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ABSTRACT

The aim of this study was to determine the prevalence of antibiotic-resistant
bactena, especially Staphylococcus aureus and Escherichia coli in samples
collected from urban restrooms, in Chennai Samples were collected via swab
methods from various regions inside urban public restrooms Antibiotic
susceptibility was determined using the disk diffusion or agar dilution methods
Additionally covalent nickel nanoparticle as well as bivalent copper nickel
nanoparticles were used in determining antibacterial susceptibility Results: 524
Bacterial Isolates were isolated totally form various public restrooms, among
these 524 isolates 230 isolates were found to be Staphylococcus sp and the
remaining 294 isolates were Escherichia coli commonly known as E. coli
Approximately 73.24% of the bacterial isolates collectively were resistant to the
third-generation cephalosporin derivate antibiotics( Cefepime, Ceftazidime,
Ceftnaxone, Amikacin) So, they were subjected again to both monovalent and
bivalent nanoparticles of Nickel and Copper nickel respectively. Final results
showed that bivalent nanoparticles proved useful against these bacterium as

they showed 89.53% sensitivity. Hence proving effective against these common
bacterial species.

Nickel nanoparticle and bivalent Cu-Ni nanoparticle were analyzed for its
potential in targeting such MDR bacteria.

These MDR isolates were treated with Ni nanoparticle 100MDR isolates
showed moderate mild sensitivity to Ni nanoparticle further we analyzed Cu-Ni
bivalent nanoparticle which showed effects toxicity against these MDR isolates
Cu-Ni nanoparticles effecting is validated in 524 isolates this binarynanoparticle
can further be utilized alone or in combination with other drug for the treatment
of infection caused by the MDR bacteria.
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CHAPTER -1
INTRODUCTION

Infections can be treated with antibiotics which have also saved rountiess lives Bt
whenever antibiotics are administered they run the nsk of having negative side affacts
and fuelling antibiotic resistance one of the biggest risks to the general public's health

The perks of using antibiotics typically outweigh the dangers of adverse reactions or

resistance 1o antibiotics However excessive antibiotic prescriptions and overuse

endanger the effectiveness of these wital medications To prevent harm from

unwarranted antibiotic usage and to fight antibiotic resistance, it is crucial that we all
only use antibiotics when necessary

1.1 Introduction to Antibiotics

An antibiotic i1s a particular class of antimicrobial agent that works against bacteria The
use of antibiotic drugs 1S common in the treatment and prevention of bactenal infections
since they are the most effective form of antibactenal agent. Bacterial growth may be
prevented or killed by them. Antiprotozoal action is only present in a small number of
antibiotics. Antibiotics are ineffective against viruses like the flu or the common cold as
a result, antiviral medicines or antivirals are used instead of antibiotics to describe
medications that prevent the growth of viruses. They are also ineffective against fung.
antifungal medications are those that stop fungi from growing. Since the beginning of
time, people have utilized antibiotics. Numerous allusions to the therapeutic benefits of
moldy bread come from ancient Egypt, Nubia, China, Serbia, Greece and Rome
among other cultures. John Parkinson (1567-1650) was the first to formally record the
use of molds to cure ilinesses. In the 20th century, antibiotics revolutionized medicine
Modem penicillin was developed in 1928 by Alexander Fleming (1881-1955) and its
widespread usage was extremely helpful throughout the war. But since antibiotics are
so powerful and accessible, certain bacterna have developed resistance to them due to

abuse. Antimicrobial resistance is a widespread “serious threat that is no longer a



prediction for the future, it 1s happening right now in many parts of the world * ACLOing

to the World Health Organization

1.2 HISTORY OF ANTIBIOTICS

Prior to the early 20th century, traditional medicine was mostly used to cure infections
Over 2,000 years ago, mixtures having antibacterial characteristics that were used to
treat infections were documented. Infections were treated with carefully chosen mould
and plant materials by many ancient societies, including the ancient Egyptians and the
ancient Greeks. Tetracycline in Nubian mummies was found to be present in large
amounts during 1990s research. It was assumed that the source was the beer that was
being brewed at the time. When synthetic antibiotics made from dyes were discovered,
modern medicine started using them. The number of new antibiotic compounds used in
medicine considerably grew in the middle of the 20th century. There were 12 new
classes introduced between 1935 and 1968.

1.3 Antibiotic Resistance

Antibiotic resistance is a severe danger to our capacity to treat common infectious
ilnesses and is a fast-growing worldwide health concern. It is becoming more
challenging to properly treat an expanding number of diseases, including pneumonia,
TB, blood poisoning, gonorrhoea, and foodborne ilinesses, since new mechanisms of
resistance are developing and spreading globally. The problem is getting worse
because of antibiotic abuse and overuse, such as buying antibiotics without a
prescription or overprescribing by medical professionals and veterinarians. Antibiotics
are frequently overused by the general people in nations without established treatment
protocols. If we don't act right now, we could live in a post-antibiotic world when

diseases that were once curable will once again be fatal.

Antibiotic resistance is a serious issue that is aggravated by the overuse and misuse of
antibiotics, as well as inadequate measures for preventing and controlling infections. To
address this problem, we must take proactive steps at all levels of society, from
individuals to healthcare providers and policymakers. These steps may include

promoting the responsible use of antibiotics, adopting better infection prevention and

2



control practices, and investing in research and development of new antibiotics. By
working together, we can reduce the impact of antibiotic resistance and limit its spread.
The development of antibiotic resistance is leading to increased healthcare costs and
economic burden on families and societies. When common infections become resistant
to first-line antibiotics, more expensive medicines must be used, leading to longer

iliness duration.

This scenario is not only financially costly, but it also puts the achievements of modern
medicine at risk. Medical procedures such as organ transplantations, chemotherapy,
and surgeries like caesarean sections become more dangerous without effective
antibiotics to prevent and treat infections. We must take urgent action to address

antibiotic resistance and preserve the effectiveness of antibiotics.

One of the most unexpected findings from the sequencing of microorganisms' genomes
is that many bacteria and fungi encode a far higher number of NP pathways than they
can actually produce in the lab. A large effort has been made to develop tools and
techniques to activate their "cryptic" biosynthetic gene clusters (BGCs) in the hope of
discovering novel chemical scaffolds with beneficial bioactivities. In general, at least
three quarters of their potential NP capability is not switched on in vitro. Silent BGCs
are shown to encode functioning NP biosynthesis pathways when they are triggered or
produced heterologous in several studies. This implies that host organisms or

environmental stimuli are what cause these chemicals to be produced.
Antimicrobial Resistance:

Antimicrobial resistance is a serious global health crisis and one of the most significant
threats to human health. Some bacterial strains have developed resistance to nearly all
existing antibiotics, which makes the development of new antibacterial agents essential
to overcome resistant bacteria. To address this issue, the World Health Organization
(WHO) published a list of antibiotic- resistant priority pathogens in 2017, which presents
a significant threat to human health and urgently requires new antibiotics. The list is
categorized into critical, high, and medium pricrity to guide and promote the research

and development of new antibiotics. It's crucial to take prompt action to address this



issue to safeguard human health and wellbeing. When bacteria, fungi, parasites, and
viruses develop over time in such a way that antimicrobial medications that once
worked against them do not, antimicrobial resistance (AMR) results. Drug resistance
causes illnesses to spread and become more challenging to cure. All nations are
impacted by AMR, albeit some are more affected than others. Sub-Saharan Africa in
particular might be disproportionately burdened. Furthermore, recent studies show that
there is a dearth of high-quality information regarding AMR and infectious illnesses in

low-income environments, which limits our understanding.
1.4 Introduction to Nano Particle [NPs]:

A relatively new area of chemical study is nanoparticle chemistry. Even though
nanoparticles, mostly in the form of dust and smoke, have always existed in nature,
these statements would have sounded perplexing to many scientists even 30 years ago.
Long before their origins and characteristics were discovered and understood,
nanoparticles were used in stained glass, paints, and building materials. For more than
a century, petrochemical industries made significant profits from the widespread use of
transition metal nanoparticles as heterogeneous catalysts. Despite these ubiquitous
examples, nanoparticle chemistry did not develop into a rigorous academic field until the
final decades of the 20th century, when the development of electron microscopy and
other cutting-edge characterization methods provided researchers with the instruments
necessary for studying objects with a diameter of less than one nanometer.
Undoubtedly, the most researched category of nanoparticle systems is metal
nanoparticles. Early efforts include Michael Faraday's 1850s synthesis of colloidal gold,
which is among the first works. In 1908, Mie wrote on how light and metal nanoparticles
interact. There are instances of ancient Romans creating stained glass with gold
nanoparticles. The development of nanoparticle plasmonic in recent years has made it
possible to precisely design plasmonic characteristics through chemical synthesis. The
catalytic capabilities of metal nanoparticles have been the subject of several recent
investigations. The frequency of surface plasmon resonance in gold and silver
nanoparticles or luminescence polarisation in semiconductor nanorods are just two

examples of the numerous instances in which a nanoparticle's form directly affects its
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Physical characteristics. Wang Dong, and Buhro cover the chemistry, physics, and

applications of one-dimensional nanomaterials, such as semiconductor discs and

nanoplatelets, while Nasilowski, Mahler, Lhuillier Ithurria, and Dubertret cover the

chemistry, physics, and applications of two-dimensional nanomaterials, such as

semiconductor discs and nanoplatelets, produced through the chemical process known
as solution-liquid-solid synthesis. As emitters for screens and optical gain medium for
lasers, these materials have a lot of potential. Another fascinating family of hollow
nanaostructures is covered by Wang, Feng, Bai, Zhang, and Yin. Hollow nanoparticles of
plasmonic metals and nano shells exhibit plasmon resonance in the near-IR spectral

range, making them suitable for photothermal cancer therapy. Hollow nanostructures
are also being explored for drug delivery.

1.4.1 Nickel Nanoparticle:

Nickel nanoparticles are an excellent illustration of a reactive nanoparticle that is highly
redox active and is significantly more inflammatory in the rat lung than NiO at the
micron scale. When implanted in the lung, nickel oxide nanoparticles produce a gradual
lung damage marked by fibrosis and alveolar lip proteinosis, in contrast to titanium

dioxide, which had no inflammatory effects at the same instilled surface area dose,
emphasising the significance of the reactive surface.

2. PRINCIPLE OF ANTIBIOTIC RESISTANCE IN BACTERIA:

Investigations of antibiotic resistance from an environmental perspective have provided
insight on an issue that was previously thought to only affect a small group of clinically
important antibiotic-resistant bacterial pathogens. It is evident that the ambient
microbiota possesses a huge variety of antibiotic resistance genes, some of which are
very comparable to the genes present in pathogenic microbiota, even in situations that
appear to be antibiotic-free. From an anthropocentric point of view, which is
concentrated on clinical elements like the effectiveness of antibiotics in eradicating
illnesses and organisms that are resistant to antibiotic treatment, it is challenging to

explain the function of antibiotics and antibiotic resistance in natural ecosystems. a



mare comprehenaive anatysie of the function of antiotcs and antibiotic rasistanca ir

nature from an evolufionary and ecmingieal perspective

2. MECHANISM OF ANTIBIOTIC RESISTANCE

‘
I 1s well acknowledged that the emergence of resistance among the most qnqmﬂram

hacterial diseases poses a danger 1o human health on 2 global scale In addition to

developing i1 hospitals  multidrug-resistant organisms are increasingly often found In
communtty settings  indicating that reservorrs of antibotic-resistant bactena exist
elsewhere The apey of evolution and the best-known example of bacterial adaptation
s the bacterial reaction 1o the “attack” of antibotics “Survival of the fittest” is a result of
the enormous genetc plasticity of bactenal pathogens. which causes specific
responses to lead to mutational adaptations. the acquisition of genetic material, or
changes In gene expression producing resistance to almost all antibiotics currently

used in clinical practice Therefore it 1s crucial to comprehend the molecular and

genetic underpinnings of resistance

2 MUTATION AND EVOLUTION OF ANTIBIOTIC RESISTANCE:

The emergence and spread of antibiotic resistance have traditionally been attributed to
a natural selection process that was influenced by the usage of antibiotics. Bacteria that
must contend with antibiotic challenges adapt to become resistant, and because only
the strongest survive under this intense selection pressure, resistance mechanisms and
resistant clones propagate The pnmary method of acquiring antibiotic resistance
appears to be honzontal transfers of resistance mechanisms. Nevertheless, the
environment has changed because of recent research on the hypermutability and
antibiotic-induced hypermutation of bacteria. Here, we discuss the most recent
information on the molecular processes underlying bacterial hypermutability and its
connection 1o the development of antibiotic resistance. In our final section, we go

through the potential that medications could not just select for antibiotic resistance.



2 ANTIMICROBIAL RESISTANCE

Antimicrobial resietance happane when germs e hacteria and fungi develop the ahility
to defaat the druge designed 1o kil them That means the goerms are not killed and
continue 1o grow Resistart infactions can be d®icult and sometimes impossible to
traat are the main drivers in the development of dn jg-resistant pathogens | ack of clean
water and santtation and inadequate infection prevention and control promotes the
spread of microbes some of which Antimicrotral resistance is a serious global health
cnsie and one of the most significant threats 1o human health Some bacterial strains
have developed resistance 1o nearly all ewssting antibiotics, which makes the
development of new antibacterial agents essential to overcome resistant bacteria To
address this issue the World Health Organization (WHO) published a list of
antibiotic-resistant priority pathogens in 2017 which present a significant threat to
humarn health and urgently require new antibiotics Antimicrobial resistance (AMR) is a
global health and development threat It requires urgent multisectoral action in order to
achieve the Sustainable Development Goals (SDGs) WHO has declared that AMR is
one of the top 10 global public health threats facing humanity.Misuse and overuse of
antimicrobials can be resistant to antimicrobial treatment.The cost of AMR to the
economy is significant. In addition to death and disability, prolonged illness results in
longer hospital stays, the need for more expensive medicines and financial challenges
for those impacted. Without effective antimicrobials, the success of modern medicine in

treating infections, including during major surgery and cancer chemotherapy, would be
at increased rsk.

The clinical pipeline of new antimicrobials is dry. In 2019 WHO identified 32 antibiotics
in clinical development that address the WHO list of priority pathogens, of which only
six were classified as innovative. Furthermore, a lack of access to quality antimicrobials
remains a major issue. Antibiotic shortages are affecting countries of all levels of
development and especially in health- care systems.

Antibiotics are becoming increasingly ineffective as drug resistance spreads globally
leading to more difficult-to-treat infections and death.



CHAPTER - 2
REVIEW OF LITERATURE

ANDWOICE e DOWRrtU erapeutc arugs and mucrobes as infecthon-causing agents
TEe greal Mmoroved dubic health n many regons of the world. The huge threat to
NDIC Neal™ Dosed by aMDoNC ressstance s beng brought to the fore by health
IYEVIANONS Al Over The wOrid Some e soentists think that the post-antibrotic era s
LS AUNS The comer Antidyatc resistance s becomng a greater danger as a result of
™URpe Mechans™s havng dologcal behavioural. and socetal components. This
TR Qves 2 Qenerdl overveew Of anbwobc ressstance and its growang impact on
ADIC Nealt™ as wel as an explanabon of the trological and behawioural factors that
SONdUte 10 andDOIC ressiance It also grves examples of how health communication
SDRCEISTs Can helb prolong the efectiveness of our cument antibiotics. as descnbed by
Rache! A Naucha M M aanatha and Ancrew F Read et al (2014)

TR SUC) 'S oDreCTVE was 10 Ca™y 0ut @ comprehensive evaluabon of research that has
ax@mnec the nadence of antitvotc ressstance in Eschenchia coli In vanous geographic
oCatons. A systematc Medine search was used 10 find studies on the prevalence of £
cob ressiance thal were Dubkshed between 1870 and 2008 These studies were then
analysec wiTh regart 10 the parameters of the study design. study population. technique
of resstance detechon anc prevalence of ressstance In vanous cultures and natons.
he frequency of antiteodc ressstance ranged from 0 to 100% and was quite vanable

Swcees Tom Modie anc South Amenca. Spain. Turkey. and other countnes found
greater rates of ressstance than those from the United States and Central Europe

Acamorally @ propensity for greater incdence rates Antibactenal resistance IS

favoured by mutatons. obtaing new genedc matenal, coming into contact with cells

hat have t anc he use of antibactenal crugs as growth promoters in animal feeds

ntendec for human consumpbon. However. as proven by Vila and Pau et al (2010)

The antibxotcs cistnbuted in these nations are of poor efficacy due to medicabon
G0sage degracabton or change, reduced active component concentrations. or both
(Lewss et al 2013) For instance. low concentrabons of the usual concentrations of
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-

ug ressiance s nsing glotaly for both developing anc developed natons. however

s arpified anc enhanced n underdeveioped natons. Due to bucgetary imitatons to
appiyng estabiished ontena Inkec 10 suscepbdity testing. as descnbed (Pecoul et al
1998) there s ite 10 no mfecton control. The abuse of antiwotics that results from
s siong wih The pooulaton's lower general educaton level anc lower quality of

Pong. has been obsenveC Oy Via and Pau. et al. (2010).

Wi acovity agans! vanous chromesomal and plasmid-mediated -laciamases of both
Gram-postve and Gram-negatve Dbactena. clavulanate s 2 Dbroac-spectrum



. aae nhibitor N
lactamast o Even thoy 1 Clavolanate exhibits only weak antibacterial activity in

mounting  evi

1!‘!\\ 0 n
o i A
VA cates that it might still have an impact on pathogenic

hactena regardless  of whether O not they produce lactamases It has been
\,,mmnshah‘d that clavulanate binds to penicilin-binding proteins (PBPs) in both
Gram positive  and  Gram neQative  hacteria just like other lactams do In
SreptocoCCus pneumoniae it was discovered to bind to PBPY in a specific manner It
nas been proposed that the augmentation of the activity of other lactams by clavulanate
s due 1o complementary binding to other PRPs and subsequent effects on autolysis
Agdinonally. studies with -lactamase producing and co-amoxiclay have shown that

co-amoxiclav increases the intracellular killing abilities of human polymorphonuclear

cells (PMNs) (Jane Finlay et al - 2003)

Spices have been shown to possess medicinal value, in particular, antimicrobial
actvity  This study compares the sensitivity of some human pathogenic bacteria and
yeasts 10 vanous spice extracts and commonly employed chemotherapeutic
substances. Of the different spices tested only garlic and clove were found to possess
antimicrobial activity. The bactericidal effect of garlic extract was apparent within 1 h of
incubation and 93% killing of Staphylococcus epidermidis and Salmonella typhi was
achieved within 3 h. Yeasts were totally killed in 1 h by garlic extract but in 5 h with
clove. Some bactena showing resistance to certain antibiotics were sensitive to extracts
of both garlic and clove. The greater anticandidal activity was shown by garlic than
by nystatin. Spices might have great potential to be used as antimicrobial agents.

(P.Valentine et al,2019).

n-Alkyltrimethylammonium bromides (CnTAB) have been synthesized with n-alkyl chain
lengths of between Cs and C,.. Antimicrobial activity was assessed as growth inhibitory
activity (MIC) towards seven representative strains of microorganisms and as bacterial
activity towards Staphylococcus aureus, Saccharomyces cerevisiae and Pseudomonas
aeruginosa. These data indicated that whilst the level of activity was generally
parabolically related to n-alkyl chain length, separate dependencies existed for short (n
< 10) and long (n > 10) chain substituents, with disproportionately large increases in

activity, in the order of three log cycles, occurring as substituent chain lengths

10



increased fromn = 10 1o n =
12. This is interpreted in terms of distinct mechanisms of

tion, binding sit
ac 9 site andior physicochemical properties for extreme members of the
series (P. Gilbert et al 2018),

Nanoparticles (NP i
pa (NPs) are Increasingly used to target bacteria as an alternative to

antibiotics. Nanotechnology may be particularly advantageous in treating bactenial
infections. Exar.nples include the utilization of NPs in antibacterial coatings for
mplantable devices and medicinal materials to prevent infection and promote wound
healing. in antibiotic delivery systems to treat disease, in bacterial detection systems to
generate microbial diagnostics, and in antibacterial vaccines to control bacterial
infections. The antibacterial mechanisms of NPs are poorly understood, but the
currently accepted mechanisms include oxidative stress induction, metal ion release,
and non-oxidative mechanisms. The multiple simultaneous mechanisms of action
against microbes would require multiple simultaneous gene mutations in the same
bactenial cell for antibactenal resistance to develop; therefore, it is difficult for bacterial
cells to become resistant to NPs. In this review, we discuss the antibacterial
mechanisms of NPs against bactena and the factors that are involved. The limitations

of current research are also discussed. Linlin Wang et al.,2017.
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CHAPTER 3
AlM AND OBJECTIVES
1. AlM:

To \dentify the prevalence of drug resistance In bacterial isolates and identify the

potential of nickel and Copper as therapeytic strategies to treat drug-resistant bacteria

2. OBJECTIVES:

¢ To isolate bacteria from Public lavatories. especially high-risk E.coli by staph
aureus.
To perform biochemica characterization of the bacterial isolates

Bacteria isolated to the 4th generation.

To study the resistance pattem to the 4" generation.

To evaluate the impact of isolated bacterial species' susceptibility to silver
nanoparticles.

To evaluate the impact of an isolated bacterial species' susceptibility to a silver
copper binary nanoparticle.
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CHAPTER - 4
MATERIALS AND METHODS

41 COLLECTION OF SAMPLES

The \amND WA (n'w’ﬁf‘ " a rnjhlll 'qurryyv' hy ‘}‘.r\q a ‘wah m‘fhﬂd na 1(]'13'. qf

1 -
Ocm x 10cm as shown in the diagram below In this swab method sterile  autoclaved

buds were used 1o collect samples

Fig 1: Swab culture method

1.1 SAMPLE PLATING:

The swab method was used during the plating of the sample

1.2 SWAB METHOD:

e Inthe swab method, the following method is followed
e Gently rub the end of the cotton swab with your sample across the agar
e Use an 'S’ pattern being careful not to rub so hard that the agar tear

¢ Rotate the dish 90 degrees, and apply another S’ pattern perpendicular to the

first one.
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o Replace the cover and seal the plate with masking tape or paraffin tape
e Ensure to mark the dish with appropriate information

1. 3 MEDIA SELECTION

Growth media are used to support the development of microorganisms as well as to
study the morphology of the target organism and to identify some of its more basic
traits, such as the capacity to ferment sugars like lactose and the utilisation of citrate as
a carbon source. We can also identify the bacteria by using differential media. For
instance, Escherichia coli may be detected as growth with a metallic green sheen on

Eosin Methylene Blue Agar and Salmonella can be identified as black colonies with a
centre on Salmonella - Shigella (SS) Agar

1.3.1 MANNITOL SALT AGAR:
Mannitol salt agar was chosen as the primary isolation media. This media is used to

isolate Staphylococcus aureus. The composition of Mannitol Salt Agar is as follows-

Pancreatic Digest of Casein 5.0gm

Peptic Digest of Animal Tissue  5.0gm

Sodium Chloride 75.0gm
Beef Extract 1.0gm

D — Mannitol 10.0gm
Phenol Red 0.025gm
Agar 15.0gm
Distilled water 1000ml|

Final pH 7.4 +/- 0.2 at 25 degrees Celsius.

14



1412 MANNITOL SALT AGAR

FIG 5- Staphylococcus aureus on MSA.

Mannitol Salt Agar contains peptones and beef extract, which supply nitrogen, vitamins,
minerals and amino acids essential for growth. The 7.5% concentration of sodium
chloride results in the partial or complete inhibition of bacterial organisms other than
staphylococci. Sodium chloride also supplies essential electrolytes for transport and
osmotic balance. Mannitol is a fermentable carbohydrate, fermentation of which leads
to acid production, detected by phenol red indicator, which aids in the differentiation of
staphylococcal species. Agar is the solidifying agent. Coagulase-positive staphylococci
(e.g., Staphylococcus aureus) produce yellow colonies and a surrounding yellow
medium while Coagulase negative staphylococci produce red colonies and no colour
change of the phenol red indicator.

1.3.2 MACCONKEY AGAR:-

MacConkey was chosen as the secondary isolation medium. Macconkey Agar is
recommended for selective isolation and differentiation of E.coli and other enteric
bacteria.

15



COMPOSITION: GmslLitre

Ingredients
Pancreatic digest of gelatin ~ 17.0

Peptones (meat and casein) 3.0

Lactose monohydrate 10.0
Sodium chloride 50

Bile salts 1.5
Neutral red 0.030
Crystal violet 0.01
Agar 135
Distilled water 1000 mi

pH after sterilization (at 25 degree Celsius ) 7.1 +/- 0.2.

1.4 MOTILITY TEST:

An organism's capacity to move independently is known as motility. This ability can be
facilitated by either specific fibrils that generate a gliding kind of motility or by the
propeller-like flagella that are only seen in bacteria. Flagella, which can have a single
flagellum or many flagella and extend from the cell wall and plasma membrane, are
used by motile bacteria to move. It has long been understood that motility is a crucial
taxonomic tool and biological trait of microbes. In the family Enterobacteriaceae,
motility is a crucial component of identification since flagella are typically seen in bacilli,
however there are a few flagellated cocci. The capacity of bacteria to move has been
employed as a way of categorization and differentiation of organisms since the early
days of the discipline of microbiology Most frequently, a semi-solid agar medium is
used to illustrate bacterial motility. Motile bacteria's swarm' and produce a diffuse,
spreading growth on semi-solid agar media that is visible to the unaided eye SIM
medium (Sulphide Indole Motility medium, a combined differential media that examines
three separate parameters Sulphur Reduction, Indole Production, and Motility—is the

primary medium used for this purpose. These media are extremely soft, which makes it
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easy for germs to move through them and cause cloudiness Agar that 1s somewhat
sohd 18 poked in the centre with the inoculum A widespread zone of growth extending
from the line of injection indicates bacterial movement While some organisms spread
out over the whole medium others appear as nodules or tiny regions that extend from
the inoculation line. Only the region where they are infected, and the soft agar tube will
the non- motile bacteria grow there

Method:

A colony of a young (18 to 24 hour) culture developing on an agar medium
should be touched with a straight needle
Stab the tube once in the centre at a depth of only 1/3 to 1/2 inch. When removing the
needle from the medium, make sure to keep it in the same line that it entered.For up to
7 days, incubate at 35°-37°C and check every day. Keep an eye out for a widespread
growth zone that flares out from the inoculation line. In a laboratory context, it is used to
separate bacteria according to their level of motility. It is done to categorise organisms
according to their taxonomic group.

Testing for pathogen mobility is crucial for pathogen characterisation.

The assays are often used in Enterobacteriaceae family identification
techniques. The motility test is also used to distinguish between various kinds of
enterococci, which are gram-positive cocci. While E. gallinarum and E. casseliflavus /E.
flavescens are typically motile, Enterococcus faecium and E. faecalis are not.In order to
achieve an accurate diagnosis, certain organisms may not exhibit enough growth in this
medium, necessitating extra follow-up testing.For comprehensive identification, it is
advised to run biochemical, immunological, molecular, or mass spectrometry tests on
colonies from pure cultures.If bacterial flagella are harmed by heating, shaking, or other
stress, false-negative results might happen. The creature will become immobile as a
result of this environmental stress.Weakly motile organisms can cause false- negative
responses. |t is crucial to withdraw the inoculating needle exactly along the same line
that was used to inoculate the medium when using semi-solid media. Growing along

the stab line may be caused by a fanning action, which might lead to a false-positive
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interpretation. These biochemcal tests are now routinely used in a variety of fields,

including forensic science, where Microbial investigation can help with the investigation
of bioterrorism threats. healthcare, where they are used t

o 0 help with disease diagnosis,
epidemiology. where they are used

to track and trace disease outbreaks,
pharmaceutical, where they are used to analyse environmental microbes that may have

health implications, and these tests in the fields of health

care, epidemiology, and
forensic science.

1.6 Gram Staining:

A Gram stain test looks for bacteria in areas where an infection is thought to

have occurred, including the throat, lungs, genitalia, and skin wounds. Gramme stains

may also be used to examine the presence of germs in bodily fluids like blood or urine.
Gram-positive and Gram-negative infections are the two primary subtypes of bacteria.
Based on how the bacteria respond to the Gramme stain, the several types are
identified. The colour of a Gramme stain is purple. The bacteria in a sample will either
stay purple or change pink or red when the dye and bacteria interact. The bacteria are
Gram-positive if they continue to be purple. The bacteria are Gram-negative if they
become pink or crimson. Different forms of illnesses are brought on by the two
categories: Among gram-positive infections include toxic shock, strep infections, and
methicillin-resistant  Staphylococcus aureus (MRSA).Salmonella, pneumonia, and
gonorrhoea are a few examples of gram-negative infectionsThe most frequent test to
determine whether you have a bacterial illness is a Gramme stain. The test will indicate
whether your infection is Gram-positive or Gram- negative if you do.Fungal infections
can also be identified with @ Gramme stain.Blood will be drawn from a vein in your arm
by a medical professional. To collect a sample from the tonsils and back of the throat,
your doctor will place a special swab into your mouth.If bacteria were discovered, they
would likely exhibit specific characteristics that might reveal crucial details about your
infection:The presence of purple-colored bacteria indicates that you most likely have a

Gram-positive infection.The presence of pink or red bacteria indicates that you most
likely have a Gram-negative illness.
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1.7 Biochemical Test :

The crucial details required for correctly identifying the genera of distinct bacteria
inside a sample might be revealed through biochemical reactions. Bacteria naturally
create enormous amounts of enzymes, and it is because to these enzymes that they
may be identified using biochemical techniques. Since bacteria have unique enzymatic
profiles, it is typically possible to identify a bacterium by the type of enzymes that it
produces.Each type of bacterial species has distinct metabolic requirements that are
satisfied by various enzymes. Catalase, gelatinase, oxidase, and urease, for instance,
can be used to determine the type of bacteria present.The presence of such

microorganisms is necessary for the biochemical processes employed in biochemical
testing.

PRINCIPLE AND INTERPRETATION:

The vital minerals, vitamins, and nitrogenous elements necessary for the
development of microorganisms are provided by the pancreatic digest of gelatin and
peptones (meat and casein). The carbohydrate that can be fermented is lactose
monohydrate. The crystal violet and bile salts, which are inhibitory to the majority of
gram-positive bacteria, are credited with the selective action of this medium. The
osmotic equilibrium of the medium is kept in check by sodium chloride. Escherichia coli
is subcultured on Macconkey Agar following enrichment in Macconkey broth. The
capacity of gram-negative bacteria to digest lactose distinguishes them from other
types and helps them grow effectively on the medium. Lactose-fermenting strains

develop as red or pink growth and might have an acid-precipitated bile zone
surrounding them.,

Because lactose produces acid, the colour is red.

Final pH (at 25 degree Celsius) is 7.3 +/- 0.1.
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1.7.1 CATALASE TEST:

Hydrogen peroxide (H202) is broken down into oxygen and water by catalase. A
tiny inoculum of a bacterial isolate is added to a 3% hydrogen peroxide solution to
determine if the isolate can generate the catalase enzyme. It is noted for the quick
development of oxygen bubbles. A lack of or poor bubble generation indicates the
absence of catalase. Both strict aerobes and facultative anaerobes are bacteria that
produce catalase. The use of oxygen as a terminal electron acceptor allows them all to

breathe.

1.7.2 TRIPLE SUGAR TEST:

Casein and meat peptones, phenol red to indicate pH, 0.1% glucose, 1%
lactose, and 1% sucrose are all ingredients in triple sugar iron agar. In order to identify
the generation of hydrogen sulphide, ferric or ferrous ions and sodium thiosulphate are
present. The initial yellow slant that non-lactose fermenting bacteria create is caused by
the glucose's generation of acid. The little glucose that is present is quickly used up.
After the low concentration of glucose has been used up, oxidation metabolism
continues in the slant, creating an alkaline pH from the aerobic breakdown of peptone,
which causes the slant to become red. The butt remains acidic and yellow because
there is no oxidative metabolism or oxygen penetration. Thus, an alkaline (K) gradient
rather than an acid is produced by a non-lactose fermenting bacterium.

1.7.3 INDOLE TEST:

When tryptophanase is present, the amino acid tryptophan goes through
hydrolysis and deamination. Tryptophan undergoes reductive deamination, and indole
is created as a by-product via the intermediary molecule indole pyruvic acid. The
tryptophanase catalyses the removal of the amino group (-NH2) from the tryptophan
molecule during the deamination process. Pyridoxal phosphate is needed as a cofactor
for the enzyme. The catalytic process yields indole, pyruvic acid, ammonium (NH4+),

and energy as by products.
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17 4 CITRATE TEST
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by the cell. Following this, the oxaloacetate is converted to pyruvate and CO2

Oxaloacetate + acetate equals citrate

Pyruvate plus COZ equals Oxaloacetate

1.7.5 METHYL RED TEST:

As a result of using glucose as fuel, certain bacteria end up producing acics
such lactic acid (LA) acetic acid (AA), and formic acid (FA). The kind of bactena
engaged in the process determine the type of acid that is generated. and this is first
tumed Into pyruvic acid from glucose. The PH of the medium is lowered by acid
production.

As 2 result, the methyl red’'s hue shifts from yellow to red, suggesting the presence of
bactena that might use the glucose present in the culture material.

1.7.6 VOGES PROSKAUER TEST:

This is a development of the methyl red test, which finds organisms capable of
producing the chemical butylene. Acetoin is the reaction’s intermediate product, which
may be identified by using alpha-naphthol and 40% KOH. Acetoin will oxidise to
diacetyl if KOH is present. In the presence of alpha naphthol, diacety! will react with the
guanidine component of peptone, resulting in a red colour that denotes a successful
test.

This is done via the VP test.
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2. KIRBY BAUER DISC DIFFUSION METHOD:

The Kirby Ba '
it Y Bauer Disc Diffusion technique has historically been particularly well-
me
" busy microbiological settings due to its simplicity and convenience of

usage. It was
g created in the 19505 and modified by W. Kirby and A. Bauer before being

standardized .
by the World Health Organisation (WHO) in 1961, The fact that several

medications m ;
3 e lested simultaneously for their effectiveness against a specific

liness makes | ;
it worse. The target bacterial isolate is seeded on Muller Hinton agar

plates using the Kirby Bauer Disc method, which involves inserting antimicrobial discs.
The antimicrobial ingredient diffuses into the agar, where it may or may not stop the
bacterial growth as seen by the appearance of a zone surrounding the germs.Early in
the 1950s, several - laboratories began using disc diffusion tests instead of the
time-consuming broth dilution approach. Antibiotic susceptibility testing is done using
Kirby Bauer assays, sometimes referred to as the Disc diffusion test. In the 1960s,
there was an issue due to a lack of standardisation, and Kirby and Bauer later
evaluated the description. WHO standardised the process in 1961. The original
technique is currently updated and modified by CLSI, ensuring global uniformity. This

test is mostly used to evaluate how susceptible or resistant aerobes or facultative
anaerobes are to various antibiotic classes.

MATERIALS REQUIRED:-

o Muller — Hinton agar plates ,

O

24 hours old cultures ( S. aureus , E.coli ),

O

Antibiotics ,
Ethanol ,

(@]

Q

Forceps ,
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procedure

Before doing the test santtise the area and turn on the hob

d into the inoculum and pressed

To remove extra medium. a sterile cotton swab Is dippe
aganst the tube wall
Rotate the pi

otate the plate to completely swab its whole surface area. Lawn culture of carpet

culture are two names for this method
For the med ;

ium to properly absorb the inoculum. givé the plates five minutes to dry.
with alcohol. Discs ought to

Before picking up antibiotic discs, first sanitise the forceps
y touch each disc with the

ne spaced apart by 24 mm.To prevent misplacement. lightl

forceps to make it i
sure it is in contact well Tum the plate over and incubate it for 24 hours

at37°C

KIRBY BAUER DISC DIFFUSION TECHNIQUE:

FIG 2 - ZONE OF INHIBITION
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dised the process in 1961 The ariginal

technique s currently updaeq and modified by

CLSI. ensuring global uniformity This
test 1s mostly used to evaluate how suscepti

ble or resistant aerobes or facultative
anaerobes

are to varn
OUS antibiotic classes The objective of this test is it aids
physicians to assist in selecting treatment 0

ptions. The growth of organisms determines
the ability of anty

biotics to inhibit the organi
broth for an entire night before being
standard. Because it does nof block sulph

medium's composition and pH, Mueller-

Sms. The test organism must be cultured in
compared to the 0.5 McFarland Turbidity
Onamides and provides repeatability with the

Hinton agar must be employed. When put onto
Petri plates, the agar should be 4mm thick.

Materials Required
. Mueller- Hinton agar
. Antibiotic discs
Cotton swabs
Petri dishes
. 0.5 McFarland Turbidity standard
. Inoculum
Forceps

Metric ruler or caliper

Procedure to be followed:
Before doing the test, sanitise the area and turn on the hob.

To remove extra medium, a sterile cotton swab is dipped into the inoculum and pressed
against the tube wall.

Rotate the plate to fully swab its whole surface area. Lawn culture or carpet culture are
two names for this method.

24



For the medium to effectively absorb the inoculum. et the plates dry for five minutes to
dry

Before picking up antibiotic discs, first sanitise the forceps with alcohol

Discs ought to be spaced apart by 24 mm

To prevent misplacement, lightly touch each disc with the forceps to make sure it is in
contact well.

Tum the plate over and incubate it for 24 hours at 37 °C

Result Interpretation:

Use a metric ruler to measure the zone of inhibition and factor in the diameter of
the disc after the 24-hour incubation period.

To report the outcome, compare it to the CLS| standards.

Susceptible (S), Intermediate (1), or Resistant (R) are the results' respective
designations.

Advantages of Kirby Bauer Disc diffusion Technique are The results of this test are
used to choose the best medications to treat an illness.

It can be helpful for choosing the right antibacterial agents and for monitoring
antimicrobials.It may be performed without specific equipment and is interpretable by all

medical staff.This test is less expensive to run.

no bactensl growth

agar medium wilh {2ore of inhibibon)
rbiotic disks bacleria

Bbactarial grawin

FIG 1- MULTIDRUG RESISTANCE
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2 1 MEDIA USED IN KIRBY BAUER DISC DIFFUSION TECHNIQUE

2 1 1 Mueller Hinton Agar

in microbiology  Mueller Hinton agar & a type of growth media used 1o (itivate
hactenal i80lates and test them for antibiotic resrstance Microbiologists at Harvard
University. John Howard Mueller and Jane Hinton mvented this medium for the first
time in 1941 But in addition 1o agar 1o harden the combination. Mueller Hinton agar
also contains beef extract acid hydrolysate of casen starch. and other ingredients
Mueller Hinton agar's make-up might difler depending on the supplier and the
apphication. but in general. the medium is nutrent-nch and devord of inhibitors that can
obstruct bactenal growth The disc diffusion method. a straightforward and well-liked
technique for evaluating the antibiotic susceptibility of bacterial isolates fraquently
employs Mueller Hinton agar By placing tiny discs impregnated with various antibiotics
on the agar surface the zone of inhibiion surrounding each disc is evaluated 10
ascertain the bactenal isolates resistance to that antibiotic. Due to its low concentration
of calcum and magnesium ions, which might interfere with some antibiotics
effectiveness, Mueller Hinton agar is particuladly helpful for evaluating a vanety of
medicines As an alternative to the germ tube test, MH agar may be employed in the
laboratory for the quick presumptive identification of C. albicans. The growth properties
of bacterial isolates and how they react to drugs can both be influenced by the Mueller
Hinton agar's composition. For instance, changes in the pH of the medium might impact
how well some antibiotics work, and the presence of certain nutrients can encourage
the development of a particular bactenal species For precise microbiological
experiments, Mueller Hinton agar must be carefully chosen and prepared The creation

of antibiotics and the investigation of antibiotic resistance have both benefited greatly

from the use of Mueller Hinton agar.
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FIG 3-MEASUREMENT OF ZONE OF INHIBITION.

2.1.2 Composition of Mueller Hinton Agar:

Mueller-Hinton agar is a microbiological growth medium that is commonly used for
antibiotic susceptibility testing, specifically disk diffusion tests. It is also used to isolate

and maintain Neisseria and Moraxella species. It typically contains:

. 2.0 g beef extract
17.5 g casein hydrolysate
1.5 g starch
17.0 g agar
1 Iiter of distilled water.

. pH adjusted to neutral at 25 °C

Susceptibility tests on Campylobacter and Streptococcus species may also include the

addition of nicotinamide adenine dinucleotide and 5% sheep's blood. It excels as an
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antibiotic due to a few characteristics_ It is a nonselective, nondifferential medium first
and foremost. As a result. practically any organism that is plated on it will grow. Starch
is also a component. Toxins generated by bacteria are known to be absorbed by starch,
preventing them from interfering with antibiotics. It is a loose agar, secondly. Unlike
most other plates, this enables greater antibiotic diffusion. A truer zone of inhibition
results from improved diffusion. Mueller-Hinton agar was co-developed by 2
microbiologist.

John Howard Mueller and a veterinary ~scientist Jane Hinton at Harvard University
as a culture for gonococcus and meningococcus.
They co-published the method in 1941,

Mueller Hinton Agar is mostly used for assessing the

susceptibility of microbes to various antibiotics. The Bauer Kirby technique now uses it
as the de facto standard medium, and the NCCLS specifies its performance.It may be
utilised to grow Neisserialt is outlined in the FDA Bacteriological Analytical Manual for
food testing and typical techniques used on facultative anaerobic and aerobic
microorganisms.The reason why MHA is used in antimicrobial susceptibility testing are
It is a non-differential and non- selective medium. This implies that nearly every
creature plated on this surface will flourish.It has starch in it. Toxins generated by
bacteria are known to be absorbed by starch, preventing them from interfering with
antibiotics. Additionally, it controls how quickly the medicines diffuse through the agar.lt
is a granular agar. Unlike most other plates, this enables greater antibiotic diffusion. A
truer zone of inhibition results from improved diffusion.For susceptibility testing, MHA
has adequate batch-to-batch

repeatability.Sulfonamide, trimethoprim, and tetracycline inhibitor concentrations are

low in MHA (i.e., thymidine and thymine inhibitor concentrations are low in

MHA).Mueller Hinton Agar has the least amount of thymine/thymidine and

para-aminobenzoic acid (PABA), respectively.
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2 12 Preparation Of Mua

38 grame of the mediym

Should be die n 1 fitre of
medium to Solved tre of distilled water For the

fully dissolve heat

T while stirring often and bring it to a boil for one

Cinthe autodave Until
Agar that hae cooled down should be
honzontal

minute 15 minutes a4 121
room temperature cool Myeller
Hinton

acded to sterile petri dishes on 3 flat
surface 1o ensure equal depth | et

the food reach room temperature At 2500
make sure the pH 1 7 3 () 4 Keep the plates

between 2 and 8 oC

214 Limitations of MHA -

The
Size of the inoculum, the pace of development, the composition of the

medium. and the pH all have an impact on the outcomes. In order to guarantee

accurate findings. stnct procedure adherence s necessary Long incubation periods

needed by sluggish growth may lead to drug inactivation. The results of the tests with P

aeruginosa isolates using aminoglycoside, tetracycline, and colistin are affected by

vanations in the concentration of divalent cations, particularly calcium and magnesium

3J.AANTIBIOTICS USED:

There are numerous techniques for testing an antibacterial’ s susceptibility.

However, Kirby Bauer Disc Diffusion was employed.

In this method the following antibiotics were used. These are Cephalosporins
Denvatives.

. Cefepime

k Ceftazidime

. Ceftnaxone
Amikacin
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3.2 Ceftazidime :

Third  generation’  cephalosporin  ceftazidiene v 2z trardcen  actexche e
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acvty against numerous Gram-positive bactena than the previous generations of
cephalosponns. Even though ceftnaxone has modest action against Pseudomonas
aeruginosa. based on the available data, it cannot be Suggested as the only antibiotic
treatment for pseudomonal infections.

Ceftnaxone has shown success in treating infections brought on by additional
‘afficult’ species such multidrug-resistant. Enterobactenaceae. Ceftnaxone was

successful in treating bactenal septicaemia, skin, soft tissue. bone. and Joint infections,
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complex and simple unnary tract infections. lower respiratory tract infections and
paediatnc meningiis caused by susceptible microorganisms Once-daily treatment
cooms effective in treating the majority of these illnesses Results from a small numbe
of patients with ear. nose. and throat infections. intra-abdominal infections. obstetnc
and gynaecological infections, and adult meningitis were likewise positive. but due to
the limited expenence. judgements about the drug's effectiveness in these indications
are not yet achievable. Ceftnaxone has been demonstrated to be extremely successful
when compared to conventional treatment for gonorrhoea caused by both
non-penicillinase-producing  and  penicillinase-producing  strains  of  Neissena
gonorthoeae. The comparative effectiveness of ceftnaxone and other antibactenal in
wreating vanous infections and providing perioperative prophylaxis for patients having
surgery has been evaluated in a few short trials. These comparative studies found few
significant differences In response rates between therapeutic groups, but larger
well-designed studies are required to more clearly compare ceftriaxone's effectiveness
to other antimicrobials, particularly aminoglycosides and other "third generation®
cephalosporins, and to confirm the drug's apparent lack of serious side effects.
Ceftriaxone will provide a significant alternative if more widespread use demonstrates
its safety and effectiveness, especially for the treatment of serious infections caused by

multidrug-resistant Gram-negative bacteria and in circumstances where the drug's

prolonged half-life may provide valuable cost and convenience advantages.

3.4 Amikacin:

Since the 1940s, a class of antibiotics known as aminoglycosides has been used
to predominantly treat a wide range of bacterial infections. Enzymatic modification by
aminoglycoside-modifying enzymes, which are split into acetyl- transferases,
phosphotransferases, and nucleotidyltransferases, is the main method of resistance
against these antibiotics. In the 1970s, fresh semi- synthetic aminoglycosides were
created to address this issue. Amikacin, the most often used semi-synthetic
aminoglycoside, is resistant to the majority of aminoglycoside modifying enzymes.

Amikacin was created by acylating the C1 amino group of the deoxystreptamine moiety
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of kanamycin A with the | \-\&mmO-hvdmx\
¢ -N-acetyltransferase type | (AAC(8')1b), an
integrons. transposons. plasmids,
pnmary amikacin resistance

butyryl side chain Aminoglycoside
enzyme whose gene is located in
and chromosomes of Gram-negative bacteria, is the

Mechanism observed in clinics Finding methods to
counteract the effects of AAC (6.1 and prolong the shelf life

of amikacin is the topic of
several research projects |y

Was discovered that in bacteria carrying the aac (6')-1b

Complexes ionophore-Zn+2 or Cu+2 might impede the
n path
acetylation pathway and cause Phenotypic conversion to susceptibility. Plazomicin, a

novel semi-synthetic aminoglycoside. is now being developed and will help to rekindle
interest In this class of antibiotics.

gene. small compounds and

4 NANOFLUID PREPARATION FROM NANOPARTICLES.

FIG 4- PREPARATION OF NANOPARTICLE

By spreading nanoparticles in the base fluid, nanofluids are created. For nanofiuid to be
used. good dispersion 1s necessary As a result. surfactants are occasionally utilized to
Increase the stability of nanofluids In addition. the surface of the scattered particles
may be modified, and strong forces may be applied to the clusters of the dispersed
nanoparticles, which may improve the stability of nanofluids Physical one-step and
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in nanofluid preparation s the Two-step Method

Two- Step Method:

This is the most cost

particles are first produced using a variety of techniques, and then
they are distributed i

nto the base liquid to create the required nanofluid. This production
nd widespreaq Nanoparticle g

principal downside. The usage of surfactant is gy

lly. This approach is preferre
creating nanofluids for study, A203/water na

od is cheap a .
met > ggregation is the two-step method's

€ 1o instability. This is how nanofluids

d by the majority of researchers when

are made commercia

nofluid was made using a two-step
technique by Zhu et al.

4.1 Sonication:

Better dispersion is achieved using the sonication approach than magnetic
stirring, which also has a lower chance of Particle agglomeration. Sonication uses
ultrasonic waves to pass through a nanofluid. To Create a more homogeneous
suspension, sonication is helpful. Sonication outperforms magnetic stimng for uniform
dispersion. There are two different kinds of Sonicates. probe type and bath type. Better
results are obtained with probe type sonication than with bath type sonication. When
sonication is used, the ultrasonic waves cause the clumped nanoparticles to vibrate.
The cavitation bubbles that are created during sonication expand till a critical condition.
Hot spots are produced when there is a local temperature and pressure combination
that is extremely high. The crucial state is when the hotspots are created. These heated
areas disintegrate the agglomerated particles. If the concentration of nanoparticles
nses, so does the nanofluid's thermal conductivity. The majority of the researchers'
models for effective thermal conductivity are based on the concentration of

nanoparticles. Researchers demonstrated both the linear and non-linear connection
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netween thermal conductivity ang nanoparticle concentration. In the
ce203water nanofluid, Zhy et g

was examned by Barbes et g

instance of the
discovered a non-linear connection. CuQ nanofluid
who discovered a linear connection. Ding et al.
gscovered a nonlinear nse in the therma conductivity of MWCNT nanofluid. Xie et al.

giscovered a nonlinear connection in the case of glycol based CNT nanofluids.

4.2 Stability of Nanofiuid:

For nanofluids to have the same thermophysical characteristics, stability is
crucial. Electncal double layer repulsive force and Van der Waals attractive force are

connected 10 the stability of nanofiuid. To produce a stable nanofiuid. the Electrical
Double Layer Repulsive Force (EDLRF) must be greater than the Vander Waals
atractive forces. Nanoparticle clustering is caused by the van der Waals attractive
interactions that exist between them. If this force is strong, nanoparticles are separated
from the base fluid and clustered nanoparticles fall to the bottom of the vessel under

the influence of gravity. EDLRF, on the other hand. works in opposition to Van der
Waals attraction, which keeps the particles apart.

4.3 Electron Microscopy Method :

Nowadays, the majority of researchers use electron microscopy in addition to
other methods. Transmission Electron Microscopy (TEM) apparatus, which takes
electron micrographs, is the advanced equipment required for this technique. This
gadget takes pictures with a high resolution. If clusters of nanoparticles are found in the
picture, sedimentation may occur. By using TEM, Zhu et al. [28] assessed the stability
of Cu nanofluild. The similar approach was utilised by Jalal et al. [40] to assess the
stability of ZnO/glycerol nanofluid.
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4.4 Antimicrobial activity of Nanoﬂu'd
Ias:

sha
resistance. According to a reg P nse of pathogenic bacterial antibiotic
prevention, the world is ab ent report by the Centres for Disease Control and
) Out to entera " a0aAd
. post- "
will be the leading cause of death rath L s i Kschia s
er

recently come than cancer. Nanoparticles (NPs) have

to light as innoyat;
ova
Strategies  based on nanqp ,:We Methods for fighting severe bacterial diseases
articles can
o ; get around problems that standard
antimicrobials have, gy e P
ch as antibiotic resistance. Several nanoparticle-based

trategies to treat b ial i ‘
® : Gl Infections have been emphasised in this tutorial review,

giving important insight intg the design

' factors that ial i
antimicrobial nanotherapeutics are essential in producing

5.NICKEL:

Due to the ease with which their form, size, ang chemical characteristics may be
changed, nanoparticle research s becoming increasingly popular. Nanoparticles exhibit
quantum phenomena and have surprising optical features. Nickel is occasionally found
free in nature but is most frequently found in ores. In order to create corrosion-resistant
alloys, it can be alloyed with iron, tungsten, molybdenum, chromium, and other metals.
Itis employed in many applications because it is electrically conductive. The forms of

nickel nanoparticles include passivated, ultrahigh purity, high purity, coated, and
dispersed nanofluids.

6.NICKEL -COPPER BIVALENT :

A simple chemical process was used to create nickel and copper nanoparticles,
which were then tested for antibacterial properties. Copper and Nickel nanoparticles
were discovered to be 24.00 nm and 13.13 nm in size, respectively, after being
synthesised. The nickel and copper nanoparticles' crystal system is shown by the XRD

examination. While nickel nanoparticles were monoclinic, copper nanoparticles were
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giscovered to be orthorhombic. Investigations were done on the antibacterial properties
of nickel and copper nanoparticles dissolved in DMSO. Using the agar diffusion cup
late method, @ comparative sensitivity test of these synthesised nanoparticles was
conducted against three pathogenic microorganisms (Gram negative bacteria), namely
gscherichia coli, Klebsiella pneumoniae. and Pneumonia Typhus. At 100 g/ml, copper
and nickel nanoparticles demonstrateq notable sensitivity against all test

microorganisms. Copper nanoparticles were discovered to have a higher zone of
nhibition (ZO1) than Nickel nanoparticles.

7. Antibacterial Resistivity determination of Nanoparticles:

The antibacterial activity of nickel as monovalent and nickel-copper as bivalent
nanoparticles against pathogenic microorganisms was examined using the disc
diffusion technique. These bacterial strains were cultivated in Luria UK broth for 24
hours using fresh cultures. Each bacterial culture was spread out across a layer of
Mueller Hinton agar plates. On sterile, blank paper discs, four different concentrations
of Ni and Ni-Cu nanoparticles were applied, and the combination was then incubated.

The zone generation was seen after a 24- hour incubation period. The experiments
went through several versions.
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CHAPTER - 5
RESULTS & DISCUSSION

1 prevalence of Bacterial isolates

wumerous public bathrooms were used to obtain bacterial isolates Escherichia col
ciaphylococcus aureus. and Staphylococcus epidermis were a few of the 70 bactenal
;pecues found in the diverse public lavatory settings along OMR. Chennai Out of all the
ocations of the public restroom that were analysed. the bathroom floor and side tiles
contained the most isolates (n = 78%) whilst the wash basin had the fewest (n = 22%)
524 Bactenal Isolates were 1solated totally form various public restrooms. Among these

524 1solates 230 isolates were found to be Staphylococcus sp and the remaining 294

solates were Escherichia coli commonly known as E coli

The following table represents the microbial population in a public lavatory at OMR

Chennai on a random day.

TABLE 5.1
Name of the Microorganism | No of isolates obtained Percentage
Staphylococcus 230 43 89%
Escherichia coli 294 56.10%

Microorganism load observed
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lsed organisms thnhylnm\rrrm (230 ) and E cob (204) were ohtained

¢ identification of Bacteria based on morphology

The isolates were organized based on they colour and morphological characters

e TABLE 5.2

| Microorganism [ Colony Morphology

Staphylococcus sp Golden coloured colonies on MSA

Agar

Escherichia colj Pink colored, CnrcuTa‘r.‘ag_ﬁﬁYP"’@'

Smooth colonies on MacConkey agar J

3. Biochemical Identification of Bacterial isolates:

Methods for sugar fermentation, microscopy, biochemistry, and colony morphology on
various culture mediums. During this experiment, bacteria from the Staphylococcus
aureus and Escherichia coli species were among those isolated. Lactose fermentation
revealed Escherichia coli isolates as yellow colonies on CLED agar. Growing colonies
had rounded, irregular edges, and were wet in some places but dry in others.
Citrate-negative E. coli isolates might be identified by their green colour and the
absence of citrate in their metabolism. Tryptophan in the media is broken down by the
enzyme tryptophanase to produce indole. The success of the experiment was

determined by adding Kovac's reagent, which interacts with indole to give a vivid pink
colour,
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R
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= Copper-Nickel [50pl 18
T/Z/' Copper-Nickel 50yl 02
03 |Copper-Nickel (50 19
74 [Copper-Nickel [50pl 20
75 [Copper-Nickel [50pl 13
76 |Copper-Nickel [50pl 16
7 Copper-Nickel  [50pl 17
T8 Copper-Nickel  [50pl 17
T9 Copper-Nickel (50l 16
10 Copper-Nickel (50l 18
11 Copper-Nickel 50ul 20
T12 Copper-Nickel 50l 20
13 Copper-Nickel S0ul 16
T14 Copper-Nickel |50yl 18
—_—
T15 Copper-Nickel [ 50 20
T16 Copper-Nickel | 504 24
-\*
L— Copper-Nickel 50pl 26
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= ] Cop;fr-Nickel*SO\pl 'ng B f
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7 Copper-Nicka——SOul\'—ﬂ\'R‘\
= Copper-Nickel | 50 16 R
29 Copper-Nickel [ 500 D
T30 Copper-Nickel [ 50y 20\-—3\
31 Copper-Nickel |50y ?O\_S\
132 Copper-Nickel W‘_m\__s\
133 Copper-Nickel 50l 18 S
T34 Copper-Nickel 50pl\'?()\§\
T35 Copper-Nickel 5om\‘ﬁ\‘s\
T36 Copper-Nickel | 5001 26 g
137 Copper-Nickel | 5041 ‘__1—9\_8*\
T38 Copper-Nickel S0ul 20 S
T39 Copper-Nickel S0ul 25 S
T40 Copper-Nickel S0ul 23 S
T41 Copper-Nickel S0l 25 S
T4z Copper-Nickel | 501 22 S
T4 Copper-Nickel 50ul 24 S
W\ Copper-Nickel S0yl 23 S
m\?opper-mckel 50,1 18 R
t Copper-Nickel 50ul 17 R
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EOO Copper-Nickel | 50l 16 5
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T450 Copper-Nickel | 50yl 20 S

T451 Copper-Nickel | 50pl 18 S

T452 Copper-Nickel | 50l 20 S

T483 Copper-Nickel | 50ul 20 S

T454 Copper-Nickel | 50ul 16 R
E Copper-Nickel | 501 18 S

65



Coover-Nickel | S0l N\ Ts
fxe T copper-Nickel | sout 24 Ts
T rerNickel | S0 26 N[l
(L v VT T i
'f\e *&'S&Ser-N}cKél‘""é(\]l"“ — 20 s ——
::/?://Tﬁi\l;r-mml 50l 2 o=
1 CoperNickel | 50ul 18 S
O coerNickel | S0u 20 S
_“‘:‘/”JWNMM 50ul 20 S
;&/"’E@-Nmi 50ul 16 R
{W—Nrd&el 50ul 18 S
(Wp'er-Nidel 50ul 20 S
T{w/”a@er-mokel 50ul 24 S
369 Copper-Nickel | S0ul 26 S
| 7470 Copper-Nickel | 50yl 19 S
"T’”'r—' Copper-Nickel | 50yl 20 S
Ta72 | Copper-Nickel | S0ul 25 S
Ta73 | Copper-Nickel | S0ul 23 S
Ta74 Copper-Nickel | 50yl 18 S
T4T5 Copper-Nickel | 50yl 18 S
T476 Copper-Nickel | 50ul 20 S
T4T7 Copper-Nickel | 50l 20 S
T478 Copper-Nickel | 50yl 18 S
T478 Copper-Nickel | S0ul 20 S
T480 Copper-Nickel | 50ul 20 S
Tagt Copper-Nickel | 5041 16 R
hT& Copper-Nickel | 50l 18 S
E Copper-Nickel | 5041 18 S




Copper-Nicke! |

5N
P

W Copper-Nicke| | 50y 120 E"
—ﬁgr Copper-Nicke| | S0l ;24 .:
773 Copper-Nickel | 50, ;25 .:
7496 Copper-Nicke| | S0pl 19 :
1497 Copper-Nickel S0ul 20 Q
1498 Copper-Nickel [ 50, 25 '
7499 Copper-Nicke| |

T500 Copper-Nickel |

- qamples T1 to T50 are Staphylococcus aureus & samples T300
“-renchia coll.

+heterms S/R/l indicate sensitive, Resistance and Intermediate respectivel y

Antibacterial resistance of Ni-Cu Nanc part
Staphylococcus aureys

J 3

FIGNO 12

67

to T350 are



antibactenal Resistance of £ 5 he

Nickel Copper N,m(m.n

Michiy ol o
ticle

®Resistance m Sengp

FIGNO 13

68



{Ldd -

CHAPTER - ¢
SUMMARY

of this project is to identify the Prevalence of an
se

o Wmé rban public restrooms of OMR, Chenpna; City using
e " o gnd in u

treaked in Mannitol salt Agar megjym (
ol are then S

tibiotic fesistance

MSA)

us and MacConkey Agar for Escherichia cgj; bacteriym

#T ocous aure ,

" ganisms are then subjected intg various tests for t
oated ©

e 'Sda

he COﬂﬂrmatmn

The methods used are common Gram staining to check whether the

nism is Gram positive or Gram negative. Further the org
p ora ! | '
zvxalned r?test for the biochemical analyzation of the Said bacterium. The tests done
ica
, rr"dole test, Catalase test, Methyl Red test, Voges Proskauer test
In '
yethe

anisms undergq

1 etc-
isms are then subjected to antibacterial Susceptibility tests ysin
an .
WOfmSion technique in order to check the resistance against fourth generation
= losporin derivative antibiotics. They are ceftazidime, Cefepime, Ceftri
Cepha

iacin. Approximately 80% of isolated bacterig were resistant tg the antibiotics which
AmikaCitl. _

an outcome of their multi drug resistant nature,
was

g Kirby Bayer

axone and

since Nickel nanoparticles moderate sensitivity to MDR isolates while al| these isolates
were showing resistance to Cephalosporins derivatives, hence we chose Cu-Ni nano

particle, and it proved our hypothesis that bivalent Nanoparticle in bacterial isolates

proving its therapeutic potential against MDR isolates. This further study must be
camed out.

On the contrary to previous attempts, the biv

alent Nanoparticles of Nickel and Copper
Showed tremendous results with

serious  sensitivity rates on the samples of

Sfaphyfococcus and E. colj |t is concluded that the bivalent nickel- copper

Nanoparticleg ¢an be used alg

Ne or in addition to other antibiotic agents for the
Teatment of bacterial infections i

N the case where they are multi drug resistant.
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