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Copper (ll) oxide nanoparticle (CuO-NP) is extensively used in a wide variety
of industrial and biomedical applications. Reduced size of Copper oxide (CuO)
particles from micron to nanoscale caused superior physical characteristics on
one side while making them cytotoxic on another side. Therefore there is an
urgent need to examine the cytotoxicity of CuO NP. The present study evaluated
the toxic effects of CuO-NPs exposure on peripheral blood cells (PBMCs).
PBMCs were exposed to different concentrations of CuO-NPs (0, 1, 10, 50, 100,
200 pg/ml), and cytotoxicity was investigated using MTT assay for cell viability,
LDH Assay for cell membrane damage and Acridine orange/propidium iodide
staining for cell apoptosis. The results of this study indicated that CuO-NPs
exert concentration-dependent toxicity on peripheral blood cells. While low
concentration of CuO-NPs (1 u g / ml) did not affected cells viability, higher
concentrations (>10ug / ml) reduced cell viability (up to %27.01 for 200 ug /
ml). Moreover, LDH leakage at >1ug / ml showed a cell's membrane damage
and also cell apoptosis was observed. In conclusion, the results of this study

showed the concentration-dependent toxicity of CuO-NPs on PBMCs.
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INTRODUCTION

Nanoparticles refer to a group of particles that
have a size between 1 and 100 nanometers and are
used in a wide variety of fields because of their
unique physicochemical properties [1-3]. Metal-
based nanoparticles, including metal oxides, are
among the most widely used nanomaterials [4,
5], One of the most common members of these
materials is Copper (II) oxide nanoparticle (CuO
NP), which is broadly used in various industrial
and commercial applications including; catalysts,
photovoltaic cells, gas sensors, agrochemicals,
paints, and antimicrobial products, due to their
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superior physicochemical, electrochemical, photo-
voltaic and photoconductive properties [6, 7]. The
fast pace of using CuO-NPs and consequently
releasing of these NPs into the environment
raised concerns from the public and government
globally about the toxicological effects of these
NPs, and studies on the health effects of these
nanoparticles have gained a great deal of attention.
Two important routes of exposure to CuO-NP are
inhalation and skin exposure [8, 9]. Several studies
have shown that a part of CuO-NPs cytotoxicity
is resulting from the release of copper ions [10,
11]. Rapid dissolution of CuO-NPs and the role of
copper ions in toxicity is a major concern to assess
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NP-mediated toxicity [12, 13].

During the last decades, numerous evidence
indicating the cytotoxicity of CuO-NPs on several
cell models [14, 15] and showed that these NPs
cause oxidative stress, DNA damage and cell
death [10, 16], moreover toxicological studies on
animal models showed the association of CuO-
NPs exposure with inflammation and liver damage
[17]. A limited number of studies have assessed
the cytotoxicity of CuO-NPs on the immune
system [18], But no study has been done on the
effects of CuO-NPs on peripheral blood cells
(PBMCs). PBMCs derived from hematopoietic
stem cells (HSCs) and are critical components of
the innate and adaptive immune system therefore
their dysfunction has a grave impact on the entire
immune system [19]. We herein performed the
present study to investigate the toxicity of CuO-
NPs on PBMCs.

MATERIALS AND METHODS
Material

Copper oxide nanoparticles were purchased
from US Nano, as a powder with a particle size
of 25-50 nm, with a purity of 99.95% and nearly
spherical morphology. All other used materials and
their companies are as follow; RPMI1640 (biosera),
Fetal Bovine Serum (Gibco BRL), NaCl (merck),
NaOH (merck), penicillin/streptomycin solution
100X, PBS tablet, MTT (3-(4, 5-dimethylthiazol-
2-thiazol-2-tl)-2, 5-diphenyl tetrazolium
bromide) (Sigma), dimethyl sulfoxide (DMSO),
phytohemagglutinin (Gibco), Trypan Blue in 0/9%
NaCl solution 0/4% (wt/vol) (Gibco), ), dimethyl
sulfoxide (DMSO), Lactate dehydrogenase kit
(sigma), Acridine orange (sigma), Ethidium
Bromide (sigma).

MTT Assay

Isolation of peripheral blood mononuclear cell
was done using Ficoll-Hypaque according to the
standard method. MTT test was used to evaluate
the cytotoxicity of CuO-NPs. 1x10* cells per well
seeded in 96-well plate, then exposed to different
concentrations of CuO-NPs (0, 1, 10, 50, 100, 200 pg
/ ml) for 24 hours. The control group received only
a culture medium with a solvent. After 24 hours,
the culture medium containing nanoparticles
was removed with one wash. Then 20 pl of MTT
solution (5 mg/ml) was added and incubated for 4
hours and then 200 pl of DMSO was added. After
10-20 minutes, the optical density was measured by
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a spectrophotometer plate reader.

LDH Assay

The permeation of LDH in PBMCs was
evaluated by using an LDH test. PBMCs was seeded
into the 96-well plates then exposed to different
concentration of CuO-NPs (0, 1, 10, 20, 50, 100,
200 ugmL-1) for 24h. Finally, 50 pl cell medium was
used for LDH leakage analysis, and the absorption
was measured by ELISA reader (at 490 nm).

Apoptosis Assay

Apoptosis induced by CuO-NPs in PBMCs
was investigated using a fluorescence microscope
after dyeing PBMCs by two DNA binding stain;
ethidium bromide and Acridine orange. The cells
were exposed to IC50 concentrations of CuO-NPs
(47.5 pg/ml) for 24 h. The cells was fixed with
formaldehyde. Then stained with two dyes AO (100
pg/mL) and EB (100 pg/mL) at room temperature
for 20 minutes. DNA fragmentations of PBMCs
was observed by a fluorescence microscope.

Statistical analysis

Statistical review of results was done with one-
way ANOVA, also the statistical differences were
considered significant at the level of P<0.05.

RESULTS AND DISCUSSION
High concentrations of CuO-NPs reduced cell
survival

To evaluate the effect of CuO-NPs on PBMCs
viability, cell cultures were exposed to CuO-NPs
for about 24 hr, results of MTT assay showed
a significant reduction in cell survival (Fig. 1).
Looking more closely at Fig. 1, CuO-NPs with a
concentration of 1 p g/ ml did not cause significant
cytotoxicity. However, higher concentrations of
CuO-NPs led to increased cytotoxicity. Intriguingly,
the survival rate of PBMCs after treatment with
CuO-NPs was reduced in a dose-dependent
manner; moreover, adverse effects of Co-NPs on
PBMC:s started at a concentration of 10pg / ml (P<
0.05). And by increasing the concentration up to the
level of 200 pg / ml, the cell viability was reduced
by %27.01(p <0.001) (Fig. 1). In agreement with our
results, several lines of evidence have indicated the
cytotoxic potential of CO-NPs on different cell lines.
For instance; CuO-NPs caused a decrease in HepG2
cells’ viability [20], human lung epithelial cells (A549)
[21], human HEp-2 airway epithelial cells [22], and
human cardiac micro-vascular endothelial cells [23].
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Fig. 1. Evaluation of cytotoxicity of CuO-NPs using MTT method. Different concentrations of CuO-NPs (0, 1, 10, 50, 100, 200 pg/mL).
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Fig. 2. Evaluation of the effect of CuO-NPs on release of LDH in cell culture medium.

Karlsson et al, compared the toxicity of different
nanoparticles including; CuO, Fe,0,, Fe,O,, TiO,, on
human A549 lung epithelial cells, and identified CO-
NPs as the most toxic nanoparticles, which caused
DNA damage [24]. Furthermore, dose-dependent
cytotoxicity of CuO NPs has been reported
previously on different cell lines; Assadian et al,
reported cytotoxicity in a concentration-dependent
manner on blood lymphocytes [25]. Jing et al, also
observed the cytotoxicity effects of CuO NPs on lung
epithelial cells through a concentration-dependent
manner [26]. The exact mechanism of CuO-NP
toxicity is not yet known, however, the main accept
mechanism is due to the release of copper ions,
lysosomal dysfunction and subsequently induced
severe oxidative stress [10, 11].

CuO-NPs caused cell membrane damage
To assess the impact of CuO-NPs on cell
membrane LDH leakage assay was employed. The
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release of LDH, a cytoplasmic enzyme, is resulted
in damage to the cell membrane [27]. Exposure
of PBMCs to CuO-NPs (1-200 mg/ml) for 24h
caused a notable (P <0.01) increase in LDH release
into the media. The release of the cytoplasmic
LDH enzyme started at a concentration of 1 pg /
ml (P <0.05) and this release increased in a dose-
dependent manner (Fig. 2). The outcome of the
present study showed that CuO-NPs caused cell
death and membrane damage and consequently
led to LDH leakage (Fig. 2). In agreement with
our results, recently Narsimha et al, Showed that
exposure of human embryonic kidney cells to
CuO-NPs not only increased cytotoxicity in a
concentration-dependent manner but also caused
increasing LDH levels and cell membrane damage
[28]. Furthermore, an investigation of CuO-NPs
toxicity on human lung epithelial cells showed cell
death and DNA damage by affecting cell membrane
integrity [29].
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Fig. 3. The effect of CuO-NPs on PBMCs determined by Acridine orange/ethidium bromide assay. A) Control group, B) 47.5 pg/mL
CuO-NPs group.

CuO-NPs induced apoptosis in cells

Apoptosis is induced by cytotoxic agents
through death signaling pathways in vulnerable
cells [30]. To ensure the induction of apoptotic
death by CuO-NPs, we used Acridine orange/
ethidium bromide staining to determine the type
of induced death. Treatment of PBMCs with
CuO-NPs (the concentration at which the cells
were treated for 24 h was the same as the IC50
concentration determined by the MTT assay, 47.5
n g/ ml). As shown in Fig. 3, exposure to CuO-NPs
with a concentration of 47.5 pg / ml for 24 hours,
lead to condensation of the nucleus of these cells
and thus the visibility of these cells (characteristic
of apoptotic cells). As it’s depicted in Fig. (3-A), the
control cells are shown in green, while the apoptotic
cells are orange Fig. (3-B). This test confirms the
cytotoxicity effect of CuO-NPs on PBMCs. In
line with our result, Shafagh et al, observed that
CuO-NPs induced apoptosis in chronic myeloid
leukemia (CML) K562 cell line, in addition, they
reported up regulation of P53 and elevated Bax/
Bcl-2 ratio, therefore suggested a key role for
mitochondria-mediated pathway in cell apoptosis
caused by CuO-NPs [31]. Furthermore, Kukia et
al showed that CuO-NPs caused apoptosis in glial
cancer (B92) cell line, even a low concentration
(5ug/ml) of CuO-NPs caused significant cell
apoptosis (32%) [32].

CONCLUSION

The results of this study showed the toxicity of
CuO-NPs on PBMCs, which reduced cell viability,
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enhanced cell membrane disruption and apoptosis;
moreover, a dose dependent cytotoxicity of CuO-
NPs on PBMCs was observed. While our findings
showed the toxicity of CuO-NPs on PBMCs,
further studies are needed to reveal the mechanisms
underlying the immune toxicity of CuO-NPs.

FUNDING
This research was supported by the Tehran
University of Medical Sciences.

DISCLOSURE STATEMENT
None.

REFERENCES

1. Al-Hakkani ME Biogenic copper nanoparticles and their
applications: A review. SN Applied Sciences. 2020;2(3).

2. Abyadeh M, Zarchi AAK, Faramarzi MA, Amani A.
Evaluation of factors affecting size and size distribution of
chitosan-electrosprayed nanoparticles. Avicenna journal of
medical biotechnology, 2017;9 (3):126.

3. Abyadeh M, Aghajani M, Gohari Mahmoudabad A, Amani
A. Preparation and Optimization of Chitosan/pDNA
Nanoparticles Using Electrospray. Proceedings of the
National Academy of Sciences, India Section B: Biological
Sciences. 2018;89(3):931-7.

4. Sanchez-Lopez E, Gomes D, Esteruelas G, Bonilla L, Lopez-
Machado AL, Galindo R, Cano A, Espina M, Ettcheto M,
Camins A. Metal-based nanoparticles as antimicrobial
agents: an overview. Nanomaterials, 202010 (2):292.

5. Chavali MS, Nikolova MP. Metal oxide nanoparticles and
their applications in nanotechnology. SN Applied Sciences.
2019;1(6).

6. Dorner L, Cancellieri C, Rheingans B, Walter M, Kégi R,
Schmutz P, et al. Cost-effective sol-gel synthesis of porous
CuO nanoparticle aggregates with tunable specific surface
area. Scientific Reports. 2019;9(1).

Nanomed Res J 5(4): 364-368, Autumn 2020
[T -


http://dx.doi.org/10.1007/s42452-020-2279-1
http://dx.doi.org/10.1007/s42452-020-2279-1
http://dx.doi.org/10.1007/s40011-018-1009-6
http://dx.doi.org/10.1007/s40011-018-1009-6
http://dx.doi.org/10.1007/s40011-018-1009-6
http://dx.doi.org/10.1007/s40011-018-1009-6
http://dx.doi.org/10.1007/s40011-018-1009-6
http://dx.doi.org/10.1007/s42452-019-0592-3
http://dx.doi.org/10.1007/s42452-019-0592-3
http://dx.doi.org/10.1007/s42452-019-0592-3
http://dx.doi.org/10.1038/s41598-019-48020-8
http://dx.doi.org/10.1038/s41598-019-48020-8
http://dx.doi.org/10.1038/s41598-019-48020-8
http://dx.doi.org/10.1038/s41598-019-48020-8

M. Zivari Fard / The Investigation of the Cytotoxicity of Copper Oxide Nanoparticles

7. Kharaziha M, Ahmadi S. Green synthesis and morphology

dependent antibacterial activity of copper oxide nanop-
articles. Journal of Nanostructures, 2019;9 (1):163-171.
Anreddy RNR. Copper oxide nanoparticles induces
oxidative stress and liver toxicity in rats following oral
exposure. Toxicology Reports. 2018;5:903-4.

9. Ameh T, Sayes CM. The potential exposure and hazards

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

of copper nanoparticles: A review. Environmental
Toxicology and Pharmacology. 2019;71:103220.
Zhang J, Zou Z, Wang B, Xu G, Wu Q, Zhang Y, et al.
Lysosomal deposition of copper oxide nanoparticles
triggers HUVEC cells death. Biomaterials. 2018;161:228-
39.
Joshi A, Naatz H, Faber K, Pokhrel S, Dringen R. Iron-
Doping of Copper Oxide Nanoparticles Lowers Their
Toxic Potential on C6 Glioma Cells. Neurochemical
Research. 2020;45(4):809-24.
Jeong J, Kim S-H, Lee S, Lee D-K, Han Y, Jeon S, et al.
Differential Contribution of Constituent Metal Ions to
the Cytotoxic Effects of Fast-Dissolving Metal-Oxide
Nanoparticles. Frontiers in Pharmacology. 2018;9.
Libalova H, Costa PM, Olsson M, Farcal L, Ortelli S,
Blosi M, et al. Toxicity of surface-modified copper oxide
nanoparticles in a mouse macrophage cell line: Interplay
of particles, surface coating and particle dissolution.
Chemosphere. 2018;196:482-93.
Chavez Soria NG, Aga DS, Atilla-Gokcumen GE.
Lipidomics reveals insights on the biological effects of
copper oxide nanoparticles in a human colon carcinoma
cell line. Molecular Omics. 2019;15(1):30-8.

Henson TE, Navratilova J, Tennant AH, Bradham KD,
Rogers KR, Hughes ME In vitro intestinal toxicity of
copper oxide nanoparticles in rat and human cell models.
Nanotoxicology. 2019;13(6):795-811.
Mahjouri S, Movafeghi A, Divband
M. Toxicity impacts of chemically
synthesized CuO nanoparticles on cell suspension
cultures of Nicotiana tabacum. Plant Cell, Tissue and
Organ Culture (PCTOC). 2018;135(2):223-34.
Maciel-Magalhdes M, Medeiros R], Bravin JS, Patricio
BFC, Rocha HVA, Paes-de-Almeida EC, et al. Evaluation
of acute toxicity and copper accumulation in organs of
Wistar rats, 14 days after oral exposure to copper oxide
(II) nano- and microparticles. Journal of Nanoparticle
Research. 2019;22(1).

Hejazy M, Koohi MK, Bassiri Mohamad Pour A, Najafi D.
Toxicity of manufactured copper nanoparticles-A review.
Nanomedicine Research Journal, 2018;3 (1):1-9.

Acosta Davila JA, Hernandez De Los Rios A. An Overview
of Peripheral Blood Mononuclear Cells as a Model for
Immunological Research of Toxoplasma gondii and
Other Apicomplexan Parasites. Frontiers in Cellular and
Infection Microbiology. 2019;9.

Siddiqui MA, Alhadlaq HA, Ahmad ], Al-Khedhairy AA,

B, Kosari-Nasab
and biologically

Nanomed Res J 5(4): 364-368, Autumn 2020
[

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Musarrat ], Ahamed M. Copper Oxide Nanoparticles
Induced Mitochondria Mediated Apoptosis in Human
Hepatocarcinoma Cells. PLoS ONE. 2013;8(8):e69534.
Wasowicz W, Neéve ], Peretz A. Optimized steps in
fluorometric determination of thiobarbituric acid-reactive
substances in serum: importance of extraction pH and
influence of sample preservation and storage. Clinical
Chemistry. 1993;39(12):2522-6.

Fahmy B, Cormier SA. Copper oxide nanoparticles induce
oxidative stress and cytotoxicity in airway epithelial cells.
Toxicology in Vitro. 2009;23(7):1365-71.

Sun J, Wang S, Zhao D, Hun FH, Weng L, Liu H. Cytotoxicity,
permeability, and inflammation of metal oxide
nanoparticles in human cardiac microvascular endothelial
cells. Cell Biology and Toxicology. 2011;27(5):333-42.
Karlsson HL, Cronholm P, Gustafsson ], Moller L.
Copper Oxide Nanoparticles Are Highly Toxic: A
Comparison between Metal Oxide Nanoparticles and
Carbon Nanotubes. Chemical Research in Toxicology.
2008;21(9):1726-32.

Assadian E, Zarei MH, Gilani AG, Farshin M, Degampanah
H, Pourahmad ]. Toxicity of Copper Oxide (CuO)
Nanoparticles on Human Blood Lymphocytes. Biological
Trace Element Research. 2017;184(2):350-7.

Jing X, Park JH, Peters TM, Thorne PS. Corrigendum to
“Toxicity of copper oxide nanoparticles in lung epithelial
cells exposed at the air-liquid interface compared with in
vivo assessment”. [Toxicol. Vitro 29/3 (2015) 502-511].
Toxicology in Vitro. 2015;29(7):1963.

Alarifi S, Ali D, Alkahtani S, Alhader MS. Iron Oxide
Nanoparticles Induce Oxidative Stress, DNA Damage, and
Caspase Activation in the Human Breast Cancer Cell Line.
Biological Trace Element Research. 2014;159(1-3):416-24.

Reddy ARN, Lonkala S. In vitro evaluation of copper oxide

nanoparticle-induced cytotoxicity and oxidative stress
using human embryonic kidney cells. Toxicology and
Industrial Health. 2019;35(2):159-64.
Abudayyak M, Guzel E, Ozhan G. Cupric Oxide
Nanoparticles Induce Cellular Toxicity in Liver and
Intestine Cell Lines. Advanced Pharmaceutical Bulletin.
2020;10(2):213-20.
Colombo R, Moschini M. Role of the Combined Regimen
with Local Chemotherapy and Mw-Induced Hyperthermia
for Non-Muscle Invasive Bladder Cancer Management. A
Systematic Review. Urologia Journal. 2013;80(2):112-9.
Shafagh M, Rahmani E Delirezh N. CuO nanoparticles
induce cytotoxicity and apoptosis in human K562 cancer
cell line via mitochondrial pathway, through reactive
oxygen species and P53. Iranian journal of basic medical
sciences, 2015;18 (10):993.
Kukia NR, Abbasi A, Froushani SMA. Copper Oxide
Nanoparticles Stimulate Cytotoxicity and Apoptosis
in Glial Cancer Cell Line. Dhaka University Journal of
Pharmaceutical Sciences. 2018;17(1):105-11.

368


http://dx.doi.org/10.1016/j.toxrep.2018.08.022
http://dx.doi.org/10.1016/j.toxrep.2018.08.022
http://dx.doi.org/10.1016/j.toxrep.2018.08.022
http://dx.doi.org/10.1016/j.etap.2019.103220
http://dx.doi.org/10.1016/j.etap.2019.103220
http://dx.doi.org/10.1016/j.etap.2019.103220
http://dx.doi.org/10.1016/j.biomaterials.2018.01.048
http://dx.doi.org/10.1016/j.biomaterials.2018.01.048
http://dx.doi.org/10.1016/j.biomaterials.2018.01.048
http://dx.doi.org/10.1016/j.biomaterials.2018.01.048
http://dx.doi.org/10.1007/s11064-020-02954-y
http://dx.doi.org/10.1007/s11064-020-02954-y
http://dx.doi.org/10.1007/s11064-020-02954-y
http://dx.doi.org/10.1007/s11064-020-02954-y
http://dx.doi.org/10.3389/fphar.2018.00015
http://dx.doi.org/10.3389/fphar.2018.00015
http://dx.doi.org/10.3389/fphar.2018.00015
http://dx.doi.org/10.3389/fphar.2018.00015
http://dx.doi.org/10.1016/j.chemosphere.2017.12.182
http://dx.doi.org/10.1016/j.chemosphere.2017.12.182
http://dx.doi.org/10.1016/j.chemosphere.2017.12.182
http://dx.doi.org/10.1016/j.chemosphere.2017.12.182
http://dx.doi.org/10.1016/j.chemosphere.2017.12.182
http://dx.doi.org/10.1039/c8mo00162f
http://dx.doi.org/10.1039/c8mo00162f
http://dx.doi.org/10.1039/c8mo00162f
http://dx.doi.org/10.1039/c8mo00162f
http://dx.doi.org/10.1080/17435390.2019.1578428
http://dx.doi.org/10.1080/17435390.2019.1578428
http://dx.doi.org/10.1080/17435390.2019.1578428
http://dx.doi.org/10.1080/17435390.2019.1578428
http://dx.doi.org/10.1007/s11240-018-1458-x
http://dx.doi.org/10.1007/s11240-018-1458-x
http://dx.doi.org/10.1007/s11240-018-1458-x
http://dx.doi.org/10.1007/s11240-018-1458-x
http://dx.doi.org/10.1007/s11240-018-1458-x
http://dx.doi.org/10.1007/s11051-019-4721-0
http://dx.doi.org/10.1007/s11051-019-4721-0
http://dx.doi.org/10.1007/s11051-019-4721-0
http://dx.doi.org/10.1007/s11051-019-4721-0
http://dx.doi.org/10.1007/s11051-019-4721-0
http://dx.doi.org/10.1007/s11051-019-4721-0
http://dx.doi.org/10.3389/fcimb.2019.00024
http://dx.doi.org/10.3389/fcimb.2019.00024
http://dx.doi.org/10.3389/fcimb.2019.00024
http://dx.doi.org/10.3389/fcimb.2019.00024
http://dx.doi.org/10.3389/fcimb.2019.00024
http://dx.doi.org/10.1371/journal.pone.0069534
http://dx.doi.org/10.1371/journal.pone.0069534
http://dx.doi.org/10.1371/journal.pone.0069534
http://dx.doi.org/10.1371/journal.pone.0069534
http://dx.doi.org/10.1093/clinchem/39.12.2522
http://dx.doi.org/10.1093/clinchem/39.12.2522
http://dx.doi.org/10.1093/clinchem/39.12.2522
http://dx.doi.org/10.1093/clinchem/39.12.2522
http://dx.doi.org/10.1093/clinchem/39.12.2522
http://dx.doi.org/10.1016/j.tiv.2009.08.005
http://dx.doi.org/10.1016/j.tiv.2009.08.005
http://dx.doi.org/10.1016/j.tiv.2009.08.005
http://dx.doi.org/10.1007/s10565-011-9191-9
http://dx.doi.org/10.1007/s10565-011-9191-9
http://dx.doi.org/10.1007/s10565-011-9191-9
http://dx.doi.org/10.1007/s10565-011-9191-9
http://dx.doi.org/10.1021/tx800064j
http://dx.doi.org/10.1021/tx800064j
http://dx.doi.org/10.1021/tx800064j
http://dx.doi.org/10.1021/tx800064j
http://dx.doi.org/10.1021/tx800064j
http://dx.doi.org/10.1007/s12011-017-1170-4
http://dx.doi.org/10.1007/s12011-017-1170-4
http://dx.doi.org/10.1007/s12011-017-1170-4
http://dx.doi.org/10.1007/s12011-017-1170-4
http://dx.doi.org/10.1016/j.tiv.2015.07.007
http://dx.doi.org/10.1016/j.tiv.2015.07.007
http://dx.doi.org/10.1016/j.tiv.2015.07.007
http://dx.doi.org/10.1016/j.tiv.2015.07.007
http://dx.doi.org/10.1016/j.tiv.2015.07.007
http://dx.doi.org/10.1007/s12011-014-9972-0
http://dx.doi.org/10.1007/s12011-014-9972-0
http://dx.doi.org/10.1007/s12011-014-9972-0
http://dx.doi.org/10.1007/s12011-014-9972-0
http://dx.doi.org/10.1177/0748233718819371
http://dx.doi.org/10.1177/0748233718819371
http://dx.doi.org/10.1177/0748233718819371
http://dx.doi.org/10.1177/0748233718819371
http://dx.doi.org/10.34172/apb.2020.025
http://dx.doi.org/10.34172/apb.2020.025
http://dx.doi.org/10.34172/apb.2020.025
http://dx.doi.org/10.34172/apb.2020.025
http://dx.doi.org/10.5301/ru.2013.11296
http://dx.doi.org/10.5301/ru.2013.11296
http://dx.doi.org/10.5301/ru.2013.11296
http://dx.doi.org/10.5301/ru.2013.11296
http://dx.doi.org/10.3329/dujps.v17i1.37126
http://dx.doi.org/10.3329/dujps.v17i1.37126
http://dx.doi.org/10.3329/dujps.v17i1.37126
http://dx.doi.org/10.3329/dujps.v17i1.37126

	The Investigation of the Cytotoxicity of Copper Oxide Nanoparticles on Peripheral Blood Mononuclear 
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION
	MATERIALS AND METHODS 
	Material
	MTT Assay 
	LDH Assay 
	Apoptosis Assay 
	Statistical analysis 

	RESULTS AND DISCUSSION 
	High concentrations of CuO-NPs reduced cell survival 
	CuO-NPs caused cell membrane damage 
	CuO-NPs induced apoptosis in cells 

	CONCLUSION
	FUNDING
	DISCLOSURE STATEMENT  
	REFERENCES


