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A new glucosyl triblock copolymer, poly(acryloyl glucofuranose)-block-poly(N-isopropyl acrylamide)-
block-poly(acrylic acid) (PAG-b-PNIPAM-b-PAA, i.e., PGNA), was first synthesized from 3-O-acryloyl-
1,2;5,6-di-O-isopropylidene-a-D-(-)-glucofuranose (ADIPG), tert-butyl acrylate (tBA) and N-
isopropylacrylamide (NIPAM) in the presence of the initiator 2,2-azoisobutyronitrile (AIBN) by
sequential reversible addition—fragmentation chain transfer (RAFT) polymerization. In this RAFT
process, 2, 2'-thiocarbonylbis(sulfanediyl))bis(2-methylpropanoic acid) (CMP) was synthesized and used
as a chain transfer agent. PGNA and the reaction intermediates were characterized by FT-IR, HNMR and
GPC. When heated, the aqueous PGNA copolymer solution exhibits good sol-gel phase transition
behaviours. Meanwhile, the formed hydrogels are also sensitive to the pH. When the copolymer solution
is injected into a living Sprague Dawley (SD) rat, an in situ gel is formed within 3 minutes. By using
acetylsalicylic acid (aspirin) as a model, drug release tests show that the maximum releasing value is
approximately 76% under physiological conditions (pH 7.4, 37 °C). The synthesized triblock copolymer
shows no apparent cytotoxicity towards L929 fibroblast cells according to an in vitro cytotoxicity test

(MTT assay).

1. Introduction

In recent decades, smart hydrogels have received more and more
research attention for their extensive applications in many fields
such as industrial '* agricultural®®, biological'®'* and
materials''® fields, and multiple intelligent hydrogels have
attracted especially great interest for their ability to adapt to
complex environments. In particular, as drug carriers, hydrogels
have gained much attention for their great application prospects
and value. Under the premise that hydrogels are going to be used
in the human body, the parameters of the physical environment
must be considered, such as body temperature and humoral pH
values, in drug delivery systems. In other words, a drug carrier
should make full use of the difference between the external and
body temperatures, and the gel pH should be controlled to meet
the physical pH value. Poly(N-isopropyl acrylamide) (PNIPAM)
is one of the most widely studied thermoresponsive monomers
with a phase transition temperature of approximately 32 °C in
water, which is close to the human physiological temperature.?**!
Poly(acrylic acid) (PAA) is one of the typical pH sensitive
monomers that can exhibit swelling-deswelling phenomenon due
to the protonation—deprotonation of its carboxyl groups in
aqueous solution.”” In addition, the linkage of NIPAM with AA
usually produces a dual sensitive hydrogel. *2° To date, the
reported dual sensitive hydrogels are random structures prepared
from mostly petrochemical monomers, and their biocompatibility
needs to be improved. These studies give full consideration to
problems such as the temperature and pH sensitivity, but there is
not sufficient attention to the biocompatibility of the hydrogels.
Our group previously reported a diblock glucosyl thermosensitive
hydrogel and also found that its biocompatibility was greatly
improved after the introduction of a glycosyl group.”’
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To the best of our knowledge, there are no reports of a sol-gel
system based on triblock copolymers that contain glucofuranose,
N-isopropyl acrylamide, and acrylic acid. Herein, we designed
and synthesized a triblock double sensitive smart hydrogel,
poly(3-O-Acryloyl-glucofuranose)-block-poly(N-isopropyl

acrylamide)-block-poly(acrylic acid) (PAG-b-PNIPAM-b-PAA,
i.e., PGNA). The triblock copolymers were synthesized by
sequential reversible addition—fragmentation transfer (RAFT)
polymerization®® % with PNIPAM entities as the thermosensitive
units, PAA entities as the pH sensitive units and glucosyl units to
enhance the biocompatibility. The advantages of the RAFT
process are that excellent control of the molecular structures and
weights, a narrow molecular weight distribution and dual
sensitive properties would be achieved in the triblock copolymer.
This strategy can also avoid some limitations, such as a high
polydispersity (PDI) and unwanted random or branched
polymerization. The resulting copolymers were also characterized
by FT-IR, HNMR and GPC. Furthermore, the properties of PAG-
b-PNIPAM-b-PAA were investigated, such as the sol-gel-
syneresis phase transition behaviour as well as the thermo- and
pH-responsive behaviours. The copolymer proved to be injectable
and have a low cytotoxicity via a SD rat experiment and an in
vitro cytotoxicity test, and its drug release behaviour was also
investigated using acetylsalicylic acid (aspirin) as a model.

2. Materials and experiments
2.1 Materials

The inhibitor in monomer tert-butyl acrylate (tBA, Aladdin, 99%)
was washed with NaOH and distilled under a reduced pressure.
N-isopropylacrylamide (NIPAM, Tokyo Kasei Kogyo Co., Ltd,
98%) was recrystallised three times from hexane and dried under

vacuum. 3-O-Acryloyl-1,2;5,6-di-O-isopropylidene-o-D-(-)—
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glucofuranose (ADIPG) was prepared via the reaction between
allyl  bromide and  1,2;5,6-di-O-isopropylidene-a-D-(-)-
glucofuranose (from Aladdin).* 2,2'-
Thiocarbonylbis(sulfanediyl))bis(2-methylpropanoic acid) (CMP)
was synthesized according to a literature®’. The initiator 2,2-
azoisobutyronitrile (AIBN, Shanghai Reagent Co., China, 99%)
was recrystallized from ethanol and dried with vacuum drying.
1,4-Dioxane (AR, Shanghai Richjoint Chemical Reagents Co.,
Ltd.) was refluxed for 1-2 hours with NaH and Na using diphenyl
ketone as the indicator, and then it was distilled under normal
pressure prior to each use. All of the other reagents were of
analytical grade and used as received.

2.2 Synthesis of the PAG-b-PNIPAM-b-PAA triblock

copolymer

The thermo- and pH-responsive triblock copolymer was
synthesized from the following step by step synthesis procedure:
(1) synthesis of macromolecular chain transfer agent PtBA-CMP
by RAFT polymerization; (2) polymerization of the diblock
copolymer PNIPAM-b-PtBA; (3) polymerization of the triblock
copolymer PAIDPG-b-PNIPAM-b-PtBA; (4) desulfurization of
PAIDPG-PNIPAM-PtBA; and (5) hydrolysis to obtain PAG-
PNIPAM-PAA. The reaction scheme is shown in Scheme 1.

2.2.1 Synthesis of PtBA-CMP (I)

PtBA-CMP was prepared from tBA in the presence of the
initiator AIBN by RAFT polymerization and used CMP as a
chain transfer agent. A typical run was as follows: A 50-mL
Schlenk flask was charged with tBA (10.24 g, 0.08 mol), CMP
(451.2 mg, 1.6 mmol), AIBN (26.2 mg, 0.16 mmol), and 1,4-
dioxane (11 mL). The reaction system was degassed by four
freeze—pump—thaw cycles, and the reaction was continued at 75
°C for 3 h. The reaction was terminated by immersing the flask
into ice-salt baths. The product was precipitated twice into a 15-
fold excess solution of water and MeOH (1:1, v:v). After drying
in a vacuum oven overnight at 35°C, the macro-RAFT agent
PtBA-CMP (I) was obtained.

2.2.2 Polymerization of PNIPAM-b-PtBA (I1I)

With AIBN as the initiator, PtBA-CMP as the macro-RAFT
agent, diblock copolymer PNIPAM-b-PtBA was synthesized
from NIPAM. The typical procedure was showed as follows: A
50-mL Schlenk flask was charged with PtBA-CMP (2.3 g, 1.25
mmol) as the macro-RAFT agent, NIPAM (14.0 g, 123.9 mmol),
AIBN (10.2 mg, 0.06 mmol), and 1,4-dioxane (22 mL). The
reaction system was degassed by four freeze—pump—thaw cycles,
and the reaction was continued at 75 °C for 12 h. The reaction
was terminated by immersing the flask into ice-salt baths. The
product was precipitated twice into a water and MeOH solution
(1:1 v:v). After drying in a vacuum oven overnight at 35 °C, the
diblock copolymer PNIPAM-b-PtBA (II) was obtained.

2.2.3 Polymerization of PAIDPG-b-PNIPAM-b-PtBA (III)
Triblock copolymer PAIDPG-b-PNIPAM-b-PtBA was prepared
by reacting AIDPG with PNIPAM-b-PtBA in the presence of
AIBN as an initiator. A typical procedure was as follows: A 100-
mL Schlenk flask was charged with PNIPAM-PtBA (5.4 g, 0.33
mmol) as the macro-RAFT agent, ADIPG (10.0 g, 31.8 mmol),
and 1,4-dioxane (25 mL). After complete dissolution, AIBN (2.6
mg, 0.016 mmol) was added. The reaction system was degassed
by four freeze—pump—thaw cycles, and the reaction was
continued at 75 °C for 16 h. The reaction was terminated by
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immersing the flask into ice-salt baths. The product was

o precipitated twice into a solution of MeOH and water (1:1, v:v).

After drying in a vacuum oven overnight at 35°C, the triblock
copolymer PAIDPG-b-PNIPAM-b- PtBA (III) was obtained.
2.2.4 Synthesis of NC(Me,)C-PAIDPG-b-PNIPAM-b-PtBA-
C(Me;)COOH (IV)

In a typical procedure, a 50-mL Schlenk flask was charged with
copolymer III (2.0 g, 0.01 mmol), AIBN (0.93 g, 5.67 mmol), and
1,4-dioxane (15 mL). After degassing by three
freeze—pump—thaw cycles, the reaction was continued at 80 °C
for 20 h. The solution was concentrated by rotating evaporation,
and then the concentrated solution was precipitated twice into a
15-fold excess of n-hexane. After being dried in a vacuum oven
overnight at the normal temperature, a faint yellow powder
NC(Me,)C-PAIDPG-b-PNIPAM-b-PtBA-C(Me,) COOH av)
was collected.

2.2.5 Synthesis of PAG-b-PNIPAM-b-PAA (V)

The triblock copolymer IV (1.5 g, 0.01 mmol) was dissolved in
dichloromethane (15 mL) and stirred at room temperature with
trifluoroacetic acid (1 mL). After 2 days, dichloromethane and
trifluoroacetic acid were removed by rotating evaporation. The
collected polymer was dissolved in DMSO. Then, the solution
was poured into dialysis tubing (MWCO = 10000) and dialysed
against deionized water for 3 days. A white solid PAG-b-
PNIPAM-b-PAA (PGNA) (V) was obtained by using the method
of freeze drying. In the dialysis process, the room temperature (5
- 15 °C) was below LCST of the copolymer hydrogel.

With a five-step procedure as shown in scheme 1, Three triblock
copolymers (PGNA) with different molecular weight were
prepared, and their characteristics are summarized in Table 1.

2.3 Characterization of the copolymers

The FT-IR spectra were obtained on a Nicolet Avatar 370
Fourier transform spectrometer at room temperature, with the
samples being prepared by the KBr squash method. 'H NMR
spectra of the block copolymers were recorded at room
temperature on a Varian Gemini 20001 400 MHz NMR
spectrometer by using deuterium chloroform or dimethyl
sulfoxide as the solvents. Chemical shifts (8) are given in ppm
using tetramethylsilane (TMS) as an internal reference. The
number averaged molecular weights and the polydispersity
indices (PDIs) of copolymers (I)-(V) were measured by GPC
with THF as the eluent at a flow rate of 1.00 ml/min, and a
sample concentration of 0.10 mg/mL was used. The polyethylene
glycol in a molecular weight range of 600-40,000 Da were used
as the molecular weight standards.

2.4 Measurement of the sol-gel phase transition

By using a test method based on inversion, the sol-gel phase
transition of the PGNA triblock copolymer in aqueous solution
was investigated®***. The copolymer was dissolved in a
phosphate buffered saline (PBS) solution in 2-ml (10-mm
diameter) vials at a given concentration and stabilized at 4 °C for
3 h. Then, the vials were placed in a water-bath and heated slowly
at a rate of 0.1 °C/min from 15 °C to the syneresis temperature.
The transition temperatures were determined by observing
whether there was flow when the vial was horizontally inverted.
To reach equilibrium, each step was maintained for 10 min. Once

s the vial was inverted without flow for 30 s, the sample was
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considered to be a gel. With a further increase in temperature,
phase separation happened, and the corresponding temperature
was recorded as the syneresis temperature. Each point is an
average of three measurements.

2.5 In vivo experiments

To confirm the injectability of the synthetic triblock copolymer
hydrogel, Sprague-Dawley (SD) rats were used for in vivo
experiments. The PGNA copolymer was dissolved in
physiological saline at a concentration of 10 wt. % and stored at 4
°C for 4 h so it could completely dissolve. Then, the copolymer
solution was subcutaneously injected into a healthy SD rat by a
syringe with a 20 gauge needle. After 3 min, the injection site
was sacrificed to observe the morphology of the gel and the in
situ gel formation ability of the triblock copolymer in
physiological conditions.

2.6 In vitro release of Aspirin from the PGNA hydrogel

Acetylsalicylic acid (Aspirin) was used as a model drug to
investigate the release property of the hydrogel. First, the aspirin-
loaded hydrogels were prepared®. The as-prepared PGNA
copolymer was equilibrated in an absolute ethanol solution with
aspirin for overnight loading in darkness. Ethanol in the
hydrogels was evaporated in a vacuum oven and the aspirin-
loaded dry hydrogels were obtained. The amount of aspirin in the
dry gels was 1.5 %. Subsequently, the drug-loaded hydrogels (0.1
g) were immersed in a volume of pH 7.4 buffer solutions in a
shaking water bath at 37 °C. Then, 3 mL solution was collected
at 1 h intervals and the buffer solution was replaced periodically
to maintain a constant volume. The aspirin content was recorded
by using a UV spectrophotometer at 296 nm. The in vitro release
tests were conducted in triplicate. The concentration of the drug
in the buffer solutions was calculated from the following
calibrated standard curves: y = 0.2521 + 0.0029x (r = 0.9992) *.
The cumulative release ratio of the aspirin was calculated
from the following equation®:

. _ Wae
Cumulative release (%) = W x 100

3s where Wy, is the weight of released drug at time t and W,
is the total weight of loaded aspirin in the hydrogel.

2.7 In vitro cytotoxicity test

The in vitro cytotoxicity of the triblock copolymer hydrogel was
evaluated by the direct contact method. 1929 cells were placed in
96-well plates at a seeding density of 1x10* cells per well and
incubated in a humidified incubator (37 °C, 5 % CO,) for 12 h.
The cells were treated with different concentrations of prepared
sterile triblock copolymer (5.0, 10.0, 15.0, and 20.0 wt. %) and
incubated at 37 °C for 24 h. The metabolic activity of the cells
was measured with a  3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay using well-grown
passage L929 mouse fibroblasts under the standard ISO 10993.5-
1999. Then, copolymer-free wells cultured under the same
conditions were used as controls. Briefly, 20 uL. of MTT solution
(5 mg/ml) was added to each well and incubated for 4 h. Then,
the MTT-containing culture medium was replaced with 150 pL of
DMSO. After 15 min, the absorbances of the samples were
measured at 490 nm in a microplate reader. The cytotoxicity is
defined as the relative viability, with culture medium containing
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ss no triblock copolymer representing 100%.

3. Results and Discussion
3.1 Characterization of the Copolymers

FT-IR spectra of the intermediates and the desired copolymer are
shown in Fig. 1. In the spectrum of Fig. 1 (I), the typical band at
1730 cm™ is ascribed to the carbonyl group of the ester group. As
shown in Fig. 1 (II), after copolymerization with NIPAM, another
strong absorption peak at 1652 cm’' appears, which can be
attributed to the carbonyl group in the amide group. Furthermore,
the vibration of the N-H of the amide group exhibits an obvious
peak at 3437 ecm™. Fig. 1 (IIl) is the spectrum of the triblock
copolymer. In this structure, the protected glycosyl monomer was
introduced, which results in a few absorption peaks of ether
groups at 1024, 1077 and 1218 cm™. The spectrum of the desired
copolymer is shown in Fig. 1 (V). From this spectrum, it can be
seen that the absorption peak at 3453 cm™ was greatly enhanced,
which indicated that the hydrolysis of the protected glycosyl
group was successfully carried out.

Fig. 2 is the GPC curves of macro-RAFT agent I, diblock
copolymer II, and triblock copolymer III. The well-controlled
PtBA-CMP (Mn = 1806 Da, PDI = 1.078) was successfully
obtained as evident by its sharp and symmetric shape of GPC
elution peak (Fig.2I). The diblock copolymer PNIPAM-b-PtBA
was synthesized by the following RAFT polymerization of
NIPAM using PtBA-CMP as the macro-RFAT agent. As shown
in Fig.2Il, the narrow molecular weight distribution (Mn =
16396 Da, PDI = 1.160) and an unimodal and symmetrical GPC
curve indicated that the PtBA-CMP was an effective macro-
RAFT agent for RAFT polymerization of NIPAM. The triblock
copolymer PAIDPG-b-PNIPAM-b-PtBA was synthesized by the
third step RAFT polymerization of AIDPG using PNIPAM-b-
PtBA as the macro-RFAT agent. The narrow molecular weight
distribution ((Mn = 19082 Da, PDI = 1.272) and an unimodal and
symmetrical GPC curve in Fig.2Il indicated that the PNIPAM-b-
PtBA was an effective macro-RAFT agent for RAFT
polymerization of AIDPG. As a result of the second RAFT step,
the molecular weight is increased to 16396 Da, and after the
second RAFT step, the increase in the molecular weight by 2686
proved that the triblock copolymer was prepared successfully.
The chemical structures of these copolymers were also
characterized by "HNMR (Fig. 3). The spectrum of macro-RAFT
agent | exhibits the typical peaks at 1.99, 1.23 and 1.39 ppm,
which are ascribed to CH-C=0, methylene and t-butyl groups,
respectively. Compared with the spectrum of I, the spectrum of 11
displays new peaks at 3.84 and 1.04 ppm resulting from -NH and
isopropyl groups, indicating the formation of a diblock
copolymer. After the introduction of the protected glycosyl
monomer, the spectrum of III exhibits typical peaks at 1.25-1.43
ppm, which are attributed to the protons of the isopropylidene
groups of glycosyl ring. Furthermore, a series of new peaks at
4.03-5.87 ppm ascribed to the glycosyl ring appeared, which also
proved that the glycosyl monomer was copolymerized into the
triblock copolymer. In the spectrum of V, it is obvious that the
isopropyl peaks at 1.25 and 1.31 ppm disappeared in PGNA2.
Meanwhile, carboxyl peaks at 10.76 ppm appeared, which

110 demonstrates that the desired copolymer was formed after the
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hydrolysis reaction.
3.2 Sol-gel-syneresis phase transition behaviour

Fig. 4 shows three photographs of the in vitro sol-gel-syneresis
phase transition of a 15 wt. % PGNA2 copolymer hydrogel under
different temperatures at a pH of 7.4. It was found that PGNA2 in
aqueous solution exists in a solution state at 20°C. At this
temperature, all three chain segments of PNIPAM, PAA, and
PAG are hydrophilic and solubilizable, as shown in Fig. 4a. At
37°C, the PGNA2 copolymer forms a gel in aqueous solution
(Fig. 4b). Because the hydrogen bonds between thermosensitive
units and water molecules are destroyed, the hydrophilic ability
of the copolymer is reduced. Thus, it separates from water. When
the temperature is raised to 52°C, as a result of syneresis, the
copolymer as a whole separates from solution, as shown in Fig.
4c. This sol-gel-syneresis transition is a reversible process.

The temperature-dependence of the sol-gel-syneresis phase
transition diagram of PGNA in aqueous solution was investigated
by a method based on inverting the test tubes at a pH of 7.4 (Fig.
5). To investigate the effect of the polymer molecular weight on
the phase transition behaviours, a series of triblock copolymers
were synthesized (Table 1). As we previously reported”’, PAG
similarly to POAG mainly acts as a biocompatible segment, and
the PNIPAM block acts as the temperature sensitive block. It
should be mentioned that the LCST decreases and the gel window
increases as the composition of PNIPAM is increased, which is
agreement with previous studies’® *’. Due to the hydrophilic
amide and PAG as well as the weak hydrophobic interaction
between the PNIPAM blocks, the synthesized triblock copolymer
was fully soluble at low temperature (below the LCST) for a long
time. As shown in Fig. 5, the molecular weights have a great
effect on the sol-gel-syneresis phase transition behaviour. At the
same concentration, the larger the molecular weight of the
polymer, the stronger its ability to form a gel. When the
molecular weight is approximately 24728 Da or above, a gel can
be formed at low temperatures, making it not suitable for use as
an injectable drug. However, when the molecular weight is
approximately 12147 Da or below, PGNA could not readily form
a hydrogel at low concentrations. Furthermore, the syneresis
temperature of PGNAI1l is approximately 30°C-40°C;
consequently, it is not suitable for use as a slow release drug
carrier. By comprehensive consideration, a molecular weight of
approximately 18614 Da (PGNA2) is most appropriate among the
three molecular weights tested.

The influence of the pH on the sol-gel phase transition was also
studied. Fig. 6 shows the sol-gel phase transition diagram of
PGNA2 in aqueous solutions with different concentrations under
various pH values. The aqueous PGNA2 copolymer was a
solution at every tested pH value at low temperature because of
the complete protonation of its functional groups (hydroxy, amide
and carboxyl groups included in the PAG, PNIPAM, PAA
segments), resulting in the triblock copolymers being hydrophilic.
The gel region shifted to higher temperatures with increasing pH
values, suggesting that the polymer is sensitive to pH, which
results from the ionization of the carboxyl groups. With the
increasing amount of -COO’, the solubility of the copolymer
increased in solution and consequently, made it more difficult for
it to form a gel. Moreover, the copolymer concentration has an
effect on the formation of a gel. At the same pH value, the gel
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region moved to a lower temperature with increasing copolymer

60 concentrations.

As shown in Figs. 5 and 6, at a pH of 7.4, the LCST and syneresis
temperatures of 5 wt. % PGNA2 copolymer hydrogel are 30.5 °C
and 39.2 °C, respectively. Meanwhile, these temperatures were
varied to 20.6 °C and 51.5 °C when 15 wt. % copolymer hydrogel
was used. However, the two temperatures mentioned above are
not feasible at the physiological temperature. Notably, when the
concentration is 10 wt. %, the LCST and syneresis temperatures
are 24.8 °C and 47.5°C, respectively. By comprehensive
consideration, the PGNA2 hydrogel (e.g., pH 7.4, 10 wt. %) is
more suitable for use in physiological conditions. Therefore, we
choose PGNA2 as the sample for the subsequent properties test.

3.3 In vivo gel formation

The injectability and in vivo gelation behaviour of PGNA
triblock copolymer hydrogels were examined by subcutaneous
injection. A triblock copolymer solution (10 wt. %, PGNA2, 1
mL) was injected into the dorsal surface of a SD rat using a
syringe needle (20G). After 3 min, the rat was sacrificed, and the
morphology of the gel was observed. As shown in Fig. 7, a white
gel formed quickly in situ due to the changes in the pH and
temperature under the rat’s physiological conditions. This result
indicates that the PGNA copolymer solution can be used as an
injectable hydrogel system, and it can be easily injected into the
body and rapidly form a gel in situ.

3.4 In vitro release of Aspirin

Aspirin was employed as a model drug to study the release
behaviour of PGNA copolymer hydrogels in a shaking water bath
at a shaking speed of 40 rpm at 37 °C. Fig. 8 shows the in vitro
release profiles of aspirin from the hydrogel at 37 °C. In the
initial 2 h, the cumulative release of aspirin increased from 0 to
38.3 % with a higher release rate from the hydrogels. Then, the
cumulative amount increased to 67.2 % in 6 h. Although the
cumulative amount of the drug released increased, the cumulative
release rate decreased with increasing amounts of time. After
approximately 8 h, its release amounts tended to smooth out, and
the maximum release was approximately 76 %. As evident in Fig.
8, the sustained release was maintained for 7-8 h. There is still
over 20 % aspirin in the hydrogel due to tenacious adsorption.
This result suggests that the triblock copolymer hydrogel could
satisfy the need for a controllable release of a drug under
physiological conditions.

3.5 In vitro cytotoxicity

The cytotoxicity of the PGNA copolymer is a critical property
because it was designed for drug delivery applications. Herein, a
MTT assay was performed to evaluate the in vitro cytotoxicity of
the copolymer by the direct contact method using L929 fibroblast
cells (Fig. 9). The cell viability after treatment with the PGNA
copolymer is expressed as a percentage of the blank control cells,
which were cultured without the copolymer in the culture
medium (viability 100 %). As shown in Fig. 9, the cell viabilities
are all >80% and there is only a small decrease for all
concentrations, indicating that the triblock copolymer has no
significant effect on the cell viability and could be used as a drug
carrier with a low cytotoxicity. A possible reason for the
decrease in the cell viability might be that this triblock copolymer
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forms a very stable and dense gel covering on the cells, which
leads to the cells being unable to get enough air and nutrients.

4. Conclusions

A novel simple glucosyl triblock copolymer was successfully
synthesized by sequential RAFT polymerization with CMP as the
chain transfer agent. It was found that the triblock copolymer
PGNA is a biocompatible gelator that shows a reversible sol-gel-
syneresis phase transition in aqueous solution, and the hydrogel
exhibited excellent temperature and pH response behaviours. It
formed a stable sol state at room temperature and low pH values
and became a gel under physiological conditions (pH 7.4, 37 °C).
A white gel was formed quickly in situ after the injection of the
copolymer solution into an SD. The in vitro release of aspirin
from the hydrogel implied that the hydrogel has controlled
release properties. The in vitro cytotoxicity test showed that the
copolymer is not cytotoxic. These results indicate that hydrogels
are promising injectable pH/temperature-sensitive carriers for
sustained drug delivery systems.
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Table 1 was shown in page 8.
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(20 °C), (b) gel state (37 °C) and (c) syneresis state (52 °C)

Fig. 4 In vitro sol-gel-syneresis phase transition photographs of
15 wt. % PGNA2 hydrogel at a pH of 7.4: (a) solution state
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20 Fig. 7 (a) In vivo gel morphology 3 min after the subcutaneous
injection of 1 mL of a 10 wt. % PGNA2 solution into a SD rat;
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Table 1 GPC results of the synthesized copolymers by RAFT polymerization.
entryl entry3
I 11, I, PGNAI L PGNA2 L i Il;  PGNA3
Convn (%) 85.7 77.8 60.5 823 78.2 70.1 50.6
Mn (Da) 1244 11498 12954 12147 1806 18614 2527 23081 26136 24728
PDI 1.064 1.179 1.201 1.186 1.078 1.268 1.112  1.297 1.265 1.259
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