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Abstract:- An increasing worldwide problem is antimicrobial resistance, which makes conventional
antimicrobials less effective and calls for creative alternatives. As a potential substitute, nanoparticles are
propelling the creation of innovative antibacterial medications using drug delivery methods based on
nanotechnology. Advanced techniques for identifying and treating a range of illnesses are made possible by their
use in nanomedicine and nanomaterials. To efficiently treat bacterial infections, a number of advanced drug
delivery techniques have been developed, such as pH-sensitive nanoparticles, surface charge-modifying
nanocarriers, microencapsulation, and microbially triggered release. These developments decrease the
development of resistance, increase the dispersion of targeted drugs, and extend therapeutic effectiveness.
Additionally, nanotechnology opens up new avenues for study by facilitating the development of novel
antibacterial mechanisms. Nanoparticles are preferable to traditional antimicrobial treatments because of their
distinct physicochemical characteristics, which include greater surface area, functionalizable structures, and
improved reactivity. They save treatment costs, lessen toxicity, and lessen antibiotic resistance. They also enhance
antimicrobial medications' pharmacokinetics and therapeutic effects, guaranteeing increased bioavailability and
long-lasting effects. Beyond the treatment of infections, nanotechnology enables quick, accurate, and economical
therapeutic and diagnostic options. As nanoantimicrobial agents, nanoparticles eliminate pathogens by breaking
down bacterial cell walls, blocking enzymes, and interfering with DNA replication. They are an affordable
substitute for conventional antibiotics because of their excellent stability, which enables them to withstand harsh
environments. A revolutionary development in microbial pharmaceutics is the incorporation of medication
delivery using nanoparticles. Because of their adaptability and wide range of applications, nanoparticles are
revolutionizing current medicine by providing next-generation antimicrobial treatments that are more powerful,
long-lasting, and immune to changing microbial threats.

Keywords:- Dendrimers, Drug delivery system, Gastric infection, Gastrointestinal tract, Multidrug resistance,
Nanoparticle.
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1 Introduction

Drug delivery methods based on nanotechnology are efficient means of getting beyond the pharmacokinetic
restrictions that come with traditional drug administration(1). Numerous nanoparticles have shown great
therapeutic promise in the transport of antimicrobial drugs, including liposomes, carbon nanotubes, silica
nanoparticles, and nano complexes. An developing technique that is essential to antimicrobial treatment for a
wide range of illnesses is the use of nanoparticles in medication delivery. Metals and compounds with biological
origins make up the majority of these antimicrobial nanoparticles(2). Targeted bacterial membrane disruption,
better drug transport, higher drug functioning, and selective accumulation at infection sites owing to increased
vascular permeability have all been achieved with surprising success in recent research. However, nothing is
known about the precise method by which different bacteria are inhibited by nanoparticles. Their electrostatic
charge-based interactions with microbial cell membranes lead to membrane rupture and integrity loss.
Furthermore, oxidative stress brought on by the production of free radicals is primarily responsible for the toxicity
of nanoparticles(3). The use of polymeric nanoparticles with surface charge changes for microbial cell wall-
targeted delivery, antimicrobial targeting, and fighting antimicrobial resistance have all been the subject of
substantial study in recent years(4). Along with other cutting-edge strategies like microbial nanoparticle
manufacturing, silver nanoparticles have shown promise as a remedy for multidrug resistance. The composition,
surface changes, inherent characteristics, and microbiological species of nanoparticles all influence their toxicity
mechanism. Strong relationships between several elements of their antibacterial activity support their potential
efficacy. Drug distribution is significantly hampered by biological barriers(5). For formulation scientists,
problems including nonspecific medication dispersion and insufficient accumulation still present challenges.
Nevertheless, delivery systems based on nanoparticles have shown themselves to be effective carriers that lessen
the pharmacokinetic limitations of conventional drug delivery techniques. They provide the best way to get
beyond microbial barriers and guarantee that treatment chemicals are delivered to diseased locations precisely(6).
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Figure 1 Various nanoparticulate drug delivery systems to treat infections or drug resistance caused by different
pathogenic microorganisms.

Antimicrobial infections and multidrug-resistant organisms may be effectively treated using a variety of
antimicrobial nanoparticles and nano-sized carriers(7). The preferred antibacterial agents in contemporary
medicine are nanoparticles because of their distinct physicochemical characteristics and high surface area-to-
volume ratio. In many therapeutic uses, such as wound dressings based on nanoparticles, gels, lotions, and
medical equipment coated with nanoparticles, nanoparticles themselves function as potent antibacterial agents.
Numerous nanoparticles have been investigated as antimicrobial medicine carriers that shield pharmaceuticals
from disease resistance mechanisms(8). To improve antibacterial activity and fight multidrug resistance, these
nanoparticles provide both independent and complementary approaches. Extensive research on their toxicity and
clinical uses as drug transporters and antimicrobials is still lacking, nevertheless. Over the last several decades,
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significant scientific progress has been achieved in creating nano-sized vesicles with unique physical and
biological characteristics for drug delivery applications. Dendrimers, polymeric nanoparticles, lipid-based
nanoparticles, virus-based nanoparticles, and liposomes are a few examples(9). Nanoparticles have the potential
to enhance the therapeutic index of currently available medications by reducing toxicity, boosting effectiveness,
and guaranteeing sustained steady-state drug release, as shown in Figure 1. They also improve the solubility and
stability of drugs, which helps create novel chemical entities that may have therapeutic uses. Targeting ligand
conjugation is made possible by the adaptability of nanoparticle surface chemistry, guaranteeing accurate drug
delivery. However, there are still a number of obstacles to overcome before using medication delivery based on
nanomedicine to combat multidrug resistance(10). Currently, drug-loaded nanoparticles have the ability to spread
across healthy tissues, which calls for further study to maximize their therapeutic uses while reducing side effects.

2 History

Antimicrobial drug resistance, often known as multidrug resistance (MDR), has presented the biopharmaceutical
sector with serious difficulties during the last several decades(11). A rising problem that is gradually spreading
around the globe is the rise of microbial resistance to a variety of authorized treatment medicines. This state is
exploited by opportunistic and pathogenic bacteria, which flourish in conditions where conventional medications
are unable to stop their development(12). Increased death rates, a greater prevalence of illness among patients,
and a significant increase in the expense of lengthy therapies are all direct effects of MDR. The overuse and often
needless prescribing of antibiotics is one of the main causes of this problem. MDR has become a serious
worldwide health emergency as a result of the uncontrolled and careless use of these drugs(13). Because
antimicrobials are ineffectual against resistant microorganisms, infectious illnesses continue to take countless
lives each year. Reduced bioavailability is also caused by a number of biological and environmental variables, as
well as the instability and low solubility of many medicinal chemicals. Therefore, the creation of sophisticated
medication delivery systems that can overcome these constraints is desperately needed. Effective targeting is
hampered by the structural complexity of malignant tumors(14). But it also gives researchers a chance to
investigate medication delivery methods based on nanotechnology. Although the extensive use of antibiotics by
people is a primary factor in the development of resistance, agricultural practices also have a significant influence.
The issue is made worse by the widespread use of antimicrobial compounds in plants as insecticides and growth
promoters. The problem has now gotten to the point where there are no longer enough effective treatment options
to handle the growing number of microbiological diseases(15). To successfully combat MDR, this situation calls
for swift response and the use of innovative medication delivery techniques. A number of strategies can be taken
to address this problem, including (a) educating medical and paramedical professionals about the responsible use
of antibiotics; (b) reducing the use of antibiotic agents whenever feasible; and (c) creating novel drug delivery
systems to get past MDR. The third strategy is a prospective technology innovation that may directly solve the
MDR dilemma, while the previous two options rely heavily on government regulations and public awareness(16).
To sustain the advantages of antimicrobial agents and an enhanced standard of living in this age of antimicrobial
resistance, it is essential to recognize and address this worldwide challenge. However, the lengthy and intricate
regulatory clearance procedure for new antimicrobial medications delays their incorporation into standard
medical care(17). Since research over the past 20 years has shown how challenging it is to create broad-spectrum
antimicrobials that are both safe and effective for usage, the scientific community still faces challenges in the
identification and categorization of novel antimicrobial agents. Almost every microbial infectious agent, such as
viruses, bacteria, fungi, and parasites, has some degree of resistance, which raises death rates(18). Known as
"superbugs,” these very resilient types represent a serious threat to public health. Recent years have seen a sharp
decline in the effectiveness of antibiotics in treating common illnesses, bringing us closer to a day when even
small bacterial infections may no longer be treated. The use of antibiotics has been steadily increasing in both
developed and developing countries, especially in hospital and community healthcare settings(19).
Microorganisms develop resistance due to genetic mutations, which are exacerbated by selection pressure from
overuse of antibiotics, giving mutant strains a survival advantage. Unsafe food handling procedures, insufficient
infection control measures, inappropriate antibiotic usage, and poor sanitation all contribute to the spontaneous
regeneration of resistant strains(20). Understanding the underlying issues and the pressing need to avoid microbial
resistance are crucial given the increasing effect of MDR. One of the most important steps in overcoming these
obstacles is the creation of innovative medication delivery systems(21). In order to transform the treatment of
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MDR-related illnesses and guarantee successful therapeutic results in the future, it will be essential to comprehend
nanoscale drug delivery processes, as shown in Figure 2(22).
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Figure 2 Nanoscale for the understanding of nanoparticulate drug delivery size.
3 Nanoparticles (NPS) advantages over conventional drug delivery systems

The promise of nanoparticles in targeted medication delivery, improving bioavailability, lowering drug toxicity,
and lessening negative effects on essential organs has been acknowledged(23). For both hydrophilic and
hydrophobic medications, nanoparticle-based drug delivery systems now provide an affordable and useful option
that supports a variety of administration routes, such as parenteral, intraocular, intranasal, and oral. Nanoparticle-
based systems provide a number of noteworthy benefits over traditional drug delivery techniques, which are listed
below:

e To guarantee targeted medication delivery to certain cells or tissues while permitting regulated release
throughout the body, nanoparticles might encapsulate, conjugate, or combine different therapeutic
substances(24).

e These nanocarriers provide accurate and efficient therapy by delivering medications to tiny and difficult-
to-reach locations.

e Utilizing a variety of biomaterials and polymers, recently developed nanoparticle-based drug delivery
methods optimize physical qualities while providing more control over drug release.

e Complex biological molecules can be transported more easily thanks to nano-based medicine delivery,
even to difficult-to-reach places like the blood-brain barrier.
Nanoparticles improve bioavailability, guarantee regulated drug release, and provide precisely focused
treatment by increasing the aqueous solubility of weakly water-soluble medications.

e Multidrug resistance (MDR) brought on by several physiological barriers is successfully overcome by the
nanoparticulate drug delivery technology.

e Nanoparticle-based medication delivery makes it possible to quickly identify and measure tumor cells,
which enhances cancer diagnosis.

e It is simple to alter the size and surface properties of medication particles to allow for both active and
passive drug targeting during parenteral delivery(25).

e Targeting ligands functionalize the surfaces of nanoparticles to guarantee site-specific drug delivery for
improved therapeutic precision.

e By focusing medication distribution on the targeted location and reducing exposure to healthy tissues,
nanoparticulate drug delivery lowers systemic drug toxicity.

e When administering biologics—such as proteins, peptides, and nucleic acids—surface-modified drug
carriers aid in avoiding immunological reactions.

e Because of the controlled particle size, nano-based drug delivery ensures targeted dispersion and may
efficiently provide controlled and sustained drug release.

e A broad range of illnesses and ailments, including cancer cell biomarkers, may be quickly detected thanks
to the widespread usage of nanoparticles in diagnostic applications.

e The limits of traditional imaging methods have been successfully overcome by using fluorescent
nanoparticles to increase the accuracy of medical imaging.
Additionally, nanotechnology is essential to the creation of sophisticated in vivo diagnostic equipment
including improved endoscopic instruments and ingestible imaging capsules(26).
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Because nanoparticulate drug delivery allows for precise medication targeting without needless bodily invasions,
it plays a crucial role in disease diagnosis. Because of their large surface area and distinct physicochemical
characteristics, metallic nanoparticles—such as those made of gold, silver, and metal oxides like zinc and iron—
have shown enormous promise for use in biological applications(27).

4  Disadvantages of nanoparticles (NPS)

It's crucial to take into account any possible negative effects of nanotechnology while talking about its benefits.
Preventing failures in future medication formulations requires an understanding of the limits of nanoparticulate
drug delivery(28). Drug delivery systems based on nanotechnology are expensive and complicated to design and
produce, thus it's important to recognize these difficulties rather than ignore them. As shown below, the
drawbacks of nanoparticles differ according on their composition method, mode of administration, and other
pertinent variables:

e The medicinal content of nanoparticles is significantly lost during application when they are applied
topically. The effectiveness of this approach is further diminished by the absence of a strong mechanism
for regulated medication release.

e Drug degradation, polymorphic transitions, particle growth, instability in formulations with high water
content, and a restricted ability to load hydrophilic medicines are some of the issues that arise with long-
term storage of nanoparticles, which makes administration less comfortable(29).

e Nanoparticles tend to agglomerate because of their huge surface area and tiny particle size, which may
cause problems including decreased antibacterial efficacy, trouble managing both dry and liquid
formulations, and restricted drug-loading capacity.

e The reticuloendothelial system may recognize and eliminate nanoparticles when they are given
parenterally, which might affect medication bioavailability and lessen therapeutic efficacy.

As was previously said, there are several important advantages of nanotechnology. It is still commonly used
in medication delivery in spite of these disadvantages since many of them may be overcome with creative
solutions(30). To further increase the efficacy of nanoparticulate drug delivery systems, several developments
in nanotechnology have been developed to reduce particle aggregation and address storage-related problems.

5 Applications of nanoparticles (NPS) in microbial pharmaceutics

Nanoparticles have several real-world uses in the microbiological and medicinal domains in addition to traditional
drug delivery techniques, opening up a plethora of options in these domains. In contemporary biomedicine,
nanotechnology is essential, especially for medication delivery(31). By encasing medications, improving cell
membrane permeability, and guaranteeing an ideal therapeutic drug level inside the body, nanoparticles not only
increase drug solubility but also dramatically increase bioavailability(32). Novel targeted medication delivery
devices have been created as this subject grows and our understanding of nanotechnology and transdisciplinary
techniques develops. Many poorly soluble, impermeable, and very toxic medications may now advance into
clinical trials as possible therapeutic agents because to these technologies, which allow the exact delivery of
certain medications to their designated regions of action(33). The uses of nanoparticles in microbial
pharmaceutics are now being investigated extensively. A brief synopsis of these applications will be given in this
section.

5.1 Nanoparticles (NPS) against pathogens

Regardless of the pathogen or medicine type, pharmaceuticals are often more effective when administered by
nanoparticles. The antibacterial activity of a variety of medications is improved by both metallic and non-metallic
(organic) nanoparticles. The intracellular drug concentration may be increased by up to 10 times using targeted
nanoparticles(34). Drugs, with or without ligand attachment, may therefore efficiently enter cellular organelles
or diseased tissues. Leishmaniasis, viral disorders, deep-seated skin infections, and brain infections are among
the difficult infections that may be successfully treated using nanoparticles. Reduced toxicity and fewer adverse
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effects result from less drug buildup in non-targeted parts of the body. When paired with nanoparticles, many
antimicrobial medicines have effectively reduced nephrotoxicity and hematological problems(35). Nanoparticle-
based administration not only increases therapeutic efficacy but also provides more palatable treatment plans for
patients. Using nanoparticles such solid lipid nanoparticles, polymeric micelles, polymeric nanoparticles, and
liposomes may lower the necessary therapeutic dose and prolong dosing intervals to 1-10 days. Increased
residence time or a longer half-life might be the cause of these protracted gaps(36). Furthermore, extended
medication retention is further facilitated by the mucoadhesive qualities of nanoparticles. Nanoparticles greatly
increase the half-life and therapeutic efficacy of the loaded medicines by halting drug breakdown.

5.2 Synergistic effect of nanoparticle (NP) with antimicrobials

The emergence of multidrug resistance (MDR), which is now a significant problem, has made the conventional
chemotherapy strategy of using tiny antibiotic molecules to treat infections less and less effective. Patients now
have fewer alternatives for treating MDR bacteria since last-line antibiotics are being employed more often to
fight resistant microorganisms while the efficacy of first-line antimicrobial medicines continues to
deteriorate(37). One of the last methods left for combating pathogenic germs is the prudent use of last-line
antibiotics. One possible strategy to combat microbial resistance is to incorporate antibiotic compounds into
nanoparticles, especially metallic nanoparticles like silver and gold. This strategy increases effectiveness by using
the complementary effects of conjugated antibacterial medications and nanoparticles. According to studies, the
antibacterial activity of silver nanoparticles has been enhanced when combined with widely used medicines that
target gram-positive bacteria, such as erythromycin, amoxicillin, and vancomycin(38). Though the results varies
depending on the medication and the kind of nanoparticle utilized, studies have also shown that conjugating tiny
antibiotic medicines with nanoparticles does not always result in improved antimicrobial properties.
Notwithstanding these differences, a number of investigations and observations indicate that this strategy has a
great deal of promise to increase the efficacy of traditional antimicrobial therapies(39).

5.3 Nanoparticles (NPS) against MDR

A number of illnesses, including bacterial, fungal, and viral diseases including HIV and candidiasis, are causing
a growing amount of resistance to antimicrobial medicines(40). Enhancing therapeutic effectiveness by avoiding
several resistance mechanisms, including efflux pumps, thick cell walls, and enzymatic degradation, is the main
function of nanoparticulate drug delivery in treating multidrug resistance (MDR). Studies have shown that
delivering medications in conjunction with nanoparticles not only increases pharmacological efficacy but also
reduces the risk of resistance emerging following treatment(41). Dense bacterial populations known as microbial
biofilms adhere to both biotic and inert surfaces. One of the main virulence factors for many bacteria that cause
infections is the production of biofilms. Because of their extensive microbial molecular and genetic relationships,
which sometimes include numerous species, as well as their complex biological and physical properties, these
biofilm-associated illnesses are difficult to treat with single-target therapies or conventional antibiotic
medications(42). Microbes that produce biofilms quickly produce an extracellular polymeric matrix that serves
as a barrier, enhancing the MDR effect and making it harder for medications to pass through. Furthermore,
biofilms often develop in difficult-to-reach places, making current therapies ineffectual(43). At the moment, they
are in charge of most chronic microbial infections, and in extreme situations, removing the contaminated tissue
or implant from the body is the best course of action. It has been shown that certain drug-loaded nanoparticles
may break through bacterial walls and destroy biofilms(44). Targeted or combination therapy are necessary
because the complicated environment of biofilm development and the medication tolerance that goes along with
it provide serious problems for conventional antibacterial treatments. When opposed to therapies that use
nanoparticle-based drug delivery, the formation of resistance after treatment with free medicines is far more
prevalent since the nanoparticulate system offers a multifunctional approach to treating bacteria(45).

5.4 Nanoparticles (NPS) as anti-infective agents
Antibiotics are often more effective against vulnerable bacteria when coupled with antimicrobial nanoparticles

than when used alone(46). Uncoated antimicrobial nanoparticles, on the other hand, often show comparable or
even higher effectiveness than both the drug-nanoparticle combination and the free drug when dealing with

IJCRT2503794 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | g860


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 3 March 2025 | ISSN: 2320-2882

resistant bacteria. Therefore, it has been shown that combined medication therapy using antibiotics and
nanoparticles improves the effectiveness of treatment against resistant microorganisms(47). Bare nanoparticles
may also successfully stop the development of new bacterial strains, eradicate bacterial colonies, and hinder the
formation of biofilms. Certain nanoparticles, especially metallic ones, have been studied for their antibacterial
qualities against very resistant bacterial strains in both lab and real-world situations(48). Among them, gold
nanoparticles, as well as other metallic nanoparticles like copper and silver, are the subject of much research.
Strong antimicrobial qualities, such as antifungal, antiviral, anti-inflammatory, and antibacterial activity, have
been shown by silver nanoparticles in particular. For millennia, silver has been used for therapeutic reasons.
Silver nanoparticles have a higher toxicity to microbes than other metallic nanoparticles, yet they are less harmful
to human cells(49). Their most promising uses, including as biosensors and wound healing therapies, have been
noted in the pharmaceutical industry(50). In particular, silver nanoparticles are combined to create antibacterial
gels that are used topically to treat burns. Because they overcome the drawbacks of conventional ointments and
provide improved effectiveness via nanoparticulate drug delivery methods, these gels are also often used to treat
a variety of skin illnesses(51).

5.5 Nanoparticles (NPS) for gastric infection

One of the most common and dangerous illnesses that affect the gastrointestinal (GI) tract is gastric infection(52).
Making sure the medicine effectively passes through the Gl surface and reaches the bacterial flora causing the
illness is a significant problem in traditional drug administration. Eliminating Helicobacter pylori is essential to
avoiding serious difficulties since it was discovered to be a carcinogenic agent towards the end of the 19th
century(53). Adhering to the mucin layer, mucoadhesive nanoparticles efficiently enter the cellular junctions that
are home to pathogenic microorganisms. Consequently, the nanoparticulate technology ensures the total removal
of microbial biofilm by extending drug retention in the GI tract and permitting continuous drug release over a
prolonged period of time(54). Furthermore, customized ligand nanoparticles are made especially to target certain
bacterial strains, reducing needless Gl tract irritation. A frequently used medication may be used to efficiently
remove both the spiral and coccoid types of H. pylori by nanoparticulate drug delivery(55). Proton pump
inhibitors and antibacterial medicines are two examples of the many medications that are now utilized in
combination to improve overall treatment effectiveness and optimize dose regimens(56).

5.6 Nanoparticle (NP) as vaccine

It is crucial to create efficient plans for both avoiding and treating different infectious illnesses. One of the best
medical innovations for both preventing and treating illnesses is still vaccination(57). Purified proteins, peptides,
or recombinant forms of the target pathogen are often found in modern vaccines, which are intended to resemble
the immune response. These vaccinations, however, often have minimal immunogenicity and little long-term
efficacy(58). Nanoparticles have the potential to greatly improve this immune response. Drug delivery is
significantly impacted by nanotechnology, especially in the area of immunization(59). Delivery techniques based
on nanoparticles effectively bind adjuvants and antigens, enhancing the immune response(60). Furthermore, the
adjuvant effect is naturally enhanced by several materials utilized in the manufacture of nanocarriers. Because it
may elicit both systemic and mucosal immune responses, oral delivery is one of the most popular immunization
techniques. As an organ with a lot of mucosa, the gut has a lot of immune cells(61). Oral vaccinations, however,
have drawbacks such fast metabolism and gastrointestinal tract deterioration, need many doses to be effective.
By encasing oral vaccinations in nanoparticles, this problem may be resolved(62). Transdermal delivery is
another excellent immunization technique. Numerous immunocompetent cells that may elicit a robust immune
response are found in the skin, the biggest organ in the human body(63). As a result, skin vaccinations are often
more effective than other delivery methods. The size, content, and hydrophilic characteristics of nanoparticles all
affect their capacity to penetrate(64). Notwithstanding their advantages, nanoparticles might have disadvantages
that reduce overall effectiveness, such as early drug release before it reaches the target cells. Nanoparticles also
serve as carriers for adjuvants, which are necessary to guarantee the vaccinations' sustained effectiveness(65).
This strategy is often used in different vaccine formulations, enabling improved safety, a greater immune
response, and longer-lasting protection. Additionally, nanoparticles shield antigens against deterioration, greatly
boosting the efficacy of vaccines(66).
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5.7 Nanoparticles (NPS) as theranostic

A novel strategy for lessening the adverse effects of chemotherapeutic medications has been presented with the
inclusion of pharmaceuticals into nanoparticle carriers(67). Early illness detection, diagnosis, and treatment are
the main objectives of "theranostic" approaches, which are a mix of therapeutic and diagnostic techniques(68).
Even for illnesses that are life-threatening, this novel technique has a lot of potential. In a number of ways,
theranostics combines therapeutic and diagnostic substances. One approach is encasing the drugs in nanoparticles
for controlled release, while another combines therapeutic compounds with imaging-related nanoparticles(69).
Many nanoparticles have been created to serve as both diagnostic instruments and carriers for the delivery of
drugs and genes. When nanostructured medications are utilized, these nanosized materials provide a rare chance
for the early discovery of deadly illnesses and allow for real-time monitoring of therapy effects(70). Certain
nanoparticles are made to include both an imaging agent and an active medicinal component in one structure,
making it easier to diagnose and treat illnesses. Additionally, there may be major benefits to encapsulating a
therapeutic and diagnostic agent in a single theranostic nanoparticle(71). However, there may be health hazards
linked to the unique physicochemical characteristics that make nanoparticles useful for both diagnosis and
therapy. Although a number of theranostic systems are already used in microbial pharmaceutics, theranostic
techniques based on nanoparticles are less often employed because of toxicity issues and a lack of thorough
knowledge on their pharmacokinetics(72).

5.8 Nanoparticles (NPS) for pulmonary infections

Because of resistant bacterial strains in immunocompromised people, tuberculosis is increasingly occurring as a
pulmonary illness. Every year, complications from cystic fibrosis are responsible for about 90% of fatalities(73).
Formulation scientists are now concentrating on different kinds of nanoparticles to improve treatment
effectiveness and provide a more practical administration method with adjusted dose intervals in order to solve
this problem(74). Drug delivery methods based on nanoparticles have shown great promise in the treatment of
respiratory tract infections. Staphylococcus aureus is one of the most prevalent bacterial infections that impact
the pulmonary tract(75). Antibiotics and nanoparticles have been shown to work very well together to treat
bacterial infections of the lungs. A variety of antibiotics may be efficiently transported by nanoparticles, allowing
for targeted medication administration straight into affected lung tissue. Nanoporous particles exhibit better
aerosolization than smaller, nonporous particles because of their larger diameter (more than 5 pm) and low
density (around 0.4 g/cm3), which also prevents phagocytosis(76). In order to keep the medication in the intended
pulmonary area and avoid exhalation, the aerodynamic characteristics of nanoparticles are essential. The
respiratory system's contagious germs are the particular target of ligand-guided nanoparticles. However, the
possibility of exhalation during delivery is a significant problem with inhaled medications(77). By forming
nanoparticles into inhalable microaggregates, this problem has been lessened. When compared to traditional drug
delivery systems, these aggregates have greater antibacterial effect because they stay in the lungs for a longer
period of time(78). Nanoparticles also need to avoid being quickly cleared by the airways' mucociliary system.
The use of mucoadhesive nanoparticles, such as formulations based on chitosan, which are functionalized to
improve their adherence, is a viable strategy for extending their retention(79). When combined, these tactics let
medicinal substances enter the lungs more deeply and deposit themselves there more heavily. However, a lot of
experimental research has been done that primarily looks at the sustained-release characteristics and interactions
of nanoparticles with biological systems, ignoring the existence of mucosal barriers(80).
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Figure 3 Targeted nanoparticles in the treatment of the pulmonary tract infection.
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6 Conclusion

Therapeutic uses of nanoparticles in the management of several infectious illnesses are very promising. A
thorough analysis of the literature reveals that nanoparticles provide exciting new opportunities in microbial
pharmaceutics. By focusing on certain infectious microbes, these nanoscale medication carriers improve the
effectiveness of therapy. They are a useful weapon in the fight against illnesses that are difficult to treat since
they also enhance medication performance, especially against germs that are resistant to many drugs. In addition
to their antibacterial properties, nanoparticles help with a well-organized administration schedule, less side
effects, enhanced absorption, and fewer doses. Researchers, physicians, and pharmaceutical scientists must work
together across academic boundaries to produce nanoparticulate medication in microbial pharmaceutics. The
drug's physicochemical qualities, drug-loading features, and the kind of illness being treated are some of the
variables that influence the choice of nanoparticles. Furthermore, in the field of microbial pharmaceutics,
nanoparticle-based drug delivery systems promise to guarantee accurate and efficient drug administration while
also offering the possibility of developing more patient-friendly and efficient dosing schedules. The creation of
innovative drug delivery methods is still a top priority in the field of microbial pharmaceutics, and nanoparticles
are becoming one of the most popular methods. As a result, medication delivery via nanoparticles may be
considered a revolutionary development in the industry, opening the door for further advancements in the
management of microbial diseases.
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