5.Amm 1.0k

@ ZeinPLLA (¢) Zein-DEX/PLLA-BMP-2 (f) ﬁﬁgn@ﬁ,‘ J:Bﬁéﬂ]}]@,g;%%*%
B4 AHRENRNKFELE FNEWEERFERBSEEWLL 000)
2.4 FELY 22 YK ST 2 S R B R) FE T 4 A BB G Zein/PLLA BT IR 4 (PC) (D) F1 5%
B A3 BHHIWEREE A2 WKL Y LS Zein/PLLA-
2.4, 1 QOKREFHE AR oA B A 78 BT 20 S S o Ak BMP-2 (800 ng) (d), Zein-DEX/PLLA-BMP-2
i R 8 T il 35 R S o BT R V) T T 4 A (800 ng) (e) ¥ n] LB i Y 2B e (. 5515, OF FLIRI B 7%
ff 20 d J& . #5647 Gomori 35 Y 8 (ILIEL 5A) , F FH B 7@ %ﬁ;%}ké&ﬁe Zﬁlﬂﬂ%ﬂﬂ"éﬂ’]m % 25 K 1) 49 oK

(d) Zem/PLA BMP- 2(800ng)  (e) Zein-DEX/PLLA-BMP-2 (800ng) ® ﬁzﬁﬁﬁiﬁ?%%*mhm/mm ;

PRt R 2H
(A) BBEFEE TSR EATR L EF20 dE, A ATREBRIREEHAT Gomorithi e fa,
80
70+
601 == NC (glass coverslip)
G 50 B Zein/PLLA
% 40+ B Zein-DEX/PLLA
i 304 [ Zein/PLLA-BMP-2 (800 ng)
< 20- W 7ein-DEX/PLLA-BMP-2 (800 ng)
- 0 PC (Zein/PLLA in OM)
0-
5 10 HTJ‘I‘E—LI/dls 20

(B) ¥E5S, 10, 15, 20RMBHMHEREENERSHT(P<0.05, “"P<0.01)
BS MAFESEIEHEARRTHERSSHUEHEBBREBREIMEESH (XD



E PR Ak 2023 4E 5 A4 31 BB 5 Y

L7 Y SR R R Tl A B T L AL 25 R A S
R L (P<<0.05) . 43 3I7E 5,10,15,20 d & & 530t
T W T Bl 114 2 3 (UL 11 5B, B B 1) 7 Jo 1 400 it 5 52
10 d J5 . N B4 &£ H -2 () Zein/PLLA-BMP-2 .,
Zein-DEX/PLLA-BMP-2 F1BH 14 X} B 2 94 K 27 4 57 28 |
S AT LU 5 )l 5 R ) 2 3 T L A S 5% 21 JC B
FIRTPEEREG . H R 7R T AN R 3% 15 d 20 d
Jei s AR W TR B RS R A R -2 B ZE R A Y
Zein-DEX/PLLA (¢) . Zein/PLLA-BMP-2 (d) #l Zein-
DEX/PLLA-BMP-2 (e) 4 K £ 4k i 48 i g P s 1% il ¢ 1
R, 85T Zein/PLLA R PEXT B (NO) . k45
BRAE -2 WOK L SR P B R s Rk 5 T
TN 2R Hb ZE KA S22 L T ) BSEn 815 B S & LR R -2 A
b FE K (8 209 2K £F 2 AR 00 M 8 IR Tl 3R A W 1 i T
HAb SR L 22 A Gt 2# 3 L (P<<0.01).,

(a) AHHIBEIRIC 1A Bt ne F A

(d) Zein/PLLA-BMP-2 (800 ng)

5

2.4.2 BRI ALY 09 V6 B 40 G 4 CARS) FlE i 4
Mro EBERI TSR T AN 21 d )5 . 9 K AT 4k 4R
AT R e (WLE 6 A) WU gk BB & %
A -2 FH ZE K WA 1Y Zein-DEX/PLLA-BMP-2 (e)
YK 2T A SR R W A R AL g B A 2 T
KBS KA A-2 I ZE K P FAERA T .9
K ET At SCHR I 28 0L 20 i 1 55 B S5 A L i T AN K 2T 4 52
WIS E A EER . 7E55 7.14,21 RIH W E
MR CULE 6B), Jin#84: ¥ A F 1) Zein-DEX/
PLLA(c) . Zein/PLLA-BMP-2(d) . Zein-DEX/PLLA-
BMP-2 Ce) F1BH 1 % B8 41 () Y5 5 5% 36 22 21 e €6 P Pk
SR A (O ML 5 22 T A ST R E X (P<
0. 05) , [l B fin 28 15 T2 285 & A= 25 -2 R0 Ml JE K A8 1) 44
KEFAE SIS T AEY I F I8 Zein/PLLA L8 2%
FA G L (P<0.01),

(¢) Zein-DEX/PLLA-BMP-2 (800 ng)  (f) BB SR E P Zein/PLLA

A P R AR

(A) BEERERTHEMASRAEMN F8M21 JF, MRSMERNELT ST RaRe

0.8
0.7
0.6
0.5
?ér 0.4+
=
0.3
0.24
0.1

0.0~

7 1

4
B [E]/d

21

. NC (glass coverslip)

BN Zein/PLLA

8 Zein-DEX/PLLA

[0 Zein/PLLA-BMP-2 (800 ng)

N Zein-DEX/PLLA-BMP-2 (800 ng)
3 PC (Zein/PLLA in OM)

(B) #EHET, 14, ARWFRITEPE B (*P<0.05, **P<0.01)

El6 BHEERTHRENRAEIRENSETUNETARENERSH (XD

3 e

TE I PRAZTT b B RS IE SR B2 A2 5 AR
ERCR ISR 2 R IDNRIE S 21 R 3Rl N A
£ FU B RO S R SR A AL TR
LA BB 8 S TR DR T B B T &L HA
PR B AR IR R At DX ) ) B 2 TR I K L 72

M Tz NI o S AR B AR K AT L o Rk S Gk
R B AZ PR 2 B L S S A AR
AU REAOR D B B 936 7 SR A T T k4 Y
Tr % B HUT A P AR 07 A bR A T 40 0 236 Bf 58
B I R AR I 0 R A5 A . i U TR AR
- 2H BRI ) B 5 A R S S T A L 1 2R W R AT



R s VT AR AR N AZ A 5 T A I R o AR R S TR
I P . A 2 22 HOR AT A5 TR K D 9K 2 G S
IR T B 0 AR R IR AT R R AT AR RS .
F, 207 22 AR T 46 1 — 4 0 = 2 Sl 2] DA sk R 40
17 0 A F55 240 285 BT L 35 78 2 Ak 1 A 2= Fn i 38U
T[] Al g L 2 22 T B TR AN S T R 1 TS
SEIR T AE WIS Ay R T PR RIS AT R AN ) A
WG T TN 28 T A [ £ 4 4 602 o, 38 o ok AR A 4
J2 1 JEE 0 24 40 7 R R AR ) R T I R

BT o8 3 1) H 41 80 TR 05 A2 b OREI 12 45 40 i ] 6]
B2 k7 e B L OREER Y/ R ox - i O REER Y S R S E )
FEIG PR FH e AR K B B A R AR 8 I AE
AR A AR LA 0 R R BRI I R
NP 2N T R 1 (rhBMP) 75 J5) 350 1 e B8 B
TG S 0 B AR AR 5 Jry A A80T6 7 VA A DG 1) i LA
BRI AR R . 5340 RO B 75 T S 5 b E K
FATT Y B-H Il i R L B IF il R I [R) VR F T % 3 8 i 1)
o 1 R N N R = 0 o A AN G = | N a0 s =
Rl KA (] o 26 380 A W el S R b AR g g
AT R DR 40 AN R R B A AR PV R ol e A
Yy IR B PO FR S AT 4 A= 0 AR SR i R D .

il 95 A W SR R B — s IR R E PR R
GE A AR T AR R AT S . ok B R AR A
YA B ERBEREH . ASGRRGYZ 1S4
B A vk G RE M RN AR S 2 E A A 1 L CAE 2k
PR O 2L 2R A 1) 2R A T B B AR S5 D) K
VAL EE 1 R A T SR FLIR A SRk A R [ il e v, 25 22 R
B BB V5508 1 8 B A8 kAR B -2 Rl ZEOR A T
BRSO SE- A AN R LR 42 N . N SE IR 45
A M 8 PR R DK 2T 2 SR v AL B 23 R 2 R 4 i S
FESTURE 27 4t S HR S5 A AT R T A0 AR 0 BT R A . A I A
(R 20 DK £ 2 S b e Pl ) 70 5 T 40 A S Rkt IR
R B o 200 B 1 S SRR T AN D 1] T AR ZE A, SEML I
0 5] 72 52 1 200 JfL 9 21 48 [l 4 b DR 1 40 P A2 L 2
SN b o o s S T WL B 2 o a0 1 N i
HagE T o R o R AF B AR e i . O
— 5T » Zein-DEX/PLLA-BMP-2 4 >k £F 4 37 %8 iy WL &
ARG RN R AT AR GE  H ZE KA R B R A &
AR -2 ORRE TR IE M AT b G218 KRS R
R ofE 15 B 1) 70 I T 40 B e B R4 1 1 43 fb

5 ERTR  LURAR A OB KB E B A
15 43 1A 20 T SR LR Ry JEORE I A% T A AR M i
T TG A R A B -2 R0 M ZE KA ) A% -7 45 4 1) 7 Y
[Fi) 5l 7 L 277 22 20 DK 8 24 S B8 L TF LSS L) 240 i A 5 T A
SRR ) 1) 7T 5T T 4 A R0 G B A i
Bk S A B T AR

Chinese ] Trad Med Traum &. Orthop,May 2023, Vol. 31.No. 5

S % 3k

[1] GULATI K,ABDAL-HAY A,IVANOVSKI S. Novel nano-
engineered biomaterials for bone tissue engineering[ J]. Nano-
materials (BaseD) ,2022,12(3):333.

[2] DE MARCO 1. Zein microparticles and nanoparticles as
drug delivery systems []]. Polymers (Basel), 2022, 14
(11).2172.

[3] DOS SANTOS D M,CORREA D S, MEDEIROS E S, et
al. Advances in functional polymer nanofibers: from spin-
ning fabrication techniques to recent biomedical applica-
tions[ ] ]. ACS Appl Mater Interfaces, 2020, 12 (41):
45673-45701.

(4] Do %, ik s, dk B8P 55 S i M ORHAE B BB 18 B b i1
I AW FE kLT . e 5 5 SRR AR, 2022, 15(1)
63-69.

(5] AR, =Bk B, B0, 55, R BOE SRS BHG 7 77 15 19 1
Mot )] 1IN BE25,2021,61(36) :91-95.

[6] MISCH C M. Autogenous bone is still the gold standard
of graft materials in 2022[J]. ] Oral Implantol, 2022, 48
(3):169-170.

[7] YANG P,ZHOU ], Al Q,et al. Comparison of individual
tissue-engineered bones and allogeneic bone in treating
bone defects:a long-term follow-up study[J]. Cell Trans-
plant,2020,29:963689720940722.

[8] GUO Y,WANG X,SHEN Y, et al. Research progress,
models and simulation of electrospinning technology:a re-
view[ ] ]. ] Mater Sci,2022,57(1) :58-104.

[9] MADRUGA L Y C,KIPPER M J. Expanding the reper-
toire of electrospinning: new and emerging biopolymers,
techniques, and applications [ J ]. Adv Healthc Mater,
2022,11(4) :e2101979.

[10] NAYL A A,ABD-ELHAMID A I, AWWAD N S, et al.
Recent progress and potential biomedical applications of
electrospun nanofibers in regeneration of tissues and or-
gans[ J]. Polymers (Basel),2022,14(8):1508.

[11] AMEER J] M,KUMAR A,KASOJU N. Strategies to tune
electrospun scaffold porosity for effective cell response in
tissue engineering[J]. ] Funct Biomater,2019,10(3) :30.

[12] RANJBARNEJAD F,KHAZAEI M,SHAHRYARI A.et al.
Recent advances in gene therapy for bone tissue engineering
[J1.] Tissue Eng Regen Med,2022,16(12):1121-1137.

[13] HYC A,OSIECKA-IWAN A,MOSKALEWSKI S. Could
BMPs therapy be improved if bmps were used in composi-
tion acting during bone formation in endochondral ossifi-
cation? [J]. Int J Mol Sci,2022,23(18):10327.

[14] VATER C, KASTEN P, STIEHLER M. Culture media
for the differentiation of mesenchymal stromal cells[J].
Acta Biomater,2011,7(2) :463-477.

[15] ZHANG Z H,GONG L L,LI M, et al. The osteogenic
differentiation of human bone marrow stromal cells in-
duced by nanofiber scaffolds using bioinformatics[ J]. Bio-
chim Biophys Acta Mol Basis Dis, 2021, 1867 (12):
166245,

Ok A5 8 #7.2022-11-14)



