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ABSTRACT 

The main focus of this study was to assess the cytotoxicity of synthesized Nickel oxide nanoparticles on some human cancer 

cell lines like MCF7 AND A-549. The assessment was done by using MTT assay. The Nickel oxide nanoparticles were synthesized by 

simple solution method.  The cytotoxicity studies were made on the human cancer lines along with the normal cell lines using the 

synthesized Nickel oxide nanoparticles by in vitro method using MTT assay model. From the observations it was found that the 

synthesized Nickel oxide nanoparticles were more active towards the cancer cells with less toxicity.The NiO-Ace nanoparticles possess 

significant cytotoxic activity (IC50 =11.46) against the tested cell lines. 
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INTRODUCTION 
Nanoparticles are important materials due to their novel characteristics and properties. Many studies have been made in the 

past decade and suggested that nanoparticles have different toxicity profiles when compared with their bulk particles because of their 

smaller size and higher reactivity. Nanoparticles are usually smaller in size, comparable to large biological molecules such as enzymes, 

receptors, of a size about 100 to 10,000 times smaller than human cells. These nanoparticles can offer unparalleled interactions with 

biomolecules both on the surface and inside the body cells. Hence the interdisciplinary research of nanotechnology and biology gives 

the gateway for the development of new materials in the nanometer size range with many potential applications in biological sciences 

and clinical medicine (Lanone S, 2006; Groneberg D A, 2006 ,Hu X, 2009 and Hu X,2007) . 

The metal oxide  nanoparticles like Nickel oxide(NiO),Zinc oxide(ZnO),Titanium dioxide (TiO2) etc., have drawn significant 

attention due to their cytotoxic activity (Kawanishi S ,2002; Takahashi S,1992, Dunnick JK, 1995, Thevenot P, 2008 and Hua 

Jie,2012).Since Nanotechnology  provides the more targeted approach which promises significant developments in the treatment of 

cancer (Bosanquet AG,2004; Cory H, 2008) ,this research work has been focused on the cytotoxicity assessment on synthesized Nickel 

oxide nanoparticles on human cancer cells. The nickel oxide nanoparticles have wide variety of applications in biotechnology ( 

C.A.Mirkin, 1996)  and in medical diagnosis (J.J.Storhoff,1998).More over the Nickel oxide nanoparticles are found to have anticancer 

activity against human lung carcinoma cells (Horie, 2009). The NiO nano particles are synthesized by using a simple solution method 

(Periyayya Uthirakumar, 2013; Uthirakumar.P, 2007).  

A variety of tetrazolium compounds have been used to detect viable cells.The 3-(4,5-dimethyl thiazol-2-yl)-2,5- diphenyl 

tetrazolium bromide (MTT) tetrazolium assay technology has been widely adopted and remains popular in academic labs as evidenced 

by some  published research articles.(Raju Senthil Kumar,  2011;Perumal Raj.K,2014).This research work aimed to assess the 

cytotoxicity of synthesized nickel oxide nanoparticles on some selective human cancer cell  using MTT assay model. 

MATERIALS AND METHODS 

Organic Solvent Assisted Synthesis of NiO Nanoparticles: All the chemicals used in this work were of analytical grade. The  NiO 

nanoparticles were synthesized by solution  method assisted by some organic solvents. Three different organic solvents 

,namely,acetone,tetrahydrofuran and 2-propanol were assisted for the growth of NiO nanoparticles and were labeled as NiO-Ace, NiO-

THF and NiO-IPA respectively. 

In vitro Cytotoxicity studies: The cytotoxicity activities of the synthesized Nickel oxide nanoparticles were studied using MTT assay 

model. The  Cytotoxicity studies involve the analysis of morphological damage or inhibition of zone of outgrowth induced by the 

chemicals tested. The studies were made using CO2 incubator (WTC Binder, Germany), ELISA-reader (for MTP) (Anthos 2010, 

Germany). 

Anti-proliferative Activity by MTT Assay: MTT measures the metabolic activity of viable cells. The assay is nonradioactive and can 

be performed entirely in a micro titer plate (MTP). It is suitable for measuring cell proliferation, cell viability and cytotoxicity. This 

method is based on the principle that viable cells convert MTT into a formazan salt, which is insoluble. It is solublised and quantified. 

Increase in its concentration indicates increased number of viable cells. The absorbance directly correlates with the cell number. This 

method is applicable for adherent cells cultured in MTP.Normal Human Dermal Fibroblasts (NHDF)), Human Breast Cancer cells 

(MCF-7) and Human Lung cancer cells (A-549) were obtained from National Centre of Cell Sciences (Pune, India). 

Assay method: 0.1ml of the cell suspension (containing 1x105cells) and 0.1ml of the test compounds (3.125- MSO 

such that the final concentration of DMSO in media is less than 1%) were added to the 96 well plates and kept in carbon dioxide 

incubator with 5% CO2,  at 370 C  for 72 hours. Blank contains only cell suspension and control wells contain 1% DMSO and cell 

buffer 

(15%SLS in 1:1 DMF and water). The plate was covered with aluminum foil to protect it from light. Then the 96 well plates are kept 

in rotary shaker for 8 hours. After 8 hours, the 96 well plates were processed on ELISA reader for absorption at 562nm. The readings 

were averaged and viability of the test samples was compared with DMSO control.  
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The following formula was used to calculate the percentage growth inhibition of the various cancer cells in the presence of the 

synthesized NiO nanoparticles.        

            Mean OD of Individual Test Group 

% growth inhibition = 100-        X 100 

        Mean OD of Control group 

RESULTS AND DISCUSSION 

The cytotoxicity assessment of the synthesized Nickel oxide nanoparticles studied using MTT assay method with various 

concentrations were reported. The cytotoxic activity increased with the increase of concentration for all the three nanoparticles, which 

was clearly showed in the figures1,2 and 3  for NiO-Ace,NiO-THF and NiO-IPA respectively. From the figures , it is evident that all 

the synthesized nanoparticles in this study posses cytotoxicity towards human cancer cell; the NiO-Ace gave maximum percentage of 

cytotoxicity  (91.05%) (Fig.1). The cell viability was maximum for MCF-7 cells by the NiO-THF nanoparticles (85.40%) (Fig.2)and 

the percentage of cytotoxicity was maximum (69.45%) on the normal human cell line (NHDF) by the NiO-IPA nanoparticles 

(Fig.3).Thus the synthesized Nickel oxide nanoparticles were more active towards the cancer cells with less toxicity. 

The IC50 values were calculated for the NHDF (Normal Human Dermal Fibroblasts),MCF7 (Human Breast Cancer Cells) and 

A-549 (Human Lung Cancer Cells) were calculated and reported in Table 1.The percentage of cytotoxicity values were compared with 

the standard,namely,Cisplatin. The cytotoxicity value for NiO on  A-549  was 91.05% but it was moderately active; but the IC50 value 

was 11.46 for MCF-7 (82.5%) which has significant activity. However, the cytotoxicity activities of the NiO on various cell lines have 

moderate to significant when compared to the standard. The NiO-Ace nanoparticles have significant activity towards human Breast 

cancer cells (IC50 =11.46). 

The comparison of  IC50 values for the three different NiO nanoparticles along with the standard for the various cancer cell lines was 

given in figure 4. From the figure , it is clear that the NiO-Ace nanoparticles have significant activity towards the MCF-7, the human 

breast cancer cell lines.The NiO-THF also showed the next significant activity towards the MCF-7 cells and moderate activity on 

human lung cancer cell lines ,A-549.The other nanoparticles also possess moderate cytotoxic activity towards the various cancer lines 

with less toxicity. 

Table.1. In Vitro Cytotoxic effect of  NiO nanoparticles on Human Cancer cells and normal cell lines. 

Cell lines studied 
IC50 (µg/ml)* 

NiO-Ace NiO-THF NiO-IPA Cisplatin 

NHDF (Normal Human Dermal Fibroblasts) 27.95 28.62 28.33 4.45 

MCF7 (Human Breast Cancer Cells) 11.46 18.72 24.04 1.6 

A-549 (Human Lung Cancer Cells) 28.39 20.96 24.33 3.12 

*Average of three determinations, three replicates. IC50, Drug concentration inhibiting 50% cellular growth following 72 h of drug 

exposure. 

        
Figure.1.Cytotoxicity assessment of NiO-Ace Figure.2.Cytotoxicity assessment of NiO-THF 

  
Figure.3.Cytotoxicity assessment of NiO-IPA Figure.4. IC50 comparison of NiO nanoparticles 

CONCLUSION 
A simple and economical solution method was used for the organic solvent assisted synthesis of Nickel oxide nanoparticles. 

The cytotoxicity assessment of synthesized Nickel oxide nanoparticles were made on some human cancer cell lines like MCF-7 and A-

549 along with the normal cancer cells (NHDF). The assessment was carried out by using the universally popular MTT assay model. 

Cisplatin was taken as the standard. The observations and findings showed that the synthesized Nickel oxide nanoparticles were more 

active towards the cancer cells with less toxicity. The cytotoxicity value for NiO nanoparticles on A-549 was 91.05% but it was 
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moderately active; but the IC50 value was 11.46 for MCF-7 (82.5%) which has significant activity. It was concluded that the synthesized 

NiO nanoparticles have moderate to significant cytotoxicity towards human cancer cells. 
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