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In this paper antimicrobial and anticancer activities of metal oxide nanoparticles 
are discussed. From the literature review, it is clear that metal oxide 
nanoparticles can be potential candidate as antimicrobial and anticancer agents. 
These nanoparticles are effective on both gram-positive and gram-negative 
bacteria and these can be used in the diagnosis and treatment of different types 
of cancers, without effecting healthy cells. 
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1. INTRODUCTION 

Due to large surface to volume ratio, nanoparticles are considered for many industrial 
applications. These materials are used in medical industry in many ways such as for 
targeted drug delivery, as antimicrobial agents, for the diagnosis and treatment of 
different types of cancers, etc. For more than 30 years, nanomaterials have been used in 
pharmaceutical industry. 

In the recent years, metal oxide nanoparticles attracted interest of researchers due to 
their effect on bacteria. The conventional drugs used to kill bacteria have limitations that 
can overcome by the use of metal oxide nanoparticles. The nanoparticles have ability to 
change the metabolic activity of bacteria [1]. Bacteria are classified in two groups-gram 
positive bacteria and gram negative bacteria. It is found that metal oxide nanoparticles 
can be used on both types of bacteria. It is observed that metal oxide nanoparticles 
disrupt the membrane of bacteria [2]. Physico-chemical activity of metal oxide 
nanoparticles plays an important role in their antimicrobial activity [3]. 

Cancer is one of the leading causes of mortality all over the world. There are different 
types of cancers like lung cancer, liver cancer, breast cancer, stomach cancer, bone 
cancer, breast cancer, etc. [4]. Many therapies are available to treat cancer; 
chemotherapy is one of them [5]. Chemotherapy has many undesirable side effects [6]. 
Application of nanoparticles for the treatment of cancer can be a good strategy. From the 
researches, it is clear that oxide nanoparticles can be used in diagnosis and treatment of 
cancer [7]. Nanoparticles have antioxidant properties that reduce the rate of tumor 
progression [8]. The carrier properties of nanomaterials are used in the treatment of 
cancer. These materials can be used to treat cancer by two processes either active or 
passive [9]. 

In this review article, antimicrobial and anticancer activities of metal oxide nanoparticles 
(Al2O3, Cr2O3, ZnO, etc.) are discussed.  
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2. ANTIMICROBIAL ACTIVITY OF METAL OXIDE NANOPARTICLES 

Researchers show that Zinc oxide nanoparticles are good antimicrobial agents against 
both gram-positive and gram-negative bacteria. The antimicrobial activity of Zinc oxide 
nanoparticles is investigated against E.coli [10,11] and S.aureus [11]. It was observed 
that these nanoparticles are good antimicrobial agents against these bacteria. The 
antimicrobial activity of cobalt doped zinc oxide nanoparticles was also investigated 
against E. coli, Klebsiella pneumonia, Shigelladysenteriae, Salmonella typhi, 
Psudomonasaeruginosa, Bacillus subtilis and S.aureus [12]. It was found that these 
nanoparticles are good antimicrobial agents against all these bacteria. 

Silica-Ag nanoparticles show antimicrobial activity against S. enterica with 99% microbial 
reduction [13]. Research is going on over the years on the antimicrobial activity of 
Titanium oxide nanoparticles [14] and it is found that they are good antimicrobial agents 
against E.coli bacteria [15]. 

It is suggested by the studies that Alumina-silver composite nanoparticles have immense 
potential as antimicrobial agents [16]. Antimicrobial effect of Alumina nanoparticles on E. 
coli [17], P. aeruginosa, B. subtilis [18] was investigated and these particles were very 
effective against these bacteria. 

3. ANTICANCER ACTIVITY OF METAL OXIDE NANOPARTICLES 

The metal oxide nanoparticles used for the diagnosis and treatment of cancer are Iron 
oxide [19], Titanium dioxide [20], Cerium oxide [21], Zinc oxide [22], Copper oxide [23], 
Silicon oxide or Silica [24], etc. 

Iron oxide nanoparticles are magnetic nanoparticles. These NPs can be easily targeted 
to the tumor site by the application of external magnetic field. Therefore, these can be 
selectively used to kill cancer cells, transforming radiant energy into heat. By this method 
healthy tissues can be protected from being damaged, which is the most dangerous side 
effect of chemotherapy. Spherical Iron oxide nanoparticles are approved as a medical 
device for hypothermia [25] and prostate cancer [26]. 

A method used to treat cancer is photodynamic therapy.  In photodynamic therapy, TiO2 
nanoparticles can be used as photo-sensitizing agents [27,28,29]. These nanoparticles 
are nontoxic and stable without light irradiation.  

Cerium oxide nanoparticles have capacity to selectively induce the death of irradiated 
cancer cells [30] and surrounding issues are not damaged by this process. These 
nanoparticles can act both as radio-protecting and radio-sensitizing agents [31]. 

A very low concentration of ZnO nanoparticles can be used to treat liver and breast 
cancer cells. These nanoparticles can be used to make cancer vaccines [32]. From the 
research, it is clear that ZnO nanoparticles can be used as efficient agent to enhance 
drug delivery in leukemia cancer cells [33]. 

From the research, it is observed that Copper oxide nanoparticles synthesized by 
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different plant leaf extract show cytotoxic effect on lung and breast cancer cells [34,35]. 

Silica nanoparticles are good carriers of anticancer drugs in the treatment of pancreas 
cancer [36]. These nanoparticles can be used to store drugs and prevent their premature 
release and degradation before reaching the target. 

4. CONCLUSION 

From the review, it is concluded that metal oxide nanoparticles can be used as 
antimicrobial agents and they can be better than antibacterial drugs. Combination of 
nanoparticles with cancer drugs allows the reduction of drug dose with the reduction of 
side effects. The use of metal oxide nanoparticles for the cancer treatment is increased 
in recent years. For more information about the distribution, biocompatibility and low 
toxicity for healthy cells is necessary. Research is needed in this field. 
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