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ABSTRACT:

In recent times, nanoparticles are widely used for combating antibiotic resistance
in urinary tract infections (UTIs). Here we have discussed various metal oxide
and other nanoparticles and their different formation techniques including
organic, nanodiamonds, chemical and green-synthesized inorganic, and
composite materials. We have also compared there in vivo and in vitro effects
against UTI in both male and females. The study also discusses the antibiofilm
property of Costus igneus plant extract made in AgNPs against UTI enterococcal
isolates. Biofilm formation property of bacteria makes them drug resistant and
making UTI difficult to treat. Costus igneus AgNPs, having an average size of
65-150nm, showed potent antibacterial activity which also reduces biofilm
formation by 81% as compared to other controls. 37.64, 725.7, and 61.08 pg/ml
were the results of antimicrobial activity of MIC. Green synthesis of NPs is

contributing to a safe and green environment reducing the toxic release

1. Introduction

Urinary Tract Infection or cystitis (bladder infection)
and phylonephritis (kidney infection) are caused by
bacteria, certain fungi and virus. UTIs are caused by
Escherichia coli, Gram positive cocci which includes
Staphylococcus species gaining biofilm properties. UTI
can be symptomatic or asymptomatic and about 40%
women and 12% of men suffers from UTI once in their
lifetime [, Uncomplicated UTI is one of the common
diseases having 4.49 billion cases in 2024, and at the
end of this year, it is subjected to increase by 63.4%
(2025) capturing a 54.7% of the market 2. The global
market of Urinary Tract Infection (UTI) is projected to
reach USD 12,865 million by the end of 2025 and it is
subjected that UTI market can increase by 5.6 CAGR
by the year 203481 Cost can increase with high-level
antibiotic resistance and Clostridium difficile colitis.
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The resistant of bacteria is mainly caused by biofilm
formation™. These cells are resistant to both
conventional antibiotic treatment and the host’s immune
system, this causes the reappearance of the infection.
Biofilm infections are mainly caused due to intrauterine
catheters, pacemakers, and stents and in cystic fibrosis
(CF), these all are the foreign bodies that gets infected
with biofilm- growing mucoid strains of Pseudomonas
aeruginosa. Bacteria  contains  carbapenems,
chloramphenicol acetyltransferases enzymes
responsible for degradation of multiple antibiotics, such
as macrolides, p-lactams, aminoglycosides and
phenicol®. The combination of drugs also makes
bacteria resistant due to their MDR (multi drug
resistant) property. Multi-drug efflux pumps are
responsible for multidrug resistant. These pumps work
together with resistance (R) plasmids or transposons
providing resistance to a specific agent!®.
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Commonly prescribed antibiotics to treat UTI include
trimethoprim-sulfamethoxazole, nitrofurantoin, and
ciprofloxacin. The complicated UTIs can lead to severe
kidney infection thus proper identification of pathogen
is important. However, combining different antibiotics
for the treatment often leads to longer diagnosis and
increase the chance of reoccurrencel’. In recent
advancement, as nanotechnology is gaining worldwide
recognition, and for UTI treatment, nanoparticles (NPs)
are contemplating treatment. NPs are capable of
targeting bacterial biofilms the problem arises with
resistance mechanisms, and is ineffective against
bacteria. However, silver nanoparticles (AgNPs)
contain antibacterial properties and can provide
promising treatment against pathogenic bacteria. There
are numerous of plants proven to be effective against
bacteria. To form an effective biofilm inhibitor, Costus
igneus plant or insulin plant extract is being studied
with NP along with the antimicrobial properties of
silver.

2. Methods
2.1 Sample collection

The fresh and growing leaves of Costusi gneus were
assembled from botanical garden of Jaipur National
University, Jaipur, India in the month of January
2024.The leaves along with the stem were stored in a
plastic bag and bought to central laboratory in the
basement for further processing!®l.

2.2. Isolation of Uropathogenic- The study was
conducted at Jaipur National University, Jaipur. The
samples were collected from washroom and sewage.
Total samples 20 were collected from washroom Jaipur
National University Hospital. Each swab of sample was
streaked on different media i.e. nutrient, blood, and
MacConkey agar, EMB agar. All plates were then
incubated at 37 degrees Celsius for 48 hours. The
samples were then observed for bacterial colonial
characteristics. Identification was then done by their
morphological and biochemical characteristics. Further
Gram staining was performed for further recognition!!.

2.3 Biofilm Formation- To assess biofilm formation
through the colorimetric assay, 96-well titer plate were
used. 2 1 of each suspended strain were added and
incubated for overnight. After the incubation different
steps were followed including:
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STEP 1: initial condition, in which the medium was
removed.

STEP 2: pre-washing, microtiter plate was washed three
times with 200 microliters of PBS buffer (0.1 M, pH
7.4) and permit to dry for 15 min. STEP 3: post-
washing, staining of wells were done using 20011 of
0.4% crystal violet for 15 min at room temperature. The
excess stain was washed three times with 2001l of PBS
buffer. STEP 4: post-crystal violet, the wells were
further subjected to air-dry for 15 min and the crystal
violet in each well was solubilized by adding 20011 of
33% acetic acid. STEP 5: post-acetic acid!!?,

2.4. Identification

The bacterial isolates exhibited having maximum waste
water pollution reduction efficiency were recognized
and isolated on the evidence of morphology, culture and
their biochemical characteristics. The reference was
taken from Bergey’s Manual of Systematic
Bacteriology and Probabilistic Identification of Bacteria
(PIB) computer kit!!!12],

2.5. Morphological characteristics:

2.5.1. Gram staining- Gram staining was precisely
performed with each and every step.

2.6. Cultural characteristics

2.6.1. Motility: Stabs of motility test agar medium were
prepared and observed. Diffusion of the organism into
the medium from the reference stab line indicated a
positive test however; bacterial growth only along stab
line without diffusion indicated a negative test!'3],

2.7 Biochemical identification This test was done to
determine the capability of an organism to utilize citrate
as the sole source of carbon for metabolism with
resulting alkalinity. A positive test was represented by
the development of a deep blue color within 48 h
indicating that organism has the ability to utilize the
citrate while no change in color of the slants constituted
a negative test!'?],

2.7.1. Oxidase test: Cytochrome oxidase system is
responsible for the Oxidase reaction. Blue color
emergence within 1-2 min indicated a positive test and
if no change occurs in the medium then it is a negative
test!!3],
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2.7.2. Catalase test:Catalase test identifies and proves
the presence of catalase enzyme. The bubbling
(occurrence of oxygen) indicated a positive test while
delayed or non-appearance of air bubbles confirmed the
negative test!!],

2.7.3. Indole test: Bacteria oxidize tryptophan to form
three metabolites namely, insole, skittle (methyl insole)
and insole acetic acid (IAA). Appearance of red ring at
the facet of the medium (alcoholic layer) showed a
positive test while nonappearance of color suggested a
negative test!!?],

2.7.4. Methyl Red (MR) tests: A qualitative test for
acid production (lactic, acetic and formic acid). Acid is
produced from glucose via acid fermentation pathway.
Production of a stable red color in the bacterial medium
indicated adequate acid production and is considered a
positive test, and a negative test gives yellow color to

the medium!'3!,

2.7.5. Voges-Proskauer (VP) test: VP test is used to
detect the formation of acetyl-methyl carbine from
glucose fermentation. Formation of a bright pink color
ring within 15 minutes of time indicated a positive
result and dark brownish ring suggested a negative
test!!3,

2.7.8. Urease test: The ability of an organism to
decompose urea can be determined by performing
Urease Test. Color change in slants from yellow to dark
pink or red indicated positive results while no change in
color was recorded as negative result for unease test!'3].

2.7.9 Triple sugar iron agar (TSI) test: The ability of
an organism to uptake and incorporate a particular type
of carbohydrate in a basal growth medium is
determined by TSI test. It can be indicated with or
without the production of gas. The production of
hydrogen sulphide (H»S) can also be determined along
the side. The bacteria ferment the glucose producing
CO2, and this can be identified by development of red
color slant along with yellow color butt. The bacteria
can ferment glucose and lactose and/or sucrose, and this
can be confirmed by yellow color of slant and butt. If
none of the glucose or sucrose is getting fermented,
then it will form red color of slant and butt!!?],

A) Production of Gas: If media gets cleaved or
displaced at the bottom of the test tube, it confirms
the presence of gas in the medium.
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B) Lead sulphide production: Production of black
colonies in the medium suggested a positive test
for lead sulphide production.

C) H:S production: If media turns black then it
suggests a positive test while nonappearance of the
black color indicated a negative test!!3],

2.7.10. Malonate test: The capacity of an organism to
utilize sodium malamute as their only source of carbon
can be tested and confirmed with Malonate Test. This
also results in alkalinity of the medium. The appearance
of light blue to deep Prussian blue color all over the
medium confirmed a positive test while nonappearance
of the color suggested a negative test!'?,

2.7.11. Carbohydrate utilization test: To discover the
capacity of an organism to ferment a specific
carbohydrate and integrate it in their basal medium can
be confirmed using Carbohydrate utilization test. This
test produces acid with or without visible gas. The
presence of reddish orange to yellow color in the
medium suggested a positive test while appearance of
reddish pink color suggested a negative test['3],

2.7.12. Potassium cyanide test: This test is conducted
to find out the capability of an organism to live and
reproduce in presence of potassium cyanide. Their
growth simply indicated a positive test!!3].

2.7.13. Nitrate reduction test:To find out the ability of
an organism to reduce nitrate to nitrite or free nitrogen,
nitrate reduction test is performed. Development of
pink or red color immediately suggested a positive test
while no visible change in the medium’s color indicated
a negative test. A jot of nitrate-nitrite zinc free powder
was incorporated to the tubes given negative results. No
change in color of medium indicated absence of nitrate
in the medium!!31.

2.7.14. ONPG test: This test is performed to find out
the presence or absence of the enzyme [-galactosidase
in bacterial species. The bacteria can utilize o-
nitrophenyl-B-D-galactopyranoside (ONPG). A color
change in the broth of bacteria from color less to yellow
suggested a positive test while no color change even
after 24 h indicated a negative test!'*.

2.8. Preparation of Leaf Broth Aqueous Ileaf
derivative of Costus igneus was utilized to prepare
AgNPs. The leaves were surface- sterilized, washed
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with two times distilled water and air-dried at room
temperature.20gm of finely chopped leaves were boiled
in 200 ml deionized water for 30 minutes. The resulting
extract to cool and filtered through the Whatman NO.1
filter paper and stored at 40°C for further
applications!“l,

2.9. Green-synthesis of silver nanoparticles- 20 ml of
Costus plant extract was added to 180 ml of 1 mM
aqueous silver nitrate medium in500 ml flask under
constant stirring. The reduction of Ag+ ions to Ag o
was indicated by the color change from colorless to
brown. The reaction mixture incubated at room
temperature in a dark to minimize photo activation of
silver nitrate. After complete reduction, the solution was
centrifuged at 10,000rpm for 20 minutes. The
supernatant was discarded, and the pellet was re-
suspended in deionized water. This washing and
centrifugation procedure was repeated two to three
times remove any surface-absorbed impurities. The
purified pellet was collected for subsequent
characterization!'?,

2.10. Characterization of synthesized AgNPs

2.10.1. UV-Visible Absorbance Spectroscopy:
Suspension samples (0.5 mL) were analyzed at room
temperature using a UV-Vis-spectrophotometer. The
absorption spectra were recorded between 340 and 800
nm to follow the interaction of metal ions with the plant
extract. The appearance of a surface plasmon resonance
peak indicated the reduction of silver ions and
nanoparticle formation within one hour. A control with
only AgNO3, solution was also maintained.

2.10.2. Fourier Transforms Infrared Spectroscopy
(FTIR): The nanoparticle solution was centrifuged at
10,000 rpm for 30 minutes, and the pellet was washed
several times with deionized water to remove unbound
biomolecules. The dried pellet was then analyzed using
FTIR For spectrum collection, the freeze-dried powder
was blended with potassium bromide (1:100) and
compressed into a thin pellet. Spectra were recorded in
the range of 4, 100400 cm using an FTIR spectrometer
(Perkin Elmer).

2.10.3. X-Ray Diffraction: The crystalline structure of
the nanoparticles was studied using an X-ray
diffractometer equipped with Cuka radiation (A =
1.5406 A) at 40 kV and 30 mA, Data were collected
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over a 20 range of 20°-70° at a scan rate of 2&quot; per
minute. The average crystallite size was calculated from
the broadening of diffraction peaks using the Debye-
Scherrer equation:

D= KM cos 0

where D is the crystallite size, K is the shape factor
(0.94), A is the X-ray wavelength, f is the peak width at
half maximum, and 9 is the Bragg angle.

2.10.4. Scanning Electron Microscopy- For SEM
analysis, the pellet was processed by preparing thin
films on a carbon-coated copper grid. A minute quantity
of the sample was placed onto the grid, and any excess
fluid was carefully absorbed with blotting paper. The
grid was then air-dried before being subjected to

SEM examination!'®,

2.10.5. Antibacterial Assays- Antibacterial activity
was assessed against common pathogenic bacteria
include in Bacillus subtilis, staphylococcus aureus,
streptococcus pyogenes, Escherichia coli, Pseudomonas
aeruginosa, and Klebsiella aerogenes using the disc
diffusion technique. Bacterial cultures were grown in
Luria Bertani (LB) broth/agar medium, and fresh
overnight cultures were spread uniformly on Mueller
Hinton Agar (MHA) plates. Sterile filter paper discs (5
mm diameter) impregnated with silver nanoparticles (30
g/mL) were placed on the plates along with antibiotic-
loaded discs (30 g/mL) as positive control. The plates
were inhibition surrounding the discs were measured.

2.10.6. Biofilm Inhibition Assay- The inhibitory effect
of silver nanoparticles (AgNPs) on bacterial and fungal
biofilm development was determined by adapting the
colony biofilm method"”). Briefly, UV-sterilized
membranes were placed on agar medium and inoculated
with 10 mL of diluted planktonic culture together with
100 mL of AgNPs suspensions at varying
concentrations (100, 250, 500, and 1000 mg/mL). For
controls, biofilm-coated membranes were transferred to
fresh agar plates and treated with 100 mL sterile
phosphate-buffered saline (PBS). All plates were
incubated for 24 hours under the same experimental
conditions as the colony biofilm model. Each
experiment was performed in triplicate to ensure
reproducibility.
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3. Results

3.1 Characterization of Gram-Negative Bacteria
from UTI Patient samples In recent study gram
negative bacteria isolated from UTI Patient samples
OF JNUIMSRC and are grown on agar medium for the
further analysis.

Fig 3.1.1Pure cultures of indigenous bacterial
isolates

In the present study 3 isolates of Gram positive and 8
Gram negative bacteria were detected respectively.

Table 1: Details of morphological characteristics of
isolated bacteria

AgNPs was assessed in a concentration-dependent
manner against the biofilm- forming bacteria 1, 3A,
3B, 7, and9.

Table 2: - Biofilm formation by different isolates at
different concentration of AgNPs and Anibiotics
(Colistin)

Date of
solation

EE

Colonyon | fextwre | confipuration | margin Elevation | Gram | Shape
NAM reaction | of
isolate

10022024 | SewageS1 | 78X | Offwhite smooth | Circular Imegular | Rassed wgatve | rod

s2 43X | Pk rongh | Clroular Imegular | Raised wgative | rod

83 34X | Pk rough | Circular Regulr | Rased postiive | cocet

1202204 | Sewaged | 68X | Offwhite smooth | Circular Imegular | Raised mgative | rod

Isolate Concentration OD (in nm) Bmﬁh.n
no. Formation
10 pl Strong
20 ul _11 876821 Moderate
1 30 ul 7812 Moderate
40 pl 1.90 Moderate
S50ul ’ Moderate
Antibiotic ) Strong
10 pl 2.266 Moderate
20 pl 2.60 Moderate
3A 30 pl 0.86 Weak
40 pl 1.967 Moderate
50ul - Strong
Antibiotic - Strong
10 pl 1.859 Moderate
20 pl 1.220 Weak
3B 30 ul 1.95 Moderate
40 ul 1.990 Moderate
50ul 0.648 Moderate
Antibiotic - Strong
10 ul 0.977 Weak
20 pl 1.816 Moderate
7 30 ul 1.596 Weak
40 pl 1.448 Weak
50ul 2.75 Moderate
Antibiotic 2.672 Moderate
10 pl 1.594 Weak
20 pl 1.798 Moderate
9 30 ul 2.317 Moderate
40 pl - Strong
50ul - Strong
Antibiotic - Strong

S5 72X | Mucoid Rough | Circular Imegular | convex posttive | cocei
w

S6 59X | Mucoid smooth | Lobate Imegular | Raised megative | rod
¢

1402204 | Washroom | 02X | Light rough | Lobate Iegular | Raised megative | rod

® orange

w2 13X | white smooth | Cirenlar Imegulr | Ratsed Positive | cocel
¢

w3 13 Cream rough | Circular Imegular | Raised megative | rod
X1

We 383X | Omangish | rough | Circalar Iegular | Raised megative | rod

]

3.2 Biofilm formation

Silver nanoparticles have also been tested for their anti-
biofilm activity against biofilm producing bacteria. In
this study, the in vitro biofilm-inhibitors effect of
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The bacteria were cultured and treated with 10-50
pg/ml  of the separately synthesized AgNPs
combination with the Antibiotic. The outcomes of the
assay demonstrated that the biologically produced
AgNPs inhibited biofilm formation by the bacterial
strains. The MICs of the anti-biofilm effect were
represented in terms of IC50 and all AgNPs, regardless
of the employed in their fabrication, displayed an
excellent MIC value against biofilm formation.

ODc = Average OD of negative control + (3x standard
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deviation (SD) of negative control)

OD isolate = Average OD of isolate — ODc¢

Table3: -Biofilm formation by different
isolates

Biofilm Percentage| No. of
formation of isolates | isolates
Nonadherent 0% 0

Weak 20% 6

Moderate 53 % 16

Strong 26.6 % 8

Total=30 isolates of different concentrations
3.3 Plant (Costus igneus)

Various pharmacological studies have shown that the
plant extract of Costus igneusis non-toxic and have
anti-diabetic, anti-inflammatory, angiokinetic and
antipyretic effect, antiulcerogenic potential,
antidiarrheal activity, diuretic activity, contraceptive
efficiency, antarthritic activity!!8.

Fig 3.3.1 Costus igneus (Insulin plant): Plant
used to synthesize silver nanoparticle

3.4 Synthesis of silver nanoparticles: - With the
addition of plant derivatives of Costus igneus
to AgNO 3 solution, color was changed from
whitish to brown (Fig.). This transformation in
color resulted from the reduction of silver ions,
confirming the formation of AgNPs. After 3
days of incubation the fully reduced
nanoparticles were observed and
centrifugation at 10,000 rpm for 20 minutes.
The supernatant was collected and preserved at
freezing  temperature  for  subsequent
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applications!’],

Fig 3.4.1. Color change observation at
different concentration (1:9,2:8) along with
control (Left to right)

3.5. UV-VIS Spectroscopy

The progression of the reaction between metal ions and
the leaf derivative was observed by UV-Visible
spectroscopy of silver nanoparticles in aqueous
medium, across different wavelengths ranging from
340 to 800 nm. The reduction of silver ions and
generation of silver nanoparticles occurred took place
one hour of the reaction. A Control was maintained
using AgNO3[2, The green-fabricated AgNPs initially
showed a yellowish color in aqueous medium owing to
excitation of surface plasmon resonance of AgNPs.
Then solution’s color shifted from yellowish to brown
on addition of plant derivative to silver nitrate. This
alteration in color signified the successful formation of
AgNPsP!l verification of AgNPs formation was
established through an absorbance observed between
430 to 460nm. Color change in the reaction mixture
occurred over time. The metabolites present in the leaf
derivative function as electron donor and reducing Ag+
ions in elemental silver. Silver nanoparticles were
produced using the plant extract of Costus igneus,
where in silver nitrate was reduced to form AgNPs[?21.,

The synthesized silver nanoparticles were characterized
by UV-Spectrometer within the wavelength range of
300-700nm. The synthesized AgNPs (silver
nanoparticles) from plant extract of Costusn igneus
were characterized using UV-visible spectroscopy,
Fourier Transform Infrared spectroscopy, Scanning
electron microscopy (SEM), and X-ray diffraction
analysis. As well as antibacterial and anti-biofilm
activities were analyzed and evaluated. The
characterization of [AgNPs]. UV-vis using UV Visible
absorption spectrophotometer. The OD was taken
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between 300-800 nm but the peak was obtained
between400-480 nm. The graphs were plotted as per
the values obtained®*.

AgNP formation

3

|
2-5i
2 A
2 e
\
]
[¢]

Absorbance

0.5

Wavelength

Fig.3.5. UV-Vis spectrum of synthesized AgNPs at
different wavelengths

3.6 Fourier transform infrared (FTIR)

For FT-IR analysis, a 0.5g sample of AgNPs was used,
and the spectra was recorded in the range of 4000—400
cm -1 at a resolution of 4 cm -1 to identify the
chemical functional groups present on the surface of
green- synthesized AgNPsi>*l, The FT-IR spectrum
shows the presence of bands at 3356, 2886, 2818,
2102, 1637,1406, and 580cm -1 corresponding to
monosubstituted amide, nitro, primary amide,
carboxylic, as well as alcohol functional group,
respectively. For FT-IR analysis, the synthesized silver
nanoparticles solution was centrifuged at10,000 rpm
for 30 minutes. The resulting pellet was washed three
times with 5 mL of deionized water to remove any
unbound proteins or enzymes that are not capping the
silver nanoparticles. The pellet was then dried using a
vacuum dryer. It was analyzed by FTIR],

1000 500400

Namo Beacripion
—— AGNP_003_1_1_1 [ Sampio 682 By MRC Dato Thursday. June 23 2022

300 350 400 450 500 550 600 650 700 750 800

Fig.3.6 FT-IR spectrum of biosynthesized AgNPs
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3.7 Field Emission Scanning Electron Microscopy
(FESEM)

The pellet was prepared for FESEM analysis. The
Integration of SEM with energy-dispersive X-ray
spectroscopy  (EDX) allows the examination
morphology silver nanoparticles as well as the
determination of their element composition.

Fig.3.7.1.SEM micrograph of silver nanoparticles
synthesizes from Costus igneus

SEM was used to study particle morphology, and size
distribution was obtained using manual measurements
or specialized. Combined with energy-disperse X-ray
spectroscopy (EDX), it also provides elemental
composition analysis of the silver nanoparticles. The
combination of SEM with energy-dispersive X-ray
spectroscopy (EDX) can be used to examine silver
powder morphology and also conduct chemical
composition analysis. The limitation of SEM is that it
is not able to resolve the internal structure, but it can
provide valuable information regarding the purity and
the degree of particle aggregation. The modern high-
resolution SEM is able to identify the morphology of
nanoparticles below the level of 10 nm!?®,

Fig.3.7.2 SEM  Analysis: graph showing
confirmation of Ag
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3.8 X-Ray diffraction analysis (XRD)

The principle of X-ray diffraction [XRD] is based on
Bragg’s law. XRD, typically is based on the wide-
angle elastic scattering of X-rays. It can be used to
determine the degree of crystallinity 71, isomorphous
substitutions, particle sizes?®. and other structure
When X-rays are reflects on a crystal, they produce
multiple diffraction patterns, that reflect the physio-
chemical properties of the crystal structures. In a
powdered sample, the diffracted beams arise material
itself, revealing its structural characteristics.
consequently, XRD is widely employed to analyze the
structural features of divers’ materials, including
inorganic catalysts, superconductors, bio-molecules,
glasses, polymers. The analysis depends on
interpretation the diffraction patterns. As each material
generate a unique diffraction profile that can be define
and identify by composition with reference data in the
Joint Committee on Powder Diffraction Standards
(JCPDS) database*”.

This method has been used to measure phase
identification, conduct quantitative analysis, and to
determine structure imperfections in samples from
various disciplines, such as geological, polymer,
environmental, pharmaceutical, and forensic sciences.
Recently, the applications have extended to the
characterization of various nano- materials and their
properties. The working principle of X-ray diffraction is
Bragg’s law. Typically, XRD is based on the wide-
angle elastic scattering of X-rays. Although XRD has
several merits, it has limited disadvantages, including
difficulty in growing the crystals and the ability to get
results pertaining only to single conformation/binding
state Another drawback of XRD is the low intensity of
diffracted X- rays compared to electron diffractionsl.

v ¥ ¥ ] 1 ¥

».»Uh JL W

T T T T
® - ) ®

Fig.3.8 X-ray diffraction pattern of synthesized
AgNPs
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3.9 Antibacterial activity

AgNPs appear to be potential antibacterial agents
owing to their high surface-to-volume ratios and
crystalline surface structure. E.coli cells exposed to
AgNPs exhibited accumulation of nanoparticles in the
cell wall, resulting in the formation of “pits” that
ultimately caused cell death. The various isolates were
cultured on Muller- Hinton Agar [MHA] medium
using disc method. The disc measuringSmm in size
were dipped in AgNPs (5ul) and placed on the plate.
Similarly, plant extract and antibiotic discs were also
placed along with the control (without any of them)
which was dipped in double distilled water®'l. The
inhibition zones were measured and tabulated, AgNPs
showed the potentially better results than antibiotics
and plant extract. The zones were formed as in Fig.

Biologically synthesized AgNPs from the culture
supernatants of Klebsiella pneumoniae were evaluated;
the efficiencies of various antibiotics, such as penicillin
G, amoxicillin, erythromycin, clindamycin, and
vancomycin against Staphylococcus aureus and E. coli
were increased in the presence of Ag-NPs. When
compared to AgNPs, hydrogel-silver nanocomposites
showed excellent antibacterial activity against E. coli.
One-pot  synthesis of chitosan-Ag—nanoparticle
composite was found to have higher antimicrobial
activity than its components at their respective
concentrations, because one-pot synthesis favors the
formation of small AgNPs attached to the polymer,
which can be dispersed in media of pH < 6.3032,
Biologically produced AgNPs using culture
supernatants of Staphylococcus —aureus showed
significant antimicrobial activity against methicillin-
resistant S. aureus, followed by methicillin- resistant
Staphylococcus  epidermidis  and  Streptococcus
pyogenes, whereas only moderate antimicrobial
activity was observed against Salmonella typhi and
Klebsiella pneumoniae. The mechanisms of AgNP-
induced cell death was observed in E. coli through the
leakage of reducing sugars and proteins. Furthermore,
AgNPs are able to destroy the permeability of the
bacterial membranes via the generation of many pits
and gaps, indicating that AgNPs could damage the
structure of the bacterial cell membrane. Silver
nanocrystalline chlorhexidine (AgCHX) complex
showed strong antibacterial activity against the tested
Gram-positive/negative and methicillin- resistant
Staphylococcus aureus (MRSA) strains. Interestingly,
the minimal inhibitory concentrations (MICs) of
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nanocrystalline Ag(INCHX were much lower than
those of the ligand (CHX), AgNOs, and the gold
standard, silver sulfadiazine. Biofilms are not only
leads to antimicrobial resistance, but are involved in
the development of ocular-related infectious diseases,
such as microbial keratitis. Similarly, guava leaf
extract reduced AgNPs (Gr-Ag-NPs) showed
significant antibacterial activity and stability against E.
coli compared to chemically synthesized AgNPs; the

P. aeruginosa, play important role in release of
virulence and toxin is one of the strategy to control its
pathogenicity. Medicinal plants have numerous
phytochemicals like phenolics, flavonoids, quinones,
alkaloids, terpenoids, and polystyrenes that play a key
role against microbial pathogenicity and proved to be
involved in inhibition of QS molecules as well as
biofilm®3.

reason for this higher activity could be the adsorption Biofilm Inhibition Asszy
of biomolecules on the surface of the Gr-Ag-NPs.
25 4
Antibacterial Activity 2| \/R
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Fig.3.9.1. Antibacterial activity of AgNPs synthesize
from plant extract of Costus igneus

3.10 Biofilm inhibition- Two of the selected set of
antibiotics and nanoparticle and nanoparticle alone
have shown the maximum inhibition activity against
the biofilm of uropathogens. The methanolic extract of
insulin plant efficiently inhibits biofilm formation
where 81% inhibition. Additionally, the least activity
was observed in extracted plant sample. Additionally,
the least activity was observed in extracted plant
sample. Previous studies revealed a strong evidence
that the medicinal plants have promising attitude to
combat various types of infectious diseases caused by
numerous microbial species. Medicinal plants attribute
well to cure various diseases due to their antibacterial
potential such as B. ciliate, Jasminum officinale,
Santalum  album, Oxalis corniculata, Artemisia
vulgaris, Cinnamomum tamala, and Ageratina
adenophora. Similarly, various ethanolic extracts
belong to family Meliaceae, Piperaceae and
Sapindaceae interfered with the bacterial QS molecules
that inhibit the formation of biofilm. Quorum sensing
molecules such as acyl homoserine lactones (AHLs) in
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Fig.3.10Anti-biofilm activity of AgNPs
against UTI causing bacteria

Biofilm-formed enterococcal urinary tract isolates (n =
12) were used for studying the antibiofilm activity of
plant extract of Costus igneus, Ciproflaxin and
chemical AgNPs. The average particle sizes of Costus
igneus AgNPs were in between 65-150nm,
respectively. The results of Fourier transform infrared
analysis revealed that phytocompounds, were the main
compounds incorporated in the synthesis of AgNPs
using plant extract respectively. The purity and
crystalline nature of the AgNPs have been confirmed
by X-ray Diffraction analysis. The results of
antimicrobial activity showed that MIC of synthesized
AgNPs were 37.64, 7257, and 61.08 pg/ml,
respectively. sub-MIC values the results revealed that it
was concentration dependent. Therefore, further
studies were carried out to evaluate the antibiofilm
activity of AgNPs at a concentration of 10,20,30,40 &
50 pg/ml. The results showed that AgNPs reduced the
formed biofilm to 81% as compared to that of the
control, while plant extract showed no significant
activity. Accordingly, Costus igneus AgNPs had the
most potent antibacterial activity against biofilm-
associated enterococcal isolates. Although NPs have
the potential to treat and diagnose UTIs, there are still
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several challenges that need to be addressed prior to
their successful translation in the clinics including the
investigation of the interaction between NPs and cells,
tissues, and organs, the identification of the most
appropriate routes of administration, and most
importantly the evaluation of toxic responses to long-
term exposure to NPs. [¥ Despite several
advancements regarding the value of NPs in the
diagnosis and treatment of UTIs, it will be important to
examine the pathways through which NPs exert their
therapeutic efficacy. There is also limited information
on the metabolism and clearance of NPs and on the
nature of their targets’®>l. The specific combination of
NPs and antimicrobials may reduce the emergence of
multidrug resistance of bacteria to drug sensitivity and
translation to clinical practice will require a thorough
investigation ~ of  the  pharmacokinetic = and
pharmacodynamic profiles of these NPs. Finally, for
innovative research, the limits of pathogen detection
and the time of the proposed analysis will have to be
significantly improved.

4. Conclusion and Future Aspect

Recent study shows that Costus igenus has many
benefits as its own and when the plant extract is made
into nanoparticles along with silver, its benefits
increase. Due to high surface to volume ration AgNPs
acts as a strong antibiofilm agent shown to reduce the
biofilm formation to 80% when studied with the
pathogens having potential to cause UTIs. Although
nanoparticles have the potential to treat and diagnose
UTlIs, there are still several challenges must be
addressed before clinical translation. These include
understanding NP interaction with cells, tissues, and
organs, determining optimal administration routes, and
critically, evaluating to long-term toxic. Despite
advancements in NP-based UTI therapies, the
mechanisms underlying their therapeutic effect remain
unclear. limited information is available on the NP
metabolism and clearance and specific targets.
Combining NPs with antimicrobial may help reduce
multi-drug resistance, but clinical translation will
require thorough pharmacokinetic and
pharmacodynamic studies. Additionally, improvements
in pathogen detection sensitivity and analysis speed are
essential for innovative diagnostic approaches.
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