
Interpenetrating an Effective Cause of Hydrogel Drug Delivery Systems for
Targeted Therapies

Heike Bunjes*

Department of Pharmaceutical Technology, University of Erlangen-Nuremberg, Erlangen, Germany

DESCRIPTION
Hydrogel drug delivery systems have become increasingly popular 
in recent years due to their unique properties and potential 
applications in various fields, including drug delivery, tissue 
engineering, and diagnostics. Hydrogels are three-dimensional 
networks of hydrophilic polymer chains that can absorb and 
retain large amounts of water without dissolving, forming a soft 
and elastic material that resembles natural tissue. This property 
makes hydrogels an ideal material for drug delivery applications, 
as they can release drugs over an extended period of time, thus 
improving therapeutic efficacy and reducing side effects.

Hydrogel drug delivery systems can be designed to respond to 
various stimuli, including temperature, pH, enzymes, and light. 
This ability to respond to stimuli allows for targeted drug 
delivery, where drugs can be released only in the desired location 
and at the desired time, minimizing the risk of systemic toxicity 
and improving drug efficacy. Moreover, hydrogels can be 
functionalized with various chemical groups, such as antibodies, 
peptides, and sugars, allowing for specific targeting of cells and 
tissues. Hydrogels can be synthesized from a variety of natural 
and synthetic polymers, including alginate, chitosan, collagen, 
hyaluronic acid, Polyethylene Glycol (PEG), and Polyvinyl 
Alcohol (PVA). Natural hydrogels are biocompatible and 
biodegradable, but their mechanical properties and degradation 
rates can be difficult to control. Synthetic hydrogels offer greater 
control over mechanical properties and degradation rates, but 
they may not be biocompatible or biodegradable, and their long-
term safety is still under investigation.

Hydrogel drug delivery systems have shown promise in various 
applications, including cancer treatment, wound healing, and 
tissue engineering. In cancer treatment, hydrogel-based drug 
delivery systems can improve drug efficacy and reduce side 
effects by targeting cancer cells specifically. For example, 
hydrogels functionalized with antibodies or peptides that 
recognize cancer-specific biomarkers can selectively deliver drugs 
to cancer cells, while sparing healthy cells. Hydrogels can also be 

loaded with multiple drugs, which can be released in a controlled 
manner, further improving therapeutic efficacy. In wound 
healing, hydrogel-based dressings can improve wound healing by 
providing a moist environment that promotes cell proliferation 
and migration. Hydrogels can also be loaded with growth factors 
and cytokines that stimulate wound healing and tissue 
regeneration. For example, hydrogels loaded with Epidermal 
Growth Factor (EGF) have been shown to accelerate wound 
healing in animal models. In tissue engineering, hydrogels can be 
used as scaffolds to support cell growth and tissue regeneration. 
Hydrogels can be designed to mimic the Extracellular Matrix 
(ECM) of various tissues, providing a suitable environment for 
cells to proliferate and differentiate. Hydrogels can also be 
functionalized with bioactive molecules that stimulate cell growth 
and tissue regeneration. For example, hydrogels functionalized 
with Bone Morphogenetic Protein (BMP) have been used to 
regenerate bone tissue in animal models.

Despite the promise of hydrogel drug delivery systems, there are 
still several challenges that need to be addressed. One of the 
main challenges is controlling the release of drugs from 
hydrogels. The release of drugs from hydrogels can be affected by 
various factors, including the chemical and physical properties of 
the hydrogel, the drug-loading method, and the environment. 
Therefore, it is crucial to optimize the hydrogel design and drug 
loading method to achieve the desired drug release profile.

Another challenge is ensuring the safety and biocompatibility of 
hydrogels. While natural hydrogels are generally biocompatible, 
synthetic hydrogels may cause immune responses or toxicities, 
especially if they degrade into toxic byproducts. Therefore, it is 
important to carefully select the polymer and crosslinking agents 
for hydrogel synthesis and to perform comprehensive safety and 
biocompatibility evaluations before. Hydrogels can also be 
combined with other materials, such as nanoparticles and 
liposomes, to create hybrid drug delivery systems. Nanoparticles 
are tiny particles that can be loaded with drugs and delivered to 
specific tissues or organs. Liposomes are small vesicles that can 
encapsulate drugs and protect them from degradation.
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