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Abstract: The frequency of lung infection induced by multi-
drug resistant strains of Pseudomonas aeruginosa has signifi-
cantly risen, primarily due to the inadequate effectiveness of
powerful chemotherapeutic methods. This study demonstrates
that the Ocimum basilicum aqueous extract and copper nano-
particles (CuNPs) exhibited significant antioxidant and anti-
infectious properties under in vivo conditions. To analyze the
characteristics of the CuNPs synthesized from the reaction
between copper nitrate solution and the aqueous O. basilicum
extract, various techniques such as energy dispersive X-ray
analysis, field emission scanning electron microscopy, Fourier
transform infrared spectroscopy, X-ray diffraction analysis,
and transmission electron microscopy were employed. The in
vivo study encompasses the assessment of P. aeruginosa lethal
dose in mice and the disease manifestation analysis, which
comprises reduction in body weight, hypothermia, bacteremia,
and other parameters, over a 48 h infection period. The
infected mice exhibited a notable decrease in body tempera-
ture, measuring at 25°C after 48 h, compared to the initial
temperature of 39°C. Additionally, a 30% reduction in weight
was seen at the conclusion of the study. To assess the effec-
tiveness of CuNPs on lung infection caused by the calculated
lethal dose and bacteremia, histopathology analysis was
employed. The bacterial load in the CuNPs group was deter-
mined to be 0.5 Log10CFU/mL on Day 8, indicating a notable
decrease from the initial measurement of 1.5 Log10CFU/mL on
Day 1. The histopathological findings revealed a widespread
and sporadic buildup of alveolar space inflammatory cells,

with infiltrates observed throughout all lung sections in
infected mice. Enhanced lung histology was observed in the
group of animal treated with reduced exudates noted at
200 µg/kg. CuNPs demonstrated inhibitory effects on the growth
of P. aeruginosa at 8 µg/mL, while at 16 µg/mL, they effectively
eradicated P. aeruginosa. The research unequivocally demon-
strates the efficacy of CuNPs extract in combating lung infections
induced by P. aeruginosa at 200µg/kg. The recent survey aims to
further explore the biomedical characteristics of these CuNPs in
order to develop a powerful treatment against this dangerous
pathogen.
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1 Introduction

The respiratory system is regularly in contact with the out-
side environment, leading to potential exposure to various
microorganisms like fungi, viruses, and bacteria in the air.
If pathogenic microorganisms are not eliminated from the
lungs upon inhalation, respiratory tract infections may
develop. Lower respiratory tract infections are a signifi-
cant concern, as they are the primary cause of death in
developing nations and the third most common cause of
death globally [1,2]. Furthermore, the global healthcare
system is facing an increasing financial burden due to
the need for intensive care caused by lower respiratory
tract infections. Typically, bacteria are the primary culprits
behind lower respiratory tract infections, but there is
growing body of evidence offering that bacterial infections
followed by viral infections are becoming more common
[3–5]. Lower respiratory tract infections pose a significant
challenge in terms of treatment due to the presence of
microbes deeply entrenched within the respiratory tract.
Typically, these microbes are nestled within a dense amal-
gamation of viscous mucus and biofilm, making eradica-
tion a formidable task. To effectively treat these infections,
oral and/or intravenous antibiotics should be administered
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at high doses in order to be beneficial [4–6]. This is because
only a small portion of drugs administered can reach the
mucosal side of the lungs from systemic circulation. On the
other hand, inhaling antimicrobials provides precise drug
administration to the main infection site, while reducing
overall exposure of the body and potential side effects [5,6].
It is imperative to maintain elevated levels of antimicro-
bials in the local area to successfully eliminate antibiotic-
sensitive and multidrug-resistant pathogens, causing
extracellular or intracellular infections. Nevertheless, solu-
tion-based inhaled antimicrobials frequently face the chal-
lenge of swift clearance from the lungs or deactivation by
metabolic enzymes [7]. Consequently, their residence times
are brief, leading to sub-optimal concentrations of antimi-
crobials. This, in turn, can contribute to the antimicrobial
resistance emergence [8,9]. The limited intracellular bioa-
vailability of numerous antimicrobials exacerbates this
issue, frequently resulting in the ineffectiveness of treating
intracellular infections [10].

The pharmaceutical sector might prioritize the devel-
opment of efficient formulations for expired drug mole-
cules over the invention of new antimicrobial compounds,
as the scarcity of new antimicrobials presents considerable
obstacles. Delivery technologies based on nanoparticles
(NPs) are increasingly being seen as promising methods to
overcome the constraints of traditional formulations given
inhaled, injected, or orally [11,12]. Incorporating antimicrobial
agents into NPs designed for inhalation safeguards against
deactivation due to the severe conditions present in the lungs
during chronic bacterial infections, such as pH fluctuations
and enzyme activity. Reduced risk of adverse effects by mini-
mizing the drug’s exposure to the entire body; controlled and
potentially extended drug release (e.g., prolonged retention in
the lungs, resulting in enhanced patient compliance). Addi-
tionally, customized characteristics of the NPs could assist in
surmounting a range of obstacles and resistance mechanisms
by enhancing drug absorption into and reducing the bacterial
cell efflux out; and simultaneous administration of various
antimicrobial agents in a single NPs, potentially leading to
bactericidal outcomes and hindering the antimicrobial resis-
tance emergence in bacteria [11,12].

Copper, being a prevalent antimicrobial metal, eradi-
cates the bacteria responsible for Legionnaires’ disease,
along with drug-resistant microorganisms. Viruses that
impact the global health community, including the Middle
East Respiratory Syndrome and the 2019 pandemic (SARS-
CoV-2) have been proven to perish within minutes upon con-
tact with pure copper [13–18]. Ahmadi et al. reported the
Juglans regia green husk aqueous extracts biosynthesized
CuNPs antiviral efficacy and the Cu and Fe NPs synergistic
action on viruses [19]. Rai et al., as well as Patoo et al. [20,21],

have also provided evidence supporting the metal oxide NPs
synergistic impacts on SARS-CoV-2. Copper can induce harm
to diverse cellular processes and exhibit cytotoxic effects,
thereby serving as a potent inhibitor against microbes. Copper
inflicts damage on microbial cells through producing reactive
oxygen species (ROS) and the substitution or attachment to the
original cofactors in metalloproteins [22]. Furthermore, copper
plays a role in innate immunity by catalyzing the production
of ROS during the bursting reaction in phagocytes, thereby
boosting bactericidal activity in bacterial phagocytosis [23].
Copper-based NPs can inhibit microorganisms using a
mechanism similar to that of other copper materials dis-
cussed earlier [24–26]. Numerous studies have demonstrated
that NPs possess more potent antimicrobial properties com-
pared to materials of regular size. However, the exact expla-
nation for this phenomenon remains unclear at the current
time. CuNPs possess a greater surface area and distinct crystal
structure compared to other copper molecular materials.
These NPs can impact the microbial cells’ cellular compo-
nents through unique mechanisms, resulting in enhanced
antibacterial efficacy [27–32]. Copper-based NPs can dissolve
at a quicker rate in solutions, resulting in the release of a
higher concentration of metal ions. Consequently, this enhanced
release of metal ions leads to a more potent antimicrobial effect
[33]. Copper-containingNPs can simultaneously activatemultiple
antibacterial mechanisms. However, it is challenging for a single
microorganism to develop multiple gene mutations in order to
combat the diverse antimicrobial mechanisms of these NPs. As a
result, the antimicrobial resistance likelihood remains low. Cu-
containing NPs incorporated into various dental materials
generally hinder the growth of microorganisms primarily
by releasing the NPs and Cu ions. The antimicrobial mechanism
of Cu-containing NPs involves generating ROS, disrupting cell
membranes and walls, and interacting with DNA and pro-
teins [34].

Throughout history, various scientists and physicians
have employed a variety of herbs for the purpose of
treating illnesses [35]. As a result of the increase in drug
resistance and the chemosynthetic drug’s adverse conse-
quences, there has been a growing interest among researchers
and the global population in plant metabolites/extracts and
medicinal herbs [35–37]. This is attributed to its lack of toxicity
and the numerous health advantages it offers when employed
to treat illnesses in medical and clinical environments [35].
Ocimum basilicum is a plant that contains a variety of bioactive
phytochemicals such as glycosides, steroids, cardiac glycosides,
reducing sugars, saponins, tannins, flavonoids, phenolics, and
alkaloids. It also exhibits a range of pharmacological activities,
such as antiviral, wound healing, antioxidant, anti-inflamma-
tory, antifungal, and antibacterial properties [35,38–41]. The
plant extracts show great promise for utilization as medicinal
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ingredients, showcasing a wide range of healing abilities such
as antiviral, antifungal, antioxidant, wound healing, anti-inflam-
matory, and antibacterial properties [35]. The research con-
ducted by Yibeltal et al., demonstrated that the flower oil extract
exhibited themost potent antibacterial effects on Staphylococcus
aureus, displaying the largest inhibition zone of 15.47mm. Addi-
tionally, it showed the lowestminimum inhibitory concentration
(MIC) at 0.09μg/mL and a correspondingly minimal minimum
bactericidal concentration (MBC) of 0.19μg/mL [41].

According to the above explanations, in this research we
investigated the effect of green-synthesized CuNPs using O.
basilicum on Pseudomonas aeruginosa in mice lung infection
model. Various methods including X-ray analysis (EDX), field
emission scanning electron microscopy (FE-SEM), Fourier
transform infrared spectroscopy (FT-IR), X-ray diffraction
analysis (XRD), and transmission electron microscopy (TEM)
were utilized to examine the properties of the CuNPs pro-
duced from the interaction of copper nitrate solution with
the aqueous O. basilicum extract.

2 Experimental

2.1 Preparation of O. basilicum extract

The newly harvested leaves of O. basilicum were rinsed
with running water to eliminate any impurities and dust,
followed by drying in the shade to form the powder. To
prepare the leaf extract, 20 g of powder was placed into a
0.3 L conical flask with 0.2 L of distilled water. The mixture
was heated on a magnetic stirrer at 65°C for 60 min.
Subsequently, it was filtered using Whatman filter paper
(No. 1), and the resulting leaf filtrate was utilized for the
silver NPs formulation [36,41].

2.2 Green formulation of CuNPs

To prepare 0.25 M Cu(NO3)2·3H2O stock solution, O. basi-
licum (50 mL) was mixed with Cu(NO3)2·3H2O stock solution
(40mL) and incubated at 25°C for 180 min. A significant
remarkable change in color was observed in the reaction
solution [19,25]. The CuNPs biosynthesis was confirmed by
TEM, FE-SEM, FT-IR, and EDX.

2.3 Chemical characterization of CuNPs

FE-SEM was used for the examination of the structure and
composition of CuNPs. The CuNPs size distribution was

depicted in a histogram using imageJ software. The identi-
fication of various functional groups accountable for the
stabilization and reduction of the formulated CuNPs was
accomplished through FT-IR analysis, using the Cary 630
FTIR model from Tokyo, Japan. The FT-IR analysis was
performed using the KBr technique, where a slice con-
taining 0.3 g of formulated CuNPs mixed with KBr was
formed under high pressure. TEM analysis was employed
to investigate the structure of zinc NPs (ZnNPs) using a
JEOL model JEM-1010 from Tokyo, Japan. The Shimadzu
DX-700HS machine was used to perform EDX analysis to
identify the elements [19,25].

2.4 In vivo experimental design

All animal experiments were carried out in compliance
with the guidelines set forth by Payame Noor University
of Kermanshah (No. 01/Z/G 1395/12/01) regarding the Ethical
Care and Use of Laboratory Animals. These guidelines
were approved by the Research Ethics Committee of the
Ministry of Health and Medical Education on April 17, 2006,
and are in accordance with the Helsinki Protocol (Helsinki,
Finland, 1975).

During this experimental investigation, 60 male BALB/
c mice weighing between 38 and 40 g were utilized. The
mice were housed in a controlled setting with a tempera-
ture maintained between 20 and 24°C. It is important to
highlight that all procedures carried out in this study
adhered to ethical guidelines concerning using laboratory
animals.

Sixty mice were selected for the research project and
distributed randomly into three groups, with 20 mice in
each group. These groups consisted of a control (Normal)
group, an untreated group, and a group treated with CuNPs
at 200 µg/kg. The mice were anesthetized using a local
anesthesia of 2% xylocaine administered subcutaneously.
Lung infection was induced via intratracheal route using a
29-gauge needle to deliver 100 mL of a bacterial cell sus-
pension (105 CFU/mL) in the early-logarithmic phase. The
CuNPs therapy began immediately after the onset of infec-
tion and administered twice daily with a time gap of 2 and
4 h after injection. The therapy involves an oral dosage of
200 µg/kg body weight and is sustained for 7 days. The
bacteremia blood sample was assessed daily by collecting
it and streaking it on an agar plate to determine the con-
centration of viable bacteria in CFU/mL. Additionally, both
lungs were aseptically obtained and examined for histo-
pathological analysis [42].

On the seventh day, mice were euthanized via cervical
dislocation. The entire lungs were removed and preserved in
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4% paraformaldehyde. Subsequently, the lungs underwent
decalcification in 5% formic acid before being embedded in
paraffin. Tissue samples (5mm thick) were stained using
hematoxylin–eosin and examined using an Olympus micro-
scope from Tokyo, Japan (manufactured in Philippines). A
grading system was employed to assess the severity and the
state of the lungs in the examined groups. The assessment
was made on a scale ranging from 0.5 to 4, where:
• 0.5 represented a minor condition
• 1 indicated mild severity
• 2 denoted moderate severity
• 3 signified severe severity
• 4 represented very severe severity [42]

2.5 MIC and MBC tests

The MIC was determined using the macro-broth dilution
technique. Tubes were filled with different concentrations
of CuNPs, followed by the addition of 70 µL bacterial sus-
pensions (P. aeruginosa) for incubation. Two essential fac-
tors for determining the MIC are the absence of turbidity
and the lowest concentration. In order to establish the
MBC, 70 µL of the MIC along with the four preceding wells
were inoculated onto an Agar plate. The MBC is deter-
mined as the lowest concentration at which no bacterial
growth is seen [25].

2.6 Statistical analysis

The normality of the data was assessed using Minitab-21.
Following this, any data that were not normally distributed
were transformed to achieve normality. The data variance
analysis was carried out with SPSS-22, and graphical illus-
trations were generated using Excel software.

3 Results and discussion

3.1 Chemical characterization of CuNPs

One technique utilized to characterize metal NPs involves
examining the electron microscope (FE-SEM) image, which
are useful for analyzing the morphology of the produced
NPs. The TEM and FE-SEM images captured from CuNPs
under the specified ideal parameters reveal the production
of spherical nanomaterials (Figures 1 and 2). The particles
that were generated had a size of 10–50 nm. On an average,

the NPs that were synthesized had a size between 20 and
30 nm. In terms of their morphology, the NPs exhibited
crystalline geometric and uniform shapes. Additionally,
due to the lengthy waiting time for analysis, the ZnNPs
tended to agglomerate to some extent.

In agreement with our study, Kumar et al. [43] utilized
leaves from the Andean sacha inchi plant to produce finely
dispersed semi-crystalline CuNPs via a heating method.
However, the size of CuNPs was found to be around
46 nm. On the other hand, Ananda Murthy et al. [44] suc-
cessfully synthesized CuO NPs using an extract derived
from Vernonia amygdalina Del. The monoclinic structure

Figure 1: TEM image of CuNPs.

Figure 2: FE-SEM image of CuNPs.
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was observed in the synthesized NPs, which had a particle
size measuring 19.7 nm. However, the synthesis of mixed
Cu2O/CuO NPs has not been extensively investigated until
now. Gu et al. synthesized the CuNPs with Calendula offici-
nalis, revealing a particle size below 100 nm [45]. Liyuan
et al. found that the size of CuNPs formulated with Alhagi
maurorum extract ranged from 10 to 60 nm [46]. Meanwhile,
Chinnaiah et al. [47] synthesized CuNPs using Datura metel L.
instead of CuO, and determined that the average crystallite
size of the CuNPs was around 19.56 nm. In this investigation,
CuNPs were prepared in a compact size. It is probably because
the reduced size of CuNPs greatly enhances their therapeutic
efficacies. Gu et al. [45] and Kumar et al. [43] have validated
the remarkable therapeutic efficacies of CuNPs with small
sizes, specifically ranging from 10 to 50 nm.

The metal–oxygen bond is associated with the bands
below 700 cm−1 in FT-IR analysis. In Figure 3, the Cu–O
bond is represented by a band at 582 cm−1. The additional
peaks at 1,067, 1,342–1,624, 2,929, and 3,412 correspond to
the carbonyl (CO), C]C, CO2, and hydroxyl (OH) organic

functional groups of O. basilicum, respectively, which serve
as the reducing agent during the synthesis process. Similar
peaks related to the functional groups were reported in the
studies of Kumar et al. [43], Ananda Murthy et al. [44], Gu
et al. [45], and Chinnaiah et al. [47].

In the analysis conducted using EDX, the presence of
copper in the biosynthesized CuNPs was confirmed by sig-
nals at 8.02 keV (for CuKα) and 0.93 keV (for CuLα), which
were consistent with previous findings [16–19]. The forma-
tion of a signal around 0.5 keV can be associated with the
oxygen present in CuNPs and certain organic molecules
from the O. basilicum extract that are related to the CuNPs
surface. Additionally, a signal at approximately 0.3 keV pro-
vides evidence of carbon on the CuNPs surface (Table 1; Figure 4).
These findings are consistent with previous research performed
by Gu et al. [45] and Liyuan et al. [46].

The evaluation of compounds’ crystallinity can be
done through the XRD diffraction pattern. Figure 5 displays
the XRD pattern of CuNPs. The production of small-sized
CuNPs with well-defined crystalline structure has been
validated by these findings. The signal data obtained at
various 2θ values were cross-referenced with the standard
PDF card No. 04-012-7238 database. The (−111), (111), (−202),

Figure 3: FT-IR analysis of CuNPs.

Table 1: Quantitative results of the EDX elemental table

Elt Line Int Error K Kr W% A% ZAF Formula Ox% Pk/Bg Class LConf HConf Cat#

C Ka 356.2 9.5450 0.5100 0.2174 45.05 57.14 0.4825 0.00 158.77 A 43.54 46.55 0.00
N Ka 10.9 9.5450 0.0201 0.0086 5.44 5.92 0.1575 0.00 17.14 A 4.40 6.48 0.00
O Ka 268.8 9.5450 0.2211 0.0942 35.19 33.51 0.2678 0.00 90.56 A 33.84 36.54 0.00
Cu Ka 63.2 0.7945 0.2488 0.1060 14.33 3.43 0.7403 0.00 8.32 A 13.19 15.46 0.00

1.0000 0.4262 100.00 100.00 0.00 0.00

Figure 4: EDX analysis of CuNPs.
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(202), (−113), (022), (−311), and (−221) planes are assigned to
the signals at 35.77, 38.97, 48.88, 58.48, 61.68, 65.81, 66.41,
and 68.24, respectively. These planes correspond to the
data of copper oxide with the chemical formula CuO. The
crystal size of CuNPs was determined through the applica-
tion of Scherer’s equation, yielding a measurement of
18.43 nm. Previous studies in the literature have reported
a range of 12–40 nm for the crystal size of CuNPs [45–47].

The size distribution of CuNPs was analyzed using the
dynamic light scattering technique. For this propose the
CuNPs was dispersed in water. The analysis was performed
using a dynamic light scattering instrument (Nanotrac

wave II). The data are shown in Figure 1. According to
the results, the average distribution size of NPs was less
than 1,000 nm. Furthermore, an amount of −5.0 mV was
calculated for the zeta potential. The particles with a zeta
potential less than of ±30mV usually show an aggregation
property [11]. For CuNPs the result is in agreement with FE-
SEM images (Figure 6).

3.2 Treatment of lung infection by CuNPs

The antimicrobial effects stem from the ion emission from
copper, copper oxide, and nanoparticles, with the release
speed being influenced by both the material’s chemical
composition and the presence of ROS and reactive nitrogen
species. Various action mechanisms have been identified in
the studies [48,49]. Cu ions impede the bacterial resistance
emergence by employing multiple mechanisms at once.
Bacterial membranes are damaged upon interacting with
Cu surfaces. Cu ions have the capability to directly damage
bacterial proteins and, through a Fenton-like reaction, pro-
duce highly ·OH that engage with various enzymes, DNA,
and proteins, leading to the membrane structure disrup-
tion and lipid peroxidation [49–51]. CuO NPs have demon-
strated the ability to facilitate favorable results, such as
improved wound healing and angiogenesis. By modifying
the surface through functionalization, the NP’s surface
charge can be changed, thereby aiding in the deactivation
of bacteria. Positively charged NPs can bind more rapidly
and effectively eliminate bacteria due to the negatively
charged bacterial cell wall [48,50,51].

The in vivo investigation involves determining P. aeru-
ginosa lethal dose in Swiss albino mice and evaluating dis-
ease symptoms such as weight loss, hypothermia,

Figure 5: XRD analysis of CuNPs.

Figure 6: Size distribution histogram of CuNPs from dynamic light scattering analysis.
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bacteremia, and other factors during a 48 h infection period.
Following the infection, the mice indicated a notable drop in
body temperature, reaching 25°C after 48 h, in contrast to
the starting temperature of 39°C (Figure 7). Furthermore, a
weight reduction of 30% was noted at the end of the
research (Figure 8). In order to evaluate the efficiency of
CuNPs in treating lung infection induced by the lethal
dose and bacteremia, histopathology analysis was utilized.
The bacterial count in the CuNPs group was found to be 0.5
Log10CFU/mL on the eighth day, showing a significant drop
from the initial count of 1.5 Log10CFU/mL on the first day
(Figure 9). The examination of tissue samples showed a
widespread and irregular accumulation of alveolar space
inflammatory cells, with infiltrates present in all lung sec-
tions of the infected mice. Improved lung tissue structure
was evident in the treated group of animals, with decreased
exudates observed at a dose of 200 µg/kg (Table 2). The study
definitively proves the effectiveness of CuNPs extract in
fighting lung infections caused by P. aeruginosa at 200 µg/kg.

The recent research aims to further investigate the CuNPs
biomedical properties to develop a potent treatment against
this harmful pathogen.

Bacterial burden in mice blood collected at pre-decided
time interval for the three groups for research.

At 8 µg/mL, CuNPs inhibited P. aeruginosa growth and
effectively eliminated P. aeruginosa at 16 µg/mL (Table 3).
The findings suggest that CuNPs possess notable antibac-
terial characteristics against P. aeruginosa.

Sandle [52] highlights that managing surfaces as car-
riers of pathogens is becoming an integral aspect of the
comprehensive infection control approach. Numerous
studies conducted in actual hospital environments have
demonstrated that the presence of copper surfaces, when
appropriately positioned, leads to a reduction of both bac-
terial contamination and infection rates [53]. Some research
has shown that bacteria can be inactivated upon contact at

Figure 7: Efficacy of CuNPs on the body temperature of mice in sev-
eral days.

Figure 8: Efficacy of CuNPs on the body weight of mice in several days.

Figure 9: In vivo antibacterial efficacy of CuNPs in several days.

Table 2: Scoring of lung tissue histopathological examination

Criteria Control Untreated CuNPs

Inflammatory cells infiltration in the
alveolar space

0 3 1

Degeneration and distortion of
alveoli

0 4 0

Inflammatory cell infiltration 0 3 1
Congestion 0 3 1
Total score 0 13 3

Table 3: MIC and MBC of CuNPs against P. aeruginosa

Microorganism P. aeruginosa

MIC (µg/mL) 8 ± 0
MBC (µg/mL) 16 ± 0
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7–8 log/h, resulting in the elimination of all microorganisms
within a short time [54]. In 2010, a hospital in Birmingham,
UK conducted a study that involved replacing certain sur-
faces with copper alloys. These alloys were utilized in an
experimental composite toilet seat and other high-risk items
like door locks, among others [55].

The data gathered demonstrate that the presence of
bacteria on copper surfaces is significantly lower, ranging
from 90 to 100%, compared to plastic and aluminum sur-
faces of similar nature. Numerous hospital facilities are
now using copper alloys for touch surfaces like hospital
cabinets, bed boards, tables, control buttons, switches, and
door handles based on the available evidence [54–56]. Addi-
tionally, CuNPs are not only utilized on solid surfaces, but
also certain companies are focusing on incorporating CuO
NPs into textiles used for hospital pillowcases and beds,
attire worn by patients and medical staff. A study conducted
in intensive care units at Calama Hospital in Chile yielded
comparable findings. An ambulatory investigation has veri-
fied the decrease in the presence of microorganisms, leading
to a reduction of contamination near the Cu surfaces. The
assessment indicates a 40% decline in infections acquired
in the ICU, with the possibility of a reduction of up to 70%.
After 6 h of exposure, the Cu-containing ZnO films resulted in
a significant decrease in the quantity of viable E. coli in a
medical facility setting [55–57]. This, in turn, contributes to
lower care expenses and enhanced patient results [55,56].

Airborne pathogens pose a significant risk, as do sur-
faces. In hospitals, CuNPs are employed in air, ventilation,
and heat conditioning systems. Generally, these systems
utilize aluminum components. The outdoor air pollution
design and levels can influence the growth of resilient
biofilms made up of fungi and bacteria on various compo-
nents such as air ducts, condensate drains, fins, and heat
exchanger coils [58–60].

4 Conclusion

In a recent study, we checked the properties of CuNPs
green formulation on lung infections. EDX, TEM, FT-IR,
and FE-SEM tests were applied to determine the structural
and morphological properties of NPs. The particles average
diameter is 20–30 nm. The study outcomes indicated that
copper NPs benefit in curing lung infections. The research
has shown that CuNPs are highly effective in treating a
P. aeruginosamulti-drug resistant strain in a mice lung infec-
tionmodel when administered orally at 200 µg/kg. Additionally,
CuNPs resulted in a notable decrease in microbial load in the
blood. It enables the dosage schedules formulation for its

subsequent use in lung-protective capability, immunomodu-
latory capacity, and bactericidal effectiveness, which can be
validated through complementary clinical trials conducted at
the clinical stage.
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