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DESCRIPTION
Alginate-based multi-crosslinked biomembranes have garnered 
increasing attention for their potential applications in the field of 
regenerative medicine and tissue engineering due to their unique 
properties and versatility. Derived from natural sources, alginate 
is a polysaccharide that offers significant biocompatibility, which 
makes it suitable for various biomedical applications. Researchers 
have focused on enhancing alginate biomembranes by incorporating 
crosslinking agents, aiming to improve their mechanical 
properties, stability and functionality to meet the demands of 
medical applications such as wound healing, drug delivery and 
tissue framework.

Alginate is an anionic polymer obtained primarily from brown 
seaweed. Its structure comprises blocks of Mannuronic acid (M) 
and Guluronic acid (G), arranged in a sequence that influences 
its physical characteristics. When exposed to divalent cations, 
such as calcium, alginate undergoes ionic crosslinking, forming a 
hydrogel structure that is particularly valued in medical 
applications. However, the traditional ionic crosslinking process 
results in a hydrogel that is susceptible to degradation over time 
and may not exhibit sufficient mechanical strength for all uses. 
To address these limitations, researchers have developed multi-
crosslinked alginate-based biomembranes by incorporating 
different types of crosslinking methods, including covalent, 
physical and hybrid crosslinking, each contributing specific 
benefits to the resulting biomembrane.

In multi-crosslinked biomembranes, ionic crosslinking is often 
combined with covalent crosslinking agents, such as 
carbodiimides or genipin. This hybrid approach helps achieve an 
optimal balance between elasticity and structural integrity. By 
creating a denser network of crosslinks within the alginate 
matrix, the mechanical properties of the biomembrane are 
enhanced, allowing for greater resistance to degradation in 
biological environments. Additionally, physical crosslinking 
methods, such as freeze-thaw cycles or photopolymerization, are 
sometimes applied, further stabilizing the material and increasing 
its resilience in response to physiological conditions.

The primary goal of multi-crosslinking alginate biomembranes is
to produce a material with improved durability, elasticity and
functionality to suit various clinical applications. Mechanical
strength is particularly essential for tissue engineering
applications, as the biomaterial must withstand the forces
exerted by surrounding tissues and cells while maintaining its
shape and integrity. Studies have demonstrated that multi-
crosslinked alginate biomembranes exhibit enhanced tensile
strength and elasticity compared to single crosslinked structures.
This is due to the synergistic effect of multiple crosslinking types,
which reinforces the matrix and enables the biomembrane to
endure repeated mechanical stress without breaking down
prematurely.

In addition to mechanical resilience, these biomembranes
demonstrate favorable biological properties, including
biocompatibility and non-toxicity. Alginate itself is known to be
non-immunogenic, making it a suitable candidate for use in the
human body. Moreover, multi-crosslinked biomembranes have
been found to promote cell attachment and proliferation,
essential factors for tissue engineering applications. By
modifying the membrane surface, researchers can further
enhance cellular interactions, enabling targeted cellular
responses that support tissue regeneration and wound healing.
The porosity of alginate biomembranes can also be controlled
through crosslinking density adjustments, allowing for the
efficient exchange of nutrients, oxygen and waste products,
which are critical for cell survival and proliferation in engineered
tissues.

One of the primary applications of alginate-based multi-
crosslinked biomembranes is in wound healing. These
biomembranes act as protective barriers, shielding the wound
from microbial infections while providing a moist environment
that facilitates the healing process. The multi-crosslinking
approach improves the stability and durability of the membrane,
allowing it to remain in place for longer durations, which is
beneficial for chronic wounds or those requiring extended
healing times. The porous structure of these biomembranes
allows for controlled moisture retention, which has been shown
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to accelerate wound healing by maintaining an optimal
hydration level.

Furthermore, multi-crosslinked alginate biomembranes can be
loaded with bioactive compounds such as growth factors,
antimicrobial agents, or anti-inflammatory drugs, which are
gradually released into the wound site to promote healing. The
ability to control drug release kinetics through crosslinking
density provides significant advantages in delivering therapeutic

agents in a sustained manner, thereby reducing the need for
frequent dressing changes and minimizing disruption to the
wound healing process. Clinical studies indicate that wounds
treated with multi-crosslinked alginate biomembranes exhibit
faster healing rates, reduced infection risks and minimized scar
formation, underscoring their value in advanced wound care
management.
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