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Silk is a natural polymer produced by 
silkworms (Bombyx mori) and spiders 
(Araneae). The primary component, fibroin, is 
a fibrous protein that exhibits a beta-sheet 
crystalline structure, contributing to its tensile 
strength and elasticity. Silk proteins also 
possess a unique combination of properties, 
including excellent mechanical strength, low 
immunogenicity, and favorable degradation 
rates, making them ideal candidates for 
biomedical applications. 

Silk protein, particularly fibroin, has garnered 
significant attention in the biomedical field due 
to its remarkable biocompatibility, 
biodegradability, and unique mechanical 
properties. Extracted primarily from silkworms 
and spiders, silk protein is being explored for 
various applications, ranging from drug 
delivery systems to tissue engineering. This 
article delves into the various biomedical 
utilizations of silk protein, showcasing its 
potential to revolutionize medical practices. 

Tissue Engineering 
One of the most promising applications of silk 
protein is in the field of tissue engineering. Silk 
fibroin scaffolds have been developed to 
support cell attachment, proliferation, and 
differentiation, mimicking the natural 
extracellular matrix. Researchers have 
successfully used silk scaffolds for various 
tissue types, including bone, cartilage, and skin. 
The tunable mechanical properties of silk 
protein allow for the design of scaffolds that can 
match the requirements of specific tissues, 
enhancing their effectiveness in regenerative 
medicine. 
i) Bone Regeneration: Silk fibroin scaffolds 

have been combined with hydroxyapatite, a 
natural mineral component of bone, to 
enhance osteo conductivity and support 
bone regeneration. Studies have shown that 

these composite scaffolds promote the 
growth of bone-forming cells, leading to 
improved healing in critical-sized bone 
defects. 

ii) Cartilage Repair: Silk fibroin-based 
hydrogels have been developed to facilitate 
cartilage repair. These hydrogels can 
encapsulate chondrocytes and growth 
factors, providing a supportive environment 
for cartilage regeneration. 

iii) Skin Regeneration: Silk fibroin films and 
hydrogels have been employed in wound 
healing applications due to their ability to 
maintain a moist environment and promote 
cell migration. Their natural antibacterial 
properties further enhance their suitability 
for treating chronic wounds. 

Drug Delivery Systems 
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Silk proteins have shown great promise as drug 
delivery carriers due to their biocompatibility 
and ability to encapsulate a wide range of 
therapeutic agents, including proteins, peptides, 
and small molecules. Various formulations, 
such as nanoparticles and microspheres, have 
been developed to improve the bioavailability 
and controlled release of drugs. 
i) Nanoparticles: Silk fibroin nanoparticles 

can be engineered to encapsulate anticancer 

drugs, allowing for targeted delivery to 
tumor sites. This approach minimizes 
systemic side effects and enhances the 
therapeutic efficacy of the drug. 

ii) Microspheres: Silk microspheres can be 
utilized for the sustained release of growth 
factors in tissue engineering applications, 
promoting tissue regeneration over extended 
periods. 

Sutures and Surgical Materials 
Silk has a long history in surgical applications, 
with silk sutures being widely used for wound 
closure due to their strength and reliability. 
Advances in silk protein technology have led to 
the development of absorbable silk sutures that 
provide adequate tensile strength while 
gradually degrading in the body. These sutures 

minimize the need for additional surgical 
removal and reduce the risk of infection. 
Furthermore, silk-based surgical meshes and 
patches are being explored for use in hernia 
repair and tissue reinforcement, offering 
excellent biocompatibility and mechanical 
properties. 

Antimicrobial Properties 
The antimicrobial properties of silk proteins are 
another area of interest in biomedical 
applications. Research has demonstrated that 
silk fibroin exhibits inherent antibacterial 
activity against various pathogens, making it 

suitable for applications in wound dressings and 
implants. The incorporation of antimicrobial 
agents into silk-based materials can further 
enhance their efficacy in preventing infections. 

Future Perspectives 
The potential of silk protein in biomedical 
applications is vast, with ongoing research 
focused on optimizing its properties for specific 
uses. The advent of advanced manufacturing 
techniques, such as 3D printing and 
electrospinning, is paving the way for the 

creation of complex silk-based structures 
tailored for specific medical needs. Moreover, 
the integration of silk proteins with other 
biomaterials can enhance their functionality 
and broaden their applications in medicine. 

Conclusion 
Silk protein represents a versatile and valuable 
resource in the biomedical field, with its unique 
properties facilitating a range of applications 
from tissue engineering to drug delivery 
systems. As research continues to uncover new 
ways to utilize silk proteins, their integration 
into clinical practice could lead to improved 

therapeutic outcomes and enhanced patient 
care. The future of silk protein in medicine 
looks promising, with the potential to 
revolutionize various aspects of healthcare, 
making it an exciting area for continued 
exploration and innovation. 

 


