938 FTREF 2018 F 3 A% 47T 5% 78

CBARGHE -
# VEGF %

doi:10. 3969/j. issn. 1671-8348. 2018. 07. 021

%ot PLGA TR K ZE R HIKA & & RE MR

B oL HES.F
(PEARMKES

HL iR AF B AFEFEAS
Z = v E B Rk kA, R 400000)

[(BE] BH HEAWTEMRRBALREECRERSH(PLCGA) & 6 & o A E A KB F(VEGF) % 2 # T % K k.,
T BB E BN BN VEGE 620 % kSR 8 LMk ey e, ik RN A8 A 4E 4L k4 4 PLGA #& VEGF T #3% ,i%
b3 B AR 43 4 b AL UL 3 R R AR 4P I, ELISA «%ﬂ/”%tﬁfkmk$&%*m#% GR MEMNELERIHFET PLGA
% KB VEGF MK MAR 2R U E UL AR EREBMENRMARY I EF LB E SR LAEZ 0.5~1.0 pm, 5 H
¥4, 25 ELISA#n 3k &R VEGF £ 5 o H F 55 4 3.91% F0 51.42% , R L I MEN R L L2 KM, 2% ELISA &
VEGF ## F% 2 X B ERBAMYE ., B A£0.5~1.0 ym ) PLGA &K VEGF # L EM A MA R B L E2 K H. ZEBE
AR R KRGS LB,

[XERA] LETARAEAKRE TR BHRAMB RARAL TR ERY XA EH

[HMEESZES] R944.9 [X#triZam] A [xZEHES] 1671-8348(2018)07-0938-03

Preparation of VEGF- loaded PLGA fluorescent sub-micrometer spheres and
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[Abstract] Objective
endothelial growth factor (VEGF) loaded fluorescent controlled release sub-microspheres, to understand the efficiency of micro-
VEGF-loading PL

spheres were prepared by the two-phase solvent evaporation method, the in vitro degradation of fluorescent microspheres was ob-

To prepare the biodegradable polylactic acid glycolic acid (PLLGA) copolymer. encapsulated vascular

spheres loading and releasing VEGF and to observe in vitro microspheres degradation. Methods GA sub-micro-
served by the laser confocal scanning electron microscopy. The drug loading efficiency and drug release curve were observed by
ELISA. Results The VEGF loading PLGA fluorescent microspheres were successfully prepared by using the two-phase solvent e-
vaporation method. The microspheres morphology was normal by using the scanning electron microscope and laser confocal micro-
scope. The particle size was 0. 5—1.0 pm with the laser particle size analyzer. The distribution was homogeneous. The VEGF load-
ing rate and encapsulation rate detected by the quantitative ELISA were 3. 91% and 51. 42% respectively. The fluorescent micro-
scope observed their slow degradation. The VEGF gentle release was detected by the quantitative ELISA, which showing linear zero
order release trend. Conclusion The drug loading efficiency of VEGF-loading PLGA microspheres with 0. 5—1. 0 pm diameter is
higher with linear zero order release, which can be directly observed by fluorescent light.
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cence; controlled-release

148 W 2 A K A 7 (vascular endothelial growth factor, VEJ7 B, IR Hh 2 9 0 i

» S B BR 8 B O A 5T AR 41

VEGE) S — R (4 4 75 3 I 487 A i vy 20 M 1A 7 2 L e L 4
SR P BE A 1AM e 0 R 2 F) Bl IR A L PR UG T RO R
5 e AR 3h Bkl i) AL TR AR S Tz MY .
VEGF 2 3 15 . 1A Py e fif 32 J88 DI o fl8 I A 1 D 32 380 R o
LRI 2 2R 1A Ak ke 7 8 0 f T 280 25 2 B ek L (i VEGE 72

L ZL R0 LAE T2 1Y R 2 3R RIIE 4 S8 S0 A Hh A AR
Fr—E 1y VEGF JK ¥, AT 28 57 A= S i 48 /9 T2 . il 45 /Y
AR R B B 240k ERCA WORASE L K 0.5~1.0 pm
Bk A S0 AOK BBk 0. 5 e AT AR R 0K ek . (BN 75 J5
40 ity B 7 3 57 Cacelluar dermal martrix, ADM) H1 28 B it 25 47 43
A5 S 57 H [ S5 b1 BT G2 R i IA) 2 45 6 O L o 0 2 O
RS H T EE N A OK R RR B A L R 3L R (PLGA)
R A ) 2 5 M B E 5T . AR SCER MG —F PLGA #8025 3 3Ok il

*  EETEERTAHTRITH (este2013jeyjA30014)
A B{51EE . E-mail:38169714@qq. com,

EB B 1l (1983 —

R

1 #R5H®

1.1 #ME PLGAURZKHEE : LK =50 : 5034 F & 40.6X
10* , Evonik, 8 [#) , F i FM KL E 4(LWABX021-139911, 5
gy, b E), w4 A VEGE 165 # 4 (600310, Abbiotec, 3
) . VEGF-ELISA & 7| & (ab100663, Abcam,ﬁ@]),:%ﬁa‘}(’k
(Adamas-01226780, Adamas, H E), B Z ¥ & (PVA,
0520224325,MP, 3£ [E), T25 ¥ Jii #% (IKA-Laboratechnik, f&
), LS13 320 #6HEE 43 #1{X (Beckman Coulter, 38 [H) , H.28
U T HRAL(LDGZ) 28, JL sUAR IR A 2% B, J 4 vl 7 W B
(HT7700, H 57 A A, #0064 88 4 B W 85 (LSM510, Carl
Zeiss, 5 [E)

1.2 Jrk

) EIR LRI [ L BN E W IR SRS T R M W5



FREZE 201853 A% 47 5% 7

1.2.1 PLGA #L# VEGF fekils RAZIBENEK
% (W/O/W) il % PLGA WOk ##k™ . 0.4 g PLGA % TF 10
mL & H B /E Rl AH (O),0. 2 mg VEGF Jill 2 pg G055 6 %
WF 2 mL %8 F K AER MK WL, Sh KA (W2) 2 50
mL B PVAGSY% .w/v). ¥ W1 ] A O, 7E 15 000 r/min 3#
RTFHFE 5 min 5 W1/0, R E A W2 g E 7L (W1/
O/W2) , i 1L PR E 4L 6 h(400 r/min) , &4k )l FH 2 B T
JKIE VR R T AR AR TR

1.2.2 fgERRZRIE R WE BRI PLGA
TR A B T K L i 00 18 5 43 0, i A SO R BE 3 A A)ORE
dict T AT ISR . Span (A 8 RLAE 43 A7, Span {H B K 3K W] 5
R RSHBOR Y —, BUSE W R T PLGA RORE T3&@ &K
Hh I T/ T R TR T T A T T e A A B AR T
BMBEMEHIEHT . K PLGA SRk & 77 T /K h, 72618 & A
£ 9¢ 6 U T WA PLGA BBk R ~F . LK 98 38 B 3 2 A
[i) s (1) U0, 2 ol B A fige 135 400

1.2.3 AR EHRNE  FRIE VEGE 2B Mk %k T B
2 mgiF f# 16 200 pL — H 3 (DMSO) i, # B VEGF,
VEGF [k V- i o 7t ELTSA SR & o AR 4 32 790 & ud 9
P, VEGF R Ma R h T AR5 . VEGE %
R = Bk VEGF Jfi it /f3k Jii i) X 100 % ; VEGF
WA (V) = (W & VEGF %% 2 % /3 i 8 1 2 3 %) X
100% .

1.2.4 {&k4 VEGF BB KB FREUOER 2 mg %6 F EP
B LU BR R 2% 0P (PBS, 100 L) 1 B A T A 0. 1%
BSA fENEER] 0. 8% (w/v) H & BEAE iR i 7, 37 °C 16 ik
W% .4 87EL ho6 hol d.2 d.4 d.7 d.14 d.21 d.28 d.35 d i
P, WP VEGF /K F i 38 VEGF-ELISA it 7
& E . A BRI, 4 3 VEGF-PLGA fik it

BEHCHIZR

L3 Geitasgb s J7f SPSSLS. 0 #FH47 Ge it 2 70 47 - i
Excel i ff: &% .

2 % R

2.1 # VEGF %)% PLGA WK M ER B2 5 MWEE 18
PR T H A MR 2 IR BRE T e RF RNV —,
R A% 43 AR S B AR 2 (T 1), 0k 36 345 0 3B T DL f Bk o
F6 43T 5] R FE K b A HORE A O RS E (L 2.3) ROk
AY A UL 4 BRI AR 0. 72 pm, Span {4 1. 127, 32 W] 3
B ERRL R 5T,

1 WEkEMEERERE

2.2 EHEARECREAE K2 me WA ROBRoE W A BUR &
#h VEGF Il & . g B AR A VEGF gt 58 VEGF & 1[
SRt e R 51,4200 i AR N VEGF & 5 %

939

PR 2 R 2 R 3. 910,

2.3 OEKEEMEILEE 2 JHZ 5 o ok R T IR B A
(R S FE » lCRR 22 6 HR BUORE T L 55 A D S ORI i 55— Ry
THERTE AR AR SR BRI (L 5) o WO 3R 45 W BT T Ok &
G F L RO ORI T A A ) S BB TR A K (18 6) .

B2 WHEEEXREEMERM(Ak)

B3 REHEALREEMERRE(RBWKR)

& 4 VEGF {3k 112 7 71 &

2.4 OKRIRSN VEGF BT # PLGA R E T B A
JE L JLE IR 8] B 1 L i i ELISA 35 E VEGE KF .
gxifil th BB Z (B 7). A I PLGA BORTE 24 h WK
A B BRIV L 7E 24 h ZJF VEGE BCE S48 3. 1 4
ZIERERCE BB B 21 d FEACEF G LB 35 d BRI RE A 12



940

5E80% .,

w%.

S-3400N 15.0kV 11.0mm x5.00k SE 4/ 26 2017 15:26 10.0um

5 FERKEABAEERELG

& 6 FEREREBHERLRELR

B7 RSN RIT R &

3 i ®

AHFGE BT B A9 40 IR T VEGF 6 28 B 4 14 F 2 2 10
5L TEAR IR S R L B W B X VEGF 17 2 B A0 53, ff K
T JR 0 2 1 ) W R 5 LA A B I PR B A T T . AR IR A TR
FAMBRERB B R PLGA. PLGA J& 28 REAER B R}, [ fife 1 4
&R E . B R AT 0 A W AR A S T R AR L JC T
TCBUE e BCAE 0 B BUR 1E L TG40 i B, 8T Iz 0
L,

AR5 B 5 B W AROR ER R A2 29 0. 72 pm, ISR EL
25 R RN R (30 d 22 A7) o J6 1 I 1) A R o B 25 ) o) R
Zo MRYESCRIRIE , PLGA i £ 10 SR A B — 7T 41 45 i 4
KRR MR, R AR ER A MRS R
Yl 2 R ) AT A I R R A ) 1~3 A~ H . Hdo.5~
1.0 pm B WK IR 0.5 pm DUR BRI AR BOK ., R
N TE BRI 25 W) 43 A A 5 ARLIR] A5 A ORL TR SR R ) 23 46
He B £ e B R

R R ZE R & H AT % PLGA SOk my % 0 7 &, &

FHREZ 201853 A% 47 5% 7

A B Ay B AR 2, T A BT, W/O/W LA
FLAT LA RS AT AR 0 M 25 4 0 A A L RE S 4R R 25 9 1 A
R, B AR RA W/O/W kil 43 VEGF 195k PL-
GA TfBk . eI P, 280 5% 15 0T LA 52 i 5 28 il )i f Bk e
. PLGA M PVA W B 35 A B Pl i i 45 . Hopi g
PLGA ¥ J& . ] DL Py K AH 26 B A8 K 32 M R R 2 B 5 L
BOCBERAABR B RLAR . T2 PVA MR B 340, S BROR AR 46
0 Y A% [R) B 2 A 58 K S B IR BT 0 /D L ff BOBR P 25 L R
BE i SR AL M R E . VEGE i 2k ' KUY, AW 5T
it 2 2% 30k, 120 KA 4 1R R e [ PLGA 40 mg/mlL,
PVA8Y% W/ V) 4 £33 B 15 000 r/min], 5 2 il B 72 K
0.72 pm 72 A W ALK

AW VEGE Bl R W ek A 328 B . IF
FLEE % Bt A] VEGF BB S T E#BRAEH . — BT,
B2 TR Y R I B = R R A X B R R R L BT
AW T ARG BB IR 3R T Y 200 PR R T AR
T Wt 2 B TR A A fit o 400 0 TR 30 347 R A5 TIT AR 8 24 K36 40 1k
R B AR A0 TR S A e e B T TR

B A BF 5T ] 48 19 PLGA 2% VEGF WK Bk, SE B T
FEEE R R A B R SRR I H A
TSRO0, T T BRI B B B IE ST S AR .

2% ik

[1] YLA-HERTTUALA S,RISSANEN T T, VAJANTO I,
et al. Vascular endothelial growth factors: biology and
current status of clinical applications in cardiovascular
medicine[ J ]. ] Am Coll Cardiol,2007,49(10):1015-1026.

[2] X =g, 24 M35 %, 5. BMP-2 )t VEGF XUJk B 3
T 40 0 52 5 W TR S S SR A W A A T B A SR S B B S LT .
R PE 2 ,2013,42(18) : 2060-2063.

(3] B sC. A K IR 7E I IR AR Ge 40 2 T v i T 42 R T O i
WEoE it L], VTR 5 AR, 2013,9(3) . 173-176.

[4] SALVADOR A,IGARTUA M., HERNANDEZ R M, et
al. Combination of immune stimulating adjuvants with po-
ly (lactide-co-glycolide ) microspheres enhances the im-
mune response of vaccinesJ]. Vaccine,2012,30(3) :589.

[5] LAMPRECHT A.SCHAFER UF, LEHR C

tion of microcapsules by confocal laser scanning microscopy:

. Characteriza-

structure, capsule wall composition and encapsulation rate
[J]. Eur J Pharm Biopharm,2000,49(1) :1-9.

(6] s A KB 775 B IR 7 Gt 4H 40 T/ o A ol 458 R 0K
gyt )], 4 TR S AR, 2013, 9(3) 1 173+
176.

[7] KANG B S,CHOI J S,LEE S E,et al. Enhancing the in
vitro anticancer activity of albendazole incorporated into
chitosan-coated PLGA nanoparticles [ J ]. Carbohydr
Polym,2017,159:39-47.

[8] X,k R. BRFLIR MR A= Wy W A L ) A0 A5 0 A 25 1
FEF LT E B 25247 ,2002,11(1) . 67-71.

[9] ACHARYA G,SHIN C S, VEDANTHAM K, et al. A
study of drug release from homogeneous PLGA micro-
structures| J |. ] Control Release,2010,146(2) :201-206.

[10] KING T W,PATRICK C W J R. Development and in vitro
characterization of vascular endothelial growth(F#£%5 943 1)



FTRES 2018453 AH AT A% TH

A MREAR BEAT I B, AT B AR AR BB E A
NRE MR A 53 59 B SR AR 7] 52 AR [ A 68t B W) B 2=
SO o AR A B R R R BB E R A L TE R 2 H0E ORI
JETHEAT S0 1 20 A1 T AEL € 3 45 10 B 4 1 2 B4R P AE Pseudo-

monas. stutzeri #1 Enterococcus 258, L& 3.

3 & OTU K E#HITHE S

3 i B

ABF5EE AL Mlumina Miseq I 3 % 7 4% P4 33 A6 ) 1F 7% A
A BEAT ST » K LA AR 45 % . Chaol #8301 ACE $5 50 1E A [A] 25
R A AL, 22 58 G il 8 L (P<<0.05), HA—RMEn
ZH 6 BN A W VR ACE $5 50 Chaol 8822 Fth A7 i 12
X (P<C0.05), [i]— 4 Py 45 41 FER B RE A L 1ot A ) T o8 T
ZHREVERA W B A AR 22 . BB Sy, 2 B [ A4 0 R
3 45 1 A1 0 R R A 1Y) A ) 2 R P AR 3 T L
HA 25 0 B T VR A M 5 4 U A R

i) — 24 7 A0 25 1) 285 0 0 R0 I I 2 0 T 9 20 R A R
Fb 5 R AL T AN 7] 285 700 2B 3 1) 445 A 0 26 P AR B ot A i Tk 9 2 R
PEA R 22 R K. FERAEW T A0 B X 5 & 4y 25K F |
G5 1 R AR W B T 2 R TR A A O S R AR e T AE R b K OF
MEPHETFEEHSHM, B8 LI, BT A W65
K 5 S5l R JIE B R v T 90 U6 17 JIE T e 4 A R Ak I
JIFL 5% B3 W RV A S R 2 R A A LA RO B R W R 4
i AR Tlumina Miseq W77 23087 » B F AN A8 5 M ) A2 A6 ]
e T BN BEGIORBE b 0 SR W B I B R R 1Y A O N 2% S
P AR FRA RN, B KA R LUESE. 1 H ik — g
% 15 8 P S B B ZE XS ARV R Wk i T Be L T h A — 2k
J AR AR R R AR R B O AR N 2R E R Y

943

JOFC S A T A R A L O Bl 45 A 20 R SR B R

BT HAE LA R4 (DRGSR DHES
DIAR 5% 1) 1 18 T A R I A AR 50 R AT SRR . (2) R IR
BT i F P B R A U RV i Bl S AR . (D)
AW BAHFE AV TS 516 BRI R

RS 2 114 Aol A 400 A i 3 e g S e 8 AL A 0T IEL 2 28 I v
B AR R ] — B I ST A 0 B R A AR R R A R P 3
A= e 9 1) A AR

&% ik

[1] PORTINCASA P,DI CIAULA A, WANG H H,et al.
Medicinal treatments of cholesterol gallstones: old, cur-
rent and new perspectives[ J ]. Curr Med Chem, 2009, 16
(12):1531-1542.

[2] TOLLER I M,NEELSEN K J,STEGER M, et al. Carci-
nogenic bacterial pathogen Helicobacter pylori triggers
DNA double-strand breaks and a DNA damage response
in its host cells[J]. Proc Natl Acad Sci U S A,2011,108
(36):14944-14949.

[3] SALAMA N R,HARTUNG M L,MUELLER A. Life in
the human stomach: persistence strategies of the bacterial
pathogen Helicobacter pylori [ J]. Nat Rev Microbiol,
2013,11(6):385-399.

[4] WU T,ZHANG Z G,LIU B,et al. Gut microbiota dysbio-
sis and bacterial community assembly associated with cho-
lesterol gallstones in large-scale study[]J]. BMC Genom-
ics,2013,14(1) :669.

(5] Aok SR AE . XK, 55 i i 1 I ) 20 A JIE 38 &5 0 i o Ak
Fahg 22 R L1 A IS A 44 35, 2014, 20 (9) - 683~
685.

L6 FRMs, H =, e, — AR 5 £ AR TE 45 % 43 BOFF BRI 5Y
i P S JE LD . A 9 5 I e, 2015, 10(1) :54-60.

(7] R, 2F0. A e, . BT denovo ¥ 20 47 Bt ¥ #k
S3299-1 FEPIAAFFAELT ], JE R4 2% 5 3 A 2%, 2015, 6
(2).:28-29.

[8] MAE.ZEZ = FEMl. 55, — 0k M BOW KW 1 g 2 2 A
HIFF )], v A B 2, 2015, 15(5) 3 525-528.

(9] BAkZE, MW R, JIHIE YL B 196 il IHIE 40 18 5% 77 S
253K [J/CD1. o 42 38 5 S0 B 24 SCHR CRL 7 i 2014, 6
(12) .14.

L10] BV, T 430 IMEC, 45 IH R 45 01 B35 45 00 0 B A=
REdR LSt 2 AE e LT ]t AR A A e, 2014, 1(7)
418-422.

ClicFe B #1:2017-06-25 & [9] H #1:2017-08-26)

(S 940 TD)
factor (VEGF)-loaded poly ( DL-lactic-co-glycolic acid)/
poly(ethylene glycol) microspheres using a solid encapsu-
lation/single emulsion/solvent extraction technique[ ]J]. J
Biomed Mater Res,2000,51(3) :383-390.

[11] DANHIER F,ANSORENA E,SILVA J M,et al. PLGA-
based nanoparticles; an overview of biomedical applica-
tions[ ] ]. J Control Release,2012,161(2):505-522.

[12] SALVADOR A, SANDGREN K J, LIANG F,et al. De-
sign and evaluation of surface and adjuvant modified PL-
GA microspheres for uptake by dendritic cells to improve
vaccine responses[ J]. Int J Pharm, 2015, 496 (2): 371-
381.

USRS H O3 . 2017-06-26 &[] H 1 :2017-09-06)



