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Background: This article presents the results of a study on the toxic effects of a copper oxide 

nanocomposite compound on the body of white rats over short- and long-term experiments. 

Methods: The copper oxide nanocomposite compound was orally administered daily to the rats at 500 

µg/kg for 10 days. The examination of the effects was carried out immediately after the completion of 

the exposure to the nanocomposite and four months post-exposure. Biochemical and hematological 

parameters in the blood and the morphology of the brain cells in the sensorimotor cortex and in liver and 

kidney cells were also investigated. 

Results: The experimental findings indicated that the nanocomposite compound caused alterations in the 

biochemical and hematological parameters in the rats’ blood. It also affected the morphology of the rats’ 

brain sensorimotor cortex without causing pronounced changes in the structure of the rats’ liver and 

kidneys. We also found that the copper oxide nanocomposite had a primary genotoxic effect on blood 

cells. In the long term, the toxic effect of the nanocomposite compound declined. 

Conclusion: The copper oxide nanocomposite at 500 μg/kg had adverse effects on the normal metabolism 

of the rats and was toxic to their liver and kidney cells. The cytotoxic effects of this compound were 

observed in the arabinogalactan matrix of the liver and kidney cells. The histological alterations were 

significant, which warrants further investigations when researchers plan to use this compound in animals 

or humans as a drug because of its antibacterial properties. 
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Introduction
Copper nanocomposites are promising materials for the 

development of antiseptic agents on their basis and the 

creation of highly effective antibacterial drugs without the 

use of antibiotics [1, 2]. It has been proven that copper 

nanocomposites are able to successfully suppress the growth 

of bacteria. In addition, an important aspect of the use of 

copper nanocomposites is the creation of anticancer drugs, 

including those combined with chemotherapy agents [3].  

The widespread use of copper nanoparticles (NPs) in 

medical applications has prompted researchers to expand 

their studies on the toxicity of copper nanomaterials to 

microorganisms, animals, and humans.  

Most scientific studies indicate that the toxicity of 

copper-based NPs is associated with their accumulation 

around the cells, their dissolution, and subsequent 

adhesion to the cell membrane caused by electrostatic 

interactions. The adhesion of NPs and the subsequent 

release of copper ions disrupt the cell membrane, 

facilitating the penetration of copper NPs and ions into 

cells. The release of copper ions can cause increased 

levels of reactive oxygen species (ROS), protein 

oxidation, decreased production of adenosine 

triphosphate, and DNA damage [4]. Based on the 

literature review, copper NPs modulate cells, cytokines, 
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and growth factors involved in the mechanism or repair of 

damaged tissues. This compound is more efficient than the 

plain copper ions [3, 5]. The histological assessment of 

copper NPs has stimulated the reparative functions of the 

tissues, demonstrating the active proliferation of 

fibroblasts, collagen deposits, and re-epithelialization of 

damaged organs [5]. 

A number of researchers have demonstrated that copper 

NPs can act as therapeutic agents or as drug carriers to 

provide a controlled release of anticancer drugs and inhibit 

cancer cell proliferation [6]. 

Additionally, fucoidan-modified CuO NPs have 

demonstrated the ability to modulate cancer cell apoptosis 

through the activation of apoptosis-related proteins. These 

include B-cell lymphoma 2 (BCL2), Bcl-2-associated X 

protein (BAX), caspase-3, and poly (ADP-ribose) 

polymerase [7]. Further, copper NPs functionalized with 

chrysin as a radiosensitizer have improved the effect of 

irradiation in Ehrlich ascites carcinoma in vivo [6, 8]. 

Given the importance of copper as an essential element for 

cellular metabolism, it is essential to evaluate the 

biological activities of this nanocomposite in terms of 

biosafety in animals and humans. 

Arabinogalactan is a natural water-soluble 

heterosaccharide and was obtained from the wood of the 

Siberian larch (Larix sibirica). The arabinogalactan 

macromolecule has a highly branched structure, unlike 

other polysaccharides used in pharmaceuticals, which 

makes it possible to use it as a “host” molecule to create 

inclusion complexes on it. One aspect of the bioavailability 

of arabinogalactan is its adhesion to enterocytes [9]. It has 

been experimentally shown that the use of arabinogalactan 

as a matrix doubled the bioavailability of drugs [10]. The 

structural features of arabinogalactan, such as its high 

content of hydroxyl groups,  

determine its significant potential in the formation of 

nanostructures. Moreover, the advantages of 

arabinogalactan include low molecular weight, water 

solubility, and the ability to facilitate transmembrane 

transport [11]. 

Aim of the Study: Our main aim in conducting this 

study was to analyze the morphological, biochemical, and 

genotoxic effects of exposure in rats to a copper oxide 

nanocomposite  

encapsulated in an arabinogalactan polymer matrix.  

Materials and Methods 

Copper Nanocomposite Characterization: Cu2OAg 

nanocomposites were purchased from Favorsky Institute of 

Chemistry SB RAS (Irkutsk, Russia). The methodology for 

the synthesis of this nanocomposite is presented in an 

earlier publication [11]. The nanocomposite is an easily 

dissolving, odorless, and green material in a fine powder 

form. The nanocomposite is  

encapsulated in purified arabinogalactan without having 

other impurities. The NPs were in spherical shape (7%) 

with a distribution of 5-10 nm with an average size of 

7.7 nm. The typical microstructures are granules that are 

fairly uniform in size. The NPs were coated with a layer 

of arabinogalactan macromolecules, i.e., representing 

residues of galactose and arabinose. 

The electronic spectra of Cu/Ag NPs represent a wide, 

low-resolution band with a maximal absorption range of 

237-245 nm. Then, the plot smoothly descended into the 

long-wave region with a second maximum but less 

intense visible region at 670 nm. Based on the position 

of λ max 237 nm and the intensity, the absorption band 

in the UV region of the spectrum was attributed to the 

complex with charge transfer from Ag ligand to Cu (II) 

ions. The less intense band was in the visible region with 

λ max 670 nm [11].  

Animals and Experimental Design: Three-month-

old white female rats (n=40; weight 200-220 g.) were 

divided into four groups of 10 animals each as follows: 

two experimental (EX1 and EX2) and two control 

groups (C1 and C2). Animals in groups EX1 and EX2 

were orally given the mixture with a probe (1 ml) of an 

aqueous solution of Cu2OAg at 500 μg/kg for 10 days. 

Animals in groups C1 and C2 received distilled water in 

a similar manner. The investigation was carried out in 2 

phases: Groups EX1 and C1 were withdrawn from the  

experiment immediately after exposure (early period), 

while groups EX2 and C2 were given the treatment 4 

months after the study completion (long-term exposure). 

The treatment dosage (500 μg/kg) was based on the 

concentration observed in similar studies conducted 

earlier [12, 13]. Those studies reported the most 

pronounced alterations in the brain, liver, and kidney 

morphology at the same dosage (500 µg/kg). 

All animals were kept under 12 hours of alternating 

light-dark cycles, on a ventilated shelf, and under 

controlled temperature and humidity (22-25°C and 55-

60% humidity). The animals were obtained from the 

vivarium of the Federal State Budgetary Scientific 

Institution “East Siberian Institute of Medical and 

Ecological Research” (FSBSI ESIMER) and were kept 

on a standard diet and drinking water ad libitum (BioPro 

Russia). All animal experiments were approved by the 

Ethics Committee of FSBSI ESIMER (approval code: 

E03/23; date of approval: 11 March 2023, 

amended/approved every 6 months). The experiments 

were also carried out in compliance with the humane 

rules of animal treatment, consistent with the 

requirements of the International Recommendations for 

Biomedical Research Using Animals (World Health 

Organization, Geneva, 1985), UK Animals (Scientific 

Procedures) Act (UK, 1986), and National Institutes of 

Health guide for the care and use of laboratory animals 

(NIH Publications #: 8023, revised 1978). 

Hematological Investigations: To study the number 

of erythrocytes and hemoglobin  

concentration, blood samples were taken from the tail 
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vein of the rats after 14-15 hours of fasting. The 

hemoglobin level was determined using a set of reagents 

using the hemoglobin-cyanide method (Vital Diagnostics 

LLC, St. Petersburg, Russia). The number of erythrocytes 

was counted in five large squares of the Goryaev chamber 

using the standard method [14]. The following parameters 

were analyzed in the blood sera: total protein, albumin, 

urea, glucose, creatinine, aspartate aminotransferase 

(AST), alanine aminotransferase (ALT), and triglycerides. 

A commercial reagent kit was used based on the 

manufacturer's instructions to determine the levels of these 

parameters (Vital Diagnostics LLC, St. Petersburg, Russia) 

to determine the levels of these parameters. To determine 

the leukocyte formula, blood samples were taken from the 

tail vein of the rats by the standard method [15]. Various 

leukocyte populations were counted (per 100 cells) 

immersed in oil under an Olympus BX51 microscope at 

×1000 magnification. 

Histological Examinations: For morphological studies 

of the brain tissue, the animals  

underwent euthanasia followed by decapitation. The 

brain from each animal was removed and fixed in 10% 

neutral buffered formalin solution, dehydrated with 

ascending concentrations of ethanol (70, 80, 90, 95, and 

100%), and embedded in paraffin wax for histological 

studies (HistoMix; BioVitrum, Russia). Next, using an HM 

400 microtome (Microm, Germany), serial horizontal 

sections were made at 4-5µm thickness (Bregma: 6.10 mm 

level and Interanural: 3.90 mm). These were stained with 

hematoxylin and eosin on histological slides for 

examination by light microscopy [16]. On the stained 

sections, the total number of neurons per unit area, glial 

cells, degenerated neurons (i.e., wrinkled dark-colored 

neurons without clearly  

distinguishable nuclei and cytoplasms), and the number of 

neuronophagies were counted. In the liver sections, the 

number of stellate Kupffer cells and polynuclear hepatocytes 

was counted. The areas of the Shumlyansky-Bowman 

capsule were determined in each of the kidney sections. 

Genotoxic Investigations: To determine the genotoxic 

effects of the nanocomposite  

compound on the brain and blood, we used a DNA-

comet method based on an established protocol [17]. 

The preparations were stained with SYBR Green I and 

examined under an OLYMPUS BX-51 microscope, 

with an OLYMPUS RX-420 digital camera attached  

(magnification ×100). Images of DNA comets (100 

cells from each animal) were analyzed using the CASP 

1.2.2 program. The percentage of DNA fragments in the 

comets (% of DNA in the tail) was used as an indicator 

of DNA damage in each sample. 

Statistical Analyses: We used the Statistica software 

package, version 6.0 (license no: 

AXXR004E642326FA), for the statistical analyses of 

the study data. The morphological and genotoxic data 

were identified by the median and interquartile range, 

Me (Q25-Q75). The data reflecting the biochemical and 

hematological parameters were tabulated as the means 

and standard error of the means. The normal distribution 

of the data was checked based on  

Shapiro-Wilk test. To compare the significance of 

differences in the results obtained among the groups, the 

parametric Student's t-test and the nonparametric Mann-

Whitney U test were used. The null hypotheses about 

the absence of differences between the groups were 

rejected when the significance level of the 

corresponding statistical test reached P≤0.05. 

Results 

Hematological Findings: The results of the 

biochemical parameters from the peripheral blood 

samples of the rats treated with the nanocomposite 

compound showed that early in the treatment period, the 

blood glucose and triglyceride levels increased. 

However, in the long-term phase, these parameters 

returned to normal levels except for the level of 

hemoglobin and urea, which remained high (Table 1). 

The study of hematological parameters in the peripheral 

blood of the experimental rats showed a major increase 

in the number of basophils. In the long-term period of 

the study, the number of basophils remained 

significantly higher than that of the controls, although 

the number was lower compared to that in the early 

phase of the treatment period (Table 2). 

 
Table 1: Biochemical parameters of the peripheral blood of white rats exposed to Cu2OAg at early and long-term periods of examination, M±m. 

Indicators  C1  EX1 

Early period 
ALT, U/l 229.38±16.56 248.61±22.26 
AST, U/l 104.50±11.68 82.11±5.57 
Glucose, mmol/l 6.06±0.45 7.81±0.32* 
Total protein, g/l 67.01±1.55 65.15±0.93 
Albumin, g/l 34.37±0.89 37.65±0.81 
Urea, mmol/l 16.67±1.69 17.46±0.79 
Triglycerides, mmol/l 0.42±0.05 1.13±0.24* 
Creatinine, µmol/l 55.63±6.55 41.40±3.96 
Long-term period 
Indicators C2 EX2 
ALT, U/l 253.14±27.52 319.13±19.12 
AST, U/l 73.44±9.88 87.79±2.99 
Glucose, mmol/l 6.63±0.30 6.71±0.29 
Total protein, g/l 70.37±0.34 70.82±0.53 
Table1 Continue 

Albumin, g/l 44.50±3.06 39.28±0.75 
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Urea, mmol/l 16.29±0.52 17.76±0.36# 
Triglycerides, mmol/l 1.11±0.34 0.68±0.12 
Creatinine, µmol/l 54.23±1.49 59.42±1.58 

  Keys - *: Differences are statistically significant in comparison with C1 at P<0.05;  

  #: Differences are statistically significant in comparison with C2 at P<0.05. 

 
Table 2: Hematological parameters of the leukocyte formula of the peripheral blood of white rats under the influence of Cu2OAg at early and long-term 

period of examination, M±m. 

Early period 

Indicators C1 EX1 
Plasma cells, % 0.75±0.75 1.00±0.50 
Erythrocytes, 1012/l 2.00±2.005,56±0.08 1.13±0.08 
Young cells, %Hemoglobin, g/l 0.00±0.00145,01±2.43 0.75±2.27 
Stab neutrophils, %  4.00±1.47 6.50±1.13 
Segmented neutrophils, % 30.50±5.17 31.63±3.78 
Eosinophils, % 1.75±0.62 2.50±1.06 
Basophils, % 0.50±0.28 1.88±0.47* 
Monocytes, % 7.25±1.88 8.00±1.84 
Lymphocytes, % 53.25±7.08 46.63±4.28 
Long-term period 
Erythrocytes, 1012/l 5.30±0.14 5.19±0,11 
Hemoglobin, g/l 137.66±3.89 149.15±1.62# 
Stab neutrophils, % 1.50±0.86 3.60±0.92 
Segmented neutrophils, % 26.25±3.68 27.80±1.88 
Eosinophils, % 4.50±1.89 2.60±0.92 
Basophils, % 0.00±0.00 0.40±0.40# 
Monocytes, % 11.75±2.32 9.80±1.88 
Lymphocytes, % 55.50±4.17 56.20±2.39 

Keys - *: Differences are statistically significant in comparison with C1 at P<0.05;  

#: Differences are statistically significant in comparison with C2 at P<0.05. 

 

Histological and Morphometric Findings: The blood 

volume in the brain vessels was normal, and the vascular 

wall structures were unaltered. There was a pronounced 

decrease in the total number of normal neurons per unit 

area of the brain tissue samples compared to that of the 

controls. The number of glial cells in the experimental 

group was also significantly lower than that of the 

control group. There was a sharp increase in the number 

of degenerated neurons and neuronophagy compared to 

those found in the control group (Figures 1, 2). 
 

 
Figure 1: White rat brain tissue exposed to Cu2OAg at a dose of 500 µg/kg during the early period. 

(A) EX1 group, (B) C1 group.↑ - degeneratively altered neurons. H&E stained. Magnification × 400.  

(C) EX1 group. ↑ - degeneratively altered neurons. H&E stained. Magnification × 1000. 

 

 
Figure 2: Changes in the composition of cell populations of the sensorimotor cerebral cortex of albino rats exposed to Cu2OAg at a dose of 500 μg/kg 

during the early period.  

(A) total number of neurons per unit area (0.2 mm2); (B) total number of gliocytes per unit area; (C) number of degeneratively changed neurons; (D) number 

of neuronophagy events. Note: * - differences are statistically significant compared with the control at P<0.05. 
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Histological and Morphometric Assessments of the 

Brain: In the long-term phase, the blood volume in the 

brain vessels remained normal, and the vascular wall 

structures were 

unaltered. A significant decrease in the total number of 

normal neurons per unit area persisted compared to the 

controls; however, there were no significant differences 

compared to that observed in the early observation period. 

The number of glial cells in the experimental group was 

also significantly lower than that of the control group. Such 

changes, even after four months of restoration of the cell 

population of glial cells, did not occur. There was a sharp 

increase in the number of degenerate neurons compared to 

that of the control group. The number of neuronophagy in 

the long-term period of the experiment did not differ from 

that of the control group (Figures 3 & 4). 

Histological Examination of the Liver: In the early 

experimental period, the blood volume in the 

sinusoidal capillaries, central veins, and portal tract 

veins remained normal. The portal tracts were not 

dilated and had no signs of sclerosis and inflammation; 

nonetheless, the central veins were dilated. The beam-

radial structure of the hepatic lobules was preserved. 

The number of stellate Kupffer macrophages in the 

sinusoidal capillaries did not differ from that of the 

controls. The number of polynuclear hepatocytes also 

did not significantly change compared to those found 

in the control group. Moreover, in the long-term 

experimental period, none of the indicators changed 

(Figure 5). 
 

 
Figure 3: White rat brain tissue exposed to Cu2OAg at a dose of 500 µg/kg during the long-term period. (A) EX2 group, (B) C2 group.↑ - degeneratively 

altered neurons. H&E stained. Magnification × 400. 

 

 
Figure 4: Changes in the composition of cell populations of the sensorimotor cerebral cortex of albino rats exposed to Cu2OAg at a dose of 500 μg/kg 

during the long-term period.  

(A) total number of neurons per unit area (0.2 mm2); (B) total number of gliocytes per unit area; (C) number of degeneratively changed neurons; (D) number 

of neuronophagy events. Note: * - differences are statistically significant compared with the control at P<0.05. 
 



October 2024, Volume 18, Number 4 

246 

Copper Oxide Nanocomposite Toxicity. J Toxicol. 2024; 18(4):241-249 

 

 

 

 
Figure 5: White rat liver tissue exposed to Cu2OAg at a dose of 500 µg/kg during the early and long-term period. (A) EX1 group, (B) C1 group, (C) EX2 

group, (D) C2 group.↓ - dilatation of the central vein. H&E stained. Magnification × 400. 

 

Histological Examinations of the Kidneys: In the early 

stage of the experiments, the blood supply to the cortical 

and medulla of the kidneys remained normal, and there 

were no disturbances in the blood circulation of these 

organs. The wall structures of the renal arteries and 

arterioles remained normal in the interstitial spaces, and the 

renal glomeruli structures were preserved. No 

inflammatory or necrotic foci were found in the renal 

tissue samples. The epithelia of the proximal and distal 

renal tubules also appeared normal. In the cortical 

substance of the kidneys, the areas of the Shumlyansky-

Bowman capsules were not significantly different from 

those found in the control group. However, in the long-

term period, none of the indicators changed (Figure 6). 

 
 

 
Figure 6: White rat kidney tissue exposed to Cu2OAg at a dose of 500 µg/kg during the short-  

and long-term periods. (A) EX1 group, (B) C1 group, (C) EX2 group, (D) C2 group. H&E stained.  

Magnification × 400. 
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DNA Fragmentation: The percentage of DNA 

fragmentations of the "tails of the comets" in the brain tissue 

samples did not differ between the experimental and control 

groups in either early or late periods of the experimental 

phases. At the same time, significantly higher levels of 

DNA fragmentations were detected in the blood cells of the 

experimental groups during the early period of the study 

compared to those observed in the controls (Table 3). 

 
Table 3: Results of the study of DNA fragmentation in the blood during subacute exposure to Cu2OAg nanocomposite at 500 µg/kg at various points. Me 

(Q25-Q75). 

Early period 

Indicators C1 EX1 P 

% DNA in "comet tails" 2.39 (1.20-4.46) 3.47 (1.85- 6.03)* 0.00001 

Long-term period 

Indicators C2 EX2 P 

% DNA in "comet tails" 1.38 (0.45-2.75) 1.21 (0.51- 2.51) 0.26 

Note: * - differences are statistically significant in comparison with C2 at P<0.05. 

 

Discussion 
In this study, the effect of copper nanocomposite 

compound on the white rats was assessed  

by the assessment of morpho-functional changes in their 

various bodily organs. Immediately after exposure to the 

nanocomposite compounds, the glucose and triglyceride 

levels in the rats’ blood increased. It is likely that this event 

is associated with the mobilization of liver glycogen or an 

increase in the process of gluconeogenesis in response to 

the effect of the copper oxide nanocomposite. An increase 

in the glucose level in the blood has also been reported 

when copper NPs were used as bait in farm animals [18]. 

A change in the triglyceride contents also indicates 

dysfunction of metabolic processes in the rats’ body.  

Examination of the leukocyte number in the peripheral 

blood in the presence of Cu2OAg has shown an increase in 

the number of neutrophils. In the late post-experimental 

period, the number of neutrophils decreased compared to 

that in the early period in the experimental group. 

However, the number remained significantly high 

compared to that of the control. This observation indicates 

the occurrence of an inflammatory process that persists 

through the late experimental period. In addition, there was 

an increase in the number of basophils in the experimental 

groups, which might indicate the development of 

inflammatory processes in the GI tract and liver of the 

experimental animals or the possibility of allergic 

reactions. At the same time, the absence of an increase in 

the number of Kupffer cells in the experimental groups 

compared to the controls indicates that the effect of 

nanocomposite on the liver occurs without an 

inflammatory reaction in the organ.  

The effect of the Cu2OAg nanocomposite compound did 

not result in any morphological alteration in the kidneys. 

At the same time, an increase in the blood urea level in the 

experimental animals during the late experimental period 

might indicate a dysfunction of the kidneys. The effect of 

the nanocomposite compound on the brain tissue resulted 

in the most significant alterations. We observed a sharp 

decrease in the total number of neurons and glial cells in 

the sensorimotor cortex. It is likely that the decrease in the 

number of neurons is caused both by the direct toxic effect 

of the copper nanocomposite compound and by disruptions 

in the tissue trophic processes mediated by a decrease in 

the number of gliocytes. It has been reported that copper 

NPs can affect the sodium and potassium channels in 

neurons [19, 20], thereby disrupting their normal 

function. Thus, the rats exposed to copper NPs showed 

a decline in their learning and memory [21].  

Reportedly, copper NPs can accumulate in neurons in 

significant amounts [22]. Presumably, NPs are able to 

penetrate from the bloodstream into gliocytes via 

endocytosis and then move to neurons [22]. In the late 

post-treatment period, that is, four months after the end 

of the experiments, the sensorimotor cortex of the brain 

did not restore the population of gliocytes and retained 

a large number of degenerate neurons per unit area (0.2 

mm2), as compared to the controls. At the same time, 

this variable was not significantly different from that 

observed in the early experimental period. These 

pathological processes in the brain persisted in the late 

post-contact period; nonetheless, their intensity did not 

rise under the influence of the copper oxide 

nanocomposite compound. 

The study of the genotoxic effects of the 

nanocomposite compound showed that there was an 

increase in DNA fragmentation in the rats’ blood cells. 

At the same time, the genotoxic properties of the 

nanocomposite were noted only in the early period of 

the experiments. At present, it has been demonstrated 

that the genotoxicity of NPs is the result of two main 

mechanisms: primary or secondary, both of which can 

be realized together or separately. Primary genotoxicity 

is caused by the direct interaction of NPs with the 

genome and requires physical contact of substances with 

DNA in the nucleus, which leads to its pathological 

alterations. The main damaging factors as the secondary 

mechanism are ROS or the release of toxic ions after the 

dissolution of the NPs [23].  

Under oxidative stress, free radicals interact with 

DNA, causing purine or pyrimidine oxidation and 

molecular breaks. Damages can be repaired or lead to 

gene mutations or damage to chromosomes. 

Nanoparticles can also damage genetic materials 

through other molecules  

interacting with DNA, such as protein kinases that 
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regulate DNA replication [24]. The toxicity of copper NPs 

is most likely due to the increased generation of ROS in 

cells, leading to their oxidative damage [23]. 

Conclusions 

The effect of copper oxide nanocomposite compound at 

500 μg/kg on the body of experimental rats for 10 days was 

characterized by a dysfunction of normal metabolism, 

along with the resultant cytotoxicity and/or genotoxic 

effects. To date, the dosage of copper NPs for use as an 

antibacterial agent or reparative drug is not well known. 

Therefore, it is not possible to evaluate the toxicity of 

copper NPs as a medicinal agent. However, the revealed 

toxicity of copper NPs encapsulated in an arabinogalactan 

matrix under the experimental conditions of the current 

study should be alarming. Lastly, the study findings should 

be taken into account when planning for the application of 

this agent for its medicinal properties. 
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