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ABSTRACT 
     Copper oxide nanoparticles (CuO NPs) are widely used as semiconductors and in antibacterial 

medications. They have been reported to elicit various adverse effects including oxidative stress and DNA 

damage. Vitamin E has been reported to protect against lipid peroxidation induced tissue damage. The aim of 

this work was to investigate the short term chronic pulmonary toxicity, neurotoxicity and genotoxicity of 

CuO NPs and evaluate the protective role of vitamin E against CuO NPs toxicity in adult male albino rats. 

Seventy two adult male albino rats were used in this study. They were divided into 5 groups: Negative 

control group (I), Positive control group (II)  subdivided into 2 groups: (IIA) and (IIB), Vitamin E treated 

group (III), CuO NPs treated group (IV) and CuO NPs + vitamin E treated group (V). After 4 and 8 weeks, 6 

rats from each group subjected to blood sample collection for estimating MDA. The rats were sacrificed and 

the brain and lungs were dissected and divided into three parts. The first part was used for estimating copper 

content in the brain and lungs. The second part was used to determine the extent of DNA damage. The third 

part was subjected to microscopic histopathological, and immunohistochemical examination. The results 

revealed that CuO NPs administration induced a significant increase in serum MDA and in copper content in 

the brain and the lungs. CuO NPs produced DNA damage and histopathological alteration in the brain and 

the lungs with increased caspase 3 immunoreactivity. Vitamin E produced improvement in serum MDA, 

histopathological changes and caspase 3 immunoreactivity with protective effect against DNA damage. 

Conclusion: CuO NPs induced toxic effects and DNA damage in the brain and the lungs and administration 

of vitamin E with CuO NPs offers protection against their damaging effect. 

Key words: Copper oxide nanoparticles, Genotoxicity, Neurotoxicity, Oxidative stress, Pulmonary Toxicity, 

Vitamin E. 

1-INTRODUCTION 

anotechnology is a new branch of 

science, which has the potential to solve 

many problems in different fields (Ingle et al., 

2014). The production of nanoparticles and 

their use in many fields has increased 

remarkably in the last decade. Newly 

manufactured nanoparticles are being used in 

a large variety of applications such as 

computing, electronics, construction, 

cosmetics, drug delivery, medical imaging, 

paints, coatings, food, packaging, textiles, 

clothing and others (Adamcakova‐Dodd et al., 

2011). 

     Nanoparticles are particles with lengths 

that range from 1 to 100 nanometers in two or 

three dimensions (Lewinski et al., 2008). 

Previous studies found that materials which 

were considered inert were causing enhanced 

toxic responses if used at nanosize 

(Kaewamatawong et al., 2005). 

     Metal oxide nanoparticles have been 

receiving considerable attention for their 

potential applications in optoelectronics, 

nanodevices, nanoelectronics, nanosensors, 

information storage and catalysis. Among 

various metal oxide nanoparticles, CuO NPs 

have attracted particular attention because 

they are the simplest member of the family of 

copper compounds and show a range of useful 

physical properties (Ahamed et al., 2014). 

     Copper oxide (CuO) is a semiconductor 

metal with unique electrical, optical and 

magnetic properties. It has been used for 

many applications such as in magnetic storage 

media, sensors, catalysis, inks, lubricants, 

coatings, semiconductors, heat transfer fluids, 

antimicrobial preparations and intrauterine 

contraceptive devices (Karmakar et al, 2014 

and Grigore et al, 2016). 

    Even though CuO NPs have proved their 

use in biomedical applications, they were 

N 
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found to be highly toxic compared to other 

carbon or metal oxide nanoparticles or copper 

microparticles. Due to their small size, they 

may cross biological barriers to reach 

different organs (Alarifi et al., 2013). They 

are capable of crossing the blood brain barrier 

(BBB) and pose a threat to the CNS. 

Recently, there have been increasing reports 

showing that inhaled nanoparticles can reach 

the brain and may be associated with 

neurodegeneration so it is necessary to 

evaluate the potential toxic effects of CuO 

NPson the brain (Karmakar et al, 2014). 

     Lung inflammation has been reported in 

different studies following exposure to CuO 

NPs (Cho et al, 2012).  

    Several in vitro studies have proven that 

CuO NPs induced cytotoxic, genotoxic and 

oxidative stress effects (Lai et al., 2018). The 

main toxicity process depends on the 

increased production of reactive oxygen 

species (Grigore et al, 2016).  

     Vitamin E is generally protective against 

copper induced oxidative damage (Gaetke and 

Chow, 2003).  It is a lipid-soluble vitamin of 

which α-tocopherol is the most active form 

and it is a powerful biological antioxidant. 

Vitamin E may effectively minimize 

oxidative stress, lipid perioxidation and toxic 

effects of reactive oxygen species in 

biological systems (Ogutcu et al., 2006).  In 

addition, vitamin E has been shown to be 

effective in reducing genotoxic effects of 

various genotoxic compounds (Singh et al., 

2008). The aim of this study was to 

investigate the short term chronic pulmonary 

toxicity, neurotoxicity and genotoxicity of 

copper oxide nanoparticles (CuO NPs) and to 

evaluate the protective role of vitamin E 

against CuO NPs toxicity in adult male albino 

rats.  

2-MATERIALS AND METHODS 

2.1. Particle characterization: 

     CuO NPs were in the form of dry black 

powder (Product No. 544,868, APS: 50 nm 

and SSA: 25–40 m2/g) manufactured by 

Sigma-Aldrich chemical company, USA and 

purchased from Sigma-Egypt (Eltayaran St., 

Nasr City-Cairo). 

     The morphology and size of CuO NPs 

were determined by transmission electron 

microscopy (TEM) according to Ahamed et 

al. (2010). Dry powder of particles was 

suspended in deionized water at a 

concentration of 1 mg/mL and then sonicated 

at room temperature for 10 min. to form a 

homogeneous suspension. After sonication 

and stabilization, the TEM samples were 

prepared by drop coating of the stock 

suspension on carbon-coated copper grids. 

The films on the grids were allowed to dry 

prior to measurement. TEM measurements 

were performed at an accelerating voltage of 

80 kV (Model JEM-1400, JEOL Ltd., Tokyo, 

Japan). This characterization was done in 

Electron Microscopy Unit, Faculty of 

Agriculture Research Park (FARP), Cairo 

University, Egypt. 

2.2. Animals and grouping:  

     The study was performed in compliance 

with the relevant laws and guidelines of the 

Zagazig University of Medicine, Egypt, 

which are in accordance with the National 

Institutes of Health Guidelines for Animal 

Care. A total of 72 male albino rats (weighing 

150–200 g) were bred and reared at the 

animal care center. Animals were acclimated 

for two weeks under standard laboratory 

conditions prior to commencement of 

treatment. Food and water was made available 

ad libitum. Room temperature was maintained 

at 23 ± 2 °C, 12 h light–dark cycles, with a 

relative humidity of 40–60%. Animals were 

divided into five groups consisting of 12 

animals per group. 

 Negative control group (I): rats received 

only regular diet and water. 

 Positive control group (II): subdivided into 

2 subgroups: Positive control group (IIA) rats 

received 1ml of deionized water and Positive 

control group (IIB) rats received 1ml of corn 

oil. 

 Vitamin E treated group (vit. E) (III): rats 

were gavaged orally with vitamin E (100mg / 

kg) dissolved in corn oil (Yousef et al., 2006). 

 CuO NPstreated group (CuO NPs) (IV):   

rats were gavaged orally with a daily dose of 

CuO NPs (250mg/kg) which was suspended 

in deionized water and sonicated with a probe 

sonicator. (Safety data sheet according to 

Regulation (EC), SIGMA-ALDRICH, 2014). 
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 CuO NPs + vitamin E treated group (CuO 

NPs + vit.E) (V): rats were gavaged orally 

with vitamin E (100mg / kg) dissolved in corn 

oil then after one hour the rats were gavaged 

orally with a daily dose of CuO NPs 

(250mg/kg) which was suspended in 

deionized water and sonicated with a probe 

sonicator. 

All treatments were given once daily for 8 

weeks. After the end of 4 weeks and 8 weeks, 

6 rats from each group were sacrificed.  

2.3. Specimen collection 

2.3.1. Blood: Twenty four hours after the last 

dose, animals were anaesthetized using ether 

and venous blood (3 mL) was collected from 

the retro-orbital plexus using a capillary glass 

tube. Samples were then ejected into non-

heparinized glass tubes and allowed to clot for 

30 min at 25 °C after which serum was 

separated by centrifugation (600g, 15 min, 4 

°C) and stored at -20 °C until analysis. 

2.3.2. Organs: Rats were sacrificed by 

cervical dislocation. Brain and lung of all test 

animals were excised, washed with ice cold 

saline and weighed. They are divided into 

three parts. The first part (about 1 g) were 

wrapped with aluminum foil then kept frozen 

at –20ºC till it was used for estimation of 

copper content. The second part was wrapped 

with aluminum foil then kept frozen at -20ºC 

till it was used for DNA extraction. The third 

part was fixed in 10% formalin for 

histopathological and immunohistochemical 

studies. 

2.4. Biochemical studies:  

2.4.1 Serum malondialdehyde (MDA) level 

was assayed according to the 

spectrophotometric method of Ohkawa et al. 

(1979). 

2.4.2 Copper content in the brain and lung 

was assayed according to (Dry Ashing 

(Oxidation) method) proposed by Elmer, 

(1996). 

2.5. Qualitative assessment of DNA 

fragmentation (DNA laddering) in the brain 

and lung: 

      It is a qualitative analysis of DNA 

fragmentation by agarose gel electrophoresis, 

the presence of DNA ladder was determined 

according to Wlodek et al. (1991).Tissue 

samples were coded and analyzed in blind 

manner for genomic DNA extraction using 

the commercially available G-spin TM Total 

DNA Extraction Kit (iNtron bio-tehnology, 

Seongnam-Si, Gyeonggi-do, Korea). 

2.6. Histopathological study: 

      Parts of brain and lung were fixed in 10% 

formalin. After fixation, they were embedded 

in paraffin blocks and processed for the 

preparation of 5 μ thickness sections. These 

sections were subjected for hematoxylin and 

eosin stains (Kiernan, 2001). 

2.7. Immunohistochemical study: 

      Immunohistochemical examination was 

carried out according to the method of 

Ramos-Vara (2005) using monoclonal 

antibody kits (USA, ABclonal; Cat. No. 

ab4051). 

2.8. Statistical analysis: 

Data were analyzed by Statistical 

Package of Social Science (SPSS), software 

version 20 (SPSS Inc., 2011). Data were 

normally distributed and summarized as mean 

± SD (standard deviation). The following tests 

were used: One way analysis of variance 

(ANOVA): it was used for comparison 

between several means. Least significance 

difference (LSD): it was used for multiple 

comparisons between groups. Paired t- test: it 

was used for comparison between two means 

to test the difference between the two periods 

of the study. Pearson’s Correlation co-

efficient rank test: it was used to rank 

different variables against each other in linear 

correlation which may be positive or negative. 

Probability (P value of > 0.05 indicates non-

significant results; P value < 0.05 means 

significant difference, P value > 0.001 for 

highly significant result). 

3. RESULTS 

3.1. Characterization of CuO NPs: 

Characterization of CuO NPs by 

transmission electron microscopy (TEM) 

showed that the majority of the CuO NPs 

were nearly spherical in shape with different 

sizes ranging from 4 to 10nm (Fig. 1).  
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Figure 1: Transmission electron microscopy image of copper oxide nanoparticles. 

 

3.2. Biochemical results: 

The biochemical parameters of control 

groups and vitamin E treated group: 

     As comparing the laboratory results of 

serum MDA and copper content in the brain 

and lung of negative control group (I), 

positive control group (IIA), positive control 

group (IIB), vitamin E treated group (III) by 

ANOVA and Paired t-test, there was no 

statistically significant difference between 

them all over the period of the study (p > 

0.05). So, we used negative control group as a 

standard reference for comparison with other 

treated groups (Table 1). 
 

Table (1): Statistical comparison among negative control group (I), positive control (IIA) & (IIB) and 

vitamin E treated group (III) as regard mean values of serum MDA and copper content in the brain and lung 

after four &eight weeks using ANOVA test.  

Groups Period 

Negative  

control 

(I) 

Positive  

control 

(IIA) 

Positive  

control 

(IIB) 

 

Vitamin E 

(III) 

 
F P 

Mean ±SD 

n= 6 

Serum malondialdehyde 

(nmol/L) 

4 weeks 2.6±0.8 2.7±0.7 

 

2.7±0.8 

 

3.0±1.0 0.172 0.9 

8 weeks 3.0±1.1 3.3±0.9 2.8±0.4 2.8±0.5 0.314 0.8 

Copper content 

in brain 

(µg/g) 

4 weeks 2.3±0.5 2.5±0.3 2.4±0.8 2.6±0.7 0.174 0.9 

8 weeks 2.4±0.5 2.9±0.4 3.1±1.0 2.6±0.2 0.541 0.6 

Copper content 

in lung 

(µg/g) 

4 weeks 3.6±0.6 3.2±1.0 3.4±0.9 3.3±0.7 0.205 0.8 

8 weeks 3.0±0.8 2.9±0.3 3.3±0.5 2.8±0.3 0.231 0.9 

 

N.B All values are expressed as Mean ±SD. (SD: standard deviation). 

n: number (number of rats in each group = 6 rats).  P: >0.05 non significant.  

 P: < 0.05 significant. 
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The biochemical parameters of treated 

groups: 

 Serum malondialdehyde : 

      CuO NPs group showed a highly 

significant (p<0.001) increase in mean values 

of serum MDA when compared to negative 

control group after four (Table 2) and eight 

weeks (Table 3). 

CuO NPs +vit. E group showed a highly 

significant (p<0.001) improvement when 

compared with that of CuO NPs group but 

still significantly higher than (p<0.001) 

negative control group in mean values which 

indicate partial improvement 

 Copper content in the brain and lungs: 

 CuO NPs group and CuO NPs +vit. E 

group showed a highly significant (p<0.001) 

increase in mean values of copper content in 

the brain and lungs when compared to 

negative control group after four (Table 2) 

and eight weeks (Table 3). 

 

 

 

Table (2): Statistical comparison among negative control (I), CuO NPs and CuO NPs +vitamin E groups as 

regard mean values of serum MDA and copper content in the brain and lungs after four weeks using 

ANOVA test and LSD test. 

Groups 

 

 

Parameters 

Negative  control 

 

Mean ±SD 

n= 6   

CuO NPs 

 

 

Mean ±SD 

n= 6 

CuO NPs 

+Vit. E 

 

Mean ±SD 

n= 6 

F P 

Serum 

malondialdehyde 

(nmol/L) 

2.6±0.8bc 28.0±5.7ac 14.0±2.3ab 74.2 <0. 001** 

Copper content in 

brain 

 (µg/g) 

2.3±0.5bc 6.6±0.7a 5.5±1.5a 28.6 <0. 001** 

Copper content in 

lung 

 (µg/g) 

3.6±0.6bc 10.0±1.2a 9.7±1.4a 58.1 <0. 001** 

N.B All values are expressed as Mean ±SD. (SD: standard deviation). 

n: number (number of rats in each group = 6 rats). nmol/L = nanomole  per liter                              

µg/g= microgram per gram; **= Highly Significant (P < 0.001). a = significant with group (I)     b= 

significant with group (IV)    c= significant with group (V) 
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Table (3): Statistical comparison among negative control (I), CuO NPs (IV) and CuO NPs +vitamin 

E(V) groups as regard mean values of serum MDA and copper content in the brain and lungs after 

eight weeks using ANOVA test and LSD test. 

Groups 

 

 

 

Parameters 

Negative  

control 

(I) 

Mean ±SD 

n= 6   

CuO NPs 

 

(IV) 

Mean ±SD 

n= 6 

CuO NPs 

+Vit. E 

(V) 

Mean ±SD 

n= 6 

F P 

Serum malondialdehyde 

(nmol/L) 
3.0±1.1

bc 
49.5±10.9

ac 
18.7±2.1

ab
 81.7 <0. 001** 

Copper content in brain 

 (µg/g) 
2.4±0.5

bc 
9.1±1.5

a
 7.8±1.6

a
 43.3 <0. 001** 

Copper content in lung 

 (µg/g) 
3.0±1.0

bc 
17.3±2.1

a
 16.7±2.1

a
 114.3 <0. 001** 

N.B All values are expressed as Mean ±SD. (SD: standard deviation). 

n: number (number of rats in each group = 6 rats). 

nmol/L = nanomoles per liter                           µg/g= microgram per gram 

**= Highly Significant (P < 0.001). 

a = significant with group (I)    b= significant with group (IV)     c= significant with group (V) 

 

3.3 Qualitative assessment of DNA fragmentation (DNA laddering) in the brain and lungs: 

      Normally, DNA moves as one band on gel. Dispersion of this band means damage of DNA.  

Gel electrophoresis of DNA isolated from negative control, positive control (IIA), positive 

control (IIB) and vitamin E treated groups showed normal DNA bands (lanes2, 3, 4&5). 
Administration of CuO NPs for 4 weeks resulted in moderate shearing of DNA (Lanes 6), and this 

DNA shearing became more advanced after 8weeks (Lanes 8). Administration of vitamin E along 

with CuO NPs for 4 &8 weeks resulted in mild DNA shearing (Lanes 7&9) (Fig. 2). 

 

Figure 2: Agarose gel electrophoresis of 

DNA isolated from rat brain (A) and lung (B). 

Lane 1: DNA ladder. Lane 2, 3, 4, 5: 

showing normal DNA band of control groups. 
Lane 6: showing moderate shearing of DNA 

of CuO NPs treated group after 4 weeks. 

Lane 7: showing mild shearing of DNA of 

CuO NPs + vitamin E treated group after 4 

weeks. Lane 8: showing advanced shearing 

of DNA in CuO NPs treated group after 8 

weeks. Lane 9: showing mild shearing of 

DNA in CuO NPs + vitamin E treated group 

after 8 weeks.  
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3.4. Histopathology. 

 Light microscopical examination of 

H&E stained sections from the hippocampus 

of the brain of control groups and vitamin E 

treated group at 4 weeks and 8 weeks showed 

that the hippocampus was composed of three 

layers: molecular, pyramidal and 

polymorphic. The molecular and polymorphic 

layers contained few cells while the pyramidal 

layer was formed of numerous rounded nerve 

cells containing large vesicular nuclei with 

prominent nucleoli and pale basophilic 

cytoplasm (Fig. 3 A). 

     After 4 weeks of treatment of animals with 

copper oxide nanoparticles, the hippocampus 

of the brain of this group showed that the 

pyramidal layer had many shrunken cells with 

darkly stained cytoplasm and dark nuclei 

(Fig. 3 B). 

     After 8 weeks histopathological changes 

were more marked and there were numerous 

shrunken nerve cells of the pyramidal layer 

with darkly stained cytoplasm and dark nuclei 

(Fig. 3 C). 

    After 4 weeks and 8 weeks of 

administration of vitamin E with CuO NPs the  

hippocampus of the brain tissue showed that 

the pyramidal layer had rounded nerve cells 

containing large vesicular nuclei with 

prominent nucleoli and pale basophilic 

cytoplasm and  minimal shrunken nerve cells 

with darkly stained cytoplasm and dark nuclei 

(Fig. 3 D&E). 

     

     Light microscopical examination of H&E 

stained sections from the lung of control 

groups and vitamin E treated group at 4 

weeks and 8 weeks showed normal spongy 

histological appearance with numerous 

alveoli connected together and open into 

alveolar sacs. They are separated by thin 

interalveolar septa. Bronchioles and blood 

vessels were normal (Fig. 4 A). 

     After 4 weeks of treating animals with 

copper oxide nanoparticles, stained sections 

from the lung of this group showed moderate 

infiltration of inflammatory cells, thickening 

of interalveolar septa, vacuolation and 

alveolar congestion (blood cells inside the 

alveoli)  (Fig. 4 B). 

     After 8 weeks the histopathological 

changes were more marked and diffuse and 

there was severe infiltration of inflammatory 

cells, lymphoid aggregates, exudates, 

thickening of interalveolar septa and fibrosis 

(Fig. 4 C). 

    After 4 weeks of administration of vitamin 

E with CuO NPs the lung tissue showed 

conserved normal structure with mild 

infiltration of inflammatory cells and some 

congested blood vessels (Fig. 4 D). 

     After 8 weeks of administration of vitamin 

E with CuO NPs there was moderate 

infiltration of inflammatory cells and 

thickening of interalveolar septa (Fig. 4 E). 
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Figure 3: photomicrographs of sections of brain of adult male albino rats. (A) control group 

showing that the pyramidal layer was formed of numerous rounded nerve cells containing large 

vesicular nuclei (curved arrow) with prominent nucleoli (arrow) and pale basophilic cytoplasm 

(arrow head) (B&C) CuO NPs group after 4&8 weeks showing that the pyramidal layer had many 

shrunken cells (arrow) with darkly stained cytoplasm and dark nuclei (D&E) CuO NPs + vitamin E 

group after 4& 8weeks showing that the pyramidal layer had rounded nerve cells (arrow head) 

containing large vesicular nuclei with prominent nucleoli and pale basophilic cytoplasm and 

minimal shrunken nerve cells (arrow) with darkly stained cytoplasm and dark nuclei (H&E X400). 
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Figure 4: photomicrographs of sections of 

lung of adult male albino rats. (A) control 

group showing: Normal spongy histological 

appearance with numerous alveoli (A) 

connected together and opened into alveolar 

sacs (AS) and separated by thin interalveolar 

septa (arrow) (B) CuO NPs group after 4 

weeks showing moderate infiltration of 

inflammatory cells (I) and thickening of 

interalveolar septa (arrow) (C) CuO NPs 

group after 8 weeks showing severe 

infiltration of inflammatory cells (I), 

lymphoid aggregates (L) and thickening of 

interalveolar septa (arrow) (D) CuO NPs + 

vitamin E group after 4 weeks showing mild 

infiltration of inflammatory cells (arrow) (E) 

CuO NPs + vitamin E group after 8 weeks 

showing moderate infiltration of 

inflammatory cells (arrow) and thickening of 

interalveolar septa (arrow head) (H&E 

X200). 

3.5. Immunohistochemical results (light 

microscopic detection of Caspase-3): 

     Immunohistochemical examination of the 

hippocampus of the brain of control groups 

showed negative caspase 3 immuno reactivity 

in the cytoplasm of nerve cells of the 

pyramidal layer at both 4 and 8 weeks (Fig. 5 

A).  

     CuO NPs treated group at 4 weeks showed 

moderate positive caspase-3 

immunoreactivity in the cytoplasm of nerve 

cells of the pyramidal layer of the 
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hippocampus compared to control group (Fig. 

5 B). CuO NPs treated group at 8 weeks 

showed strong positive caspase-3 

immunoreactivity in the cytoplasm of nerve 

cells of the pyramidal layer of the 

hippocampus compared to control group (Fig. 

5 C). Administration of vitamin E with CuO 

NPs for 4 weeks & 8 weeks revealed weak 

positive caspase 3 immuno reactivity in the 

cytoplasm of nerve cells of the pyramidal 

layer (Fig. 5 D&E). 

     Immunohistochemical examination of the 

lung of control groups showed negative 

caspase 3 immuno reactivity in the cytoplasm 

of alveolar cells at both 4 and 8 weeks (Fig. 6 

A).  

     CuO NPs treated group at 4 weeks showed 

moderate positive caspase-3 

immunoreactivity in the cytoplasm of alveolar 

cells compared to control group (Fig. 6 B). 

CuO NPs treated group at 8 weeks showed 

strong positive caspase-3 immunoreactivity in 

the cytoplasm of alveolar cells compared to 

control group (Fig. 6 C). Administration of 

vitamin E with CuO NPs for 4 weeks & 8 

weeks revealed weak positive caspase 3 

immuno reactivity in the cytoplasm of 

alveolar cells (Fig. 6 D&E). 

  

Figure 5: Photomicrographs of 

immunohistochemical staining of caspase-3 

of the brain sections of adult male albino rats. 

(A) Control group showed negative caspase-3 
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immunoreactivity in cytoplasm of nerve cells 

of the pyramidal layer of the hippocampus 

(arrow). (B) CuO NPs treated group at 4 

weeks showed moderate positive caspase-3 

immunoreactivity in the cytoplasm of nerve 

cells of the pyramidal layer of the 

hippocampus (arrow) (C) CuO NPs treated 

group at 8 weeks showed strong positive 

caspase-3 immunoreactivity in the cytoplasm 

of nerve cells of the pyramidal layer of the 

hippocampus (arrow) (D&E) CuO NPs + 

vitamin E treated group after 4&8 weeks 

showed weak positive caspase-3 

immunoreactivity in the cytoplasm of nerve 

cells of the pyramidal layer of the 

hippocampus (arrow)  

(Immunohistochemical x400). 

 

Figure 6: Photomicrographs of immunohistochemical staining of caspase-3 in the lung sections of 

adult male albino rats. (A) Control group showing negative caspase-3 immunoreactivity in 

cytoplasm of alveolar cells (arrow). (B) CuO NPs treated group at 4 weeks showed moderate 

positive caspase-3 immunoreactivity in the cytoplasm of alveolar cells (arrow) (C) CuO NPs treated 

group at 8 weeks showed strong positive caspase-3 immunoreactivity in the cytoplasm of alveolar 

cells (arrow) (D&E) CuO NPs + vitamin E treated group at 4 & 8 weeks showed weak positive 

caspase-3 immunoreactivity in the cytoplasm of alveolar cells (arrow) (Immunohistochemical 

x400). 
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4. DISCUSSION 

Characterization of CuO NPs by transmission 

electron microscopy (TEM) showed that the 

majority of them were nearly spherical in 

shape with different sizes ranging from 4 to 

10 nm. The physicochemical properties of the 

NPs such as size, shape, high specific surface 

area and its solubility play an important role 

in its toxicity (EL Shemy et al., 2017). 
     The current study showed that the 

administration of CuO NPs in 

rats at a dose of 250 mg / kg body weight for 8 

weeks induced pulmonary toxicity, 

neurotoxicity, oxidative stress and genotoxic 

effects and administration of vitamin E with 

CuO NPs offers some protection against their 

damaging effect. 

     As regarding serum MDA, there was 

increase in serum MDA level in CuO NPs and 

CuO NPs + vitamin E treated groups when 

compared with negative control groups, also 

there was increase in MDA level of CuO NPs 

treated group at 8weeks when compared with 

their mean values at 4 weeks. These results 

were consistant with Elhussainy and El-

Shourbagy (2015) who found a significant 

increase in MDA after administration of CuO 

NPs (40-56 nm) in a dose of 10 mg/kg daily 

for two weeks by intraperitoneal injection in 

rats and explained liver and kidney damage 

caused by CuO NPs by oxidative stress and 

lipid peroxidation as excessive nano copper 

accumulation in hepatocytes or nephrocytes 

would inevitably result in mitochondrial 

failure and cell death. Also, Alarifi et al. 

(2013) stated that oxidative stress has been 

cited to be one of the most important 

mechanisms of toxicity related to 

nanoparticles exposure. This has been 

attributed to their small size and large surface 

area that are generally thought to produce 

ROS and oxidative stress. The CuO NPs were 

found to be capable of generating intracellular 

ROS which can oxidize and reduce 

macromolecules (DNA, lipids, and proteins) 

resulting in significant oxidative damage to 

cells. 

      After administration of vitamin E, there 

was decrease in  serum MDA level in CuO 

NPs +vitamin E group when compared with 

CuO NPs group after four and eight weeks 

which means protective effect of vitamin E 

againstCuO NPs induced oxidative stress.  

Bharrhan et al. (2010) explained the effect of 

vitamin E by its direct free radical scavenging 

property and preserving cellular integrity, it 

can protect against oxidative stress and lipid 

peroxidation which induce organ damage.  

The results of this study passed in parallel 

with those of Elhussainy and El-Shourbagy 

(2015) who found that pretreatment with 

Multivitamin Complex (vitamins E, C and A) 

in rats received CuO NPs 40-56 nm in a dose 

of 10 mg/kg daily for two weeks by 

intraperitoneal injection” 

significantly decreased the blood and tissues 

levels of MDA when compared with nano 

CuO toxic rats. 

As regarding copper content in the brain and 

lungs there was increase in copper content in 

the brain and lungs after 4 & 8 weeks in CuO 

NPs and CuO NPs + vitamin E treated groups 

when compared with negative control group. 

Also there increase in  copper content in the 

brain and lungs in CuO NPs and CuO NPs + 

vitamin E treated groups after eight weeks 

when compared with values after four weeks. 

These results means that administration of 

CuO NPs resulted in increased copper 

deposition in the brain and lungs which was 

time dependant. Bulcke and Dringen (2016) 

explained that CuO NPs application had led to 

substantial cellular copper accumulation as 

they are likely to enter astrocytes by 

endocytotic mechanisms. Also extracellular 

liberation of copper ions has been suggested 

to be involved in the copper accumulation 

observed in glial cells after exposure to CuO 

NPs (Joshi et al., 2016). The reported toxicity 

of CuO NPs to brain cells is most likely 

mediated by accelerated ROS production and 

oxidative damage (Bulcke et al., 2017). 

Karmakar et al. (2014) explained the 

neurotoxicity induced by CuO NPsas they are 

capable of crossing the BBB due to their nano 

level size.  Copper NPs can cause BBB 

dysfunction, swelling of astrocytes, and 

neuronal degeneration once introduced into 

the blood stream. The results of this study 

passed in parallel with those of Bai et al. 

(2014) who found that copper nanoparticles 
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could enter the brain after intranasal 

instillation of copper nanoparticles (23.5 nm) 

for 21 days, the Cu concentrations were 

significantly higher in all tested sub brain 

regions in treated group of animals received a 

dose of 10 and 40 mg/kg than in the control 

and this excess copper had led to damage of 

neurons in cerebral cortex and hippocampus. 

Also, Gosens et al. (2016) studied organ 

burden and pulmonary toxicity of CuO NPs 

after short-term inhalation exposure and 

found that repeated exposures to CuO NPs 

(15–20 nm) for 5 consecutive days resulted in 

increase in the measured lung burden of 

copper and presence of lung inflammation. 

     CuO NPs induced genotoxic effect as 

reflected by moderate shearing of DNA after 

4 weeks of exposure and this DNA shearing 

became more advanced after 8weeks. This 

was in accordance with significant increase in 

serum MDA and copper content in the brain 

and the lung. Singh et al. (2009) explained the 

genotoxicity of CuO NPs as the intracellular 

small CuO NPs can enter into nucleus by 

nucleopore or gain access with the nucleus 

lysed during cell division which may lead to 

inhibition of transcription and translation 

machinery, damage of genetic material by 

interacting with DNA or DNA-related 

proteins.The observations of present study 

were consistent with an in vitro study by 

Perreault et al. (2012) who investigated the 

genotoxic effects of CuO NPs using the N2A 

mouse neuroblastoma cell lines. Agarose gel 

electrophoresis of total DNA extracted from 

these cells after 24 h of CuO NP treatments 

indicated the presence of DNA fragmentation. 

They explained the DNA damage by two 

pathways: via direct association with DNA 

strands for NPs of small diameter or mediated 

by oxidative stress. It may occur via oxidation 

by products such as malondialdehyde (MDA), 

a mutagenic and carcinogenic by product of 

lipid peroxidation. Another in vitro study was 

done by Ahamed et al. (2010)  who found that 

CuO NPs have damaging effects on DNA 

integrity in human lung epithelial cells A549 

exposed to CuO NPs (50 nm) in the 

concentration range of 10–50 µg/ml.  

     Administration of vitamin E with CuO 

NPs for 4 & 8 weeks resulted in mild DNA 

shearing. This was in accordance with 

significant decrease in serum MDA which 

means that decreased oxidative stress by 

vitamin E had led to decrease DNA damage.     

Thit et al. (2015) suggested that the main 

cause of DNA damage due to CuO NPs was 

ROS generation, so DNA damage could be 

reduced significantly by increasing the cell's 

oxidative defense. The results of this study 

passed in parallel with those of Privalova et 

al. (2014) who demonstrated that a bio 

protective complex comprising a multivitamin 

and multimineral preparation including 

vitamin E attenuated systemic toxicity and 

genotoxicity of CuO NPs. 

CuO NPs induced a neurotoxic effect as 

reflected by presence of many shrunken nerve 

cells with darkly stained cytoplasm and dark 

nuclei in the pyramidal layer of the 

hippocampus. These results passed in parallel 

with those of Bai et al. (2014) who studied the 

effects of intranasal instillation of copper 

nanoparticles (23.5 nm) for 21 days at a dose 

of 10 and 40 mg/kg.  The hippocampus of the 

brain showed damaged neurons which have 

shrunken cell bodies, a deeply stained 

pyknotic nucleus with triangular or elongated 

profile and the nucleoli disappear, as well as a 

widened gap between the nucleus and the cell 

membrane. They explained these changes as 

nanoparticles deposited for a long term in the 

brain may contribute to cellular interaction 

and free radical production which could cause 

brain damage. Various studies have explained 

the resulting cytotoxicity due to the initial 

induction of lipid peroxidation of the 

mitochondrial membrane by a metal which 

might cause decoupling of oxidative 

phosphorylation, disruption of electron 

transport, and a decrease in mitochondrial 

membrane potential.  It has been suggested 

that neurodegenerative process associated 

with copper overload may be due to the 

mitochondrial damage, increased production 

of ROS, and failure of the antioxidant defense 

mechanisms (Prabhu et al., 2010). The results 

of the present study were supported by 

Privalova et al. (2014) who studied the effect 

of CuO NPs (20 ± 10 nm) injected 

intraperitoneally to rats at a dose of 10 mg/kg 

three times a week up to 19 injections. The 
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brain showed several histopathological 

changes in the form of poorly stained neuron 

nuclei, with an indistinct membrane, the 

nucleoli are pyknotic, or often absent. 

Also, CuO NPs induced a pulmonary toxic 

effect as reflected by presence of moderate 

infiltration of inflammatory cells, thickening 

of interalveolar septa, vacuolation and 

alveolar congestion after 4 weeks. After 8 

weeks, the histopathological changes were 

more marked and diffuse and there was severe 

infiltration of inflammatory cells, lymphoid 

aggregates, exudates, thickening of 

interalveolar septa and fibrosis. These results 

indicate that CuO NPs have inflammatory 

potentials that lead to irreversible chronic 

lesions such as fibrosis or granulomas. 
Thickening of interalveolar septa induced by 

CuO NPs in this study could be explained by 

the interstitial collagen fiber deposition and 

marked inflammatory infiltration.     

Adamcakova-Dodd et al. (2011) attributed 

lung histopathological changes observed in 

in-vivo studies to “overload phenomenon” 

when alveolar macrophages have an impaired 

ability to remove particles. Considering this 

overload phenomenon, any insoluble particle 

of low toxicity can cause chronic pulmonary 

inflammation, lung fibrosis, or even tumors at 

a high enough dose.  Excess copper intake has 

been shown to be toxic and induce pulmonary 

inflammation characterized by increased 

neutrophils. The increased inflammatory 

response of copper is proposed to be 

associated with the nanoparticle size and 

increased ion concentration produced from 

the dissolving nanoparticles in vivo (Pettibone 

et al., 2008). Lai et al. (2018) explained 

pulmonary fibrosis induced by CuO NPs as 

CuO NPs exposure promoted collagen 

accumulation and expression of the 

progressive fibrosis marker in the lung tissues 

and this provide novel evidence that there is 

an urgent need to prevent the adverse effects 

of CuO NPs in the human respiratory system. 

These results passed in parallel with those of 

Doudi and Setorki (2014) who studied the 

effects of intraperitoneal injection of different 

doses (10, 100, and 300 mg/kg) of CuO 

NPswith 10-15 nm diameters on the lung for 

14 days and found that treatment groups 

receiving 100 and 300 mg/kg CuO 

nanoparticles showing air sac wall thickening 

and increased fibrous tissues. 

    Administration of vitamin E with CuO NPs 
showed some improvement in 

histopathological changes in brain and lung. 

These results were consistant with Elhussainy 

and El-Shourbagy (2015) who found that  

pretreatment with Multivitamin Complex 

(vitamins E, C and A) in CuO induced toxic 

rats improved hepatic and renal structures by 

histopathological examination  and suggested 

that Multivitamin Complex has potential 

protective role against CuO NPs induced 

toxicity by an antioxidant mechanism. 

     The immunohistochemical examination 

revealed that the brain and lung of CuO NPs 

treated group after 4 weeks showed moderate 

positive caspase 3 immuno reactivity in the 

cytoplasm of the nerve cells of the pyramidal 

layer of the hippocampus of the brain and the 

cytoplasm of alveolar cells of lungs and it was 

markedly increased after 8 weeks. Chibber 

and Shanker (2017) explained the mechanism 

for activation of apoptosis by CuO NPs by a 

mitochondrial-mediated pathway which is 

initiated by ROS generation. It results in 

destruction of the mitochondrial membrane 

via ROS. It is likely that activation of 

apoptosis by mitochondrial membrane 

damage results in a cascade which leads to the 

activation of caspase 3.  Hosseini et al. (2014) 

reported that excess of deposited Cu increases 

lipid peroxidation, protein oxidation, 

mitochondrial membrane potential decline 

and cytochrome c expulsion that start cell 

death signaling. The results of the present 

study were supported by An et al. (2012) who 

found that the caspase 3 content was 

significantly increased in the hippocampus of 

CuO NPs group (received CuO NPs (10-70 

nm) at a dose of 0.5 mg/kg/ day via 

intraperitoneal injection and given once a day 

over a period of 14 consecutive days) 

compared to that in control group. In an in 

vitro study carried out by Alarifi et al. (2013), 

a significant increase in caspase 3 activity, 

indicating apoptosis was observed during 

incubation of CuO NPs with human skin 

keratinocytes cells. 
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     Administration of vitamin E with CuO 

NPs for 4 weeks revealed partial decreased 

caspase 3 immuno reactivity in the cytoplasm 

of nerve cells of pyramidal layer of the 

hippocampus of left cerebral hemisphere of 

the brain and the cytoplasm of alveolar cells 

of lungs. More diminished immuno reactivity 

was demonstrated after 8 weeks.     Copper 

overload induced a prooxidative condition in 

brain, increasing cholesteryl esters, modifying 

the fatty acyl pattern of complex lipids and 

causing alterations in proteins. These changes 

are related to the activation of neuronal 

apoptosis that may have important 

implications in Cu associated brain diseases. 

Large number of studies indicates the role of 

oxidants in developing distinct pathological 

consequences promoting and propagating 

oxidative injuries leading to irreversible 

degeneration in brain (Mazdeh et al., 2016). 

So vitamin E was used which known as a 

powerful antioxidant to combat this oxidative 

effect. 

5. CONCLUSIONS AND 

RECOMMENDATIONS 

 CuO NPs oral administration induced 

time dependant toxic effects in the form of 

oxidative stress, DNA damage, 

histopathological changes in the brain and 

lung and vitamin E administration with CuO 

NPs offers protection against their damaging 

effect. 
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دساعخ انغًٛخ انشئٕٚخ ٔانعظجٛخ ٔانغُٛٛخ انًضيُخ لظٛشح الأيذ  نغضٚئبد أكغٛذ انُحبط يزُبْٛخ انذلخ ٔانذٔس 

 فٗ ركٕسانغشراٌ انجٛؼبء انجبنغخ ْـانٕلبئٗ انًحزًم نفٛزبيٍٛ 

 ٔعبو ثشكبد عبطٗ, يذٚحخ ٔاطف, يشٖٔ عجبط, ْجخ انُغشط

 ٔ انٓغزٕنغىب ٔ ثٕٛأعٛب انخهٛخ الغبو انطت انششعٗ ٔ انغًٕو الاكهُٛٛكٛخ

   عبيعخ انضلبصٚك -كهٛخ انطت

 انًهخض انعشثٙ

يزُبْٛخ انذلخ  عهٗ َطبق ٔاعع كأشجبِ نهًٕطلاد ٔفٙ الأدٔٚخ   عضٚئبد أكغٛذ انُحبطرغزخذو        

رنك الإعٓبد انخهٕٚخ انؼبسح نٓب ثًب فٙ  انًؼبدح نهجكزٛشٚب. ٔلذ لبيذ انعذٚذ يٍ انذساعبد ثذساعخ انزأصٛشاد

نهحًبٚخ يٍ  اعزخذو  انزٖ .ٔٚعزجش فٛزبيٍٛ ْـ يٍ يؼبداد الأكغذح انمٕٚخ  انزأكغذ٘ ٔرهف انحًغ انُٕٔ٘

ْٕ دساعخ انزأصٛشاد انغًٛخ انًضيُخ لظٛشح الأيذ نغضٚئبد أكغٛذ انُحبط  انجحشرهف الأَغغخ. انٓذف يٍ ْزا 

انغًٛخ انشئٕٚخ ٔانعظجٛخ ٔانغُٛٛخ فٙ ركٕس انغشراٌ  ػذ يزُبْٛخ انذلخ ٔرمٛٛى انذٔس انٕلبئٙ نفٛزبيٍٛ ْـ

 :يغًٕعبد 5يمغًخ إنٗ  يٍ ركٕس انغشراٌ انجٛؼبء انجبنغخ 77عهٗ عذد ْزِ انجحش  أعش٘انجٛؼبء ٔلذ 

ٚغبثٛخ الإ انًغًٕعخ انؼبثطخٔانزٗ لغًذ انٗ  الإٚغبثٛخ انًغًٕعخ انؼبثطخخ   , بنجانغانًغًٕعخ انؼبثطخ 

 انًغًٕعخ انضبنضخ,  (فٛزبيٍٛ ْـانًغًٕعخ انضبَٛخ )يغًٕعخ ( , ةٚغبثٛخ )الإؼبثطخ انًغًٕعخ ان,  )أ(

عضٚئبد اكغٛذ انُحبط يغًٕعخ ) انًغًٕعخ انشاثعخٔ (انذلخزُبْٛخ ي عضٚئبد أكغٛذ انُحبطيغًٕعخ )

ٔرى اخز عُٛبد  اسابيع 8و اسابيع4 نهاية فى مجموعة كل من جرذان 6ذبح مت. (ٔ فٛزبيٍٛ ْـيزُبْٛخ انذلخ 

رمغًًٛٓب إنٗ صلاصخ أعضاء. ٔاعزخشاط انًخ ٔانشئزٍٛ ٖ صى زأكغذعٓبد انكًؤشش نلا ْٛذانمٛبط انًبنَٕذدو 

نزحذٚذ يذٖ رهف انحًغ انُٕٔ٘  اعزخذو . انغضء انضبَٙانُحبطمٛبط رشكٛض إَٚبد ن اعزخذو انغضء الأٔل

انغضء انضبنش خؼع .غ انُٕٖٔ صى رحهٛهّ كٓشثٛب نزمٛٛى انزغًى انغُٛٗ ًاعزخلاص انحعٍ ؽشٚك اخزجبس 

رحهٛهٓب إحظبئٛبً ٔ رغًٛعٓب نًُبعٙ. أظٓشد انُزبئظ ثعذا انكًٛٛبئٙ ٔانفحض ثبنًٛكشٔعكٕة انؼٕئٗنهفحض 

يزُبْٛخ انذلخ ادٖ انٗ اسرفبع يغزٕٖ انًبنَٕذاْٛذ يشٛشا انٗ حذٔس  اٌ انزعشع نغضٚئبد أكغٛذ انُحبط

انًخ ٔ انشئزٍٛ كًب ادٖ انٗ رذيٛشفٗ انحًغ ٔصٚبدح رشعٛت عُظش انُحبط داخم خلاٚب عٓبد رأكغذٖ ا

انُٕٖٔ ٔحذٔس رغٛٛشاد ثبصٕنٕعٛخ فٗ انًخ ٔ انشئزٍٛ ٔأظٓشد انذساعخ انكًٛٛبئٛخ انًُبعٛخ نلاَغغخ اٚغبثٛخ 

ُبْٛخ انذلخ عهٗ احذاس انًٕد يز عضٚئبد أكغٛذ انُحبطيًب ٚعكظ لذسح 3انزفبعم انُبعى عٍ اَضٚى كبعجٛض

اعبثٛع ظٓش رذْٕس ٔاػح  8ٔ 4انًجشيظ نهخلاٚب عٍ ؽشٚك احذاس الاعٓبد انزبكغذٖ ٔعُذ يمبسَّ انُزبئظ ثٍٛ 

ػذ الاصبسانغًٛخ انُبرغخ عُّ  يزُبْٛخ انذلخ ٔفش حًبٚخ عضٚئبد أكغٛذ انُحبطيع  ْـاٌ اعطبء فٛزبيٍٛ ٔ .فٛٓب

حٛش ادٖ انٗ رحغٍ ثًغزٕٖ انًبنَٕذاْٛذ ٔاَخفبع فٗ يعذلاد انزذيٛش فٗ انحًغ انُٕٖٔ ٔرحغٍ فٗ 

انذساعخ انكًٛٛبئٛخ انًُبعٛخ نلاَغغخ نٕحع ػعف  انزغٛشاد انجبصٕنٕعٛخ نكم يٍ انًخ ٔانشئزٍٛ ٔيٍ خلال 

ًجشيظ انُبعى عٍ عهٗ يمبٔيخ يٕد انخلاٚب ان ْـفٛزبيٍٛ  لذسحيًب ٚشٛشانٗ 3انزفبعم انُبعى عٍ اَضٚى كبعجٛض

رذيٛش  انٗ حذٔس عًٛخ ٔد يزُبْٛخ انذلخ اد عضٚئبد أكغٛذ انُحبط ًٚكٍ أٌ َغزُزظ أٌ . ٖالاعٓبد انزبكغذ

يزُبْٛخ انذلخ ٔفش انحًبٚخ  ْـ  يع عضٚئبد أكغٛذ انُحبطٔأٌ اعطبء فٛزبيٍٛ  انشئزٍٛٔثبنًخ انحًغ انُٕٖٔ 

 .حذس رحغُب نلاصبس انغهجٛخ انُبرغخ عُٓباػذْب ٔ
 


