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Preparation of Biodegradable Poly(lactic-co-glycolic acid)/Polyethyle-
ne Glycol Copolymer and Its Application as a Carrier for Pigment
Epithelium-Derived Factor

Zhao Junying™ Zhu, Yanji™ Wang, Yanyan” Zhu, Jun*? Shen, Xi**
(“ Ruijin Hospital, School of Medicine, Shanghai Jiao Tong University, Shanghai 200025)
(® National Engineering Research Center for Nanotechnology, Shanghai 200241)

Abstract A biodegradable poly(lactic-co-glycolic acid)/polyethylene glycol (PLGA-PEG) copolymer molecule was prepared
by the simple and green coupling reaction between carboxyl group of poly(lactide-co-glycolide)-carboxylic acid endcap
(PLGA-COOH) and amino group of poly(ethylene glycol)amine and carboxylic acid endcap (NH,-PEG-COOH) in the
presence of 1-ethyl-3-[3-dimethylaminopropyl]carbodiimide hydrochloride (EDC) and N-hydroxysuccinimide (NHS). The
molecular structure of PLGA-PEG copolymer was characterized by 'H NMR spectroscopy, and the grafting yield of
polyethylene glycol (PEG) on poly(lactic-co-glycolic acid) (PLGA) was calculated. Furthermore, pigment epithelium-derived
factor (PEDF) was encapsulated in the PLGA-PEG copolymer to prepare a PLGA-PEG/PEDF emulsion for highly efficient
inhibition on vascular endothelial growth gene expression (VEGF). The results showed that the obtained PLGA-PEG
copolymer was bio-safety and the PLGA-PEG/PEDF emulsion was a good agent for effective inhibition VEGF expression
under different conditions. Thus, the PLGA-PEG copolymer can be used as a bio-carrier and the PLGA-PEG/PEDF emulsion
can be used as a good angiogenesis inhibitor, which has a potential application for some diseases by anti angiogenesis.
Keywords poly(lactic-co-glycolic acid)/polyethylene glycol (PLGA-PEG) molecule; coupling reaction; pigment epithelium-
derived factor (PEDF); vascular endothelial growth factor (VEGF)
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Figure 2 Preparation of PLGA-PEG molecule
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Figure 2 Schematic illustration of PLGA-PEG/PEDF emulsion preparation and its interaction with HUVEC cell
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1.1 PLGA-PEG # ¥ PLGA-PEG/PEDF L&Y
&

PLGA-PEG Hi PLGA-COOH #1 NH,-PEG-COOH %}
TR RA B PR AL IR A R AE PLGA-PEG 1)
45K, 4nE 3 Fizn, PLGA-COOH 43 F 7 H, (L2400 F%
0 5.2, Hy #2241 %% 6 4.8, NH,-PEG-COOH %1 H11f) Hy
BN 6 3.6, HALSALFE 6 1.6, 1SR EIR HHEL T 4
Mg, Ui PLGA-PEG #RIIHLA L. T ok, HR4E SCHk
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Figure 3  Chemical formula and 'H NMR of
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AN, TEHE N 15 B 7 B 0s B R 2R PLGA-PEG/
PEDF FLAPAEKTEGIK G, 2RI EA PLGA-PEG
7., WKt PEDF #%. 15299 K35 4 B i,
TP, SPEIRIAR KRATE 250 nm A2 4. il 2 0 ik
733 PEDF 32N 74.6%.
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Figure 4 Size distribution of PLGA-PEG emulsion and PLGA-
PEG/PEDF emulsion

1.2 PLGA-PEG/PEDF #.F|54mAnpEE1ER

5%, H CCK-8 %Al w4 PLGA-PEG/PEDF FLjf
M. W S Fior, BF5E T ARKER
PLGA-PEG/PEDF F.7)(0~25 pg/mL)5 A\ Ji & ik i iz 2
MI(HUVEC)ZH i $L4% 7% 12 1 24 h 5 4ufaE .
5a F] W, 7% PLGA-PEG/PEDF 37V & [y 16 I A % 55
] ZE K, HUVEC 2 Mo 3 14 B S B AER. A BT X HE
‘H, FEFE 12 M 24 h )5, BE% PLGA-PEG/PEDF LK &
HIbE i, M EFEARENER. % PLGA-PEG/
PEDF FLiIH E ik %] 25 pg/mL H R 7RI, 400770 R
I UEFEE 67.3%F1 65.1%. X 1] A2 B T H IR
PLGA- PEG/PEDF 5% F B¢ ikt th & ¥ PEDF %} HUVEC
YiffuH VEGF BRI FRIA A MHIEH. vdk— 5 ir B gn i
TR E A, Kl T PLGA-PEG L A4 A& k.
W 5b R, EFAFIRE TR S rd fEd, AT IR R
FRIEEREFRANMY, BR T AE 25 pg/mL K% FILMHE 24 h
) SE 56 AH AT 32 B R B A, A 2H 40 i v 4 O B B A
1k.

HE—H, ME T PLGA-PEG/PEDF 3. 7%}
HUVEC 4iiffgshE Ko, i 6 frw, BEt
PLGA-PEG/PEDF A E R4 PEDF ¥ & HI34 I,
HUVEC 4l (1375 14 321 4%, PLGA-PEG/PEDF FL71) 5256
I 20 M s M PRI SE A R Bh4E R B, PLGA-
PEG/PEDF 3.7 B4 Lk 4l PEDF E.AA 8 &3 35 B4 250 %.
Ak, B 6 LS, £ PLGA-PEG/PEDF 3775256
A, 1Cs fH AL 16.9 pg/mL; 4i PEDF SEEG2H A, 1Cs 8
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Figure 6 Inhibitory effects of PLGA-PEG/PEDF emulsion and
free PEDF on HUVEC cells as examined by CCK-8 assay
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Figure 7 The VEGF levels in the HUVEC cell culture medium

by ELISA with the different condition
(a) Concentration of PLGA/PEDF emulsion at 24 h culture and (b) culture
time at 25 pg/mL PLGA/PEDF emulsion

FEVART AR R, SRS — PP RLBIA R, AU
IR AR G PR ) e s 3Rk, T EL DM I FR A e it 1
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Figure 8 The VEGF levels in the HUVEC cell culture medium
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i AEM ghAh, PEDF AT LLSE 47 77 Sk S 46 1F R I T
VEGF a2, Rk, A1t WEE T 4 25 pg/mL
PLGA-PEG/PEDF FLFI{EAN [ % S E N 15 VEGF 7K
FRIRE Y. WKl 8a FR, 45 TR FERRACIS, X REZH 1)
VEGF /KW T, S8R P I IE 5 S8 A B A 2
1% RS, VEGF WM 220 pg/mL $2= %] 385 pg/
mL. &5 R R, AT LUBE HUVEC 40 f 9 i
VEGF /K°F-. {H)&, 4 PLGA-PEG/PEDF I\ /5, &K T
VEGF %A, i 28 W EF EIKRFER 26.4% 52 = 3] 1%
W) 30.1%. BhAb, Bl iU 8] 138 i, HUVEC 48
HiHt VEGF R A 40 i) 128 7 386 K (] 8b). IX kg
WL, 3131 PLGA-PEG/PEDF FLFI7EBLE 4644 T 7f
PLEE A 250 VEGF B3R IA.

2 g
LA PEG MIZEFLIR- 23t LMRILIEYI(PLGA) D il
# U PLGA-PEG # R}, JLR N HEECR 21 84%. Lhi%

Chin. J. Org. Chem. 2017, 37, 203~208

© 2017 Chinese Chemical Society & SIOC, CAS
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PR T A LA A R 7], 6 SR 3 e e o b AR R
I7 Y AR 05 B AT R 4 A R FH I 35
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3.1 PLGA-PEG BI& R

PLGA-PEG ) & Jk J7 i faj ik o °F 3 )
PLGA-COOH K335 NHy-PEG-COOH & AT R
N £ i PLGA-PEG. ¥ 200 mg PLGA-COOH. 1.8 mg
NHS. 2.9 mg EDC. 1 mg DMAP I\ 10 mL — 5 H %
(CHCL) " =R M 24 h W, RGN 34 mg
NH,-PEG-COOH M18.6 L = Z &4k 5L [ W 8 h. fiF s V45
WG, FeE 78 RAUEERRSE CHCL J5, S mL —H
FE L2 (DMF)ia . R AHER 70754 14000 (1)
BENTEEIBENT BR AR/ INY T AR )R N AR ] PEG, Wikt
PR3 B AR 45 H.
3.2 PLGA-FITC W& 514

1 300 mg PLGA-COOH. 1.8 mg NHS.2.9 mg EDC.
1 mg DMAP JI A\ 10 mL CH,Cl, %7 [ % 24 h. #R)5
BN 1.8 mg 2 &M 8.6 L = Z 4k 4L [ S 3 h. 5 [
SR, PRI 35 mg SR FIRYOL R (FITC)
k2l [ N 8 h. ek 28 KA B CHLCl, J 5 mL
DMF % fif. 0 FH AR 73 5 14000 FR1IZ B 452 1 B
PN AR, AU TSR H AR ).

PEWR B R AT SR A, 8 B A R N —
JER PLGA-FITC FLi, frflfl g NG G, 2%
18 A A s Ak, CAai KT SR, R S R R
.

3.3 PLGA-PEG/PEDF Z5I80%I%&

PLGA-PEG/PEDF FLil (il #& Jik g an . 4
HlH4 10 mg PLGA-PEG ¥##7E 200 uL & 4, 100 pg
PEDF ¥Af#4E 200 uL ) %% 80@ — & H be (7] 4 80 ¥ iR AT
ZRER L, "EE 80 MIFESECN 15%)H. &gy
RA, HARHIAEKIBZME TS 1 min. S8SEKE
A FHER 3 min(LAE 3 s. 151k 10s). #E—25Hh, 7EiK

http://sioc-journal.cn/ 207



BIHE

WA B 10 min(LAE 1 min, 515 1 min), /5L
CEEE 2~3 h bR & F 4.
3.4 MRIFRAE

K F AW Wt iFPLGA-PEG, LLTAR S 177 (CDCly)
RVEFILEAL 2% Bruker AM-400H145 PLGA-PEG ) &A%
BIHE. SR 9K OB R DGR AE AL RS, 6 R
PLGA-PEGH. 77 & PLGA-PEG/PEDF A IR B 515 )5, o
P8 TMalvern Zetasizer Nano ZSA 2% A& ) Hoki 55 K7
zeta A7 . SR A I S HL T S B I 42 LA KN S5 TR S,
A B I PLGA-PEG/PEDF FL 771 # B 5% i 1 22 I,
TEZ L AMT FHET, B T IEOL-2100F% §f HE 7 2 4
LR,
3.5 BHEMNE

P ERE B OEN E PEDF M. Bk~ B
PLGA-PEG/PEDF #.7 1 mL, &£ & . (HITACHI-
CP100WX, 16000 r/min), 20 min J& B 35 B E m .

BB R AR EE(%)=(m «—m %)/m X 100%

KA, BBy mus mu i IREBEH R, RGEHHEEER
BEPLSAE, REHNAE. K, ma@idile g
Wb 25 IR, me B I £ RS R e 3R A
3.6 fHEEEME

F CCK-8 3:3l%E PLGA-PEG/PEDF FL7f #5 H:AF
H. K¢ HUVEC 4 f 3 Fh 3 B R AE 96 FLAR H, FfL43 1
A 5000 N4HAL. 48 h J5, H 100 pL & ASFEIREE M)
PLGA-PEG/PEDF F. 71l AX ¥ 5 77 J (0 16 44 41 g H
DMEM R 7= B2 Bphs 97, Bi 92— et a5 (12 124 h),
= FIEW, M 10 pL CCK-8 ¥, RJG7E 37 C R
BAM. ¥FE 4 h 5, HEEAR OO E O BE (IMark
Bio-Rad, 3£[E), DA 450 nm il g 1.
3.7 RETHYHRIETF

¥ HUVEC 4 a4 %55 B2 N 7E 96 FLIR 1, FEfL43 5l
A 5000 ~4HHl. 48 h J5, H 100 pL & ASFEIREE M)
PLGA-PEG/PEDF . I X # 15 7% %= (O 1 25 48 g A

208 http:/sioc-journal.cn/

© 2017 Chinese Chemical Society & SIOC, CAS

DMEM 5525 8l 9%). 1F 1% 10% O, ik 1 =5
BRI R P A AR, Ri R — e i A fE(0~48 h), FF I
B, A 10 uL CCK-8 ¥, A J57E 37 CRiEE M
M. ¥53% 4 h J5, FHBEAR OO 2 W6 (IMark Bio-Rad,
£E), PL 450 nm FE .

4 Bh#1 Bl (Supporting Information) PLGA-PEG 431
) "H NMR i[5, X S48 0] BL 4 3% WASF 99 55 (http://
sioc-journal.cn/) I F %X,
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