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Abstract

Injectable biodegradable temperature-responsive poly(dl-lactide-co-glycolide-b–ethylene glycol-b-dl-lactide-co-glycolide)
(PLGA–PEG–PLGA) triblock copolymers withdl-lactide/glycolide molar ratio ranging from 6/1 to 15/l were synthesized from
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monomers ofdl-lactide, glycolide and polyethylene glycol and characterized byH NMR. The resulting copolymers are solub
in water to form free flowing fluid at room temperature but become hydrogels at body temperature. The hydrophobic
copolymer increased with the increasing ofdl-lactide/glycolide molar ratio. In vitro dissolution studies with two different
drophobic drugs (5-fluorouracil and indomethacin) were performed to study the effect ofdl-lactide/glycolide molar ratio on dru
release and to elucidate drug release mechanism. The release mechanism for hydrophilic 5-fluorouracil was diffusion-c
while hydrophobic indomethacin showed an biphasic profile comprising of an initial diffusion-controlled stage followed
hydrogel erosion-dominated stage. The effect ofdl-lactide/glycolide molar ratio on drug release seemed to be dependent
drug release mechanism. It has less effect on the drug release during the diffusion-controlled stage, but significantl
drug release during the hydrogel erosion-controlled stage. Compared with ReGel system, the synthesized copolymer
higher gelation temperature and longer period of drug release. The copolymers can solubilize the hydrophobic indome
the solubility (13.7 mg/ml) was increased 3425-fold compared to that in water (4�g/ml, 25◦C). Two methods of physical mixin
method and solvent evaporation method were used for drug solubilization and the latter method showed higher solu
efficiency.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Temperature-responsive polymers have become in-
creasingly attractive as carriers for the injectable drug
delivery systems over the past decade. These polymers
respond to small changes in temperature stimuli and
form physically crosslinked hydrogels by sol–gel phase
transition. A class of triblock copolymers (Pluronics
or Poloxamers) composed of poly(ethylene glycol-b-
propylene glycol-b-ethylene glycol) exhibit reversible
sol–gel transition behavior in aqueous solution (Brown
et al., 1991). Poloxamer 407 hydrogels have been
used for the sustained delivery of several drugs in-
cluding tridecapeptide melanotan-I (MT-I) (Bhardwaj
and Blanchard, 1996), mitomycin C (Miyazaki et al.,
1992), interleukin-2 (Johnston et al., 1992) and ure-
ase (Fults and Johnston, 1990). Poloxamer 407 hydro-
gels showed a sustained release of human growth hor-
mone (rhGH) in vitro for 60–72 h and for a week in
vivo following intramuscular and subcutaneous injec-
tions (Manohar et al., 1997). Use of Poloxamer hydro-
gel would not only provide a sustained release formu-
lation but also enhance the stability of drugs (Wang
and Johnston, 1995; Katakam et al., 1995). The re-
lease rate of drug from Poloxamer hydrogel can be
modified by mixing additives such as methylcellulose,
hydroxypropyl methylcellulose and polycaprolactone.
However, Poloxamers are not biodegradable and the
formed hydrogels are dissolved at the injection site in
a few days at most. Furthermore, application of the
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drogel (ReGel®) including protein drugs and paclitaxel
was reported (Zentner et al., 2001; Kim et al., 2001).
ReGel is the trademark of the PLGA–PEG–PLGA
copolymers, which the PEG has molecular weight of
1000 anddl-lactide/glycolide molar ratio is 3. The
copolymers have the ability to solubilize poorly sol-
uble paclitaxel and stabilize liable protein drugs and
provide a sustained release of drugs ranging from 1 to
6 weeks. However, the effect of copolymer composition
on the drug release from the copolymer-based hydro-
gels and hydrogel erosion has not been reported until
now.

In this paper, temperature-responsive PLGA–PEG–
PLGA triblock copolymers which have the different
dl-lactide/glycolide molar ratio from ReGel (ranging
from 6/1 to 15/1) were first synthesized and found to
possess the thermoreversible gelation character. The in-
fluence ofdl-lactide/glycolide molar ratio on the drug
release from the copolymer-based hydrogels and hy-
drogel erosion were investigated. The release data of
drugs were also compared with results obtained from
the ReGel system. In addition, the method of solubi-
lization of hydrophobic drugs within the copolymer
micelles was explored.

2. Materials and methods

2.1. Materials
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igh concentration (>16%, w/w) of Poloxamers m
how toxicity particularly intended for intraperitone
dministration (Wout et al., 1992; Johnston and Palm
993).

New injectable biodegradable polymers posses
everse gelation properties have been reported (Cha e
l., 1997; Jeong et al., 1997; Rathi et al., 2000; Rath
entner, 1999). These polymers are triblock copo
ers composed of A-blocks and B-blocks arrange
BA or BAB type, where A is polyethylene glyc

PEG) and B is poly(dl-lactide-co-glycolide, PLGA)
hey are soluble in water at or below room temp

ure but become hydrogels at the injection site, form
epots that slowly degrade over a period of 4–6 we
Jeong et al., 1999). As the polymers are biodegra
ble, they obviate the need for removal of the ca
fter the drug depot exhausted. Release of several

rom the PLGA–PEG–PLGA triblock copolymers h
Polyethylene glycol (PEG 1500) was purcha
rom Shanghai Pudong Gaonan Chemical Corp
ion. dl-Lactide and glycolide were purchased fr
hina Rehabilitation Research Center CONAN P
er R&D Center and used without further purificati
tannous 2-ethylhexanoate was obtained from S

US). 5-Fluorouracil was supplied by Anhui Sinoi i
lant Hitech & Sicence Co. Ltd. Indomethacin w
btained from North China Pharmaceutical Comp
td.

.2. Synthesis of PLGA–PEG–PLGA triblock
opolymers

Under nitrogen atmosphere, polyethylene gly
500 was dried in a three-necked flask under vac
nd stirring at 120◦C for 2 h. A total of 50 g ofdl-

actide, glycolide plus PEG were used for the polym
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ization. Copolymerization in the bulk state was carried
out with various molar ratios ofdl-lactide/glycolide
(6/1, 10/1, 15/1) and the weight ratio of PEG was
adjusted to 30% (w/w). Stannous 2-ethylhexanoate
(0.2%, w/w) was added into a vigorously dried poly-
merization tube followed by the addition ofdl-lactide,
glycolide and PEG. Then the tube was sealed under
vacuum. The sealed tube was immersed and kept in an
oil bath thermostated at 150◦C for 8 h. The tube was
subsequently broken and the product was dissolved in
water. After completely dissolved, the copolymer so-
lution was heated to 80◦C to precipitate the copoly-
mer and to remove the water-soluble low-molecular-
weight copolymer and unreacted monomers. The su-
pernatant was decanted to obtain the precipitated
copolymer. The process was repeated three times to
purify the copolymer. The resulting copolymer was
dried under vacuum at room temperature until constant
weight. The copolymer nomenclature was designated
PLGA–PEG–PLGA(X/Y), whereX/Y is the molar ratio
of dl-lactide and glycolide.

2.3. Gel permeation chromatography (GPC)

The molecule weights of the PLGA–PEG–PLGA
copolymers were determined using a Shimadzu LC-
10AD HPLC pump and Shimadzu RID-6A refractive
index detector (Kyoto, Japan) coupled to a Hewlett
Packard Plgel column. Tetrahydrofuran was served as
solvent with a flow rate of 1 ml/min. The molecular
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2◦C per minute with constant stirring (200 rpm). When
the magnetic bar stopped stirring due to gelation of the
solution, the temperature read from the thermometer
was determined as the gelation temperature.

2.6. Indomethacin solubilization by
PLGA–PEG–PLGA copolymers

2.6.1. Solvent evaporation method (Lavasanifar et
al., 2001)

Excess amounts of indomethacin and
PLGA–PEG–PLGA copolymers were both dis-
solved in acetone in a round-bottomed flask. Acetone
was removed under vacuum at 50◦C. After the acetone
was completely removed, the copolymer/drug film
was hydrated to obtain the copolymer solution (25%,
w/w). The suspensions were centrifuged for 10 min
and the indomethacin concentration in supernatant
was analyzed using HPLC. For the chromatographic
conditions, see Section2.8.

2.6.2. Physical mixing method
Excess amounts of indomethacin was mixed with

the PLGA–PEG–PLGA copolymer solutions by vor-
texing for 30 s and placed in the shaking water bath at
25◦C with shaking for different time periods to es-
tablish an equilibration time. The suspensions were
centrifuged for 10 min and the concentrations of in-
domethacin in the supernatant were analyzed by HPLC.
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olystyrene standards.

.4. 1H nuclear magnetic resonance (NMR)

1H NMR spectra of PLGA–PEG–PLGA copol
ers were obtained in CDCl3 using a NMR instrumen

Bruker ARX-300) at 300 MHz. Thedl-lactide to gly-
olide ratio of the copolymer was determined by1H
MR.

.5. Measurement of gelation temperature (Yong
t al., 2001)

A 20-ml transparent vial containing 2.6 g of ma
etic bar (cylinder, 10× 5 mm i.d.) and 10-g water sol

ion of PLGA–PEG–PLGA copolymer was placed i
ater bath. The solution was heated at a constant r
.7. Preparation of drug-loaded
LGA–PEG–PLGA copolymer solutions

The PLGA–PEG–PLGA copolymers were d
olved in the distilled water containing 5-fluoroura
o make 25% (w/w) copolymer solution with 0.5
w/w) drug loading. Indomethacin was incorpora
nto PLGA–PEG–PLGA copolymers with the sa
rug loading as 5-fluorouracil using solvent evap

ion method.

.8. In vitro erosion studies

The copolymer solutions (25%, w/w, 1 ml) we
laced into test tubes and incubated at 37◦C. After
min, 3 ml of phosphate buffer (pH 7.4) was adde

he test tube and the surface area exposed to th
ease medium was 0.50 cm2. The tubes were shak
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at 50 rpm. At sampling times, the release medium of
each test tube was transferred to the pre-weighed vial
and evaporated until constant weight. The amount of
copolymer erosion was calculated as:Wd −Wo −Wp,
whereWd is the weight of vial after drying,Wo the orig-
inal weight of the vial andWp the weight of phosphate
salt.

2.9. In vitro release studies

The copolymer solutions containing the model drug
(1 ml) were manipulated according to Section2.8. At
sampling times, the release medium was replaced with
the same amount of fresh buffer in order to main-
tain sink conditions and subjected to high-performance
liquid chromatography (HPLC) for analysis. HPLC
(SPD-10Avp, Shimadzu) was equipped with a C18 col-
umn (5�m particle, 150× 4.6 mm i.d., DiamonsilTM).
The mobile phase was methanol–water with a ratio of
5:95 (v/v) for 5-fluorouracil and methanol–sodium ac-
etate anhydrous buffer (20 mM, pH 4.6) 80:20 (v/v) for
indomethacin. UV–Vis detection at 265 and 320 nm
was used for the analysis of 5-fluorouracil and in-
domethacin, respectively. The flow rate of mobile phase
was 1 ml/min.

The release data were evaluated by model-
dependent methods. Drugs diffusion from the polymer
matrix can be described by Eq.(1). The equation can
be simplified as Eq.(2) or (3) depending on the value
o

w sed
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2.10. Statistics

Statistical analysis of the effects of increasingdl-
lactide/glycolide ratio (6/1, 10/1, 15/1) on the gelation
temperature, rate of erosion and drug release was per-
formed using a one-way ANOVA at all different pints.
In all cases, post hoc comparisons of the means of in-
dividual groups were performed using Tukey’s hon-
estly significant difference test. A significance level of
P< 0.05 denoted significance in all cases.

3. Results

3.1. Characterization of PLGA–PEG–PLGA
triblock copolymers

A typical spectrum of PLGA–PEG–PLGA copoly-
mer is shown inFig. 1. The characteristic signals ap-
pearing at 5.2, 4.8, 3.6 and 1.5 ppm are assigned to
the methine hydrogen of thedl-lactide units, methy-
lene hydrogen of the glycolide units, the methylene
hydrogen of the PEG and the methyl hydrogen of the
dl-lactide units, respectively. The molecular weights,
dl-lactide/glycolide molar ratio and polydispersity in-
dexes of the copolymers are shown inTable 1.

3.2. Gelation temperature of PLGA–PEG–PLGA
copolymer solutions
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hereMt is defined as the mass of the drug relea
t time t, M∞ is the mass of drug released as t
pproaches infinity, andD and l are the diffusion co
fficient of the drug and the thickness of the dev
espectively.
A typical phase diagram illustrating t
elation behavior of aqueous solutions
LGA–PEG–PLGA(6/1) copolymer is shown
ig. 2. The gelation temperature of the copolymer
arious concentrations is shown inFig. 3. Increasing
he copolymer (6/1, 10/1, 15/1) concentrations fr
5% (w/w) to 25% (w/w), the gelation temperat
ecrease from 36.2 to 31.2◦C, 35.4 to 30.2◦C and 34.5

o 29.5◦C, respectively. The gelation temperature a
ecreased with the increasingdl-lactide/glycolide
olar ratio from 6/1 to 15/1. At all concentrati

evels, there was a significant difference (P< 0.05) in
elation temperatures among the three copolyme

.3. In vitro erosion of the hydrogels

Fig. 4 shows the effect ofdl-lactide/glycolide
olar ratio on the erosion of the copolymers. T
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Fig. 1. The1H NMR spectrum of PLGA–PEG–PLGA(10/1) copolymer.

Fig. 2. Phase diagram of PLGA–PEG–PLGA(6/1) copolymer aque-
ous solutions.

PLGA–PEG–PLGA(15/1) copolymer displayed sig-
nificantly lower erosion amount from day 15 to day 22,
compared with the PLGA–PEG–PLGA(6/1) copoly-
mer.

3.4. In vitro drug release studies

The release profiles of 5-fluorouracil and in-
domethacin from the PLGA–PEG–PLGA (6/1, 10/1
and 15/1) copolymer-based hydrogels are shown in
Figs. 5 and 6. There is no difference (P> 0.05) in re-
lease rate for the 5-fluorouracil and initial release stage
of indomethacin. Significant differences (P< 0.05)
were found in the indomethacin release at day 15 to
day 22 when comparing the PLGA–PEG–PLGA(6/1)
with PLGA–PEG–PLGA(15/1). The comparison of
5-fluorouracil and indomethacin release from the

Table 1
The molecular weights, compositions and polydispersity indexes of the copolymers

Copolymer Molecular weight of copolymer dl-Lactide/glycolide ratiob Polydispesity index

Mw
a Mn

a

PLGA–PEG–PLGA(6/1) 4842 3824 5.7 1.27
PLGA–PEG–PLGA(10/1) 4584 3555 9.0 1.29
PLGA–PEG–PLGA(15/1) 5084 4067 14.8 1.25

a Measured by GPC, relative to polystyrene standards.
b Determined by1H NMR.
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Fig. 3. Effect of dl-lactide/glycolide molar ratio on gelation
temperature of the copolymers: (a) PLGA–PEG–PLGA(6/1), (b)
PLGA–PEG–PLGA(10/1) and (c) PLGA–PEG–PLGA(15/1). (a)
*P< 0.05, PLGA–PEG–PLGA(6/1) vs. PLGA–PEG–PLGA(10/1).
(b) *P< 0.05, PLGA–PEG–PLGA(10/1) vs. PLGA–PEG–PLGA
(15/1). (c) *P< 0.05, PLGA–PEG–PLGA(15/1) vs. PLGA–
PEG–PLGA(6/1).

PLGA–PEG–PLGA(6/1) copolymer-based hydrogel
and ReGel system with a 0.5% (w/w) drug loading are
shown inFigs. 7 and 8. Both the concentration of the
copolymers were 25% (w/w). The PLGA–PEG–PLGA
copolymer-based hydrogel showed significantly lower
drug release rate than ReGel during the most of release
period.

Fig. 4. Effect ofdl-lactide/glycolide molar ratio on the erosion of
copolymer at 37◦C. The copolymer concentration was fixed at 25%
(w/w). The legend indicates thedl-lactide/glycolide molar ratio. Sig-
nificance differences were found at indicated time points (*P< 0.05,
PLGA–PEG–PLGA(6/1) vs. PLGA–PEG–PLGA(15/1)).

Fig. 5. Effect ofdl-lactide/glycolide molar ratio on 5-fluorouracil re-
lease at 37◦C. The copolymer concentration was fixed at 25% (w/w)
and the drug loading was 0.5% (w/w). The legend indicates thedl-
lactide/glycolide molar ratio. Each point represents the mean± S.D.;
n= 3.

3.5. Drug release mechanism

The release data of 5-fluorouracil and initial re-
lease stage of indomethacin were fitted to both Eqs.(2)
and(3), and the correlation coefficients are shown in
Table 2. A typical diagram of cumulative indomethacin
release during later release stage (10–30 days) plotted
against cumulative erosion amount is shown inFig. 9.

Fig. 6. Effect ofdl-lactide/glycolide molar ratio on indomethacin re-
lease at 37◦C. The copolymer concentration was fixed at 25% (w/w)
and the drug loading was 0.5% (w/w). The legend indicates thedl-
lactide/glycolide molar ratio. Each point represents the mean± S.D.;
n= 3. Significance differences were found at indicated time points
(*P< 0.05, 6/1 vs.15/1).
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Fig. 7. 5-Fluorouracil release from PLGA–PEG–PLGA(6/1) and
ReGel when the copolymer concentration was fixed at 25% (w/w).
The drug loading is 0.5% (w/w). Each point represents the
mean± S.D.;n= 3. Significance differences were found at indicated
time points (*P< 0.05, PLGA–PEG–PLGA(6/1) vs. ReGel).

Fig. 8. Indomethacin release from PLGA–PEG–PLGA(6/1) and
ReGel when the copolymer concentration was fixed at 25% (w/w).
The drug loading is 0.5% (w/w). Each point represents the
mean± S.D.;n= 3. Significance differences were found at indicated
time points (*P< 0.05, PLGA–PEG–PLGA(6/1) vs. ReGel).

Fig. 9. Correlation between cumulative drug release (%) and erosion
amount (%). The PLGA–PEG–PLGA(10/1) copolymer concentra-
tion was fixed at 25% (w/w).

4. Discussion

4.1. Effect ofdl-lactide/glycolide molar ratio on
the hydrogel erosion and drug release

Thermoreversible gelation in polymeric system is
a well-known phenomenon. Hydrogel formation de-
mands two seemingly contradictory kinds of behav-
ior: interchain interaction must be strong to form
junction points in the hydrogel network, yet at the
same time the chain can not exclude solvent, or it
will precipitate in water rather than form a hydrogel.
Temperature-responsive PLGA–PEG–PLGA copoly-
mers are a kind of block copolymers which are com-
posed of hydrophobic PLGA segment function as for-
mation of associative crosslinks and hydrophilic PEG
segment which will permit the copolymer molecules
stay in the solution. At lower temperatures, hydro-
gen bonding between hydrophilic PEG segments of

Table 2
Kinetic assessment of release data of 5-fluorouracil and indomethacin (0–9 days)

dl-Lactide/glycolide ratio Eq.(2) Eq.(3)

5-Fluorouracil Indomethacin 5-Fluorouracil Indomethacin

Slope R2 Slope R2 Slope R2 Slope R2

6/1 0.638 0.997 0.254 0.996 0.525 0.978 0.0432 0.970
10/1 0.619 0.995 0.247 0.985 0.354 0.999 0.0444 0.994
15/1 0.581 0.999 0.248 0.995 0.298 0.999 0.0365 0.996
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the copolymer chain and water molecules dominates
in the aqueous solution, resulting in their dissolu-
tion in water. As the temperature increases, the hy-
drogen bonding becomes weaker, while hydropho-
bic forces among the hydrophobic PLGA segments
strengthened leading to sol–gel transition. The hy-
drophobicity of the copolymer increases in the order
PLGA–PEG–PLGA(6/1), PLGA–PEG–PLGA(10/1)
and PLGA–PEG–PLGA(15/1) by increasing the mo-
lar ratio of dl-lactide/glycolide in the PLGA seg-
ment becausedl-lactide moiety is more hydropho-
bic than glycolide. The copolymer with higherdl-
lactide/glycolide molar ratio can form more stable
hydrogels due to the stronger hydrophobic interac-
tions among the copolymer molecules. This can be
verified by the in vitro erosion test of the hydro-
gels. The rate of hydrogel erosion depends on thedl-
lactide/glycolide molar ratio and decreases with the
dl-lactide/glycolide molar ratio increased from 6/1
to 15/1 (seeFig. 4). The decrease of sol–gel transi-
tion temperature (seeFig. 3) also indicated that hy-
drophobic interactions increase among the copolymer
molecules with thedl-lactide/glycolide molar ratio
increase.

5-Fluorouracil and indomethacin were selected as
the model of hydrophilic and hydrophobic drug to in-
vestigate thedl-lactide/glycolide molar ratio on the
drug release from the copolymer-based hydrogel. It can
be observed fromFigs. 7 and 8that the release of the
5-fluorouracil and initial release stage of indomethacin
w
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days) of indomethacin, straight lines with good cor-
relation coefficients were obtained for the hydrogels
with different dl-lactide/glycolide molar ratio when
the cumulative release amount was plotted against cu-
mulative erosion amount (seeFig. 9). This indicated
that indomethacin release was controlled by hydrogel
erosion from 10 to 30 days. Thedl-lactide/glycolide
molar ratio has less effect on the drug release domi-
nated by diffusion, but significantly affected drug re-
lease dominated by hydrogel erosion. This may be
due to the different region which the drugs distributed
in the hydrogel. The hydrophobic indomethacin tends
to partition into the hydrophobic PLGA domain of
the hydrogel and only smaller amount partitions into
the hydrophilic PEG domain, while the hydrophilic
5-fluorouracil tends to partition into the hydrophilic
PEG domain (Fig. 10). Drug molecules distributed in
the hydrophilic domain released by diffusing through
the hydrophilic channels of the hydrogel which less
changed with the variation ofdl-lactide/glycolide mo-
lar ratio. The indomethacin molecules distributed in
the hydrophobic PLGA domain released by hydro-
gel erosion. As discussed above, the rate of hydro-
gel erosion is decreased with thedl-lactide/glycolide
molar ratio increase. Significant decrease in ero-
sion amount of the hydrogels was found between
15 and 22 days compared PLGA–PEG–PLGA(15/1)
with PLGA–PEG–PLGA(6/1). Therefore, similar re-
sults were obtained from the in vitro release test of
indomethacin (seeFig. 6).

F gel:
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ver, during the later release stage of indometh
he release rate was significantly decreased with
l-lactide/glycolide molar ratio raise from 6/1 to 15
his difference is related to the different drug rele
echanism. Drug release from the hydrogels oc
y two principal mechanisms: (i) drug diffusion fro

he hydrogel during the initial release phase and
elease of drug by the erosion of the hydrogel ma
uring the later release phase. The release data
uorouracil and indomethacin were fitted to both E
2) and (3). According to the models, a straight li
s expected for each plot if drug release from the
rix is based on a diffusion mechanism. In both ca
ood correlation coefficients were obtained sugges

hat drug release was consistent with diffusion me
nism (Table 2). During later release phase (10–
ig. 10. A schematic diagram of the drug distributing in the hydro
A) hydrophobic PLGA domain and (B) hydrophilic PEG doma
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4.2. The comparison of new synthesized
copolymer with ReGel

For the temperature-responsive copolymers, it is im-
portant to precisely control the gelation temperature in
designing a drug delivery system. Gelation temperature
means the temperature below which the copolymer is
soluble in water and above which the copolymer un-
dergoes phase transition to form a water-insoluble hy-
drogel. If the gelation temperature is lower than room
temperature, gelation will occur at room temperature
leading to difficulty in manufacturing, handling and ad-
ministering. If the gelation temperature is higher than
body temperature, the formulation will maintain liquid
at injection site resulting in drug leakage. The gelation
temperature of ReGel system is lower than room tem-
perature which needs to be improved. In contrast to the
ReGel, the gelation temperature of copolymers syn-
thesized by us range from 29.5 to 36◦C which is more
suitable for drug delivery than ReGel (seeFig. 3). Fur-
thermore, the new synthesized copolymer can provided
longer drug release period at the same concentration
level as ReGel (seeFigs. 7 and 8). Thus, the copoly-
mers synthesized by us have the advantages over the
ReGel.

4.3. The method of drug loading on the
solubilization efficiency

An important property of micelle is the ability to
i ces.
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the micelle formation (physical mixing method). Mi-
celles made of nonionic surfactants are known to have
an anisotropic water distribution within their structure:
water concentration decrease from the surface towards
the core of the micelle. Due to this anisotropy, such mi-
celles demonstrate a polarity gradient from the highly
hydrated surface to the hydrophobic core. The hydrated
surface interfere the incorporation of the hydrophobic
indomethacin molecules into the micelle core when
the drug was mixed with the micelle solution. In the
case of the solvent evaporation method, indomethacin
molecules were well distributed in the copolymer and
intimately contacted with the PLGA segment of the
copolymer after the evaporation. The solubilization oc-
curred simultaneously with the copolymer micelle for-
mation. This maybe the cause that the solvent evapo-
ration method showed higher solubilization efficiency.

5. Conclusions

The temperature-responsive PLGA–PEG–PLGA
copolymers with the differentdl-lactide/glycolide mo-
lar ratio from the ReGel were synthesized and found to
have the advantages over the ReGel. The effect ofdl-
lactide/glycolide molar ratio on the drug release was
found to relate to the drug release mechanism. It has
less effect on drug release dominated by diffusion but
significantly affected drug release dominated by hydro-
gel erosion. The copolymers can solubilize the poorly
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