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Abstract

Background and aims: Changes in drug concentration (release) in the body is one
of the most important parameters affecting the health of patients, whose sharp
increase or decrease can cause complications in patients. Therefore, it is very
important to study the release of the drug and determine the concentration of the
drug in the body. Drug release in the human body can be done through various
mechanisms that by examining drug release at different times, effectiveness of each
mechanism can be determined. Drug delivery systems can be divided into general
categories: diffusion-controlled, swelling-controlled, and environmentally sensitive
systems, each of which can release the stored drug under different conditions and
through different mechanisms. Recently, drug release in swollen hydrogels has
attracted many attentions from researchers, indicating the importance of this drug
delivery system. Hydrogels are crosslinked polymeric networks that can absorb
water more than twenty times their own weight. Depending on their environment,
hydrogels can swell or release absorbed water. There are different types of
hydrogels that can swell in response to changes in temperature, pH, glucose levels,
etc. in the external environment. For example, environmentally sensitive hydrogels
can be engineered to initiate drug release at a specific location. Most of the studies
on drug release from swollen hydrogels have been performed experimentally and
its modeling has been limited and with many assumptions. Therefore, the aim of
this study was to model the drug release kinetics in chitosan (CS), gelatin (Gel) and
polyvinyl alcohol (PVA) hydrogels.

Methods: Drug release modeling in five hydrogels with different ratios of CS and
Gel based on PVA with different swelling rates were compared. First, using Excel
software, the swelling rate of each hydrogel was compared to time, then it was used
to simulate drug release in each of the hydrogels. In this modeling, using MATLAB
software and mass transfer relations, diffusion and bulk motion (hydrogel boundary
swelling) mechanisms were numerically simulated and compared. The assumptions
applied to solve the equations of changes in drug concentration were such that the
concentration of drug around the hydrogel (drug discharge site) was equal to zero
and the diffusivity coefficient was considered constant. The output of the modeling
was in the form of two- and three-dimensional graphs showing the changes in drug
concentration and swelling rate over time. One of the advantages of drug release
modeling in swollen hydrogels is the independence of these results from the type of
drug.

Results: Modeling findings for all hydrogels showed that the mechanism of drug
release through mass movement is very important, so that with increasing swelling
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rate in a hydrogel, less time is required to complete discharge of drug and then drug
with higher dose is released in the body. Cs: Gel (1: 3) hydrogel, which is less
swollen than other hydrogels, takes longer (150 minutes) to completely discharge
the drug. In other hydrogels, the discharge time of the drug decreased with growth
in the same way, which showed the effect of growth rate of the drug-carrying
hydrogel on required time for drug release which decreased with increasing the
ratio of chitosan to gelatin to make the hydrogel. For example, in the Cs: Gel (3: 1)
hydrogel, which had the highest growth rate, the drug discharge time was
approximately 90 minutes. Hydrogels with less chitosan in their structure had lower
swelling rates leading to reduce the rate at which the drug was discharged through
the mass movement in the polymer network of the hydrogel, and had a lower mass
flux to discharge the drug. The findings of the modeling are consistent with the
results of previous studies, so that in the research conducted by Islam et al., CP4
and HG2 hydrogels had highest swelling rate and release of progesterone,
dexamethasone and aspirin at pH=6.8. However, at pH = 1.2, CP4 and HG2 had the
lowest swelling and drug release rate. Considering the diffusivity coefficient in the
equations, the expression of local volume changes in Equation (2) plays an
important role in determining the time of complete discharge of the drug from the
hydrogel. For drugs that need to be released at low flow rates and fluctuations in
drug concentrations may cause side effects, hydrogels with lower growth rates can
be used. Hydrogels with higher swelling rates can also be used for drugs that
require high concentrations in the body.

Conclusion: From the modeling results obtained in this study and the results of
previous researches, it can be seen that the mechanism of mass movement in
swollen hydrogels is very important, so that in some hydrogels the contribution of
drug discharge through the hydrogel boundary swelling is greater than the drug
discharge through diffusion. In addition, to determine the contribution of each
mechanism, different combinations of hydrogels can be used to produce the drug
reservoir, and by reducing or increasing their swelling, the contribution of the mass
movement mechanism can be reduced or increased, respectively. In this work,
increasing the ratio of chitosan to gelatin increased swelling and consequently the
role of mass movement mechanism in drug release. As a result, in order to increase
the drug discharge time, the ratio of gelatin to chitosan should be increased,
whereby the swelling rate and finally the discharge rate of the drug are reduced.
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