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(Norwood, Massachusetts, USA) running at a crosshead speed of 
5 mm/min. The sample membranes were cut into 1x 10 cm. The 

tensile parameters were  

 
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 
(Wd) 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 37o C. After 24 h the swollen membranes (Ws) 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.  

  
 ------------------    (1)  
 
 

Here Wd and Ws 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 37o 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 (LabIndia-

UV3000+)(λmax) at 255nm. The average of three determinations 
was considered. The % encapsulation efficiency was calculated by 
the following Equation 2.  

               

100x
loading lTheoretica

loading Actual
  efficiencyion Encapsulat % ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=

       ---(2) 
In-Vitro release study 
In vitro drug release study was performed by using tablet 
dissolution tester (LabIndia, Mumbai, India). The membranes of 4.0 
cm2 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specific time intervals for12 h. The volume withdrawn was replaced 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) 

(λmax) 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 Kα radiation [λ=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 100ï and 80ï 
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
(w%) 

Monomer 
(w%) 

Drug
(gm) 

Crosslinker
(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

 

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-1. 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-1, which is absent in spectrum 
of pure PVA. The peak near 1730cm-1 may be associated with 
C=O stretching vibration of an ester group [45,46] from MMA. The 
appearance of a new peak at 1730cm-1 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 
cmă1 (carbonyl group), 1884 cmă1 (carbonyl group of quinolone 

moiety), 2935 cmă1 (aromatic C−H stretching), and 3275.5 cmă1(O-
H group of carboxyl moiety) indicating that Levofloxacin is not 
involved in any chemical reactions with the polymers used.   
 

 
 
 

%  SR  =
W s-W d

W d
X  100
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Figure 1: FT-IR spectra of Drug loaded Hydrogel Membrane (a), Grafted PVA(b),  

Pure LH (c), PVA (d). 

 
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 1000C 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 2100C and continues up to 4200C 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 1100C-2500C, which 
may attributed to the degradation of the ungrafted PVA. The  

 
 
second distinct weight loss is observed between 3100Că4800C 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/cm2, while, the grafted PVA membranes shown higher 
TS value (3.9 Kg/cm2). 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 2.12μ0.02 

M-2 2.71μ0.03 

M-3 3.12μ0.12 

M-4 4.21μ0.40 

M-5 2.54μ0.03 

M-6 2.63μ0.10 

M-7 2.92μ0.20 

M-8 3.92μ0.62 

M-9 4.08μ0.30 

 
 

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. 

 
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 2θ of 120, 170 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 2θ of 200. 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 
(a) 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 

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. 

 
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 

 

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 vitro 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 et 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]: 
 
          (Mt/M¥) = ktn         -----------------------    (3)   
                                                  
Where Mt 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-II 
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 n 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. 

 

 

 

Sample code % of Encapsulation K N

M-1 50.50μ0.5 0.0412 0.7241

M-2 85.41μ0.2 0.0221 0.6780

M-3 79.20μ0.7 0.0818 0.8589

M-4 70.01μ0.5 0.0210 0.8987

M-5 89.40μ0.2 0.6110 0.6407

M-6 90.01μ0.5 0.0391 0.6781

M-7 93.10μ0.3 0.0151 0.2891

M-8 74.80μ0.6 0.0545 0.8450

M-9 67.80μ1.2 0.5850 0.7910
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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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