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Abstract– The objective of this study is to investigate the properties of poly(lactide-co-glycolide) with differ-
ent composition ratios and PLGA-PEG-PLGA copolymers synthesized by ring-opening polymerization
method. Their compositions, crystallization properties, thermal and degradation behaviors, hydrophilicity
and biocompatibility were studied. Our results demonstrate that poly(lactide-co-glycolide) with a 90% lactide
and PLGA-PEG-PLGA show some crystallization properties. While as the decrease of lactide content in
polymers, poly(lactide-co-glycolide) become amorphous, whereas, their hydrophilicity have been improved
on the contrary. Compared to poly(lactide-co-glycolide), the PLGA-PEG-PLGA copolymer has a better
hydrophilicity for the existence of polyethylene glycol block. Furthermore, both these polymers display easy
controlled degradation properties and good cell compatibility.
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INTRODUCTION
Recently, the research of the synthetic biodegrad-

able polymers have attracted a strong interest, in
which the biomedical aliphatic copolyesters have been
proved to be promising materials in tissue engineering
and drug delivery system (DDS). As an aliphatic poly-
ester, poly(lactide-co-glycolide) (PLGA) polymers
were composed of lactide (LA) and glycolide (GA)
monomers [1]. The synthesis of PLGA was carried out
via two methods: direct melting polymerization result-
ing in polymers of low molecular weight (MW) and
ring-opening polymerization resulting in high MW
product as well as better mechanical properties in gen-
eral [2, 3]. In the past two decades, PLGA has been
extensively studied in many fields including fracture
fixation [4], tissue repair engineering [5], surgical
suture [6], artificial organs [7, 8] and DDS [9] owing
to desirable properties such as good biocompatibility,
alterable biodegradation rates and technical versatility.

As we know, the main factors influencing polymer
degradation behavior are chemical structure, crystal-
linity, MW and molecular mass distribution [10, 11].
As Wu [12] has reported, PLGA with a higher MW,
degrades faster than with lower MW, besides PLGA
degrades more rapidly when containing higher GA

content. Vey et al. [13] have studied PLGA (LA/GA
mole ratio = 50/50 and 75/25) by considering that
their degradation rates are coordinated with the tissue
growth rate. Furthermore, PLGA with these two ratios
are the most commonly used carriers in controlled
DDS [14, 15]. In order to obtain controlled release of
encapsulated therapeutics from PLGA polymers, their
compositions, size and surface properties can be cus-
tomized to achieve different loadings and distinct
polymer erosion profiles [16, 17]. Greater attention
has been directed to the importance of particle shape
and morphology for improved DDS applications [18].
Di [19] has developed a novel Laser-generated-
focused ultrasound (LGFU)-responsive drug-loaded
PLGA nanoparticles to precisely control the release of
therapeutics in a spatiotemporal manner and poten-
tially suppress detrimental effects to the surrounding
tissues. Furthermore, a docetaxel-loaded PLGA-
TPGS/Poloxamer 235 nanoparticles system has been
produced to overcome multidrug resistance, which
has considerable therapeutic potential for breast can-
cer [20]. Nevertheless, PLGA has some shortcomings
of poor surface wettability and cellular affinity, which
limits its applications and only enables it to deliver
hydrophobic drugs.

PLGA-PEG-PLGA copolymers composed of
PLGA and polyethylene glycol (PEG) are gaining1 The article is published in the original.
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attentions in controlled DDS because of their good
thermo-responsive and biocompatibility [21]. Chen
[22] has confirmed that the thermo-sensitive and bio-
degradable PLGA-PEG-PLGA hydrogel holds
potential as a barrier device to decrease peridural scar-
ring and achieves sustained release of drugs from the
hydrogel matrix. In addition, the injectable PLGA-
PEG-PLGA thermogel has been revealed a biocom-
patible carrier for sustained delivery of bioactive agents
into the eyes [23]. PLGA-PEG-PLGA copolymer
degraded by hydrolysis and the rate depended on its
MW, the LA/GA ratios and the PEG content [24–26].
The existence of hydrophilic PEG block will greatly
improve PLGA-PEG-PLGA hydrophilicity, which
enables it to deliver both hydrophobic and hydrophilic
drugs [27, 28]. Song [29] has researched the in vitro
release of docetaxel in PLGA-PEG-PLGA carrier,
which showed prolonged exposure and better inhibi-
tory on tumor growth. Also, Xu [30] has designed the
siRNA-encapsulating PEG-Dlinkm-PLGA nanoparti-
cle which gained efficiently prolonged circulation in
the blood and preferential accumulation in tumor sites
via the PEGylation. As a consequence, PLGA-PEG-
PLGA copolymer is an ideal candidate for pharma-
ceutical applications [31] insolubilization and stabili-
zation peptides and protein drugs, such as vascular
endothelial growth factor [32], insulin [33] and calci-
tonin [34].

As PLGA and PLGA-PEG-PLGA copolymers
have these outstanding applications for DDS, more
attentions must be dedicated to investigate the charac-
teristics of these two polymers putting special empha-
sis on the differences on physico-chemical properties.
Currently, a series of PLGA with different composi-
tions and PLGA-PEG-PLGA copolymers were sys-
tematically synthesized and researched. These pre-
pared materials were confirmed as PLGA and PLGA-
PEG-PLGA from IR analysis. The effect of the
PEGylation on some properties including crystalliza-
tion behavior, thermal properties, hydrophilicity and
biocompatibility have been studied in detail. There-
fore, the appropriate copolymers with good cellular
affinity and sustained controlled degradation rate were
explored to prepare drug-loaded microspheres
through this experiment results.

EXPERIMENTAL

Materials

The experimental materials LA and GA were sup-
plied by Huawei biological technology co, LTD
(Wuhan, CHN). The stannous octoate, lauryl alcohol
and PEG (2000) were obtained from Huashun biolog-
ical technology co, LTD (Wuhan, CHN). Chloro-
form, toluene, tetrahydrofuran (THF), tetramethylsi-
lane (TMS), diethyl ether and methanol were all pur-
chased from Shenshi chemical instrument co, LTD
(Wuhan, CHN). Also the tetrazolium dye 3-(4,5-

dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bro-
mide (MTT) and human neuroglioma (U251) were
obtained from Sigma. These above analytical grade
solvents must be fully dried by adding molecular sieve
before using.

Synthesis of PLGA and PLGA-PEG-PLGA Copolymers
PLGA were synthesized based on ring-opening

polymerization technique. Before polymerization,
two raw LA and GA monomers were recrystallized
four times and dried in vacuum oven for 72 h. Then,
LA and GA with a molar ratio of 50/50 were placed in
an ampoule, which already contained solutions of
stannous octoate (0.02% m/v) and lauryl alcohol
(0.01% m/v). Afterwards, the ampoule was sealed after
degassing (about 80 Pa) and imbedded in a silicone oil
bath at 140°C for 24h. For the synthesis of PLGA-
PEG-PLGA, PEG (5 g) and 100 mL of toluene were
placed in the round-bottom flask. After dehydration
for 24 h, the same mole amount of LA and GA were
added into the f lask, which afterwards was heated at
150°C for 5 h to mix uniformity. The reaction was
started by adding two droplets of stannous octoate and
it lasted for 12 h. After the synthesis, PLGA and
PLGA-PEG-PLGA were dissolved in chloroform,
precipitated in excess of anhydrous methanol and
refrigerant diethyl ether respectively for further mea-
surements. Both of them were stored in a vacuum des-
iccator after dried in vacuum oven at 40°C for 48 h.
Later on, PLGA-PEG-PLGA (75/25) with LA/GA
molar ratio of 75/25 and PLGA of 60/40, 70/30,
80/20, and 90/10 molar ratio of LA/GA were prepared
by the aforementioned procedures (Table 1). All these
materials were dissolved in chloroform and dried in
room temperature to make films for the FTIR, XRD,
hydrophilicity and degradation tests.

Characterization
The chemical structure analysis was performed by

FTIR spectroscopy (Thermo electron, USA). The
infrared absorption spectra were detected over a range
of 4000−500 cm–1 by using 64 scans with a resolution
of 4 cm–1 at 25°C. The XRD (Bruker D8 Adwance,
Germany) measurements were used to ascertain poly-
mers’ crystallization with a CuKα radiation (Ni filter)
and a diffraction 2θ range of 5°−50° (the polymer
films used in FTIR and XRD tests were presented in
synthesis part). The GPC (Agilent, America) was
employed to determine MWD. The collected totally
dried polymers were dissolved in THF about 3 mg/mL
at room temperature, taking THF as the eluent with a
flow rate of 1.0 mL/min and regarding monodisperse
polystyrene distribution curve as a universal calibra-
tion parameter. In order to calculate polymer compo-
sitions, 1H NMR Bruker AVANCE 500MHZ (AV 500)
spectrometer at room temperature were performed,
taking CDCl3 as eluent and TMS as internal reference.
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The DSC (PE, USA) and TG (NETZACH, Ger-
many) were conducted under nitrogen atmosphere, at
a constant heating rate of 10 grad/min in the tempera-
ture range from –100 to 100°C and 25 to 400°C
respectively.

The polymer hydrophilicity was measured using
contact angle goniometer (OCA-35, Data physics,
Germany). The contact angle size was tested as soon
as the testing liquid was dropped on the films using a
micro-syringe. Each sample’s average value was
obtained from at least 3 measurements with 0.5 cm
testing liquid intervals. PLGA polymer degradation
properties were obtained by immersing polymer films
into PBS (pH = 7.4) in screw-capped tubes which then
were placed horizontally in an orbital shaker (HZQ-
F160, Harbin, China) maintained at 37°C. At prese-
lected time intervals, we measured the solutions’ pH
values, afterwards, removing the supernatant, adding
8 mL of fresh medium and placing these tubes back in
the shaker. In order to study PLGA and PLGA-PEG-
PLGA biocompatibility, the exponential growth phase
U251 cells were seeded in 96-well plates (3 × 104 per
well) in DMEM medium containing 10% fetal bovine
serum, supplemented with 1% penicillin and strepto-
mycin. Polymer cytotoxicity was assessed by MTT
assay after appropriate dilution in culture medium, for
24, 48, 72 h, respectively. Each data was obtained by
averaging six measurements per sample, and repre-
sented as means ± standard deviation.

RESULTS AND DISCUSSION
Copolymers Synthesis and Characterization

The preparation process of PLGA and PLGA-
PEG-PLGA is presented in Scheme 1. In order to syn-
thesize PLGA polymers with higher MW a few exper-
imental parameters and details should be controlled.
Firstly, before sealing the ampoules, they were con-
nected to a high vacuum pump monitored using an
electronic vacuum gauge to remove the solvent. In our

experiments, the vacuum in the ampoules reached
80 Pa. What is more, the ampoules should be hand
shaken continuously until the LA and GA crystals are
completely melted in the oil bath (140°C) to assure an
even distribution of the catalyst. As Wang [35] has
reported, by controlling the vacuum degree, the
polymerization parameters especially the residual
water content can be controlled to assure the repro-
ducibility of the MW. Thereafter, a series of PLGA and
PLGA-PEG-PLGA (50/50), (75/25) were synthe-
sized while the reaction parameters were fixed. Since
the reactivity ratios of LA and GA were different, the
synthetic products were random copolymers.

The IR spectra (Fig. 1a) illustrate all characteristic
groups for LA, GA and PLGA. An intense band at
1760 cm–1 due to the stretch of carbonyl groups is
found in all three spectra. Moreover, the stretching
bands of C–H groups in the region between 2950 and
3000 cm–1 are observed. The absorption band at
3510 cm–1 is attributed to PLGA terminal hydroxyl
group. The 1420 and 1320 cm–1 bands, which can only
be found in polymer spectrum, are assigned to the
bending vibration bands of CH2 and CH (CH3). The
disappearing of β-glycolide characteristic band at
1310 cm–1 in PLGA spectrum proves the ring-opening
reaction indeed occurred in LA and GA. Compared to
LA and GA spectra, the absence of absorption bands
between 935 and 864 cm–1 in polymer spectrum, char-
acteristic of the ring C–H deformation vibration peak
made clear proof of synthesized PLGA polymer.

For the PLGA-PEG-PLGA (50/50) copolymer IR
spectrum is shown in Fig. 1b, the major bands
assigned to the structure of PLGA-PEG-PLGA are
observed at 3497 cm–1 (–OH), 2877 cm–1 (–OCH2),
1757 cm–1 (C=O), 1455 and 1352 cm–1 (–CH2),
1130 cm–1 (C–O). By comparing the PLGA-PEG-
PLGA spectrum with that of PEG and PLGA, it is
characteristic that the absorption band at 3497 cm–1

belongs to the hydroxyl stretching of LA or GA struc-

Table 1. The characteristics of synthesized PLGA and PLGA-PEG-PLGA

aThe data were calculated from 1H NMR measurements.
bThe data were obtained from GPC analysis.

Sample
Feed monomer ratios, mole Compositions (LA/GA/PEG)a, 

mole
Molecular weight 

characteristicsb

LA GA PEG LA GA PEG Mn × 10–3 PDI

PLGA 50 50 0 49.7 50.3 0 51.3 1.25
PLGA 60 40 0 61.3 38.7 0 59.5 1.21
PLGA 70 30 0 71.7 28.3 0 66.0 1.17
PLGA 80 20 0 80.8 19.2 0 70.6 1.18
PLGA 90 10 0 90.2 9.8 0 68.6 1.19
PLGA-PEG-PLGA 40 40 20 41.9 40.0 18.1 9.1 1.26
PLGA-PEG-PLGA 60 20 20 62.6 19.7 17.7 9.4 1.20
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Scheme 1.
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Fig. 1. FTIR spectra of (a) (1) lactide, (2) glycolide and (3) PLGA (50/50), (b) (1) PEG, (2) PLGA and (3) PLGA-PEG-PLGA
(50/50) copolymers.
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ture fragments in PLGA-PEG-PLGA. The bands at
1455 and 1352 cm–1, both founded in PEG and PLGA
spectra, are assigned to their methyl groups. The
bands at 2877, 1130, and 1757 cm–1 are attributed to
PLGA-PEG-PLGA methylene group near to oxygen
atom, C–O bond and the stretching vibration of C=O
respectively. So, it is confirmed that PEG ether link-
age exists in triblock copolymer and the reaction
between PLGA and PEG has been effective. There-
fore, it can be concluded that PLGA-PEG-PLGA is
successfully synthesized.

Figure 2 shows the 1H NMR spectra of PLGA
(50/50) and PLGA-PEG-PLGA (50/50) copolymers.
The characteristic peaks are used to identify the char-
acteristic functional groups (Table 2). The signals
observed at 1.66 and 5.20 ppm may be referred to pro-
tons of methyl and methyne groups of LA monomer
unit correspondingly; meanwhile, the signals at 4.99
and 3.64 ppm respectively can be ascribed to protons

of methylene group (CH2) of GA and PEG [36–38].
As seen in Table 1, the copolymer composition is
closed to the feed monomer ratios.

According to GPC data (Table 1), the polymers
formed are characterized by relatively narrow MWD,
which confirms formation of copolymers rather than
the mixture of homopolymers [39].

The degradation behavior, mechanical properties,
solubility and degradability of PLGA are all related to
MW, microstructure and chemical composition of
polymer. Many comprehensive studies have demon-
strated the core-shell structure of PLGA-PEG-PLGA
used in DDS can overcome the barriers of systemic
drug delivery to tumors and potential side effects [30,
33, 40, 41]. The composition and MW of PLGA-
PEG-PLGA copolymers greatly affect the surface
charge and release properties of PEG-modified
nanoparticles [42]. It is of great importance to study
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what the direct influences do the different copolymer
compositions have on their properties.

The crystallization properties of PLGA and
PLGA-PEG-PLGA copolymers were determined by
XRD. The XRD analysis results (Fig. 3a) show that
there is no obvious prominent peaks in the patterns of
PLGA polymers with LA molar ratio of 50–80%.
However, the intense peak on PLGA (90 : 10) diffrac-
togram at 14.44° indicates the presence of some crys-
tallinity phase. The disordered-crystalline phase of
PLGA is helpful for the sustained release of the encap-
sulated drugs.

As shown in Fig. 3b, the obvious prominent peaks
appeared at 19.33° and 18.79° respectively in two
PLGA-PEG-PLGA copolymer patterns suggest their
crystalline nature. These changes in XRD patterns
suggest partial conversions of PLGA from amorphous
to crystalline state. Moreover, apart from the PLGA
crystalline conversions, the presence of PEG block is
another reason for the crystallinity changes in PLGA-
PEG-PLGA. Probably, PEG acts as a lubricant
between PLGA chains and causes strong chemical
bonds between PEG and PLGA chain segments,
which result in a better mechanical property of PLGA-
PEG-PLGA for its crystalline structure. As a conse-
quence, PLGA-PEG-PLGA with enhanced mechan-
ical property will ensure the stability of both polymer
matrices and loaded drugs which are very important in
controlled DDS.

Compared with body temperature, the Tg deter-

mined polymers in a rubbery or glassy state plays an
important role in the release of drugs from polymer
matrices. A rubbery polymer has a higher permeability
to water and loads more drugs than a glassy one,
resulting in faster polymer hydration, degradation as
well as drug release. However, polymer phases gradu-
ally convert from glassy state to rubbery state as its Tg

decreases caused by hydration, which for a glassy poly-

mer results in a longer time lag for polymer degrada-
tion and drug release [43, 44].

The Tg of PLGA with different compositions was

determined by DSC (Fig. 4a). PLGA polymers have Tg

values varying from 27.7 to 46.2°C; Tg increases with

growth in LA content in PLGA.

To investigate the molecular level dispersion of
PEG within the PLGA-PEG-PLGA copolymer, DSC
thermograms were produced for pure PEG, PLGA
(75/25), and PLGA-PEG-PLGA (75/25). As shown
in Fig. 4b, PEG displayed an intense peak at 62.4°C is
corresponding to its melting temperature according to
the literatures [45, 46] and a drift in baseline corre-
sponding to Tg at −35.2°C. The latter is close to Tg of

PEG in PLGA-PEG-PLGA (−35.8°C). Tg of PLGA

(31.2°C) is close to the value in block-copolymer
(35.8°C).

PLGA with different compositions were subjected
to TG analysis to investigate the influence of LA and
GA ratios on their decomposition behavior by heating
the samples from 25 to 400°C under nitrogen atmo-

Fig. 2. 1H NMR spectra of (a) PLGA (50/50), (b) PLGA-PEG-PLGA (50/50) copolymers.

(a) (b)

7.0 5.5 4.0 1.0

δH, ppm δH, ppm

2.5 6.5 3.5 0.55.0 2.0

O OC

b a

H2

CH3

C C
H

C

O O

b

a

5.4 5.3 5.2 5.1
ppm

5.0 4.8 4.6 1.8 1.7 1.6 1.5 1.4
ppm ppm

d
d

b

a a

b

e

c

H O O O O O OHC C C C C CC C
H

C
H2 H2 H2 H

H2

CH3 CH3

b a e b a

d

n nm mx

C

O O O O

c

d
5

.2
7
4

2
5

.2
2

7
1

5
.2

1
2

4
4

.8
8

2
8

4
.8

4
1
6

4
.7

9
7

7

1
.6

17
8

1
.6

13
0

1
.6

0
5

7
1
.5

8
5

2

5
.2

4
17

5
.1

8
3

0
5

.1
5

7
6

4
.9

1
5

0
4

.8
4

8
2

4
.7

9
0

3
4

.7
4

2
7

4
.3

2
8

3

3
.6

6
6

6

1
.6

1
0

5
1
.5

8
7
4

1
.5

7
3

5

0.8918 1.3507 5.8257 2.8988

Table 2. The 1H NMR spectra data analysis of PLGA and
PLGA-PEG-PLGA copolymers

a, b, c, d, e which represent the integral area of different chemical
shifts were used to calculated the compositions of PLGA and
PLGA-PEG-PLGA copolymers in the above equations 1 to 5.

Number
Chemical shift δH, 

ppm
Corresponding proton

1(a) 5.20 CH of Lactide

2(b) 4.99 CH2 of Glycolide

3(c) 3.64 CH2 of PEG

4(d) 1.66 CH3 of Lactide

5(e) 4.30 CH2 of PEG between 

LA and GA
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Fig. 3. X-ray diffraction patterns of (a) PLGA polymers with different LA/GA ratios: (1) 50/50, (2) 60/40, (3) 70/30, (4) 80/20,
(5) 90/10; (b) (1) PLGA-PEG-PLGA (75/25) and (2) PLGA-PEG-PLGA (50/50) copolymers.
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(75/25), and (3) PLGA-PEG-PLGA (75/25) copolymers.
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sphere. All the samples (Fig. 5a) show a variation of
mass losses events, which are related to polymers
decomposition process as a function of temperature.
The mass losses are higher than 95% and the different
mass losses are attributed to the different monomer
ratios. With the increasing of LA content in PLGA,
the decomposition temperature Td decreases.

For the PLGA-PEG-PLGA (Fig. 5b), there are
two steps of decomposition with Td value around 280

and 340°C. The losses of PLGA occurred around
280°C and PEG at 340°C. As Khodaverdi [24] has
reported that before increasing the temperature, the
PLGA-PEG-PLGA copolymer system is a collosol for
the hydrogen bonding between PEG segments and
water molecules. With the temperature increasing, the
hydrogen bonds become weaker, and hydrophobic
bonds between PLGA chain segments begin to form
hydrogel networks between the micelles. From the
mass losses values of two decomposition steps, it is
concluded that the PLGA and PEG segment ratios in

PLGA-PEG-PLGA are close to the expected theoret-

ical values. This conclusion is in accordance with 1H

NMR results (Table 1). When the amount of PEG in

PLGA-PEG-PLGA increased, the Td value corre-

sponding to PLGA decomposition also increased.

The degradation mechanism of PLGA is mainly

about random hydrolytic chain scission. For the first

step, the water absorption identified as a plasticizing

compound made polymer chains more plastic and

encouraged the reorganization of polymer segments

[47, 48]. As GA content increased, both the rate and

amount of water uptake increase, and on the contrary,

lower water absorption and slower rate occur for the

decrease of GA content in PLGA. Though PLGA deg-

radation products have been well studied, the pathol-

ogy of the sometimes observed bad biocompatibility is

not clear. Daniels [49], Taylor [50] and coworkers have

reported that local decrease in pH during degradation

is the main reason for inflammatory response.
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As PLGA showed a slower weight losses during the

whole incubation time, its degradation behavior was

monitored by measuring the changes of incubation

buffer’s pH values caused by the release of acidic

oligomers from polymeric matrices. The in vitro deg-

radation of PLGA was studied in PBS (pH 7.4) at

37°C, for 12 weeks in static conditions. PLGA degra-

dation rate is mainly determined by the components of

polymer chains. Altering the chemical composition

such as raising the GA molar ratio will increase the

degradation rate [51]. The PLGA (50/50) degrades

most rapidly, whereas PLGA (90/10) is the most sta-

ble in these series (Fig. 6). According to these poly-

mers’ degradation curves, the incubation buffer’s pH

remains stable for the first week. Nonetheless the pH

for each PLGA decrease greatly at the next 2 weeks

and then, stabilize around 5 weeks, a value lower than

the initial pH (7.4) during all the incubation times.

The pH reduction observed at initial three weeks is in

agreement with the release of oligomers into the aque-

ous medium, formed during the preparation proce-

dure, in the aqueous system.

Other studies have suggested the drug system deg-

radation behaviors have a direct relationship with

polymer concentrations [52]. So in order to keep a

constant blood drug concentration, we can synthesize

PLGA polymers with an appropriate degradation rate

Fig. 5. TG curves of (a) PLGA polymers with different LA/GA ratios: (1) 50/50, (2) 60/40, (3) 70/30, (4) 80/20, (5) 90/10; (b)
(1) PLGA (70/30), (2) PLGA-PEG-PLGA (50/50), and (3) PLGA-PEG-PLGA (75/25) copolymers.
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Fig. 7. Water contact angle measurements of different composition PLGA and PLGA-PEG-PLGA (75/25) copolymers. The
results are given in degrees as a mean value ± standard deviation (n = 5).*: Compared with PLGA-PEG-PLGA (75/25), P < 0.05.
#: Compared with PLGA (50/50), P < 0.05.
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which is in agreement with PLGA loaded drugs release
rate.

The hydrophilicity of PLGA and PLGA-PEG-
PLGA was determined by contact angle size [53]. Fig-
ure 7 shows that PLGA with different LA and GA
ratios exhibit a wide range of hydrophilic properties. It
is noticeable that the contact angle decrease gradually
with increasing of GA content in polymer. PLGA
(50/50) with a contact angle (57.3°) indicates better
hydrophilicity compared to others PLGA polymers.
Compared with PLGA (50/50), the triblock copoly-
mer PLGA-PEG-PLGA (75/25) exhibits a better
hydrophilicity due to the presence of PEG block.

The hydrophilic PLGA-PEG-PLGA copolymer
will have better biocompatibility and it can deliver
both hydrophobic and hydrophilic drugs. Moreover,
the increasing of copolymer hydrophilicity can pro-
mote the stability of proteins and increase of the load-
ing efficiency of water-soluble drugs and proteins as
Deng reported [54]. In order to enhance the tissue and
cell compatibility, the interfacial energy should be
lessened by reducing material contact angle. Further-
more, the detached PEG surface layer induced by the
tumor acidic microenvironment can facilitate cellular
uptake, and the drugs were rapidly released within
tumor cells due to the hydrophobic PLGA layer [30].

The cytotoxicity of PLGA (75/25) and PLGA-
PEG-PLGA (75/25) copolymers were tested with

human U251 cells using MTT assay. MTT assay is
used to determine the disruption of a critical biochem-
ical function, which could quantify mitochondrial
function by measuring the formation of dark blue for-
mazan products. The MTT testing results are pre-
sented in Fig. 8. The relative percentage of control
cells, which were not exposed to the transfection sys-
tem, is used to represent 100% cell viability. As shown
in graphs, for both these copolymers, cell survival rates
are greater than 80%. With varying polymer concen-
trations treatments from 0.0625 to 4 mg/mL, none of
the tested materials shows any significant cytotoxic
effects on U251 cells making them suitable for bio-
medical applications. These data reveal that these
copolymers are associated with a statistically high cell
activity and both have the lowest cytotoxicity and
highest cell compatibility at the concentration of
0.0625 mg/mL on days one.

PLGA polymers affect the metabolic activity of
U251 cells during the incubation period of 24 h in a
dose-dependent manner ranging from 0.0625 to
4 mg/mL. However, in comparison to PLGA, the cell
viability remains slightly higher after incubated with
PLGA-PEG-PLGA copolymers. One possible expla-
nation for these little differences in cytotoxicity is dif-
ferent hydrophilic performance between two polymers
lead to various cell adhesive ability. There is a signifi-
cant difference in the toxicity of different formulations
at almost each of the given concentrations (P < 0.05,
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P < 0.01). Cell viability slightly reduced at higher con-
centrations may be caused by the relatively higher con-
centrations of polymer degradation products. There-
fore, it is conceivable that PLGA and PLGA-PEG-
PLGA are generally accepted as being of low cytotox-
icity with good biocompatibility, biodegradability and
encouraged for future drug carrier without any signif-
icant cytotoxic effects.

CONCLUSIONS

In summary, a series of PLGA with different com-
positions and PLGA-PEG-PLGA were successfully
prepared by modified ring-opening polymerization
technique. The obtained results indicate that the
ratios between the monomers in PLGA and PLGA-
PEG-PLGA are very close to the expected theoreti-
cal values. The copolymer degradation behavior can
be regulated by changing LA and GA monomer con-
tent. Hence, PLGA (70/30) with an appropriate deg-
radation rate can keep a constant blood drug concen-
tration. But likewise, the hydrophilicity, in vitro deg-
radation and cytotoxicity tests indicated that PLGA-
PEG-PLGA (75/25) copolymer has better hydro-
philicity, biocompatibility and biodegradability,
which could be a suitable vehicle for long-acting,
controlled release delivery system. These results
demonstrate that PLGA (75/25) and PLGA-PEG-

PLGA (75/25) are considered as promising carriers
for the drugs delivery.
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