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Abstract

Controlled release of Levofloxacin Hemihydrate drug through Methyl Methacrylate grafted Poly (vinyl
alcohol) (PVA-g-MMA) hydrogel membranes have been investigated. These graft co-polymer
hydrogel membranes of various formulations were prepared using conventional solution casting
method by varying, monomer, cross-linker and drug content. An attempt has been made to
characterize these hydrogel membranes by various instrumental techniques like, Fourier Transform
Infrared Spectroscopy (FT-IR), X-Ray Diffraction (XRD), Differential Scanning Calorimetry (DSC),
and Scanning Electron Microscopy (SEM). The release patterns of the drug from the hydrogel
membrane were carried out in pH 7.4 media and the samples were analysed spectrophotometrically
at 294 nm wavelength on a UV Vis spectrophotometer. The mechanical properties of the hydrogel
membranes were characterized by UTM. FTIR spectra of the membranes indicated complete
esterification of the free carboxyl groups of Methyl Methacrylate. XRD studies indicated that the
crystallinity of the membranes was mainly due to Methyl Methacrylate. The experimental results
indicated that the hydrogel membrane could be tried for various biomedical applications.
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crystallinity and swelling behaviour of PVA and its physical gel-
forming capabilities, have been carried out [8,9]. PVA has bio inert-
ness and it has many uses in medical applications such as artificial
pancreas, haemodialysis, and nanofilteration, synthetic vitreous
and implantable medical device, anti-thrombogenicity, cell

Introduction

Polymeric membrane materials with hydrophilic/functionalizable
groups have gained increasingly more attention in recent years,
especially in biological and biomedical applications. Polymeric

membranes/matrices are useful in developing the controlled
release devices for the effective delivery of drugs in order to
improve the patient compliance by maintaining the desired drug
concentration in plasma, which helps to achieve a better
therapeutic effect. In case of conventional drug therapy, drug is
rapidly released from its dosage form, reaching a maximum level,
which may be a toxic level, and then decays exponentially to a
minimum level, below which the drug is no longer effective until the
next administration. In order to maintain the therapeutic level of the
drug for longer periods and to decrease its toxic levels, many
efforts have been made to use polymers as membrane devices [1-
4]. Polymers have been used as coated membranes or as matrices
to extend the release rates of the drug. In these systems, drug can
be released from a device to the outer medium by diffusion or
dissolution mechanisms.

Poly (vinyl alcohol) (PVA), is a non-toxic, water-soluble synthetic
polymer and has good physical and chemical properties and film-
forming ability. The use of this polymer is important in many
applications such as controlled drug delivery systems [5],
membrane preparation [6], recycling of polymers and packaging [7]
etc. Studies on the mechanism of dissolution and changes in
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compatibility, blood compatibility and biocompatibility of PVA have
been studied extensively [10-12].

Methyl methacrylate (MMA) is one of the most widely used
monomers. It has wide-spread biomedical applications, due to its
biocompatibility and it can be easily copolymerized with other
monomers like sulfopropylmethacrylate [13] and alkyl methacrylate
with various acrylic acid derivatives including acrylamide, acrylic
acid, butyl ester as well as with styrene [14,15].
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Levofloxine Hemihydrate

Several Natural polymers such as sodium alginate [16-20],
chitosan [21-25], guar gum [26-28], xanthan gum [29-32], pectin
[33,34], gellan gum [35,36] have been employed alone or in
combination with their native form to control the drug release, but
these just had a limited degree of success. In recent years, graft
copolymers designed primarily for medical applications have
entered the arena of controlled drug release.

Levofloxacin Hemihydrate (LH), a synthetic fluorinated quinolone
derivative, is effective for bacterial infection treatment, especially

for Helico Bacter pylori (bacteria) [37-40]. It is used to treat
infections including: respiratory tract infections, cellulitis, urinary
tract infections, prostatitis, anthrax,  endocarditis, meningitis
endocarditis, meningitis, pelvic inflammatory disease, traveler's
diarrhea, tuberculosis and plague [41]. Levofloxacin has a half-life
of 5-7 hours and 85% oral bioavailability. Because of this, It is
extensively used in many biomedical applications.

In the present study, authors prepared LH incorporated PVA-g-
MMA hydrogel membrane and studied the effect of various factors
viz., PVA, MMA, LH and glutaraldehyde (GA) (crosslinking agent)
concentration on swelling properties and drug release profiles for
In-vitro release studies and the results are presented.

Materials and Methods
Materials

Table I: Materials used in the present study

Component Chemical Formula Application Manufacturer
PVA (CoH40)n base ingredient Sd.Fine, Mumbai, India
(M.W. =50,000)
MMA CHo=C(CH3)COOCH,3 base ingredient Sd.Fine, Mumbai, India
Glutaraldehyde CH,(CH,CHO), Crosslinker Sd.Fine, Mumbai, India
(25% aqueous)
Levofloxine Hemihydrate (99.39% C1gH20FN304.1/2H,0 base drug CIPLA pharma, Bangalore,
purity) India
(gift sample)
APS (NH4)2S-0g base initiator Sd.Fine, Mumbai, India

Double distilled water was used throughout the study

Preparation of Graft Hydrogel Membrane

The PVA-g-MMA hydrogel membranes were prepared by a
conventional solution casting method. A 2% aqueous solution of
PVA was prepared by dissolving PVA in water over night under
constant stirring conditions. To this, a aqueous solution containing
50mg of APS was added followed by a known amount of MMA
drop by drop with continuous stirring for 5h at 709C. To this, the
required amount of Levofloxine Hemihydrate drug was added and
stirred until complete dispersion of drug in the polymer solution is
obtained. For crosslinking, a specific amount of glutaraldehyde
(0.5ml of GA and 2-3 drops of HCI) was added to the solution and
allowed to stand for 15min. The resulting homogeneous solution
was further allowed to stand until trapped air bubbles were
removed and poured on a Teflon plate. The membranes were dried
in an oven at 37°C, until it shows constant weight. The prepared
membranes were stored in a desiccator for further evaluation. The
schematic diagram of the formation of crosslinked membrane is
shown in Scheme 1.

FT-IR Studies

The FT-IR spectra of dry hydrogel membranes were obtained using
FT-IR Spectrophotometer (Bomem, Model: MB3000, Canada).
Percentage transmittance (%T) was recorded in the spectral region
of 500-4000cm’! using a resolution of 4 cm™ and 40 scans. The
dry membrane powder was thoroughly grounded with KBr (IR
grade, Merck-Germany) at a ratio of 1:200 and pressed into a
pellet and the spectrum was then recorded.

Thermal Studies

Thermal decomposition temperature of grafted hydrogel films were
carried out on a Waters apparatus DSC-TGA Q-600 model
instrument (UK) in a nitrogen rich atmosphere at a heating range of
350C-700°C at the rate of 109%C/min. The weight of the samples
taken for each record was about 9-12mg. The incept point of the
slopes was taken as glass-transition temperature (Tg)

Tensile strength of the membrane

The tensile properties of all grafted hydrogel membranes were
determined by using INSTRON 3369 Universal Testing Machine
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(Norwood, Massachusetts, USA) running at a crosshead speed of tensile parameters were
5 mm/min. The sample membranes were cut into 1x 10 cm. The
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Cross-linked Graft Co-Polymer Hydrogel Membrane
Scheme 1: Schematic representation of the formation of Cross-linked membrane
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measured using 10 kg load cell. In each case, 3 samples were
tested and the average values are reported.

Swelling Measurements

Equilibrium swelling studies of membranes were performed in
water at room temperature. The weight of the dried membranes
(Wg) measured directly on an electronic microbalance (Adam
PW214, London, with an accuracy 0.0001 g) and then the dried
membranes were suspended in glass vessels containing 50 ml of
water at 37° C. After 24 h the swollen membranes (Wg) were
removed from water and immediately weighed after removal of
excess water by using a blotter. The procedure was repeated until
the membranes reached constant weight (equilibrium water
uptake). The swelling ratio of membrane was calculated from the
following Equitation 1.

Ws'Wd

%SR=[
d

] X 100  "Tmmmmmesmeeee 1)

Here Wy and W, were the weight of dry and swollen membranes,
respectively.

Drug content

The membrane of specified area (1 cm2) was cut into small pieces
and added to 100 ml of phosphate buffer of pH 7.4 for complete
swelling at 37° C for 24h. The swollen membranes were crushed in
a glass mortar with pestle. The solution was then heated gently for
2 h to extract the drug completely and centrifuged using a table-top
centrifuge(R-8C DX Remi, India) at 3000 rpm for 10 min to remove
polymeric debris. The clear supernatant solution was analysed for
drug content using UV  spectrophotometer  (Lablindia-
UV3000%)(Amax) at 255nm. The average of three determinations
was considered. The % encapsulation efficiency was calculated by
the following Equation 2.

%Encapsulaionefficiencyz(_l_h ticd loadi
eoreticd loading

-=(2)
In-Vitrorelease study
In vitro drug release study was performed by using tablet
dissolution tester (LabIndia, Mumbai, India). The membranes of 4.0
cm? area were mounted for release study. The amount of drug
released was determined by withdrawing 10 ml samples at a
specific time intervals for12 h. The volume withdrawn was replaced
with an equal volume of fresh buffer solution; the samples were
analysed in a UV spectrophotometer (Labindia, Mumbai, India)
(Amax) at 255 nm.

X-Ray Diffraction

X-Ray Diffractions of the plain PVA-g-MMA membrane and drug
loaded PVA-g-MMA hydrogel membranes were carried on a

Shimadzu Lab-XRD-6000X diffractometer [Japan], using Nickel-
filtered Cu Ko radiation [A=0.154 nm] at 40 kV and 50 mA in the
2theta range of 0-500.

SEM analysis

SEM images of pure grafted Hydrogel membrane and Drug loaded
grafted hydrogel membranes were recorded using a JSM 6400
SEM (JEOL Ltd., Akishima, Tokyo, Japan) at 100 and 80
magnification. Working distance of 39 mm was maintained and the
acceleration voltage used was 20 kV, with the secondary electron
image (SEM) as a detector.

Results and Discussion

The different formulations of PVA, MMA, Drug and crosslinker
variations have shown as M1-M9 codes and are incorporated in
Table.2

Table 2: Film composition obtained from PVA-g-MMA mixture with

Drug
Code Polymer Monomer Drug Crosslinker

(w%) (w%) (gm) (ml)
M-1 100 - 0.1 0.1
M-2 90 10 0.1 0.1
M-3 80 20 0.1 0.1
M-4 70 30 0.1 0.1
M-5 90 10 0.1 0.1
M-6 90 10 0.2 0.1
M-7 90 10 0.3 0.1
M-8 90 10 0.1 0.2
M-9 90 10 0.1 0.3

Actualloading JxlOO

FTIR Spectral Analysis

The grafting of MMA on PVA molecules was verified by FT-IR
spectra of PVA, MMA-g-PVA and drug loaded MMA-g-PVA as
shown in Figure 1. The spectra of both PVA and grafted PVA show
a characteristic broad absorption band of the hydroxyl group
around 3500-3150cm™". This attributed to the O-H bond stretching
vibration [42-44] of PVA. The spectrum of the grafted PVA exhibits
a strong absorption band at 1730cm™!, which is absent in spectrum
of pure PVA. The peak near 1730cm™' may be associated with
C=0 stretching vibration of an ester group [45,46] from MMA. The
appearance of a new peak at 1730cm! in the resulted copolymer
provides strong evidence of grafting.

FT-IR spectrums of Levofloxacin alone and in combination with
graft polymer were studied. FT-IR spectrum of the Levofloxacin
and the drug-polymer mixture have characteristic bands at 1723
cm-! (carbonyl group), 1884 cm' (carbonyl group of quinolone
moiety), 2935 cm~' (aromatic C—H stretching), and 3275.5 cm='(O-
H group of carboxyl moiety) indicating that Levofloxacin is not
involved in any chemical reactions with the polymers used.
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Figure 1: FT-IR spectra of Drug loaded Hydrogel Membrane (a), Grafted PVA(b), Pure LH (c), PVA (d).

Thermo Gravimetric Analysis (TGA)

Thermo Gravimetric analysis (TGA) of pure PVA (a) and grafted
hydrogel membranes (b) are shown in Figure 2. The TGA of pure
PVA shows a weight loss in two stages. The first stage occurs
below 100°C and shows 10% loss in weight. This may correspond
to the loss of adsorbed and bounded water. The second stage of
weight loss starts at 2109C and continues up to 420°C during
which there is around 90% weight loss due to the degradation of
PVA. If it is clearly observed, we can also find two stages of
degradation in case of graft copolymers also. The first one
corresponding to 15% of weight loss at about 110°9C-250°C, which
may attributed to the degradation of the ungrafted PVA. The

second distinct weight loss is observed between 310°C-480°C with
about 80% weight loss and theses can be attributed to the grafted
copolymer. It is evident that grafting MMA onto PVA could augment
the thermal stability of pure PVA. Due to the presence of MMA, the
copolymer exhibits enhanced hydrophobic character compare to
pure PVA.
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Figure 2: Thermo Gravimetric thermograms of pure PVA (a) and different ratios of PVA and MMA graft hydrogel membranes (b)

Mechanical Properties

The values of tensile strength for different grafted copolymer
membranes are given in Table 3. From table it is clear that the
improved mechanical strength of the grafted membranes compared
to pure PVA membrane was confirmed by tensile strength (TS)
measurement. The NP-8 membrane made of pure PVA showed TS
of 2.12kg/cm?2, while, the grafted PVA membranes shown higher
TS value (3.9 Kg/cm?). This may be due to the formation of large
number of links among the polymer chains as a result of grafting,
thereby increasing strength of the Polymer membranes. Among the
membranes, TS increased with an increase in concentration of GA,
indicating an increased strength of matrix with increasing cross-
linking.

Table: 3 The value of Tensile strength for different grafted hydrogel

membranes
Code Tensile Strength
M-1 2.12+0.02
M-2 2.71+0.03
M-3 3.12+0.12
M-4 4.21+0.40
M-5 2.54+0.03
M-6 2.63+0.10
M-7 2.92+0.20
M-8 3.92+0.62
M-9 4.08+0.30

X-Ray Diffraction

X-RD study helps to find the crystallinity of drug in the grafted
hydrogel membrane. The X-Ray diffractograms of pristine
Levofloxine hemihydrate (a) Plain grafted hydrogel membrane (b)
and Levofloxine hemihydrate loaded graft hydrogel membrane(c)
are presented in Figure 3.

Drug loaded graft membrane

m*. iI " 3 Pure grafted membrane

F

|

I | Pure Levofloxine
Jl 'l | ,, Hemihydrate

- /JIL_J J\_.‘._-"II-._;JN ﬂL__‘__MMPK_‘.J&L..—\J\,

L - I - =T
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Figure 3: X-Rd spectra of Plain LH, Pure graft hydrogel Membrane
and Drug loaded Hydrogel Membrane.
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The most intensive peaks of Levofloxine hemihydrate are observed
at 20 of 120, 179 and 290 suggesting its crystalline nature as seen
in Figure 3 (a). The X-RD patterns of pure grafted hydrogel
membrane (Figure 3 (b)) reveal amorphous nature. According to
Figure 3 (c) the characteristic peaks of Levofloxine Hemihydrate
are found in LH loaded hydrogel membrane with very less intensity
only at 20 of 20°. This suggests that Levofloxine hemihydrate is
dispersed at a molecular level within the grafted hydrogel
membrane.

SEM analysis

The SEM Photomicrographs of the membranes of plain membrane
(@) and drug loaded (b) taken at a magnification 100X and 80X,
respectively and are presented in Figure 4. Analysis of the
morphologies of the plain and drug loaded membranes shows that
they are smooth and homogeneous, with absence of any micro
phase separation. Grafting led to a substantial increase in the
surface smoothness; this might be due to the formation of own
domains and morphologies at the surface by grafted chains. MMA
grafted chains are hydrophilic in nature and hence lead to
compatible with PVA matrix, resulting the formation of single phase
with a smooth surface, this indicate the good compatibility between
the membrane and the drug.

Figure 4; SEM Micrograms of Plain graft hydrogel Membrane (a) and Drug loaded hydrogel Membrane (b)

Swelling studies

The variation of % of swelling ratio of hydrogel membranes with the
concentration of MMA (a) and crosslinker (b) were depicted in
Figure 5 (a) and (b) respectively. In the present investigation, we
employed MMA and GA with different amounts of PVA, for the
preparation of these membranes. The membranes swelling
properties were influenced by the amount of MMA and crosslinker
(GA). As the amount of MMA increases the swelling ratio of
hydrogel membrane decreases. This is due to the fact that as the
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amount of MMA increases in the membrane, hydrophobicity of the
membrane could increase slightly due to presence of methyl
groups present in MMA. Similarly, In the case of GA crosslinker
variation, the swelling ratio decreased with the increase of
crosslinker content. This may be due to the formation of rigid
network between the polymeric chains as a result of contraction of
microvoids of the cross-linked networks and therefore a higher
swelling capacity could not be obtained with increase in
concentration of crosslinker.

VB = VB

G ums B I B
40 —* — — —— —
30

Time (min)

Figure 5: Variation of % swelling ratio with (a) concentration of MMA and (b) crosslinker.
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In vitro studies

Table: 4 Results of % Encapsulation Efficiency andRelease
Kinetics parameters of Different formulations

Sample code % of Encapsulation K N
M-1 50.50+0.5 0.0412 0.7241
M-2 85.41+0.2 0.0221 0.6780
M-3 79.20£0.7 0.0818 0.8589
M-4 70.01£0.5 0.0210 0.8987
M-5 89.40+0.2 0.6110 0.6407
M-6 90.01+0.5 0.0391 0.6781
M-7 93.10£0.3 0.0151 0.2891
M-8 74.80+0.6 0.0545 0.8450
M-9 67.80+1.2 0.5850 0.7910

Encapsulation efficiency

Results of encapsulation efficiencies are given in Table 4. The %
encapsulation efficiency varied depending upon the initial loading
of the drug. In general, for formulations M5, M6 and M7, the %
encapsulation efficiency increased systematically with increasing
drug content of the matrices. In the present study, the highest %
encapsulation efficiency of 93.10 was observed for M-7 containing
3 % of Levofloxine Hemihydrate. These are in accordance with
results reported in literature [47]. From the study of effect of
crosslinking agent on % of encapsulation efficiency, it is observed
that with an increase in concentration of crosslinking agent GA
(i.e., M7, M8 & M9) in the matrix, the % of encapsulation efficiency
(93.10, 74.80 and 67.80) decreased due to lesser free volume
space available in the matrix.

Effect of Methyl methacrylate

Effect of MMA content on /in vifro release of LH was investigated at
pH-7.4. In vitro release profiles of LH from the formulations
prepared with different amounts of MMA (10, 20 and 30%)
crosslinked with 0.5 mL GA at 10% of LH loading performed at pH-
7.4 are shown in Figure 6 (a). Higher cumulative release rates
were observed from formulations prepared with a higher amount of
MMA (30%), than those formulations prepared with lower amount
of MAA (10 and 20). This increasing trend may be due to the loose
crosslinked chains of MMA in the membrane, resulting in an
increasing in dimension of the polymer coil, thus a significant
increase in molecular volume of the matrix along with the increased
swelling of MMA component in the membranes. About 97% of the
drug was released in 12hrs at pH-7.4 from the formulations
prepared with a higher amount of MMA, whereas only 74% of LH
was released in first 12hrs from formulations prepared with lower
amount of MMA (10%). It also noticed that a faster drug release
was observed from formulations prepared with higher amounts of
MMA (M-4). Similar observations were also reported by Venkata
Prasad ef al, in case of drug release studies on SA-g-AA [48].

Effect of crosslinking agent

% cumulative release versus time curves of membranes M-5, M-8,
and M-9 are displayed in Figure 6 (b) for varying amounts of GA
(0.1ml, 0.2m and 0.3ml) at a fixed amount of drug (0.1g). The %
cumulative release is quite fast and larger at lower amount of GA
(0.12ml) (M-5), whereas the release is quite slower at higher
amount of GA (i.e., 0.3ml)(M-9). This may be due to the polymeric
chains becoming rigid because of the contraction of microvoids,
thus decreasing the % cumulative release of LH drug through the
membrane.

Effect of drug loading content

Figure 6 (c) Shows the release profile of LH loaded membranes M-
5, M-6 and M-7 at different amounts of drug loading (0.1, 0.2 and
0.3g, respectively) at pH-7.4. The release data shows that the
membrane containing higher amount of LH (M-7) displayed faster
and higher release rates than those formulations containing lower
amount of LH. A prolonged release rate was observed in the M-5
membrane because it contains lower amount of drug. Notice that
the release rate becomes quite slower at the lower amount of drug
in the membrane, due to the availability of more free void spaces
through which a lesser number of drug molecules will transport.

Drug release kinetic parameters of different
formulations

Drug-release kinetics was analyzed by plotting the cumulative
release data versus time by fitting the data to a simple exponential
Equation 3[49]:

(M/M) = ktn

Where My and M represent the fractional drug release at time t, k is
a constant characteristic of the drug-polymer system and n is an
empirical parameter characterizing the release mechanism. Using
the least square procedure, we have calculated the values of n and
k for all the formulations and these values are given in Table: 4. If
n= 0.5, the drug diffuses and release from the polymer matrix
following Fickian diffusion. For n > 0.5, anomalous or non-Fickian
drug diffusion occurs. If n = 1, a completely non-Fickian or case-l
release kinetics is operative. The intermediary values ranging
between 0.5 and 1.0 are attributed to an anomalous type diffusive
transport. The values of k increased with increasing of drug LH
into the membrane, similarly the n values increased with increasing
LH. This indicates the interaction between the membrane and drug
as studied from the release kinetics represented by Equation: 3
proposed by Peppas et al. [49]. The values of exponent 7 are
found to range between 0.570 to 0.959 at pH-7.4 as calculated
from the empirical equation, which indicated that drug release
showed the non-Fickian or anomalous transport.
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[a] Effect of MMA

[b] Effect of Crosslinker
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Figure 6: % of Cumulative release of LH through PVA-g-MMA copolymer hydrogel membranes containing different amounts of MMA (a) M2, M3,
M4, different amounts of GA (b) M5, M8, M9, and different amount of LH (c) M7, M6, M5

Conclusions

Hydrogel membranes of PVA-g-MMA were prepared and loaded
with LH as model drug. TGA analysis of the drug-loaded
membranes confirmed that the drug is dispersed in molecular level
in the membranes. The morphology characterization showed a
good compatibility between the membrane and drug. The results of
controlled release tests showed that the amount of Levofloxine

release increased with an increase MMA and the amount of drug
and decreased with an increase of crosslinker. Thus, we can
control the drug release rate through changing some influence
factors of the drug loaded membrane. The mechanical property of
membrane is also good. By observing all the results the hydrogel
membrane under study was found to be a quite promising for
controlled release of Levofloxine drug.
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