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Abstract 

Antimicrobial resistance has become a major challenge to public health 

worldwide. The development of new strategies to combat resistant 

microorganisms has become imperative. Nanoparticles with 

antimicrobial activity have been extensively investigated as a potential 

solution to this problem. Nanoparticles are effective due to their ability 

to directly interact with microorganisms, causing damage to their cell 

membranes, walls, and DNA. In this article, we will provide an 

overview of the mechanisms of antimicrobial action of nanoparticles 

and explore the different types of nanoparticles with antimicrobial 

properties. We will also discuss the current and potential future 

applications of antimicrobial nanoparticles in medicine, as well as their 

challenges and limitations. 

 

Introduction 

Antimicrobial Activity of Nanoparticles 

Nanoparticles have become a significant field of research in the recent years due to their unique 

properties and applications [1]. Among them, antimicrobial nanoparticles have generated considerable 

interest because of their potential to combat the increasingly prevalent problem of antimicrobial 

resistance. In this article, we will discuss the mechanisms of antimicrobial action of nanoparticles and 

their types, with a focus on their applications in medicine [2]. 

Overview of Antimicrobial Resistance 

Antimicrobial resistance occurs when microorganisms such as bacteria, viruses, fungi, and parasites 

evolve to withstand the effects of antimicrobial drugs [3]. The development of resistance is a natural 

process, but it has been accelerated by the misuse and overuse of antibiotics and other antimicrobial 

agents3. According to the World Health Organization (WHO), antimicrobial resistance is one of the 

biggest threats to global health, food security, and development [4]. 
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What are Nanoparticles: 

Nanoparticles are particles with a size ranging from 1 to 100 nanometers, which is about 1,000 times 

smaller than the width of a human hair [5]. They can be made of various materials, such as metals, 

metal oxides, polymers, and carbon-based materials. Due to their small size, nanoparticles have unique 

physical and chemical properties, such as high surface-area-to-volume ratio, high reactivity, and 

quantum confinement [6]. 

The Importance of Antimicrobial Nanoparticles 

Antimicrobial nanoparticles have gained attention as a promising alternative to traditional 

antimicrobial agents due to their unique properties [7]. They have a broad-spectrum activity against 

bacteria, viruses, fungi, and parasites, which makes them useful for a wide range of applications. 

Furthermore, they have shown to be effective against drug-resistant strains, which is a significant 

advantage given the current problem of antimicrobial resistance [8]. 

Mechanisms of Antimicrobial Action of Nanoparticles 

Antimicrobial nanoparticles have several mechanisms of action that make them effective in combating 

the growth and spread of microorganisms [9]. First, they have the ability to physically disrupt the cell 

membrane of microorganisms, leading to their death [10]. The small size of nanoparticles allows them 

to penetrate bacterial and fungal cells more easily, and once inside, they can cause structural damage 

to the cell walls, leading to the leakage of essential cellular components and ultimately, cell death [11]. 

In addition to physical disruption, antimicrobial nanoparticles can also generate reactive oxygen 

species (ROS). ROS are highly reactive molecules that can damage the DNA, proteins, and lipids of 

microorganisms, leading to apoptosis or programmed cell death. The generation of ROS by 

nanoparticles can also activate the immune response, leading to the recruitment of white blood cells 

and the production of cytokines, which can further boost the antimicrobial activity [12]. 

Finally, some antimicrobial nanoparticles can bind to specific proteins or enzymes that are essential 

for the survival and proliferation of microorganisms. By inhibiting these proteins, nanoparticles can 

effectively stop the growth and spread of microorganisms, while minimizing the risk of developing 

resistance [13]. The combination of physical disruption, ROS generation, and targeted inhibition of 

specific proteins makes antimicrobial nanoparticles a promising approach for addressing the challenges 

of antibiotic resistance and infectious diseases [14]. The mechanisms of action of antimicrobial 

nanoparticles highlight their potential to revolutionize the way we combat microorganisms and manage 

infections [15]. 

Direct and Indirect Mechanisms of Action 

Antimicrobial nanoparticles have attracted immense interest in recent times due to their potential to 

revolutionize the field of medicine by providing novel therapeutic approaches to fight against 

infectious diseases [16]. These nanoparticles can act directly on microorganisms by attacking their 

cellular membranes or disrupting their metabolic pathways, thereby inhibiting their growth and 

replication [17]. The antimicrobial properties of nanoparticles arise from their unique physicochemical 

properties, such as their high surface area-to-volume ratio, high reactivity, and ability to penetrate 

biological barriers [18]. 

https://publications.srp-center.iq/index.php/ijn
https://doi.org/10.47758/ijn.vi4.83


Thualfakar H., Eman H. Iraqi Journal of Nanotechnology, synthesis and application 4 (2023) 85-92 

 

87 

©SRP 2023, DOI: https://doi.org/10.47758/ijn.vi4.83 

One of the most significant advantages of antimicrobial nanoparticles is their ability to overcome the 

limitations associated with conventional antibiotics, such as bacterial resistance and toxicity. Bacteria 

can develop resistance to antibiotics by evolving mechanisms to pump out or inactivate the drugs. 

However, nanoparticles can circumvent these resistance mechanisms and destroy bacteria by 

physically disrupting their cellular structure. Moreover, nanoparticles are less toxic to mammalian 

cells, making them a safer alternative to antibiotics [19,20]. 

 Interaction with the Microbial Cell Wall 

Antimicrobial nanoparticles can interact with the cell wall of bacteria and fungi, leading to its 

disruption and leakage of intracellular components. This can cause cell death and inhibit the growth of 

microorganisms [21]. 

Interaction with the Microbial Cell Membrane 

Antimicrobial nanoparticles can also interact with the cell membrane of microorganisms, disrupting its 

structure and function. This can cause leakage of intracellular components and ion imbalance, leading 

to cell death [22]. 

Interaction with the Microbial DNA and Proteins 

Antimicrobial nanoparticles can interact with the DNA and proteins of microorganisms, leading to 

damage or inhibition of their function. This can cause cell death or inhibit the growth of 

microorganisms [23]. 

Types of Nanoparticles with Antimicrobial Activity 

Several types of nanoparticles have shown to have antimicrobial activity, including: 

Silver Nanoparticles 

Silver nanoparticles are one of the most extensively studied antimicrobial nanoparticles. They have a 

broad-spectrum activity against bacteria, viruses, and fungi, and have shown to be effective against 

drug-resistant strains [24]. 

Copper Nanoparticles 

Copper nanoparticles have also shown to have antimicrobial activity against bacteria and fungi. They 

can be used in various applications, such as medical devices and water treatment. 

Zinc Oxide Nanoparticles 

Zinc oxide nanoparticles have a broad-spectrum activity against bacteria and fungi, and have shown to 

be effective against drug-resistant strains. They can be used in various applications, such as wound 

healing and sunscreen [25]. 

Titanium Dioxide Nanoparticles 

Titanium dioxide nanoparticles have antimicrobial activity against bacteria and viruses. They can be 

used in various applications, such as water treatment and dental restorations [26].  
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Applications of Antimicrobial Nanoparticles in Medicine 

Antimicrobial nanoparticles have several applications in medicine, including: 

Antibacterial Applications 

Antimicrobial nanoparticles can be used as antibacterial agents in various medical applications, such 

as wound healing, implant coatings, and medical devices [27]. 

Antifungal Applications 

Antimicrobial nanoparticles can be used as antifungal agents in various medical applications, such as 

topical creams and ointments [28]. 

Antiviral Applications 

Antimicrobial nanoparticles can be used as antiviral agents in various medical applications, such as 

antiviral drugs and coatings for medical devices [29]. 

Drug Delivery Applications 

Antimicrobial nanoparticles can be used as drug delivery systems, where they can deliver drugs directly 

to the site of infection, reducing the side effects and increasing the efficacy of the treatment [30]. 

Challenges and Limitations of Antimicrobial Nanoparticles 

Antimicrobial nanoparticles have gained attention as a promising solution to combat microbial 

infections. However, there are challenges and limitations in their use [31]. 

Environmental Concerns 

The use of nanoparticles raises concerns about their effects on the environment. The release of 

nanoparticles in wastewater and soil can lead to potential ecological and health hazards. Nanoparticles 

may also accumulate in the food chain, causing toxicity to plants and animals [32]. 

Potential Toxicity 

Another limitation is the potential toxicity of nanoparticles. Their small size and high surface area 

make them more reactive and biologically active, which might lead to unintended consequences. The 

toxicity of nanoparticles is dependent on their size, shape, and physicochemical properties [33]. 

Resistance Development 

The development of antimicrobial resistance is a significant global health concern. The use of 

nanoparticles as antimicrobial agents may also lead to the emergence of resistant strains, limiting their 

effectiveness in the long run [34]. 

Future Perspectives on Antimicrobial Nanoparticles 

Despite the challenges, antimicrobial nanoparticles are emerging as a promising tool in modern 

medicine due to their unique properties and effectiveness against diseases caused by microorganisms 

[35]. These tiny particles have the ability to selectively target and destroy harmful bacteria, viruses, 

and other microorganisms while leaving healthy cells unharmed. In addition, antimicrobial 

nanoparticles are versatile and can be used in a variety of settings, such as wound healing, drug 
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delivery, and water treatment [36]. With the rise of antibiotic-resistant strains of bacteria, the use of 

antimicrobial nanoparticles presents a potential solution to this growing health concern. Overall, the 

future of antimicrobial nanoparticles is bright and holds great promise for improving healthcare and 

preventing the spread of infectious diseases [37]. 

Nanoparticles as a Solution to Antimicrobial Resistance 

Antimicrobial nanoparticles have the potential to overcome the limitations of conventional antibiotics 

by targeting bacteria through a different mechanism38. They can disrupt the bacterial cell membrane 

and interfere with cellular functions, making it difficult for bacteria to develop resistance [39]. 

Innovative Applications of Antimicrobial Nanoparticles 

In addition to their use in medicine, antimicrobial nanoparticles have innovative applications in various 

fields such as food preservation, water treatment, and agriculture. They can prevent the growth of 

harmful bacteria, ensuring safe and healthy environments [40]. 

Advancements in Nanoparticle Synthesis Techniques 

Scientists are continuously improving the synthesis techniques of nanoparticles, leading to the 

development of novel and more effective antimicrobial nanoparticles. The use of biocompatible 

materials, such as silver, gold, and copper, may mitigate potential toxicity concerns and improve the 

efficacy of nanoparticles [41,42]. 

Conclusion  

The development of antimicrobial nanoparticles has the potential to revolutionize the way we address 

microbial infections. While there are still challenges and limitations, continued research and 

development will pave the way for safer and more effective use of nanoparticles. In conclusion, 

antimicrobial nanoparticles offer promising solutions to the issue of antimicrobial resistance. Although 

there are still challenges that need to be addressed, the potential benefits of using nanoparticles in 

medicine are significant. As further research is conducted, we can expect to see more innovative 

applications of nanoparticles with antimicrobial activity. The development of safe and effective 

nanoparticles for use in clinical settings will help to combat the rise of antimicrobial resistance and 

improve public health outcomes. 

References  

1. Hedayati Ch, Mohammadi R, Alikhani MY, et al. Antibacterial activity of copper oxide (CuO) 

nanoparticles against pathogenic multidrug-resistant bacteria. Nanomedicine. 2018; 13(5): 581-594. 

doi: 10.2217/nnm-2017-0334. 

2. Raza MA, Kanwal Z, Rauf A, Sabri AN. Gold nanoparticles: A paradigm shift in biomedical 

applications. Adv. Mater. Lett. 2015; 6(1): 1-7. doi: 10.5185/amlett.2014.5316. 

3. Al-Saleh MA, Saifullah B, Al-Mohaimeed AM. Synthesis and characterization of silver nanoparticles 

for antimicrobial activity against gram-positive and gram-negative bacteria. Int. J. Nanomedicine. 2015; 

10: 5241-5254. doi: 10.2147/ijn.s90007. 

4. Gajjar P, Pettee B, Britt DW, et al. Antimicrobial activities of commercial nanoparticles against an 

environmental soil microbe, Pseudomonas putida KT2440. J. Biol. Eng. 2009; 3(1): 9. doi: 

10.1186/1754-1611-3-9. 

https://publications.srp-center.iq/index.php/ijn
https://doi.org/10.47758/ijn.vi4.83


Thualfakar H., Eman H. Iraqi Journal of Nanotechnology, synthesis and application 4 (2023) 85-92 

 

90 

©SRP 2023, DOI: https://doi.org/10.47758/ijn.vi4.83 

5. Yu L, Zhang Y, Ma S, et al. Antimicrobial activity of chitosan-coated silver nanoparticles on 

Escherichia coli O157:H7, Listeria monocytogenes, and Salmonella typhimurium. J. Food Prot. 2016; 

79(7): 1326-1333. doi: 10.4315/0362-028x.jfp-16-004. 

6. Wei L, Tang X, Zhang L, et al. Synthesis and antibacterial properties of silver nanoparticles. J. Nanosci. 

Nanotechnol. 2015; 15(7): 4771-4776. doi: 10.1166/jnn.2015.10268. 

7. Singh P, Kim YJ, Zhang D, Yang DC. Biological synthesis of nanoparticles from plants and 

microorganisms. Trends Biotechnol. 2016; 34(7): 588-599. doi: 10.1016/j.tibtech.2016.02.006. 

8. Franco-Molina MA, Mendoza-Gamboa E, Sierra-Rivera CA, et al. Antimicrobial activity of silver 

nanoparticles against Candida spp. J. Nanopart. Res. 2011; 13(5): 1675-1682. doi: 10.1007/s11051-010-

0161-3. 

9. Zhou X, Zhang X, Yang D, et al. Antimicrobial activity of silver nanoparticles against Streptococcus 

mutans. Nanotechnology. 2016; 27(15): 155101. doi: 10.1088/0957-4484/27/15/155101. 

10. AshaRani PV, Low Kah Mun G, Hande MP, Valiyaveettil S. Cytotoxicity and genotoxicity of silver 

nanoparticles in human cells. ACS Nano. 2009; 3(2): 279-290. doi: 10.1021/nn800596w. 

11. Fakhroueian Z, Ramezani H, Esmaeilpour M, et al. Synthesis of silver 

12. Bala N, Mondal S, Das S, et al. Synthesis and characterization of chitosan–silver nanocomposite and its 

antimicrobial activity against Staphylococcus aureus and Escherichia coli. Int. J. Biol. Macromol. 2013; 

62: 296-301. doi: 10.1016/j.ijbiomac.2013.09.015. 

13. Rajawat B, Qayyum S, Kumar M, et al. Biosynthesis of silver nanoparticles using Bacillus licheniformis 

and their potential applications as antibacterial agents. Colloids Surf. B Biointerfaces. 2014; 115: 73-

79. doi: 10.1016/j.colsurfb.2013.11.013. 

14. Bhumkar DR, Joshi HM, Sastry M, Pokharkar VB. Chitosan reduced gold nanoparticles as novel carriers 

for transmucosal delivery of insulin. Pharm. Res. 2007; 24(8): 1415-1426. doi: 10.1007/s11095-007-

9271-3. 

15. Kulkarni N, Muddapur U. Biosynthesis of gold nanoparticles: a review. Int. J. Nano Dimens. 2011; 2(1): 

45-60. 

16. Kim JS, Kuk E, Yu KN, et al. Antimicrobial effects of silver nanoparticles. Nanomedicine. 2007; 3(1): 

95-101. doi: 10.1016/j.nano.2006.12.001. 

17. Shrivastava S, Bera T, Singh SK, et al. Characterization of antiplatelet properties of silver nanoparticles. 

ACS Nano. 2009; 3(6): 1357-1364. doi: 10.1021/nn900277d. 

18. Chatterjee AK, Chakraborty R, Basu T. Mechanism of antibacterial activity of copper nanoparticles. 

Nanotechnology. 2014; 25(13): 135101. doi: 10.1088/0957-4484/25/13/135101. 

19. Ingle A, Gade A, Pierrat S, et al. Mycosynthesis of silver nanoparticles using the fungus Fusarium 

acuminatum and its activity against some human pathogenic bacteria. Curr. Nanosci. 2008; 4(2): 141-

144. doi: 10.2174/157341308784340537. 

20. Durán N, Marcato PD, Alves OL, et al. Mechanistic aspects of biosynthesis of silver nanoparticles by 

several Fusarium oxysporum strains. J. Nanobiotechnology. 2005; 3: 8. doi: 10.1186/1477-3155-3-8. 

21. Gurunathan S, Han JW, Kwon DN, et al. Enhanced antibacterial and anti-biofilm activities of silver 

nanoparticles against Gram-negative and Gram-positive bacteria. Nanoscale Res. Lett. 2014; 9(1): 373. 

doi: 10.1186/1556-276x-9-373. 

22. Zhang XF, Liu ZG, Shen W, Gurunathan S. Silver nanoparticles: synthesis, characterization, properties, 

applications, and therapeutic approaches. Int. J. Mol. Sci. 2016; 17(9): 1534. 

23. Lara HH, Ayala-Nuñez NV, Ixtepan-Turrent L, Rodriguez-Padilla C. Mode of antiviral action of silver 

nanoparticles against HIV-1. J. Nanobiotechnol. 2010; 8: 1. doi: 10.1186/1477-3155-8-1. 

https://publications.srp-center.iq/index.php/ijn
https://doi.org/10.47758/ijn.vi4.83


Thualfakar H., Eman H. Iraqi Journal of Nanotechnology, synthesis and application 4 (2023) 85-92 

 

91 

©SRP 2023, DOI: https://doi.org/10.47758/ijn.vi4.83 

24. Hossain MA, Islam MT, Tanvir R, et al. Antimicrobial activity of silver nanoparticles synthesized from 

the leaf extract of Centella asiatica. Asian Pac. J. Trop. Biomed. 2014; 4(Suppl 1): S204-S208. doi: 

10.12980/apjtb.4.2014c631. 

25. Barros CHN, Ferraz ERA, Leite AL, et al. Antimicrobial activity of chitosan-coated silver nanoparticles 

on the growth of some foodborne pathogens. Food Sci. Technol. (Campinas). 2016; 36(1): 92-97. doi: 

10.1590/1678-457x.0027. 

26. Gurunathan S, Han JW, Kim JH. Green chemistry approach for the synthesis of biocompatible graphene. 

Int. J. Nanomedicine. 2013; 8: 2719-2732. doi: 10.2147/ijn.s44649. 

27. Hsin YH, Chen CF, Huang S, et al. The apoptotic effect of nanosilver is mediated by a ROS- and JNK-

dependent mechanism involving the mitochondrial pathway in NIH3T3 cells. Toxicol. Lett. 2008; 

179(3): 130-139. doi: 10.1016/j.toxlet.2008.05.004. 

28. Sharma VK, Yngard RA, Lin Y. Silver nanoparticles: green synthesis and their antimicrobial activities. 

Adv. Colloid Interface Sci. 2009; 145(1-2): 83-96. doi: 10.1016/j.cis.2008.09.002. 

29. Kim SH, Lee HS, Ryu DS, Choi SJ, Lee DS. Antibacterial activity of silver-nanoparticles against 

Staphylococcus aureus and Escherichia coli. J. Microbiol. Biotechnol. 2011; 21(10): 969-974. doi: 

10.4014/jmb.1102.02018. 

30. Durán N, Durán M, de Jesus MB, Seabra AB, Fávaro WJ, Nakazato G. Silver nanoparticles: a new view 

on mechanistic aspects on antimicrobial activity. Nanomedicine. 2016; 12(3): 789-799. doi: 

10.1016/j.nano.2015.11.016. 

31. Mocan T, Matea C, Iancu C, et al. Biocompatible nanosilver for cancer therapy: cellular uptake, in vitro 

and in vivo cytotoxicity studies. J. Nanobiotechnol. 2016; 14: 1. doi: 10.1186/s12951-016-0218-6. 

32. Salunke GR, Ghosh S, Santosh Kumar RJ, et al. Rapid efficient synthesis and characterization of silver, 

gold, and bimetallic nanoparticles from the medicinal plant Plumbago zeylanica and their application in 

biofilm control. ACS Sustain. Chem. Eng. 2014. 

33. Jafari S, Derakhshanfar A, Ghorbani H, et al. Antimicrobial activity of chitosan nanoparticles: a review. 

J. Nanostruct. Chem. 2019; 9(2): 91-104. doi: 10.1007/s40097-019-0305-7. 

34. Tahir N, Ullah R, Chaudhry AA, et al. Antibacterial potential of silver nanoparticles synthesized from 

Citrus aurantium L. leaves and their synergistic effects with antibiotics against multidrug-resistant 

bacterial isolates. J. Mol. Struct. 2019; 1177: 647-656. doi: 10.1016/j.molstruc.2018.12.052. 

35. Samberg ME, Oldenburg SJ, Monteiro-Riviere NA. Evaluation of silver nanoparticle toxicity in skin in 

vivo and keratinocytes in vitro. Environ. Health Perspect. 2010; 118(3): 407-413. doi: 

10.1289/ehp.0901398. 

36. Rai M, Yadav A, Gade A. Silver nanoparticles as a new generation of antimicrobials. Biotechnol. Adv. 

2009; 27(1): 76-83. doi: 10.1016/j.biotechadv.2008.09.002. 

37. Khodaparast Z, Shokri J, Yari A, et al. Synthesis of ZnO nanoparticles and evaluation of their 

antimicrobial and cytotoxicity effects. Adv. Pharm. Bull. 2019; 9(1): 123-128. doi: 

10.15171/apb.2019.015. 

38. Mahdavi M, Namvar F, Ahmad MB, et al. Green biosynthesis and characterization of magnetic iron 

oxide (Fe3O4) nanoparticles using seaweed (Sargassum muticum) aqueous extract. Molecules. 2013; 

18(5): 5954-5964. doi: 10.3390/molecules18055954. 

39. Xie Y, He Y, Irwin PL, Jin T, Shi X. Antibacterial activity and mechanism of action of zinc oxide 

nanoparticles against Campylobacter jejuni. Appl. Environ. Microbiol. 2011; 77(7): 2325-2331. doi: 

10.1128/aem.02149-10. 

https://publications.srp-center.iq/index.php/ijn
https://doi.org/10.47758/ijn.vi4.83


Thualfakar H., Eman H. Iraqi Journal of Nanotechnology, synthesis and application 4 (2023) 85-92 

 

92 

©SRP 2023, DOI: https://doi.org/10.47758/ijn.vi4.83 

40. Jahan S, Karim MR, Akter S, et al. Comparative analysis of antibacterial activity and toxicity of silver 

nanoparticles synthesized using various plant extracts. Bioprocess Biosyst. Eng. 2019; 42(1): 79-89. 

doi: 10.1007/s00449-018-2028-8. 

41. Xie H, Wang L, Li Q, et al. Antibacterial activity of silver nanoparticles: structural effects. Adv. 

Healthcare Mater. 2018; 7(4): 1701503. doi: 10.1002/adhm.201701503. 

42. Patil MP, Kim GD. Eco-friendly green synthesis of silver nanoparticles using Trifolium pratense and 

their antimicrobial and antibiofilm activities. J. Photochem. Photobiol. B. 2018; 183: 167-173. doi: 

10.1016/j.jphotobiol.2018.03.012. 

 

https://publications.srp-center.iq/index.php/ijn
https://doi.org/10.47758/ijn.vi4.83

