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Abstract:- Nanotechnology is emerging as new 

implementations that can be used directly or indirectly 

to combat lethal bacterial infections & surmount 

antibiotic resistance. Antibiotic overuse is on the rise due 

to factors including an ageing population, a rise in 

infectious illnesses, & the frequency of chronic 

conditions that need their treatment. The broad 

distribution of resistance genes at an environmental scale 

may be traced back to the extra & inadvisable utilisation 

of antibiotics by humans, which has led to the rise of 

bacteria resistance to existing antibiotics & the selective 

growth of other microbes. The widespread dissemination 

of resistance & the transfer of resistance genes across 

bacterial species resulted in the appearance of 

multidrug-resistant (MDR) pathogens. This concern is 

exacerbated by the formation of biofilms by 

microorganisms, which can increase bacterial resistance 

by up to a factor of 1,000 & promote a rise of MDR 

infections. Therefore, the purpose of the study is to 

review nanotechnology as a potential method for 

combating MDR bacteria: a comprehensive analysis & 

future prospects. The methodologies are discussed based 

on secondary sources (websites, Google Scholar & 

various internet sources). This research demonstrated 

that AgNPs are extremely potent nanoparticles (NPs) for 

the treatment of MDR bacteria. Antibacterial activity of 

Ag NPs was shown, & their efficacy against MDR 

bacteria was confirmed. In conclusion, the biosynthesis 

of pure Ag NPs with significant antibacterial MDR 

action seems to be a step in the right direction, thanks to 

this innovative approach. 
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I. INTRODUCTION 

 
The use of nanotechnology in the synthesis of novel 

antibiotics is an essential strategy because it can lead to 

improved compound-bacteria contact, increased 

bioavailability, higher absorption, faster transition of the 

drug inside the cell membrane, & improved mucoadhesion. 

To further improve drug delivery, controlled release 

strategies may be developed for encapsulated or surface-

adsorbed drugs (Zaidi et al., 2017; Jamil & Imran, 2018). An 

innovative strategy is to utilise NPs of a metallic material 

including silver, which may impact the bacterial respiration 

system & stimulate the creation of reactive oxygen species 
(ROS). Synergistically, this approach with antimicrobials 

might be utilised to prevent and/or change cell wall 

formation, leading to its eventual breakdown (Poornasareena 

et al., 2023; Eswaran et al., 2023; Kumar et al., 2018). 

 

A problem with employing NPs is that they may cause 

bacteria to become resistant to antibiotics or may even 

facilitate the propagation of MDR genes. In the study of 

Ansari et al. (2014), for instance, it was shown that NPs 

made of aluminium oxide promoted the horizontal 

conjugative transmission of MDR genes, boosting antibiotic 
resistance. 

 

NPs may have microbicidal or microbiostatic 

properties when used to kill microorganisms. In the latter 

scenario, the host's immune cells trigger microbial death by 

preventing bacterial growth & stopping their metabolic 

processes. Therefore, encapsulation may enhance 

permeation via the membrane, circulation times, & 

efficiency; nanotechnology additionally addresses issues 

with drug solubility; & the drug may be directed to the 

body’s action site (Rodzinski et al., 2016). 
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Since NPs can enter areas wherever pathogens are 

prevalent, the utilisation of NPs for the management of 

infectious disorders looks to hold promise. Many issues are 

yet to be tackled; lack of preclinical research & the necessity 

for management (Zaidi et al., 2017). 

 

A possible strategy for battling is one that uses 

nanoscale agents. The majority of pathogenic bacteria's 
antibiotic-resistance mechanisms are irrelevant without 

penetration, which is how nanosized particles' antibacterial 

effects are primarily mediated (Beyth et al. 2018). 

Resultantly, NPs have a lower probability than conventional 

antibiotics to cause bacterial resistance. The potential of this 

has spurred intense study, with hundreds of articles already 

published, & spurred considerable anticipation that 

nanotechnology would give novel diagnostics & therapies 

for antimicrobial illnesses.  

 

Antibiotic abuse & misuse by humans has caused 
widespread transmission of resistance genes at the 

environmental scale, allowing for the selective emergence of 

bacteria resistance in opposition to antibiotics now available 

& resistant nonpathogenic microbiota (Nitsch-Osuch et al., 

2016). So, the capacity of these pathogens to resist the 

effects of antimicrobial drugs is of particular concern when 

it happens alongside Enterococcus species., including 

Staphylococcus aureus, Klebsiella pneumoniae, 

Acinetobacter baumannii, Pseudomonas aeruginosa, as well 

as Enterobacter spp. 

 

In recent years, nanotechnology & NPs were 
developed to fight & reduce bacterial resistance, also known 

as MDR. According to Horikoshi & Serpone (2013), NPs 

are artificial structures having diameters that range- 1 - 100 

nm (nm). According to Horikoshi & Serpone (2013), 

nanomaterials are employed in a wide range of medical 

applications, including pharmaceuticals, systems for 

delivering drugs, & diagnosing imaging systems. The 

present study makes efforts to address solely the 

advancements in the development of antibacterial NPs with 

an emphasis on treating MDR bacteria since this subject is 

quickly advancing. 
 

II. MATERIAL & METHOD 

 

The secondary source of data was collected from 

various internet resources, Google Scholar, Websites, 

PubMed & many published article, journals etc.  

 

III. RESULT & DISCUSSION 

 

The usage of novel technologies for dealing with MDR 

bacteria is becoming increasingly important because, despite 

the fact that there are still antibiotics that are effectual, the 
ability of bacteria to resist them is continuously rising. 

Potentially novel strategies for combating the pandemic of 

drug-resistant microorganisms are discussed in this study. 

This may include making linkages between multiple 

strategies & using them in tandem with antibiotics to tackle 

this critical new problem. 

 

A. Nanotechnology using nanoparticles for antibacterial 

activity 

Microbicidal or microbiostatic effects may be present 

when NPs are utilised to get rid off bacteria. In the latter 

scenario, host immune cells cause microbial death by 

stopping the development of bacteria & stopping their 

metabolic processes. Since encapsulation can enhance 

efficiency, increase circulation times, & improve permeation 
through the membrane, problems with drug solubility can 

also be resolved by nanotechnology (Rodzinski et al., 2016). 

Additionally, it may be possible to direct the drug to the 

required action site in the body.  

 

NPs show promise for mitigation of infectious 

illnesses, in particular because they may be able to go to 

sites where pathogens are concentrated. Toxicology data 

gaps, a paucity of preclinical investigation, & the necessity 

for regulation are just a few of the issues that have yet to be 

addressed (Zaidi et al., 2017). 
 

Biocidal activity & wide antibacterial responses 

against Gram-positive & -negative bacteria have been 

greatly improved by using NPs as vectors for 

delivering antimicrobial moieties (Wang et al., 2016). 

 

B. Different metallic nanoparticles against multidrug 

resistant bacteria 

Utilizing metallic NPs can be an effective method for 

combating resistant microorganisms. Studies document the 

creation & utilisation of various metal NPs, metal-oxides, 

metal-halides, & bi-metallic compounds with antibacterial 
activities. Metal NPs, as well as Ag, Au, Zn, Cu, Ti, & Mg, 

were created (Zakharova et al., 2015). But their possible 

toxicity should be taken into account. 

 

Eymard-Vernain et al. (2018) demonstrated 

magnesium oxide NPs exhibited antibacterial activity by 

primarily influencing gene expression associated with 

oxidative stress, as well as altering the bacterial membrane. 

Verma et al. (2018) illustrated that ZnO NPs had 

outstanding antibacterial activity along with a size baesd 

impact, as the usage of tinier NPs enhanced ROS & cell 
membrane disruption. 

 

Regarding bacterial resistance or the potential for 

promoting the increase of MDR genes, one of the issues by 

means of the NP usage is raised. Ansari et al. (2014), 

described for instance, it was shown that Aluminium oxide 

NPs facilitated horizontal conjugative transfer of MDR 

genes, boosting antibiotic resistance.  

 

The FDA (Food & Drug Administration) of the US has 

been aware of silver NPs' antibacterial action since 1920, 

resulting in them being the most researched metallic NPs. 
On bacteria, the action mechanisms AgNP have been 

studied in-depth. Consensus exists that adhesion of NPs to 

the cell membrane are capable of result in electrostatic 

changes, porosity modification, crack, cytoplasmic content 

seepage, interfering with bacterial respiratory system, 

inhibition of enzyme activity, & DNA destruction. The 
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construction of ROS is observed, by means of subsequent 

consequences on DNA (Yuan et al., 2017). 

 

C. Silver nanoparticles for combating multidrug resistant 

bacteria 

A new trend is to mix AgNPs with antibiotics to 

increase their efficacy against bacteria. In a recent study, 

Katya & colleagues shown with the purpose of the 
antibacterial efficacy of chloramphenicol & gentamicin in 

combination with AgNPs is superior to that of the two 

antibiotics used alone against MDR E. faecalis (Katva et al., 

2018). 

 

AgNPs immobilized on the surface of AgNP/NSPs 

were shown by Su & colleagues to exhibit potent 

antibacterial properties against MRSA & silver-resistant E. 

coli via the formation of ROS (Su et al., 2011).  

 

AgNPs from P. amarus extract had remarkable 
antibacterial efficacy against P. aeruginosa MDR strains, 

according to research by Singh & colleagues (Singh K. et 

al., 2014). Currently, Gram-positive & -negative bacteria 

were treated with two distinct shaped AgNPs (spheres & 

rods), both of which shown potential antibacterial activity 

against various strains (Acharya et al., 2018). 

 

According to McShan et al. (2015), combining AgNPs 

with tetracycline or neomycin, two separate classes of 

antibiotics, may have a synergistic impact that results in 

increased antibacterial activity at doses lower than the MIC 

of each NP’s or antibiotic. 
 

Tetracycline was used in the production of water-

soluble AgNPs as a co-reducing & stabilizing agent, & 

Djafari & colleagues showed that these AgNPs were 

successful in combating tetracycline-resistant bacteria 

(Djafari et al., 2016). 

 

Nanotechnology techniques have enormous promise 

for combating & curing microbial infections, but more 

testing of these substances' safety & cytotoxicity will be 

necessary before we can use them in clinical settings. The 
creation of production techniques that enable reasonably 

priced large-scale manufacturing is another challenge for the 

nanotechnology sector. 

 

Numerous investigations show a willingness to get 

beyond obstacles & exploit the potential of nanomaterials 

for medicinal applications. 

 

Importantly, previous studies are discussed were found 

towards have strong antibacterial action in opposition to 

different MDR disease causing bacteria, & are capable of 

treating infections. Together, NPs provide a potentially 
effective replacement for current methods of preventing & 

managing bacterial infections. To do this, antimicrobial NPs 

will be commercialized, & research will develop. 

 

 

 

 

IV. CONCLUSION 

 

MDR bacteria demonstrated to be a severe healthiness 

concern which has to be addressed on a worldwide level as 

they have emerged & grown. Nanomaterials provide a fresh, 

"outside the box" approach for treating recurrent MDR 

bacterial disease. To enhance the therapeutic potential & 

minimize host risk, it is crucial to optimize their physical 
characteristics, especially size & surface charge. Current 

concerns about the long-standing consequences of NPs on 

humans & complete protection are limiting clinical 

application. Future research should include a thorough 

understanding of the NP influence on gene expression due to 

concerns with metabolism, toxicity, stability, & gene-level 

mechanisms. Future studies should also explain the precise 

& in-depth mechanism by which NPs interact by means of 

biological system in order to create NPs having 

advantageous physico-chemical properties that would make 

NPs quicker to respond to various natural settings for 
beneficial remuneration exclusive of having a negative 

effect. In near future, AgNPs will serve as the next 

generation of antibiotics to treat MDR bacteria. 
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