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Study of the effect of cadmium, lead, zinc salts on the rat blood cells

Abstract. Changes were detected in the blood of rats caused by heavy metal compounds. The results show 
that the salts of heavy metals poisoning demonstrates in damage in the blood cells in the animal body 
and making weaker their immunity. As a result, various changes occur in animals. In addition, material 
was collected on immune depressive exposure to heavy metals in the body of rats 25, 50, 75, 100 times 
more compounds of zinc ions, lead and cadmium. Animal disorders were observed in the nervous system, 
including tearing, inflammation conjunctive sac and certain groups even with bleeding. Leukogram, which 
was made by the blood of rats, showed that the poisoning caused by the impact of three types of heavy 
salts, has led to significant changes in the health and behavior of the animals. When increasing by 100 times 
more poisoning three compound salts in animal organisms have been found strong signs of poisoning, 
finally, all experimental rats died within 5-6 days. It is important to note, animals poisoned by 75-100 
times the maximum permissible concentration of heavy metal salts of the three compound salts have 
died. Leukogram of experimental rats showed that, in the blood of rats, poisoned by three salts, during 
neutrophilia and lymphopenia, leukopenia was found. Neutrophils are characterized by granulated toxicity 
and gipersigmatich core.
Key words: Rats, blood, neytrofil, heavy metals, leykogramma.

Introduction

Today the decrease and destruction of immune 
system of an organism are considered as important 
problems of modern physiology. In scientific-tech-
nical and industrial century, the increase of man-
made and heavy metals exposure has an influence on 
psychological health of human. The response of an 
organism to environment’s adverse factors is its in-
creased defensive reaction and as a result changes of 
blood immunological indexes can be seen in physi-
ological tendency of an organism [1; 2]. In a time 
of stress blood’s leukogram and leukocytal index 
changes at one definite range that depends on organ-
ism’s immunological demands [3; 4]. 

When affected by heavy metals human and animal 
organisms’ adaptive abilities are decreased and organ-
ism’s protective system is exhausted and weakened by 
exerting pressure on and disturbing organism’s vital 
functional systems. To restore the individual and cu-
mulative impacts of negative factors of metals such as 
zinc, lead and cadmium, the search for new biological-
ly active compounds that determine the cellular mech-
anisms of immune-boosting properties and effects on 
the body is the basis for the research work. Industrial 

development of economy and agricultural chemistry 
led to a sharp increase in the number of transport ve-
hicles in big cities in recent years and which overall 
leads to environmental pollution. Not only the produc-
tion of chemical substances harm human body, but  
everyday use of household chemicals increase the risk 
of harm to human health [5]. 

In many countries, including Kazakhstan, the in-
creased industrial development neglects the respon-
sibility to nature protection and wastes like toxins, 
heavy metals, pesticides and other harmful sub-
stances lead to the environmental pollution. Adverse 
climatic factors interact with chemicals and further 
enhance the strength of their insalubrities [6; 7]. 

Many chronic diseases are considered to be the 
result of the negative influence of environmental fac-
tors on the human body. The occurrence of disease 
is due to decreased activity of immune system [8; 9]. 

If allowed concentration is increased, it may pro-
duce toxic effects in human and animal body. In all 
cases, when heavy metals enter the body of an or-
ganism it leads to development of various patholo-
gies, gives rise to a distortion of defensive system, 
which leads to a decrease of organism’s functional 
structures [10]. 

https://doi.org/10.26577/2218-7979-2017-10-1-9-14
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The Republic of Kazakhstan is paying careful at-
tention to water pollution. Research results show that 
rivers Irtysh and Ural are polluted [11]. In Semipala-
tinsk region groundwater pollution can cause an eco-
logical disaster to the area of military airport. Three 
largest cities of Kazakhstan – Oskemen, Pavlodar, 
Semipalatinsk, where there are 900 water users, non-
ferrous metallurgical and chemical industries, engi-
neering and oil-gas factories, food and water agri-
cultures are provided with water from the artery of 
the country – river Irtysh. This river has always been 
polluted by copper, zinc and other metals, and water 
volume required for the population is 4.82 km3 which 
is 20% of all water in the country. In Oskemen city 
the main sources of groundwater pollution are: lead, 
zinc, manganese, fluoride, cadmium. In addition, for 
the past time there is a lot of concern about Caspian 
Sea. For the flora and fauna of the water reservoir it 
is a universal geocenosis [12; 13]. 

The industrial metal ions apart from gas pro-
duced by vehicles are considered as separate wastes 
to the environment. It is known how heavy metal 
ions of the elements that are thrown into the environ-
ment are gradually collected and how they enter hu-
man body from the water and atmosphere. Then they 
accumulate in gastrointestinal tract for a long time 
which cause major changes in the activity of a single 
individual organs or body [14].

At the moment, there is a large amount of heavy 
metals in the environment. Every day human body 
is being exposed to heavy metals, the immunologi-
cal and physiological influence of which is the main 
focus of the research works. But the cases of excess 
amount of metal ions in the immune system of ani-
mals and humans have not been studied. In this re-
gard, in the course of poisoning by heavy metals the 
relevance and importance of the work will be sub-
stantiated. 

During the experiment changes in blood cells of 
rats caused by excess amount of heavy metals will 
be determined. Tasks: to study the changes in rat 
blood’s leukogram after 10-days exposure to 25, 50, 
75, 100 times admissible concentration limit (ACL) 
of zinc, lead, cadmium salts; to study and observe 
general changes in rat’s leukogram for 60 days fol-
lowing 20-days exposure to 50 times admissible con-
centration limit (ACL).

Materials and methods

In order to achieve goals and objectives faculty of 
Biology and Biotechnology in the Al-Farabi Kazakh 
National University provided in vivarium grown 

laboratory rats. Weight range was 220-250 g, rats 
were fed with standard food, adult rats were about 
5-6 months, different sex, and in total of 50 rats. To 
determine the effect of salts of heavy metals toxic 
to laboratory rats were divided into 5 experimental 
groups. Each group of 10 rats.

Water with 25 times ACL of salts of heavy met-
als (mixture of zinc sulfate, lead acetate and cadmium 
chloride with concentrations of 125, 0.75, 0.025 mg/l 
respectively) was given to the animals in group 1.

Dose of 50 times ACL of salts of heavy metals 
(mixture of zinc sulfate, lead acetate and cadmium 
chloride with concentrations of 0.05, 1.5, 250 mg/l 
respectively) was given to the animals in group 2.

Dose of 75 times ACL of salts of heavy metals 
(mixture of zinc sulfate, lead acetate and cadmium 
chloride with concentrations of 0.075, 2.25, 375 mg/l 
respectively) was given to the animals in group 3.

Dose of 100 times ACL of salts of heavy metals 
(mixture of zinc sulfate, lead acetate and cadmium 
chloride with concentrations of 0.1, 3.0, 500 mg/l re-
spectively) was given to the animals in group 4. After 
10 days of poisoning the blood of rats was studied.

0.38 ml of 3% of acetic acid was poured into clean 
test tube and mixed with 0.02 ml of blood. White cell 
count techniques: counting chamber was filled with 
that solution. Then the biggest indicator is replaced 
[15]. The number of identified cells is calculated by 
using this formula:

Х = 4000 20
400

B ⋅ ⋅

X – number of leukocytes in 1mm3 of blood; 
1/4000 –volume of small square; dilution ratio is 20; 
The number of small squares is 400; B-25 number 
white blood cells on a large square. Mathematical 
data was analyzed using the program Excel Micro-
soft Office. All the statistical work and comparison 
of p≤0.05 *, ** p≤0.01, and *** p≤0.001 were done 
using Student (t) program. ANOVA was used to de-
termine the accuracy of the method.

Results and discussion

Rats that were given salts of heavy metals with 
25 times ACL did not show any immunological or 
physiological change that is physiological parame-
ters like size, weight, appetite, skin and basic animal 
instincts are kept within normal index. 

Groups of rats poisoned with a mixture of salts 
showed 3 times lower leukocyte indexes. It must be 
noticed that these groups of animals has sharp in-
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crease in the number of segment and core neutrophils 
and there was a release of immature neutrophils into 
peripheral blood. Absolutely no eosinophilia was 
found. The number of basophils was for 5-6 times 
higher and the number of lymphocytes was also in-
creased. 

Groups of animals that were poisoned with the 
mixture of salts of heavy metals also showed low 
level of leukocytes. In particular the number of poly-
nuclear cells: medullocells – up to 7% (p <0.05), 
metamedullocells- up to 6% (p <0.05). The number 
of segment core neutrophils increased and stick-core 
neutrophils increased by 5-6 times. No granulocyte 
white blood cells were found, but the number of 
agranulocyte white blood cells was up to 9% that is 
decreased by 4-5 times. 

Leukogram of rat blood that were poisoned with 
all three salts heavily showed significant changes 
in blood. Because after poisoning the development 
of blood cells in the bone marrow has significantly 
changed. During lymphopenia and leucopenia, neu-
trophylesis was registered. Neutrophils were charac-
terized as toxic and hyper segmented. 

Leukogram of peripheral blood showed increased 
number of medullocells by 16% and metamedullo-
cells by 4%. Stick-core neutrophils were 16% and 
segment core neutrophils were 62% but the number 
of lymphocytes has reduced comparing with normal 
level of leukocytes. However, monocytes and baso-
philes were lost (Table 1). 

The result of poisoning animals by 50 times ACL 
showed no change in physiology and physical activ-
ity of the rats. Animal’s appetite is normal, skin cov-
ering is smooth, conjunctiva is clean and all the basic 
instincts are reserved. 

Poisoning groups of animals with all three salts 
of heavy metals resulted in reduced number of leuko-
cytes. In particular the number of polynuclear cells: 
medullocells – up to 7% (p <0.05), metamedullo-
cells- up to 6% (p <0.05). The number of segment 
core neutrophils increased and stick-core neutrophils 
increased by 5-6 times. No granulocyte white blood 
cells were found, but the number of agranulocyte 
white blood cells was up to 9% that is decreased by 
4-5 times. 

The number of leukocytes significantly reduced 
(Table 1). The leukogram of rat blood registered neu-
trophylesis along with lymphopenia and leucopenia. 
Neutrophils were characterized as toxic and hyper 
segmented. 

The effects of poisoning animals by 75 times 
ACL were decreased appetite, disturbance of psycho-
motor response, lowered physical activity and other 

physiological changes. Also there were registered 
serious physiological changes. Rats were not pay-
ing any attention to the food, skin coverings are very 
dirty, and at some places there was no hair on the 
body, not clean conjunctive, red gums and swelling 
of the chin, swelled abdomen (Table 1).

Interestingly, lymphocytes were up to that is in-
creased by 2-2.5 times. Moreover, there was a sharp 
decline in the total number of leukocytes, by 5-6 
times. Lymphocytes and eosinophils count 2.0 ± 0.01 
(p <0.05), monocytes and basophiles were largely ab-
sent. Neutrophils were characterized as toxic and hy-
per segmented. In comparison to other groups the re-
sult of poisoning animals by 100 times ACL showed 
much more significant complications. 

Animals poisoned with the mixture of salts after 
5-6 trials began to die. The body of an animal was 
exposed to severe stress, no hair on some parts of 
the skin, tearing eyes, not clean conjunctiva and red 
swelled area around teeth some of them were bleed-
ing, swelling of the chin. Total number of leukocyte 
decreased for 3-4 times compared to normal, whereas 
numbers of stick core and segment core neutrophils 
increased, immature granulocytes are decreased. The 
nuclei of neutrophils are hyper segmented. Also, in 
all poisoned groups of animals the red blood cells 
granulated with basophils. All animals with poison-
ing concentration of 75-100 times ACL died.

Poisoning with a mixture of heavy metals result-
ed in 1.5-fold increased neutrophil cells compared 
with the control (Table 1). 

Three groups of animals poisoned with salts of 
heavy metals were observed: neutrophils number fell 
for 3.8 times. 

Moreover, in blood of rats poisoned with heavy 
metals along with neutrophylesis and lymphopenia, 
leucopenia was registered. Neutrophils were charac-
terized as toxic and hyper segmented. 

Lymphocytes increased for 2.46 times, the size 
of immature lymphocytes increased for 1.5 times. 
Animals that were poisoned with concentration of 
100 times ACL compared to control group showed a 
number of signs of heavy poisoning and which even-
tually died on 5th and 6th day. The study showed that 
significant changes in white blood cells and leuko-
grams of poisoned animals were observed, and de-
crease of the immune system of animals was also 
noticed. As a result, there are different varieties of 
changes in animal body. The body of an animal was 
exposed to severe stress, no hair on some parts of 
the skin, tearing eyes, not clean conjunctiva and red 
swelled area around teeth, some of them were bleed-
ing, swelling of the chin.
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Leukograms of rats before and after poisoning 
with zinc, lead, cadmium salts were compared with 
each other, where at the beginning number medullo-
cells was 0.5% but after it is increased up to 15% (p 
<0.001) (Fig. 1, 2), the same with core segment neu-
trophils, which before poisoning were 23.5% and af-
ter increased up to 30% (p <0.01), no immature neu-
trophils in peripheral blood were observed (Fig. 2).

Figure 1 – Lymphocytes before poisoning

Figure 2 – Medullocells after poisoning with zinc,  
lead, and cadmium salts

Figure 3 – Core segment neutrophils and monocytes  
after poisoning with zinc, lead, and cadmium salts

Therefore, cadmium salt decreases the number of 
lymphocytes, increases the number of immature lym-
phocytes and reduces activity of the immune system. 

To conclude, zinc, lead and cadmium ions con-
centrations of 25, 50, 75, 100 times ACL hugely im-
pact on immune system of rats which have an immu-
nosuppressive effect on animals. 
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