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ABSTRACT: The aqueous solutions of poly(ethylene glycol) grafted with poly(lactic acid-co-glycolic acid)
flow freely at room temperature but form gels at higher temperature. The existence of micelles in water
at low polymer concentration was confirmed by cryo-transmission electron microscopy and dye solubili-
zation studies. The micellar diameter is about 9 nm, and the critical micelle concentration is in a range
of 0.01-0.05 wt %. The critical gel concentration, above which a gel phase appears, was 16 wt %, and the
sol-to-gel transition temperature was slightly affected by the concentration between 16 and 25 wt %. At
sol-to-gel transition, viscosity and modulus increased abruptly, and 13C NMR showed molecular motion
of hydrophilic poly(ethylene glycol) backbones decreased while that of hydrophobic poly(lactic acid-co-
glycolic acid) side chains increased. The hydrogel of PEG-g-PLGA with hydrophilic backbones was
transparent during degradation and remained a gel for 1 week, suggesting a promising material for short-
term drug delivery.

I. Introduction

Materials that gel in situ have recently gained atten-
tion as promising implantable drug delivery systems as
well as injectable matrices for tissue engineering.1,2 In
situ gelation is the basis of injectable systems that
eliminate the need for surgical procedures and offers
the advantage of the ability to form any desired implant
shape. The change in molecular association can be
driven by changes in temperature, pH, or solvent
composition.3-7 Among the candidates of stimuli sensi-
tive systems, organic solvent-free injectable systems are
designed by using the thermosensitive sol-to-gel transi-
tion of aqueous solution. Such a system enables the
pharmaceutical agents to be easily entrapped.

To perform as an ideal injectable system, the aqueous
solution of a polymer should exhibit low viscosity at
formulation conditions and gel quickly at physiological
conditions. Considering the biomedical applications, the
biocompatibility of the polymers is also an important
issue. Therefore, the material should be biodegradable,
and by keeping water-rich hydrogel properties, it should
not induce tissue irritation during the degradation.

In situ gelling of aqueous Poloxamer 407 and N-
isopropylacrylamide copolymers have been studied as
candidate materials for injectable drug delivery systems
and also tissue engineering applications.2,8 These ma-
terials are, however, nonbiodegradable, and animal
studies demonstrated an increase in triglyceride and
cholesterol after intraperitoneal injection of the aqueous
Poloxamer 407 solution.9

Recently, Jeong et al. reported biodegradable, in situ
gelling poly(ethylene glycol-b-(DL-lactic acid-co-glycolic
acid)-b-ethylene glycol) (PEG-PLGA-PEG) triblock co-
polymers and poly((DL-lactic acid-co-glycolic acid)-g-

ethylene glycol) (PLGA-g-PEG) copolymers with hydro-
phobic PLGA backbones.10-12 They exhibited promising
properties as an injectable drug delivery system. In vivo
studies in rats demonstrated that the copolymer gels
were still present after one month. During the degrada-
tion, the initially transparent gel became opaque due
to preferential mass loss of hydrophilic PEG-rich seg-
ments. This change in morphology and the generation
of an interface or phase might denature the protein
drugs or cause cell deterioration in tissue engineering.
In vitro release of porcine growth hormone (PGH) and
insulin from the in-situ formed gel stopped after releas-
ing 40-50% of loaded proteins.13

Certain drug formulations need a 1-2 week delivery
system. For example, ifosfamide, a drug used for germ
cell testicular cancer, is administered intravenously for
five consecutive days. This treatment is repeated every
3 weeks or after recovery from hematological toxicity.14

To prepare such a short-term delivery system, poly-
(ethylene glycol) grafted with poly(lactic acid-co-glycolic
acid) (PEG-g-PLGA), where hydrophilic PEG is a back-
bone, is designed. This material is expected to show a
different gelation and degradation behavior and, con-
sequently, a different drug release profile as compared
to PEG-PLGA-PEG or PLGA-g-PEG.

II. Experimental Section

Materials. DL-Lactide (Polyscience) and glycolide (Poly-
science) were recrystallized from ethyl acetate. Glutaric an-
hydride (Aldrich), glutaric acid (Aldrich), stannous octoate
(Aldrich), epoxy-terminated poly(ethylene glycol) (MW: 600;
Polyscience), poly(ethylene glycol) (MW:1000; Aldrich), and 1,6-
diphenyl-1,3,5-hexatriene (DPH; Aldrich) were used as re-
ceived.

Synthesis. PEG-g-PLGA was prepared according to Scheme
1. First, PEGs (MW ) 1000, 38.28 g, 38.28 mmol) were
dissolved in 90 mL of toluene. Toluene was then distilled off
to a final volume of 50 mL to remove water by azeotropic
distillation. Glutaric anhydride (7.255 g, 80.39 mmol) and
glutaric acid (0.042 g, 0.40 mmol) were added, and the reaction
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mixture was stirred at 120 °C for 6 h. Diethyl ether was added
to the reaction mixture to precipitate out the carboxylic acid-
terminated PEG (CPEG). The product was placed under high
vacuum (∼10-3 mmHg) for 48 h to remove the residual solvent.
In the second step, epoxy-terminated PEG (EPEG) (MW ) 600,
5.619 g, 9.36 mmol) was reacted with CPEG (11.50 g, 9.36
mmol) in toluene at 120 °C for 24 h to prepare PEG with
pendant hydroxyl groups (PEGH) along the PEG backbone.
In the third step, DL-lactide (19.2 g, 133.3 mmol) and glycolide
(6.4 g, 55.1 mmol) were polymerized in situ on the preformed
PEGH backbone at 130 °C for 24 h, using stannous octoate
(76 µL, 0.187 mmol) as a catalyst. The graft copolymers were
precipitated into excess ethyl ether, and the residual solvent
was removed under vacuum.

Gel Permeation Chromatography (GPC). The GPC
system (Waters 515) with a refractive index detector (Waters
410) was used to obtain molecular weight and molecular
weight distribution. The GPC data were calibrated with
polystyrene standards with molecular weights in a range of
600-30 000. Styragel HMW 6E and HR 4E columns (Waters)
were used in series. Tetrahydrofuran (THF) was used as an
eluting solvent.

Cryo-Transmission Electron Microscopy (Cryo-TEM).
Using cryo-TEM, a 1% PEG-g-PLGA solution was investigated
in the form of vitreous films. Detailed procedures for the
sample preparation have been published elsewhere.15 The
liquid films of 10-300 nm thickness freely spanning across
the micropores in a carbon-coated lacelike polymer substrate
were prepared at 23.7 °C with complete control of temperature
and humidity and rapidly vitrified with liquid ethane at its
melting temperature (-180 °C). Imaging was performed using
a JEOL 1210 operating at 120 kV. Adequate phase contrast
was obtained at a nominal underfocus of ∼6 µm. Images were
recorded on a Gatan 724 multiscan camera, and optical density
gradients in the background were digitally corrected.

Cmc Determination. The hydrophobic dye 1,6-diphenyl-
1,3,5-hexatriene (DPH) was dissolved in methanol with a
concentration of 0.4 mM. This solution (20 µL) was injected
using a microsyringe into 2.0 mL of PEG-PLGA polymer
aqueous solution with various concentrations between 0.0032
and 0.26 wt % and equilibrated for 5 h at 4 °C. A UV-vis
spectrometer (HP 8453) was used to get the UV-vis spectra
in the range 280-450 nm at 20 °C. The cmc was determined

by the plot of the difference in absorbance at 377 nm and at
391 nm (A377 - A391) versus logarithmic concentration.

Viscosity. The viscosity of PEG-g-PLGA aqueous solution
(22 wt %) was measured as a function of temperature. A
Canon-Fenske viscometer 200 with a viscometer constant of
0.0966 cSt/s was used to measure the viscosity of the polymer
solution.

Dynamic Mechanical Analysis. The sol-gel transition
of the graft copolymer aqueous solution (22 wt %) was
investigated using a dynamic mechanical rheometer (Rheo-
metric Scientific: SR 2000). The polymer solution was placed
between parallel plates having a diameter of 25 mm and a
gap distance of 0.5 mm. The data were collected under
controlled stress (4.0 dyn/cm2) and frequency of 1.0 rad/s.16 The
heating and cooling rate was 0.2 °C/min.

Sol-Gel Transition. The sol-gel transition was deter-
mined by a test tube inverting method with a temperature
increment of 1 °C per step.17 Polymer aqueous solutions (0.5
g) were prepared in 4 mL vials with inner diameters of 11 mm.
The vials were immersed in a water bath at each step for 15
min. The sol-gel transition temperature was monitored by
inverting the vials, and if there was no flow in 30 s, it was
regarded as a gel. The transition temperature was determined
with (1 °C accuracy.

NMR Study. A NMR spectrometer (Varian VXR 300) was
used for 1H NMR and 13C NMR to study composition and
microenvironment change during sol-to-gel transition. For the
13C NMR in D2O, a 22 wt % PEG-g-PLGA solution was
prepared.

III. Results and Discussion

Synthesis. PEG-g-PLGA was synthesized by three
steps as shown in Scheme 1.

Carboxylic acid-terminated PEG (CPEG) was pre-
pared by reacting PEG with excess amount of glutaric
anhydride in the presence of catalytic amounts of
glutaric acid. Formation of the compound was confirmed
by 1H NMR in CDCl3. The chemical shifts (ppm) in the
spectra are 1.9 (central methylene of glutarate), 2.4
(methylene of glutarate next to carbonyl group), 3.6
(ethylene of PEG), and 4.2 (methylene of PEG connected
to glutarate). The one to one area ratio of the peaks at
1.9 and 4.2 ppm indicates the quantitative end group
functionalization.

PEG with hydroxy pendant groups (PEGH) was
prepared by the reaction of CPEG andepoxy-terminated
PEG (EPEG). The weight-average molecular weight
(Mw) and polydispersity index (PDI) of resulting PEGH,
which were determined by GPC, was 3000 and 1.3
relative to polystyrene standards. The peaks at 1.9 and
2.4 ppm come from glutarate. The peaks at 3.6 and 4.3
ppm come from PEG. The small overlapped peaks 3.4-
4.2 ppm of PEGH come from the connecting methylene
or methine moieties between CPEG and EPEG (Scheme
1). It is hard to conclude the precise structure of PEGH
based on 1H NMR data. There are two possibilities of
the ring-opening pattern of the epoxy group during the
reaction of EPEG and CPEG. The nucleophiles prefer
to attack the sterically less hindered side of the epoxy
group in the base-catalyzed addition, while ring-opening
is less regiospecific in cationic polymerization.18 The
GPC chromatogram in Figure 2 shows the increase in
molecular weight by the formation of PEGH from CPEG
and EPEG. Assuming a PEGH molecular weight of
about 3000, there are ∼2-3 pendant hydroxy groups
per each PEGH.

The resultant PEGH was used as an initiator for the
ring-opening polymerization of DL-lactide and glycolide
in the presence of stannous octoate as a catalyst. 1H

Scheme 1. Synthesis of PEG-g-PLGA
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NMR spectra show an ethylene glycol unit at 3.6 ppm,
a lactic acid unit at 5.3 ppm (methine) and 1.8 ppm
(methyl), and a glycolic acid unit at 4.8 ppm. Composi-
tion of the PEG-g-PLGA calculated by 1H NMR was
2.98/2.35/1.00 (ethylene glycol/DL-lactic acid/glycolic acid)
in mole ratio. The methylene protons of the epoxy group
show up at 2.6 and 2.8 ppm in 1H NMR. In the 1H NMR
spectrum of PEGH and PEG-g-PLGA the epoxy signals
are too small to be analyzed quantitatively. Weight-
average molecular weight (Mw) and PDI of PEG-g-PLGA

determined by GPC were 6000 and 1.5 relative to
polystyrene standards.

Micellization. PEG-g-PLGA is an amphiphilic co-
polymer, and a core-shell structure can be expected in
water. The hydrophobic PLGA side chains form a core,
and the hydrophilic PEG backbones form a shell region.
The formation of core-shell structure was investigated
by cryo-transmission electron microscopy (cryo-TEM)19,20

and the dye solubilization method.21

The formation of micelles was directly confirmed by
a cryo-TEM image. A 1 wt % PEG-g-PLGA solution at
23.7 °C was quenched into a vitrified form at -180 °C.
The cryo-TEM image shows closely packed spherical
micelles (denoted as S in Figure 3) on the left side of
black stripe. The diameter of a micelle is about 9 nm.

At a fixed concentration of DPH, the polymer concen-
tration was increased from 0.0032 to 0.26 wt %. The
absorption coefficient of the hydrophobic dye (DPH) is
much higher in a hydrophobic environment than in
water. Thus, with increasing polymer concentration, the
absorbance at 377 and 356 nm increased, indicating that
the polymers formed a core-shell structure in water
creating a hydrophobic environment (Figure 4a). The
critical micelle concentration (cmc) was determined by
extrapolating the absorbance at 377 nm minus absor-
bance at 391 nm (A377 - A391) versus logarithmic
concentration (Figure 4b) to compensate for the scat-
tering effect. The cmc value determined by this extrapo-
lation is not precise due to the uncertainty in the line,
but it is in a range of 0.01-0.05 wt % at 20 °C.

Sol-Gel Transition. At high concentrations, the
PEG-g-PLGA aqueous solution undergoes a sol-to-gel
transition with increasing temperature. The viscosity
of a 22 wt % PEG-g-PLGA aqueous solution that was
measured by a Cannon-Fenske viscometer was 27 cP
at 20 °C. This viscosity is low enough for an easy
formulation of the polymer with pharmaceutical agents
that could be injected using a 22 gauge needle. Above

Figure 1. 1H NMR of CPEG, PEGH, and PEG-g-PLGA in
CDCl3. CPEG, PEGH, and PEG-g-PLGA indicate carboxylic
acid-terminated PEG (first step), PEG with pendant hydroxy
groups (second step), and PEG grafted with PLGA (third step),
respectively.

Figure 2. GPC chromatogram of polymers showing progress
of reactions. CPEG, PEGH, and PEG-g-PLGA indicate car-
boxy-terminated PEG (first step), PEG with pendant hydroxy
groups (second step), and PEG grafted with PLGA (third step).

Figure 3. Cryo-TEM image showing micelle formation of the
PEG-g-PLGA polymer at a concentration of 1 wt % in water
at 23.7 C. P, C, and S denote the substrate carbon-polymer
film, ice condensates, and spherical micelles, respectively. The
spheroidal micelles are preferentially collected around the edge
of the sample film because the thickness is greater there than
in the center.
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the gelation temperature, the viscosity is too high to flow
through the capillary of this viscometer. Dynamic me-
chanical analysis of 22 wt % aqueous polymer solutions
shows that the real part (η′) of complex viscosity
increases from 5 to 500 dyn‚s cm-2 [P] and elastic
modulus (G′) increased from 0 to 100 dyn cm-2 during
a sol-to-gel transition (Figure 5). η′ and G′ are measures
of dissipated energy and stored energy, respectively,
when a material is subject to cyclic deformation. And,
practically no flow was observed above 30 °C in the test
tube inverting method, indicating a sol-to-gel transition.
When we compare the two methods for 22 wt % aqueous
polymer solutions, the gelation temperature determined
by a test tube inverting method corresponds to the
temperature at which η′ of 100 P and G′ of 50 dyn/cm2

are reached in dynamic mechanical analysis when
thermal equilibrium is assumed in both cases.

The phase diagram of PEG-g-PLGA aqueous solutions
determined by a test tube inverting method is shown
in Figure 6. The sol-to-gel transition is accompanied by
a sharp increase in viscosity. The critical gel concentra-
tion (cgc) above which the gel phase appears was about
16 wt %. Below cgc, the system flows even though the
viscosity increases as the temperature increases. The

sol-to-gel transition temperature, estimated at about 30
°C, was slightly affected by the polymer solution con-
centration. The presence of the gel phase around body
temperature (37 °C) indicates that the material is a
promising candidate for an injectable drug delivery
system that can be formulated at room temperature and
would form a gel in situ upon subcutaneous or intra-
muscular injection. The pharmaceutical agents would
then be slowly released from the in situ formed gel.

Further analysis of the phase diagram illustrates that
with increasing temperature the gel exhibits syneresis,
marked as gray triangles in Figure 6, a macromolecular
phase separation where some amount of water is exuded
from the gel phase. Above the syneresis temperature,
the gel phase remains separated from the water.
Therefore, the sol phase at low temperature is a
homogeneous one-phase solution while the sol phase
above syneresis is a two-phase system. The gel region,
right side of the trend line in the phase diagram,
indicates the area where a uniform gel phase exists. On
the basis of the phase diagram, 21-25 wt % of PEG-g-
PLGA aqueous solutions are recommended as injectable
formulations for drug delivery.

The aggregation number of a micelle can be estimated
from the size of the micelle by assuming that the micelle
is a hard sphere. The radius of a micelle can be

Figure 4. (a) UV spectra showing the formation of core-shell
structure of polymers in water at 20 °C. DPH concentration
was fixed at 4 µM and polymer concentration varied: 0.0032,
0.01, 0.0178, 0.032, 0.056, 0.10, 0.178, and 0.26 wt %. The
increase in absorption band at 377 nm with increasing polymer
concentration indicates the formation of a hydrophobic envi-
ronment, that is, micelles, in water. (b) The cmc determination
by extrapolation of the difference in absorbance at 377 and
391 nm.

Figure 5. Real part (η′) of complex viscosity and elastic
modulus (G′) of 22 wt % PEG-g-PLGA aqueous solutions as a
function of temperature. Below 25 °C, G′ is negligible because
the system is a low viscous sol. With increasing temperature,
the viscosity and modulus increase abruptly to undergo a sol-
to-gel transition at around 30 °C.

Figure 6. Phase diagram of PEG-g-PLGA aqueous solution.
The concentration is the overall concentration of polymers in
water. Filled circles and gray triangles indicate sol-to-gel
transition and syneresis. The gel region, right side of trend
line, is the region where the uniform gel phase exists.
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estimated from eq 1.22,23

where MsD denotes the molecular weight of a micelle
obtained from centrifugal sedimentation which is close
to weight-average molecular weight (Mw). ν2 and NA are
the partial specific volume of the polymer and Avogadro’s
number, respectively.

The aggregation number of a micelle (Nag) is given
by eq 2.

where M and M0 denote molecular weight of a micelle
and molecular weight of a polymer, respectively. As-
suming ν2 is 0.95, which is typical for polyester or
polyether,22 and R is about 4.5 nm (diameter ∼ 9 nm)
from cryo-TEM, the micellar aggregation number is 40
at 20 °C. The aggregation number of a micelle is
assumed to be practically constant for a sol region as
in the cases of PEG-PLGA-PEG and Poloxamer 407.24,25

This calculation also assumes that M is equal to MsD,
and the molecular weight of PEG-g-PLGA (M0) is 6000
as determined from GPC data.

On the basis of this estimation, the thermodynamic
functions such as enthalpy (∆H0), Gibbs free energy
(∆G0), and entropy of gelation (∆S0) can be calculated.26

Now, the standard states of gelation process are taken
to be the micelles in ideal dilute solution at unit molarity
and micelles in gel state.

Cm is the concentration of micelles in mol L-1 that is
calculated by assuming that the aggregation number
per micelle is 40. Tgel is the sol-to-gel transition tem-
perature. ∆H0 calculated from the slope of ln Cm versus
1/Tgel (Figure 7) is 146 kJ mol-1 (micelle) or ∆H0 ) 3.65
kJ mol-1 (chain). This value is similar to gelation of
poloxamer 407 (∆H0 ) 1.5 kJ mol-1 (chain)) and PEG-
PLGA-PEG triblock copolymers (∆H0 ) 1.32 kJ mol-1

(chain)).27,28 Gibbs free energy (∆G0) and entropy (∆S0)
for the gelation of 22 wt % PEG-g-PLGA aqueous
solution with a Tgel of 30 °C are -0.59 kJ mol-1 and 1.9

J mol-1 K-1, respectively. This calculation leads to the
conclusion that the gelation is driven by the entropy.
The molecular origin of such an entropy-driven process
has been suggested as hydrophobic interactions.29 Water
molecules tend to surround the hydrophobic segment
(PLGA) to decrease the free energy. Consequently, the
entropy of water molecules decreases in the presence
of hydrophobes. Therefore, the surface area of hydro-
phobic molecules is minimized in water. Such hydro-
phobic interactions increase with increasing tempera-
ture, change the molecular conformation of PEG-g-
PLGA, and thus might drive the gelation.30

The 13C NMR analysis of the polymers was conducted
at different temperatures to elucidate the structure of
the gel and mechanism of gel formation (Figure 8).
Spectra of polymers dissolved in water and chloroform
were compared. The 13C NMR spectra of a 22 wt % PEG-
g-PLGA in D2O were obtained at 20 (sol state), 30 (just
above sol-to-gel transition),40 (gel state), and 50 °C
(macrophase-separated state) by simply increasing the
temperature around the probe without changing NMR
parameters. The equilibration time at each temperature
was 15 min. Chloroform (CDCl3) is a nonselective good
solvent for both PEG and PLGA blocks while water
(D2O) is a good solvent for PEG but is a poor solvent
for PLGA. The sharp peaks of both PEG and PLGA in
chloroform are compared with a collapsed peak of PLGA
in water at first and second rows of 13C NMR, indicating
core (PLGA)-shell (PEG) structure of the polymer in
water. The molecular motion of PEG in water is
decreased due to anchoring effects by the hydrophobic
PLGA segments compared with that in chloroform. This
fact is reflected in a broadened peak of PEG in D2O at
20 °C. The change in molecular association at sol-to-
gel transition involves the change in molecular motion
of the polymers. The change in 13C NMR with increasing
temperature (20-50 °C) shows such a change in mi-
croenvironment around the PEG and PLGA. The PEG
peak (72 ppm) at a gel state (30 °C) is broadened and
decreased by half in height compared with a sol state
(20 °C), whereas there is a slight increase in PLGA peak

Figure 7. Calculation of enthalpy of sol-to-gel transition of
PEG-g-PLGA aqueous solutions.

Figure 8. 13C NMR spectra of PEG-g-PLGA in D2O (22 wt
%) as a function of temperature. The 13C NMR spectrum in
CDCl3 is also shown as a reference.

R ) (3MsDν2/4πNA)1/3 (1)

Nag ) M/M0 (2)

∆G0 ) RTgel ln Cm (3)

∆H0 ) R[d ln Cm/d(1/Tgel)] (4)

∆S0 ) (∆G0 - ∆H0)/Tgel (5)

Macromolecules, Vol. 33, No. 22, 2000 Thermogelling Biodegradable Polymers 8321



height (20 ppm) at gel state (30 °C). These changes in
peak heights indicate a significant decrease in molecular
motion of the PEG backbone and increased thermal
motions of the PLGA side chains during the sol-to-gel
transition. This behavior is quite different from that of
PLGA-g-PEG. PLGA-g-PEG showed little change in
PEG peak during the sol-to-gel transition at 13C NMR
in D2O.12 On the basis of these observations, the
following model can be suggested for the sol-to-gel
transition of PEG-g-PLGA copolymer aqueous solutions.
In a sol state, the polymer conformation is micellar
where the PEGs occupy shell and PLGAs occupy core
of the micelle. The degree of association in a sol state is
not enough to form a three-dimensional network. With
increasing temperature, the hydrophobic interactions
increase and associations of polymers decrease the PEG
molecular motion, resulting in a long-range network
formation, that is, a gel. The degree of association is
strong enough to keep its integrity in the presence of
excess water at a given temperature such as 37 °C.
Therefore, we can define this system as a gel rather
than a solution with an increased viscosity. As the
temperature increases further, the long-range interac-
tions among the polymers increase, and phase mixing
between PEG and PLGA occurs,31 resulting in the
macrophase separation between water and polymer that
occurs at 50 °C.

The 22 wt % polymer solutions (0.5 g) are injected
into 4 mL vials (diameter of 1.1 cm) and kept in a 37 °C
water bath for 5 min. During this time the gel forms. A
3 mL aliquot of phosphate buffer saline (37 °C, pH )
7.4) is added, and the vials are shaken (16 strokes/min)
in the water bath to simulate body conditions. The gel
keeps its integrity for 1 week in vitro, and the initially
turbid gel becomes transparent in 3-7 days. After 7
days, the gel totally disintegrated to become a clear
polymer solution.

This material can be applied for a short-term delivery
of pharmaceutical agents such as proteins and antican-
cer drugs. The hydrophobicity of the drug and the
molecular structure of the polymers affect the extent of
diffusion or degradation dominant drug release profile.10

Therefore, by choosing the appropriate drug and mo-
lecular parameters of PEG-g-PLGA, a short-term de-
livery system can be designed on the basis of this
polymer hydrogel.

IV. Conclusions
The aqueous solutions of PEG-g-PLGA copolymers

exhibited a sol-to-gel transition in response to an
increase in temperature. Micelle formation was con-
firmed by cryo-TEM and the dye solubilization method.
The micellar diameter was about 9 nm, and the cmc was
in the range 0.01-0.05 wt %. 13C NMR shows that the
molecular motion of PEG backbones decreases while
that of PLGA side chains increases during the sol-to-
gel transition.

The 21-25 wt % solutions exhibit low viscosity at
room temperature and form gels at body temperature.
The gel morphology changed from turbid to transparent,

and the integrity of gel persisted for 1 week, suggesting
a promising candidate for short-term drug delivery
systems.
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