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ABSTRACT 
 

Silk, particularly from the Bombyx mori species, has been found to possess unique properties that 
make it exceptionally suitable for biomedical applications. Sericulture, traditionally known for silk 
production, has found significant applications in the biomedical field. This article explores the use of 
silk and its derivatives in various biomedical applications, including tissue engineering, drug 
delivery systems, wound healing, and medical sutures. The biocompatibility, biodegradability and 
mechanical properties of silk make it an ideal material for numerous medical applications. This 
article discusses the advancements in utilizing sericulture products in biomedical sciences, 
highlighting the potential and the challenges of these applications. 
 

 

Keywords: Biomedical; tissue engineering; biocompatibility; biodegradability; biomedicine. 

 
1. INTRODUCTION 
 
Sericulture, the cultivation of silkworms for silk 
production, has been practiced for thousands of 
years, primarily for its application in textiles. 
Mulberry silk is so named for being secreted by 
domesticated silkworms that only feed on 
mulberry leaves [1,2], namely B. mori, which is a 
holometabolous insect belonging to the 
Lepidoptera order and Bombycidae family [3,4]. 
However, recent advancements in biomedical 
sciences have uncovered a myriad of innovative 
applications for silk beyond fabric production. Silk, 
particularly from the Bombyx mori species, has 
been found to possess unique properties that 
make it exceptionally suitable for biomedical 
applications. Silk fibroin, the protein core of silk 
fibers, exhibits excellent biocompatibility, 
biodegradability, and mechanical strength. These 
attributes render it a highly promising material for 
various biomedical uses, including tissue 
engineering, drug delivery systems, and 
regenerative medicine. Furthermore, silk fibroin 
can be processed into different forms such as 
films, hydrogels, and scaffolds, providing 
versatility in biomedical applications. This 
intersection of sericulture and biomedical 
sciences has led to groundbreaking research and 
developments. For example, silk-based scaffolds 
are being explored for their potential to support 
cell growth and tissue regeneration, offering new 
solutions for repairing damaged tissues. 
Additionally, silk's ability to stabilize and deliver 
bioactive molecules has opened new avenues for 
controlled drug release systems, enhancing the 
efficacy and safety of therapeutic interventions 
[5,6]. The integration of sericulture into 
biomedical sciences not only exemplifies the 
innovative use of natural materials but also 
highlights the importance of interdisciplinary 
research in advancing medical technology. As 
the field continues to evolve, the potential of silk 
in improving healthcare outcomes and 

addressing complex medical challenges 
becomes increasingly apparent [7-9]. This 
introduction explores into the promising role of 
sericulture in biomedical sciences, exploring its 
applications, benefits, and prospects. 
 

2. SILK IN DRUG DELIVERY 
 

Silk, particularly silk fibroin derived from the 
silkworm, Bombyx mori, is emerging as a 
promising biomaterial for drug delivery systems. 
Its unique properties make it an attractive choice 
for this application [6,5]. 
 

2.1 Properties of silk helpful in Drug 
Delivery 

 

• Biocompatibility: Silk is well-tolerated by 
the body, minimizing the risk of adverse 
immune reactions. 

• Biodegradability: It degrades into non-toxic 
byproducts, ensuring safe elimination from 
the body. 

• Mechanical Strength: Silk is strong and 
durable, which is beneficial for structural 
stability in drug delivery devices. 

• Controlled Drug Release: Silk's crystalline 
structure allows for precise control over 
drug release rates. 

• Versatility in Form: It can be processed 
into various forms such as films, hydrogels, 
nanoparticles, and micro-needles [8]. 

 

2.2 Applications in Drug Delivery 
 
• Nanoparticles: Silk nanoparticles can 

encapsulate drugs, protecting them from 
degradation and allowing for targeted 
delivery. They can be engineered to 
release drugs in response to specific 
stimuli (such as pH and temperature) [10]. 

• Hydrogels: Silk hydrogels are used for 
localized drug delivery, particularly in 



 
 
 
 

Hazarika et al.; J. Adv. Biol. Biotechnol., vol. 27, no. 9, pp. 379-385, 2024; Article no.JABB.122249 
 
 

 
381 

 

wound healing and tissue regeneration, 
where they provide sustained release of 
therapeutic agents. 

• Films and Coatings: Silk films can be used 
to coat medical devices or implants, 
providing localized drug release to prevent 
infections or promote healing. 

• Micro-needles: Silk micro-needles offer a 
minimally invasive method to deliver drugs 
through the skin; hence, suitable for 
vaccines and insulin. 

• It has been suggested that SER be used 
as hydrogels, particles, integrated matrices, 
or in its pure form for drug administration, 
indicating an efficient and more capacious 
delivery vehicle [11,12]. Additionally, SER 
materials have been identified as 
biocompatible components that may be 
formed into 2D films and 3D scaffolds, 
respectively, and utilized in conjunction 
with matrices for drug delivery and grafting 
[13,14,15]. Moreover, SER-based alginate 
hydrogels have been described as a 
versatile platform for the delivery of 
medications and cells [12,14]. 

 
2.2.1 Advantages 
 
Silk can be engineered to provide sustained and 
controlled drug release over extended                    
periods. As far stability is concerned, silk-based 
carriers significantly protect sensitive drugs                   
from environmental degradation. It can                    
also be modified with various functional                     
groups to enhance drug loading and targeting             
[7]. 
 

2.3 Research and Development 
 
Ongoing research is focused on improving the 
properties and the functionalities of silk for drug 
delivery. Innovations include combining silk with 
other biomaterials to enhance drug delivery 
capabilities, developing silk-based systems that 
respond to specific physiological triggers for 
precise drug release. 
 
Silk's unique properties and versatility make it a 
valuable material for drug delivery systems, with 
ongoing research likely to expand its applications 
and effectiveness in the medical field. 
 
Silk in Tissue Engineering: Silk, particularly from 
the silkworm, Bombyx mori, has garnered 
significant attention in tissue engineering due to 
its unique properties [16]. Silk is non-toxic and 
well-tolerated by human tissues, reducing the 

risk of immune rejection. Silk degrades into non-
toxic byproducts that can be resorbed by the 
body, making it ideal for temporary scaffolds. Silk 
fibers have excellent tensile strength, 
comparable to or even surpassing some 
synthetic polymers. Silk also has a unique 
versatile nature. It can be processed into various 
forms, including films, fibers, sponges, and 
hydrogels, to suit different tissue engineering 
applications [17]. 
 

2.4 Applications in Tissue Engineering 
 

• Bone Tissue Engineering: Silk scaffolds 
provide the necessary support and 
strength for bone regeneration. Their ability 
to be combined with other materials (e.g., 
hydroxyapatite) enhances bone growth 
and repair. 

• Cartilage Repair: Silk scaffolds support the 
growth and differentiation of chondrocytes, 
the cells responsible for cartilage formation. 
This makes them suitable for cartilage 
tissue engineering, which requires 
materials that can withstand mechanical 
stress while promoting cell growth. 

• Skin Tissue Engineering: Silk-based 
materials can be used for wound dressings 
and skin grafts due to their biocompatibility 
and ability to support cell proliferation and 
migration. 

• Nerve Regeneration: Silk conduits provide 
a guiding structure for nerve regrowth and 
have been shown to support the 
regeneration of peripheral nerves. 

• Vascular Tissue Engineering: Silk's 
mechanical properties and biocompatibility 
make it a promising material for creating 
vascular grafts. 
 

2.4.1 Advantages over other materials 
 
Natural Origin: Unlike synthetic polymers, silk is 
naturally derived, which may offer better 
integration with biological tissues. Customizability: 
The properties of silk can be tailored through 
genetic engineering of silkworms or post-
processing techniques to optimize it for specific 
applications. Cell Interaction: Silk's amino acid 
composition can be modified to promote better 
interaction with cells, enhancing tissue 
regeneration. 
 
Silk's unique combination of biocompatibility, 
biodegradability, mechanical strength, and 
versatility makes it a promising material in tissue 
engineering. Continued research and 
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technological advancements are likely to expand 
its applications and improve its performance in 
clinical settings [5]. 

 
3. SILK IN WOUND HEALING 
 
Silk, especially silk fibroin derived from the 
silkworm, Bombyx mori, has garnered significant 
attention in the field of wound healing due to its 
exceptional properties [6]. 

 
Silk is highly biocompatible, reducing the risk of 
adverse reactions and promoting cell attachment 
and growth. It naturally degrades into non-toxic 
byproducts, making it safe for use in the body. 
Silk's robust mechanical properties provide 
structural support to healing tissues. It also has 
significant hemostatic properties. It can assist in 
blood clotting, helping to control bleeding in 
wounds. The antimicrobial activity of silk can also 
be enhanced. It can be modified to boost its 
antimicrobial properties, reducing the risk of 
infection [7]. 

 
3.1 Forms of Silk in Wound Healing 
 
• Silk Films: Thin layers of silk fibroin can be 

applied directly to wounds. These films act 
as protective barriers, prevent 
contamination, and provide a moist healing 
environment. 

• Silk Sponges and Scaffolds: These are 
porous structures that can be placed in 
wounds to support tissue regeneration. 
These sponges and scaffolds are highly 
absorbent and provide a matrix for cell 
infiltration and growth. 

• Silk Hydrogels: Hydrogels formed from silk 
fibroin offer a moist environment that is 
conducive to wound healing. They can be 
loaded with drugs or growth factors to 
promote healing. 

• Silk Sutures: Traditionally used for wound 
closure, silk sutures offer strength and are 
less likely to cause inflammation compared 
to synthetic alternatives [16]. 

 
4. MECHANISMS IN WOUND HEALING 
 
• Moisture Retention: Silk materials help 

maintain a moist wound environment, 
which is essential for efficient healing and 
minimizing scarring [6]. 

• Cell Proliferation and Migration: Silk 
supports the proliferation and migration of 
fibroblasts and keratinocytes, which are 

crucial for wound closure and tissue 
regeneration [7]. 

• Angiogenesis: Silk promotes the formation 
of new blood vessels, improving blood 
supply and accelerating healing [16]. 

• Antibacterial Properties: When modified or 
combined with antibacterial agents, silk 
can reduce the risk of wound infections [8]. 

 

4.1 Advantages 
 
There are various advantages of silk in wound 
healing. Silk materials help in wound healing with 
minimal scarring by promoting organized tissue 
regeneration. The structural properties of silk 
enhance healing rates greatly and provides a 
good optimal environment for rapid wound 
healing. Silk can be customized significantly. It 
can be engineered to release therapeutic agents, 
such as antibiotics or growth factors, over time to 
aid healing [5]. 
 

4.2 Research and Innovations 
 
Ongoing research aims to overcome the various 
challenges by integrating antimicrobial agents 
directly into silk materials to further reduce 
infection risks, developing hybrid materials that 
combine silk with other biocompatible materials 
to enhance wound healing properties. Research 
also aims to create silk-based dressings that can 
respond to changes in the wound environment, 
such as pH or temperature, to release 
therapeutic agents as needed [9]. 
 

4.3 Silk as Medical Sutures 
 
Silk sutures, derived from sericulture, have a 
long history in medicine due to their unique 
properties. Silk has been used for sutures for 
thousands of years due to its tensile strength  
and biocompatibility. Silk sutures are well known 
for their ease of handling, knot security, and 
minimal tissue reaction compared to other 
natural materials. They are commonly used in 
soft tissue approximation, ligation, and 
ophthalmic, cardiovascular, and gastrointestinal 
surgeries [16]. 
 
There are also challenges to the use of silk 
sutures. Unlike modern synthetic sutures, silk 
sutures are non-absorbable and eventually need 
to be removed, which can be inconvenient for 
patients and healthcare providers. Although 
biocompatible, silk sutures can cause a mild 
inflammatory response, which might not be ideal 
for all patients, especially those with sensitivities 
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or allergies. As the natural origin of silk poses a 
risk of introducing pathogens, ensuring silk 
sutures free from contaminants and sterilized 
effectively is very crucial. They also tend to lose 
tensile strength over time when in the body, 
which can be a disadvantage for certain long-
term applications. 
 

5.  FUTURE RESEARCH PERSPECTIVES 
ON SILK AS MEDICAL SUTURE 

 

• Enhancing Biodegradability: Research 
into modifying silk to create absorbable 
variants that maintain their strength long 
enough for tissue healing before safely 
degrading [18]. 

• Functionalization: Development of silk 
sutures with antimicrobial properties to 
reduce the risk of infection, through coating 
or incorporating antimicrobial agents [4]. 

• Genetic Engineering: Utilizing genetically 
modified silkworms or recombinant silk 
proteins to produce sutures with enhanced 
or tailored properties, such as increased 
strength or controlled biodegradability. 

• Hybrid Sutures: Combining silk with other 
biocompatible materials to create 
composite sutures that leverage the best 
properties of both, such as improved 
strength and reduced tissue reaction. 

• Advanced Manufacturing Techniques: 
Exploring new techniques in silk 
processing and suture manufacturing to 
create more uniform and reliable products, 
possibly integrating nanotechnology for 
added functionalities. 

• Customized Solutions: Developing silk 
sutures tailored to specific medical 
conditions or patient needs, utilizing 
advancements in personalized medicine 
and 3D printing technologies.  
 

Silk sutures continue to be a valuable tool in the 
surgical field, appreciated for their historical 
reliability and unique properties. Addressing the 
current challenges through innovative research 
and development will likely enhance their utility 
and safety, cementing their role in future medical 
applications. 
 
Challenges and Future prospects: Sericulture, 
the cultivation of silkworms to produce silk, has 
seen significant interest in biomedical sciences 
due to the unique properties of silk. However, 
there are several challenges and potential future 
directions for this field [8]. 

5.1 Challenges 
 

• Scalability and Consistency: Producing 
silk consistently at a scale required for 
biomedical applications can be challenging. 
Variations in silkworm diet, environmental 
conditions, and processing methods can 
affect the quality and properties of silk. 

• Biocompatibility and Immunogenicity: 
Although silk is generally biocompatible, 
there can be issues with immunogenicity, 
especially when foreign proteins or 
residues remain in the silk. 

• Modification and Functionalization:  
Modifying silk for specific biomedical 
applications, such as drug delivery or 
tissue engineering, requires sophisticated 
chemical and genetic techniques. 
Achieving precise and reliable 
modifications remains a technical hurdle. 

• Regulatory Hurdles: Ensuring that silk-
based materials meet the stringent 
regulatory standards for medical devices 
and drugs involves extensive testing and 
validation, which can be time-consuming 
and costly. 

• Cost: The production and processing of 
medical-grade silk can be expensive 
compared to synthetic alternatives, limiting 
its widespread use in the biomedical field. 

 

5.2 Future Directions 
 

• Genetic Engineering: Advances in 
genetic engineering of silkworms or the 
use of recombinant DNA technology to 
produce silk proteins in other organisms 
(like bacteria or yeast) could improve the 
scalability and functionalization of silk. 

• Advanced Material Processing: 
Developing new processing techniques to 
create silk materials with desired 
properties, such as controlled degradation 
rates, mechanical strength, and specific 
interactions with biological tissues. 

• Silk-Based Drug Delivery Systems: 
Research into silk-based nanoparticles and 
hydrogels for controlled drug release could 
open new avenues for targeted therapies, 
particularly in cancer and chronic            
diseases. 

• Tissue Engineering and Regenerative 
Medicine: Silk scaffolds can be used for 
tissue engineering, with ongoing research 
focused on creating complex, multi-
functional scaffolds that mimic natural 
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tissues for applications in skin, bone, and 
vascular regeneration. 

• Bioprinting: Integrating silk into 
bioprinting technologies to create complex 
tissue constructs with precise architecture 
and mechanical properties, which could 
revolutionize the field of regenerative 
medicine. 

• Antibacterial and Antiviral Silk Materials: 
Developing silk materials with intrinsic 
antibacterial or antiviral properties for use 
in wound dressings, implants, and surgical 
sutures to reduce the risk of infections. 

• Eco-friendly and Sustainable Practices: 
Exploring more sustainable practices in 
sericulture to reduce the environmental 
impact and promote the use of silk as a 
green material in biomedical applications. 

 

By addressing these challenges and exploring 
the future directions, sericulture could 
significantly enhance its contributions to 
biomedical sciences, leading to innovative 
treatments and materials that may improve 
patient care and outcomes. 
 

6. CONCLUSION 
 

Sericulture's integration into biomedical sciences 
holds significant promise, leveraging the unique 
properties of silk to address various medical 
needs. Silk-based products, particularly in 
applications like medical sutures, drug delivery, 
and tissue engineering, demonstrate substantial 
potential to improve patient care. Despite 
challenges such as scalability, biocompatibility, 
and regulatory hurdles, ongoing advancements 
in genetic engineering, material processing, and 
functionalization and their application in 
sericulture offer exciting possibilities. By 
overcoming current limitations and exploring 
innovative directions, sericulture can play a 
pivotal role in the future of biomedical materials, 
contributing to more effective, sustainable, and 
patient-friendly medical solutions [7,8]. 
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