1.INTRODUCTION
Silk are generally defined as protein polymers that are spun into fibers by some lepidoptera larvae such as silkworms, spider, scorpions, mites and flies. Silk proteins are usually produced within specilized glands after biosynthesis in epithelial cells, followed by secretion into the lumen of these gland where the proteins are stored prior to spinning into fiber [4].
Silk fibroin polymers consists of repetitive protein sequences and provide strucural role in cocoon formation, nest building, traps, web formation, safety lines and egg protection [1].
Natural polymer; polysaccharides ( cellulose, chitin, their derivatives, starch, etc ) and protein (primarily silk fibroin ) are used in various biomedical application.
Silk protein; generally used in biomaterial and regenerative medicine due to provided high moleculer weight, block copolymer-linked proteins, robust mechanical properties, biocompatibility, biodegradability and including self – assembly features.
The best characterized silk are form spider, Nephila Clavipes and domesticated silkworm, Bombyx mori.
1.1 . Silkworm Silk
The silkworm silk has been used as biomedical sutures and textile production for centuries. Silk is obtained from cocoon of silkworm pupae ( the larva or caterpillar of the domesticated silkmoth, B.mori ) to protected enviromental factor during a short period of their development.
Molecular weight of the silk protein named fibroin have been reported ranging from 300 to 420 kDa [5]. The domesticated silkworm (B.mori) silk fibroin fibers are about 10-25 μm in diameter [1].
The silk from cocoon of B.mori is obtained of silk fibroin, a filament core protein and a glue-like coating consisting of a non-filamentous protein sericin. The raw silk also contain other natural impurities namely, fat and waxes, inorganic salts and colouring mater [8]. (Table-1)
                        Table 1: Composition of silk in Bombyx mori (Gulrajani, 1988).
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Silk fibroin SF is defined by repetitive hydrophobic and hydrophilic peptide sequences and contains of heavy and light chain polypeptide ~ 25 and 325 kDa. Core fibers are encased in a sericin coat (20 – 310 kDa),a family of glue-like proteins that holds two fibroin fiber together to from the composite fiber of the cocoon case to protect the growing worm [4].

The Cys-c20 ( twentieth residue from the carboxyl terminus) of the heavy chain ( 325 kDa ) and  Cys-172 of the light chain (25 kDa ) are covalently linked by disulfide bond and non-covalently associated with a small protein of 25 kDa named P25.P25 is only involved in transport of the intracellulary-formed fibroin light and heavy chains to the glandular lumen  [1].
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Figure-1: The silkworm cocoon

1.2 . Spider Silk

Spider silk is a protein fibre spun used by the spider as a safety line when they fall out of their web, nets to catch other animals or cocoons for protection for their offsping.

Dragline silk is composed of two proteins; major ampullate spindroins protein 1 and 2 (MaSp 1 and MaSp 2 ). A putative molecular weight of 275 kDa based on gel electrophoresis of MaSp 1 and 745 kDa based on the major ampullate gland silk by size exclusion chromatography [1].(Table-2)

Table-2: Different silks and their use
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Micro-morphological studies on spider dragline silk already show that it differs significantly from the silks of moths. This is not really surprising because the two silks have different biological histories, and detailed analyses of both using the most modern of techniques are beginning to show why, where and how they differ [42]. (Figure-2)


Figure-2: The silk glands and threads of Araneus diadematus. The glands are called by their Latin names, which are again referred when associated with the type of silk they produce (reprinted from Wynne, 1992).
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In order to fully understand the material, we will have to turn our attention ever more to the biology and evolution of the material. And, as outlined above, the biologist’s (in contrast to the layman’s, engineer’s and chemist’s) analysis of silks would attempt to combine (i) the phylogenetic origin of the material and its production system, (ii) the selection pressures that shaped the various silks and the constraints that restricted such shaping, (iii) the scope of adaptations to the various tasks the silks have to perform, and (iv) the costs and benefits to the spider of making silk and using it in its daily life [41].







Tablo-3: Difference between Silkworn Silk and Spider Silk


	 
	SILK WORM SILK 
	SPIDER SILK 

	Molecular level
	Large amount of sericin is present 
	Sericin is absent 

	Proteins responsible for fibrillar structures 
	Called as fibroins and contains light and heavy fibroins 
	Called as fibroins or spidroins specifically and contains light and heavy counter-parts 

	Mechanical properties 
	Weaker and less extensible 
	Stronger with high extensible properties 

	Spinning conditions 
	Either strong or elastic 
	Both strong and elastic 




1.3 . Structure of Silk Fibroin

Special fiber properties without losing others can only be attempted if the parameters governing the different properties are known as well as is their cooperation. These parameters are thought to cover: (1). the primary structure of the proteins forming the silks; (2). the proportions and arrangements of elements of secondary structure along the individual polymer chains; and (3).The arrangements of individual chains and their intermolecular interactions [5].

The primary structure mainly consist of recurrent amino acids sequency. The chemical composition, Bombyx mori fibers consist of residues of no less than 16 amino acids whose ratio varies between different areas of the supramolecular structure of fibroin (Table 4) [3]. Silk fibroin amino acid composition from Bombyx mori obtained primarly of glycine (Gly) (43%), alanine (Ala) (30%), serine (Ser) (12%) .

Table-4: Amino acid composition of Bombyx mori fibroin

[image: ]
The fibroin heavy chain is the actual fiber protein that froms the silk of Bombyx mori. The primary structure of the protein was deduced from th sequences of cDNAs that were derived from the most abundant mRNAs found during cocoon spinning [9-10].

Silk fibroin is through to be a block copolypeptide consisting of crystalline and amorphous domain.[11] The secondary structure of crystaline domain of Bombyx mori silk fibroin have two morphological states; α- helix and β-folded structure (silk I and silk II and silk III ) and amorphous domains; disordered conformation of random globules. Silk I is the natural form of fibroin as emitted from the Bombyx mori silk gland. Silk II is more stable form that is found in the natural cocoon and basically consists of  a packing of antiparalel beta-pleated sheet with the glycine residues projected on the other.Silk III is new discovered structure of fibroin,fibroin principally in solution of fibroin  at an interface ( i.e air-water interface,water-oil interface ,etc).According to explanation; (1) Silk I is easly transformed with mechanical treatment  to Silk II, (2) Silk I is the accessible from untreated posterior glan of Bombyx mori ,
The conclusion Silk I is storaged form of fibroin in intraglandular and the light and heavy chains interaction may be stabilized that.

Fibroin of natural Bombyx mori fibers contains 56 ± 5% macromolecules in the β folded form and 13±5% macromolecules in the α helical form [12].

Figure-3: α-Helical structure of fibroin macromolecules in two projections
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Figure-4: β -Folded structure of fibroin
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Figures 3 and 4 show the projections of macrmolecule segments forming the α helical and β folded structures. The α helical structure is formed by intramolecular hydrogen bonds, with the hydrophobic fragments displaced to the periphery [13]. In the β folded structure, the macromolecules are arranged in the paralel or antiparallel mode, forming a folded sheet or layer (β sheet). Antiparallel β sheets of silk fibroin are packed in the face-to-face, back-to-back mode: double layer of glycine residues (interplanar spacing 3.5 Å)-double layer of alanine/serine residues (interplanar spacing 5.7 Å)-double layer of glycine residues, etc  [14].

1.4 . Cholesterol

Cholesterol is a soft fatty substance that is produced by the liver and also obtained from food substances such as dairy products, eggs (egg yolk is rich in cholesterol), meat and poultry. Cholesterol is a vital substance in the body for the normal functioning of various cells and tissues. However, cholesterol in high amounts (hypercholesterolemia) can get accumulated in the blood vessels and disrupt their functions. In general, the cholesterol in the body is transported from and to the liver by certain proteins and based on that two main types have been named: low-density lipoproteins (LDL) and high-density lipoproteins (HDL). The LDL is termed as ‘bad cholesterol’ as they carry cholesterol from the liver to the cells and HDL is termed as the ‘good cholesterol’ as they return the extra cholesterol to the liver for breakdown [43].

The molecular basis for the essential role of cholesterol in mammalian (and other cholesterol-requiring) cells has long been the object of intense interest. Cholesterol has been found to modulate the function of membrane proteins critical to cellular function. Current literature supports two mechanisms for this modulation. In one mechanism, the requirement of ‘free volume’ by integral membrane proteins for conformational changes as part of their functional cycle is antagonized by the presence of high levels of cholesterol in the membrane. In the other mechanism, the sterol modulates membrane protein function through direct sterol-protein interactions. This mechanism provides an explanation for the stimulation of the activity of important membrane proteins and for the essential requirement of a structurally-specific sterol for cell viability. In some cases, these latter membrane proteins exhibit little or no activity in the absence of the specific sterol required for growth of that cell type. The specific sterol required varies from one cell type to another and is unrelated to the ability of that sterol to affect the bulk properties of the membrane [44].

Cholesterol has a molecular formula of C27H45OH. This molecule is composed of three regions: a hydrocarbon tail, a ring structure region with 4 hydrocarbon rings, and a hydroxyl group. The hydroxyl (OH) group is polar, which makes it soluble in water. This small 2-atom structure makes cholesterol an alcohol. The alcohol that we drink, ethanol, is a much smaller alcohol that also has a hydroxyl group (C2H5OH).The 4-ring region of cholesterol is the signature of all steroid hormones (such as testosterone and estrogen). All steroids are made from cholesterol. The rings are called "hydrocarbon" rings because each corner of the ring is composed of a carbon atom, with two hydrogen atoms extending off the ring. The combination of the steroid ring structure and the hydroxyl (alcohol) group classifies cholesterol as a "sterol." Cholesterol is the animal sterol. Plants only make trace amounts of cholesterol, but make other sterols in larger amounts. The last region is the hydrocarbon tail. Like the steroid ring region, this region is composed of carbon and hydrogen atoms. Both the ring region and tail region are non-polar, which means they dissolve in fatty and oily substances but will not mix with water. Because cholesterol contains both a water-soluble region and a fat-soluble region, it is called amphipathic [46].
Figure – 5: Cholesterol Structure
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Cholesterol belongs to the family of steroid compounds, and there are two functional groups in cholesterol skeleton, hydroxyl on C3 position (C3=OH) and double bond on C5=C6 position (C5=C6). As can be seen, in recent years, there are many cholesterol derivatives synthesized based on C3=OH, including side chain and liquid crystal polymers. That is chiefly because of their particular optical properties, such as selective reflection and transmission of light, thermochromism and circular dichroism. Many research groups in the world, such as Mallia, Ikeda, Kasi and Zhu groups, have done a great quantity of research work on cholesterol derivatives, and many peculiar functions have been observed in their polymers or self-assembly process. However, seldom documents reported the modification on
C5=C6, while, in our group, new derivatives relating to the double bond in cholesterol have been reported at the first time. Besides C3=OH, C5=C6 can be used to fabricate novel and functional cholesterol derivatives. Modification on C3=OH of cholesterol has always been done before, because the reaction is easy going and the yield is high, and we can obtain the kind of polymers bearing cholesterol as a side group perpendicular to the mainchain. However, if we modify the double bond on C5=C6 position, we can get polymers with cholesterol moiety parallel to the mainchain, which have the structures similar to the mesogen-jacketed liquid crystal polymers proposed by Zhou et al [45].

1.5 . Utility in Biomedical Application

Silk fiber have approved to be affective in many clinical application. Some biological responses to the protein have raised questions about biocompatibility. One of the major difficulties in assessing the biological responses reported to these silk fibers is the absence of detailed characterization of the fibers used including, extent of extraction of the sericin, the chemical nature of wax-like coatings sometimes used, and many related processing factors [4].


As a suture material, silk fibers are often coated in wax to prevent fraying and potential immune responses. Although silk was thought to cause allergies in some patients, subsequent research has shown that sericin was the cause of the immune responses. Therefore, sericin must be removed from the fibroin to assure biocompatibility [6].


In general, suture s should be strong, handle easily, and form secure knots. Sutures require the following characteristics for general surgical applications:

1. Tensile strength—to match the clinical repair.
2. Knot strength—the amount of force required to cause a knot to slip.
3. Elasticity—the ability to conform to the current stage of wound repair.
4. Memory—change in stiffness over time; the better the suture, the less memory.
5. Degradability—ability to be metabolized by the host once its repair function has been
completed.
6. Tissue Reactivity—non-irritant.
7. Free from infection—related to the material’s geometry, e.g. multifilament vs.
Monofilament [4].

In addition to the impressive mechanical properties, silk fibroin is also a degradable material. Highly crystallized silk degrades slowly, but the rate in vivo depends on the implantation site, mechanical environment and features of the processing used to prepare the silk material. material properties such as degradation rate and biological activity have been established, and provide a solid basis for utilizing silk as a biomedical material for many applications [6]. (Table-5)


Table -5: Benefits and concerns with the use of silks for biomedical applications
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1.6 . Biomedical Application of Silk Fibroin

SF have been used in biomedical application such as, sutures,coating for cell  culture, drug delivery matrices and 3D scaffolds for ligament,bone,cartilage,fat and vasculature engineering.

1.6.1 Coating for 2D Cell Culture

Cell culture is a process of growing cells in a controlled in vivo enviromental in the laboratory. Cell culture has a main part of biomaterial and bioengineering; for example in biomaterial studies, study cell-material interactions.

Several modified SF derivatives have been used as coatings on 2D-cell culture substrates to
investigate how the surface chemistry or conjugation of biomolecules to the surface of SF can
effect cell attachment, growth and differentiation [2].

The silk increase the hydrophilic silk substrates can aid in cell adhesion, but if you increase to much, SF derivatives can negatively effect cell binding. So, directly effecting cell behavior, it is likely that the surface hydrophilicity mediates absorption of serum protein onto the surface, indirectly resulting in increased cell attachment and growth.

The silk fibroin coating significantly affected the metabolism of fibroblast, inducing higher glucose uptake and lower glutamine consumption per cell in the initial stages of cultivation [15].

Human Mesenchymal stem cell (hMSCs) is used many cell-culture with a silk fibroin such as Wang et al. recently employed an all-aquesous stepwise (layer-by-layer) deposition tehnique to assemble nanoscaled thin film silk fibroin coating on a number of substrates and evaluted the response of human bone marrow mesencyhmal stem cell (MSC) to the coating.

1.6.2 Tissue Engineering

Silk based tissue engineering system which search new methods and materials to create synthetic tissue mimics that can be implanted in vivo to spur regeneration of diseased tissue or injured.

1.6.2.1 Vascular Tissue Regeneration

Silk based regenerated vascular tissues are clinically used as flow diverting devices and stents. In the case of a study related to flow-devices, two out of the three patients show promising outcome, suggesting silk as an attractive option to treat fragile blood-blister like aneurysms. Silk stents are also employed in the reconstruction of an intra-cranial aneurysm artery. There has been a successful attempt to fabricate a tubular ~3 mm blood vessel from
silk with a thickness of 0.15 mm having an average tensile strength of 2.42 MPa [16-17].

Critical requirements for designing blood vessels include survival under the changes in blood pressure, ability to sustain cyclic loading, compatibility with the adjacent host vessels, and anti-thrombotic lining [18].

Recent evidence suggests that sulphonated and heparinised silk fibroin film have suitable mechanical properties for use as artificial blood vessels. These studies domanstrated that these film have good anticoagulant activity and platelet response and support endothelial cell spreading and proliferation. Preliminary work into the design of collagen gel-silk filament composite for vascular tissue engineering has also been reported [24].

1.6.2.2. Skin Tissue Regenerationn

The skin is the biggest organ in human and acts as barrier to the infectious organisms. It has limited self-healing capability. Large damage to the skin causes loss of skin integrity, which may lead to death. The adult human skin consists of two major layers: the epidermis (a keratinized layer) and the dermis (collagen-rich layer).

Several studies show that SF porous material can accelerate would healing improve adhesion and spreadinf of normal human keratinocyte and fibroblast, upgrade the growth and development of skin tissue. Protein are among the most succesful material applied as skin grafts. Fibrin is a kind of good skin substitutes [23]. Silk fibroin supports well the human keratinocytes and fibroblasts. However the complex structure of native tissue requires a composite scaffolding material. Bio-mimicking approaches with other natural extra-cellular materials are proposed. Layering silk fibroin with collagen-I enhances the attachment and dispersion of keratinocytes, while fibronectin coating supports both keratinocytes and fibroblasts cells adhesion and dispersion within the matrix. Structural integrity of silk matrices induced by different treatments also influences greatly the cell adherence [16-19].

Oral keratinocyte also proliferate on woven fibroin meshes, a form that is likely to be used for wound healing application. Fibroin film and fibroin-alginate sponges have been found to enhance skin wound healing in vivo compared to clinically used material [24].

1.6.2.3. Cardiac Tissue Regeneration

The loss of cardiomyocytes after injury reduces cardiac function, which further leads to morbidity and mortality. A possible treatment is engineering an artificial heart or cardiac patch in-vitro followed by implantation. Chitosan or hyaluronic acid (HA) loaded silk fibroin
seeded with rat mesenchymal stem cells is able to generate cardiac patches [20].

Silk protein fibroin 3-D scaffolds of A. mylitta also show good outcome without the employment of other extra cellular matrix materials, producing beating patches of rat cardio-myocytes in-vitro [21].

1.6.2.4.  Skeletal Tissue

1.6.2.4- A)  Bone and Cartilage

Bone Tissue is a consisted form of connective tissue which composed of calcified extracellular matrix and bone cells including osteoprogenitor, osteoblasts, osteocyte abd osteoclasts [23].

Li, C. ,Vepari, C and David L. Kaplan et al.2006.Fibers electrospun from aqueous solution of Bombxy mori SF, polyethylene oxide (PEO) and bone morphogenetic protein-2 (BMP-2) were prepared as a scaffold for human mesenchymal stem cells (hMSCs); in vivo culture in osteogenic media led to the formation of bone-like tissue. Addition of hydroxylapatite nanoparticle to the SF solution prior to electrospinning produced fiber with the nanoparticles embedded inside and was found to improve bone formation [25]. In vivo implantation of electrospun B.mori SF fiber in calvarial defecet in mice facilitated the complete healing of the defect with new bone within 12 week [26].


1.6.2.4- B)  Ligament and Tendon Tissue

Competent scaffolding materials are needed some requirement for develop ligament an tendon scaffolds; biodegradability, biocompatibility, superior mechanical properties and maintance, biofunctionality and processability.

Ligament and tendons accomplished by engineering has excellent mechanical strenght, elasticity, structural integrity and toughness.

Bone marrow-derived mesenchymal stem cells  (BMSCs) and anterior cruciate ligament fibroblast (ACLFs) on combined SF porous scaffolds for ligament tissue engineering application were studied to compare the cellular response. The results indicated that BMSCs were found to be beter cell source than ACLFs for the further study of ACL tissue engineering whatever the cellular response in vivo and in vitro [23].

1.6.3. Blood- Contacting Material

Several approaches have been used to improve blood compatibility of SF. Silk fibroin have been modeled after the structure of the highly sulfated polysaccharide heparin, which is used anticoagulant.

SF derivatives produced through the reaction with chlorosulfonic acid, and sulfonated silk blends were shown to be effective anticoagulants, suggesting that this type of chemical modification of SF would be useful for applications where these materials will be in contact with blood [2].

A second approach to improving the blood compatibility of SF by the grafting of water-soluble polymers such as 2-methacryloxy ethyl phosphorylcholine (MPS) onto the surface or by blending with 5- carboxymethyl keratine [24].Grafting MPC onto polymers has been shown to reduced protein and cell adhesion to membranes used in blood dialysis.

1.6.4.  Non-Thrombogenic Response

Thrombogenicity is defined (Williams, 1987) as the ability of a material to induce or promote the formation of thromboemboli. Here we are concerned with strategies to lower thrombogenicity, if not actually reduce it to zero, “nonthrombogenicity.” Thrombogenicity should be thought of as a rate parameter, since low rates of thrombus or emboli formation are probably tolerable since the fibrinolytic or other clearance systems exist to remove “background” levels of thromboemboli. We are principally concerned with rates of thrombus formation that are sufficient to occlude flowpaths in medical devices (e.g., block the lumen of catheters) or rates of embolus formation that cause downstream problems such as myocardial infarction or transient ischemic attacks [47].

1.6.5.  Drug Delivery 

Drug delivery is the method or process of administering a pharmaceutical compound to achieve a therapeutic effect in humans or animals. Drug delivery release profile, absorption, distribution and elimination for the benefit of improving product efficacy and safety as well as patient convenience and compliance [27].

The goal of an ideal drug delivery system is to deliver a drug to a specific site, in specific time and release pattern. The traditional medical forms (tablets, injection solutions, etc.) provide
drug delivery with peaks, often above the required dose (Figure-6).The constant drug level in blood or sustained drug release to avoid multiple doses and bypassing of the hepatic “first-pass” metabolism are the main challenges for every delivery system. Two types of systems can be distinguished:
• Osmotic membrane systems.
• Diffusion controlled membrane systems [40].

Figure-6: Drug concentration in blood during drug delivery. The various cases; maximum, minimum, traditional dose and controlled delivery are indicated.

[image: ]

Osmotic membrane systems

Figure-7 shows a cross-section of an osmotic system. It consists of a reservoir made of a polymeric membrane permeable to water but not to the drug (semi-permeable membrane). The reservoir contains a concentrated drug solution. As water crosses the membrane due to osmotic pressure, the drug solution is released through the orifice. Using these devices one can deliver various types of drugs at relatively high fluxes. If the system does not contain an orifice, it can be used for one time dose by bursting of the membrane when osmotic pressure is high [40].

Figure-7: Illustration of an osmotic drug delivery system.
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Diffusion controlled membrane systems

In diffusion controlled membrane systems, the drug release is controlled by transport of the drug across a membrane. The transport is dependent on the drug diffusivity through the membrane and the thickness of the membrane, according to Fick’s law. The membrane can be porous or non-porous and biodegradable or not. These systems find broad application in pills,
implants and patches [40]


A- Pills

The diffusion principle is applied to pills and tablets. The drug is pressed into tablet which is coated with a non-digestible hydrophilic membrane. Once this membrane gets hydrated, a viscous gel barrier is formed, through which the drug slowly diffuses. The release rate of the drug is determined by the type of membrane used [40].

B- Implants

Implants consist of a membrane reservoir containing a drug in liquid or powder form. The drug slowly diffuses through the semi-permeable membrane and the rate of diffusion depends on the characteristics of both the drug and membrane. The thickness of the membrane is constant to secure uniformity of drug delivery [40].

C- Patches

The most characteristic examples are ocular (eye) and transdermal patches. Ocular patches are typical membrane-controlled reservoir systems. The drug, accompanied by carriers, is captured in a thin layer bet- ween two transparent, polymer membranes, which control the rate of the drug release (Figure-8). An annular white-coloured border is surrounding the reservoir for handling of the device. The device is placed on the eye, where it floats on the tear film. Through diffusion, the drug is directly administered to the target area [40].

Figure-8: Schematic illustration of ocular device
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Bombyx mori SF is a protein soluble in water, and, when processed into scaffolds, results in a
biomaterial with excellent mechanical properties, slow bio-degradation and well established
biocompatibility [23]. So, SF has been suggested as a platform for drug delivery either in the form of films, nanofibers, microspheres, nanoparticles, hydrogel or coating.

1.6.5.1.  Silk Fibroin Forms for Drug Delivery Application

Scaffolds

Scaffold, commonly prepared from natural or synthetic polymers. Scaffolds should:
(1) support cell attachment, migration, cell–cell interactions, cell proliferation and differentiation;
(2) be biocompatible to the host immune system where the engineered tissue will be implanted;
(3) biodegrade at a controlled rate to match the rate of neotissue growth and facilitate the integration of engineered tissue into the surrounding host tissue;
(4) provide structural support for cells and neotissue formed in the scaffold during the initial stages of post-implantation and
(5) have versatile processing options to alter structure and morphology related to tissue-specific needs.

Silk-based 3D scaffolds are used for bone tissue regeneration due to their biocompatibility and mechanical properties.

V.Karageorgiou et al.,2006 Silk-based 3D scaffolds are attractive biomaterials for bone tissue
regeneration because of their biocompatibility and mechanical properties. The 3D silk fibroin scaffolds loaded with bone morphogenetic protein-2 (BMP-2) were successfully developed for sustained release of BMP-2 in order to induce human bone marrow stromal cells to undergo osteogenic differentiation when the seeded scaffolds were cultured in-vitro and in-vivo with osteogenic stimulants for 4 weeks [28].

Recently, adenosine release via silk-based implanted to the brain has been studied for refractory epilepsy treatment. Silk-based implants to release adenosine demonstrated threapeutic ability, including the sustained release of adonosine over a period of two week via slow degradation of silk, biocompatibility and the delivery od predetermined dose of adenosine.

Silk Film

Silk films have been used with covalent decoration of functional peptide as implants for bone formation and drug delivery.

Silk fibroin films can be produced by casting the aqueous, acidic and ionic silk solution. Fabrication of silk films by spin coating and Langmuir-Blodgett (LB) process is also reported
Additionally, manual or spin assisted layer by layer deposition techniques have been used to produce very thin films As stability of such cast films is low, techniques like controlled drying water annealing stretching and alcohol immersion are used to improve β-sheet crystallinity. It is often necessary to control surface properties of silk films for guided and enhanced cell growth or to change the optical properties. Lithography and advanced printing systems are employed to achieve such features [16].(Figure-9)

Figure-9: Schematic for making patterned and nonpatterned silk films.
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Nanofiber

The natural extracellular matrix is a composite material with fibrous collagens embedded in proteoglycans. The collagen fibers are organized in a 3D porous network that form hierarchical structures from nanometer length scale multi-fibrils to macroscopic tissue architectures  .The structures generated by electrospinning contain nanoscale fibers with microscale interconnected pores, resembling the topographic features of the extracellular matrix [29].

Microsphere

Silk fibroin microspheres were processed using spray-drying, however, the sizes of the microspheres were above 100 μm, which is suboptimal for drug delivery [30].

Other methods to prepare silk microspheres include lipid vesicles as templates to efficiently load bioactive molecules for local controlled releases was reported [29]. (Figure-10)

In more recent studies, a newmode to generate micro- and nanoparticles from silk, based on blending with polyvinyl alcohol (PVA) was reported [31]. This method simplifies the overall process
compared with lipid templating and provides high yield and good control over the feature sizes, from300 nm to 20 μm, depending on the ratio of polyvinyl alcohol/silk used [29].( Figure-11)


Figure-10: Schematic of silk microsphere preparation using DOPC (1,2-dioleoyl-sn-glycero-3-phosphocholine, DOPC)
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Figure-11: Schematic of silk microsphere preparation using PVA.
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Nanoparticle

Silk micro and nano-particles are produced from silk solution by freeze drying and grinding, spray drying, jet breaking, self-assembly and freeze-thawing [16].

Drug delivery systems via silkworm silk-based nanoparticles have been investigated. Biologically derived silk fibroin-based nanoparticles (b100 nm) for local and sustained therapeutic curcumin delivery to cancer cells were fabricated by blending with noncovalent interactions to encapsulate curcumin in various proportions with pure silk fibroin or silk fibroin with chitosan. The silk-based nanoparticles containing curcumin showed a higher efficiency against breast cancer cells and have potential to treat in-vivo breast tumors by local, sustained, and long-termtherapeutic delivery [29].

Hydrogel

Silk hydrogels are formed through sol–gel transition of aqueous silk fibroin solution in the presence of acids, dehydrating agents, ions, sonication or lyophilization. Sol–gel transition can be accelerated by increasing the protein concentration, temperature, and addition of Ca2+ Silk hydrogels can be useful for injectable or non-injectable delivery systems [16].(Figure-12)

The processes for producing regenerated SF hydrogels are as follows: (a) silk is obtained from silk cocoons; (b) the sericin layer covering the silk fibers is removed; (c) the disulfide bonds are broken in order to obtain aqueous SF solutions; (d) the silk aqueous solutions are concentrated; (e) some acid, ions, or other additives are added; (f) after further processing, such as freeze-drying [23].






Figure-12: Methods of preparing silk hydrogels.
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Coating

Coatings of silk fibroin have been studied to provide interfaces for biomaterials. The driving force of self-assembly to form coatings is hydrophobic and some electrostatic interactions. The flexibility of silk-based coatings has been investigated using an aqueous stepwise deposition process with B. mori silk solution, which can control the structure and stability
of the silk fibroin in layer-by-layer films [32].

The secondary structure of silk fibroin in the coatings was regulated to control the biodegradation rate, which indicates that release of drugs from these coatings can be controlled via layer thickness, numbers of layers and secondary structure of the layers [29].

Nanolayer coatings of silk fibroin to contain model compounds of small molecule drugs and therapeutically relevant proteins, such as rhodamine B and azoalbumin, have been prepared using the stepwise deposition method [34].

Multilayered silk-based coatings have been developed and used as drug carriers and delivery
systems to evaluate vascular cell responses to heparin, paclitaxel, and clopidogrel [33].

1.6.5.2.  Fabrication of Silk-based Drug Delivery Devices

Silk fibroin form of hydrogel, film, scaffold, microparticle, nanoparticle, coating have been used drug delivery system. Drug delivery device made of SF fabricated different type of technique. Their choise depend on mode of application, processability, desired release kinetics and stability of the drug.

Film Casting

Silk film fabricated by casting solutions of SF inwater or in HFIP on plates or intomolds. The
SF films are dried and then treated with either methanol or exposed to water vapor in order to induce water insolubility. SF films may be suitable in order to test the influence of the fabrication process on the stability of the loaded drug or the interaction of the drug with SF [35].
Gelation

Gelation of SF induces an increase in β-sheet content, SF hydrogels do not need to be post-treated with any solventto induce water insolubility [36].

SF, having a pI of about 4,2,hydrogels were prepared by lowering the pH of a SF solution in the presence of the drug with citric acid to pH 4 to induce gelation [37].Blending of SF with poly(ethylene) oxide (PEO) or poloxamer induced gelation through an increase in β-sheet content at around pH 7 due to the dehydration of SF, and may, therefore, be beneficial for the incorporation of drugs, which are sensitive to low pH values[35-36].

Other methods that were used to prepare SF hydrogels, including increases in temperature and SF content, led to enhanced interactions among SF chains.Addition of Ca2+ decreased the repulsion among SF molecules and resulted in a stronger potential for the formation of β-sheets[36-37].Rapid formation of SF hydrogels using ultrasonication was reported , allowing the incorporation of drugs right after ultrasonication and just before gelation, thus avoiding detrimental effects[35].

Freeze-drying

A common method that is frequently applied for the preparation of SFmatrices is the freeze-drying of aqueous SF solutions after shaping the desired drug delivery systemusing an appropriate mold. Freeze-drying is amild fabrication process and leads to porous structureswhich largely affect drug release kinetics. Previous studies reported on the influence of different freezing temperatures prior to lyophilization on the pore size in SF matrices[35].

Lowering the temperature resulted in smaller, highly interconnected pores and high porosity, apparently due to the shortening of timeneeded for the growth of ice crystals, whereas higher
freezing temperatures led to larger pores and lower porosity[35].

Electrospinning

In electrospinning, a strong electrical field is applied between a grounded target and a polymer solution that is pumped from a storage chamber through a small capillary orifice. When the voltage reaches a critical value, the charge overcomes the surface tension of the deformed drop of the polymer solution formed at the capillary orifice, and a jet is produced. Evaporation of the solvent occurs, and the dry fibers accumulate on the surface of the grounded target forming a nonwoven mesh [38]. The process has become popular in tissue engineering as the structures generated are formed by nanoscale fibers that mimic the structure of the extracellular matrix (ECM).

Using electrospinning, various drug delivery devices could be produced through the control of fiber diameter and porosity of fiber mats by adjustment of solution properties and fabrication parameters such as applied voltage, viscosity, composition and feeding rate of the polymer solution [35].

Layer-by-layer deposition

Layer-by-Layer deposition is a thin film fabrication technique. The films are formed by depositing alternating layers of oppositely charged materials with wash steps in between[39].
The feasibility to coat hydrophobic and hydrophilic materials, and the possibility to control the composition and the thickness of the films by the number of deposited SF layers, SF concentration, salt concentration in the dipping solution, and rinsing method makes the layer-by-layer deposition of SF attractive for controlled drug release applications. Drug molecules may be incorporated either in or between layers. A virtually unlimited range of shapes and materials could be coated which opens diverse opportunities for tunable systems to control drug release. The β-sheet content of the coatings could be controlled by methanol treatments[35].

Spray-drying and Lipid vesicle

The fabrication of SF spheres is spray-drying of an aqueous SF solution.Too rapid drying of the SF microparticles impedes the transition into β-sheet conformation. Therefore, spraydried
SF microparticles need to be further treated, e.g., with water vapor to achieve water insolubility [35]

Another method to fabricate SF microparticles was developed using lipid vesicles as templates . The lipid was subsequently removed by methanol or sodium chloride treatments, which resulted in SF microparticles that were enriched in β-sheet structure [35].

















2.EXPERIMENTAL
2.1 Material and Method
2.1.1 Reagents and Chemicals
Cocoon of Bombyx mori silkworm silk were supplied by Nort Cyprus Villages. CAN (Ceric Amonyum Nitrat ) was purchased from Sigma-Aldrich (St. Louis, MO, USA).Sodium carbonate ([image: ]) and Calcium Chloride ([image: ]) , Methylenediacrylamide( [image: ]), CAN (Ceric Amonyum Nitrat ), Methanol ( [image: ] ) and HAC ( Acetic Acid ) were purchased from E.Merck D-6100 Darmstadt. Clopidogrel Bisulfate was supplied by Biofarma and Ali Raif Company (İstanbul, Turkey). Deionized (DI) water was used in all washing steps. Ultrapure (UP)water was used to prepared silk fibroin. All other chemhical were of analytical grade, were purchased from Polygen (Ankara, TURKEY),were used without any additional purification.
2.1.2 Preparation of Silk Fibroin
2.1.2.1 Silk Degumming;
Cocoon of Bombyx mori were firstly striped into small pieces and  measured 1.013 gm and  boiled for 3 hour in a aqueous solution of 0,1 M Sodium carbonate ([image: ]) , at 70°C and then rinsed throughly with warm ultrapure water to extract the glue-like sericin proteins. This prosedure carried out three times and then dried at room temprature.

  [image: 20121022_120259.jpg]                        [image: SAM_0764.JPG]
       Figure-13: Degumming process                                        Figure-14: Measuring of SF

2.1.2.2 Dissolution of Degummed Silk Fibroin;
The resulting degummed fiber was subsequently dissolved in a ternary system, i.e. a mixed solution of calcium chloride, ethanol, and water ([image: ] . [image: ] . [image: ] : 1:2:8 mole ratio), at 75°C for 2 h, respectively. Consisted fibroin-salts solution filtretion with filter paper and the supernatant was dialyzed continuously for 72 h against running ultrapure water to remove [image: ], smaller molecules, and some impurities using a cellulose semi-permeable membrane ( made of Carboxymethyl, diameter: 2,7 cm, lenght: 35 cm ). The resulting liquid silk fibroin was stored at 4°C and used in the following experiments for the reparation of silk fibroin nanoparticles, scaffolds, films and grafting.

 [image: 20121022_145052.jpg]            [image: 20121022_142216.jpg]
	
          Figure-15: Filtration of SF                  Figure-16: Cellulose semi-permeable membrane 

 [image: 20121022_165253.jpg]                  [image: 20121023_090611.jpg] 

Figure-17: Dialysis System

[image: ]


Figure -18 SEM Micrographs of Raw Silk Fibroin Cocoons


[image: ]

Figure -19 SEM Micrographs of silk fibers after degumming process

2.1.2.3 Preparation of Silk Fibroin Microparticle

To prepare 0.1M TPP ( Sodium Triphosphate Pentabasic) for obtain microparticle surface. The N’- N Methylene-diacrylamide (Crosslinker) was dissolved in SF solution ( 10 mL SF solution, 100 μL Crosslinker), was dropped into mixture of 0,1 M sodium triphosphate pentabasic ( TPP )  helped by syringe to prepare nonimprinted silk fibroin triphosphate beads and than prepare just using SF solution to compare with crosslinker. After this process, waited 1 day and the beads formed were collected. They were then washed with distilled water for neutralization and dried at room temprature.

Tablo-6: Preparation of Silk Fibroin Microparticle

	Silk Fibroin Microparticle 

	Silk fibroin(SF)
	SF + Crosslinker  (N'-N Methylne diacrylamide )

	200 ml TPP
	200 ml TPP

	10 ml SF
	10 ml SF

	 -------
	100 μl Crosslinker




Figure - 20: Preparation of Silk Fibroin Microparticle


[image: ]         [image: ]



[image: ]



Figure - 21  FTIR spectra of Silk Fibroin microparticles prepared at 0.1 M  ripolypentaphosphate solution.

As shown on figure 18, amide I band at 1655 cm-1 and Amide II band at 1537.5 cm-1 were present first three FTIR spectra of samples (a) SF microparticles at TPP, (b) Silk I and (c) Silk II.

[image: ]

Figure 22 SEM Micrograph of Silk Fibroin microparticles prepared with 0.1 M TPP solution..
2.1.2.4 Preparation of  Silk Film
Silk fibroin films were then prepared by casting the solution on to smooth polystyrene plates at room temperature and constant humidity. 2 ml of liquid silk fibroin and 2 ml of 0,1 M Methylenediacrylamide ([image: ] ) were acquired mixture. This silk fibroin-methylenediacrylamide solution was injected  the lam and coated  all surface and then placed the UV( Ultravisible light) for  to observed  short wave and long wave form of silk film .After the three hour,dried with a metanol to are used to improve β-sheet crystallinity.The silk films were washed with ultra pure water to remove methanol .

[image: 20121213_133932]

Figure-23: Long and Short Wave Silk Film

     
    2.1.2.4.1 Preparation with Clopidogrel Bisulfate Solution Silk Fibroin Film

Clopidogrel (INN) is an oral, thienopyridine class antiplatelet agent used to inhibit blood clots in coronary artery disease, peripheral vascular disease, and cerebrovascular disease. Plavix (clopidogrel bisulfate) is a thienopyridine class inhibitor of P2Y12 ADP platelet receptors. Chemically it is methyl (+)-(S)-α-(2-chlorophenyl)-6,7-dihydrothieno[3,2-c]pyridine-5(4H)acetate sulfate(1,1).The empirical formula of clopidogrel bisulfate is C16H16ClNO2S•H2SO4 and its molecular weight is 419,9. [48]

The structural formula is as follows:

Figure - 24 : Clopidogrel Bisulfate structure

[image: PLAVIX (clopidogrel bisulfate) Structural Formula Illustration]

To prepared silk film with clopidogrel bisulfate for first kind of film, were prepared 0,2 gr Clopidogrel bisulfate and dissolved in 10 ml metahanol and than for second kind of film were prepared 0,2 gr Clopidogrel bisulfate and dissolved in 10 ml ethonol. The Silk Fibroin films were prepared by casting of 2 ml Silk Fibroin mixture with 15μl Clopidogrel Bisulfate metahonol combination on the 5cm polystryrene plates at room temprature. The plates were placed the UV( Ultravisible light) for to observed short wave form of silk film. After the three hour, dried with a metanol to are used to improve β-sheet crystallinity. The silk films were washed with ultra pure water to remove methanol. This process were repated for 2ml Silk Fibroin mixture with 15μ Clopidogrel Bisulfate ethanol combination.



[image: ]

Figure  - 25: XRD-patterns for (a) Pure Silk Fibroin film, (b) Silk Fibroin/N, N’ methylene- di acrylamide under UV and (c) SF scaffold prepared at -80oC.

As shown on the patterns crystalline structure percentage increases as the silk fibroin crosslined by the N, N’ methyelen- di acrylamide anpercent amourpous structure decreases.



Tablo 7: Preparation with Clopidogrel Bisulfate Silk Fibroin Film; TriEGDMA was used for development of Clopidogrel Bisulfate surface adhesion to Silk Fibroin Film.


	 
	Silk Fibroin (SF)
	TriEGDMA
	CL-M
	CL-E

	ST1
	2 mL
	10 μl
	 
	 

	ST2
	2 mL
	20 μl
	 
	 

	ST3
	2 mL
	30 μl
	 
	 

	ST4
	2 mL
	40 μl
	 
	 

	SCM01
	2 mL
	 
	15 μl
	 

	STCM1
	2 mL
	10 μl
	15 μl
	 

	STCM2
	2 mL
	20 μl
	15 μl
	 

	STCM3
	2 mL
	30 μl
	15 μl
	 

	STCM4
	2 mL
	40 μl
	15 μl
	 

	SCE02
	2 mL
	 
	 
	15 μl

	STCE1
	2 mL
	10 μl
	 
	15 μl

	STCE2
	2 mL
	20 μl
	 
	15 μl

	STCE3
	2 mL
	30 μl
	 
	15 μl

	STCE4
	2 mL
	40 μl
	 
	15 μl


   2.1.2.4.2 Preparetion of non-trombogenic surface Silk Fibroin Film

The development of non-thrombogenic biomaterials has remained one of the most elusive challenges in biomaterials science for decades. When any medical device comes into contact with flowing blood, the ability to resist the initiation of the process leading to the development of a thrombus is of considerable importance. This is relevant to long-term implantable cardiovascular devices, extracorporeal circulation and intravenous catheters and sensors. Although many such devices are in use clinically, the universal non-thrombogenic material has not yet been developed, and various strategies, including systemic anticoagulation, have been used in the risk management process with respect to thrombogenicity.[49]
To prepared Silk Fibroin Film, were measured trombin time by Stago- Stacompad device for detect blood clotting our Silk Fibroin Film surface.
The Prothrombin time (TT), also known as the thrombin clotting time (TCT) is a blood test that measures the time it takes for a clot to form in the plasma of a blood sample containing anticoagulant, after an excess of thrombin has been added. It is used to diagnose blood coagulation disorders and to assess the effectiveness of fibrinolytic therapy. This test is repeated with pooled plasma from normal patients. The difference in time between the test and the 'normal' indicates an abnormality in the conversion of fibrinogen (a soluble protein) to fibrin, an insoluble protein. The Prothrombin time compares the rate of clot formation to that of a sample of normal pooled plasma. Thrombin is added to the samples of plasma. If the time it takes for the plasma to clot is prolonged, a quantitative (fibrinogen deficiency) or qualitative (dysfunctional fibrinogen) defect is present. In blood samples containing heparin, a substance derived from snake venom called batroxobin (formerly reptilase) is used instead of thrombin. Batroxobin has a similar action to thrombin but unlike thrombin it is not inhibited by heparin.[50]  

Tablo 8: Measure of ProTrombin Time for SF Film
	SAMPLE
	 ΔT(MINUTE)
	PT5B RKD %
	INR
	PT(SEC)
	APTT(SEC)

	      Plasma
	 
	 
	 
	 
	 

	A1
	0 min
	30%
	2, 48
	26,8
	           -----

	
	5 min
	30%
	2, 48
	26,8
	90,3

	
	5 min 
	30%
	2, 47
	26,7
	91,3

	
	10 min
	26%
	2, 89
	30,1
	94

	
	10 min
	26%
	2, 90
	30,8
	96,1

	A2
	0 min 
	5%
	17,69
	120,1
	            -----

	
	5 min
	29%
	2,55
	27,4
	93,9

	
	5 min
	29%
	2,54
	27,3
	93,2

	
	10 min
	26%
	2,84
	29,7
	95,5

	
	10 min
	26%
	2,86
	29,9
	94,6


2.1.2.5 Preparation of Silk Graft
10 ml of liquid silk fibroin and 20 ml 0,1 M HAC (Acetic Acid) and 0,05 gm CAN (Ceric Amonyum Nitrat) were obtained solution. In the process used 5 bar nitrogen three hour at 43°C to protected to crysalline structure. After form of grafting we are used pure Aseton to precipitated.
   [image: 20121210_145705.jpg]                      [image: 20121213_134000.jpg]
      Figure - 26: Silk-Grafting System                            Figure - 27 : Silk-Grafting material

2.1.2.6 Cell-Culture with Mesenchymal Stem Cells
Cell culture process first; MSC-growth media was put into another falcon tube,then flask was washed with trypsine to removed to cells from surface.Flask was put under the microscope and cells were mobiled.Growth-media was put into the flaks to inactivated to trypsine.Then all material that in the flask was transferred to the falcon tube whic MSC-growth media was put.Growth media was added on the flaks in order to started a new culture and flask was put into the incubator (37.5°C , % 4 [image: ]).25mL growth media was added into the falcon tube and tube was put into  centrifuge (4 minuted,1300 rpm).Supernatant was poured and have only Mesenchymal Stem Cells.By using a micropipette cells were put onto counting slide and then counted under the microscope.
  [image: SAM_2380.JPG]                     [image: SAM_2385.JPG]
Figure-28: Flask washing with trypsine              Figure-29: Growth-media  put into the flaks
    [image: SAM_2370.JPG]              [image: SAM_2372.JPG]   
Figure-30: Cells  put onto counting slide                    Figure-31: Counting thecnique  under 
                                                                                                       the microscope
2.1.2.7 Platelet Adhesion In Vivo
Sample were pre-conditioned as describe below and incubated in fresh human platelet-rich plasma (PRP) from healty donor ( provided by Transfusion Unit, Near East University Hospital, Nicosia, Cyprus).Silk fibroin films were put inside 500μl blood plasma and waited 30 minutes,45 minutes and 1 day in Etüv under static condition at 37°C. After waited in Etüv, were carried out peripheral blood smear. Peripheral blood smear follow three steps; Fist step,were took silk fibroin films inside of blood plasma and were dunked may grunwald,were waited 5 minutes and dried with distillate water.Second step; were dunked giemsa,were waited 8 minutes and dried with distillate water.Third step; were waited 1 minutes in distillate water and were put out for drying.

Tablo 9: Silk fibroin film and blood plasma time table in Etüv.
	Δt
	Sample 1
	 Sample 2
	Sample 3
	Sample 4
	Sample 5

	30 minutes
	             ✔ 
	 
	 
	 
	 

	30 minutes
	 
	            ✔
	 
	 
	 

	45 minutes
	 
	 
	          ✔
	 
	 

	45 minutes
	 
	 
	 
	           ✔
	 

	1 day
	 
	 
	 
	 
	           ✔



Figure – 32: a) left test tube were may grunwald and right test tube were giemsa. b ) After Peripheral blood smear silk fibroin film.
a)                                                                       b )
[image: ]              [image: ]
2.2 Results and Discussions
Laboratory studies showed that silk cocoons can easily be processed.  After purification of silk fibroin, it is cast on a thin glass plate and placed under UV for film formation. The resulting film adhered to the plate. 
In Silk-grafting process; we are seen nanoparticles but they were attached and occued macroparticles. So we were waited to precipitated by aseton.
In Degumming process; Degumming loss, which represents a quantitative evaluation of the degumming efficiency, indicates the weight loss of the fabric. So first we measured 1.0013 gm silk fibroin and after degumming we measured 0.712 gm.

2.2.1 Characterization of liquid silk fibroin with Infrared Spectroscopy;
When the degummed fiber of silk fibroin was solubilized in the ternary system of calcium chloride, ethanol, and water ([image: ] . [image: ] . [image: ] : 1:2:8 mole ratio), at 75°C for 2 h lots of amide bond in the molecular chains of silk fibroin were broken down at different sites. The structure of the liquid silk fibroin was characterised by Fourier transform infrared spectroscopy (FTIR). FTIR spectra of liquid silk fibroin were collected using a Nicolet 6700 spectrometer equipment with  the attenuated total reflection (ATR) Ge crystall cell in reflection mode from Government Chemistry Laboratory .Each spectrum for sample was acquired in transmittance mode with a spectral range 4000-400 [image: ] ( used Omnic software ). Background measurements were taken with an empty cell and subtracted from the sample readings.






Figure -  33: The structure of the liquid silk fibroin was characterisation

[image: C:\Users\iReMuNaLaN\Desktop\20130103_181832.jpg]


2.2.2 Protein Assay Analysis
Protein quantitation is often necessary before processing protein samples for isolation, separation and analysis by chromatographic, electrophoretic and immunochemical techniques. Depending on the accuracy required and the amount and purity of the protein available, different methods are appropriate for determining protein concentation. The fibroin protein concentration was measured by the Bradford protein assay procedure (Bradford et al., 1976). The fibroin solution was added to the Bradford reagent and  incubated at 30°C for 5 min. and the absorbance at 595nm was measured .The Bradford assay relies on the binding of the dye Coomassie Blue G-250 to protein. Thus, the quantity of protein can be estimated by determining the amount of dye in the blue ionic form , usually achieved by measuring the absorbance of the solution at 595 nm. Bovine serum albuminwas used as a standard protein. So, the liquid silk fibroin protein analysis did by this technique from Government Chemistry Laboratory.

         2.2.3 Scanning Electron Microscopy (SEM)
The morphological characteristics of silk fiber, both before and after degumming process, were determined by scanning electron microscopy (SEM).SEM analysis of the samples was carried out at Hacettepe University.

Figure - 34:  a)  6BC determined after degumming process silk fiber, b) 7BC determined before degumming process silk fiber.
a)                                                                   b)   
[image: ]              [image: ]

2.2.4 Platelet Adhesion In Vivo
[image: ][image: ]
Figure - 35: Electron microscope images of the SF films after treated with plasma rich blood sample from healthy human. 
As shown on the images, there were no platelet adhere on the surface of the films which indicated high blood compatibility for the modified films. 




3. CONCLUSIONS
Silks are  fibrous proteins with unusually high mechanical strength in fiber form.So Silk is improtant for new biomaterial generation from silkworm.

Silk fibroin was successfully purified and obtained form of film and grafting.Liquid Silk fibroin analysed by FTIR. Silk fibroin films is an important future prospect with better mechanical properties. SF can be processed into diverse morphologies to meet different needs in biomedical applications. Surface modification of films can be an improvement for biocompatibility. Modified silk fibroin is in need for tissue engineering applications. 
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Novel mechanical properties of some silks that are superior to any other natural fiber and rival many high performance fibers
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No known risk of bioburden

Concerns
Adeguate removal of contaminating sericin from silkworm silk to avoid biocompatibility problems
Slow degradation of crystalline (f-sheet) regions
Aborted proteolytic attack by macrophages and giant cells leading to encapsulation and the formation of a granuloma
Potential sensitization to silk fibroin resulting in an allergic response upon exposure (o the biomaterial
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| CASNumber 0000

| Manufacturer. MAMOE:

[ ——
. Match:30.00
. Chem Name:
05+ Type: Additive - Wax
. Supplier:
| Vol Page: 2.925C

17.1075(1984)

7,1075(1984)

1.0 NN Dimethyimethyleneammonium shirde

| Match:29.87

| Aldrich Catalog No: 32449-3

05

| Molecular Wi 9356
| Bolling Pt

1 CAS Number. 30354-18-
| Molecular Formula: C3HBCIN
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