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Abstract 
Polymer-based hydrogels are materials that love water and are made from long chains of molecules linked together. They are 
used in transportation for carrying large amounts of water and natural materials, and for controlling the gentle release of 
liquids based on their unique physical and chemical traits. Recent trends in hydrogel drug delivery systems include releasing 
medicines in response to triggers like pH levels, temperature, or proteins to ensure controlled delivery and reduce potential 
harm. Injectable hydrogels that are easy to use and long-lasting are gaining interest. Combining nano hydrogels with other 
materials is being explored to improve the effectiveness of medicine delivery. Advanced hydrogels with enhanced properties 
and controlled release capabilities are being developed, with a focus on biocompatibility. These advancements are paving the 
way for more complex medicine delivery systems that combine multiple drugs for improved treatment. The growing use of 
polymer-based hydrogels in personalized medicine is focused on creating tailored solutions for specific needs and improving 
disease treatment effectiveness for accessible healthcare. The use of hydrogels is rapidly evolving and becoming more effective, 
with potential to enhance transportation systems in the future. 
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Introduction 

Drug Delivery Systems (DDSs) are essential for 
improving solutions by addressing issues such as low 
retention and poor dissolution. Controlled drug 
delivery systems, such as hydrogels made from 
polymers, slowly release medication [1]. This 
maintains consistent drug levels in the body and 
reduces the frequency of dosing for patients. DDS can 
target specific body parts, reducing side effects and 
enhancing effectiveness. Hydrogels made from 
polymers have the ability to retain and release various 
types of drugs, making them valuable for research and 
medical purposes [2]. These hydrogels consist of 
water-attracting materials that can absorb and retain 
water, mimicking the properties of natural tissues. 
This capability makes them particularly suitable for 
applications in drug delivery, tissue engineering, and 
wound healing. They have the ability to regulate drug 
release by modifying their swelling behavior, which 
can prolong the medication's effectiveness and 

improve patient adherence to treatment regimens [3-
5]. Additionally, these hydrogels can respond to 
specific stimuli, allowing for targeted medication 
delivery to affected areas, thereby minimizing side 
effects and boosting treatment efficacy [6]. Polymer-
based hydrogels are biocompatible and hydrophilic, 
resembling living tissues, and they can serve as 
scaffolds for cell growth and tissue repair. 
Furthermore, they are employed in biosensing to 
monitor environmental changes for medical testing 
and drug delivery. Overall, advancements in hydrogel 
technology hold great potential for improving drug 
delivery, tissue engineering, and environmental 
sensing across a variety of medical applications [8]. 
The article explores recent developments in polymer-
based hydrogels for drug delivery, presenting 
innovative ideas and strategies to propel this field 
forward. The article discusses three significant 
concerns regarding bio-hydrogels and offers brief 
insights on them (Fig.1).
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Figure1: Key considerations when utilizing polymer hydrogels in the field of biotechnology 

 
Ionic Charge-Based Polymer Hydrogels 

Hydrogels derived from polymers can be categorized 
into three types based on their ionic charge: neutral, 
ionic, and ampholytic [9]. Neutral hydrogels lack any 
ionic charge, making them biocompatible and non-
toxic, which enables the fine-tuning of their 
mechanical properties for a variety of biomedical 
applications. Ionic polymer hydrogels, on the other 
hand, contain charged functional groups that allow 
for interactions with oppositely charged molecules, 
including both cationic and anionic variants that are 
beneficial in drug delivery and tissue engineering [10]. 
Ampholytic hydrogels possess both positive and 
negative charged groups, allowing their properties to 
change in response to pH variations. This adaptability 
makes them particularly suitable for drug delivery and 
biosensing applications. Compared to ionic 
hydrogels, ampholytic hydrogels provide enhanced 
stability and biocompatibility, along with the 
capability for precise property modulation, catering to 
a range of biomedical uses [11-13]. 

Hydrogels Made from Polymers with Varying 
Pore Sizes 

Polymer-based hydrogels exhibit a range of pore sizes 
and interstitial spaces. Pore size pertains to the voids 
that facilitate molecular movement, whereas 
interstitial spaces refer to the gaps between polymer 
chains that influence the material's structural integrity 
[14]. By engineering hydrogels with targeted pore 
dimensions, one can significantly alter their 
properties and applications, particularly by improving 
drug delivery efficacy. Microporous hydrogels, 
characterized by their large interconnected voids, are 
especially beneficial for tissue engineering 

applications [15]. Mesoporous hydrogels contain 
pores measuring between 2 to 50 nm, yielding a high 
surface area and unique attributes that are ideal for 
drug delivery and tissue regeneration purposes. 
Conversely, microporous hydrogels have pores 
smaller than 2 nm, enabling efficient fluid absorption 
and release, which makes them suitable for uses like 
wound dressings and tissue engineering [16]. Each 
hydrogel type presents distinct advantages and specific 
applications. Microporous hydrogels effectively 
promote cell infiltration and tissue regeneration, 
while mesoporous hydrogels are particularly adept at 
controlled drug release and biosensing functions [17]. 
Microporous hydrogels enhance mechanical strength 
and can be tailored for targeted drug delivery 
applications. Altogether, the careful engineering of 
pore structures in polymer-based hydrogels allows 
researchers and engineers to fine-tune molecular 
interactions and diffusion processes, optimizing these 
materials for a wide array of biomedical applications 
[18]. Understanding the unique properties of 
different hydrogels paves the way for advancements in 
their design for specialized uses. 

Polymer-Based Hydrogels Based on 
Crosslinking Rom polymers can be 
categorized linking 

Hydrogels made from polymers can be categorized 
based on their crosslinking mechanisms into two 
primary types: chemical and physical crosslinking [19]. 
Chemical crosslinking involves creating covalent 
bonds between polymer chains, with methods like 
radical polymerization and Michael addition being 
common. In contrast, physical crosslinking is 
dependent on reversible interactions among polymer 
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chains, employing techniques such as temperature-
induced gelation and pH-induced gelation [20]. 
Chemically crosslinked hydrogels are characterized by 
robust mechanical properties and enhanced stability; 
however, their production may require harsh 
conditions or the use of toxic substances. Physically 
crosslinked hydrogels respond to environmental 
variations, whereas chemically crosslinked hydrogels 
are more suitable for load-bearing applications. The 
selection between the two depends on the required 
properties: physically crosslinked hydrogels are ideal 
for drug delivery and tissue engineering [21]. 

Hydrogels Made from Polymers for Drug 
Delivery Systems 

Polymer-based hydrogels are gaining significance in 
drug delivery applications due to their exceptional 
water retention properties, biocompatibility, and 
responsiveness to various stimuli [22-24]. These 
hydrogels facilitate controlled drug release by 
adjusting their swelling characteristics, enabling 
targeted delivery to specific tissues. They also improve 
the oral bioavailability of drugs, provide options for 
transdermal administration, and support the creation 
of implantable systems for continuous treatment of 
chronic conditions or prolonged medication release 
[25-27]. By carefully manipulating the chemical 
composition or cross-linking density of the hydrogel, 
the rate of drug release can be accurately regulated. 
Additionally, incorporating targeting agents such as 
antibodies or peptides into the hydrogel increases the 
precision of drug delivery to targeted areas. 
Implantable drug delivery systems are capable of 
maintaining a consistent medication release over 
extended durations, making them particularly 
suitable for managing chronic illnesses or for use in 
extended-release formulations [28-31]. 
 

Conclusions 

Polymer-based hydrogels are a highly promising class 
of materials for drug delivery systems due to their 
high-water content, pliable and flexible 
characteristics, and compatibility with biological 
tissues. These hydrogels enable prolonged drug 
release, provide controlled delivery mechanisms, and 
allow for targeted drug administration through 
modifications in their properties. Research in recent 
decades has emphasized the significant impact of 
polymer-based hydrogels in the biomedical sector, 
with potential applications in tissue engineering, 
wound management, and biosensing. These versatile 

materials can improve treatment outcomes by 
enhancing drug effectiveness, reducing side effects, 
and promoting patient adherence to treatment 
regimens. Polymer-based hydrogels have the potential 
to revolutionize healthcare and drive advancements in 
therapeutic science through innovative applications. 
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