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Abstract— Nanocomposite textiles may have a great potential in the medical field because of their unique 

characteristics that meet the criteria for medical applications. Sol-Gel is, however, the only well established technique that 

is increasingly being applied in industry for the production of nanocomposite. Modern wound dressing materials, 

however, require properties such as antimicrobial, UV protection and moisture maintaining capabilities. Here, three 

nanoparticles, such as, silver nanoparticles, chitosan nanoparticles and zinc oxide nanoparticles are used. These 

nanoparticles exhibit various wound healing properties which are proved technically. The combination of these three 

nanoparticles is made into solution by sol-gel method. Samples are characterized by SEM, FTIR and UV-Vis, and their 

antibacterial activity determined. Finally the sample is undergone for in-vitro wound anti-cancer property.  

 

Key words: Nanocomposite, Sol-Gel, Silver NPs, Chitosan NPs, Zinc Oxide NPs, SEM, FTIR, UV-Vis, 

antibacterial activity, in-vitro anti-cancer activity. 
 

INTRODUCTION 
 

Nanotechnology has enormous buzz on these days. It is an emerging interdisciplinary technology that has been 

booming in many areas. When a bulk material is divided into small size particles with one or more dimensions (length, 

width, or thickness) in the nanometer range or even smaller, the individual particles exhibit unexpected properties, 

different from those of the bulk material. It is known that atoms and molecules possess totally different behaviors those 

of bulk materials.  

 

Drug delivery systems employ specific technologies that focus mainly on targeting release or delivery of drugs or 

any substance that is of medicinal importance. As an example, controlled drug release systems using anti-neoplastic drugs 

are currently being investigated by several researchers. The nanomaterial landscape is immense since well-characterized 

polymers, lipids, peptides and proteins, sugars, and surfactants that can be engineered into novel Nano formulation 

platforms. Liposomes, dendrimers, and nanogels have been used for both controlled drug delivery and cell growth 

scaffolds and are presented in many nanomedicines and will appear, to some extent, also in the nanomedicines in the 

future [10] [11]. Using advanced nanomaterials, such as functionalized quantum dots (QDs), nanoparticles can pave the way 

towards improved nano-bio systems with minimal resources, reduced health hazard and environmental friendly impacts 
[12] [13]. It has been further reported that major challenges in drug delivery, with synthesized drug delivery carriers’ 

molecules, are their accumulations in the targeted cells, targeting a specific tissue with nuclear uptake and endosomal 

transfer [13]. Additionally, many other materials of therapeutic relevance can cure cancer and other related diseases are 

under studies for targeted and time-release drug delivery. Some of these substances under current investigations include 

xanthan, gelatine, albumin and phospholipids [14]. Recent advances in the field of nanotechnology, particularly the ability to 

prepare highly ordered nanoparticulates of any size and shape, have led to the development of new biocidal agents. Several 

studies have indicated that nanoparticulate formulations can be used as effective bactericidal materials. The interaction of 

nanoparticles with microorganisms and biomolecules is an expanding field of research, which as yet is largely unexplored. 
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In recent years, wound dressing has evolved according to the pathogenesis of different wounds. Different types 

of wound dressing including xerogels, charcoal cloth, alginates, chitosan, and hydrogels have been introduced for this 

purpose through the last decades. An ideal wound dressing has the ability to maintain moisture, act against 

microorganisms, be nontoxic, non-adherent, and promote wound healing. Modern wound dressing theory, suggests 

promoting dynamic equilibrium between exudates absorption and optimal surface moisture at the wound surface. In 

addition, it should be able to exchange gas to provide the wound with sufficient oxygen tension. Combining new 

materials, better design and complex manufacturing are needed for achieving these goals. 

 

Chitosan as a biomaterial has a great potential in wound healing and skin burns and regenerates normal skin. It is 

an antibacterial, nontoxic, biodegradable, and biocompatible polymer.  Products containing silver nanoparticles have the 

ability to exert bactericidal effects and are less harmful to human cells than other toxic organic antimicrobial agents and 

wound healing properties. It can restore burnt skin to the normal skin.  

 

Zinc is normally required for a variety of enzymatic and cellular activities. But because of its excellent anti-

inflammatory, drying, mild astringent and antiseptic properties, it plays a major role in wound healing, especially from 

burns. It also supports the demand for volume increases during the wound healing process.  

 

In this study, electrospun wound dressing sheet is produced with the nanoparticles of chitosan/Ag/ZnO to 

benefit from the supreme properties of Ag, ZnO and chitosan nanoparticles. Its various characteristics are determined by 

different structural analysis tests, antibacterial activity and in-vitro wound healing test. 

 

I. LITERATURE REVIEW 
 
1.1. NANOTECHNOLOGY 

Nanotechnology is the precise and controlled fabrication or assembly of atoms and molecules at nanometer (10-

9m) dimensions, into novel materials and devices with unique properties. At nano level, surface area increases substantially 

and due to quantum effects particle exhibits different surface behavior. This surface behavior can be engineered to 

develop specific applications [21]. Inspite of these advantages of nano materials, some technical and engineering challenges 

still remain for real life applications. Major challenges include synthesis of nano materials in large scale, functionalization 

of nano materials for proper dispersion in different matrices etc.  

   Nanotechnology overcomes the limitation of traditional processes or technology by improving certain properties. 

Nanotechnology deals with the effect that properties of materials can change drastically when the particle size falls below 

approximately 100nm. The basic premise is that properties can dramatically change when a substance‘s size is reduced to 

the nanometer range.Textile technology can improve such a level by using nanotechnology so that the application of this 

specialized textile products can be used for diversified fields like medical textile, geo textile, textiles for protection from 

severe environmental or washing condition, dyeing process and finishing processes. 

 

1.1.1. Production of Nano Textiles: 

  

 The production processes of nanoengineered textiles are different. The key difference among them is whether synthetic 

nanoparticles are integrated into the fibers or the textile, or are applied as a coating on the surface, and whether 

nanoparticles are added to the nanoscale fibers or coating elaborated in table 1. Nano finishing comprises of different 

coating technique used by applying nano particles onto textile fibers. Coating is a common technique used to apply nano-

particles onto textiles. The coating compositions that can modify the surface of textiles are usually composed of nano-

particles, a surfactant, ingredients and a carrier medium. New coating techniques like sol-gel, layer-by-layer, plasma 

polymerization, etc. can develop multi-functionality, intelligence, excellent durability and weather resistance to fabrics[29].  

 

 

 

 

 

40

CIKITUSI JOURNAL FOR MULTIDISCIPLINARY RESEARCH

Volume 5, Issue 6, June 2018

ISSN NO: 0975-6876

http://cikitusi.com/



 
 

 

 

 

1.1.2. Nanotechnology in Medical Textiles: 

 

Nanotechnology is engineering and manufacturing at the molecular scale, thereby taking advantage of the unique 

properties that exist at that scale. The application of nanotechnology to medicine is called nanomedicine. Nanotechnology 

is concerned with molecular scale properties and applications of biological nano structures and as such it sits at the 

interface between the chemical, biological and the physical sciences. Applications in the field of medicine are especially 

promising Areas such as disease diagnosis, drug delivery and molecular imaging are being intensively researched [39]. 

 

Nanotechnology brings more precise diagnostic tools. Quantum dots enable powerful new approaches to genetic 

analysis, drug discovery and disease diagnostics. Nanotechnology tools are used for detection and treatment of cancer. 

Quantum dots too dramatically improve clinical diagnostic tests for the detection of cancer. Quantum dots are tiny 

crystals designed to bind to specific DNA and the cancer cells are detected. Nanopores and Nanotubes are other tools 

which trace the DNA and detect cancer cells. Spectroscopic and imaging methods are other optical techniques used in 

detection. Nanotechnology helps in killing cancer cells without harming neighboring cells [19]. The system consists of small 

device which determine the concentration of specific molecules and supplies some poison which kill cancer cell. 

Cantilevers also play a vital role in detection of cancer cells. 

 

Nanomaterials promise to revolutionize medicine and are increasingly used in drug delivery or tissue engineering 

applications. The tissue engineered products that are on the market are all relatively simple. Using Nano technology, more 

complex products could be developed. Nanotechnology is being used to alter the surface structure of both tissue 

engineering scaffolds and implants, primarily to improve cell adhesion. Nanostructuring can be carried out, for example, 

by using a scanning probe microscope (SPM) to ‘scratch’ the material surface. 

 

1.1.3. Applications of nanocomposite structures: 

 

Almost all human tissues such as bone, cartilage, skin etc can be considered as nanofi brous systems. Therefore a man-

made nanofi brous structure is, in cases of a defect or problem in the natural system, the ideal candidate to mimic the 

native extracellular matrix (ECM) and assist the healing process. The nanoscale is particularly relevant for biomedical 

applications since viruses and bacteria have dimensions in this order. In the next sections the use of nanofi bres in the 

medical world will be explored, starting with wound dressings and drug release systems, and ending with tissue 

engineering application [51]. 

 

 Wound dressing 

Wound healing is a process of regenerating dermal and epidermal tissues. In severe wounds, no more cells are available to 

set up this regeneration except at the wound edges. This induces a long healing process and a high risk of the development 

of scar tissue [11]. 

  

 Drug release systems 

 

Nanofi brous structures show some specifi c properties making them applicable in drug delivery systems. The production 

of nanofi brous structures is made straightforward and quite simple thanks to the electrospinning technique. The drug 

loading can proceed easily by adding the drugs to the polymer solution before the start of the process. Due to the high 

specific surface area, the release rate can reach high values. Moreover, nanofibres may help to deliver the drug efficiently 

because drugs are absorbed better into the body the smaller the dimensions of the carrier material [15]. 

 

 Tissue engineering 

A tissue engineered scaffold is a structure that replaces the natural extracellular matrix (ECM) until host cells can 

repopulate and re-synthesis a new natural matrix. To fulfill the desired biological function, morphological similarity with 

the native tissue is important. The requirements for scaffolds are closely related to the properties of nanofibrous 

structures so these materials may have a good potential in tissue engineering [20]. 
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1.1.3.2. Applications of nanofibrous structures: 

Almost all human tissues such as bone, cartilage, skin etc can be considered as nanofi brous systems. Therefore a 

man-made nanofibrous structure is, in cases of a defect or problem in the natural system, the ideal candidate to mimic the 

native extracellular matrix (ECM) and assist the healing process. The nanoscale is particularly relevant for biomedical 

applications since viruses and bacteria have dimensions in this order. In the next sections the use of nanofibres in the 

medical world will be explored, starting with wound dressings and drug release systems, and ending with tissue 

engineering application. 

 

1.2. SOL-GEL TECHNIQUE 

 

 Sol-Gel method is a method of converting monomers to colloidal solution (sol) that acts as the precusor for an 

integrated network (gel) of either discrete particles or network polymers. Unique properties of the sol-gel provide the 

possiblity of their use for a vareity of medical applications. It can be used as a carrier for the sustaoned delivery of drugs 

and as an established wound healer. A marked decrease in scar size was observed because of wound healing composite 

including sol-gel processed nanoparticles 

 
Fig 1.2: Sol-gel Process 

 

1.3. CHITOSAN NANOPARTICLES 

 

Chitosan and its derivatives as a MCCh are often used for the preparation of the biodegradable biomaterials. 

Chitosan of acetylation degree over 80% and average molecular weight around 350 kDa demonstrated the highest level of 

activity. Chitosan could be used as a base material for scaffold devices and as modification tools for currently used 

biomedical devices in improving tissue regeneration efficacy [33]. Also, it can expand the feasibility of combinative strategy 

of controlled drug release idea and tissue engineered tissue formation in reconstructive therapy in the field of periodontics, 

orthopedics, cancer and plastic surgery. 

 

1.4. SILVER NANOPARTICLES 

 

 Silver nanoparticles in the form of silver based chemicals trace back their origin to time immemorial since the dilute 

forms of silver nitrate were used in place of antibiotics before they dominated the field of medicine. But, it has now 

become necessary to explore the anti-microbial properties of silver based chemicals again due to the microbes gaining 

resistance against the wide range of present day antibiotics. The advancements in the field of medicine and technology 

started to coalesce to combat the adaptability of microbes as they successfully become tolerant to antibiotics and it 

manifested in the form a current technology, Nanomedicine[1]. 

 

1.5. ZINC OXIDE ELECTROSPUN NANOFIBERS 

 

The ZnO, which is a representative semiconducting oxide, shows gas sensing property due to the change in 

electrical conductivity upon expose to test gases. The ZnO has been early and widely studied due to its high mobility of 

conduction electron, good chemical and physical stability, low cost, and so on. Compared to other structural types of ZnO 

gas sensors, nanostructured ZnO gas sensors are reported to exhibit higher sensitivity. From this perspective, of ZnO 

nanofiber based gas sensors are expected to exhibit sensing performance at very low gas concentrations. However, up to 

now, most work on the ZnO nanofibers concentrates on the synthetic methods of ZnO nanofibers, lacking the potential 

of ZnO nanofiber as gas sensors[23]. 
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The surface of as-spun composite fibers appears to be relatively smooth due to the polymeric property and/or 

amorphous nature of ZnO/PVP. This is in an agreement with previous result on composite fibers of other precursors 

and polymers. The diameters of ZnO/PVP composite fibers range from 200 nm to 300 nm. After annealing, the diameter 

of ZnO nanofiber shrank drastically to 35–150 nm, as shown in. The shrinkage of fibers is due to the burn-out of PVP 

from the nanofibers and the crystallization of ZnO phase during the annealing process. Although annealing fully 

decomposes the PVP, the network structure still retained in an excellent fashion. Apparently, the surface of ZnO 

nanofiber annealed at 400 _C is similar to that of as-spun. 

 

ZnO/PVP composite fiber. The smooth surface morphology is thought to have its origin in the poor crystallinity 

of ZnO. The ZnO nanofibers obtained at 600 C and 800 C show connected cylindrical ZnO grains along the length of 

nanofibers. Grain growth of ZnO is clearly observed with increase in the annealing temperature from 600 C to 800 C. In 

addition to grain growth, the increase in the annealing temperature has an effect of distributing the grains in a uniform 

fashion. The diameters of ZnO nanofibers ranged from 35 nm to 100 nm at 600 C and 800 C[7]. 

 

II   MATERIALS AND METHODS 
2.1. MATERIALS: 

 

The materials used in this study are the nanoparticles of varied properties to impart intrinsic characteristics to the 

product of wound dressing. Wound dressing product must possess the properties like antibacterial, UV protection, skin 

regeneration for burnt scars etc. For the theses purposes, here three nanoparticles are used.  

The three nanoparticles used are, 

 

 Chitosan Nanoparticles 

 Silver Nanoparticles 

 Zinc Oxide Nanoparticles 

 

 

NANOPARTICLE

S 

 

PROPERTIES 

 

Chitosan 

 

 Antibacterial  

 Nontoxic biodegradable 

 Wound healing 

 Restore burnt skin to normal 

skin 

 

Silver 

 

 Antibacterial  

 Wound healing  

 Restore burnt skin to normal 

skin 

 

Zinc Oxide 

 

 Anti inflammatory 

 Antiseptic 

 Wound healing 

 Prevents sunlight and 

ultraviolet rays 

Table 1: Chitosan/Ag/ZnO NPs Properties 

 

2.2. CHITOSAN NANOPARTICLES:  

 

Chitosan nanoparticles are often used for the preparation of the biodegradable biomaterials. Chitosan of 

acetylation degree over 80% and average molecular weight around 350 kDa demonstrated the highest level of activity.  
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Chitosan could be used as a base material for scaffold devices and as modification tools for currently used 

biomedical devices in improving tissue regeneration efficacy. Also, it can expand the feasibility of combinative strategy of 

controlled drug release idea and tissue engineered tissue formation in reconstructive therapy in the field of periodontics, 

orthopedics, cancer and plastic surgery[25]. 

 

2.3. SILVER NANOPARTILCES: 

 

Silver nanoparticles in the form of silver based chemicals trace back their origin to time immemorial since the 

dilute forms of silver nitrate were used in place of antibiotics before they dominated the field of medicine. But, it has now 

become necessary to explore the anti-microbial properties of silver based chemicals again due to the microbes gaining 

resistance against the wide range of present day antibiotics[1]. The advancements in the field of medicine and technology 

started to coalesce to combat the adaptability of microbes as they successfully become tolerant to antibiotics and it 

manifested in the form a current technology, Nanomedicine. 

 

2.4. ZINC OXIDE NANOPARTICLES: 

 

Zinc oxide has been shown to naturally reduce the activity of a wide range of bacteria strains antibiotic use. 

Implementation of nanotechnology, or the use of materials with nanoscale dimensions, has further enhanced the 

antibacterial properties of ZnO. For example, a study that used particle supplements to liquid cell suspensions to 

investigate the antibacterial effect of both micron-scale and nanoscale ZnO particles concluded that nanoparticles had a 

greater antibacterial effect[10]. 

 

2.5. PREPARATION OF POLYMER SOLUTION 

 

The nanopartilces sourced are combined to for the polymer solution. The polymer solution is prepared by melt 

polymer method. In this method, the nanopartilces are to be melted in suitable temperature. They are melted to particular 

surface tension, viscosity, molecular weight and molecular concentration. 

 

III MATERIALS AND METHODS 
 

3.1 MATERIALS: 

The materials used in this study are the nanoparticles of varied properties to impart intrinsic characteristics to the 

product of wound dressing. Wound dressing product must possess the properties like antibacterial, UV protection, skin 

regeneration for burnt scars etc. For the theses purposes, here three nanoparticles are used.  

The three nanoparticles used are, 

 

 

 

Nanoparti

cles 

 

NP in 

gms 

 

Solvent 

 

Quanti

ty 

 

Tempera

ture 

 

Chitosan 

 

10 

gms 

 

Acetic Acid 

 

1 ml/ 

gm 

 

600 C 

 

Silver (Ag) 

 

10 

gms 

 

 DMSO 

 

1 ml/ 

gm 

 

500 C 

 

(ZnO) 

 

10 

gms 

 

Ethanol 

 

1 ml/ 

gm 

 

250 C 
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 Chitosan Nanoparticles 

 Silver Nanoparticles 

 Zinc Oxide Nanoparticles 

 

         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.2: Chitosan/Ag/ZnO NPs Properties 

 

3.2. PREPARATION OF SOLUTION 

The synthesized nanoparticles are converted into solution form for the application of the nanoparticles on the 

non woven pad for wound dressing. Due definite characteristics of various nanoparticles, they dissolve in different solvent 

in different concentration. Each nanoparticles require unique solvent which has the capaibility of converting the 

nanoparticles to the solution. This is because of its characterization and its synthesis process.  

 The nanoparticles are dissolved in the solvent at particular temperature and suitable concentration which makes 

the powder to solution form. 

 
Fig 3.2: Solution in Glass Tube 

3.3. NON WOVEN FABRIC DEVELOPMENT 

 Cotton from blowroom was used for the formation of web. The web is formed by using carding machine. 

The nonwoven fabric was developed by Needle punching technique. The fabric was developed at PSG College 

ofTechnology. The parameters of the method were as follows: 

 

 

 

 

 

 

 

 

NANOPARTICLE

S 

 

PROPERTIES 

 

Chitosan 

 

 Antibacterial  

 Nontoxic biodegradable 

 Wound healing 

 Restore burnt skin to normal 

skin 

 

Silver 

 

 Antibacterial  

 Wound healing  

 Restore burnt skin to normal 

skin 

 

Zinc Oxide 

 

 Anti inflammatory 

 Antiseptic 

 Wound healing 

 Prevents sunlight and 

ultraviolet rays 
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Particulars Parameters 

Working width 8 inch 

Punching rate 11 mm 

Stroke length 20 mm 

Production rate 0.2 to 2 m/min 

Needle board 120 strokes/min 

Table 3.3: Needle Punching parameters 

 

 
Fig 3.3: Developed Non woven fabric  

 

3.4. NANOCOMPOSITE WOUND DRESSING BY SOL-GEL METHOD 

 

 The wound dressing pad is produced from the non woven fabric and cotton gauze. Wound dressing requires 100% 

cotton and cooton gauze. Cotton gauze which is purchased from the pharmacuticals and used to wrap the nanocomposite 

material for wound dressing. Here two layers of fabric is made as sandwich by applying the nanopartical solution and 

warpped around the cotton gauze. 

 

3.4.1: SOL-GEL PROCESS STEPS 

 

The sol-gel process is a wet-chemical technique that uses chemical solutions to produce an integrated network (gel). 

 

Step 1: The nanoparticals are converted into colloidal solution by dispersing it in required solvent. 

 

Step 2: The sol evolves then towards the formation of an inorganic continuous network containing a liquid phase (gel). 

 

Step 3: Then it method is forwarded to the formation of metal oxide as polymer solutions. 

 

Step 4: After a drying process, the liquid phase is removed from the gel.  

 

Step 5: Then, a thermal treatment is performed inorder to favor further polycondensation and enhance mechanical 

properties. 

 

Step 6: The prepared solution is applied on the thin surface i.e. non woven fabric.  

 

Step 7: The solution is applied between the surface of tow layered fabric of 3 inch each. 

 

Step 8: Then, the two layered treated sandwich is warped around the cotton gauze. 
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Fig 3.4: Nanocomposite Woud Dressing Material 

 

3.5  EVALUATION 

 

3.5.1. SEM ANALYSIS: 

 

The SEM analysis samples are performed to analyze the structure of the electrospun nanofibers. In scanning 

electron microscope, the structure is visualized at 1kV. The morphological structure should be of no bead formation with 

specific diameter of the fiber. 

 

3.5.2. FT-IR ANALYSIS: 

 

The analysis of morphological structure of the electrospun nanofibers under FT-IR is very particular in the infra 

red rays. In Fourier Transfer infra red analysis, the structure of the fiber is visualizes and also the diameter of the fiber is 

determined.   

 

3.5.3. AATCC-147-1998: QUALITATIVE ANTIBACTERIAL-AGAR DIFFUSION TEST: 

 

Antibacterial proficiency of samples determined qualitatively (AATCC-147-1998) against a gram positive 

organism (Staphylococcus aureus) and gram negative bacterium (Escherichia coli). In qualitative antibacterial-agar diffusion test, 

samples ( =4.8±0.1 cm) were incubated at 120 ◦C for 15 min. Bacterium was placed in 5 ml nutrient broth and incubated 

at 37 ◦C for 24 hrs. Agar Petri dishes were inoculated with grown bacterium. The samples were gently pressed in the 

centre of media culture. The plates were incubated at 37°C for 24 hours and zone of inhibition observed. 

 

IV RESULT & DISCUSSION 
 

4.1. SEM ANALYSIS CHITOSAN NANOPARTICLES 

 

Chitosan nanoparticles were successfully prepared by ionic gelation method. Figure shows the effects of Ph on 

particle size. The mean diameter of chitosan nanoparticles decrease with increases of pH. This could be related to 

different chitosan molecular conformation with changing pH before nanoparticle formation. Because the isoelectric point 

of chitosan was 6.8, the majority of amino groups were protonated to form an extended molecular chain in acid solution 

owing to strong repulsion existing among positively charged ammonium groups at low pH (3.0) [16]. A more extended 

spherical shape was formed on the addition of TPP solution. With an increase in pH (from 3.0 to 7.0), positive charges 

would be neutralized with gradual de-protonation of ammonium groups, resulting in a less extended molecular chain of 

chitosan to form uniform small nanoparticles. 
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Figure 4.1.1. SEM micrograph of chitosan nanoparticles using different chitosan concentrations,   (a) 0.1%; (b0.5%; (c) 

1.0% and (d) 2.0%. 

 

 
Figure 4.1.2. SEM micrograph of the prepared chitosan nanoparticles using different pH values (a) pH =3.0; (b) pH = 

5.0 and (c) pH = 7.0. Using chitosan concentration; 0.1% with TPP concentration; 0.1mg/mL, at temperature 30˚C and 

for stirring time; 40 min. 

 

4.2. SEM ANALYSIS SILVER NANOPARTILCES 

 

FE-SEM image and EDAX spectra (inset of Figure 3(a)) of Ag-NPs formed by the interaction between Gymnadenia 

orchidis Lindlroots extract and AgNO3 solution. FE-SEM image confirmed the Ag-NPs were quiteuniform spherical Bin 

shape and polydisperse in nature. Few larger particles of Ag-NPs were appeared in the FE-SEM image which was due to 

NPs aggregation during synthesis process. This could lead to the variation in size of the particles. 

 

 
Figure 4.2. SEM micrograph of silver nanoparticles  

 

4.3. SEM ANALYSIS ZINC OXIDE NANOPARTICLES 

 

The SEM images of ZnO NPs show that the shape of the synthesized zinc oxide nanoparticles is hexagonal. 

Figure 3(a) & Figure 3(b) show the overall appearance of the sample which indicates that the successful formation of the 

ZnO NPs. The high resolution images of the sample Figure 3(c) & Figure 3(d) represent the hexagonal morphology of the 

ZnO NPs. 

 

 
Figure 4.3 SEM images of the zinc oxide nanoparticles at scale bar (a) 5 μm (b) 2 μm (c) 0.5 μm and (d) 0.2 μm. 
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4.3.2. UV-Visible Spectroscopy 

 

PerkinElmer UV-VISIBLE Spectroscopy lambda 25 with wavelength range from 300 - 800 nm was used to 

measure the absorbance of synthesized ZnO nanoparticles. This equipment is used to study the absorbance of sample in 

the ultra violet region and visible regions of electromagnetic spectrum. Figure shows that the sample has absorbed energy 

at 360 nm which is characteristic peak value of zinc oxide nanoparticles. The UV-Vis spectrum of ZnO NPs show strong 

absorption at 360 nm with no other peaks shows high purity of the synthesized nanoparticles. 

 
Figure 4.3.2. UV-Vis spectrum of ZnO NPs synthesized from green route 

 

4.4. ANTIMICROBIAL ACTIVITY 

4.4.1. Antibacterial Activity Procedure 

 

Concentration: 1mg/2ml 

 

4.4.2. Test Organism 

 

 The test microorganisms used for antimicrobial analysis Microorganism name were purchased from Microbial Type 

Culture Collection and Gene Bank (MTCC) Chandigarh. The bacterial strains were maintained on Nutrient Agar (NA) 

Nutrient Broth Preparation. 

Pure culture from the plate were inoculated into Nutrient Agar plate and sub cultured at 37ºC for 24 h. Inoculum 

was prepared by aseptically adding the fresh culture into 2 ml of sterile 0.145 mol/L saline tube and the cell density was 

adjusted to 0.5 McFarland turbidity standard to yield a bacterial suspension of 1.5×108 cfu/ml. Standardized inoculum 

Used for Antimicrobial test. 

 

4.4.3. Antimicrobial Test 

The medium was prepared by dissolving 33.9 g of Muller Hinton Agar Medium (Hi Media) in 1000 ml of distilled 

water. The dissolved medium was autoclaved at 15 Lbs pressure at 1210C for 15 min (pH 7.3). The autoclaved medium 

was cooled, mixed well and poured onto 100 mm petriplates (25 ml/plate) the plates were swabbed with Pathogenic 

Bacteria culture viz. Microorganism name Finally, The Sample or Sample (100µl) loaded cotton cloth was then placed on 

the surface of Mullar-Hinton medium and the plates were kept for incubation at 37°C for 24 hours. At the end of 

incubation, inhibition zones were examined around the disc and measured with transparent ruler in millimeters. The size 

of the zone of inhibition (including disc) was measured in millimeters. The absence of zone inhibition was interpreted as 

the absence of activity (Kohner et al., 1994; Mathabe et al., 2006). The activities are expressed as resistant, if the zone of 

inhibition was less than 7 mm, intermediate (8-10 mm) and sensitive if more than 11 mm (Assam et al., 2010). 

Table 4.4: Antimicrobial Activity 

NZ : No Zone 

G- : Gram Negative 

G+ : Gram Positive 

PC : Positive control 

PN : Negative Control 
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Figure 4.4. Antibacterial activity: a) Staphylococcus aureus, b Klebsilla pneumonia, c) Streptococcus mutans, d) 

E.coli, d) Proteus vulgari, e) Bacillus subtilis 

 

4.5. INVITRO ANTICANCER ACTIVITY DETERMINATION BY MTT ASSAY 

                      L929 cell line   was initially procured from National Centre for Cell Sciences (NCCS), Pune, India and 

maintained Dulbecos modified Eagles medium ( Gibco, Invitrogen). 

 

The cell lines was cultured in 25 cm2 tissue culture flask with DMEM supplemented with 10% FBS, , L-glutamine, 

sodium bicarbonate and antibiotic solution containing: Penicillin (100U/ml), Streptomycin (100µg/ml), and Amphoteracin 

B (2.5µg/ml). Cultured cell lines were kept at 37ºC in a humidified 5% CO2 incubator (NBS Eppendorf, Germany).  

  

 The viability of cells were evaluated by direct observation of cells by Inverted phase contrast microscope and 

followed by MTT assay method.  

 

4.5.1. Cells seeding in 96 well plate: 

Two days old confluent monolayer of cells were trypsinized and the cells were suspended in 10% growth medium, 100µl 

cell suspension (5x104 cells/well) was seeded in 96 well tissue culture plate and incubated at 37ºC in a humidified 5% CO2 

incubator.  

 

4.5.2. Preparation of plant extracts and compound stock: 

 1 mg of each plant extract or compound was added to 1ml of DMEM and dissolved completely by cyclomixer. After 

that the extract solution was filtered through 0.22 µm Millipore syringe filter to ensure the sterility.  

 

4.5.3. Cytotoxicity Evaluation: 

After 24 hours the growth medium was removed, Venom was added   to a final concentration of 50µg/ml  to 

induce toxicity and freshly prepared each plant extracts in 5% DMEM were five times serially diluted by two fold dilution 

(100µg, 50µg, 25µg, 12.5µg, 6.25µg in 100µl of 5% MEM) and each concentration of 100µl were added in triplicates to the 

respective wells and incubated at 37ºC in a humidified 5% CO2 incubator. 

 

4.5.4. Cytotoxicity Assay by Direct Microscopic observation: 

Entire plate was observed at an interval of each 24 hours; up to 72 hours in an inverted phase contrast tissue 

culture microscope (Olympus CKX41 with Optika Pro5 CCD camera)   and microscopic observation were recorded as 

images.  Any detectable changes in the morphology of the cells, such as rounding or shrinking of cells, granulation and 

vacuolization in the cytoplasm of the cells were considered as indicators of cytotoxicity.     

  

4.5.5. Cytotoxicity Assay by MTT Method: 

Fifteen mg of MTT (Sigma, M-5655) was reconstituted in 3 ml PBS until completely dissolved and sterilized by 

filter sterilization. After 24  hours of incubation period, the sample content in wells were removed and 3 0µl of 

reconstituted MTT solution was added to all test and cell control wells, the plate was gently shaken well, then incubated at 

37ºC in a humidified 5% CO2 incubator for 4 hours. 
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 After the incubation period, the supernatant was removed and 100µl of MTT Solubilization Solution ( DMSO 

was added and the wells were mixed gently by pipetting up and down  in order to solubilize the formazan crystals. The 

absorbance values were measured by using microplate reader at a wavelength of 570 nm (Laura B. Talarico et al., 2004). 

 

 

 
 

Figure 4.5. In-Vivo activity: a) 5%, b) 10%, c) 15%, d) 20%, d) 25%, e) 30% 

 

The percentage of growth inhibition was calculated using the formula:  

 

                             Mean OD samples x 100 

% of viability = -------------------------------------- 

                             Mean OD of control group 

 

V CONCLUSION 
 

The nanocomposite wound dressing material produced by using three nanoparticles, such as, chitosan, silver and 

zinc oxide by the method of sol-gel method has experimentally proved that the material contains the activity of 

antibacterial and anti-cancer by in-vitro test.  The wound dressing material contains the property of healing the wounds 

caused by burning and deep wounds included anti-cancer property. 
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