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Introduction
Hydrogels are three-dimensional polymeric networks capable of absorbing and 
retaining large amounts of water while maintaining their structural integrity. 
Due to their high water content and soft consistency, hydrogels closely resem-
ble natural tissues, making them highly suitable for biomedical applications. 
In drug delivery and regenerative medicine, hydrogels are widely used for sus-
tained release and tissue engineering. Sustained release systems are designed 
to deliver therapeutic agents at a controlled rate over an extended period, re-
ducing dosing frequency and improving patient compliance. In tissue engineer-
ing, biomaterials such as hydrogels provide a supportive environment for cell 
growth and tissue regeneration [1,2].

Discussion
Hydrogels can be synthesized from natural polymers such as alginate, collagen, 
gelatin, and chitosan, or from synthetic polymers such as poly(ethylene glycol) 
and polyacrylamide. Their physical and chemical properties can be precisely 
tailored by adjusting polymer composition, crosslinking density, and degrada-
tion rate. This versatility allows hydrogels to serve as effective carriers for sus-
tained drug release [3,4].

In sustained release applications, drugs are incorporated into the hydrogel ma-
trix and gradually released as the network swells, degrades, or responds to 
environmental stimuli such as pH, temperature, or enzymes. This controlled 
delivery maintains therapeutic drug levels for long periods, minimizes side ef-

fects, and improves treatment outcomes. Hydrogels have been successfully used for the prolonged delivery of proteins, growth 
factors, and anticancer agents [5].

In tissue engineering, hydrogels function as scaffolds that mimic the extracellular matrix. They provide a three-dimensional struc-
ture that supports cell attachment, proliferation, and differentiation. Their porous architecture facilitates the diffusion of oxygen, 
nutrients, and waste products, which is essential for cell survival. Hydrogels can also be loaded with bioactive molecules that 
guide tissue regeneration, such as growth factors that promote angiogenesis and cell migration.

Injectable hydrogels represent a major advancement, as they can be delivered minimally invasively and form a gel in situ. This 
property is especially useful for filling irregular tissue defects and delivering cells directly to damaged sites. Smart hydrogels that 
respond to biological signals further enhance their potential by releasing drugs or growth factors in response to changes in the 
local environment.

Despite their advantages, hydrogels face challenges related to mechanical strength, long-term stability, and large-scale manu-
facturing. Some natural hydrogels may degrade too quickly or show batch-to-batch variability, while synthetic hydrogels may lack 
biological cues necessary for optimal tissue integration.

Conclusion
Hydrogels are versatile biomaterials that play a crucial role in sustained drug release and tissue engineering. Their ability to 
provide controlled delivery and mimic natural tissue environments makes them valuable tools in regenerative medicine. With 
continued advances in material design and bioengineering, hydrogels are expected to contribute significantly to the development 
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of advanced therapies for tissue repair and long-term drug delivery.
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