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Influence of Selected NSAIDs on Volume Phase Transition in
Poly(2-(2-methoxyethoxy)ethyl Methacrylate) Hydrogels

Magdalena N. Olejniczak®*, Krzysztof Piechocki®, Marcin Kozanecki®, Kaloian Koynovb, Agnieszka
Adamus® and Radostaw A. Wach®

Hydrogels exhibiting Volume Phase Transition (VPT) are considered useful biomaterials for the preparation of various drug
delivery systems. such as poly(2-(2-

methoxyethoxy)ethyl methacrylate) (PMEO,MA), that have Lower Critical Solution Temperature (LCST) in aqueous

Such hydrogels are commonly based on thermo-responsive polymers,

solutions. In this work, PMEO,MA hydrogels were used as model systems to study the influence of encapsulated drugs,
such as ibuprofen and salicylate sodium salts, on the temperature and dynamics of the VPT. Both Thermo-Optical Analysis
and Differential Scanning Calorimetry have shown that the VPT becomes broader and shifts towards higher temperatures
with increasing drug concentration. Three regimes of VPT in PMEO,MA gels were distinguished. The first two, related to
the breaking of the strong water-polymer interactions and to the network collapse, slow down with increasing drug
concentration. The last regime, corresponding to slow diffusion of a residual solution from a collapsing network, becomes
visible only for systems with high content of drug. Raman spectroscopy studies show that the observed effect is not
connected to direct interactions between polymers and drugs. This suggests that the drug molecules are able to stabilise
water-polymer interactions in thermo-responsive hydrogels. Consequently, they are able to modulate VPT and have

significant influence on the delivery process.

1. Introduction

High water content makes hydrogels biocompatible and results
in a variety of biomedical applications, including contact
lenses, soft implants and wound dressings. ! Recently, special
interest was focused on smart drug delivery systems, such as
micelles, vesicles, nanocapsules and nanospheres, dendritic
polymers, bioconjugates and hydrogels. Thermo-responsive
hydrogels exhibiting Volume Phase Transition (VPT) 2 seem to
be particularly attractive for this purpose because they enable
precise control over the dose, release rate and delivery point
of drugs. ® Increased temperature results in an imbalance
between hydrophilic and hydrophobic polymer-water
interactions, leading to collapse of the polymer network and to
the abrupt expulsion of liquid content (water or solution).
Thus, reaching the VPT temperature (Typr) may trigger the
release of a drug that was incorporated into a polymer
network. The transition temperature, which in turn controls
drug release, depends on several factors that may be grouped
into two main classes: (i) structure type factors: the ratio and
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relative position of the hydrophilic and hydrophobic segments,
network topology and tactility and (ii) content type factors:
solvent composition * and presence of additional solutes. For
example, the extensively studied salting-out effect manifests
itself in temperature dependent rapid gel collapse at a critical
concentration of inorganic salt. It is thought that salts disrupt
the hydration structure surrounding the polymer chains,
causing a decrease in de-mixing temperature. 6

Additionally, aromatic compounds (for example,
benzaldehydes) also cause lowering of the lower critical
solution temperature (LCST) and Typr in a linear polymer
solution and gel, respectively. The observed effect depends on
the molecular structure and concentration of added organic
compounds. Although a clear decrease of LCST was found for
all studied systems containing organic compounds, there was
no correlation with either solubility or hydrophobicity of the
aromatic molecules. ’

Contrary to the inorganic salts and benzaldehydes, the anionic
surfactant sodium dodecyl sulphate (SDS) brings about a large
increase of Typr or even a disappearing of VPT (salting-in
effect). Similar, but less pronounced effect was observed also
in the case of cationic dodecyltrimethyl ammonium chloride
(DTAC). 8-10 Currently, there are two somewhat contradictory
explanations of this effect. The first assumes that the
surfactants absorb to the polymer chains and substantially
disturb the hydrophilic/hydrophobic balance. %10 The second
one proposes a qualitative model for micelle formation inside
the gel network. °

Investigations addressing the influence of biologically active
agents on VPT in stimuli responsive hydrogels are very rare.

J. Name., 2013, 00,1-3 | 1



Journal of‘Materials-Chemistry B

One of the most essential works in this field was published by
Grinberg et al. " The DSC study on polycationic and
polyanionic poly(N-isopropylacrylamide) (PNIPAM) copolymer
hydrogels showed that the presence of sodium ibuprofen and
propranolol hydrochloride caused Typ; to have lower values in
both cases. Additionally, Zuber et al. showed that the presence
of bioactive molecules, such as lidocaine and its derivatives
(hydrochloride and acetamide), had shifted the LCST of
aqueous solutions of the linear copolymer of poly(2-(2-
methoxyethoxy)ethyl methacrylate and poly(N-
vinylcaprolactam) to lower values. 2 These data are intriguing
in light of the opposite results obtained for PMEO,MA
hydrogels in the present work.

Most of the aforementioned studies employed systems based
on PNIPAM, which is considered to be the “gold standard” 13 of
thermo-responsive polymers, despite some recent suspicions
of its monomer carcinogenicity. 14 However, the knowledge of
the impact of salt (the significant component of body fluids)
and the ionic form of biologically active agents (used as drugs
due to their good solubility in aqueous systems) on phase
transition phenomena in PNIPAM alternatives is particularly
important for future applications.

Hydrogels based on thermo-responsive polymers belonging to
the poly(oligo(ethylene glycol) methacrylate) (POEGMA)
group, such as PMEO,MA, are distinguishable by the tuneable,
fully reversible and sharp VPT with small hysteresis.

A multitude of synthesis methods useful for their preparation
(free radical polymerisation - FRP 15, radiation-induced free
radical polymerisation - RI-FRP 16, atom transfer radical
polymerisation - ATRP 17, reversible addition-fragmentation
chain transfer - RAFT 18) and a variety of feasible structures
(bare and decorated networks, brushes 19, stars 20, nano-,
micro- and macrogels 2 are also important advantages of
POEGMA materials.

Importantly, the monomer of PMEO,MA appears to be non-
toxic % and non-immunogenic 23; hence, PMEO,MA hydrogels
constitute promising materials for drug delivery applications.

Typr is a critical parameter determining the drug release
process; therefore, knowledge of the impact of drug presence
on VPT is highly desirable from both a cognitive and practical
point of view. In this work, the influence of the presence of
non-steroidal anti-inflammatory drugs (NSAIDs) like ibuprofen
(IBUNa) and salicylate (SALNa) sodium salts on the Typr of
PMEO,MA hydrogels is analysed within the context of their
concentration. Selected drugs are good candidates for model
substances due to their relatively simple chemical structure
and small size. It is also necessary to underline that simple
inorganic salts could not be regarded as a model of bioactive
substances (drugs, enzymes, etc.) due to the lack of
hydrophobic parts in their chemical structure. Hydrophobic
segments may significantly influence the supramolecular
structure of water hydrated them. 24 presented herein results
of thermo-optical analysis (TOA) are useful to determine a so-
called “cloud point”, which reflects VPT. These results,
supported by differential scanning calorimetry (DSC), allow for
the determination of both the temperature and dynamics of
this transition. Raman spectroscopy is used to provide more
information about the causes of the observed effect at the
molecular level.

2| J. Name., 2012, 00, 1-3

2. Materials and Methods

2.1. Sample preparation

Simultaneous polymerisation and cross-linking of PMEO,MA
was attained via electron-beam irradiation of a mixture of 2-
(2-methoxyethoxy)ethyl methacrylate (MEO,MA), 2-
hydroxyethylmethacrylate (HEMA) and ethylene glycol
dimethacrylate (EGDMA) (molar ratios: 100:2:1). Such
composition of substrates and an irradiation dose of 30 kGy
were selected to obtain a firm gel with good mechanical
properties and, simultaneously, with high swelling degree (DS).
The irradiation process was carried out at room temperature
in 2-ml glass ampoules using the linear accelerator ELU-6
(Eksma, Russia) with a dose rate of ca. 5 kGy min. After
irradiation, gels were conditioned for 24 hours at 50°C to avoid
phase separation being a post-polymerisation effect in the
utilized system, as we observed previously. 16

16

After synthesis, the gels were immersed and equilibrated in
deionized water (Merck Millipore Water Purification System)
at 7°C to extract both sol fraction and unreacted substrates.
Water was exchanged every two days until the equilibrium
swelling degree had been reached. Then, the gels were freeze-
dried.

2.2. Drugloading

Dry samples with a mass of 0.1 - 0.2 g were immersed in
aqueous solutions of drugs used in significant excess. In the
case of (S)-ibuprofen sodium salt, the following initial
concentrations were used: 5, 10, 20, 30, 41, 100, 140, 182 mM,
while for salicylate sodium salt: 6.5, 10, 20, 41, 100, 203 mM.
Gel swelled with 154 mM sodium chloride solution (Baxter,
0,9% NaCl solution for infusion) was used as a negative
control. Gels were immersed for at least ten days. This time
was sufficient to establish thermodynamic equilibrium in the
system, as the comparison of the results obtained for gels
immersed for 10, 20 and 30 days have not shown differences -
see Fig. S1 in the Supplementary Data File.

Taking into account the potentially different solubility of used
drugs in water and in the gel phase, the appropriate partition
coefficient was determined as >> *°

K _ Chydrogel
Chulk

(1)

where Cpydrogel and Cpuik are the drug concentrations in the
equilibrium state inside the gel and in the external aqueous
solution, respectively. Initial drug concentration (Cy) and Cpyuix
were spectrophotometrically estimated (}\'BUNa(HZO)/nm 264
and A**™ (H,0)/nm 295, Carry 5000 Varian Inc.). Chydrogel Was
calculated based on the difference between initial (Cy) and
final (Cpyu1k) drug concentrations in the water phase.

2.3. Gravimetric analysis

The degree of swelling at the equilibrium state (DS‘e’anter) in
drug

water, as well as in the drug solution (DSeq

calculated as follow:

), has been

DSLy = T ()

mg
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where my and m; are the dry and swollen gel weights,
respectively. The superscript i relates to either water or the
drug solution.

2.4. Thermo-optical analysis

Thermo-Optical Analysis (TOA) was performed in the bright
field of an optical microscope. The TOA set consisted of a hot
stage (Mettler FP 82), control unit (Mettler FP 90) and home-
made cooling system (presented in Fig. S3 — see
Supplementary Data). In this method, the intensity of the
white light transmitted through the sample (I) is measured as a
function of temperature, and analogous to nephelometry, the
cloud point that accompanies VPT may be determined.”’
Because TOA is a dynamic method (i.e., results are dependent
on a scan rate), at first, the heating rate was optimised.
Measurements were carried out for a neat PMEO,MA hydrogel
at various heating rates (see Fig. S2 in Supplementary Data).
The results acquired at heating rates that varied in the range
of 0.5 to 2°C min™ are practically identical. Only the TOA curve
recorded for faster heating (3°C min'l) differed from the other
ones. Thus, for further investigations, a 2°C/min heating rate
was chosen because it is close enough to thermodynamic
equilibrium and simultaneously allowed for minimising the
time of measurement.

Raw data were normalized according to the formula:

IN(D) = 25T

— (3)

where Iy is the normalised white light intensity and the 0, oo
and T indexes relate to starting, final and current
temperatures, respectively.

The experiments were carried out in triplicate and were fully
repeatable (see Fig. S1). Presented cloud point temperatures
are arithmetic averaged with standard deviation no greater
than 0,8°C.

2.5. Differential scanning calorimetry

Alternatively, measurements of VPT were conducted with a
DSC technique. The DSC instrument (Q200 TA Instruments)
was calibrated for both temperature and heat flow using,
respectively, indium (melting temperature of 157°C) and the
synthetic sapphire standard with a well characterized specific
heat capacity. Hydrogel samples with known mass in the range
of 3 to 5 mg were sealed in hermetic aluminium pans and
analysed in the temperature range between 0°C and ca. 90°C
at a heating rate of 2°C min™ under a nitrogen flow of 50 ml
min™. Measurements were taken out at least twice for all
samples. Results were fully reproducible.

2.6. Raman spectroscopy

The Raman spectra of drugs, drug solutions and hydrogels
were recorded with the use of the FT Raman spectrometer
MultiRAM (Bruker GmbH). All of the spectra were collected
with a spectral resolution of 4 cm™ and an excitation
wavelength of 1064 nm (diode Nd:YAG laser, 100 mW). During
the measurements, hydrogel samples were placed into
specially designed cells, guaranteeing a fixed position relative

This journal is © The Royal Society of Chemistry 20xx

to the laser beam and protecting against water loss. To obtain
the high quality spectra required, 32 scans were averaged.
Because of the hydrogel thermo-responsivity, all operations
and measurements were carried out in an air-conditioned
room at 17°C.

3. Results and discussion

Fig. 1 presents selected TOA results obtained for PMEO,MA
hydrogels immersed in aqueous solutions of IBUNa with
various concentrations. It is clear that the “cloud point"
(assumed to be represented by the deflection point of the TOA
curve) shifts toward higher temperatures as the drug
concentration increases. Surprisingly, the concentration
dependence of the “cloud point” was found to be linear in a
broad range of IBUNa content, up to 180 mM — as presented in
Fig. 2. The TOA results are remarkably consistent with DSC
data, as shown in Fig. 2, providing the Typr directly. A similar
tendency is also observed for another tested drug, i.e., SALNa,
in contrast to a saline solution, which causes lowering of Typr
to 14°C at a physiological concentration of NaCl (see Fig. S4 in
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Fig. 1. Influence of IBUNa on VPT in PMEO,MA hydrogels. (A) Iy
(normalised white light intensity transmitted through the
sample) as a function of temperature for PMEO,MA hydrogels
immersed in aqueous solutions of IBUNa with different
concentrations; (B) first derivative of Iy(T) with respect to T.
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Fig. 2. Comparison of Typr determined by DSC and TOA.
Dependence of Typr as a function of IBUNa concentration - full
symbols correspond to the deflection points of TOA curves,
while empty symbols correspond to the DSC thermogram
extremes. Tpr for SALNa were added for comparison.

the Supplementary Data file), as was expected based on
literature reports ®. One can assume that this effect is
correlated with change in pH of sodium salts solutions.
Alvarez-Lorenzo et al. *® found that Typr slightly increased
(from 32 to 34°C) as pH decreased (from 8 to 3) in
PNIPAM/chitosan interpenetrated networks. This effect was
explained by the ionization of the amino groups of chitosan
chains in acidic medium. However, pH is an important factor in
the case of polyelectrolytes, in which it is useless to explain the
observed increase in Typr for non-electrolyte PMEO,MA
because PMEO,MA gels are pH-independent, as was
previously reported by Paris 29 Moreover, performed tests
showed that the pH only slightly varies (in the range of 7 to 8)
in investigated PMEO,MA gels immersed in IBUNa solutions.
Due to the same reason, the mechanism proposed by Tanaka
et al. for poly(N-isopropylacrylamide-co-acrylic acid) should be
rejected. 3

In non-ionic polymer networks such as PMEO,MA or
poly(vinyl methyl methacrylate) (PVME), the polymer-polymer
and water-polymer hydrophobic interactions, as well as the
water-polymer and water-water H-bonds, play a key role. 31

Thus, the most probable explanation is that the drug
molecules interact inside the gel similarly to surfactants. Two
scenarios, which will be considered below, may be proposed in
such a case **:

- drug molecules are adsorbed onto the polymer chain,
directly disturbing the polymer-water interactions,
and/or above critical micelle concentration (cmc) the
drug molecules self-associate causing the polymer
chains to coil to wrap the micelles, 3

- drug molecules change the supramolecular structure
of water (rearrangement of water-water H-bonds)
and, as a result, this leads to different polymer chain
stability in the system.

Raman spectroscopy is one of the most powerful methods
used to test intermolecular interactions in water systems. In
the case of hydrogels, it allows for determining the degree of
chain hydration and its changes during various transitions, the
water structure and even the activation energy of VPT. 31,34,35
Fig. 3 presents the Raman spectra of IBUNa powder and its

4| J. Name., 2012, 00, 1-3

aqueous solution in a fingerprint region, divided into three
parts for clarity. The slight shift of particular bands toward
higher wavenumbers results from hydration of the IBUNa
molecules in dissolved form. To control the state of IBUNa in
hydrogel, the differential Raman spectrum was calculated by
extracting the spectrum of PMEO,MA hydrogel swollen in
water from the spectrum of PMEO,MA hydrogel swollen in
IBUNa solution. It was found that the positions of Raman peaks
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Fig. 3. Raman spectra of IBUNa: powder (green dot line) and
aqueous solution (green line) in relation to differential
spectrum of IBUNa in hydrogel and hydrogel in three regions:
500-900 (A), 9000-1500 (B), 1525-1800 (C) cm™.
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of IBUNa are exactly the same in the hydrogel and in the water
solution. This means that there are no specific interactions
between drug molecules and polymer chains. IBUNa molecules
remain fully hydrated. Thus, the hypothesis that the IBUNa
molecules are adsorbed onto the polymer network may be
rejected.

The molecular structures of investigated drugs are similar to
surfactant molecules with a hydrophobic part and a strongly
hydrophilic ionic group. Due to these structural features, they
are able to form micelles (cmc for IBUNa and SALNa are 180
mM ** and 705 mM, 36 respectively). Nevertheless, the range
of concentration investigated in this study does not exceed
cmcs. Only one gel sample in 180mM IBUNa solution reach the
cmc, but no change in T,»r dependence of drug concentration
was observed. Taking into consideration the second scenario it
is worth to notice that the polymer chains consist of
hydrophilic (easily forming H-bonds) and hydrophobic
segments which are encased by water cage-like structures.
According to Tanford et al. 37, in such type of systems, water
molecules may form highly ordered structures, called ice-
bergs, in the vicinity of hydrophobic polymer chains. The ice-
bergs, with water molecules arranged similarly to ice Ih,
stabilise the polymer chains in a water environment. Taking
into account lack of direct interactions between drug and
polymer, it is worth to compare drug concentrations in the gel
phase in respect to the initial solution. The partition coefficient
of IBUNa and SALNa for various samples was estimated. As the
results presented in Table 1 show, the coefficient is almost
independent of the initial drug concentration over the
investigated concentration range, and the average values are
1,49+0,04 and 0,99+0,06 for IBUNa and SALNa, respectively. A
similar tendency was found for another non-ionic PVME gel
used as a Triton adsorbent “°. It is also important to note that
the DS.i;a“ to DS‘e’Vqater ratios are greater than unity. Discussed
herein results are also consistent with results obtained by
Alvarez-Lorenzo et al. 2 for different thermo-responsive

polymer systems - PNIPAM/chitosan interpenetrated
networks. This effect was explained by the fact that the free
amino groups located along the chitosan chain are cationically
charged over a wide range of physiological pHs % Lowe et al.
found that hydrophobic ibuprofen (in the form of acid)
induced a decrease of the PNIPAM-based microgels’ size below
the LCST of PNIPAM and sharpened the VPT 2 1t was also
reported for PMEO,MA hydrogels % that DS, reached greater
values if the gels were swelled in more basic solutions.
Ibuprofen sodium salt, used in these studies, is the sodium salt
of weak acid, which results in a slightly alkaline medium (pH
varied between 7 and 8). Thus, the salting in effect was
observed. Interestingly, ibuprofen acid incorporated into
PNIPAM copolymer hydrogels brought about a drastic
decrease of its DS, (salting out effect) 2 The constant
partition coefficient, as well as DS;%“to DS.‘_,"&ater ratios, was
much greater than unity, which may suggest the formation of a
supramolecular structure within the hydrogel, as the simple
drug adsorption to the polymer network was excluded by
Raman spectroscopy.

The other observed effect relates to the broadening of VPT
with increasing drug concentration. This is clearly evident in
Fig. 1B, where the temperature dependences of dly/dT are
presented. This broadening suggests that the VPT becomes
continuous in the presence of drug molecules. According to
Shibayama and Tanaka “! the discrete or continuous character
of the VPT transition relates directly to the temperature
dependence of osmotic pressure in the gel. It is easy to
imagine that the presence of an ionic substance (drug) in the
gel strongly influences this dependence. However, its precise
determination is difficult, taking into account all variables
changeable during VPT, including the concentration of IBUNa
inside the gel, gel volume and intermolecular interactions
within the system.

Analysis of the TOA results reveals the presence of three
regimes in the VPT. The slopes corresponding to each of them

Dsg;"?
sodium saltof ~ Co™?(mM) Dsygter € Z;';ﬁo ger(MM) CIms (mM) K

5 1.23 6.76 4.63 146

10 1.89 12.76 8.51 1.50

Ibuprofen 20 1.66 27.38 18.81 1.46
30 1.45 43.71 28.00 1.56

75 1.68 96.00 64.29 1.50

6.5 0.82 6.34 6.73 0.94

Salicylate 10 0.89 10.08 10.92 0.92
20 0.88 20.76 19.57 1.06

100 0.87 102.12 97.92 1.04

Table 1. Concentration of IBUNa and SALNa: in initial solution (C**%,), in hydrogel (C**°} q00e) and in the external solution

equilibrated with the hydrogel (C°™°,..); the gel/solution partition coefficient of the drug (K). DSge" and DS

drug

eq _ are degrees of

swelling at equilibrium state in water and in the drug solution, respectively.

This journal is © The Royal Society of Chemistry 20xx
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are plotted as a function of IBUNa concentration in Fig. 4 and
shown, as straight lines, in Fig. 1A as well. The slopes related to
the first and second regimes decrease with IBUNa content.
This means that the VPT slows down if the drug concentration
increases. The third regime is extremely narrow and practically
invisible for solutions with a low concentration of IBUNa, while
for higher drug concentrations (above 41 mM), it becomes
visible.

To explain these effects, the compassion of TOA and DSC
results was done. Presented in Fig. 5, data for the hydrogel
containing 41 mM of IBUNa are representative also for all
systems with lower IBUNa content. DSC thermograms show
that, although the VPT starts at the same temperature of c.a.
25°C independent of the drug concentration, the dynamics of
the transition are completely different for low and high drug
content. Transition is rapid and discontinuous for samples with
low drug concentration. This means that most of the water-
polymer interactions break rapidly at the beginning, which is
manifested by the sharp energetic effect. Consequently, the
hydrogel abruptly becomes thermodynamically instable. The
polymer response is also very fast, and rapid collapse of the
polymer network leads to an increase of opaqueness
manifested by the “cloud point”. Higher drug concentration
(241 mM) causes significant redistribution of intermolecular
interactions. Strong water-polymer interactions break
gradually and disappear completely at higher temperatures.
Evidently, IBUNa stabilised the PMEO,MA-water system. Thus,
the hydrogel collapses slowly upon approaching the Typr (first
regime in TOA results). The higher the IBUNa content, the
slower the process. If a particular number of water-polymer

0.18 +—0.04 10.004
Il = o
0.15 *a
= 40.03  H0.003
Q().IZ— . 56 G
<0.09 4 J0.02 Z0.002 5
24 g Q
o ‘ o 4 g-'
%0.06 - @ -
] " . . 001 0001
0.03 |
| |
0.00 +—A4—4—4—p——————1——1———] 0.00 - 0.000
0 20 40 60 80 100 120 140 160
beu (mM)

Fig. 4. VPT dynamics in the presence of ibuprofen sodium salt.
Dynamics of VPT transition represented by slopes of TOA
dependences shown in Fig. 1 in three regimes: slope 1 —
squares, slope 2 — dots, slope 3 - triangles (see text for details).

This journal is © The Royal Society of Chemistry 20xx

¢, =41 mM
TOA
DSC
¢, =140 mM
----TOA
----DSC

L T L L LR LR AL B
20 30 40 50 60 70 80 90
Temperature (°C)

Fig. 5. VPT dynamics in presence of ibuprofen sodium salt
observed using the TOA and DSC methods.
between the DSC thermograms (cumulative representation)
and TOA curves measured for two selected PMEO,MA
hydrogels differed with respect to IBUNa content.

Comparison

interactions decay, the network becomes unstable. As a result,
the gel abruptly reduces its volume. This phase corresponds to
the second regime visible in TOA curves and results in the
“cloud point”. The mentioned herein effects may also be
strengthened by the changes of IBUNa concentration inside
the gel. It is very probable that the drug molecules, which are
much bigger than the water molecules, diffuse outside the gel
with a lower rate than the collapse of the gel. As a result, the
IBUNa concentration systematically increases with progressing
VPT. Thus, the VPT becomes broader for systems with higher
drug content. Indeed, micro-Raman spectroscopy
investigations performed recently for similar hydrogel systems
(based on PVME) containing ibuprofen sodium salts showed
that the drug concentration inside the gel may exceed the
critical concentration during the VPT, and crystallisation of
IBUNa was observed (see Fig. S5 in the Supplementary Data).
Additionally, the presence of the third regime in the TOA
experiment, observed for concentrated systems (Fig. 1),
supports this hypothesis. The residual amount of IBUNa with
strongly limited diffusivity probably protects the gel against
complete collapse. In this phase, the polymer network is
partially relaxed and is unable to pull the liquid content out.
Contrarily, if the initial drug concentration is low, the internal
pressure induced by a rapidly collapsing network is high
enough to pull out the whole liquid content. Thus, the third
regime is not present for the systems with low IBUNa
concentration.

J. Name., 2013, 00, 1-3 | 6

Page 6 of 9



Page 7 of 9

Journal-ef:Materials Chemistry B

4. Conclusions

The influence of the presence of some selected commonly
used non-steroidal anti-inflammatory drugs (ibuprofen and
salicylate sodium salts) on the VPT in PMEO,MA hydrogels
synthesized via electron beam irradiation was the subject of
the presented investigations. The results of thermo-optical
analysis and differential scanning calorimetry showed that the
VPT temperature depends on both drug concentration and its
chemical structure. Increasing the content of ibuprofen and
salicylate sodium salts resulted in a shift of Tpr towards higher
temperatures. Moreover, the VPT became broader.
Comparison of TOA and DSC results allowed for distinguishing
three regimes of VPT in PMEO,MA gels. The first two, related
to the breaking of the strong water-polymer interactions and
to the network collapse, respectively, slow down with
increasing drug concentration. The last regime, corresponding
to the slow diffusion of a residual solution from a collapsing
network, becomes visible only for systems with high drug
content. Such behaviour suggests that the drug molecules
stabilised the water-polymer interactions. Comparison of
gravimetric and Raman spectroscopy results suggests that the
observed effect is due to the stabilisation of water-polymer
interactions or water-water structures.

Further investigations are needed to explain the mechanism of
observed effect in details, however the presented results are
indicative for various application (not only biological). The
strong correlation between the Typr and drug concentration
was demonstrated for PMEO,MA but it is probably visible also
for another polymer hydrogels. Based on presented results it
may be stated that it is necessary to build suitable polymer
carrier (with particular chemical structure and/or morphology)
not only for particular drug but also for particular dose
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