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Abstract
The objective of this work was to delineate the effect of hydrophilic and hydrophobic polymeric
additives on sol–gel transition and release profile of timolol maleate (TM) from poly (ethylene
glycol)–poly (ε-caprolactone)– poly (ethylene glycol) (PEG–PCL–PEG)-based thermosensitive
hydrogel. Polycaprolactone (hydrophobic additive) and polyvinyl alcohol (PVA) (hydrophilic
additive) reduced critical gel concentration of PEG–PCL–PEG triblock polymer. The effect of
PCL on sol–gel transition was more pronounced than PVA. However, with PCL no statistically
significant difference in release profile was observed. The effect of PVA on release profile was
more pronounced, which reduced the cumulative percentage release of TM from 86.4±0.8% to
73.7±1.8% over 316 h. Moreover, cytotoxicity of the hydrogel was also investigated utilizing
rabbit primary corneal epithelial culture cells. No significant cytotoxicity of hydrogel alone or in
presence of additives was observed. So, polymeric additive strategy serves as a valuable tool for
optimizing TM release kinetics from PEG–PCL–PEG hydrogel matrix.
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Introductions
Hydrogel composed of biodegradable polymers such as polylactide (PLA), poly (dl-lactide-
co-glycolide) (PLGA), or polycaprolactone (PCL) has wide application in the field of drug
delivery due to excellent biocompatibility of these polymers with living tissues [1–3]. These
systems provide controlled drug release via diffusion as well as degradation mechanisms [4–
6]. Several articles have reported the development of thermoreversible hydrogels composed
of poly (ethylene glycol) (PEG) as a hydrophilic block and PLA, PLGA, or PCL as a
hydrophobic block [7–14].

PCL is a biodegradable and biocompatible polymer approved by FDA for application in
drug delivery systems and medical devices [15, 16]. Recent studies have explored the
applications of PCL-based hydrogels in sustained release formulations [3, 17–20]. PCL-
based triblock polymer, i.e., poly (ethylene glycol)–poly (ε-caprolactone)–poly (ethylene
glycol) (PEG–PCL–PEG) remains in solution state at room temperature (25 °C) and forms a
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transparent gel at body temperature (37 °C). This change in physical state is rapid and
reversible, which makes thermosensitive hydrogel an attractive means for drug delivery
[21]. This unique thermoreversible property could be utilized for sustained delivery of
timolol maleate (TM) in the treatment of ocular hypertension or glaucoma.

Currently, the only non-invasive mode of treating glaucoma requires once or twice daily
administration. PCL-based hydrogel formulation of TM could eliminate daily dosing,
thereby improving therapy and patient compliance. Topical beta-blockers, particularly TM is
one of the major drug for treating glaucoma and ocular hypertension because of their
excellent intra-ocular-pressure-lowering efficacy. TM is a selective β-adrenergic blocker and
is widely indicated in the treatment of glaucoma [22–24]. Typically, drug release from a
hydrogel depends initially on diffusion. In later time points it depends upon a combination
of diffusion and degradation mechanisms [4]. Drug release from PEG–PCL–PEG hydrogel
depends primarily on the diffusion mechanism due to extremely slow degradation rate of
PCL. It also has the limitation of burst release due to a porous matrix. Such initial burst
release can provide high drug levels causing systemic and local toxicities [25, 26]. In
attempts to achieve sustain release and lower burst release of TM from the hydrogel, we
have utilized a novel polymeric additive strategy.

Earlier studies focused on synthesis and release of hydrophilic and hydrophobic model drugs
from PEG–PCL–PEG thermosensitive hydrogel [27]. However, it has been observed that
hydrogel applications in therapeutic delivery are limited by burst release due to porous
structure and frontal diffusion processes. So in this study we evaluated effects of hydrophilic
and hydrophobic polymeric additives on sol–gel transition and drug release from hydrogel.
Hydrogel matrix is porous in nature and TM molecules can diffuse through the pores of
polymeric chains. Polymeric additives can easily fit into the spaces of a hydrogel matrix and
modify drug release rate.

PCL was selected as a hydrophobic and polyvinyl alcohol (PVA) as a hydrophilic additive.
These additives are already approved by FDA for application in human [15]. The rationale
behind selecting PCL and PVA as additives depends on their molecular property to provide
better packing of the hydrogel matrix through intra- and intermolecular interactions between
the triblock polymeric chains.

Hence, the objective of this study was to delineate the effects of polymeric additives with
hydrophilic and hydrophobic properties on the gelling behavior and release profiles of TM
from PCL-based triblock polymer. In addition, the effects of parameters such as drug
loading and molecular weight of polymer on the release profile of TM were also
investigated.

Material and methods
Materials

Timolol maleate, monomethoxy poly (ethylene glycol) (Mw=550 and 750), ε-caprolactone,
stannous octoate, polyvinyl alcohol, and polycaprolactone diol (PCL) were obtained from
Sigma chemical company (St. Louis, MO). Hexamethylene diisocyanate (HMDI) was
procured from Acros organics (Morris Plains, NJ). All chemicals were used without any
further purification.

Methods
Synthesis of triblock polymer PEG–PCL–PEG—PEG–PCL diblock polymer was
synthesized by ring opening polymerization of ε-caprolactone utilizing either monomethoxy
poly (ethylene glycol) (mPEG) 750 or 550 as an initiator and stannous octoate as the
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catalyst. The diblock polymer was further coupled using HMDI as a coupling agent to
synthesize the triblock polymer PEG–PCL–PEG. The resulting polymer was purified by
dissolving in methylene chloride followed by precipitation from diethyl ether.

Briefly, the synthesis of PEG–PCL–PEG (Fig. 1) was carried out as follows: the mPEG was
dried under vacuum for 3 h before copolymerization. Then calculated amount of mPEG
(0.01 mol), ε-caprolactone (0.1 mol), and stannous octoate (0.5 wt.%) were added to the
reaction mixture. The reaction was performed for 24 h at 130 °C. Then coupling of diblock
polymer was allowed to proceed by adding HMDI (0.01 mol) and the reaction was
continued for 6 h at 60 °C. The final product was dissolved in 20 ml of methylene chloride
and purified by fractional precipitation with petroleum ether. The purified polymer product
was vacuum dried for 48 h to remove residual solvent.

Characterization of polymeric material
1. NMR

1H NMR spectroscopy was performed to characterize the composition of polymer.
Spectra were recorded by dissolving polymeric material in CDCl3 and then
analyzing the proton NMR spectra recorded using Varian-400 NMR instrument.

2. Gel permeation chromatography analysis

Gel permeation chromatography (GPC) analysis was performed with the refractive
index detector (Waters 410) to determine molecular weight and its distribution.
Polymeric material (2 mg/ml) was dissolved in Tetrahydrofuran (THF). Analysis
was performed with THF as eluting solvent at a flow rate of 1 ml/min utilizing
Styragel HR-3 column maintained at 35 °C. Polystyrenes with narrow molecular
weight distribution were used as standards for GPC analysis.

3. Fourier transform infrared spectroscopy

The Fourier transform infrared spectroscopy (FTIR) spectra were recorded with a
Nicolet-100 infrared spectrophotometer at a resolution of 4 s−1. Polymer was
dissolved in methylene chloride and casted on KBr plates.

Characterization of thermosensitive gel
1. Sol–gel transition

Sol–gel transition studies were performed by test tube inversion method. First, the
polymer was solubilized in PBS by storing overnight at 4 °C. Then 0.5 ml of
polymer solution in 4 ml tube was placed in water bath and temperature was
increased from 20 to 60 °C with 1 °C increment at each step. The gel formation was
characterized visually by inverting the tube. A physical state of flow was
characterized as sol phase, whereas a state of no flow was characterized as gel
phase. Similar studies were performed by incorporating PCL or PVA (5 wt.%) as
an additive to the hydrogel matrix. Viscosities of hydrogel alone and in the
presence of additives were determined by cone and plate viscometer at 750 rpm and
37 °C.

2. Scanning electron microscopy

Aqueous polymeric solutions of PCEC II alone and with additives were allowed to
gel at 37 °C and then lyophilized for 48 h. The lyophilized hydrogels were
sputtered with gold/palladium at 0.6 kV. The samples were examined by FEG
ESEM XL 30 electron microscope.
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In vitro release
TM dissolved in PEG–PCL–PEG triblock polymeric aqueous solution (0.4 ml) was injected
into 10 ml vial with 12-mm internal diameter. Vials were kept in shaker bath at 37 °C with a
stroke rate of 30 rpm. The polymeric solution was allowed to gel for 2 min. Then 5 ml of the
release medium containing phosphate buffer (pH 7.4) and sodium azide (0.02 wt.%) were
added in order to prevent microbial contamination during a release study. The entire release
medium was replaced with fresh buffer at predetermined intervals to mimic the sink
condition. Samples were stored at −20 °C until further analysis. The release samples were
analyzed by high-performance liquid chromatography with a phenomex C18 column at a
flow rate of 1 ml/min. The mobile phase was composed of 20 mM phosphate buffer with pH
adjusted to 2.5. The analyte was measured at 294 nm. All experiments were conducted in
triplicate.

Effect of molecular weight—mPEG of two different molecular weights, i.e., mPEG 550
and 750 were utilized to delineate the effect of molecular weight on release kinetics of TM
from the gel matrix. Release study was performed with 25 wt.% of hydrogel with 1.0 wt.%
drug loading.

Effect of drug loading—The effect of drug loading on the release behavior was
evaluated with two different concentrations of TM (0.5 and 1 wt.%) in the 25 wt.%
hydrogel. A method as described previously was followed for release study.

Effect of PVA as additive—PVA (Mw=30,000–70,000) was used as a hydrophilic
additive to modulate TM release rate. It was incorporated along with drug and polymer
during hydrogel preparation. Incorporation of PVA up to 5 wt.% concentration in hydrogel
matrix retained reversible sol–gel transition. Therefore, optimized concentration (5 wt.%) of
additive was incorporated in 20 wt.% hydrogel with 1% drug loading.

Effect of PCL as additive—PCL of low molecular weight (Mw=550) was utilized as a
hydrophobic additive. PCL was selected to explore the role of hydrophobic interactions. In
order to compare the effect of hydrophobic and hydrophilic additives on sol–gel transition
and release profile of TM, similar methods followed for PVAwere utilized for the hydrogel
preparation and release study.

Drug release mechanisms—Drug release parameters were computed by three different
methods utilizing First order, Higuchi, and Korsmeyer equations. Release data were fitted
into the model equations in order to determine release mechanism.

First order equation:

Mt represents the cumulative amount of drug released at time t, k is the release rate constant
obtained by plotting LnMt against time.

Higuchi equation:
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KH denotes the Higuchi release rate constant obtained by plotting cumulative percent drug
released against the square root of time.

Korsmeyer–Peppas equation:

Mt and M∞ represent the cumulative amount of drug released at time t and at the
equilibrium, respectively. The constant k is the kinetic constant and n is the release exponent
that indicates the drug release mechanism. Values of n<0.5 indicates Fickian (ideal)
diffusion mechanism and values of 0.5<n<1.0 suggest non-Fickian diffusion. When value of
n is greater than 1.0, it represents case II transport or zero-order release kinetics. Drug
release data is employed to obtain the release exponent for Mt/M∞≤0.6.

Cytotoxicity studies
Cell viability studies were performed utilizing MTS assays in which novel tetrazolium
compound, 3-(4, 5-dimethylthiazole-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-
sulfophenyl)-2H-tetrazolium (MTS) was reduced into a colored formazan product by live
cells. Rabbit primary corneal epithelial culture cells (rPCEC) were grown in the culture
media comprising MEM, 10% FBS, HEPES, sodium bicarbonate, penicillin, and
streptomycin sulfate. Cells were maintained under a humidified atmosphere of 5% CO2 at
37 °C and then subcultured and seeded in 96-well culture plates at a density of 10,000 cells/
well. After 24 h incubation, fresh media containing hydrogels of different concentrations
ranging from 0.5 to 20 mg/ml were added alone and with 5 wt.% (PVA or PCL) polymeric
additives. Triton X-100 (0.1%) was used as positive control while the blank (without
treatment) was considered as negative control. Following 24 h incubation, 100 μL serum-
free medium containing 20 μL of MTS solution was added to the 96 well plates and were
incubated at 37 °C and 5% CO2 for 4 h. After incubation, the absorbance of each well was
measured at 450 nm by an ELISA plate reader. Absorbance was directly proportional to
viability of cells which was calculated by following equation.

Statistical analysis
All release experiments were conducted in triplicates and the results were reported as mean
± standard deviation. Statistical analysis of the effect of additives, molecular weight, and
drug loading on release rates were compared by one-way ANOVA. Statistical package for
social science version 11 was used to compare mean of each group. A level of p<0.05 was
considered statistically significant in all cases.

Result and discussion
Synthesis and characterization of PEG–PCL–PEG

PEG–PCL–PEG was synthesized by ring opening polymerization reaction utilizing stannous
octoate as the catalyst. 1H NMR spectra (Fig. 2) shows two main peaks at 3.60 (–
OCH2CH2–) and 4.06 (–OCH2CH2CH2CH2CH2CH2CO–) that corresponds to mPEG and
PCL, respectively, confirmed the formation of triblock polymer. Gel permeation
chromatography analysis (Fig. 3) also points to narrow polydispersity between 1.41 and 1.47
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(Table 1) and molecular weight between 5,000 and 7,000. FTIR spectrum (Fig. 4) indicated
appearance of absorption band at 1,526 cm−1 characteristic of −NH group and at 1,732
cm−1 characteristic of C = O group, confirms the formation of triblock polymer. Absence of
absorption band at 2,270–2,285 cm−1 due to −NCO stretching confirms complete
conjugation of HMDI.

Sol–gel transition studies
Sol–gel transition studies revealed that PEG550– PCL2420–PEG550 (PCEC I) has 20 wt.%
critical gelling concentration (CGC) whereas PEG750–PCL3750–PEG750 (PCEC II) has CGC
of 25 wt.%. Such difference in CGC can be attributed to a difference in the hydrophilicity–
hydrophobicity ratio between the two polymers. This observation is in agreement with
findings of other investigators [21]. In this study, we evaluated the role of both hydrophilic
and hydrophobic polymeric additives on sol–gel transition studies. Addition of PVA and
PCL increased the viscosity of hydrogel and improved the gelling efficiency possibly by
providing better packing of the gel matrix. We observed that viscosity of 25 wt.% PCEC II
hydrogel alone was 0.51±0.03 poise whereas incorporation of 5 wt.% PCL and PVA in 20
wt.% PCEC II has increased the viscosity of hydrogels to 0.83±0.02 and 2.59±0.04 poise,
respectively. As shown in Fig. 5a and b, both hydrophilic and hydrophobic additives have
lowered the CGC of PCEC II. Addition of PVA (Fig. 5a) in PCEC II decreased CGC from
25 to 22 wt.%. Previous studies reported that incorporation of PEG in the PCL-based
hydrogel lowers the CGC [27]. However, addition of PCL (Fig. 5b) decreased CGC to 18
wt.%. We observed more pronounced effect of PCL on sol–gel transition in comparison to
PVA on PCEC II because PCL is a hydrophobic polymer and promotes better micellar
aggregation for the formation of gel. However, addition of PVA or PCL in PCEC I did not
produce any significant change in the sol–gel transition phenomenon. PCEC I was relatively
more hydrophobic gel due to lower molecular weight of PEG block in comparison to PCEC
II and have higher micellar aggregation tendency. Therefore, incorporation of additives did
not further alter hydrophobic aggregation, which is the primary mechanism responsible for
sol–gel transition.

Images in Fig. 6 illustrate that additives also reduced the transparency of the gel, which
confirmed the formation of a denser gel matrix. Figure 7 shows the scanning electron
microscopy (SEM) of PCEC II alone and with PCL or PVA as additives. Figure 7a
represents the porous matrix of hydrogel alone at 37 °C. Addition of PVA provided less
porous surface morphology (Fig. 7c) than PCEC II alone. We speculate that high-molecular-
weight PVA uniformly covers the porous matrix of hydrogel and thereby may reduce the
diffusion of drug molecules from the hydrogel matrix. However, addition of PCL promoted
the aggregation of polymeric chains at 37 °C but did not alter the porosity of the hydrogel
matrix (Fig. 7b) due to its low molecular weight.

In vitro release studies
We investigated the effect of different parameters such as molecular weight, drug loading,
hydrogel concentration, and polymeric additives on the release profile of TM form the
hydrogel matrix.

Effect of molecular weight—Release of TM from the hydrogel matrix depended on the
molecular weight of polymer (p<0.05) as shown in Fig. 8a. Release rate of TM was slower
with PCEC II (Mw=5,250) than PCEC I (Mw=3,500). For instance, in the first 48 h
cumulative percentage drug release from PCEC I was 78.0± 2.8% whereas in PCEC II it was
41.3±2.3%. The reason for this behavior can be attributed to higher molecular weight of
PCEC II with relatively longer PCL block length that may have restricted the permeation of
water molecules across the polymeric matrix. Hence, slower hydration of gel resulted in
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decreased diffusion coefficient of the drug across the hydrogel matrix. These results suggest
that the release rate of TM may have been affected by two major factors, i.e., hydrophilic/
hydrophobic balance and total molecular weight of the polymer. TM (pKa 9.2) exists
predominantly in ionized from at pH 7.4. We have observed that addition of PVA or PCL
did not change the pH (7.4) of aqueous polymeric solution and pH of release medium was
constant due to extremely slow degradation of PCL.

Effect of drug loading and hydrogel concentration—Figure 8b suggested that no
statistically significant difference in release rate of TM was observed with two different
concentrations, i.e., 0.5 to 1.0 wt.% in 25 wt.% PCEC II hydrogel, due to higher aqueous
solubility of TM. Other studies also reported minor change in release rates of hydrophilic
molecules with higher drug content in the hydrogel [5, 28]. It was reported that
physicochemical property of the active drug such as charge, hydrophilicity, and molecular
size also affects the release rate [29–31]. Hydrophilic drug molecules tend to partition in the
PEG domain of the hydrogel whereas hydrophobic drug molecules partition into PCL core.
Therefore, TM disperses in PEG domain and easily diffused out in the release medium
irrespective of drug loading.

Hydrogel concentration played a significant role in TM release. Release of TM from 25 wt.
% polymer is slower than 20 wt.% due to volume effect of gel (data not shown). Since 25
wt.% hydrogel forms a dense matrix, 20 wt.% was selected for the incorporation of different
polymeric additives to observe the effect of polymeric additives on the diffusion process.

Effect of polyvinyl alcohol as additive—PVA is a long-chain synthetic polymer
incorporated in ophthalmic formulations as additive. It acts as a wetting agent and reduces
surface and interfacial tension [32]. Moreover, addition of PVA is advantageous due to its
biocompatibility with ocular tissues. Addition of PVA may reduce the burst release by
promoting hydrophobic aggregation of the polymer chains in the gel matrix. Therefore, we
have selected PVA as an additive. Figure 9a illustrates that release of TM was altered by
PVA (p<0.05). Incorporation of PVA in the hydrogel matrix lowered TM release from
86.4±0.8% to 73.7±1.8% in 316 h. Moreover, it was observed that burst release in initial 24
h significantly minimized to 22.3±1.9% from 44.9±0.4% in presence of PVA. The effect of
different percentage of PVA on release profile of TM was also evaluated. In case of 1 wt.%
PVA any significant difference was not noticed in the release profile (data not shown).
However, as shown in Fig. 9a, 5 wt.% PVA caused drug release rate from hydrogel to be
significantly reduced in the initial phase. Slower drug release from 5 wt.% PVA added
hydrogel may be accounted by restricted diffusion of TM across less porous hydrogel
matrix. We hypothesize that PVA being a hydrophilic polymer tends to localize with
hydrophilic block of the hydrogel where majority of TM molecules are dispersed. Higher
percentage of PVA favors micellar aggregation due to presence of polar hydroxyl groups.
This mechanism of aggregation was also evaluated previously. A study reported that PVA as
additive promoted the gelling of methylcellulose based hydrogel. This study suggested the
role of PVA as a cosolute, which was dominant over pseudo-surfactancy effect of other
additives [33]. Therefore, in this study, long-chain PVA molecules had successfully
modulated the drug release profile.

Effect of polycaprolactone as additive—Release of TM from hydrogel depends on
diffusion- and degradation-mediated processes. However, degradation of PCL-based
hydrogel is extremely slow [34]. In order to modulate diffusion-mediated release by
hydrophobic additive, low-molecular-weight PCL (Mw=550), was incorporated in the
hydrogel matrix. In this study, first we tried to incorporate the high-molecular-weight PCL
but due to more hydrophobicity it was not soluble in the hydrogel polymeric matrix.
Therefore, we utilized low-molecular-weight PCL, which can be easily solubilized in the
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hydrogel solution. To elucidate the role of PCL and compare the TM release profile with
PVA added hydrogel, 5 wt.% PCL was selected as additive for the release study. As shown
in Fig. 9b, release rate was not affected by the addition of PCL and no statistically
significant difference was observed with 5 wt.% PCL. We presume that PCL being a
hydrophobic polymer tends to partition with the hydrophobic block of hydrogel. However,
as we discussed earlier majority of TM disperses in the hydrophilic block, addition of PCL
did not significantly modulate the drug release profile. Other attempts of dissolving higher
percentage of PCL remain unsuccessful due to excessive hydrophobic interactions.

Drug release kinetics—Drug release from hydrogel generally follows diffusion/
degradation or a combination [4]. Analysis of drug release kinetics, as shown in Table 2,
correlated well with Higuchi and Korsmeyer models. This observation suggests that drug
release depended primarily on diffusion from the hydrogel matrix rather than on bulk
erosion process of the polymer (first order). In addition, analysis of first 60% release data,
according to Korsmeyer model suggested that addition of polymeric additives (PVA or
PCL) can significantly lower the release rate constant. However, the effect of PVA on
release kinetics was more pronounced than PCL. In hydrogel alone, KKP value was 3.03
whereas with PVA, KKP was found to be 1.368 and for PCL it was 2.455. A diffusion
exponent 0.685<n<0.869 suggests anomalous diffusion mechanism from all the matrices.

Cytotoxicity studies
Cell viability response showed that PCEC II alone and in presence of 5% additives is not
toxic to rPCEC cells. Figure 10 suggested that cytotoxicity of hydrogel was concentration
dependent. However, at low concentrations no statistically significant difference from
control was observed. Cell viability studies suggest that polycaprolactone-based hydrogels
alone and with polymeric additives are biocompatible with the corneal epithelial cells.
Similar results were reported with human lens epithelial cells [35].

Conclusions
PEG–PCL–PEG of different compositions were synthesized. The additives strategy was
applicable to modulate the sol–gel transition and TM release kinetics from hydrogel. Effect
of PCL on the CGC was more pronounced than PVA. Release of TM was sustained longer
in case of high-molecular-weight PCEC II. PVA as additive played a dominant role in
regulating drug release kinetics whereas no significant difference in drug release was
observed with PCL. Cell viability studies confirmed that hydrogel alone or in presence of
polymeric additives was biocompatible to corneal epithelial cells. Therefore, additive-based
drug delivery may be a promising strategy for optimizing sustained drug delivery systems in
the treatment of ocular hypertension and glaucoma.
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Fig. 1. Synthetic scheme of PEG–PCL–PEG
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Fig. 2. 1H-NMR spectra of PECE copolymer in CDCl3
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Fig. 3. Gel permeation chromatogram of PCEC II
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Fig. 4. FTIR spectrum of PEG–PCL–PEG
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Fig. 5.
Sol–gel transition phase diagram. a PCEC II triblock copolymer aqueous solutions alone and
with 5 wt.% PVA; b PCEC II triblock copolymer aqueous solutions alone and with 5 wt.%
PCL
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Fig. 6.
Photograph of PCEC II at 25 °C a alone, b with 5 wt.% PVA, and c with 5 wt.% PCL and at
37 °C d alone, e with 5 wt.% PVA, and f with 5 wt.% PCL

Mishra et al. Page 16

Colloid Polym Sci. Author manuscript; available in PMC 2011 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 7.
SEM of PCEC II a alone, b with 5 wt.% PCL, c with 5 wt.% PVA
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Fig. 8.
Effect of molecular weight and drug loading. a release of TM from PCEC I  and PCEC
II  triblock copolymer (25 wt. %) hydrogel; b release of TM  0.5 and  1.0 wt.
% from PCEC II triblock copolymer (25 wt.%) hydrogel in PBS buffer (pH 7.4) at 37 °C.
The values are represented as mean ± standard deviation of n=3
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Fig. 9.
Effect of polymeric additives. a release of TM from PCEC II (25 wt.%)  and PCEC II
(20 wt.%) with 5 wt.% PVA ; b release of TM from PCEC II (25 wt.%)  and
PCEC II (20 wt.%) with 5 wt.% PCL  hydrogel in PBS buffer (pH 7.4) at 37 °C. The
values are represented as mean ± standard deviation of n=3
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Fig. 10.
Rabbit primary corneal epithelial culture cell viability study. Cell survival decreased with
increase of concentration of PECE hydrogel. The values are represented as mean ± standard
deviation of n=6
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Table 1
Molecular weight distribution

Polymer Total Mn (theoretical) Mn Mw Polydispersity

PEG750–PCL3750–PEG750 5,250 4,568 6,754 1.47

PEG550–PCL2420–PEG550 3,500 3,995 5,640 1.41
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