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This study was designed to evaluate the cytotoxic effect of copper 

nanoparticles in murine adenocarcinoma cells (AMN-3). The exposure 

period of cell line was performed at 24 hr in a microtitration plate under 

complete sterile conditions. Different concentrations were used started 

from 0.39 μgmL
-1

to 50 μgmL
-1

 in three independent experiments. First, 

the cells were stained by MTT and the absorbance were measured using 

Elisa reader at 492 nm. The treatment with nanoparticles showed a 

significant inhibition (P< 0.05) on cells and the effect was 

concentration dependent, the highest inhibition was 88% at 50 μgmL
-1

, 

while was 15% at 0.39 μgmL
-1

 and the inhibitory concentration 50 was 

1.5 μgmL
-1

. The cell death was evaluated in cell line after a treatment 

with CUNPs through two types of assessments, which were 

mitochondrial membrane potential assay and acridine orange- ethidium 

bromide dual staining assays. Results revealed that the tested 

substances showed a potent inhibitory cytotoxic effect against the 

proliferation of AMN-3 cells through apoptosis. 
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Introduction:- 
Nanotechnology and nanobiotechnology are now almost an equal term in the sense of utilizing nanomaterial 

synthesized by physical or chemical procedures in biological applications. Inorganic nanoparticles demonstrate 

substances that possess suitable characteristics to apply them in many biological applications [1]. 

 

When materials are engineered to nanosize (100 nanometers or less), they acquire unique physical and chemical 

properties. Hence these materials are increasingly being used in the commercial manufacture of fillers, opcifiers, 

catalysts, semiconductors, cosmetics, microelectronics, and drug carriers [2]. Just as the nanoscale fabrication has 

enabled several commercial applications; it can also lead to potential risks [3]. 

 

The many industrial uses as well as the direct contact of the nanoparticles to human skin increase the chances of 

nanoparticles entering the body easily through respiratory, gastrointestinal and dermal passages [4]. 
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Copper nanoparticles are now being widely manufactured and are available commercially to be used in applications 

such as facial spray, lubricants, anti-oxidants and anode materials for chlithium ion batteries [5]. In the biological 

system, copper is an essential trace mineral critical for energy production in the cells. Copper is required for the 

formation of cupro proteins, like ceruloplasmin and for the activity of enzymes such as lisyl oxidase, cytochromec 

oxidase, superoxide dismutase, and tyrosinase [6]. The brain contains high levels of copper where it stimulates 

production of the neurotransmitter's epinephrine and norepinephrine. In the human body, copper is maintained in 

homeostasis [7] since it becomes toxic when it is in excess and not properly bound. Under toxic conditions, its redox 

reactivity can lead to the formation of reactive oxygen species (ROS) such as, superoxide anion, hydrogen peroxide, 

and hydroxyl radical. Accumulation of ROS leads to cell damage through oxidative modifications of proteins, lipids, 

and nucleic acids, adversely affecting their structures and functions [8]. In addition, copper can be toxic by directly 

binding to free thiols of cysteines and sulfhydryl groups in proteins, resulting in enzyme inactivation or 

alteredprotein conformation [9]. 

 

Many reports are available on the biogenesis of cupper nanoparticles using several plant extracts, particularly 

Magnolia kobus leaf extract [10], HibicusRosasinensis [11] ,Ocimumsantanum leaf extract [12] , and  

Syzygiumaromaticum [13]. However, potential of the plants as biological materials for the synthesis of 

nanoparticles is still under utilization.  

 

Olive (Olea europaea) tree leaves contain many potentially bioactive compounds that may haveantioxidant [14], 

antihypertensive [15], antiatherogenic [14], antirheumatic [16], and anti-inflammatory properties [17]. The primary 

medical constituents contained in olive leaf is believed that antioxidants such as oleuropein and hydroxytyrosol, as 

well as other flavonoids, which are the most common group of polyphenolics in the human diet. The antioxidant 

potentials of olive leaves are protect the body from the continuous activity of free radicals [18]. Here in, we report 

for the first time synthesis of copper nanoparticles (CUNPs) using an aqueous extract of O. europaea as a reducing 

agent. The anti-proliferative potentials of murine mammary adenocarcinoma (AMN-3) cell line was evaluated. 

 

Materials and Methods:- 
Synthesis and characterization of copper nanoparticles 

The preparation of plant extract, synthesis and characterization of copper nanoparticles were performed according to 

previously method described by Sulaiman and his co workers [19]  

 

Cancer cell line 
The murine mammary adenocarcinoma (AMN-3) cell line was used in this study was provided by the Iraqi Center 

for Cancer and Medical Genetic Research (ICCMGR), Mustansiriyah University, Baghdad, Iraq. This rest of the cell 

line (AMN-3) was maintained in RPMI-1064 medium with 10% fetal calf serum and supplemented with 2 mM 

glutamine, 100 mL
–1

 penicillin, and 100 mL
–1

 streptomycin (SDI, Iraq). Cell was cultivated and ex-posed to copper 

nanoparticles in a humidified atmosphere of 95 % air and 5 % CO2 at 37 °C. 

 

MTT assay 

Cell viability was determined with Cell Viability QMTT Assay kit (US Biological, USA). Ten concentrations of 

copper nanoparticles were used in this study; they were 0.39, 0.7, 1.5, 3.1, 6.3, 12.5, 25, 50, 100 and 200 µg mL
-1

. 

Suitable growth media free of copper nanoparticles was used in untreated control cells treatments. The treated cells 

were incubated fro 24 hr at 37°C [20].  

 

Mitochondrial membrane potential assay 

Mitochondrial potential disruption was assayed using the procedure of Ali et.al, [21] on adherent cells with minor 

modifications using Apoptosis Detection Mitochondria Bioassay Kit (US Biological, USA). Cells imaged with CCD 

camera (Micros, Switzerland) under fluorescence microscope (Micros, Switzerland) and images for treated to 1.5 

µg/ml Cu nanoparticles and control untreated cells analyzed suing ImageJ® analyzing software (NIH, USA).  

 

Acridine orange and ethidium bromide (AO/Eth) assay 

In order to confirm the event of apoptosis, the treated and control cellswas stained with fluorescent dyes to 

determine the cells morphology andnucleus shape. Cells were grown in 96-microwell plate until monolayer was 

achieved. Cells was exposed to 1.5 μgmL
-1

CUNPs in serum free media for 16 hr and incubated at 37 °C with 5% 

CO After the time of incubation was over media was discarded and cells was washed with PBS, AO/Eth stain 

mixture (μgmL
-1

, 10 µl) was added over the cells and cover slip was laid. Cells were observed under fluorescent 
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microscope (Olympus, Japan) at 200× magnification. Microscopic fields were photographed with digital camera 

(Lumenira corporation, Austria) [22]. 

 

Statistical Analysis 

The grouped data were statistically performed using ANOVA with SPSS program (SPSS/14.0; SPSS Inc., Chicago, 

IL, USA). Values were presented as the mean ± S.D. of the three replicates of each experiment [23]. 

 

Results and Discussion:- 
The characterization results were introduced in details at the published study of Sulaiman and his co workers [19]. 

For AMN-3 cell line, the results illustrated that treatment with Cu nanoparticlesinhibited the growthcells 

significantly (P ≤ 0.05) as compared to those of control cultures and the reduction was concentration dependent. The 

highest inhibition (88%) was found at concentration of 50 μgmL
-1

 of CUNPs, while at 0.39 μgmL
-1

 concentration 

15% cells were dead and the inhibitory concentration value (IC50) was1.5 μgmL
-1

(Figure 1). 

 

To investigate if the apoptosis induced in treated cells to CUNPs nanoparticles and in order to explore the 

mechanism of this induction, mitochondrial membrane potential disruption was determined. Results indicated that 

apoptosis take place in the AMN-3 treated cells just after 4hrs of incubation time through distraction of 

mitochondrial membrane (Figure 2). The intensity of green color fluoresces was much higher in treated cells after 

this time of incubation with AMN-3 compared to control untreated cells. As indicated using ImageJ ® software 

AMN-3 cell line treated with IC50 1.5 μgmL
-1

concentration revealed loss in mitochondrial membrane integrity and 

apoptotic induction with green nuclei when compared with red nuclei control. The cells with green stain of their 

nucleus indicating the early stage of apoptosis and this effect were associated with low cell viability. The results of 

present study suggest that CUNPs may induce apoptosis through the changes in the mitochondrial mediated 

apoptosis pathway. Thus, the induction of cancer cell apoptosis is a crucial mechanism for an anti-cancer compound 

[24] 

 

The visualization of AMN-3 cells damage as a result of its exposure to Cu nanoparticles was carried out using 

fluorescent stains mixture of acridine orange and ethidium bromide. The cells suffered from aggressive membrane 

disintegration when exposed to IC50 1.5 μgmL
-1

of copper nanoparticle for 16hr (Figure 3). Acridine Orange, can 

pass through viable cell membranes stains the DNA of live cells and emits green fluorescence if interrelated into 

double stranded nucleic acid (DNA) or red fluorescence if bound to single stranded nucleic acid (RNA). Ethidium 

Bromide, on the other hand is excluded from the cells having intact plasma membrane and stains the DNA of dead 

cells itis taken up only by nonviable cells and emits orange fluorescence by intercalation into DNA [25]. Thus the 

morphological changes observed that reveal Cu nanoparticle induces only cell death through apoptosis rather than 

through necrosis. However, similar findings were also reported by Subarkhan et al., and Shafagh al., [26, 27] who 

observed that the copper nanoparticles can induce apoptotic cell death in MCF-7 and K562 cancer cells, 

respectively. 
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Figure 1:- Growth inhibition of AMN-3 cell line: The cells were seeded in 96 well plates (10.000 cells well 

-1
) and 

different concentrations (0.39, 0.78, 1.5, 3.1, 6.3, 12, 25 and 50 g mL
-1

) of CUNPs were added and then performed 

using MTT assay after 24 h of treatment. The values were the M ± S.D from three independent experiments 

expressed as percent with control. IC50 value of CuNPs was 1.5 g mL
-1

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2:- Fluorescence intensity of red and green color as detected under fluorescent microscope, (left lane) 

untreated AMNO-3 cells, (right lane) AMN-3 cells incubated with 1.5 μgmL
-1

of copper nanoparticles for 4 hrs, 

Images analyzed with ImageJ® software. 
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Figurer 3:- AMN-3 cell line incubated for 16 hr without copper nanoparticles (left lane) or with 1.5 μgmL

-1
of 

copper nanoparticles synthesized by leaf extract of Olea europaea(right lane). 

 

References:- 
1. Salata, O. V. (2004). Applications of nanoparticles in biology and medicine. Journal of Nanobiotechnol. 

2(3).1477-1482. 

2. Curtis, J., Greenberg, M., Kester, J., Phillips, S., & Krieger, G. (2006). Nanotechnology and 

nanotoxicology. Toxicological reviews, 25(4), 245-260. 

3. Nel, A., Xia, T., Mädler, L., & Li, N. (2006). Toxic potential of materials at the nanolevel. science, 311(5761), 

 .622-627

4. Hoet, P. H., Brüske-Hohlfeld, I., &Salata, O. V. (2004). Nanoparticles–known and unknown health risks. J. 

nanobiotechnol., 2(1), 12. 

5. Liu, G., Li, X., Qin, B., Xing, D., Guo, Y., & Fan, R. (2004). Investigation of the mending effect and mechanism 

of copper nano-particles on a tribologically stressed surface. Tribol Letters, 17(4), 961-966. 

6. Nalbandyan, R.M. ( 1983).  Copper in brain.  Neurochem Res.  8, 1211–1232. 

7. Bertinato, J., & LAbbe, M. R. (2004). Maintaining copper homeostasis: regulation of copper-trafficking proteins 

in response to copper deficiency or overload. J. nutria. Biochem., 15(6), 316-322. 

8. Halliwell, B., &Gutteridge, J. M. (1990). Role of free radicals and catalytic metal ions in human disease: An 

overview. Methods enzymol., 186, 1-85. 

9.Jeon K.J, Jeong J.V, Jue D.M. (2000).Thiol reactive metal compounds inhibit NFkB by blocking IkB kinase. J. 

Immunol. 164,5981–5989. 

10.Lee, H.-J., Song, J. Y. and Kim, B. S. (2013), Biological synthesis of copper nanoparticles using Magnolia 

kobus leaf extract and their antibacterial activity. J. Chem. Technol. Biotechnol., 88: 1971–1977. 

11.Subbaiya, R., Masilamani Selvam, M. (2015). Green synthesis of copper nanoparticles from 

HibicusRosasinensis and their antimicrobial, antioxidant activities. RJPBCS, 6 (2), 1183-1190. 

12. Kulkarni, V. D. and Kulkarni P. S. (2013). Green synthesis of copper nanoparticles using Ocimum Sanctum leaf 

extract, Internat. J. Chem. Stu., 1 (3), 1-4.  

13.Subhankari, I.  and Nayak, P.L. (2013). Synthesis of copper nanoparticles using Syzygiumaromaticum (Cloves) 

aqueous extract by using green chemistry, World J. Nano Sci. Technol., 2(1): 14-17 

14. El Sedef, N. andKarakaya, S. (2009). Olive tree (Olea europaea) leaves: potential beneficial effects on human 

health. Nutr. Rev., 67(11), 632-638. 

15. Khayyal, M. T., El-Ghazaly, M. A., Abdallah, D. M., Nassar, N. N., Okpanyi, S. N. andKreuter, M. H. (2002). 

Blood pressure lowering effect of an Olive leaf extract (Olea europae) in L-NAME induced hypertension in 

rats. Arzneimittelforschung, 52(11), 797-802. 

16.Yaqoobb, P. (2002). Nutritional and health aspects of olive oil. Eur. J. Lipid Sci. Technol., 104, 685-697. 

17. Visioli, F., Bellosta, S. and Galli, C. (1998). Oleuropein, the bitter principle of olives, enhances nitric oxide 

production by mouse macrophages.Life Sci., 62(6), 541-546. 



ISSN: 2320-5407                                                                              Int. J. Adv. Res. 9(03), 476-481 

481 

 

18.Armutcu, F., Akyol, S., Hasgul, R. andYigitoglu, M. R. (2011). Biological effects and the medical usage of 

Olive leaves. Spatula DD., 1(3), 159-165. 

19. Sulaiman, G. M., Tawfeeq, A. T., &Jaaffer, M. D. (2018). Biogenic synthesis of copper oxide nanoparticles 

using olea europaea leaf extract and evaluation of their toxicity activities: An in vivo and in vitro 

study. Biotechnology progress, 34(1), 218-230. 

20. Sulaiman,G. M., Al-Amiery, A. A., &Bagnati, R. (2014). Theoretical, antioxidant and cytotoxic activities of 

caffeic acid phenethyl ester and chrysin. International journal of food sciences and nutrition, 65(1), 101-105. 

21. Ali,S. H., Sulaiman, G. M., Al-Halbosiy, M. M., Jabir, M. S., & Hameed, A. H. (2019). Fabrication of 

hesperidin nanoparticles loaded by poly lactic co-Glycolic acid for improved therapeutic efficiency and 

cytotoxicity. Artificial cells, nanomedicine, and biotechnology, 47(1), 378-394.  

22. Al-Dulimi,A. G., Al-Saffar, A. Z., Sulaiman, G. M., Khalil, K. A., Khashan, K. S., Al-Shmgani, H. S., & 

Ahmed, E. M. (2020). Immobilization of l-asparaginase on gold nanoparticles for novel drug delivery approach as 

anti-cancer agent against human breast carcinoma cells. Journal of Materials Research and Technology, 9(6), 15394-

15411. 

23. Alwan,N. M. Hashim, A. J. and Sulaiman, G.M.  (2020). Immobilization of laccase on titanium oxide 

nanoparticles from crude enzyme extracts of Pleurotusostreatus culture for anticancer activity. Biochemical and 

Cellular Archives 20(1):563-572 

24.Nagajyothi, P. C., Muthuraman, P., Sreekanth, T. V. M., Kim, D. H. and Shim, J. (2016). Green synthesis: In-

vitro anticancer activity of copper oxide nanoparticles against human cervical carcinoma cells. Arabian J. Chem., 1-

11.  

25. Baskic, D., Popovic, S., Ristic, P. andArsenijevic, N. N. (2006). Analysis of cycloheximide-induced apoptosis in 

human leukocytes: fluorescence microscopy using annexin V/propidium iodide versus acridin orange/ethidium 

bromide. J.Cell Biol. Int., 30(11), 924-932. 

26. SubarkhanMM, Prabhu RN, Kumar RR, Ramesh R.(2016). Antiproliferative activity of cationic and neutral 

thiosemicarbazone copper (ii) complexes. RSC Adv. 2016; 6: 25082-25093. 

27.Shafagh, M., Rahmani, F. andDelirezh, N. (2015). CuO nanoparticles induce cytotoxicity and apoptosis in 

human K562 cancer cell line via mitochondrial pathway, through reactive oxygen species and P53. Iranian J. Basic 

Med. Sci., 18(10), 993-1000.  


