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[ ABSTRACT] Aim  To investigate the effect of recombinant human vascular endothelial growth factor-dextran-poly-
lactic acid-glycolic acid ( VEGF-dextran-PLGA ) sustained-release microspheres on promoting angiogenesis in ischemic
lower limbs of rats. Methods VEGF-dextran-PLGA microspheres were prepared and their morphology was observed by
scanning electron microscopy. The drug release properties were determined by ELISA in vitro.  The fibrin gel loaded with
VEGF-dextran-PLGA microspheres was injected into the ischemic lower limb muscle of rats, and histological and immuno-
histochemical staining were performed 1 month later to evaluate the angiogenesis. Results VEGF-dextran-PLGA mi-
crospheres released VEGF in vitro for more than 4 weeks. They could significantly increase the density of capillaries and
a-smooth muscle actin-positive blood vessels at the injection site, and promote the mobilization of CD34, C-kit and VEG-
FR-2 positive cells. Conclusion Intramuscular injection of fibrin gel loaded with VEGF-dextran-PLGA microspheres

is an ideal therapeutic angiogenesis method.

PR R i 47 J] e i 1 LA s R 30 O A
ERERBLU S e LU 0 1507 AR,
FEEE R S A0 A T R, 0 e UBCR BUE TR
WU, B T AT AR R A JE A AR TSR RS
PSP AR S — A A SR R T T ik, BRI

[WFEBH]  2018-09-30 [1EE A

FHEA I A A T A 40 A= 4 PR B R R PR R
178 A B L= E

1L PN J2 A2 4 A F (vascular endothelial growth
factor, VEGF) 7F Ifil % PN 52 20 MY ( endothelial cells,
EC) iR IFE A e == R /E ], Bl

2018-10-31

[(BEE€TB] ERARFAEEIH (81460083) ; V174 A FHEIT A R B4 5E 6 5T B 9T H (20141BBG70032,20152ACB21026

#120142BAB215034)

[MEE®AA]  XISMk, Wit A B BE I, BT 5% 77 1) 9 8 LIS, E-mail 2 550456206@ qq.com, T8 {5VEE MR L, @l F4EEE
Ui, B 5T A S B9 T ) A LA AR S I TR | E-mail SN ¢f970422@ 126.com,



24

ISSN 1007-3949 Chin J Arterioscler, Vol 27 ,No 1,2019

DAVE - A8 A8 i, At 2 =6 40 I A8 90 F) 5 A R ok
T AEARF B 52 J T8 2H 2L S RN 38 FR Bk 4, b )
FRERIAL,  E T, R B R H SRS R )
Wee AV 1) s 20 T AT RHR & 45 20 VEGE Y25 22 B &
Gt CL4) 1z 10 FH T R 0P i A8 e IR ST IS
N, K EE e R £ B ( polyethylene glycol
PEG) RFLIR- L BERR [ poly (lactic-co-glycolic acid) ,
PLGA | F178 5% ( dextran ) 451400

/N aURR AN R B A RURA =
Y, e 28 92 B 2R G0 2ok AR v ik il K-S R
TR T 75 5y RS AR PE . R AR B R Y R
ARGV 38 255 e S I v s dg e
5% IR 5 R AE-PLGA TolBk 7 il £ 2o A v m]
DAV B R R SR AR B AR M R AR T 5 R
PRIE ) A I AE A B AR A PR - SR OB 2R LR
£ % ( VEGF-dextran-PLGA ) f3K , ' Ho 3 5 T KR
SRR BUILP P, PR HAR M 4R R SOR

1 #etfFnrik

1.1 VEGF-dextran-PLGA I EkY &I &

#1:5:50 89 &t E 4 K K VEGF 165
(PeproTech) A \ %] % ¥ ( Sigma-Aldrich) 2 3 7. —
B (Sigma-Aldrich) % & #,F 0 °C .1 500 r/min #
#60s,-80 Cit, KT 24h, FZ&FKEEKAE
THAREXPEG, AE AR THE24 h, FHREEH
— AW, 15 % VEGF-H B ¥ &R .

¥ VEGF-# R ¥ B4 fm X & H PLGA (15%),
w/v) (Sigma-Aldrich) # — 4 ¥ W& R F , B 4] Ja
HEMNS EEREAROEE (1%, w/v) (Sigma-
Aldrich) #2 NaCl (5% ,w/v) (Sigma-Aldrich) #7384
WA, W 60 s R AT % VEGF-dextran-PLGA 1%
AL, ¥ BN 200 AR 8 NaCl (10% , w/w)
BARF, T4CHFEIh BBk, REAEET
Ak & BB, & B R T 24 h, % R VEGF-dextran-
PLGA %3 & A .

1.2 VEGF-dextran-PLGA Bk sh43 1

REEWMK, 2T REKRE, %45 HAAH
A H AN Fr kK, B 10 mg VEGF-dextran-
PLGA # 2% T 10 mL =4 ¥ % ,12 000 r/min &
5min, k& F#E,EE 3K, FILIENE VEGF-A %
W b, V& T PBS, Al VEGF ELISA & 7| & ( R&D
Systems) MM & VEGF W F , k@ #H % (%)= (%
K VEGF # 4 &/ 3k # 4% N VEGF Wy & &) x
100% ., ¥ 20 mg VEGF-dextran-PLGA % 2K % T 1

mL 4% B 7 7% [ 20 mmol/L pH 7.4 PBS,0.02% (w/v)
EAMA]IF,BET 37T CHERK,F2 RBHE1 X, K
J& AT B B % B, |l VEGF ELISA X 7 & Il &
VEGF iR & , % | R AR %,
1.3 TREERIN B4R B il & & 53 42

HE SD A R (6 A ,200~250 g), B 5 E 4
AL (60 mg/kg) YEAT FREE, 72 18 IR 74 41 B8
4 sl Jik e R B ik FE 18 4 I B Bk AL R 6-0 2 & SR AL,
REVIBERBF I, 24 h 5, MMl W = H(HF
12 R ), VEGF-PLGA #1. K R & i T B L E 3
# VEGF-dextran-PLGA {3kt £F 45 & & I (7 N 1R
200 wL, VEGF 70 pg) ; VEGF 41 . ilLiE 4 VEGF ty
S 4R B IR (7 NERFR 200 L, VEGF 70 pg) ; PLGA
4. ALIE B B AE-PLGA Bak 4F 4 & & i
1.4 HALAZFEMEEALDLZER

EWRITIEWE S KA 28 KA T b 4, BUA M
WRALA L, % R F B EE,0CT &3 ,4T 6 um K
FY ko YK AT # K HE-F 20 (hematoxylin-eosin,
HE) % & B LA 85540 5 70 IR e ot ik ol 2 g 2t
ERANERMNEHDEN LB, A o F AL
31 & B (a-smooth muscle actin,a- SMA) % % 7 [& 31
K ( Abcam ) 4T %, 9% 41 b % % & 4 Ml o-SMA A £
mE, BHABEAUTHEN AR NE L6,
CD45 .CD34 C-kit #r f & P % 4 K B F % 1K 2 (vas-
cular endothelial growth factor receptor 2, VEGFR-2)
Wy R P — B0, B9 7 40 B A% B0 R (proliferating cell
nuclear antigen, PCNA) # f J& % — 41 ( Abcam) , iz
JH Image-pro Plus 2% %t 40 81 | 242 8 09 & 28 o
BB ( R 4 B LA 4 SR Fr a-SMA T i
B (a-SMA P VM & BB g #) 4T 2 &
A o
1.5 Sit=FHiE

B SE 3 #K 4B K xxs KR, HB 3T B AL BN R
XABHEFEZ0N AR KT HANLKRXA + &
B, ML P<0.05 7 H Gt F & X,

2 & R

2.1 VEGF-dextran-PLGA #3k {431t
VEGF-dextran-PLGA f#3R £ G H, FLAEZY 40
~100 wm( & 1), FLE 4N (85.024.1) %, TWIKIK
HINFELRETR VEGE 81t 4 J&, 2B &N 89.7%
(E2),
2.2 VEGF-dextran-PLGA BB &£
BT IR 5 K, WUEH U0 PE W iR i e (5 25 3R



CN 43-1262/R " ESHKAE L 243 2019 4557 27 B4 1 1 25

BANME G E A (K 3), VEGF-PLGA 41/ E
YIS B BE[ (2.25+0.40) /fiber ] & 5 T VEGF
ZH[ (1.85+0.30) /fiber ] Fl PLGA #H[ (0.92+0.30) /
fiber ] (P<0.05;% 1),

AJEHE 28 K, g H AU 2= o-SMA FHYE I
BN, o-SMA FHE ) B2 M A5 B e A (&1 4)
VEGF-PLGA 4 a-SMA FAPEIM A2 L[ (0.48+0.13) /
fiber | B % % T VEGF ZH [ (0.12+0.05) /fiber ] Al
PLGA #4[ (0.09+0.04) /fiber ] (P<0.05;% 1),

2.3 VEGF-dextran-PLGA fBEK{R 3T/ H4ERIZI R

HITIEHSE 5 KOMALY /17 HE L4, VEGF-
PLGA 4 WLZH 2T e H e 4] e R o B B ) K R A iR 12
T(ES) . AT s S92 4 A A0 R R, FHAR 6] A9
PrikE T g 2k 2E g 5, & B CD4S FHM: 41 i
B FRAIE R MR N BN MR, X R
T P 4 L P A 2 4 i 4 5 4 O I AR 12 9 PCNA FH
P, A L6 «-SMA Fric 2 BHPE, F 2 CD34 | C-kit 1§
VEGFR-2 fHI: (K 6)

1. FLRAGRMAEALRMEZE (v+s,/fiber)
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s 4 BAMMAAHEE  o-SMA BHE 5%
PLGA 2 0.92+0.30 0.09+0.04
VEGF 41 1.85+0.30" 0.12£0.05
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Figure 1. A scanning electron micrograph of VEGF-dextran-
PLGA microspheres
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Figure 2. In vitro release profile of VEGF from VEGF-dex-

tran-PLGA microspheres
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Figure 3. Alkaline phosphatase staining in muscle(200x)
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Figure 4. Immunohistochemical staining against a-SMA in muscle( 100x)
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Figure 5. Staining with hematoxylin and eosin (HE) in muscle( 100x)
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Figure 6. Immunohistochemical staining with antibodies against CD45( A,200x) , a-SMA ( B,200x) , PCNA(C,200x), CD34

(D,200x), C-kit( E,400x) and VEGFR-2(F,200x) in muscle
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