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SYNOPSIS

Chitin is a potential energy source as well as gene and drug delivery carrier, and in the emerging
field of nanobiotechnology. Chitosan, the product of chitin deacetylation, is known for its
various uses in different fields. Due its increasing advantages, the chitosan nanoparticles has

still importance in research purposes.

Chitosan is a natural, biocompatible, biodegradable, nontoxic and easily available polymer
that can be used to prepare nanoparticles. Chitosan nanoparticles can be widely used in
pharmaceutical industries as an antimicrobial agent. The present study focuses on the synthesis
of chitosan nanoparticles its Characterisation and application. Chitosan nanoparticles are
synthesised into desired size and surface charge using sodium Tripolyphosphate (STPP)
initiated ionic gelation process. These chitosan nanoparticles were characterised by UV- VIS
spectroscopy to know the kinetic behaviour that ranges between 200 to 700 nm. The
antimicrobial properties of chitosan nanoparticles were studied as its application and it was
done in Klebsiella pneumoniae bacteria. The organism were identified by Gram's staining and
biochemical test . Their activity was tested using well diffusion method and zone of inhibition
was noted. The zone of inhibition obtained against Klebsiella pneumoniae were 2.4cm for
10mg/ml, 2.5cm for 20mg/ml and 2.8 cm for 30mg/ml.The study is thus a good demonstration

of the applicability of chitosan nanoparticles as an effective antimicrobial agent.



INTRODUCTION

Chitin is the most abundant aminopolysaccharide polymer occurring in nature, and is
the building material that gives strength to the exoskeletons of crustaceans, insects, and the cell
walls of fungi. Through enzymatic or chemical deacetylation, chitin can be converted to its
most well-known derivative, chitosan. The main natural sources of chitin are shrimp and crab
shells, which are an abundant byproduct of the food-processing industry that provides large
quantities of this biopolymer to be used in biomedical applications. In living chitin-
synthesizing organisms, the synthesis and degradation of chitin require strict enzymatic control
to maintain homeostasis. Chitin synthase, the pivotal enzyme in the chitin synthesis pathway,
uses UDP-N-acetylglucosamine (UDPGIcNAc), produce the chitin polymer, whereas,
chitinase enzymes degrade chitin. Bacteria are considered as the major mediators of chitin
degradation in nature. Chitin and chitosan, owing to their unique biochemical properties such
as biocompatibility, biodegradability, non-toxicity, ability to form films, etc, have found many
promising biomedical applications. Nanotechnology has also increasingly applied chitin and

chitosan-based materials in its most recent achievements.

Chitosan is an attractive natural biopolymer with the presence of reactive amino and
hydroxyl functional groups. It has shown favorable biocompatibility characteristics as well as
the ability to increase membrane permeability. Moreover, it is one of the most promising
immobilization matrices due to an excellent membrane-forming ability, good adhesion, low
cost, nontoxicity, high mechanical strength, and hydrophilicity as well as the improvement of
stability. These properties have prompted extensive applications of chitosan as a matrix for
enzyme immobilization. All of these excellent properties lead chitosan to be a proper material
for enzyme immobilization, especially within biosensor applications that are mostly concerned
with working of enzymes for detection mechanisms. Moreover, this excellent material,
chitosan, can be prepared in nano particle form, which could enhance the benefit of improving
characteristics in biosensor works. Many research papers mainly reported the preparation of
chitosan in order to immobilize many enzymes for usage in biosensor, especially

electrochemical detection.



Nanotechnology is enabling technology that deals with nano-meter sized objects.
Nanotechnology is developed at several levels: materials, devices and systems. The nano
materials level is the most advanced at present, both in scientific knowledge and in commercial
applications. A decade ago, nanoparticles were studied because of their size dependent physical
and chemical properties. Now they have entered a commercial exploration period (Paull R et
al., 2003). Living organisms are built of cells that are typically 10 um across. However, the
cell parts are much smaller and are in the sub-micron size domain. Even smaller are the proteins
with a typical size of just 5 nm, which is comparable with the dimensions of smallest manmade
nanoparticles. This simple size comparison gives an idea of using nanoparticles as very small
probes that would allow us to spy at the cellular machinery without introducing too much
interference. Understanding of biological processes on the nanoscale level is a strong driving

force behind development of nanotechnology.

Nanoparticles are solid colloidal particles with diameters ranging from 1-1000 nm.
They consist of macromolecular materials and can be used therapeutically as adjuvant in
vaccines or drug carriers in which the active ingredient is dissolved, entrapped, encapsulated,
adsorbed or chemically attached. Polymers used to form nanoparticles can be both synthetic
and natural polymers. There are two types of nanoparticles depending on the preparation
process: nanospheres and nanoca (Allemann E et al., 1993). Nanospheres have a monolithic-
type structure (matrix) in which drugs are dispersed or adsorbed onto their surfaces; and
nanocapsules exhibit a membrane-wall structure and drugs are entrapped in the core or
adsorbed onto their exterior .The term “nanoparticles” is adopted because it is often very

difficult to unambiguously establish whether these particles are of a matrix or a membrane

type.



What is Chitin/ Chitosan?
Chitosan is a modified cerbohydrade polymer derived from the
Chitin component of the shell of crustuceun, such as crab, shrimp und cuttlefish.
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Figure 1: preparation of chitin and chitosan

Klebsiella pneumoniae is a type of Gram-negative bacteria that can cause different types of
healthcare-associated infections, including pneumonia, bloodstream infections, wound or
surgical site infections, and meningitis. Increasingly, Klebsiella pneumoniae bacteria have
developed antimicrobial resistance, most recently to the class of antibiotics known as
carbapenems. Klebsiella pneumoniae bacteria are normally found in the human intestines

(where they do not cause disease). They are also found in human stool (feces). In healthcare



settings, Klebsiella pneumoniae infections commonly occur among sick patients who are
receiving treatment for other conditions. Patients whose care requires devices like ventilators
(breathing machines) or intravenous (vein) catheters, and patients who are taking long courses
of certain antibiotics are most at risk for Klebsiella pneumonia infections. Healthy people

usually do not get Klebsiella infections.

To get a Klebsiella infection, a person must be exposed to the bacteria. For
example Klebsiella, must enter the respiratory (breathing) tract to cause pneumoniae, or the

blood to cause a bloodstream infection.

In healthcare settings, Klebsiella bacteria can be spread through person-to-person contact (for
example, from patient to patient via the contaminated hands of healthcare personnel, or other
persons) or, less commonly, by contamination of the environment. The bacteria are not spread

through the air.

Patients in healthcare settings also may be exposed to Klebsiella when they are on ventilators
(breathing machines), or have intravenous (vein) catheters or wounds (caused by injury or
surgery). Unfortunately, these medical tools and conditions may allow Klebsiella to enter the
body and cause infection.Some Klebsiella bacteria have become highly resistant to antibiotics.
When bacteria such as Klebsiella pneumoniae produce an enzyme known as a carbapenemase
(referred to as KPC-producing organisms), then the class of antibiotics called carbapenems will
not work to kill the bacteria and treat the infection. Klebsiella species are examples of
Enterobacteriaceae, a normal part of the human gut bacteria, that can become carbapenem-

resistant.

CRE, which stands for carbapenem-resistant Enterobacteriaceae, are a family of germs that are
difficult to treat because they have high levels of resistance to antibiotics. Unfortunately,
carbapenem antibiotics often are the last line of defense against Gram-negative infections that

are resistant to other antibiotics.



Figure 2: Klebsiella pneumoniae



AIM AND OBJECTIVES

AIM

The project entitled “ Characterisation and Application of Synthesised Chitosan
Nanoparticles against Klebsiella pneumoniae bacteria” mainly aim to synthesise, characterise

chitosan nanoparticles and to check the antimicrobial activity of the given Klebsiella

pneumoniae bacteria as its application.

OBJECTIVES

The project undertaken has the following objectives,

%+ Synthesis of chitosan nanoparticles.

¢

Characterisation of chitosan nanoparticles.

o
A5

o

Identification of Klebsiella pneumoniae bacteria .

*,

>

Gram’s staining of Klebsiella pneumoniae bacteria

o
25

*

Assess antimicrobial role of chitosan nanoparticles.

L)



REVIEW OF LITERATURE

Chitin is one of the most abundant organic materials, beings second only to cellulose in the
amount produced annually by biosynthesis. It occurs in animals, particularly in crustacea,
molluscs and insects, where it is a major constituent of the exoskeleton, and in certain fungi,
where it is the principal fibrillar polymer in the cell wall. Chitin has a crystalline structure and
it constitutes a network of organized fibres, this structure confers rigidity and resistance to
organisms that contain it (Roberts G, 1992). Chitin is poly [B-(1—4)-2- acetamido-2-deoxy-D-

glucopyranose],

Chitosan is a modified natural carbohydrate polymer prepared by the partial N-deacetylation
of chitin, a natural biopolymer derived from crustacean shells such as crabs, shrimps and

lobsters. Chitosan is also found in some microorganisms, yeast and fungi (Illum L, 1998).

The primary unit in the chitin polymer is 2-deoxy-2-(acetyl amino) glucose. These units
combined by B-(1,4) glycosidic linkages, forming a long chain linear polymer. Chitosan is
soluble in most organic acidic solutions at pH less than 6.5 including formic, acetic, tartaric,
and citric acid (LeHoux J and Grondin F, 1993).

It is insoluble in phosphoric and sulfuric acid. Chitosan is available in a wide range of
molecular weight and degree of deacetylation. Molecular weight and degree of deacetylation
are the main factors affecting the particle size, particles formation and aggregation. Chitosan
possesses some ideal properties of polymeric carriers for nanoparticles such as biocompatible,
biodegradable, nontoxic, and inexpensive. These properties render chitosan a very attractive
material as a drug delivery carrier. In the last two decades, chitosan nanoparticles have been

extensively developed and explored for pharmaceutical applications (Roberts G, 1992).

Nanotechnology is enabling technology that deals with nano-meter sized objects.
Nanotechnology is developed at several levels: materials, devices and systems. The

nanomaterials level is the most advanced at present, both in scientific knowledge and in



commercial applications. A decade ago, nanoparticles were studied because of their

sizedependent physical and chemical properties (Murray C et al., 2000).

Now they have entered a commercial exploration period (Paull R et al., 2003). Living
organisms are built of cells that are typically 10 um across. However, the cell parts are much
smaller and are in the sub-micron size domain. Even smaller are the proteins with a typical size
of just 5 nm, which is comparable with the dimensions of smallest manmade nanoparticles.
This simple size comparison gives an idea of using nanoparticles as very small probes that
would allow us to spy at the cellular machinery without introducing too much interference
(Taton T, 2002).

Understanding of biological processes on the nanoscale level is a strong driving force behind
development of nanotechnology (Whitesides G, 2003). Out of plethora of size dependant
physical properties available to someone who is interested in the practical side of
nanomaterials, optical and magnetic effects are the most used for biological applications (Parak
W et al., 2003).

Nanoparticles are solid colloidal particles with diameters ranging from 1-1000 nm. They
consist of macromolecular materials and can be used therapeutically as adjuvant in vaccines or
drug carriers in which the active ingredient is dissolved, entrapped, encapsulated, adsorbed or
chemically attached. Polymers used to form nanoparticles can be both synthetic and natural
polymers. There are two types of nanoparticles depending on the preparation process:

nanospheres and nanocapsules (Allemann E et al., 1993).

Silver nanoparticles (Ag NPs) were incorporated into biodegradable polymers that are chitosan,
gelatin and both polymers via chemical reduction method in solvent in order to produce Ag
BNC:s. Silver nitrate and sodium borohydride were employed as a metal precursor and reducing
agent respectively. On the other hand, chitosan and gelatin were added as a polymeric matrix
and stabilizer. The antibacterial activity of different sizes of silver nanoparticles was
investigated against Gram-positive and Gram-negative bacteria by the disk diffusion method
using Mueller-Hinton Agar (Ahmad et al.,2012)



Chromium oxide nanoparticles (NPs) were rapidly synthesized by reduction of potassium
dichromate solution with Arachis hypogaea leaf extract containing reducing sugars which act
as reducing agent. The results indicated that the aldehyde groups present in the plant extract
played an important role in the formation of Cr203 nanoparticles. The purification process of
the Cr203 product does not require expensive methods, since a solid product is obtained from
a reaction in liquid phase. The antibacterial effect of Cr203 nanoparticles against Escherichia
coli was investigated as a model for Gram-negative bacteria. Bacteriological tests were
performed in Potato Dextrose Agar (PDA) medium on solid agar plates and in liquid systems
supplemented with different concentrations of nanosized Cr203 particles. These particles were
shown to be an effective bactericide. The resulting Cr203 nanoparticles were characterized by
X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM), UV-VIS absorption and
Fourier transform infrared (FTIR) spectroscopy(Ramesh et al.,2012).

The internalization of chromium oxide nanoparticles in Escherichia coli cells was evaluated by
flow cytometry using light scattering method. (Khatoon et al., 2011) The antibacterial activity
of Cr (VI) and Cr (Ill) complexes against P. aeruginosa bacteria. (El-ajaily et al.,2007)
Viability of an environmentally relevant bacterium, E. coli exposed to varying concentrations
of Chromium oxide nanoparticles was evaluated PMA (Propidium mono-azide) assisted Q-
PCR. (Singh et al.,2011) The antibacterial effects of chromium (111) complexes using single
representative strains of E. coli and Bacillus subtilis. Although only a few studies have reported
the antibacterial properties of chromium (I11) complexes have a significant promise as
bactericidal agent. (Vadde Ravinder et al., 2009).

The physicochemical nature of chitin and chitosan, which influences the biomedical activity of
these compounds, is strongly related to the source of chitin and the conditions of the
chitin/chitosan production process. Apart from widely described key factors such as weight-
averaged molecular weight (MW) and degree of N-acetylation (DA), other physicochemical
parameters like polydispersity (MW/MN), crystallinity or the pattern of acetylation (PA) have
to be taken into consideration. From the biological point of view, these parameters affect a very
important factor—the solubility of chitin and chitosan in water and organic solvents. The
physicochemical properties of chitosan solutions can be controlled by manipulating solution

conditions (temperature, pH, ionic strength, concentration, solvent). The degree of substitution
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of the hydroxyl and the amino groups or the degree of quaternization of the amino groups also
influence the mechanical and biological properties of chitosan samples. Finally, a considerable
research effort has been directed towards developing safe and efficient chitin/chitosan-based
products because many factors, like the size of nanoparticles, can determine the biomedical

characteristics of medicinal products (Kumirska et al.,2011).

Several studies have shown chitosan to exhibit higher antibacterial activity against gram
positive bacteria than gram negative bacteria, while some other studies have shown that gram
negative bacteria as more susceptible than gram positive . Still many works have demonstrated
that there is no significant difference between the antibacterial activity and bacterial species
(K.Divya et al., 2016).

On addition of STPP to chitosan solution, an opalescent colour was observed, which indicates
the formation of CSNPs. Different concentrations of STPP (0.5%, 1%, 1.5%, and 2%) were
used for nanoparticle preparation and 1.0% STPP was found to be most suitable with sharpest
peak shown by UV spectroscopy, indicating the most CSNPs made.(Dolly Kain and Suresh
Kumar,2020)

Chitosan nanoparticles was consider for carrying out antimicrobial study. (Rhoades and Roller

2000; Sebti et al., 2005) Moreover in 2007 USFDA recognized the chitosan nanoparticles are
admitted as generally as safe (GRAS). Worldwide (Japan, Korea, England, Italy, Portugal and
United States) these nanoparticles are marketed as food additive(Novack et al., 2003). These
nano-particles can be synthesized by deacetylation of crustacean shells, chitin contains -1, 4-
linked 2-amino-2-deoxy-p-D-glucose. Helander et al., 2001 reported that chitosan
nanoparticles effectively acted against some Gram-negative bacteria such as E. Coli,
Pseudomonas aeruginosa and S. typhimurium. (Shahidi et al., 1999; No et al., 2007 )studied
the properties and applications of chitosan nano-particles and their derivatives in food storage.
(Abdullah A. Alarfaj, 2019)

Chitosan is the second most abundant polymer obtained from the by product of seafood.
Chitosan and its derivatives and chitosan loaded drugs are the recent area of interest against

microbial pathogenesis. The cationic chitosan nanoparticles (ChNPs) interact with the anionic
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surfaces of the microbial cell membrane, which promotes antimicrobial activity. Although,
ChNPs are potential against pathogenic microbes, selection of adaptable, suitable and cost
effective synthesis method is much important. In the present study, ChNPs were synthesized
adopting ionic gelation using sodium Tripolyphosphate as a cross linking agent and
characterized by FTIR, DLS, SEM and TEM analysis. ChNPs were investigated for
antimicrobial activity against bacterial (Escherichia coli and Staphylococcus aureus) and
fungal (Candida albicans) pathogens. ChNPs showed bactericidal activity at the lower

minimum inhibitory concentration of about 40—80 pg mL—1.( D.MubarakAli,2018).

The antimicrobial activities of chitosan modified compounds were assayed by agar wells
diffusion technique. Agar plates were prepared using nutrient agar for bacteria while potato
dextrose agar was applied for fungi. The plates were inoculated with 0.1 mL containing
106 cfu/mL of fresh bacterial cultures and spore suspensions of pathogenic strains. Wells of
7 mm in diameter were dug on the inoculated agar plates using a sterile cork borer in solidified
agar. The tested compounds prepared in DMSO (60 uL) were added to the wells. DMSO as
dissolving agent was tested as control. Plates were left for two hours at 4°C (in the refrigerator)
to allow the diffusion and then incubated for 24 h at 37°C for bacteria, while fungi plates were
inoculated at 28°C for 72 h. The antimicrobial activities of tested compounds were determined
by measuring the three replicates of the inhibition zones around the well.(Ahmed M. Khalil et
al.,2017)
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MATERIALS AND METHOD

GLASSWARES
All glass wares were used of Borosil glass. These were first washed with detergent, then with
tap water and finally with distilled water. They were dried properly in hot air oven for future

use.

CHEMICALS
All the chemicals used in the analytical method and media preparation were analytical grade

with maximum available purity supplied by Hi-media.

INSTRUMENTS

e Magnetic stirrer

e Microwave Oven

e Laminar air flow

e Weighing balance

e UV VIS spectrophotometer
e Incubator

e Microscope

e Autoclave
MEDIA AND REAGENTS

e Nutrient Agar

e Nutrient Broth

e Mueller Hinton Agar

e Peptone Water

e Citrate Agar

e Kovac’s Reagent

e Barritt’s reagent A & B
e Methyl Red

e Crystal Violet

e Safranin

e Grams lodine

13



METHODOLOGY

1.CHITOSAN NANOPARTICLES SYNTHESIS

Chitosan/Tripolyphosphate nanoparticles were prepared by ionic gelation process. 8ml of
0.4%STPP was added to 20ml of chitosan solution (0.1g/1%acetic acid) drop wise under
constant stirring in magnetic stirrer. And the solution is stored at refrigerator for further

studies.

Figure 3: chitosan nanoparticle synthesis

2. CHARACTERIZATION OF NANOPARTICLE

UV-VIS Spectroscopy: Nanoparticles were characterized in UV-VIS spectrophotometer
(Systronics, Delhi) to know the kinetic behaviour of Chitosan nanoparticles. The scanning
range for the samples was 200-540nm. The UV Vis absorption spectra of all the samples were

recorded and numerical data were plotted

14



3. ISOLATION OF BACTERIA
QUADRANT STREAK METHOD

It is the method used for the isolation of bacteria in pure culture. In this method, sterilized loop
is dipped into detected suspension of organism which is placed on the surface of solidified agar

plate to make a series of parallel non overlapping streaks.
PROCEDURE

Hold the inoculation loop in your right hand. Sterilize the inoculation loop in the bunsen burner
by putting the loop into the flame until it is red hot . Allow it to cool. Lift the test tube containing
the bacteria with your left hand. Remove the cotton plug of the test tube with the little finger
of your right hand. Flame the mouth of the test tube. Dip the sterilized loop in the test tube and
get a loop ful of bacteria. Replace the cotton plug of the test tube and place it in the rack. Lift
the lid of the petridish . Place the loop ful of bacteria on the agar medium and spread it in the
first quadrant. Flame the loop and allow it to cool. Turn the petridish and streak from the edge
of the culture spread on the first quadrant. Flame the loop and allow it to cool. Streak again,from
the edge of culture streaked on the second quadrant. Repeat this process till the fourth quadrant.
Don not let the loop touch any of the previously streaked areas. . The flaming of loop after each
quadrant is to effect the dilution of the culture so that fewer organisms are streaked in each
area resulting in the final desired separation. Remove the loop , close the petridish and label it.

Incubate the plates for 24 hours. Flame the loop before putting it aside.

4. IDENTIFICATION OF BACTERIA
A. GRAM'S STAINING

Gram staining was discovered by Hans Christian Gram in 1884.To differentiate between Gram
positive and Gram negative bacteria based on their cell wall composition. Primary stain used
is crystal violet which imparts colour to all cells. A decolourising agent ethyl alcohol acts as a
lipid solvent and as a protein dehydration agent. Gram’s iodine serves as the mordant substance
that forms an insoluble substance binding to the primary stain. Safranin acts as a counter stain

which imparts colour to Gram negative bacteria.
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PROCEDURE

Isolated bacteria with maximum biofilm forming activity were taken and smears were prepared
on clean grease free slide. Smear is heat fixed by passing over a flame 2-3 times. The slides
were flooded with crystal violet solution for 1minute, washed with water and flooded with
grams iodine for one minute. The slide was washed with water and decolourized with 95%
ethyl alcohol .The slides were washed with water and counter stained with safranin stain for
about 30 seconds and washed with water. The slides were air dried and examined under a

microscope using 100X objective.

B.BIOCHEMICAL IDENTIFICATION

1. INDOLE PRODUCTION TEST

Indole test is performed to determine the ability of the organism to split tryptophan molecule
into indole. Indole is one of the metabolic degradation product of the amino acid tryptophan
Bacteria that possess the enzyme tryptophanase are capable of hydrolyzing and deaminating
tryptophan with the production of Indole, pyruvic acid and ammonia. This test is performed to

differentiate species of the family Enterobacteriaceae.
PROCEDURE

Peptone broth was inoculated with sample culture. It was then kept for incubation at 37°C for
24 hours. After incubation add 1 ml of kovac’s reagent to the tube including control. Shake the

tubes gently for 2-5 minutes. Then the tubes were observed and results were noted.

2. METHYL RED TEST

All enteric organism utilize glucose for energy, as a result they produce acidic end products. In
this test, pH indicator methyl red detects the presence of large concentrations of acid end
products. The methyl red indicator in the pH range 4 will turn red which is indicative of
positive. At a pH 6, still indicating the presence of acid ,due to the lowest ion concentration the

indicator turns yellow and is a negative test.

PROCEDURE

Glucose phosphate peptone broth was inoculated with sample. It was then kept for incubation
at 37°C for 24 hours, and the tubes were added with methyl red indicator after incubation. The

tubes were then observed for red colour formation.
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3. VOGES -PROSKAUER TEST

To determine the ability of the organisms to produce neutral end product acetyl methyl carbinol
(acetoin) from glucose fermentation the reagent used in this test consists of a mixture of alpha
naphthol and 40% KOH solution. Detection of acetyl methyl carbinol requires that —this end
product be oxidized to a diacetyl compound. This reaction will occur in the presence of alpha

naphthol catalase and guanidine group that is present in the glucose phosphate peptone broth.

PROCEDURE

Inoculate pure culture of the test organism into broth and incubate for 24 hours at 37°C. A few
drops of Barrit’s reagent A & B were added to test tubes.The tubes are shaken gently to expose
the medium to atmospheric oxygen and allowed the tube to remain undisturbed for 10 to 15

minutes and the colour change was observed.

4. CITRATEUTILIZATION TEST

The test is based on the ability of an organism to utilize citrate as its sole source of carbon and
ammonia as its only source of nitrogen. The test organism was inoculated into a medium
containing sodium citrate, an ammonium salt and the indicator bromothymol blue. Growth in
the medium is shown by a change in colour of the indicator from light green to blue, due to

alkaline reaction following citrate utilization.

PROCEDURE

The test organisms were inoculated into Simmon’s citrate agar slant and incubated for 24-48

hours at 37°C and the colour change was observed.

5. ANTIMICROBIAL ACTIVITY OF CHITOSAN NANOPARTICLES

Antimicrobial ~ study was performed using well diffusion method against Klebsiella
pneumoniae sample. Varying concentration of chitosan nanoparticles (0.001%, 0.002%,

0.003%) were used for the study of MIC. 1% glacial acetic acid was used as a control.
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RESULT

1. A clear solution with chitosan nanoparticle was obtained after magnetic stirring.

Figure 4: chitosan synthesised from shrimp shell

Figure 5: clear solution with chitosan nanoparticle
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2. A uv - visible spectrum of chitosan nanoparticles obtained a sharp intensity because of
formation of nanoparticles. The absorption peak of chitosan nanoparticles was obtained at 200
nm in the uv region.

1.952

1.544

1137

0.730

0.322

-0.085

T T T T
200.00 300.00 400.00 500.00 500.00 700.00

Base Graph : sample

Figure 6: uv — spectroscopy analysis of chitosan nanoparticles

3.0n Nutrient Agar, after an incubation of 48 hours at 37°C, well isolated discrete colonies of
bacteria were obtained.

Figure 7: isolation of bacteria on Nutrient agar plate
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4. Red colour Gram negative bacteria were observed.

Figure 8: Gram staining

BIOCHEMICAL TESTS

Table 1:Biochemical tests performed for the identification of given

Klebsiella pneumoniae bacteria .

BIOCHEMICAL TEST OBSERVATIONS INFERENCE
INDOLE TEST Red colour ring is not formed. Negative
CITRATE TEST Blue colour is formed. Positive
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VOGES - PROSKAUER | No Red colour is formed. Negative
TEST
METHYL RED TEST No Red colour is formed Negative

The given organism were identified on the basis of gram staining and biochemical analysis.

Organism were identified as Klebsiella species .

Figure 9 : Indole test

Figure 10 : Methyl red test
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Figure 11: Voges proskauer test Figure 12: Citrate test

5. Chitosan nanoparticles produce a zone of inhibition of 2.4 cm, 2.5cm and 2.8cm against

Klebsiella pneumoniae bacteria.
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Figure 13: antimicrobial activity by well diffusion method
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DISCUSSION

Chitosan is a modified natural carbohydrate polymer prepared by the partial N-deacetylation
of chitin, a natural biopolymer derived from crustacean shells such as crabs, shrimps and
lobsters. Chitosan is also found in some microorganisms, yeast and fungi (lllum L,
1998).Molecular weight and degree of deacetylation are the main factors affecting the particle
size, particles formation and aggregation. Chitosan possesses some ideal properties of
polymeric carriers for nanoparticles such as biocompatible, biodegradable, nontoxic, and
inexpensive. These properties render chitosan a very attractive material as a drug delivery
carrier. In the last two decades, chitosan nanoparticles have been extensively developed and

explored for pharmaceutical applications (Roberts G, 1992).

Nanoparticles are solid colloidal particles with diameters ranging from 1-1000 nm. They
consist of macromolecular materials and can be used therapeutically as adjuvant in vaccines or
drug carriers in which the active ingredient is dissolved, entrapped, encapsulated, adsorbed or
chemically attached. Polymers used to form nanoparticles can be both synthetic and natural
polymers. (Allemann E et al., 1993).

The present study focuses on the synthesis of chitosan nanoparticles its Characterisation and
application. Chitosan nanoparticles are synthesised into desired size and surface charge using
sodium Tripolyphosphate (STPP) initiated ionic gelation process. These chitosan nanoparticles
were characterised by UV- VIS spectroscopy to know the kinetic behaviour that ranges
between 200 to 700 nm and obtained an absorption peak at 200nm in the UV-region. Chitosan
nanoparticles exhibit potential antimicrobial activity as their unique character . The
antimicrobial properties of chitosan nanoparticles were studied as its application and it was
done in Klebsiella pneumoniae bacteria .This was performed using well diffusion method
against Klebsiella pneumoniae sample and a zone of inhibition of 2.4cm, 2.5cm and 2.8cm was
produced by the synthesised chitosan nanoparticle in micro titre plate along with chitosan

solution alone.
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Several studies have shown chitosan to exhibit higher antibacterial activity against gram
positive bacteria than gram negative bacteria, while some other studies have shown that gram
negative bacteria as more susceptible than gram positive . Still many works have demonstrated
that there is no significant difference between the antibacterial activity and bacterial species
(K.Divya et al.,2016).

Chitosan nanoparticles was prepared by lonic Gelation technique. This technique was first
reported in 1997 .In this method chitosan is dissolved in acetic acid of appropriate
concentration. As cross-linking agent used Sodium Tripolyphosphate(TPP) is most of research.
The interaction of chitosan and sodium Tripolyphosphate (TPP) because of oppositely charged
particles can be controlled by pH of the solution. Sudha. P. N. et al prepared nanochitosan by
this technique;1gm of chitosan dissolved in 200ml. Of 2% acetic acid solution was stirred for
15 min. To get a homogeneous viscous gel. Then add .8 gm of TPP dissolved in 170 ml. Of
conductivity water was added drop wise. Milky solution obtained ,this solution allow to rest
and settled as suspension by adding conductivity water in excess for 24 hr. Chitosan
nanoparticles were obtained . A mentioned above one technique but used different process for
finding chitosan nanoparticles. The author’s experience in this field and other works available
in the literature, have concluded that the properties of chitosan nanoparticles obtained through
interaction between chitosan and TPP are dependent on many parameters inherent to the
preparation method. When increases the addition of cross-linking agent (TPP) increases the

adsorption capacity of chitosan.

Surendra Nimesh described in his paper the reason of interaction, Due to the charge
neutralization, polyelectrolyte complex are self-assembled and it leads to the rise in
hydrophilicity. So nano formulated can be sizes from 50 to 700 nm. Many cationic polymers
(i.e. gelatin, chitosan, polyethylenimine) also give this property. One author explains this
method with the chitosan. The nanoparticles were spontaneously formed after addition of
alginate solution into chitosan which was priorly dissolved in acetic acid solution, under
mechanical stirring at room temperature. The complexes size range from 50 nm to 700 nm.
Another study was done where author Nam et al. Used low molecular weight water soluble
chitosan (LMWSC) nano carriers were developed by the similar methods for insulin delivery .

The above method reported size of nanoparticles approximately 200 nm.
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A study conducted by Lifeng Qi et al (2004)reported that chitosan is only soluble in acidic
media, the precipitations of chitosan solution in acetic acid occurred upon addition to bacterial
suspension, while chitosan nanoparticles could be well distributed in bacterial suspension after
a slight shock for a nice dispersion. Bacteria can adhere to the surface of chitosan and chitosan
nanoparticles significantly in short time of just 30min; thus chitosan and chitosan nanoparticles
exhibit antimicrobial activity. According to the literature , chitosan possess antimicrobial
activity against a number of Gram-negative and Gram-positive bacteria. The antibacterial
activity of chitosan nanoparticles and copper loaded nanoparticles were compared with that of
chitosan in distilled water or 0.25% acetic acid, respectively. According to the data, the
antibacterial activity of chitosan nanoparticles and copper-loaded nanoparticles are
significantly higher than that of chitosan and doxycycline. Furthermore, the test samples
exhibit lower antimicrobial activity in water compared with that of samples in 0.25% acetic
acid. Moreover, the MIC and MBC values of copper-loaded nanoparticles against some
bacteria are lower than those of chitosan nanoparticles, which indicate higher antimicrobial

activity.
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CONCLUSION

The current study entitled “ Characterisation and Application of Synthesised Chitosan
nanoparticles against Klebsiella pneumonia bacteria”, indicates that the Chitosan nanoparticles
synthesized from chitin using sodium Tripolyphosphate (STPP) showed it’s applicability as an
effective Antimicrobial agent. It was observed that preparing chitosan nanoparticles is a
technology that requires a suitable technique among the various methods. Chitosan
nanoparticles offer many advantages. Chitosan is a safe natural polymer material because of
its two main properties: biocompatibility and biodegradable. Chitosan nanoparticles are

suitable broad area of drugs including labile drugs and macromolecules.

Chitosan nanoparticles was prepared by lonic Gelation technique. The prepared chitosan
nanoparticles were characterized by UV- Vis spectroscopy showed the absorption peak of 200
nm. Chitosan nanoparticles exhibit potential antimicrobial activity as their unique character. It
showed promising antimicrobial activity against Klebsiella pneumonia bacteria. This was
studied by reading the zone of inhibition on the growth of Klebsiella pneumoniae by the
synthesised chitosan nanoparticle in micro titre plate along with chitosan solution alone. These
studies show that chitosan nanoparticles could inhibit the growth of various microorganisms
markedly and exhibit higher antimicrobial activity. It is anticipated that chitosan nanoparticles
could be applied broadly as antimicrobial agents in medicine for their high antibacterial activity
and acceptable biocompatibilities The current study gives an overview about the application of

nano chitosan and also describes the method for preparing nano chitosan..
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APPENDIX

CULTURE MEDIAS

1.Nutrient Agar
Peptone - 5gm

Beef Extract — 3gm
NaCl -5gm

Agar-15gm

Distilled Water -1000ml

2.MR -VP Broth
Peptone — 7gm
Potassium phosphate — 5gm
Dextrose -5gm
Distilled water — 1000ml

3.Peptone water
Peptone — 1gm

NaCl —0.5gm
Distilled water-100ml

4.Simmons citrate agar (pH -6.9)
Ammonium dihydrogen phosphate -1 gm
Dipotassium hydrogen phosphate -1gm
NaCl -5gm

Sodium citrate-2gm

Magnesium sulphate-0.2gm
Bromothymol blue-0.08gm

Agar -15gm

Distilled water-1000ml
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