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Silks are biodegradable, biocompatible, self-assembling proteins that can also be tailored via genetic 
engineering to contain specific chemical features, offering utility for drug and gene delivery. Silkworm 
silk has been used in biomedical sutures for decades and has recently achieved Food and Drug 
Administration approval for expanded biomaterials device utility. With the diversity and control of size, 
structure and chemistry, modified or recombinant silk proteins can be designed and utilized in various 
biomedical application, such as for the delivery of bioactive molecules. Silk proteins have been used 
successfully in the biomedical field as sutures for decades, and also explored as biomaterials for cell 
culture and tissue engineering,achieving Food and Drug Administration approval for such expanded 
utility because of their excellent mechanical properties, versatility in processing and biocompatibility.This 
topic focuses on the biosynthesis and applications of silk- based multi-block copolymer systems and 
related silk protein drug delivery systems. 
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INTRODUCTION: Despite the multitude of 
applications, no system currently exists for 
controllable, sustained, long-term drug delivery 
via fully degradable implants. To address this 
need, polymeric systems have been studied and 
while there are a number of biomaterials 
available for drug delivery devices, purified silk 
fibroin protein is a unique material particularly 
well suited to controlled release applications. 
Implants derived from silk exhibit the requisite 
biocompatibility and degradation profile for 
implantable applications, but also possess the 
necessary material properties to provide a 
sufficient diffusion barriers (even for small 
molecule drugs) and highly-controllable material 
features that can in turn be used to precisely tailor 

drug release behavior. Studies have suggested 
that a particular desired release profile adapted to 
the target drug delivery application can be 
obtained by varying polymer coating formulation 
and processing parameters, but the systematic 
characterization of these effects necessary to 
achieve tight control has never been undertaken. 
Release of the small molecule adenosine from a 
variety of silk-based drug delivery systems was 
examined to correlate fundamental relationships 
between material features (e.g., processing 
conditions, crystallinity, degumming time, layer 
thickness, etc.) and resulting release kinetics. 
Characterizing and modeling these effects led to 
development of an integrated model that 
incorporated multiple control points that could be 
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modulated to achieve specific target release 
profiles. The predictive accuracy of the model 
was confirmed by comparing theoretical release 
predictions to experimental release behavior. 
Degradation also played a role in drug release 
both in cases of freely diffusible drugs and for 
drugs bound to the silk matrix. Degumming time, 
film fabrication process and coating thickness 
impacted degradation of the silk carriers and 
release kinetics. Strategies to control local 
proteolytic degradation via proteinase inhibitors 
and proteolytic enzymes were demonstrated. Silk 
drug delivery implants have significant potential 
clinical applications due to the features above, 
including treatment of neurological disorders, 
stabilization and delivery of antibiotics and 
incorporation of signaling molecules into tissue 
engineering scaffolds. These fundamental and 
application-driven in vitro and in vivo studies 
showed that hydrophobic, hydrophilic, small and 
large molecule drugs can be entrapped and 
released from silk-based devices with tight 
control of the release kinetics through 
manipulation of the implant processing and 
material properties. The unique mechanical 
properties of silks together with their excellent 
biocompatibility have recently sparked interest of 
this protein polymer class for medical 
applications. This study details the possibilities 
and limitations for silk-based biomaterials as 
carriers for controlled drug delivery. 

SILK- BASED BIOMATERIALS FOR DRUG 
DELIVERY1,3,5 

Silk fibroin is one of the promising biomaterials 
for medical applications. Its unique mechanical 
properties and biocompatibility make the silk 
fibers an attractive material and scaffold for 
tissue engineering. As a result of 
biodegradability, silk has been recently explored 
in the field of drug delivery. Silk fibroin has been 
suggested as a platform for drug delivery in the 
form of films, hydrogels and porous 3D scaffolds. 
Design of such drug delivery system is based 
onthe ability of silk fibroin to undergo 
conformational transition from a random coil to a 
sheet form to produce an interpenetrating 
network. Possibility to fine tune the release 

kinetics by controlling the secondary structure of 
silk fibroin was demonstrated. Control over 
crystallinity and structure as well as design of the 
silk - based delivery system in general represent 
important variables in tailoring the release 
kinetics of the active compounds. Several 
advanced strategies of using silk in drug delivery 
will be presented. Silk based delivery systems 
deals with the use of silk protein as a polymer for 
various drug delivery systems. Silks are 
biodegradable, biocompatible, self-assembling 
proteins that can be tailored via genetic 
engineering to contain specific chemical features, 
offering its utility for drug and gene delivery. 
This topic focuses on the biosynthesis of silk-
based polymer systems and related silk protein 
drug delivery. Silk-based biomaterials are used to 
deliver bioactive molecules, such as small drugs, 
proteins, genes. They show remarkable 
mechanical properties, versatile processing in an 
aqueous environment, biocompatibility, and 
controlled degradation suggest silks as attractive 
biomaterials for controlled and sustained release, 
stabilization and delivery of bioactive molecules. 
Silk solutions can be morphed into a variety of 
biomaterial formats, including films, 3D porous 
scaffolds, hydrogels , micro- and nano -spheres, 
nanofibres and coatings. Targeted delivery can be 
achieved Hybrid or composite silk-based 
materials containing other biopolymers, have not 
been extensively studied, yet should provide 
applicable mechanical, thermal, and biological 
properties for not only drug/gene delivery but 
also for tissue engineering, medical imaging, and 
regenerative medicine. 
 
SILK FIBROIN AS A VEHICLE FOR DRUG 
DELIVERY APPLICATIONS6,7,8,10 

Silk fibroin (SF), a naturally occurring protein 
polymer, has several unique properties making it 
a favorable matrix for the incorporation and 
delivery of a range of therapeutic agents. SF is 
biocompatible, slowly biodegradable, and 
endowed with excellent mechanical properties 
and processability. Novel manufacturing 
techniques including mild all-aqueous processes 
have expanded its range of application even to 
sensitive protein and nucleic acid therapeutics. SF 
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matrices were demonstrated to successfully 
deliver protein drugs and preserve their potency. 
Adjustments in SF crystallinity, concentration 
and structure, the design of the delivery systems 
as well as the molecular weight and structure of 
the embedded agents represent important 
variables when it comes to precisely tailor the 
release kinetics of SF matrices. Other strategies to 
fine-tune the release from SF matrices comprise 
the embedment of drug loaded micro- or 
nanoparticles or the coating of micro- or 
nanoparticles with SF films. So far, the main 
focus of SF drug delivery systems has been on 
tissue regeneration applications. For instance, 
growth factor loaded SF scaffolds were suggested 
for the tissue engineering of bone and cartilage, 
as well as for vascular and nerve regeneration 
devices and wound healing products. Moreover, 
SF matrices were proposed for oral, transmucosal 
and ocular drug delivery. This article reviews SF 
properties and fabrication processes that affect 
the release from SF drug delivery systems. For 
illustration, we discuss a variety of examples for 
the incorporation of drugs into SF systems and 
their release 
 
SILK FIBROIN BIOMATERIALS FOR 
CONTROLLED RELEASE DRUG 
DELIVERY 
Given the benefits of polymer drug delivery 
implants over traditional periodic systemic 
administration, the development of biomaterial 
systems with the necessary properties 
(biocompatibility, degradation, stabilization, 
controllability) is paramount. Silk fibroin 
represents a promising, naturally derived polymer 
for local, controlled, sustained drug release from 
fully degrading implants and the polymer can be 
processed into a broad array of material formats. 
This review provides an overview of silk 
biomaterials for drug delivery, especially those 
that can function as long-term depots. 
Fundamentals of structure and assembly, 
processing options, control points and specific 
examples of implantable silk drug delivery 
systems (sponges, films) and injectable systems 
(microspheres, hydrogels) from the 1990s and 
onwards are reviewed. Owing to its unique 

material properties, stabilization effects and tight 
controllability, silk fibroin is a promising 
biomaterial for implantable and injectable drug 
delivery applications. Many promising control 
points have been identified, and characterization 
of the relationships between silk processing 
and/or material properties and the resulting drug 
loading and release kinetics will ultimately 
enhance the overall utility of this unique 
biomaterial. The ever-expanding biomaterial 'tool 
kit' that silk provides will eventually allow the 
simultaneous optimization of implant structure, 
material properties and drug release behavior that 
is needed to maximize the cost-efficiency, 
convenience, efficacy and safety of.  
 
NONMULBERRY SILK BIOPOLYMERS 
2,4,5,6,28 
The silk produced by silkworms are biopolymers 
and can be classified into two types--mulberry 
and nonmulberry. Mulberry silk of silkworm 
Bombyx mori has been extensively explored and 
used for century old textiles and sutures. But for 
the last few decades it is being extensively 
exploited for biomedical applications. However, 
the transformation of nonmulberry silk from 
being a textile commodity to biomaterials is 
relatively new. Within a very short period of 
time, the combination of load bearing capability 
and tensile strength of nonmulberry silk has been 
equally envisioned for bone, cartilage, adipose, 
and other tissue regeneration. Adding to its 
advantage is its diverse morphology, including 
macro to nano architectures with controllable 
degradation and biocompatibility yields novel 
natural material systems in vitro. Its follow on 
applications involve sustained release of model 
compounds and anticancer drugs. Its 3D cancer 
models provide compatible microenvironment 
systems for better understanding of the cancer 
progression mechanism and screening of 
anticancer compounds. Diversely designed 
nonmulberry matrices thus provide an array of 
new cutting age technologies, which is 
unattainable with the current synthetic materials 
that lack biodegradability and biocompatibility. 
Scientific exploration of nonmulberry silk in 
tissue engineering, regenerative medicine, and 
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biotechnological applications promises 
advancement of sericulture industries in India and 
China, largest nonmulberry silk producers of the 
world. This review discusses the prospective 
biomedical applications of nonmulberry silk 
proteins as natural biomaterials. 
SILK-BASED BIOMATERIALS6,7,25,29 

Silk from the silkworm, Bombyx mori, has been 
used as biomedical suture material for centuries. 
The unique mechanical properties of these fibers 
provided important clinical repair options for 
many applications. During the past 20 years, 
some biocompatibility problems have been 
reported for silkworm silk; however, 
contamination from residual sericin (glue-like 
proteins) was the likely cause. More recent 
studies with well-defined silkworm silk fibers and 
films suggest that the core silk fibroin fibers 
exhibit comparable biocompatibility in vitro and 
in vivo with other commonly used biomaterials 
such as polylactic acid and collagen. 
Furthermore, the unique mechanical properties of 
the silk fibers, the diversity of side chain 
chemistries for 'decoration' with growth and 
adhesion factors, and the ability to genetically 
tailor the protein provide additional rationale for 
the exploration of this family of fibrous proteins 
for biomaterial applications. For example, in 
designing scaffolds for tissue engineering these 
properties are particularly relevant and recent 
results with bone and ligament formation in vitro 
support the potential role for this biomaterial in 
future applications. To date, studies with silks to 
address biomaterial and matrix scaffold needs 
have focused on silkworm silk. With the diversity 
of silk-like fibrous proteins from spiders and 
insects, a range of native or bioengineered 
variants can be expected for application to a 
diverse set of clinical needs 
 
 FUTURE PERSPECTIVES8,9,13,16,20 
Silk-based biomaterials to deliver bioactive 
molecules, such as small drugs, proteins, and 
genes, are described in this review. The 
remarkable mechanical properties, versatile 
processing in an aqueous environment, 
biocompatibility, and controlled degradation 
suggest silks (both native as well as recombinant) 

are attractive biomaterials for controlled and 
sustained release, stabilization and delivery of 
bioactive molecules. Silk solutions can be 
morphed into a variety of biomaterial formats, 
including films, 3D porous scaffolds, hydrogels, 
micro- and nano-spheres, nanofibers, and 
coatings. The degradation rate of these 
biomaterials can be also controlled during 
processing, by the secondary structures. In 
addition to these useful properties, silk proteins 
derived from recombinant DNA technology can 
be bioengineered for highly tailored chemistries, 
greatly expanding the suite of options for targeted 
delivery. Targeted-delivery function is a 
significant factors in drug delivery, hence, these 
silk proteins can be prepared with functional 
sequences to hone to specific cells, tissues or 
organs, as a useful strategy for silk-based delivery 
systems with bioactive molecules. When 
combined with the novel features of the silk 
proteins themselves, including self-assembly, 
robust mechanical properties, water-based 
processing, controlled biodegradation and 
biocompatibility, silks offer a unique and 
versatile delivery platform for small molecules, 
large proteins, DNA and RNA. Hybrid or 
composite silk-based materials containing other 
biopolymers, have not been extensively studied, 
yet should provide applicable mechanical, 
thermal, and biological properties for not only 
drug/gene delivery but also for tissue 
engineering, medical imaging, and regenerative 
medicine. 
 
SILK DELIVERS DRUGS WITHOUT THE 
PAIN11,12,13,16,19 

US researchers have developed a new 
microneedle drug delivery system using silk. The 
team says that its multifunctional properties could 
offer a safe and pain-free way to administer drugs 
and vaccines, as well as store drugs without the 
need for refrigeration. Microneedles have gained 
a lot of interest in recent years as a safe, pain-free 
alternative to hypodermic needles. As a patch, 
they can be placed onto the skin like a plaster 
allowing for self-administration, and as they can't 
reach pain receptors under the skin they don't 
hurt. But while some microneedle systems have 
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shown promise, the materials they have been 
made from - namely sugars, cellulose-based 
materials and synthetic polymers - have had 
limitations, such as the inability to precisely 
control drug release and to prevent the onset of 
local infections. Now, David Kaplan and 
Fiorenzo Omenetto and colleagues at Tufts 
University have developed high-aspect-ratio 
microneedles with silk fibroin - a protein found in 
silk - that presents a multifunctional solution to 
overcome previous limitations. The team 
demonstrated that their silk microneedle is 
biocompatible and degradable, can incorporate, 
store and controllably release sensitive drugs, and 
can even include antibiotics to prevent skin 
infections'We are certainly enthusiastic about the 
potential for this technology in many areas of 
medicine,' says Kaplan. 'The drugs can be 
entrapped in the silk and become stabilized - even 
at higher temperatures - thus allowing processing 
from water into delivery systems that can be used 
like a band aid, carried in your pocket and 
shipped around the world without 
refrigeration.' The silk microneedles were made 
by first creating an elastomer-based negative 
mould of a microneedle array using 
polydimethylsiloxane (PDMS). A silk fibroin 
solution obtained from silk worm cocoons was 
then drug loaded and cast over the PDMS 
template and left to dry. By adjusting the 
hydration state of the silk, and thus the secondary 
protein structure, the team could modify 
degradation and diffusion properties of the silk 
microneedles.  'The structure of the silk used in 
the microneedles determines the release kinetics 
of the drugs entrapped in the microneedles,' says 
Kaplan. 'The microneedles pierce only the outer 
layer of the skin thus it does not hurt, and then the 
drug will diffuse from the needles into the tissue 
at a rate that is programmable in the 
materials.'  To test out the release kinetics, the 
team applied the microneedles to in vitrohydrogel 
skin models. They also created microneedles 
loaded with an antibiotic and observed a 10-fold 
reduction in bacterial density when applied to a 
cell culture, which could help avoid skin 
infections associated with other microneedle 
systems. 

 
CONCLUSION: 
The biomedical application of silk fibroin (SF) 
was evaluated and the research was conducted to 
develop a novel silk-based platform for the 
controlled drug delivery. The SF containing 
matrixes were prepared by spray-drying and film 
casting, and the release profile of the model drugs 
was evaluated. SF containing matrixes and 
microparticles were prepared from aqueous 
solutions of the fibroin protein polymer. 
Crystallinity was induced and controlled by 
treatment with different solvents and by spray-
drying, resulting in a formation of a fine 
interpenetrating network (IPN) of SF. In this 
study, we selected several model drugs and 
prepared SF matrixes. The in vitro release assays 
have shown that the increase in crystallinity 
resulted in sustained release of the model drugs 
from the dehydrated SF containing matrix, 
proving SF is an interesting polymer for drug 
delivery of bioactive compounds, particularly for 
colonic drug delivery. Silk based nanoparticles 
from silk fibroin solutions were stable, spherical, 
negatively charged, 150-170nm in average 
diameter and showed no toxicity. g. Hydrogels : 
Hydrogels of silk fibroin are formed via sol-gel 
transitions by sonication , vortexing , or the 
presence of acid and /or ions. h. Coatings: Silk 
fibroin solution was applied as coating over the 
delivery systems like microspheres, nano -
particles or directly on the drug surface in order 
to get a sustained release of the drug. The 
thickness of one layer was reported to be around 
10nm when deposited from a 1mg/ml silk 
aqueous solution. Release from these coatings 
can be controlled via layer thickness, number of 
layers and secondary structure of the fibroin 
layer. 
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