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ABSTRACT

Antimicrobial resistance (AMR) is on the rise globally, so creating new tools to
combat resistant pathogens is essential. A novel approach that enhances the
therapeutic potential of antimicrobial compounds by avoiding resistance
mechanisms and reducing systemic side effects is the nanotechnologically based
drug delivery system, or Nano-DDS. The preparation and application of
pharmaceutical formulations containing nanomaterials, such as liposomes,
polymeric nanoparticles, metallic nanoparticles, dendrimers, and carbon-based
nanomaterials in antimicrobial therapy, are compiled in this review. Such systems
address deadly multidrug-resistant organisms like MRSA and MDR-TB, as well as
fungal and viral infections, by overcoming the poor solubility of drugs, enabling site-
specific delivery, and promoting drug penetration inside microbial biofilms. Clinical
and preclinical studies illustrating the potential of recent developments, such as
theragnostic systems and stimuli-responsive nanocarriers, are discussed. Along with
examining issues like toxicity, scalability, and regulatory barriers, the review offers
solutions for safe clinical translation. Prospects for the future emphasize how
nanotechnology can be integrated with artificial intelligence and CRISPR for
personalized medicine. This review emphasizes how important nanotechnology is in
combating AMR and calls for interdisciplinary cooperation to hasten its clinical
adoption and fight the escalating global health emergency.
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These difficulties have prompted research into novel
drug delivery methods, and nanotechnology is showing
promise as a way to transform antimicrobial treatment. By
increasing drug solubility, enabling targeted delivery to
infection sites, and facilitating controlled drug release,
nanotechnology-based drug delivery system such as
liposomes, nanoparticles made of polymers, metallic
nanoparticles, dendrimers, and carbon-based

INTRODUCTION

One of the most urgent issues facing global health is
antimicrobial resistance (AMR), which the World Health
Organization estimates could kill 10 million people a year
by 2050 if left unchecked [1]. The development of
multidrug-resistant  (MDR)  pathogens, including
extensively drug-resistant Pseudomonas aeruginosa,
multidrug-resistant Mycobacterium tuberculosis (MDR-

TB), and methicillin-resistant Staphylococcus aureus
(MRSA), has been sped up by the overuse and abuse of
antibiotics [2]. These pathogens make treatment outcomes
considerably more difficult. Traditional antimicrobial
treatments frequently have drawbacks that diminish their
therapeutic effectiveness and fuel the emergence of
resistance, such as poor drug solubility, quick body
clearance, nonspecific biodistribution, and elevated
toxicity [3].

IJBR Vol.3 Issue.8 2025

nanomaterials offer distinct advantages as they reduce off-
target effects and improve therapeutic outcomes [4]. For
instance, nanoparticles can deliver high concentrations of
antimicrobial agents directly to the target site by
penetrating intricate microbial structures like biofilms,
which are infamously resistant to traditional treatments.
Furthermore, co-delivery of several medications is made
possible by nanotechnology, which fosters synergistic
effects that can circumvent resistance mechanisms like
enzymatic degradation and efflux pumps [5].

Page | 473

@@@ @) Copyright © 2025. IIBR Published by Indus Publishers

This work is licensed under a Creative Commons Attribution 4.0 International License.


https://doi.org/10.70749/ijbr.v3i8.2176
mailto:zubirhasraat@gmail.com
mailto:mariasoomro092@gmail.com
https://ijbr.com.pk/

Pharmaceutical Formulations of Nanotechnology-Based Drug...

Zubair, M. et al.,

With an emphasis on their design principles,
mechanisms of action, and applications against bacterial,
fungal, and viral infections, this review attempts to present
a thorough analysis of pharmaceutical products of
nanotechnology-based drug delivery systems for
antimicrobial applications. Along with discussing current
issues like toxicity, scalability, and regulatory barriers, it
also looks at new developments and potential paths for
clinical translation in the future. The transformative
potential of nanotechnology in fighting AMR is highlighted
in this article by synthesizing findings from recent studies.
It also highlights the necessity of interdisciplinary
collaboration to close the gap between research and
clinical practice [6].

Nanotechnology in Drug Delivery

By modifying materials at the nanoscale (1-100 nm),
nanotechnology can develop drug delivery systems with
special physicochemical characteristics that overcome the
drawbacks of traditional antimicrobial treatments. By
increasing drug stability, bioavailability, and the ability to
precisely target infection sites, these systems lower
systemic toxicity and boost therapeutic efficacy. Many
antimicrobial medications have poor solubility and quick
clearance, which frequently results in less-than-ideal
concentrations at the target site. However, lipid-based
vesicles called liposomes, which are nanocarriers, can
encapsulate  both  hydrophilic and hydrophobic
medications, making them more soluble and extending
their time in the body. Likewise, polymeric nanoparticles,
like those derived from poly (lactic-co-glycolic acid)
(PLGA), provide tunable characteristics and sustained
drug release, enabling infection-specific controlled
delivery [7].

Antibiotics can be made more effective against
resistant pathogens by combining them with metallic
nanoparticles, such as gold and silver, which have inherent
antimicrobial activity. Dendrimers are perfect for
delivering complex antimicrobial agents because of their
branched macromolecular structure, which allows for
precise size control and a high drug-loading capacity. In
photothermal therapy, where localized heating can further
disrupt microbial cells, carbon-based nanomaterials like
graphene and carbon nanotubes provide strong platforms
for drug delivery [8]. By surface functionalizing with
ligands like peptides or antibodies, nanoparticles can
target particular microbial cells or infected tissues,
ensuring effective drug delivery with the least amount of
harm to healthy tissues. In order to guarantee the best
possible therapeutic concentrations at the infection site,
stimuli-responsive nanoparticles can also release
medications in response to environmental cues such as pH,
temperature, or enzymes. Clinical applications have been
made possible by these developments, which have been
proven in multiple preclinical studies to exhibit improved
antimicrobial activity against a variety of pathogens [9].
Nanomaterials are a key component of contemporary
antimicrobial therapy due to their adaptability and
capacity to get past conventional obstacles; research is still
being done to optimize their design for particular clinical
requirements [10].

Pharmaceutical Formulations for Antimicrobial
Applications
Particle size, surface charge, encapsulation effectiveness
while stability, and biocompatibility are some of the
factors that must be carefully taken into account when
developing pharmaceutical formulations based on
nanotechnology for antimicrobial applications in order to
ensure safe and effective drug delivery. For effective
cellular uptake and tissue penetration, especially in the
case of infections where deep tissue access is required,
particle sizes that are normally smaller than 200 nm are
essential [11]. The stability and interaction of
nanoparticles with microbial membranes are influenced
by their surface charge; cationic nanoparticles exhibit
improved binding to the negatively charged surfaces of
bacteria, which enhances their antimicrobial efficacy [12].
Therapeutic  outcomes are influenced Dby
encapsulation efficiency, which measures how much drug
is successfully loaded into the nanocarrier, and high
stability, which guarantees that the formulation stays
intact during administration and storage. Because of their
safety profile, biodegradable materials like PLGA are
preferred; biocompatibility is crucial to avoiding toxicity
or unfavorable immune reactions [13]. Antibiotics like
vancomycin and ciprofloxacin, antifungals like
amphotericin B, and antivirals like acyclovir are examples
of frequently used antimicrobial agents. Nanoformulation
helps each of these drugs get past their intrinsic
drawbacks, like poor solubility or fast metabolism. For
example, compared to its traditional counterpart,
liposomal amphotericin B (AmBisome) has shown
improved efficacy and decreased nephrotoxicity, earning
approval for clinical use in the treatment of fungal
infections [14]. Preclinical models have demonstrated the
potential of investigational formulations, such as PLGA-
based nanoparticles loaded with antibiotics, to treat MDR
infections by improving drug delivery to intracellular
pathogens. These formulations are very effective at
fighting resistant pathogens because they are made to
increase drug stability, decrease systemic toxicity, and
guarantee sustained release at the infection site. With
continuous attempts to maximize their physicochemical
characteristics for particular antimicrobial applications,
the development of such formulations keeps progressing
[15].

Mechanisms of Antimicrobial Action

Through a variety of mechanisms that target the distinct
traits of microbial pathogens, nanotechnology improves
the effectiveness of antimicrobial agents. One important
mechanism involves the disruption of microbial cell
membranes, whereby nanoparticles, especially those with
metallic compositions like silver or cationic surfaces,
interact physically or electrostatically with the negatively
charged bacterial cell wall, causing membrane rupture and
cell lysis [16]. Because nanoparticles can pass through
biofilms' extracellular matrix and directly deliver high
concentrations of antimicrobial agents to the microbial
community, they also play a crucial role in inhibiting the
formation of biofilms, which are a major cause of chronic
infections and resistance [17].
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In order to effectively eradicate pathogens like
Mycobacterium tuberculosis, which live inside host
macrophages, intracellular delivery is crucial
Nanoparticles can target these cells and release
medications in a controlled manner. When antimicrobial
medications are combined with nanomaterials, which may
have inherent antimicrobial qualities, such as silver
nanoparticles, which increase the activity of antibiotics
against MDR bacteria by interfering with resistance
mechanisms like efflux pumps, synergistic effects are
produced [18]. Furthermore, by delivering medications in
a way that avoids enzymatic degradation or other
resistance pathways, nanoparticles can overcome
resistance and guarantee long-lasting therapeutic efficacy.
Together, these processes increase the effectiveness of
antimicrobial treatments, which makes nanotechnology a
potent weapon for combating the problems caused by
pathogens that are resistant to antibiotics [19].

Applications in Bacterial Infections

Drug delivery systems based on nanotechnology have
demonstrated great promise in the treatment of bacterial
infections, especially those brought on by strains of
bacteria that are resistant to multiple drugs, such as MRSA,
Pseudomonas aeruginosa, and MDR-TB. Because these
systems guarantee greater levels of medication at the
infection site and lower systemic toxicity, they enhance the
delivery of antibiotics like vancomycin, which show
improved efficacy against MRSA when encapsulated in
liposomes [20]. To improve drug penetration into
bacterial cells and get past resistance mechanisms like
efflux pumps, polymeric nanoparticles, like those made of
PLGA and loaded with ciprofloxacin, have been developed
to target Gram-negative bacteria. When combined with
antibiotics, gold nanoparticles have demonstrated
impressive efficacy in eliminating intracellular bacteria
found in macrophages, which is a crucial problem in the
treatment of persistent infections such as tuberculosis
[21]. By preserving steady drug levels at the infection site,
these nanoformulations allow for accurate targeting of
bacterial pathogens, lower the necessary therapeutic dose,
and lessen the chance of resistance development. Clinical
trials to confirm the effectiveness of nanoparticle-based
treatments in humans have been made possible by case
studies showing that they can dramatically improve
outcomes in animal models of bacterial infections.
Nanotechnology is a key component of contemporary
antimicrobial therapy because of its capacity to tackle the
problems caused by bacterial resistance [22].

Applications in Fungal Infections

Due to poor drug penetration, low bioavailability, and
growing resistance to antifungal agents, fungal infections
caused by pathogens such as Candida albicans and
Aspergillus fumigatus are notoriously challenging to treat.
By improving the delivery of antifungals like fluconazole
and amphotericin B, nanotechnology provides creative
solutions. One well-known example is liposomal
amphotericin B (AmBisome), which has strong antifungal
activity against systemic infections while also dramatically
lowering nephrotoxicity [23]. In order to increase
fluconazole's effectiveness in treating topical fungal
infections like candidiasis, polymeric nanoparticles have

been created to better deliver the medication to mucosal
surfaces [24].

By overcoming obstacles like thick cell walls and
resistance mechanisms, these nanoformulations increase
drug solubility, guarantee sustained release, and allow
targeted delivery to fungal cells. Additionally, combination
therapies in which several antifungal agents are
administered simultaneously to produce synergistic
effects, especially against resistant fungal strains are made
possible by nanotechnology [25]. Recent research has
demonstrated that fungal biofilms, a significant obstacle in
chronic infections, can be broken down by nanoparticle-
based antifungal treatments, improving therapeutic
results. The increasing prevalence of resistant fungal
infections could be significantly reduced with the
continued development of antifungal formulations based
on nanotechnology [26].

Applications in Viral Infections

Because viruses are intracellular and undergo rapid
mutations that result in resistance, viral infections pose
special difficulties. By increasing cellular uptake,
enhancing drug stability, and decreasing systemic
clearance, drug delivery systems based on nanotechnology
increase the effectiveness of antiviral agents. For example,
zidovudine and other antiviral medications have been
delivered via lipid-based nanoparticles, which have been
shown to have better intracellular concentrations and
greater effectiveness against viruses such as HIV [27]. In
order to combat viral infections, nanoparticles have also
demonstrated promise in delivering tiny amounts of
interfering RNA (siRNA) to silence viral genes.
Furthermore, nanotechnology is being investigated for
vaccine delivery, where preclinical studies for influenza
and HIV vaccines have shown that nanoparticles improve
immune responses by presenting antigens in a controlled
way. Nanoparticles are an effective tool in antiviral
therapy because of their capacity to precisely deliver
antiviral payloads to particular cells, including immune
cells. The development of multifunctional nanoparticles
that combine therapeutic and diagnostic properties is the
subject of ongoing research in order to address the
intricate problems associated with viral infections [28].

Nanotechnology in Biofilm-Related Infections

One of the main causes of persistent infections and
antibiotic resistance, especially in hospital-acquired
infections, is biofilms, which are intricate microbial
communities covered in a protective extracellular matrix.
Innovative methods for efficiently delivering antimicrobial
agents through biofilms are provided by nanotechnology.
By interfering with microbial adhesion and quorum
sensing, two essential processes in biofilm development,
nanoparticles like silver nanoparticles, can prevent the
formation of biofilms [29]. Antibiotic-loaded polymeric
nanoparticles, like vancomycin, have demonstrated the
capacity to pierce the biofilm matrix and release
medications in a regulated fashion, eliminating embedded
pathogens. The creation of pH-responsive nanocarriers,
which release medications in the acidic biofilm
microenvironment to improve therapeutic efficacy, is one
recent development [30]. There is hope for clinical
applications because case studies have shown that
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nanoparticle-based treatments can significantly reduce
infections associated with biofilm in preclinical models.
Nanotechnology is a vital weapon in the fight against
persistent and resistant infections because of its capacity
to handle the particular difficulties posed by biofilms [31].

Toxicity and Safety Considerations

The possible toxicity of nanomaterials is still a major
concern for their clinical application, despite the fact that
nanotechnology has many benefits. Silver and other
metallic nanoparticles can build up in organs like the
kidneys and liver, causing oxidative stress and possibly
long-term toxicity [32]. Likewise, non-biodegradable
nanomaterials could cause inflammation or
immunological reactions, endangering patient safety.
Because they break down into non-toxic byproducts that
the body can safely metabolize, biodegradable materials
like PLGA are recommended as a solution to these issues
[33]. Nanoparticle surface modification, such as
polyethylene glycol (PEG) coating, can enhance
biocompatibility and decrease immunogenicity. To
guarantee the safety of nanoformulations in clinical
settings, dose optimization and thorough toxicological
research are crucial [34]. In order to make it easier to
translate safer nanomaterials into clinical practice,
research is still being done on creating standardized
procedures for evaluating their toxicity [35].

Manufacturing and Scalability Challenges

Significant obstacles to the large-scale manufacturing of
drug delivery systems based on nanotechnology include
batch-to-batch reproducibility, drug loading efficiency,
and particle size variability. In order to maintain
consistent  physicochemical properties throughout
manufacturing processes, sophisticated methods such as
dynamic light scattering and electron microscopy are
needed for quality control [36]. Because microfluidic
technologies allow for precise control over the synthesis of
nanoparticles, they have emerged as a promising method
to increase reproducibility and scalability. Another
important consideration is cost-effectiveness, since
intricate manufacturing procedures can raise production
costs and restrict accessibility in environments with
limited resources. In order to promote the broad use of
antimicrobial treatments based on nanotechnology,
ongoing efforts are concentrated on creating scalable and
affordable manufacturing techniques [37].

Regulatory and Clinical Translation Hurdles

Due to their distinct physicochemical characteristics that
set them apart from traditional medications, the
regulatory approval of drug delivery systems based on
nanotechnology is a complex process. Clinical translation
may be delayed by the need for comprehensive safety,
efficacy, and manufacturing consistency data from
regulatory bodies such as the FDA and EMA [38]. Since
many nanoformulations do not make it past early-stage
trials, the process is further complicated by inconsistent
preclinical models and high development costs [39].
Although there are still issues with standardizing testing
procedures, recent guidelines from regulatory bodies seek
to expedite the approval process by offering frameworks
for assessing nanomaterials. To overcome these obstacles

and hasten the clinical adoption of treatments based on
nanotechnology, cooperation between researchers,
industry, and regulators is crucial [40].

Recent Advances and Innovations

Novel drug delivery systems with improved functionality
have been developed as a result of recent developments in
nanotechnology. Temperature-responsive  polymeric
nanoparticles and pH-sensitive liposomes are examples of
stimuli-responsive nanocarriers that improve therapeutic
efficacy by enabling targeted drug release at infection sites
[41]. By fusing the controlled release capabilities of
polymers with the antimicrobial qualities of metals, hybrid
nanosystems that combine metallic and polymeric
materials offer synergistic effects. Preclinical studies for
bacterial infections have shown that theragnostic
nanoparticles, which combine therapeutic and diagnostic
functions, enable real-time monitoring of treatment
efficacy [42]. New approaches to fighting resistant
pathogens are being made possible by the combination of
nanotechnology and cutting-edge technologies such as
artificial intelligence for predictive drug design and
CRISPR for gene editing. These developments demonstrate
how nanotechnology has the ability to revolutionize
antimicrobial treatment and tackle the problems posed by
AMR [43].

Clinical and Preclinical Studies

Antimicrobial formulations based on nanotechnology have
shown great promise in clinical trials. Clinical studies of
liposomal = amphotericin B (AmBisome)  have
demonstrated decreased toxicity and better results for
patients with systemic fungal infections. By enhancing
drug delivery to intracellular pathogens, preclinical
research on PLGA-based nanoparticles loaded with
antibiotics, like rifampicin, has demonstrated increased
efficacy against MDR-TB [44]. In preclinical models of
bacterial  infections, gold nanoparticle-antibiotic
conjugates have shown promise, completely eliminating
pathogens in animal experiments. These studies
demonstrate how nanoformulations can enhance
therapeutic results and open the door for additional
clinical trials to confirm their effectiveness in a range of
patient populations [45].

Future Perspectives

The creation of personalized and precision medicine
strategies, in which nanoformulations are adapted to
patient-specific pathogens and resistance profiles, is
where nanotechnology in antimicrobial therapy is headed.
The potential for developing extremely successful
treatments is enormous when nanotechnology is
combined with cutting-edge technologies like CRISPR for
targeted gene editing and artificial intelligence for drug
design optimization [46]. It will take interdisciplinary
cooperation between researchers, clinicians, and industry
partners to overcome present obstacles like toxicity,
scalability, and regulatory barriers. The clinical adoption
of therapies based on nanotechnology will be accelerated
by developments in manufacturing methods and
regulatory frameworks [47]. The ability of nanotechnology
to combat AMR will be further enhanced by ongoing
research into novel nanomaterials and combination
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therapies, providing hope for tackling one of the most
important global health issues [48].

CONCLUSION

By improving the effectiveness of antimicrobial agents,
circumventing resistance mechanisms, and lowering
systemic toxicity, drug delivery systems based on
nanotechnology offer a revolutionary strategy to combat
antimicrobial resistance. The treatment of bacterial,
fungal, and viral infections including those brought on by
multidrug-resistant pathogens has shown great promise

thanks to developments in liposomes, polymeric
nanoparticles, metallic nanoparticles, and other
REFERENCES

1. Upponi,].R, & Torchilin, V.P. (2014). Passive vs. active
targeting: An update of the EPR role in drug delivery to
tumors. Advances in Delivery Science and Technology, 3-45.
https://doi.org/10.1007/978-3-319-08084-0 1

2. Ventola, C. L. (2015). The antibiotic resistance crisis: part 1:
causes and threats. Pharmacy and therapeutics, 40(4), 277.
https://pmc.ncbinlm.nih.gov/articles/PMC4378521

3. Makabenta, ]. M., Nabawy, A, Li,C, Schmidt-Malan,S.,
Patel, R, & Rotello, V.M. (2020). Nanomaterial-based
therapeutics for antibiotic-resistant bacterial
infections. Nature Reviews Microbiology, 19(1), 23-36.
https://doi.org/10.1038/s41579-020-0420-1

4. Peer, D, Karp, ]. M,, Hong, S., Farokhzad, O. C., Margalit, R,, &
Langer, R. (2007). Nanocarriers as an emerging platform for
cancer therapy. Nature Nanotechnology, 2(12), 751-760.
https://doi.org/10.1038 /nnano.2007.387

5. Lam,S.].,, O'Brien-Simpson, N. M., Pantarat, N., Sulistio, A.,
Wong, E. H,, Chen, Y, Lenzo, ]. C,, Holden, ]. A,, Blencowe, A,
Reynolds, E. C., & Qiao, G. G. (2016). Combating multidrug-
resistant Gram-negative bacteria with structurally
nanoengineered antimicrobial peptide polymers. Nature
Microbiology, 1(11).
https://doi.org/10.1038 /nmicrobiol.2016.162

6. Miiller, R, Jacobs, C., & Kayser, 0. (2001). Nanosuspensions
as particulate drug formulations in therapy. Advanced Drug
Delivery Reviews, 47(1), 3-19.
https://doi.org/10.1016/s0169-409x(00)00118-6

7. Panyam,], & Labhasetwar,V. (2003). Biodegradable
nanoparticles for drug and gene delivery to cells and
tissue. Advanced Drug Delivery Reviews, 55(3), 329-347.
https://doi.org/10.1016/s0169-409x(02)00228-4

8. SVENSON,S., & TOMALIA,D. (2005). Dendrimers in
biomedical applications—reflections on the field. Advanced
Drug Delivery Reviews, 57(15), 2106-2129.
https://doi.org/10.1016/j.addr.2005.09.018

9. Wang,R, Billone,P.S, & Mullett, W.M. (2013).
Nanomedicine in action: An overview of cancer
Nanomedicine on the market and in clinical trials. Journal of
Nanomaterials, 2013(1).
https://doi.org/10.1155/2013/629681

10. Mitchell, M. ], Billingsley, M. M., Haley, R. M., Wechsler, M. E,,
Peppas, N. A, & Langer,R. (2020). Engineering precision
nanoparticles for drug delivery. Nature Reviews Drug
Discovery, 20(2), 101-124.
https://doi.org/10.1038/s41573-020-0090-8

11. Chen, X,, Fernando, G. ]. P, Crichton, M. L., Flaim, C., Yukiko, S.
R., Fairmaid, E. ]., Corbett, H. ], Primiero, C. A., Ansaldo, A. B,,
Frazer, I. H, Brown, L. E, & Kendall, M. A. E (2011).
Improving the reach of vaccines to low-resource regions,
with a needle-free vaccine delivery device and long-term

nanomaterials. Recent developments in stimuli-
responsive and theragnostic systems demonstrate the
adaptability of nanotechnology in treating complex
infections, despite obstacles in toxicity, scalability, and
regulatory approval. Their effectiveness is demonstrated
by preclinical and clinical research, opening the door for
wider clinical adoption. There are exciting prospects for
personalized medicine when nanotechnology is combined
with cutting-edge technologies like artificial intelligence
and CRISPR. To get past present obstacles and implement
these cutting-edge treatments in clinical settings,
eventually resolving the global AMR crisis and enhancing
patient outcomes, more research and interdisciplinary
cooperation are necessary.

thermostabilization. Journal of Controlled Release, 152(3),
349-355.
https://doi.org/10.1016/j.jconrel.2011.02.026

12. Nel, A.E, Madler,L, Velegol,D., Xia, T, Hoek E.M,
Somasundaran, P, Klaessig, F., Castranova, V., &
Thompson, M. (2009). Understanding biophysicochemical
interactions at  the  nano-bio interface. Nature
Materials, 8(7), 543-557.
https://doi.org/10.1038 /nmat2442

13. Lee, S, Moon,].]., & West,]. L. (2008). Three-dimensional
micropatterning of bioactive hydrogels via two-photon laser
scanning  photolithography for guided 3D cell
migration. Biomaterials, 29(20), 2962-2968.
https://doi.org/10.1016/j.biomaterials.2008.04.004

14. Covey, L.S., Sullivan, M. A., Johnston, ]. A, Glassman, A. H,,
Robinson, M. D.,, & Adams, D. P. (2000). Advances in non-
nicotine pharmacotherapy for smoking
cessation. Drugs, 59(1), 17-31.
https://doi.org/10.2165/00003495-200059010-00003

15. Hemeg, H. (2017). Nanomaterials for alternative
antibacterial therapy. International Journal of
Nanomedicine, 12,8211-8225.
https://doi.org/10.2147 /ijn.s132163

16. Puneet, P, Podila, R, He, ], Rao, A. M., Howard, A., Cornell, N,,
& Zakhidov, A. A. (2015). Synthesis and superconductivity in
spark plasma sintered pristine and graphene-doped FeSe0.5
Te0.5. Nanotechnology Reviews, 4(5), 411-417.
https://doi.org/10.1515 /ntrev-2015-0018

17. Vong, L. B., Mo, ], Abrahamsson, B., & Nagasaki, Y. (2015).
Specific accumulation of orally administered redox
nanotherapeutics in the inflamed colon reducing
inflammation with dose-response efficacy. Journal of
Controlled Release, 210, 19-25.
https://doi.org/10.1016/j.jconrel.2015.05.275

18. Morones,]. R, Elechiguerra, ].L, Camacho, A, Holt K,
Kouri, J. B, Ramirez, ]. T, & Yacaman, M.]. (2005). The
bactericidal effect of silver
nanoparticles. Nanotechnology, 16(10), 2346-2353.
https://doi.org/10.1088/0957-4484/16/10/059

19. Mohan, C. C,, Cherian, A. M., Kurup, S., Joseph, ]., Nair, M. B,,
Vijayakumar, M., Nair,S.V.,, & Menon,D. (2017). Stable
Titania Nanostructures on stainless steel coronary stent
surface for enhanced corrosion resistance and
Endothelialization. Advanced Healthcare Materials, 6(11).
https://doi.org/10.1002/adhm.201601353

20. Negredo, E, Langohr,K, Bonjoch, A, Pérez-Alvarez, N.,
Estany, C., Puig,]., Rosales,]., Echeverria, P, Clotet, B, &
Goémez, G. (2018). High risk and probability of progression
to osteoporosis at 10 years in HIV-infected individuals: The
role of Pls.Journal of Antimicrobial Chemotherapy, 73(9),
2452-2459.
https://doi.org/10.1093 /jac/dky201

Page | 477

Copyright © 2025. IJBR Published by Indus Publishers

IJBR Vol.3 Issue.8 2025 @@@ ©
CEEMEN This work is licensed under a Creative Commons Attribution 4.0 International License.



https://doi.org/10.1007/978-3-319-08084-0_1
https://pmc.ncbi.nlm.nih.gov/articles/PMC4378521/
https://doi.org/10.1038/s41579-020-0420-1
https://doi.org/10.1038/nnano.2007.387
https://doi.org/10.1038/nmicrobiol.2016.162
https://doi.org/10.1016/s0169-409x(00)00118-6
https://doi.org/10.1016/s0169-409x(02)00228-4
https://doi.org/10.1016/j.addr.2005.09.018
https://doi.org/10.1155/2013/629681
https://doi.org/10.1038/s41573-020-0090-8
https://doi.org/10.1016/j.jconrel.2011.02.026
https://doi.org/10.1038/nmat2442
https://doi.org/10.1016/j.biomaterials.2008.04.004
https://doi.org/10.2165/00003495-200059010-00003
https://doi.org/10.2147/ijn.s132163
https://doi.org/10.1515/ntrev-2015-0018
https://doi.org/10.1016/j.jconrel.2015.05.275
https://doi.org/10.1088/0957-4484/16/10/059
https://doi.org/10.1002/adhm.201601353
https://doi.org/10.1093/jac/dky201

Zubair, M. et al.,

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

IJBR Vol.3 Issue.8 2025

Pharmaceutical Formulations of Nanotechnology-Based Drug...

Austerberry, J. L, Dajani, R, Panova, S., Roberts, D.,
Golovanov, A. P, Pluen, A, Van der Walle, C.F, Uddin,S.,
Warwicker, ., Derrick, J. P, & Curtis, R. (2017). The effect of
charge mutations on the stability and aggregation of a
human single chain Fv fragment. European Journal of
Pharmaceutics and Biopharmaceutics, 115, 18-30.
https://doi.org/10.1016/j.ejpb.2017.01.019

Hemeg, H. (2017). Nanomaterials for alternative
antibacterial therapy. International Journal of
Nanomedicine, 12, 8211-8225.

https://doi.org/10.2147 /ijn.s132163

Jeffery-Smith, A,  Taori, S.K,  Schelenz, S, Jeffery, K,

Johnson, E. M, Borman, A., Manuel, R., & Brown, C. S. (2018).
Candida auris: A review of the literature. Clinical
Microbiology Reviews, 31(1).
https://doi.org/10.1128/cmr.00029-17

Yang, Y, Ou,R, Guan,S., Ye X, Hu, B, ZhangY, LuS,
Zhou, Y, Yuan, Z, Zhang,].,, & Li, Q. (2014). A novel drug
delivery gel of terbinafine hydrochloride with high
penetration for external use.Drug Delivery, 22(8), 1086-
1093.

https://doi.org/10.3109/10717544.2013.878856

Ogawa, E., Furusyo, N., Kajiwara, E., Nomura, H., Dohmen, K.,
Takahashi, K., Nakamuta, M., Satoh, T, Azuma, K.,
Kawano, A., Tanabe, Y., Kotoh, K., Shimoda, S., & Hayashi, J.
(2014). Influence of low-density lipoprotein cholesterol on
virological response to telaprevir-based triple therapy for
chronic HCV genotype 1b infection. Antiviral Research, 104,
102-109.

https://doi.org/10.1016/j.antiviral.2014.01.004

Vong, L. B, Mo, ]., Abrahamsson, B, & Nagasaki, Y. (2015).
Specific accumulation of orally administered redox
nanotherapeutics in the inflamed colon reducing
inflammation with dose-response efficacy. Journal of
Controlled Release, 210, 19-25.
https://doi.org/10.1016/j.jconrel.2015.05.275

Li, Y, Xiao, K., Zhu, W, Deng, W,, & Lam, K. S. (2014). Stimuli-
responsive cross-linked micelles for on-demand drug
delivery  against cancers. Advanced Drug  Delivery
Reviews, 66, 58-73.
https://doi.org/10.1016/j.addr.2013.09.008

Nel, A, Xia, T, Méadler, L., & Li, N. (2006). Toxic potential of
materials at the Nanolevel. Science, 311(5761), 622-627.
https://doi.org/10.1126/science.1114397

Yin, H.,, Tseng, H., Chung, H., Ko, C.,, Tzou, W,, Buhler, D.R,, &
Hu, C. (2008). Influence of TCDD on Zebrafish CYP1B1
transcription during development. Toxicological
Sciences, 103(1), 158-168.

https://doi.org/10.1093 /toxsci/kfn035

Tinkle, S., McNeil, S. E., Miithlebach, S., Bawa, R., Borchard, G.,
Barenholz, Y. (,  Tamarkin, L, & Desai,N. (2014).
Nanomedicines: Addressing the scientific and regulatory
gap. Annals of the New York Academy of Sciences, 1313(1), 35-
56.

https://doi.org/10.1111 /nyas.12403

Tsai, W,, & Lin, H. (2016). The integrity of two sides. Nature
Materials, 15(9), 927-928.
https://doi.org/10.1038/nmat4700

Mura, S, Nicolas,], & Couvreur, P. (2013). Stimuli-
responsive  nanocarriers for drug delivery. Nature
Materials, 12(11),991-1003.

https://doi.org/10.1038 /nmat3776

Mura, S, & Couvreur, P. (2012). Nanotheranostics for
personalized medicine. Advanced Drug Delivery
Reviews, 64(13),1394-1416.
https://doi.org/10.1016/j.addr.2012.06.006

Cloe

BY NC SA

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Brousseau, N.,, Slack, M. P, Waight, P, Borrow,R, &
Ladhani, S. N. (2015). Reply to musher. Clinical Infectious
Diseases, 62(1), 133-134.

https://doi.org/10.1093 /cid/civ811

Zhang, H., & Wang, Z. (2019). Phase transition and release
kinetics of polyphenols encapsulated lyotropic liquid
crystals. International Journal of Pharmaceutics, 565, 283-
293.

https://doi.org/10.1016/j.ijpharm.2019.05.021

Nguyen, Q.,, & Yokota, T. (2017). Immortalized muscle cell
model to test the exon skipping efficacy for duchenne
muscular dystrophy. Journal of Personalized Medicine, 7(4),
13.

https://doi.org/10.3390/jpm7040013

Yang, X., Yin, G, Li,Z, Wu, P, Jin, X, & Li, Q. (2019). The
preparation and chemical structure analysis of novel POSS-
based porous materials. Materials, 12(12), 1954.
https://doi.org/10.3390/mal12121954

Schmidt, N. W,, Jin, E, Lande, R, Curk, T, Xian, W,, Lee, C,,
Frasca, L., Frenkel, D., Dobnikar, |, Gilliet, M., & Wong, G. C.
(2015). Liquid-crystalline ordering of antimicrobial
peptide-DNA complexes controls TLR9 activation. Nature
Materials, 14(7), 696-700.

https://doi.org/10.1038 /nmat4298

Yin, H.,, Tseng, H., Chung, H., Ko, C., Tzou, W,, Buhler, D.R,, &
Hu, C. (2008). Influence of TCDD on Zebrafish CYP1B1
transcription during development. Toxicological
Sciences, 103(1), 158-168.

https://doi.org/10.1093 /toxsci/kfn035

Anselmo, A. C,, & Mitragotri, S. (2016). Nanoparticles in the
clinic. Bioengineering & Translational Medicine, 1(1), 10-29.
https://doi.org/10.1002/btm2.10003

Tsai, W.F, & Lin, H. (2016). The integrity of two sides. Nature
Materials, 15(9), 927-928.

https://doi.org/10.1038 /nmat4700

Mura, S, Nicolas,]., & Couvreur, P. (2013). Stimuli-
responsive nanocarriers for drug delivery. Nature
Materials, 12(11),991-1003.

https://doi.org/10.1038 /nmat3776

Doudna, J. A, & Charpentier, E. (2014). The new frontier of
genome engineering with CRISPR-cas9. Science, 346(6213).
https://doi.org/10.1126/science.1258096

Chan, J. M,, Zhang, L., Yuet, K. P, Liao, G., Rhee, ], Langer, R, &
Farokhzad, 0.C. (2009). PLGA-lecithin-PEG core-shell
nanoparticles for controlled drug
delivery. Biomaterials, 30(8), 1627-1634.
https://doi.org/10.1016/j.biomaterials.2008.12.013
Rogers, L., Obasa, A.E., Jacobs, G.B.,, Sarafianos,S. G,
Sonnerborg, A, Neogi, U, & Singh, K. (2018). Structural
implications of genotypic variations in HIV-1 Integrase from
diverse subtypes. Frontiers in Microbiology, 9.
https://doi.org/10.3389/fmicb.2018.01754

Tinkle, S.,, McNeil, S. E., Miihlebach, S., Bawa, R, Borchard, G.,
Barenholz, Y. C, Tamarkin, L, & Desai, N. (2014).
Nanomedicines: addressing the scientific and regulatory
gap. Annals of the New York Academy of Sciences, 1313(1),
35-56.

https://doi.org/10.1111 /nyas.12403

Parvin, N, Joo, S. W, Jung, ]J. H, & Mandal, T. K. (2025).
Multimodal Al in Biomedicine: Pioneering the Future of
Biomaterials, Diagnostics, and Personalized
Healthcare. Nanomaterials, 15(12), 895.
https://doi.org/10.3390/nan015120895

Bae, H,, Ji, H., Konstantinov, K,, Sluyter, R., Katsuhiko Ariga,
Kim, Y. H,, & Kim, J. H. (2025). Artificial Intelligence-Driven

Nanoarchitectonics for Smart Targeted Drug
Delivery. Advanced Materials.
https://doi.org/10.1002 /adma.202510239

Page | 478

Copyright © 2025. IJBR Published by Indus Publishers
This work is licensed under a Creative Commons Attribution 4.0 International License.


https://doi.org/10.1016/j.ejpb.2017.01.019
https://doi.org/10.2147/ijn.s132163
https://doi.org/10.1128/cmr.00029-17
https://doi.org/10.3109/10717544.2013.878856
https://doi.org/10.1016/j.antiviral.2014.01.004
https://doi.org/10.1016/j.jconrel.2015.05.275
https://doi.org/10.1016/j.addr.2013.09.008
https://doi.org/10.1126/science.1114397
https://doi.org/10.1093/toxsci/kfn035
https://doi.org/10.1111/nyas.12403
https://doi.org/10.1038/nmat4700
https://doi.org/10.1038/nmat3776
https://doi.org/10.1016/j.addr.2012.06.006
https://doi.org/10.1093/cid/civ811
https://doi.org/10.1016/j.ijpharm.2019.05.021
https://doi.org/10.3390/jpm7040013
https://doi.org/10.3390/ma12121954
https://doi.org/10.1038/nmat4298
https://doi.org/10.1093/toxsci/kfn035
https://doi.org/10.1002/btm2.10003
https://doi.org/10.1038/nmat4700
https://doi.org/10.1038/nmat3776
https://doi.org/10.1126/science.1258096
https://doi.org/10.1016/j.biomaterials.2008.12.013
https://doi.org/10.3389/fmicb.2018.01754
https://doi.org/10.1111/nyas.12403
https://doi.org/10.3390/nano15120895
https://doi.org/10.1002/adma.202510239

