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25 IR T (BDNF) Xt K B iR 4 22 T 4 M (1FNSCs ) A1 |
SHETPRTIRE R, iR SEH LUK RG240 M S B 5T
PG WS4y A 3 4, 4300k as G BRAH [ hFNSCs 5 B 7L
i £ FEFR (PLGA ) F1 HA L3557 ] 4R XTI 41 (1FNSCs 5
BDNF-PLGA il HA 3£3%55%) (S84 (:FNSCs 5 BDNF-PLGA
FIC R HA JKEERZRD Dex-HA H:855%) . SR ELISA 3Kl
B BDNF (W B 28 ; Live/Dead 52 346 I 45 40 h
B rFNSCs AT L ; CCK-8 AN tFNSCs 5 /K B L HE 37
Ji V1R 200 Y 5 956 A 8 A 2 e 0 YR A R [R) 4 vh
tFNSCs B b5 0L, #5588  ELISA #: 45 5 1 /R /K 88 e *f
BDNF RY#45B Al IFF2E 14 d, Live/Dead SZH 7R S2 K4
rFNSCs FAT-HUK T 25 X IR M4 (E X FR 4, CCK-8 5246
R, AP SCI Al FNSCs 403G HE 16 ik, = R A 1T
HEY(P<0.05), MR aLs 1R 5o axt
R ANARAEX HR 4 A Lb , S0 2 7K 358 e e R AP RE /2 30 +FN-
SCs eIt or ik, /b ) 2% I B 4N i i) 431k, 22 A 42
BN (P<0.05), &6 R HA KER TR BDNF 1]
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FHETF
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PR, Bogfme o8 4

IR X HA #1700 B, & R ik (adipic di-
hydrazide , ADH) XF HA & 1fi, 4% J5 5 #1 B W ( dex-
tran, Dex ) H2 4%, i P14 #fF 28 5 3% K+ ( brain-de-
rived neurotrophic factor, BDNF ) J& ¥ H& i 14 3 46
e TR AE A R B AT DU b 28T At e 3 5
U ESY I BN URA ORI I 7 A S (2ol I ORS E A R E2
T SR, BDNF 2 52 1 J | AR HfE O 45 4 300 0 1
PR BRFLIR ZEERR [ poly (lactic-co-glycolic acid) |
PLGA |/E ]y 32 45 4 i PR ) R il 284K, e AT AU 4 7
24 PR A T S LA PR ] IR A o
TR HA K EBE 45 B BDNF 9 fU3R 858, 1 5,
BNDF . 7E PLGA 3k il % BDNF-PLGA {3k,
SRJE I R HA 50RIEFTIR S , JE A BDNF-PL-
GA/Dex-HA TERE , foe o 3 R UG 1 28 1 41
(rat fetal neural stem cells, rFNSCs) 5 BDNF-PLGA/
Dex-HA 4 ¥piE 55 32 % vFNSCs B9 4 K o4k K 3
THIEEM

1 HR5HE

1.1 WK DE 2 14 d 1Y Sprague-Dawley
(SD) KR 3 H, s ,300 ~320 g, HZBERIK
SRR SEE LUK BUMG T 41 i S B
FEME KGR 4R 3 UL 25 AN IR YL FNSCs 5
PLGA il HA 5535, S8 X IR 4H & rFNSCs 5 BD-
NF-PLGA il HA L8555 ; 5255404 rFNSCs 5 BDNF-
PLGA F1ek K 11937 B B R /K SE R D Dex-HA FER5 5%
1.2 FERFIEMIEZ HA (A TE L5 ~
2.0 Mu, fBM 59, =99. 5% ) W [ 1L AR R Fi ik A= 4
BHEABRA S BRAE S A BB, 5256 T FH 9 BDNF
FlvE il B2 4 ( NalO, , =99% ) FI & 1k 8k 7S K &9
(FeCl, + 6H,0, =98% ) ¥ H 35 [# Sigma-Aldrich
vwl . DMEM/F12 353258 B27 R 4 i ( 36 H
Gibco 22 F]) ; KB K A F (epidermal growth factor,
EGF) B84 5 21 4k 41 g A= 4 [N - ( basic fibroblast
growth factor,b-FGF) ( 3 [E Pepro-Tech 2\ Al ) ; #4
F1( Nestin) Z 58 PR  E Wi Alexa fluor 488 (3
[E Abcam A H]) 5B I & 8 A (B I -tubulin ) B 7 f
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P B I 5 20 AR 5 1 B 1 (GFAP) 2 S bt
PN/ 58 Ji [ 240 Jf A 5 4 3 1 ( CNPase ) 5 o T
1K (ZE[E Chemicon 23 H]) ; i Alexa fluor 594 ( 35
Sigma — Aldric NFED ,j(ﬁ ELISA i3 & (dt 5
RIEFRHEABRA ) ; 407G A7) £ ( CCK-
8) ( H A W= AL A W58 Fr ) 5 B AR AX (3 [ Ther-
mofisher 23] ) 3 8] '8 2 W AlEE . BX-51 S G i
%% ( HAS Olympus Corporation A F] )

1.3 BDNF-PLGA f{3KBIE M 4% 200 mg PLGA
(75725 %3 Fim 14 ~ 15 ku) VB MRIE 2 ml 1) 50 F e
W10 wg B BDNF 3 T 1 ml 4= 1035 A& K Fish
WRORA . KRG 6 10 ml BLIHEE(PVA,1% ) &
A SR A W b RS, A 80 ml PVA
(0.3% ) Pk 12 h DARBR W ke, & MFLIR
WHZR K Ve T, B0, R T8, 15 3] 7148 BDNF
) PLGA 3K .

1.4 F|HEEYE(ODex) B /=4 % HA-ADH WM&
B ODex BJ/=4 8 1 g Dex 3T 20 ml 2B /KH,
JIA 2 ml NalO, (100 mg/ml) , T-28 e+ 52 1
12 h, SRIGINAC ZFELe b I N, B T A i i I &F
BEE(BESTRNT ~12 ku) EEETKkPSE
B3 d, ZJa s TRAL L,

HA-ADH 94 18 K 100 mg HA %% T 25 ml
UK BN 8 {5 1) ADH, #1441 4 h,
100 mg EDC #1 132 mg HoBt ¥ f#7E 2 ml 1) 50%
DMSO W, B U FE I R HE AT, S P I Pk AT %
HA JEA7 &4, 1 HA-NHNH, %5 pH 2. 6. 8 £
LRI 4 h K pH PR 7.0 SEMIZ N, B 7E 100
mmol/L NaCl .25% EtOH/H,0 F12 8 7 /K b iE#r 3
d, =50 CZAF T %% T8, 15 75 T 1 HA-ADH
1.5 #3% BDNF-PLGA/Dex-HA % BDNF-PLGA/
HA 7K K 20 mg BDNF-PLGA #ERIIA 1 ml
2% HA-ADH H10. 5 ml 6% ODex IR & W H, %52
PRSI, UL 24 FLARAE N IR TE AL, 6l 5% BD-
NF-PLGA/Dex-HA JKBERSIAIAGE . [RIRERY 04
BDNF-PLGA/HA /KEE
1.6 rFNSCs W B EHFRETE 1FNSCs 4
B B Sprague-Dawley (SD) K EUH 10% 7K 5 &S bk
PR, 0 B A% B Hh R BRAR M J2 JBl A T0 1
DMEM/F12 535204, 89 TR A 2N 87 7 1 mm®
KN BEE T8 0%, D-Hank ” s BUEUE 2 . 4R
Ja A 0.25% ) trypsin-EDTA 1 DNAase 100 pl F
37 C F AL 10 min, 0 A BG4 78 21k AL, 51

WA I B WRAT , SR Al 200 H 8 I il o B 20 i
WOBEVEAE 1000 t/min 20> 5 min, 3545 FNSCs
Ja AT IRAR S AR AR 5%

rFNSCs 55 3% . #5432 19 rFNSCs 422 Fb 78 5% W [t
R b, A4 2% B27. 20 ng/ml EGF Al b-
FGF ) DMEM/F12 ¥i5# i d &, # T 37 °C 5% CO,
ANMEEEFRAE R 7 d D 103 ~4 WA, T
i — DS

tFNSCs %558 B M ZLIRCE R R A 0. 1% 2R
R AN Nestin (#12 T A AR EY)) BB F I
FHATE AL Ak 7 Y 8 7 1L 0E AT tFNSCs (588 . 14K
SNAARET I A DMEM/F12 5 2% B27 (45343553
ForAe 3 d, A M S E P 0T
1.7 JKEEREH BDNF B9FER  H ELISA 0%
BDNF fi4 B i £, f tFNSCs 4% T BDNF-PLGA/
Dex-HA 7K #E ¢ S B2 /Ry 5255 40, F% 100 ml BD-
NF-PLGA/Dex-HA 7K & & it A 2] 10 ml JC# PBS
o H IR ELISA BRI S Ul I TR I, 7R E
PIETE] A (1 ~ 14 d) BERWURFEA R LI, 1T R
BUREHCR . K vFNSCs #2F4T BDNF-PLGA/HA 7K
JIE S B A Ay 25 A Xt B AL, I A A ) B[R] A6
BDNF ¥, A Sy dE i 3 Wk, BUREAS B[] s
3 ANEEREE
1.8 ABEIBIASEIE o =4 A K BRI AR M T
EG AN KBS 196 fLAR, 2Bl A % 1
XTRRZH A0t HEZH 52 50 2H K BE RS 50wl 2 96
FUB R B xFNSCs 4145 1 x 10° 4~/ ml (1)% B /b
T 96 fLM . 7£37 C 5% CO, FEFMPEFR1 .3,
7 d J5 K CCK-8 57 #% I8 10 wl/FLm A 21 55 55 b
HIFAE 37 °C 5% CO, &AM FFE 4 ho BEbR{N &
FUAH VA TR AE 450 nm AL AW EIE (A) 1E,
1.9 Live/Dead k3¢ >R Live/Dead SZ50AGIIAS
[FIZKBEHE H rENSCs [T 7 T 50 R 4 1) 8
i o3 RS T IR, SR 5K 1 x 107 4~ tFNSCs
FhAE TR |-, 76 37 °C 5% CO, £F FRi IR 72 h,
HI 2 pmol/L Calcein-AM F114 wmol/L EthD-1 ey
FREE PR IR R Y6 30 min, 2RJ5 PBS MR 2 WK, FESE
B U L 45 2 5 M 2 foh 1 240 P A K O
T 4 M S AR BRI IR LA,
1.10 KERFHETHBOSLEBENEE HiE
1 rFNSCs 78 =2 KBRS HP YA AL RE B | B 7E = 4K
B B 5% 7 d 1 1FNSCs F 4% H S == IR [ 5E 30
min, 5 JT1 & 0. 1% Triton X-100 [ PBS 1% 1% 15
min, £ 5 1% BSA E i3I 2 h, A —4$T rFNSCs
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PRAEY) Nestin HTHR(1 ¢ 250) Fzoohr&) g1 -tu-
bulin FUA(1 = 100) L B4 bR &Y GFAP $T
& (1:400), 7 % B T 4 M #r 3 4 CNPase
(1:200), T4 CHEFH, FEaH PBS ¥E¥ 3 K
Ja, o i ZH il £ 35T B 1gG B EX Alexa-Fluor488
(1:500) AL HL R 196 (1 : 800) M EE Alexa-Flu-
or5394 (1 :500) —Hr = HEHOLIFE 2 h J5, H DAPI
Pt A% IS ISR AR AR AR U

1.11  SEitZR40IE 1 SPSS 22. 0 e b 3%
P B R v 25 RoR, R E 250
(ANOVA) 454 1LSD JE i 46 i i F K F, P <
0.05 R EFAGI L,

2 FR

2.1 JKEER® BDNF BIRERL /KEEH T BDNF 1y
REHCINTEL 1 B7R S50 20 W0 R A /K BE I 5 45 0 ) TR
K BEISA AU 14 d PR FRRSL B A b, X
PRI KEERE Y BDNF B 4 7] 43 = AP B, 5K
B2 K BERE Y BDNF B2 T 6 d 4k E %2
B RRIEE] 20.07% o 57 ~ 12 R, R 5L BBk
BRI SIIEIN 5 12 KA S BDNF (1 BB HOR
KE]86.97% , TE5 13 K555 14 X, BDNF [FL
PR HR -2 8 88. 52% 1 88.57% ,#aTFHa, &=
T LN BELL K BRI , BDNF 77T 4 d MIXF R e, 5
5 ~11 K ,BDNF [REHORIE N, 55 11 K BDNF [
ARk F] 85.31% , 45 12 ~ 14 K, BDNF 1T 2 BiK
IR FPA

Al

A2

2.2 rFNSCs WEE 7eRI2A h, RZE0 B
M F LM EERIIE A K OB ST A FNSCs
YEM A RIE, 5 40 1k 27 45 SR 7R i 2 Bkt
Nestin 5 BAPE I (& 2B) | PRI i A 285K AT DL
& tFNSCs,
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i) (d)
1 BDNF HIREHg 2k

o AR xT AL
= SR

FEHCE (%)

A B
B2 rFNSCs FERIEFMEE x200

A:rFNSCs TCIfil #8595 3 d ;B : Nestin iiAGe
2.3 rFNSCs 57K 8RR K FNSCs #2 1 x

10°/ml $EH0 A =LK BERE EILIEFR ., dnls 3, 55
I3 d JRTEFAT B T WL TFNSCs BRI S, Al

Bl Cl

B2 Q

B3 rFNSCs R E G HE 5
A:rFNSCs 5755 FIX BRADKBERERE I7 3 d; B: rFNSCs 5 4 14 3 BRALK BB 36 85 97 3 d5 C:aFNSCs 15 SR 41K BERILHE IR 3 312 % 2005

2. x1 000
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DS 2H JK SRS rFNSCs AR T 25 1 0 BB 40 Fl 4%
Xt R ZH T fFNSCs 3958 %, H tFNSCs 787K BE i
TR T R PIEES  $278 1FNSCs 5K BER R
H R

2.4 YREIEFESEIE N T ITM e R W HA KEER
TE AR fE 75 S0 FF rENSC AR K TESZ B4 1
3.7 K CCK-8 kil 4 s i vhive . 45 R anl& 4 oy
7N TEAR R B85 SR [B) 25 R, SEU0 42 3 R4
JHOBEFE 15 P e T oS A IR (F =4.282,P <0.05)
557 ORI, S0 A A0 34 58 36 1 R 12 6 BTN
SR BRZH (F = 15.240,P <0.05) , H &5 14%F B 20
WE T2 A B (P <0.05) , 72 B SCI0 40 o B Y
HA JKEEREXT tFNSC 21 3 5 BAT S AR

ogr | ZEEARHEA
’ A R -
07F EESEERA %
0.6f
= *
S osf
w)
=
o 04
Fad
2 03
=3
0.2F
0.1F
0.0
1d 3d 7d

B4 CCK-8 iZ#illAREHEFFHF rFNSCs RIS R E
o P RBAE . * P <0.05; 55X A AP <0. 05

2.5 HWRFEASW  AFEAR ARG TS 3 R
H Live/Dead SZ5HEATIEAR | H b il 20 g 42 sl 2k (o
TR e, R IR BOR, 525 I R
PR, Z X B2 5 5 06 21 9 40 e 0 T~ %% B IR I
%, BSEgRdHAET- 2 H &> (B 5C)  HIL Al UL, 52
Ry ZH K BEME AT LABEAIR rFNSCs YT,

A

2.6 rFNSCs ZE/KBREFHMSLER #Eidk
P BUL AT H 45 0 B HA K BRI 4% B BDNF Xif
rFNSCs 26 1 5% Wi, I 58 31 b 2% F 40 il T oy b
o], o AT A I 4 MR R o A4 2k
RZ %5 H 4350038 5 0 2 e R SRk A B I -tubu-
lin /D5 Ji2 o 40 8 4 53 1 B 19 CNPase F12 TE JI2 TR
YRR S PRI BT AT 4R PR 2R 1 GFAP 1 BHPE R IR 4L
HRPFAY 525 0 BR AL R A5 10X BR AL A L, S 56
20 B -tubulin BAPER T8 (F =30.418,P <0.05) |
GFAP PHIER AR (F =28.381,P <0.05) , H A
WEZH 45023 1 W B4 GFAP BHE KPR (P <0.05)
=21 CNPase FHME RS 22 5% oG T4 5 L ILIKE 6 |
7, AT, SO0 o B HA /KEER 2B BDNF 1]
DAHE 5 rFNSCs a1 #2043k, FEAR 1] ST 1 S5 4
A3k, kT 1] 2 5 Je o 4 S 1) A A R R TG I i 2

=1
Jto
3 itig

H T A 43 X el ] AN R Y B 5, 2 1R
YR TORIR BT B, M 28 R 48 oA AR 22T
HIBE R RyE = | DA Kt = & 3 1 28 R
F, FECEBERUG A BORY TR AR H A,
FEUPE AR e D REIR R O T A A T AR A A AR
PIRERE R 2 55 R F A (LS R R
ALY T2 | SRl Y A M R S Rl ) PR 2 SR
TR A BRGS0 5 #h Z ook, (ARt T
T UM EAT Z m oAkt Re ™ UL R SRR Ly
FRAE SRR, s 57 D U mT LAt 2 240 114 73
o, IR = B ISR R AL AN 1 P A

FKAFSE Y R HA Zad (b2 181 ) 5 Dex
FEREAT LAREAR HA A 5 A 2 B2, 7 e HEALAR P i
S i A 2 AN B R R RE , D 4 I PR L T B AR Y
BB B A K RO

B C

E5 AEEFIREDR rFNSCs ZIHE/ LKL E x200
A 1FNSCs 555 (U0 BRAUKEERCEE 95 3 d; B rFNSCs 5454 % IRATK BERL LRG3 3 5 C.rFNSCs 55050 4K BEAC 3B 9% 3 d
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AR IRA

SAPRS A

S

B 6 AREIFEH rFNSCs ML RERRIER B x400

BIII-tubulin
GFAP
CNPase
L B SPyGHE
L B SRS iGEE
S0 s
40
- *#
X
30t :
i—‘J *i#
A
(N
= 20
g
10
0

BIII-tubulin GFAP CNPase

E7 FREE% rFNSCs S LB
Has xR H# . * P <0. 05 ;5 50 BA He s . #P <0. 05

P 2B R R -] DA R i R T AT R (R
#h7S F . BDNF S& A4 5250 h B i FH i pil 28
BFRHET, W R0, SNEYER BDNF 1] LUJE iF
FAGFROLH S ) PR BER IR B, DA RS S A
N2 TG 5 . PLGA 1 3245 il 40 Jfd [F 1
FERCERAA , Be AT R R A M R i i M AR RS
ek R % HA (Dex-HA) 5% BDNF B HIKEE &,
BDNF 7E /K& BB s e /R 52560 41 1 BB CR
TEFF Ui By B A e 0 B Be s ARG T 2% 110 BREH 1Y, 33X
H T M PLGA fEkH Bt BDNF J&5 , BDNF MUK EERE

FEF AL, TSI ALY Dex-HA FHXTF 5%
PEXFRRAL Y HA BRRE , RS Bk ik, JIr LA SE 56 2 AH
X A5 X R AE 1 0 R R CRAR, J5 1 Bt
o . HSCu4H b BDNF BB, 76 1T b 15 B
B R, 76 5 W B BB AS R, vT LI U
SR DR B A i e R A A 4 T A
(AR RN TE R 84T RO B . B rFINSCs 452
B = KB IR TR 3 d JEE IR B B8 T SR oFN-
SCs MROUIEZS , AT WLSE 40 v rFNSCs AHXT 45 X
WEZH F %) BR2H v TFNSCs B £, F BN 2
S 7K 35 i AR X AR R EL AR T AN B G B, TT DL 4
rFNSCs $#2{—A> RAF i AR KA SE . [RIErl LG
| vFNSCs 7E/KEERS P AN ZE Y T RAFRIES , 57K
B BA RUFRIAHA M, 16 CCK-8 4 ffg 3 5 55 5%
o SEBR AR XS T2 X BR 25 25 X RE AT WOl
I (P <0.05) , # B A A 58 i 1 % 9 BDNF-PL-
GA/Dex-HA "' tFNSCs 1475 74 2 5 F7£ BDNF/HA
JKEEIRE A BDNF-PLGA/HA /KEEREH 1), Live/Dead
S5 % B S0 A AR X245 G IR B A A B A mT
PAS/ vFNSCs P81, £ 55 A% 7, F 2R UE Dex-
HA FHXTF HA Rl B Z T, LA e Bkt
2N A R RERS I T, R oFNSCs 4210 THRE R
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Effect of modified hyaluronic acid hydrogel controlled release of
brain derived neurotrophic factor on growth, differentiation and

apoptosis of embryonic neural stem cells in rats
Wang Zhen, Zhang Xianglu, Li Yang, Ruan Mingxuan, Huang Fei
(Dept of Orthopedics, The Fourth Affiliated Hospital of Anhui Medical University ,Hefer 230012)

Abstract Objective To investigate the effect of modified hyaluronic acid ( HA) hydrogel-controlled release
brain-derived neurotrophic factor ( BDNF) on the growth, differentiation, and apoptosis of rat embryonic neural
stem cells (rFNSCs). Methods The experiment took rat embryonic stem cells as the research object. The experi-
ments were divided into three groups, blank control group [ rFNSCs co-cultured with poly (lactic-co-glycolic acid)
(PLGA)and HA] |, conditional control group (tFNSCs co-cultured with BDNF-PLGA and HA) , and experimental
eroup (rFNSCs co-cultured with BDNF-PLGA and modified hyaluronic acid hydrogel that is Dex-HA). ELISA was
used for detecting the release curve of BDNF in the controlled-release scaffold. The Live/Dead assay detected the
apoptosis of TFNSCs in each group, CCK-8 experiment was used to test the cell proliferation activity of rFNSCs after
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HT Monaco i} XI RS e/ 127 ifn B BLH
ponEe AT g e [ AL T

KB RITZEN? SRR SRR X R A

FE B® EITET Monaco 1% £ 4t 1Y 5/ F B 16 X
( MISA ) 7€ 5 2003 0 25 A 5 07 3 3 vh iy e e 15 8 1, DA AR
B SUE RO RIESE, Ak RUEEEE 10 BE SR
B #H Monaco JAY7 TR R S8 1R T [ FAN 59 HF 0 25 0
SR, MSA 43519 1.2 4.10.20.,50 .80 1100 cm® , &1 H
HARE) 8 AT IR, LA MSA N2 em® BITT IR o R
2, HeRHAth MSA B EAE RO R, 26 AL Ak B b e gk
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coculture with hydrogel. The differentiation ratios of rFNSCs in different groups were detected by immunocytochemi-

cal staining. Results

ELISA result showed that the controlled-release scaffold could release BDNF for 14 days.

Live/Dead result showed the number of rFNSCs apoptotic in experimental group was less than blank control group

and conditional control group. CCK-8 experiment result showed that the cell proliferation activity of rTFNSCs in the

experimental group was showed stronger survivability than blank control group and conditional control group. The

difference was statistically significant( P <0. 05). Moreover, immunocytochemical staining showed that the experi-

mental group hydrogel could promote the neuronal differentiation of rFNSCs and reduce their differentiation into as-

trocytes in vitro compared with the blank control group and the conditional control group. The difference was statis-

tically significant( P <0.05). Conclusion modified hyaluronic acid hydrogel controlled release brain-derived neu-

rotrophic factor can promote the growth and differentiation of rFNSCs and reduce their apoptosis.
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