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CHAPTER  VII 

ANTIBACTERIAL AND ANTICANCER ACTIVITIES OF THE rGO/CS/ 

METAL OXIDES (ZnO, CuO), METAL (Ag, Au) NANOCOMPOSITES 

7.1 INTRODUCTION 

The advancement of nanotechnology has led to a variety of nanomaterials 

that require investigations into their safety for human health and ecological purposes 

at the environmental and organism levels. Microorganisms such as bacteria and 

fungi are found in the environment such as water, soil, skin and air that can penetrate 

easily on various surfaces which leads to serious infectious diseases in both humans 

and animals. Almost seventeen thousand people die every year as a result of 

microbial infections [1]. Liver cancer is one among the major cause of death in 

economically developed countries. The increase in cancer mortality rates in many 

countries is due to population, aging and growth as well as an adoption of cancer 

associated lifestyle choices because of lack of physical activities, radiation, stress 

and environmental pollution. Despite the fact chemotherapy can significantly 

improve the quality of life of patients with liver cancer, but only a small amount of 

increase in survival rate is achieved due to poor bioavailability and drug resistance. 

Treatment to cancer still remains a challenging one to cure cancer completely [2].  

To overcome this, many research groups have paid attention to develop 

various types of antimicrobial agents and novel nanomaterials to protect human life 

against the negative effects of microorganisms. Most importantly, targeting 

pathogenic bacteria with nanomaterials has received great attention. However, the 

traditional antibiotics lose their resistance to microorganisms since they develop 

their own resistance.  Thereby, more attentions and efforts have been made to invent 

novel drugs to treat multidrug-resistant pathogens and cancer theraphy [3].  

Graphene is a single atomic plane layer of the graphite structure. It is a two-

dimensional planar and hexagonal array of carbon atoms. Each of these carbons 

are sp
2
-hybridized and has four bonds, one σ bond with each of its three neighbours 

and one π-bond that is oriented out of the plane. It has a hexagonal pattern, forming 
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a honeycomb crystal lattice [4]. Graphene oxide (GO) is a promising functional 

nanobiomaterial that is widely applied in drug delivery, biosensing, photocatalysis, 

energy storage devices, electronics and biomedicine. The interactions between 

Graphene oxide and living organisms and their subsequent biological responses is 

one of the most active research fields in nanotoxicology [5]. The researchers 

developed various Graphene based nanocomposites by modifying the surface of 

graphene using biomolecules, polymers and inorganic materials to decrease the 

toxicity and to improve their antibacterial efficiency. The development of 

nanocomposites involving the combination of carbon nanomaterials with nobel 

metal or metal oxide nanoparticles will remarkably enhance their biological 

properties like antibacterial and anticancer activity [6]. Chitosan (CS), a basic 

polysaccharide natural bio copolymer of β [1,4]-glucosamine and N-acetyl-D 

glucosamine linked by glycosidic bonds and one of the most plentiful natural 

polymers on earth, is generally obtained through deacetylation of chitin [7]. Because 

of its unique properties like biodegreadation and biocompatablity, it is considered as 

a promising agent for applications in molecular separation, food packaging, 

biomedical, paper industry, artificial skin, bone substitutes, water treatment, 

electrochemical sensors, biosensors, etc., The functional groups of chitosan may be 

allowed to interact with other materials such as TiO2, Cu2O, CdS, zeolite, ZnO, Ag 

and Au for the applications in the field of removal of dyes, toxic organics, 

biosensors and antimicrobial agents [8].  

This chapter deals with the antibacterial and anticancer studies of the 

synthesized metal (Au, Ag) / metal oxide (ZnO, CuO) nanoparticles decorated on 

the surface of chitosan blended reduced graphene oxide nanocomposites. The 

prepared nanocomposites are evaluated against gram-positive bacteria 

(Staphylococcus Aureus, Bacillus Subtilis) and gram-negative bacteria (Escherichia 

Coli, Klebsilla Pneumoniae) through disk diffusion method. The effect of anticancer 

is studied using the cytotoxicity effect. The cytotoxicity effect of the prepared 

nanocomposites is performed by MTT assay against liver cancer cell (HepG–2). The 

sample exhibits potential dose dependent cytotoxicity against HepG–2 (cancer cell 

line). 
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7.2 CLASSIFICATION OF BACTERIA 

In 1800‘s Danish scientist Hans Christian Gram developed gram strain 

test to differentiate types of bacteria. In this method, bacteria which retain the crystal 

violet dye are called Gram-positive bacteria and in contrast bacteria that do not 

retain the violet dye are called Gram-negative bacteria as shown in the Figure 7.1[9].  

 

Figure 7.1 Shematic diagram of gram positve and gram negative bacteria 

7.2.1 Gram positive bacteria 

The bacteria that show purple stain during gram staining test are known as 

gram positive bacteria. It has a thick peptidoglycan layer and the thickness of the 

layer is around 20-30 nm which is responsible for retaining the strain. Porins are 

absent in gram positive bacteria. Only some species have flagella with two rings in 

the outer section. The surface layer is attached to the peptidoglycan layer. Nucleus is 

present in the centre part of the bacteria which is surrounded by cytoplasmic 

membrane, mitochondria, chromosomes, DNA and RNA [10]. 

 7.2.2 Gram negative bacteria 

 The bacterium that shows pink stain during gram straining test are known as 

gram negative bacteria. It has both inner and outer cell membranes. It is bounded by 
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inner cell membrane and outer cell membrane with a thin layer of peptidoglycan in 

between these membranes. The inner cell membrane is called as cytoplasmic 

membrane. The outer cell membrane consists of lipopolysaccharides. Due to the lack 

of peptidoglycan layer gram negative bacteria do not retain stain. Porins are present 

in the outer cell membrane and four rings of flagella are also present in the outer 

membrane. The surface layer is directly attached to the outer membrane. It has 

nucleus in the centre part which is surrounded by cytoplasmic membrane, 

mitochondria, chromosomes, DNA and RNA [11]. 

7.3 FEATURES OF THE TEST ORGANISMS 

The bacterial test organisms, 

 Staphylococcus aureus 

 Bacillus subtilis 

 Escherchia coli 

 Klebsiella pneumonia are used in the present study.  

7.3.1 Staphyloccocus aureus 

 

                                                    Figure 7.2 S.aureus 
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The name Staphylococcus arises from the Greek word staphyle, which means 

a bunch of grapes or kokkos, since the bacteria looks like a bunch of grapes on 

observing through the microscope as shown in the Figure 7.2. It is a Gram positive 

bacteria. They are approximately 0.5-1.5 µm in diameter and are non-moving, small 

round shaped or non-motile cocci. It is found in humans in the nose, groin, axillae, 

perineal area (males), mucous membranes, mouth, mammary glands, hair and the 

intestinal, genitourinary and upper respiratory tracts [12].  

S aureus is an opportunistic infection which can cause a variety of serious 

diseases in humans. S,aureus is one of the most common causes for skin, soft-tissue 

and nosocomial infectiosn  Scalded skin syndrome is caused by exfoliative toxins 

secreted on the epidermis and mostly affects neonates and young children [13].  

7.3.2 Bacillus subtilis 

 

Figure 7.3 Bacillus subtilis 

Bacillus subtilis is a gram positive bacterium as shown in the Figure 7.3. At 

first it is named as vibrio subtilis by Christian Gottfried Ehrenberg in the year 

1835and later it is renamed as Bacillus subtilis by Ferdinand Cohn in the year1872.  

It is also called as hay bacillus. They are rod-shaped and are about 4-10 μm length 

and 0.25–1.0 μm in diameter as shown in the Figure 7.3. It is found in soil and 
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the gastrointestinal tract of  humans. It can contaminate the food, resulting in food 

poisoning [14]. 

7.3.3 Escherichia coli 

 

Figure 7.4 Escherichia coli 

Escherichia coli generally known as E.coli as shown in the Figure 7.4. It is 

a Gram-negative and is found in the lower intestine of warm blooded organisms. 

They are rod shaped and are about 2.0 μm length and 0.25-1.0 μm in diameter. The 

cell volume of the bacteria is about 0.6–0.7 μm
3
.  It lives in the digestive tracts of 

living organisms. Most E. coli strains are harmless, but some serotypes 

are pathogenic and can cause serious food poisoning in humans. There are many 

types of E. coli. Some strains of   E. coli bacteria may cause severe disease 

like anemia or kidney failure, which leads to death [15].  

Transmission of pathogenic E. coli often occurs via fecal–oral transmission. 

Common routes of transmission include: unhygienic food preparation, farm 

contamination due to manure fertilization, irrigation of crops with contaminated grey 

water or raw sewage
 
 and direct consumption of sewage-contaminated water. Food 

products associated with E. coli outbreaks include cucumber, raw ground beef, raw 

http://en.wikipedia.org/wiki/Gram-negative_bacteria
http://en.wikipedia.org/wiki/Gastrointestinal_tract
http://en.wikipedia.org/wiki/Warm-blooded
http://www.webmd.com/digestive-disorders/digestive-tract
http://en.wikipedia.org/wiki/Strain_(biology)
http://en.wikipedia.org/wiki/Serotype
http://en.wikipedia.org/wiki/Pathogenic_bacteria
http://en.wikipedia.org/wiki/Foodborne_illness
http://en.wikipedia.org/wiki/Human
http://www.webmd.com/hw-popup/anemia
http://www.webmd.com/a-to-z-guides/acute-renal-failure-topic-overview
http://en.wikipedia.org/wiki/Fecal%E2%80%93oral_route
http://en.wikipedia.org/wiki/Greywater
http://en.wikipedia.org/wiki/Greywater
http://en.wikipedia.org/wiki/Sewage
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seed sprouts or spinach,  raw milk, unpasteurized juice, unpasteurized cheese and 

foods contaminated by infected food workers via fecal–oral route [16].  

7.3.4 Klebsiella pneumonia 

 

Figure 7.5 Klebsiella Pneumonia 

Klebsiella Pneumonia is a gram – negative, non motile bacterium as shown 

in the Figure 7.5. The German bacteriologist Edwin klebs named the bacteria 

Klebsiella in the year 1834–1913. It is also known as Friedlander's bacillum, named 

in the honour of a German pathologist Carl Friedlander, who proposed that this 

bacterium was the etiological factor for the pneumonia seen especially in individuals 

such as people with chronic diseases or alcoholics. It is a rod shaped bacteria found 

in the flora of the mouth, skin and intestines. It naturally occurs in the soil [17].  

The bacterium typically colonizes human mucosal surfaces of the 

oropharynx and gastrointestinal tract. The bacterium once enters the body; it can 

display high degrees of virulence and antibiotic resistance. It is found that 

if the bacteria are spread through the respiratory tract, it causes pneumonia or  

if the bacteria are spread through the blood it causes infection in the blood  

stream. The most common infection caused by klebsiella bacteria are 

bronchopneumonia and bronchitis. These infections have tendency to form disease 

like lung abscess, cavitation, empyema and pleural adhesions [18].  

https://en.wikipedia.org/wiki/Bronchopneumonia
https://en.wikipedia.org/wiki/Bronchitis
https://en.wikipedia.org/wiki/Abscess
https://en.wikipedia.org/wiki/Cavitation_(biology)
https://en.wikipedia.org/wiki/Empyema
https://en.wikipedia.org/wiki/Adhesion_(medicine)
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7.4 DETERMINATION OF ANTIBACTERIAL ACTIVITY 

The purpose of the Antibacterial activity is to resist the growth of bacteria. 

The antibacterial activity of the prepared nano composites is screened against gram 

positive (Escherichia coli, Klebsiella pneumonia) and gram negative 

(Staphylococcus aureus, Bacillus subtilis) bacteria. The antibacterial activity is 

investigated by disc diffusion method.  

7.5 MATERIALS AND METHODS 

7.5.1 Reagents 

Muller Hinton Agar Medium, nutrient broth, sterile forceps, sterile cotton 

swabs, std Ciprofloxacin disc and petri dish.  

7.5.2 Preparation of inoculum 

The inoculums for the experiment are prepared in fresh Nutrient broth from 

the preserved slant culture. The inoculums are standardized by adjusting the 

turbidity of the culture to that of 0.5 Mc Farland standards. The turbidity of the 

culture is adjusted by the addition of sterile saline or broth. .  

7.5.3 Sterilization of forceps and cotton swabs 

Cotton wool swab are sterilized by autoclaving or dry heat (only for wooden 

swabs) by packing the swabs in culture tubes, papers or tins etc. Forceps are 

sterilized by dipping in alcohol and burning off the alcohol using flame. 

7.5.4 Experimental procedure 

The antibacterial activity is investigated by disc diffusion method. It is also 

known as Kirby-bauer method. The standardized inoculums are inoculated in the 

Mueller-Hinton agar plate prepared earlier by using an aseptic technique at which 

the sterile swab is dipped in the inoculums and the excess liquid is gently removed 

by pressing and rotating the swab firmly against the side of the culture tube. The 

bacterial lawn is formed by streaking the on the surface of the Mueller-Hinton agar 

plate. The plate is swabbed in one direction by rotating the plate 3 times at an angle 

of 90° and it is then allowed to dry for 5 minutes in order to obtain uniform growth. 

https://en.wikipedia.org/wiki/Mueller-Hinton_agar
https://en.wikipedia.org/wiki/Mueller-Hinton_agar
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 Each Petri dish is divided into 6 parts and in each part 100 µg of samples disc 

such as 0.002 M, 0.004 M, 0.006 M, 0.008 M, 0.01M disc (discs are soaked overnight in 

sample solution) and 10 µg of Std Ciprofloxacin disc are pressed gently on the disc 

using flame- sterilized forceps. Then Petri dishes are placed in the refrigerator at 4º C 

for diffusion and the plates are incubated at 37 º C for 24 hours. Then, the zone of 

inhibition is observed around and is measured using a scale [19-20]. 

7.6 RESULTS AND DISCUSSION 

7.6.1 Antibacterial Activity of rGO/CS/ZnO nanocomposites against Gram 

Positive and Gram-Negative Bacteria 

  

 

Figure.7.6 Antibacterial activity for various concentrations of rGO/CS/ZnO 

nanocomposites against Gram negative [(E.coli (a), K.pneumonia (b)] and 

Gram positive [(Bacillus subtilis (c), S.aureus (d)] 
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The antibacterial activity for various concentrations of rGO/CS/ZnO 

nanocomposites against Gram negative [(E.coli (a), K.pneumonia (b)] and Gram 

positive [(Bacillus subtilis (c), S.aureus (d)] is shown in the Figure 7.6 (a-d) . The 

gram positive and gram-negative organisms are placed in different petri dish and 

inoculated in the culture media. Each petri dish is divided into six parts at which 100 

μg of different concentrations 0.002M, 0.004M, 0.006M, 0.008M and 0.01M of the 

prepared nanocomposites discs are added and the Zone of inhibition is measured 

after incubation. These zone of inhibition values for different concentrations of the 

rGO/CS/ZnO nanocomposites against Gram negative [(E.coli (a), K.pneumonia (b)] 

and Gram positive [(Bacillus subtilis (c), S.aureus (d)] is shown in the Figure 7.7 

and its values are given in the Table 7.1. It is evident that the zone of inhibition 

increases gradually with increase in the concentration of Zinc oxide nanoparticles 

except for 0.006 M of Zinc oxide which may be due to the decrease in weight 

percentage of zinc oxide nanoparticles as evidenced from EDAX analysis.  

 

Figure 7.7 Graphical representation of zone of inhibition (mm) of various 

concentrations 0.002M, 0.004M, 0.006M, 0.008M and 0.01M of Zinc oxide 

nanorods incorporated on rGO/CS nanocomposites 
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Table 7.1 Antibacterial activity of various concentrations 0.002M, 0.004M, 

0.006M, 0.008M and 0.01M of Zinc oxide nanorods incorporated on rGO/CS 

nanocomposites. 

Antibacterial activity for  Reduced graphene oxide/chitosan/Zinc 

nanocomposites 

Bacteria  

Zone of Inhibition (mm)  

0.002 M  0.004 M 0.006 M 0.008 M 0.01 M 

S.aureaus  12 12 10 14 15 

B.subtilis  12 16 13 17 20  

E.coli  18 20 17 20 24 

K.pneumoniae 18 20 13 18 22 

It is further observed that the zone of inhibition for 0.008M and 0.01M of 

zinc oxide  increases and may be due to the increase in number of particles on the 

surface of rGO/CS nanocomposites as evidenced from SEM analysis. Hence, the 

maximum zone of inhibiton is observed for 0.01M of rGO/CS/ZnO nanocomposites. 

These results shows that due to the symbiotic effect between zinc oxide, chitosan 

and reduced graphene oxide, the prepared nanocomposites exhibits excellent 

bactericidial activity against both gram positive and gram negative bacteria [21-22]. 

It is also observed that Gram negative bacteria shows excellent bactericidal activity 

compared to Gram positive bacteria. This may be due to Gram negative bacteria 

have thin peptidoglycan cell membranes compared to the Gram positive bacteria and 

it is easier for nanocomposites to penetrate into the bacteria cell membrane resulting 

in high bactericidial activity. The enhanced bactericidal activity is due to the 

generation of H2O2 molecules on the surface of ZnO which can penetrate through 

the cell membrane and inhibit the growth of bacteria [23-25].  
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7.6.2 Antibacterial Activity of rGO/CS/CuO nanocomposites against Gram 

Positive and Gram-Negative Bacteria 

  

  

Figure 7.8 Antibacterial activity for various concentrations of rGO/CS/CuO 

nanocomposites against Gram negative [((a) E.coli (b) K.pneumonia] and Gram 

positive [(c) S.aureus (d) Bacillus subtilis] 

The gram positive and gram-negative organisms are placed in various petri 

dish and inoculated in the culture media. Each petri dish is divided into six parts at 

which 100 μg of different concentrations 0.002 M, 0.004 M, 0.006 M, 0.008 M and 

0.01 M of the prepared nanocomposites discs are added and the Zone of inhibition is 

measured after incubation. Figure7.8 (a-d) shows the antibacterial activity for 
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various concentrations of rGO/CS/CuO nanocomposites against Gram negative 

[(E.coli, K.pneumonia] and Gram positive [Bacillus subtilis, S.aureus]. It is 

observed from the Figure 7.8 (a-d) that both gram positive and gram negative 

bacteria exhibit excellent bactericidal activity against the prepared nanocomposites. 

The difference in bactericidal effect of both Gram-positive and Gram-negative 

bacteria may be due to the differences in their cell structure, metabolism and degree 

of contact of bacteria with the prepared nanocomposites [26-27]. It is further evident 

that Gram positive bacteria shows excellent bactericidal activity compared to Gram 

negative bacteria. This attributes that Cu
2+

 ions attaches to the negatively charged 

bacterial cell membrane by electrostatic attraction thus disruption in cell membrane. 

Thus the Cu
2+

 ions enters inside the bacteria, bind with other molecules leading to 

destruction in nuclei that result in the cell death [28-29]. 

 

Figure 7.9 Graphical representation of zone of inhibition (mm) of various 

concentrations 0.002 M, 0.004 M, 0.006 M, 0.008 M and 0.01 M of copper oxide 

nanoparticles incorporated on rGO/CS nanocomposites 
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Table 7.2 Antibacterial activity of various concentrations 0.002M, 0.004M, 

0.006M, 0.008M and 0.01M of copper oxide nanoparticles incorporated on 

rGO/CS nanocomposites. 

Antibacterial activity for  Reduced graphene oxide/chitosan/ copper oxide 

nanocomposites 

Bacteria  

Zone of Inhibition (mm) 

0.002 M  0.004 M  0.006 M  0.008 M  0.01 M  

S.aureaus  23  16  12  12  10  

B.subtilis  20  16  15  14  8  

E.coli  10  10  9  9  -  

K.neumoniae  15  12  10  9  8  

The measured zone of inhibition values for different concentrations of the 

rGO/CS/CuO nanocomposites against Gram negative [(E.coli, K.pneumonia] and 

Gram positive [(Bacillus subtilis, S.aureus] is shown in the Figure 7.9 and its values 

are given in the Table 7.2. It is observed from the table that the measured zone of 

inhibition values decreases gradually with increase in the concentration of copper 

oxide nanoparticles. The maximum zone of inhibiton is observed for 0.002M of 

rGO/CS/CuO nanocomposites. This clearly indicates that with decrease in the 

particle size of prepared nanocomposites the bactericidal effect increases. Thus the 

zone of inhibition is inversely proportional to the particle size that may be due to the 

large surface to volume ratio of prepared nanocomposites.   



180 

7.6.3 Antibacterial Activity of rGO/CS/Ag nanocomposites against Gram 

Positive and Gram-Negative Bacteria 

  

  

Figure 7.10 Antibacterial activity for various concentrations of rGO/CS/Ag 

nanocomposites against Gram negative [((a) E.coli (b) K.pneumonia] and Gram 

positive [(c) S.aureus (d) Bacillus subtilis] 

The gram positive and gram-negative organisms are placed in various petri 

dish and inoculated in the culture media. Each petri dish is divided into six parts at 

which 100 μg of different concentrations 0.002M, 0.004M, 0.006M, 0.008M and 

0.01M of the prepared nanocomposites discs are added and the Zone of inhibition is 

measured after incubation. Figure7.10 (a-d) shows the antibacterial activity for 

various concentrations of rGO/CS/Ag nanocomposites against Gram negative 

[(E.coli, K.pneumonia] and Gram positive [Bacillus subtilis, S.aureus]. It is 
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observed from the Figure 7.10 (a-d) that both Gram positive and Gram negative 

bacteria shows excellent bactericidal activity and the difference in bactericidal 

activity may be due to the difference in the cell membrane of the microgranisms. 

This attributes that the prepared rGO/CS/Ag nanocomposites interact with the 

bacertia cell membrane by electrostatic interaction leading to destruction in cell 

membrane [30]. The Ag
+
 ions penetrate into the bacteria and destroy all the 

membranes in the bacteria resulting in cell death. Moreover, rGO/CS/Ag 

nanocomposites generate reactive oxygen species (ROS) to inactive bacteria. Thus 

the ROS inhibits the bacterial growth which might result in bacterial death [31]. 

 

Figure 7.11 Graphical representation of zone of inhibition (mm) of various 

concentrations 0.002M, 0.004M, 0.006M, 0.008M and 0.01M of silver 

nanoparticles incorporated on rGO/CS nanocomposites  
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Table 7.3 Antibacterial activity of various concentrations 0.002M, 0.004M, 

0.006M, 0.008M and 0.01M of silver nanoparticles incorporated on rGO/CS 

nanocomposites. 

Antibacterial activity for  Reduced graphene oxide/chitosan/Silver 

nanocomposites 

Bacteria  

Zone of Inhibition (mm)  

0.002 M  0.004 M  0.006 M  0.008 M  0.01 M  

S.aureaus  15  16  16  17  11  

B.subtilis  17  18  19  19  17  

E.coli  08  10  10  20  13  

K.neumoniae  12  12  13  14  12  

The measured zone of inhibition values for different concentrations of the 

rGO/CS/Ag nanocomposites against Gram negative [(E.coli, K.pneumonia] and 

Gram positive [(Bacillus subtilis, S.aureus] is shown in the Figure 7.11 and its 

values are given in the Table 7.3. It is observed from the table that the measured 

zone of inhibition values increases gradually with increase in the concentration of 

silver nanoparticles from 0.002 M to 0.008 M and with further increase in the 

concentration of silver (0.01M) the zone of inhibition decreases. This decrease in 

zone of inhibition may be due to the aggregation of silver nanoparticles on the 

surface of rGO/CS nanocomposites as evidenced from SEM analysis as shown in the 

Figure 5.6. It is observed that for higher concentration of silver (0.01M), due to 

aggregation of silver nanoparticles, electrostatic interaction between prepared 

nanocomposites and microorganisms gets decreases thus resulting in poor 

bactericidal effect. The maximum zone of inhibiton is observed for 0.008 M of 

rGO/CS/Ag nanocomposites. Hence, the enhanced bactericidal activity is due to the 

large surface area of reduced graphene oxide/chitosan nanosheets with uniform 

dispersion of silver nanoparticles on its surface, which attributes the good 

electrostatic interaction prepared nanocomposites and microorganisms [32].  
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7.6.4 Antibacterial Activity of rGO/CS/Ag nanocomposites against Gram 

Positive and Gram-Negative Bacteria 

   

  

Figure 7.12 Antibacterial activity for various concentrations of rGO/CS/Au 

nanocomposites against Gram negative [((a) E.coli (b) K.pneumonia] and Gram 

positive [(c) S.aureus (d) Bacillus subtilis] 

The microorganisms are inoculated in the culture media by placing it in 

various petri dishes. Each petri dish is divided into six parts at which 100 μg of 

different concentrations 0.002M, 0.004M, 0.006M, 0.008M and 0.01M of the 

prepared nanocomposites discs are added and the Zone of inhibition is measured 

after 24 hours of incubation. Figure7.12 (a-d) shows the antibacterial activity for 

various concentrations of rGO/CS/Au nanocomposites against Gram negative 

[(E.coli, K.pneumonia] and Gram positive [Bacillus subtilis, S.aureus]. It is 
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observed from Figue 7.12 (a-d) that Gram negative bacteria exhibits high 

bactericidal activity compared to Gram positive bacteria. However, Gram negative 

bacteria have thin peptidoglycan layer and the prepared rGO/CS/Au nanocomposites 

penetrates easily into the bacteria. Consequently the rGO/CS/Au nanocomposites 

releases ROS like H2O
2
, O2

- 
 that destructs the cytoplasm, nuclei of the bacteria and 

even damages DNA which leads to bacterial death [33].  

The measured zone of inhibition values for different concentrations of the 

rGO/CS/Au nanocomposites against Gram negative [(E.coli, K.pneumonia] and 

Gram positive [(Bacillus subtilis, S.aureus] is shown in the Figure 7.13 and its 

values are given in the Table 7.4. It is observed from the table that the measured 

zone of inhibition values increases gradually with increase in the concentration of 

gold nanoparticles from 0.002 M to 0.01 M of gold nanoparticles. Since ROS is one 

of the major cause for bactericidal effect, due to the large surface area of prepared 

rGO/CS/Au nanocomposites the concentration of O2
-
 increases leading to oxidative 

imbalance in bacteria, Au
+
 ions attacksthe superoxide ions in the peptide linkages, 

resulting in destruction of the proteins. As a result of these the bacteria gets 

collapsed resulting in cell damage [34].  

 

Figure 7.13 Graphical representation of zone of inhibition (mm) of various 

concentrations 0.002 M, 0.004 M, 0.006 M, 0.008 M and 0.01 M of gold 

nanoparticles incorporated on rGO/CS nanocomposites  
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Table 7.4 Antibacterial activity of various concentrations 0.002M, 0.004M, 

0.006M, 0.008M and 0.01M of gold nanoparticles incorporated on rGO/CS 

nanocomposites. 

Antibacterial activity for Reduced graphene oxide/chitosan/Gold 

nanocomposites  

Bacteria  

Zone of Inhibition (mm) 

0.002 M  0.004 M  0.006 M  0.008 M  0.01 M  

S.aureaus  9  11  12  12  16  

B.subtilis  7  7  8  8  9  

E.coli  10  10  10  11  13  

K.neumoniae  7  7  8  8  9  

7.7 DETERMINATION OF ANTICANCER ACTIVITY 

From the result of Antibacterial activity, highy inhibited nanocomposites are 

taken for anticancer studies. The Anticancer activity of the prepared nanocomposites 

is tested using cytotoxic assay. The cytotoxicity of the prepared nanocomposites 

against liver cancer cell line (HepG2) is determined by MTT.  

7.7.1 Materials  

3-(4, 5- dimethylthiazol-2yl)-2,5- diphenyl- tetrazolium bromide, a yellow 

tetrazole (MTT), phosphate buffered saline (PBS), Dimethyl sulphoxide (DMSO), 

Dulbeco‘s modified eagle medium (DMEM), fetal bovine serum (FBS), 96-well 

microtiter plate are obtained from sigma Aldrich chemical. 

7.7.2 Cell line culture 

HepG2 cancer cell lines are obtained from National centre for cell sciences 

pune (NCCS). The HepG2 cancer cells are cultured in Dulbecco's Modified Eagle's 
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Medium (DMEM) supplemented with 10% Fetal Bovine Serum (FBS), 20µg/ml 

penicillin and 100 µg/ml streptomycin. The cells are incubated at 37 °C with an 

atmosphere of 5% CO2 in 96- well plates.  

7.7.3 Cytotoxicity assay 

The anticancer activity of the prepared nanocomposites on HepG2 cells are 

determined by the MTT assay. Human hepatocarcinoma (HepG–2) cell lines are 

cultured under standard cell culture conditions. HepG-2 cell lines are seeded in 96 

well plates at the density of 1x10
5
 cells per well and kept in an incubator at 37

○
C for 

24 hours. The cells are treated with various concentrations (25, 50, 75, 100 and 125 

μg/ml) of the prepared nanocomposites by serial dilution method. The cells are then 

incubated at 37 °C in a humidified incubator with 5 % CO2, 75 % relative humidity 

for 24 hours. After 48 hours of incubation, 10µl of MTT is added to each well and 

incubated for 4 hours at 37°C. The medium with MTT is removed and the formed 

formazan crystals are solubilized in 100µl of DMSO solution.  After the medium is 

aspirated Dimethyl sulfoxide (DMSO) is added into the cells and its absorbance is 

measured at 570 nm using a photometer [35-36]. Cytotoxicity and Cell viability of 

the samples are calculated using the formula 

Cytotoxicity = [(Control – Treated)/Control] × 100 

Cell Viability = (Treated∕Control) × 100 
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7.8 RESULTS AND DISCUSSION 

7.8.1 Anticancer Activity of rGO/CS/ZnOnanocomposites 

  

  

  

Figure 7.14 (a-e) Morphological assessment of anticancer activity for various 

concentrations of 0.01M of zinc oxide nanoparticles decorated on the surface of 

rGO/CS nanocomposite against HepG-2 cell line 
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Figure 7.15 Cytotoxic effect of various concentrations of 0.01M of ZnO 

nanorods decorated on the surface of rGO/CS nanocomposite against HepG-2 

cell line 

The cytotoxic activity of the prepared nanocomposite in suppressing the 

growth of HepG-2 cell line is assessed using MTT assay. Figure 7.14 shows the 

morphological assessment of anticancer activity for various concentrations (25 

µg/ml, 50 µg/ml, 75 µg/ml, 100 µg/ml and 125 µg/ml) of 0.01 M of rGO/CS/ZnO 

nanocomposites against HepG-2 cell line. The morphology depicts that on treating 

the rGO/CS/ZnO nanocomposites against HepG-2 cell line, the cell gets shrinked 

and density of the cells have been reduced on increasing the concentration of the 

sample.   

Figure 7.15 shows the cytotoxicity graph for various concentrations of 

0.01M of rGO/CS/ZnO nanocomposites against the HepG-2 cancer cell line using 

dose dependent approach. It is observed from the Figure 7.15 that the effective 

cytotoxicity rate is 75%, which is observed for 125μg/ml. The cytotoxicity rate 

against HepG-2 cell line increases with an increase in the concentration of the 

sample. 
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Figure 7.16 Percentage of viability vs various concentration of 0.01M of ZnO 

nanorods decorated on the surface of rGO/CS nanocomposite against HepG-2 

cell line 

Figure 7.16 shows the cell viability curve for 0.01M of rGO/CS/ZnO 

nanocomposite against the same cell line. Cell viability is decreased to 73%, 72%, 

54%, 40%, and 26% for various concentrations of 25, 50, 75, 100 and 125 µg/ml of 

0.01M of rGO/CS/ZnO nanocomposites respectively as depicted in the Figure 7.14 

(b). The decrease in cell viability is about 26% for125 µg/ml.  

The inhibitory concentration IC (50) of the prepared rGO/CS/ZnO 

nanocomposites against HepG-2 cell line is found to be about 34.6 µg/ml. Thus the 

effective cytotoxicity of the nanocomposite is due to the interaction between 

positively charged ZnO nanorods and the negatively charged surface of cancer cell 

line, which enhances the antioxidant properties towards the HepG-2 cell line [37].  
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7.8.2 Anticancer Activity of rGO/CS/CuOnanocomposites 

  

  

  

Figure 7.17 (a-e) Morphological assessment of anticancer activity for various 

concentrations of 0.002M of copper oxide nanoparticles decorated on the 

surface of rGO/CS nanocomposite against HepG-2 cell line 
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Figure 7.18 cytotoxicity for 0.002 M of CuO nanocomposites decorated on the 

surface of rGO/CS nanocomposite against HepG-2 cell line 

The cytotoxic activity of the prepared nanocomposite in suppressing the 

growth of HepG-2 cell line is assessed using MTT assay. Figure 7.17 shows the 

morphology of HepG-2 cell line on treating with various concentrations (25 µg/ml, 

50 µg/ml, 75 µg/ml, 100 µg/ml and 125 µg/ml) of 0.002 M of rGO/CS/CuO 

nanocomposites. The morphology shows the apoptotic changes like cell shrinkage, 

decrese in cell density compared to control.  

Figure 7.18 shows the cytotoxicity graph for various concentrations (25 

µg/ml, 50 µg/ml, 75 µg/ml, 100 µg/ml and 125 µg/ml) of 0.002 M of rGO/CS/CuO 

nanocomposites against the HepG-2 cancer cell line using dose dependent approach. 

The Figure depicts that the cytotoxicity percentage increases from 6.2%, 24.7%, 

32.7%, 46.3% and 59.8% for 25 µg/ml, 50 µg/ml, 75 µg/ml, 100 µg/ml and 125 

µg/ml respectively. The cytotoxicity rate against HepG-2 cell line increases with an 

increase in the concentration of the sample. The highest cytotoxicity rate is 59.8% 

for 125 µg/ml [38].  
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Figure 7.19 Percentage of viability vs various concentration of 0.002 M of CuO 

nanocomposites decorated on the surface of rGO/CS nanocomposite against 

HepG-2 cell line 

Figure 7.19 shows the cell viability curve for various concentrations (25 

µg/ml, 50 µg/ml, 75 µg/ml, 100 µg/ml and 125 µg/ml) of 0.002 M of rGO/CS/CuO 

nanocomposites against the same cell line. Cell viability is decreased to 93.8%, 

75.3%, 67.3%, 56.7%, and 40.2% for various concentrations of 25, 50, 75, 100 and 

125 µg/ml of 0.01M of rGO/CS/ZnO nanocomposites respectively as depicted in the 

Figure 7.18. The decrease in cell viability is about 26% for125 µg/ml.The inhibitory 

concentration IC (50) of the prepared nanocomposites against HepG-2 cell line is 

found to be about 21.05 µg/ml.  
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7.8.3 Anticancer Activity of rGO/CS/Ag nanocomposites 

   

   

  

Figure 7.20 (a-e) Morphological assessment of anticancer activity for various 

concentrations of 0.008 M of Ag nanoparticles decorated on the surface of 

rGO/CS nanocomposite against HepG-2 cell line 
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Figure 7.21 cytotoxicity for 0.002 M of Ag nanocomposites decorated on the 

surface of rGO/CS nanocomposite against HepG-2 cell line 

The in vitro cytotoxicity of the prepared nanocomposite against HepG-2 cell 

line is investigated using MTT assay. Figure 7.20 shows the morphology of HepG-2 

cell line on treating with various concentrations (25 µg/ml, 50 µg/ml, 75 µg/ml, 100 

µg/ml and 125 µg/ml) of 0.008 M of rGO/CS/Ag nanocomposites. After 24 hours of 

incubation the morphology of the cancer line shows that the amount of apoptotic 

cells significantly increases on treating with rGO/CS/Ag nanocomposites.  

Figure 7.21 shows the cytotoxicity graph for various concentrations (25 

µg/ml, 50 µg/ml, 75 µg/ml, 100 µg/ml and 125 µg/ml) of 0.008 M of rGO/CS/Ag 

nanocomposites against the HepG-2 cancer cell line using dose dependent approach. 

The Figure depicts that the cytotoxicity percentage increases from 37.5%, 47.6%, 

65%, 70.2% and 78.6% for 25 µg/ml, 50 µg/ml, 75 µg/ml, 100 µg/ml and 125 µg/ml 

respectively. The cytotoxicity rate against HepG-2 cell line increases with an 

increase in the concentration of the sample. The highest cytotoxicity rate is 78.6% 

for125 µg/ml. Thus the antiproliferative activity of the prepared nanocomposite is 

due to the induction of reactive oxygen species (ROS) which inhibits the cell growth 

and leads to apoptotis or cell death [39].  
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Figure 7.22 Percentage of viability vs various concentration of 0.008 M of Ag 

nanocomposites decorated on the surface of rGO/CS nanocomposite against 

HepG-2 cell line 

Figure 7.22 shows the cell viability curve for various concentrations (25 

µg/ml, 50 µg/ml, 75 µg/ml, 100 µg/ml and 125 µg/ml) of 0.002 M of rGO/CS/CuO 

nanocomposites against the same cell line.  The percentage of cell viability is 

decreased to 62.5%, 52.4%, 35%, 29.8%, and 21.4% for various concentrations of 

25, 50, 75, 100 and 125 µg/ml of 0.008M of rGO/CS/Ag nanocomposites 

respectively as depicted in the Figure 7.21. The decrease in cell viability is about 

21.4 % for125 µg/ml. The inhibitory concentration IC (50) of the prepared 

nanocomposites against HepG-2 cell line is found to be about 19.29 µg/ml. These 

results indicate that the prepared nanocomposites show potent anticancer activity 

against HepG-2 cell line.  
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7.8.4 Anticancer Activity of rGO/CS/Au nanocomposites 

  

  

  

Figure 7.23 (a-e) Morphological assessment of anticancer activity for various 

concentrations of 0.01 M of Au nanoparticles decorated on the surface of 

rGO/CS nanocomposite against HepG-2 cell line 
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Figure 7.24 Cytotoxicity effect for various concentrations of 0.01 M of Au 

nanocomposites decorated on the surface of rGO/CS nanocomposite against 

HepG-2 cell line 

The in vitro cytotoxicity of the prepared rGO/CS/Au nanocomposite against 

HepG-2 cell line is investigated using MTT assay. Figure 7.23 shows the 

morphology of HepG-2 cell line on treating with various concentrations (25 µg/ml, 

50 µg/ml, 75 µg/ml, 100 µg/ml and 125 µg/ml) of 0.01 M of rGO/CS/Au 

nanocomposites. After treating the cancer cell line with 2 various concentrations (25 

µg/ml, 50 µg/ml, 75 µg/ml, 100 µg/ml and 125 µg/ml) of 0.008 M of rGO/CS/Au 

nanocomposites the selected cell shows decrease in cell density compared to non 

treated control cell line.  

Figure 7.24 shows the cytotoxicity graph for various concentrations (25 

µg/ml, 50 µg/ml, 75 µg/ml, 100 µg/ml and 125 µg/ml) of 0.01 M of rGO/CS/Au 

nanocomposites against the HepG-2 cancer cell line using dose dependent approach. 

The Figure depicts that the cytotoxicity percentage increases from 1.4%, 13.5%, 

18.4%, 47.8% and 68.8% for 25µg/ml, 50µg/ml, 75µg/ml, 100µg/ml and 125µg/ml 

respectively. The antiproliferative activity against HepG-2 cell line increases with an 

increase in the concentration of the sample. The highest cell inhibition is 68.6% 

for125 µg/ml. Thus the prepared rGO/CS/Au nanocomposite attaches to the cell 
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body and releases ROS resulting in deformation of cell structure, DNA damage that 

leads to cell death [40]. 

 

Figure 7.25 Percentage of viability versus various concentration of 0.01 M of 

Au nanocomposites decorated on the surface of rGO/CS nanocomposite against 

HepG-2 cell line 

Figure 7.25 shows the cell viability curve for various concentrations (25 

µg/ml, 50 µg/ml, 75 µg/ml, 100 µg/ml and 125 µg/ml) of 0.01 M of rGO/CS/Au 

nanocomposites against the HepG-2 cancer cell line.  The percentage of cell viability 

is decreased to 62.5%, 52.4%, 35%, 29.8%, and 21.4% for various concentrations of 

25, 50, 75, 100 and 125 µg/ml of 0.01M of rGO/CS/Au nanocomposites respectively 

as depicted in the Figure 7.24. The decrease in cell viability is about 21.4 % for125 

µg/ml. The inhibitory concentration IC (50) of the prepared nanocomposites against 

HepG-2 cell line is found to be about 13.05 µg/ml. Thus the prepared 

nanocomposites show excellent anti proliferative activity against HepG-2 cell line.  

7.9 CONCLUSION 

In this chapter, the prepared rGO/CS/ZnO, rGO/CS/CuO, rGO/CS/Ag and 

rGO/CS/Au nanocomposites are tested for antibacterial and anticancer activity. The 

prepared nanocomposites show excellent bactericidal activity against both gram 
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positive and gram negative bacteria. The difference in bactericidal activity is due to 

difference in cell structure. Thus due to high release of ROS from ZnO, 

rGO/CS/ZnO nanocomposites shows excellent bactericidal activity compared to 

rGO/CS/CuO, rGO/CS/Ag and rGO/CS/Au. The synthesized nanocomposites show 

potent antiproliferative activity against HepG-2 cell line. The rGO/CS/Ag 

nanocomposites show high cytotoxicity against HepG-2 cell line compared to the 

rGO/CS/CuO, rGO/CS/Au and rGO/CS/ZnO nanocomposites since silver ions 

induces high release of ROS. These results indicate that the prepared rGO/CS/Au 

nanocomposites can be applied for cancer therapy due to its high antiproliferative 

activity.  
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