
INTERNATIONAL JOURNAL
OF MEDICAL SCIENCES

ISSN NUMBER: 2692 - 5206 Volume 6. No 05. MAY ,2026

608

THE REGENERATION-ACTIVATING ROLE OF 6-AMINOPURINE IN A
BIODEGRADABLE COLLAGEN–HYDROGEL SYSTEM

1Abdumajid Arabov
1Student Tashkent State Agrarian University
2Foziljon Saitkulov, 2Akbar Abdinazarov

2Tashkent State Agrarian University
https://doi.org/10.5281/zenodo.20284842

Abstract: Tissue regeneration is a complex biological process that requires coordinated
cellular activity, appropriate biochemical signals, and supportive structural matrices. In recent
years, biodegradable hydrogel systems based on natural polymers have gained considerable
attention in regenerative medicine and wound therapy. Among them, collagen-based hydrogels
are particularly promising due to their excellent biocompatibility, biodegradability, and structural
similarity to the natural extracellular matrix of living tissues. Incorporating biologically active
compounds into such hydrogel matrices may significantly enhance their regenerative potential.

6-Aminopurine, a purine derivative structurally related to adenine, is known to participate
in nucleic acid metabolism and cellular proliferation processes. Its incorporation into
biodegradable collagen hydrogels may stimulate fibroblast growth, accelerate extracellular
matrix formation, and promote tissue regeneration.

The present study investigates the regeneration-activating role of 6-aminopurine
encapsulated in a biodegradable collagen hydrogel system. The hydrogel matrix was
designed to provide a moist microenvironment and sustained release of the active compound at
the site of tissue damage. Experimental observations demonstrated that the collagen-hydrogel
system containing 6-aminopurine significantly improved cellular proliferation, granulation tissue
formation, and epithelialization compared with untreated controls. The results indicate that
collagen-based hydrogel systems incorporating purine derivatives represent a promising
approach for advanced wound healing and regenerative medicine applications.

Keywords: collagen hydrogel, 6-aminopurine, tissue regeneration, biodegradable materials,
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Introduction
The regeneration of damaged tissues is one of the central challenges in modern biomedical

science. Tissue repair is a complex and dynamic process that involves a sequence of biological
events including inflammation, cell proliferation, extracellular matrix deposition, and tissue
remodeling. Efficient regeneration requires not only viable cells but also suitable biochemical
signals and structural support that can guide cell growth and differentiation.

In recent decades, biomaterial-based therapies have become an important direction in
regenerative medicine. Among these biomaterials, hydrogel systems have gained considerable
interest because of their high water content, soft structure, and ability to mimic the natural
environment of living tissues. Hydrogels are three-dimensional polymer networks capable of
absorbing large quantities of water while maintaining their structural integrity. This property
allows them to provide a moist environment that is favorable for cell proliferation and tissue
regeneration[1-24].

Natural polymer-based hydrogels, particularly those derived from collagen, are widely used
in biomedical applications. Collagen is the most abundant structural protein in the extracellular
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matrix of animal tissues and plays a critical role in maintaining tissue integrity and mechanical
stability. Because of its natural origin and excellent biocompatibility, collagen is frequently used
in wound dressings, tissue scaffolds, and drug delivery systems. Collagen-based hydrogels are
biodegradable and can gradually degrade within the body without producing toxic by-products,
making them ideal candidates for regenerative therapies.

Despite the advantages of collagen hydrogels, their regenerative potential can be
significantly enhanced by incorporating biologically active compounds. These compounds may
stimulate cell proliferation, regulate inflammatory processes, and accelerate the formation of new
tissue. One group of biologically active compounds that has attracted scientific interest in recent
years is purine derivatives.

6-Aminopurine, a purine-based molecule structurally related to adenine, participates in
nucleic acid metabolism and cellular signaling processes. Purine derivatives are known to
influence DNA synthesis, cellular proliferation, and metabolic regulation. In biological systems,
such compounds can act as regulators of cell division and tissue growth. Therefore, incorporating
6-aminopurine into biodegradable hydrogel matrices may provide an effective strategy for
stimulating tissue regeneration.

Another advantage of hydrogel-based systems is their ability to function as controlled drug
delivery systems. When a biologically active compound is encapsulated within a hydrogel
network, it can be released gradually into the surrounding tissue environment. This sustained
release mechanism ensures prolonged biological activity and reduces the need for repeated
administration of therapeutic agents.

In addition to providing controlled release, collagen hydrogels also create a protective
environment at the site of tissue injury. Their high water content maintains moisture, which is
essential for proper wound healing. Moist wound environments are known to enhance fibroblast
migration, promote angiogenesis, and accelerate epithelialization. These factors collectively
contribute to improved tissue regeneration.

Despite significant progress in hydrogel technology, the development of new biomaterials
capable of stimulating regeneration while remaining biocompatible and biodegradable remains
an important scientific challenge. Investigating the interaction between hydrogel matrices and
biologically active compounds is therefore essential for the design of advanced regenerative
materials.

The present study aims to evaluate the regeneration-activating role of 6-aminopurine
incorporated into a biodegradable collagen-hydrogel system. The study focuses on the
synthesis and characterization of the hydrogel matrix, the evaluation of controlled release
properties, and the analysis of its effect on cellular proliferation and tissue regeneration
processes. Understanding these mechanisms may contribute to the development of new
therapeutic materials for wound healing and regenerative medicine.

Materials and Methods
The biodegradable collagen hydrogel system was prepared using purified collagen as the

primary structural polymer. Collagen was dissolved in an aqueous buffer solution under
controlled temperature conditions to obtain a homogeneous polymer solution. The concentration
of collagen was adjusted to ensure the formation of a stable three-dimensional hydrogel network
capable of retaining large amounts of water.

To enhance the mechanical stability of the hydrogel, cross-linking agents were introduced
into the polymer solution. These cross-linking agents facilitated the formation of intermolecular
bonds between collagen molecules, resulting in a stable hydrogel matrix. The cross-linking
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process was carefully controlled to maintain the biodegradability and biocompatibility of the
final material.

Incorporation of 6-Aminopurine
A calculated amount of 6-aminopurine was dissolved in a suitable solvent and gradually

added to the collagen solution before the cross-linking stage. Continuous stirring ensured
uniform distribution of the compound within the polymer matrix. After mixing, the cross-linking
reaction was initiated, leading to the formation of a collagen hydrogel encapsulating the
biologically active compound.

The resulting hydrogel samples were allowed to stabilize under controlled conditions. After
stabilization, the hydrogels were washed to remove unreacted reagents and stored under sterile
conditions for further analysis.

Characterization of Hydrogel Properties
The physical and chemical properties of the prepared hydrogel system were analyzed using

several experimental methods. The swelling capacity of the hydrogel was determined by
measuring the amount of water absorbed by the polymer network over time. This parameter is
important because the ability of hydrogels to retain moisture directly influences their
effectiveness in tissue regeneration applications.

The biodegradation behavior of the hydrogel was also evaluated. Samples were incubated
under physiological conditions, and the rate of degradation was monitored over a defined period.
Biodegradability is a crucial property for biomedical materials because it ensures that the
material can be gradually replaced by newly formed tissue.

In addition, the release profile of 6-aminopurine from the hydrogel matrix was studied.
Hydrogel samples were immersed in a physiological buffer solution, and the concentration of the
released compound was measured at regular time intervals. This experiment allowed the
determination of the controlled release behavior of the hydrogel system.

Biological Evaluation
The regenerative potential of the hydrogel system was evaluated using experimental tissue

models. The hydrogel samples were applied to damaged tissue areas under sterile conditions.
Control samples without the active compound were used for comparison.

During the experimental period, several parameters related to tissue regeneration were
monitored. These parameters included fibroblast proliferation, granulation tissue formation,
collagen deposition, and epithelialization rate. Microscopic examination and morphological
observations were used to assess the regeneration process.

Results and Discussion
The experimental results demonstrated that the biodegradable collagen hydrogel system

containing 6-aminopurine exhibited significant regenerative activity. The hydrogel matrix
showed excellent swelling capacity, absorbing a large amount of water while maintaining
structural stability. This property allowed the hydrogel to create a moist environment that is
essential for tissue regeneration.

The biodegradation studies indicated that the collagen hydrogel gradually decomposed
under physiological conditions without producing harmful by-products. The degradation rate was
suitable for tissue regeneration applications, as the material remained stable during the initial
stages of healing and slowly degraded as new tissue formed.

One of the most important findings of this study was the controlled release behavior of 6-
aminopurine from the hydrogel matrix. The release experiments showed that the compound was
gradually released over an extended period. This sustained release ensured continuous
stimulation of cellular processes involved in tissue regeneration.
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Biological observations revealed enhanced fibroblast proliferation in tissue areas treated
with the 6-aminopurine hydrogel. Fibroblasts are essential cells responsible for producing
collagen and other extracellular matrix components. Their increased activity indicated that the
hydrogel system effectively stimulated the regeneration process.

Granulation tissue formation was also significantly accelerated in the treated samples.
Granulation tissue is characterized by the formation of new connective tissue and blood vessels,
which are essential for delivering oxygen and nutrients to regenerating cells. The presence of 6-
aminopurine likely stimulated metabolic pathways associated with cellular growth and DNA
synthesis.

Another important observation was the improvement in epithelialization, the process
through which new epithelial cells cover the wound surface. Faster epithelialization contributes
to quicker wound closure and reduces the risk of infection.

The regenerative effects observed in this study may be attributed to the combined action of
the collagen hydrogel matrix and the biologically active purine derivative. The hydrogel
provided structural support and moisture retention, while 6-aminopurine acted as a biochemical
stimulant promoting cellular proliferation and metabolic activity.

Overall, the results indicate that collagen-based hydrogel systems can serve not only as
structural scaffolds but also as effective delivery platforms for biologically active compounds.
The incorporation of purine derivatives such as 6-aminopurine significantly enhances the
regenerative potential of these materials.

Conclusion
The present study demonstrates that 6-aminopurine encapsulated in a biodegradable

collagen hydrogel system plays an important role in activating tissue regeneration
processes. The hydrogel matrix provides a moist and protective environment while enabling the
controlled release of the biologically active compound.

Experimental observations confirmed that the collagen-hydrogel system significantly
enhanced fibroblast proliferation, granulation tissue formation, and epithelialization compared
with untreated samples. These results highlight the potential of collagen-based hydrogels as
effective biomaterials for regenerative medicine and wound therapy.

The combination of biodegradable hydrogel technology and purine-based bioactive
compounds represents a promising strategy for developing advanced therapeutic materials.
Future studies should focus on optimizing hydrogel composition, investigating the molecular
mechanisms of action, and evaluating the clinical effectiveness of such systems in medical
applications.
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