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Annotation: Background and Aim:
Healthcare-associated infections are caused by
Acinetobacter baumannii. Despite being an
opportunistic disease, A. baumannii infections
are famously challenging to treat because of
acquired and innate antibiotic resistance, which
frequently restricts the range of feasible
treatment choices. In the medical setting, A.
baumannii can persist for extended periods of
time, especially on inanimate surfaces. In order
to compare the use of chitosan (ChNPs), silver
nitrate (AgNPs), and phytofabricated chitosan-
based silver nitrate (GNPs) nanoparticles in the
medical field, this study was conducted.

Methods: The methanolic flower extract
of Spathodea campulata was used to create the
nanoparticles in an environmentally friendly
manner. FTIR, SEM, NTA, and UV-visible
spectroscopy were used to characterize the
produced nanoparticles.

Antibacterial activities of the NPs were
demonstrated against isolates of Acinetobacter
baumannii in vitro by using well diffusion, MIC,
MBC, ROS generation test, COMET assay, and
gPCR.

Results: According to our data, the
different absorption ranges for the nanoparticles
were as follows: AgNPs, CHNPs, and GNPs
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displayed absorption peaks at 345 nm, 320 nm,
and 482 nm, respectively. The average size of
the synthesized NPs, as determined by the SEM
examination, was 76 nm for ChNPs, 90 nm for
AgNPs, and 65 nm for GNPs. According to the
broth dilution assay, the MIC for GNPs and the
positive control was 48.3ug/ml and 25.6ug/ml,
respectively. The MBC values for GNPs and the
positive control were 23.4 ug/ml and 6.8 pg/ml,
respectively. Following treatment with AgNPs at
both concentrations, ROS production
significantly increased in comparison to the
control and positive control (P<0.05). A clear
pattern of DNA damage was evident in the
generated NPs at %2 MIC concentration (P<0.05).
Based on the relative expression data, we
discovered that all three members of the outer
membrane protein gene (OmpA, Omp33, and
OmpW) had dramatically decreased expression
after treatment (P<0.05). This study shows that
the produced nanoparticle has the potential to be
a strong antimicrobial agent.

Keywords: Acinetobacter baumanii,
ROS  production, Spathodea campulata,
Chitosan, gPCR, COMET assay.

Introduction:

Healthcare-associated infections are caused by Acinetobacter baumannii. Despite being an
opportunistic disease, A. baumannii infections are famously challenging to treat because of
acquired and innate antibiotic resistance, which frequently restricts the range of feasible
treatment choices. In the medical setting, A. baumannii can persist for extended periods of time,
especially on inanimate surfaces. Such settings should be taken into consideration as a
significant component of infection control procedures since they may serve as a reservoir for
cross-colonization and infection outbreaks. Furthermore, nosocomial bacteria may spread
through healthcare workers' attire and devices (Chapartegui-Gonzélez I, 2018).

Only a small number of putative virulence factors have been linked to the pathophysiology of A.
baumannii illness, despite the fact that more than 80 whole genome sequences of various strains
have been released. A capsular polysaccharide and the outer membrane protein (OmpA) appear
to play a role in virulence or the contact with epithelial cells in vitro [Vila-Farres X, 2015]. Both
in vitro and in vivo, other surface elements or secreted proteins have a negligible impact. It has
been proposed that the fulminant course of the disease may be caused by an excessive host
response to A. baumannii lipopolysaccharide, given these few virulence factors [Wong D, 2017].

Because A. baumannii can become resistant to all classes of antibiotics, like other non-
fermentative Gram-negative bacilli, and because the number of multi-drug resistant (MDR)
isolates is rapidly rising, physicians are being forced to employ colistin and other antibiotics as a
last choice [Garnacho-Montero J,, 2015]. Numerous investigations revealed the existence of this
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pathogen in a range of medical settings, where direct contact with infected patients or indirect
contact with contaminated inanimate surfaces are the two main ways that A. baumannii is spread
[Shamsizadeh Z, 2017]. Crucially, 1ICU-acquired infections may be significantly influenced by
the cross-transmission of microbes from abiotic surfaces [Russotto V, 2015]. The ability of A.
baumannii to tolerate desiccation and hunger appears to be a significant element in its spread in
these conditions [Espinal P, 2012]. Additionally, it has the ability to create biofilms, which are
bacterial communities encased in a protective polymeric matrix [Bravo Z, 2018]. Another
possible virulence factor is the bacterium's capacity to form biofilms, which raises its survival
rate on dry surfaces and may help it remain in hospital settings, raising the risk of nosocomial
infections and outbreaks [Bravo Z, 2018].

Even though the relationship between contamination, Acinetobacter survival in the patient care
setting, and the risk of infections linked to healthcare has not yet been proven, understanding the
mechanisms underlying this pathogen's long-term persistence in hospital settings is essential to
halting clonal spread and creating new targets for diagnostic and treatment tests.

N-acetyl-D-glucosamine and D-glucosamine units joined by B-1,4-glycosidic bonds form the
natural cationic biopolymer known as chitosan (CS) [Chandrasekaran M, 2020]. The
antibacterial activity of CS has been investigated in earlier research, and more recently, many CS
derivatives have been created to strengthen the compound's inherent antibacterial properties.
Other remarkable biological properties of CS include nontoxicity, biocompatibility, and
biodegradability. These have made it beneficial in a variety of industries, including food,
medicine, textiles, cosmetics, and agriculture [Kong, M.; 2010].

As nanotechnology increases the capacity to extend antibacterial research to the atomic level, it
has begun to play an increasingly significant role among the amazing advancements in biological
technologies and chemical identification techniques [Ma, Z., 2017]. A derivative of CS with
superior physicochemical qualities are chitosan nanoparticles (CS-NPs). Numerous techniques,
including ionotropic gelation, microemulsion, emulsification solvent diffusion, polyelectrolyte
complex, and the reverse micellar method, have been used to create CS-NPs [Divya, K, 2017].
Communication with either the bacterial cell wall or the cell membrane is most likely the
mechanism of CS-NPs' antibacterial activity. Various theories have been put forth to explain this
mechanism. The electrostatic interaction between the positively charged amino groups of
glucosamine and the negatively charged bacterial cell membranes is the most well-known CS-
NPs paradigm of antimicrobial activity [Nguyen, V.B, 2016]. Through this interaction, the cell
surface undergoes widespread changes that alter membrane permeability, which in turn triggers
osmotic imbalance and intracellular chemical efflux, ultimately leading to cell death [Birsoy, K,
2015].

Additionally, chitosan nanoparticles were added to antimicrobial textiles for medical
applications5. Additionally, chitosan nanoparticles were employed in insecticide7, fungicide
treatment9, herbicide delivery for weed eradication [Maruyama, C. R., 2016], and nanofertilizer
for plants' balanced nutrition. The medical pathogens Escherichia coli, Klebsiella pneumoniae,
Pseudomonas aeruginosa, and Staphylococcus aureus10 are all effectively combatted by chitosan
nanoparticles (Divya, K., 2017).

Common pathogens called Acinetobacter baumannii strains can result in serious nosocomial
infections that are contracted in hospitals, especially in intensive care units. These infections can
include skin infections, soft-tissue infections in burn patients, bacteremia, pneumonia, and
urinary tract infections [Kroger, C., 2017]. Furthermore, one of the main bacterial infections,
Acinetobacter baumannii strains, can form a biofilm. Tetracyclines, carbapenems,
aminoglycosides, fluoroquinolones, and other extended-spectrum B-lactam antibiotics are among
the groups of antibiotics to which biofilms are resistant [Pourhajibagher, M, 2020].

Therefore, developing new methods to prevent and cure infections brought on by strains of
Acinetobacter baumannii that form biofilms is essential.
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The green production of chitosan based nanoparticles from chitosan solution utilizing extract
from Spathodea campulata flowers was the primary focus of this investigation. Additionally, the
biosynthesized nanoparticles were characterized, and the antibacterial activity of the CNPs was
assessed against Acinetobacter baumannii that forms biofilms. Antibacterial activity was
evaluated by antibacterial resistance assays and gene expression studies.

Methods:

Green synthesis of Nanoparticles: For the green synthesis of the Silver nanoparticles, methanol
extract of Spathodea campulata was used. In brief, about 5gm of the flowers of Spathodea
campulata were homogenized in a mortar using pestle and added to 200ml of methanol and
incubated in a water bath at 40°C for 8hr. Following incubation, the contents were incubated in
dark for overnight and filtered. The filtrate was then concentrated in a rotary evaporator and
weighed for the yield. About 50mg of this powdered form was then re-dissolved in 50ml of de-
ionized water and added to 50ml of 3mM of silver nitrate. The contents were then kept for
stirring on a magnetic stirrer for one hour. The pH was adjusted to 9 with 0.IN NaOH.
Nanoparticles were prepared as per the protocol described by Maheo, A. R et al (2022) but with
minor modifications.

In parallel, about 20ml of chitosan solution was added to the methanol and silver nitrate solution
and kept for stirring at 55°C until the colour change. Colour change confirms the formation of
green synthesized nanoparticles (GNPs). Chitosan solution was prepared by adding 20mg of
chitosan in glacial acetic acid (1.5%) solution. After centrifuging the mixture for 20min at
10,000rpm, the nanoparticles were separated and washed thrice with de-ionized water and dried
in a hot air oven at 70°C. A similar procedure was used for the synthesis of Silver (AgNPs) and
chitosan nanoparticles (ChNPs). Silver nitrate and chitosan were reduced with sodium
tetraborohydrate (NaBH,) for the formation of NPs.

Characterization of synthesized NPs: By using a UV spectrophotometer (Shimadzu, 1800) to
record the nanoparticles’ UV-visible spectra in the 200-800nm range, the production of the
nanoparticles was verified. On a Perkin Elmer Spectrum One FTIR spectrophotometer (Bomem
MB100) with a range of 3600—400cm ', Fourier transform infrared (FTIR) spectra was obtained
using the KBr pellet method. Using FESEM-EDX (SEM; PhilipsXL30ESEM), the atomic ratio
and surface morphology of the GNPs were ascertained. The DLS approach was used to screen
the hydrodynamic size (Z average), zeta potential, and polydispersity index (PDI) of the
produced AgNPs using a Horiba SZ-100 analyzer. X-ray diffraction analysis was used to
confirm the nanoparticles' crystallinity (STOE-Germany). Cu Ka rays at 20 ranged from 10° to
80° to measure the diffraction pattern.

Antibacterial activity:

Agar well diffusion: In short, a bacterial culture (5 x 10* CFU/mI) was injected into 20ml of LB
agar medium that had been chilled to 55°C and then transferred onto petri plates. After setting,
each well that had been punched in the agar was filled with roughly 20uL of samples. About
50ug/ml of the antibiotic Colistin sulfate was used as a positive control. After incubating for
24hr at 37°C, the plates were checked for inhibitory zones. In addition to the negative control
(sterile distilled water), GNPs, AgNPs, and ChNPs were investigated. The inhibition zone
diameter of the sample divided by the inhibition zone diameter of the positive control and
multiplied by 100 is the percentage of inhibition (Rojas, J.J, 2006).

MIC and MBC: About 10ul of A. baumanii isolate was injected in LB broth to test the GNPs'
bactericidal action. MIC calculations were used to identify GNPs' antibacterial activity. Briefly
put, 10ml of Luria Bertani broth were inoculated with overnight isolate (1x10° CFU/ml) in test
tubes. Each tube was then filled with GNPs solutions at different concentrations, ranging from
Spg/ml to 80pg/ml. The tubes were incubated at 37°C for the entire night while being shaken at
120rpm. Each tube's increase in optical density at 600nm (UV-Vis spectrophotometer, Shimadzu
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1800) was used to evaluate the development of bacteria. As a positive control, 50ug/ml of
colistin sulphate was utilized. AgNPs and ChNPs were assessed using comparable concentration
ranges. The technique outlined by Mouzaki, M. et al. (2022) was used to determine the minimum
inhibitory concentration (MIC). Any agent's minimum inhibitory concentration (MIC) is the
lowest concentration at which planktonic cell proliferation is inhibited or stopped. The GNPs-
treated bacterial culture was inoculated onto LB agar plates and incubated for 24hours at 37°C,
and the minimum bactericidal concentration (MBC) was determined in order to confirm the
antibacterial activity. The MBC is the lowest NP concentration at which bacteria on agar plates
do not grow visibly (Pramanik A, 2012).

Drug resistance study: Using roughly 15 passages of %2 MIC measurements, the drug resistance
of the microorganisms brought on by the antibacterial drugs was examined. About 10ml of fresh
medium was incubated with 100pul of the bacterial suspension (10° CFU/mL, overnight) from the
sub-MIC well at 37°C. This was the first passage in which the bacteria were exposed to
treatments (GNPs, ChNPs, and P). After incubation, 10ml of new medium (without treatments)
was injected with around 100uL of the bacterial suspension exposed to treatments from the %
MIC well, and the mixture was incubated for 24hr at 37°C. After surviving the first round of
treatments, the bacteria were subjected to another round of treatment and utilized in passage 2. In
order to investigate drug resistance after a relatively long exposure to the antibacterial agent, 15
passes were conducted using surviving bacteria that had been exposed to AgNPs. Any increase
in MIC that coincided with an increase in the number of passages after such numerous exposures
to the antibacterial agent would be indicative of bacterial drug resistance (lkai, H., 2013).

Reactive Oxygen Species (ROS) generation: With minor adjustments, method followed by
Choi et al. (2015) method was used to assess the amount of reactive oxidative species (ROS)
released by the bacterium. To put it briefly, a conical flask was filled with roughly 50ml of the
culture and its corresponding treatments. The isolate was cultured at 37°C in a shaker with
approximately 1ml of the treatments (GNPs, ChNPs, and positive control). Treatment was done
at two varying concentrations of % and ¥4 MIC. Following a 6-hour incubation period, the
culture was centrifuged for 10min at 8000rpm, and the resulting pellet was mixed with 2% Nitro
Blue Tetrazolium (NBT). The resulting pellet was centrifuged at 8000rpm for 10min after being
incubated in the dark. After that, the pellet was centrifuged once more for five minutes at
8000rpm after being cleaned with PBS (pH 6.8). To break down the cell membrane, around 2ml
of KOH (2M) solution were added to the suspension. After adding about 1ml of sterile distilled
water to the suspension, it was allowed to sit at room temperature for 10min. Following another
centrifugation, about 100l of the supernatant was transferred to 96-well plates. An ELISA plate
reader (Genetix) was used to measure the absorbance of the plate at 620 nm.

DNA fragmentation by comet assay: About Five ml of isolate at density of 10* cfu/ml were
mixed with 1ml of treatments (GNPs, P, ChNPs) separately at %2 MIC concentration. For about
5hr, the isolates were incubated at 37°C while being constantly shaken at 200 rpm. Following
5min of spinning at maximum speed, the bacterial cells were pelleted, and the manufacturer's
instructions for utilizing the Genomic DNA kit (HiMedia) to extract the bacterial DNA were
followed. A gel documentation system (Biobase) was used to view the bands after the extracted
DNA were loaded onto a 1.2% agarose gel in TAE buffer.

Real time PCR assay: To screen the expression patterns of the outer membrane proteins under
the treatment of the synthesized NPs we sued gPCR assay.

Treatment and RNA extraction: To 100ml of LB media, 20ul of the bacterial isolate was
introduced, followed by 10ul of the corresponding treatments at a %2 MIC concentration. The
positive control tube was filled with 10ul of Colistin (1/2 MIC). The control is the untreated
tube. After that, the contents were incubated for 24 to 48 hours at 37°C. Following incubation,
the cultures were centrifuged, and the resulting pellet was utilized to extract RNA. We carried
out the process as directed by the RNeasy Kit.
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cDNA synthesis: cDNA was synthesized using the RT PCR kit (SuperScript TMII Reverse
Transcriptase; 200U/ul (HiMedia). The concentration of RNA achieved was roughly 2.08ug/ul,
as such the reaction utilized approximately 1.21ul of RNA, random primers and 1ul of RT
enzyme. The mixture was then incubated at 25°C for 10min after being mixed thoroughly. After
45 min of incubation at 65°C, the resulting cDNA was kept until it was needed for gene
expression analysis.

Table 1: List of primers for the outer membrane proteins used for the qPCR study.

Primer Sequence (5'->3") Length | Tm GC% | Product
CCGCTCCAAATGGATGG
ompA (ID: FW AGT 20 60.23 55 0
92893473) RV TCCCGGTCAGTTCAAAT 20 58.7 55
CGG '
FW GCTAGCC@E@ACCGGTG 20 60.18 55
omp33 (ID: AGCTTCGCCATCGTTAC
92893473) RV CAA 20 60.04 50 340
RV TGGGTTA‘g:éCGGCGGT 20 60.11 55
GTAAAATTTGGGGGCAG
ompW (ID: FW CGT 20 59.39 50 20
92892291) RV TGATCCGXSETTACCAC 20 60.04 55
TCAGCTCGTGTCGTGAG
16S rRNA FW ATG 20 o4 50 240
RV | CGTAAGGGCCATGATG 16 52.4 52

Real-time PCR: Using primer3 software, real-time primers (Table 1) were created and
purchased from Sigma-Aldrich. According to Sudhakar Malla et al. (2020), the real-time PCR
experiment was performed using the iQTM SYBR Green Supermix (HiMedia). Primers (600nM)
and 1pl of the RT products were used in the PCR test, yielding a 25ul total reaction volume. The
Corbett Research cycler (Bio-Rad) was used to quantify the samples (control and treatment) on a
thermocycler. About 40 cycles of the program were run, including 55 seconds at 92°C, 55
seconds at 62°C, and a 55-second elongation step at 72°C. The housekeeping gene 16srRNA and
the relevant gene of interest were amplified in order to conduct the comparative analysis of the
mRNA expression. The AA® technique was used to quantify the fold expression of the mMRNA
levels.

Statistical analysis:

All of the data in this study was displayed as mean = SD. To assess the comparative differences
between samples, a two-way ANOVA was performed. A p-value of less than 0.05 was deemed
statistically significant.

Results:
Characterization of synthesized NPs:

From our data, the various absorption ranges for the nanoparticles were found to be 345nm,
320nm, and 482 nm for AgNPs, CHNPs, and GNPs showed absorption peaks at respectively.
The change in the solution's hue is the main sign that the biogenesis of noble metal nanoparticles
was effective. As a result, the solution’s hue rapidly changed from a light yellow to a dark brown
as a result of the bioreduction. The characteristic absorbance peak in the UV-vis spectrum that is
larger than 400nm is used in the literature as a confirmation index for the synthesis of AgNPs
(Varadavenkatesan, T., 2020).
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From the SEM analysis we found the average size of the synthesized NPs to be 76nm, 90nm and
65nm respectively for ChNPs, AgNPs and GNPs. Form the SEM we could find the particle
shape to be spherical in shape.
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Figure 2: Images taken from SEM for the A: ChNPs, B: AgNPs; C: GNPs. Below graphs
demonstrating the particle size of the NPs can be seen.



172 American Journal of Biomedicine and Pharmacy Volume: 2 | Number: 4 (2025) Apr

- 80

- 70

- 60

- 50

831
L 40
940

3314
L 30

% TRANSMITTANCE GNPs

- 20

1026
- 10

4000 3500 3000 2500 2000 1500 1000 500

Figure 3: FTIR spectra of the GNPs.

- 70
3725
- 60

- 50

- 40

- 30

1084

% TRANSMITTANCE ME

- 20

- 10

4000 3500 3000 2500 2000 1500 1000 500
WAVE NUMBER (CM-1)

Figure 4: FTIR spectra of the Methanol extract.

Because of the intramolecular hydrogen bonds, the relatively broad vibrational bands seen in the
3350-2946cm ™! range correspond to N-H and O-H stretching. Around 2975cm ', the aliphatic
C-H symmetric stretching absorption bands are visible. The presence of the carbonyl group
(C=0) may be verified at 1640cm™'. The presence of the primary amine in chitosan and the
remaining amide of peptide in floral extract are confirmed by a medium signal of N-H bending
vibrations centered at 1531cm'. The C-N stretching of the amino acid molecule is responsible
for the appearance of a rather significant absorption peak at 1373cm ™. The sharp bands at 1026
and 940cm ™' correlate to stretching of C—O. The C-O-C bending vibrations in glycosidic bonds
are the source of the infrared band at 831cm ™.
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Antibacterial activity: From the data we could find a significant antibacterial activity by both
well diffusion and broth dilution method. From the well diffusion method, we found the
inhibition zones to be 13.45 + 1.14, 5.6 = 0.16, 3.5 £ 0.21 for the GNPs, ChNPs and AgNPs
respectively. On the other hand, positive control showed 16.5 + 0.87 mm inhibition zone
(P<0.05). The percent inhibition as calculated with respect to positive control was found to be
82, 34 and 21% respectively for GNPs, ChNPs and AgNPs (P<0.05).
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Figure 5: Line graph showing the OD600 of the isolates under the treatment of varying
concentrations of positive control (P), GNPs and ChNPs.

We found GNPs can effectively inhibit the growth of A. baumanii as confirmed from MIC and
MBC. We found that GNPs can inhibit bacteria at a MIC concentration of 48.3pg/ml, whereas
ChNPs and AgNPs showed a MIC of > 125 against the bacterial isolate (P<0.05). In contrast,
positive control can totally inhibit bacteria at a lower MIC (25.6pg/ml). We also calculated the
MBC of each NP; the MBC for GNPs was 23.4ug/ml, which is highly significant when
compared to the positive control (P<0.05), and the MBC for the positive control was the lowest
(6.8ug/ml). The consistent MBC and MIC data suggest that the synthesized NPs have
antibacterial properties.

Bacterial drug resistance assay: Following exposure to GNPs and respective positive control
the serial MICs of planktonic strains were determined for 15 passages. The %2 MIC was found in
the previous section to be 12.5, 25 and 59ug/ml respectively for positive control, GNPs and
ChNPs against A.baumanii. The ¥ MIC value of positive control (12.5ug/ml) changed to
14.5pg/ml at 12" passage to 13" passage and changed to 14.8 and 15.6ug/ml at 14™ and 15"
passage respectively (P<0.05). On the other hand, GNPs maintained the resistance till 13"
generation (Figure 6). The MIC value of NPs (25pg/ml) changed to 26.8 and 28pg/ml at 14" and
15" passage respectively (P<0.05). With this we could confirm that the isolate showed
susceptibility to NPs till 14" generations, while the positive control showed till 13" generation
(Figure 6). This confirms the antibacterial nature of the green synthesized AgNPs. While, ChNPs
showed resistance after 10" passage with a change in MIC from 59ug/ml to 65ug/ml and
68ug/ml at 11" and 13" passage respectively (P<0.05) (Figure 7).
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Figure 6: Bacterial drug resistance assay of GNPs. ¥2 MIC was measured from passages 0 to 15.
POS: Positive control. %2 MIC values can be seen in the graph.
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Figure 7: Bacterial drug resistance assay of ChNPs. Y2 MIC was measured from passages 0 to
15. POS: Positive control. %2 MIC values can be seen in the graph.

Reactive Oxygen Species (ROS) generation: Reactive oxygen species (ROS) production
causes excessive oxidative stress, which damages proteins, lipids, membranes, and DNA/RNA.
Cytotoxic effects in prokaryotic cells are exacerbated as a result. In order to compare the ROS
levels in this isolate to the negative control (DMSO), ROS generation was assessed by treating it
with GNP, ChNP, and positive control. When compared to the control and positive control, there
was a notable increase in ROS generation following treatment with AgNPs at both
concentrations (P<0.05) (Figure 8). The production of ROS was found to be 55 and 76% at Y4
MIC and %2 MIC respectively when treated with GNPs (P<0.05). On the other hand, the positive
control showed 72 and 78% of ROS production at ¥ MIC and Y2 MIC respectively. ChNPs
showed 38 and 67% respectively at ¥ and ¥ MIC concentrations (P<0.05). ROS production with
GNPs was highly significant when compared to positive control.
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Figure 8: ROS assay: Production of ROS under the treatment of NPs. P: Positive control.

DNA fragmentation: Representative pictures of DNA fragmentation analysis on gel
electrophoresis were shown in Figure 5. The produced NPs at % MIC concentration showed a
distinct pattern of DNA damage (P<0.05). The control band was seen to be distinct and clear.
The amount of DNA found in the positive control was insufficient, and the damage was evident
from the DNA shearing (Figure 9). The concentration was directly correlated with the damage.
When compared to the control and positive control, the GNPs' similar banding pattern validates
the GNPS's considerable activity (P<0.05).

C ChNP  POS GNP

- -

Figure 9: COMET assay showing the DNA damage. C: Control; POS: Positive control.

gPCR analysis: From the relative expression data obtained, we found all the 3 outer membrane
protein gene members were significantly downregulated post treatment (P<0.05). A down
regulation was with ompA gene member, where the expression was found to be 22% and 44%
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respectively for NPs and positive control (p<0.05). Similarly Omp33 gene member, was found to
be down regulated where the expression was found to be 13% and 44% respectively for NPs and
positive control (p<0.05). A down regulation was with ompW gene member, where the
expression was found to be 50% and 58% respectively for NPs and positive control (p<0.05).
The results were found to be highly significant when compared to controls (control was assumed
1 or 100%) (Figure 12-16).
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Figure 10: Real time PCR analysis. Fold expression histograms (left) for the gene members and
the Ct curves for the gene members (Right) are represented. P: positive control; C: Control
(Without treatment).

Discussion:

Enhancing chitosan performance with nanoparticles is an active research topic. We assessed the
combined effects of phyto fabricated CSNPs A. baumanii antibacterial resistance because of
CSNPs' capacity to disrupt the biofilm structure. CSNPs were made from low-molecular-weight
chitosan for this investigation.

According to our data, the different absorption ranges for the nanoparticles were as follows:
AgNPs, CHNPs, and GNPs displayed absorption peaks at 345 nm, 320 nm, and 482 nm,
respectively. The characteristic absorbance peak in the UV-vis spectrum that is larger than
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400nm is used in the literature as a confirmation index for the synthesis of AgNPs
(Varadavenkatesan, T., 2020).

The average size of the synthesized NPs, as determined by the SEM examination, was 76nm for
ChNPs, 90nm for AgNPs, and 65nm for GNPs. We could determine from the SEM that the
particles had a spherical form.

The morphology of all nanoparticles was relatively homogeneous, with a quite consistent particle
size distribution and spherical in shape. The SEM analysis indicates spherical particles with a
smooth surface. Similar results were reported by EI-Naggar, et al (2022).

We found similar banding pattern of the CSNPs to the previous reports. The sharp bands at 1026
and 940cm ™' correlate to stretching of C—O. The C-O-C bending vibrations in glycosidic bonds
are the source of the infrared band at 831cm™'. The presence of flavones, terpenoids, and
polysaccharide components in the extract causes the in-plane O-H bending of aromatic
compounds, which is associated with peaks at 1026-940cm™' (Olajire, A. A. 2020). Similar —
NH. bending vibration78 was represented by the peak at 1568cm™' by Rajam, M., et al (2011).
Because of the intramolecular hydrogen bonds, the relatively broad vibrational bands seen in the
3350-2946¢m ! range correspond to N-H and O-H stretching. Similar pattern (Peaks between
3400 and 3800cm ') was observed in the report (Damiri, F., 2020).

By using both the broth dilution method and well diffusion, we were able to determine a
considerable antibacterial activity from the data. For GNPs, ChNPs, and AgNPs, the
corresponding percent inhibition, as determined in relation to the positive control, was 82, 34,
and 21% (P<0.05). By preventing the formation of biofilms and possibly boosting the
effectiveness of antibiotics, chitosan-based nanoparticles exhibit promise as antibacterial agents
against Acinetobacter baumannii, especially multi-drug resistance strains (Abdeltwab, W. M.,
2019). One of Acinetobacter baumannii's well-known traits is its capacity to create antibiotic-
resistant biofilms. Chitosan nanoparticles have demonstrated efficacy in inhibiting the formation
of biofilms, particularly when mixed with other substances such as copper oxide (CuO) or iron
oxide (Fe304) [Sarfraz Muhammad Hassan, 2023]. By attaching itself to the negatively charged
bacterial cell wall, chitosan nanoparticles can possibly damage the cell membrane and change its
permeability, potentially causing cell death by obstructing DNA replication [Sarfraz Muhammad
Hassan, 2023].

We found GNPs can effectively inhibit the growth of A. baumanii as confirmed from MIC and
MBC. We found that GNPs can inhibit bacteria at a MIC concentration of 48.3ug/ml, whereas
ChNPs and AgNPs showed a MIC of > 125 against the bacterial isolate (P<0.05). AgNPs based
on chitosan efficiently stop the growth of A. baumannii, even the strains that are resistant to
multiple drugs [Sarfraz Muhammad Hassan, 2023]. According to studies, AgNPs can increase
antibiotics' effectiveness against A. baumannii, possibly lowering the requirement for large doses
of the drug [Silva Santos K., 2016]. Because of their possible synergistic effects with antibiotics,
chitosan-based silver nanoparticles (AgNPs) exhibit promise as antibacterial agents against
Acinetobacter baumannii, including strains that are resistant to several drugs, by preventing the
formation of biofilms and bacterial growth (EI-Naggar, et al, 2022). But we report for the first
time, the efficacy of these CSNPs fabricated with Spathodea flower extract.

From the drug resistance assays, we found the isolate exhibited NP susceptibility up to the
fourteenth generation, whereas the positive control did so up to the thirteenth generation (Figure
6). This demonstrates that the green produced AgNPs are antimicrobial. With a change in MIC
from 59ug/ml to 65ug/ml and 68pg/ml at the 11™ and 13™ passages, respectively (P<0.05),
GNPs demonstrated resistance after the 10th passage (Figure 7). Antibiotic resistance assays
were reported by the biologists, but a very few papers stand in support of the efficacy of the
AgNPs with chitosan against A.baumanii. moreover, these CSNPs were further phyto fabricated
with extract from Spathodea campulata.
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When treated with GNPs, ROS generation was observed to be 55 and 76% at ¥ MIC and %
MIC, respectively (P<0.05). In comparison to the positive control, ROS generation with GNPs
was highly significant. Excessive oxidative stress brought on by the generation of reactive
oxygen species (ROS) harms proteins, lipids, membranes, and DNA/RNA. This exacerbates
cytotoxic effects in prokaryotic cells. MDR isolates and pathogens that produce biofilms are
among the many Gram-positive and Gram-negative organisms against which ROS have shown a
strong antibacterial effect both in vitro and in vivo [Dryden, M., 2017]. When applied topically
to skin, mucosal membranes, or interior tissue that may be infested with microbial populations
and biofilms, ROS may offer a novel treatment strategy [Dryden, M.S, 2017]. In addition to
being clinically licensed for the treatment of infected wounds, treatments utilizing ROS as
antimicrobial agents are already available for topical application and are undergoing
development for clinical usage in additional contexts [Dunnill, C, 2017].

From the comet assay also, we found the produced NPs at 2 MIC concentration showed a
distinct pattern of DNA damage (P<0.05). The control band was seen to be distinct and clear.
The amount of DNA found in the positive control was insufficient, and the damage was evident
from the DNA shearing (Figure 9). DNA fragmentation assay was marked as the effective invitro
assay to detect the efficacy of the Nanoparticles when treated against bacterial and cancer lines
[Gurunathan S, 2013, Zhang G, 2011].

From the relative expression data obtained, we found all the 3 outer membrane protein gene
members were significantly downregulated post treatment (P<0.05). A down regulation was seen
with gene member, where the expression was found to be 22%, 13% and 50% respectively for
ompA Omp33 ompW gene members. Therapeutic approaches may target Acinetobacter
baumannii since downregulation of OmpA (outer membrane protein A) has been associated with
decreased virulence, decreased biofilm formation, and maybe decreased antibiotic resistance.
OmpA is the most well researched virulence factor among those A. baumannii OMPs, and it is
crucial in controlling the host's immunological response as well as the adhesion, aggression, and
biofilm formation of A. baumannii. An independent risk factor for the mortality rate of
nosocomial pneumonia and bacteremia brought on by A. baumannii is an excess of OmpA
[Sanchez-Encinales V, 2017]. Additionally, OmpA expression levels determined by gRT-PCR
can serve as a quick diagnostic indicator for antibiotic-resistant A. baumannii, and the outcomes
are quite similar to those obtained using conventional MIC analysis [Martin-Pena R, 2013].
Research indicates that omp gene member disruption may result in lower minimum inhibitory
concentrations (MICs) of some antibiotics [Smani Y, 2014].

In Acinetobacter baumannii, downregulation of the omp33 gene results in decreased lethality in
a mouse model as well as decreased fitness and virulence, including compromised adherence,
invasion, and cytotoxicity [Rumbo C, 2014]. The outer membrane protein (OMP) Omp33 (or
Omp33-36) in A. baumannii serves as a porin, a channel that allows water and other tiny
molecules to pass through. It contributes significantly to the bacterium's capacity to produce
infections and is linked to carbapenem resistance [Smani Y, 2014]. OmpW is essential for
bacterial pathogenicity and may be a target for novel treatments. In Acinetobacter baumannii,
downregulation of the outer membrane protein OmpW, a virulence factor, results in decreased
biofilm formation and lower bacterial loads in a mouse sepsis model (Schmitt, B.L., 2023).
Research has demonstrated that A. baumannii strains that have OmpW downregulated (i.e., its
expression is decreased) generate biofilms far less frequently than strains of the wild type [Gil-
Marqués ML, 2022].

Conclusion: In order to ascertain the nanoparticles' potential as antibacterial agents against
Acinetobacter baumannii, this study examined their effectiveness when created using a green
method. The antibacterial and antibiofilm properties of the chitosan-based nanoparticles (GNPs)
were assessed. The GNPs demonstrated efficacious actions against strains of Acinetobacter
baumannii and inhibited the outer membrane proteins, both of which can significantly impact
hospital infection management. The powerful properties of the produced nanoparticles were
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additionally validated by the COMET assay, ROS generation, and antibacterial resistance
bioassays. The results of our investigation indicate that GNPs may find use in the medical field,
and we draw the conclusion that these nanoparticles may be the most promising option for
treating infections that are resistant to several drugs. To fully understand the potential activities
and cytotoxicity of the nanoparticles in real-world situations, as well as the difficulties associated
with their large-scale commercial production, more in vivo studies are advised.
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