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ABSTRACT 

The escalated use of copper oxide nanoparticles (CuO NPs) in various 
fields increased risk of human and environmental exposure. Spleen 
accounts for a crucial role in both innate and adaptive immunity and 

represents a potential target for nanoparticles toxicity. The aim of this 
study was to investigate the immunotoxic effect of sub-acute oral 
exposure to CuO NPs on spleen of adult male albino rats. Thirty rats 
were divided into two main groups. Group (I) control which was 
subdivided into two groups (10 rats each): (IA) negative control and 

(IB) positive control (received deionized water). Group II received 
CuO NPs (125 mg/kg). Animals were orally gavaged with treatments 
on a daily base for 28 days. At the end of experiment, blood samples 
on EDTA were used to assess number of red blood corpuscles 

(RBCs), hemoglobin (Hb%), platelets (PLT), white blood cells count 
(WBCs), and differential leucocyte count (neutrophils, monocytes, 
and lymphocytes). Serum samples were analyzed for total IgG and 
IgM levels. Thereafter, spleens were resected to assess levels of 

malondialdehyde (MDA), superoxide dismutase (SOD), tumor 
necrosis factor-alpha (TNF- α), and interleukin-4 (IL-4). Number of 
T-Lymphocyte subpopulation (CD4+, CD8+ and CD19+) and 
histopathology (H&E) were also determined. The results of the 

present study revealed that CuO NPs significantly decreased RBCs, 
Hb%, PLT, WBCs and lymphocytes% and significantly increased 
neutrophils% and monocytes%. Also, a significant reduction in total 
IgG and IgM in serum was detected. Furthermore, spleens of CuO 

NPs treated group demonstrated significant elevation in MDA, TNF- 
α., and CD8+. Meanwhile, SOD, IL4, CD4+, CD19+ and CD4+ 
/CD8+ ratio were significantly decreased. Structural damage was 
indicated by reduced number and cellularity of lymphoid follicles, as 

well as, congestion of red pulps. It can be concluded that the immune 
function of spleen was intoxicated by CuO NPs mostly due to 
oxidative stress mechanism and inflammation. 
Keywords: Copper oxide nanoparticles, Spleen, ROS, 

Immunoglobulin, Lymphocytes, Flow cytometry.
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I. INTRODUCTION 
opper is one of the essential trace 
elements involved in metabolic 

processes and maintenance of many 
enzymes’ vitality (Tang et al., 2019). 
Copper oxide nanoparticles (CuO NPs) have 
gained too much attention owing to unique  

conductive, optical, magnetic, and electrical 
characteristics (Anreddy, 2018). CuO NPs 
are widely included in multiple applications 
including catalytic, optical sensors, 

electronics, superconductors, as well as 
biomedical field. The field of biomedicine 
encounters important applications of CuO 
NPs in foot wears and blankets to prevent 

nosocomial infections in hospitals. As food 
additives, they represent a preferable choice 
due to antimicrobial and growth promoting 
effects (Tang et al., 2019). Additionally, 

CuO NPs can be used in a wide range of 
products ranging from cosmetics to 
pesticides as potent antifungal and 
antimicrobial agents (Ezealisiji et al., 2019). 

Unfortunately, CuO NPs have been reported 
as the most toxic metal oxide nanoparticles 
(He et al., 2020).  

The uptake of CuO NPs is mediated 

mainly via liver Kupffer cells as well as 
splenic macrophages (Cataldi et al., 2017). 
This can be attributed to the fact that both 
types of cells are essential parts of reticulo-

endothelial system (RES) which is 
concerned with the removal of foreign 
bodies (De Jong et al., 2019).  

Spleen is a major lymphoid organ in the 

reticulo-endothelial system. Once antigen is 
recognized, a cascade of immunological 
reactions take place in spleen involving 
activation and recruitment of more and more 

cells with production of antibodies and 
cytokines (Dipo, 2019). CuO NPs are 
mainly distributed to liver, kidney, and 
spleen where a toxic reservoir of Cu ions is 

built up in these organs (Lee et al., 2016 a). 
The high migration to spleen renders the 
immune system as a potential target for NPs 

toxicity. Accordingly, more specific 
immunological investigations are needed 
(De Jong et al., 2019). 

Actually, the immune system is 
considered as a sensitive target for 
nanoparticles intoxication. In mice, low-
dose of toxicants which are relatively safe 

for other organs can be extremely toxic for 
the immunity (Zhou et al., 2019). The 
immunomodulatory effect caused by 
nanoparticles is of great importance as it 

enhances infection and cancer development 
(Zolnik et al., 2010).  

Data on the immunotoxic potentials of 
most metal nanoparticles are still rare. So, 

the aim of this study was to investigate the 
immunomotoxic effect of sub-acute oral 
exposure to CuO NPs on spleens of adult 
male albino rats. 

II. MATERIALS AND METHODS 

II.1. Chemicals: 
Copper (II) oxide nanoparticles were 

obtained in the form of odorless dry black 

nano-powder with particle size <50 nm, 
molecular weight of 79.55 g/mol, CAS No. 
is 1317-38-0 (Product code: 544868), 
manufactured by Sigma-Aldrich chemical 

company, USA and purchased from Sigma-
Egypt (Eltayaran St., Nasr City-Cairo). 

II.2. Particle characterization: 
 Dry powder of CuO NPs was suspended in 

deionized water at concentration of 1 
mg/mL and then sonicated using a sonicator 
at room temperature for 15 min. to form a 
homogeneous suspension. A drop of 

suspension was placed onto a carbon-coated 
copper grid, air-dried, and observed with 
transmission electron microscope (Model 
JEM-1400, JEOL Ltd., Tokyo, Japan) 

(Ahamed et al., 2010). This characterization 
was done in Electron Microscopy Unit, 
Faculty of Agriculture Research Park 
(FARP), Cairo University, Egypt.  

 

 

c 
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II.3. Animals and grouping:  
All rat experiments were 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 30 

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 were 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 assigned at 
random to one of two groups;  
Group I (control): was subdivided into two 
subgroups (10 rats each); a negative control 

(IA, n= 10) received no treatment to 
measure basic parameters and a positive 
control (IB, n=10) received 1 mL of 
deionized water. 

 Group II (CuO NPs treated group): 10 rats 
had received CuO NPs (125 mg/kg) which 
was suspended in deionized water and 
sonicated with a probe sonicator. This dose 

represents 1/20 of oral LD50 of copper 
oxide nanoparticles in rats (2500 mg/kg) 
(Safety data sheet according to Regulation 
(EC), Sigma-Aldrich, 2020 and Assy et al., 

2019). All treatments were administered via 
oral gavage on a daily base for 28 days. 

II.4. Specimen collection: 

II.4.1. Blood: 

 At the end of experiment, 24 hours after 
the last dose, rats were anesthetized by using 
intra-peritoneal injection of pentobarbital 
(50 mg/kg). Thereafter, blood samples (5 

mL) were collected via cardiac puncture. 
Each blood sample was divided into two 
halves. One was evacuated into sterile tubes 
containing ethylenediamine tetraacetic acid 

for determining blood cells count. The other 
half was ejected into non-heparinized glass 
tubes and allowed to clot for 30 min. at 25 

°C after which serum samples were 
separated by centrifugation (600×g, 15 min, 
4 °C) and stored at -20 °C until analysis 

(Nemzek et al., 2001).  

II.4.2. Organs: 
 Rats were sacrificed by cervical 

dislocation. Spleens of all test animals were 

excised, washed with ice cold saline, and 
checked for anomalies. Then, one half of 
spleen was homogenized for MDA, SOD, 
TNF-α, IL-4, CD4+, CD8+ and CD19+ 

analysis. The other half was fixed in 10% 
formalin for histopathological study.  

II.5. Biochemical studies: 

II.5.1. Hematological analysis: 

Hematologic parameters including RBCs 
count, Hb%, platelets (PLT), WBCs count, 
and differential leucocyte count 
(neutrophils, monocytes, and lymphocytes) 

were assayed according to the method 
described  by Chanarin et al. (1973), using 
Coulter T660 hematology analyzer, 
Beckman Coulter, Inc., USA.  

II.5.2 Oxidative stress markers in the 

spleen: 
Splenic malondialdehyde (MDA) and 

superoxide dismutase (SOD) levels were 

measured spectrophotometrically following 
the method described by Ohkawa et al. 
(1979) and Nagi et al. (1995) respectively, 
using Biodiagnostic kits (Biodiagnostic, 

Giza, Egypt).  

II.5.3. Cytokine levels in the spleen: 
Levels of TNF- α and IL-4 were assessed by 
using ELISA kits according to 

manufacturer’s instructions (ELISA kit; 
Abcam Cambridge, UK; TNFα: Cat# 
ab100785 and IL-4: Cat# ab100770).  

II.5.4. Serum immunoglobulin: 

Total IgG and IgM levels were measured 
in rat serum using ELISA kits obtained from 
Abcam (ab189578, ab157738; Cambridge, 
MA), according to the method described by 

Salauze et al. (1994).  

II.6. Lymphocyte subpopulation analysis: 
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Splenic tissues at size of 0.2 g from each rat were washed with PBS solution and passed  
through a cell strainer. Then, the red blood 
cells were removed from the suspension 

with red blood cell lysis buffer. Suspensions 
were then centrifuged and supernatants were 
removed. Afterward, cell sedimentations 
were suspended again with PBS at cell 

concentration of 106/mL. The cell 
suspensions were stained with antibodies 
(anti-CD4+, anti-CD8+ and anti-CD19), 
purchased from BD Biosciences, Shanghai, 

China). The cells (CD4+, CD8+ and CD19 
cells) were analyzed by flow cytometry (BD 
FACSVerse, BD Biosciences, Shanghai, 
China) (Mitra et al., 2013).  

II.7. Haematoxylin and eosin staining 

(H&E): 
Paraffin-embedded blocks were sectioned 
out at 5 μm thick sections and stained with 

haematoxylin and eosin following the 

method described by Bancroft and Stevens 
(1996). 

II.8. Statistics: 
 Data were analyzed by Statistical Package 
of Social Science (SPSS), software version 
20. Quantitative data were summarized as 

mean ± SD (standard deviation). Student t-
test was used for comparison between two 
independent quantitative data which are 
normally distributed. 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). 

III. RESULTS 

III.1. Characterization of CuO NPs: 
Morphological characterization of CuO 

NPs by transmission electron microscopy 
(TEM) revealed that most of CuO NPs were 

spherical in shape with different sizes 
ranging from 4.77 to 7.78 nm (Figure 1).

 Figure (1): Transmission electron microscopy image of copper oxide nanoparticles showing 

spherical shape particles with different sizes ranging from 4.77 to 7.78 nm.                                                        
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III.2. Biochemical results: 
There was no statistically significant 

difference observed regarding the 
biochemical parameters of all control 
groups. So, the negative control group (IA) 
was used for comparison with CuO NPs 

treated groups. 

III.2.1. Hematological findings: 

Administration of CuO NPs significantly 
(p< 0.001) decreased mean values of RBCs 
count, Hb%, platelets count, WBCs count 

and lymphocytes%. Meanwhile, nano-CuO 
particles significantly (p< 0.001) increased 
mean values of neutrophils% and 
monocytes% compared to the control group 

(Table 1). 

 
Table1:  Statistical comparison between negative control and CuO NPs groups regarding 

the mean values of hematological findings using student t-test. 

Parameter Negative control group CuO NPs group 

(125 mg/kg for 4 weeks) 

t p-value 

RBCs (10
12

/L) 7.07±0.13 5.65±0.37
 

11.590 <0.001** 

Hb (%) 16.99±1.24 10.93±1.00
 

12.037 <0.001** 

PLT (10
9
/L) 1163.3±34.78 1088.7±29.91

 
5.143 <0.001** 

WBCs (10
9
/L) 11.49±0.25 8.31±0.51

 
17.661 <0.001** 

Neutrophils (%) 11.64±0.15 28.79±1.76
 

30.653 <0.001** 

Monocytes (%) 2.44±0.15 3.77±0.15
 

19.600 <0.001** 

Lymphocytes (%) 83.2±1.20 55.4±3.63
 

22.955 <0.001**
 

**p <0.001(highly significant) compared to control group; Values are presented as mean ± SD (Standard 
deviation); Number of rats in each group equals to 10 rats; %= percent; RBCs= Red blood corpuscles; 

Hb= Hemoglobin; PLT= Platelet; WBCs= White blood cells. 

III.2.2. Splenic oxidative stress markers: 
Treatment with CuO NPs resulted in a 

highly significant (p< 0.001) increase in 
mean values of splenic MDA and highly 

significant (p< 0.001) decrease in mean 
values of splenic SOD when compared to 

the control group (Table 2). 
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Table 2: Statistical comparison between negative control and CuO NPs groups regarding 

the mean values of splenic SOD and MDA levels  using student t-test.  

Parameter Negative control 

group 

CuO NPs group 

(125 mg/kg for 4 weeks) 

t p-value 

MDA (nmol/g tissue) 40.5±4.03 127.8±7.93
 

31.036 <0.001**
 

SOD (µ/mg protein) 38.05±4.63 15.35±4.26
 

11.410 <0.001**
 

**p<0.001 (highly significant) compared to control group;  Values are presented as mean ± SD (Standard 

deviation); Number of rats in each group equals to 10 rats; MDA= Malondialdehyde; SOD= Superoxide 
dismutase. 

 

III.2.3. Splenic inflammatory markers:  
Administration of CuO NPs showed a 

highly significant (p< 0.001) elevation in 
mean values of TNF-α and a highly 

significant (p<0.001) decrease in mean 
values of IL-4 in comparison with the 
control group (Table 3). 

 

Table 3: Statistical comparison between negative control and CuO NPs groups regarding 

the mean values of splenic TNF-α and IL-4 using student t-test.  

Parameter Negative control 

group 

CuO NPs group 

(125 mg/kg for 4 

weeks) 

t p-value 

TNF-α (pg/ mg protein) 7.92±1.05 40.45±3.15 31.003 <0.001**
 

IL-4 (pg/ mg protein) 18.34±3.31 5.48±1.6
 

11.069 <0.001**
 

**p<0.001 (highly significant) compared to control group; Values are presented as mean ± SD (Standard 
deviation); Number of rats in each group equals to 10 rats; TNF-α= Tumor necrosis factor-alpha; IL-4= 

Interleukin-4. 

III.2.4. Serum immunoglobulins: 
Results revealed a highly significant 

reduction in total IgG and IgM in serum of 

CuO NPs treated group when compared to 
control group (Table 4). 
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Table 4: Statistical comparison between negative control and CuO NPs groups regarding 

the mean values of serum total IgG and IgM using student t-test.  

Parameter Negative control 

group 

CuO NPs group 

(125 mg/kg for 4 weeks) 

t p-value 

Total IgG (g/L) 1.735±0.161 0.92±0.046 15.325 <0.001** 

Total IgM (mg/L) 282.1±13.44 152.5±12.30
 

22.487
 

<0.001**
 

**p<0.001(highly significant) compared to control group; Values are presented as mean ± SD (Standard 

deviation); Number of rats in each group equals to 10 rats; IgG= Immunoglobulin G; IgM= Immunoglobulin M. 

 

III.3. Lymphocyte subpopulation in splenic 

tissue:  
Administration of CuO NPs significantly 

(p<0.001) decreased mean values of CD4+ (T-
helper cells), CD19+ (B lymphocytes) and CD4+ 

/CD8+ ratio. Contrary, CuO NPs significantly 
(p<0.001) increased mean value of CD8+ (T-
cytotoxic cells) compared to control group (Table 

5 and Figure 2&3). 

Table 5: Statistical comparison between negative control and CuO NPs groups regarding 

the mean values of CD4+, CD8+, CD4+ /CD8+ ratio, and CD19+ using student t-test.  

Parameter Negative control 

group 

CuO NPs group 

(125 mg/kg for 4 

weeks) 

t p-value 

CD4+ (%) 17.8±2.39 12.04±1.35
 

6.624
 

<0.001** 

CD8+ (%) 11.34±0.92 19.8±2.29
 

10.802
 

<0.001** 

CD4+ /CD8+ ratio 1.58±0.26 0.62±0.11
 

10.724 <0.001** 

CD19+ (%) 17.6±2.01 10.59±1.36
 

9.132
 

<0.001** 

** p<0.001(highly significant) compared to control group; Values are presented as mean ± SD (Standard 

deviation); Number of rats in each group equals to 10 rats; %= percent; CD4+= T-helper cells; CD8+= T-

cytotoxic cells; CD19+= B lymphocytes. 
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  Figure (2): Flow cytometry analysis of CD4+, CD8+ and CD19+ in the spleen of adult male 

albino rat from the control group.                                                     
 

 Figure (3): Flow cytometry analysis of CD4+, CD8+ and CD19+   in the spleen of adult male 

albino rat orally gavaged by CuO NPs (125 mg/kg/day) for 28 days. 
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III.4. Haematoxylin and eosin staining 

(H&E): 

Spleens resected from all animals 

revealed no gross anomalies. The control 

group demonstrated normal spleen structure 

formed of white and red pulps. The white 

pulp showed well-circumscribed lymphoid 

follicles. The red pulp was made up of 

anastomosing and branching splenic cords  

 

with blood sinusoids in between (Figure 4 

a). The CuO NPs treated group showed 

reduction in number of follicles (Figure 4 b), 

atrophy of white pulps (Figure 4 c), and 

reduced cellularity (Figure 4 d). Red pulp 

showed also signs of inflammation as 

congestion (Figure 4 e). Apoptotic changes 

were also demonstrated in some areas of 

spleen (Figure 4 f).                                                                                                                                                                                                                   

 Figure (4):  H&E staining micrographs of spleen tissues showing: a) Section from control group 

showing normal spleen with intact cellular white pulp (red arrow) and central arteriole (asterisk) 

(H&E x400). Sections from CuO NPs treated group showing b) atrophied white pulps (black 

arrow)(H&E x400). c) Reduced number (only one referred by arrow) and cellularity of white 

pulp (H&E x400).  d) Wide area (white arrow) under the capsule (red arrow) without follicles 

denoting reduced follicle number (H&E x400). e) Congestion of red pulp (black arrow) (H&E 

x400).  f) Numerous apoptotic cells in the spleen (white arrow) (Total magnification = x400).  
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IV. DISCUSSION 

Results of the present study revealed 
alteration in hematological profile and 
immune reaction as was indicated by the 

significant reduction in RBCs count, Hb%, 
platelets, and total WBCs count. The 
differential WBCs revealed decreased 
lymphocytes and increased neutrophils and 

monocytes in treated group when 
compared to the control. 

The reduced RBCs, Hb, and platelets 
are consistent with hematological findings 

reported in previous studies (Lee et al., 
2016 b; Taha et al., 2017; Attia et al., 
2019). Similarly, rats orally treated by 
ZnONPs showed significant decrease in 

RBCs, platelets, and Hb% (Abass et al., 
2017). The reduced WBCs is consistent 
with the results demonstrated by Chung et 
al., (2009), Al-Naimi et al. (2013), and 

Taha et al. (2017). Also, rats treated by 
AgNPs had revealed immunological 
suppression as was indicated by grave 
decline in total WBCs and lymphocytes 

(Hassanen et al., 2019).  
After being administered orally and 

upon reaction with H+ of gastric juice, 
CuO NPs are transformed into their ionic 

states (Strauch et al., 2017). So, the Cu2+ 
content in cells and tissues (cellular 
cytoplasm and nucleus) is markedly 
increased (Sivakumar et al., 2020). The 

high level of Cu2+ can competitively 
inhibit iron absorption and utilization 
resulting in decreased serum iron 
(Arredondo et al., 2005). The reduced 

serum iron leads to reduction in Hb 
synthesis and anemia (Attia et al., 2019).  

Besides, the prolonged exposure of 
RBCs to the excess copper enhances 

destruction of cell membrane and leakage 
of internal enzymes with shortened RBCs 
lifespan (Mitra et al., 2013). Also, the 
oxidative stress and lipid peroxidation 

(LPO) generated by CuO NPs cause 
anemia either directly by destroying 
erythrocytes or indirectly by increasing the 
vulnerability of RBC to destruction (Attia 

et al., 2019). Collectively, anemia reported 
with CuO NPs can be attributed to 

defective Hb synthesis and the reduced 
RBCs count due to excess Cu2+ and lipid 
peroxidation. 

In the same line, the decreased platelets 
associated with CuO NPs can be ascribed 
to the oxidative stress mediated damage of 
platelet membranes (Attia et al., 2019). 

The significant reduction in platelet count 
indicates the ability of CuO NPs to cause 
thrombocytopenia and impaired clot 
formation (Maciel-Magalhães, 2020).  

As regards the diminished WBCs 
count, it can be attributed to the depletion 
of these cells in the immune response 
(Attia et al., 2019). Also, the decreased 

lymphocyte implies the detrimental effect 
of CuO NPs on the immune cells. On the 
other hand, the increased percentages of 
neutrophils and monocytes are mainly 

related to the inflammatory response as 
well as being a compensatory response to 
the decreased lymphocytes (Lee et al., 
2016 b). Meanwhile, this compensation 

could not overcome the overall depletion 
of WBCs in the present study. 

Contrary to the results of the present 
study, the increased WBCs reported by 

Khabbazi et al. (2015), Taha et al. (2017), 
and Attia et al. (2019) was explained by 
the acute inflammatory response caused by 
the short term interaction between CuO 

NPs and the immune system. Furthermore, 
De Jong et al. (2019) attributed the 
increased WBCs count to the increased 
neutrophilic granulocytes in short term 

exposure to CuO NPs. However, after a 
certain time, the exaggerated immune 
response becomes weakened and atrophy 
of lymph nodes takes place depleting 

immunity and reducing WBCs (Attia et al., 
2019). 

The lipid peroxidation and oxidative 
stress have been cited as the most accepted 

mechanism for NPs toxicity (Alarifi et al., 
2013). This was further supported by 
various in vivo and in vitro studies (Niska 
et al., 2015; Griffitt, et al., 2007; Assadian 

et al., 2018).  Oxidative stress with metal 
NPs like CuO NPs may be related to the 
surface properties, the elaborated metal 
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ions, or both (Wang et al., 2016). 
Oxidative stress is associated with over 
production of reactive oxygen species 

(ROS) (He et al., 2020).   
The excessive ROS can be attributes to 

the small size and large surface area of 
NPs, the interaction of NPs with the 

cellular components like mitochondria, 
and the  excessive O2 production upon 
activation of NADPH-oxidase enzyme in 
membrane of phagocytic cells (Alarifi et 

al., 2013). The generated ROS enhance 
inflammation and damage to lipid 
membranes, proteins, and DNA (Yang et 
al., 2009 and Akhtar et al., 2016). 

On the other hand, the elaborated 
Cu2+ from CuO NPs was demonstrated by 
He et al. (2020) as the major cause for the 
oxidative stress and excess superoxide 

anions in cells. Interestingly, He et al. 
(2020) had recommended copper chelating 
agents instead of usual antioxidants to 
alleviate the oxidative damage mediated 

by CuO NPs.  
In the present study, the ability of CuO 

NPs to induce oxidative stress was 
evaluated by measuring the levels of lipid 

peroxidation marker (MDA) and the 
antioxidant enzyme (SOD) in spleen 
tissues. Superoxide dismutase (SOD) 
represents the first detoxification enzyme 

and the most powerful antioxidant in the 
cell. Also, it stands for an essential 
component of the first line defense system 
antagonizing ROS (Ighodaro and 

Akinloye, 2018). In the present study, 
oxidative stress was indicated by the 
elevated MDA and decreased SOD levels. 

In support of this, nano-Cu particles 

caused significant elevation of MDA 
levels in spleens of treated rats (Zhou et 
al., 2019). In livers of rats orally exposed 
to CuO NPs, Anreddy (2018) and Tang et 

al. (2019) had reported dose dependent 
reduction in activity of hepatic antioxidant 
enzymes like reduced glutathione, catalase 
and superoxide dismutase, whereas MDA 

levels were significantly increased. Also, 
Elkhateeb et al. (2020) had demonstrated 
increased MDA levels and decreased SOD 

activity and other antioxidants in kidney of 
CuO NPs treated rats. In the same line, 
addition of NAC (N-acetyl-cysteine) to the 

epithelial cells of kidney had been proven 
to alleviate CuO NPs-induced cytotoxicity 
(Srikanth et al., 2016).  

The levels of cytokines are measured 

as biomarkers for the immunomodulation 
caused by NPs (Elsabahy et al., 2013). 
Results of this study revealed increased 
levels of pro-inflammatory cytokine (TNF-

α) in spleen of CuO NPs treated rats when 
compared to the control. In contrast, a 
significant decrease of anti-inflammatory 
cytokine (IL-4) was detected. This means 

that CuO NPs can cause apparent 
inflammatory response in spleen. 

In the same line, CuO NPs increased 
expression of pro-inflammatory cytokines 

and decreased anti-inflammatory ones in 
both mouse respiratory tract (Ko et al., 
2018) and Hela cells (Dey et al., 2018). 
Also, Hanley et al. (2009) reported similar 

results for ZnO nanoparticles in primary 
immune cells of human. Furthermore, 
Khan et al. (2013) demonstrated a 
significant increase in the pro-

inflammatory cytokines with gold 
nanoparticles after 1 day of treatment. 

Based on the mechanism of action, 
immune system is divided into two sub-

systems; the first one is the innate system 
which represents the first line of defense 
against foreign particles. This system is 
regulated by phagocytic cells 

(macrophages and dendritic cells), 
neutrophils, and mast cells which serve as 
antigen-presenting cells (APCs) to the 
cells of the second subsystem (Akira et al., 

2006). 
The second subsystem is the adaptive 

system (cell mediated immunity) which 
encounters more specialized cells (T and B 

cells) for degradation or neutralization of 
engulfed nanoparticles. T lymphocytes are 
subdivided into: a) T helper (Th) cells 
which include (Th1, Th2, Th17); b) T 

regulatory cells (T regs); and c) cytotoxic 
T cells. As regards T helpers, Th1 
mediates the pro-inflammatory response 
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via pro-inflammatory cytokines 
including interferon   (IFN)-γ, interleukin 
(IL)-2, and tumor necrosis factor (TNF) –

α. On the other hand, Th2 mediates the 
antagonistic anti- inflammatory immune 
response via anti-inflammatory cytokines 
(IL-4, IL-5, IL-10, and IL-13). 

Additionally, Th2 facilitates production of 
antibodies from B cells (Muhammad et al., 
2020).   

After gastric tract absorption, high 

levels of CuO NPs are sequestrated in 
spleen by macrophages of marginal zone 
and red pulp. These cells elaborate excess 
ROS to remove the intruder resulting in 

oxidative stress (Zhou et al., 2019). 
Actually, ROS act as secondary messenger 
to enhance the inflammatory immune 
response in spleen (Muhammad, et al., 

2020). The pathophysiological potential of 
NPs is determined by the extent of the 
oxidative stress, ranging from 
inflammation to cell death and even cancer 

(Petrarca et al., 2015). Moreover, it was 
speculated that inflammation caused by 
nano-Cu oxide particles could be attributed 
to Cu2+ ions themselves that trigger 

oxidative stress and accordingly activate 
inflammatory response (He et al., 2020).  

The inflammatory response mediated 
by NPs is modulated according to the 

specific pattern of cytokines production by 
T cells. Homeostasis of T cells (Th1/Th2 
balance) represents a critical factor for the 
adaptive immunity (Luo et al., 2015). 

Some metal NPs modulate immunity by 
disturbing homeostasis of T cells via 
polarizing the cytokine balance towards 
Th1 cytokines; increasing production of 

pro-inflammatory cytokines (IL-2, IFN-, 
and TNF-), and decreasing the production 
of Th2 cytokines (IL-4, IL-5, and IL-6) 
(Petrarca et al., 2015). Amongst these 

nanoparticles, CuO NPs have been 
reported to evoke the most powerful 
inflammatory response (Karlsson et al., 
2008). Contrary, some other metal NPs 

disturb Th1/Th2 balance by polarizing 
cytokine balance towards expression of 
Th2 cytokines and decreasing pro-

inflammatory cytokines like AgNPs (Li et 
al., 2018).  

The spleen accounts for a crucial role 

in both innate and adaptive immune 
response organization. The spleen is 
organized into regions called the red pulp 
and white pulp. Red pulp contains the 

macrophages and dendritic cells while 
white pulp contains T and B lymphocytic 
cells. The white pulp mimics the structure 
of lymph nodes and allows generation of 

antigen-specific immune response (Bronte 
and Pittet, 2013).   

Results of the present study revealed a 
significant reduction in total IgG and IgM 

in serum of CuO NPs treated group when 
compared to the control group reflecting 
immune suppression. These results are 
consistent with Zhou et al. (2019) and in 

the same line with other metal NPs like 
AgNPs (Hassanen et al., 2019), TiO(2) 
NPs (Sang et al., 2012), and Fe2O3 NPs 
(Shen et al., 2011). The reduction in serum 

immunoglobulins had been attributed to 
the decreased number of B cells due to 
cytotoxic damage caused by NPs (Zhou et 
al., 2019). Additionally, under normal 

conditions, Th2 cells drive the humoral 
immunity and up regulate the production 
of antibodies via anti-inflammatory 
cytokines (IL-4, IL-6, IL-10, and IL-13). 

These cytokines signal B-cells to 
proliferate and differentiate to most classes 
of antibodies (IgG and IgE) (Zhu, 2015). 
Accordingly, impaired Th2 cell function 

can reduce IgG just as impaired B-cells 
(Luo et al., 2015 and Hassanen et al., 
2019). 

The T cells including T helper (T) 

cells, regulatory T cells, and cytotoxic T 
cells express surface proteins including 
CD4+ on T helper cells and CD8+on 
cytotoxic T cells (Luo et al., 2015). B cells 

express CD19+ on their surface. Many 
studies have proven the ability of NPs to 
alter T cells expansion, activation, and 
proliferation (Dobrovolskaia et al., 2016).  

In the present study, assessment of 
lymphocyte subpopulation in spleen 
tissues revealed decreased CD4+, 
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CD4+/CD8+, and CD19+ levels which 
are consistent with the impaired cellular 
and humoral immunity. Meanwhile, CD8+ 

was significantly increased. The reduced 
lymphocyte subpopulation can be ascribed 
to the oxidative stress as well as the 
excessive exposure to copper which have 

detrimental effect on immune cells leading 
finally to immunosuppression (Mitra et al., 
2012). The increased CD8+ cells promote 
cytotoxicity and apoptosis with excess 

copper (Mitra et al., 2013), while the 
decreased Cd19+ is consistent with the 
diminished immunoglobulins reported in 
present study. Similarly, in Zhou's study, 

number of CD4+ and ratio of CD4+/CD8+ 
were reduced indicating the imbalance of 
cellular immunity induced by nano-Cu 
particles (Zhou et al., 2019). 

Sections obtained from spleens of CuO 
NPs treated group revealed structural 
alterations as was indicated by lymphoid 
depletion, atrophy of white pulps, reduced 

cellularity, inflammatory congestion, and 
apoptosis. These findings are further 
supporting the disturbed immunological 
function and reduced T lymphocytes 

subpopulations reported in our study. 
Results of the present study are parallel to 
the previous studies conducted by Zhou et 
al. (2019), El Bialy et al (2020), and Lee et 

al. (2016 b) where the structural alterations 
were ascribed to the oxidative stress 
mechanism. Additionally, apoptosis 
detected in this study is a well-documented 

form of programmed cell death caused by 
CuO NPs mediated DNA damage.  The 
damage of DNA is caused either via direct 
penetration of NPs to the nucleus or 

indirectly via generating ROS which react 
with the nucleus causing DNA damage 
(Alarifi et al., 2013).  

 

V. CONCLUSION AND 

RECOMMENDATIONS 
Sub-acute exposure to CuO NPs exerts 

oxidative stress mediated damage and 

immunotoxic effect on spleens of treated 
rats. Oxidation was reflected by high lipid 
peroxidation and reduced SOD. 

Suppression of immunity was indicated by 
diminished WBCs count, reduced serum 
immunoglobulins, altered T cells 

subpopulation, and the depleted lymphatic 
nodules in CuO NPs treated group. 
Attention should be paid to the 
immunotoxic effect caused by repeated 

exposure to CuO NPs in food additives 
and daily used products like cosmetics. 
Also, a simple investigation like full blood 
picture should be routinely done for 

workers occupationally exposed to nano-
copper oxide to detect toxicity.  
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 العرثٍالولخص 

لجسَئبت أكسُذ النحبش هتنبهُة الذقة علً الونبعُة  التأثُر السبم النبتج عي اإلجهبد التأكسذٌ والسوُة

 طحبل الجرراى الجُضبء الجبلغة
سور صقر

1
وهٍ عجذ الىهبة 

2
وهنً عبطف 

1 

1
 جبهعة السقبزَق - كلُة الطت الجشري-قسن الطت الشرعٍ والسوىم اإلكلُنُكُة 

2
 جبهعة السقبزَق  - كلُة الطت الجشري-قسن الجبثىلىجٍ 

أدٖ بالسسخذبو بنًسضبٚدذ ندضٚادةذ أيددٛذ بنُ دةط يسُةْٛدد بنذ دد لدٙ يخسهدت بنًددةالذ  ندٗ صٚدةدخ الدش بنس دش  بنح دش٘ 

ة ي سًالً ندًٛد بنل ةل دًٔسب ْةية لٙ يم يٍ بنًُةعد بنفلشٚد ٔبنسكٛفٛد نهددى لًٛة ًٚثم ْذلً ٚه ث ٔبنحٛاٙ نٓزِ بندضٚاةذ. 

٘  ددحّ بن ددةد   بندضٚادةذ يسُةْٛددد بنذ دد. ٔنددزنت أخشٚدر  ْددزِ بنذسبسدد نف ددم بنسددلنٛش بنًُدةعٙ بنُددةزح عدٍ بنس ددش  بنفًٕد

عسٍٛ  ندضٚاةذ أيدٛذ بنُ ةط يسُةْٛد بنذ د عهٗ  ط ةل ريٕس بندشربٌ بنحٛضةء بنحةنغد.  زى زقدٛى نالندٍٛ خدشرب  ندٗ يدًٕد

ٍ )( بنIسئٛدٛسٍٛ. بنًدًٕعد ) ٙ زى زقدًٛٓة  نٗ يدًٕعسٛ ٔ  يدًٕعد ضةجلد سةنحد( IAلاشبٌ نكم يًُٓة(: ) 10ضةجلد بنس

(IB )يدٍ خضٚادةذ أيددٛذ بنُ دةط يسُةْٛدد  يددى / يددى121. أية بنًدًٕعد بنثةَٛد  زى بعلةئٓدة   يدًٕعد ضةجلد يٕخحد

ًٕٚيدة. لدٙ َٓةٚدد بنسدشجدد  زدى بسدسخذبو  22نًدذخ بنذ د  . زى  علةء بن الج جٕبسلد بَحٕت عٍ طشٚق بنفى يدشخ ٔبددذخ ٕٚيٛدة 

جٍٛ  بنصفةئح بنذيٕٚد   عُٛةذ بنذو بنًد ٕجد لٙ بَةجٛث ز سٕ٘ عهٗ  دٚسة نقٛةط عذد يشٚةذ بنذو بن ًشبء  َدحد بنًٕٓٛخٕه

دٛدذبذ  ٔبنخالٚدة بنهًٛفةٔٚدد(. زدى ز  هٛدم عُٛدةذ عذد االٚة بنذو بنحٛضةء  ٔعدذد بنكشٚدةذ بنحٛضدةء بنسًٛٛدض٘ )بن دذالذ  بٕن

(.  ج دذ رنددت   زددى بسساصدةل بنل ددةل نقٛددةط يدددسٕٖ IgG ٔIgMبنًصدم نس ذٚددذ بنًدددسٕٖ بيخًدةنٙ ناخدددةو بنًُةعٛددد )

َذبْٛذ  سو  بنًةٕن يددٛذ دسدًٕٛزٛض    عةيدم َخدش بنٕد جش ٔب يٍٛ-بَضٚى  بندٕد .  يًدة زدى ز ذٚدذ َددحد بنخالٚدة 4-أنفدة    ٔ بَسشنٕد

ئٙ.  ) +CD4+,CD8+, CD19بنهًٛفةٔٚددد بنفشعٛددد لددٙ بنل ددةل ) ٔيددزنت ل ددم َدددٛح بنل ددةل جةنًٛكشٔسددكٕت بنضدٕد

أظٓدشذ َسةئدُدة أٌ خضٚادةذ أيددٛذ بنُ دةط يسُةْٛدد بنذ دد  أدذ  نددٗ بَخفدة  ربذ دالندد  دصدةئٛد  لدٙ عدذد يدشبذ بنددذو 

ٍ   بنصفةئح بنذيٕٚد    عذد االٚة بنذو بنحٛضةء    َٔدحد بنخالٚة بنهٛ جٛ ًفةٔٚد   ٔ صٚةدخ ربذ دالند بن ًشبء   َدحد بنًٕٓٛخٕه

دٛذبذ. يًة زى بنك ت عٍ بَخفة  ربذ دالندد  دصدةئٛد  لدٙ  خًدةنٙ  بالخددةو بنًُةعٛدد   دصةئٛد  لٙ َدحد بن ذالذ ٔبٕن

(IgG ٔIgM رنت   أظٓش ط ةل بنًدًٕعد بنً ةندد جـدضٚاةذ أيدٛذ بنُ ةط يسُةْٛد بنذ د  بسزفةعًة ٗ ( لٙ بنذو. عالٔخ عه

سو ربذ دالند  دص َذبْٛذ    عةيم َخش بٕن . ٔلدٙ بٕن در َفددّ   (+CD8)أنفة  ٔبنخالٚدة بنهًٛفةٔٚدد -ةئٛد  لٙ يدسٕٖ بنًةٕن

يددٛذ دسدًٕٛزٛض جش ٔب يٍٛ ,بَخفد  يددسٕٖ بَدضٚى  بندٕد ٔ َددحد   +CD4   ٔ(CD19+   (ٔبنخالٚدة بنهًٛفةٔٚدد   4-بَسشنٕد

CD4+ / CD8+  ٚدد بنحصدٛالذ سدسذل عهدٗ زهدت بَدددد بنل دأ. ٔ  دذ  ج كم يه ٕظ ةل  يدٍ ادالل بَخفدة  عدذد ٔإه

ٌ بنهث بألدًش.  ظٛفد بنًُةعٛد نهل ةل  ذ زلنشذ سهحًة جـدضٚاةذ أيدٛذ ٔباٛشب لبنهًٛفةٔٚد   ٔيزنت بدسقة ًٛكٍ بسسُسةج أٌ بٕن

 .بنُ ةط يسُةْٛد بنذ د  عهٗ بالغهث  جدحث آنٛد بيخٓةد بنسليدذ٘ ٔبالنسٓةت

 


