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The osteomyelitis is bone infection caused by 
circulation of blood in bone, high dose
chronic infection like osteomyelitis, use of site
controlled release drug delivery system
may be more acceptable to the patients, reducing the period of 
concentration of drug at the site of infection with a low systemic 
antibiotics delivery at the site of infection 
biodegradable materials such as, collagen/fibrin
materials [17],etc. were attempted. Collagen antibiotics sponge appears to be equally as popular as PMMA beads for 
the treatment of bone infection butin vitro
apatite, due to similar chemical composition to natural bone was considered 
antibiotics or drug delivery [18]. However, the
strategies for the management of osteomyelitis by implant device should aim at the restoration of bone congruity and 
maintenance of the high concentration of antibiotics at the site of infection for prolong period of time 

Abstract- Gelatin based hydrogelsareprepared withpoly(acrylic acid). Gelatin and poly(acrylic acid) were cross
glutaraldehyde and with N,N'-methylenebisacrylamide, respectively at various cross
cross-linking concentration of cross-linkers 
w% to 0.5 w%, reduced the in vitro degradation time from   38±2 days to 8±1 days in water(pH ~5.9) and from 35±2 days to 
7±1 days in phosphate buffer (pH 7.4). Full inter penetrating networks hydrogels (IPNs) demonstrate steady swelling followed 
by irregular loss of weight till study time of 35 days. Semi IPNs, where acrylic acid was cross linked show higher swelling a
lower degradation as compared to semi 
demonstrated low molecular weight products, which can be either phagocytes or easily filtrated via kidney. Drug release was 
mainly governed by diffusion and erosion of polym
distribution in hydrogel and degradation of hydrogel.
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I. INTRODUCTION 

The osteomyelitis is bone infection caused by Staphylococcus [1] which require 7 weekstreatment. Due to low 
dose of antibiotics required for oral or injection form drug delivery. For

chronic infection like osteomyelitis, use of site-specific biodegradable polymeric systems as 
controlled release drug delivery system in combination with surgery is a recognized treatment [
may be more acceptable to the patients, reducing the period of hospitalization, cost of treatment
concentration of drug at the site of infection with a low systemic toxicity [7]. Various localdrug delivery systems 

delivery at the site of infection have been attempted [8-10]. Many inorganic [
biodegradable materials such as, collagen/fibrin [14,15], peptide [16], and, hydroxy apatitecompos

Collagen antibiotics sponge appears to be equally as popular as PMMA beads for 
in vitro antibiotics release from collagen sponges was short lived

apatite, due to similar chemical composition to natural bone was considered as an ideal candidate for long
However, the brittleness and poor strength of hydroxy apatite limited its use. Ideal 

for the management of osteomyelitis by implant device should aim at the restoration of bone congruity and 
maintenance of the high concentration of antibiotics at the site of infection for prolong period of time 

Gelatin based hydrogelsareprepared withpoly(acrylic acid). Gelatin and poly(acrylic acid) were cross
methylenebisacrylamide, respectively at various cross-linker concentrations.Decreasing the 

linkers vizN,N'-methylenebisacrylamide from 0.5to 0.2 mole% and glutaraldehyde from 4 
degradation time from   38±2 days to 8±1 days in water(pH ~5.9) and from 35±2 days to 

4). Full inter penetrating networks hydrogels (IPNs) demonstrate steady swelling followed 
by irregular loss of weight till study time of 35 days. Semi IPNs, where acrylic acid was cross linked show higher swelling a
lower degradation as compared to semi IPNs where gelatin was cross linked. In-vitro degraded products analyzed by MALDI, 
demonstrated low molecular weight products, which can be either phagocytes or easily filtrated via kidney. Drug release was 
mainly governed by diffusion and erosion of polymer matrix. Scanning electron micrographs gave an insight about drug 
distribution in hydrogel and degradation of hydrogel. 
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weekstreatment. Due to low 
delivery. For localized 

specific biodegradable polymeric systems as an implantable 
[2,3]. Such treatment 

cost of treatment, and provides high 
localdrug delivery systems for 

inorganic [11-13] and organic 
composite with organic 

Collagen antibiotics sponge appears to be equally as popular as PMMA beads for 
antibiotics release from collagen sponges was short lived. Hydroxy 

an ideal candidate for long-term local 
brittleness and poor strength of hydroxy apatite limited its use. Ideal 

for the management of osteomyelitis by implant device should aim at the restoration of bone congruity and 
maintenance of the high concentration of antibiotics at the site of infection for prolong period of time [19-21]. There 

Gelatin based hydrogelsareprepared withpoly(acrylic acid). Gelatin and poly(acrylic acid) were cross-linked with 
linker concentrations.Decreasing the 

methylenebisacrylamide from 0.5to 0.2 mole% and glutaraldehyde from 4 
degradation time from   38±2 days to 8±1 days in water(pH ~5.9) and from 35±2 days to 

4). Full inter penetrating networks hydrogels (IPNs) demonstrate steady swelling followed 
by irregular loss of weight till study time of 35 days. Semi IPNs, where acrylic acid was cross linked show higher swelling and 

degraded products analyzed by MALDI, 
demonstrated low molecular weight products, which can be either phagocytes or easily filtrated via kidney. Drug release was 

er matrix. Scanning electron micrographs gave an insight about drug 
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has been continuous research for development of 
[22-24]. 

Hydrogels are three-dimensional
capacity to swell by absorbing large volumes of water 
swelling behavior of hydrogelsare sensitive to surrounding environmental condition, such astemperature, pH, ionic 
strength, electric fields, and magneticfields, [27
malleable and as a result significantly reduces irritation to the surrounding tissues. 
hydrogels are a new classof smart material with enormous potential 

 For implantable drug delivery system, controlled release of drug,
delivery system, and degraded products play significant role for its application as implantable 
considerable attention were given to study 
without considering loaded drugs. Also, 
develop implantable biomaterials. The
vancomycin hydrochloride (VHCl) and
gelatin and acrylic acid-based semi and full interpenetrating network 
depredated products (m/z) was determined by MALDI technique.

 

Scheme 1:Model for hydrogel synthesis, characterization, drug loading/release, and degradation 
 

Materials  
Acrylic acid (AA) (G. S. Chemicals) was purified by distillation under reduced pressure. Gelatin (Ge) (Type B), 
glutaraldehyde (25% AR), and sodium 
methylenebisacrylamide(BAm) and ammon
and Muellar Hinton broth from Titan BiotechLimited (Bhiwandi, India) and vancomycin hydrochloride (Lilly 
Pharma Fertigung und Distribution GmbH & Co.KG 35387, Giessen Germany) were used as
 
Hydrogel Synthesis 
Hydrogels were prepared as per method described in reported work 
networks (IPNs) based on poly(acrylic acid) and gelatin, which were cross
methylenebisacrylamide(BAm) (at 0.2 to 0.5 mole % concentration
Table 1, shows the sample designation and composition of the various hydrogels used in this study.
 
Vancomycin Hydrochloride Loading in 
Vancomycin hydrochloride was loaded by swelling10 mg of dry hydrogel sample in 10 mL of vancomycin 
hydrochloride solution (2 mg/mL) in phosphate buffer (pH 7.4) at 37 ± 0.1 
seen that nitrogen atmosphere prevent
observing the leaching of polymer component from polymer network, the xero gel was immersed in phosphate 
buffer (pH 7.4) under nitrogen atmosphere at 37 
dried and reweighed. The increase in the weight of the polymer was taken as the amount of drug loaded, whereas 
negligible change in weight was observed in neat polymer. Furthermore, for the confirmation of percentage of d
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development of effective, biodegradable and biocompatible drug delivery 

dimensional natural or synthetic hydrophilic polymer network structure 
large volumes of water without disturbing original structure [

swelling behavior of hydrogelsare sensitive to surrounding environmental condition, such astemperature, pH, ionic 
strength, electric fields, and magneticfields, [27,28]. Due to presence of water, surfaces ofthe hydrogels 

ignificantly reduces irritation to the surrounding tissues. In an area of biomedical science, 
smart material with enormous potential inbiotechnology [29-31]. 

For implantable drug delivery system, controlled release of drug, degradation, systemic toxicity of implantable 
system, and degraded products play significant role for its application as implantable 

tion were given to study the effect of cross-linker concentration on degradation of hydrogel
Also, a sperate study on systemic toxicity of degraded products is require

biomaterials. Theobjective of the present study is to investigate the synergic 
and cross-linking concentration on degradation and drug release behavior 

semi and full interpenetrating network hydrogel (Scheme 1).The molecular weight 
determined by MALDI technique. 

 
:Model for hydrogel synthesis, characterization, drug loading/release, and degradation 

II. MATERIALS AND METHOD 

Acrylic acid (AA) (G. S. Chemicals) was purified by distillation under reduced pressure. Gelatin (Ge) (Type B), 
sodium metabisulphite, areall obtained from s. d. fine chem. Ltd, India

ammonium presulfate from SISCO research lab, Mumbai, Muellar Hinton Agar 
and Muellar Hinton broth from Titan BiotechLimited (Bhiwandi, India) and vancomycin hydrochloride (Lilly 
Pharma Fertigung und Distribution GmbH & Co.KG 35387, Giessen Germany) were used as obtained. 

Hydrogels were prepared as per method described in reported work [32]. Full and semi-interpenetrating polymer 
networks (IPNs) based on poly(acrylic acid) and gelatin, which were cross-linked selectively using 

at 0.2 to 0.5 mole % concentration) and glutaraldehyde (0.5 to 
Table 1, shows the sample designation and composition of the various hydrogels used in this study.

oading in Hydrogels 
Vancomycin hydrochloride was loaded by swelling10 mg of dry hydrogel sample in 10 mL of vancomycin 
hydrochloride solution (2 mg/mL) in phosphate buffer (pH 7.4) at 37 ± 0.1 °C under nitrogen atmosphere. It was 
seen that nitrogen atmosphere prevented the fungal contamination on polymer during loading of the drug. For 
observing the leaching of polymer component from polymer network, the xero gel was immersed in phosphate 
buffer (pH 7.4) under nitrogen atmosphere at 37 °C. After immersing the polymer sample for 24 h, it was taken out, 
dried and reweighed. The increase in the weight of the polymer was taken as the amount of drug loaded, whereas 
negligible change in weight was observed in neat polymer. Furthermore, for the confirmation of percentage of d
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drug delivery system 

network structure which has 
structure [25,26]. However, 

swelling behavior of hydrogelsare sensitive to surrounding environmental condition, such astemperature, pH, ionic 
presence of water, surfaces ofthe hydrogels arewet and 

In an area of biomedical science, 

toxicity of implantable 
system, and degraded products play significant role for its application as implantable device. Thereis 

linker concentration on degradation of hydrogels 
sperate study on systemic toxicity of degraded products is required to 

synergic effect of loaded 
degradation and drug release behavior of 

The molecular weight of 

 

:Model for hydrogel synthesis, characterization, drug loading/release, and degradation  

Acrylic acid (AA) (G. S. Chemicals) was purified by distillation under reduced pressure. Gelatin (Ge) (Type B), 
obtained from s. d. fine chem. Ltd, India. N,N'-

ium presulfate from SISCO research lab, Mumbai, Muellar Hinton Agar 
and Muellar Hinton broth from Titan BiotechLimited (Bhiwandi, India) and vancomycin hydrochloride (Lilly 

obtained.  

interpenetrating polymer 
linked selectively using N,N'-

0.5 to 4 w %),respectively. 
Table 1, shows the sample designation and composition of the various hydrogels used in this study. 

Vancomycin hydrochloride was loaded by swelling10 mg of dry hydrogel sample in 10 mL of vancomycin 
C under nitrogen atmosphere. It was 

ed the fungal contamination on polymer during loading of the drug. For 
observing the leaching of polymer component from polymer network, the xero gel was immersed in phosphate 

sample for 24 h, it was taken out, 
dried and reweighed. The increase in the weight of the polymer was taken as the amount of drug loaded, whereas 
negligible change in weight was observed in neat polymer. Furthermore, for the confirmation of percentage of drug 
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loading in hydrogels, the amount of vancomycin hydrochloride left in the loading medium, was determined by 
microbial method using disk diffusion technique [33].  
 
In-vitro Degradation 
15 milligram of cylindrical shaped hydrogel placebo devices (l~3mm, d~2 mm), were immersed in 20 mL of water 
(pH ~5.8) / phosphate buffers (pH 7.4) at 37± 0.1°C, respectively. The change in weight of the hydrogel at pre-
determined time intervals was noted for required period of time. After each 24 hours, the degradation medium was 
changed with fresh solvent of 20mL. 
 
Evaluation of Degraded Product by Matrix Assisted Laser Desorption Ionisation (MALDI) 
Matrix assisted laser desorption ionisation mass spectra of degraded sample in phosphate buffer (pH 7.4) were 
recorded using Kratose Kompact MALDI 4 with α-cyano-4-hydroxy-cinnamic acid as a matrix from irradiation with 
a very brief pulse (3 ns) of nitrogen laser light (λ= 337nm).  
 
In-vitro Vancomycin Hydrochloride Release from Hydrogels 
For the drug release studies, 12 mg of cylindrical shaped (3x2 mm), 80 percent drug loaded polymer (polymer: drug 
:5:4 w/w) and 7 mg of placebo devices were immersed in 10 mL water (~ pH 5.8) and phosphate buffer (pH 7.4), 
respectively and were left in a shaking water bath at 37±0.1°C. Samples were withdrawn at regular intervals. With 
each sampling, release media was changed with fresh medium, maintaining the total volume constant. Quantitative 
analysis of vancomycin hydrochloride was carried out by microbiological assay. 
 
Estimation of Vancomycin Hydrochloride  
The minimum inhibitory concentration of vancomycin hydrochloride to Staphylococcus aureus (ATCC 259523) was 
established by using an antibiotic tube dilution method in cation supplemented Mueller–Hinton broth, containing 5:0 
x 105colonies forming units per milliliter using Walker and Kopp et al process [34,35]. After the minimum 
inhibitory concentration was determined, quantification of vancomycin hydrochloride to Staphylococcus aureus 
(ATCC 259523) was determined by using an antibiotic disk diffusion method in the Mueller–Hinton agar. For this 
purpose, 6mm wells were punched into agar disc inoculated with Staphylococcus aureus (ATCC 259523, 106 
CFU/mL) and they were filed with 20 µL of aqueous vancomycin hydrochloride solution as standard. After 
incubation (18h), the zones of inhibition were measured. The experiments were repeated five times. The standard 
straight line was obtained by plotting the mean dose logarithms as a function of associated inhibition zone 
diameters. This straight line was used to calculate the antibiotics concentration release medium.  
 
Morphological Studies 
The morphology of in vitro degraded sample was investigated using Cambridge Stereoscan Model SGX1-10 
Scanning electron microscope. The samples were mounted on the base plate and coated with gold using vapor 
deposition techniques. Cross-section of VHCl loaded hydrogel was usedto study the drug distribution in hydrogel. 
 

 
III. RESULTS AND DISCUSSION 

In-vitroDegradation 
Effect of decreasing cross linker concentration of poly (acrylic acid) and   gelatin chain (AA: Ge: 1:1 w/w) on rate of 
degradation of full and semi IPNs hydrogels.In our previous work [36], we have reported the effect of acrylic acid 
and gelatin concentration on the degradation of hydrogels. We observed that full IPNs, Ax-3 (AA: Ge: 5:1 w/w), did 
not degrade even after 130 days, whereas samples Ax-1 (AA:Ge: 1:1 w/w) and Ax-2 (AA: Ge: 2:1 w/w) degraded 
within 60 days at 0.5 mole %  BAm and 4 wt %  glutaraldehyde concentration.In the present study, we are reporting 
the effect of decreasing cross-linking concentration of BAm and glutaraldehyde on in-vitro degradation of full and 
semi IPNs. Percent change in weight of the hydrogels at 37± 0.1°C in water (pH~ 5.8) and phosphate buffer (pH 7.4) 
was investigated as a function of time. Table 2 summaries the effect of cross-linking concentration of poly(acrylic 
acid) and gelatin chain on the degradation of full and semi IPNs. The rate of degradation was statistically identical in 
phosphate buffer and water. It has been noticed that reduction in the concentration of BAm and glutaraldehyde, 
increases the rate of degradation of both full and semi IPNs.  The above generalization was supported by considering 
the following three cases. In the first case, the concentration of glutaraldehyde was kept constant (2 wt %) and the 
concentration of BAm was varied from 0.5 to 0.2 mole % (Ax-1a, Ax-1e, Ax-1i and Ax-1m), the degradation time 
was reduced from 35±2 days to 14±1 days in phosphate buffer (pH 7.4) (Figure 1a) at 37°C.  In second case; the 
concentration of glutaraldehyde was fixed at 1 wt%, degradation time reduced by one third (Figure 1b) as the BAm 
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concentration reduced from 0.5 to 0.2 mole % in full IPNs.  In third case, at 0.5 w/w % of glutaraldehyde 
concentration, the hydrogels degraded within 7 days leading to an opaque solution (Figure1c). 

All the full IPNs demonstrate a steady swelling up to maximal and then loss of weight was observed from 
day 5 andtill 30 days depending on the cross-linker concentration in acrylic acid and gelatin chain. Effect of cross-
linker concentration on degradation pattern of semi IPNs and simple hydrogels is depicted in Figures 2a, b, and c, 
respectively. Semi IPNs in which acrylic acid is cross-linked and gelatin is free (AxG) (Figure 2a), showed much 
higher swelling than semi IPNs, in which acrylic acid is free and gelatin is cross-linked (AGx). Semi IPNs of AGx 
class, degraded much faster than semi IPNs of AxG (Figure2b).  Both types of the semi IPNs devices (AxG/ AGx) 
exhibit swelling, followed by instantaneous loss of mass, depicting the solubility of un-cross linked, short length 
linear chains of poly(acrylic acid)/ gelatin in degradation medium and contribute to lesser swelling of semi IPNs 
than corresponding full IPNs[36,37]. The degradation pattern of simple hydrogel showed in Figure 2c.  Simple 
hydrogel Axa (0.3mole%) and Axb (0.2 mole%) demonstrated very high swelling of about 12000% wt change up to 
4th day and changed the physical state from devices to viscous mass. Whereas, Gxa and Gxb showed much lower 
swelling as compared to Ax. Swelling of simple hydrogel of Ax class was much higher than full IPNs and semi 
IPNs. 
Table 1: Preparation of hydrogels, feed composition and sample designation.   
Network 
Composition 

Sample 
Designation  

Crosslinking concentration 
of acrylic acid(AA) chain 
(mole %) 

Crosslinking 
concentration of gelatin 
chain (Ge)(mole%) 

Monomer 
Ratio 
(AA:Ge) 
w/w 

Simple Hydrogels 
Ax Ax  

Axa 
Axb 

0.5 
0.3 
0.2 

- 
- 
- 

1:0 

Gx Gx 
Gxb 
Gxc 
 

- 
- 
- 

4.0 
3.0 
2.0 

0:1 

Full IPNs 
AxGx Ax-1 

Ax-1a 
Ax-1b 
Ax-1c 
Ax-1d 
Ax-1e 
Ax-1f 
Ax-1g 
Ax-1h 
Ax-1i 
Ax-1j 
Ax-1k 
Ax-1l 
Ax-1m 
Ax-1n 
Ax-1o 

0.5 
0.5 
0.5 
0.5 
0.4 
0.4 
0.4 
0.4 
0.3 
0.3 
0.3 
0.3 
0.2 
0.2 
0.2 
0.2 

4.0 
2.0 
1.0 
0.5 
4.0 
2.0 
1.0 
0.5 
4.0 
2.0 
1.0 
0.5 
4.0 
2.0 
1.0 
0.5 

1:1 

Semi IPNs 

AxG SAx-1 
SAx-1a 
SAx-1b 
 SAx-1c 

0.5 
0.4 
0.3 
0.2 
 

- 
- 
- 
- 

1:1 

AGx SGx-1 
SGx-1a 
SGx-1b 
SGx-1c 

- 
- 
- 
- 

4.0 
2.0 
1.0 
0.5 

1:1 
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This indicates that, there is an interaction between carboxylic group of poly(acrylic acid) chain and amino 

group of gelatin chain of the hydrogel,  which hinder the ionization of respective groups,  as a result ion- ion 
repulsion decreases  and  reduces the  rate of the swelling of  full (AxGx) and semi IPNs (AxG) in comparison to 
simple hydrogel Ax [36]. No noticeable change in pH during the degradation was observed. As it is evident that, 
reducing the concentration of cross-linker, leads to loosen meshed network, which enhanced the rate of diffusion of 
solvent and subsequently increases the rate of degradation [37-40]. The aim of the current work was to have a 
controlled release of drug for at least 4 weeks, so that these devices can be used for the treatment of bone infection, 
hence we did not further reduce the cross-linker concentration, which would have affected the mechanical strength 
as well as drug release.  
 
Table 2: Time taken by the hydrogels to degrade completely in water (pH ~5.8) and phosphate buffer (pH 7.4) 
at 37oC. 

AA: 
Ge ratio 
(w/w) 

Sample 
Designation 

BAm 
Concentration 
( mole %) 

Glutaraldehyde 
Concentration  
(w %) 

Degradation 
Time (days) in 
Water 

Degradation 
Time (days) in 
Phosphate 
buffer 

1:0 Axa 0.3 - 24 21 
1:0 Axb 0.2 - 24 20 
0:1 Gxa - 2.0 10 9 
0:1 Gxb - 1.0 8 7 
1:1 Ax-1a 0.5 2.0 37 35 
1:1 Ax-1b 0.5 1.0 32 32 
1:1 Ax-1c 0.5 0.5 30 29 
1:1 Ax-1d 0.4 4.0 38 36 
1:1 Ax-1e 0.4 2.0 38 36 
1:1 Ax-1f 0.4 1.0 32 30 
1:1 Ax-1g 0.4 0.5 30 25 
1:1 Ax-1h 0.3 4.0 42 35 
1:1 Ax-1i 0.3 2.0 18 15 
1:1 Ax-1j 0.3 1.0 14 13 
1:1 Ax-1k 0.3 0.5 9 7 
1:1 Ax-1l 0.2 4.0 35 30 
1:1 Ax-1m 0.2 2.0 17 14 
1:1 Ax-1n 0.2 1.0 12 11 
1:1 Ax-10 0.2 0.5 8 6 
1:1 SAx-1a 0.4 - 40 35 
1:1 SAx-1b 0.3 - 37 33 
1:1 SAx-1c 0.2 - 15 17 
1:1 SGx-1a - 2.0 17 15 
1:1 SGx-1b - 1.0 14 12 
1:1 SGx-1c - 0.5 10 9 
The data represents the mean of three experiments; AA: Acrylic acid, Ge: gelatin, BAm: N,N'-methylenebisacrylamide.  
 
In-vitroDrug Release 
 
The effect of simple geometry on drug release is described by power law model presented in equation 1. 
Mt  = Mtn                          (1) 
Where Mt and M are the respective mass of drug release at time t, infinity and n is the diffusion exponent.  
Information about the release mechanism, can be gained by fitting the drug release data and comparing the value of 
n to the semi empirical value of various geometry’s [41,42]. For a cylindrical geometry, the value of n≤0.45 or less 
correspond to purely Fickian diffusion mechanism, the value between 0.45 to 0.89 indicates anomalous release 
mechanism, and a value of n greater than 0.89 indicates a relaxation-controlled release mechanism.Hydrogels at 
AA:Ge : 1:1 (w/w) (polymer: drug : 4:3.4 w/w) 
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Figure 1:  Effect of N,N’-methylenebisacrylamide  concentration at (a) 2 wt.  % (b) 1 wt %, and (c) 0.5 wt % glutaraldehyde concentration on 
vitro degradation of full IPNs hydrogel in phosphate buffer (pH 7.4) at 37

Figure 2: Effect of cross-linker concentration on degradation of hydrogels (a) N,N’
AxG (b) glutaraldehyde concentration on semi IPNs AGx, and (c) N,N’

in-vitro degradation in phosphate buffer (pH 7.4) at 37 0C.
 
 
 

Controlled Release of Vancomycin Hydrochloride from Biopolymer Based 

methylenebisacrylamide  concentration at (a) 2 wt.  % (b) 1 wt %, and (c) 0.5 wt % glutaraldehyde concentration on 
degradation of full IPNs hydrogel in phosphate buffer (pH 7.4) at 370C. 

 
 

linker concentration on degradation of hydrogels (a) N,N’-methylenebisacrylamide  (BAm) concentration on semi IPNS 
AxG (b) glutaraldehyde concentration on semi IPNs AGx, and (c) N,N’-methylenebisacrylamide  (BAm) / glutaraldehyde on simple 

vitro degradation in phosphate buffer (pH 7.4) at 37 0C. 
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methylenebisacrylamide  concentration at (a) 2 wt.  % (b) 1 wt %, and (c) 0.5 wt % glutaraldehyde concentration on in-

 
methylenebisacrylamide  (BAm) concentration on semi IPNS 

methylenebisacrylamide  (BAm) / glutaraldehyde on simple hydrogel on 
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Figure 3: Effect of the concentration of N,N’-methylenebisacrylamide  on in vitro release of vancomycin hydrochloride from (a) full IPNs (AA: 
Ge 1:1w/w) at 1 wt% glutaraldehyde and (b) semi IPNs AxG (AA:Ge: 1:1w/w)  in phosphate buffer (pH 7.4) at 37 0C. Data represent the mean 

 
Effect of Reduced Cross-linker Concentration on 
 
Figures 3a and 3b, show the effect of 
hydrochloride at 1wt% cross-linking concentration of glutaraldehyde from full and semi IPNs (AA:Ge : 1:1w/w)
respectively  in phosphate buffer (pH 7.4) at 37±0.1
methylenebisacrylamide  concentration decreases from 0.5 to 0.2 mole % in the polymer network, release of 
vancomycin hydrochloride due to burst effect increases from 10 ±1 to 27±2
14±1 to 34±2.5 % in semi IPNs. The diffusion exponent for the 60% drug release was found to
0.63 ± 0.10 in case of Ax-1b, Ax-1f, Ax
in order of 0.60 ± 0.08; thereby indicating anomalous release mechanism of vancomycin hydrochloride from these 
full and semi IPNs hydrogels in phosphate buffer (pH 7.4).   From all the full IPNs devices, almost 90 % of loaded 
drug was recovered in drug release experi
 
Effect of Reduced Concentration of Glutaraldehyde on 
IPNs Hydrogels 
 
Figures 4a and 4b, depict the effect of glutaraldehyde concentration on release of vancomycin hydr
percent crosslinking concentration of N,N’
phosphate buffer (pH 7.4) at 37±0.1°

glutaraldehyde), release of vancomycin hydrochloride was almost identical for 
(Figure 6a) and about 50 % of loaded 
within 7 days with 92±3 % release of the drug. 

Furthermore, semi IPNs SGx-
pattern was statistically identical.Whereas, at 0.5 percent glutaraldehyde concentration, release of drug from full and 
semi IPNs (Ax-1k and SGx-1c) was higher than full a
glutaraldehyde.  This indicates that swelling characteristics of the IPNs also governs the release of vancomycin 
hydrochloride from these polymers. All the full and semi IPNs, show anomalous drug releas
phosphate buffer (pH 7.4). Semi IPNs SGx
wereunable to study their release profile(Figure 4b)
network of the polymer matrix and provides less resistance for the permeation of water into the system and increase 
the diffusivity of loaded drug, as a result, the rate of drug release increases with decreasing the cross
concentration in full IPNs as well as in s
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Scanning electron micrographs of (a) of control samples Ax-1n (0.2,1%) (b) Vancomycin hydrochloride loaded Ax

vitro degraded samples of Ax-1n (0.2,1) in phosphate buffer (pH 7.4). 

Controlled Release of Vancomycin Hydrochloride from Biopolymer Based Hydrogels 42 

in vitro and in vivo 
1n (0.2,1%), cross section of 

degraded Axn-1n, are given in 
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(Figure 5a) and uniform distribution of drug was observed in full IPNs (Figure 5b). Emergence of large grooves and 
extensive porous morphology in degraded samples indicate the progress of degradation in the hydrogel (Figure 5c).  
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IV. CONCULSION 

 The results of the current study revealed that degradation and drug release from IPNs aredependent upon the cross-
linking concentration of respective chains. Time taken for in-vitrodegradation reduced significantly with reduction 
in cross-linker concentration of acrylic acid and gelatin chain.  Presence of vancomycin hydrochloride does not 
affect the rate of degradation loaded hydrogel. MALDI data depicted that degraded product have low molecular 
weight with no systemic toxicity.  In-vitro release profile of drug shows burst effect followed by controlled release.  
Diffusion and degradation of hydrogel govern the drug release. 
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