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Introduction
The word antimicrobial has its origin from the Greek words: 

“anti”, “mikros” and “bios”, which mean: “against”, “little” and “life”, 
respectively. Hence, antimicrobial agents are generally known to 
be any substance or compound capable of killing (microbicidal) 
or inhibiting the growth (biostatic) of microorganisms [1]. The 
use of antimicrobial agents in the treatment of a wide range of 
infectious diseases have, been very effective, in the past decades. 
However, with the indiscriminate use of these antimicrobial 
agents, antimicrobial resistance has developed, by a broad strain of 
several microorganisms [2,3] and thus, it has become very difficult 
to manage several infectious diseases. Some popularly known 
microorganisms that have developed resistance to antibiotics 
include: Mycobacterium tuberculosis, Pseudomonas aeruginosa,  

 
Streptococcus agalactiae, Methicillin-resistant Staphylococcus 
aureus, Klebsiella pneumoniae, Methicillin-resistant Staphylococcus 
aureus, Escherichia coli and Salmonella typhi, amongst many others 
[4]. Antimicrobial resistance has led to an increased statistical 
value in the numbers of morbidities and mortalities caused by 
infectious diseases [5] and there is a disturbing economic impact 
on the medical and human cost [6]. The development of resistance 
to antimicrobial agents (antibiotics) by microorganism, cuts across 
all known classes of natural and synthetic compounds that are 
available for treating microbial infectious diseases. 

The cost and complexities involved in the discovery of novel 
drugs have limited their synthesis and as a result, only a few new 
antibiotics have been produced since the emergence of antimicrobial 
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resistance [7]. A variety of mechanisms has been linked to the 
development of resistance to antibiotics by microorganisms [8]. 
The most common of all mechanisms, being the inactivation of 
antimicrobial agents via the enzymic degradation of the drug 
by hydrolysis, group transfer or redox mechanisms [9,10]. The 
global rise in drug resistance by disease-causing microorganisms 
has become a pressing subject, thereby, posing a very dangerous 
public health issue [11-13]. Therefore, it is paramount for new 
and more effective strategies to be developed by synthesizing 
new antimicrobial agents or modifying the already existing ones 
in order to enhance their antimicrobial activity [3]. This has been 
significantly achieved by employing new technologies, such as: 
nanotechnology, its implication in combating resistance faced with 
the use of conventional methodology is briefly summarized in this 
mini review. 

Conventional Strategies
Prior to the year 1930, there was a remarkable breakthrough 

in the treatment of infectious diseases by using antimicrobials 
following the discovery of penicillin. Subsequently, other 
antibiotics, such as: cefixime, linezolid, gentamicin, carbapenem, 
methicillin, vancomycin and streptomycin, were discovered [14,15]. 
These antibiotics were extensively employed in treating microbial 
infectious diseases as a result of the numerous benefits associated 
with their usage. The mode of antimicrobial actions of these 
agents varies, based on their structural nature and the degree of 
their affinities to the sites of the intended targets in the cells of the 
microorganism (bacteria) [1]. Unfortunately, over the years, these 
drugs (antibiotics) as well as the method of drug delivery appeared 
to have failed due to the development of drug (antibiotic) resistance 
by these microorganisms [16]. Microorganisms, especially bacteria 
have developed ways such as inactivation of enzyme, reduction in 
cell permeability, alteration in target site/enzyme, protection of 
target site by the formation of biofilms as mechanisms to resist 
antimicrobial agents (antibiotics) [5]. Thus, the route of the 
conventional approach of treating infectious diseases, can be very 
difficult. Figure 1 below shows an estimated duration of the time 
of the discovery of these antimicrobial agents and the year they 
developed antimicrobial resistance.

Figure 1: Some examples of antibiotics, year of discovery 
and year of antimicrobial resistance development.

Limitations: It has been observed that there is a 
concurrent exhibition of antimicrobial resistance by pathogenic 
microorganisms on most of the old and new antibiotics used 
in clinics and hospitals [17]. This has been associated with the 
limitations of the conventional dosage forms used in combating 
infectious diseases caused by microbes. Some of these limitations 
include, but are not restricted to, the following [18-20]:

a)	 Inadequate concentration at target infection sites

b)	 Poor penetration of the antibiotics

c)	 Exposure of antimicrobial agents to healthy sites

d)	 Unfavorable side effects 

e)	 Poor patients’ compliance

f)	 Ultimately, development of resistance by microorganisms

This implies that if these limitations are not overcome, 
antimicrobial resistance will inevitably; follow with the use of 
antibiotics [21]. Therefore, in order to avoid sliding back to the era 
of pre-antibiotic, a judicious modification of existing antimicrobials 
and the method of delivery must be developed.

New Strategies-Nanotechnology
Nanomedicine, which is a branch of nanotechnology, has 

experienced significant advancement in diagnosis, monitoring, drug 
delivery and control of diseases [4]. The limitations of conventional 
drugs and the methods employed for combating antimicrobial 
resistance, have prompted researchers from multidisciplinary fields 
worldwide, to explore the potential applications of nanotechnology 
in order to overcome antimicrobial resistance. This has led to the 
development of novel and more effective antimicrobial compounds 
as well as more effective strategies against antimicrobial resistance 
[22,23]. The advances made in recent years in the biomedical field, 
have offered new therapeutic agents and novel delivery systems 
that can target the infected site(s) [5]. The use of materials with 
nanosized (nanomaterials) is rapidly developing in order to 
overcome most of the antimicrobial resistant strain microorganisms. 
Some of these materials have inherent antimicrobial properties and 
can deliver antibiotics to targeted sites at the same time [5]. 

Nanoparticles, however, stand out as the mostly widely 
employed nanomaterial due to their interesting properties, such 
as enhanced drug stability and solubility [24], biocompatibility 
and ability to modulate their release via stimuli control [25], ease 
in the methods of synthesis [26] and possibility to functionalize 
them with different (bio) molecules. These features provide major 
advantages over the conventional therapies in the treatment of 
infectious diseases, caused by intracellular antimicrobial resistant 
pathogens [5]. Nanomaterials exhibit their antimicrobial activities 
by interacting with the cell wall of the bacterial directly, preventing 
the formation of biofilm, production of reactive oxygen species, 
triggering the immune response of the host as well as interacting 
with DNA and proteins [5,27-36]. Table 1 below summarizes 
some of the studies carried out on various strains of antimicrobial 
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resistant microorganisms. The various nanotechnology approaches 
above and even many more have shown promising potentials as 

alternate methods of circumventing antimicrobial resistance in 
microorganisms. 

Table 1: Types of nanomaterials/antimicrobial agent used in combating antimicrobial resistance in different microorganisms.

Nanomaterials Organism of targets References

Silver nanoparticles methicillin-resistant Staphyloccocus aureus (MRSA) [37]

Pluronic-coated silver nanoprisms methicillin-resistant Staphyloccocus aureus (MRSA) [38]

Silver carbon complexes Pseudomonas aeruginosa, Methicillin-resistant Staphylococcus au-
reus (MRSA) and Klebsiella pneumoniae. [39]

Zinc oxide
methicillin-resistant S. epidermidis (MRSE), Klebsiella pneumoni-
ae, Listeria monocytogenes, Salmonella enteritidis, Streptococcus 

mutans, Lactobacillus,
[40,41]

Gold vancomycin-resistant enterococci, Methicillin-resistant Staphylococ-
cus aureus, Staphylococcus aureus, Escherichia coli [42-45]

Nitric oxide releasing nanoparticles Klebsiella pneumoniae, Enteroccocus faecalis, Streptoccocus pyo-
genes, Escherichia coli and Pseudomonas aeruginosa [46]

Silver nanoparticles Pseudomonas aeruginosa, Escherichia coli and Klebsiella pneumonia [47]

Chitosan Pseudomonas aeruginosa [48]

Silver nanoparticles Pseudomonas aeruginosa, Escherichia coli and S. pyogenes [49]

Copper Nanoparticles B. subtilis [50,51]

NO-releasing silane hydrogen-based NPs Methicillin-resistant Staphylococcus aureus (MRSA) [52]

NO-releasing silica NPs Staphylococcus aureus and S. epidermidis, Pseudomonas aeruginosa, 
Escherichia coli, Candida albicans [24]

Nanocarriers/Antimicrobial agents Microorganisms References

Polymeric Nanoparticles/Ampicillin Salmonella typhimurium [53]

Solid Lipid Nanoparticles/rifampicinisoni-
azid Mycobacterium tuberculosis [54]

Dendrimers/Sulfamethoxazole Escherichia coli. [55]

Liposome/Vancomycin Methicillin-resistant Staphylococcus aureus (MRSA) [56]

Conclusion
The development of antimicrobial resistance by microorgan-

isms, has been linked to the difficulties encountered in treating 
infectious diseases. This has led to the development and applica-
tion of nanotechnology approach in circumventing the limitations 
of the conventional drug dosage forms.  Several in-vitro and in-vivo 
studies have shown to be very promising as reported in some of the 
references cited in this mini review. Therefore, it is highly anticipat-
ed and envisaged that in few years’ time, the issue of antimicrobial 
resistance is expected to become a thing of the past because it is 
hoped that a far more efficient therapeutic method for combating 
antimicrobial resistance will be in the market. Although, these new 
approaches tend to be greatly promising, it is encouraged that fur-
ther researches should still be undertaken by scientists from var-
ious fields in order to completely provide a long-lasting solution 
to antimicrobial resistance. This will indeed bring and restore a 
greater hope in eradicating antimicrobial resistance globally, thus 
leading to a probable longevity of human beings and a healthier 
community.
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