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The aim of the study was to determine the effect of Cadmium and Lead salts on body weight gain and rat body weights and 
hematological parameters. The experiments were conducted in male rats of the Wistar line, weighing 200–220 g, of which four 
groups of animals were formed: 1) A control group – they injected drinking water through a metal probe in a volume equivalent to 
the volume of an aqueous solution of Cd2+ salts and Pb2+; 2) Experimental group 1 – animals were administered a 0.029% aqueous 
solution of cadmium chloride at a dose of 4.0 mg kg-1; 3) Experimental group 2 – animals were administered 16.6% aqueous lead 
acetate solution at a dose of 200 mg kg-1; 4) Experimental group 3 – animals were administered 16.6% aqueous lead acetate 
solution at a dose of 100 mg kg-1 and 0.029% aqueous cadmium chloride solution at a dose of 2.0 mg kg-1. Throughout the 
experiment, rats were kept in a balanced diet containing all the necessary components, and animals were given drinking water, 
without restriction, from 0.2 liter glass bowls. On the basis of the conducted researches it is established that at loading of an 
organism of rats by cadmium and Lead salts in rats the weight gain in comparison with intact animals decreased. Reduction of live 
weight gain in rats by heavy metal intoxication was accompanied by hypo- and hypertrophy of the internal organs. These changes 
are related to the cumulative and sorption capacity of these metal ions, which contribute to the development of endogenous 
intoxication of rats in the experimental groups. Chronic lead-cadmium toxicosis in rats was accompanied by erythrocytopenia and 
leukopenia, as well as a decrease in hemoglobin with a simultaneous increase in erythrocyte volume and average erythrocyte 
hemoglobin content. 
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Introduction 
Modern functioning of the economy is accompanied by an increase in technogenic load. Anthropogenic activity contributes to the 
dispersion of a large number of chemical elements involved in the migration process. Heavy metal salts, particularly Cadmium and 
Lead, which are highly toxic and can affect living organisms, even at low concentrations, are among the leading chemical pollutants 
(Ali et al., 1986; Myslyva, 2013; Hutyi, 2015; Gutyj et al., 2018; 2019). The frequency and severity of ecologically dependent 
diseases resulting from anthropogenic pollution of the biosphere indicates the relevance of this problem (Gutyj et al., 2016; 
Grynevych et al., 2018; Slivinska et al., 2019). 
Heavy metals are priority pollutants of atmospheric air, reservoir water and soil globally and regionally. Due to their high migratory 
capacity, tendency to bioaccumulation and polytropicity, metals pose a risk to humans not only by direct action but also by 
adversely affecting the hygienic performance of environmental objects (Khariv et al., 2016; Hariv & Gutyj, 2016; Vishchur et al., 
2016; Kozak & Brygadyrenko, 2018; Vishchur et al., 2019; Komlyk & Brygadyrenko, 2019; Avtaeva et al., 2019). A mixture of toxic 
substances that can act on living organisms both independently of one another and interact, can affect the degree of toxic effect of 
individual substances. Thus, in case of environmental pollution by heavy metals it is proved that the manifestations of toxic action 
may depend on the interaction between them, which leads to change of thresholds, and therefore not only the toxicity of each 
component of the system but also their combined action is important (Slobodian et al., 2019). 

The results of many experimental studies indicate that Cadmium and Lead have a toxic effect on a number of organs and systems in 
mammals (Marushko et al., 2010; Petrynych et al., 2017; Ostapyuk & Gutyj, 2018; 2019). Lead and Cadmium, when introduced into 
the body of animals, easily connect to thiol groups of apoproteins, and thus change the activity of antioxidant, microsomal and 
other enzymatic systems, affect the exchange of macro- and microelements, exhibit carcinogenic action (Al-Azemi et al., 2010; 
Stepanchuk, 2014; Lavryshyn et al., 2018; 2019; Sobolev et al., 2019). 
The aim of the study was to determine the effect of Cadmium and Lead salts on body weight gain and rat body weights and 
hematological parameters. 

Material and Methods 
The experiments were conducted on male rats of the Wistar line, weighing 200–220 g, from which 4 groups of animals were 
formed: 
1 - Control group – injected drinking water through a metal probe in a volume equivalent to the volume of aqueous solution of salts 
Cd2+ and Pb2+; 2 – Experimental group 1 – Animals were administered a 0.029% aqueous solution of cadmium chloride at a dose of 
4.0 mg kg- 1; 3 – Experimental group 2 – Animals were administered 16.6% aqueous lead acetate solution at a dose of 200 mg kg-1; 
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4 – Experimental group 3 – Animals were administered 16.6% aqueous solution of lead acetate at a dose of 100 mg kg-1 and 
0.029% aqueous solution of cadmium chloride at a dose of 2.0 mg kg-1. 
Throughout the experiment, rats were kept in an equilibrium diet balanced with all the necessary components, and animals were 
provided with drinking water without restrictions from 0.2 liter glass bowls. 
All animal manipulations were carried out in accordance with the European Convention for the Protection of Vertebrate Animals, 
which is used for experimental and scientific purposes (Strasbourg, 1986). 
Blood for biochemical studies was collected under ether anesthesia from the jugular vein on days 1, 7, 14, 21, and 28 of the 
experiment. Leukocyte counts in the blood were counted using a Tiurk reagent on the grid of Goryaev's counting chamber under a 
microscope with an 8x lens, 10x eyepiece (Vlizlo, 2012). 
The number of erythrocytes was determined by photocolorimetric registration of the optical density of the test samples on CPK-3 at 
a wavelength of 670 nm. The concentration of hemoglobin was investigated by hemoglobincyanide method followed by 
photocolorimetry at the optical path length of 540 nm. The hematocrit value was determined by a micromethod in the modification 
of J. Todorov, by centrifugation of capillary tubes in a MCG-8 microcentrifuge with the detection of results using a scale. Red blood 
indices: mean erythrocyte volume (ESR), hemoglobin content in erythrocyte (VGE), mean hemoglobin concentration in erythrocyte 
(SCGE), color index (KP) were calculated using formulas (Vlizlo, 2012). 
All animal manipulations were performed according to the Calculation of Organ Weight Ratios (Kotsiumbas et al., 2006; Gutyj et al., 
2016; Gutyj et al., 2017). Having obtained absolute mass of organs, we determined the weight coefficients by the formula: 

K = m1 /m2, 
where m1 is the mass of the organ, g; m2 – body weight of the animal, kg. 

Analysis of the research results was performed using the Statistica 6.0 software package. The likelihood of differences was 
evaluated by Student's t-test. The results were considered significant at P ≤ 0.05. Data in the Tables 1-3 presented as mean value 
and standard deviation. 

Results and Discussion 
As a result of the studies in the experimental groups of animals that were intoxicated with heavy metals, there was a tendency to 
reduce the weight gain of rats (Figure 1). 

Figure 1. Weight gain in rats by heavy metal intoxication; 1 – control group (C); 2 – the group struck by Cadmium (E1); 3 – lead 
struck group (E2); 4 – the group struck by Cadmium and Lead (E3). 

It should be noted that at the beginning of the experiment, the body weight of rats in the control and experimental groups ranged 
from 211.44 ± 5.9, 213.60 ± 5.7, 214.25 ± 6.6, and 213,17 + 5,2 g. In the rats of the experimental groups, which were  
loaded with heavy metals, it should be noted that the weight loss in the second and third experimental groups for the 28th day of 
the experiment, where compared with the control group rats it decreased by 2.5 and 4.1%, respectively. 
The rats mass of the first experimental group was slightly higher, where it was 240.22 ± 5.4 g, respectively. 
The average daily weight gain of rats was highest in the first experimental group, slightly lower in the second experimental group 
and lowest in the third experimental group. The total weight gain of rats for 28 days was 159 g in the first experimental group, 132 
g in the second and 117 g in the third. Reduction of live weight gain in rats by heavy metal intoxication was accompanied by hypo- 
and hypertrophy of the internal organs, which are characterized by different metabolic intensities (Table 2). 
In the animals of the first experimental group to which the cadmium load was carried out, there was a tendency to increase the 

lung weight factor by 2.8%, the liver – by 7.6%, and the brain – by 18.7% relative to the rats in the control group. Also in this 
study group was found a decrease in heart weight by 8.7%, kidney – by 2.0%, spleen – by 2.0% relative to the control group of 
animals. 
In the rats of the second experimental group, which was injected with a 16.6% aqueous solution of lead acetate at a dose of 200 
mg / kg, increased heart weight by 2.6%, lungs – by 4.9%, kidney – by 16.6%, liver – 2.2%, brain – 14.8% relative to rats in the 
control group. Also in this study group compared with the control was found a decrease in the weight ratio of the spleen by 4.4%. 
Lead and Cadmium salts were introduced into the rats following the introduction of organs: the heart increased by 7.3%, the kidney 
by 17.6%, the liver by 9.4%, and the brain by 21.1%, then both lungs and spleen were 8.7% and 3.2% lower, respectively. 
Thus obtained data of body weight gain and organ weights in rats by Cadmium and Lead intoxication are related to the cumulative 
and sorption capacity of these metal ions, which contribute to the development of endogenous intoxication of rats in the 
experimental groups. 
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Table 1. Weight gain in rats by heavy metal intoxication, g (here and further n = 6). 

Group 

Body weight Weight gain 

At the beginning of the 
experiment 

On the 28th day of 
administration Total 

for 28 
days  
by 

group 

Daily average in terms of 

Total by 
group 

The average of 
one animal 

Total by 
group 

The average of 
one animal 

all rats in 
the group 

one rat 
from the 

group 

C 1269 211.44 ± 5.9 1455 242.52 ± 5.2 186 6.64 1.107 
I 1282 213.60 ± 5.7 1441 240.22 ± 5.4 159 5.68 0.947 
II 1286 214.25 ± 6.6 1418 236.46 ± 7.3 132 4.71 0.785 
IІІ 1279 213.17± 5.2 1396 232.69 ± 6.7 117 4.18 0.697 

Table 2. White rat internal mass ratios at day 28 after intragastric administration of lead and cadmium salts (M  m, n = 6). 

Internal organs 
Group 

C І ІІ ІІІ 
Heart 3.43  0.137 3.13  0.126 3.52  0.162 3.68  0.250 

Lungs 7.62  0.67 7.83  0.82 7.99  0.94 6.96  0.301 

Both kidneys 6.46  0.062 6.33  0.241 7.53  0.322 7.60  0.178 

Right kidney 3.22  0.038 3.15  0.154 3.80  0.173 3.79  0.138 

Left kidney 3.24  0.041 3.18  0.187 3.73  0.165 3.81  0.090 

Spleen 4.10  0.348 4.02  0.127 3.92  0.305 3.97  0.231 

Liver 29.03  1.971 31.25  0.673 29.66  1.264 31.75  0.744 

Brain 5.88  0.564 6.98  0.392 6.75  0.343 7.12  0.410 

In the study of hemoglobin in the blood of rats of the experimental groups was found to increase this indicator in the first 
experimental group by 17.4 and 6.2% relative to the control group. In the third study group, which used the salts of Cadmium and 
Lead, we observed a decrease in hemoglobin level to 95.4 ± 0.67 g L-1, whereas in the control this indicator fluctuated within 112.3 
± 0.98 g L-1. This change in hemoglobin and erythrocyte counts in the blood of the first study group was accompanied by an 
increase in erythrocyte volume by 58.7% and an average erythrocyte hemoglobin content of 83.3%.  
In rats treated with Lead acetate at an appropriate dose, the average erythrocyte volume increased by 10.4%, whereas in the third 
experimental group of rats administered the salts of Cadmium and Lead, this indicator increased by 61.5% relative to the control 
group of rats. The average content of hemoglobin in the erythrocyte was slightly higher in the second experimental group, where, 
respectively, was 18.2 ± 0.75 PG, in the third experimental group this indicator was 21.6 ± 1.42 PG, where compared to the control 
group it increased by 21.3% and 44.0%.  
The hematocrit in the first experimental group of rats was slightly higher than in the control group, whereas in the second and third 
experimental groups, on the contrary, the hematocrit was lower than the control parameters. Minor changes in hematocrit in the 
rats of the study groups are associated with an increase in erythrocyte volume. 
It should be noted that administration to rats of cadmium chloride and lead acetate contributed to the lesion of the hematopoietic 
organs, as indicated by the low level of leukocytes in their blood. In particular, on the 28th day of the experiment, the number of 
leukocytes in the blood of the first experimental group was 6.19 ± 1.10 G/l, in the second experimental group – 6.76 ± 0.62 G/l, 
whereas in the control group it was 8.72 ± 0.75 G/l. The lowest leukocyte count was in the blood of rats of the third experimental 
group, which was carried out the aggregate setting of heavy metal salts. 
 In this group of animals, the leukocyte count was likely to decrease by 39.2% relative to controls. Thus, the results of the studies 
indicate that the loading of Cadmium and Lead leads to a change in the morphological composition of the blood of rats, which 
indicates a decrease in the number of erythrocytes, leukocytes, hemoglobin level with a simultaneous increase in the average 
erythrocyte volume and average content of erythrocyte. 
In general, the established changes indicate a decrease in the oxygen capacity of the blood and disturbance of erythropoiesis under 
the influence of heavy metals. Such effects, if prolonged, may significantly impair the health and productivity of farm animals. 
Our data are consistent with the results of studies by other authors on the negative impact of heavy metals on animals and humans. 
It was found that the total load of Cadmium and Lead salts, depending on the concentration level, duration of exposure and 
selected indicators of functional status assessment, the effect of both potentiation and summation, in addition, the effect of the 
combined effect changed in favor of summation.  
The difficulty of predicting the nature of the combined action in each case, especially in the case of complex multicomponent 
combinations at the threshold and sub-threshold levels, is due to a number of reasons, including the peculiarity of biotransformation 
of exogenous chemicals in the body.  
The mechanism of toxic exposure of heavy metals is associated with the blocking of sulfhydryl, carboxyl and amine groups of 
organic compounds. In the toxicodynamics of joint intoxication there is a violation of oxidation processes and activity of 
oxidoreductases, swelling and change of membrane permeability and disturbance of iron and copper. 
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Table 3. Hematological parameters in rats on the 28th day of lead-cadmium load (M ± m, n = 6). 

Indicators 
Group 

С І ІІ ІІІ 

Hemoglobin, g L-1 112.3 ± 0.98 131.8 ± 1.16 119.3 ± 0.18 95.4 ± 0.67 

Erythrocytes, T L-1 7.48 ± 0.08 4.80 ± 0.12 6.54 ± 0.13 4.41 ± 0.22 

Leukocytes, G L-1 8.72 ± 0.75 6.19 ± 1.10 6.76 ± 0.62 5.30 ± 1.00 

Hematocrit, % 42.58 ± 1.36 43.35 ± 1.01 41.10 ± 1.32 40.55 ± 0.50 

The average erythrocyte 
volume, µm3 

56.92 ± 2.11 90.31 ± 1.90 62.84 ± 2.25 91.95 ± 1.40 

The average content of 
hemoglobin in red blood 
cells, PG 

15.0 ± 1.29 27.5 ± 2.57 18.2 ± 0.75 21.6 ± 1.42 

Conclusion 
At loading of an organism of rats by Cadmium and Lead salts in rats the weight gain in comparison with intact animals decreased. 
Reduction of live weight gain in rats by heavy metal intoxication was accompanied by hypo- and hypertrophy of the internal organs, 
characterized by different metabolic rates. These changes are related to the cumulative and sorption capacity of these metal ions, 
which contribute to the development of endogenous intoxication of rats in the experimental groups. Chronic lead-cadmium toxicosis 
in rats was accompanied by erythrocytopenia and leukopenia, as well as a decrease in hemoglobin with a simultaneous increase in 
erythrocyte volume and average erythrocyte hemoglobin content. 
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