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Abstract

ABSTRACT

Encapsulation of Metallic Oxide Nano-particles and Synthetic Antibiotics to
Combat Mastitis Causing Multidrug Resistant Pathogens

Pakistan is the world's fourth-largest producer of milk and dairy products. Mastitis is the most
prevalent and expensive disease affecting dairy cattle worldwide. Reduced milk output,
antibiotic residues in milk, medical costs, culling of chronically diseased cows, and occasional
deaths are all examples of economic losses caused by mastitis. The presence of resistant
pathogenic strains in the food matrix creates a direct risk to public health. Treatment of highly
prevalent mastitis-causing multidrug resistant strains has become a challenging task for the
present reservoir of antibiotics. New target-oriented antimicrobials are exprcssly required for
fighting infections caused by multidrug resistant (MDR) strains. Mastitis is becoming a monster
threat to the dairy industry due to treatment failure by available expensive antibiotics.
Nanobiotechnology is an emerging field to apply the new trends of nanotechnology find more
reliable and eco-friendly methods for developing alternative nano-antibiotics with improved
antimicrobial potentials. The major aim of the current study is to improve the efficacy of existing
antibiotics by conjugating them with green synthesized metallic oxide nanoparticles to lower
their MICs. Chitosan biopolymer played a major role to make enclosed nanomaterials
biocompatible and biodegradable for targeted delivery. In the 1% phase of the study, 35 dairy
farms in Pakistan's two largest cities, Rawalpindi and Islamabad, were selected for milk samples
of suspected cows and buffaloes. The California mastitis test (CMT) was performed to screen
milk samples, and 875 cows out of 1289 were CMT positive, while 173 buffaloes out of 191
were CMT positive. Microbial analysis revealed E.coli (n=155), S. aureus (n=118) and C
.albicans (n=35) as major causative agents of mastitis. Disc diffusion method was employed to
study antibiotic sensitivity testing of fifteen commonly used antibiotics and the highest resistance
pattern of Augmentin (100%), Ciprofloxacin (96%), Ampicillin (91.6%), Oxacillin (61%) and
Cefoxitin (30%) were displaying challenge to livestock industry to treat infectious diseases.
Nanoparticles of the following metallic oxides were synthesized i.e. Ag NPs, CeOz NPs, TiO:
NPs, and Fe203 NPs, which are considered as generally recognized as safe chemicals (GRAS),
to tackle MDR pathogens. Nanoparticles of metallic oxides were synthesized using medicinally
important plants i.e. aqueous extractof Moringa concanensis leavesand Amomum subulatum
(black cardamoms seeds). GC-MS analysis profile revealed the presence of 2-Ethylacridine,
alpha.-Amyrin, 8-Tocopherol, Pyridine-3-carboxamide reducing agents in M .concanensis, and
black cardamom seeds extract displayed the following compounds i.c.a-terpinyl acetate
Pyridine-3-carboxamide and 1,8-cineole. All the green synthesized Ag, CeOz, TiO2, Fe203 NPs
were encapsulated in chitosan NPs by ionic gelation method (CS NPs). The synthesized
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nanomaterials Ag NPs CeOz NPs, TiOz NPs, and Fe203 NPs were conjugated with ciprofloxacin
(CIP) as it was found highly resistant broad spectrum antibiotic. Gold standard techniques were
used to characterize all the synthesized nanomaterials including Field Emission Scanning
Electron Microscopy (FESEM) with Energy Dispersive X-ray spectrometry (EDX),
Transmission Electron Microscopy (TEM), X-ray Diffraction (XRD) transform-infrared (FTIR)
spectroscopy, Optical properties, and Zeta potential analysis. All the nanomaterials were
synthesized as alternative Nano antibiotics for mastitis-causing MDR strains. The antimicrobial
potential of Nano antibiotics was screened using various antimicrobial assays including
minimum inhibitory concentration (MIC) determination, disc diffusion assay to define the zones
of inhibition (ZI), killing kinetics,LIVE/DEAD assay by flow cytometry, and antibiofilm
activity. A rabbit model was selected for Invivo antimicrobial activity of the most effective
nanomaterial against the most prevalent MDR E.coli strains. The morphological alterations were
examined after treatment with nanomaterials by FESEM and TEM at various time intervals
against selected MDR strains of E.coli, S .aureus, and C.albicans. The biocompatibility analysis
of all synthesized nanomaterials was done by using two different methods i.e MTT (3-(4,5-
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay (bovine mammary gland
epithelial cells )and haemolytic study (red blood cells of cows).

Following four nanomaterials were prepared in the current study i.e. nanomaterial A, is chitosan
coated Titanium dioxide nanoparticles (CS-NPs encapsulated TiO2), nanomaterial B: is
Ciprofloxacin loaded Cerium oxide nanoparticles encapsulated with chitosan NPs (CIP- CeO2/
CS NPs), nanomaterial C: is Ciprofloxacin loaded Silver and Titanium dioxide composite
encapsulated with chitosan (CIP-Ag/TiO2/CS nanohybrid) and nanomaterial D is Ciprofloxacin
loaded Silver, Titanium dioxide and Iron oxide ternary composite encapsulated with chitosan
NPs (CIP-Ag/Ti02/Fe203/CS ternary composite). Nanomaterial A, CS-NPs encapsulated TiO2
was spherical and size range of 65-75nm by FESEM analysis. The UV-Vis Spectra and band gap
values illustrated the redshift in CS-NPs encapsulated TiO2 NPs, Fourier transform infrared
(FTIR) spectroscopy confirmed the linkages between TiO2 NPs and chitosan biopolymer, Zeta
potential confirmed the stability of CS-NPs encapsulated TiO2 NPs by showing 95mV peak
value. The promising antibacterial activity of CS-NPs encapsulated TiO2 NPs was noted against
MDR E.coli strain with the prominent zone of inhibition of 23mm. The growth killing curve
against MDR FE.coli displayed a significant (0.01) drop in OD values which showed its
proficiency. Morphological changes on E.coli cells after the treatment with MIC concentration
(0.78ug/ml) of CS-NPs encapsulated TiO2 NPs were studied by TEM analysis which clearly
showed that morphology and structure of E.coli cells were smashed up. The encapsulation
efficiency was determined 85% = 1.59. Cytotoxicity (BMGE cell line) and hemolytic studies
confirmed the nontoxic nature of CS-NPs encapsulated TiO2 NPs. Nanomaterial B, CIP-
Ce02/CS composite which was found most efficient against MRSA as compared to MDR E.coli
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and C.albicans. XRD determmined the crystalline nature of CIP-CeO»/CS composite and SEM
showed spherical morphology with the size of 40+ 0.91 nm. The surface linkage of CS and CIP
in CeO2 NPs was confirmed by FTIR analysis. ZP demonstrated the colloidal stability of CIP-
Ce02/CS composite, which was +110 £ 0.65mV. The minimum inhibitory concentration (MIC)
of CIP-CeO2/CS composite was determined 8 pg/mL and ZIs was 12+0.45 was observed against
MRSA. The toxicity to MRSA was deep-rooted by flow cytometry 87.04% + 3.92 and
morphological alteration by FESEM and TEM on 6 hrs of treatment. Encapsulation efficiency
was 75% + 1.58 and the highest cumulative drug release was found (88+ 1.09) at the 8hrs of
incubation study (37 °C). Eventually, the nanocomposite was found nontoxic and nonhemolytic
when tested in BMGE cell line and RBCs of cow, respectively. Nanomaterial C, CIP-
Ag/Ti02/CS nanohybrid was spherical with the particle size of 20-80nm revealed by FESEM and
TEM analysis. XRD patterns of the hetero system transmitted diffraction peaks of the anatase
phase of TiO:2 and centered cubic metallic Ag crystals with excellent crystalline features. FTIR
confirmed the Ti-O-Ag linkage in the nanohybrid. The zeta potential of CIP-Ag/TiO2/CS
nanohybrid was found 67.45 + 1.8 mV suggesting stable nano-dispersion in the media. While
MIC of CIP-Ag/TiO2/CS was 0.0512pg/ml, which is much lower than the reference value
recorded by the global CLSI system (Clinical Laboratory Standards Institute). CIP-Ag/TiO2/CS
nanohybrid was found effective against mastitis-causing MDR E.coli. Killing kinetics showed an
excellent reduction of E.coli cells at 6 hrs of treatment. Flow cytometry further confirmed
antibacterial potential by computing 67.87% late apoptosis at 6hrs of treatment. The
encapsulation efficiency of CIP-Ag/TiO2/CS nanohybrid was 90% + 2.07 and drug release
kinetic revealed sustained release of CIP-Ag/TiO2/CS nanohybrid 89+ 2.43. FESEM and TEM
confirmed structural damages in MDR E.colii CIP-Ag/TiO2/CS nanohybrid was found
biocompatible as more than 93.08% of bovine mammary gland epithelial cells remained viable.

Nanomaterial D was CIP-Ag/TiO2/Fe203/CS ternary composite, XRD analysis confirmed the
crystalline nature of ternary composite, and nanorods were observed by TEM and FESEM with
3-6nm of diameter. FTIR further confirmed the Fe-O-Ti- linkages which confirmed the
successful encapsulation of CS. The most efficient antimicrobial agent was CIP-
Ag/TiO2/Fe203/CS ternary composite by exhibiting prominent ZIs against MRSA (22 + 0.06),
MDR E. coli (33£1.40), and MDR C.albicans (28+ 1.45) at MICs of 0.112 pg/ml, 0.022 pg/ml
and 0.004 pg/ml respectively. ZP of CIP-Ag/TiO2/Fe203/CS ternary composite was determined
85.26+ 0.12. Morphological alterations of MDR pathogensafter treatment (at 0,6,12 hrs of
incubation) with MIC values of CIP-Ag/TiO2/Fe203/CS ternary composite were studied by
FESEM and TEM analysis which clearly showed the deformed shape and structural damage to
MDRpathogens ultimately lysed cells were quite evident. The FACS analysis further confirmed
late apoptotic of selected MDR pathogens i.e. MDR E.coli (80.85%), MRSA (75.34%),
C.albicans (89.01%) after treatment with CIP-Ag/TiO2/Fe2O3/CS ternary composite which
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further confirmed structural damages. The highest drug release was observed 89% + 0.57 at the
8" hrs of interval and encapsulation efficiency was calculated 94% + 1.26. Cytotoxicity and
hemolysis study revealed safety at all the tested concentrations of CIP-Ag/TiO2/Fe203/CS
ternary composite and viability of mammalian cells remains more than 90%. At the last stage of
the experiment, CS encapsulated CIP-Ag/Ti02/Fe203/CS was found to be the best candidate of
antimicrobial potential with a broad spectrum display of activity at the lowest MICs values. In a
rabbit model, the antibacterial activity of the most promising nanomaterial was investigated. In
this investigation, MDR E.coli was determined to be the most common strain causing mastitis. In
the rabbit model, infection was caused by injecting MDR E.coli intraperitoneally. In vivo
antibacterial activity was monitored by Colony Forming Unit (CFU) on blood agar which
showed no visible colony after 72hrs of treatment by CS encapsulated CIP-Ag/Ti02/Fe203/CS
ternary composite. Furthermore, synthesized antimicrobial formulation CS encapsulated CIP-
Ag/TiO2/Fe203/CS was observed safe for Invivo application as indicated by histopathological
and biochemical analysis. Rabbit vital organs i.e heart, liver, and kidney didn’t show any
hemorrhage and necrosis in the fixed slides. The CS encapsulated CIP-Ag/TiO2/Fe203/CS
ternary composite was found the most suitable alternative therapeutic agent when all of the
findings of In vitro and In vivo antibacterial potential were taken into account.
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CHAPTER 1
INTRODUCTION

1.1. Background of Study

Mastitis remains a major challenge to the worldwide dairy industries and still there is no
established treatment for such a commonly occurring infection. Currently, the use of antibiotics
is the most common method of treatment of bovine mastitis. Antibiotic use has some demerits
due to low cure rate, increasing occurrence of resistance and the presence of antibiotics residues
in the milk. Therefore, an alternative to antibiotics need to be investigated in order to find an
effective approach for rapid treatment of bovine mastitis. Mastitis is a global disease that has yet
to be solved in the livestock industry. Similarly, Pakistan has a considerable number of cattle and
buffaloes in its agriculture sector, with 46.1 million and 38.8 million cattle and buffaloes,
respectively, which contributing about 56 percent of animal husbandry and contribution in GDP
1s 11% (Rehman et al., 2017). Pakistan’s livestock industry is facing health issues of animals,
one of them is mastitis which limits the progress of this industry (Akhtar et al., 2012) and make
huge loss by reduced milk yield, milk conviction, animal reproduction and slaughtering.
Furthermore, in under developed countries infectious disease may cause milk to deteriorate by
about 15%, are resulting in a loss of 169 billion rupees per year (Burton et al., 2012). Although
the private sector is rapidly growing dairy farming, it can only supply 5% of the demand for milk
and dairy products. To establish relevant strategies for Pakistan's dairy business, a study strategy
is required that focuses on specific qualities such as cold storages, value-added, and packaging.

Nowadays antibiotic treatment is commonly used against mastitis (Seegers et al., 2003).
However, it contains some disadvantages because of less cure ratio, increased drug resistance
and residual antibiotic in milk (Seegers et al., 2003). So, many scientists had studied significant
techniques to cope with mastitis among them nanoparticles, vaccines, bacteriophages and
probiotics had found successful substitutes of antimicrobials agents(Sharma et al., 2018).

Animal productivity is reduced, economic losses and long and short term efficiency decline
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occur due to disease (Sansoucy, 1995). These are significant losses of economy than death rates
(Hazlett et al., 1984). Other cattle based activities like agriculture, transportation and tourism
also became a cause of declined income source most effectively to small farmers totally
dependent on livestock profit. In addition, farmers don’t consider positively to subclinical issues
with no mortality rate. Antimicrobials used to treat animal diseases and improvement in health
are stimulation to evolve AMR in livestock due to pathogenic immunity against antimicrobials
(Diaz, 2013). Antibiotic resistance in animals evolved due to excessive use of antimicrobial
against mastitis. This bacterial resistance emerged because of four reasons (1) antimicrobial
modifications (2) change in target site (3) changes in pathways of metabolisms (4) increasing
active efflux of antibacterial agents (Martinez & Baquero, 2000). Microbial resistance can be
enhanced against antibiotics by adopting mutation in already present genes (Martinez &
Baquero, 2000) or by getting new genes from ambiance or other strains (horizontal gene transfer)
that becomes possible due to presence of phages, plasmids, and transposons (Jeters et al., 2009,
Palmer et al., 2010).Situation is becoming worse because of no serious developments for modermn
antimicrobials. Since 2000, to defeat MDR strains only 22 modern medicines were launched
since but still resistance sustained (Butler et al., 2013). Development of new antimicrobial agents
is challenging tasks due to many reasons including antimicrobial isolation difficulty, extended
production time, huge cost of clinical trials and resistance evolving mechanisms to newly
introduced antimicrobial agent. Modern studies of chemistry, genomics and proteomics are now
focusing to evolve medicine through computer designs (Medema et al., 2011). Although
technological advancements been occur but no significant results are found regarding advanced
antibiotics (Butler et al., 2013).

Nanotechnology is evolving field intending suitable solution to grab resistance issues and
has presented significant results against targeted MDR strains that are growing immensely.
Therefore comprehensive knowledge for its mode of action, safety issues and impact on the
environment and society is necessary. Physical and chemical features of metal NPs synthesised
using green innovations, such as plant extracts, have been found to be appealing and increasingly

used in biotechnology due to their low toxicity and significant environmental and human
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benefits. Green NPs are more stable and high yielding, and they also have antibacterial action.
Plant extracts which are enriched with phenols and alcoholic compounds were effective as
antibacterial agents. These extracts are helpful to reduce and stabilize NPs by reducing of metal
salt without harming environment by toxic chemical residues (Raveendran et al., 2003). Moringa
plants are combined with antibiotic and chitosan to encapsulate but not pervious much explored
for the synthesis of NPs (Balamurugan et al., 2015; Nouman et al., 2014).

Antimicrobial agents delivered to the site action by incorporating in nanocarrier system
therefore nanomedicines are developed using biopolymers such as chitosan polymer, which has
found prominent results in drug delivery and NPs formation. According to reports, cationic
property and ability to dissolve in aqueous media are the distinctive factors of its success.
Moreover, it can bind to mucosal surface to stay longer and help to enhance epithelial
permeability. Additionally, biopolymers are biocompatible and less toxic, fundamental
requirements in antibiotic translocation. It is worthy that, compared with solutions, chitosan is
more effective in improving drug absorption when synthesize in the form of nanoparticles (Gao
et al., 2011; Yadav et al., 2020). Chitosan comprised of metal NP as antibiotic vector in nano-
carrier structure (Yusof et al., 2019) and binding to drugs make it biodegradable, environment
friendly, cost efficient, easy to synthesize with least hazards. Through the, the size and shape of
NPs in chitosan NPs is stabilized in an electrostatic interaction between the amine group of
chitosan and the hydroxyl group of antibiotics. Encapsulated antibiotic agents of chitosan NPs
expressed great enhancement in antibiotic activity (Yadav et al., 2020). Nano-carriers have
ability to provide controlled antibiotic release until certain level at targeted site. Nanoparticles
have successfully been used as vector using liposomes, polymeric nanoparticles, dendrimers and
inorganic NPs to deliver antibiotic (Huh & Kwon, 2011). Encapsulation, adsorption or chemical
bonding with antibiotics has expressed reputed therapeutic index. Consistent research studies and
positive outcomes have led to many NPs-based drug translocation structures being approved for
clinical treatment of infectious diseases, while many other drugs are currently in various stages

of preclinical and clinical trials (Briones et al., 2008). Although there are various preventive and
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management measures, there is an urgent need for efficient treatment of mastitis (Dilshad et al.,
2010).

Therefore, the aim of the present research work is to synthesize new and unique
nanomaterialsbased on metallic oxide NPs that were green synthesized then these metallic oxides
NPs were conjugated with Ciprofloxacin and encapsulated in chitosan NPs by using ionic
gelation method. The synthesized various combinations of nanomaterialswerecharacterized by
gold standard techniques and evaluation for antimicrobial studies against mastitis causing
microbial pathogens during this study. Invivo antimicrobial activity of the most effective and
broad-spectrum nanomaterial was also evaluated using rabbit as animal model. This new strategy
is expected to extend the life of antibiotics while decreasing and reversing the concept of
multidrug resistance. There is passionate hope for battling against MDR pathogenscausing

mastitis in the livestock animals of Pakistan.

1.2. Mastitis

Mastitis, is define as inflammation of udder tissues due to pathogenicity of bacteria, algae
and fungi, which injures mammary glands and causes pain and swelling. (Radostits et al.,
2006).The inflammatory response occurs to destroy or counterpoise noxious substances and
allow the glands to function normally to heal. Invasion of leukocytes develops inflammation
causing an increased somatic cell count (SCC) of milk which in indication of unhealthy udder
and poor quality of milk (Harmon, 1995). Mastitis is the common diseases that dairy industry is
suffering from with massive losses in reduced production capacity of dairy cows, decreased

animal value and expensive to treat (Figure 1.1).
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Figure 1.1: Cattle suffered from mastitis , mammary gland, internal structure of teats and udder

(Magbool, 2015; Sharif & Muhammad, 2008).

1.2.1. Types of Mastitis

Subclinical and clinical are two major types of mastitis causing decline in milk
production, the discarded milk after medication, the cost of treatment and the significant
economic loss caused by premature slaughtering (Abebe et al., 2016; Bradley, 2002). Strong
inflammation develops clinical mastitis with drastic changes in milk (blood clots, flakes),
swelling of mammary glands, appetite loss and high fever otherwise mostly mild clinical mastitis
is not detectable until fore-milking. Streptococcus agalactiaeand Staphylococcus aureus mastitis
bacteria been restrained effectively by post-milking treatment, dry milk therapy, well-maintained
milking equipment and slaughtering of cows suffering from acute mastitis (Makovec & Ruegg,
2003).
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1.2.2. Symptoms and Causes

Some general mastitis symptoms been observed in cows, such as blood, flakes, sanies in milk,
fever, swelling of mammary glands, appetite, blocked teats, decreased production, salty milk
taste and teats ulcers. Bacteria (E.coli, Proteus spp, Pseudomonas spp, Klebsiella spp, Seratia
spp) are major causative agents of mastitis (Ghafar et al., 2020) while yeasts (Candida
albicans), algae and mycoplasmas barely cause mastitis (Harmon, 1995). Staphylococcus aureus,
Streptococcus agalactiae, Mycoplasma spp. and Corynebacteriumbovis are known as contagious
pathogens to cause acute sub-clinical infection by residing at teats and spreading through milking
(Radostits et al., 2006). The main cache for these pathogens (E. coli, Klebsiella spp, Strept.
dysgalactiae and Strept. uberis) is the living environment of cattle where they cause sub-clinical
and short duration infections (Smith et al., 1985). The epidemiological characteristics of
exposure to mastitis involves transmissible factors, unsanitary conditions and inappropriate

milking habits (Ghafar et al., 2020).
1.3. Commercial Impact of Livestock Industry

Livestock accounts for 40% of estimated global agricultural production. This has provided
employment opportunities for approximately 1.3 billion people around the world and directly
helped the lives of 600,000 farmers of under developed countries by contributing milk
production, fiber, fertilizers and fuels and meat production directly from domestic animals

(Salmon et al., 2020; Sansoucy, 1995).
1.4. Financial Status and Milk Production in Pakistan

Pakistan holds 3™ position among the world's highest milk producing countries, almost 36
million tons milk from approximately 130 million animals, 47.8 M cows while 40 M buffalo
(Finance, 2017; Hemme, 2007). Livestock raises milk in four ways: (1) subsistence level dairy
farming in rural areas (2) countryside centered small farming (3) countryside business farming
(4) sub-metropolitan business farming (Thomson et al., 2000). Small dairy farming (rural life and

rural market-oriented) in Pakistan < 10 cattle per flock account for more than 90% of the total
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number of cattle (Zia et al., 2011). These small farms on average produce about 1,200 liters per
lactation from buffalo, and that of dairy cows is about 1,000 liters, which accounts about half of

the national average of these two breeds (Ghafar et al., 2020; Igbal et al., 1999; Zia et al., 2011).

Livestock is an important food source for nearly one billion people around the globe (McLeod,
2011; Raney, 2009). Milk as a major product comes from approximately 123 million dairy farms
around the world. It occupies a major position among agroindustry and cattle farming within
Asia and Africa (Hemme, 2007). It is estimated as 68% dairy farmers are located in Indian
subcontinent and more than 80% are modest-scaled. Pakistan and India in South Asia shares
two-third dairy farms and quarter of the world’s milk production (Ghafar et al., 2020; Hemme,
2007). Livestock health issues are the main limiting factor in milk production, especially in
small-scaled farming, caused by substandard disease identification, examining and less

knowledge of disease epidemiology (Devendra, 2001).

1.5. Interlacingthe Economy of Pakistan with Agriculture, Livestock and

Dairy Industry

Pakistan has fertile land and proper irrigation structure, so around 27% of the country’s 79.6
million hectares of land is availed for agriculture which provides 47% employment with 24%
GDP share in economy (Burton et al., 2012). This is a very vital research aspect that Pakistan has
been waiting for to fully utilize its potential with largest economy sector (Igbal et al., 2005). In
the agricultural industry, animal husbandry is extremely significant and accounts for 51.1% share
of agricultural economy in Pakistan’s with 167.5 million animal heads (Nouman et al., 2014). In
Pakistan agriculture and livestock sectors are significantly correlated with each other because
animal husbandry perform significant role to promote social and economic progress in
countryside (Akhtar et al., 2012; ul Hassan et al., 2014). About 53 million rural populations of 8
million families directly or indirectly depend on livestock for living (Finance, 2017; Ghafar et
al., 2020; Rehman et al., 2017). Nowadays, due to substandard quality of fodder, high disease
ratios such as mastitis, obnoxious protection and costly modern veterinary medicines, production

rate of meat and milk in Pakistan has decreased rapidly (Mathias, 2004). Most farmers have 4-5
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animals so costly modern drugs are unreachable by them and more interestingly these drugs
produce adverse effects to consumers and animals, such as high antibiotic residues in milk and
other animal by-products.

1.6. The Influence of Cattle Breeds On Milk Production In The Dairy
Industry of Pakistan

Buffaloes are the major milk producing animals in Pakistan, signifying about 48 percent of the
total dairy herd and providing 62 percent of total milk production. The three principal breeds
famous for milk production are Nili, found mostly in Punjab province, and Ravi and Kundi,
found mostly in Sindh (Gao et al., 2013). The cattle population is slightly larger than that of
buffaloes, but cows produce on average only about 55 percent of the yield of buffaloes. All
Pakistan’s indigenous cattle are Zebu (humped type, Bosindicus). There are 15 recognized
breeds in the country which are Red Sindhi and Sahiwal found well known internationally dairy

cattle breeds(Figure 1.2)(Igbal et al., 2019; Stafuzza et al., 2017).
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Figure 1.2: The dairy farms of Pakistan have various breeds (Igbal et al., 2019).

1.7. The Adaptation of Pakistani Breeds of Cattle Against Infectious

Diseases

Some of Pakistani breeds have specific adaptations against infectious diseases in which presence
of receptors which are important and that have certain pattern recognition with peculiar behavior
to detect microbial pathogens and generate instinctive immune responses against infectious
microorganisms. These mammalian receptors are membrane-bounded, coupled to macrophages
and dendritic cells, and respond to the microbial components of antigens. Receptors induces
cytokine production after binding to bacterial lipopolysaccharide in mammary gland and
endometrium epithelial cells, thereby playing a key role in arousing intrinsic immunity against
pathogen attack (Cronin et al., 2012; Ibeagha-Awemu et al., 2008). The expression of Toll-like
receptor signal transduction pathways in Red Sindhi, Tharparkar, Achai, Bhagnari, and Lohani in
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39 medium-impact variants with genes, was found unnecessarily excessive, which indicated that
most Pakistani marker varieties has developed its immunity-related genes against high or

medium impact to changes in infectious environment in tropical regions (Igbal et al., 2019).

1.8. Human Health Concern and Mastitis

Mastitis is considered as highly pervasive and expensive disease in dairy cows worldwide,
especially concerned with dairy industry of under developed countries (Abebe et al., 2016).
Economic loss caused by mastitis involves decreased lactations, veterinary costs, slaughtering of
acute infected cattle and seldom deaths also (Seegers et al., 2003). Resistant pathogenic strains
(S. aureus, E. coli, Listeria monocytogenes, Salmonella spp, etc) in dairy products are source of
food-borne diseases and direct risk to public health. Most frequently effecting pathogen strain S.
aureus abundantly found in livestock products and 68.8 percent of its strains are resistant to
antibiotics. S. aureus is frequently found in mucosae and skin of cattle linked with subclinical
mastitis from where it enters in milk chain (Normanno, Corrente, et al., 2007).In addition,
mastitis has the potential for serious zoonotic diseases, which is related to the shedding of

bacteria and their toxins in milk (Cervinkova et al., 2013).
1.9. Conventional Treatment of Mastitis

Treatments for mastitis are generally recommended based on the inflammation of mammary
gland (without bacteria’s information). Several researches on mastitis have been published in
New York, documenting the effects of antibiotics on both untreated and antibiotic-treated cattle.
(Lago et al., 2011; Pyorala; Pyorild et al., 1994; Suojala et al., 2013). Another study reported
that variety of Gram-negative pathogens treated with Fostiofur can better cure clinical mastitis
through bacteriology, but this treatment did not change SCC or milk production during the rest of
the lactation period (Schukken et al., 2011). Although, treatment with gram-negative (coliform)
bacteria is not very effective yet, Streptococci and Staphylococci in United States are treated
with intra-mammary antibiotics but Klebsiella and many clinical mastitis causing pathogens has
no approved antibiotics. Only these two p-lactams (amoxicillin, ceftiofur(Schukken et al., 2011),

cephapirin, cloxicillin, hetacillin, and penicillin) and a lincosamide (pirlimycin) classes have
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sanctioned antibiotics by U.S. food and drug administration (FDA) but no intra-mammary

product for milking animals since 2006 (Schukken et al., 2011).

Therapy is an alternative but cure against pathogenic mastitis (Pseudomonas) does not
responds effectively. Therapy does not responds positively unless complete information about
bacteria type. E coli mastitis has its intra-mammary antibiotics but mostly they are moderate
cases and don’t find any use of products for cure (Suojala et al., 2013). To cure infections, breast
antibiotic tubes are the most common treatment for mild and moderate mastitis are commonly
cured by using intra-mammary antibiotic tubes but generally antibiotics are applied while
bacteria type is not known (Ruegg, 2014; Schukken et al., 2011). Mastitis in which the immune
system is bacteria negative usually does not benefit of using antibiotics (Smith et al., 1985).
Despite of that, bacteria-negative samples may appear in case if number of bacteria is less than
the laboratory's limit of detection but cow still has infection, in such cases, antibiotic treatment is

recommended.

In 1960s, semi-synthetic penicillins (ampicillin and carbenicillin) were introduced, and
then were combined with f-lactamase inhibitors (amoxicillin plus clavulanic acid) to
successfully treat infections induced by Enterobacteriaceae. For next 10 years, plasmid-encoded
B-lactamases (especially TEM) greatly challenged this therapeutic advantage, lead to
aminoglycosides (gentamicin and amikacin), the third-generation cephalosporin (cefotaxime and
ceftazidime) and quinolone (ciprofloxacin) increased usage (Wellington et al., 2013) but bacteria
became resistant eventually. Plasmid-mediated aminoglycoside resistance led to the massive use
of third-generation cephalosporins and quinolones in late 1970s. In the early 2000s, the massive
rise in extended-spectrum f3-lactamases (ESBLs) in Europe had been most striking phenomena in

antimicrobial resistance.

ESBLs are usually obtained through horizontal gene transfer and pose resistance to
oxyimino-cephalosporins. Some are mutants of B-lactamase (TEM or SHV) carried by

established plasmids stimulated from environmental bacteria (Wellington et al., 2013).
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1.10. Discovery Timelines and Mode of Action of Antimicrobial Agents

Penicillin, the 1% antibiotic, prevented spread of contagious infections and cured diseases which
ultimatly save many lives, especially at the period of Second World War (Figure 1.3). Despite
that, in 1945 speech of Nobel Prize ceremony Sir Alexander Fleming pointed out the
development of resistance may occur by bacteria to antibacterial treatments and shortly after,
cases of inefficiency of penicillin were stated (Organization, 2014). This started to report the
collapse of other micro-biotic agents against contiguous diseases, which were after that named as

drug resistance or antibiotic resistance, a challenge to the efficiency of modern treatment options.

According to the mechanism of antibacterial activities, antimicrobial agents can be categorized
in several groups. The main categories are: drugs to restrict cell wall formation, depolarization of
cell membranes, inhibitory protein synthesis, inhibitory nucleic acid formation, and inhibition of
bacterial metabolic pathways. In Table 1.1 summary of mode of action of agents from each
groups of antimicrobials are described. Such a wide range of mechanisms seems to provide
efficient control of organisms. Unfortunately, mismanagement of antimicrobials has led to the
huge drug resistance problems by the time. Factors that evolved problem of drug resistance
include: increased exhaustion of antibiotic drugs and inappropriate antimicrobial treatment
prescriptions (Venter et al., 2017). Moreover, previous antibiotics utilizing patients are more
susceptible of being infected by resistant bacteria and highly exposed to resistant organisms

(Reygaert, 2018).
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Table 1.1: Mode of action of different class of antimicrobials (Reygaert, 2018)

Mechanism of action Antimicrobial Groups
p-Lactame
Carbapenems

Cephalosporins
Inhibit cell wall synthesis Nonobactame

Penicilling
Glyeopeptides

Depolarize cell membrane Lipopeptides

Bind to 305 Ribpsomal Subunit
Aminoglycosides
Tetracyclines

Bind to 508 Ribozomal Subunit

inhibit protein synthesis Chloramphemedt

Lincosamides

Macrolides

Ozazolidinones

Streptogramins

Quinolones '

Inhibit DNA synthesis
Fluoroguinolones
Sulfonamides

Trimethoprim

Inhibit metabolic pathways
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Antibiotic Targets  Antibiotic Resistance

el wall
Plactams
Vanopenycin

DNA/RNA Synthesis
Fluoroquinolones

Folate Synthesis
Trimethopom
Sulfonamides
Ceil Membrane Protein Synthesis inactivating Enzymes Macrolides
Daptomycin Unezolid Plactams Aminogiycosides
Tetracyclines Aminoglycosides
Macrolides Macrolides
Aminoglycosides Rifarnycins

Figure 1.3: Targets of antibiotics and resistance mechanisms(Gualerzi et al., 2013).

1.11. Antimicrobial Resistance

Antimicrobial resistance (AMR) in microorganisms is specified as no response against standard
dosage of clinical antibiotics (Group, 2011). It is the characteristics of microorganisms that
overcome the antagonism of antibiotics and antibiotics seem to be less sensitive to them. Even if
exposed to standard dosage of antibiotics, their survival rate is very high. By this mean, AMR
phenomena enhanced rapidly due to misuse of antibiotics has lead huge risk to expanding scope
of rational therapies of microbial diseases, decreasing efficiency, expensive and jeopardized
treatments. Every newly discovered microbial drugs becomes ineffective by emerging resistance

against it (Organization, 2014).
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Moreover, AMR frequency may increase exponentially by transmitting resistant strains
between humans and animals if it would not monitored and controlled (Littmann&Viens,
2015). In this globalization era, the prescribed treatment methods cannot detect resistant
strains and diseases evolved into contagious. Uses of antibiotics during major surgeries is
very common therefore eventually drug-resistant forms can developed freely (Hawkey&
Jones, 2009). Several countries and research institutions have responded to the AMR
problem and spent millions of dollars on monitoring and research to reduce AMR in
animals. As extensive use of antibiotic agents as treatment, prophylactic or growth
promoters in food animals has caused widespread public health issues (Woolhouse et al.,
2015), the gradual ban of all antimicrebial growth promoter (AGP) in livestock being
forced by European Union (EU) to control the AMR issue (Brown et al., 2017).

The development and expansion of drug-resistant bacteria originate from natural or man-
propelled evolutionary interacting reasons. The prevalence dependence among animals by the
use of antimicrobial usage (AMU) leads to selective pressure, under which mutations that
mediate resistance or resistance genes are acquired by bacteria. AMU seems to occur major
cause of AMR and its propagation (Moudgil et al., 2018). Rapidly developing resistance against
antimicrobial agents is causing to move one step forward towards unique and progressive
techniques of effective strategies for public health (Fridkin et al., 2015; Raghunath, 2008).
Therefore, it is critical to investigate and study animal symbiosis and pathogenic bacteria,
particularly the prevalence of AMR with economic value (such as milking animals), to know
about possible AMR technique and develop innate cure systems having new targets. Therefore, a
brief study of multidrug resistant (MDR) eukaryotes (quantitative knowledge of kinetics) and
numerous determination of resistance in different hosts (humans and animals) and various
ecological aspects are needed to address for effective estimations and design regulatory methods
nationally and internationally. AMR in Gram negative bacteria has always caused severe
infections worldwide, with increasing mortality rate (Vasoo et al., 2015). Antibiotic group of
beta-lactam is increasingly facing resistant problem reportedly due to mobile beta-lactamases

vulnerable to spread rapidly. There are many types of B-lactamases. Although AMR is reported
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to be on the rise globally, ESBLs and carbapenemase are still spreading rapidly, and drug
resistance in different regions very differently (Vasoo et al., 2015). Monitoring of AMR in
clinically important pathogens in different parts of the word has been studied to cope with
resistant microbes which has found to be severe in Asia where carbapenem resisted against
colistin drug severely (Veeraraghavan et al., 2018). Colistin is still very effective against CR-
organism but FDA has already introduced better substitutes like ceftazidime/avibactam and
ceftolozane/tazobactam according to varied resistant microbes (Vasoo et al, 2015;

Veeraraghavan et al., 2018).

1.12. Emergence of Resistant Pathogens

Mastitis is usually caused by S. aureus the gram positive bacteria but antimicrobial agents are
becoming ineffective against S. aureus Methicillin — resistant (Edmond et al., 1999). The
evolution of gram-negative bacteria resistance has attained a certain level, and clinical
microbiologists have reached a consensus: multidrug-resistant gram-negative bacteria are new
risk to public health. Animal mastitis is spread by Enterobacteriaceae and coliform. Modern
medicines and policies needed to fight against gram negative MDR bacteria but no new
antimicrobial product is at developmental stage (Wellington et al., 2013). Gram negative MDR
bacteria majorly reside in the intestines of humans and animals, especially getting antibiotic
treatments. Contaminated water, food and environment are key pathways of its transmission,
whether it is transmitted from humans or cattle, so it is a key area of control (Wellington et al.,
2013). Bacteria become resistant due to specific structure. All G-ve bacteria contain a complex
outer envelope comprised of two membranes separated by periplasmic space (Bolla et al., 2011).
Bacterial lipopolysaccharides (LPS) pledge the cells with negative charge which makes specific
molecules impermeable, especially hydrophilic molecules and negatively charged molecules,
while promoting the attachment of positively charged molecules. Variety of protein channels in
the outer membrane allow substances, nutrients, drugs and chemicals transportation inside and

outside the cell (Table 1.2) (Bolla et al., 2011).
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1.12.1. Modifications of Porins

In bacteria, the concentration of intracellular and extracellular drugs is mainly controlled by

porin and efflux transporters. Hydrophobic elements can move across membrane through
concentration gradient, while hydrophilic elements use porin for actively transportation because
LPS resist permeability hence, this modified resistance is embraced by Gram negative bacteria
(Bolla et al., 2011).

1.12.2. Over Expression of Efflux Pumps

Efflux resistant mechanism occur due to plasmid-encoded tetracycline efflux pumps in . coli
and [* discovered in 1980 (McMurry et al., 1980). Antimicrobial resistance was thought to be
similar as antibiotic resistance genes due to acquisition from horizontal gene transfer (HGT)
from the tetracycline producer (Benveniste & Davies, 1973) but later antibiotic efflux
compounds were not found plasmid encoded or antibiotic specific (George & Levy, 1983).
Prokaryotic chromosomes, as well as the chromosomes of archaea and eukaryotes are rich with
genes coding of thcse compounds (Stavrovskaya & Stromskaya, 2008). Many scientists have
elaborated AMR by certain bacteria due to antibiotic efflux compounds (Poole, 2007). In Gram
negative microorganisms, the down-regulation of porins and the over-expression of efflux pumps
have been identified as the main factor of resistance to all bacterial elements. Genes to regulate
the efflux pump can be present on plasmids and chromosomes so, resistance can be inherent or
acquired (Bolla et al., 2011).

1.12.3. Antibiotic Target Sites Modifications

Modifying the target site also develop resistance in Gram negative microorganisms. Penicillin
binding proteins (PBPs) develop cross-links among peptidoglycan units, f$-lactam antibiotics
capture the PBPs, and further cell wall formation stops because it does not support cell wall
synthesis mechanism any further. Because the target site of antimicrobial is modified, the
enzyme active site does not allow binding of antibiotic.

1.12.4. Beta Lactamase Production

An important resistance method among Gram negative bacteria is the evolution of particular

catalytic enzymes to cleave and after that rendering antibiotic ineffective. Most important
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enzyme degrade B-lactamase (Bolla et al., 2011). B-lactamases is present in several forms, such
as penicillin enzyme, cephalosporinase, ESBL, carbenicillinase, oxalamidase and carbapenemase
divided into two classes, namely Bush-Jacoby-Medeiros classification system and Ambler
classification (Bush & Jacoby, 2010).

Tablel.1: Resistance mechanism developed by microbes against antimicrobial agents.

Resistance Antimicrobial Agents

Mechanism

Limiting Drug Uptake Glycopeptides

Modification of Drug p-lactams

Target Glycopeptides

Lipopeptides

Aminoglycosides

Tetracyclines

Macrolides

Lincosamides

Oxazolidinones

Streptogramins

Fluoroquinolones

Metabolic Pathway

Inhibitors

Inactivation of Drug f-lactams

Chloramphenicol

Active Drug Efflux Tetracyclines

Fluoroquinolones

1.13. Antimicrobial Resistance (AMR) and One Health

One Health is the collaborative effort of multiple health science professions to attain optimal
health for people, domestic animals, wildlife, plants, and our environment. The drivers of
antimicrobial resistance include antimicrobial use and abuse in human, animal, and
environmental sectors and the spread of resistant bacteria and resistance determinants within and
S e—.
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between these sectors and around the globe. Most of the classes of antimicrobials used to treat
bacterial infections in humans are also used in animals. Given the important and interdependent
human, animal, and environmental dimensions of antimicrobial resistance, it is logical to take a
One Health approach when addressing this problem. This includes taking steps to preserve the
continued effectiveness of existing antimicrobials by eliminating their inappropriate use and by
limiting the spread of infection(Udaondo & Huertas, 2020). Major concerns in the animal health
and agriculture sectors are mass medication of animals with antimicrobials that are critically
important for humans, such as third-generation cephalosporins and fluoroquinolones, and the
long-term, in-feed use of medically important antimicrobials, such as colistin, tetracyclines, and
macrolides, for growth promotion. In the human sector it is essential to prevent infections,
reduce over-prescribing of antimicrobials, improve sanitation, and improve hygiene and infection
control(McEwen & Collignon, 2018).

1.14. Emergence of Resistance in Dairy Animals

Milk is the very famous natural healthy commodity among people of all ages around the world,
which staged a big dairy industry for dairy products and byproducts. The cattle raised on small-
scale and organic farms, dairy animals rose on large-scale and commercial farms found more
exposed to antimicrobial agents. Moreover animals as food product is consumed abundantly
(Krehbiel, 2013). Increased demand as food product, veterinary drugs value has also increased
up to US$20 billion in 2010 from US$8.65 billion in 1992 and was expected to reach US$42.9
billion by 2018 internationally (Hao et al., 2014). Bacterial strains are found resistant is due to
resistant genes among them blaTEM gene resist against penicillin/amoxicillin/ampicillin (Bailey

et al., 2011). Several other resistance genes against antibiotics are mentioned in given Table 1.3.
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Table 1.2: Bacterial resistance genes against antimicrobial agents

Bacterial Genes Antimicrobial agents References
Van Glycopeptides (avoparcin/vancomycin) (Leavis et al.,
2003)

Erm Macrolides (Ramos et al.,
(erythromycin/tylosin/tilmicosin/kitasamycin/olean | 2012)
domycin)

vatD, vatE, erm, satA | streptogramins (virginiamycin/quinupristin- (Ramos et al.,
dalfopristin) 2012)

Sul Sulfonamides (Cain et al.,
(sulfisoxazole/sulfadimethoxine/sulfamethazine) 2010)

Tet Tetracyclines (Ramos et al.,
(chlortetracycline/oxytetracycline/doxycycline) 2012)

rgpA-F, mbrA-D Polypeptides (bacitracin) (Cain & Hall,

2012)
cmaA, floR, fexA, | Amphenicols (chloramphenicol) (Cain & Hall,
fexB, cfr, cat 2012)

S. aureus bacterial strains has found consistently resistant against methicillin and vancomycin in
several research studies in cattle (Sasidharan et al., 2011). Out of 2,650 samples, only methicillin
resistant were found 16.2% (Jamali et al., 2015) and about 3.75% resistance showed by S.
aureus in experiment conducted by previous study(Normanno, La Salandra, et al., 2007). Several
other researches held in western laboratories had extracted resistant pathogens from dairy
products for example L.monocytogenes for oxacillin and penicillin resistance in Lebanon
(Harakeh et al., 2009), MDR Listeria spp. from Iranian 7% dairy items (Rahimi et al., 2010),
Salmonella spp. in Ethiopia of almost 10.7% livestock samples (Addis et al., 2011). E. coli and
ESBLs isolated from healthy milk and food cattle having infections (Sawant et al., 2007). Some
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of the research conducted in Asia also reported antibiotic resistant pathogens in milk and milk
products (Carattoli, 2008; Ewers et al., 2012).

1.15. Animal-Human Interface

As reported in humans’ medicine, even at reasonable dosage, Antimicrobial usage (AMU) in
veterinary practice may choose genes that encode drug resistance. These antibiotic resistant
strains can easily transmit to humans by any means of food chain, environment or direct animal
interaction (Lhermie et al., 2017). AMU and antibiotic resistant traits transmission among
animals and humans have been reported directly correlated in many studies. Famers, food
workers and vets are more likely to affect directly to AMR compared to consumer of
contaminated dairy products (Chang et al., 2015; Marshall & Levy, 2011).

Recent studies have reported the existence of abundant resistant bacteria and related genes in
various dairy items (Coetzee et al., 2016; Liu et al., 2016). This problem is particularly severe in
under developed countries, because these countries do not have reputable strategies or instructive
measures, overloaded contagious diseases and poor health care facilities are also prevailed
(Jamali et al., 2015). MDR bacteria have been reported from food cattle in under developed

countries where AMU is not regulated (Maron et al., 2013).

1.16. Surveillance and Monitoring

In view of the increasing pressure of antimicrobial resistance (AMR) in the veterinary system,
World Organization for Animal Health (OIE) launched monitoring protocols in some countries
and surveillance programs in 1997. These protocols were acknowledged in 2003 and at the same
time the WHO's Global Strategy against AMR contamination was introduced. Collaborative
consultations between WHO/OIE/FAO experts established the Codex Alimentarius Ad Hoc
Commission's Intergovernmental committee for AMR and suggested “Guidelines for Risk
Analysis of Food-borne Antimicrobial Resistance” endorsed in 2011 (Commission, 2011). The

Terrestrial Animal Health Code discussed the harmonization of national level monitoring plans,
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discussed the monitoring of AMU models in food cattle, and the wise use of antibiotics in

veterinary drugs; and animal AMU causing AMR risk evaluation (OIE, 2013; OIE, 2010).

1.17. Alternate Management Strategies to overcome resistance

AMR escalation with slow emerging new antibiotics has led to a lack of reasonable treatments
for microbial diseases. At present, from the discovery, clinical efficacy and safety evaluation to
the approval stage, the transportation of new medicine costs more than twice (DiMasi et al.,
2016; DiMasi et al., 1991). Therefore, research and introduction of new drug is becoming more
difficult, and antibiotic studies are no more a striking opportunity to invest for fast and generous
outcome. Now is the time to seek novel and modern ideas to reduce resistance against antibiotics
and accelerate the evolution and launch of new, safe and non-resistant medicine.
1.17.1. Vaccines
Vaccination is described as a potent method to prevent or even eliminate livestock diseases.
Since no resistance to vaccines been reported, vaccines are considered an effective substitute to
antibiotics have attracted widespread attention due to their characteristics and mode of action
(Mishra et al., 2012). Generally, vaccines can be divided into three categories, namely, inactive
(antigens with adjuvants), attenuated (live vaccines) and recombinant vaccines (subunit antigens
or genetically engineered organisms) (Wang et al., 2016). Vaccinations in cattle help to prevent
infections and are beneficial to animal health and food production. Reduced consumption of
antibiotic elements, increased food production, decreased antibiotic resistance and most
importantly decreased zoonotic and food transmitting pathogens targets has been achieved
through vaccination (Founou et al., 2016; McVey & Shi, 2010).
1.17.2. Phytocompounds
Humans and animals are taking medicinal benefits from plants since ages. Underdeveloped
countries has common practice of traditional medication of animal diseases especially in villages
(Kalayou et al.,, 2012). The agricultural community easily goes toward traditional, natural, non-
toxic, cost efficient and easily available therapies that are mainly composed of plant
ingredients/extracts. Ethnic veterinary science denotes the interdisciplinary research of old-
school knowledge, practices and techniques related to livestock health (Kalayou et al., 2012).
Multidrug Resistant Pathogens
51



Chapter 3 ... MDR Pathogens

Plants are comprised of various biologically active secondary metabolites or phytocompounds
i.e. glycosides and alkaloids, anthocyanins, coumarins, flavonoids, phenols, saponins and
terpenoids(Atanasov et al., 2015; Dhama et al., 2014), many of them are part of animal diet for
growth promoters and health protection agents (Cheng et al., 2014; Hashemi & Davoodi, 2011).
Phytocompounds with broad-spectrum antibacterial performance can become a substitute against
conventional vet antibiotics (Atanasov et al., 2015; Savoia, 2012). Phytobiotics serve meditative
performance in animal diet i.e. anti-microbial, anti-inflammatory and antioxidant activity. Tea
tree oil and its active component (terpinen-4-ol) resulted as significant role in mastitis cure (Taga
et al., 2012).

1.17.3. Plant Essential Oils (EOs)

In addition to other plant ingredients, EOs are now being used commonly in dairy farming.
Phenolics can be retrieved from rich antioxidant, anti-inflammatory and antimicrobial properties
of pomegranate extract (Reddy et al., 2007). Phytocompounds from 18 herbal plants showed
effective results to cope with MDR Acinetobacter baumanni growth (Kipre et al., 2017).
Moreover, MRSA (Kipre et al., 2017) and bacteria forming ESBLs (Singh et al., 2012) were
restricted by phytocompounds possessing antimicrobial property under in-vitro condition. In-
vivo studies are extensively needed to validate the results phytocompounds in animals

(Huyghebaert et al., 2011).

Several research studies peen performed on phytocompounds antimicrobial characteristic and
their influence on pathogen virulence and other host factors (Dhama et al., 2014). Antimicrobial
characteristic may amplify resistance, regulate cytokinins or reduce inflammation, remove toxin
from cell but ultimately decrease cell signaling, damage cell membrane and electrolytes and
promote phagocytosis (Dhama et al., 2014) .

1.17.4. Mastitis and Ethno Medicine

Mastitis is 2" most commonly found infectious disease of cattle in Pakistan (Akhtar et al., 2012).
Many traditional plants have been found medicinally beneficial against mastitis like

Zingiberofficinale resist against S. aureus and Streptococcus  agalactiae development
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(Poeloengan, 2011). Allium sativum showed remarkable performance against gram positive and
gram negative bacteria resistant to antibiotics (Fujisawa et al., 2009). Moreover Allium crops
pose strong antibiotic activity for variety of pathogens as 150 g of Allium cepa mixed with
Trachyspermumammi can cure mastitis in just 5 days (Dilshad et al., 2010).

1.17.5. Probiotics, Prebiotics, and Synbiotics

The ban of dietary antimicrobial agents attracted a great deal of attention toward the application
of probiotics, prebiotics, and synbiotics for production of safe food along with improved gut
health. With the advent of new antibiotic resistance strains, probiotic strains are gaining
popularity in both medical and livestock sector. Restricting the antibacterial drugs use in diet has
made alternatives choice to apply probiotics, prebiotics and synbiotics to produce safe food and
better intestinal health. Prebiotics strains are progressing rapidly in medical science against
antibiotic resistant traits (D’Orazio et al., 2015; Imperial & Ibana, 2016). Probiotic strains are
suggested to directly feeding as growth promoter and best substitute of AMR (Mufioz-Atienza et
al., 2013). Consistent use of antibiotics damages intestinal systems while giving selective
probiotics and prebiotic ingredients can supplement antibiotics.

1.17.6. Phage Therapy

Bacteriophages have attracted the scientists as antibacterial agents with medical benefits because
they have intrinsic potential for bacterial infection and lysis. Phage therapy specifies a small
bacterial group and can avoid malnutrition usually linked with antibiotic treatments(Calap &
Martinez, 2018).

1.17.7. CRISPR-Cas

Genetic techniques for temperate phages to deliver DNA have been suggested to eliminate AMR
by increasing the sensitivity of bacteria against antibiotics and kill resistant strains selectively.
Sensitivity traits are associated with tellurite resistance genes, which allow tellurite and
antibiotics sensitive gene selection leaving resistant gene apart. Anyhow, it has some
disadvantages like unable to stop horizontal gene transfer, contracted host range and strains only

sensitive to selective antibiotics (Sharma et al., 20138).
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1.17.8. Quorum Quenchers (QQ)

Quorum sensing helps bacteria to communicate and coordinate among themselves and the
ambient environment, and also been suggested as one of the bacterial pathogenicity method to
colonize and express virulent genes in host. Hence, any method for QS event in microbes, in
addition to expressing drug resistance, may also combat bacterial infections in veterinary
medicine as reported against fish pathogens earlier. Widespread impact of QQ against MDR
strains with possible effects is needed to be addressed precisely (Sharma et al., 2018).

1.17.9. Beta-lactamases Inhibitors

B-lactamase comprised of fundamental Enterobacteriaceae resistance method. Two techniques
can be adopted to overcome it either find its inhibitors or discover new non-B-lactamase targeted
antibiotic (Babic et al., 2006). Three B-lactamase inhibitors: clavulanic acid, sulbactam and
tazobactam are already present. They become target of f-lactamase due to their similar structure

to f-lactam, so they can save actual drug site (Babic et al., 2000).

1.17.10. Enhancing Antibiotic Influx

Due to restricted access in Gram negative bacteria against resistance, the antibiotics penetration
is needed to be enhanced. Certain bioactive molecules and chemosensitizers like detergents,
surfactants, chaotropic agents, polymyxins and antimicrobial peptides may prove as efficient
elements (Babic et al., 2006).

1.17.10. Destabilization of LPS Barrier

Destabilizing LPS layer can make outer membrane possible to invade by usage of chaotropic
agents to promote diffusion of hydrophilic compounds through lipid bilayer membrane (Bolla et
al., 2011; May & Grabowicz, 2018).

1.17.11. Blocking the Efflux

Several antibiotics pass through the outer membrane barrier ejected by the efflux pump.
Currently, efflux pump activity blockers are specific drugs to test Gram negative bacteria from
natural and synthetic origins (Kourtesi et al., 2013; Martins et al., 2008). Although future for

substitutes against MDR strains in cattle is bright but strain-specific action of probiotic strains

-
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limits its applications. More problems needed to be addressed include variations among host
species, age, food plan and pathogenic stress extent and dosage control.

1.18. Nanoparticles Development, Alternative Strategies To Combat MDR

Pathogens

Nanomaterials having inherent antibacterial property or can enhance the overall efficiency and
safety of antibiotics are called "nano antibiotics" (Huh & Kwon, 2011). Encapsulation of
nanomaterials may come under its definition, which works as vector to transfer drugs to the
target. They enablepermeation of antimicrobials , drug absorption, augment route of antibiotics
without humiliation of antibiotics (Thorley & Tetley, 2013). Recently alternative strategies that
are in line for the development as potential alternatives to conventional antibiotics. Apart from
efforts were being made to develop new antibiotics, several other approaches are being explored,
which can help to tackle infections caused by MDR pathogens. This includes the development of
plant-based drugs, antimicrobial peptides, bacteriophage therapy, CRISPR-Cas9, and antibiotic
conjugates with nanoparticles. Among all the alternative therapeutic approaches, nanotechnology
i1s more popular and fascinating field of science, which can inhibit the growth of microbes
efficiently at nano-scale where materials displayed excellent properties. Nanotechnology has
high efficacy and therapeutic index against pathogens, making it an attractive therapeutic
strategy. Nanoparticles are an exciting new treatment option for infections, especially those
triggered by multidrug-resistant bacteria. Nanoparticles could be applied alone or in combination
with antibiotics that can provide excellent synergistic outcomes to combat MDR pathogens(Patra
et al., 2018).

1.19. Nano-antimicrobial agents (NAMs) with Intrinsic Antimicrobial

Properties

NAMs divided in two classes, first class possess pure nanoparticlesand their metallic oxides with
direct killing effect on microbial pathogens including silver, gold, iron, copper, zinc, titanium,
and cerium. Whereas second class comprised of nanomaterials containing metallic oxides and

synthetic antibiotics encapsulated with polymers and act as vector by enhancing antimicrobial
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potential of coated nanomaterials and antibiotics(Jamil & Syed, 2017).Antimicrobial mechanism
of metallic oxides nanomaterials mainly preceded after the attachment and penetration in the
bacterial cells may occurs which was facilitated by electrostalic attraction. In the next step,
generation of ROS occurred after the interaction of microbes with NAMSs. The generation of
cations by the oxidation of metallic oxides NPs and reactive oxygen radicals (ROS) followed by
the dispersion of nanomaterials into the growth medium under incubation during the antibacterial
activity against microorganism. The generation of ROS (*O2 —, *OH and H:20:) take place which
ultimately initiate lysis of bacterial cell by damaging cellular content like cell wall, cell

membrane, DNA and inhibits protein synthesis as shown in the Figure 1.4.
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Figurel.4: Antimicrobial mechanism of metals and metallic oxides nanoparticles

(Basavegowda& Bacek, 2021).

1.19.1. Titanium dioxide (TiO2) nanoparticles

TiO2 NPs has been considered as generally recognized as safe (GRAS) additive in medical
devices and biomaterials, hence it has been found attractive material for efficient adhesiveness
and bactericidal activities (Kim et al., 2021). TiO2 NPs synthesized using the proactive strategy,
and nanoparticles of TiO: coated with chitosan nanoparticles to battle E.coli bacterial infections
that cause mastitis in food animals. Despite considerable progress, pharmacists are limited in
their antibiotic options due to fast evolving mechanisms of antibacterial resistance to traditional

antibiotics (Zafar et al., 2020). TiO2 work as antibiotic element (Hossain et al., 2014) and

Encapsulation of Metallic Oxide Nano-particles and Synthetic Antibiotics to Combat Mastitis Causing
Multidrug Resistant Pathogens

57



Chapter 3 _ N \ MDR Pathogens

bacteria resist very ineffectively against it because they produce reactive oxygen species to kill
microorganism in photocatalytic process (Bald & Koul, 2013). Co-enzyme A (CoA) is also
reduced by TiO2 NPs (Hossain et al., 2014). Even so, some researchers denied the photocatalytic
activity and reported the antibiotic performance of TiO2 NPs actively (Hossain et al., 2014,
Pelgrift & Friedman, 2013). TiO2 NPs are reported with magical antibiotic effects to resist Gram
neagtive bacteria and to disinfect water (Hossain et al., 2014). TiO; was found significant
against Staphylococcus aureus resistant to methicillin and also possessed eradication ability of

biofilm against S. aureus(Jesline et al., 2015).

1.19.2. ZnO nanoparticles

Zinc consider as an crucial trace element broadly occurs in all body tissues, including the brain,
muscle, bone, skin, and so on. Zinc is coreconstituent of severalenzyme, due to this reason play
important role in the synthesis of proteins, RNA and DNA. The US Food and Drug
Administration (FDA) grade zinc oxides as a “GRAS” (generally recognized as safe) substance.
With these possessions, ZnO NPs have gained more consideration in biomedical applications.
Zinc oxide NPs have antibiotic featuresand extensively used as excellent antimicrobial agent
(Jiang et al., 2018). The antibiotic activity of ZnO occurs through various methods, one of which
is the production of intracellular ROS. ZnO NPs can cause cell death or excessive release of Zn™?
lons can cause changes in cell metabolism. S aureus, S. epidermidis, Streptococcus pyogenes,
Enterococcus faecalis Bacillus subtilis, Escherichia coli and Klebsiella pneumonia are found
vulnerable to ZnO exposure, due to their existence in food and water causing acute diseases ZnO

can create a difference (Yusof et al., 2019).

1.19.3. Iron oxide (III) (Fe:O3) nanoparticles

Fe20; as a stable oxide occurs in nature as hematite mineral o-FexOs (Irshad et al., 2017; Rufus
et al., 2016). Its formation in crystalized hexagonal form has well explored but its possible
antibiotic study has rarely reported. In the previous study, Fe203 had a potential antibacterial
activity on E. coli and S. aureus with the increase in Fe203 NPs concentration (Rufus et al.,
2016). Moreover, Pseudomonas aeruginosa also had a bactericidal effect, with a minimum

inhibitory concentration of 0.06 mg/L (Irshad et al., 2017).
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1.19.4. Magnesium oxide (MgO) nanoparticles

MgO is a mineral peroxidase with antibiotic properties against Gram positive and Gram-negative
bacteria. MgO NPs has ability to destroy cell membranes, loss of intracellular contents and can
lead bacterial cells to death(Stani¢ & Tanaskovié¢, 2020). Alkaline surface of MgO can produce
ROS. MgO NPs were used to evaluate antibiotic properties against different bacteria i.e. E. coli,
P. aeruginosaand S. aureus(Krishnamoorthy et al., 2012). Antibacterial property of MgO was
reported because of attachment of surface oxygen on bacteria which increased surface area of

NPs and degraded bacterial cell membrane effectively (Jin & He, 2011).

1.19.5. CuO nanoparticles
CuO NPs synthesized by using plant extracts is environmentally friendly, non-toxic, and
biocompatible due to the existence of various metabolites. The metabolites such as flavonoids,
amino acids, proteins, and saponins present in the green extract are responsible for the formation
of Cu ions to CuO NPs (Akintelu et al., 2020).
The recent reports have demonstrated the synthesis of CuO NPs using various plant extracts such
as Ruelliatuberosa, Sidaacuta, Solanumlycopersicum,VerbascuThapsus, Acalyphaindica and Citr
us aurantifolia (Zaman et al., 2020). CuO NPs has antibiotic properties against universal
bacterial strains like E. coli and S. aureus (Heinlaan et al., 2008; Lee et al., 2011). They have
bioactive decontamination characteristics for many contiguous microbes and may be used as
antibacterial agent (Akhavan & Ghaderi, 2010).
1.19.6. CeO: nanoparticles

Cerium was very scarce earth element commercially used asantimicrobial agent, polishing
agents, ultraviolet absorbing compounds in sunscreens and solid electrolytes in solid oxide fuels.
CeO2 NPs have gained attraction due to its antibacterial activity and expressed effectively good
results against Gram positive and Gram negative bacteria (Arumugam et al., 2015). Therefore,
phytogenic development of CeO2NPs is a user-friendly, inexpensive, safe and environment
friendly technique to avoid multiple purification steps using toxic solvents (Uzair et al., 2020).
Oleaeuropea leaf extract has already been used to synthesize NPs and to assess their antibiotic

activity against Gram positive and Gram negative ATCC strains (Magbool et al., 2016).
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1.19.7. Polymeric Nano Carrier Systems (NCS)

NCS involves either inside or on surface addition of drugs.Nano-carriers comes under its
definition, which works as vector to transfer drugs to the target. They facilitate in cell
penetration, drug absorption, enhance pharmacokinetic and pharmacodynamics and avoid drug
degradation (Yadav et al., 2020). NCS has ability to remove metabolites and can be degraded, no
matter from any origin synthetic or natural. They act like liposomes against intracellular
pathogens in the body and quickly captured by phagocytes. NCS encapsulation contribute more
stable structure, whichmakes it preferable and compared to free antimicrobials to cope with
MDR microorganisms. In addition, controlled and targeted release of drug operation can be

performed by NCS (Briones et al., 2008).
1.20. Drug Loaded Nano Carrier Systems

Polymeric nanocarriers have recently emerged as suitable drug carriers mainly due to
biocompatibility. In addition, their ability to transport therapeutic agents directly to the active
site or target ensures drug safety and efficacy. Natural, synthetic, and semisynthetic polymers
used to make nanoscale drug conveyors. These materials not only transfer potentially hazardous
medications to the body's most vulnerable places (Mann et al., 2021). Drug release can be
extended and sustained, so pharmaceuticals protected from chemical and proteolytic degradation
thanks to biomimetic properties.Generally, encapsulated medicines have higher performance due
to nano carrier system. Liposomes, solid lipid nanoparticles, polymer chitosan and dendrimers

serve as complex and modern nano carriers to supply drugs largely (Bertrand & Leroux, 2012).

1.21. Significance of Chitosan Encapsulation

Chitosan has potential use in encapsulation of several therapeutic drugs, such as antimicrobial
drugs, anti-inflammatory drugs, proteins and amino acids, by making sure its effectiveness at
target site and other benefits of controlled releasing. This makes chitosan attractive not only in
medical field, but also widely used in all scientific fields. Chitosan serve as antibiotic agent and
antioxidant, because amino groups can scavenge free hydroxyl radicals, and its high degree of

deacetylation improves its antioxidant performance, which can encapsulate many food materials
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to make protection against harsh outer environment (low pH). Chitosan encapsulation also
reduces the odor and unpleasant taste of bioactive materials and extends durability of food
ingredients. Rather than antimicrobials and NPs encapsulated with chitosan they have many
other benefits like wound healing , shelf life enhancement and nanocarrier of various compounds

(Raza et al., 2020).
1.22. Release Profile of Active Ingredient from Chitosan

Encapsulation is usually categorized into three main steps. First step involves incorporation of
active ingredients within the core of the microcapsules in emulsion condition. Second step
involves formation of dispersion and solid material from liquid solution by spraying contents
during stirring process. During final step, the droplets are sustained using various physical and
chemical methods. Microencapsulation can ensure the stability and fixation of active ingredients,
while the coating can achieve different degrees of release and protection as shown in the Figure

1.5 (Raza et al., 2020).
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Figure 1.5: Release of active ingredient from chitosan encapsulation (Raza et al., 2020).

1.23. Advantages of Nano-antibiotics Over Conventional Antibiotics

Nano-antibiotics are preferred compared to traditional ones due to improved bioavailability by
increased solubility, protection against premature degradation of drugs, both in vivo and storage
duration. Bioavailability at low dosage will make able to get therapeutic results by reducing toxic
effects of medicine and targeted release only. Infectious site will receive highest degree of
medicine, and the antibiotic activity will be the best. Targeted and sustained availability of nano-
antibiotics can minimize therapeutic dosage and frequency. The most critical problem of
traditional antimicrobial treatment is development of antibiotic resistance (Shahverdi et al., 2007,

Shrivastava et al., 2018) that can also be outclassed by nano-antibiotics (Pelgrift & Friedman,
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2013). Most importantly nano-antibiotics are cost efficient and stable during manufacturing and
transportation (Huh & Kwon, 2011; Sosnik et al., 2010).

The method of designing hybrid nanomaterials coupled with several antimicrobial action
mechanisms is providing a new field to research on drug-resistant bacteria. Chitosan NPs have
become an effective drug carrier due to their environment friendly and biodegradability behavior
and are easy to modify. As a new antibiotic delivery mechanism, their broad spectrum use in
loading antibiotic medicines or metal oxide NPs has opened up a slew of new possibilities for

dealing with MDR strains and mastitis disease in the livestock industry.

Problem statement

Mastitis is becoming a major risk to the dairy industry because economy of Pakistan is
mainly dependent on dariy products. The prevalence of pathogenic strains that are resistant to
available antibiotics, in the food matrix poses a direct threat to public health. Treatment of
widespread multidrug resistant mastitis-causing bacteria has become a difficult challenge for the
current antibiotic reservoir. In order to combat infections caused by multidrug-resistant (MDR)

bacteria, new target-oriented antimicrobials are urgently needed.
Aim and Objectives

The present study was carried out to synthesize metallic oxide nanoparticles using green
route and conjugate with synthetic antibiotics simultaneous encapsulation in chitosan NPs to
combat MDR pathogens that induce mastitis, as well as to test the efficiency of novel

nanomedicines in an animal model.

1. To develop bio-based nano-carrier systems by encapsulating metallic oxides and

synthetic antibiotic to combat MDR pathogens.

2. Invitro and Invivo evaluation of antimicrobial activity of developed bio-based nano-

carrier systems.
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CHAPTEK 2

MATERIALS AND METHODS

2.1. Materials

The study was conducted using following materials and the details of the manufacturers

are given respectively.

2.1.1. Materials

Chemicals: Ethanol (C2H50H Sigma-Aldrich ,USA), Acetic acid (CH3COOH Sigma-Aldrich
,USA) , Titanium tetra isoproxide (TTP), Silver nitrate (AgNO3), Cerium chloride (CeCl3) , Iron
chloride (FeCl3) and chitosan (Product number 448877 Sigma-Aldrich ,USA), glacial acetic acid
and tripolypentasodium phosphate (TPP Sigma-Aldrich (St Louis, MO, USA) ). DNA Taq
polymerase (Perkin-ElmerTM, USA). Autoclaved dH:

Reagents: Fetal bovine serum (FBS, Capricorn Scientific, America) ,California Mastitis Test
(CMT, Pakistan), MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide)
Culture Media: Muller-Hinton Agar (MHA), Brain Heart Infusion (BHI) broth, Nutrient agar
(NA), Nutrient broth (NB), MacConkey agar, Citramide Agar, ESBL Media, Chrome Agar,
Sabouraud Dextrose agar and Manitol Salt agar were also obtained from Sigma-Aldrich.

Cell Proliferation media: Dulbecco's modified Eagle medium (DMEM, GIBCO ,USA)

Cells stains: Annexin V, Propidium iodide (PI) The Gram staining chemicals (i.e. crystal violet,
safranin, and iodine (Pakistan)

Kits: API 20E, API Staph, API 10S and API C.albicans (Biomerieux ,France), DNA Extraction
Kit (Thermo Fisher, England, UK)

2.1.2. Apparatus and Equipment

Bacteriology

Following equipments were used for microbiological analysis i.e. Biosafety Cabinet of
Level 2 (Model AC2-4S8-NS, UK), Compound and Light Microscope (ACCU, USA), Flow
Cytometry, Fluorescence-Activated Cell Sorting (BD FACScan ,USA)). ELISA Micro plate
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reader (BioTek China), PCR (Thermocycler, System 9700, Singapore), pH Meter (S/N07877,
USA), Incubator (BK 4266, Japan), Colony Counter (CU, China) Hematology Analyzer (ACT,
USA).
Synthesis of Nanomaterials

Following equipment were used for the synthesis of Nanomaterials, Magnetic Stirrer
(ARE , Europe) , Hot Plate (IKA-RCT-B, China, Sonicator (LC30H Elma, Germany), Centrifuge
(Sigma K8-14,Germany).
Characterizations Tools

Following equipment were used for characterization of synthesized Nanomaterials,
FESEM (MIRA3 TESCAN), EXD (MIRA3 TESCAN), TEM (JEOL JEM-1010), XRD (Bruker
D8 Advance), Zetasizer (Malvern), FTIR (Perkin Elmer ,Spectrum 100). The Perkin-Elmer UV-
Vis spectrophotometer (Lambda 950 , UK ).

2.2. Isolation of Mastitis Causing Microbes

2.2.1. Sampling Procedure and Diagnosis of Mastitis

A total of 1480 milk samples were collected from various dairy farms of Rawalpindi and
Islamabad, two major cities of Pakistan including suspected milk samples which were submitted
in National Veterinary Laboratory Islamabad for diagnosis of infection from nearby area of
Rawalpindi and Islamabad. Milk samples were collected from May 2018 and August 2019 and
screened for the diagnosis of mastitis by using California mastitis test. The microbial strains
were isolated from mastitis positive samples including both Gram positive, Gram negative and
yeast strains at the National Veterinary Laboratory Islamabad.
2.2.2. California Mastitis Test

California Mastitis Test was performed for the diagnosis of mastitis from the collected
milk sample of suspected cattle by using Gonzalez et al method (Gonzalez et al., 1980). In the
udder inflammation rise in leukocytes and a high level of alkalinity in milk would be expected,
which was detected by California Mastitis Test (CMT). To perform CMT, standard peddle cup
were used, 0.5 ml of suspected milk sample from each quarter was taken in the cup and equal
quantity of CMT solution was mixed uniformly by circular movement of peddie cup. CMT
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positive milk samples were identified by the formation of flakes which ultimately indicated
animals were suffered from mastitis. In suspected milk samples pH was also noted by using pH

meter as alkaline pH is also indication of infection.

2.2.3. Microbial Isolation and Identification

For the isolation of Gram negative bacterial strains different culture media were used i.e.
MacConkey agar, ESBL, Citramide, Nutrient agar were used, and to isolate Gram-positive
bacteria blood agar was preferred. Whereas yeast was isolated on the Chrom agar (CAC, Becton
Dickinson, Heidelberg, Germany) and Sabouraud dextrose agar.

For the isolation of bacterial strains from the mastitis positive milk samples by direct
linoculation of 500 ul of milk sample on the culture media including Blood agar, Citramide agar,
Nutrient agar, MacConkey agar for bacterial strains however for yeast strains (C.albicans)
Chrom agar (CAC) and Sabouraud dextrose agar were used. Milk samples were spread on the
respective culture media with the help of spreader and subjected to incubation for 24 hours at
37°C. There were many different colonies observed on the culture plate, single colony was
selected and picked carefully with the help of loop for streaking on the respective media for the
isolation of microbes. Pure colonies of Gram positive, Gram negative and yeast was done using
standard techniques of culturing and sub-culturing. Primary identification of MDR isolates was
performed by colonial morphology on the respective culture media. To differentiate Gram
positive and Gram negative bacteria Gram staining was performed. The identification of
microbes was performed according to Bergey’s Manual of Systematic bacteriology (Holt et al.,
1994). The precise identification of microbes was done by using various biochemical tests,
including Catalase , Coagulase ,Oxidase, Urease, Triple sugar iron, Motility, Citrate and Indol
tests .Isolated bacterial strains were further identified by using Analytical profile index strip
system including API strip tests 20E, 20NE for Gram negative bacteria ,API staph for Gram
positive cocci whereas yeast strains were identified by using API Candida strips that were

comprised of API ID32C tests (Hoog et al., 2000).

i ,
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2.2.4. Antibiotic Susceptibility Testing

Antibiotic sensitivity testing patterns of Gram negative bacteria and Gram positive
bacteria were carried out using the discs diffusion method (Unnerstad et al., 2009). Commonly
prescribed fifteen broad spectrum antibiotics for mastitis treatment were selected for AST i.e.
Ceftazidime (CAZ) 30pg, Cefazolin (KZ) 30pg, Cefoxitin (FOX) 30ug, Imipenem (IPM) 10 pg,
Ceftriaxone (CRO) 30pg, Ampicillin (AMP) 10ug, Ciprofloxacin (CIP ) 5pug, Meropenem
(MEM) 10 pg, Augmentin  (AMC) 20ug, Gentamicin (CN) 10 pg, Doxycycline (DO) 30pg
,Norfloxacin (NOR) 30ug, Fosfomycin (FOS) 10 pg, Tetracycline (TE) 30pg,
Trimethoprim/Sulfamethoxazole (SXT) 30 pg and oxacillin (OX 1 pug). Antibiotics Cefoxitin
(FOX) and oxacillin (OX) were employed to assess Gram positive bacteria resistance patterns
specifically. In the present study following antifungal antibiotics were studied to evaluate
sensitivity pattern of C.albicans i.e. Amphotericin B, Fluconazole, Ketoconazole, Itraconazole,
Voriconazole, Nystatin, Ciclopirox, Caspofungin, Flucytosine, Posaconazole, Anidulafungin
and Clotrimazole(Hoog et al., 2000) .

Discs and E-strip impregnated with drugs were placed with the help of sterile forcep on
MHA plate which were inoculated with pathogenic isolates (10® log) and incubated for 24 hrs at
370C. The respective zone of inhibition (ZI) was measured (mm) and data was interpreted

following guideline (CLSI, 2016).

2.3. Fabrication of Nanomaterials Using Ecofriendly Green Synthesis

Approach

2.3.1. Synthesis of Moringa concanensis Aqueous Leaves Extract

Plant leaves (Moringa concanensis) were collected from National Agriculture Research
Council Islamabad Pakistan and collected plant was authenticated by Professor Mushtaq Ahmed,
Department of Botany, QAU Islamabad. A total of 50 g dried leaves Moringa concanensis was
added into ddH20 in 500 mL beaker and kept at a hot plate at 40°C over night and then
subjected to constant shaking at 250rpm at 37°C for 72hrs, prior to further usage the extract was
filtered using Whatman No 1 filter paper and prepared aqueous extract of leaves was stored at

4°C for further use (Raveendran et al., 2003).
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2.3.2. Synthesis of A. subulatum (Black Cardamom) Sceds Extract

Black cardamom seeds were obtained from Herbal expert in Rawalpindi, Professor
Mushtaq Ahmed, Department of Botany, QAU Islamabad, validated the plant seeds. Seeds of A.
subulatum (BC) were thoroughly washed with dH20 and air dried following similar previously
published method of Raveendran(Raveendran et al., 2003). Initially BC powder (50 g) was
mixed in 300 mL of ddH20, and kept in shaking incubator for 72 hrs at constant speed of 150
rpm at 37 °C. The extract of BC seeds was sieved using Whatman No 1 filter paper and stored at
4 °C in 500 mL Erlenmeyer flask.
2.3.3. GC-MS Analysis of Moringa Concanensis Leaves and Black Cardamom Seeds

Extract

GC-MS equipment GC-MS (Agilent, 6890 series and Hewlett Packard, 5973 mass
selective detector) was used to screen phytocompounds for the synthesis of nanoparticles as
reducing/capping agents. Separations of phytochemicals were achieved using HP-5SMS column
(30 m in length x 250 um in diameter x 0.25 pm in thickness of film). Spectroscopic detection
by GC-MS involved an electron ionization system which utilized high energy electrons (70
eV). Injector temperature 220 °C; transfer line 240 °C; oven temperature programmed 60 °C-246
°C at 3 oC /min; carrier gas pure helium gas (99.995%) at 1.02 ml/min at 210 oC). 1.0 pL
prepared extracts diluted with respective solvents was injected in a split less mode at 250
°C. Pure helium gas (99.995%) was used as the carrier gas with flow rate of 1.02 mL/min. The
initial temperature was set at 50 —150 °C with increasing rate of 3 °C/min and holding time of
about 10 min. Finally, the temperature was increased to 300 °C at 10 °C/min. Detection was
done using full scan mode between 35 to 600m/z and with gain factor 5 and the phytochemicals
identification was performed using NIST 2011 MS Library.
2.3.4. Synthesis of Nanomaterials A: Chitosan Coated Titanium Dioxide Nanoparticles

(CS-Coated TiO2 NPs)

Step 1: Green Synthesis of TiO, Nanoparticles

Moringa concanensis leaves extract was used for the synthesis of TiO: nanoparticles

ascribing to its medical effectiveness (Arumugam et al., 2015). Titanium tetraisoproxide solution
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was prepared in 100ml of 0.4M under magnetic stirring at room temperature. Under mild
magnetic stirring, about 5ml of leaf extract was added to the titanium tetraisoproxide solution.
The prepared mixture was centrifuged 3-5 times at 10000 rpm for 15 minute for the removal of
unreacted ions. Final product was dried at 60°C, grounded and calcined at 500°C in muffle
furnace for about 3 hours to obtain pure TiO2 NPs as explained in Scheme 1 and kept for storage
at room temperature for further study.

Step 2: Synthesis of Chitosan Nanoparticles

CS-NPs were prepared using ionic gelation process with few modifications (Fan et al.,
2012). For this purpose, two solutions were prepared. Chitosan (CS solution A) and
tripolyphosphate (TPP solution B) solution. CS solution A was prepared by adding 0.3 g CS in
1% acetic acid solution (100 mL). It was subjected to continuous stirring until a clear solution
was obtained. Whereas TPP solution B was prepared by adding 0.1 g TPP in water (10 mL),
TPP solution B (4 mL) was added drop wise to the CS solution A (100 mL) with continuous
stirring. Chitosan nano-particles (NPs) formed spontaneously upon addition of TPP aqueous
solution B. The mixture was stirred at room temperature for 2 more hrs. The NPs were then
subjected to extensive ultra-sonication at 35 Hz for at least 30 min on the ice bath to avoid
temperature rise. It was subjected to centrifugation at 10000 rpm for 15 min at 4°C , supernatant
was discarded and CS-NPs were obtained in the pallet and suspension of CS NPs were stored at
4°C for further use as shown in the Scheme 1.

Step 3: Synthesis of Chitosan coated TiOz NPs

For the coating of CS-NPs, CS Solution A, was kept on constant stirring at room
temperature for 30min, TPP Solution B containing TiO2NPs was mixed slowly drop wise in the
CS solution A and continued stirring was done for 2hrs. The NPs were sonicated by ultra-
sonication at 35 Hz for at least 30 min on the ice bath to maintain the temperature. Mixture was
centrifuged at 10000 rpm for 15 min at 4°C, supernatant was discarded and pallet was air dried to

attain CS coated TiO2 NPs suspension that were stored at 4°C (Fan et al., 2012).
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Scheme 1: Nanomaterial A: Synthesis of CS-NPs coated TiOz NPs,
Key: Step 1: Green synthesis of TiO2NPs, Step 2: Synthesis of chitosan NPs, Step3:
Synthesis of final product CS coated TiO2 NPs.

2.3.5. Synthesis of Nanomaterial B: Ciprofloxacin Conjugated Chitosan Encapsulated
Cerium Oxide NPs (CIP-CeQ,/CS NPs)
Step 1: Green synthesis of CeO2 NPs
The prepared black cardamom seeds (BC) aqueous extract was used for the synthesis of
CeO2 NPs , 300ml of BC seeds extract was allowed to react with 11.16 g of CeCls salt and kept
for constant stirring at 60-70°C for 4 hrs, until the color change (from white to a creamy yellow
precipitate) was observed. Subsequently, the final reaction product was centrifuged at 6000 rpm
for 20 min at 25°C to obtain the pelleted CeO2 NPs. The supernatant was discarded. Following
previously published method explained by Arumugam et al (Arumugam et al., 2015), calcination
was done at 400°C for 2 hrs in the hot furnace to attain pure crystalline CeO2 NPs and stored at

. room temperature for further use as shown in the Scheme 2.

Encapsulatlon of Metallic Oxide Nano-partlcles and Synthetlc Antibiotics to Combat Mastitis Causmg
Multidrug Resistant Pathogens

70



Chapter 3 7 MDR Pathogens
Step 2: Synthesis of Chitosan Encapsulated CeO; NPs (CeQO,/CS Nanohybrid)

The synthesis CeO2 NPs were encapsulated with CS NPs by using the ionic
gelation method, as previously described (Ciro et al., 2019). lonic gelation technique is based on
the ionic interactions between the positively charged primary amino groups of chitosan and the
negatively charged groups of polyanion, such as sodium tripolyphosphate (TPP), which is the
most extensively used ion cross-linking agent due to its non-toxic and multivalent properties
(Fan et al., 2012). In 100 mL of acetic acid solution (1% V/V dH20), 0.3 g of CS was solubilized
precisely. The resultant solution was stirred for 30 minutes at 1400 rpm until it became
transparent. Then, TPP solution was prepared by mixing 0.1 g of TPP powder in 10 mL dH2O.
Greenly synthesized CeO2 NPs were dissolved in 4 mL TPP solution and poured drop wise into
the CS solution. The mixture was homogenized by stirring by magnetic stirrer for 3 hrs at 500
rpm at 25°C. The CeO2/CS composite were then centrifuged at 12000 rpm for 30 min at 4°C.
Chitosan encapsulated CeO2/CS NPs were sonicated at 35Hz for 30 min to obtain dispersed
solution and stored in refrigerator at 4°C for further uses as shown in the Scheme 2.

Step 3: Ciprofloxacin Conjugated Chitosan Encapsulated CeO; NPs (CIP-CeQ2/CS
Nanohybrid )

Similarly, 0.01g CIP and 0.01g CeO2 was dissolved in 4 mL of TPP solution and poured
drop wise into the CS solution. The mixture was subjected to dynamic stirring by magnetic
stirrer for 3 hrs at 500 rpm at 25°C. Then synthesized CIP-Ce02/CS composite was centrifuged
at 12000 rpm for 30 min at 4°C. Finally, CIP-CeO2/CS NPs were sonicated at 35Hz for 30 min

to avoid agglomeration (Jamil et al., 2016) as described in the Scheme 2.
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Scheme 2: Nanomaterial B: Ciprofloxacin Conjugated Chitosan Encapsulated CeO2 NPs
(CIP-CeO2/CS Nanohybrid)

Key: Step 1: Green synthesis of CeO2NPs using black cardamom (BC) seeds extract,
Step 2: Synthesis of CeO2/CS, Step 3: Synthesis of final product CIP- CeO2/CS NPs

2.3.6. Synthesis of Nanomaterial C: Ciprofloxacin Conjugated Chitosan Encapsulated
Silver and Titanium Dioxide Composite (CIP-Ag/TiO/CS nanohybrid)
Step 1: Green Synthesis of TiO2 and Ag Nanoparticles
For the Synthesis of TiO2NPs and AgNPs as shown in Scheme 3, just 500 ml of the
aqueous extract of M. concanesis leaves was added to 100 mL titanium tetraisoproxide (TTP)
solution (0.4M) and to 1 mM solution of silver nitrate (AgNO3) under mild magnetic stirring at
28°C. A change in color of the resultant solution from colorless to brown confirmed the

reduction of Ag+ to Ag® moreover in case of TiO2 color turned to creamy white. Each mixture
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was centrifuged three times at 12000 rpm to extract unreacted ions for 10 minutes. The
respective final products were dried at 60°C, grounded and calcined at 500°C for 3 hours in a
muttle furnace to get pure NPs TiO2NPs and AgNPs (Arumugam et al., 2015) which were kept
at room temperature.

Step 2: Formation of TiO2/Ag Nanocomposite

Ag/TiO2nanocomposite was prepared by wet chemical impregnation method (Shameli et
al., 2010). For that purpose, synthesized AgNPs and TiO:NPswere mixed in equal amount
(0.01g) into 10ml of ethanol and the mixture was homogenized by sonication for 3 hrs. The
precipitate was obtained after 3-5 times washing with dH20 and centrifugation was done at
6000rpm at 25 °C. The final mixture was dried at 60°C temperature to obtain the final product
Ag/TiO2 as shown in Scheme 3 and stored at room temperature for further experiments.

Step 3: Synthesis of Chitosan Encapsulated Ag/TiO, Nanocomposite (Ag/TiO,/CS
Nanohybrid )

Ag/TiO2/CS nanocomposite was added in the 4mL of TPP solution and kept for
continuous magnetic stirring at 28°C for 2 hours. Following complete homogenization of the
combination, a 0.3g CS solution produced in 1% acetic acid was held for continuous stirring, and
TPP solution comprising 0.01g Ag/TiO2/CS nanocomposite was poured drop wise into the CS
solution. After 2 hrs of continuous stirring resultant solution was subjected to ultrasonication at
35 Hz for 30 min to scatter the solution particles. Afterward, solution was centrifuged at 14000
rpm for 30 min at 4°C, the supernatant was discarded and the pellet was resuspended in ddH20
and kept at 4°C for further use (Fan et al., 2012).

Step 4:  Synthesis of Ciprofioxacin conjugated Chitosan Encapsulated Ag/TiO:
Nanocomposite (CIP-Ag/TiO»/CS Nanohybrid)

CIP-Ag/TiO2/CS nanohybrid was synthesized by using the ionic gelation method, as
previously described (Ciro et al., 2019). In a 100 mL acetic acid solution (1 % V/V dH20) 0.3 g
of CS was solubilized. The resultant solution was stirred at 1400 rpm for 30 minutes until it
became transparent. TPP solution was then made by combining 0.1 g of TPP powder with 10 mL

dH20. Then, 0.01g Ag/TiO2 and 0.01g CIP antibiotic were dissolved in 4 mL TPP solution and
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put drop by drop into the CS solution. The flask was exposed to ultrasonication at 35 Hz for 30
minutes after complete homogenization of the mixture to scatter the solution particles and
agglomeration. The mixture was then centrifuged for 30 minutes at 4°C at 14000 rpm, the
supernatant was discarded, and the pellet was resuspended in dH20. Finally CIP-Ag/TiO2/CS

nanohybrid was obtained kept for storage at 4°C in refrigerator until further use (Scheme 3).
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Scheme 3: Nanomaterial C, Synthesis of Ciprofloxacin conjugated Chitosan
Encapsulated Ag/Ti02 Nanocomposite (CIP-Ag/Ti02/CS Nanohybrid)

Key: Step 1: Green Synthesis of TiO2 and Ag nanoparticles, Step 2: Synthesis of
TiO2/Ag nanocomposite Step 3: Synthesis of Chitosan Encapsulated Ag/TiO2 Nanocomposite,
Step 4: Synthesis of Ciprofloxacin conjugated Chitosan Encapsulated Ag/TiO2 nanohybrid.
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2.3.7. Synthesis of Nanomaterial D: Ciprofloxacin conjugated Chitosan Encapsulated

Silver, Titanium Dioxide and Iron Oxide Ternary Composite (CIP-Ag/TiO2/Fe,03

/CS ternary composite)

Step 1: Green Synthesis of TiO2, Fe;O3 and Ag Nanoparticles

For the Synthesis of TiO2NPs, Fe2O3 NPs and AgNPs, first of all 500 ml of Moringa
concanensis aqueous leaves extract supplemented to 100 mL Titanium tetra isoproxide (TTP)
solution (0.4M), FeCls solution and 1 mM solution of silver nitrate (AgNO3) respectively in the
separate containers (flasks) under mild magnetic stirring at 28°C. The resulting solution changed
color from colorless to brown indicating Ag+ reduction to Ag®, in case of TiO2 color turned to
creamy white while Fe203  turned red. Resultant solutions were centrifuged three times at
12000 rpm separately to extract unreacted ions for 10 minutes (Ahmed et al., 2016). The
respective final products were subjected to moisture removal at 60°C, then grounded and
calcined at 500°C for 3 hours using muffle furnace to get pure TiO2 NPs, Fe203 NPs and AgNPs
as shown in Scheme 4 whereas these NPs were stores at room temperature for further studies.
Step 2: Formation of Ag/TiO2/Fe;O3; Ternary Composite

To synthesized Ag/TiO2/Fe;O3 ternary composite was prepared by wet chemical
impregnation method and hydrothermal treatment (Shameli et al., 2010). For that purpose, Ag
NPs, Fe203 NPs and TiO2NPs were mixed in equal amount (0.01g) into 5ml of ethanol and 5ml
of NaOH (pH less than 12).Then mixture was homogenized by continuous stirring for 3 hrs at
1600 rpm. The composite of tri metals was subjected to hydrothermal treatment for 24hrs at 180
0C (Wang & Li, 2003). Resulting mixture was obtained in the form of precipitate, the pH was
adjusted to 7 after 3-5 times washing with ethanol by centrifugation at 6000rpm at 40C.The
pallet was then dried at 60°C to get the desired Ag/Ti02/Fe2Osternary composite powder retained
for storage at room temperature as shown in Scheme 4.
Step 3: Synthesis of Chitosan Encapsulated Ag/TiO2/Fe;O3 nanocomposite (Ag/TiO/Fe20;
/CS)

To synthesized Chitosan encapsulated Ag/TiO2/Fe203/CS, 0.01g Ag/Ti02/Fe2Osternary

composite dissolved in the 4 mL of TPP solution and kept for continuous magnetic stirring at
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28°C for 2 hours. After complete homogenization of mixture, flask subjected to ultrasonication
at 35 Hz for 30 min to scatter the solution particles and agglomeration. Subsequently, the
centrifugation was performed for 30 minutes at 14000 rpm and 4°C (Jamil et al., 2016), the
pellet was resuspended in ddH:0 after discarding the supernatant to obtain Chitosan
encapsulated Ag/Ti02/Fe203/CS ternary composite as shown in the Scheme 4.

Step 4: Synthesis of Ciprofloxacin Conjugated Chitosan Encapsulated Ag/TiO2/Fe;O;
Ternary Composite (CIP-Ag/TiO/Fe:03 /CS Ternary Composite).

Jonic gelation method was used for the synthesis of Ciprofloxacin conjugated CIP-
Ag/Ti02/Fe203/CS Ternary Composite. More specifically, chitosan of 0.3% w/v was allowed to
be dissolved in 1% acetic acid. Chitosan solution was given 30 minutes of stirring at room
temperature prior to filtration for removal of impurities. TPP solution was then made by mixing
0.1 g of TPP powder with 10 mL dH20. Then Ag/TiO2/Fe203 (0.01g) and CIP (0.01g) was added
in the TPP solution and kept for stirring for 15min at room temperature. After complete
homogenization of TPP solution containing Ciprofloxacin and Ag/TiO2/Fe20sternary composite
was added with help of micropipette in 25 ml of chitosan solution (0.3% w/v) that was constantly
stirred for 30 minutes. The nanomaterials in the CS mixture were sonicated for 30 minutes at 25
kHz. This intense agitation allows the large agglomerations of nanomaterials to breakdown and
that are then centrifuged for 30minutes at 12000 rpm (Jamil et al., 2016) with resuspension of
pellet and supernatant is discarded to obtain CIP-Ag/TiO2/Fe203/CS Ternary Composite and

stored at 4 °C in the refrigerator for further use as shown in the Scheme 4 .
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Step 3

Step 4

Scheme 4: Nanomaterial D, Synthesis of Ciprofloxacin Conjugated Chitosan
Encapsulated Ag/TiO2/Fe203Temary Composite (CIP-Ag/TiO2/Fe203 /CS Termary
Composite).

Key: Step 1: Green Synthesis of TiO2, Fe203 and Ag Nanoparticles, Step 2: Formation of
Ag/TiO2/Fe203 ternary composite Step 3: Synthesis of chitosan encapsulated
Ag/TiO2/Fe203; /CS by Encapsulation of chitosan, Step 4: Synthesis of Ciprofloxacin
conjugatedAg/TiO2/Fe203 /CS Ternary composite

2.4. Characterization of Synthesized Nanomaterials

Due to the size extremity of Nano-particles i.e., 10 their properties and surface analysis

cannot be conducted by naked eye. So, the particles detection and characterization that have
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trivial dimensions requires the utilization of specific techniques and instrumentation. X-ray
diffractometer (Rigaku D/MAX 2550) was used to determine the crystalline nature and the
crystal phase composition of the prepared nanomaterials (Yang et al., 2014). The diffraction was
obtained by using XRD and was observed at around 10~-80° (26) (Cu Kol radiation, A = 1.5406
A) at 100 mA and 80 kV. The Scherrer equation has been used to estimate the crystalline
dimension. Field Emission Scanning Electron Microscopy (MIRA3 TESCAN) photographs at
500nm scale and EDX spectra of nanomaterials were used to analyze the size and shape of the
nanomaterials. The unknown functional groups were analyzed using FTIR spectrometer at 400-
5000 cm-1 (Zafar et al., 2020). The optical properties of synthesized nanomaterials were
observed in the range ot 200-800nm using UV-Vis spectrophotometer. TEM (JEOL JEM 1010)
was used to analyze the size and shape of the nanohybrid at 200 keV, while the selected area
electron diffraction (SAED) was used for phase analysis. Malvem Zeta seizer was utilized to
calculate the Zeta potential of the nanomaterial. All the particle analysis including Zeta potential
and particle size were carried out at room temperature (Zhao, 2018).

2.5. Determination of Encapsulation Efficiency of Chitosan

An indirect method was used to calculate the encapsulation efficiency (EE) of all the
synthesized nanomaterials in accordance with Abreu protocol (Abreu et al., 2012).
Centrifugation was used to separate the drug-loaded CSNPs from the free drug at 10000 rpm for
15 min. The amount of free drug in the supernatant was measured using a spectrophotometer at
Amax (295), which was obtained from a wave scan. The equation derived from the standard
curve was used to determine the drug concentration in the supernatant. Experiments were carried
out in triplicate, and the encapsulation efficiency was determined using the following formula:

EE = [Loaded CIP into nanohybrid/Total amount of nanohybrid (free + loaded)] X 100

2.6. MIC Determination of Synthesized Nanomaterials

The synthesized nanomaterials were subjected to MICs analysis by using broth
microdilution method using MH broth (Luber et al., 2003). MDR E. coli, MRSA, and MDR

C.albicans strains suspensions were prepared by comparing the turbidity of the overnight
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inoculated culture with the 0.5 McFarland standard. Whiie test tubes containing various
concentrations (0-500 mg/mL) of synthesized nanomaterials were inoculated with microbial
suspensions and incubated for 24 hrs at 37°C. Then, the dilution containing at lowest
concentration capable of inhibiting the microbial growth called MIC. Results were recorded and
analyzed by comparing with positive control MH broth inoculated only negative control base on
MH broth only.

2.7. Genomic DNA isolation From MRSA and ESBL E.coli Isolates

Genomic DNA isolation followed the method used in a previously report (Ernst et al.,
2019). Thereby, single colonies of MRSA and ESBL E.coli isolates were cultured in BHI broth
at 37°C for 16 hrs. Thereafter, palletization of 0.1 mL overnight culture (10® log CFU) was
performed using centrifugation at 5000 rpm on 5 °C and resuspension was done in 300 puL of
lysis buffer {150 mMNaCl, 1% (vol/vol, 100 mM EDTA, 50 mM Tris-HCi pH 8.0) sodium
dodecyl sulfate] comprising lysostaphin 100 pg and 100 pg of RNase before incubation for 30
minutes at 37°C.After adding proteinase K 200 pg at 37°C for 30 min, the one volume of
phenol-chloroform—isoamyl alcohol (25:24:1) followed by 1 volume of chloroform—isoamyl
alcohol (24:1) was added before precipitation with 2 volumes of 95% ethanol-0.2 M NaCl at -20
°C for 1 hour. Palletization of all the genomic DNA samples was done by centrifugation
(5000rpm/5 °C) and washing with 80% ethanol followed by air drying and resuspension in 200
pnL dH20. The DNA concentration was determined by spectrophotometry at MAX=260 nm.
Stock solutions of purified bacterial genomic DNA were made to concentration of 5 ng/ul. and
storage was done at -20 °C.

2.8. Antibiotic Resistant Genes Amplified By PCR from Genomic DNA of
MRSA and ESBL E. coli

The following DNA sequences of primers, routinely used to amplify mecA gene (310 bp)
by PCR (Turutoglu et al., 2009), were used to amplified mecA in MRSA genomic DNA samples.

Moreover, resistance to beta-lactams (blaTEM, blaSHV, blaCTX) was used as measure of
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presence of ESBL genes by PCR (Awad, 2017) and the primer (Germany) being used were listed
in Table 2.1.

Concisely, 90 uL. of a PCR mixture contained 10 pL DNA samples with10 mM Tris-HCI
(pH 8.8), 50 mMKCI, 1.5 mM MgCI2, 100 pmol of each above-mentioned primer, 0.1% Triton
X-100, 0.25 mM (each) dNTPs, , and 1.25 U DNA Taq polymerase. DNA amplification with 34
cycles was that consisted of denaturation at 92 °C /1 min, annealing 56°C/1 min, extension 72
°C /2 min and final extension at 72 °C /3 min. Each reaction series included a positive control
(MRSA strain ATCC 43,300, ESBL E.coli NSCU,10455), a negative control (S. aureus strain
ATCC 25923), and two blanks (i.e. the lysis solution and the ddH20). Analysis of products from
PCR reaction was performed using 2% agarose gel after electrophoresis at 80-150 V for 1 hr.
Discrete ethidium bromide (EtBr)-stained DNA fragments (310 bp), corresponding to the
amplified genes (mecA blaTEM, blaSHV and blaCTX) were eventually visualized on a UV

trans-illuminator at 300 nm, while the size was determined with a standard XIV Marker

(Turutoglu et al., 2009).
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Table 2.1: The specificities of the primers used for PCR

Primer | Sequence Length | Reference
blasnv | AGGATTGACTGCCTTTTTG 392bp | (Colom etal.,
ATTTGCTGATTTCGCTCG 2003)
blatem | ATCAGCAATAAACCAGC 516 bp | (Colom et al.,
CCCCGAAGAACGTTTTC 2003)
mecA (885-5"TGGCTATCGTGTCACAATCG3’-904) 310bp | (Turutoglu et al.,
2009)
(1194-5°CTGGAACTTGTTGAGCAGAG3’-1175)
blactx | ATG TGC AGY ACC AGT AAR GTK ATG GC 593 bp | (Archambault et
al., 2006)

TGG GTR AAR TAR GTS ACC AGA AYC AGC
GG

Antimicrobial Activity of Synthesized Nanomaterials

The green synthesized nanomaterials were evaluated by disc diffusion method against
most prevalent mastitis causing bacterial strains and Yeast i.e. MDR E. coli , MRSA, MDR
C.albicans respectively (Birla et al., 2009). On the separate petri plates contained MHA standard
media were inoculated with over night inoculated culture of MDR E. coli, MRSA, MDR
C.albicans suspensions turbidity was adjusted (McFarland 0.5) swabbed equally to obtain
uniform lawn. Sterile filter paper disc were loaded with nanomaterials (at MIC) and placed
aseptically on the MH agar plate gently, DMSO was used as negative control and Chitosan

encapsulated nanoformulation (as internal control). The zone of Inhibitions (ZIs) were measured
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with the help of scale (imm) after incubation of 24 hrs at 37°C, experiment were performed in
triplicate and SD was calculated.

2.9. Kinetics of Antimicrobial Effects of Synthesized Nanomaterials

Time-course study of antibacterial activity of synthesized nanomaterials were
determined through standard microdilution broth assays in a 96-wells plate(Jamil et al., 2016).
Briefly, 50 pL of all nanomaterials at respective MICs were added in the 96 wells plated
followed by 10 pL of MDR E. coli , MRSA, MDR C.albicans (1x10% at log phase added into
100 uL of sterilized MH broth and turbidity of strains was already compared to the McFarland
standard (0.5 turbidity). Measurement of OD values was done at 600 nm using a Multi-plate
ELISA reader at various time points (24hrs) of incubation at 37°C after treatment (i.e.0, 2,
4,6,8,12,16 and 24 hrs). Positive and negative controls included the inoculated broth only and
autoclaved MH broth only, respectively. The experiment was run in triplicate.

2.10. Live/Dead Assessment of MDR Pathogens after Treatment with
Synthesized Nanomaterials by Flow Cytometry Analysis

To study Live/Dead MDR E. coli , MRSA, MDR C.albicans suspensions treated and
untreated with synthesized nanomaterials was determined by Flow cytometer (BD FACScan,
USA)O’Brien-Simpson et al., 2016), according to the manufacturer’s protocol (CUS Ever bright
Inc., Suzhou, China) using Propidium lodide (PI) and Annexin V double staining technique was
used. Briefly, Log-Phase MDR E. coliy MRSA, MDR C.albicans suspension (1x108 CFU/ml)
were centrifuged for 20 mins at 3000 rpm with pellet resuspension in 50 pL. PBS 1X (pH 7.4).
MDR E. coli, MRSA, MDR C.albicans suspensions were treated with synthesized
nanofromulations at respective MICs and kept for 6hrs of incubation. After treatment MDR E.
coli, MRSA, MDR C.albicans suspensions were centrifuged at 1000 rpm for 15 min, the
supernatant was discarded, and the pellet was resuspended in 500 pl of PBS 1X (pH 7.4). The
cells were carefully labeled with 10 pl of Annexin V binding buffer and 5 pl. of Annexin V-
FITC (Fluorescein isothiocyanate) followed by 5 pl of PI stain and incubated in the dark for 20
min at RT, and the resulting stained cells were diluted with 200 pul PBS 1X (pH 7.4) and 400 pl
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of Annexin binding buffer. After staining, cells were analyzed for rapid detection of
ciprofloxacin conjugated nanoparticles internalize in live cells and increased damage to cell

membrane by FACS (fluorescence-activated single cell sorting flow cytometer).

2.11. FE-SEM Analysis of PDR E.coli, MDR E. coli, MRSA, MDR

C.albicans after Treatment with Synthesized Nanomaterials

FE-SEM analysis was done to observe morphological changes in the microbes treated
with synthesized nanomaterials using respective MICs. The morphological effect after treatment
with synthesized nanomaterials was investigated at various time intervals on MDR E. coli,
MRSA, MDR C.albicans using exponentially growing cells (Huang et al., 2017). Briefly, a tiny
drop (10 pl) of treated and untreated (control) cells (1x10*) were put on a glass slide, and slides
were placed in 2% glutaraldehyde (GA) and paraformaldehyde HEPES buffer (30 mM) for one
hr at 37°C. Increasing concentration of alcohol in water was then used for dehydration of the
cells and the slides were kept on water-alcohol solutions for 10 minutes each in each container
having alcohol/water gradient solution. Eventually, one minute slide washing was performed by
tertiary butyl alcohol and dried slides were subjected to Gold sputter coating for Imin from three

directions before their observation under the FE-SEM microscope.

2.12. TEM Analysis of MDR E.coli after Treatment with Synthesized

Nanomaterials

The bacterial cells were treated with synthesized nanomaterials at respective MICs for
various intervals of time and observed under TEM to visualize morphological changes, untreated
cells served as negative control. Hartmann et al modified model was applied to reveal
morphological changes in the MDR E.coli by transmission electron microscopy (TEM)
(Hartmann et al., 2010). After the treatment with nanomaterials (MICs) at various intervals of
time (0.6, 12 hrs), 10ul of Log phase (1x10*) of MDR E.coli were shifted to clean slide.
Paraformaldehyde in buffer HEPES (30mM) with glutaraldehyde (2%) was used for cellular

fixation and untreated cells were taken as negative control. Then cells were washed by ethanol
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subsequent dilutions (30, 50,70,90,95 and 99.5%) for 10 min per grade. Soaking of the slides
was done in terl.butyl alcohol for Imin three times and drying was done prior to TEM analysis
for morphological changes.

2.13. Biocompatibility Analysis of Synthesized Nanomaterials

Biocompatibility assay was conducted using two standard techniques including
hemolysis assay using blood of cows and cells viability assay using Bovine mammary gland
epithelial cells.

A: Cell Viability Using MTT Assay

To evaluate biocompatibility of all the synthesized Nanomaterials, Cell viability assay
was conducted on Bovine Mammary Gland Epithelial Cells (BMGE Cells). To observe Viability
of cells MTT assay was performed following modified protocol (Mohammadi et al., 2019),
Celecoxib treated cells were taken as positive control and PBS treated cells were considered
negative control. Then the Dulbecco's modified Eagle medium (DMEM) was used for cell
growth in 96 well plate, then (1x10° cells) distributed into wells before incubation for 24 hrs in
the CO: incubator at 37°C. Synthesized Nanomaterials at various concentrations were treated
with viable Bovine mammary gland epithelial cells (BMGE) (1x10°) incubated at 37°C for
24hrs, keeping Celecoxib as PC and PBS as NC. After incubation, 100 pL of fresh DMEM was
thoroughly mixed with MTT (10 pL) solution crafted in PBS 1X, DMEM (Caputo et al., 2017).
The 96-well plates incubation was again performed for 4 hours. Eventually, the formazan crystal
dissolution was achieved by 0.1 mL DMSO solution, then the optical density of the MTT
formazan (internal control) and the test samples was analyzed at 570 nm and 620 nm

respectively. The percentage of viable cells was recorded using the following standard equation:

Test 570nm - 620nm)
( x 100
(Control 570nm — 620nm)

Viability of Cells (%) =

B: Hemolysis study of Synthesized Nanomaterials
To evaluate biocompatibility of all the synthesized Nanomaterials, hemolysis assay was
conducted. For hemolysis testing standard method of ASMT was used on healthy blood of cows,

Triton 100X treated blood as positive control and PBS treated blood as negative control .From
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the healthy cow, blood (3 cc) was taken with the help of a sterile syringe in the vacutainer
carefully. And 1.5 ml of Blood was incubated at 37 °C after treatment with respective MICs of
all the synthesized nanomaterials (50 ul) for 2-4 hrs of time interval, and then spinning was
done at 1500 rpm to separate the RBCs from blood (ASTM, 2000). After that, 100 uL of the
supernatant of all samples was transferred to a 96-well plate. The absorbance values of the
supernatant were taken at 570 nm by using a micro plate reader. The percentage of hemolysis of

RBCs was determined by the following equation:

(Absorbance of Sample - Negative control) % 100
( Absorbance of Positive Control — Negative control)

Viability of Cells (%) =

2.14. Ex-Vivo Ciprofloxacin Release Study of Synthesized Nanomaterials

Ex-vivo Ciprofloxacin release study of greenly synthesize nanomaterials B,C and D was
performed by using New Zeeland rabbit (n=5) weighing 1.5-2kg were obtained from National
Institute of Health Islamabad (Mamatha et al., 2010). The anesthetic ether was used for
sacrificing animals and hair trimming was carefully done using scissors and surgical razor/blade
was employed to detach skin from the belly of rabbit. The Synthesis of epidermis was achieved
by technique of heat separation (Zhao & Singh, 1999), that used the soaking of skin taken from
belly region for 45 seconds in water at 60°C followed by epidermis removal. Ex-vivo drug
release study was performed using Franz diffusion cell .The skin was loaded between the
compartments of Franz diffusion cells with face of stratum corneum to donor side whereas donor
compartment was exposed to atmosphere loaded with respective MICs of nanomaterials. The
side facing stratum corneum was kept in direct contact with nanomaterials and the control of
ciprofloxacin. At a constant temperature of 37+0.5°C with uniform stirring of 200 rpm, the
receiver compartment was settled with 13 ml of PBS at pH of 7.4. The ex-vivo drug released
estimation was evaluated by taking 3 mL of sample continually at 0, 1, 2, 4, 8,16,24 hrs
replenishing the equal volume of fresh medium (Mamatha et al., 2010). The syringe filter
(Sartorius 0.45p) was used to filter estimation of drug contents, UV/visible spectrophotometer at
276 nm was used to observe OD. The released drug cumulative percentage was evaluated by

using following formula:
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Absorbance of sample (nm)

x 100

Percent of drug release (%) =
t g se (%) Absorbance of control (nm)

2.15. Anti-biofilm Activity of Synthesized Nanomaterials

The assessment of anti-biofilm activity for nanomaterials was evaluated MDR E. coli
which was found most prevalent causative agent of mastitis. Micro titer plate (MTP) assay was
used to grow biofilms of MDR E.coli and anti-biofilm activity was observed after interacting
with synthesized nanomaterials using respective MICs with micro titer plates having 96-well
with flat bottom. The George method was employed for ELISA plate reading to confirm the
biofilm formation and antibiofilm activity of nanomaterials by measuring the OD of samples in

96-well plate (O'Toole, 2011).
(Absorbance of Sample - Negative control) % 100

Viability of Cells (%) =

( Absorbance of Positive Control ~ Negative control)

2.16. Invivo Antibacterial Potential of the Most Efficient Synthesized

Nanoformulation

To reveal the Invivo antibacterial potential of the most efficient nanoformulation against
the induced infection caused by MDR E.coli in rabbit model , experimental design was

according to previous literature (Tian et al., 2007).

2.16.1. Experimental Design and Rabbit Model of Induced Bacteremia and Efficacy of

Nanomaterial.

Setup for the experiment

Four groups of female rabbits weighing approximately 1.5kg was arranged and housed in
the cages (3 rabbits per cage) in a well-ventilated space at room temperature. Groups were
classified i.e. 1- Ciprofloxacin treated, 2-positive control group had infection while no treatment
was given, 3- negative control contained animals without infection and treatment healthy rabbits
and 4- last group contained nanoformulation treated rabbits. All the study groups were

acclimated first before beginning the experiment, and they were reared with free access to feed
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and water. Rabbit immune suppressed for three weeks by intraperitoneal injection of 30 mg
cyclophosphamide (Mapara et al., 2012). All rabbits fasted overnight on the last day of immune
suppression, followed by administration of 0.1 mL of sodium bicarbonate to counteract stomach
pH immediately before infection. Rabbit groups were subjected to induced infection by injecting
saline solution containing approximately 1.5x10% CFU/mL of selected model MDR E. coli
strains via intraperitoneal injection; the non-infected groups received normal saline only. The
bacterial load in the blood of rabbits was estimated to confirm the presence of infection; the
initiation of infection was indicated a steady increase in bacterial load over the course of two
days. The corresponding treated groups were received 0.004 ng/kg body weight daily of
synthesized nanoformulations and Ciprofloxacin for one week. Both guidelines for using rabbit
models in this study was adhere to the Institutional Animal Care and Use Committee's and

International Islamic University's ethics regulations.

2.17. Bacteriologic Analysis

At the end of the acclimatization phase, blood samples from all groups were collected
and bacteriologic research was performed on a regular basis to investigate the killing kinetics of
MDR E. coli in the rabbits. Every day after the treatment regimen was started and MDR E. coli
counted in all infected classes after enrichment ,incubation and culturing of blood on the growth
media i.e. blood agar and nutrient agar. The sampling was done on each day of treatment with
synthesized nanoformulation. The blood samples were injected into bottles with 0.193 liter of a
lysing solution (pH 10) containing 0.08% Na2CO3 and 0.005% Triton X-100 .Then equal volume
of nutrient broth and blood sample was incubated for 3 days at 37°C. The negative culture plates
were kept for long compared with positive ones to confirm the absence of growth (Zierdt et al.,
1982).

2.18. Hematologic and Biochemical Parameters Analysis

Following the completion of the treatment regimen, rabbits were anesthetized with
chloroform vapor prior to dissection. Prior to sampling, the skin of the rabbit ear was cleaned

with 70% ethanol. With the help of sterile syringe containing heparin solution 1ml of Blood
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samples was drawn and transferred into tubes containing sodium polyanaetholsulfonate (0.5ml,
Becton Dickinson & Co., Rutherford, N.) and ethylene diaminetetraacetic acid (EDTA)-
containing tubes (Gatsing et al., 2005). An automated veterinary hematology analyzer can use
the blood in the EDTA tube to estimate hematology parameters. The serum was separated by
centrifuging a plain vacutainer at 3000 rpm for 10 minutes and stored at 20°C until serum
albumin, alanine aminotransferase (ALT), urea, and creatinine levels were determined by using

specialized test kits in accordance with the manufacturer's instruction

2.19. Examination of Histopathology

Following the completion of treatment and blood collection, rabbits were euthanized and
dissected. The liver, heart and kidney was carefully removed and fixed in a 10% formalin saline
solution. Parts of liver, heart and kidney with a depth of Smm was organized and stained with
hematoxylin and eosin dye before being microscopically examined and photographed (Bancroft

& Gamble, 2008; Fodouop et al., 2017).
2.20. Ethics Approval and Informed Consent

The ethical approval of the study was taken in accordance with Pakistan Research
Council that employs the guide for usage and care of laboratory animals as per National Institute
of Health (NIH), Islamabad rules. The local Institutional Bioethical Committee of International
Islamic University, Islamabad approved experimental protocols (Reg #22-FBAS/PHDBT/F-14)
were used wherever necessary. At the end of experiments, animals were sacrificed by using an
excess of sodium pentobarbital anesthesia (40 mg/kg bw). Efforts were made to lessen the
misery.

2.21. Statistics

As every experiment was performed in triplicates so the average values along with
average SD were reported in each case. All statistical analyses were performed using GraphPad
Prism 8.1 (GraphPad Software, USA) and SPSS. The value of P<0.05 was taken as significance
threshold throughout the experiments.
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CHAPTER 3

ISOLATION AND IDENTIFICATION OF MDR PATHOGENS
CAUSING MASTITIS

3.1. Introduction

Mastitis, inflammation of udder tissues due to pathogenicity of bacteria, algae and
fungi, which cause infection in the mammary glands with noticeable redness and swelling
(Ashraf & Imran, 2020; Radostits et al., 2006). The inflammatory response occurs to destroy
and counterpoise noxious substances that allow the glands to function normally to heal.
Invasion of leukocytes develops inflammation causing an increased somatic cell count (SCC)
of milk, a general indication of healthy udders and better milk quality (Harmon, 1995).
Detection of subclinical mastitis is best done by testing milk for somatic cell counts (SCCs)
(predominantly leukocytes) using California Mastitis Test (Gonzalez et al., 1980) .Milk yield
decreases in cows with subclinical mastitis while clinical cases that include only local signs are
referred to as mild or moderate. If the inflammatory response includes systemic involvement

(fever, anorexia, shock), the case is termed severe (Ashraf & Imran, 2020; Lago et al., 2011).

Mastitis is the common diseases due to which dairy industry is suffering with massive
losses in milk reduced production capacity of dairy cows, decreased animal value and also
expensive treatment. The consequence of mastitis is restricted not only to the dairy farmers but
is also a concern to the consumers because of increasing antimicrobial resistance due to the
extensive and indiscriminate use of antimicrobials for the management of mastitis (Hogeveen et

al., 2011) .

Mastitis, mainly caused by bacterial pathogens and occasionally fungus (C. albicans)
(Halasa et al., 2007; Kaszak et al., 2012). It has been reported that more than 150 bacterial
species implicated with the mastitis and they have been categorized into three main categories
viz., environmental, contagious and opportunistic (Kuang et al., 2009). Coliforms, i.c. E. coli and
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Klebsiella spp., are found likely with intestinal flora of the bovine (Pyorild et al., 1994). So
they can spread and contaminates the environment and ultimately udder which results in clinical
and subclinical mastitis.S. aureus, Gram-positive bacterium is actually the most leading
pathogenic bacterium present in the intramammary bovine mastitis worldwide (Condas et al.,
2017).Moreover, S. aureus strains have been associated with persistent infections and high
resistance to antibiotic therapy (Moon et al., 2007). These associations can be explained by the
fact that S. aureus strains elicit a very high mutation rate and permeability to the horizontal
transference of virulence factors compared to that of other mastitis-associated pathogens
(Taponen & Pydérild, 2009).

Multiple drug resistance of mastitis causing pathogens has been stated worldwide (Waller et
al., 2011). The emergence of MDR especially those exhibiting resistance to cephalosporins due
to production beta- lactamases has attracted attention worldwide. Antimicrobial resistance
mechanism can be spread by genetic mutation which occur at low rate and acquistation to a lot of
genes that mediate the resistance to their host microorganism.This acquistation of resistant gene
is the main contributor for spreading of antimicrobial resistance and this occur either by
horizontal transfer or vertical transfer, the horizontal transfer include: mobile genetic parts such
as plasmid and transponsintegronalso have been documented to play major role in spreading of
the resistant genes (Palmer et al., 2010; Xu et al., 2011). The conventional antimicrobials and
their impact on the development of antimicrobial resistance remain a public health
concern(Oliver et al., 2011). A subsequent research investigated the impact of consumption of
raw milk containing antimicrobial, and reported an increased occurrence of antimicrobial
resistance in MDR strains of dairy origin (Pereira et al., 2014). MDR bacterial strains, such as
E.Coli and S. aureus strains, cause an increasing grave hazard to global public health concern as
some antibiotics lessen their functions against infectious diseases (Blecher et al., 2011;
Laxminarayan et al.,, 2013). Moreover, classical antibiotics are less and less effective to
overcome the infectious diseases (Birla et al., 2009).

The rise of the resistant pathogens is considered as big challenge worldwide while global

reduction in the veterinary antibiotics due to overuse of essential antibiotics by the food
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industry. because of scientific evidence that AMR strains were found in live stocks is also
increasing risk for post antibiotic era (Agga et al., 2015).There is an urgent need for the
development of biocompatible antibacterial formulations, which could control bacterial growth
with their upgraded and efficient mechanisms (Lima et al., 2019; Moo et al., 2019).

Keeping in view the above facts the present study was designed with an objective to
isolate and identify mastitis causing pathogens from the mastitis suspected milk and then
antibiotic sensitivity tests was employed to evaluate resistance patternsin the mastitis casing

pathogens.
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3.2. Results

A total of 35 dairy farms and herds of Islamabad and Rawalpindi, twin cities of Pakistan was
selected randomly for the collection of milk samples for the isolation of mastitis causing
microbial strains. During milk sampling important information were also gathered about
environmental condition of dairy farms and associated mastitis cases in the cattle as shown in
the Figure 3.1. Meanwhile milk samples of suspected cattle were also screened for mastitis
which were collected for diagnosis at National Veterinary Laboratories of Pakistan .Out of 1480
milk samples of selected animals ,1048 were found positive for CMT screening which confirmed
mastitis suffering as shown in the Figure 3.2. The prevalence of Sub-clinical mastitis was 90%
in the buffaloes and 67% in cows of various breeds of Punjab, Pakistan as shown in Table 3. 1.
Prevalence of mastitis based on various mastitis prompting factors in the cattle described in
Table 3.1.Mastitis is infectious disease and controlled by various factors such as breed, age,

lactation period, hygiene of udder,environment and bedding of animal.
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Figure 3.1: The Cattle has diagnosed mastitis in the different farms of Islamabad and
Rawalpindi.

Key:-

A-Immun’s Dairy Farm Islamabad
B- Koko Islamabad Banni Gala
C-Gondal Dairy Farm Rawat
D-Fareed Dairy Farm Rawat.

Encapsulation of Metallic Oxide Nano-particles and Synthetic Antibiotics to Combat Mastitis Causing
Multidrug Resistant Pathogens

94



Chapter 3

MDR Pathogens

Table 3.1: Prevalence of mastitis based on various mastitis prompting factors in the cattle

Risk factors Types Number of CMT 1048 Prevalence
animals positive (%)
Breed (1480) Cows 1289 875 67
Buffaloes 191 173 90
Age 5 years 550 213 38
> byears 930 835 89
Milk yield 7 -11liters 1202 989 82
> 12 liters 78 59 75
Lactation period | 80 days 66 49 74
150 days 696 603 86
> 160 days 445 398 89
hygienic condition | Good 140 57 40
of udder Satistactory 634 315 49
Poor 706 676 95
Environment Grassy/muddy 012 756 82
/bedding Good concrete 568 292 51
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Diagnosis of mastitis by California Mastitis Test (CMT)

Mastitis suspected cows and buffaloes were subjected to CMT test and appearance of flakes in
the milk samples confirmed the subclinical mastitis as shown in the Figure 3.2 D. Some
common apparent symptoms of udder was noticed inflammation and swelling Figure 3.2 A and

B, redness of udder and teats was shown in clinical mastitis as described in the Figure 3.2 B

Figure 3.2 Simple method for the diagnosis of mastitis by CMT in the suspected animal for each
teat of udder.

Key: A- Subclinical mastitis normal udder, B- clinical mastitis, C- abnormal appearance of udder

positive for mastitis, D- flakes present the milk sample positive for mastitis test

Encapsulation of Metallic Oxide Nano-particles and Synthetic Antibiotics to Combat Mastitis Causing
Multidrug Resistant Pathogens

96



Chapter3 . MDRPathogens

Prevalence of mastitis causing factors

The prevalence of pathogenic strains of mastitis positive samples of cattle as shown in the Table
3.2.1t was observed E.coli strains (40.2 %) were most prevalent among the Gram negative genera
of bacteria cause mammary gland infection in the cattle as shown in the Table 3. 2 and Figure
3.3 while S. aureus (30.6%) was highly prevalent Gram positive pathogen causing mastitis while

mastitis triggered by C.albicans was (9%) observed in the suffered cattle.

1
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Figure 3.3: Occurrence of pathogenic microbes isolated from the milk sample of mastitis

positive cows and buffaloes.
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Table 3.2: Causative agents isolated from mastitis positive milk samples (n=385)

Isolated Microorganisms | Number of isolates Prevalence (%)
S. aureus 118 30.6
MDR S. aureus 73 62
PDR S. aureus 2 1.6
MRSA 43 36
E.coli 155 40.2
ESBL E.coli 56 36
MDR E.coli 87 56
PDR E.coli 12 8
C. albicans 35 9
MDR C. albicans 27 77
PDR C. albicans 8 23
Pseudomonas spp 25 6.4
Klebsiella spp 2] 5.4
Seratia spp 12 3.1
Proteus spp 19 4.9
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Differential agar media for the culturing of MDR pathogens

MDR strains of E.coli were isolated from milk samples of cattle which were positive by CMT,
on the MacConkey agar E. coli produced pink colored, smooth and round colonies Figure 3.4A.
While ESBL differential media used to isolate ESBL E.coli strains from the isolated E. coli
strains which produced purple to pink colonies Figure 3. 4B. The pink color indicated that E.coli
is a Lactose fermenter .The culture of milk on blood agar allowed to observe small round, and
yellow-orange colonies of S. aureus Figure 3. 4C. Candida showed green color of colonies on
chrome agar mediaFigure 3.4D which is differential media for candida spp

isolation.Morphology of isolated microbes was summarized in the Table 3.3.
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E.coli

S.aureus

C.albicans

Figure 3.4: Mastitis causing pathogens isolated from the milk samples displayed colonial

morphology on the selected media.

Key: A- E.coli on MacConkey agar, B-ESBL E.coli on ESBL media, C-E .coli on MacConkey
agar - D,E &F- S. aureus on blood agar, E-, F-, G&H-C.albicans on Chrome agar, I- on SB agar
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Table 3.3: Colonial morphology of isolated strains from the mastitis positive milk samples

S. No Microbes Color Shape Texture
1 E.coli Dark pink Circular Small shiny, Smooth
MacConkey Mucoid Colonies
agar
2 S. aureus Golden, Yellow Round Large shiny, Smooth
Blood agar and clear zone of Colonies

hemolysis on blood

agar

3 C.albicans Dark Green on Button shaped, Large Smooth, Slimy
Chrome Agar Chrome Agar oval

Cellular Morphology of MDR pathogens

Under microscope, E.coli showed rods and retained counterstain safranin pink rods of
Gram-negative E.coli Figure 3.5A, S .aureus retain crystal violet color with round cluster of
cells Figure 3. 5B and C.albicans also found Gram positive spheres with attached buds and
mycelium. Most candida organisis appear as gram-positive, football shaped morphology,
candida species are evident even under 10X microscope power, although 100X oil immersion is
best to confirm the isolation as shown in the Figure 3.5C.The Candida grow well on Sabouraud
Agar at 37°C, forming colonies within 2448 h. Colonies were opaque, often white or yellowish,

and at first usually smooth.
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Figure 3.5: Microscopy of mastitis causing MDR pathogens,
Key: A- MDR E.coli, B- MDR S. aureus, C, MDR C.albicans.

Isolated microbes were confirmed by conventional biochemical tests, Coagulase and
catalase tests were positive while cytochrome oxidase was negative for all isolates of S. aureus.
All E.coli strains were found indol positive and catalase positive and C.albicans has given
negative indol test results and positive catalase test as shown in the Table 3.4.The rapid
identification test for E.coli produced number from API 20E was 5144552 as shown in Tables 3.5 and
for Gram-positive isolates of S. aureus 6736153 (Tables 3.6) while C.albicans generated API
20C number 6172174 as described in the Table 3.7.
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Table 3.4: Conventional biochemical tests to identify isolated microbes from the milk sample of

- infected animals

.No ';"Téét“s” E.coli 'MRSA . Calbicans

Indol test +ve -ve [ -ve

o I TR I o ,
| Catalase test +ve +ve | +ve
| |

1

e - e e PR S O

' Citrate test -ve Fve Tve T

I

- Coagulase -ve +ve ' -ve
i .

__I___
<
-

' Triple sugar iron | +ve +ve : +ve
‘ :

| Oxidase -ve -ve | +ve

___.A;_-__vr_*.__# _

| Motility | Hve -ve Cve

S

1

2

3

4

5 'Urease ~ |-ve  |+ve
S

7

8

.

\ Germ tube ‘] -ve -ve | +ve

N U
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Table 3.5: Analytical Profile Index (API 20E) performed for the identification of E.coli

Test Active Ingredient QTY Reaction/enzyme E.coli
(mg/cup)
ONPG | 2-nitrophenyl-BD- 0.223 B-galactosidase (ortho 2- | +ve
galactopyranoside nitrophenyl-BD-

galactopyranosidase

ADH L-arginine 1.9 Arginine dihydrolase +ve

LDC L-lysine 1.9 Lysine decarboxylase +ve

OoDC L-ornithine 1.9 Ornithine decarboxylase | +ve

CIT Trisodium citrate 0.756 Citrate utilization +ve

H2S Sodium thiosulphate 0.075 H2S Production +ve

URE Urea 0.76 Urease -ve

TDA L-trytophan 0.38 Tryptophan deaminase -ve

IND L-tryptophan 0.19 Indol Production +ve

VP Sodium pyruvate 1.9 Acetoin production | -ve
(vongesproskauer)

GEL Gelatin (bovine origin) | 0.6 Gelatinase -ve

GLU D-glucose 1.9 Fermentation/oxidation +ve
(glucose)

MAN D-mannitol 1.9 Fermentation/oxidation +ve
(mannitol)

INO Inositol 1.9 Fermentation/oxidation -ve
(inositol)

SOR D-sorbitol 1.9 Fermentation/oxidation +ve
(inositol)

e it beiidine
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RHA L-rhmnose 1.9 Fermentation/oxidation +ve
(rthamnose)

SAC D-sucrose 1.9 Fermentation/oxidation +ve
(saccharose)

MEL D-melibiose 1.9 Fermentation/oxidation +ve
(melibiose)

AMY Amygdalin 1.9 Fermentation/oxidation | -~ve
(amygdalin)

ARA L-arabinose 1.9 Fermentation/oxidation +ve
(arabinose)

0X Oxidase Cytochrome oxidase -ve

1 S
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Table 3.6: Analytical Profile Index (API Staph) performed for the identification of S. aureus

Test Active Ingredient QTY Reaction/enzyme S. aureus
(mg/cup)
0 Negative control 0.223 -ve
GLU D-glucuse 1.56 +ve
FRU D-fructose 1.4 +ve
MNE D-mannose 1.4 +ve
MAL D-maltose 1.4 +ve
LAC D-lactose 1.4 +ve
TRE D-trehalose 1.32 +ve
MAN D-mannitol 1.36 +ve
XLT Xylitol 1.4 ~ve
MEL D-melibiose 1.32 -ve
NIT Potassium nitrate 0.08 Reduction of nitrates to | +ve
nitrites
PAL 3-Naphthyl phosphate | 0.024 Alkaline phosphates +ve
VP Sodium pyruvate 1.94 Acetyl-methyl-carbinol +ve
production
RAF D-raffinose 1.56 D-raffinose -ve
XYL D-Xylose 1.4 D-Xylose -ve
SAC D-saccharose 1.32 D-saccharose +ve
MDG Methyl-D- 1.28 Methyi-D-glucopyranoside | -ve
glucopyranoside
NAG N-acetyl-glucosamine | 1.28 N-acetyl-glucosamine +ve
ADH L-arginine 1.904 Arginine dihydrolase +ve
URE Urea 0.76 Urease +ve
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Table 3.7: Representing results of API 20C for C.albicans

Test Active Ingredient C.albicans
Glu Glucose +ve
Gly Gylcerol +ve
KDG 2-Keto-D-gluconate +ve
LA L-Arabinose -ve
XYL Xylitol +ve
ANL Adonitol +ve
DX D-Xylose -ve
Gla Glactose +ve
INS Inositol -ve
SBL Sorbitol -ve
MDG Methyl-D-Glycoside +ve
NADG N-Acetyle-D-Glucosamine +ve
CL Cellibiose -ve
LAC Lactose -ve
MAL Maltose +ve
DSAC D-Sucrose +ve
THL Trehalose +ve
MLZ Melezitose -ve
SAC Sacharose +ve
RAN Raffinose -ve
1), Oxidase +ve
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AST of E.coli strains of milk samples positive CMT

Antibiotic sensitivity profiling of all the isolated strains has done by disc diffusion. Disc diffusion method
was the primary tool to classify the strains as a MDR and ESBL producing E.coli strains. Results showed
(Figure 3. 6) that E.coli had found highly resistant to a broad range of antibiotics. Most resistant and
inefficient antibiotics were observed Ampicillin (100%), Augmentin (100%), Ciprofloxacin
(99%)and Tetracycline (98%). The resistance pattern exhibited by Imipenem and Meropenem

was much lesser but still susceptibility against MDR strains is vulnerable as shown in the Figure

3.7.
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MDR E.coli

Figure 3.6 Antibacterial sensitivity testing of isolated strains of E.coli (N=155):

1-Ceftazidime (CAZ) 30pg, 2-Cefazolin (KZ) 30pg, 3-Cefoxitin (FOX) 30pg, 4-Imipenem
(IPM) 10 pg, 5-Ceftriaxone (CRO) 30ug, 6-Ampicillin (AMP) 10pug, 7- Meropenem (MEM) 10
ug, 8- Ciprofloxacin (CIP ) 5ug, 9-Augmentin  (AMC) 20pg, 10Gentamicin (CN) 10 pg, 11-
Doxycycline (DO) 30pg ,12-Norfloxacin (NOR) 30pg, 13-Fosfomycin (FOS) 10 pg, 14-
Tetracycline (TE) 30pug, 15-Trimethoprim/Sulfamethoxazole (SXT) 30 pg
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Figure 3.7 Antibiotic resistance profile of MDR E.coli strains of isolated from the milk samples

of cattle infected with mastitis

AST of MDR S .aureus strains of milk samples positive CMT

The prevalence of drug resistance pattern among the S. aureus isolates was also
determined by AST, which included a number of conventional broad-spectrum antibiotics
commonly used to treat S. aureus and other Gram-positive strains (Figure 3.8). AST revealed 73
potential MRSA out of the quarantined 118 S. aureus. In the suspected MRSA strains showed
resistance to Augmentin (100%), fluoroquinolone CIP (96%), Ampicillin (91.6%), Cefotaxime
(75%), Imipenem (75%), the narrow-spectrum beta-lactam antibiotic of the penicillin class OXA
(61%), Meropenem (51.6 %) and the second-generation cephamycin antibiotic FOX (30%) and
the narrow-spectrum beta-lactam antibiotic of the penicillin class OXA (61%),resistance against

MDR S. aureus has been shown in the Figure 3.9.
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Figure 3.8 Sensitivity of S. aureusagainst different conventional antibiotics,

1-Ceftazidime (CAZ 30 pg), 2-Cefazolin (KZ 30 pg), 3-Cefotaxime (CTX 30 pg), 4- Imipenem
(IPM 10 pg), 5-Cefoxitin (FOX 30 pg), 6-Ceftriaxone (CRO 30 pg), 7-Aztreonam (ATM 30 pg),
8-Ampicillin (AMP 25 pg), 9-Meropenem (MEM 10 pg), 10-Ciprofloxacin (CIP 5 pg), 11-
Oxacillin (OX 1 pg), 12-Augmentin (AMC 30 pg).

Encapsulation of Metallic Oxide Nano-particles and Synthetic Antibiotics to Combat Mastitis Causing
Multidrug Resistant Pathogens

111



Chapter 3 o . MDR Pathogens

TR

Q‘e‘". o“‘ v’é f&‘p‘oé,“’e &’f

Antibiotics

e
e

Resistance Pattern (%)

o E B 8 8 8 8 3 8 8

“-%V

Figure 3.9 Antibiotic resistance profile of strains of S. aureus isolated from the mastitis positive

milk samples.
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AST of C. albicans strains of milk samples positive CMT

The antibiotic sensitivity pattern of C. albicans was presented in Figure 3.10. Most resistant
antibiotics were Fluconazole (93%), Itraconazole (83%), Amphotericin B (76%), Anidulafungin
(60 %) and Nystatin (59 %) while Ciclopirox (36%), Clotrimazole (35%), Voriconazole (20%),
Ketoconazole (25%) and Voriconazole (20%) were found still effective against MDR strains of
C .albicans as shown inthe Figure 3.10. As shown inthe Figure 3.11resistance frequency of
MDR C.albicans strains isolated from the milk samples of cattle suffered from mastitis which

clearly showed the ineffectiveness of Fluconazole, Itraconazole and Nystatin.

Figure 3.10 Antibiogram of MDR isolates of C.albicans,

Key:1-Ampbhotericin B, 2- Fluconazole,3- Ketoconazole, 4-Itraconazole, 5-Voriconazole 6-
Nystatin, 7- Ciclopirox, 8- Caspofungin, 9-Flucytosine ,10-Posaconazole,11-Anidulafungin,12-

Clotrimazole.
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Figure 3.11 Resistance spectrum of MDR C.albicans strains detained from the milk samples of

cattle infected with mastitis.
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Drug resistance in the isolated microbial species

On the basis of drug resistance profile pathogens were assigned to Multidrug resistant (MDR),
Pand drug resistant (PDR), and while Methicillin resistant S. aureus (MRSA) and Extended
spectrum Beta Lactamases (ESBL) switching is also attributes of resistance to specific class of
antibiotics as shown in the Figure 3. 12. Increasing resistance and limited treatment therapy is raising

voice to find the solution for the emerging resistant Gram-negative and Gram positive pathogens found in

the cattle suffering from mastitis.

Figure 3.12: Incidence of drug resistance in the highly prevalent causative agents of mastitis.
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Detection of Antibiotic Resistant Genes

To avoid false positive MRSA strains, PCR detection of the mecA gene was performed as
shown in the Figure 3.13d. The mecA gene is known to confer S. aureus resistance to methicillin
It is worth mentioning that the recommended susceptibility breakpoints for the 30-pg FOX disk
test used to detect mecA-mediated resistance in S. aureus has been changed in January 2007 by
CLSI from <19 mm and >20 mm to <21 mm and >22 mm .The amplification of mecA gene is
prescribed as a gold standard in the detection of this resistance.Subsequently, genotyping
allowed to confirm only 35 (47.94%) MRSA from the 73 suspected MRSA based on AST basis.

Gram negative rods of E.coli showed highest resistance to large number of antimicrobials
agent used in this study. Particularly,B-lactams, E.coli have 100% resistant to Ampicillin (100%),
Augmentin (100%)and this resistance properties associated with 100%, 85% and 70% prevalence
of blatem, blasuv and blacrx respectively as shown in the Figure 3. 13 a-c. This is may be due to
the ability of many of the Enterobacteriaceae to have intrinsic resistance to B-lactams by
releasing P-lactamaseswhich break the B-lactam ring and stop the action of antibiotic. SHV,
CTX, TEM, are the most dominant f§ - lactamases in Gram-negative bacteria. In the current

study, blaTEM found in all isolates (100%).
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SOy,

Figure 3.13a: Amplification of ESBL genes (bla TEM ) by PCR analysis in ESBL E.coli

causing mastitis

Key: M- 100bp ladder; 1-PC, 2-7 test samples of bla TEM.
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Figure3. 13 b:Amplification of ESBLgenes (CTX genes) by PCR in £.coli causing mastitis
Key: M- 100bp ladder; 1-PC, CTX genes.
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Figure 3. 13 ¢: Gel electrophoresis image displaying amplification of ESBL E.coli fragment
using blasnv primer (392).
Key: M- 100bp ladder; 1-PC, 2-11 test samples of blasnv.

Encapsulation of Metallic Oxide Nano-particles and Synthetic Antibiotics to Combat Mastitis Causing

Multidrug Resistant Pathogens

119



Chapter3 o o \ ~ MDR Pathogens
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Figure 3. 13 d: A-Amplification of mecA gene (310bp) by PCR in suspected MRSA.

Key: M- 100bp ladder; 1-NC, 2-PC, 3-7 test samples, included a PC (MRSA strain ATCC
43,300), a NC (S. aureus strain ATCC 25923).
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3.3. Conclusion

Mastitis is causing economic problem in the dairy industry and treatment revolution for suitable
antimicrobial drugs is highly required to control the infection. Moreover, the antibiotic
susceptibilities of isolated MDR pathogens from mastitis positive samples were observed
periodically. Screening of resistance genes in MDR pathogens, ESBL genes in E.coli and mecA
genes in MRSA, whichplay key role about limiting the emergence of resistance and subsequently

decrease the risk of dissemination of resistant MDR isolates through the food chain.
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CHAPTER 4

GREEN SYNTHESIS OF METALLIC OXIDES NPs BY USING
AQUEOUS EXTRACT OF M. CONCANENSIS LEAVES AND
BLACK CARDAMOM SEEDS

4.1. Introduction

Medicinal plants have historically proven their value as a source of molecules with
therapeutic potential, and nowadays still represent an important pool for the identification of
novel drug leads. In the past decades, pharmaceutical industry focused mainly on libraries of
synthetic compounds as drug discovery source. They are comparably easy to produce and
resupply and demonstrate good compatibility with established high throughput screening
platforms (Luseba & Tshisikhawe, 2013). However, at the same time there has been a declining
trend in the number of new drugs reaching the market, raising renewed scientific interest in drug

discovery from natural sources.

M .concanensis is the medicinal herb and the versatile use of moringa plant is been
reported such as a medicinal product, practical food source, nutraceutical and water purifying
agent. It is used for the treatment of variety of diseases including paralysis, menstrual pain, high
blood pressure skin tumors, joint pain , inflammation ,liver and kidney disease indicating its
immense importance in health care industry(Balamurugan et al., 2015). M. concanensis is found
to be effective against inflammation and well known medicinal plant. Reactive oxygen species-
promoting substances such as phytol constitute a promising novel class of pharmaceuticals for
the treatment of rheumatoid arthritis and possibly other chronic inflammatory diseases i.e.

mastitis which is inflammation of udder (Balamurugan et al., 2015) .

Many chemical methods are chosen for synthesizing NPs because of their quick reaction
time and their capability to produce monodispersed NPs (Smitha et al., 2008). They have few

disadvantages such as the high price of the process and not being environment friendly since
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they make lots of pollution in the environment because of using toxic solvents and reducing
agent (Naraginti & Li, 2017) .To avoid these drawbacks, green chemistry approaches have been
employed for production of NPs which is simple, convenient, less energy-intensive, eco-friendly
and minimize the usage of unsafe materials, and maximize the efficiency of the process (Gross &

Kalra, 2002; Raveendran et al., 2003).

Moringa plant has gained much importance in green chemistry due to its therapeutic
applications in agriculture, medicine, and industries. Amomumsubulatum (Black cardamom)
seeds have studied for various research purposes but for NPs synthesis not much explored.
Although it is highly regarded as a “’Queen’’ of species, is a perennial herbaceous crop
belonging to the family Zingiberaceae(Pura Naik et al., 2004). This plant is distributed chiefly in
Africa and Tropical Asia, and cultivated in swampy places (e.g. Nepal) across hills around water
streams for its subsequent uses in cooking, folklore and Ayurvedic medicine (Agnihotri &
Wakode, 2010). Here in, a biogenic one step procedure for the preparation of metallic oxide NPs
to enhance the morphological, structural, and optical properties of NPs using M. concanensis

aqueous extract and black cardamom seeds exract.

S
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4.2. GC-MS analysis of M .concanensis and A. subulatum (Black

cardamom) Selected for the Synthesis of Nanoparticles

GC-MS employed for the analysis of phytochemicals in the M .concanensisleaves extract
and Black cardamom seeds extract. It is evident from the GC-MS chromatogram with peak
area as shown in the figure (Figure 4.1 and 4.2) all fractions have a complex chemical

composition, retention time and structural formula .

The active phytocompounds with their retention time (RT), molecular formula and specific

reference number in the aqueous leaves extract of M. concanensis presented in the Table 4.2.

Aqueous leaves extract contained following phytochemicals i.e.Pyridine-3-carboxamide
(32.23%), Phytol (22%), Callitrisic acid (14%), Hexadecanoic acid (11%), Ethyl benzene (9%),
Benzene, 1,3-dimethyl- (5%) , 1,2-Benzenedicarboxylic acid (3%), alpha -Amyrin (4%),p-
Xylene(0.1%)  ,2,6-Octadien-1-ol  (2%), 3,7-dimethyl- (1%), Phenol 2,4-bis(l,1-
dimethyleth...(11%) ,2,0-Octadien-1-0l, 3 (8%),7-dimethyl- acetate (11.2%), (E)-
Bicyclo[3.1.1]heptane (1.23%), 3,5-bis(1,1-dimethylethyl)-4-hydroxy-, methyl ester, (11.98%).
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Figure 4.1 GC-MS spectrum of aqueous extracts of Black Cardamom seeds.

Black cardamom seeds extract were enriched by following phytocompounds i.e. 2,6-
Octadienal,3,7-dimethy-,(15.48%), 2-Nitro-I-naphthol (15.58%), 7-Oxabicyclo[4.1.0] heptane,
1-(15.84%), Tridecanoic acid (15.94%), 1,8 Cineole (33.56%), a-Terpineol (10.88%),
Limonene(13.27%), a-Pinene (1.64%), B Pinene (6.46%) as shown in the Table 4.1.
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Figure 4.2 GC-MS analysis of aqueous extracts of M. concanensis leaves.
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Table 4.1: Phytocompounds revealed by GC-MS chromatogram of Black Cardamom seeds

extract.

Compounds RT Area % Cas #
Quinoline, 2,7-dimethyl- 12.33 0.13 000093-37-8
Isolongifolene, 7,8-dehydro-8a-hydroxy- 12.50 0.07 1000151-49-2
Tricyclo[20.8.0.0(7,16)]triacontane, 1(22),7(16)- 12.78 0.09 1000155-90-3
diepoxy—
Tricyclo[6.3.3.0]tetradec-4-ene,10,13-dioxo- 12.95 0.09 078046-17-0
RCL T297321
2-Dodecanol 13.51 0.06 010203-28-8
2-Heptanone, 4-methyl- 14.12 0.06 006137-06-0
Calarene epoxide 14.51 0.12 1000151-46-0
Androst-7-ene, (5.alpha.)- 14.79 0.06 054411-76-6
Phenanthrene, 7-ethenyl-1,2,3,4,4a,4b,5,6,7,8,8a,9- 15.19 0.14 055255-56-6
dodecahydro-1,1,4b,7-tetramethyl-,
(4aS,4bR,7S,8aR)-
Benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)- | 15.36 0.08 006386-38-5
4-hydroxy-, 2-[3-[3,5-bis(1,1-dimethylethyl)-4-
hydroxyphenyl]-1-oxopropyl]hydrazide
2,6-Octadienal, 3,7-dimethyl-, (E) 15.48 0.04 000106-26-3
2-Nitro-1-naphthol 15.68 0.13 000607-24-9
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7-Oxabicyclo[4.1.0]heptane, oxiranyl 15.84 0.11 089128-14-3
Tridecanoic acid 15.94 0.16 000638-53-9
1,8-Cineole 33.56 10.07 110983-42-1
a-Terpineol 10.88 33 000596-84-9
. 13.27 0.32 073669-46-2

Limonene

i 1.64 2.11 038754-94-8
a-Pinene

. . . 12.45 0.71 288246-53-7
Pyridine-3-carboxamide, oxime, n-(2-
trifluoromethylphenyl)-

. 6.46 1.5 000117-77-1
B-Pinene

w

T S R
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Table 4.2 Various compounds were studied by GC-MS analysis of M. concanensis leaf extract.

Compounds RT Area% Ref# CAS#
Ethylebenzene 3.07 0.25 4962 000100-41-4
Benzene, 1,3-dimethyl- 3.14 2.27 4977 000108-38-3
p-Xylene 3.37 0.98 4954 000106-42-3
2,6-Octadien-1-ol, 3,7- 7.31 0.16 25591 000106-24-1
dimethyl-, (E)-

Phenol, 2,4-bis(1,1- 10.42 0.14 60203 000096-76-4
dimethyleth...

2,6-Octadien-1-ol, 3,7- 10.97 6.20 53388 000105-87-3
dimethyl-, acetate, (E)-

Bicyclo[3.1.1]heptane, 2,6,6- | 14.04 04 0.44 16409 006876-13-7
trimethyl-, (10,20,50

3,5-bis(1,1-dimethylethyl)-4- | 15.36 0.18 113228 006386-38-5
hydroxy-, methyl ester

Phytol 17.60 22.17 115538 000150-86-7
Callitrisic acid 22.93 1.22 117818 005155-70-4
Hexadecanoic acid 23.18 4.93 132706 023470-00-0
1,2-Benzenedicarboxylic acid | 23.70 0.21 105069 004376-20-9 81
Pyridine-3-carboxamide 32.23 0.23 106566 288246-53-7
oxime

alpha.-Amyrin 36.75 0.95 161264 000638-95-9
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Figure 4.3 GC-MS spectrum phytocompound (Pyridine-3-carboxamide, oxime,

n-(2-trifluoromethylphenyl)-) proposed as precursor for the synthesis of respective metallic

oxides Ag, TiOz, CeOz, Fe203 NPs interact by Redox reactions.
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In the green synthesis of leaves, extracts were utilized in exchange to the chemical
reagents as a potential reducing agent due to its antimicrobials as shown in the Figure 4.3. All
these applications were because of the phytochemicals such as alkaloids, tannins, flavonoids,

saponins, triterpenoids, and anthraquinones intrinsic in Moringa leaf extracts.

4.3. Conclusion

Medicinally important plants were selected and analyzed their phytochemicals by GC-MS
analysis. To combat MDR pathogens, nanoparticles of the following metallic oxides were
synthesised: Ag NPs, CeO2 NPs, TiO2 NPs, and Fe203 NPs, all of which are deemed generally
recognised as safe materials (GRAS). Metallic oxide nanoparticles were made utilising aqueous
extracts of Moringa concanensis leaves and Amomum subulatum, which are selected medicinal
important plants. New hope of Nanotechnology is providing therapeutic alternative to

conventional antibiotics.
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CHAPTER 5

NANOMATERIAL A: CHITOSAN COATED GREEN
SYNTHESIZED TiO: NANOPARTICLES

5.1. Imntroduction

Mastitis is the most common and the most prevalent and costly disease of dairy industry
worldwide and the most common reason in which animals are treated with antibiotics (Harmon,
1995). All the diseases were under control in the past few decades are now difficult to treat
because of MDR pathogens. The magnitude of antimicrobial resistance in the Gram negative
bacteria is increasing, whereas efforts of all the communities are required to confront the
challenges of treatment options (Lago et al., 2011). It poses a major public health risk due to
transmission possibility of zoonotic bacteria or their toxin along with antibiotic resistance genes

(Seegers et al., 2003).

The antimicrobial activities of metallic nano-particles are well established and several
methods to study bactericidal effects have been reported. Although very few studies are
encountered on coating of metallic nano-particles and application against drug resistant
pathogens. However, nano-particles such as titanium oxides, gold, nickel, cobalt, silver oxides
and copper oxide are demonstrating superior antimicrobial activity. There is acute need in the
development of unique and new antibacterial materials with biocompatibility and sturdy
antimicrobial capability against drug resistant microorganisms and treatment strategies which
can control bacterial growth by the improved mechanisms(Thorley & Tetley, 2013). The
significance of nanomaterials due to their unique physicochemical properties as compared to
bulk particles make them efficient, effective and promising candidate for currently antimicrobial
agent. The metal based nanomaterials have great resistant potential in front of microorganisms

(Sosnik et al., 2010).
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Titanium dioxide has been received great interest in many applications as the decomposition of
pollutants in air, water purification, self-cleaning, and killing pathogenic bacteria. Titanium
dioxide have prospective properties i.e. photocatalytic activity, hydrophilicity, stability, harmless
electrical, optical, magnetic, electro-optical, and magneto-optical and high production yield
therefore it has been used extensively in different field of science (Matsunaga et al., 1988

;Saravanan et al., 2018).

Antimicrobial activity of TiO2 was reported first time in 1985 by Matsunaga and colleagues.
They observed under illumination with near UV light that microbial cells could be killed by the
contact with a TiO»—Pt catalyst (Matsunaga et al., 1985). According to literature highly reactive
oxygen species (ROS) are considered to be the key species in the photocatalylic disinfection
process. Reactive oxygen species (ROS), *OH, ¢O2— and H20: are capable of mineralizing
pollutants. All three ROS exhibit bactericidal activity but some studies have emphasized that
nanoparticles might be performed as electron traps and hinder the rate of recombination of e/h*
pair by tuning the band gap value. This assists the creation of ROS and improves the
antibacterial activity (Kubacka et al., 2012). To enhance stability of NP they could be coated
with biocompatible polymers. Chitosan is a good biocompatible polymer by exhibiting high
biological, antimicrobial activities and homeostatic effect which strengthens the stability of

nanoparticles (Yuan et al., 2016).

Numerous studies have been formerly reported on the antimicrobial activity of TiO2 NPs to
show the sway of concentration and size over its antibacterial properties. Although much
progress has been made in preparation of TiOz2 NPs, there is a need of biopolymer based TiO2
composites for loftier activity which is eco-friendly and non-toxic. There are many preparatory
methods to synthesize TiO2 NPs, agglomeration between the nanoparticles is the main drawback
of these methods. To avoid this agglomeration between cationic nanoparticles, it is necessary to

induct the suitable coating materials so various stabilizers have been reported such as polyvinyl
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pyrrolidone, polyvinyl alcohol and polyaniline. Moreover, biopolymers based coating materials
are now becoming popular like pectin, cellulose, chitosan, and starch which can stabilize the
metal nanoparticles through electrostatic interaction between the functional group of polymers
and nanoparticles(Dickinson, 2017) . Mainly chitosan biopolymer receives much more attraction
because of its excellence in biocompatibility, biodegradability and intrinsic antimicrobial ability
(Yuan et al., 2016). Chitosan is a polysaccharide self-possessed of glucosamine and N-acetyl
glucosamine linked with a B-1-4- glycosidic linkage and is mostly acquired by deacetylation of
vastly copious chitin. Chitosan has ability to chelate metal nanoparticles originates from the
presence of both amino (-NHz2) and hydroxyl (~OH) groups in its glucosamine unit (Yuan et al.,
2016). TiO2 NPs has been considered as generally recognized as safe (GRAS) additive in
medical devices and biomaterials, hence it has been found attractive material for efficient

adhesiveness and bactericidal activities (Kochkodan et al., 2008).

The aim of the present study is to introduce a new and unique CS-NPs coated TiO2NPs
which were prepared by the modified ionic gelation method. The TiO2 nanoparticles coated with
chitosan biopolymer has endorsed its antibacterial activity against MDR strains of E.coli causing
mastitis. Subsequently, the synthesized CS-NPs coated TiO2 NPs were scrutinized using x-ray
diffractometer (XRD), FTIR spectroscopy, transmission electron microscopy (TEM), scanning
electron microscopy (SEM) and their corresponding energy dispersive X-ray analysis (EDX),
UV Vis analysis, Zeta potential, particle size distribution. To evaluate antibacterial potential
several standard antimicrobial tests were conducted including disc diffusion method, growth
kinetics, flow cytometryand biocompatibility was analyzed by MTT assay and hemolysis studies.
There is passionate hope for battling against gram-negative MDR/PDR strains of E.coli causing

mastitis in the livestock animals.

— ) X X ;

Encapsulation of Metallic Oxide Nano-particles and Synthetic Antibiotics to Combat Mastitis Causing
Multidrug Resistant Pathogens

134



L

Chapter 5 Nanomaterial A:CS-NPs TiO2 NPs

5.2. Results

5.2.1. Structural Characterization of Synthesized Nanomaterials

5.2.1.1.  XRD Analysis

XRD measurements were presenting the crystalline size and nature of synthesized nanomaterials.
Figure 5. 1A indicates the XRD profile of, TiO2 NPs. XRD pattern of TiOz results represents
the (101), (004), (200), (105), (211) and (204) plane indices that are corresponding to crystalline
anatase phase .In the graph characteristic peaks indicate the anatase phase of TiOz without any
indication of other diffraction peaks as a impurity. There is a strong peak in the diffractogram of
chitosan at 21.8-, indicating the high degree of crystallinity of chitosan as shown in Figure 5.1B
(a).In the Figure 5.1B (b) TiO2 coated with CS-NPs are comprised of a dense network structure
of interpenetrating polymer chains cross-linked to each other by TPP counter ions .It is clear in
the Figure 5.1B (b) TiO: maintained its structure during coating by showing its similar

characteristic peaks and plane indices.

L T
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Figure 5.1 XRD patterns of synthesized nanomaterials

Key :( A) TiO2 NPs, (B) line (a) represent the chitosan and (b) CS-NPs coated TiO2 NPs
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5.2.1.2. SEM and EDX Analysis

In the Figure 5.2(A) SEM photographs of TiO2 showed spherical appearance while CS-NPs
coated TiO2 NPs photograph is shown in Figure 5.2 (B). It was clearly seen from the image that
nanoparticles presented spherical and agglomerated morphology and size of nanoparticles were
comprised of the diameter ranging from 19-75 nm. SEM confirmed the size of chitosan NPs 19-
25nm, TiO2 NPs 35-50nm and CS-NPs coated TiO2 NPs with size ranging from 65-75nm
(Kubacka et al., 2012). The relevant data of EDX is listed in Table 5.1. Figure 5.2 (C-D)
indicates the signals of Ti and O which confirmed the synthesis of CS-NPs coated TiO2 NPs and
TiO2 NPs.
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Figure 5.2: SEM and EDX data of synthesized formulations.

Key: (A) TiO2NPs (B)CS-NPs coated TiO2NPs (C) Chitosan NPs (D) EDX of Chitosan NPs
(E) EDX ofTiO2 NPs (F) CS-NPs coated TiO2 NPs.
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Table 5.1: EDX results of synthesized nanomaterials.

Samples Weigh%

Elements Ti 0 C Na Ti 0] C Na
TiO, NPs 50.78 49.22 - - 25.63 7437 |- -
CS-NPs coated 2.52 55.30 26 12.04 0.85 0.61 34.71 8.40
TiO: NPs

Chitosan NPs - 40.57 43.72 - - 49.75 | 50.42 -

B e
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5.2.1.3. UV Vis Study
UV-Vis spectrum of the TiO2nanoparticles, chitosan and CS-NPs coated TiO2 NPs are exhibited

in the Figure 5.3A and 5.3B respectively. From the spectra, the absorption power of TiO2 NPs,
chitosan NPs and CS-NPs coated TiO2 NPs was in the red area which described that the CS-NPs
coated TiOz active in the visible light due to the existence of chitosan with TiO2 nanoparticles.
Moreover it was due to surface modification of TiO2 by chitosan which shifted the absorption
edge in visible range. The absorbance spectrum consists of two bands, one at around 220nm and
other band around 320nm.The band around 220nm is assigned to tetra-hedral isolated Ti present
in the sample and the band around 300-400nm arises due to charge-transfer from the valence
band (mainly formed by 2p orbitals of the oxide anion) to the conduction band (mainly formed
by 3d t 2 orbitals of the Ti**cations). This band further confirms the existence of the anatase
phase of TiOzand an obvious red shift towards the Vis portion of light could be attributed to
addition of chitosan contents which possesses the small band gap value. This improvement in
UV-Visible light absorption is demonstrating that the major portion of solar light could be

successfully utilized.
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Figure 5.3: UV-Vis absorbance spectra of synthesized formulations.

Key: (A) TiO2 NPs(B) Chitosan and CS-NPs coated TiO2 NPs.

Colloidal samples of the three phases were analyzed using UV-vis transmission measurements.
Extrapolation of the reflectance versus wavelength curves shown in Figure 5.4 (A, B). Results in
the following estimates of the band gap energy 3.21 eV for anatase phase of TiO2 observed. It is
clearly seen that TiO2 nanoparticles are respondent only to the UV region of light due to having
wide band gap energy value. UV spectrum of chitosan manifests the absorption peak at 202 nm.
In case of CS-NPs coated TiO:NPs considerably improvement was observed in absorption
spectrum in UV-Vis light region. An obvious red shift towards the Vis portion of light could be

attributed to the addition of chitosan content which possesses the small band gap value.
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Figure 5.4 Calculations of band gap of synthesized formulations.

Key: (A) TiO2NPs and Chitosan NPs (B) CS-NPs coated TiO2 NPs.
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5.2.1.4. FT-IR Analysis

The FTIR spectra of TiO2NPs, Chitosan and CS-NPs coated TiO2 NPs were expressed in Figure
5.5. FTIR spectrum of pure TiO:NPs (Figure 5.5B) exhibited the emergence of absorption
characteristic peaks at 3408cm-1 is belonged to superposition of the hydroxyl groups (O-H) that
is the evidence of coordination of water molecule to Ti4+ caticns and signature at 1603 cm-1
can be attributed to and C=0 stretching vibration due to butyl group, organic species as starting
precursor solutions and adsorbed water molecules on the surface of the nanomaterials. The
absorption band cantered at 2928 cm-1 is assigned to the C—H stretching vibrations. The
absorption band in the range of 766-610 cm-1 is related to the Ti—O bonding which authenticates
the formation of titanium dioxide. The FTIR spectrum of the chitosan (Figure 5.5A) exhibits a
sharp absorption peaks for 3423 cm-1 and 1636 cm-1 are related to availability of free —-OH
group of water molecule and C=0O carbonyl moieties groups. The peak at 1018 cm-1 is
corresponding to a stretching vibration from C—O—C bonds of epoxy or alkoxy. The signature at
1269 cm-1 and 1419cm-1 is attributed to C—O and the CH—OH bonds. FTIR investigation of CS-
NPs coated TiO2NPs is shown is Figure 5.5C.FTIR spectrum of pure TiO:2 exhibited the
emergence of absorption characteristic peaks at 3408cm™ is belonged to superposition of the
hydroxyl groups while FTIR spectrum of the chitosan exhibits a sharp absorption peaks for 3423
cm-1 and 1636 cm-1 were related to availability of free ~OH group of water molecule and C=0

carbonyl moieties groups.
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Figure 5.5 FTIR analysis of prepared nanomaterials (A) Chitosan NPs (B) TiO2 NPs(C) CS-NPs
coated TiO2 NPs.
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5.2.1.5. Zeta Potentials
The Zeta potentials of TiO2 NPs, chitosan and CS-NPs coated TiO: NPs were

—-150.5+ 0.8, 75.6 £ 1.0, and 95 + 1.65 mV, respectively. The Zeta potential of prepared CS-NPs
coated TiO2 NPs were 95 + 1.65 mV. These results provided evidence of successful coating of
chitosan on the surface of TiOz NPs and suggested that the samples were stable during the
storage period. The interaction among chitosan and TiO:NPs in water solution was possibly
promoted by the electrostatic force as chitosan carried positive charges, whereas TiO2 NPs were
negatively charged. Furthermore the amine groups of chitosan were protonated to ammonium
thus adding the positive charges to chitosan. This phenomenon facilitated the surface coating of

TiO:2 by chitosan and also prevented the aggregation of CS-NPs coated TiO2 NPs (Figure 5.6).
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Figure 5.6 Expression of Zeta potentials of prepared nanomaterials (A) Chitosan NPs (B) TiO2
NPs(C) CS-NPs coated TiO2 NPs.
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5.2.1.6. Encapsulation efficiency of CS-NPs coated TiO2 NPs
The encapsulation efficiency of CS-NPs coated TiO2 NPs in the CS system was found as 85% =

1.59.

5.2.2. Antibacterial effect and MIC determination of CS coated TiO2 NPs on MDR strain
of E.coli.

In the study, most prevalent mastitis causing strains were found to be E.coli, S .aureus and
C.albicans. Therefore antimicrobial potential of synthesized nanomaterial A was screened
against these strains. The synthesized nanomaterial A was found to be most active against £.coli
as compared to S. aureus and C.albicans on the basis of zone of inhibition as shown in the Table
5.2. E.coli displayed largest zone measured as 21mm, S .aureuspresented 16mm of diameter
andC.albicanswas found to exhibit 12mmof ZI after interaction of 24hrs with nanomaterial.
Hence E.coli was selected as model organism for detailed antibacterial analysis of nanomaterial

A, CS coated TiO2 NPs.

Table 5.2 MIC determinations of synthesized nanomaterials against mastitis causing pathogen

Nanomaterials MIC determination ( pg /ml)
MRSA E.coli C .albicans
CS Coated T1O2 NPs 15 0.78 28
CS NPs 64 75 9.57
TiO2 NPs 78 67 98
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Antibiotic resistant profiling of E.coli strain is shown in Figure 5.7(a ,b) that showed strain is
found to be pandrug resistant strain as against total 14 antibiotic tested E.coli strain showed
resistance against all antibiotics. Interestingly our synthesized formulation worked against pan
drug resistant E.coli and killed this resistant strains zones of observation were quite promising as
seen in Figure 5.7C. All of three nano formulations are effective against PDR E.coli but the
most potent activity was noticed against CS-NPs coated TiO2 NPs, previous studies reported
antibacterial potential of TiO2 and chitosan .Data of zones of inhibition is presented in Table 5.3.
MIC values of CS coated TiO2 NPs was found to be 0.78ug/ml which was lowest among all the

nanomaterials tested against microbes causing mastitis.
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Figure 5.7 Antibiotic sensitivity profiling of isolated E.coli strain and antibacterial activity

ofsynthesized nanoformulations (a and b) different antibiotics discs

Key: 1-AX Amoxicillin,2-CN Gentamicin,3-CRO Ceftriaxone ,4-AMC Augmentin ,5-AMP
Ampicillin,6-F Nitrofurantoin,7-SXT Trimethoprim/Sulfamethoxazole,8-CIP Ciprofloxacin,9-
MEM Meropenem, 10-IPM Imipenem,11-FOT Cefotaxime, 12-TZP Tazobactam,13-FEP
Cefepime,14-CAZ Ceftazidime (c) Antibacterial activity of synthesized materials A-chitosan
NPs, B- TiO2 NPs, C-control, D-CS-NPs coated TiO2 NPs.
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Table 5.3: Zone of inhibition and SD values of formulated nanoformulations

Antimicrobial agents

Zone of Inhibition (mm)

(ATCC 8739) E.coli
CS-NPs coated TiO; NPs 29mm= 2.45 21mm=+ 0.039
TiO; NPs 23mm+ 1.67 16mm+ 2.8
Chitosan NPs 9mm=+ 0.58 4mm#* 1.32
DMSO (Control) NZ NZ

, )
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5.2.3. Growth curve kinetics of MDR E.coli strain

According to the present study CS-NPs coated TiO2 NPs were found highly active in combating
PDR strain of E. coli than TiO2NPs. However, CS-NPs coated TiO2 NPs effectively dropped the
OD value and prominently inhibit the growth of superbugs. Based on the above results it could
be observed the prospective enhancement in antibacterial activity of proposed CS-NPs coated
TiO2 NPs as shown in Figure 5.8. The superior antimicrobial activity of the CS-NPs coated TiO2
NPs is also evidenced by the growth curve, which exhibited stronger antibacterial ability against
PDR E. coli. The antibacterial ability of chitosan was higher than that of TiO2 NPs during the
first few hours. However, the difference became insignificant over the following 5 hours.

Thereafter, TiO2 NPs exhibited higher activity than the chitosan.
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Optical Density(600 nm)
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Figure 5.8: Growth kinetics of E.coli at the MIC for 24 hours. CS-NPs coated TiO2 NPs control
the bacterial growth effectively.
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5.2.4. Hemolysis Assay
The synthesized formulations were found nontoxic to red blood cells of cow as all formulations

at all tested concentrations did not lyse red blood cells as shown in Figure 5.9.

+ 0.02ug/mi0.4 w0.1ugml =m0.2ugml

4120
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K
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TiIO2 NPs CS NPs coated CSNPs
TiO2 NPs
Nanoformulations

Figure 5.9: Hemolysis study of CS-NPs coated TiO2 NPs after exposure to RBCs of cow blood.

Key: PC. Positive control, Triton, NC. Negative control, PBS.
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5.2.5. MTT assay for Cytotoxicity Analysis

The cytotoxicity data exhibited in Figure 5.10 clearly indicates that the CS-NPs coated TiO:
NPs, CS NPs and TiO2NPs did not show any toxicity on BMGE cell line of bovine at various
concentrations. Results indicate that the cell viability remain maintained with the increase in
concentrations of various prepared nanoformulation and particularly CS-NPs coated TiO2 NPs
didn’t show any cytotoxicity on the BMGE cell line. Celecoxib was taken as positive control
and significantly reduced cell viability at tested concentration ranges while PBS as negative
control. All findings clearly suggest non toxicity of CS-NPs coated TiO2 NPs may be attributed

to controlled release of TiO:2 and coating of chitosan biopolymer.

120 E01ugml m=O02ugml 0.3 ugmi

100

Viability %

TiO2 NPs CS NPs CS NPs ocoatedTiO2 Celevoxib
NPs

Nanoformulations

Figure 5.10 Cytotoxicity analysis of CS-NPs coated TiO2 NPs, CS-NPs and TiO2 NPs after

exposure to BMGE cell line of bovine.
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5.2.6. CS-NPs coated TiO; NPs altered morphology and structure of MDR E.coli.

Morphological changes in the integrity of bacterial cells were observed after treatment with MIC
(0.78ug/ml) of CS-NPs coated TiO2 NPs by TEM analysis of MDR E.coli strain. Expected
destruction of bacterial cells was captured after 3-6 hours of incubation. It is evident from the
results (Figure 5.11) CS-NPs coated TiO2 NPs completely lysed the MDR E.coli cells and lost
their integrity. Moreover, it was observed that shape of bacillus was no more maintained so

become agglomerated which may became the ultimate cause of cell death.

Figure 5.11 Effect on cellular morphology of MDR E.coli after treatment with CS-NPs coated

TiO2 NPs at various interval of time by TEM microscopy.

Key A: control B: 3 hrs of incubation C: 6 hrs of incubation.
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5.2.7. Flow cytometer analysis of CS-NPs coated TiO2 NPs treated E.coli

To further strengthen the molecular mechanism mediated by the newly developed Nanomaterial
A, as we use a double-staining (PI/Annexin V) method and calculated the number of alive cells
by a statistical gating approach using FACS before and after treating E.coli strains by CSNPs
coated TiO2NPsat MIC (0.78 pg/mL) at 37 °C and at various intervals of time (i.e. 0 hrs, 6 hrs )
(Figure 5.12). Such assay aims to determine both the necrotic death (by PI staining) as well as
the early and late apoptosis (by AnnexinV) and ultimate death in the selected populationdensity
(Hussain et al., 2012). Thereby, the death rate was negligible and late apoptosis (1.98% + 0.03)
in untreated cells (NC) (Figure 5.12A), whereas the late apoptosis was found 55.79 % + 1.52

after 6 hrs (Figure 5.12 B) of incubation after treatment with the nanoformulation.

10
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Figure 5.12 Death rate of E.coli cells by FACS exposed to CS NPs coated TiO2 NPs at MIC,

Key: A- Untreated E.coli (NC); B- 6 hrs post-treatment of E.coli.
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5.2.8. General mechanism for the destruction of bacterial cells by CS-NPs coated TiO:
NPs.

To overcome resistance mechanism, coating of chitosan content on TiO2 NPs can significantly
improve the bactericidal effect against PDR pathogens of veterinary origin. The distinctive
physical and chemical characteristics of nanomaterials contribute collectively in a synergistic
manner to expose a novel, exceedingly efficient antibacterial nano interface. Since the chitosan
itself holds the antibacterial effect against both Gram-negative and Gram-positive bacteria
(Banerjee et al., 2010). In the Figure 5.13 proposed mechanism of action has been shown to
describe the destruction of bacterial cell. Mechanism mainly follows three steps i.e. 1% step
preceded after the attachment and penetration in the bacterial cells may occurs which was
facilitated by chitosan coating. In the 2" step generation of ROS occurred after the interaction of
MDR E.coli with CS-NPs coated TiO2NPs. The generation of cations by the oxidation of TiOz
NPs and reactive oxygen radicals (ROS) are followed by the dispersion of chitosan coated
nanomaterials into the growth medium under incubation during the antibacterial activity against
microorganism. Fundamental steps during the generation of ROS (+O2 —, *OH and H202) are
given [eq (1) — eq (5)] under irradiation of UV-Vis light. In the 3™ step lysis of bacterial cell took
placc due to ROS stress by damaging cellular content like cell wall, cell membrane, DNA and

inhibits protein synthesis.

TiO2 + hv —— TiO2(ht+ +e") (1)
H20 — > H++OH~ (2)
H++ OH™ — «OH €)
H++ H20 — «OH+H" 4)
e +0 ——> 0%~ (5)

Ti02/Ba hybrid Nano clusters effectively reduced cell for both Gram positive and Gram negative
bacteria. The improvement in cytotoxic reaction of Ba doped TiO2 nanoparticles was attributed
0 2 S ORI S S
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to widening of band gap energy that significantly increase their capability to persuade ROS
generation. ROS interfere with proteins, lipids of cell membrane, enzymes and DNA, oxidize
them and produce the more oxidative stress of ROS (Vijayalakshmi & Sivaraj, 2016). The
synergistic expression including to disruption of cell membrane and oxidative stress of ROS on
cell results into improvement of the antibacterial activity of unique combination of TiO2 with
coating of biocompatible chitosan (Haldorai & Shim, 2014). This system is more efficient for
gram -ve bacteria as compared to gram +ve and efficiently inhibit the growth at MIC
concentration of proposed CS-NPs coated TiO2NPs .

2-Generation Of ROS 02 0 'OH
TiOhv —TIO{ o+h) |

Figure 5.13: Proposed antibacterial mechanism of action of CS-NPs coated TiO2 NPs.
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5.3. Conclusion

TiO2 NPs were synthesized by using green route and synthesized TiO2 NPs nanoparticles were
coated with nanoparticles of chitosan to combat PDR bacterial pathogens of E.coli causing
mastitis in the livestock animals.The findings of current study revealed that synthesized
formulation has superior antibacterial activity against PDR E.coli that has opened a new window
for the alternate treatment strategy against super bugs by surface modification of TiO2 NPs via
CS-NPs. Present evaluation further confirmed coating of TiO2 NPs with chitosan nanoparticles is
found very effective as CS-NPs coated TiO2 showed strong activity evident by increase in size of
zone of inhibition. Synthesized CS-NPs coated TiO: was found bactericidal at MIC
concentration of 0.78ug/ml as lysed cells were observed by TEM. The hemolytic and
cytotoxicity studies of CS-NPs coated TiO2 NPs showed its non-toxicity to the bovine mammary
gland epithelial cells. Hence very stable, nontoxic, spherical shape CS-NPs coated TiO2 was
synthesized having potential to kill an alarming pathogen i.e. MDR/PDR strain of E.coli in

veterinary region and this could be added in alternate antimicrobial agents for livestock industry.
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CHAPTER 6

NANOMATERIAL B: CIPROFLOXACIN CONJUGATED
CHITOSAN ENCAPSULATED GREEN SYNTHESIZED
CERIUM OXIDE NANOPARTICLES (CIP-CeO2/CS NPS)

6.1. Introduction

Nanomaterilas have recently attracted much attention because are considered as a valuable
solution to strongly combat MDR strains (Ma et al., 2017). A wide range of metal and metal
oxide-based nanomaterials have recently been directly integrated in antibacterial applications and
have demonstrated remarkable results. Nanomaterials possessed a high surface area-to-volume
ratio and unique physicochemical properties which contribute to effective antimicrobial activities
(Batool et al., 2020; Wang et al., 2017). Thereby, NPs, especially metallic/inorganic NPs such as
silver (Ag), gold (Au) copper (Cu), cerium (Ce), or Zinc (Zn) NPs (Hemeg, 2017; Slavin et al.,
2017), have showed up benefits to treat microbial infections (Uzair et al., 2020).

Cerium- and cerium oxide-based nanomaterials have garnered considerable attention as
alternative to antibiotics because of its unique functional mechanism, cerium oxide nanoparticles
with decreased toxicity work as potent antibacterial agents (Qi et al., 2020).Cerium dioxide
(Ce02), a rare-earth material belongs to lanthanide series , has a variety of properties at the
nanoscale and widely applied pharmacological agents (Charbgoo et al., 2017) due to their lower
toxicity to mammalian cells and unique antibacterial mechanism, CeO2 NPs have also been
widely applied in biomedical sciences such as in antitumor, anti-inflammation (Huang et al.,
2018) and antibacterial activities (Arumugam et al., 2015). CeOz have shown promising
approaches to circumvent the existing problems of drug-resistant bacteria and served as excellent
antibacterial agents in biology and medical sciences in comparison with other metal oxides
(Zhang et al., 2019). Therefore, various cerium- and cerium oxide-based nanomaterials including

doping metal ions (Atif et al.,, 2019), antibacterial element Au/Ag decorations (Wang et al.,
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2014), nanocontainers(Gagnon et al., 2015) and dopants (Bomila et al., 2018) were developed to
optimize antimicrobial performance as well as physical and biological properties (Liu et al.,

2019).

Nanomaterials have high surface area-to-volume ratio and unique physicochemical properties
which contribute to effective antimicrobial activities (Batool et al., 2020; Wang et al., 2017).
Thereby, NPs, especially metallic/inorganic NPs such as silver (Ag), gold (Au) copper (Cu),
cerium (Ce), or Zinc (Zn) NPs (Hemeg, 2017; Slavin et al., 2017), are consider effective to treat

microbial infections (Uzair et al., 2020).

Nevertheless, activities of metallic NPs against pathogens-causing mastitis have been poorly
explored while CeO2 NPs have exhibited strong bactericidal effects against both Gram-positive
and Gram-negative bacteria (Arumugam et al., 2015).Importantly, a recent shift from physical
and/or chemical NPs synthesis toward green NPs synthesis is observable and preferable because
plants extracts are used as reducing and capping agents (Uzair et al., 2020). Thereby, phytogenic
synthesis of NPs is an user-friendly, cost-effective, safe and eco-friendly method that does not
require multiple purification steps that use toxic solvents (Uzair et al., 2020). For instance,
Magbool et al. recently reported the greenly synthesis of CeO2 NPs from Oleaeuropea leaf
extract and their antimicrobial potential against model Gram-positive and negative ATCC strains

(Magbool et al., 2016).

Furthermore, the possibility to load one or multiple drug combinations into NPs and
nanocomposites/nanohybrids leads to a highly complex antimicrobial mechanism of action, to
which bacteria are unlikely to develop resistance (Huh & Kwon, 2011). Thereby, some previous
studies described the direct conjugation of ampicillin, streptomycin and kanamycin to
AuNPs(Saha et al., 2007). The resulting complexes elicited lower MIC than the free drug

counterparts against both Gram-negative and Gram-positive bacteria (Saha et al., 2007).

Polymeric NPs have not been deeply explored for mastitis treatment yet, even though they can
concomitantly act as antimicrobial agents and nanocarriers, then allowing the design of powerful
therapies (Lam et al., 2018). Natural polymers such as chitin, CS, alginate, gelatin, and collagen
0 S S S S
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are used for many medical applications due to their good biodegradability and biocompatibility
(Sung et al., 2010). CS can be easily synthesized and CS-based nanomaterials are being applied
in most important biomedical ficlds (e.g. tissue engineering and regenerative medicine,
controlled-drug delivery and targeting) (Igbal et al., 2020a).Besides its well-known
biocompatibility and biodegradability, CS is non-toxic to humans and animals (Sung et al.,
2010). The goal of an efficient and safe drug/compound delivery system is to provide the best
theranostic efficiency with a minimal therapeutic dosage which can be maintained during a
specific time until the drug concentration is released to the target site(Menaa, 2013) .This
requires not only a suitable material to hold the drug, and later release it, but also a
biocompatible material, with high absorption rate. Fortunately, the development of drug delivery
nanocarriers of tunable size and well-defined surface properties, are allowing to control the

adsorption and release of drugs in a predictable manner (Wang et al., 2006).

The goal of our present research study is to contribute to the better management of mastitis in
dairy cattle, by developing an original organic/inorganic nanocarrier of antibiotics. For such
purpose, we report here the encapsulation of CIP into CeO2/CS NPs we biologically synthetized
via green route using Amomumsubulatum (aka BC) seeds extract and ionic gelation method. This
highly regarded as a ’Queen’’ of species, is a perennial herbaceous crop belonging to the family
Zingiberaceae(Pura Naik et al., 2004). This plant is distributed chiefly in Africa and Tropical
Asia, and cultivated in swampy places (e.g. Nepal) across hills around water streams for its
subsequent uses in cooking, folklore and Ayurvedic medicine (Agnihotri & Wakode, 2010). To
the best of our knowledge, CIP-CeO2/CS NPs drug system has never been developed and tested

for its antimicrobial potential.
6.2. Results

The modern trends in the nanomedicines favor green route of synthesis NPs instead of physical
or chemical methods. Indeed, the biosynthesis of NPs is increasingly regarded as a rapid,

ecofriendly, and easily scaled-up technology.
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In the present study, CeO2 NPs were prepared by using aqueous seed extract of BC as reducing
agent .Then, CeO2 NPs were coated with CS and encapsulated with CIP via ionic gelation
method. The NPs were purified by calcination. All the green synthesized nanomaterials CeOz
NPs, CS NPs, CeO2 NPs, and the newly developed CIP-nanohybrid carrier were compared either
with CIP or between them in terms of physical-chemical and biological characterizations. The
goal was to propose a novel nanomaterial that could be safe and more efficient than CIP alone

currently used as a conventional antibiotic.

6.2.1. Physical characterizations of synthesized nanomaterials

Besides, XRD technique was used to examine the crystal phases, and the crystallinity of the
green synthesized nanomaterials (Figure 6.1a), CIP-CeO2/CS NPs (Figure 6.1¢c) and CeO2/CS
NPs (Figure 6.1d) correspond to Bragg reflections with 20 values of 28.6, 33.02, 47.4, 55.3,
59.01, and 69.4. These Bragg reflections were identical based on their orientations and were
respectively indexed to (111), (200), (220), (311), (222), (400) crystal planes of cubical structure
typical found in NPs CeO2[NPJCPDS34-0394] .XRD of CS showed a signal at 20 = 19.63° (220)
(Figure 6.1b). The amorphous nature of CS appeared clearly in the spectrum and has been
obtained most likely during the intercalation of bulk chitosan with TPP. The location of the
peaks was compared to literature values and the presence of CeO2/CS NPs was confirmed. The
diffraction peaks were well-defined with high intensity and narrow width which indicates that
the resultiﬁg biosynthesized NPs were highly crystalline. Further, no reflection related to any
impurity was detected in the pattern, up to the detection limit of the XRD diffractometer, which
defined the prepared NPs as pure. Also, the data strongly suggest that CS incorporation in CeO2
NPs did not change the crystallinity of the composite. However, the CeO2/CSnanocomposite
(Figure 6.1d) displayed a higher intensity spectrum compared to that of CeO2 NPs (Figure
6.1a).

The average crystallite size of NPs was found to be ~7.9 + 1.3 nm,~10.63 + 1.4 nm,~5.9 *
0.09 nm,~7.1 + 0.2 nmin CeO2 NPs, CS NPs, CeO2/CSNPs, and CIP-CeO2/CS composite

respectively, based on the Debye-Scherrer’s equation centered about most strong diffraction

. ,
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signal of 28.6° (111). Interestingly, it is worth noting that the small sized nanostructure of

fabricated samples was shown be very effective for inactivation of bacterial growth.
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Figure 6.1 XRD spectra related to green synthesized nanomaterials,
Key:-
(a) CeO2 NPs
(b) CS NPs
(c) CIP-CeQ2/CS NPs
(d) CeO/CS NPs
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6.2.2. SEM and TEM of Green Synthesized Nanomaterials

To examine the nanostructure surface morphology (i.e. shape), size of CeO2 NPs, CS NPs,
Ce02/CS NPs and CIP-CeO2/CS NPs, we used one of the most versatile instrument, FE-SEM
(Figure 6.2) along with EDX ( EDS) analysis (Table 6.1) to check the elemental chemical
composition of these nanomaterials. Moreover, TEM was used to offer unparallel detail (at near-
atomic resolution) of the internal nanostructure, which is valuable when considering the small
size of the NPs (Figure 6.2). Eventually, to confirm the crystalinity of the nanohybrid of interest,

we performed XRD analyses (Figure 6.1).

Thereby, SEM micrograph of CeO2 NPsdepicted some mixed small fluffy, spherical as well as
few elongated edges of particles, which were extremely amassed and agglomerated (Figure
6.2A). The SEM micrograph of CS (Figure 6.2B) exhibited less agglomerated spherical particles
than CeO2 NPs, suggesting the anti-aggregation role of CS when coated into CeO2 NPs (Figure
6.2C), most likely because CS enhanced the dispensability in the solution. The SEM micrograph
of CIP-CeO2/CS revealed less agglomerated secondary particles with large grooves and voids
(Figure 6.2D). These materials with huge voids are beneficial {or the attachment of foreign

materials and are then expected to contribute to enhance the antibacterial activity.

Elemental mapping and quantitative composition of the same fabricated nanomaterials was
investigated. As expected, EDX spectrum of CeO2 NPs indicated the peaks of O, C and Ce
(Figure 6.2A and Table 6.1). Also, EDX spectrum of CS displayed peaks of O and C Figure
6.2B and Table 6.1). The presence of O, C and Ce in the EDX spectrum of CeO2/CS NPs
(Figure 6.2C and Table 6.1) and CIP-CeO2/CS NPs (Figure 6.2D and Table 6.1) demonstrated
that the nanohybrid has been prepared successfully. Peaks related to C did arise due to the
depositing sample on carbon tape. Quantitative elemental compositions of the prepared samples
are summarized in Table 6.1. The bottom-up approach, in which the metal ions could be reduced
to synthesize nanoparticles presence of capping ligands, preferably used .green synthesis is

gaining more attention instead of the physical and chemical synthesis methods.In the present
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study natural seeds of black cardamom reduced to cerium oxide NPs and chitosan biopolymer
reported in many studies for biocompatible and biodegradable used for encapsulation via simple

ionic gelation method using even acetic acid.
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Figure 6.2 FESEM micrographs (left) and EDX spectra (right) of green synthesized

nanomaterials
Key:-

(A) CeO2NPs
(B) CS NPs

(C) CeO2/CSNPs

(D) CIP-CeO2/CS composite
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Figure 6.3 TEM images of green synthesized nanomaterials,
Key:-

(A) CeO2NPs

(B) CS NPs

(C) CeO2/CS NPs

(D) CIP-CeO2/CS NPs
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Table 6.1: Elemental chemical composition of the synthesized nanomaterials.

Elements CeO;, NPs CS Ce0Oy/CSNPs | CIP-CeOQ2/CSNPs
C 4.02 64.27 12.50 9.52

O 18.37 35.73 45.29 34.05

Ce 77.61 - 39.56 55.44

Further, the TEM micrograph of CeO2 NPs showed mixed quasi-spherical particles and some
elongated particles (Figure 6.3A). TEM micrographs of CS (Figure 6.3B) and CeO2/CS NPs
(Figure 6.3C) clearly displayed round spherical NPs. The TEM micrograph of CIP-CeQ2/CS
NPsdepicted agglomerated spherical morphology of secondary particles (Figure 6.3D). These
TEM data are consistent with our previous SEM analyses. The average diameter of CeO2 NPs,
CS NPs , CeO2/CS NPs and CIP-CeO2/CS NPs ranged from ~6-10 nm which was also
confirmed by XRD analysis. The average particle size (PS) was found in the present study was
45nm +0.87 nm, 35+1.0 nm, 65+£0.37nm and 40+ 0.91 nm in (A) CeO2 NPs, (B) CS NPs, (C)
Ce02/CSNPs, and (D) CIP-CeO2/CS composite respectively.

) !
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6.2.3. FTIR spectroscopic analysis of green synthesized nanomaterials

In a further step, the surface adsorption of functional groups on NPs was investigated by FTIR
enabling the in-situ analysis of interfaces. To identify functional groups involved in the
stabilization of NPs, FTIR spectroscopy was performed on BC seeds extract used as control
(Figure 6.4a), CeO2 NPs (Figure 6.4b), CS NPs (Figure 6.4c), CIP (Figure 6.4d), CIP-
CeO2/CSNPs, (Figure 6.4¢), and CeO2/CSNPs (Figure 6.4f).

Various phytochemicals present in these extracts are considered to provide the action of capping
and stabilizing agents that aid the formation of CeO2 and CeO2/CS NPs. Substance-specific
vibrations of the molecules lead to the specific signals obtained by IR spectroscopy in the range

of 4004000 cm™ .

Consistently, a prominent peak attributed to hydroxyl (-OH) group is observed in the wavelength
range 3500-3200 cm! in all spectra (Figures 6.4a-6.4f), which is an important functional group
of phenolic compounds. In plant (Figure 6.4.a), characteristic FTIR signals at 1634 cm™ and
1050 cm™! belong to NH2 and C=0 stretching vibrations from amine group and butyl group
respectively. In CeO2 NPs (Figure 6.4b), the spectral region between 949-517cm™ revealed
bending vibrations of Ce—O and O—Ce-O which confirms the successful formation of CeO2 NPs.
In CS NPs (Figure 6.4¢c),CIP-CeO2/CSNPs (Figure 6.4e) and CeO2/CSNPs (Figure 6.4f), the
FTIR peak at 1264 cm™ is assigned to the bending vibrations of C-C~C from ketone, whereas
the signals at the spectral region 1625-1640 ¢cm™ indicate NHz vibrations. Also, in CIP-
Ce02/CSNPs (Figure 6.4e), the peaks in the spectral region of 712-509 cm™' indicate the new
surface Ce-C-F linkage, that is known to be very beneficial for efficient antibacterial activity.In
CIP (Figure 6.4d), the FTIR signals observed specifically at 1711 cm™ and 1613 cm™ are
associated with C=O and C-H vibrations, respectively. The peak centered at 1019 cm™ is

ascribed to C-F beunding vibrations as shown in the Table 6.2.
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Table 6.2: FTIR spectral assignments of green synthesized nanomaterials

Materials ‘ Wavenumber | F TIRAssngnmentj Name j Reference :
i : | ,
J (em™) (functional groups) (corresponding) ‘ |
i !
] .
BC (sced E 3500-3200 -O-H- - Hydroxyl group l (Jamila et al,
extract) } , 2020)
i ‘ t |
' CeO:NPs 949-517 | Ce-O and O-Ce—O | Cerium and oxygen ' (Leung et al,
! linkages 2015)
U S o e
CS NPs 1625-1640 NH> + Amino groups - (Zafar et al,
| ' 2020) |
CeOy/CSNPs ' 1625-1640 | NHz “Amino groups (Zafar et al,
| $2020)
CIP- 712-509 Ce-C-F linkage ' Cerium linked, | (Staff, 2010)
CeO/CSNPs | Carbon, and |
%Fluorine atoms of l
' the drug ! [
U SO R | SN S
CIp 1019 T C-F 1 Carbon and | (Sasikumar,
Fluorine atoms ‘ 2013)
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Figure 6.4: FTIR spectra of synthesized nanomaterials
Key:-

(a) BC seed extract

(b) CeO2 NPs

(c) CS NPs

(d) CIP alone

(e) CIP-CeO2/CSNPs

(f) CeO2/CSNPs
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6.2.4. Zeta Potential Study ot Synthesized Nanomaterials

The surface charge of all biosynthesized nanomaterials (i.e. CeO2 NPs, CS NPs, CeO2/CSNPs,
CIP-CeO2/CSNPs, CeO2/CSNPs) was measured by ZP in the water which used as solvent
(Figure 6.5). Zeta potential is the electrical potential at the slipping plane (i.e. interface which
separates mobile fluid (e.g. water) from fluid that remains attached to the surface) .In the
previous study chitosan-coating reaction, the zeta-potential was measured as +50 mV, suggesting

that chitosan has the ability to stabilize cerium system and caused increase in dispersity.

Although CeO2 NPs showed an unstable stability with the negative ZP value of -123 + 1.58mV
(Figure 6.5a). CS NPs showed a high stability with a positive ZP value of +45+ 0.12 mV
(Figure 6.5b). CeO2/CSnanocomposite showed an excellent stability with a ZP of +62 + 0.74
mV (Figure 6.5¢). CIP-CeO2/CSdrug nanocarrier showed the best stability with a ZP of +110 £
0.65mV (Figure 6.5d). Thus, since the negative zeta potential value shifted from negative to
positive zeta potential in the presence of NH2 groups ot CS, we can conclude that, in water, the

surface charge was clearly influenced by the surface coating by CS.
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Figure 6.5 Zeta potential analysis of green synthesized nanomaterials, (a) CeO2 NPs (b), CS

NPs, (c) CeO2/CS NPs (d) CIP-CeO2/CS NPs .
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6.2.5. Encapsulation efficiency of CIP-CeO,/CS NPs

The encapsulation efficiency of CIP-CeO2/CS NPs was calculated 75% + 2.08 which confirmed
successful encapsulation of biocompatible polymer chitosan to stabilize the metallic oxide
nanoparticle CeO2 NPs and reverse its polarity to assess its antibacterial activity against MRSA

strains.

Taken together, the data revealed that the NPs were successfully prepared via green route using
BC seeds extract. Their structure, molecular interactions and elemental composition were
confirmed. The biocompatible CIP-CeO2/CSNPs were pure, small (<50 nm), well distributed),
quasi-spherical, displaying large voids, and crystalline in nature. Eventually, all these physical-

chemical characteristics were found ideal for testing them as potential anti-bacterial.

6.2.6. In-Vitro antibacterial activity of nanomaterial B (CIP-CeQO2/CS NPs)

The most prevalent mastitis causing strains were found to be E.coli, S .aureus and C.albicans
from the mastitis positive milk samples. Therefore antimicrobial potential of synthesized
nanomaterial B was tested against isolated MDR strains and synthesized nanomaterial B was
noted efficient against Methicillin Resistant S. aureus (MRSA) at very low concentration (8
pg/mlL) of nanomaterial B while E.coli and C.albicans respond at higher concentrations. Hence

MRSAwere selected as model organism and these selected strains were also found to be positive

for mecA genes.

Antibacterial activity of green synthesized nanomaterial B (CIP-CeO2/CSNPs) was evaluated by
using disc diffusion method at various concentrations i.e. MIC (8 pg/mL) and at 2ZMIC against
MDR strains and measured the respective ZI on agar plate. The data at MIC (i.e. OX (900
pg/mL) FOX (650 pg/mL), CIP 700 pg), and to NC (i.e. DMSO 10pul) has shown in the (Figure
6.6 and Table 6. 3).

Interestingly, CIP-CeO2/CSNPs presented the most significant effect by forming the largest ZI of

12 mm + 0.45 and 17 mm + 2.89 against MRSA at MIC and 2MIC values, respectively (Figure

6.6A and 6.6B). Thus, the antibacterial activity of the tested NPs was concentration dependent.
Multidrug Resistant Pathogens
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Other pure nanomaterials exhibited inherent antibacterial activities but were not as effective as
CIP-CeO2/CSNPs (Table 6.3). Importantly, OX, FOX and CIP pure antibiotic were not exerting
an antibacterial activity onMRSA (all the strains resistant to Oxoid disc of CIP 5pg, OX 1 pg,
FOX 30pg) at their MIC values.

The excellent anti-MRSA activity exerted by CIP-CeO2/CSNPs, compared to CIP alone on
mecA-positive MRSA can be explained by the size, the specific surface area, the polar surface,
the morphology and the cross-linking of doped materials (e.g. CS). Moreover, electrostatic
attraction between negatively charged bacterial cells and positively charged CIP-CeO2/CSNPs,
as confirmed by zeta potential charge value 110+£0.65mV, is crucial for the antibacterial activity.
Such interaction is not only able to inhibit the bacterial growth but also generate ROS, which
molecular mechanism is known to lead to MRSA cell death. CIP-CS based nanohybrid strongly
suggest an enhanced antibacterial mechanism thanks to the incorporation/surface coating of CS
to CeO2 NPs by ionic gelation method and the CIP conjugation which penetration into the
bacterial cells is enhanced considering the thick cell wall of resistant MRSA isolates. Taken
together, the greenly synthesized CIP-CeO2/CSNPs showed brilliant antibacterial activity against
MRSA strains and thus, provided an alternative treatment therapy to treat S. aureus -induced

mastitis infection which remains a challenge for veterinarians.
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Figure 6.6: Sensitivity of mecA4-positive MRSA to nanomaterials;

Key: (A) 1-CIP-CeO2/CSNPs at MIC (8 pg/mL), 2-CeO2 NPs (8 pg/ml), 3-CS NPs (8 pg/ml),4-
CIP (5 pg Oxoid disc) and 5-NC (DMSO);(B) 1-NC, 2-FOX (30 pg Oxoid), 3-CS (200 pg/ml),

4-Ce0O2NPs (350 pg/ml) 5-CeO2/CSNPs (75 pg/ml) ,6-OX(1 pg Oxoid), 7-CIP-CeO2/CSNPs at
MIC (8 pg/mL) ,8-CIP (5 pg Oxoid).
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Table 6.3: Zone of Inhibition induced (after 24hrs) by the green synthesized NPs against

mecA-positive MRSA.
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6.2.6.1.  Killing kinetics of Synthesized Nanomaterial B against MRSA

A more instinctive approach was considered to study the proficiency of the CIP-CeO2/CSNPs.
Indeed, the MRSA growth was further characterized by monitoring the viable cell counts using
the classic colony counting method. Each mecA-positive MRSA strain was inoculated on the
blood agar plates containing various concentrations (ug/mL) of the CIP-loaded nanocarrier (0, 8
(MIC), 16 (2MIC), 32 (4MIC)). Cell viability rates were then investigated at different time
intervals (6, 12 and 24 hrs) by counting the CFU ratios of the respective treatments to the
controls (Figure 6.7). Blood agar plates without drugs were used as the PC and those without
MRSA culture were used as NC. Remarkably, after CIP-CeO2/CSNPs treatment, the formation
of bacterial colonies was reduced in a concentration and time-dependent manner as compared to
PC. In particular, CIP-CeO2/CSNPs exerted a significantly lethal effect on MRSA colonies at the
concentration of 32 ug/mL (4 MIC) right after 6 hrs of incubation.
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Figure 6.7: Killing kinetics of MRSA isolates treated with nanomaterial B, CIP-CeO2/CS NPs.
Key:-
PC, Positive control is untreated MRSA

NC, Negative control is only sterile NB (without inoculation of MRSA)
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6.2.6.2. Morphological alterations in MRSA induced by Nanomaterial B (CIP-CeQ2/CS

NPs)
Expectedly, the morphological changes occurred MRSA isolatestreated by CIP-CeO2/CSNPsat
MIC (8 pg/mL) when monitored by SEM (Figure 6.8). The negative control (untreated MRSA)
showed round and simnooth MRSA morphology identical to what observed at 0 hrs after treatment
by CIP-CeO2/CSNPs(Figure 6.8a). Slightly deformation was visible after 4 hrs in the spherical
structure of treated-MRSA (Figure 6.8b), which was accentuated at 8 hrs (Figure 6.8c) to reach
an abrupt change at 12 hrs (Figure 6.8d). At 12 hrs post-treatment, the drastic MRSA
morphological change suggested typical wrinkled lysed cells releasing their cytosolic content
which demonstrated the potent antibacterial effect of the new developed CIP
nanoformulation.This effect is most likely mediated through the electrostatic interaction between
the positively charged NPs and the negatively charged MRSA cell wall, which subsequently
induce ROS species and ultimately cause inhibition of bacterial cell growth cell death free

radical stress is sufficient enough

o S A
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Figure 6.8: SEM micrographs showing morphological changes of MRSA isolates aftertreatment
with nanomaterial B CIP-CeO2/CSNPs using MIC (8 pg/mL) at various times intervals.

Key:-(A) 0 hrs; (B) 4 hrs; (C) 8 hrs; (D) 12 hrs; (E) Negative control (Untreated culture); (F)
Positive control (CIP 5pg commercial disc sensitive strains ).
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R
6.2.6.3.  Screening of Anti-MRSA potential of Nanomaterial B under Flow Cytometry
To further strengthen the antibacterial potential of nanomaterial B (CIP-CeO2/CSNPs) double-
staining (P1/Annexin V) method of flow cytometer and calculated the number of alive cells by a
statistical gating approach using FACS before and after treating MRSA strains with CIP-
Ce02/CSNPsusing MIC (8 pg/mL) value at 37 °C for various intervals of time (i.e. 0 hrs, 6 hrs,
and 12 hrs) (Figure 6.11). Such assay aims to determine both the necrotic death (by PI staining)
as well as the early and late apoptosis (by AnnexinV) and ultimate death in the selected
populationdensity (Hussain et al., 2012). Thereby, the death rate was negligible (0.9% + 0.62) in
untreated cells (NC) (Figure 6.11A), whereas the death rate increased in a time dependent
manner, with 1.23% + 0.52 , 40.33% + 1.79 ,87.04% + 3.92 after Ohrs (Figure 6.11B), 6 hrs
(Figure 6.11C) 12 hrs (Figure 6.11D), of incubation after treatment with the CIP-
Nanoformulation. It was clearly observed a shift from AnnexinV-stained cells at 0 hrs after
treatment to a mixed of AnnexinV/PI stained cells 6 hrs after treatment with CIP-
nanoformulation at MIC (Figure 6.11C). It can be observed that CIP-CeO2/CSNPscompromised
the cell wall integrity of MRSA cells, thereby favoring the PI permeability and uptake which led
to intercalation of PI in the dsDNA and the shift in PI fluorescence.
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Figure 6.9 Death rate of MRSA cells by FACS exposed to CIP-CeO2/CS NPs at MIC (8 pg/mL)

A-Untreated MRSA (NC);
B- 0 hrs post-treatment,
C- 6 hrs post-treatment;
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D- 12 hrs post-treatment.
6.2.7. In-Vitro Biocompatibility Analysis of Synthesized Nanomaterials
The cytotoxicity of the synthesized nanomaterials was studied by MTT assay against Bovine
mammary gland epithelial cell line. Importantly, exposure of BMGE cell lines to CeO2 NPs CS
NPs, CeO2/CSNPs and CIP-CeO2/CSNPs at various concentrations showed percent viability of
mammalian cells as compared to PBS treated cells (p<0.05) negative control and Celecoxib
which was positive control(Figure 6.12 ). It was found that bovine cells showed concentration
dependent viability such as at MIC excellent viability was found and by decreasing concentration
cells become more viable as described in Figure 6.12. Only green synthesized CeO2 NPs had a
minimal enhanced cytotoxicity compared to that of CIP-CeO2/CSNPs and CS NPs (p<0.05).
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Figure 6.10: Cytotoxicity analysis at various concentrations on BMGE cell line by MTT assay
after 24hrs of treatment with synthesized nanomaterials, PBS (100uL) was negative and

Celecoxib served as positive control.
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One of the important aspects for the in-vivo application of nanomaterials is the
hemocompatibility, as the injected nanomaterials interact firstly with RBCs before the immune
cells. Therefore, the hemolysis assay and RBCs morphology are considered an important feature
for preclinical study. Hence, potential hemolytic activity of CeO2 NPs, CSNPs, CeO2/CS NPs,
and CIP-CeO2/CSNPs using hemolysis assay on the RBCs of cow (Figure 6.13).The data
revealed negligible hemolytic activity of CIP-CeO2/CSNPs at the MIC value (8 ug/ml)
compared to the positive control triton 100X 9 (7% viable RBCs) While CeO2 NPs, Ce02/CS
NPs, CIP and CSNPs also did not induce hemolysis at various concentrations .CS NPs was even

meaningfully not different from PBS (99% viable cells) used at NC (p>0.05).

Altogether, the greenly synthesized CIP-CeO2/CSNPs are safe, noncytotoxic and

hemocompatible to mammalian cells, favoring their use for in-vivo applications.

Encapsulation of Metallic Oxide Nano-particles and Synthetic Antibiotics to Combat Mastitis Causing
Multidrug Resistant Pathogens

184



A

Chapter 6

Nanomaterial B:CIP-CeO2/CSNPs

—_ 120
]
L
o 100 I ] E l
¥ 80 |
Y i !
O 60 ) i
z n
= 40 : i
g nn
[~ zo - B g
CeO2NPs  Unloaded CSNPs CIPCe02/CS CIP pure PC NC
20 CeQ2I/CS

Nanoformulations

Figure 6.11: Hemolytic effect of synthesized nanomaterials at various concentrations exposed to
RBCs (incubation at 37°C).

Key:-
NC, PBS was used as a negative control

PC, Triton X-100 was used as Positive control.
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6.2.8. Ex-vivo antibiotic release from nanomaterial B, CIP- CeO,/CS

The ex-vivo antibiotic release profile of CIP from the CIP- CeO2/CS nanocomposite were
presented in Figure 6.12. The CIP- CeO2/CS nanocomposite exhibited the highest cumulative
drug release (88%= 1.09) at the 8hrs of incubation study (37 °C), which was compared to the
control value of CIP (91%z=+ 1.14) alone during 24 hrs. The drug release studies revealed that the
cross-linked network structure could effectively reduce the antibiotic (e.g. ampicillin sodium)
release rate and its burst effect following a Fickiadiffusion.The important criteria for developing
an effective delivery system is to ensure the sustained release of the encapsulated drug into the

physiological environment.
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Figure 6.12 The ex-vivo antibiotic release profile of CIP from the CIP- CeO2/CS

nanocomposite in PBS (pH 7.4, 37 °C) a, control CIP alone, b; CIP- CeO2/CS.
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6.2.9. Proposed mechanistic insight to the antibacterial action of CIP-CeO2/CSNPs

The chitosan has different theories for structural modification with metallic ion but it is mainly
due to the amine group (Mohandas et al., 2018). The Nitrogen atom of amine group has free lone
pair that made it reactive for antibacterial activity and structural interaction with CeO2 NPS.
Antibacterial activity of CIP-CeO2/CSNPS was tested against MRSA which has Gram-positive
cell wall. Both Gram-positive and negative bacteria have negatively charged cell wall, a
characteristic that is hypothesized to influence the interactions between the cell walls of the
bacteria and positively charged Ce +3/Ce +4 ions released from CIP-CeO2/CSNPS (Nagarwal et
al., 2009; Slavin et al., 2017). After the interaction of CIP-CeO2/CSNPS and MRSA, generation
of ROS may trigger several reactions which are toxic to MRSA (e.g. oxidation of bacterial cell
wall’s lipids, cell membrane deformation enhancing its porosity for ions and drug uptake,
inhibiting DNA synthesis and protein synthesis by interfering ribosomal subunit complex)
(Assali et al., 2017). It was previously found that CeO2 NPs was more toxic to Gram positive
compared to Gram negative due to its higher affinity with proteins and peptidoglycans
(Arumugam et al., 2015). Further, the mechanism of action of CIP-CeO2/CSNPsdepend on the
site of action whether it interact with the MRSA by internalization process or not. For non-
internalized CIP-CeO2/CSNPs, direct contact of the nanocomposite and the cell membrane
occurs, initiating antibacterial activity by generating ROS stress (Arumugam et al., 2015; Lin et
al., 2005) membrane disruption with nutrient transport functions (Lin et al., 2005). In contrast, as
shown in the (Figure 6.13) when CIP-CeO2/CSNPs is internalized after causing lysosomal
injury, oxidative stress increased, and compromised membrane integrity and subsequent cell

death occur (Lin et al., 2005; Moon et al., 2007; Xia et al., 2008).

0
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Figure 6.13 Putative molecular and cellular mechanisms of CIP-CeQ2/CS NPs mediated anti-

MRSA activity.

Key: A- Attachment and penetration; B- ROS production; C- Oxidation cell wall component; D-
Inhibition of DNA synthesis; E- Inhibition of ribosomal assembly; F- Inhibition of protein
synthesis.
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6.3. Conclusion

MRSA isolated from many infected milk samples were confirmed by disc diffusion method and
concealed mecA gene in its genome was revealed by PCR. An alternative approach was designed
to bypass the resistance mechanism of MRSA by introducing nanomaterials conjugated with at
least one large spectrum synthetic antibiotic. The present study introduced a novel composition
of biocompatible, biodegradable, and safe inorganic/organic NPs using CeO2/CS elements in
which the potent fluoroquinolone antibiotic CIP was encapsulated. The novel CIP-loaded
Ce02/CS nanocomposite was synthetized for the first time via a green route using Black
cardamom, a traditional medicinal plant. Physical characterizations (i.e. SEM, TEM, XRD,
FTIR) of CIP-CeO2/CSNPs confirmed its nanosize with uniform spherical morphology, its
efficient synthesis and antibiotic encapsulation, as well as its high stability. Importantly, the anti-
MRSA activity of CIP-CeO2/CSNPs at MIC value (8 pg/ml) was strong and efficient in compari-
son to the CIP alone, as confirmed by the disc diffusion and the broth microdilution methods.
The bacterial cell death occurred in a time and concentration dependent manner eventually
increasing ROS stress as observed by SEM, FACS (PI/Annexin V double staining). Eventually,
our data clearly showed formation that CIP-CeO2/CSNPsare nontoxic to bovine mammary gland
epithelial cells and nonhemolytic when using RBCs of cow, which flapped green signal for its in-

vivo applications.
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CHAPTER 7

GREEN SYNTHESIS OF NANOMATERIAL C,
CIPROFLOXACIN LOADED-Ag/TiO2/CS NANOHYBRID

7.1. Introduction

The use of antibiotics in the treatment of animal infection and the enhancement of animal
health are the main driving force behind the development of antimicrobial resistance in
animal husbandry (Kimera et al., 2020; Ventola, 2015). Drug resistance has been attributed to
over use or misuse of antibiotics in the cattle to treat mastitis whereas MDR (multidrug
resistant) strains induced mastitis cattle, are the major cause of economic loss in the dairy
industry, and is more likely due to irrational use of antibiotics in dairy industry(Pereira et al.,
2014).In addition, traditional antibiotics have been less effective in the treatment of infectious
diseases in dairy cattle. In this context, there is an urgent need for the production of
biocompatible antibacterial formulations that could regulate bacterial growth by means of

improved and efficient mechanisms (Abid et al., 2021).

Bimetallic NPs have received a lot of interest in the last decade in terms of study and
technology because of their distinctive optical, electrical, magnetic, and catalytic capabilities,
which are often identifiable from monometallic counterparts. Bimetallic NPs can have a
range of morphologies and are made by mixing two different types of metal NPs.They are
frequently made by reducing two metal ions simultaneously while using proper stabilising
tactics including steric hindrance and electrostatic repulsive forces. The reduction rates of the
two metal precursor components can be adjusted during synthesis to produce bimetallic NPs
with the desired size, shape, structure, morphology, and metal distribution.Such bimetallic
NPs are designed to have a synergistic antibacterial impact, and systems whose antibacterial
efficacy has recently been explored include Ag—Au, Ag-Cu, Fe-Ag, and Cu—Ni (Perdikaki et
al., 2018).Ag-Pt-TiO2 NPs prepared by Sol-gel against C. albicans,E. coli,S. aureus using
16 >256ug cm—3 studied by Jurek et al., 2015(Zielinska-Jurek et al., 2015).

In the New York State a study reported about 82% of milk fed to calves contained residues of
antibiotics (Van Vleck Pereira et al., 2016). Subsequent research studied the effect of the
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intake of antimicrobial-containing raw milk and identified an increased incidence of
antimicrobial resistance in E. coli strains of milk/dairy origin (Ventola, 2015). The rise of the
antimicrobial resistance is considered a "ticking time bomb" although the WHO has called for
a global reduction in veterinary antibiotics to phase out the use of medicinally essential
antibiotics by the food industry because of scientific evidence that antimicrobial resistance

strains were found in live stocks (Agga et al., 2015; Shrivastava et al., 2018) .

Ciprofloxacin is a fluoroquinolone class antimicrobial, widely used for a wide range of
infections, including those caused by E.coli but resistance is reported against it (Anderson et

al., 1998; van der Putten et al., 2018).

Nanotechnology is a possible response to antimicrobial resistance, which could promote
creativity and create a new generation of antibiotic therapies for potential medicines.
Sustaining existing antibiotic activity through novel formulation using nanotechnologies can
increase the therapeutic longevity of anti-infection action of existing antibiotics that are no
more effective against MDR strains. There is credible evidence of the effective use of
nanotechnologies as antimicrobials (Kumar et al., 2018). Metal oxide NPs as antimicrobial
agents demonstrated relatively high efficiency to combat MDR strains. Metal-based
nanomaterials, such as silver nanoparticles (AgNPs) and titanium, have attracted immense
attention because of their excellent efficiency against MDR bacteria owing to their electronic,
optical, and catalytic properties (Slavin et al., 2017). In addition, it is relatively simple to
synthetize AgNPs, and the mass production of metal oxide based Ag-nanohybrids is cost-
effective (Kandi & Kandi, 2015) .The antimicrobial activity of TiO2 was first reported by
Matsunaga and colleagues in 1988 (Matsunaga et al, 1988). Under near-UV light
illumination, microbial cells could be destroyed by contact with a TiO2—Pt (Gnanaprakasam
et al., 2015). Nanomaterials based on chitosan have gained considerable interest in the
biomedical field due to their unusual biodegradability, biocompatibility, protection and
antimicrobial properties (Kravanja et al., 2019) .This powerful biopolymer is capable of
enhancing the stability of AgNPs and Ag-based nano-hybrids (Marta et al., 2015). CS-based
composite nanomaterials have been reported as highly effective antibacterial agent, and found
wide applications including in drug delivery, tissue engineering, wound healing and

antibacterial activity (Abd Elgadir et al., 2015). There are many ways to develop new drug
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delivery systems using liposomes, polymer-drug conjugates, lipid-based nanoparticles and

copolymeric cells, which could improve the drug delivery (Thu et al., 2015).

Recently, the plant-mediated green synthesis of silver nanoparticles has grown into a unique
and novel field of nanotechnology. It has gained importance because of its eco-friendly and
cost efficiency with lower toxicity as compared to chemical method (Zhang et al., 2016). The
reduction properties of plant secondary metabolites are responsible for the enhanced ability of
plant extracts to produce nanoparticles with enhanced properties (Basiuk & Basiuk, 2015). M.
concanensis nimmo 1is a medicinal herb with versatile use in pharmaceutical products,
antibacterial agent, food source and water purifying agent and is used for the treatment of
variety of diseases including paralysis, menstrual pain, high blood pressure, skin tumors, liver
and kidney disease as well as to treat inflammation of joints indicating its immense

importance in health care industry (Anbazhakan et al., 2007; Balamurugan et al., 2015).

Considering the urgent need for new clinical interventions to control global issue of AMR, a
unique ciprofloxacin loaded-TiO2/Ag/CS nanohybrid was synthesized by green approach
using M. concanensis leaves extract. AgNPs and TiO2NPs were prepared by M. concanensis
leaves extract, as a reducing and stabilizing agent. Incorporation of AgNPs onto the surface
of TiO:nanomaterials was performed by wet chemical impregnation technique. The CS
encapsulation of TiO2/Ag composite followed after coupling with CIP by ionic gelation
method. Physical characterizations were performed by the routine state-of-the-art techniques
of microscopy and spectroscopy. Ciprofloxacin loaded-TiO2/Ag/CS nanohybrid was tested
for its efficacy against MDR strains of E.coli-causing mastitis in the cattle by various
standard antimicrobial assays indicating strong antibacterial potential of synthesized
nanohybrid. Eventually, we assessed the possible sustained release of the ciprofloxacin from
the hybrid material by drug release kinetics study. Cytotoxicity was evaluated by MTT assay

for veterinary application using bovine mammary gland cell lines.
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7.2. RESULTS

7.2.1. Physical Characterization of the Green Synthetized nanomaterials

7.2.1.1.  XRD Analysis

XRD pattern of TiO2NPs(Figure 7.1a)represented the(101), (004), (200), (105), (211) and
(204) plane indices that corresponds to crystalline anatase phase as supported by
(JCPDSNo.84-1285).The XRD peaks of AgNPs (Figure 7.1b) shows the (111), (200), (220),
and (311) crystallographic planes at 26 © = 38.18°, 44.25°, 64.72°, and 77.40°leading to face-
centered cubic metallic silver crystals.It can be inferred that Ag ions (Ag") are strongly
reduced by the M. concanensis leaf extract during the synthesis process .Any diffraction peak
related to silver oxides was not observed. In Ag/TiO2nanocomposite(Figure 7.1c),the
characteristic XRD peaks show the anatase phase of TiOz and the face-centered cubic silver
content without any sign of any other diffraction peaks as impurity. In CSNPs (Figure 7.1d),
the characteristic XRD peak was indicated at 21.8° crystallinity and purity of chitosan in the
nano structure.The XRD profile of Ag/TiO2/CS nanohybrid (Figure 7.1e), The XRD profile
of CIP-Ag/TiO2/CS nanohybrid(Figure 7.1f) revealed the diffraction peaks of anatase TiO2
,Ag , and CS .1t is observed that the diffraction peaks of this nanocarrier are shifted to high
angle region which indicated that foreign material i.e. CS and CIP inserted the stress on the
lattice of host material (Ag/TiO2). It is also noted that leading peak of Ag at 38.18°
overlapped with the
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Figure 7.1: XRD patterns of greenly synthetized nanomaterials.

Key: (a) TiO2 NPs (b) AgNPs (c) Ag/TiO2 nanocomposite (d) CS NPs (e) Ag/TiO2/CS
nanohybrid and (f) CIP-Ag/TiO2/CS nanohybrid.

Peak of TiO2 at 38° and suppressed the signal of TiO2.The crystalline particle size of
nanoformulations is measured about the peaks centered at (101) of anatase TiO2 and (111) of
Ag by using the Scherrer’s equation. The PS and the crystalline size of the newly developed
drug nanocarrier were 19 nmz+ 1.98 and0.9821+0.76 A in average and all other characterized
NPs.

7.2.1.2. FESEM and TEM of Nanomaterial C, CIP-Ag/TiO2/CS nanohybrid
Texture and morphological analyses of greenly synthesized TiO2NPs, AgNPs, Ag/TiO:
nanocomposite and CIP-Ag/TiO2/CS nanohybrid were determined by FESEM (Figure
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7.2).TiO2NPs, AgNPs and Ag/TiO2 nanocomposite the nanostructures showed uniform round
spherical morphology (Bokare et al., 2013) as illustrated in FESEM micrographs represented
by Figure 7.2A, 7.2B and 7.2C respectively. The particle size of TiO2NPs, AgNPs, Ag/TiO2
nanocomposite CSNPs and CIP-Ag/ TiO2/CS nanohybrid, showed from 25-55 nm, 22-40 nm,
19-35 nm and 19-75 nm, respectively. This also tentatively confirms the particles size
observed from XRD analyses. Agglomerated and spherical AgNPs were well dispersed
throughout the surface of TiO2 (Figure 7.2B).Also, it can be remarkably observed from the
Ag/TiO2 nanocomposite that AgNPs are incorporated on the surface of TiO2 (Figure 7.2C). It
is noted that there is no distinction between the TiO2NPs and AgNPs in Ag/TiO2 nano-
composite. Eventually, it was clearly seen that the biopolymer CS anchored the whole surface
of spherical Ag/TiO2 nanocomposite (Figure 7.2D). After CS grafting, it was perceived that
AgNPs remained segregate onto TiO2 surface (Figure 7.2D).

EDX analysis was done to investigate the elemental distribution of the four nanostructures
(Figure 7.2). Figure 7.2A displayed the Ti and O signals supporting the TiO2 NP synthesis.
Figure 7.2C revealed the peaks corresponding to the Ti, O and Ag in
Ag/TiOz2nanocomposite. It was cleared from the signal that [.2 wt% nominal content of Ag
was closed to its stoichiometric value of 2.0 wt% solution of AgNPs exploited for the
fabrication of Ag/TiO2 nanocomposite. The signal of C in Ag/TiO2nanocomposite can be
ascribed to the carbon substrate/grid. No additional peaks were observed which indicated the
purity level of the synthesized nanoformulations Figure 7.2B showed elemental profile of
AgNPs which determined the sharp signal of Ag element. Finally synthesized CIP-Ag/
TiO2/CS nanohybrid elemental spectrum was shown in the Figure 7.2D which displayed the
peak signals corresponding to TiO2, Ag, TiO2/Ag and CS, other peaks or modifications in

signal intensity may be attributed to incorporation of CIP.
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Figure 7.2 FESEM images of nanomaterials,

Key: (A) TiO2NPs (B) AgNPs, (C) TiO2/Ag nanocomposite (D) CIP-Ag/TiO2/CS nanohybrid
TEM analysis (E) TiO2/Ag composite (F) CIP-Ag/TiO2/CS nanohybrid and (G) SAED.

The TEM results confirmed the outcomes of FESEM analysis, as shown in the Figure 7.2E
and 7.2F round and spherical morphology was depicted, while purity of the newly developed
CIP-TiO2/Ag/CS nanohybrid was observed by SAED as shown in the Figure 7.2G.The
particles size of Ag/TiO2 composite and CIP-Ag/Ti02/CS nanohybrid was 47 -75nm and 20 -
80nm respectively The SAED pattern of the prepared CIP-Ag/TiO2/CS nanohybrid
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demonstrated Ag/TiO2 contained a face-centered cubic crystalline phase. SAED pattern
further exhibits discrete circular diffraction rings corresponding to anatase phase of TiO2 NPs.
Moreover SAED showed less agglomeration which further supported the facts that

phytocompounds of leaf extract of moringa and chitosan contribute their role.

7.2.1.3.  FTIR Analysis of Synthesized Nanomaterials

FTIR spectra of TiO2NPs, AgNPs, CSNPs, Ag/TiO2 nanocomposite, unloaded Ag/TiO2/CS
Nanohybrid and CIP-Ag/TiO2/CS Nanohybrid are displayed in Figure 7.3. The FTIR
spectrum of pure TiO2(Figure 7.3a) exhibited emerging characteristic peaks of absorption at
3408cm™ which belongs to superposition of the hydroxyl groups (O-H) that evidences the
coordination of water molecule to Ti*'cations. The absorption band cantered at 2928 cm' is
assigned to C—H stretching vibrations. The signature at 1603 cm™! can be attributed to C=0
stretching vibrations due to the butyl group, organic species as starting precursor solutions
and adsorbed water molecules on the surface of the nanoformulations. The absorption band in
the range of 766-610 cm™' is related to the Ti — O bonding that authenticates the formation of
TiO2.The FTIR spectrum of AgNPs (Figure 7.3b) revealed the characteristic peak at 3424
cm™' corresponding to O—H stretching vibrations of adsorbed water molecules. The peaks at
2919 cm™! and 2841 cm™! indicated alkanes (C—C) stretching vibrations. The signature that
appeared at 1625 cm™' is attributed to bending vibrations of alkene group.The peak at 1099
cm'was assigned to the asymmetric and symmetric C=0 stretching vibrations due to
carbonyl group present in leaf extraction. Alkanes, alkenes and carbonyl groups of leaves
extraction are mainly involved in the reduction of Ag” to AgNPs. The FTIR spectrum of
TiO.2/Ag nanocomposite (Figure 7.3¢) displayed bands ranges in the region from 800 to 530
cm'that are attributed to Ti—O stretching mode and Ti—O—Ag/Ag~O-Ti linkage. The FTIR
spectrum of CS (Figure 7.3d) exhibited a high absorption peak of 3423 cm™! and 1636 cm’!
due to the availability of a free —OH group from water molecules, amino group and a C=0
carbonyl moiety group. The value at 1018 cm™ corresponded to the throttle vibration of the
C-0O—C bond of epoxy or alkoxy. The signature at 1269 cm™ and 1419 cm™'was due to C—O
and CH-OH bonds. The FTIR study of unloaded Ag/ TiO/CS (Figure 7.3¢) characteristic
peaks of metal components and CS differential peaks were prominently showed in the

spectrum. Moreover the binary junction of Ti —O and Ag metals was also displayed in the

: : . .
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spectrum. The FTIR of CIP-Ag/ TiO2/CS nanohybrid (Figure 7.3f) showed peaks at around
1010 cm™! and 1600 cm! that are correlated with aromatic bending and stretching. It is clear
that the absorption peak centered at 596 cm™ is due to the metal oxygen metal (Ti—-O—Ag)

mode of vibration.

Transmittance%
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W ~<1_ " s

500 1000 1500 2000 2500 3000 3500 4000
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Figure 7.3 FTIR spectrum of green synthesized nanomaterials,

Key:(a) TiO2 NPs (b) AgNPs (c) Ag/TiO:nanocomposite (d) CS NPs (e) unloaded Ag/
Ti02/CS Nanohybrid and (f) CIP-Ag/ TiO2/CS Nanohybrid.
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7.2.1.4.  Zeta Potential Analysis
Zeta potential is the capacity of suspended particles to affect their stability and the zeta

potential greater than 30mV or less than-30mV can be distributed permanently in the
medium.The zeta potential values of AgNPs (Figure 7.4a), TiO2NPs (Figure 7.4b), TiO2/Ag
nanocomposite(Figure 7.4c) and CSNPs (Figure 7.4d) were -110, -123 mV, -200 mV and
35.12 mV, respectively. The newly synthesized CIP-Ag/ TiO2/CS nanohybrid showed good

stability with a zeta potential value of 67.45mV (Figure 7. 4e).
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Figure 7.4 Zeta potential of green synthesized nanoformulations,

Key: (A) TiO2 NPs, (B) Ag NPs, (C) Ag/TiO2 nanocomposite, (D) CS, (E) CIP-Ag/TiO2/CS

nanohybrid.
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7.2.2. Encapsulation efficiency of CIP-Ag/TiO,/CS nanohybrid
The encapsulation efficiency of CIP-Ag/TiO2/CS nanohybrid in the CS system was found as

90% + 2.07 which was excellent to deliver target antimicrobial agents at the site of infection.

7.2.3. Antibacterial activity of greenly synthesized nanomaterial C, CIP-Ag/ TiO, /CS

Antibacterial activity of synthesized nanomaterial C was tested against isolated MDR strains
of E.coli, S. aureus and C.albicans from the mastitis positive milk samples. Antibacterial
activity was screened by disc diffusion method and it was studied that nanomaterial C was
effective against £.coli strains as compare to S. aureus and C.albicans strains. On the basis of
MIC determination, nanomaterial C was found proficient to inhibit the growth of MDR E.coli
at lowest concentration 0.0512 pg/mL as shown in Figure 7.5 A&B. As E. coli was
considered to be MDR on the basis of a resistant pattern against synthetic antibiotics that are
generally used for the cure of mastitis. The ciprofloxacin was considered most efficient drug
but according to the present study it has lost its efficacy, E.coli strains have developed
resistance against this drug and become super bugs by showing resistance against all the
recommended values of MIC by employing E-strip method. The CIP-Ag/ TiO2/CS
nanohybrid was found most efficient and active antimicrobial agent, means of zones of

inhibitions of £.coli produced by nanoformulations were measured.

As shown in the Table 7.1 dose dependent antibacterial property of chitosan, Ag/TiO2
nanocompositeandciprofloxacin loaded CS nanohybrid was observed. CIP-Ag/ TiO2 /CS
nanohybrid exhibited highest zone of inhibition of 23mm+ 1.185 by using 0.2048pg/ml of
CIP-Ag/ TiO2/CS nanohybrid which is an admirable antibacterial activity.
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Table 7.1: Zone of inhibition, SD values of synthesized nanoformulations and synthetic

antibiotic at various concentrations against MDR E.coli.

Antimicrobial Agents Concentrations (pg/mL) and Zone of Inhibitions (mm)
MICs MICsX2 MICsX3
Loaded CIP-] 15+ 1.06 18+ 0.98 23+ 1.185
TiO2/Ag/CS
UnloadedTiO2Ag/CS 7+ 0.03 9+0.10 10+ 1.35
Ag/TiO2 Nanocomposite | 5+ 0.12 7+0.14 9+1.76
TiO; NPs 2+0.11 9+1.05 11+0.40
Ag NPs 3.5+ 0.02 8+ 1.13 12+ 1.79
CS NPs 1£0.17 3+ 0.90 7+ 0.64
CIP 0.9+0.03 2+ 0.48 5+ 0.58
DMSO - - -

7.2.3.1.  Killing kinetics Study of nanomaterials against MDR E.coli

According to the current findings CIP-Ag/TiO2/CS nanohybrid is highly effective in
combating MDR E. coli as reflected in Figure 7.6 which presented killing kinetic curve. The
growth of MDR E.coli was ceased by CIP-Ag/TiO2/CS nanohybrid within 6-8hrs of
incubation by reducing the OD values close to the negative control of study (autoclaved
nutrient broth) as shown in Figure7.6. Antibacterial activity was remarkable as observed in
this study by the synthesized nanoformulations particularly CIP-Ag/TiO2/CS nanohybrid
halted the growth of E.coli within few hours of exposure. The findings showed a mutual

antibacterial activity of ciprofloxacin with the Ag/ TiO2/CS composite.
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Figure 7.5 Antibacterial activity of nanomaterial C, (A) Zone of inhibition exhibited by
synthetic and prepared antimicrobial agents, (B) ZIs shown by synthesized nanoformulations

at respective MICs.
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Figure 7.6 Killing kinetics curves for MDR E. coli at 0.0512pg/mL (MIC),

Key: (a) NC (pure NB), (b)CIP-Ag/ TiO2/CS nanohybrid (c) unloaded Ag/TiO2/CS, (d)
Ag/TiO2, (e) AgNPs, (f) TiO2NPs; (g) CS, (h) CIP (i)PC (positive control E.coli in broth).

7.2.4. E. coli cell morphology alterations mediated by CIP-TiO2/Ag/CS nanohybrid

FE-SEM and TEM is been used to visualize the CIP-TiO2/Ag/CS nanohybrid-induced
potential morphological alterations on MDR E. coli using respective MIC. After treating the
bacterial cells with CIP-Ag/ TiO2/CS nanohybrid cytolysis in E. coli cells can be seen in
Figure 7.7 and 7.8. In the control group (untreated) cells shown intact, uniform, and plump
morphology as seen in Figure 7.7A and 7.8A; however, after 6 hrs of treatment, the surface
of the previously healthy E.coli cells showed deep rill like folds which led to the detachment
of membrane from the cell wall (Figure 7.7B and 7.8B). Almost all cells have low density
regions in their center, which clearly indicates cytoplasm was damaged by the nanohybrid

and outer membrane was disintegrated but the cytoplasmic shape was still maintained
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(Figure 7.7B and 7.8B). CIP alone was tested against E.coli strains and results were
concluded in the (Figure 7.7D, 7.8E and 7.7F), by the FE-SEM and TEM (Figure 7.8D,
7.8E and 7.8F).

Figure 7.7: FESEM micrographs displaying morphological changes in MDR E. coli cells

- treated with CIP-Ag/TiO2/CS nanohybrid at MIC (0.0512 pg/mL) and at different intervals of
time.
Key: (A) Untreated MDR E.coli cells; (B) MDR E.coli cells after 6 hrs of incubation;(C)
MDR E.coli cells after 12 hrs of incubation;(D) E.coli with CIP at Ohrs; (E) CIP at 6hrs and
(F) CIP at 12hrs culture of E.coli.
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Figure 7.8: TEM micrographs displaying Ultrastructural changes in MDR E. coli cells
treatedwith CIP-Ag/TiO2/CS Nanohybrid at MIC (0.0512 pg/mL) and at different intervals of
time.

Key:(A) Untreated MDR E.coli cells; (B) MDR E.coli cells after 6 hrs of incubation (C)
MDR E.coli cells after 12 hrs of incubation. (D) E.coli with CIP at Ohrs; (E) CIP at 6hrs and
(F) CIP at 12hrs of E.coli treatment.
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7.2.5. Live/Dead Assessment of CIP-Ag/ TiO2/CS Nanohybrid-Treated Bacteria by
Flow Cytometry

Antibacterial activity of synthesized nanomaterial C, CIP-Ag/ TiO2/CS was double checked
by live/dead assay using flow cytometry. E.coli exhibited increased cell membrane damage
and cell inclusion leaking when treated with CIP-Ag/ TiO2/CS nanohybrid, as confirmed by
flow cytometry analysis. Annexin V-FITC and PI dyes were used to reveal stages of
apoptosis in the E.coli cells after interacting with CIP-Ag/TiO2/CS nanohybrid.
Phosphatidylserin is a phospholipid abundant in the internal surface of the plasma membrane
that is exposed to calcium-dependent signals in the outer leaflet during early apoptosis. PI, an
intact impermeable dye can only pass via the cells until it is weakened or dead. In connection
with PI, we have obtained a rapid and reliable analysis of cellular structural damage based on
a flow cytometric analysis. These result showed that untreated cell population in the right
upper quadrant late apoptotic cells which was found 0.19% and 99.81% cells were live in the
lower left quadrant as shown in the Figure 7.9A. In the treated cells findings were
highlighting the efficacy of nanomaterial C by displaying 67.87% of late apoptotic cells and
32.13% live cells as shown in the Figure 7.9B. Late apoptosis occurred when nanohybrid
penetrated in the E.coli cells instigated death as PI dye is permeable to dead cells only. The
E.coli cells in the late apoptotic stage were sensitive to Annexin V-FITC dye showing the
damaged cell membrane and leakage of content was confirmed by PI binding. it was
observed that cell death caused by CIP-Ag/ TiO2/CS nanohybrid displays initially higher late
apoptotic attributes. Cohesively, data show that CIP-Ag/ TiO2/CS nanohybrid increased the

permeation of the E.coli cells, potentially leading to cell harm or death.
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Figure 7.9 Flow cytometer data nanohybrid-induced cell death. A-control (untreated), B-
CIP-Ag/TiO2/CS nanohybrid-treated E.coli cells.
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7.2.6. Ex-vivo Antibiotic release study CIP-Ag/ TiO2/CS nanohybrid

The ex-vivo drug release profile of CIP from the CIP-Ag/ TiO2/CS nanohybrid presented in
Figure 7.10. The CIP-Ag/TiO2/CS nanohybrid demonstrated the cumulative drug release
(89%= 2.43) at 8® hrs of incubation, which was compared to the control value of CIP (94%
1.97) during 24 hrs. The result has confirmed that the drug conjugated with Ag/TiO2/CS
nanoparticles and encapsulated in chitosan nanoparticles has improved stability in the acid
medium and sustained and prolonged release of the drug. This stability and regulated release
is due to chitosan encapsulation and most possibly due to the hydrophilic nature of chitosan.
The antibiotic ciprofloxacin was trapped within the polymer matrix of chitosan, which
supported the slow release of drugs through the diffusion process. Taken together, it was

noted that burst CIP release at 8 hours, followed by a sustained release in next 24 hours.
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Figure 7.10 Ex-Vivo antibiotic release profile of CIP-Ag/ TiO2/CS Nanohybrid in PBS (pH
7.4, 37 °C).
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7.2.7. Ex-vivo Biocompatibility Analysis of CIP-Ag/TiO2/CS nanohybrid on
Mammalian Cell lines and RBCs
A- MTT Assay using BMGE Cells

Since most nanoparticles are semi-or totally synthetic, in vivo toxicity is critical. Particularly
if the nanoparticle contains an antibiotic in a formulation that can affect the normal
metabolism of antibiotics this may reduce the toxicity profile of the antibiotic allows safer
use of these drugs. Potential cytotoxicity at various concentrations (0.02, 0.1 and 0.2 ug/mL)
was being analyzed on primary cultures of proliferating bovine mammary gland epithelial
cells (BMGE).It was found BMGE cells metabolically viable and proliferating after
treatment, in a dose-dependent manner with synthesized nanoformulations which were Ag
NPs, TiO2 NPs, and TiO2/Ag nanocomposite, CS NPs, CIP pure, Ag/ TiO2 /CS Nanohybrid
and CIP-Ag/ TiO2/CS nanohybrid. The cells treated with PBS were used as a negative control
and celecoxib drug was used as positive control. As shown in Figure 7.11, viability of
BMGE cells was calculated 95.23% at lowest concentration (0.02 pg/mL) while 93.08% cells
were viable at highest concentration of CIP-Ag/TiO2/CS nanohybrid (0.2 pg/mL).The
viability pattern using different concentration of synthesized nanoformulations exhibited in
Figure 7.11. The current study deep-rooted the biocompatibility of synthesized
nanoformulation for BMGE cells by displaying good viability pattern.

The good viability of BMGE cells in the presence of CIP-Ag/TiO2/CS nanohybrid is likely
due to the indirect exposure of cells to Ag/TiOz that is safeguarded by biocompatible polymer

of chitosan nanoparticles whereas ciprofloxacin is already approved safe drug.

Encapsulation of Metallic Oxide Nano-particles and Synthetic Antibiotics to Combat Mastitis Causing
Multidrug Resistant Pathogens

210



U

Green Synthesis of Nanomaterial C, Ciprofloxacin Loaded-Ag/TiO2/CS Nanohybrid

120 B 0.02 ug/mi

® 0.4 ug/ml
) © 0.2 ug/ml
S s il
~ e
2 5
o b
g N |
] .
3 '
> ;

TiIO2NPs AgNPs Unioaded CS NPs CIP- CIPpure AgQTiO2 Celecoxib  PBS

AgITiO2CS AgITio2/CS

Nanoantimicrobial Agents

Figure 7.11: Biocompatibility analysis is of nanomaterials at various concentrations.

Key:-
A-PC, Celecoxib

B-NC, PBS
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B- Hemolysis Assay using RBCs of Cow

Blood tissue encounters directly or indirectly with nanoparticles and able to transport
nanoparticles to other cells, tissues, and organs. For this reason, it is highly required to study
the toxicity on blood, mainly erythrocytes. Hemolysis assay was designed to study toxicity on
RBCs after exposure to all green synthesized nanomaterials at various concentrations (0.02,
0.1 and 0.2 pg/mL). Nanomaterials were allowed to interact for 2hrs of incubations and
findings were displayed in the Figure 7.12. Furthermore, study revealed that RBCs were
viable after exposure to Ag NPs, TiO2, Ag/TiO2, Unloaded Ag/TiO2/CS NPs, CIP pure, and
CS NPs. It was apparent that CIP-Ag/TiO2/CS nanohybrid treated RBCs were more viable
(98.23 %) caused no release of hemoglobin from RBCs when results compared with positive

control Triton.

Hence, newly synthesized CIP-Ag/TiO2/CS nanohybrid showed negligible hemolysis of
RBCS and proposed hemocompatibility, biocompatibility and nontoxicity of CIP-
Ag/Ti02/CS nanohybrid for human and animal cells as well.
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Figure 7.12 Study of hemolysis potential of nanomaterials on RBCs of cow at various

concentrations,

Key:-A-PC, Triton 100X, B-NC, PBS
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7.2.8. Proposed CIP-TiO2/Ag/CS nanohybrid-mediated antibacterial activity
mechanism

Taken together, the current data underline a possible mechanism mediated by CIP-Ag/
TiO2/CS Nanohybrid involved an initial step of adhesion of the particles to the cell wall,
followed by its destruction of the cell wall (detachment from the outer membrane) to
penetrate and disrupt the cell integrity ultimately leading to apoptotic cell death. Thereby, as
compared to CIP alone, the enhanced bactericidal effect could be attributed to a synergistic
effect of CIP with TiO2/Ag nanocomposite, moreover the surface charges modification of
CIP-Ag/ TiO2 /CS Nanohybrid by the biocompatible CS doping. Previous studies (Marta et
al., 2015; Vijayalakshmi & Sivaraj, 2016) reported that TiO2/Ba hybrid nanoclusters
effectively reduced cell count for both Gram-positive and Gram-negative bacteria. Besides,
it was reported that CS can enhance the permeability of the cell membrane via the interaction
of anionic groups on the cell (Shahriar et al., 2019). The presence of —-NH bond is important
for antimicrobial activity of CS (Rabea et al., 2003).

Then, CIP anchored to CS trigger liberation of Ag* from the nanohybrid material, enhancing
Ag’ penetration/entrance into the cell through the cell membrane and subsequently enhancing
the ROS levels leading to cell death (Qian et al., 2011). Meantime, it is known that TiO2
further disrupt the barrier properties of the outer membrane of the bacteria by ROS. CIP is an
exceeding energetic antibiotic against diverse microorganisms and effectively causes double-
stranded DNA (dsDNA) breaks and inhibits the DNA gyrase (Campolis et al.,
1988).Eventually, the synergistic action of each entity of the newly biosynthesized
nanohybrid has led to the disruption of the cell membrane and ROS-mediated oxidative stress

resulting into the improvement of the antibacterial activity (Figure 7.12).
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Figure 7.13: Putative CIP-TiO2/Ag/CS nanohybrid-mediated cellular and molecular

bactericidal mechanism.

The green synthesized CIP-Ag/TiO2/CS nanohybrid have been prepared by using unique
leaves extract of Moringa concanensis which is less explored for the synthesis of
nanoparticles. This newly developed CIP-Ag/TiO2/CS nanohybrid is not reported to treat
mastitis caused by MDR E.coli .The nanoparticles obtained in the study had small particle
size (20-40nm), suitable polarity (67.45 mV) due to chitosan encapsulation which may
increase the drug penetration into the MDR E.coli cells as evident by flow cytometry and
improve its antibacterial activity to overcome resistance mechanism. The results showed that
CIP-Ag/TiO2/CS nanohybrid con successfully inhibit the growth of MDR E.coli strikingly
with lowest MIC value than MIC of ciprofloxacin itself. It was anticipated that CIP-
Ag/Ti02/CS nanohybrid could be applied broadly in the treatment of livestock infectious
diseases (mastitis) as an alternative therapeutic agent in the field of medicine due to highly

biocompatibilities.
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7.3. Conclusions

This research was conducted to improve the effectiveness of existing groups of antibiotics
(ciprofloxacin) and to reduce dosage and mitigate associated toxicity. The study illustrates
the successful development of CIP-Ag/ TiO2/CS nanohybrid. The green synthesized CIP-
Ag/TiO2/CS nanohybrid exerted excellent antibacterial activity at relatively very low MIC,
compared to ciprofloxacin alone. The synthesis of Ag/ TiOz occurred through reduction of M.
concanensis leaves extract followed by ionic gelation method for conjugation of CIP and CS
encapsulation. The excellent rapid anti E.coli activity was exhibited by the synthesized
nanohybrid formulation. Flow cytometry revealed cell membrane damage leading to cell lysis
as confirmed by SEM and TEM as major morphological alterations were seen in E.coli cells.
Drug released kinetics exhibited sustained drug release from the nanohybrid. The nanohybrid
was proved to be safe and nontoxic on bovine mammary gland epithelial cells and RBCs of

COW.
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CHAPTER 8

NANOMATERIAL D: GREEN SYNTHESIZED CIP-Ag/TiO2/
Fe203/CS TERNARY COMPOSITE

8.1. Introduction

Microbial resistance to numerous conventional antibiotics trigger by MDR pathogens have
recently become a major cause of morbidity and mortality around the world. This has
prompted efforts to produce novel, alternative antibacterial materials that address the problem
of multidrug-resistant pathogens. To tackle MDR bacteria, a variety of different strategies
have been developed. Several in vitro investigations have shown that combinations of
essential  oils/plant  extracts,  conventional  antibiotics/plant  extracts, and

phytochemicals/antibiotics have considerable antibacterial activity.

Nanotechnology has become widespread alterative therapeutic agents due to advantageous
physicochemical features, such as antibacterial properties and remarkable biocompatibility,
nanotechnology using nanoscale materials, specifically multimetallic nanoparticles (NPs), has
sparked attention(Arora et al., 2020). Dairy farmers believe that mastitis is one of the major
reasons for economic fluctuation that ultimately affect the national economy (Ashraf &
Imran, 2020). Due to emergence of MDR strains cost to treat infection has become difficult

and expensive (Nielsen, 2009).

Bimetallic and multimetallic NPs possess a promising potential as antimicrobial agents and
have the tendency to exert significant contribution in livestock industry. Further researches
are made for the synthesis of highly effective agents based on bimetallic or multimetallic
combinations is being carried out in a systematic fashion. To bind multimetallic species,
porous support is used in terms of encapsulation, which also increases surface area. Targeted
outcome of these studies has the delivery of novel, efficient, and robust nanostructured
systems able to significantly contribute toward battling the major problem of bacterial spread

and antimicrobial resistance. The developed materials engineered to fit the targeted
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applications, be provided in various formulations, and be ready to be applied on various

surfaces (Arora et al., 2020).

Nanoparticles (NPs) are emerging as promising tools to help mitigate the rise of antimicrobial
resistance (Zhang et al., 2016). Metallic oxide nanoparticles can encapsulate and deliver
antimicrobial agents to improve drug pharmacokinetic and pharmacodynamics profiles,
ultimately resulting in improved treatment outcomes (Bankier et al., 2018). Sustained drug
release formulations decrease dosing frequencies and simplify dosing regimens, which can
improve passivity and subsequently reduce resistance development rates from mismanaged
drug use (Bikiaris et al., 2007; Wang et al., 2017). Targeted NPs can be especially effective at
improving therapies by binding to and accumulating at sites of infections (Lu et al., 2017).
Targeted NP delivery elevates the local concentrations of antibiotics in close proximity to
bacteria, which increases drug antimicrobial activities. Targeted delivery can also reduce off-
target side-effects, and enable or revive the use of older-generation antibiotics. For the green
synthesis of metallic oxide NPs, medicinal important plants have been used extensively
(Singh et al., 2018). Moringa species are famous as they contain various phytoconstituents
such as alkaloids, saponins, tannins, steroids, phenolic acids, glucosinolates, flavonoids and
terpenes. The diversity of these phytochemicals in the genus contributes to its numerous
pharmacological uses. About 110 compounds were identified from the genus. Recently,
isothiocyanates have become a major research interest of Moringa for their various biological
activities such as their anticancer, antidiabetic, antimicrobial, and anti-inflammatory effect
(Padla et al., 2012; Waterman et al., 2015) Among the 13 species, research is limited to
Moringa oleifera, Moringa stenopetala, Moringa concanensis, and Moringa peregrine(Abd

Rani et al., 2018).

The Iron oxide (III) is a very stable oxide, it crystallizes in hexagonal form and is found in
nature as the mineral hematite a-Fe2Os. The Fe2O3 NPs bactericidal effect against E. coli and
S. aureus has been reported, where an increase of this effect is observed, as the concentration
of iron oxide NPs increases. In the presence of iron-oxide nanoparticles at 0.15 mg/mL, the
largest reduction was seen when compared to other concentrations (0.01 mg/mL, 0.05

mg/mL, and 0.1 mg/mL). In comparison to E. coli and P. aeruginosa, S. aureus showed the
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greatest inhibition at 0.15 mg/mL of iron-oxide nanoparticles (Thukkaram et al., 2014).
Another study reports on the bactericidal activity of nanostructured hematite against a variety
of Gram-positive and Gram-negative bacteria; P. aeruginosa, S. aureus, K. pneumoniae,

Lysinibacillussphaericus and Bacillus safensis(Jiménez et al., 2019).

Noble metals such as Ag, Au, Pt, and Pd deposited on TiO: surfaces enhance the
antimicrobial activity of TiO2 NPs. This is mainly due to the noble metals acting as electron
traps, which promote interfacial charge transfer processes in the composites (S. Li et al.,
2018; Zielifiska-Jurek et al., 2015).Thus, highly efficient antimicrobial agent that are
modified with incorporation of noble metals can be prepared to combat AMR issue.
Moreover, the anatase TiO: nanoparticles on the surface of the Fe:0; exhibit high
antimicrobial activity due to their large specific surface area and high crystallinity (Saranya et
al., 2020). Ag nanoparticles, which are well deposited on the surface of the Fe203-TiO2
composite by a green synthesis route, combine with TiO2 to form the Ag— Fe203-TiO2
heterostructure. The heterostructure can improve the lethal properties against MDR
pathogens causing mastitis infection(Mohamed et al., 2019; Razani et al., 2017). Chitosan is
well known biopolymer with excellent antimicrobial and antioxidant properties due to
presence of amino groups which act as scavenger of free hydroxyl radicals .The degree of
deacetylation further increases its antioxidant and antimicrobial property. The CS
encapsulation of antibiotics metallic oxide NPs protect them from external environmental
factor which degrade antibiotics and NPs, before site of action. Chitosan encapsulation can

also mask toxicity of NPs and enhance its antibacterial potential (Raza et al., 2020).

Ciprofloxacin belongs to fluoroquinolones class, commonly prescribed for a wide variety of
infections, including those caused by Gram positive and Gram negative. Present study mainly
consider CIP as target drug to retrieve its antibacterial potential which was lost due to misuse

or excessive use in order to treat mastitis.

Mechanism of action of CIP triggered ,When CIP binds with DNA gyrase form complex

with DNA, the single-stranded DNA breaks cannot be re-ligated and thus accumulate, leading

to double-stranded DNA breaks. A similar mechanism is hypothesized for topoisomerase IV

(Anderson et al., 1998; van der Putten et al., 2018). Development of resistance produced by
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bacterial strains against ciprofloxacin is due to mutations in genes producing ciprofloxacin

target proteins and efflux pump regulators, resulting in efflux pump overexpression.

However, the basis of ciprofloxacin resistance is not yet fully understood.

From the above facts, there is serious need of new and safe therapeutic agent which can
bypass the resistance mechanisms in order to combat MDR pathogens such as E.coli, MRSA
and MDR C.albicans .The present study proclaims a new and unique Ciprofloxacin loaded
Ag/TiO2/ Fe203/ CS nanohybrid system which principally based on eco-friendly mode of
synthesis. AgNPs, TiO2 NPs and Fe2O3 were prepared by M. concanensis aqueousleaves
extract, as a reducing agent. Incorporation of AgNPs onto the surface of TiO2 and Fe20s
nanomaterials was performed by wet chemical impregnation technique, eventually CS
encapsulation by ionic gelation method. Physical characterizations were performed by
standard tools of microscopy and spectroscopy. Ciprofloxacin loaded Ag/TiOz/ Fe203/ CS
nanohybrid was tested for its antimicrobial potentials against various MDR strains of £.coli,
MRSA and C. albicans causingmastitis in the cattle. Ultimately, Invivo antimicrobial
efficiency of such biocompatible hetero-nanosystem was assessed in induced infection model

in rabbits.
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8.2. Results

8.2.1. XRD Analysis

XRD profile of synthesized nanomaterials, pure CIP and leaves extract powder have been
shown in the Figure 8.1. The XRD patterns of synthesized nanostructure were clearly
presented the insight of fabricated products. Figure 8.1a shows the diffraction peaks of pure
ciprofloxacin with the occurrence of dominant signals at 20 of 12 °, 20 9, 29 ©,30°,31°,359,39°,
As shown in the Figure 8.1b plant extract expressed many small and weak signal in the
spectrum while irregular shaped peaks at 20 ° = 19.5 and broader dominant peak at 29 were
expressed more prominently. The XRD of pure Fe203 (Figure 8.1¢) showed dominant signals
at 20 of 24°, 33°, 36° 41° 49°, 54° 58° 63° 64° corresponds to Fe203 (012) (104) (110), (113),
(024) (115), (112), (214), (300) were well matched with JCPDS Card No. (00-001-1053). The
XRD peaks of Ag NPs (Figure 8.1d) showed the (111), (200), (220), and (311)
crystallographic planes at 260 ° = 38.18°, 44.25°, 64.72°, and 77.40°leading to face-centered
cubic metallic silver crystals.The XRD of pure TiO: (Figure 8.1e) represents the (101),
(004), (200), (105), (211) and (204) plane indices that corresponding to crystalline anatase
phase as supported by (JCPDSNo. 84-1285). XRD profile of chitosan (Figure 8.1g) drug
loaded encapsulated Ag/TiO2nano-hybrid system possesses the diffraction peaks of Ag,
anatase TiO:2 (Lei et al., 2012) and chitosan. It is also noted that leading peak of Ag at 38.18°
overlapped with the peak of TiO2 at 38° and suppressed the signal of TiO2. Moreover the
XRD of CIP-Ag/TiO2/ Fe203/ CS Ternary composite which confirming the characteristic
peak of chitosan at 21.8°, dominant peak of TiOz at 20 °© = 29, 44.2°, significant appearance
of Fe203 at 20 ° = 33°,36°,49°,54° and dominant signal of Ag NPs at 64° were observed in the
Figure 8.1h. The noticeable region in the CIP-Ag/TiO2/ Fe203/ CS Ternary composite was
presence of Fe-Ag-Ti linkages of heterojunction.17-21. XRD analysis further extended the
findings of CIP-Ag/TiO2/ Fe203/ CS Ternary composite by exhibiting the diffraction peaks
shifting was found in the ternary composite to high angle region that specifies the
impregnation of foreign material i.e. chitosan and ciprofloxacin supplements the strain on the

crystalline matrix of metallic oxides.
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Figure 8.1 XRD spectrum of synthesized nanomaterials,

Key: Ciprofloxacin (a), pure plant powder (b), pure Fe20s3 (c), pure Ag NPs (d), pure TiO2
NPs (e), Ag/TiO2 nanohybrid (f), pure chitosan NPs (g), CIP-Ag/TiO2/ Fe203/ CS (h).
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8.2.2. SEM and EDX Analysis
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Figure 8.2 SEM analysis of synthesized nanomaterials,

Key: Pure chitosan NPs (A), Ag/TiOz nanohybrid (B), Fe203 (C) and CIP-Ag/TiO2/ Fe203/
CS Ternary composite (D). EDX spectra of prepared nanomaterials, chitosan NPs (E ),
Ag/TiO2 nanohybrid (F), Fe203 (G) and CIP-Ag/TiO2/ Fe:03/ CS Ternary composite(H).

The Figure 8.2 represents the SEM photographs of chitosan, green synthesized Ag/TiO2
nano-hybrid, pure Fe2O3 NPs and CIP-Ag/TiO2/ Fe203/ CS Ternary composite. SEM
confirmed the size of chitosan NPs 23-30nm, Ag/TiO; NPs 25-40nm , Fe203 nanorods diameter of
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2-6nm and CIP-Ag/TiO2/ Fe203/ CS Ternary composite ranging from 5-7nm. The spherical

and agglomerated morphology of both chitosan and Ag/TiO2 hybrid was presented in the
Figure 8.2Aand 8.2B respectively. SEM analysis further revealed the surface morphology
of Fe203 nanorods as shown in the Figure 8.2C .1t is clearly seen (Figure 8.2D) in green
synthesized CIP-Ag/TiO2/ FexO3/ CS Ternary compositethat Ag NPs and Fe2O3 are
incorporated on the surface of TiO2. Ag NPs are not integrated into the lattice of crystalline
TiOz. 1t is noted that there is no distinction between the TiO2, Fe2O3 and Ag NPs in Ag/TiO2/
Fe203 nano-hybrid. Furthermore it is clearly seen from the image that chitosan anchored the

whole surface of nanorods Ag/TiO2 / Fe2O3 and selected antibiotic CIP.

EDX analysis was used to investigate the elemental distribution of synthesized TiO2 NPs and
green synthesized Ag/TiO2 nano-hybrid. The relevant data of EDX is listed in Table 8.2.
Figure 8.2E indicates the signals of Ti and O which confirmed the synthesis of TiO2 NPs.
The peaks corresponding to the Ti, O and Ag (Figure 8.2E) designate the Ag/TiO2 nano-
hybrid. It is cleared from the signal that 1.2 wt% nominal content of Ag that is close to its
stoichiometric value of 2.0 wt% solution of Ag NPs exploited for the fabrication of
Ag/TiO2nano-hybrid. No additional peaks are observed which indicates the purity level of
synthesized nanomaterials. The appearance of the signal of C in Ag/TiO2 nano-hybrid can be

ascribed to the carbon substrate/grid.
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8.2.3. TEM study

Figure 8.3 TEM images of synthesized nanomaterial
Key:-

A-Ag/TiO2/Fe20s

B-CIP-Ag/TiO2/ Fe203/ CS Ternary composite

C- SAED pattern of CIP-Ag/TiO2/ Fe203/ CS Ternary composite

The morphological display of prepared materials are further analyzed by TEM images.
Figure 8.3 represents TEM images of Ciprofloxacin conjugated CIP- Ag/TiO2/ Fe203/ CS
Ternary composite and Ag/TiO2/ Fe203 at different nano scales. TEM image of Ag/TiO2/
Fe203 (Figure 8.3A) showed mixed elongated nanorods which was consistent with FESEM
findings. TEM image of Ciprofloxacin loaded Ag/TiO2/ FexO3/ CS Ternary composite
(Figure 8.3B) depicted nanorods shaped morphology with average diameter ranges ~6-10
nm as also confirmed by XRD analysis. The purity of CIP- Ag/TiO2/ Fe:03/ CS Ternary
composite was presents in the (Figure 8.3C) by SAED.
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8.2.4. FTIR Analysis
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Figure 8.4 :FTIR of M. concanensis leaves and synthesized nanomaterials,
Key:-
A- M. concanensis leaves
B-a, Ti0O2 (a),
b- Fe203
c-Ag
d- Ag/Ti0O2 nanohybrid
e- Chitosan

f- CIP-Ag/TiO2/ Fe203/ CS Ternary composite.
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FTIR spectra of synthesized nanomaterials were recorded in the range of 500-4000 cm—1 are

shown the Figure 8.4. As shown in the Figure 8.4A the peak patterns appeared in the regions
of 499 to 1074 cm—1 metallic oxide region and broad peaks appeared at 3450 cm~1 and
1650 cm—1 corresponds to —~OH and NH2 group stretching and bending vibrations mode. The
FTIR spectrum of pure TiO: (Figure 8.4B(a)) exhibits the emergence of absorption
characteristic peaks at 3408cm™ belongs to superposition of the hydroxyl groups (O-H) that
is the evidence of coordination of water molecule to Ti*'cations and signature at 1603 cm™
can be attributed to and C=0O stretching vibration due to butyl group, organic species as
starting precursor solutions and adsorbed water molecules on the surface of the nanomaterial.
The absorption band cantered at 2928 cm™ is assigned to the C-H stretching vibrations. The
absorption band in the range of 766-610 cm-1 is related to the Ti — O bonding that
authenticates the formation of titanium dioxide. As shown in the Figure 8.4B (b) the band
corresponding to Fe-O stretching mode of Fe20s is observed at 560 cm—1.and 700cm-1 The
FTIR analysis of Ag nanoparticles (Figure 8.4B (c)) interprets the characteristic peak at 3424
cm™! corresponding to O—H stretching vibration of adsorbed water molecules. The peaks at
2919 cm™! and 2841 cm™! indicate alkanes (C=C) stretching vibration. Signature appeared at
1625 cm™ is attributed to bending vibration of alkene group ( Li et al., 2018).In case of
Ag/TiO2 hetero system (Figure 8.4B (d)) bands ranges in the region from 530 to 800cm™ are
attributed to Ti—O stretching mode and Ti—O—Ag/Ag—O-Ti linkage respectively. The FTIR
spectrum of chitosan exhibits a high absorption peak of 3423 cm-1 and 1636 cm-1 due to the
availability of a free —OH group and NH2 moiety group of chitosan monomers molecules
respectively (Figure 8.4B (e)). The value at 1018 cm-1 corresponds to the throttle vibration
of the C—O—C bond of epoxy or alkoxy. The signature at 1269 cm-1 and 1419 cm-1 is due to
C—-0O and CH—OH bonds. Peaks at around 1010 and 1600 cm-1 in nano-hybrid spectra have
been correlated with benzene rings which indicates presence of Ciprofloxacin conjugation
with metallic oxide ternary heterojunction (Figure 8.4B (f)). It is clear that the absorption
peak centered at 596 cm-1 is due to the metal oxygen metal (Ti—O—Ag) mode of vibration.
where Fe-O stretching mode was clearly observed in the spectra. The peak at 1074 cm—1 is
due to the stretching vibration Fe-Ti-Ag and the strong band below 700 cm—1 is assigned to

Fe-O-Ti and Fe-O-Ag stretching mode. The peak at 1099 cm™ represents asymmetric and
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symmetric C=O stretching vibration due to carbonyl group present in leaf extraction.
Alkanes, alkenes and carbonyl groups of leaves extract which encountered the reduction of
Ag", Ti" and Fe™ to Ag,TiO2 and Fe203NPs. The reduction in the intensity of all the peaks
was observed in case of composites after the incorporation of Fe203 and Ti-O bond of TiOz,
was found to be shifted to 525 cm—1 after the incorporation of chitosan and ciprofloxacin.
The linkages further confirmed the blending of organic and inorganic materials which

presents tight junctions of ternary composites.

8.2.5. UV-Vis Analysis
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Figure 8.5: UV —Vis analysis (A) and corresponding Tauc plot of synthesized nanomaterials,

Key: M. concanensis leaves (a), Fe203; (b), CIP (c), CIP-Ag/TiO2/ Fe203/ CS Ternary

composite (d).

In UV-Vis profile of TiOz, the absorption edge relative to 02~ Ti** responsible for charge
transition at 300-390 nm in anatase TiO2 and absorption spectrum of chitosan NPs showed
(Inset of Figure 8.5A) single band centered at 280nm. The optical band gap values were
determined by using Tauc plot as shown in the Figure 8.5B (a, b, ¢ and d). The band gap
energies for plant 2.7, Fe203 2.4, drug 3.2 and CIP-Ag/TiO2/ Fe203/ CS Ternary composite
have displayed transition energies betweenl.3 and 3.1eV which are corresponding to the

charge transition from 0%~ Fe** and 0?~— Fe3* respectively .Having large band gap value
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(3.12 eV) of TiOz; light absorption is restricted only in UV region. Surface modifications of
Ag/TiO2 by incorporation of chitosan and ciprofloxacin could strongly enhance the
absorption in whole UV-Vis region. The reduced band values in CIP- CIP-Ag/TiO2/ Fe203/
CS Ternary composite are noted .The clusters of Fe** and Fe** in different regions of host
Ag/TiO2 act as the electron trappers, firmly inhibited the recombination process and
proliferate the absorption in visible region. These clusters are also responsible for generation
of oxygen vacancies below the conduction bands of TiO2 and reduced the band gap values of
CIP-Ag/Ti02/ Fe203/ CS Ternary composite samples. In CIP-Ag/TiO2/ Fe:03/ CS Ternary
composite integration of Fe20s3 is fruitful in absorption of light in visible region by existence
of oxygen moieties, fast electronic transition properties and innovative connection between

Ag-0O-Ti-O-FeO is very supportive in the antimicrobial activity.

8.2.6. Zeta Potential Analysis
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Figure 8.6: Zeta potential of synthesized nanomaterials
Key:-

A-Chitosan NPs

B-Fe203

C-CIP-Ag/TiO2/ Fe203/ CS Ternary composite
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The surface charge of Chitosan NPs, Fe203 and CIP-Ag/TiO2/ Fe203/ CS Ternary composite
was determined by zeta potential investigation in the aqueous medium62+ 0.03mV,-145 +
2.74mV and 85.26+ 0.12 respectively as shown in the Figure 8.6. Chitosan exhibited highly
stable 62 + 0.03mV.while the zeta potential value of 85.26 + 0.12 mV support the highly
stable feature of CIP-Ag/TiO2/ Fe20s3/ CS Ternary composite Figure 8.6C. In water, surface
charge was clearly influenced by the surface coating, being negative in the case of pure Fe20s3
while it became positive in the presence of NH2 groups of chitosan .When came in contact
with chitosan superficial charge -145 + 2.74mV was changed to the higher positive potential
which confirmed the successful encapsulation by completely shielding the original surface

charge of Fe20s.

8.2.7. Encapsulation efficiency of CIP-Ag/TiO2/ Fe203/ CS Ternary composite
The encapsulation efficiency of CIP-Ag/TiO2/ Fe203/ CS Ternary compositein the CS system
was found as 94% = 1.26.

8.2.8. Antimicrobial evaluation of CIP-Ag/TiO2/ Fe203/ CS Ternary composite

The antimicrobial evaluation was performed by disc diffusion method , each disc contained
MIC values of CIP-Ag/TiO2/ FexO3/ CS Ternary compositeand Ag/TiO2 nanohybrid to
disclose their antimicrobial potential against antibiotic resistant strains of C.albicans, Gram
negative MDR E.coli and Gram positive MRSA strains which are responsible for mastitis.
The disc holding CIP-Ag/TiO2/ Fe203/ CS Ternary composite offered excellent antimicrobial
activity against MDR pathogens as shown in the Table 8.1 and 8.2. The zone of inhibition
was observed was observed 33mm + 1.40 against MDR E.coli, 28 mm + 1.45 against
C.albicans and 22mm + 0.06 was recorded against MRSA by using corresponding MIC

values as shown in the Figure 8.7A, B and C.

The synthesized CIP-Ag/TiO2/ Fe203/ CS Ternary composite showed excellent antibacterial
activity which predominantly depend on morphology, size, surface area specifically, polar
surface, and cross linking of doped materials. Moreover, electrostatic attraction between
negatively charged bacterial cells and positively charged CIP-Ag/TiO2/ Fe203/ CS Ternary
compositeis fundamental step for the antimicrobial reactions. This interaction is not only able

to inhibit the growth of microbes but also induces the production of ROS, which ultimately
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lead to cell death. The growth of C.albicans was more affected by the CIP-Ag/TiO2/ Fe203/
CS Ternary composite treatment as compared to Gram-negative MDR E.coli. Most
importantly, the antibacterial activity was improved significantly in comparison to the CIP-
Ag/TiO2/ CS as confirmed by the disc diffusion method due to incorporation of Fe203 as
antibacterial activity principally depends on morphology.Nano encapsulation of chitosan on
the surface of Ag/TiO2/Fe20s ternary heterojunction amplified antibacterial potential and by
increasing concentrations as shown in the Table 8.1 enhancing the antimicrobial activity
against resistant strains of MRSA,MDR E.coli and C.albicans. The successful synthesis of
CIP-Ag/TiO2/ Fe203/ CS Ternary composite was confirmed by FTIR diffraction signals of
ternary composite. The zeta potential value 85.26+ 0.12 supported stability and super
reactivity of ternary structure against the MDR pathogens. In the present study biogenic
engineered CIP-Ag/TiO2/ Fe203/ CS Ternary compositeshowed brilliant antibacterial activity
against tested strains and launching an alternative therapeutic agent to cure mastitis which

has been become challenge for both developed and under developing countries.

Table 8.1: Zone of inhibitions of synthesized CIP-Ag/TiO2/ Fe203/ CSTernary composite

were recorded at various concentrations

Antimicrobial Agents | Concentrations (ung/mL) and Zone of Inhibitions (mm)

MICs MICs1/2 MICsX2
MDR E.coli 33 +1.40 14 + 0.98 39+ 1.185
MRSA 22 +£0.06 19+ 0.10 34+1.35
MDR C.albicans 28+ 1.45 20 £0.14 32+1.76
DMSO - - -
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Figure 8.7 Antimicrobial activity of green synthesized nanomaterial D, CIP-Ag/TiO2/ Fe203/
CS Ternary composite

Key:-

(A) C.albicans ,

(B) MDR E.coli
(C) MRSA strains
(D) Control (DMSO)
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Table 8.2 The MIC values of synthesized Nanomaterials

Nano antimicrobial | MIC determination ( pg /ml)
Agent

gents MRSA Ecoli C -albicans
CIP-Ag/TiO2/  Fex0s/ 0.112 0.022 0.004
CS Ternary composite
Ag/Ti02/Fex0s 10.14 8.07 9.57
composite

8.2.8.1.  Killing kinetics of mastitis causing MDR strains

The colloidal nature of microbial growth allows indirect detection of their growth by
monitoring turbidity and optical density of aqueous suspensions containing synthesized nano
antimicrobial agents. In the current study CIP-Ag/TiO2/ Fe203/ CS Ternary composite was
found highly effective and efficient in combating the growth of MDR strains of, MRSA,
MDR E. coli and C. albicans as shown in the Figure 8.8A, B and C respectively. The growth
kinetic curve of Figure 8.8A presented reduction in OD value of MRSA after 6hrs of
incubation. However the growth of MDR E.coli was controlled prominently by CIP-Ag/TiO2/
Fe203/ CS Ternary compositeas shown in the Figure 8.8B. The Anti-candida proficiency of
CIP-Ag/TiO2/ Fe;03/ CS Ternary compositewas much higher than pure nanomaterials due to
strong synergistic effect of constituent metallic oxides and encapsulation of chitosan as
demonstrated in the Figure 8.8C the growth of C.albicans significantly inhibited. In the

growth curves positive and controls were consider to validate the findings.
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Figure 8.8 Killing kinetics of green synthesized nanomaterials against MDR E.coli,
C.albicans and MRSA,

Key: a- NC, b- CIP-Ag/TiO2 Fe203/ CS Ternary composite, c- Ag/TiO2/ Fe203/ CS, d-
Ag/TiO2/ Fe203, e-Fe203 nanorods, f- CS NPs, g-Ciprofloxacin, and h- PC
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8.2.8.2. Flow cytometry of cultures after interaction with CIP-Ag/TiO2/ Fe203/ CS

Ternary composite
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Figure 8.9 Flow cytometry outcomes of CIP-Ag/TiO2/ Fe203/ CS Ternary composite treated
MDR pathogens.
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Antimicrobial study was explained with more intense detailed analysis by undergoing flow

cytometry of MRSA strains, MDR E.coli and C.albicans after interacting CIP-Ag/TiO2/

Fe203/ CS Ternary composite at MIC value, allowing 6hrs of incubation time to assess the
early apoptosis, late apoptosis and death rate in the selected population density. As shown in
the Figure 8.9, for Ohrs of incubation as control 98.76% cells were alive and sustainable
while the survival rate of MRSA isolates after 6hrs of incubation was 14% and death of
75.34%. The antimicrobial potential revealed in the Figure 8.9 at the 6hrs of aging with CIP-
Ag/TiO2/ Fe203/ CS Ternary composite, causing cell death of MDR E.coli strains about
80.85%. In the Figure 8.9 showed excellent anti candida activity of combined effect of all
constituent nanoantimicrobial agents after incubation with CIP-Ag/TiO2/ Fe2O03/ CS Ternary
composite induces changes in the morphology and cells cycle causing death of 89.01%,
which was detected using special dyes. The PI fluorescent dye, which is not cell wall
permeating, is generally used to detect dead cells in the population. The CIP-Ag/TiO2/ Fe20s/
CS Ternary composite mode of action disrupt the integrity of the cell by damaging cell wall
and membrane, which enhances the PI permeability and uptake into the cell and leads to

intercalation with the DNA that result in a shift in PI fluorescence.

. ) : _ R
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8.2.8.3. Morphological Changes in Mastitis Causing Pathogenic Microbes after

Exposure to Ternary Composite

-
-
Figure 8.10 Morphological alteration induced by CIP-Ag/TiO2/ Fe203/ CS Ternary
Composite at respective MIC value,
Key:-
A- C.albicans control, B- treated C.albicans (0.004 pg /ml)
C- MDR E.coli control, D —treaded E.coli (0.022 pg/ml)
E-MRSA strains control, F- treated MRSA  (0.112 pg /ml)
-

Encapsulation of Metallic Oxide Nano-particles and Synthetic Antibiotics to Combat Mastitis Causing
Multidrug Resistant Pathogens

236



Chapter 8 Nanomaterial D: CIP-Ag/TiO2/ Fe;03/CS Ternary

Composite

m
Results of MIC values revealed that CIP-Ag/TiO2/ Fe203/ CS Ternary composite showed an

increased rate of toxicity against G— rods of E.coli. The SEM study was applied to further

investigate the morphological changes in the C.albicans, MDR E.coli, and MRSA and after
exposure to CIP-Ag/TiO2 Fex03/ CS Ternary composite. In this regard controlled group
showed intact cells, cell wall and membrane presenting uniform morphology (Figure 8.10A,
C, and E), which means the cellular proliferation of remained normal. The microbial cultures
after exposure to CIP-Ag/TiO2/ Fe203/ CS Ternary composite at the 6 hrs of incubation
viewed under SEM analysis for observing destruction of C.albicans ( Figure 8.10B),MDR
E.coli (Figure 8.10D) and MRSA strains (Figure8.10F). MDR E.coli (Figure 8.10D)
showed remarkable changes in the morphology as many were detached from outer membrane
and cellular fragments were seen clearly. The prominent morphological changes could be
seen for C. albicans( Figure 8.10B) almost all the cells have low density regions in their
center, which clearly indicates that cytoplasm was damaged and outer membrane was
disintegrated by CIP-Ag/TiO2 Fe203/ CS Ternary composite. The morphological changes
incurred in the MRSA cells when encountered with CIP-Ag/TiO2/ Fe203/ CS Ternary
composite as shown in the Figure 8.10F the deformation in the spherical structure of MRSA.
This proposes lysis of bacterial cells with release of cytosolic content and wrinkled cells upon
their interaction with CIP-Ag/Ti02/ Fe203/ CS Ternary composite. Results revealed that
strong bonding between MRSA and CIP-Ag/TiO2/ Fe;Os/ CS Ternary composite is
responsible for the profound antibacterial activity .The zeta potential value of CIP-Ag/TiO2/
Fe203/ CS Ternary compositeis positive while bacterial cell wall is negatively charged ,this
established electrostatic attachment and prompt ROS production which ultimately cause

inhibition of microbial growth and eventually caused cell death .

8.2.8.4. Antibiofilm activity

Biofilm formation in the infections caused by MDR E.coli played important role in enhancing
pathogenicity and drug resistance.Currently, biofilm infection therapy is a complex challenge
for clinicians. Antibiotic treatment is insufficient in combating against biofilm-related
infections. Biofilm treatment can include the elimination of infected foreign bodies, the

choice of well penetrating and sensitive antibiotics and early administration of high dosage
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antibiotics/combinations.Antibiofilm activity of synthesized nanoformulations has been
shown in the Figure 8.11. The synergistic effect of metallic oxides in the ternary composite
of CIP-Ag/TiO2/ Fe203/ CS Ternary composite successfully inhibited biofilm of MDR E.coli
studied at various time interval 24, 48 and 72 hrs of incubation. It can be seen from the

Figure 8.11 CIP alone failed to inhibit biofilm of pathogenic strains of E.coli.
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Figure 8.11 Inhibition of biofilm activity of MDR E.coli after treatment with green

synthesized nanomaterials.
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8.2.9. Cytotoxicity analysis

The cytotoxicity evaluation of the prepared nanomaterials was studied by MTT assay
against Bovine mammary gland cell lines. As described in the Figure 8.12A positive control,
BMG cell lines after treated with anticancer drug Celecoxib showed small round cells with
shrinkage after blocking normal functioning. CIP-Ag/TiO2/ Fe203/ CS Ternary composite
was found safe and nontoxic to BMG cell line as shown the Figure 8.12B can be compared

with negative control (untreated) Figure 8.12C.

Figure 8.12 Cytotoxicity evaluation of CIP-Ag/TiO2/ Fe203/ CS Ternary composite on

Bovine mammary gland cell lines
Key:-
A-PC treated with Celecoxib

B-BMGE Cell line treated with CIP-Ag/TiO2/ Fe203/ CS Temary composite

C-NC untreated cells
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The relative percentage viability of mammalian cells at various concentrations (0.02, 0.1 and
0.2 pg/mL) of synthesized nanoformulations was being analyzed on primary cultures of
proliferating bovine mammary gland epithelial cells (BMGE).The relative percentage
viability of mammalian cells was found more viable and safe after interaction with CIP-
Ag/TiO2 Fe203/ CS Ternary composite at all tested concentrations may be chitosan

encapsulations as shown in the Figure 8.13.
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Figure 8.13 Viability of mammalian cells after interaction with synthesized

nanoformulations at various concentrations.
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BMG cell lines after treating with CIP-Ag/TiO2/ FeaO3/ CS Ternary composite exhibited
excellent viability of cells and posed ternary composite nontoxic for mammalian cells. The
CIP-Ag/TiO2/ Fe203/ CS Ternary composite was found safe and biocompatible as compare to
positive control (Celecoxib). Moreover the cytotoxicity of CIP-Ag/TiO2/ Fe2O3/ CS Ternary
composite, chitosan NPs, Ag NPs, TiO2 NPs, Ag/TiO2 nanohybrid, Fe20O3 and PC at various
concentrations have been shown in the Figure 8.13. The cells treated at lowest concentrations
were more viable and stable as compare to higher concentrations of nano antibacterial agents

included in the study.

8.2.10. Hemolysis of CIP-Ag/TiO2/ Fe203/ CS Ternary composite

Hemocompatibility isone of the important aspects for the in-vivo application of
nanomaterials as the injected nanomaterials interact firstly with RBCs before the immune
cells. Therefore, the hemolysis assay was performed for preclinical study. Hence, the
potential hemolytic activity of Fe203 NPs, CSNPs, CIP,Ag/TiO2/ Fe203, Ag/TiO2/ Fex03/ CS
and CIP-Ag/TiO2/ Fe203/ CS ternary compositewas examined on the RBCs of cow (Figure
8.14). The results have revealed negligible hemolytic activity of CIP-Ag/TiO2/ Fe203/ CS
ternary composite as compared to the positive control Triton 100X showed significant
hemolysis and negative control PBS which did not induce hemolysis. It was observed CS
NPs was also not meaningfully different from PBS. CS as nontoxic and hemocompatible
making it highly useful for biomedical applications such as in antimicrobial delivery metallic-

based nanocarriers thanks to its good interactions with metal oxide.
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Figure 8.14 Hemolytic potential of green synthesized nanoformulations on the RBCs of
healthy cow

Key:-
PBS was used as a negative control (NC)
Triton X-100 was used as Positive control (PC)

8.2.11. Invivo antibacterial activity of CIP-Ag/TiO2/ Fe:03/ CS Ternary Composite

Rabbit was selected as animal model to investigate Invivo antibacterial activity of green
synthesized nanomaterial D, CIP-Ag/TiO2 Fe203/ CS Ternary composite. The E.coli strains
were selected to induce infection in the rabbit model and CFU was analyzed to observe the
antibacterial potential of CIP-Ag/TiO2/ FexO3/ CS Ternary composite at various time
intervals on the media plates of MH and Blood agar as shown in the Figure 8.15. The CFU
was counted after treatment period of 24hrs whereas CFU remarkably decreased after 24hrs
and 48 hrs of treatment and infection was completely controlled as no colonies of E.coli

were obtained on both MH and Blood agar plates as shown in the Figure 8.15. Thereduction
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of colonies after increasing time interval 24, 48 and 72 hrs of post treatment in the rabbit
model and findings were compared with positive and negative controls. Infection is
completely controlled in the test group treated with CIP-Ag/TiO2/ Fe203/ CS Ternary
composite and showing no viable colony on blood and MH agar plates at 72 hrs at lowest

value of MIC, indicating that the cells were killed.

Figure 8.15 Invivo antibacterial activity of nanomaterial D, CIP-Ag/Ti02/ Fe203/ CS

Ternary composite,
Key:-
PC (positive control) containing E.coli without any treatment

NC (negative control) only broth

Multidrug Resistant Pathogens
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For the Invivo study, different parameters of renal and hepatic function were also evaluated
after treatment with CIP-Ag/TiO2/ Fe203/ CS Ternary composite. These parameters included

urinary volume, concentrations of proteins, glucose levels and creatinine levels.

The Figure 8.16 has demonstrated that urine volumes, glucose levels, total proteins, and
creatinine levels (Figure 8.16) in the urine, are similar to the values obtained for the
treatment group of CIP-Ag/TiO2/ Fe203/ CS Ternary composite. In addition, no significant
differences were observed between the groups of rabbits treated with CIP-Ag/TiO2/ Fe203/
CS Ternary composite, and the control groups in the parameters tested to evaluate hepatic
function albumin (Figure 8.17A), ALT (Figure 8.17B), and AST (Figure 8.17C)

concentrations in blood plasma.
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Figure 8.16 Renal functioning of Rabbit model animal for induced infection after treatment

withNC (negative control),TC (CIP-Ag/TiO2/ Fe203/ CS Temnary composite), CIP
(ciprofloxacin)PC (positive control).

The appearance and characteristics of the vital organs kidney ,liver and heart were studied
between the treated group of rabbit including positive control and negative control in the
experiment. The suitable functioning of its organs is very important to achieve a healthy
balance maintaining the composition of its internal environment. This is largely achieved
with the correct functioning of organs such as liver kidney and heart as shown in the Figure
8.18.Thus, the CIP-Ag/TiO2/ Fe203/ CS ternary compositemanufactured in the study did not

cause any adverse or toxic effects in the nephrons and renal function of the animals treated.

The concentration of ALT and AST and the concentration of albumin of the treated groups

with CIP-Ag/Ti02/ Fe203/ CS Ternary composite were similar to the values of control groups
Figure 8.17- 8.18.
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Figure 8.17: Hepatic functioning of Rabbit model animal for induced infection after

treatment

Key:-

| NC (Negative control),

TC (CIP-Ag/TiO2/ Fe203/ CS Ternary composite),
CIP (Ciprofloxacin)

PC (Positive control).

Thus, the CIP-Ag/TiO2/ Fe203/ CS Ternary compositeobtained in this study did not have any

adverse or toxic effects in the hepatic function.
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Figure 8.18 Effect of nanomaterial D, on the vital organs of rabbit model after treatment with

CIP-Ag/TiO2/ Fe203/ CS ternary composite

Key:-

A-Cellular morphology of untreated hepatocytes tissues

B-Cellular morphology of hepatocytes tissues treated with nanomaterial D
C-Cellular morphology of untreated renal tissues

D-Cellular morphology of renal tissues treated with nanomaterial D
E-Cellular morphology of untreated cardiac tissues

F-Cellular morphology of treated with nanomaterial D cardiac tissues

Encapsulation of Metallic Oxide Nano-particles and Synthetic Antibiotics to Combat Mastitis Causing
Multidrug Resistant Pathogens

247



Chapter 8 Nanomaterial D: CIP-Ag/TiO2/ Fe203/CS Ternary

Composite
w

8.2.12. Invivo Antibiotic release kinetics of Nanomaterial D, CIP-Ag/TiO2/ Fe203/ CS

Ternary Composite
Invivo drug release pattern of CIP from the In vitro drug’s release pattern CIP from the
CIP-Ag/TiO2/ Fe203/ CS ternary composite was estimated by using UV-Vis Spectrometry by
maintaining the diffusion gradient in the donor and receptor containing PBS (pH 7.4, 37 °C)
during 0,1,2,4,8,16,24,hrs. The results of Invivo drug release studies from CIP-Ag/TiO2/
Fe203/ CS ternary composite were depicted in Figure 8.19. The CIP-Ag/TiOz/ Fe2xO3/ CS
ternary composite exhibited highest active drug release (89% + 0.57) at the 8 hrs , which
was remarkable in the 24hrs of release study when compared to control (CIP alone) showing
90% + 0.78 release kinetics from the skin. In the present study, it was observed that rate of
drug release was increase progressively during first 8hrs of experiment and then decrease

gradually till 24hrs.
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Figure 8.19: In-vivo Ciprofloxacin release profile from chitosan encapsulation, drug release

spectrum of CIP-Ag/TiO2/ Fe203/ CS ternary compositewith CIP (Ciprofloxacin ) taken as

control.

8.2.13. Antimicrobial mechanism CIP-Ag/TiO2/ Fe;03/ CS ternary composite

The antimicrobial activity of proposed CIP-Ag/TiO2/ Fe203/ CS ternary composite was found
excellent and successfully inhibit the growth MDR pathogens of veterinary origin. The
encapsulation of chitosan further enhances the antimicrobial potential by triggering the
destruction pathways after occupying metabolic machinery of MDR pathogens. The
incorporation of Fez03 nanorods content in the Ag/TiO2 composite to form ternary metallic
oxide material conjugated with ciprofloxacin which further encouraged antimicrobial effect
with improved morphology. The distinctive physical and chemical characteristics of
nanomaterials contribute collectively in a synergistic manner to expose a novel, exceedingly
efficient antibacterial nano interface of CIP-Ag/TiO2/ Fe203/ CS ternary composite. As

chitosan showed intrinsic antimicrobial effect against both Gram-negative and Gram-positive
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bacteria. The generation of silver cations by the oxidation of Ag NPs (Birla et al., 2009) and

reactive oxygen radicals (ROS) are produced by the chelation of chitosan ,Ti+ and Fe+3 into
cell of Microbes which imbalance of ions and homeostasis of the internal environment. In the
Figure 8.20 crucial stages of cell death are as follows, attachment and penetration by Vander
wall’s force of attraction between charged surfaces of microbes, which are negatively
charged and CIP-Ag/TiO2/ Fe203/ CS ternary composite is positively charged. The generation
of ROS ("O2~ "OH and H202) may occur after the release of metallic ions in the cytosol.
These free radicals are toxic to the cells as they have a strong ability to damage cellular
constituent’s i.e. damage cell wall, cell membrane, inhibit DNA synthesis and protein
assembly which eventually leading cause of cell death of MDR E.coli, MRSA and

C.albicans.

Proposed mechanisms have been comprehensively include release of toxic ions as well as
oxidative stress, lipid peroxidation, cell membrane damage, enzyme inhibition, and
proteolysis (Bokare et al., 2013). A definitive study demonstrating the requirement of Ag ion
release for Ag-NP antibacterial activity (Huang et al., 2017). Alternatively, for the catalytic
production of reactive oxygen species (ROS) is a commonly proposed mechanism of action.
This mechanism is based on the catalytic properties of metallic oxide. Specifically, Fe203
nanorods are showing transition states from Fe +4 to Fe +3 in optical properties and band gap

is highly in the favor of antimicrobial action.

As CIP-Ag/TiO2/ Fex03/ CS ternary composite has nanorods with sharp edges that could
effectively inhibit enzyme activity through binding to the enzyme without protein
denaturation. They suggest that specific edges or vertices of the shape allowed binding and
conformational frustration of the enzyme. Interestingly, this specific shape of small length
nanorods was much more effective in inhibiting bacterial growth than spherical morphology.
This suggests that CIP-Ag/TiO2/ Fe203/ CS ternary composite interact with cell membrane
and provide a mechanical disruption of the membrane .This results in loss of membrane
integrity, dissipation of ion gradients, arrest of cellular metabolism, and ultimately cell death

via lysis .

L - -
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Figure 8.20: Proposed mechanism of antimicrobial action of biologically synthesized CIP-

Lysis of C.albicans

Ag/Ti0O2/ Fe203/ CS ternary composite.

Conclusion

The primary goal of this research is to create a safe and nontoxic broad spectrum CIP-
Ag/TiOz/ FexOs/ CS ternary composite to tackle MDR strains that cause mastitis in cattle. In
comparison to CIP alone, this study demonstrates the effective synthesis of a CIP-Ag/TiO2/
Fe203/ CS ternary composite with significant antibacterial activity at comparatively low
MICs. The synthesis of Ag/TiO2 Fe203/ occurred through reduction of M. concanensis
leaves extract followed by ionic gelation method for conjugation of CIP and CS
encapsulation. The CIP-Ag/TiO» Fe203/ CS ternary composite was proved to be safe and
nontoxic on bovine mammary gland epithelial cells and RBCs. Invivo antimicrobial
evaluation was performed on rabbit model of induced infection and CFU counts revealed no
visible growth at 72 hrs of post treatment .Moreover vital function of kidney and liver

remained in equilibrium as in negative control. Histopathological study of heart, kidney and
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liver further suggested the safety and nontoxicity of CIP-Ag/TiO2/ Fe203/ CS ternary

composite.

Encapsulation of Metallic Oxide Nano-particles and Synthetic Antibiotics to Combat Mastitis Causing
Multidrug Resistant Pathogens

252



Chapter 9 Discussions

CHAPTER 9

DISCUSSIONS

The lack of advancement of new antibiotics and suboptimal concentrations exposure may be
associated with possible reasons due to which treatment inefficiency occurs. Deploying novel
treatment strategies is inevitable by searching for new systems that consider various growth
forms, eschewing falling into the post-antibiotic era, and impacts of antibiotics that are not
effective to treat resistant microbes. Bacteria can easily adapt to the environment by
developing various resistance mechanisms and virulence factors (Breser et al., 2018).It is a
challenge for pharmaceutical industry worldwide to respond more efficiently and faster to the

unfortunate increasing speed of bacterial adaptations to the environment.

Higher rates of multidrug resistance have been reported to control the mastitis (Breser et al.,
2018).Bovine mastitis is most prevalent illness affecting quantity and quality of milk
production in dairy cows that lead to the financial losses to dairy industries. Mastitis can
cause serious health problems when zoonotic pathogens are involved due to the accumulation
of bacteria and toxins in milk. In recent years Staphylococcus aureus, Escherichia coli, and
Candida albicans are nominated as high drug resistant pathogens causing infections in both
animals and humans. These pathogens enter the cow’s mammary glands by teat canal when
natural immunity of cow is affected. They colonize and proliferate in the canal and release

toxins to damage the mammary gland cells (Neculai et al., 2021).

The administration of various antibiotics like penicillin, tetracycline, gentamycin, and
ampicillin via intramammary route has been the first choice of treatment against bovine
mastitis but inappropriate and overuse of these antibiotics led to the resistance in bacterial
species (Serwecinska, 2020). Current treatment failures to tackle multi drug resistant bacteria
pose anxiety and it urges to increase the funding and research to navigate for new

technologies and products for humans and animals.

The worldwide bovine mastitis market is estimated to reach USD 1.84 billion by the end of

2027. Nanotechnology based solutions are expected to lead towards an exciting future of the

e S S S S
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global market to treat and control bovine mastitis. A report published by Fortune Business

Insights entitled “Bovine Mastitis Market Size, Share & COVID-19 Impact analysis, by type
(Clinical, and Sub-Clinical), by product (antibiotics, and others), by route of administration
(Intra-mammary, and Systemic), by therapy (Lactating Period and Dry Period) and Regional
Forecast, 2020-2027” stated that the market that was forecasted in 2019 at USD 1.23 biilion
is estimated to experience a 5.2% CAGR (compound annual growth rate) during 2020-2027.
European market growth will be driven by an increasing number of business alliances to
design new treatment strategies for bovine mastitis in various countries like Germany,

France, and the UK (Neculai et al., 2021).

Nanotechnology has been considered as a substitute to resolve the issue of AMR and provide
sustainable animal health to support the production of high-quality animal products. Various
metallic nanoparticles have been reported against bovine mastitis infections and methicillin
resistant bacteria (Serwecinska, 2020; Wady et al., 2014). Nanoparticles have been
considered as potential delivery systems in the bovine mastitis treatment. This alternative
therapy is gaining attention in organic dairy farms to control bovine mastitis due to its

efficient antimicrobial activity, low cytotoxicity, and targeted delivery.

Various approaches have been designed for the synthesis and fabrication of nanomaterials. In
top-bottom approaches, the desired bulk of materials break down into the particles in the
nanosized range by mechanical milling/alloying and sputtering (Ahmed et al., 2016; Hodaei
et al., 2015) are examples of methods for reducing the size of the particles. Many chemical
methods are chosen for synthesizing NPs because of their quick reaction time and their
capability to produce monodispersed NPs (Smitha et al., 2008). They have few disadvantages
such as the high cost of the process, not being environment friendly, and cause lots of
pollution in the environment because of using toxic solvents and reducing agents (Naraginti
& L1, 2017).To avoid these drawbacks, green chemistry approaches have been employed for
production of NPs which are simple, convenient, less energy-intensive, eco-friendly and
minimize the usage of unsafe materials, and maximize the efficiency of the process (Gross &

Kalra, 2002; Raveendran et al., 2003).
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Medicinal plants have historically proven their value as a source of molecules with
therapeutic potential, and nowadays still represent an important tool for the identification of
novel drug leads. In the past decades, pharmaceutical industry focused mainly on libraries of
synthetic compounds as drug discovery sources. They are comparably easy to produce and
demonstrate good compatibility with established high throughput screening platforms
(Luseba & Tshisikhawe, 2013). However, at the same time, there has been a declining trend
in the number of new drugs reaching the market, raising renewed scientific interest in drug
discovery from natural sources. M .concanensis is the medicinal herb and the versatile use
of moringa plant is been reported such as a medicinal product, practical food source,
nutraceutical, and water purifying agent. It is used for the treatment of variety of diseases
including paralysis, menstrual pain, high blood pressure skin tumors, joint pain,
inflammation, liver and kidney disease indicating its immense importance in the health care
industry(Balamurugan et al,, 2015). M. concanensis is found to be effective against
inflammation and well-known medicinal plant. Reactive oxygen species-promoting
substances such as phytol constitute a promising novel class of pharmaceuticals for the
treatment of rheumatoid arthritis and possibly other chronic inflammatory diseases i.e.

mastitis which is inflammation of udder (Balamurugan et al., 2015).

Moringa plant has gained much importance in green chemistry due to its therapeutic
applications in agriculture, medicine, and industries. Amomumsubulatum (Black cardamom)
seeds have been studied for various research purposes but these are not explored for the
synthesis of nanoparticles. Although it is highly regarded as a “’Queen’’ of species, is a
perennial herbaceous crop belonging to the family Zingiberaceae(Pura Naik et al., 2004).
This plant is distributed chiefly in Africa and Tropical Asia and cultivated in swampy places
(e.g. Nepal) across hills around water streams for its subsequent uses in cooking, folklore,
and Ayurvedic medicine (Agnihotri & Wakode, 2010). Herein, green synthesis procedure
used for the preparation of metallic oxide NPs to enhance the morphological, structural, and
optical properties of NPs using M. concanensis aqueous extract and black cardamom seeds

extract.

GC-MS analysis revealed various compounds in plant extracts, present study reported twenty
eight active compounds while the previous study revealed fifteen bioactive compounds in M.
W
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concanensis from which some compounds like DL-3-4 Dimethyl-3,4- hexanediol (14.05% ),
3,4 dimethyl 5 hexen 3 — of (14.05% ), methyl ester (10.54%) were consistent with current
findings (Balamurugan et al., 2015). Phytochemicals are acting as a reducing agent for the
synthesis of nanoparticles. All the applications were as a result of the phytochemicals such as
alkaloids, tannins, flavonoids, saponins, triterpenoids, and anthraquinones intrinsic in

Moringa leaf extracts (Balamurugan et al., 2015).

Previous investigations had shown that bacteria or fungi as sole etiological agents were found
in 15% and 14%, respectively. Candida yeast was isolated from 39% of the mixed infections,
and in 11% of these cases, it was a sole infectious agent (Kaszak et al., 2012). Krukowski et
al isolated fungi as pure cultures from 9.6% of investigated milk samples in the Lublin region
in Poland, results found much similar to current findings (Krukowski et al., 2001). According
to Casia dos Santos and Moacir Marin (dos Santos & Marin, 2005), the percentage of fungal
isolation in surveys carried out in many countries varies considerably, with 6.1% rates
described in Egypt(Awad et al., 1980), 1.3% in Denmark (Aalb&K et al., 1994), and 12.07%
in Brazil (Costa et al., 1993). Casia dos Santos and Moacir Marin (dos Santos & Marin, 2005)
isolated fungi in 32% of the cases, and 17.3% of these were Candida spp. Biochemical results
were in accordance with previous literature (Dudley et al., 2013). The rapid identification test
for E.coli generated number from API20E was 5144552. Gram-positive MDR isolates of S.
aureus were confirmed by biochemical tests. Indeed, coagulate and catalase tests were
positive while cytochrome oxidase was negative for all isolates of S. qureus (Olson et al.,
1970). When species level identification is desired, BioMerieux's API 20C has proven

satisfactory.

MDR strains of E.coli were isolated from milk samples of cattle which were positive by
CMT, on the MacConkey agar E. coli produced pink colored, smooth and round colonies
Figure 3.4A. While ESBL differential media used to isolate ESBL E.coli strains from the
isolated E. coli strains which produced purple to pink colonies Figure 3. 4B. The pink color
indicated that E.coli is a Lactose fermenter(Dudley et al., 2013). The culture of milk on blood
agar allowed to observe small round, and yellow-orange colonies of S. aureus Figure 3. 4C.
Candida showed green color of colonies on chrome agar media Figure 3.4D which is

differential media for candida spp isolation (Bhuyan et al., 2018) Morphology of isolated
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microbes was summarized in the Table 3.3. All the biochemical results were in accordance with
previous literature (Dudley et al., 2013). Isolated microbes were confirmed by conventional
biochemical tests, Coagulase and catalase tests were positive while cytochrome oxidase was
negative for all isolates of S. aureus. All E.coli strains were found indol positive and catalase
positive and C.albicans has given negative indol test results and positive catalase test as
shown in the Table 3.4(Olson et al., 1970). The rapid identification test for E.coli produced
number from API 20E was 5144552as shown in Tables 3.5 and for Gram-positive isolates of S.
aureus 6736153 (Tables 3.6) while C.albicans generated API 20C number 6172174 as
described in the Table 3.7.

Pathogenic strains were treated with commercial antibiotics that showed high resistance of
these antibiotics to Staphylococcus aureus, Escherichia coli, and Candida albicans. In
general, antibiotic therapy is considered ineffective. Clinical mastitis caused by C. albicans
was treated with intramammarynystatin after being treated with various antibiotics for one
month before culture and identification (Sinha et al., 1974) Six days after the beginning of

nystatin treatment, milk returned to normal, inflammation subsided, and culture was negative.

Gram negative rods of E.coli showed highest resistance to large number of antimicrobials
agents used in this study. Particularly, B-lactams, E.coli has 100% resistant to Ampicillin
(100%), Augmentin (100%), and this resistance property associated with 100%, 85%, and
70% prevalence of blatem, blasnv, and blacrxrespectively.This is maybe due to the ability of
many of the Enterobacteriaceae to have intrinsic resistance to B-lactams by releasing f-
lactamases(Susi¢, 2004) which break the B-lactam ring and stop the action of antibiotic. SHV,
CTX, TEM, are the most dominant 3 - lactamases in Gram-negative bacteria. In the current
study, blaTEM was found in all isolates (100%) that agree with (Bailey et al., 2011; Younis
et al., 2017) who reported that 97.1% of E.coli isolates (226) recovered from lambs affected
with diarrhea. In this study, SHV was detected in 85% of the tested isolates which was higher
than (Arabi et al., 2015) who reported 53.2% of ESBL producing isolates have blasnv. Also,
(Tasli & Bahar, 2005) revealed SHV 74.3%. The blacrx is one of the most prevalent ESBLs
genes. In this study, blacrx gene found gram negative bacteria (75%). The higher result
recorded by (Geser et al., 2012) reported that 78 isolates (85.7%) had CTX- gene from E.coli,
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E. cloacae, and C.youngae isolates taken from milk samples in Switzerland (Tinelli et al.,

2012).

Molecular characterization of MRSA strain has been performed. The mecA4 gene is known to
confer S. aureus resistance to methicillin (Turutoglu et al., 2009). It is worth mentioning that
the recommended susceptibility breakpoints for the 30-ug FOX disk test used to detect mecA-
mediated resistance in S. aureus have been changed in January 2007 by CLSI from <19 mm
and >20 mm to <21 mm and >22 mm (Lee, 2003; Saeed et al., 2014). The amplification of
mecA gene is prescribed as a gold standard in the detection of this resistance (Melo et al.,
2014; Morrissey et al., 2014).Subsequently, genotyping allowed to confirm only 35 (47.94%)
MRSA from the 73 suspected MRSA based on AST basis. Previous studies reported an
MRSA prevalence of 10.34% (Turutoglu et al., 2009) while we found a prevalence of 29.66%
MRSA when compared to the number of S. aureus strains (N=118). This rate of occurrence
in mecA gene suggests a high risk for transmission of AMR bacteria from milk or milk
products to human populations (Kaszanyitzky et al., 2007; Turutoglu et al., 2009). Prevalence
of B-lactam resistance genes was increasing in S. aureus isolates, where MRSA isolates
possessed 16% concealed the mecA gene and many other responsible factors (Qu et al., 2019;
Turutoglu et al., 2009). In-vitro and animal studies reported high cure rates for both
methicillin-sensitive S. aureus (MSSA) and MRSA infections (Righter, 1987). Overall,
55.1% of all 1989 MRSA isolates (colonizing and infecting) were resistant to ciprofloxacin
(Daum et al., 1990), which is now increasing exponentially. The presence of MRSA in
bovine mastitis is a potential risk to other exposed cattle and farm workers, including
veterinarians (Chandrasekaran et al.,, 2014; Kaszanyitzky et al., 2007). In general, the
emergence and transfer of AMR bacteria or genetic determinants from animals to human
populations via food chain is a growing concern (Chandrasekaran et al., 2014; Kaszanyitzky
et al., 2007). The AMR to methicillin is due to the mecA gene, which encodes an alternative
penicillin binding protein (i.e. PBPs such as PBP2) with decreased binding affinity to
methicillin (Kaszanyitzky et al., 2007). In addition, homologs of less pronounced similarity
to mecA (<70%) were found in S. aureus and Macrococcuscaseolyticus (Alvarez et al., 2011;
Sakoulas et al., 2001; Tsubakishita et al., 2010)which are now named mecB and mecC,
respectively (Ito et al., 2012; Sakoulas et al., 2001).Other parts of the mec gene complex
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are mecR] and mecl, which encode a transcriptional repressor and a signal transduction
protein involved in regulation of mecA(Ito et al., 2012). Meanwhile fluoroquinolones (e.g.
CIP, levofloxacin) are well-established broad spectrum antibiotics with potent bactericidal
activity against most common Gram-positive and Gram-negative pathogens (Naber et al.,
2001). Among fluoroquinolones, CIP is one of the most widely prescribed to treat a variety of
bacterial infections (Yang et al., 2010). Thereby, CIP, synthesized in 1981 as a second-
generation antibacterial, was recently pointed out as the most consumed antibacterial agent
worldwide and the fifth most commonly prescribed generic antibacterial in the USA (Acar &
Goldstein, 1997; Staff, 2010). The excessive use, unnecessary administration, and
consumption in irregular dose or with methods neither approved nor controlled by medical
professionals, have undoubtedly contributed to the rapid advancement of bacterial resistance

against CIP (Acar & Goldstein, 1997; Hart & Kariuki, 1998).

Current study presented eco-friendly green route of synthesis to synthesize nanomaterials i.e.
nanomaterial A, nanomaterial B, nanomaterial C and nanomaterial D to combat MDR

pathogenic strains that cause mastitis in cattle.

In this study, XRD analysis presenting the crystalline size and nature of green synthesized
nanomaterial A, CS-NPs coated TiO2 NPs. Figure 5. 1A indicated the XRD profile of, TiO2
NPs. XRD pattern of TiOz results represents the (101), (004), (200), (105), (211) and (204)
plane indices that are corresponding to crystalline anatase phase were in accordance with
Kubacka et al (Kubacka et al., 2012).While SEM findings were also similar to Kubacka et al
and the size of chitosan NPs 19-25nm, TiO2 NPs 35-50nm and CS-NPs coated TiO2 NPs with
size ranging from 65-75nm (Kubacka et al., 2012). In the UV-visible analysis, absorbance
spectrum ofgreen synthesized TiO2NPs consists of two bands, one at around 220nm and other
band around 320nm.The band around 220nm is assigned to tetra-hedral isolated Ti present in
the sample and the band around 300-400nm arises due to charge-transfer from the valence
band (mainly formed by 2p orbitals of the oxide anion) to the conduction band (mainly
formed by 3d t 2¢ orbitals of the Ti**cations). This band further confirms the existence of the
anatase phase of TiO2(Qian et al., 2011; Saravanan et al., 2018). An obvious red shift towards
the Vis portion of light could be attributed to addition of chitosan contents, which possesses

the small band gap value. This improvement in UV-Visible light absorption is demonstrating
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that the major portion of solar light could be successfully utilized. In case of CS-NPs coated
TiO2NPs considerably improvement was observed in absorption spectrum in UV-Vis light
region. An obvious red shift towards the Vis portion of light could be attributed to the

addition of chitosan content which possesses the small band gap value (Saravanan et al.,

2018).

FTIR investigation of CS-NPs coated TiO2NPs is shown is Figure 5.5C.FTIR spectrum of
pure TiOz exhibited the emergence of absorption characteristic peaks at 3408cm™! is belonged
to superposition of the hydroxyl groups while FTIR spectrum of the chitosan exhibits a sharp
absorption peaks for 3423 cm-1 and 1636 cm-1 were related to availability of free ~OH group
of water molecule and C=0 carbonyl moieties groups. Our results of characterization were in
accordance of reported work(Alagumuthu& Kumar, 2013; Saravanan et al., 2018). The Zeta
potentials of TiO2 NPs, chitosan and CS-NPs coated TiO2 NPs were —150.5 £ 0.8, 75.6 + 1.0,
and 95 £ 1.65 mV, respectively. The Zeta potential of prepared CS-NPs coated TiO2 NPs
were 95 + 1.65 mV. These results provided evidence of successful coating of chitosan on the
surface of TiO2 NPs and suggested that the samples were stable during the storage period.
The interaction among chitosan and TiO2NPs in water solution was possibly promoted by the
electrostatic force as chitosan carried positive charges, whereas TiO2 NPs were negatively
charged. Furthermore the amine groups of chitosan were protonated to ammonium thus
adding the positive charges to chitosan (Patil et al., 2007). This phenomenon facilitated the
surface coating of TiO2 by chitosan and also prevented the aggregation of CS-NPs coated
TiO2 NPs (Figure 5.6).The encapsulation efficiency of CS-NPs coated TiO2 NPs in the CS
system was found as 85% + 1.59. Hanna and Saad also reported good encapsulation

efficiency of CIP inside hydrogel made up of chitosan (Hanna & Saad, 2019).

Interestingly, synthesized formulation worked against pan drug resistant E.coli and killed this
resistant strains zones of observation were quite promising as seen in Figure 5.7C. All of
three nano formulations are effective against PDR E.Colibut the most potent activity was
noticed against CS-NPs coated TiOz2 NPs, previous studies reported antibacterial potential of
TiO2 and chitosan (Haldorai & Shim, 2014; Jiang et al., 2013) .Data of zones of inhibition is
presented in Table 5.3. MIC values of CS coated TiO2 NPs was found to be 0.78g/ml which

was lowest among all the nanomaterials tested against microbes causing mastitis.Based on
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the above results it could be observed the prospective enhancement in antibacterial activity of
proposed CS-NPs coated TiO2 NPs as shown in Figure 5.8. The superior antimicrobial
activity of the CS-NPs coated TiO2 NPs is also evidenced by the growth curve, which
exhibited stronger antibacterial ability against PDR E. coli. The antibacterial ability of
chitosan was higher than that of TiO2 NPs during the first few hours. However, the difference
became insignificant over the following 5 hours. Thereafter, TiOz NPs exhibited higher
activity than the chitosan (Haldorai & Shim, 2014; Jiang et al., 2013).

The synthesized nanomaterials were found nontoxic to red blood cells of cow as all
formulations at all tested concentrations did not lyse red blood cells as shown in Figure 5.9
,results were in accordance of previous findings (Mohammadi et al., 2019).Results indicate
that the cell viability remain maintained with the increase in concentrations of various
prepared nanoformulation and particularly CS-NPs coated TiO2 NPs didn’t show any
cytotoxicity on the BMGE cell line. Celecoxib was taken as positive control and significantly
reduced cell viability at tested concentration ranges while PBS as negative control. All
findings clearly suggest non toxicity of CS-NPs coated TiO2 NPs may be attributed to
controlled release of TiO: and coating of chitosan biopolymer (Malvindi et al., 2014,

Mohammadi et al., 2019).

It is evident from the results (Figure 5.11) CS-NPs coated TiO2 NPs completely lysed the
MDR E.coli cells and lost their integrity. Moreover it was observed that shape of bacillus was
no more maintained so become agglomerated which may became the ultimate cause of cell
death (Banerjee et al., 2010).A double-staining (PI/Annexin V) method and calculated the
number of alive cells by a statistical gating approach using FACS before and after treating
E.coli strains by CSNPs coated TiO2 NPsat MIC (0.78 pg/mL) at 37 °C and at various
intervals of time (i.e. 0 hrs, 6 hrs ) (Figure 5.12). Such assay aims to determine both the
necrotic death (by PI staining) as well as the early and late apoptosis (by AnnexinV) and
ultimate death in the selected populationdensity (Hussain et al., 2012). Thereby, the death
rate was negligible and late apoptosis (1.98% = 0.03) in untreated cells (NC) (Figure 5.12A),
whereas the late apoptosis was found 55.79 % + 1.52 after 6 hrs (Figure 5.12 B) of

incubation after treatment with the nanoformulation (Vanhauteghem et al., 2019).
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Nanomaterial B of the current study, XRD technique was used to examine the crystal phases,
and the crystallinity of the green synthesized nanomaterials. The main peaks found in CeO2
NPs were matched with previous studies (Arumugam et al., 2015)(Figure 6.1a), CIP-
Ce02/CS NPs (Figure 6.1¢) and CeO2/CS NPs (Figure 6.1d) correspond to Bragg reflections
with 20 values of 28.6, 33.02, 47.4, 55.3, 59.01, and 69.4. These Bragg reflections were
identical based on their orientations and were respectively indexed to (111), (200), (220),
(311), (222), (400) crystal planes of cubical structure typical found in NPs
CeO2[NPJCPDS34-0394].XRD of CS showed a signal at 26 = 19.63° (220) (Figure 6.1b).
The amorphous nature of CS appeared clearly in the spectrum and has been obtained most
likely during the intercalation of bulk chitosan with TPP. The location of the peaks was
compared to literature values and the presence of CeO2/CS NPs was confirmed. The
diffraction peaks were weil-deﬁned with high intensity and narrow width which indicates that
the resulting biosynthesized NPs were highly crystalline. Further, no reflection related to any
impurity was detected in the pattern, up to the detection limit of the XRD diffractometer,
which defined the prepared NPs as pure. Also, the data strongly suggest that CS incorporation
in CeO2 NPs did not change the crystallinity of the composite. This information is confirmed
by Lin et al. who observed the same crystalline structure of the CeO2 microspheres in
presence or absence of CS (Lin et al., 2015). However, the CeO2/CSnanocomposite (Figure

6.1d) displayed a higher intensity spectrum compared to that of CeO2 NPs (Figure 6.1a).

The average crystallite size of NPs was found to be ~7.9 +1.3nm,~10.63+
1.4nm,~59 + 0.09nm,~7.1 + 0.2 nmin CeO2 NPs, CS NPs, CeO2/CSNPs, and CIP-
Ce02/CS composite respectively, based on the Debye-Scherrer’s equation centered about
most strong diffraction signal of 28.6° (111). Interestingly, it is worth noting that the small
sized nanostructure of fabricated samples was shown be very effective for inactivation of
bacterial growth (Uzair et al., 2020). Thereby, SEM micrograph of CeO2 NPsdepicted some
mixed small fluffy, spherical as well as few elongated edges of particles, which were
extremely amassed and agglomerated (Figure 6.2A). The SEM micrograph of CS (Figure
6.2B) exhibited less agglomerated spherical particles than CeO2 NPs, suggesting the anti-
aggregation role of CS when coated into CeO2 NPs (Figure 6.2C), most likely because CS
enhanced the dispensability in the solution. The SEM micrograph of CIP-CeQ2/CS revealed
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less agglomerated secondary particles with large grooves and voids (Figure 6.2D). These
materials with huge voids are beneficial for the attachment of foreign materials and are then

expected to contribute to enhance the antibacterial activity (Uzair et al., 2020).

Meantime, elemental mapping, and quantitative composition of the same fabricated
nanomaterials was investigated. As expected, EDX spectrum of CeO2 NPsindicated the peaks
of O, C and Ce (Figure 6.2A and Table 6.1). Also, EDX spectrum of CS displayed peaks of
O and C Figure 6.2B and Table 6.1). The presence of O, C and Ce in the EDX spectrum of
Ce02/CS NPs (Figure 6.2C and Table 6.1) and F-CeO2/CS NPs(Figure 6.2D and Table
6.1) demonstrated that the nanohybrid has been prepared successfully. Peaks related to C did
arise due to the depositing sample on carbon tape. Quantitative elemental compositions of the
prepared samples were summarized in Table 6.1. A previous study observed different
amount of elements in Ce02 NPs such as Cerium 52.52% Carbon 24.60% and Oxygen
21.50% in CeO2 film containing chitosan (Tripathi et al., 2019). The bottom-up approach, in
which the metal ions could be reduced to synthesize nanoparticles presence of capping
ligands, preferably used .green synthesis is gaining more attention instead of the physical and
chemical synthesis methods. There are many side effects reported by employing chemical
method for the synthesis of NPs including consumption of toxic compounds (Uzair et al.,
2020).In the present study natural seeds of black cardamom reduced to cerium oxide NPs and
chitosan biopolymer reported in many studies for biocompatible and biodegradable used for
encapsulation via simple ionic gelation method using even acetic acid (safe organic solvent)
for acidic media(Mohandas et al., 2018). Further, the TEM micrograph of CeO2 NPs showed
mixed quasi-spherical particles and some elongated particles (Figure 6.3A). TEM
micrographs of CS (Figure 6.3B) and CeO2/CS NPs (Figure 6.3C) clearly displayed round
spherical NPs. The TEM micrograph of CIP-CeO2/CS NPsdepicted agglomerated spherical
morphology of secondary particles (Figure 6.3D). These TEM data are consistent with our
previous SEM analyses. In present study spherical morphology was reported similarly the
literature also confirmed the spherical shape and nano size of CeO2 NPs (Moon et al.,
2007). The average diameter of CeO2 NPs, CS NPs, CeO2/CS NPs and CIP-CeO2/CS NPs
ranged from ~6-10 nm which was also confirmed by XRD analysis. The average crystalline

size was estimated as 24 nm by XRD analysis and 5 nm for spherical structure using TEM
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studies for CeO2 NPs(Moon et al., 2007).The average particle size (PS) was found in the
present study was 45nm +0.87 nm, 35+1.0 nm, 65+£0.37nm and 40+ 0.91 nm in (A) CeO2

NPs, (B) CS NPs, (C) CeO2/CSNPs, and (D) CIP-CeO2/CS composite respectively.

Various phytochemicals present in these extracts are considered to provide the action of
capping and stabilizing agents that aid the formation of CeO2 and CeO2/CS NPs (Igbal et al.,
2020a). Substance-specific vibrations of the molecules lead to the specific signals obtained
by IR spectroscopy in the range of 400-4000 cm™. Consistently, a prominent peak attributed
to hydroxyl (-OH) group is observed in the wavelength range 3500-3200 cm™ in all spectra
(Figures 6.4a-6.4f), which is an important functional group of phenolic compounds(Jamila et
al., 2020). In plant (Figure 6.4.a), characteristic FTIR signals at 1634 cm™ and 1050 cm’
belong to NHz and C=O stretching vibrations from amine group and butyl group (Acar &
Goldstein, 1997; Arumugam et al., 2015), respectively. In CeO2 NPs (Figure 6.4b), the
spectral region between 949-517cm™ revealed bending vibrations of Ce-O and O—Ce-O
(Leung et al., 2015), which confirms the successful formation of CeO2 NPs. In CS NPs
(Figure 6.4¢),CIP-CeO2/CSNPs (Figure 6.4e) and CeO2/CSNPs (Figure 6.4f), the FTIR
peak at 1264 cm™ is assigned to the bending vibrations of C—-C—C from ketone (Acar &
Goldstein, 1997; Zafar et al., 2020), whereas the signals at the spectral region 1625-1640 cm™
indicate NH: vibrations. Also, in F-CeO2/CSNPs (Figure 6.4e), the peaks in the spectral
region of 712-509 cm™ indicate the new surface Ce-C-F linkage, that is known to be very
beneficial for efficient antibacterial activity (Staff, 2010). In CIP (Figure 6.4d), the FTIR
signals observed specifically at 1711 cm™ and 1613 cm™! are associated with C=0 and C-H
vibrations, respectively. The peak centered at 1019 cm is ascribed to C-F bending

vibrations as shown in the Table 6.2(Sasikumar, 2013; Zafar et al., 2020).

Zeta potential is the electrical potential at the slipping plane (i.e. interface which separates
mobile fluid (e.g. water) from fluid that remains attached to the surface) .In the previous
study chitosan-coating reaction, the zeta-potential was measured as +50 mV, suggesting that
chitosan has the ability to stabilize cerium system and caused increase in dispersity(Zhao,
2018).Although CeO:2 NPs showed an unstable stability with the negative ZP value of -123 +
1.58mV (Figure 6.5a). CS NPs showed a high stability with a positive ZP value of +45+ 0.12
mV (Figure 6.5b). CeO2/CSnanocomposite showed an excellent stability with a ZP of +62 +
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0.74 mV (Figure 6.5c). CIP-CeO2/CSdrug nanocarrier showed the best stability with a ZP of
+110 £ 0.65mV (Figure 6.5d). Thus, since the negative zeta potential value shifted from
negative to positive zeta potential in the presence of NH2 groups of CS, and in water the
surface charge was clearly influenced by the surface coating by CS. This is in accordance

with previous studies (Sendra et al., 2017).

The encapsulation efficiency of CIP-CeO2/CS NPs was calculated 75% + 2.08, which
confirmed successful encapsulation of biocompatible polymer chitosan to stabilize the
metallic oxide nanoparticle CeO2 NPs and reverse its polarity to assess its antibacterial
activity against MRSA strains. Interestingly, CIP-CeO2/CSNPs presented the most significant
effect by forming the largest ZI of 12 mm =+ 0.45 and 17 mm + 2.89 against MRSA at MIC
and 2MIC values, respectively (Figure 6.8A and 6.8B). Thus, the antibacterial activity of the
tested NPs was concentration dependent. Other pure nanomaterials exhibited inherent
antibacterial activities but were not as effective as CIP-CeO2/CSNPs (Table 6.4).
Importantly, OX, FOX and CIP pure antibiotic were not exerting an antibacterial activity
onMRSA (all the strains resistant to Oxoid disc of CIP 5Sug, OX 1 pg, FOX 30ug) at their
MIC values.The excellent anti-MRSA activity exerted by CIP-CeO2/CSNPs, compared to
CIP alone on mecA-positive MRSA can be explained by the size, the specific surface area,
the polar surface, the morphology and the cross-linking of doped materials (e.g. CS).
Moreover, electrostatic attraction between negatively charged bacterial cells and positively
charged CIP-CeO2/CSNPs, as confirmed by zeta potential charge value 110+£0.65mV, is
crucial for the antibacterial activity. Such interaction is not only able to inhibit the bacterial
growth but also generate ROS, which molecular mechanism is known to lead to MRSA cell
death (Burello & Worth, 2011; Xia et al., 2008). Also, it has been shown that the growth of
the Gram-positive bacterium S. epidermidis was affected more by the CeO2 NPs treatment as
compared to the Gram-negative P. aeruginosa(Arumugam et al., 2015). Our data with CIP-
CS based nanohybrid strongly suggest an enhanced antibacterial mechanism thanks to the
incorporation/surface coating of CS to CeO2 NPs by ionic gelation method and the CIP
conjugation which penetration into the bacterial cells is enhanced considering the thick cell

wall of resistant MRSA isolates (Assali et al., 2017).
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Taken together, the greenly synthesized CIP-CeO2/CSNPs showed brilliant antibacterial
activity against MRSA strains and thus, provided an alternative treatment therapy to treat S.
aureus -induced mastitis infection which remains a challenge for veterinarians (Batista et al.,

2013; Kannan & Sundrarajan, 2014).

Expectedly, the morphological changes occurred MRSA isolatestreated by CIP-
CeO2/CSNPsat MIC (8 pg/mL) when monitored by SEM (Figure 6.10). The negative control
(untreated MRSA) showed round and smooth MRSA morphology identical to what observed
at 0 hrs after treatment by CIP-CeO2/CSNPs(Figure 6.10a). Slightly deformation was visible
after 4 hrs in the spherical structure of treated-MRSA (Figure 6.10b), which was accentuated
at 8 hrs (Figure 6.10c) to reach an abrupt change at 12 hrs (Figure 6.10d). At 12 hrs post-
treatment, the drastic MRSA morphological change suggested typical wrinkled lysed cells
releasing their cytosolic content which demonstrated the potent antibacterial effect of the new
developed CIP nanofromulation(Huang et al., 2017). This effect is most likely mediated
through the electrostatic interaction between the positively charged NPs and the negatively
charged MRSA cell wall, which subsequently induce ROS species and ultimately cause
inhibition of bacterial cell growth cell death free radical stress is sufficient enough

(Saravanakumar et al., 2018; Wang et al., 2014).

To further strengthen the antibacterial potential of nanomaterial B (CIP-CeO2/CSNPs)
double-staining (Pl/Annexin V) method of flow cytometer and calculated the number of alive
cells by a statistical gating approach using FACS before and after treating MRSA strains with
CIP-CeO2/CSNPsusing MIC (8 pg/mL) value at 37 °C for various intervals of time (i.e. 0 hrs,
6 hrs, and 12 hrs) (Figure 6.11). Such assay aims to determine both the necrotic death (by PI
staining) as well as the early and late apoptosis (by AnnexinV) and ultimate death in the
selected populationdensity (Hussain et al., 2012). Thereby, the death rate was negligible
(0.9% =+ 0.62) in untreated cells (NC) (Figure 6.11A), whereas the death rate increased in a
time dependent manner, with 1.23% =+ 0.52 , 40.33% + 1.79 ,87.04% =+ 3.92 after Ohrs
(Figure 6.11B), 6 hrs (Figure 6.11C) 12 hrs (Figure 6.11D), of incubation after treatment
with the CIP-Nanoformulation (Vanhauteghem et al., 2019).

Flow cytometry is a rapid and quantitative method for the analysis of membrane disruption

analysis after antimicrobial treatment, and was used to reveal antibiotic-induced changes in
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microbial energy metabolism (Maglica et al., 2015). The PI (red) fluorescent dye, which is
not cell wall permeating, is generally used to detect necrotic dead cells in the population
(Garcia-Saucedo et al., 2011; Maglica et al., 2015). It was clearly observed a shift from
AnnexinV-stained cells at 0 hrs after treatment to a mixed of AnnexinV/PI stained cells 6 hrs
after treatment with CIP-nanoformulation at MIC (Figure 6.11C). It can be observed that
CIP-CeO2/CSNPscompromised the cell wall integrity of MRSA cells, thereby favoring the PI
permeability and uptake which led to intercalation of PI in the dsDNA and the shift in PI
fluorescence. These findings are consistent with previous studies regarding the toxicity of
nanomedicines against bacteria. Indeed, Omolo et al. recently reported that polymeric-coated
drug loaded nanovesicles had caused 98.5 + 1.49% death in the selected population against

MRSA strains (Omolo et al., 2018).

It was found that bovine cells showed concentration dependent viability at MIC excellent
viability was found and by decreasing concentration cells become more viable as described in
Figure 6.12. Only green synthesized CeO: NPs had a minimal enhanced cytotoxicity
compared to that of CIP-CeO2/CSNPs and CS NPs (p<0.05). Yet, a previous study reported
that CeOz NPs tested in Jurkat human T lymphocytes showed no effects on the viability of
cells and were found nontoxic (Caputo et al., 2017). Interestingly, CIP-CeO2/CSNPs and CS
NPs had very similar negligible cytotoxicity (p>0.05) and since CS NPs are known to be
biocompatible and safe (Caputo et al., 2017), we can conclude that CIP-CeO2/CSNPs as a
safe therapeutic agent. Hence, potential hemolytic activity of CeO2 NPs, CSNPs, CeO2/CS
NPs, and CIP-CeO2/CSNPs using hemolysis assay on the RBCs of cow (Figure 6.13).The
data revealed negligible hemolytic activity of CIP-CeO2/CSNPs at the MIC value (8 pg/mL)
compared to the positive control triton 100X 9 (7% viable RBCs) While CeOz NPs, CeO2/CS
NPs, CIP and CSNPs also did not induce hemolysis at various concentrations. CS NPs was
even meaningfully not different from PBS (99% viable cells) used at NC (p>0.05). According
to the criterion in ASTM E2 S24-08 standard percent hemolysis > 5% indicates that
synthesized CIP-CeO2/CSNPs causes no damage to the RBCs (Choi et al., 2011). Previous
studies reported CS as nontoxic and hemocompatible making it highly useful for biomedical
applications such as in antimicrobial delivery metallic-based nanocarriers thanks to its good

interactions with metal oxide (Guibal, 2004).
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Altogether, greenly synthesizedCIP-CeO2/CSNPs are safe, noncytotoxic and hemocompatible

to mammalian cells , favoring their potential use for in-vivo applications.

The ex-vivo antibiotic release profile of CIP from the CIP- CeO2/CS nanocomposite were
presented in Figure 6.14. The CIP- CeO2/CS nanocomposite exhibited the highest
cumulative drug release (88+ 1.09) at the 8hrs of incubation study (37 °C), which was
compared to the control value of CIP (91+ 1.14) alone during 24 hrs. As described previously
by Rao and Diwan, initial rapid dissolution of the hydrophilic polymer occurs when the
prepared formulation is in contact with the hydrated skin, resulting in the accumulation of
high amounts of drug in the skin surface and thus leading to saturation of the skin with drug
molecules at all times (Rao & Diwan, 1998). While in the present study, most of the drug

crossed the skin barrier and released in the fluid of receptor compartment.

The drug release studies revealed that the cross-linked network structure could effectively
reduce the antibiotic (e.g. ampicillin sodium) release rate and its burst effect following a
Fickia diffusion (Cui et al., 2018) The important criteria for developing an effective delivery
system is to ensure the sustained release of the encapsulated drug into the physiological
environment(Shahriar et al., 2019). Burst release is a phenomenon commonly observed in
delivery devices of different forms and compositions (Shahzad et al., 2015). The burst effect
may be favorable for certain indications or applications such as wound treatment and/or
targeted delivery(Choo et al., 2016) .The previous study conducted by Igbal et al using
physiological-like conditions (Shahzad et al., 2015), showed that chitosan had lower drug
release rate and smaller amount of drug burst release compared to that of free drug.(Igbal et

al., 2020b).

In this study, XRD profile of green synthesized nanomaterial C,CIP-Ag/TiO2/CS
nanohybrid(Figure 7.1f) revealed the diffraction peaks of anatase TiO:2 (Lei et al., 2012), Ag
(Bokare et al., 2013), and CS (Yang et al., 2010). It was observed that the diffraction peaks of
this nanocarrier are shifted to high angle region, which indicated that foreign material i.e. CS
and CIP inserted the stress on the lattice of host material (Ag/TiOz). It is also noted that
leading peak of Ag at 38.18° overlapped with the Peak of TiO2 at 38° and suppressed the
signal of TiO2.The crystalline particle size of nanoformulations is measured about the peaks

centered at (101) of anatase TiOz (Lee et al., 1999) and (111) of Ag by using the Scherrer’s
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equation. The PS and the crystalline size of the newly developed drug nanocarrier were 19
nm+ 1.98 and0.9821+0.76 A in average and all other characterized NPs. XRD pattern of
TiO2NPs(Figure 7.1a)represented the(101), (004), (200), (105), (211) and (204) plane
indices that corresponds to crystalline anatase phase as supported by (JCPDSNo. 84-1285)

(Lei et al., 2012) results were in accordance with Lei et al findings of XRD spectrum.

The XRD peaks of AgNPs (Figure 7.1b)shows the (111), (200), (220), and (311)
crystallographic planes at 26 ° = 38.18°, 44.25°, 64.72°, and 77.40°leading to face-centered
cubic metallic silver crystals (Georgekutty et al., 2008). It can be inferred that Ag ions (Ag")
are strongly reduced by the M. concanensis leaf extract during the synthesis process. Any
diffraction peak related to silver oxides was not observed. In Ag/TiOznanocomposite(Figure
7.1¢),the characteristic XRD peaks show the anatase phase of TiO:z and the face-centered
cubic silver content without any sign of any other diffraction peaks as impurity (Bokare et al.,
2013). In CSNPs (Figure 7.1d), the characteristic XRD peak was indicated at 21.8°
crystallinity and purity of chitosan in the nano structure (Zafar et al., 2020).

TiO2NPs, AgNPs and Ag/TiO2 nanocomposite the nanostructures showed uniform round
spherical morphology (Bokare et al., 2013) as illustrated in FESEM micrographs in the
Figure 7.2A, 7.2B and 7.2C respectively. The particle size of TiO2NPs, AgNPs, Ag/TiO:
nanocomposite CSNPs and CIP-Ag/ TiO2/CS nanohybrid, showed from 25-55 nm, 22-40 nm,
19-35 nm and 19-75 nm, respectively. This also tentatively confirms the particles size
observed from XRD analyses. Agglomerated and spherical AgNPs were well dispersed
throughout the surface of TiO2 (Figure 7.2B).Also, it can be remarkably observed from the
Ag/TiO2 nanocomposite that AgNPs are incorporated on the surface of TiO:2 (Figure 7.2C). It
was noted that there is no distinction between the TiO2NPs and AgNPs in Ag/TiO2 nano-
composite. Eventually, it was clearly seen that the biopolymer CS anchored the whole surface
of spherical Ag/TiO2 nanocomposite (Figure 7.2D). After CS grafting, it was perceived that
AgNPs remained segregate onto TiO:2 surface (Figure 7.2D). EDX analysis was done to
investigate the elemental distribution of the four nanostructures (Figure 7.2). Figure 7.2A
displayed the Ti and O signals supporting the TiO2 NP synthesis. Figure 7.2C revealed the
peaks corresponding to the Ti, O and Ag in Ag/TiO2nanocomposite. It was cleared from the

signal that 1.2 wt% nominal content of Ag was closed to its stoichiometric value of 2.0 wt%
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solution of AgNPs exploited for the fabrication of Ag/TiO2 nanocomposite. The signal of C in
Ag/TiOz2nanocomposite can be ascribed to the carbon substrate/grid. No additional peaks
were observed which indicated the purity level of the synthesized nanoformulations Figure
7.2B showed elemental profile of AgNPs which determined the sharp signal of Ag element.
Finally synthesized CIP-Ag/ TiO2/CS nanohybrid elemental spectrum was shown in the
Figure 7.2D which displayed the peak signals corresponding to TiOz, Ag, TiO2/Ag and CS,

other peaks or modifications in signal intensity may be attributed to incorporation of CIP.

The TEM results confirmed the outcomes of FESEM analysis, as shown in the Figure 7.2E
and 7.2F round and spherical morphology was depicted, while purity of the newly developed
CIP-TiO2/Ag/CS nanohybrid was observed by SAED as shown in the Figure 7.2G.The
particles size of Ag/TiO2 composite and CIP-TiO2/Ag/CS nanohybrid was 47 -75nm and 20 -
80nm respectively (Yang et al., 2010). The SAED pattern of the prepared CIP-Ag/TiO2/CS
nanohybrid demonstrated Ag/TiO2 contained a face-centered cubic crystalline phase. SAED
pattern further exhibits discrete circular diffraction rings corresponding to anatase phase of
Ti02 NPs. Moreover SAED showed less agglomeration which further supported the facts that
phytocompounds of leaf extract of moringa and chitosan contribute their role as previously
explained in the literature by Senthilkumar et al. 2019, chitosan and silver nanoparticles were
obtained by reducing T. portulacifolium extract and less agglomerated NPs were revealed by
TEM analysis due to phytocompounds (Senthilkumar et al., 2019).Obtained polycrystalline
diffraction rings of fabricated spherical NPs were in agreement with previous studies reported

by Hussein et al 2021and Mohamed et al 2020 (Hussein et al., 2021; Mohamed, 2020).

FTIR spectra of TiO2NPs, AgNPs, CSNPs, Ag/TiO2 nanocomposite, unloaded Ag/Ti02/CS
Nanohybrid and CIP-Ag/TiO2/CS Nanohybrid are displayed in Figure 7.3. The FTIR
spectrum of pure TiO2(Figure 7.3a) exhibited emerging characteristic peaks of absorption at
3408cm™ which belongs to superposition of the hydroxyl groups (O-H) that evidences the
coordination of water molecule to Ti**cations. The absorption band cantered at 2928 cm™ is
assigned to C-H stretching vibrations. The signature at 1603 cm™! can be attributed to C=0
stretching vibrations due to the butyl group, organic species as starting precursor solutions
and adsorbed water molecules on the surface of the nanoformulations. The absorption band in

the range of 766-610 cm™ is related to the Ti — O bonding that authenticates the formation of
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TiO2( Li et al., 2018). The FTIR spectrum of AgNPs (Figure 7.3b) revealed the characteristic
peak at 3424 cm™ corresponding to O—H stretching vibrations of adsorbed water molecules.
The peaks at 2919 cm™ and 2841 cm™' indicated alkanes (C—C) stretching vibrations. The
signature that appeared at 1625 cm™ is attributed to bending vibrations of alkene group ( Li
et al., 2018). The peak at 1099 cm'was assigned to the asymmetric and symmetric C=0
stretching vibrations due to carbonyl group present in leaf extraction. Alkanes, alkenes and
carbonyl groups of leaves extraction are mainly involved in the reduction of Ag* to AgNPs.,
The FTIR spectrum of TiO2/Ag nanocomposite (Figure 7.3c) displayed bands ranges in the
region from 800 to 530 cm’'that are attributed to Ti—O stretching mode and
Ti—O—-Ag/Ag—O-Ti linkage (Bokare et al., 2013). The FTIR spectrum of CS (Figure 7.3d)
exhibited a high absorption peak of 3423 cm™ and 1636 cm™! due to the availability of a free
—OH group from water molecules, amino group and a C=0O carbonyl moiety group. The
value at 1018 cm™! corresponded to the throttle vibration of the C—O—C bond of epoxy or
alkoxy. The signature at 1269 cm™! and 1419 cm™*was due to C—O and CH~OH bonds ( Li et
al., 2018). The FTIR study of unloaded Ag/ TiO2/CS (Figure 7.3e) characteristic peaks of
metal components and CS differential peaks were prominently showed in the spectrum.
Moreover the binary junction of Ti —O and Ag metals was also displayed in the spectrum.
The FTIR of CIP-Ag/ TiO2/CS nanohybrid (Figure 7.3f) showed peaks at around 1010 cm™
and 1600 cm™ that are correlated with aromatic bending and stretching. It is clear that the
absorption peak centered at 596 cm™! is due to the metal oxygen metal (Ti—O—Ag) mode of

vibration.

Zeta potential is the capacity of suspended particles to affect their stability and the zeta
potential greater than 30mV or less than-30mV can be distributed permanently in the medium
(Zhao, 2018).The zeta potential values of AgNPs (Figure 7.4a), TiO:NPs (Figure 7.4b),
TiO2/Ag nanocomposite(Figure 7.4c) and CSNPs (Figure 7.4d) were -110, -123 mV, -200
mV and 35.12 mV, respectively. The newly synthesized CIP-Ag/ TiO2/CS nanohybrid
showed good stability with a zeta potential value of 67.45mV (Figure 7. 4e).It is worth
mentioning that in relation to adhesion of NPs with bacteria, the surface charge or zeta
potential is crucial since it was demonstrated that positively charged NPs will interact with

negatively charged bacteria, and when these bacteria comes near positively charged NPs this

. : } .
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ultimately led to the penetration and destruction of bacteria (Hoseinzadeh et al., 2017; Wang
et al., 2017).The encapsulation efficiency of CIP-TiO2/Ag/CS nanohybrid in the CS system
was found as 90% = 2.07. Hanna and Saad also reported good encapsulation efficiency of

CIP inside hydrogel made up of chitosan (Hanna & Saad, 2019).

Antibacterial activity by disc diffusion method as revealed by the zone of inhibitions of CIP-
Ag/ TiO2 /CS nanohybrid in the Table 7.1.0n the basis of MIC determination, nanomaterial
C was found proficient to inhibit the growth of MDR E.coli at lowest concentration 0.0512
pg/mlL as shown in Figure 7.5 A&B.Enhancement of antibacterial activity was observed
against E.coli and S. aureus when treated with titania nanoparticles co-dopped with silver
nanoparticles in a previous study. Synergetic activity of the nanohybrid used as 10ug/ml and
20pg/ml concentration exhibited 7mm of zone of inhibition against both bacteria (Parvathi et
al., 2020).In another study one-dimensional titanium dioxide (TiO2) nanotubes (TNTs) doped
silver (Ag) (% 5) were synthesized by two-step hydrothermal approach for evaluation of
antibacterial studies. Disc diffusion method showed the zone of inhibition of nanoparticles
against I.coli ATCC 25922 as 8mm when used as 25 pl suspension (10 mg ml-1) (Aydin et
al., 2018). A study describes antibacterial and antifungal activity of chitosan PVA film
encapsulated silver doppedtitania nanoparticles against various pathogenic strains. Significant
zones of inhibition were observed, and they reported that chitosan and PVA improved
antimicrobial activity due to their stability, mechanical strength and biocompatibility(Shende
et al., 2018). By comparing results of present study to the previous literature, it is evident that
green synthesized CIP-Ag/Ti02/CS nanohybrid are strong antibacterial agents against MDR
bacteria. Killing kinetic study of CIP-Ag/TiO2/CS nanohybrid shows that after 6 hours of
incubation growth of E.coli was inhibited as indicated in Figure 7.6. Results are compared
with Silver/graphene oxide nanohybrid that inhibited the growth of pathogenic bacteria after
24 hours of incubation (Xiong et al., 2019). A study conducted by Li showed antibacterial
attack of Ag NPs, TiO2 NPs, Ag/TiO2nanocomposite against MDR E.coli ( Li et al., 2018)
but activity was not as remarkable as observed in this study by the synthesized
nanoformulations particularly CIP-Ag/TiO2/CS nanohybrid halted the growth of E.coli within
few hours of exposure. Current findings showed a mutual antibacterial activity of

ciprofloxacin with the Ag/ TiO2/CS composite. Previous study of Shahverdi and Colleagues
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have observed improved antibiotic activity against the bacterial panel, using a combination of

silver nanoparticles and FDA proven antibiotics (Shahverdi et al., 2007).

Morphology of MDR E.coli has been analyzed by FESEM and TEM before and after
treatment with CIP-TiO2/Ag/CS nanohybrid as noted in the Figure 7.7 &7.8. Before
treatment intact, plump, and uniform cells are observed and after 6 hours of treatment with
nanohybrid, it was indicated that cell membrane has been detached from cell wall, cytoplasm
damaged and cell membrane disintegrated. In a previous study FESEM analysis of E.coli
treated with Ag-TiO2@PDA NRDs has been described, that showed the membrane damage
of bacteria by these needle like nanorods and physical puncturing of bacterial cells. Various
degrees of cell shrinkage have been reported (Guan et al., 2019). Flow cytometry analysis has
been done to identify the rapid identification ofgreen synthesized nanomaterial C, CIP-
Ag/Ti02/CS nanohybrid internalized in the live bacterial cells. Results of nanohybrid show
late apoptosis with 67.87% efficacy and early apoptosis with 32.13% efficiency as shown in
the Figure 7.9B. Late apoptosis was due to the penetration of nanohybrid in E.coli cells.
E.coli cells in the late apoptotic stage were sensitive to Annexin V-FITC dye showing the cell
membrane damage and leakage of content that was confirmed by PI binding. Cell death
caused by CIP-Ag/ TiO2/CS nanohybrid shows late apoptotic attributes that confirm
increased permeation of the E.coli cells by CIP-Ag/ TiO2/CS nanohybrid,leading to cell harm
or death. Results are comparable with a previous study in which TiO2 @PDA NRDs have
been designated as strong antibacterial agents with the ability of selectively bacterial
membrane physical rupturing by Live/Dead Bacterial Viability fluorescence test (Guan et al.,
2019). Late apoptosis occurred when nanohybrid penetrated in the E.Colicells instigated
death as PI dye is permeable to dead cells only(O’Brien-Simpson et al., 2016). The E.coli
cells found in the late apoptotic stage as they were bind to Annexin V-FITC
displayingimpaired and disturbed cell membrane while cytoplasmic contents released which
was confirmed binding of PI with DNA. It was observed that cell death triggered by CIP-Ag/
Ti02/CS nanohybrid mainly due to late apoptotic traits.

Ex vivo antibiotics release profile of ciprofloxacin from nanomaterial C presents the CIP
release as (89+ 2.43) after 8 hours of incubation that was compared to the control value of

ciprofloxacin as (94+ 1.97) during 24 hrs. Results show a burst release of CIP at 8 hours that
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was followed by a sustained release in the next 24 hours. Findings of Shah and co-workers
are in accordance with our findings as they described the release of moxifloxacin from
chitosan nanocomposite.In another study drug release profile of ciprofloxacin HCl from
ciprofloxacin-loaded CS nanopaiticles has been studied at three different pH values. Small
drug release was observed from chitosan nanoparticles and less than 12% drug was released
after 96 hours. Amount of drug release was decreased by decreasing the pH. The free drug
release was also evaluated by dialysis membrane and 100% of drug was permeated after 1
hour (Guan et al., 2019). Various studies reported the higher efficiencies of antibiotic loaded
polymeric nanoparticles due to improved drug penetration in the bacterial cell, increased
stability of drug due to conjugation with nanoparticles, and better drug delivery to the site of
action (Fawaz et al., 1998).This study presented potent antibacterial activity of ciprofloxacin
conjugated chitosan encapsulated silver titania nanohybrid against gram negative MDR
E.coli. Gram-negative bacteria show resistance to antibiotics due to the cell wall in their
structure. Some structures of the bacterial cell limit the penetration of the antibiotic. Gram
negative bacteria have more negative charge on their cell wall that is the reason for chitosan
adsorption on its cell wall and finally inhibiting the growth of bacteria (Sobhani et al., 2017).
In a previous study strong antibacterial effects of chitosan on gram negative E.coli have been

reported in terms of enzymes leakage (Sobhani et al., 2017; Xiao, 2021).

Previous study correlates with these findings, slow and sustained release of drug from the
cross linked structure of polymers enclosing antibiotics was reported (Cui et al., 2018).The
important requirements for designing an efficient delivery system is to ensure the continued
and sustained release of the encapsulated drug to the biological system (Shahriar et al., 2019).
The result has confirmed that the drug conjugated with Ag/TiO2/CS nanoparticles and
encapsulated in chitosan nanoparticles has improved stability in the acid medium and
sustained and prolonged release of the drug. This stability and regulated release is due to
chitosan encapsulation and most possibly due to the hydrophilic nature of chitosan. The
antibiotic ciprofloxacin was trapped within the polymer matrix of chitosan, which supported
the slow release of drugs through the diffusion process. Taken together, it was noted that

burst CIP release at 8 hours, followed by a sustained release in next 24 hours. Shah and co-
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workers have documented the continued release of moxifloxacin from nanocomposite of

chitosan and their findings are in agreement with the current results (Shah et al., 2019).

The viability pattern using different concentration of synthesized nanoformulations exhibited
in Figure 7.11.Similar results were reported, where chitosan considered as safe therapeutic
agent due to nontoxic effect on cell lines (Campos et al., 2004). The current study deep-
rooted the biocompatibility of synthesized nanoformulation for BMGE cells by displaying
good viability pattern. Tomankova reported cytotoxic effect of Ag NPs in comparison with
TiOz2 NPs (Tomankova et al.,, 2015) but in the current study chitosan nanoparticles

encapsulation masks cytotoxic effects of these metals.

Green synthesized nanomaterial C, interact with RBCs of animals and findings were
displayed in the Figure 7.12. Furthermore, study revealed that RBCs were viable and it was
apparent that CIP-Ag/TiO2/CS nanohybrid treated RBCs were more viable (98.23 %) caused
no release of hemoglobin from RBCs when results compared with positive control Triton. Li
et al 2008 had studies hemolysis of TiOz2 NPs ( Li et al., 2018). Choi et al represented
concentration and size dependent toxicity of Ag NPs and Ag NPs may cause hemolysis
which were less than 20nm (Choi et al., 2011). According to the criterion in the ASTM
E2524-08 standard, percent hemolysis >5% indicates that the test nanoparticle causes damage
to RBCs. Hence, green synthesized CIP-Ag/TiO2/CS nanohybrid showed excellent viabilities
of RBCS and proposed hemocompatibility, biocompatibility and nontoxicity of CIP-
Ag/Ti0O2/CS nanohybrid for livestock animals.

In this study novel nanohybrid system, green synthesis nanomaterial D, CIP-Ag/TiO2/ Fe203/
CS was designed by eco-friendly approach. M. concanensis leaves extract has been used to
synthesize AgNPs, TiO2 NPs, and Fe203. Wet chemical impregnation technique was used for
incorporation of AgNPs onto the surface of TiOz and Fe203 nanomaterials and ionic gelation
method was developed for CS encapsulation. These nanoparticles at low concentrations have
the greatest antibacterial activity against drug resistant strains. The current study has
synthesized new cheap, simple, and eco-friendly nanoparticles as a strong antimicrobial agent

to treat mastitis causing infections and refining the worth of dairy yields.
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Green synthesized nanomaterial D, was characterized by XRD for the analysis of purity and
crystallinity. In the Figure8.1 the XRD profile of synthesized nanomaterials, ciprofloxacin,
and plant powder has been described. Ciprofloxacin exhibits the diffraction peaks at 20 of
129, 20°, 29°,30°,319,35%,39% and plant powder exhibits irregular shaped peaks at 26 ° = 19.5
and broader dominant peak at 29 expressed more prominently. Results show that Fe:0;3
exhibit the characteristics peaks at 24°, 33°, 36° 41° 49°, 54° 58° 63° 64° corresponds to (012)
(104) (110), (113), (024) (115), (112), (214), (300) were well matched with JCPDS Card No.
(00-001-1053). The XRD patterns of silver nanoparticles exhibit peaks at 38.18°, 44.25°,
64.72°, and 77.40° corresponds to the crystallographic planes (111), (200), (220), and (311)
and well matched with the previous findings (Georgekutty et al., 2008). The XRD of TiO:
nanoparticles represents the (101), (004), (200), (105), (211), and (204) plane indices that
corresponding to crystalline anatase phase as supported by JCPDSNo. 84-1285 (Lei et al.,
2012). XRD profile of drug loaded chitosan encapsulated Ag/TiO2nano-hybrid system
possesses the diffraction peaks of Ag, anatase TiO: (Lei et al., 2012) and chitosan. It is
observed that the peak of Ag nanoparticles at 38.18° overlapped with the peak of TiO:
nanoparticles at 38° and suppressed the signal of TiO2. XRD patterns of CIP-Ag/TiO2/
Fe203/ CS Ternary composite confirm the characteristic peaks of chitosan at 21.8°%, TiO: at
29° 44.20 Fe20s3 at 20 ° = 33°36°,49°54° and dominant signal of Ag NPs at 64° were
observed in Figure 8.1(h).

Surface morphology and size of nanomaterials have been analyzed by SEM and TEM. SEM
analysis revealed the size of chitosan NPs as 23-30nm, Ag/TiO2 NPs 25-40nm, Fe2O3
nanorods diameter of 2-6nm, and CIP-Ag/Ti02/ Fe203/ CS Ternary composite ranging from
5-7nm. Spherical and agglomerated morphology was observed for both chitosan and
Ag/Ti02 hybrid. Figure 8.2D represents that in green synthesized CIP-Ag/TiO2/ Fe203/ CS
Ternary compositethat Ag NPs and Fe2Osare incorporated on the surface of TiO2. Ag NPs
are not integrated into the lattice of crystalline TiO2 and chitosan anchored the whole surface
of spherical Ag/TiO2 / Fe203 nano-hybrid and selected drug. In the previous study Tomke, et
aldescribed the SEM analysis of Fe3Os@ Chitosan ~Ag nano-composite that shows the
spherical morphology with an average diameter of 3-4 pm. Study explained the Ag

nanoparticles uniform distribution with the size of 100nm on the surface of Fe3O4@ Chitosan
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—Ag nanocomposite. EDX analysis shows the elemental distribution of synthesized materials
which shows the signals of Ti, O, Ag, Fe and C that are supported by the findings of Tomke,
et al., 2020 (Tomke & Rathod, 2020).

HR-TEM analysis was done to analyze the structure, size, and dispersion of materials. TEM
image of Ag/TiO2/ Fe203 showed mixed elongated nanorods which were consistent with
FESEM findings. TEM image of Ciprofloxacin loaded Ag/TiO2/ Fe203 CS Ternary
composite depicted nanorods shaped morphology with average diameter ranges ~6-10 nm as
also confirmed by XRD analysis. The purity of CIP- Ag/TiO2/ Fe203/ CS Ternary composite
was presented by SAED. SEAD pattern shows the first ring that shows the combination of
two different planes (111) and (200) and second ring shows the plane (220) and third ring that
signifies plane of silver at (311) These diffraction peaks resemble the face-centered cubic
structure of silver (JCPDS 04-0783). It is validated by TEM description that chitosan doping
provides a supportive substrate that helps to avoid Ag nanoparticles aggregation. Results are

well consistent with the results of Tomke, et al., 2020 (Tomke & Rathod, 2020).

FTIR spectra of synthesized nanomaterials were recorded in the range of 500-4000 cm—1
shows the peak patterns that appeared in the regions of 499 to 1074 ¢m~1 metallic oxide
region and broad peaks appeared at 3450 cm—1 and 1650 cm—1 corresponds to -OH and NH;
group stretching and bending vibrations mode. The FTIR spectrum of pure TiO: exhibits the
emergence of absorption characteristic peaks at 3408cm™ belongs to superposition of the
hydroxyl groups (O-H) that is the evidence of coordination of water molecules to Ti*'cations
and signature at 1603 cm™ can be attributed to and C=O stretching. The absorption band
cantered at 2928 cm! is assigned to the C—H stretching vibrations. The absorption band in the
range of 766-610 cm-1 is related to the Ti — O bonding that authenticates the formation of
titanium dioxide. Literature studies revealed the FTIR peaks for TiO2 nanoparticles at 800
and 450 cm™ that is close to our data (Kumar et al., 2014). The band corresponding to the Fe-
O stretching mode of Fe203 is observed at 560 cm—1.and 700cm-1. Absorption band at 571
cm—1 in a spectrum of Fe304 NPs observed in a previous study that closely matches with the
current data (Nehra et al., 2018). The FTIR analysis of Ag nanoparticles interprets the
characteristic peak at 3424 cm™' corresponding to O—H stretching vibration of adsorbed water

molecules. The peaks at 2919 cm™ and 2841 cm™' indicate alkanes (C=C) stretching
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vibration. Signature appeared at 1625 cm™ is attributed to bending vibration of alkene group (

Li et al., 2018). In case of Ag/TiO2 hetero system bands ranges in the region from 530 to
800cm™! are attributed to Ti—O stretching mode and Ti—~O—Ag/Ag—O-Ti linkage respectively
corresponds with the previous findings. (Bokare et al., 2013). The FTIR spectrum of chitosan
( Li et al., 2018) exhibits a high absorption peak of 3423 cm-1 and 1636 cm-1 due to the

availability of a free ~OH group and NH2 moiety group of chitosan monomers molecules

! observed for

respectively. The characteristic amide I and II peaks at 1650 and 1600 cm™
chitosan in a recent study (Tomke & Rathod, 2020).The value at 1018 cm™' corresponds to
the vibration of the C-~O—C bond of epoxy or alkoxy. The signature at 1269 cm™ and 1419
cm is due to C—O and CH—OH bonds. Peaks at around 1010 and 1600 cm™ in nano-hybrid
spectra have been correlated with benzene rings which indicates presence of Ciprofloxacin
conjugation with metallic oxide ternary heterojunction. The absorption peak centered at 596
cm™' is due to the metal oxygen metal (Ti—O—Ag) mode of vibration and Fe-O stretching
mode was observed in the spectra. The peak at 1074 cm—1 is due to the stretching vibration
Fe-Ti-Ag and the strong band below 700 cm—1 is assigned to Fe-O-Ti and Fe-O-Ag
stretching mode. The peak at 1099 cm™ represents asymmetric and symmetric C=O
stretching vibration due to carbonyl group present in leaf extraction. Alkanes, alkenes and
carbonyl groups of leaves extract encountered the reduction of Ag*, Ti* and Fe** to Ag, TiO2
and Fe>O3 nanorods. The reduction in the intensity of all the peaks was observed in case of
composites after the incorporation of Fe:0O3 and Ti-O bond of TiO2, which was found to be
shifted to 525 cm™ after the incorporation of chitosan and ciprofloxacin. The linkages further

confirmed the blending of organic and inorganic materials which presents tight junctions of

ternary composites.

In UV-Vis profile of TiOz, the absorption edge relative to 0%~— Ti** responsible for charge
transition at 300-390 nm in anatase TiOz; according to well mentioned results in literature
(Sajjad et al., 2009). It is observed in the absorption spectrum of chitosan NPs single band
centered at 280nm. The band gap energies for plant 2.7, Fe:03 2.4, drug 3.2 and CIP-
Ag/TiO2/ Fe203/ CS Ternary composite have displayed transition energies between 1.3 and
3.1 eVwhich are corresponding to the charge transition from 02 — Fe** and 0% — Fe3*

respectively .Having large band gap value (3.12 eV) of TiOz; light absorption is restricted

, i
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only in UV region. Surface modifications of Ag/TiO2 by incorporation of chitosan and

ciprofloxacin could strongly enhance the absorption in whole UV-Vis region. The reduced
band values in CIP- CIP-Ag/TiO2/ Fe203/ CS Ternary compositeare noted. The clusters of
Fe?* and Fe** in different regions of host Ag/TiO2 act as the electron trappers, firmly inhibited
the recombination process and proliferate the absorption in visible region (Ho et al., 2014).
These clusters are also responsible for generation of oxygen vacancies below the conduction
bands of TiO2 and reduced the band gap values of CIP-Ag/TiO2/ Fe203/ CS Ternary
compositesamples. In CIP-Ag/TiO2/ Fe203/ CS Ternary composite integration of Fe203 is
fruitful in absorption of light in visible region by existence of oxygen moieties, fast electronic
transition properties and innovative connection between Ag—O-Ti-O-FeO is very supportive

in the antimicrobial activity.

In this study, encapsulation efficiency of CIP-TiO2/Ag/CS nanohybrid in the CS system was
found as 94% =+ 1.26. Hanna and Saad also reported good encapsulation efficiency of CIP
inside hydrogel made up of chitosan(Abreu et al., 2012; Hanna & Saad, 2019). It was
reported in the previous studies that antimicrobial activity can be increased by chitosan
coated metal nanoparticles. Cationic charge of chitosan amino group combines with the
anionic component of cell membrane of microbes like neuraminic acid, sialic acid and N-
acetylmuramic acid. Chitosan inhibits the growth of microbes by chelating transition metal
ions, enzyme inhibition and exchange with the medium. Antimicrobial activity increased due
to the chitosan coated nanoparticles stability in aqueous media as compared to the pure metal
nanoparticles as chitosan help to protect metal nanoparticles from aggregation (Nehra et al.,

2018).

The synthesized CIP-Ag/Ti02/ Fe203/ CS Ternary compositeshowed excellent antibacterial
activity which predominantly depends on morphology, size, specific surface area, polar
surface, and cross linking of doped materials. Moreover, electrostatic attraction between
negatively charged bacterial cells and positively charged CIP-Ag/TiO2/ Fe203/ CS Ternary
compositeis a fundamental step for the antimicrobial reactions. This interaction is not only
able to inhibit the growth of microbes but also induces the production of ROS, which
ultimately leads to cell death(Burello& Worth, 2011; Xia et al., 2008).The growth of Gram-
negative MDR E.Coli was prominently inhibited by the CIP-Ag/TiO2/ Fe:03/ CS Ternary
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composite treatment as compared to Gram positive S. aureusas shown in the Table
8.1(Arumugam et al., 2015). Most importantly, the antibacterial activity of CIP-Ag/TiO2/
Fe203/ CS Ternary compositewas improved significantly due to its unique morphological
appearance as antibacterial activity principally depends on morphology (Irshad et al., 2017).
Nano encapsulation of chitosan on the surface of Ag/TiO2/Fex0s ternary heterojunction
amplified antimicrobial potential by increasing concentrations against resistant strains of
MRSA,MDR E.coli and C.albicans(Assali et al., 2017). The successful synthesis of CIP-
Ag/Ti02/ Fe203/ CS Ternary composite was confirmed by FTIR diffraction signals of ternary
composite. The zeta potential value 85.26+ 0.12 supported stability and super reactivity of
ternary structure against the MDR pathogens. In the present study biogenic engineered CIP-
Ag/TiO2/ Fe203/ CS Ternary compositeshowed brilliant antibacterial activity against tested
strains and launching an alternative therapeutic agent to cure mastitis which has been
become challenge for both developed and under developing countries. (Batista et al., 2013;

Kannan & Sundrarajan, 2014).

Experiments to evaluate the bactericidal effects of zero-valent iron and the theoretical
mechanisms that lead to cell death have already been reportedas studied cell death of E.
coliby cell membrane disruption after interaction with zero-valent iron NPs, implying the
dissolved iron inactivation or amplified biocidal effects, as well as oxidative stress as
pathways of cell death. Moreover study alsoreported that zerovalent iron nanoparticles,
B.subtiliswas found more tolerant to these nanoparticles than E.coli but it was communicated
that bactericidal mechanism of these nanoparticles has not yet been expounded. Despite these
findings, there is no consensus in the literature on the effect; another article published asserts
that zero-valent iron had no negative impact on total bacterial abundance in microcosms

(Nehra et al., 2018).

Nehra and co-worker reported that iron oxide NPs have antibacterial activity against E. coli
that is dosage dependent and antifungal activity of Fe3Os NPs was assessed which showed
that iron (II, IIT) oxide NPs were synthesized with negative surface potential and chitosan
coating to change the surface potential and functional group. Because the chitosan polymer
contains a free hydroxyl group, it forms a strong hydrogen bond with the iron (II, III) oxide

NPs (Nehra et al., 2018).
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Kumar et al synthesized TiOz nanoparticles by Hibiscus rosasinensis flower extract exhibited
potent antibacterial activity even at low concentrations as compared to chemically
synthesized TiO:2 nanoparticles. These nanoparticles do not exhibit a mechanism of action

(Kumar et al., 2014).

Yuan et al represented antibacterial studies of AgNPs synthesized by bio-molecule quercetin
were evaluated against MDR pathogenic bacteria P. acruginosa and S. aureus that were
isolated from milk of mastitis infected goats. The MICs values of AgNPs against P.
acruginosa and S. aureus were evaluated as 1 and 2 pg/mL, respectively. Dose- and time-
dependent manner antibacterial effects of AgNPs were studied. AgNPs possess the
antibacterial activity due to the generation of reactive oxygen species, malondialdehyde, and
proteins and sugars leakage in bacterial cells. Furthermore, bacteria treated with Ag NPs
displayed decreased glutathione (GSH) expression, increased glutathione S-transferase
(GST), and decreased superoxide dismutase (SOD) and catalase expression (CAT). These Ag
NP-treated bacteria, show the physiological and biochemical measurements that suggest that

Ag NPs can stimulate bacterial cell death (Yuan et al., 2017).

In this study antimicrobial study was explained with more intense detailed analysis by
undergoing flow cytometry of MRSA strains, MDR E.coli and C.albicans after interacting
CIP-Ag/TiO2/ Fe203/ CS Ternary compositeat MIC value, allowing 6hrs of incubation time
to assess the early apoptosis,late apoptosis death rate in the selected population density
(Hussain et al., 2012). As shown in the Figure 8.9A, for Ohrs of incubation as control 98.76%
cells were alive and sustainable while the survival rate of MRSA isolates after 6hrs of
incubation was 14% and death of 75.34%. The antimicrobial potential revealed in the Figure
8.9B at the 6hrs of aging with CIP-Ag/TiO2/ Fe203/ CS Ternary composite, causing cell
death of MDR E.Coli strains 80.85% the. The Figure 8.9C showed excellent antifungal
activity of combined effect of all constituent Nano antimicrobial agents after incubation with
CIP-Ag/TiO2/ Fe203/ CS Ternary composite induces changes in the morphology and cells
cycle causing death of 89.01%, which was detected using special dyes(Maglica et al., 2015).
The PI fluorescent dye, which is not cell wall permeating, is generally used to detect dead
cells in the population. The CIP-Ag/TiO2/ Fe:03/ CS Ternary composite mode of action
disrupt the integrity of the cell by damaging cell wall and membrane , which enhances the PI
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permeability and uptake into the cell and leads to intercalation with the DNA that results in a

shift in PI fluorescence. These findings are consistent with previous study regarding the
toxicity of nanomedicines against bacteria as calvin et al reported polymeric coated drug
loaded nanovesicle had showed 98.5+1.49% death rate in the selected population against

MRSA strains (Omolo et al., 2018).

Ashmore et al revealed dose dependent toxicity of nanoparticles to bacterial cellsas current
study showed that CIP-Ag/TiO2/ Fe203/ CS Ternary composite an increased rate of toxicity
againstC.albicans, MDR E.coli, and MRSA (Ashmore et al., 2018). The SEM study was
applied to further investigate the morphological changes in the C.albicans, MDR E.coli, and
MRSA after exposure to CIP-Ag/TiO2/ Fex03/ CS Ternary composite. In this regard
controlled group showed intact cells, cell wall and membrane presenting uniform morphology
(Figure 8.10A, C, and E), which means the cellular proliferation of remained normal.
Themicrobial cultures after exposure to CIP-Ag/TiO2/ Fe203/ CS Ternary composite at the 6
hrs of incubation viewed under SEM analysis for observing destruction of C.albicans (
Figure 8.10B),MDR FE.coli (Figure 8.10D) and MRSA strains (Figure8.10F). MDR E.coli
(Figure 8.10D) showed remarkable changes in the morphology as many were detached from
outer membrane and cellular fragments were seen clearly. The prominent morphological
changes could be seen for C.albicans( Figure 8.10B) almost all the cells have low density
regions in their center, which clearly indicates that cytoplasm was damaged and outer
membrane was disintegrated by CIP-Ag/TiO2/ Fe203/ CS Temary composite. The
morphological changes incurred in the MRSA cells when encountered with CIP-Ag/TiO2/
Fe203/ CS Ternary composite as shown in the Figure 8.10F the deformation in the spherical
structure of MRSA. This proposes lysis of bacterial cells with release of cytosolic content and
wrinkled cells upon their interaction with CIP-Ag/TiO2/ Fe203/ CS Ternary composite.
Results revealed that strong bonding between MRSA and CIP-Ag/TiO2/ Fe203/ CS Ternary
composite is responsible for the profound antibacterial activity (Huang et al., 2017). The zeta
potential value of CIP-Ag/TiO2/ Fe20s3/ CS Ternary compositeis positive while bacterial cell
wall is negatively charged, this established electrostatic attachment and prompt ROS
production which ultimately cause inhibition of microbial growth and eventually caused cell

death (Saravanakumar et al., 2018; Wang et al., 2014).

Encapsulation of Metallic Oxide Nano-particles and Synthetic Antibiotics to Combat Mastitis Causing

Multidrug Resistant Pathogens

282



Chapter 9 Discussions

The relative percentage viability of BMGE cells were found more viable and safe after
interaction with CIP-Ag/TiO2/ Fe203/ CS Ternary composite at all tested concentrations due
to chitosan encapsulations as shown in the Figure 8.13(Omolo et al., 2018). Previous studies
reported nontoxic nature of metallic oxide NPs which is accountable feature for the use of
NPs in the biological applications (Arumugam et al., 2015; Caputo et al., 2017; Prasad &
Rattan, 2010). BMG cell lines after treating with CIP-Ag/TiO2/ Fe203/ CS Ternary composite
exhibited excellent viability of cells and posed ternary composite nontoxic for mammalian
cells moreover results of cytotoxicity were in accordance with previous results(Campos et al.,
2004). The CIP-Ag/TiO2/ Fe203/ CS Ternary composite was found safe and biocompatible as
compare to positive control (Celecoxib). The cells treated at lowest concentrations were more
viable and stable as compare to higher concentrations of nano antibacterial agents included in

the study(Shafai et al., 2019).

Hemocompatibility is one of the important aspects for the in-vivo application of
nanomaterials as the injected nanomaterials interact firstly with RBCs before the immune
cells (Choi et al., 2011). Therefore, potential hemolytic activity of CIP-Ag/TiO2/ Fe203/ CS
ternary composite tested on RBCs of cow (Figure 8.14) andresults have revealed negligible
hemolytic activity of CIP-Ag/TiO2/ Fe203/ CS ternary composite(Choi et al., 2011). Previous
studies reported CS as nontoxic and hemocompatible making it highly useful for biomedical
applications such as in antimicrobial delivery metallic-based nanocarriers thanks to its good
interactions with metal oxide (Guibal, 2004).

Invivo antibacterial potential was studied by induced Infection in the rabbit model was
completely controlled in the test group treated with CIP-Ag/TiO2/ Fe203/ CS Ternary
composite and showing no viable bacterial colony on blood and MH agar plates at 72 hrs
using respective MIC, indicating that the cells were killed (Huang et al., 2017).After
treatment with CIP-Ag/TiO2 Fe20s3/ CS Ternary composite in the Invivo investigation, many
indicators of renal and hepatic function were assessed. Renal functions after treatment were
not compromised in all the test groups of rabbits. Renal functions which were evaluated
including urinary volume, protein concentrations, glucose levels, and creatinine levels
werestudied amongtested groups as shown in the Figure 8.16. Hepatic functions were also

evaluated in all the groups of rabbits and various parameters associated in blood plasma were
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also taken into account. The levels of ALT and AST and albumin in the CIP-Ag/TiO2/ Fe203/
CS Ternary composite treated groups were examined and no disturbance was found. Other
studies reveal no mortality, no aberrant reactions, and little effect on kidney and liver indices
in male and female Sprague Dawley rats given 2,000 mg/kg bw of Ag-NPs produced by
Sargassumsiliquosum orally, demonstrating that these nanoparticles are safe (Vasquez et al.,
2016).

The results of Invivo antibiotic release studies from CIP-Ag/TiO2/ Fex0s/ CS ternary
composite were depicted in Figure 8.19. The CIP-Ag/TiO2/ Fe203/ CS ternary composite
exhibited highest active drug release (89% + 0.57) at the 8" hrs , which was remarkable in
the 24hrs of release study when compared to control (CIP alone) showing 90% + 0.78

release kinetics from the skin.

Data of the Invivo release was fit into different equations and kinetic models to explain the
release kinetics of nanoformulations rabbit skin membrane. The kinetic models (Costa &
Lobo, 2001)used were zero-order equation, first-order equation, Higuchi and Korsemeyer-
Peppas models. The cumulative amount of the drug released from the CIP-Ag/TiO2/ Fe203/
CS ternary composite, when plotted against square-root of time, the release profiles of drug

seemed to follow Higuchi model the data was further treated as per the following equation
Mt/Moo = K.tn

where, MyMs is the fractional release of the drug, Mt is the amount released at time t, Ms is
the total amount of drug crossed skin barriers , t is the release time, K is a kinetic constant,
and n is the diffusional release exponent indicative of the operating release mechanism (Costa

& Lobo, 2001).

Future prospective

Nanotechnology is expected to grow fast in future, and it will provide new avenues for the
improved treatment options. The efficiency of nanoparticle bioapplication targeting is a
critical parameter. An effective treatment drug may build up in the target organism, killing
MDR pathogens. It is consequently expected that nanoparticles will have a controlled
dispersion and clearance for site-specific applications. More importantly, nanoparticles’

various delivery capabilities and custom-made characteristics improve target accumulation
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effects. In recent years, available bio-nanoparticle design methodologies and rules have been
gathering and developing. Nanoparticle delivery will be gradually but dramatically improved
during the next 5-10 years. Optimizing medication pharmacokinetic parameters to improve
treatment effects and limit adverse effects is an important feature of nanoparticle design,
which takes into account both physiological and nanoparticle-specific factors. Further in vivo
experiments should be performed to investigate the biocompatibility and undesired adverse
effects for their possible therapeutic use on various model and different rout of
administration. The use of available antibiotics conjugated or attached to nanoparticles offers
an alternate angle to antibiotic therapy. The interaction between organs and nanoparticles is
responsible for all therapeutic side effects. More In vivo experiments should be performed to
investigate the biocompatibility, histopathological, biochemical parameters and undesired
adverse effects of nanomaterials that prove nanomaterials as alternative therapeutic agents to

replace conventional antibiotics.
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such as PA. The products will solve public health problems in PA. The conception of these works is very good
and the data arc rich and colorful. From the whole works of thesis, the author performances having basic
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