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INTRODUCTION

An essential mineral and naturally occurring chemical 
element, copper (Cu) can accumulate in the body to 

toxic levels, leading to adverse effects (Yildiz et al., 2024), 
It was a reddish metallic substance which can be found 
in water, soil, rock sediment, and, to a lesser extent, the 
atmosphere. The main natural source of copper is the 
Earth’s crust (Henckens and Worrell, 2020). Kidney failure, 
liver damage, and blood issues can result from heavy metal 

poisoning (Baqer et al., 2023). Concerns over the possible 
negative effects of copper’s expanding industrial uses on 
the environment, human health, and animal health are 
growing along with these uses (Ghareeb, 2023). 

Copper (Cu) is a necessary trace element for many 
metabolic functions and micronutrients, However, its 
widespread use over the past few decades has raised 
concerns due to its negative impact on the environment 
and public health (Naz et al., 2023). A surplus of Cu in the 
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body can be harmful because it is a necessary component 
of specific cuproproteins that are in charge of the body’s 
appropriate growth and development. Heavy metals build 
up in soil and plants due to anthropogenic factors, a rise 
in the number of vehicles, and extensive urban and rural 
infrastructure. These metals are then passed on to people 
through the food chain (Dahiru et al., 2025). CuCl2, a Cu 
(II) molecule, causes oxidative alteration of cell components 
by increasing the production of ROS and reactive nitrogen 
species (RNS) in RBC (Husain and Mahmood, 2020). 

Oxidative stress, which is caused by prolonged and elevated 
ROS levels, has been linked to many forms of controlled 
cell death, including cuproptosis, a copper-dependent 
regulated cell death mechanism that differs from other 
recognized regulated cell death forms (Vo et al., 2024). 
Iron-sulfur cluster proteins are lost and mitochondrial 
lipoylated proteins aggregate as a result of cuproptosis 
(Ban et al., 2024). Cuproptosis results from disruptions 
to copper homeostasis, which is dependent on the copper 
transporter. Numerous cardiovascular disorders, including 
myocardial ischemia/reperfusion (I/R) injury, heart failure, 
atherosclerosis, and arrhythmias, have been linked to 
cuproptosis, according to recent research (Wang et al., 
2023).

Therefore, this study aimed to investigate the effects of 
sublethal doses of copper chloride (CuCl₂) on hematological 
parameters and erythrocyte morphology in albino rats.

MATERIALS AND METHODS

Experimental animal
Fifty male albino rats, aged (2-3) months, weighing 250-

300 grams, were housed in hanging cages at 25±2ºC, with 
14 hours of light and 10 hours of darkness. They were fed 
regular food and water from the University of Mosul’s 
Veterinary College’s animal house. Rats were randomly 
divided into four groups and administered CuCl₂ orally. 
Each cage has three male rats in each.

Experimental design
The first group received distilled water (control) , while the 
second, third, and fourth groups received CuCl2 dissolved 
in water at doses of 160, 235, and 350 mg/kg B.W. 
respectively. Every group was dissected for five, ten, twenty, 
and thirty days. Anticoagulant (EDTA) was utilized 
to collect blood samples, which were then subjected to 
automated hematological analysis. Leishman stain was 
used to color the blood smear (Culling et al., 1985).

Statistical analysis
data were examined using the mean ± standard deviation. 
The statistical program Graph Pad v5.0 was used to 
examine the data. ANOVA in one direction was employed. 
The Tukey test was used for the post hoc analysis. At 
P<0.05, mean values were deemed statistically significant, 
different superscript letters within a row indicate significant 
differences (P < 0.05) (Steel and Torri, 1980).

RESULTS AND DISCUSSION

Blood parameters 
All blood parameters of the treated animals did not 
significantly decrease (P<0.05) when compared to the 
control group throughout the first period, according to the 
data (Tables 1, 2).

Table 1: Effect of CuCl2 s on the blood parameters in male rats during 5 days.
Blood parameters Control 160 mg/kg B.W. 235 mg/kg B.W. 350 mg/kg B.W.
RBC (X 106/µl( 8.35a±0.5 8.09a±0.3 8.07a±0.7 8.01a±0.9
Hb g/dl 16.8 a±0.4 16.5 a ±0.2 16 a.4±0.5 16.1 a±0.3
MCV fL 59.88 a±0. 3 61.18 a±0. 1 60.96 a±4.0 61.17 a±2.0
MCH pg 2.07 a±2.01 2.03 a±0.03 2.03 a±0.06 2.00 a±0.04
MCHC g/dl 33.6 a±4.02 33.3 a±6.0 33.3 a±7.1 32.8 a±5.4
Platelets Count)X109/L) 823 a±10 820 a±14 817 a±17 814 a±13

Values in the same row with different superscript letters are significantly different (P < 0.05).

Table 2: Effect of CuCl2 on white blood cell count and its types in male rats during 5 Day.
Blood parameters Control 160 mg/kg B.W. 235 mg/kg B.W. 350 mg/kg B.W.
WBC103/µl 9.17 a±0.3 9.32 a±0.1 9.6 a±0.5 10.0 a±0.4
Neutrophils % 59.61 a±0.02 58.95 a±0.05 58.0 ab±0.07 57.74 b±0.04
Lym % 32.4 a±1.0 32.97 a±1.4 33.88 a±1.6 33.86 a±1.8
Mon% 2.69 a±0.4 2.79 a±0.7 3.1 a±0.5 3.4 a±0.2
Eos % 5.3 a±0.06 5.29 a±0.03 5.1 a±0.06 5.0 a±0.04
Bas % 0.0 a±0.0 0.0 a±0.0 0.07 a±0.0 0.0 a±0.0

Values in the same row with different superscript letters are significantly different (P < 0.05).
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Table 3: Effect of CuCl2 s on blood parameters in male rats during(10 days). 
Blood parameters Control 160 mg/kg B.W. 235 mg/kg B.W. 350 mg/kg B.W.
RBC 106/µl 8.39 a±0.8 8.07 a±0.6 8.00 ab±0.9 7.49 b±0.5
%PCV 51.0 a±3.0 49.0 a±1.2 48.0 ab±3.5 47.0 b±2.28
Hb g/dl 16.9 a±0.7 16.1 a±0.9 15.6 ab±0.8 15.3 b±1.0
MCV fL 60.78 a±5.0 60.71 a±9.0 60.0 a±0. 7 62.75 a±4.0
MCH pg 2.01 a±0.05 1.99 a±0.08 1.95 a±0.03 2.04 a±0.01
MCHC g/dl 33.13 a±4.02 32.85 a±5.6 32.5 a±3.9 32.5 a±5.8
Platelets count )X109/L) 825 a±13 803 ab±12 793 bc±15 764 c±18

Values in the same row with different superscript letters are significantly different (P < 0.05).

Table 4: Effect of CuCl2 on white blood cell count and its types in male rats during 10 Day.
Blood parameters Control 160 mg/kg B.W. 235 mg/kg B.W. 350 mg/kg B.W.
WBC 103/µl 9.3 b±0.4 10.81 ab±0.7 10.93 a±0.8 11.4 a±0.3
%Neutrophils 59. 7 a±0.02 57.7 ab±0.06 54.41 c±0.03 50.9 d±0.01
%Lym 32.5 a±1.0 34.83 ab±3.2 37.69 bc±2.5 40.9 d±1.5
%Mon 2.7 c±0.4 2.87 bc±0.5 3.9 ab±0.7 4.5 a±0.4
%Eos 5.1 a±0.06 4.6 a±0.01 4.0 ab±0.05 3.7 b±0.03
%Bas 0.0 a±0.00 0.0 a±0 0.0 a±0 0.0 a±0

Values in the same row with different superscript letters are significantly different (P < 0.05).

Table 5: Effect of CuCl2 s on blood parameters in rats during (20 days).
Blood parameters Control 160 mg/kg B.W. 235 mg/kg B.W. 350 mg/kg B.W.
RBC (106/µl) 8.44 a±0.9 8.04 a±0.2 7.91 bc±0.4 7.33 c±0.6
%PCV 51.4 a±1.7 47.08 b±1.0 45.1 bc±2.5 43.3 c±3.4
Hb (g/dl) 17.33 a±0.9 15.7 b±1.6 14.7 bc±2.0 14.0 c±1.8
MCV (fL) 60.9 c±4.0 58.55 b±2.0 57.0 b±7.0 59.07 a±5.0
MCH (pg) 2.05 a±0.01 1.95 ab±0.03 1.85 b±0.06 1.90 b±0.05
MCHC (g/dl) 33.71a±2.39 33.3 a±1.9 32.59 a±3.3 32.33 a±5.1
Platelets Count(X109/L) 830 a±13 790 b±15 787 bc±19 758 cd±17

Values in the same row with different superscript letters are significantly different (P < 0.05).

Table 6: Effect of CuCl2 on white blood cell count and its types in male rats during 20 Day.
Blood parameters Control 160 mg/kg B.W. 235 mg/kg B.W. 350 mg/kg B.W.
WBC 103/µl 9.5 c±0.6 11. 8 b±0.9 12.57 ab±0.8 12.57 ab±0.8
%Neutrophils 59. 8 a±0. 1 53.8 b±1.4 50.1 b±1.3 50.1 b±1.3
%Lym 32.5 a±0.7 37.62 bc±2.3 41.4 cd±1.8 41.4 cd±1.8
%Mon 2.9 d±0.07 3.99 cd±0.1 4.6 bc±0.09 4.6 bc±0.09
%Eos 4.8 a±0.06 4.59 ab±0.03 3.9 bc±0.01 3.9 bc±0.01
%Bas 0.0 b±0.0 0.0 b±0 0.0 b±0 0.0 b±0

Values in the same row with different superscript letters are significantly different (P < 0.05).

During the second period, there was a significant decrease 
(P<0.05) in the number of RBCs, PCV, HB, and platelets 
in rats treated with 350 mg/kg B.W. CuCl2 (Table 3), 
as well as a significant increase (P<0.05) in the WBC, 
lymphocytes, and monocytes counts in the groups treated 
with 235 and 350 mg/kg B.W. in comparison to the control 
group, while there was a significant decrease (P<0.05) in 
neutrophils and eosinocytes counts in the groups treated 
with CuCl2 at 235 and 350 mg/kg B.W. (Table 4). 

In comparison to the control group, rats treated with 235 
and 350 mg/kg B.W. of CuCl2 exhibited a significant 
decrease (P<0.05) in RBCs, PCV%, Hb, MCV, and platelets 
counts throughout the third period (Table 5). While 
neutrophils and eosinophils counts showed a significant 
(P<0.05) decrease in comparison to control groups, white 
blood cells, lymphocytes, and monocytes counts showed a 
significant (P<0.05) rise (Table 6).
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Table 7: Effect of CuCl2 s on blood parameters in rats during(30 days).  
Blood parameters Control 160 mg/kg B.W. 235 mg/kg B.W. 350 mg/kg B.W.
RBC (106/µl) 8.5 a±0.4 7.03 b±0.3 6.11 b±0.7 5.8 b±0.4

%PCV 51.6 a±2.5 44.8 b±1.6 43.1 b±2.0 40.7 c±1.4
HB (g/dl) 17.4 a±0.9 14.9 b±1.3 14.0 b±1.6 13.4 bc±1.9
MCV (fL) 60.7 b±0.4 63.72 ab±6.0 70.54 a±3.0 70.17 a±7.0
MCH (pg) 2.04 a±0.01 2.11 a±0.03 2.29 a±0.06 2.3 a±0.04
MCHC (g/dl) 33.72 a±2.39 33.25 a±5.1 32.48 a±3.3 32.92 a±6.0
Platelets Count (X109/L) 834 a±16 782 b±18 767 bc±14 721 d±11

Values in the same row with different superscript letters are significantly different (P < 0.05).

Table 8: Effect of CuCl2 on white blood cell count and its types in male rats during 30 Day.
Blood parameters Control 160 mg/kg B.W. 235 mg/kg B.W. 350 mg/kg B.W.
WBC (103/µl) 9.7 d±0.8 14.05 bc±1.1 16.77 b±1.3 18.67 ab±1.9
%Neutrophils 60. 0 a±0. 07 50.0 b±0.1 41.9 c±0.4 30.5 d±0.09
%Lym 32.6 d±0.9 41.07 c±1.0 49.06 b±0.9 55.2 a±1.1
%Mon 2.6 d±0.09 4.33 bc±0.2 5.04 b±0.5 8.5 a±0.7
%Eos 4.8 a±0.06 3.6 b±0.09 3.0 c±0.08 2.8 cd±0.1
%Bas 0.0 c±0.0 1.0 b±0.07 1.0 b±0.09 3.0 a±0.1

Values in the same row with different superscript letters are significantly different (P < 0.05).

There was a significant decrease (P<0.05) in PCV% and 
HB in compared with control group In the fourth period, 
a significant decrease in RBCs, PCV%, HB and Platelets 
counts (Table 7), while significant increase (P<0.05) in 
WBC, lymphocyte, monocytes and basophiles counts, 
(Table 8).

The results of the current study are consistent with the 
results of the study conducted by Baqer et al. (2023) who 
dosed rats with copper at a concentration of (37 mg/kg) 
of body weight for 45 days and observed a decrease in the 
recording of red blood cells, hemoglobin and platelets, 
which was attributed to the causes of general hemolysis. 

The results of the current study also agreed with the results 
of the study by Ghareeb (2023), who dosed rats with 
copper at a concentration of 300 mg/kg of body weight 
for 28 days and observed the dissolution of red blood cells. 
A decrease in the number of red blood cells, hemoglobin 
concentration, hematocrit percentage, mean corpuscular 
volume, and platelets causes anemia (Garcia-Casal et al., 
2023). The results of the current study are consistent with 
the study conducted by Fawzy et al. (2021) who dosed rats 
with different doses of copper at concentrations of (0.1, 
0.2, and 0.4) mg/kg of body weight, for 30 days. 

Their results showed that high doses of copper led to a 
decrease in the concentration of hemoglobin and the 
number of red blood cells, which led to anemia. The results 
of the study conducted by Sakr et al. (2021) also showed 
that exposing rats to copper at a concentration of (125 mg/

kg) of body weight for a period of 28 days led to changes 
in blood parameters represented by a significant decrease 
(P<0.05) in the number of red blood cells, the level of 
hemoglobin (Hb), and the number of platelets (PLT), 
compared to the control group. The results of the current 
study are also consistent with the study conducted by Zhou 
et al. (2019), who noted that rats that were orally dosed with 
copper chloride for 28 days showed a significant decrease 
(P<0.05) in both the percentage of hematocrit (PCV) and 
platelet counts. 

The results of the current study are also consistent with 
the study conducted by Yahya et al. (2019) who injected 
rats with copper particles intraperitoneally at a dose of 
(0.5 mg/kg) of body weight daily for 28 days. Their results 
showed a significant decrease (P<0.05) in the numbers 
of red blood cells (RBC), Hb, and platelets, an increase 
in the mean corpuscular volume (MCV), and a decrease 
in the mean corpuscular hemoglobin (MCH). High 
levels of copper ions (Cu++) competitively inhibit iron 
absorption and utilization, leading to decreased serum iron 
concentration, impaired hemoglobin synthesis and anemia, 
The study explained the contribution of copper particles to 
the occurrence of anemia through two main mechanisms: 
the first is direct, by stimulating the destruction of red 
blood cells, and the second is indirect, by increasing their 
sensitivity to damage caused by oxidative stress and lipid 
peroxidation.

The increased white blood cell count was interpreted as 
an inflammatory response to copper exposure (Yahya 
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et al., 2019). Thrombocytopenia, a condition in which 
the number of platelets in the bloodstream is lower 
than normal, is believed to be due to either decreased 
production by the bone marrow or increased destruction 
(Patriarcheas et al., 2020). This may be attributed to 
damage to cell membranes caused by oxidative stress, and 
this decrease is an indicator of copper’s ability to cause 
thrombocytopenia and negatively affect the process of clot 
formation (Maciel-Magalhães, 2020). Dosing rats with 
different concentrations of copper (400, 200 and 100) mg/
kg of body weight, for 28 days, led to an increase in the 
percentage of monocytes, and the reason may be attributed 
to the inflammatory response (Thakore et al., 2024).

The results of the current study are also consistent with the 
study of Sa’idu et al. (2022), which confirmed in its results 
that exposing rats to copper at a concentration of (200 mg/
kg) of body weight led to an increase in the number of 
white lymphocytes. The results of the study conducted by 
Sakr et al. (2021) also showed that oral administration of 
copper to rats at a concentration of (125 mg/kg) of body 
weight for a period of 28 days led to an increase in the 
percentage of monocytes, thus matching the results of our 
current study.

Red blood cell (RBCs) morphology
Normal red blood cells have a biconcave disk form and 
a pallor center (Figure 1). The blood of rats treated with 
CuCl2 showed several morphological abnormalities in the 
morphology of RBCs.

Figure 1: Photomicrograph of a blood smear from a control 
rat showing normal biconcave red blood cells, Leishman 
stain, 1000× magnification.

During the first five days, Rats that received 160 mg/kg 
B.W. had stomatocytes in their erythrocytes (Figure 2a), 
whereas rats that received 235 mg/kg B.W. had RBCs that 
resembled teardrop (Figure 2b). RBCs from rats given 350 

mg/kg body weight show the target cell (Figure 2c).

Figure 2: A: Photomicrograph of a blood smear from 
a rat treated with 160 mg/kg body weight showing 
stomatocytes (s), Leishman stain, 1000× magnification. 
B: Photomicrograph of a blood smear from a rat treated 
with 235 mg/kg body weight showing Tear Drop(TD), 
Leishman stain, 1000× magnification. C Photomicrograph 
of a blood smear from a rat treated with 350 mg/kg body 
weight showing Target cell (T), Leishman stain, 1000× 
magnification.

Figure 3: A: Photomicrograph of a blood smear from 
a rat treated with 160 mg/kg body weight showing 
Acanthocyte (Ac), Leishman stain, 1000× magnification. 
B: Photomicrograph of a blood smear from a rat treated 
with 235 mg/kg body weight showing teardrop cell (TD), 
Leishman stain, 1000× magnification. C: Photomicrograph 
of a blood smear from a rat treated with 350 mg/kg body 
weight showing Rouleaux formation (RF), Leishman 
stain, 1000× magnification.

Rats given 160 mg/kg B.W. throughout the second period 
(10) days had acanthocyte cells in their RBCs (Figure 3a); 
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rats treated with 235 mg/kg B.W. had a teardrop shape 
(Figure 3b); and rats treated with 350 mg/kg B.W. had 
Rouleaux formation (Figure 3c).

During the third period, which lasted 20 days, rats given 
160 mg/kg B.W. RBCs showed spherocytes, as shown in 
Figure 4a; rats provided 235 mg/kg B.W. RBCs showed 
stomatocytes and tear drops, as shown in Figure 4b; and 
rats given 350 mg/kg B.W. Figure 4c shows that RBCs 
had both target cells and spherocytes.

Figure 4: A: Photomicrograph of a blood smear from a 
rat treated with 160 mg/kg body weight showing teardrop 
cell (TD) and Spherocytes (SPh), Leishman stain, 1000× 
magnification. B: Photomicrograph of a blood smear from 
a rat treated with 235 mg/kg body weight showing teardrop 
cell (TD) and stomatocyte cell(s), Leishman stain, 1000× 
magnification. C: Photomicrograph of a blood smear from 
a rat treated with 350 mg/kg body weight showing target 
cell (T) and Spheroctyte (SPh), Leishman stain, 1000× 
magnification.

Rats supplied 160 mg/kgm B.W. during the previous 30 
days. RBCs showed target cell and tear drop, Figure 5a; rats 
were administered 235 mg/kg B.W. Rats that received 350 
mg/kg B.W. of RBCs were the Acanthocytes and Target 
cell Figure 5b. Figure 4c shows that RBCs contained 
acanthocytes and tear drop cells.

Exposure to heavy metals may be responsible for 
morphological changes in red blood cells, causing cellular 
abnormalities such as tear drop and kidney shape, which 
clearly increase with increasing metal concentration 
and duration of exposure (Zuheir and Al-Khashab, 
2025). Morphological changes in red blood cells in fish, 
including nuclear and cellular abnormalities, significantly 
increase with increasing heavy metal concentrations, 
and the severity of these abnormalities also worsens 
with increasing dose and exposure duration, reflecting a 

direct relationship between heavy metal exposure and the 
degree of cellular damage. These changes are likely due to 
increased lipid peroxidation in the cell membrane, which 
causes damage to it, increases its permeability to ions, and 
thus increases the cell’s absorption of toxic substances and 
causes morphological changes in red blood cells (Islam et 
al., 2020). It was found that oral administration of copper 
to rats at a concentration of 100 mg/kg body weight for 30 
days resulted in changes in the fluidity and deformation 
of the red blood cell membrane, through disruption of the 
lipid composition of the membrane, saturation, formation 
of bonds in phospholipids, and permeability (Adele et al., 
2023).

Figure 5: A: Photomicrograph of a blood smear from a 
rat treated with 160 mg/kg body weight showing teardrop 
cells(TD) and target cell (T), Leishman stain, 1000× 
magnification. B: Photomicrograph of a blood smear 
from a rat treated with 235 mg/kg body weight showing 
target cell (T), acanthocytes (AC) and Teardrop cell (TD), 
Leishman stain, 1000× magnification. C: Photomicrograph 
of a blood smear from a rat treated with 350 mg/kg body 
weight showing shows acanthocytes (AC) and Teardrop 
cell (TD), Leishman stain, 1000× magnification.

CONCLUSION AND 
RECOMMENDATIONS

Copper is an essential trace mineral that can be toxic in 
excess. The effects of this increase with the amounts used 
and exposure duration. Sublethal levels of copper chloride 
exposure resulted in an increase in total white blood cells, 
lymphocytes, and monocytes and a decrease in red blood 
cells, platelets, neutrophils, and eosinophils. For the purpose 
of obtaining further scientific findings that support and 
validate the results of the present study, it is recommended 
that: future studies focus on investigating the effects of 
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sublethal concentrations of copper chloride on various 
blood parameters in female rats, in order to compare 
the findings with those obtained in males and to clarify 
potential physiological differences between the sexes. 
In addition, research should be expanded to include the 
evaluation of copper chloride effects on blood components 
in other animal species, with the aim of determining the 
generalizability of the results and their applicability across 
different biological systems.
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