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ARTICLE HISTORY (26-265) ABSTRACT

Received: March 19, 2026 Copper oxychloride is extensively and persistently used due to its broad-spectrum
ii\cl::;i 4 QFF::: g? %g%g antifungal actions to control the different fungal problems. This experimental study
Published online: April 27,2026 investigated the hemato-biochemical alterations, oxidative stress, DNA damage and
Key words: histopathological changes in mice exposed to different doses of copper oxychloride.
Copper oxychloride A total of twenty-five sexually mature male mice were obtained from local animal
Genetic toxicity house and were randomly placed in wire cages in five groups and each group
Mice contained five mice. The mice in groups Co, Ci, Cz, C3 and C4 were fed different
Oxidative stress doses of copper oxychloride mixed in the diet at 5, 10, 15 and 20 mg/kg/day for a
Histopathology period of two months. Group Co served as the control group. Blood was collected

directly from the heart of each animal via cardiac puncture for serum separation.
The results revealed red blood cells, hemoglobin and hematocrit values were
significantly lowered in treated mice whereas leukocyte counts significantly
increased compared to normal mice. Serum ALT, AST, glucose, and cholesterol
levels considerably increased (P<0.05) and serum total proteins and albumin levels
decreased significantly (P<0.05). Oxidative stress markers, including reactive
oxygen species (ROS) and thiobarbituric acid reactive substances (TBARS), were
significantly increased, whereas antioxidant enzymes (SOD, POD, CAT and GSH)
were significantly decreased in the liver, kidneys, and heart of treated mice
compared to controls. Light microscopic analysis of different sections of liver,
kidneys and heart of treated mice indicated moderate to severe histopathological
alterations in a dose dependent pattern. The results on genotoxic effects of copper
oxychloride indicated significantly increased percentile rate of DNA damage by
comet assay in isolated cells of liver, kidneys and heart of mice treated with higher
doses.
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INTRODUCTION spectrum efficacy against plant pathogens. However, its

extensive and persistent application has raised growing

Copper oxychloride (COC) is a widely used copper- concerns regarding environmental accumulation and
based fungicide in agriculture, valued for its broad- potential toxicological effects in non-target organisms
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(Qiao et al., 2021; Li et al., 2021). Once released into
the environment, copper compounds can accumulate in
soil and water systems, leading to increased
bioavailability and biological uptake (Qiao et al., 2021).
Although copper is an essential trace element involved
in various enzymatic processes, excessive exposure
disrupts redox homeostasis, induces oxidative stress, and
impairs cellular functions. Therefore, understanding the
toxicological impact of copper oxychloride, particularly
under realistic exposure conditions, is critical for
evaluating its ecological and health risks (Pelosi et al.
2024).

Copper play important role in physiological
functions of mitochondria, clotting of blood formation of
hemoglobin, bone mineralization and several other
metabolic pathways (Qiao et al., 2021; Mujahid et al.,
2021). Reports have highlighted that copper-based
pesticides such as copper oxychloride, copper carbonate
and copper sulphate are frequently used in different
fields and may trigger allergy responses, irritate
alimentary tract, induce abnormalities around the eyes
and adverse effects in visceral organs and blood
components (Ullah et al. 2024). Copper oxychloride is a
widely used copper-based fungicide in agriculture.
Although copper is an essential trace element involved
in numerous metabolic and enzymatic processes,
excessive exposure can disrupt cellular homeostasis and
induce oxidative stress (Elalfy er al., 2021). Heavy
metals, including copper, are well known to enhance the
generation of reactive oxygen species (ROS), leading to
oxidative damage in biological systems (Javed and
Usmani, 2019; Igbal and Irfan, 2024).

Copper-induced toxicity has been associated with
multi-organ dysfunction, particularly affecting the liver,
kidneys, and heart. Renal tissues are especially
vulnerable due to their role in filtration and excretion,
with studies reporting DNA damage, impaired
antioxidant defenses, and structural degeneration
following copper exposure (Ren et al., 2025). Similarly,
chronic copper accumulation in the liver may exceed its
storage capacity, resulting in oxidative injury and
hemolytic complications (Yamkate et al., 2021; Kanwal
et al., 2024). Cardiac tissues are also susceptible to
copper-induced oxidative stress, which has been linked
to altered enzyme activity, structural damage, and
increased risk of cardiovascular disorders (Cui et al.,
2022; Wang et al., 2024). Experimental studies in mice
have further demonstrated that copper compounds can
induce dose-dependent oxidative stress, antioxidant
depletion, and histopathological alterations across
multiple organs, highlighting oxidative stress as a key
mechanism of toxicity (Mustafa et al., 2025).

Copper oxychloride, as a widely used copper-based
fungicide, has raised concerns regarding its potential
systemic toxicity beyond its agricultural benefits.
Similar to other copper compounds, COC exposure may
disrupt cellular redox balance, leading to oxidative stress
and subsequent tissue injury. Emerging evidence
suggests that copper-induced mechanisms, including
oxidative stress and cuproptosis, contribute to cellular
dysfunction in vital organs such as the heart. Although
most mechanistic insights are derived from studies on
other copper forms, these pathways are likely relevant to
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COC due to shared copper ion-mediated toxicity
(Carvalho et al., 2021). In experimental models,
exposure to copper-based compounds has been
associated with hematological alterations, including
reductions in hemoglobin levels and erythrocyte
integrity, as well as oxidative damage in multiple tissues
(Afzal et al., 2024). However, studies specifically
addressing copper oxychloride remain limited and
sometimes inconsistent,  particularly = regarding
hematological indices (Sattanathan et al., 2019).
Therefore, this study aimed to evaluate the toxicological
effects of copper oxychloride in mice by assessing
hemato-biochemical  parameters, oxidative stress
biomarkers,  genotoxicity, and histopathological
alterations under sub-chronic exposure conditions.

MATERIALS AND METHODS

This experiment was carried out at the Faculty of
Veterinary Medicine, Aswan University, Egypt, during
the time from December 2024 to April 2025. Twenty-
five adult mice with the same age and equal mean body
weights were obtained from the local animal house. The
animals were housed in metal cages with good sanitation
practices and were provided with fresh water and well-
balanced food with 21% crude protein diet for two
weeks prior to starting the experiment. Throughout the
study, the animals were closely monitored for any
behavioral or clinical problems. All experiments were
conducted following the Ethical Committee's Guidelines
for the Care and Use of Laboratory Animals set forth by
the Aswan University Ethics Committee, Faculty of
Veterinary Medicine (Protocol No.: ASWU/VM 18-1-
2024).

Experimental Design: A total of twenty-five mice were
randomly assigned to five equal groups (n =5 per group):
CO0 (control, 0 mg/kg/day) and four treatment groups (C1—
C4) receiving copper oxychloride at 5, 10, 15, and 20
mg/kg/day, respectively, for a period of two months.

Blood collection analysis: Blood was collected from each
mouse of all treated and normal group by using sterile
syringe via cardiac puncture in test tubes containing
anticoagulant. Different hematological parameters were
measured such as haemoglobin (Hb) amount, haematocrit
(Hct), red blood cell (RBC) counts, total and differential
white blood cell (WBC) counts, lymphocytes, and
neutrophils with the help of automated hematology
analyzer (Qayyum et al., 2025).

Biochemical serum investigation: Serum was separated
from blood samples by centrifugation and stored at —20
°C until analysis. Alanine aminotransferase (ALT; Cat.
No. 2650052), aspartate aminotransferase (AST; Cat. No.
260002), total protein (Cat. No. 310001), albumin (Cat.
No. 2110001), creatinine (Cat. No. 2370002),
triglycerides (Cat. No. 314001), cholesterol (Cat. No.
230001), and bilirubin (Cat. No. 226001) were measured
using commercial kits (Spectrum Diagnostics, Egypt)
according to the manufacturer’s instructions. All
biochemical analyses were performed using a chemistry
analyzer (Ali et al., 2025).



Sample Collection Tissue preparation: All mice were
humanely euthanized in accordance with institutional
ethical guidelines and approved protocols. After
euthanasia, viscera (liver, kidneys and heart) were quickly
harvested during postmortem examination. Samples of the
tissues were immersed in 10% buffered formalin for
histopathological investigation, whereas other samples
were washed with distilled water and reserved for
biochemical study (Elbarbary et al., 2024).

For biochemical analyses homogenates of each tissue
was subjected to centrifugation at 5000 rpm for 5 minutes.
After that, supernatants were obtained and kept at =20 °C
for further investigation (Ali et al., 2025). Different
biomarkers of oxidative stress such as reduced glutathione
(GSH), reactive oxygen species (ROS) and thiobarbituric
acid reactive substances (TBARS) were measured using
spectrophotometer. The contents of various antioxidant
enzyme including peroxidase (POD), catalase (CAT) and
superoxide dismutase (SOD) were recorded using a UV
spectrophotometer at appropriate wavelengths for each
assay (Li et al., 2022; Zaki et al., 2023).

Histopathological Examination: Visceral organs from
each experimental mice were taken at necropsy for
histopathological ~examination. For histopathological
examination, each organ was preserved in 10%
formaldehyde solution (Liu ef al., 2021; Aldawood et al.,
2026). Using a rotary microtome, thin microscopic slices
(4-5 pum thick) were cut, processed, and stained with
haematoxylin and eosin (H&E). A light microscope (Nikon
Eclipse 80i, Nikon Co., Tokyo, Japan) was used to examine
visceral organs (Elsayed et al., 2025; Gareh et al., 2026).

Assessment of Genotoxic effects: The genotoxic
potential of copper oxychloride in isolated cells of
visceral organs such as liver, kidneys and heart was
determined according to previous established protocol
(Singh et al., 1988) using comet assay/alkaline assay.
Approximately 250 cells from each visceral organ of each
experimental mice were examined and genotoxic effects
were observed in terms of DNA material fluorescing
around the nucleus and or making a tail.

Statistical AnalysisData were analyzed using one-way
analysis of variance (ANOVA) in IBM SPSS Statistics
(Version 16, IBM Corp., Armonk, NY, USA). Differences
among groups were assessed using Tukey’s post hoc test,
and results were considered statistically significant at
P<0.05.
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RESULTS

Physical parameters: No mortality was observed in mice
administered different doses of copper oxychloride
throughout the experimental period. However, mice
receiving higher doses exhibited moderate clinical and
behavioral changes, including lethargy, dullness, hair loss,
and watery diarrhea.

Hematological parameters including red blood cells
Counts, hemoglobin values, and hematocrit decreased
significantly in treated mice compared to untreated normal
mice (Figure 1). The hematological analysis revealed that
the total white blood cells, and neutrophil count increased
significantly while monocyte and lymphocyte count
decreased significantly compared to control mice. Serum
biochemistry analysis indicated significantly increased
quantity of various liver functions tests (ALT, AST and
bilirubin), kidney function tests (urea, creatinine) and
different cardiac biomarkers (cholesterol, cardiac
enzymes, triglyceride) compared to healthy mice. The
results on oxidative stress in visceral organs such as liver,
kidneys and heart indicated significantly increased
contents of biomarkers of oxidative stress (ROS and
TBARS) while significantly lower contents of antioxidant
enzymes (SOD, POD, CAT and GSH) when compared to
normal mice.

Ocxidative stress and antioxidant enzyme test on heart
of mice: This study evaluates the effects of various
concentrations of copper oxychloride on oxidative stress
parameters and serum biochemistry in mice. The
investigation focused on the impact of exposure on
glucose, cholesterol, triglycerides, CPK, and CKMB
levels in serum, as well as on oxidative stress parameters
including TBARS, GSH, SOD, CAT, POD, and ROS in
heart tissue over a period of two months.

Serum biochemical analysis: Figures 2-3 present the
serum biochemical parameters with respect to varying
concentrations of copper oxychloride. An increase in the
copper oxychloride concentration from CO to C4 results in
an increase in the glucose level, indicating glucose
imbalance. In addition, there is a marked increase in the
cholesterol and triglycerides concentration, indicating a
possible imbalance in the metabolic process of lipids in
the heart. Additionally, the presence of high CPK and
CKMB values indicate injury to the heart, as both these
enzymes are cardiac markers.
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Fig. |I: Photograph showing comparison of different liver function testes in copper oxychloride treated and untreated mice.



891

ALT (IU/L)

Pak Vet J, 2026, 46(4): 888-898.

AST (IU/L)

co C1 2 c3 c4 Co Cl 2 C3 C4
Treatment Treatment
T T T T
2
.
=
£
£
=z
o C1 c2 3 Cc4
Treatment
Fig. 2: A photograph comparing the liver function tests of mice treated and untreated with copper oxychloride.
Oxidative stress and antioxidant enzyme activity: TBARS/h/mg protein (CO0) to 2.25£0.12 nmol

Figure 4 provides an illustration of oxidative stress
indicators and antioxidant enzyme activities in the heart
after being exposed to copper oxychloride. The outcomes
from the TBARS analysis reveal that there is a remarkable
increase in the rate of lipid peroxidation in relation to an
increase in copper concentration, which represents
oxidative stress. On the other hand, there is a remarkable
decrease in the level of reduced glutathione (GSH) and the
activities of antioxidant enzymes, including superoxide
dismutase (SOD) and catalase (CAT). This shows that the
antioxidant mechanisms are compromised due to the high
concentration of copper oxychloride. It is clear that there
is a marked reduction in peroxidase activity. There is a
significant increase in ROS.

In conclusion, all these results have shown the
physiological effects caused by copper oxychloride, which
include changes in serum biochemistry and poor
antioxidant status in the heart, leading to oxidative stress
in mice.

Oxidative Stress and Antioxidant Enzyme Activity in
the Liver of Mice: The results that are illustrated by
Figure 5 describe the oxidative stress markers and the
antioxidant enzymes' activity in the liver of mice that have
been treated under different conditions (CO0-C4).
Importantly, the levels of thio-barbituric acid reactive
substances (TBARS), which act as indicators of lipid
peroxidation, increase progressively from 1.38+0.11 nmol

TBARS/h/mg protein (C4). It is evident that there is
increased oxidative stress due to the drugs. In addition,
reduced glutathione (GSH), an important antioxidant,
decreases from 1.37+£0.12 pmol GSH/mg protein (CO) to
0.61+0.11 pmol GSH/mg protein (C4), showing that the
important protective substance has been depleted due to
oxidative stress. There is also considerable decrease in the
activity levels of superoxide dismutase (SOD) and
catalase (CAT), where SOD drops from 1.85+0.10
units/mg protein (CO) to 1.01£0.13 units/mg protein (C4)
the CAT from 1.93+0.17 units/mg protein (CO) to
1.1940.11 units/mg protein (C4). These observations
indicate reduced efficiency to cope with the presence of
oxidative stress. In addition, there is a fall in peroxidase
activity from 0.83+0.07 units/mg protein (CO) to
0.39+0.07 units/mg protein (C4). This observation
supports the hypothesis that there are reduced antioxidant
capabilities. There is an increased level of reactive oxygen
species (ROS) activity, which represents the degree of
oxidative stress from 0.95+0.06 units/mg protein (CO) to
1.8840.07 units/mg protein (C4). This observation
demonstrates oxidative stress damage during this
experiment. Regarding serum biochemistry, ALT (alanine
aminotransferase) increases from 27.3+1.41 IU/L (CO) to
36.5+1.34 TU/L (C4), predicting potential liver injury. In
the same way, the AST (aspartate aminotransferase)
values range from 16.5+1.15 IU/L (C0) to 29.3+1.15 IU/L
(C4), indicating that there is indeed some form of liver
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malfunction. It is also worth mentioning that the amount
of bilirubin increases from 0.48+0.09 g/dL (CO) to
0.9240.08 g/dL (C4), showing increased stress in the
liver. In conclusion, the findings presented in this paper
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clearly show that there is an increasing oxidative stress and
liver malfunction in the mice exposed to different
treatments. Highlighting the necessity of additional research
into the underlying mechanisms and possible treatments.
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Fig. 3: Photograph depicting comparison of various types of kidneys and heart activity testis of copper oxychloride and control group of mice.
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Fig. 5: An image comparing the oxidative and antioxidant stress profile indicators in the livers of mice treated and untreated with copper oxychloride.

Oxidative stress and antioxidant enzyme test on
kidney of mice: The study focuses on the examination of
oxidative stress and antioxidant status in the kidney tissue
of mice exposed to different treatment regimens for a
period of two months (Figure 6). The main variables
examined in the experiment are Thio-barbituric Acid
Reactive Substances (TBARS), reduced Glutathione
(GSH), Superoxide Dismutase (SOD), Catalase (CAT),
Peroxidase (POD), and Reactive Oxygen Species (ROS).

TBARS content, which is a biomarker for lipid
peroxidation, exhibited a marked elevation among groups
C0-C4, where TBARS concentrations in the control group
(C0) amounted to 1.11 + 0.11 nmol TBARS/h/mg protein
while TBARS levels in group C4 were 1.93 + 0.11.

On the other hand, the concentrations of GSH, which
is an important non-enzymatic antioxidant, were found to
be significantly reduced from 1.15 £ 0.11 umol GSH/mg
protein in CO to 0.65 + 0.10 umol GSH/mg protein in C4,
indicating that under oxidative stress, cellular antioxidants
are being depleted. Enzymatic antioxidant activity was
evaluated using SOD, CAT, and POD. There was a
reduction in SOD activity, which started at 1.83 + 0.11
units/mg protein in CO and declined to 1.29 + 0.13
units/mg protein in C4. Moreover, there was also a
reduction in the activities of CAT and POD, illustrating
the damage caused by the impaired kidney antioxidant
defense system, which saw CAT activity decrease from
1.53 + 0.11 units/mg protein to 0.67 + 0.10 units/mg
protein and POD from 1.33 + 0.10 units/mg protein to
0.66 = 0.11 units/mg protein. The assessment of ROS
indicated an increasing pattern with values ranging from
1.28 + 0.10 units/mg protein in CO to 2.25 + 0.11 units/mg
protein in C4, suggesting a rise in oxidative stress.
Overall, the observations suggest that oxidative stress
negatively impacts kidney tissues, causing lipid
peroxidation accompanied by a reduction in non-
enzymatic and enzymatic antioxidants.

Hematological parameter: The observed decreases in
hemoglobin and red blood cell (RBC) counts, together
with decreases in monocytes and lymphocytes, are caused
by the detrimental effects of copper oxychloride.
Specifically, hemoglobin levels declined from 14.11
+ 1.12% in the control group (CO0) to 9.13 + 1.11% in the
treatment group (C4), while RBC counts fell from 5.23 +
0.15 in CO to 4.08 = 0.11 in C4. Copper oxychloride has

the potential to cause oxidative stress and impair
erythropoiesis, causing a reduction in RBC production
and consequently leading to reduced hemoglobin
concentration. Furthermore, the toxicity of copper
oxychloride might possess immunosuppressive activity,
leading to a decrease in lymphocyte percentage from 7.68
+ 1.11% in CO to 4.15 £ 1.11% in C4 and monocyte
counts from 11.48 + 1.21 in CO to 6.01 £ 1.09 in C4. This
reveals that copper oxychloride adversely affects
hematological values and immune cell numbers, requiring
further research for its specific mechanism of action.
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Fig. 6: Photograph comparing the oxidative and antioxidant stress
profile indicators in the kidneys of mice treated with and not treated
with copper oxychloride.



Histopathological observations: Light microscopic
examination revealed dose-dependent histopathological
alterations in multiple organs of treated mice. In the liver
(Figure 7), observed changes included hepatocellular
pyknosis, increased sinusoidal spaces, vascular
congestion, inflammatory cell infiltration, and hepatocyte
degeneration. Kidney sections (Figure 8) showed
moderate to severe lesions, including necrosis of renal
tubular epithelial cells, tubular degeneration, and
widening of the urinary space. In the heart (Figure 9),
treated mice exhibited necrosis of cardiac myocytes,
inflammatory reactions, and disruption of muscle fibers.
These alterations were more pronounced at higher
exposure levels.

Fig. 7: Photomicrograph of different sections of liver of mice fed
different doses of copper oxychloride showing various histopathological
changes in a dose dependent manner. a-c) sections showing changes in
liver of mice treated with copper oxychloride in groups (C2-C4)
respectively. H&E stain; 400X
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Fig. 8: Photomicrograph of different sections of kidneys of mice fed
different doses of copper oxychloride showing various histopathological
changes in a dose dependent manner. a-c) sections showing changes in
kidneys of mice treated with copper oxychloride in groups (C2-C4)
respectively. H&E stain; 400X.

Genotoxic studies: The results revealed significantly
increased frequency of DNA damages in isolated cells of
heart (Figure 10), liver (Figure 11), and kidneys (Figure
12), of mice treated with high doses of copper oxychloride
compared to control mice in term of DNA material
fluorescing around the nucleus and or making a tail.
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Fig. 9: Photomicrograph of different sections of heart of mice fed
different doses of copper oxychloride showing various histopathological
changes in a dose dependent manner. a-c) sections showing changes in
heart of mice treated with copper oxychloride in groups (C2-C4)

respectively. H&E stain; 400X.

Fig. 10:
Photomicrogra
ph of exhibiting
results on
genetic damage
in isolated cells
of heart of
mice fed
different doses
of copper
oxychloride. a-
<) showing
DNA  damages
in heart of mice
treated  with
copper
oxychloride in
groups (C2-C4)
respectively.
Ethidium
bromide stain;
100X.
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DISCUSSION

Fig. 1
Photomicrograp
h of exhibiting
results on
genetic  damage
in isolated cells
of liver of mice
fed different
doses of copper
oxychloride. a-
c) showing DNA
damages in liver
of mice treated
with copper
oxychloride in
groups (C2-C4)
respectively.
Ethidium
bromide  stain;
100X

Fig.12:

Photomicrograp
h of exhibiting
results on
genetic damage
in isolated cells
of kidneys of

mice fed
different doses
of copper

oxychloride. a-
c) showing DNA

damages in
kidneys of mice
treated with
copper

oxychloride in
groups (C2-C4)
respectively.
Ethidium
bromide stain;
100X

The present study demonstrates that subchronic
exposure to copper oxychloride induces dose-dependent



toxic effects in mice, primarily mediated through
oxidative stress. The observed clinical manifestations such
as lethargy, alopecia, and diarrhea indicate further the
occurrence of systemic toxicity. Such symptoms occur
due to excessive copper deposition and may be linked to
the interplay of oxidative stress and metabolic
disturbances (Thompson ef al., 2022). Consistent with the
experimental design (0-20 mg/kg/day for 60 days),
treated mice exhibited significant hematological
alterations, including decreased erythrocyte count,
hemoglobin, and hematocrit, alongside increased
leukocyte counts, indicating systemic toxicity and
possible inflammatory responses. Elevated serum
concentrations of ALT, AST, glucose, and cholesterol,
combined with a decrease in total proteins and albumin,
were observed, indicating the presence of liver injury
(Ouyang et al., 2021). This is consistent with earlier
literature studies on the role of copper in hepatic injury
(Kumar and Singh, 2022; Mustafa et al., 2025).

This study highlights the hazards associated with
long-term exposure to copper oxychloride fungicides and
emphasizes the importance of proper risk assessment in
environmental and occupational settings. The induction of
oxidative stress was evidenced through the increased ROS
and TBARS, along with decreased SOD, CAT, POD, and
GSH activities. This reflects the important role of
oxidative stress in copper oxychloride toxicity (Fotouh et
al., 2025). The histopathological observations showed
evidence of prominent microscopic alterations in the liver,
kidneys, and heart due to the toxic effects of copper
oxychloride including cellular degeneration, necrosis and
inflammatory infiltration (Al-Saeed ef al., 2023; Ahmed et
al., 2025). The administration of copper oxychloride
caused toxic effects on multiple organs of mice via
oxidative stress pathways. The results on hematological
evaluation indicated a considerable adverse effect on the
mice exposed to different doses of copper, as evident from
lower hemoglobin concentration, erythrocyte count, and
hematocrit levels. This observation is likely due to
oxidative damage caused by copper to the erythrocytes’
membrane, impairment in heme production, and
erythropoiesis. Copper’s role as a redox element allows
for the production of ROS, causing lipid peroxidation and
early destruction of erythrocytes (Hassan et al., 2021;
Qiao et al., 2021). Furthermore, changes in leukocyte
profile like reductions in lymphocyte and monocyte
counts along with an elevation in neutrophil counts are
suggestive of toxic and injurious stimuli in mice. The
results  imply  immunosuppression along  with
inflammation. It is possible that lymphocytopenia is
caused by oxidative stress-induced apoptosis, while the
neutrophilia is a consequence of tissue damage. The
findings are similar to those observed previously on the
effects of copper-containing substances (Kumar and
Singh, 2022).

Hepatotoxicity effects were recorded in terms of
increased levels of  aminotransferases, alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST) in mice exposed to copper oxychloride, together
with increased levels of bilirubin, suggesting liver cell
damage and malfunction (Ahmed et al., 2025; Khairy et
al., 2026). This indicates the alterations in the integrity of
liver cells due to exposure. The mode of action for
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toxicity caused by copper is mostly linked to the excessive
accumulation of copper in the hepatocytes. The
accumulation of copper beyond the ability of
metallothionein and ceruloplasmin to bind leads to high
concentrations of free copper ions, hence triggering
oxidation processes and formation of ROS (Mustafa et al.,
2025). In accordance with the proposed mechanism, the
current study showed that there was an elevation in lipid
peroxidation (TBARS) and ROS, along with a significant
decline in antioxidant systems, such as GSH, SOD, CAT,
and POD, indicating that oxidative stress was induced in
liver tissue (Khairy et al., 2026).

These results coincide with earlier research, where
hepatotoxic effects induced by copper were noted due to
increased levels of liver enzymes, oxidative stress, and
liver pathology in the form of degeneration, necrosis, and
inflammatory cell infiltration (Pal et al., 2023; Shaofeng
et al., 2021). In addition, copper-induced liver damage has
been associated with inflammation and apoptosis
mechanisms activated via NF-kB pathway and increased
levels of pro-inflammatory mediators such as TNF-a and
IL-6 (Ali et al., 2025). Metabolic disturbances in the liver
related to lipids and energy have also been observed after
copper exposure (Zhang et al., 2021; Yang et al., 2021).
Oxidative stress was one of the primary indicators of
copper oxychloride-induced renal toxicity (Ahmed et al.,
2026). This is because the increased levels of TBARS and
ROS were associated with the reduced antioxidant status
in the form of GSH, SOD, CAT, and POD. This shows
that there was a shift in the redox balance, which made the
renal tissues prone to oxidation (Riaz ef al., 2025).

The kidneys are highly susceptible to heavy metal
toxicity, especially when they are considered to have a
higher metabolic rate, numerous mitochondria, and a
filtration mechanism for xenobiotic accumulation
(Abdeen et al., 2023; Riaz et al, 2025). High
concentrations of copper in renal tissues increase
oxidative stress through redox cycling and free radical
formation, which leads to the oxidation of lipids and
proteins and disrupts their functions.

These results are similar to the observations recorded
in prior studies indicating nephrotoxicity resulting from
copper exposure through oxidative stress and histological
changes such as tubular necrosis, glomerular injury, and
inflammation (Amara et al., 2021). At a cellular level, it
has been demonstrated that copper can cause stress via
stress signal transduction pathways, such as MAPK and
ER stress, leading to inflammation and cell death (Li et
al., 2022; Fotouh et al., 2025). Cardiotoxicity in copper
oxychloride exposure was seen in terms of increased
cardiac injury biomarkers such as CPK and CK-MB that
denote myocardial injury. The increase in blood
concentrations of cholesterol, triglycerides, and glucose
further suggests that there is an imbalance in the
cardiometabolic processes. Oxidative stress proved to be
the major cause of cardiac injury through the increases in
TBARS and ROS levels, coupled with the marked
reduction in antioxidant levels such as GSH, SOD, CAT,
and POD in treated mice (Martinez et al., 2023; Sharma et
al., 2025).

The cardiac muscle is especially susceptible to
oxidative damage, which results from high energy
demands coupled with a high mitochondrial population



(Ahmed et al., 2025). The presence of too much copper
will cause mitochondrial malfunction, interfere with
proper calcium balance in cells, trigger inflammation, and
apoptosis, which cause damage to the cardiomyocytes.
The findings are in agreement with those published earlier
that revealed cardiotoxicity mediated by copper toxicity
through oxidative stress, cellular alterations, and
dysfunction (Narula et al., 2023). Furthermore, copper
toxicity has been linked to metabolic disorders and
signaling via profibrotic and stress pathways that can lead
to cardiotoxicity (Wang et al., 2021). The continuous
elevation of the oxidative stress parameters (ROS and
TBARS), accompanied by a decrease in antioxidants
(GSH, SOD, CAT, and POD), signified systemic
oxidative damage in the body and tissue-specific toxicity
(Ouyang et al., 2021). The systemic effects of copper can
be explained by the redox properties of copper; this metal
is involved in the oxidation-reduction cycle and, hence,
generates ROS and causes oxidative damage. The
significant decrease in the level of GSH and the inhibition
of antioxidant enzymes activity are also indicative of
weakened defensive functions of cells, which can be
attributed to the oxidation process and redox imbalance
(Fotouh et al., 2025). The role of copper in the generation
of oxidative stress and subsequent activation of stress
response pathways, such as the Nrf2 pathway, was also
confirmed by earlier investigations (Chen et al., 2023;
Gill et al., 2025; Rashid et al., 2025). The significantly
increased frequency of DNA damages in isolated cells of
heart, liver and kidneys of mice treated with high doses of
copper oxychloride in term of DNA material fluorescing
around the nucleus and or making a tail might be due to
activated DNase resulting in cleavage nuclear proteins
(Hussain ef al., 2014), lipid peroxidation, over release of
intracellular nitrogenous and reactive oxygen species,
nitration of proteins and oxidation of mRNA (Sharma et
al., 2021).

Conclusions: The study demonstrates that there is strong
evidence indicating that exposure to copper oxychloride
causes severe multisystem toxicity in mice through
oxidative stress pathways as shown by blood disorder,
liver, kidney, and heart dysfunction. The dose-response
pattern observed here and concurrence with current
research literature further support the need for avoiding
exposure to copper oxychloride and finding substitutes for
it in order to reduce any harm caused to health.
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