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Abstract  9 

The present work reveals the influence of copper (Cu) doping in band gap energy level as well as 10 

selective cytotoxicity of ZnO nanoparticles against human breast cancer cells (MCF7), human 11 

cervical carcinoma (HeLa), and one normal (Vero) cell line. Cu-doped ZnO nanoparticles 12 

 (Cu -ZnO NPs) were synthesized and validated by UV-Vis, FT-IR, XRD, SEM and EDAX.  13 

Cu-doping diminished the band gap energy of ZnO NPs from 3.54 eV to 3.29 eV. Antimicrobial 14 

activity has been evaluated against three bacterial and fungal strains. Antioxidant activity was 15 

examined using a DPPH free radical, ABTS+ radicals, hydroxyl radicals and nitric oxide 16 

scavenging assay. Cu-ZnO NPs showed anticancer activity with IC50 value of 219.56 μg/ml 17 

against MCF7 and 137.27 μg/ml against HeLa cell lines. The doping of Cu with ZnO improved 18 

the selective cytotoxicity of ZnO NPs towards MCF7 and HeLa cells without affecting the 19 

normal cells. 20 
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1. Introduction 22 

Cancer is a deadly disease which increases the mortality rate in the recent decades.  23 

Though the treatment of cancer by chemotherapy, radiation therapy and surgery were efficient 24 

towards the killing of cancer cells, it has an adverse effect towards the normal cells also.1-3 The 25 

importance of these therapies is now gradually diminished due to the advancement of 26 

nanomedicine, targeted drug delivery and multi-target inhibitors.4 Engineered nanoparticles 27 

(NPs) have advanced imaging, therapeutic activity and effective for early detection of cancer and 28 

cancer treatment.5-8 It has the additional benefits of active/passive targeting, high 29 

solubility/bioavailability, biocompatibility and multi-functionality over traditional cancer 30 

therapies.9 ZnO nanoparticles have multiple properties including favorable band gap, 31 
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electrostatic charge, large surface area and potentiation of redox-cycling cascades.10, 11 These 32 

characteristics of ZnO nanoparticles are being exploited in biomedical field such as cell imaging, 33 

bio-sensing and drug delivery. Recently, ZnO nanoparticles receives much attention for their 34 

potential application in cancer therapy. ZnO nanoparticles exhibited a preferential ability to kill 35 

human cancer cells as compared with normal cells.12, 13 ZnO nanoparticles have potential to 36 

develop as an anticancer candidate. The mechanism involved in the cytotoxicity of ZnO is not 37 

fully explored. However, for practical therapeutic applications, new strategies are required to 38 

further improve the cancer killing ability of ZnO nanoparticles without affecting normal cells. 39 

This study focuses on improving the cancer cells killing ability of ZnO nanoparticles by metal 40 

ions doping. 41 

As the functionality and efficiency of ZnO nanostructures can be improved by increasing 42 

and modifying their surface area by adding some dopants materials i.e. biomolecules and 43 

transition metals (Mn, Fe, Cr, Cu) at nanoscale.14, 15 Through surface modification with 44 

biomolecules and transition metals, ZnO nanoparticles could be used as biosensors, 45 

antimicrobial, antioxidants, drug delivery systems and bio-imaging materials.15-17 Different 46 

methods have been developed for the fabrication of ZnO and transition metal doped ZnO 47 

nanoparticles.18 Among all the dopants, doping of ZnO NPs with Cu greatly alter the optical, 48 

morphological structural, magnetic, electrical, and biological properties of the ZnO NPs.19, 20 49 

ZnO NPs doped with Cu have shown remarkable improvement in different properties i.e. 50 

electrical conductivity,21 magnetic,22 biological,23 gas sensing,24 optical properties and 51 

mechanical strength.25  52 

The present study aims on improving the anticancer activity of ZnO NPs by cationic 53 

doping. Especially, Cu was considered as one of the most effective doping elements for 54 

improving the anticancer activity of ZnO NPs. It was found that the doped Cu2+ ions with half-55 

filled electronic configuration which contributed to the enhanced anticancer activity of ZnO 56 

nanoparticles. In order to verify the efficacy of copper doping with ZnO in various aspects an 57 

attempt was taken to investigate elaborately. To the best of our knowledge the in vitro 58 

cytotoxicity of Cu-ZnO NPs against MCF7, HeLa cancer cell lines are not yet discussed in 59 

literatures. Herein, we report the synthesis, characterization of ZnO and Cu-ZnO nanoparticles 60 

and its antimicrobial, antioxidant and anticancer activities.  61 

 62 



 

2. Experimental 63 

2.1. Materials 64 

 All chemicals used were of analytical grade and used as received. Zinc sulphate 65 

heptahydrate (ZnSO4·7H2O), sodium hydroxide (NaOH), copper sulphate pentahydrate 66 

(CuSO4·5H2O) were purchased from Merck and were used as received.  67 

2.2. Synthesis of ZnO NPs  68 

 ZnSO4·7H2O (0.4 M) and NaOH (0.8 M) were dissolved in distilled water. ZnO 69 

nanoparticles was prepared using co-precipitation method by dropwise addition of NaOH to 70 

ZnSO4·7H2O with constant stirring at 80°C until a white precipitate was formed. After cooling, 71 

the precipitate was washed several times with deionized water followed by ethanol and dried in a 72 

hot air over for 5 h at 80°C. The dried samples were calcined at 350°C for 3h to obtain the nano 73 

sized ZnO. 74 

2.3. Synthesis of Cu-ZnO NPs 75 

 ZnSO4·7H2O (0.8 M) was dissolved in deionized water. Cu-ZnO NPs were prepared by 76 

the drop wise addition of NaOH (0.8 M) solution and CuSO4·5H2O (0.02 M) solution to 77 

ZnSO4·7H2O with constant stirring. The stirring was continued until the complete precipitation 78 

occurs.  Before filtration the mother liquid was aged for 12 h. The residue thus obtained was 79 

dried at 80°C for 12 h and calcined at 350°C for 3 h. 80 

2.4. Characterization Methods 81 

 The Ultra Violet-Visible-Diffuse reflectance spectroscopy (UV-Vis-DRS) measurements were 82 

performed with a JASCO V-550 double beam spectrophotometer with PMT detector. The 83 

samples were filled in a quart’s cuvette of 1 cm light-path length, and the light absorption spectra 84 

were given in reference to deionized water. Surface structure was characterized by a Fourier 85 

Transform Infrared (FT-IR) spectrophotometer (JASCO-RT-IR-460 plus). The present study is 86 

restricted to the assignment of various vibrational modes of metal oxides compounds within the 87 

frequency range 400-4000 cm-1 and IR analysis was carried out for oven-dried samples. The 88 

sample for IR analysis was prepared by mixing 0.1 g of KBr with 0.003 g of sample and then 89 

pressing into a pellet. X-ray diffraction (XRD) patterns were collected at 25oC using (XPERT-90 

PRO-X-RAY diffractometer with Cu-Kα radiation and structural assignments were made with 91 

reference to the JCPDS powder diffraction files. Scanning electron microscopy (SEM) images 92 

were performed by JSM-6701F-6701 instrument in both back scattered electron modes. The 93 



 

elemental analysis was detected by an energy dispersive X-ray spectroscopy (EDX) attached to 94 

the SEM.  95 

2.5. Antimicrobial activity 96 

Antibacterial and antifungal activities were evaluated for the synthesized ZnO and  97 

Cu-ZnO NPs. The salt of ZnSO4∙7H2O, CuSO4∙5H2O and the synthesized NPs of ZnO and Cu-98 

ZnO were tested to determine their antimicrobial activities against three bacterial strains namely 99 

E. coli (1B), S. aureus (2B) and P. aeruginosa (3B) and three fungal strains namely Aspergillus 100 

flavus (1F), Candida albicans (2F) and Fusarium (3F). The samples were dissolved in dimethyl 101 

sulphoxide and it was made into the required concentrations. The bacterial strains as well as 102 

fungal strain were inoculated separately in 30 ml of nutrient broth in a conical flask and 103 

incubated for 24 h to get active strain by using well diffusion method. Muller Hinton agar was 104 

poured separately into petri dishes. After solidification 0.25 ml of test strains were inoculated in 105 

the media separately and care was taken to ensure proper homogenization. The experiment was 106 

performed under strict aseptic conditions. After the medium solidified, a well was made in the 107 

plates with sterile borer (5mm). The (40 μL) of the test sample was introduced into the well and 108 

plates were incubated at 37°C for 72 h. All samples were tested in triplicates. Microbial growth 109 

was determined by measuring the diameter of zone of inhibition. Amilkacin and ketokonazal 110 

were used as control for antibacterial and antifungal activity assay respectively.  111 

2.5.1. Determination of minimum inhibitory concentration (MIC)   112 

A sterile 96 well plates were prepared under aseptic conditions. The freshly prepared 113 

sample suspensions in DMSO were sonicated using a sonicator. A volume of 100 μL of test 114 

material in 10% DMSO (a stock concentration of 1 mg/mL for purified compounds) was pipetted 115 

into the first row of the plate. To all the other wells, 50 μL of nutrient broth was added for 116 

bacteria cells and 50 μL of Sabouraud dextrose broth for fungi cells, and serial dilutions were 117 

performed using a multichannel pipette. To each well, 10 μL of resazurin indicator solution was 118 

added. Finally, 10 μL of bacterial/fungal suspension (5×106 cfu/mL) was added to each well to 119 

achieve a concentration of 5×105 cfu/mL. The commercial drugs Amilkacin (against bacteria) 120 

and Ketokonazal (against fungi) were used as a positive control. The plates were prepared in 121 

triplicate, and placed in an incubator set at 37°C for 18-24 h and the color change from purple to 122 

pink or colorless indicates the reduction of dye by the viable bacteria/fungi. The lowest 123 



 

concentration at which color change occurred was taken as the MIC value. The average of three 124 

values was calculated to get MIC values. 125 

2.6. Evaluation of antioxidant properties of the compounds 126 

The remarkable antibacterial and antifungal activities of the synthesized Cu-ZnO NPs 127 

induced us to study its radical scavenging properties. The radical scavenging activities of Cu-128 

ZnO NPs along with standard, have been examined with reference to 2-20-diphenyl-1-129 

picrylhydrazyl (DPPH) radicals, 2,2´-azino-bis(3-ethyl benzothiazoline-6-sulfonic acid (ABTS) 130 

radicals, hydroxyl radicals (OH) and nitric oxide (NO) assay and the determination of 50% 131 

activity (IC50) values. 132 

2.6.1. DPPH free radical scavenging assay 133 

The DPPH radical scavenging activity of Cu-ZnO NPs was measured according to the 134 

method of Blios.26 The DPPH radical is a stable free radical having λmax at 517 nm. A variable 135 

concentration of the sample (20-100 µg/ml) were mixed with 1.0 ml of methanolic solution 136 

containing DPPH radicals, resulting in the final concentration of DPPH being 0.2 mM. The 137 

mixture was shaken vigorously and left to stand for 30 min, and the absorbance was measured at 138 

517 nm. Vitamin E was used as control. The percentage of inhibition in DPPH radical 139 

scavenging activity was calculated as follows; 140 

% Inhibition = (A0- A1)/A0 X 100 141 

2.6.2. ABTS cation radical scavenging assay 142 

ABTS decolorization assay involves the generation of the ABTS+ chromophore by the 143 

oxidation of ABTS with potassium persulphate. It is applicable for both hydrophilic and 144 

lipophilic compounds. The scavenging activity of Cu-ZnO NPs on ABTS cation radical was 145 

measured at 734 nm.  146 

Equal volume of 7 mM of ABTS was mixed with 2.45 mM potassium persulphate and the 147 

mixture was allowed to stand in the dark at room temperature for 12-16 h before use. ABTS+ 148 

solution was diluted to an absorbance of 0.7 ± 0.05 with ethanol at 734 nm. The reaction was 149 

initiated by the addition of 1.0 ml of diluted ABTS+ to 10 µl of different concentrations  150 

(20-100 µg/ml) of sample. Vitamin E was used as standard and positive control. The absorbance 151 

was read at 734 nm and the percentage inhibitions were calculated. The inhibition was calculated 152 

according to the equation, 153 

 I = (A0- A1)/A0 X 100 154 



 

 Where, A0 is absorbance of control reaction, A1 is absorbance of test compound. 155 

2.6.3. Hydroxyl radical scavenging assay 156 

 The hydroxyl radical scavenging activities of the compounds have been investigated 157 

using Nash method.27 A reaction mixture of 3.0 ml volume contained, 1.0 ml of 1.5 mM FeSO4, 158 

0.7 ml of 6 mM hydrogen peroxide, 0.3 ml of 20 mM sodium salicylate and 1.0 ml of different 159 

concentrations (50-250 µg/ml) of Cu-ZnO NPs. After incubation for an hour at 37°C, the 160 

absorbance of the hydroxylated salicylate complex was measured at 562 nm. Vitamin E was used 161 

as positive control. The percentage scavenging effect was calculated as, 162 

Scavenging activity = [1-(A1-A2) /A0] X 100 163 

Where, A0 is absorbance of the control, A1 is absorbance in the presence of the extract; 164 

A2 is absorbance without sodium salicylate. 165 

2.6.4. Nitric oxide (NO) assay 166 

 The amount of nitrite was determined by the literature method.28 The reaction mixture 167 

(6.0 ml) containing sodium nitroprusside (4.0 ml), phosphate buffer saline (PBS, 1.0 ml) and 168 

different concentrations (50-250 µg/ml) of a sample (1.0 ml) in DMSO was incubated at 25°C 169 

for 15 minutes. After incubation, 1.0 ml of sulphanilic acid reagent was added, mixed well and 170 

allowed to stand for 5 minutes for completion of diazotization and 1.0 ml of naphthyl ethylene 171 

diamine dihydrochloride was added, mixed well and allowed to stand for 30 minutes in diffused 172 

light. A pink colored chromophore was formed. The absorbance of these solutions was measured 173 

at 540 nm against corresponding blank solutions. Vitamin E was used as a standard. 174 

The inhibition was calculated according to the equation, 175 

I = (A0- A1)/A0 X 100 176 

2.7. Anticancer activity of Cu-ZnO NPs 177 

 The MCF7 and HeLa cells were grown in Eagle’s minimum essential medium containing 178 

10% fetal bovine serum (FBS) while vero cells were grown in Dulbecco’s modified Eagle’s 179 

medium (DMEM) containing 10% FBS. 100 µl per well of cell suspension were seeded into  180 

96-well plates at plating density of 10,000 cells/well and incubated to allow for cell attachment at 181 

37°C, 5% CO2, 95% air and 100% relative humidity. After 24 h the cells were treated with serial 182 

concentrations of the test samples (Cu-ZnO NPs). Cu-ZnO NPs were initially dissolved in neat 183 

dimethylsulfoxide (DMSO) and an aliquot of the sample solution was diluted to twice the desired 184 

final maximum test concentration with serum free medium. Additional four serial dilutions were 185 



 

made to provide a total of five sample concentrations. Triplication was maintained, and the 186 

medium without the test sample served as the control. After 24 h, the wells were treated with  187 

20 μL MTT [5 mg mL−1 phosphate buffered saline (PBS)] and incubated at   37°C for 4 h. The 188 

medium with MTT was then removed separately and the formed formazan crystals were 189 

dissolved in 100 mL DMSO. The absorbance at 570 nm was measured using an ELISA plate 190 

reader. The graph was plotted between the percentage of cell inhibition and the concentration of 191 

the complexes. IC50 values were calculated from the percentage of inhibition. The percentage of 192 

cell inhibition was determined using the formula which is given below,  193 

% inhibition = [mean OD of untreated cells (control)/mean OD of treated cells (control)] × 100 194 

3. Results and Discussion 195 

3.1. Ultra violet-Visible-Diffuse reflectance spectroscopy (UV-Vis –DRS) 196 

Fig. 1 depicts the UV-Vis DRS of ZnO and Cu-ZnO NPs. There are four bands at 213, 197 

255, 358 and 448 nm for ZnO nanoparticles. In Cu-ZnO NPs the bands around 200-360 nm 198 

remained unaltered.  199 

 200 

Figure 1. UV-Vis DRS spectra of ZnO and Cu-ZnO NPs 201 

The band which is appeared at 448 nm is shifted to 464 nm. A slight red shift observed in the 202 

case of Cu-ZnO is due to the doping of Cu into the crystal lattice of Zn. The red-shift in 203 

absorption peak showed decrease in band gap of ZnO with Cu doping. The band gap of ZnO NPs 204 

was decreased from 3.54 to 3.29 eV after doping with copper. Fig.2 shows the Tauc’s plot of 205 



 

ZnO(a) and Cu-ZnO(b). The observed redshift in band gap (Eg) is due to Cu doping-induced 206 

band-edge bending. The change in the band gap energy is attributed to two reasons: First, the sp–207 

d exchange interactions between sp and d orbitals of host and dopant, respectively, lead to 208 

negative correction in the conduction band and positive correction in valence band, hence overall 209 

band narrowing is observed.29, 30 Secondly, the electronegativity of Cu is 1.9 as compared to ZnO 210 

which is 1.6, leading to a chemical affect in the host ZnO crystal which results in decrease in 211 

band gap. 212 

  

A B 

Figure 2.  (A) and (B) τ-Plot of ZnO, and Cu-ZnO NPs respectively 213 

3.2. FT-IR spectral studies 214 

            The FT-IR spectra of ZnO and Cu-ZnO NPs are represented in Fig 3. The peak observed 215 

at 3448 and 1132 cm-1 are attributed to O−H stretching vibration of H2O in the Cu−Zn−O lattice.   216 

The peak at 570 cm-1 is attributed to Zn−O 31, 32 whereas in the copper doped ZnO the 217 

corresponding peak is observed at 561 cm-1.33   218 



 

        219 

                                      Figure 3.FT-IR data of ZnO and Cu-ZnO NPs    220 

3.3. X-RAY diffraction (XRD) Analysis  221 

          The XRD pattern of ZnO, Cu-ZnO is depicted in Fig. (4 & 5) All the diffraction peaks can 222 

be assigned to the ZnO crystal phase with a hexagonal wurtzite structure (JCPDS-36-1451). The 223 

sharp and intensive diffraction peaks indicated that products were well crystallized. The average 224 

crystallite size was calculated from Debye-Scherrer formula.34 The average crystallite size of 225 

ZnO and Cu-ZnO are 30nm and 27nm respectively. From the XRD investigation, the crystal 226 

structure of ZnO and Cu-ZnO is wurtzite. The lattice constant for ZnO and Cu-ZnO are  227 

a = 3.247 A°, c = 5.203 A° and a = 3.249 A°, c = 5.204 A° respectively. The very slight shift in 228 

peak positions were observed with copper doping in ZnO indicating that all doped copper 229 

occupied the substitution sites. No secondary phases viz., Cu2O, CuO, or other metallic Cu or Zn 230 

phases were observed. It is noteworthy that no copper oxide related peak could be observed in 231 

the XRD spectra. One probable reason was that the concentration of doped Cu was so low that it 232 

cannot be detected by XRD. The other reason was that the radius of Cu-ion (0.073 nm) is similar 233 

to that of Zn-ions (0.074 nm) and the Cu-ions may be incorporated into the lattice of ZnO 234 

structure.35 Fig. 5 also shows that Cu-ions doping has almost no influence on the phase structure 235 

of ZnO. The intensity of XRD peaks of Cu-ZnO NPs was decreased in comparison to that of 236 

pure ZnO which indicates a decrease in crystallinity of ZnO with Cu doping. The decrease in 237 



 

crystallite size implies that doping with Cu restrains increase of grain size and refines the crystal 238 

size.  239 
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Figure 4. XRD pattern of ZnO NPs 241 
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                                         Figure 5. XRD pattern of Cu-ZnO NPs 243 

 244 



 

 245 

3.4. Scanning Electron Microscope (SEM) Analysis 246 

                 The morphology of ZnO, Cu-ZnO NPs were elucidated by SEM analysis. SEM 247 

micrographs of ZnO, and Cu-ZnO are depicted in Fig.6 (a-d). It was clearly observed that the 248 

particles were spherical in shape and well dispersed.  249 

  

                                      (A) (B) 

  

(C) (D) 

                       Figure 6 (A-D).  SEM images of ZnO and Cu-ZnO NPs 250 

The fine needle like structured crystals was observed in ZnO whereas in Cu-ZnO, rods and grain 251 

like structures were observed. The average grain size of all the samples is in the range of 40-60 252 

nm. Cu doping strongly influences the grain size and morphology of ZnO nanoparticles. The 253 

average particle size was found to decrease with the increase in Cu doping into the ZnO matrix. 254 



 

The decrease in the particle size was mostly ascribed to the formation of Cu–O–Zn on the 255 

surface of the doped nanoparticles, which prevents the growth of crystal grains and assists 256 

separation of particles.36 257 

3.5. Energy-dispersive X-ray analysis (EDAX) 258 

EDAX was carried out to analyze the chemical composition and formation of un-doped 259 

ZnO and Cu-ZnO NPs. EDAX was used to confirm the presence of cationic metal ion (Cu2+) 260 

dopant in ZnO.  Fig.7 shows the EDAX spectrum of ZnO (a) and Cu-ZnO (b). In addition, the 261 

EDAX spectra confirmed the presence of chemical constituents (Zn = 72.96% and O = 27.04% 262 

in un-doped ZnO NPs; Cu = 3.21%, Zn = 52.71% and O = 39.12% in Cu-ZnO NPs, it was also 263 

found that sample Cu-ZnO was composed only by Zn, Cu and O without any other impurities.  264 

The EDAX peak positions were consistent with ZnO, and the sharp peaks of EDAX indicated 265 

that the synthesized NPs had crystalline structures.37, 38 The strong intensity and narrow width of 266 

ZnO diffraction peaks indicate that the resultant products were highly crystalline in nature. These 267 

findings were in close agreement with previous reports39 but with slight difference due to 268 

variations in chemical composition. 269 

  

                               (A)                                   (B) 

Figure 7.  EDAX spectra of (A) ZnO and (B) Cu-ZnO NPs 270 

3.6. Antimicrobial activity 271 

Comparative analysis of the antimicrobial efficacy of ZnO and Cu- ZnO NPs was carried 272 

out using well diffusion method and the results are tabulated in Tables 1 and 2. The antibacterial 273 



 

activity of ZnO and Cu-ZnO NPs was studied against three bacterial strains such as 1B, 2B, 3B 274 

and three fungal strains 1F, 2F and 3F. The zone of inhibition (mm) was evaluated for three 275 

concentrations such as 50µl, 75 µl and 100 µl. In the case of 50µl, the zones of inhibition (mm) 276 

of 1B, 2B and 3B of ZnO and Cu-ZnO are 9 and 15 mm, 12 and 17 mm, 15 and 20 mm 277 

respectively. It was clearly indicated that the percentage enhancement of the activity for 1B was 278 

60% in the case of 50µl. But in the case of 2B and 3B were 70.5% and 75% respectively. From 279 

the above results the Cu-ZnO showed good inhibitory action against 3B. In the second case  280 

(75µl) the zones of inhibition against 1B for ZnO and Cu-ZnO were 10mm and 16mm 281 

respectively. But in the case of 2B the values were 13 mm and 18 mm. From the third case the 282 

values were 17mm and 21mm respectively. From the above results, the percentages of 283 

enhancement of 1B, 2B and 3B were 62.5%, 72.2% and 80.9% respectively.  284 

Table 1.  Antibacterial activity of Cu-ZnO NPs 285 

 286 

It was revealed that the zone of inhibition (%) was increased with concentration. The 287 

zone of inhibition (100 µl) of 1B, 2B and 3B for Cu-ZnO was 17, 19 and 22 mm respectively. 288 

From the experimental results, the percentage of enhancement of 1B, 2B and 3B were 64.7%, 289 

73.6% and 86.3% respectively. 290 

Similarly, the antifungal activity of ZnO and Cu-ZnO has been investigated 291 

systematically. Additionally, the zone of inhibition (mm) has been evaluated for three kinds of 292 

fungal species such as1F, 2F and 3F. In this connection, three concentrations such as 50 µl, 75 µl 293 

and 100 µl were taken for the analysis. The percentage of enhancement was also calculated. In 294 

case of 50 µl concentration the zone of inhibition for ZnO and Cu-ZnO are 13mm and 17 mm 295 

(1F); 12mm and 16mm (2F); 11mm and 15 mm (3F) respectively. From the results, the 296 

Name of the 

Sample 

Zone of inhibition in mm 

E.coli Pseudomonas aerugenousa Staphylococcus aeureus 

50 µl 75 µl 100 µl 50 µl 75 µl 100 µl 50 µl 75 µl 100 µl 

ZnO   12±0.5 13±0.8 14±0.2 11±0.4 12±0.9 13±0.7 10±0.8 12±0.1 13±0.6 

Cu-ZnO  16±0.9 17±0.4 18±0.1 16±0.4 17±0.1 17±0.9 15±0.3 16±0.5 17±0.2 

Standard 

Drug*  

18±0.2 20±0.45 22±0.3 17±0.8 19±0.2 21±0.5 16±0.9 18±0.8 20±1.2 



 

percentage of enhancement for 1F, 2F and 3F were 76.4 %; 7% and 73.3% respectively. In the 297 

second case (75 µl) the zone of inhibition of ZnO of 1F, 2F and 3F were 18, 17 and 16 mm 298 

respectively. However, the percentage of enhancement from ZnO to Cu-ZnO was 83.3% (1F), 299 

82.3% (2F) and 75% (3F) respectively. The results indicated that the percentage of enhancement 300 

was observed maximum for Cu-ZnO (100 µl concentration) against 1F. In all cases, the 301 

percentage of enhancement was increasing with concentration except 2F strain.  302 

Table 2.  Antifungal activity of Cu-ZnO NPs 303 

Name of the 

Sample 

Zone of inhibition in mm 

Aspergillus flavus Candida albicans Fusarium sp 

50 µl 75 µl 100 µl 50 µl 75 µl 100 µl 50 µl 75 µl 100 µl 

ZnO   13±0.1 15±0.4 17±0.56 12±0.3 14±0.2 15±1.0 12±0.8 14±1.0 17±0.1 

Cu-ZnO  17±0.4 18±0.7 20±1.0 16±0.8 17±0.9 19±1.0 17±0.1 18±0.3 19±0.9 

Standard 

Drug*  

20±0.6 22±0.3 24±0.4 19±0.6 21±0.3 23±0.1 20±0.2 22±0.05 24±0.3 

 304 

 The results revealed that both ZnO and Cu- ZnO NPs were effective antibacterial agents 305 

on gram-positive as well as on gram-negative bacteria. However, percentage reduction in 306 

bacterial growth was found to be significantly higher using Cu- ZnO NPs compared to that of the 307 

ZnO NPs. Thus, the antibacterial effect of ZnO and Cu-ZnO was more pronounced for gram-308 

positive bacteria as compared to gram-negative bacteria, which was in good agreement with the 309 

earlier studies.29, 40-42 This was explained on the basis of differences in (i) cell membrane 310 

structure, (ii) physiology and metabolic activities of the cell, and (iii) degree of contact of gram-311 

positive and gram-negative bacteria.43 The antibacterial activity of pure and iron-doped ZnO 312 

nanoparticles showed that they were more resistant to gram-negative bacteria than gram-positive 313 

bacteria. The results were in good agreement with our results. This might be attributed due to the 314 

presence of lipopolysaccharide (LPS) layer in gram-negative bacteria that protects the cell from a 315 

variety of toxic molecules and hence contributing to metal tolerance and sorption capacity of 316 

bacteria.44  317 

 318 

 319 



 

3.7. Antioxidant activity 320 

The antioxidant activity of Cu-ZnO NPs were evaluated in a series of in vitro assays 321 

involving DPPH radicals, ABTS cationic radicals, hydroxyl radicals, nitric oxide scavenging 322 

assay in a dose dependent manner. The antioxidant activities of the Cu-ZnO NPs along with the 323 

standard at various concentrations have been shown in Fig.8 respectively. The IC50 values of  324 

Cu-ZnO NPs in relevance to DPPH, ABTS+, OH−, NO assays were 76.29, 74.07, 205.96 and  325 

180.89 µg/ml respectively (Table 3). From the results, the minimum and maximum percentage of 326 

inhibition for Cu-ZnO NPs against DPPH radicals for the concentration of 20 µg/ml and 100 327 

µg/ml were 12.54 ± 0.28 and 59.45±0.16 respectively. ABTS+ scavenging assay was also carried 328 

out to evaluate the free radical scavenging activity of the synthesized Cu-ZnO NPs. The 329 

minimum and maximum percentages of inhibition for 20 µg/ml and100 µg/ml concentrations 330 

were 15.75 ±0.26 and 62.48±0.18 respectively. In the case of hydroxyl radicals scavenging 331 

assay, the free radical scavenging activity was investigated using various concentrations such as 332 

50µg/ml, 100 µg/ml, 150 µg/ml, 200 µg/ml and 250 µg/ml. The scavenging activity was 333 

increased with concentration as expected. The minimum and maximum percentage of inhibition 334 

at the concentrations of 50µg/ml and 250µg/ml were18.61±0.23 and 60.45±0.55 respectively. 335 

Nitric oxide scavenging assay was also carried out for evaluation of free radical scavenging 336 

activity of Cu-ZnO NPs. The minimum and maximum percentage of inhibition at the 337 

concentration 50µg/ml and 250µg/ml were10.15±0.61 and 68.36±0.94 respectively. The results 338 

indicated that the synthesized Cu-ZnO NPs exhibited appreciable antioxidant activity. The 339 

results were compared with the standard Vitamin E. The comparison clearly indicated that the 340 

Cu-ZnO NPs exhibited comparable activity with that of the standard. The results revealed that a 341 

concentration dependent activity was observed. 342 



 

Figure 8. (A) DPPH, (B) ABTS+, (C) OH, (D) NO radical scavenging activities of                                      343 

Cu-ZnO NPs and standard at various concentrations.  344 

 345 

 346 

 347 

 348 
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Table 3. IC50 values (in μg/ml) calculated from various radical scavenging assays of Cu-ZnO 349 

NPs and standard vitamin E 350 

Compound DPPH ABTS OH NO 

Cu-ZnO  76.29 74.07 205.96 180.89 

Vitamin E  63.32 63.14 147.88 158.13 

 351 

3.8. Anticancer activity 352 

 The in vitro cytotoxic activity of the compound was determined against human breast 353 

(MCF7), human cervical (HeLa) cancer and Vero cell lines using MTT assay. Figure 9 showed 354 

the cytotoxicity of the ZnO NPs after 48 h incubation on MCF7, HeLa and Vero cell lines 355 

respectively. The results were analyzed by means of cell inhibition expressed as IC50 values.  356 

Cu-ZnO NPs showed only moderate activity with IC50 value of 219.56 and 137.27 µg/ml against 357 

MCF7 and HeLa cell lines respectively. Fortunately, Cu-ZnO NPs are less toxic towards the 358 

normal cell line which was evident from its high IC50 value (> 300 µg/ml). This showed that our 359 

Cu-ZnO NPs are particularly toxic towards cancer cell lines.  360 

 361 

 362 

 363 

      Figure 9. Cytotoxicity of Cu-ZnO NPs in MCF7, HeLa and Vero cell lines 364 



 

4. Conclusions 365 

In the present work, we have accomplished the synthesis of ZnO and Cu-ZnO nanoparticles. The 366 

antibacterial and antioxidant activity of the synthesized ZnO and Cu-ZnO NPs were investigated. 367 

The anticancer activity of Cu-ZnO NPs was also evaluated. Cu-ZnO NPs showed superior 368 

antibacterial action against grampositive as well as gram-negative bacteria. In addition, doped 369 

ZnO NPs had shown appreciable antioxidant activity against DPPH, ABTS+, OH- and NO 370 

assays. The UV–Visible results revealed that band gap undergoes a red-shift in doped ZnO 371 

nanorods as compared to pure ZnO. We infer that strong bonding of Cu in the host lattice of ZnO 372 

was responsible for the significant reduction of ZnO nanoparticle dissolution. Cu-ZnO NPs 373 

exhibited moderate anticancer activity against the tested cell lines. One of the important findings 374 

of this study was that Cu-doping unaltered the benign nature of ZnO nanoparticles towards the 375 

normal (Vero) cells. Overall, our data suggested a novel approach through which the inherent 376 

selective cytotoxicity of ZnO NPs against human breast cancer cells (MCF7) and human cervical 377 

carcinoma (HeLa) can be improved by doping of Cu2+ ion. Further research on anticancer 378 

activity of Cu-ZnO NPs in different types of cancer cells is warranted. 379 
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