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SYNOPSIS 

 

 Sericin, a hot water-soluble globular silk protein has been a subject of many recent 

studies. It possesses unique properties such as good moisture absorption and very good 

compatibility with human skin. Therefore it finds many applications in cosmetics, 

pharmaceuticals, textiles, etc. Presently sericin is finding several new applications, both as neat 

or blended compositions. Sericin has been blended with many polymers to modify its properties. 

Thus, it is apparent that sericin and its blends with other polymers have lots of potential 

applications. However, it has limitations like poor tensile strength, poor thermal stability, etc. 

Moreover, studies are directed towards transforming sericin into a biomaterial by cross-linking 

with natural as well as synthetic polymers.  

 The present study aims to develop a hydrogel from chemically modified silk sericin. In 

this study it was hypothesized that:  

“Chemically modified sericin, when cross-linked with glutaraldehyde, would produce a 

biodegradable and biocompatible hydrogel system having sufficient hydrophilicity, strength and 

handling characteristics so that they can be used for biomedical applications”. 

The objectives adopted to illustrate this hypothesis are: 

 Chemical modification of sericin 

 Characterisation of chemically modified sericin 

 Fabrication of hydrogel  from chemically modified sericin 
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 Characterization of hydrogel by chemical and thermal methods, mechanical testing and 

morphological studies. 

 Cytocompatibility evaluation by dermal fibroblast monolayered culture 

 
 Chemically modified sericin crosslinked with glutaraldehyde was characterized by 

spectroscopic, thermal and X-ray diffraction techniques. The hydrogel resulting from the 

chemically modified and crosslinked sericin was characterized by evaluating its morphology, 

thermal stability, degradation behavior and biological properties. Biological characterization of 

the hydrogel revealed its cytocompatibility with L929 fibroblast cell lines. 
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 CHAPTER 1 

INTRODUCTION 

 
1.1 BACKGROUND 

 The silk produced by the larvae of the domesticated silkmoth (Bombyx mori) had an 

important role in the textile industry for millennia, and is, by far, the most extensively studied 

silk. The two constitutive proteinaceous molecular complexes in the silks produced by insects are 

fibroin and sericin. Following seminal studies by Minoura’s group (Minoura et al. 1990, 1995a, 

b), the silk proteins, especially the fibroin produced by the B. mori silkworm, have been widely 

investigated as potential biomaterials and considered for tissue engineering applications (Altman 

et al, 2003). The assembly of polypeptides known as ‘sericin’ represents about one quarter of the 

total protein content of B. mori cocoons, sericin can be easily removed in a process known as 

‘degumming’ and isolated as a pure product.  

 Sericin is a polypeptide composed of 18 amino acids with high content of serine and 

aspartate (Takasu, 2002). The molecular weight of sericin depends on the method of its 

extraction from silkworm cocoons. Ethanol precipitation of sericin yields a molecular weight of 

800 Da (Yoko, 2002). It is a hydrophilic macromolecule with high content of hydroxyl and 

carboxyl groups (Patel, 2011). Structural analysis of sericin gene revealed two closely related 

mRNAs of length 11.0 and 9.6 kilobases. A strong homologous region in the sericin and 

fibroingenes at their corresponding 5‟ flanking sequences was identified (Harumasa et al, 1982). 

Sericin is soluble in hot water and insoluble in cold water; however, it is easily hydrolyzed. In 

this process, the long protein breaks down into smaller molecules which are easy to solubilise in 

hot water (Gulrajani et al, 1988). Sericin is highly advantageous because of its special properties 
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like oxidation resistance, antibacterial and UV resistance. It absorbs and release moisture easily 

(Mondal et al, 2007). In the field of regenerative medicine, owing to its biodegradability, easy 

availability, and hydrophilicity with many polar side groups, sericin is mostly copolymerized, 

cross-linked, or blended with other polymers to form various scaffolds in order to help obtain 

improved properties for relevant biomedical applications, such as skin regeneration (Wang et al, 

2014). 

  The biocompatibility concern of sericin has been largely neglected as a potential 

biomaterial. Although still underutilized, there has been a change over the last decade in the 

attitude re- garding the potential applications of sericin in various fields of human activity. This 

was mainly prompted by environmental and economical concerns with respect to the large 

amounts of sericin, estimated to exceed 50,000 tonnes annually (Mondal et al, 2007), which have 

to be discarded as waste from silk processing factories, and also by the realization that sericin is 

a biocompatible material despite being traditionally regarded as a pathologic allergen. A 

comprehensive review (Kundu et al, 2008) presents a detailed account of current uses of sericin, 

chiefly from B. mori silkworms, in cosmetics, pharmaceuticals, dietary foods, controlled drug 

administration, wound dressing, and media for cell culture. 

 Hydrogels are three-dimensional, hydrophilic, polymeric networks capable of imbibing 

large amounts of water or biological fluids. The networks are composed of homopolymers or 

copolymers, and are insoluble due to the presence of chemical crosslinks, or physical crosslinks, 

such as entanglements or crystallites (Peppas et al, 1976). The latter provide the network 

structure and physical integrity. These hydrogels exhibit a thermodynamic compatibility with 

water which allows them to swell in aqueous media. There are numerous applications of these 

hydrogels, in particular in the medical and pharmaceutical sectors (Ratner et al, 1976). Hydrogels 
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resemble natural living tissues more than any other class of synthetic biomaterials. This is due to 

their high water contents and soft consistency which is similar to natural tissue. Furthermore, the 

high water content of the materials contributes to their biocompatibility. Thus, hydrogels can be 

used as contact lenses, membranes for biosensors, linings for artificial hearts, materials for artifi 

cial skin, and drug delivery devices. 

 Hydrogels can be classified as neutral or ionic, based on the nature of the side groups. 

According to their mechanical and structural characteristics, additionally, they can be 

homopolymer or copolymer networks, based on the method of preparation. Finally, they can be 

classified based on the physical structure of the networks as amorphous, semicrystalline, 

hydrogen-bonded structures, supermolecular structures and hydrocolloidal aggregates. Hydrogels 

may also show a swelling behavior dependent on the external environment. These polymers are 

physiologically responsive hydrogels (Peppas et al, 1999), where polymer complexes can be 

broken or the network can be swollen as a result of the changing external environment. These 

systems tend to show drastic changes in their swelling ratio as a result. Some of the factors 

affecting the swelling of physiologically-responsive hydrogels include pH, ionic strength, 

temperature and electromagnetic radiation.  

 The main goal of the study is to fabricate sericin hydrogel by using glutaraldehyde as a 

chemical cross-linker. High serine content in sericin makes it highly hydrophilic. If the 

carboxylic groups in sericin is made available to crosslink with the amino groups results to form 

a covalently cross linked network. Reports are available on this by using chemical crosslinkers 

like formaldehyde, glutaraldehydes (Jayakrishnan et al, 1996), glyceraldehyde, hydrogen 

peroxide, benzene, sulphonic acid, guanidine hydrochloride and genipin (Huang et al, 1999). 
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1.2. Literature review      

  The silkworm, Bombyx mori produces massive amount of silk proteins during the final 

stage of larval development. Two kinds of silk proteins have been distinguished as major 

components of silk cocoons, the first being fibroin, a fibrous protein composed of glycoprotein 

linked by disulfide bonds and the second being sericin a natural macromolecular protein, serving 

as an adhesive to unite fibroin for making silk cocoons of silkworm. Silk fibroin has been 

increasingly studied for new biomedical applications due to the biocompatibility, slow 

degradability and remarkable mechanical properties of the material. In addition, the ability to 

control molecular structure and morphology through versatile processability and surface 

modification options has expanded the utility for this protein in a range of biomaterial and tissue-

engineering applications. 

 Silkworm silk fibers have been the primary silk- like material used in biomedical 

applications particularly as sutures. During decades of use, silk fibres have proven to be effective 

in many clinical applications. Tasubouchi et al (1999) developed a silk fibroin- based wound 

dressing that could accelerate healing and could be peeled off without damaging the newly 

formed skin. The non-crystalline fibroin film of the wound dressing had a water content of 3-

16% and a thickness of 10- 100 μm. Subsequently, the wound dressing was made with a mixture 

of both fibroin and sericin. A membrane composed of sericin and fibroin is an effective substrate 

for the proliferation of adherent animal cells and can be used as a substitute for collagen. 

Minoura et al (1995) and Tsukada et al (1999) investigated the attachment and growth of animal 

cells on films made of sericin and fibroin. Cell attachment and growth were dependent on 

maintaining a minimum of around 90% sericin in the composite membrane.  
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1.2.1 Sericin 

  In the formation of silk filament, the cocoon shell is composed of two proteins named 

fibroin, held together by a gum-like protein called sericin. Removal of the sericin from silk fibroin 

is accomplished by a process called "degumming". Sericin is mostly discarded in silk 

processing waste water. If this sericin protein is recovered and recycled, it could lead to 

significant economic and social benefits. The amount of sericin ranges from 19 to 28 

percent according to the type of cocoon, usually the sericin content of the cocoon shell is at 

the maximum level at the outside layer 1 becoming progressively lower at the middle layers 

2 and 3 and the minimum at the inside layer 4 . Sericin is a macromolecular protein, it's molecular 

weight ranges widely from about 10 to over 300 kDa (Zhang et al, 2007). The sericin protein 

is made of 18 amino acids most of which have strongly polar side groups such as hydroxyl, 

carboxyl, and amino groups. Besides, it has the other amino acids necessary to human body. In 

sericin, about 80% amino acid has hydrophilic lateral groups, about 1/3 of which is serine. 

 According to scientific data, sericin of cocoon shell fall under two proportions: (1) α-

sericin and (2) β-sericin. Outer layer of shell is composed of α - Sericin and β -sericin in the 

inner layer. α -sericin contains lesser C and H and somewhat more N and O than the β -sericin 

(Bose et al., 1989). α -sericin is more soluble in the boiling water than β - sericin. Sadov et al 

(1987) have drawn a fact that native sericin is mixture of two substances, Sericin A and Sericin 

B. Degumming of silk results in the isolation of sericin in aqueous solution. It is not a single 

chemical substance rather a mixture of at least two substances. There are scientific descriptions 

that the sericin layers are formed from the outside to inside in the order of I, II, III to cover the 

fibroin on the cocoon thread. These three fractions of sericin were found to have different 

solubilities and named them sericin fractions I, II, and III. The order was based on the ease of hot 
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water dissolution and their ratios were approximately 40:40:20. Sericin I was found to be 

amorphous in nature whereas the other fractions as crystalline. Komatsu et al (1975) observed a 

fourth fraction of sericin which was much harder to dissolve as sericin IV. This fraction was 

reported to have higher specific gravity and crystallinity. 

  Robson et al, (1985) reported that sericin may be separated into sericin I, II, III and IV 

by their different solubilities in hot water and assessing the degree of solubility by UV 

absorption. The greatest sericin content is present in the outer layer of cocoon whereas the least 

sericin proportion is present in the innermost layer of a cocoon. 

  Sericin, as the raw material of cosmetic, has excellent moisture absorption and 

preservative ability. Sericin protein can form a film on the surface of skin and hair so that the 

water in skin can be preserved, and then the harm to skin cutin can be avoided. By applying it, 

the skin can be soft and smooth, and the hair can be soft and flexible, and it also benefits for the 

shaping of hair. Meanwhile, it will not adhere to hair. This protein can be cross-linked, 

copolymerized, and blended with other macromolecular materials, especially synthetic 

polymers, to produce materials with improved properties (Becker et al, 2003).  The sericin 

structure  occurs  mainly  in  an  amorphous  random  coil  and  to  a  lesser  extent,  in  β-

sheet  organized structure.  The  randomly  coiled  structure  easily  changes  to  β-sheet  

structure,  as  a  consequence  of repeated moisture absorption and mechanical stretching 

(Padamwar and Pawar, 2001) 

 Recently, several functions of sericin have been revealed and novel applications 

have been proposed. Minoura et al (1995) reported that murine fibroblast L-929 cells 

attached to films made of sericin and proliferated. Sericin acts as antioxidant to inhibit 

tyrosinase and lipid peroxidation (Kato et al, 1998) and, since oxidative stress is 
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postulated to induce inhibitor of carcinogenesis. Indeed, feeding diets containing sericin 

to ICR mice suppressed colon carcinogenesis induced by 1, 2-dimethylhydrazine (Sasaki 

et al, 2000). The consumption of sericin has also been suggested to enhance the 

bioavailability of several carcinogenesis; dietary sericin could be a potent metal ion in rats 

(Sasaki et al., 2000b). A recombinant sericin peptide had protective effects against 

freezing stress in E. coli (Tsujimoto et al, 2001). These results were obtained using sericin 

heated at 950C for 2 hr during the preparation, suggesting that purified sericin could 

display equivalent activity after additional applications of heat such as autoclaving. Since 

the 1930s, there have been attempts made to separate the sericin components. In most of them, 

cocoon sericin was extracted into boiling water. Kaneko et al, (1931) separated it into two 

fractions by adding ammonium sulfate and reported the difference in nitrogen contents between 

them. Mosher et al, (1934) separated the cocoon sericin by precipitation at the isoelectric point 

and his method was tested by subsequent researchers. For example, Watanabe et al, (1960) 

reported the difference in amino acid composition between the two sericin fractions. Earlier, 

Simizu et al, (1941) had  separated  cocoon  sericin  into  three  fractions  by  boiling  in  water  

for  different periods  of  time  and  reported  the  differences  of  crystallinity   among  them   by  

means of  X-ray  diffraction. The properties of sericin as a polymer were investigated in more 

detail in the 1970s and 1980s. Sericin films were analyzed by infrared spectroscopy, X-ray 

diffraction, Differential scanning calorimetry, and so on (Kataoka et al, 1977). Most studies 

showed that amorphous sericin transforms into a f3-structure in the presence of water. Recently,  

some  biochemical  actions  of  sericin  such  as  antioxidant  activity  (Kato  et  al,  1998) and  a  

suppressing  effect on  colon  carcinogenesis  (Sasaki  et  al,  2000)  have been  reported.  These  

studies  are  aimed  at  the  application  of  sericin to cosmetics  and dietary supplements  as  a 
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natural material that  had not yet  been utilized.  Most of these studies have two serious 

problems.  The  first  of  which  is  that  the  sericin  sample  was  often  a degraded  one. As  

Gamo et al (1973) reported,  the  cocoon  sericin extracted in  boiling  water  was  degraded 

randomly  so that no  distinct  band  of  sericin  could  be  observed  by  poly-acrylamide  gel  

electrophoresis  (PAGE). As  the  properties of  polymers  strongly  depend on  their  molecular  

size,  it  is desirable  to  use  intact  sericin molecules  for  scientific  research.  The  second  

problem  is  that  mixtures  of  different sericin  proteins  were  used.  Gamo et al, (1977) 

observed five different sericin polypeptides, which are distributed unevenly in the silk gland. 

Additionally,  two  sericin  coding  genes  have  been  found  both  by  means  of  linkage 

analyses (Shonozaki  et  al, 1986) and  by cloning  (Couble  et  al, 1987). That  is,  there  are  at  

least two  sericin  genes  and  several  sericin  polypeptides  differing  in  size  and distribution,  

which  possibly  indicates different  properties  and  functions  among  them.  Thus,  it  is 

indispensable  to  separate  individual  sericin  molecules  to accurately characterize  sericin 

proteins. 

1.2.2 Amino acid compositions in sericin 
 
 The total amount of hydroxy amino acids in sericin is 45.8 per cent. There are 42.3 per 

cent of polar amino acid and 12.2 per cent of nonpolar amino acid residues (Padamwar et al, 

2004). Sericin of mulberry wild silkworm, Bombyx morimandarina, is characterized by the same 

kind of amino acids as the domesticated silkworm, B. mori (Yamada et al, 1978). On the other 

hand, the wild silkworm sericin is composed of serine, proline, methoinine, glucosamine, 

galactosamine and histidine in lower amount and throeonine, glutamic acid, cystine and 

phenylamine in higher amount. The inner layer of cocoons was found to be rich in threonine, 

galactosamine and glucosamine than the outer layer. Moreover, the sericin extracted from the 

floss showed high contents of serine, glycine, valine and tyrosine but low contents in threonine, 
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aspartic acid, alanine, cystine, leucine, glucosamine, galactosamine, lysine and histidine as 

compared with the sericin of cocoon layer. More non polar amino acid and less polar amino 

acids were observed in the wild silkworm sericin when compared to that of the domesticated 

silkworm sericin. It was showed that the amino acid composition of sericin extracted from the 

cocoon is species specific. Structural analysis of sericin gene revealed two closely related 

mRNAs of length 11.0 and 9.6 kilobases. A strong homologous region in the sericin and 

fibroingenes at their corresponding 5 flanking sequences was identified (Harumasa et al, 1982). 

The co-efficient of pattern-similarity in amino acid composition was high between the sericin of 

wild silkworm and domesticated silkworms, while sericin of the wild silkworm such as 

Antheraea or Phylosamia showed significantly low similarity. 

1.2.3 Properties of Silk Sericin  

 Gelling Property: Sericin contains random coil and β-sheet structure. Random coil 

structure is soluble in hot water and as the temperature lowers the random coil structure converts 

to β-sheet structure, which results in gel formation (Zhu et al, 1998) 

Sol-Gel Transition: Sericin has sol-gel property as it easily dissolves into water at 50o-60oC and 

again returns to gel on cooling (Zhu et al, 1996) 

Isoelectric pH: As there are more acidic than basic amino acid residues the isoelectric point of 

sericin is about 4.0 (Voegeli et al, 1993). 

Solubility of Sericin: Solubility of sericin in water decreases when the sericin molecules are 

transformed from random coil into the β sheet structure. The solubility of sericin increases by 

addition of poly (Na acrylate) and decreases by the addition of polyacrylamide, formaldehyde, or 

resin finishing agents (Kataoka et al, 1977). 
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Molecular Weight: Extracting sericin using 1 per cent sodium deoxycholate solution followed by 

precipitation, using equal volume of 10 per cent trichloroacetic acid, shows molecular weight in 

the range of 17100 to 18460 (Rassent et al, 1967). Extraction of sericin by hot water shows 

molecular weight of 24000 by gel electrophoresis, whereas spray drying method produced 

sericin of molecular weight 5000-50,000, with enzyme action 300-10,000 and 50,000 when it is 

extracted with aqueous urea at 100ºC (Tsubouchi et al, 1999) 

1.2.4 Applications of Silk Sericin 

 Silk sericin due to its proteinous nature is susceptible to the action of proteolytic enzymes 

present in body and hence it is digestible. This property makes it a biocompatible and 

biodegradable material. It has wide applications in medical, pharmaceutical, and cosmetics. 

Some of the applications of sericin are listed in the Figure () 

 

Figure 1.1 Applications of sericin 
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1.2.5 Cosmetic Applications  

  Sericin is used as component of cosmetics. Sericin alone or in combination with silk 

fibroin has been used in skin, hair, and nail cosmetics. Sericin when used in the form of lotion, 

cream and ointment shows increased skin elasticity (Yamada et al, 1998), anti-wrinkle, and anti-

aging effects (Ogawa et al, 1999). Sericin shows the moisturizing property of the sericin gel, 

evaluated by hydroxyproline assay, impedance measurement, trance epidermal water loss 

(TEWL), and scanning electron microscopy (SEM) (Padamwar et al, 2004). Creams containing 

0.001-30 per cent w/w of sericin have improved cleansing properties with less skin irritation 

(Sakamoto et al, 2000). Sericin in sunscreen composition enhances the light screening effect of 

UV filter like triazines, and cinnamic acids ester (Yoshioka et al, 1995). Hair and bath 

preparations, containing 0.02-2 per cent sericin and 0.01-1 per cent olive oil, fatty acid or their 

salts show reducing damage of hair surface by binding of sericin to hairs (Hoppe et al, 1984). 

Sericin hydrolysates with average molecular weight 300-3000 are used as conditioners for skin 

and hair (Hata et al, 1987). Shampoo containing sericin and pelarogenic acid of pH less than six 

are useful for the care and cleaning of hairs (Engel et al, 1987). 

1.2.6 Medical and Pharmaceutical Applications of Sericin 

 Sericin is soluble in hot water and as the time precedes, it converts into gel. Jun et al, 

(1997) have found that conversion of α-random coil to β-sheet structure gives gel. One per cent 

aqueous sericin solution produces gel at pH 6-7 at room temperature and gelation speed increases 

as the concentration of sericin increases (Hirabayashi et al, 1989). The gelling of sericin is 

accelerated with increase in temperature and with increase in poloxamer concentration, whereas 

the sol-gel transition of sericin becomes irreversible. Blends of polyvinyl alcohol and sericin are 

cross-linked to give hydrogels. Hydrogels with good mechanical strength and water resistance 
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are produced by casting aqueous solution containing sericin and dimethyl urea on a glass plate 

and heating at 80 and 1200C for 1-3 h, respectively (Nakamura et al, 2001). Sericin with 

molecular weight of 1,00,000 shows an inhibitory action for tyrosinase and lipid peroxidation 

with rat brain homogenates (Kato et al, 1998). The addition of 0.1-2 mg/mL of sericin into the 

aqueous solution shows heat resistant DNA polymerase activity (Yamaji et al, 1997). 

 Sericin has been found to possess wound-healing property and can be used as wound 

healing covering material in the form of film (Wu et al, 1996). Silk sericin membranes are good 

bandage materials and the film has adequate flexibility and tensile strength. Due to its good 

biocompatibility and infection resistant nature, it is a novel wound coagulant material. 

Additionally, its flexibility and water absorption properties promote smooth cure for defects in 

the skin and do not cause any peeling of the skin under regeneration when detached from the 

skin (Tsubouchi et al, 1999). The silk sericin has the potential to find application in the 

development of contact lenses. The graft polymers are prepared with methyl methacrylate or 

styrene and are also biocompatible (Kurioka et al, 1999). A dietary supplementation of 4 per cent 

of sericin suppresses induced constipation in rats because of its low digestibility along with water 

holding capacity (Sasaki et al, 2000). Sericin, when given orally, causes a dose dependent 

decrease in the development of colonic aberrant crypt foci. The incidence and the number of 

colon tumours are suppressed by consumption of sericin. Sericin has anti-tumor activity (Kato et 

al, 2000). Oxygen permeable membranes are made up of fibroin and sericin with 10-16 per cent 

water and are used for contact lenses, and as artificial skin (Minora et al, 1991)  

1.2.7 Sericin- An Eco-Friendly Biopolymer 
 
  Environment - friendly biodegradable p olymers can be produced by blending sericin 

with other resins (Annamaria et al, 1998). The Polyurethane foams incorporating sericin are said 
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to have excellent moisture absorbing and desorbing properties (Minoura et al, 1995). Polymer 

films, foams, molding resins, and fibers containing sericin (0.01-50% w/w) can be produce by 

reacting a composition comprising a polyol, tolylene di- isocyanate, di-butyltin di-laurate 

(catalyst) and trichloromonofluoromethane (a blowing agent) in the presence of sericin. The 

moisture absorption/desorption rate of the sericin containing polyurethane form was found to be 

two-to five fold greater than that of control. Other procedures have also been reported for 

producing sericin-containing polyurethane with excellent mechanical and thermal properties 

(Hatakeyama et al, 1996). 

1.3 Hydrogel 

 Hydrogels are polymer networks extensively swollen with water. Hydrophilic gels that 

are usually referred to as hydrogels are networks of polymer chains that are sometimes found as 

colloidal gels in which water is the dispersion medium (Enas et al, 2015). Hydrogels have 

received considerable attention in the past 50 years, due to their exceptional promise in wide 

range of applications (Yuhui et al, 2013). They possess a high degree of flexibility very similar 

to natural tissue due to their large water content. The ability of hydrogels to absorb water arises 

from hydrophilic functional groups attached to the polymeric backbone, while their resistance to 

dissolution arises from cross-links between network chains. During last two decades, natural 

hydrogels were gradually replaced by synthetic hydrogels which has long service life, high 

capacity of water absorption, and high gel strength. Fortunately, synthetic polymers usually have 

well defined structures that can be modified to yield tailorable degradability and functionality.  

 Hydrogels can be synthesized from purely synthetic components. Also, it is stable in the 

conditions of sharp and strong fluctuations of temperatures (Zhao et al, 2013). Depending on the 

properties of the polymer used, as well as on the nature and density of the network joints, such 
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structures in equilibrium can contain various amounts of water; typically in the swollen state, the 

mass fraction of water in a hydrogel is much higher than the mass fraction of polymer. In 

practice, to achieve high degrees of swelling, it is common to use synthetic polymers that are 

water-soluble when in non-cross-linked form (Brannon-Peppas et al, 1991). Hydrogels may be 

synthesized in a number of classical chemical ways. These include one-step procedures like 

polymerization and parallel cross-linking of multifunctional monomers, as well as multiple step 

procedures involving synthesis of polymer molecules having reactive groups and their 

subsequent cross-linking, possibly also by reacting polymers with suitable cross-linking agents. 

The polymer engineer can design and synthesize polymer networks with molecular-scale control 

over structure such as cross-linking density and with tailored properties, such as biodegradation, 

mechanical strength, and chemical and biological response to stimuli (Sina et al, 2007)  

1.3.1 The properties of hydrogel and their impact on wound healing 

 Wichterle and Lim (1960) developed the first synthetic hydrogel polymer by the 

copolymerisation of 2-hydroxyethyl methacrylate and ethylene-di-methacrylate. Since then, 

hydrogels have been used in biological applications such as contact lenses, in coatings for 

surgical gloves, urinary catheters and surgical drainage systems, and in wound dressings 

(Wheeler et al, 2001). Amorphous hydrogels are of the most benefit in the treatment of sloughy 

or necrotic wounds (Pudner et.al, 1997). Depending on the composition of the gel and the level 

of hydration of the wound it is applied to, the nature of the gel enhances autolytic debridement 

(Thomas et al, 1986). Hydrogels have the ability to donate water molecules to dehydrated tissue 

while allowing the passage of water vapour and oxygen to the wound surface (Jones et al, 1998). 

This helps to increase the phagocytic activity of leucocytes and enzymatic activity of damaged 

cells. This, in turn, removes devitalised tissue during the destructive phase of healing of a wound 
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autolysis (Tong.et.al, 2007). However, the lack of physiological evidence to support these 

theories seems to be a weakness in the literature. The studies and literature reviews appraised 

appear to accept that the main physiological effect of hydrogels is their ability to rehydrate 

devitalised tissue, promoting autolysis. While their fluid handling capabilities have been assessed 

in vitro (Thomas and Hay, 1998), their action on leucocyte and enzymatic activity appears to be 

based on hypothesis, although widely cited. This is a major flaw and indicates a need for further 

in vitro studies to establish the full range of action of hydrogels, rather than research relying 

simply on observation of their clinical effects. 

1.4 Glutaraldehyde as a Cross-Linker 

 
 Glutaraldehyde is a bifunctional compound mainly used in chemical modifications of 

proteins and polymers. This bifunctional compound links covalently to the amine groups of 

lysine or hydroxylysine in the protein molecules creating a structure more stable than that 

attained by the physical aggregation of protein molecules induced by the addition of salts, 

organic solvents, or non-ionic polymers. These solid aggregates are held together by non-

covalent bonding and readily collapse and redissolve when dispersed in an aqueous medium 

(Cao et al, 2000) 

 Glutaraldehyde can react with several functional groups of proteins, such as amine, thiol, 

phenol, and imidazole because the most reactive amino acid side-chains are nucleophiles 

(Habeeb et al, 1968).The chemical nature of the reaction of glutaraldehyde with proteins is not 

clearly understood, and the mechanisms of protein crosslinking reactions remain open to 

speculation. However, it seems that no single mechanism is responsible for glutaraldehyde 

reaction with proteins. 
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 Glutaraldehyde cross-linking of collagenous tissues significantly reduces biodegradation, 

making them biocompatible and non-thrombogenic while preserving anatomic integrity, leaflet 

strength and flexibility. Other aldehydes are less efficient in generating chemically, biologically 

and thermally stable crosslinks. Among aldehydes that can be used to cross-link a protein matrix, 

glutaraldehyde has the advantage that it reacts relatively quickly, is able to span various 

distances between the protein molecules and is able to react with a larger number of available 

amino groups present in the molecule (Monsan et al, 1975) 

 Glutaraldehyde has been used more frequently as a cross-linking agent than any other 

reagent, since it is less expensive, is readily available and is highly soluble in aqueous solution. 

Glutaraldehyde not only interacts with amino groups, but can also react with carboxy, amido and 

other groups of proteins. Unstable glutaraldehyde polymers retained in the interstices of the 

cross-linked tissue, have been implicated for inflammatory reactions, cytotoxicity, calcification 

and lack of endothelialization. The results of many of these studies, however, have been 

conflicting. It is noteworthy that those who reported the adverse effects of glutaraldehyde have 

generally employed a higher concentration of glutaraldehyde.  

1.5 HYPOTHESIS 

 Chemically modified sericin, when cross-linked with glutaraldehyde, would produce a 

biodegradable and biocompatible hydrogel system having sufficient hydrophilicity, strength and 

handling characteristics so that they can be used for biomedical applications.  

1.6 OBJECTIVES 

The objective of the present work is summarized below: 

 Chemical modification of sericin 

 Characterisation of chemically modified sericin 
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 Fabrication of hydrogel  from chemically modified sericin 

 Characterization of hydrogel by chemical and thermal methods, mechanical testing and 

morphological studies. 

 Cytocompatibility evaluation by dermal fibroblast monolayered culture 
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CHAPTER 2 

MATERIALS AND METHODS 

 

2.1 MATERIALS AND EQUIPMENTS 

The materials and equipments used in the study are listed in table (2.1) 

Table 2.1: List of Raw materials used 

SL NO NAME OF CHEMICAL SOURCE 

1 Sericin Central silk Board, 
Bangalore 

2 Ethylenediamine (99%) Sigma Aldrich.Inc,USA 

3 1-ethyl-3-(3-di- methylaminopropyl) 
carbodiimide hydrochloride salt (EDC) 

Sigma Aldrich.Inc.USA 

4 Hydrochloric Acid (35.4%) S.D. Chemicals inc,India 

5 Glutaric aldehyde (50 wt. % in H2O) Aldrich,USA 

6 Trypsin –EDTA (0.25%) Invitrogen,USA 

7 Trypan blue (0.4%) Sigma Aldrich.Inc,USA 

 

Table 2.2: List of equipments used 

  NAME OF EQUIPMENT MODEL MAKE 

1 FTIR Spectrometer FT/IR-6300 JASCO, Japan 

2 Universal Testing Machine Instron 3345 Instron, USA 

3 Phase Contrast Microscope DMIRB Leica, Germany 

4 Lyophilizer Alpha 1-4 LD Christ, Germany 

5 Hot air oven OV-12 Cole Parmer, Germany 
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6 Bacteriological Incubator Labline-314 Labline, USA 

7 X-ray Difractometer Bruker D8 Bruker, Germany 

8 Environmental Scanning Electron 
Microscope 

Quanta 200 FEI, Netherlands 

9 Thermogravimetric Analyzer SDT-2960 TA Instruments, USA 

10 Dynamic Mechanical Analyzer Tritec 2000B Triton Technology, Ltd., UK 

 

2.2 RAW MATERIAL CHARACTERIZATION  

2.2.1 FTIR Spectroscopy 

 Fourier Transform Infrared (FTIR) spectra were recorded using a FTIR 

spectrophotometer (model 6300, Jasco, Japan). Samples in the powder form was mixed with KBr 

and made into thin transparent disks using a hydraulic hand press by applying a pressure of about 

10-ton for about 3 minutes. KBr without the samples was used as the control. After warming up 

the instrument for 20 minutes, background measurements were made with control KBr pellet. 

CO2 and moisture peak removal was made effective after this recording. The sample disks were 

monitored after background measurements using the “Spectra manager” software. Spectra were 

collected in the range 400-4000 cm-1 using at least 16 scans at a resolution of 4 cm-1. The 

obtained FTIR spectra were processed for baseline corrections, smoothening and labelling of 

peaks using the software. 

2.2.2 X-Ray Diffraction analysis 

 XRD was conducted at ambient temperature with Bruker D8 Advance diffractometer 

having an X-ray tube producing monochromatic CuKα radiation. Powdered samples were 

mounted onto sample stage to record the crystallinity index. Sample stage was mounted on 
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horizontal axis and the diffracted beam optics and the detector were mounted on 2θ axis.The 

scanning rate was 40/min under the acceleration voltage of 30 KV. 

2.2.3 Thermal Analysis 

 Thermal stability of the sample was studied using thermogravimetry (TGA)  and 

differential scanning calorimetry (DSC) based on the method given in ASTME-1131-19 and 

ASTME-3418-08 by using a SDT-2960 model thremogravimetric analyser (M/s. TA 

instruments, USA), . An amount of 50 mg of powdered sample was heated at a rate of 100C/min 

in an aluminum crucible from 37 to 8000C in a dynamic inert nitrogen atmosphere. Continuous 

recording of sample temperature, sample weight and heat flow were made. 

2.3 FABRICATION OF SERICIN HYDROGEL 

2.3.1Chemical Modification of Sericin 

Method 

 Sericin 0.5% (w/v) was completely dissolved in Double distilled water (45ml) using a 

magnetic stirrer. Hydrochloric acid (5N) was added, and the pH was adjusted to 5.0, then the 

solution was made up to 50mL with double distilled water and left for 18 hours stirring in room 

temperature. The solution was then dialyzed using Spectra/Por dialysis membrane (MWCO: 

3.5kD) for 2 days with 21 changes of water. After the dialysis, this solution was freeze-dried for 

4 to 7 days to afford modified sericin. 

2.3.2 Sericin Cross-linked with Glutaraldehyde 

 Sericin was dissolved in distilled water 0.5% (w/v)    using a magnetic stirrer at 60oC for 

3 hours`,Later the sericin solution were crosslinked, with glutaraldehyde (1% w/v). The mixture 

of solution were kept for stirring in 40oC for 15 min and then poured to a  petri dish (60mm) and 
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the crosslinked films were obtained after water evaporation in a vacuum oven (Cole Parmer,OV-

11,Korea) at 45oC for 6 hours 

2.4 CHARACTERIZATION OF HYDROGEL  

2.4.1 FTIR Spectroscopy 

FTIR characterization of the hydrogel was done using the method mentioned (2.2.1). 

2.4.2 XRD Analysis 

XRD data of the powdered sample was done using the method reported above (2.2.2). 

2.4.3 Thermal Analysis 

 Thermal stability of the hydrogel was analysed by Thermo gravimetric analyser and 

Differential Scanning Calorimetry. TA instruments, USA (SDT Q600 v8.3) over a temperature 

range of 370-8000C at heating rate of 100C/min in nitrogen atmosphere and the thermogram was 

recorded at -50 to 3000C at a heating rate of 100C for DSC (DSC –Q100, USA) as per ASTM 

3418-08 respectively. 

2.4.4 Dynamic Mechanical Analysis 

 Dynamic Mechanical Analysis (DMA) of the materials were performed in tensile mode 

with a Tritec 2000B DMA instrument (Triton Technology, Ltd., United Kingdom) on dump bell 

shape ISO 52-2 Specimen Type-5A. A frequency of 1 Hz with amplitude of dynamic 

deformation of 50μm was applied in the temperature-ramp experiments. A heating rate of 

100C/min was used over a temperature range from -500C to 1000C. 
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2.4.5 Swelling studies 

 Swelling property was measured by putting dried circular disk samples (2cm diameter × 

1 mm thickness) were pre-weighed and immersed in Distilled water and PBS at 37°C for 2 hour. 

Then wet (Ws) and dry (Wd) weight of the film were taken using an analytical balance and film 

swelling percentage was measured using the following equation. 

Percentage Swelling = [(Ws-Wd)/Wd] × 100 

Equilibrium Water Content (EWC) = [(Ws-Wd)/Ws] × 100 

where Wd and Ws are the dry weight and swollen weight of hydrogels, respectively.The excess 

solution was carefully wiped out by a soft tissue paper before taking the weight in wet condition. 

2.4.6 Mechanical Properties 

The static Mechanical properties were determined with Universal Testing Machine (Instron 

3345, single column, UK) with the use of a 10N load cell under a cross-head speed of 10 

mm/min at ambient conditions. Dump bell specimens (n=5), as per ISO 527-2 Type-5B were 

used for the test. 

2.4.7 Surface Morphology 

 The surface topography and the cross section of the hydrogel matrix were analyzed using 

an Environmental scanning microscopy (ESEM, Quanta 200, FEI, Netherlands). The dried 

hydrogel samples were placed on the aluminum stubs and observed under vacuum with a 

working voltage of 25 KV. The images were taken at different magnifications.  
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2.4.8 In-vitro Degradation Studies 

 The in vitro degradation of the hydrogel was investigated in Distilled water and 

Phosphate buffer Solution (PBS) at 370C for 21 days. The hydrogel disks of 8mm diameter were 

weighed and submerged in 10 ml solutions of distilled water and PBS (pH 7.4) containing 0.01 

wt% sodium azide. The results were represented as the percentage mass remaining over time. 

2.5 BIOLOGICAL EVALUATION OF HYDROGEL 

2.5.1 Hemolysis  

 Hemocompatibility test of hydrogel systems was carried out broadly on the basis of ISO 

10993-4:2002 (E). ‘Selection of tests for interaction of materials with blood’. The test is mainly 

aimed at finding the extent of hemolysis caused by the sample. Blood from healthy human 

volunteer was collected into the anticoagulant, citrate-phosphate-dextrose-adenine [CPD-A]. 

Samples kept in PBS were taken out and placed in polystyrene plates. Blood (2 mL) was added 

to each sample; 

 1 mL blood was taken immediately for initial analysis and another 1 mL blood was 

incubated with the samples for 30 min under agitation at 70±5 rpm using an Environ shaker 

(Labline Instruments Inc.,USA) thermostated at 35±2°C. Four empty polystyrene culture dishes 

were exposed with blood as reference. The total hemoglobin in the whole blood samples was 

measured using automatic hematology analyzer (Sysmex-K 4500, Japan). The free hemoglobin 

liberated into the plasma after exposure to materials was measured using diode array 

spectrophotometer (HP 8453; Hewlett-Packard GmbH, Germany) and the hemolysis (%) was 

calculated using the formula 

                                            % Hemolysis = Free Hb/Total Hb x 100 
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2.5.2 Cell culture 

 The cells used for in-vitro cytocompatibility evaluation was mouse fibroblast L929 cells. 

The mouse fibroblast L929 cells were procured from the National Centre for Cell Science, Pune, 

India. The cells were grown in DMEM supplemented with 10% FBS and containing the 

antibiotics penicillin, streptomycin and Amphotericin B (5000 units) in a humidified incubator at 

5%CO2 at 37 ± 0.20C. The cells were regularly monitored by phase contrast inverted light 

microscopy. The medium was changed once in three days. The confluent monolayer was sub-

cultured and maintained for further studies. 

2.5.3. Hydrogel conditioning and cell seeding 

 Material in the form of films were cut into 1 cm diameter discs and sterilized by UV 

sterilisation. The hydrogel before seeding were rehydrated for 24 hours in PBS and conditioned 

in serum free medium before seeding. Hydrogel were seeded with L929 fibroblast cells with a 

cell density of 1x104 cells/m. unattached cells were removed after 12 hours and replenished with 

fresh medium. 

2.5.4. Cytotoxicity by Direct contact method 

 The cytotoxicity of materials under the direct contact of cell was determined by direct 

contact assay. L929 fibroblast cells (1x104 cells/m) were seeded on to a 24 well plate (BD 

Falcon) and allowed to proliferate for 24 h to form a sub-confluent layer. Then the material (1 

cm diameter) was placed over the monolayer and allowed to proliferate for 24 h in a CO2 

incubator. After the incubation, cells were evaluated for changes in morphology with respect to a 

control (cells grown without materials) under inverted phase contrast microscope (Olympus 
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CKX41) attached with an imaging camera. The images were captured using imaging software 

Optika vision-pro. 

2.5.5 Cell viability by MTT assay 

 The cytotoxicity of materials extracts was evaluated as per ISO10993-5 on L-929 mouse 

fibroblast cell culture. After UV sterilization, the material was added aseptically to the cultured 

L929 cells and incubated for 24 hours. The percentage of the surviving fibroblast cells were 

quantified by the MTT assay and the morphological changes of the cells were monitored by 

phase contrast microscopy (Olympus CKX 41,10X magnification). 

 MTT assay is carried out to measure mitochondrial cellular metabolism (viability) and 

number of viable cells. MTT assay is based on the capability of metabolically active fibroblast 

cells to reduce the yellow water-soluble tetrazolium salt (MTT) to purple formazan crystals using 

the mitochondrial enzyme succinate dehydrogenase (SDH). The intensity of purple colour so 

formed is proportional to the number of viable cells. Following the experiment the culture was 

washed with 1 x PBS and then 30 µl MTT solution per ml culture (MTT 5 mg/ml dissolved in 

PBS and filtered through a 0.2 µm filter before use) were added. The whole content was again 

incubated at 37oC for 3h and 300 µl DMSO were added to each culture well. The whole content 

was incubated at room temperature for 30 min until all cells were lysed and a homogenous 

colour was obtained. The solution was centrifuged for 2 min to sediment cell debris. The optical 

density (OD) was measured spectrophotometrically at 540 nm. Cells treated with MTT solution 

without hydrogel was used as control. Hydrogel treated with DMSO was used as blank. The % 

viability was calculated as follows.  
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CHAPTER 3 

RESULTS AND DISCUSSION 

3.1 Raw Material Characterization 

3.1.1 FTIR Spectroscopy 

FTIR spectra of Silk Sericin (SS) and Modified Sericin (MS) are shown in Figure 3.1. 

 

 

 

Figure 3.1: FTIR Spectra of SS and MS 
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 In FTIR spectra, Sericin shows characteristic vibration bands in the range 1630 - 1670 

cm−1 for amide I (C-O stretching), 1540 cm−1 –1520 cm−1 for amide II (secondary N–H bending) 

.There have been a peculiar shift in amide I and amide II peak in comparison with  Sericin and 

Modified sericin. The silk sericin shows broad spectrum in the region (2500-3300 cm−1) which 

indicates the presence of free (O-H) groups and is converted to amide (NH stretching) 3100-3500 

cm−1 while modifying. 

3.1.2 X-Ray Diffraction  

XRD pattern of Silk sericin (SS) and Modified Sericin (MS) is obtained as shown in Figure 3.2. 
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Figure 3.2: XRD Spectra of SS and MS 
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 The XRD spectrum of Silk Sericin(SS) and Modified Sericin (MS) shows its 

characteristic diffraction peak at 2θ = 19.04° and 19.65°.The spectrum reveals that its having a 

crystalline nature were as the Modified Sericin (MS) shows a broad peak which indicates its 

amorphous nature. 

3.1.3 Thermal Analysis 

 Thermal stability of Silk sericin (SS) and Modified Sericin (MS) was studied by TGA. 

The thermo gravimetric traces of Silk Sericin (SS) and Modified Sericin (MS) are shown in 

figure 3.3 

 
Figure 3.3: TGA traces of SS and MS 
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 The thermo grams of SS and MS is almost similar with 14-16% weight loss at a 

temperature of 194-1960C.This initial weight loss is due to the evaporation of water from the 

samples. Fifty percent weight loss was observed around the temperature range of 320-3400C and 

340-3500 C for SS and MS. This weight loss observed in samples is due to the cleavage of weak 

or labile bonds present in the SS and MS. The DSC pattern of sericin is closely related to the 

molecular structure and physical properties of constituent polypeptides. Silk sericin showed two 

broad and large endothermic peaks which are at around 108°C, due to the loss of moisture, and 

about 238°C attributed to thermal degradation of a well-oriented β-sheet crystalline conformation 

respectively. 

 

 

 

Figure 3.4 DSC Curve of SS and MS 
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3.2 Fabrication of Sericin-Glutaraldehyde crosslinked hydrogel  

3.2.1 Chemical Modification of Sericin. 

 The schematic modification of sericin is represented in figure 3.4. 

 

 

  

3.2.2 Fabrication of Hydrogel 

 The modified sericin is dissolved in D.H2O and later glutaraldehyde is added to the 

solution for complete dissolution after 20 minutes, the prepared mixture is poured to a petri plate 

to solidify using hot air oven for 6 hours. 

Figure 3.5: Schematic representation of modification of sericin 
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3.3 Characterization of Sericin hydrogel (SH) 

 

3.3.1 FTIR Spectroscopy 

 FTIR spectra of SH hydrogel exhibited the major characteristics peaks of sericin with C-

O stretching at 1664 cm− 1, N–H bending for amide II at 1536 cm−1 and  NH stretching at 3275 

cm−1
.
  

Figure 3.6: Schematic representation of hydrogel fabrication (SH) 
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3.3.2 X-Ray Diffraction 

XRD spectra reveals the amorphous nature of SH hydrogel and the hydrogel exhibited 

characteristic peak at 2θ =19.5° depicted in figure 3.8. 

Figure 3.7: FTIR spectrum of SH 



35 
 

 

3.3.3 Thermal Analysis of Hydrogel. 

Thermal analysis of hydrogel was studied using TGA. Figure 3.9 shows the TGA curves of 

hydrogel. 

Figure 3.8: XRD spectrum of SH 
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 The thermo gravimetric traces of Sericin Hydrogel (SH) is depicted in Figure .The TGA 

thermo grams of SH shows 10% weight loss around 1440C which  is due  to the  evaporation  of  

water  from  the  samples  (Simchuer  et  al.,  2010). Fifty percent weight loss was observed 

around the temperature range of 350-3600C .This weight loss observed in samples is due to the 

cleavage of weak or labile bonds present in the hydrogel. The DSC pattern of SH shows an   

endothermic peak at around 123°C, due to the loss of moisture. 

Figure 3.9: TGA trace of SH 
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3.3.4 Dynamic Mechanical Analysis 

DMA was carried out to find the thermo mechanical properties of sericin hydrogel dried film. 

The variation in the storage modulus (E) and tan δ with temperature is given in Figure 3.11. Tg 

of gelatin was found to be at 16.60C. 

Figure 3.10 DSC curve of SH 
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3.3.5 Swelling studies 

 Sericin contains many hydrophilic amino acids, including Serine. The sericin gel film 

was therefore expected to absorb a large amount of water. To characterize the swelling behavior 

of this sericin hydrogel, the swelling process of the dried hydrogel were examined in distilled 

water and PBS for 2hrs. Hydrogel samples were immersed in distilled water and PBS having 

pH(7.00) and (7.4) at 370C. Equilibrium swelling of hydrogel was shown in Figure 3.12. 

Hydrogel immersed in PBS reached equilibrium swelling fastly compared to distilled water. In 

both D.H2O and PBS, an inconsistent manner of swelling was observed upto 25 minutes. During 

Figure 3.11: Temperature dependence of storage modulus and tan delta of SH 
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this period, a decrease in swollen weight was also observed, which might be due to the release of 

unreacted components present in the hydrogel. In both the cases, swelling attained equilibrium at 

1hr 40min. In both cases, Equilibrium water content (EWC) lies in the range of 55-61%.Swelling 

was found to be affected by the pH of medium and the swelling percentage was found to be 

highest in PBS with that of Distilled water which is of 158 and 118 respectively. The observed 

rapid water absorption and high water content indicated the highly hydrophilic nature of the gel 

film. 

 

 

3.3.6 Mechanical Properties 

  The mechanical properties of SH under dry and wet conditions determined using UTM is 

represented in Table 3.1. The tensile strength, young’s modulus and elongation at break of SH 

(Dry) was observed to be 11.6 ± 0.4 MPa, 230± 68 MPa and 128 ±22% respectively whereas for 

Figure 3.12: Equilibrium swelling of Hydrogel in D.Water and PBS 
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SH (Wet) i.e., under wet state the tensile strength, youngs modulus & elongation break dropped 

to 0.5 ± 0.1 MPa, 1.2 ± 0.2 MPa and 75 ±14%.  

Table 3.1:  Mechanical properties of SH 

Sample Tensile strength 

(MPa) 

Youngs modulus 

(MPa) 

Elongation at break 

(%) 

SH (Dry) 11.6 ± 0.4 230± 68 128 ±22 

SH (Wet) 0.5 ± 0.1 1.2 ± 0.2 75 ±14 

 

  

 
Figure 3.13: Tensile strength, Youngs modulus and elongation at break of 

hydrogels in wet and dry condition. 
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3.3.7 Surface Morphology 

 Surface morphology analysis using scanning electron microscopy revealed a porous 

cross-sectional layer of fabricated SH hydrogel (Figure 3.15). 

 

 
Figure 3.15: SEM image of SH 

Figure 3.14: Stress- strain curve of hydrogels in wet and dry condition. 
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3.3.8 Degradation studies 

 The in-vitro biodegradation phenomenon of sericin crosslinked with Glutaraldehyde 

hydrogels were examined in the aqueous conditions with Distilled water and PBS at 37°C.The 

degradation behavior was monitored by observing weight loss with water and PBS ageing for a 

period of 21 days (Figure 3.16). The weight loss of SH in water was found to be 0.4, 1.0 and 

1.1% after 7, 14 and 21 days. However, in case of PBS aged samples, weight loss observed was 

about 1.8, 3.6 and 4.9 % after 7, 14 and 21 days.  
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3.4 Biological Evaluation of Hydrogel 

3.4.1. Hemolysis 

 In this study, empty polystyrene dishes were used as a reference generating negligible 

hemolysis<0.1%. As per ISO 10993-4:2002 (E), for material to be non-hemolytic, the percentage 

hemolysis should be less than 0.1%. The test sample displayed 0.09 ± 0.01% hemolysis 

Figure 3.16: Weight loss of hydrogel as a function of time in D.Water and PBS 
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indicating the sample to be non-hemolytic.Figure depicts the % hemolysis of test hydrogel SH 

and control. 

 

 

3.4.2 Direct contact assay: 

 Cytocompatability to human skin fibroblast was studied by direct contact method. The 

lyophilised hydrogel discs were used after UV sterilisation. These sterilized samples were placed 

on monolayer culture and kept in the incubator for 24 hrs. The cells were then observed under 

phase contrast microscope. As the sample was transparent, outgrowth of cells from the surface of 

sample was seen well. The normal spindle-shaped morphology of the cells was maintained. No 

dead cells were observed, indicating the cytocompatibility of the sample. The control is cells 

grown without material. Figure 3.18 shows the phase contrast image of the cell morphology of 

the test and control. 

Figure 3.17: Percentage hemolysis of SH along with control 
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3.4.3 Cell viability Assay 

Percentage viability of cells grown on the material was determined by MTT assay. It 

shows the percentage metabolic activity of L929 cells cultured with the extraction media of test 

hydrogel SH and that of the control. The hydrogel showed 81.2% viability further validating its 

non-cytotoxic nature.  

 

 

Figure3.18: Phase contrast images of cell culture cytotoxicity tests using L929 fibroblast cells 
conducted in direct contact mode. (a) Control and (b) SH 

Figure 3.19: Percentage cell viability of test (SH) along with control 
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CHAPTER 4 

SUMMARY AND CONCLUSION 

 

 Biopolymers are a versatile class of materials with widespread applications in the area of 

tissue engineering and regenerative medicine. Members under this class were found to have 

thermo-responsive solubility behaviour. This opens perspectives in developing gels with water 

retaining capacity, defined as hydrogel. Hydrogels serve as an important class of biomaterials. 

Silk protein sericin is an emerging candidate in the biomedical field. It has a long history of 

being discarded as a waste material. Natural polymers are always given a prominence for use as 

a biomaterial, owing to its biocompatibility 

 In the current study, an effort was put forth to develop a hydrogel from silk protein 

sericin cross linked with glutaraldehyde. The sericin hydrogel in the present investigation uses a 

simple and cost effective fabrication technique using glutaraldehyde. The fabricated hydrogel 

was characterized chemically, mechanically and biologically. The raw materials were 

characterized by spectroscopic, thermal and mechanical methods.  

 The parameters for hydrogel formation were optimized. The fabricated hydrogel was also 

characterized spectroscopically and compared with that of raw materials. Thermal stability of the 

hydrogel was also done, which was found to be increased. From the results obtained, it can be 

concluded that the sericin hydrogel possess good swelling, mechanical, thermal stability and 

cytocompatibility with good cell adhesion, to use as a wound dressing material.    

 The present study can be considered as a novel work, which has to be explored further in 

terms of biological evaluation for use as a potential wound dressing material. This study involves 

a simple and novel method of developing hydrogel from chemically modified sericin with 
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glutaraldehyde as chemical cross-linker. As literature supports the fact that sericin possess anti 

microbial activity, studies could be extended in terms of sericin release from hydrogel and 

subsequent anti microbial activity. Moreover, the present study is an attempt to explore the utility 

and value of Sericin. 
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