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Abstract. The immunohistochemical distribution and expression of the three markers in cardiomyocytes 

were evaluated in three groups of mice: a control group, mice exposed to 5 mg/kg b.w./day sodium 

dichromate (group A) and mice exposed to 100 mg/kg b.w./day lindane (group B). All mice were 

sacrificed after 2 months of chronic exposure to the chemicals. Hematoxylin eosin staining revealed 

thickening of the anterior walls and thinning of the posterior walls of the left ventricle. Anterior and 

posterior vessel wall densities increased by a factor of about 1.5 in group A and about 2 in group B 

compared to the control group. Posterior wall vessel diameters declined by a factor of 3.7 in group A and 

2.9 in group B. Immunohistochemical staining showed that sodium dichromate was associated with 

significantly lower expression of CD117 (p = 0.019) and p53 (p = 0.002) than in controls, whereas VEGF 

expression increased (p = 0.03). In mice exposed to lindane, the results showed an opposite, though not 

significant trend, namely increased levels of CD117 and p53 and decreased levels of VEGF expression 

with respect to the control group. We observed significant changes in ventricular wall thickness, vessel 

density, vascular growth factor expression and mast cell apoptosis, directly correlated with exposure to 

lindane. 
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Introduction 

Among global environmental contaminants with pathogenic effects on the human body, 

those associated with the atmosphere, water, plants and soil are particularly prominent. 

Despite recent scientific and technological advances, the state of the environment continues 

to deteriorate year by year with negative impacts on human health. 

Widespread use of chemical compounds in non-ferrous metallurgy and agriculture have 

increased the chemical burden of the human body. Chemicals including organochlorine 

pesticides are widely used to increase soil fertility, protect gardens and crops from insects, 

prevent infectious diseases and so forth. Chromium (VI) microelements and organochlorine 

pesticides, despite their different chemical nature, have toxic effects and trigger irreversible 

processes that affect organ histology. Structural changes in organs can lead to functional 

disorders in the same organs (Sánchez-Bayo et al., 2011; Cholewa et al., 2015). 

The toxicity of hexavalent chromium and organochlorine pesticides has been shown to 

inhibit metabolic processes through genotoxic, embryotoxic, teratogenic and carcinogenic 

effects. 

Sodium Dichromate is an orange to red colored, crystalline, inorganic compound that 

emits toxic chromium fumes upon heating. This chemical is used in drilling muds, in metal 

treatments, in wood preservatives, in the production of dyes and organic chemicals and as a 

corrosion inhibitor (PubChem, 2019a). 
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Lindane is the gamma-isomer of benzene hexachloride, a colorless to white colored, 

synthetic, crystalline solid. It emits toxic fumes of hydrochloric acid and other chlorinated 

compounds when heated to decomposition. Lindane is used as an insecticide for hardwood 

logs, lumber, and crops (PubChem, 2019b). 

Intensive production of various substances and products is accompanied by release of 

many residues, the harmful environmental effects of which have now reached a critical 

level. These residues may contain organochlorine compounds classified as persistent 

organic pollutants. Residues of pesticides and herbicides are particularly significant. Their 

toxicity to humans ranks them near the top in the hierarchy of global problems, while their 

intense and long-term effects lead to various diseases (Yunbo et al., 2016; Thompson et al., 

2011; Yazicioglu et al., 2013; Seidler et al., 2013). 

These substances have acute and chronic effects on human and animal health, depending 

on the type of pesticide, its route of intake, the dose, the moment and duration of exposure, 

the subject’s age, gender and genotype, and geographic differences (Reid et al., 2013; 

Mehrpour et al., 2014). 

The geographical location of our research team gives it a special interest in 

environmental health, since the Aktobe region includes part of the Aral Sea disaster area 

(Palmerini et al., 2017) and a chromite mining and smelting industry (Zhumalina et al., 

2018). Environmental deterioration caused by Aral Sea disaster has created a hazardous 

situation for the health of approximately 3.5 million people. Due to this ecelogical 

circumstance, high levels of dichlorodiphenyltrichloroethane and other persistent organic 

pollutants appeared in the soil, air and water, as well as at every level of the food chain, 

including humans (Ataniyazova et al., 2001). 

There is increasing evidence that exposure to these pollutants and chemicals can increase 

the risk of cardiovascular disease. Studies into the effects of pesticides on myocardial tissue 

reported cardiomyocyte decompensation, circulatory and lymph flow disturbances and 

changes in myofibrils (Stojanovic et al., 2016; Liu et al., 2017). In particular, complex 

irreversible processes in blood microcirculation and myocardial ultrastructure were found 

(Rückerl et al., 2007). Immunohistochemistry is an important tool in experimental research, 

in which monoclonal and polyclonal antibodies are applied to detect the distribution of an 

antigen in blood vessels and cardiac tissue (Duriyan et al., 2012).  

Due to the high prevalence of cardiovascular disease in ecologically impaired regions, 

we focus here on the morphofunctional state of heart tissue. Our aim was to evaluate 

morphological changes in cardiac muscle tissue through an experiment involving chronic 

exposure of mice to sodium dichromate and lindane. 

Materials and methods 

Ethics 

The design of the study was approved by the Local Ethical Commission of the Marat 

Ospanov West Kazakhstan State Medical University on 30th November 2015 (protocol no. 

11) in line with the European Convention for the Protection of Vertebrates used for 

experimental and other purposes (Strasbourg, 1986). 

 

Exposure to sodium dichromate and lindane 

Sixty outbred white mice weighing 20-35 grams (females and males) (Laboratory of 

the Scientific and Practical Center of Marat Ospanov West-Kazakhstan State Medical 
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University, Aktobe, Kazakhstan) were kept in the laboratory under a 12:12 h light-dark 

schedule (lights on 7 am to 7 pm) at 27 °C ± 2 and 70% humidity with free access to 

unlimited water and food. The mice were divided into control (20) and experimental 

(40) groups. The experimental groups were divided into subgroups: group A: 20 mice 

exposed to 5 mg/kg b.w. per day sodium dichromate (Na2Cr2O7) (Rasool et al., 2014) 

(Sigma-Aldrich (MERCK, Darmstadt, Germany) and group B: 20 mice exposed to 

100 mg/kg b.w. per day lindane (C6H6Cl6) (Vijaya Padma et al., 2013) (Sigma-

Aldrich, MERCK, Darmstadt, Germany). The chemicals were administered orally 

through a smooth plastic tube attached to a syringe. The mice were sacrificed under 

ether anesthesia after 2 months of exposure to the chemicals. 

 

Histology and immunohistochemistry 

Paraffin embedded histological samples were fixed for hematoxylin eosin (HE) (Van 

Gieson) staining. Immunohistochemistry was conducted by a commercial laboratory 

subcontractor according to Thermo Fisher Scientific and Keele et al. (2008) protocols. 

Three commercial monoclonal antibodies were used for immunohistochemical study: 

CD117/c-Kit/SCF-receptor rabbit monoclonal antibody, VEGF (SP28) rabbit 

monoclonal antibody and p53 monoclonal antibody (DO-7), all from Thermo Fisher 

Scientific. 

To identify heart MCs, proto-oncogene c-Kit encoding a transmembrane tyrosine 

kinase receptor protein, c-Kit (CD117), is used. This antibody recognizes the 

extracellular domain and is expressed by a variety of normal and abnormal cell types, 

including cardiac MCs (Lammie et al., 1994). 

VEGF expression levels are indeed directly correlated with endothelial status. This 

vascular layer contains a variety of receptors for interactions with bacteria, chemical 

particulate, vasoactive substances, hemostatic factors, immune factors, complement 

components and more (Berendt et al., 1989). The endothelium is therefore very 

sensitive and easily damaged. 

Considering the importance of the above factors, we selected CD117 and p53 as 

markers to identify mast cells and apoptosis. 

Another criterion for evaluating heart tissue ageing is the level of apoptosis. 

Apoptosis is a cell response to a wide range of toxic substances and leads to necrosis 

(Neuman et al., 2001, 2002). In vitro studies have proven that exposure to chemicals 

can induce oxidative stress and trigger apoptosis by activating apoptosis-initiator 

caspase-9 and apoptosis-effectors caspases-3 to 7 (Zerin et al., 2015). Since tumor 

suppressor Trp53 (p53) inhibits cell growth after acute stress by regulating gene 

transcription, it is an appropriate marker to study apoptosis in heart tissue (Mak et al., 

2017). 

Sections 3 μm thick were applied to high-adhesive glass slides, treated with L-

polylysine and dried at room temperature for 24 hours. The staining was performed 

manually and using an AUTOSTAINER-360 (THERMO, UK) with NovoLinc polymer 

imaging systems (“NovoCastra”, Great Britain). Controls for reaction sensitivity and 

specificity were unimmunized rabbit and mouse sera, and sections of control heart 

tissue. 

Morphometric analysis of anterior and posterior walls of the left ventricle was 

performed with an Olympus model BX41 microscope at 40X magnification and 

“ImageJ” software. VEGF, CD117 on mast cells and apoptosis marker p53 were 

evaluated to determine toxic effects on heart tissue. Fluorescence microscopy was used 
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to calculate the percentage of cells expressing VEGF, CD117 and p53 in representative 

frontal serial sections of the left ventricle. Cells were counted in three sections of 

similar sizes of the left ventricle of each mice heart. 

 

Statistical analysis 

The data was analyzed using the MedCalc software (MedCalc Software, Mariakerke, 

Belgium). The t-test was applied to the parameters of morphometric analysis. The 

Mann-Whitney test for independent samples was used to test for cell count differences 

in tissue sectionsbetween the control population and the population of exposed mice. 

Differences were considered statistically significant at p < 0.05. 

Results 

Hematoxylin-eosin staining 

HE staining showed significantly higher thicknesses of the anterior left ventricular 

wall in experimental groups A and B than in the control group. Inversely, the posterior 

left ventricular wall was thinner (Fig. 1; Table 1). Vessel diameters were also 

significantly smaller. On the other hand, anterior and posterior wall densities increased 

in both experimental groups, reaching almost double the control density in group A 

(p < 0.0001) (Table 1). Regarding the localization of vascularization, in the control 

group, vascular density was higher close to the epicardium, whereas in the experimental 

groups it was intense in the myocardium and endocardium. In group A, vessel walls 

were thinner and more compressed than in group B. 

 

Immunohistochemistry 

Expression of immunohistochemical markers varied in relation to chemical exposure. 

Results are summarized in Table 2. 

Immunohistochemical staining showed that sodium dichromate significantly lowered 

expression of CD117 (p = 0.019) and P53 (p = 0.002) with respect to the control 

population and increased VEGF expression (p = 0.03). In mice exposed to lindane, the 

results showed the opposite sign, with non-significant increases in CD117 (p = 0.08) 

and P53 expression (p = 0.76) and a non-significant decrease in VEGF (p = 0.62) with 

respect to the control group (Figs. 2 and 3). 

 

 
A B C 

Figure 1. Structural changes in left ventricle wall. A. Control group. Vessel density, HE 

staining (х400). B. Group A. Vessel density. HE staining (х400). C. Group A. Vessel density. HE 

staining (х400) 
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Figure 2. Immunohistochemical staining of left ventricle tissue. A. VEGF marker expression in 

Control group (х800). B. VEGF marker expression in group A (х800). C. VEGF marker 

expression in group B (х800). D. CD117 marker expression in Control group (х800). E. 

CD117 marker expression in group A (х800). F. CD117 marker expression in group B (х800). 

G. p53 marker expression in Control group. H. p53 marker expression in group A (х800). I. 

p53 marker expression in group B (х800) 
 

 
Table 1. Parameters of morphological changes in heart tissue 

Parameters 

Wall 

thickness 

(pixel) 

t-test 

Vessel wall 

density 

(pixel) 

t-test 

Vessel 

diameters 

(pixel) 

t-test 

Anterior 

wall 

Control 

Group 
1186.1±0.02  8.2±0.1  727.14х225.32  

Group A 

Sodium 

dichromate 

1797.9±0.3 p<0.0001 16.01±0.3 p<0.0001 279.66×102.18 p<0.0001 

Group B 

Lindane 
1550.24±0.3 p<0.0001 11.6±0.02 p<0.0001 256.04×75.25 p<0.0001 



Bekmukhambetov et al.: Immunohistochemical evaluation of cardiac angiogenesis of mice exposed to sodium dichromate and lindane 

- 4520 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(2):4515-4525. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1702_45154525 

 2019, ALÖKI Kft., Budapest, Hungary 

Posterior 

wall 

Control 

Group 
1359.39±0.05  6.1±0.04  910.8×153.51  

Group A 

Sodium 

dichromate 

1121.06±0.02 p<0.0001 10.03±0.2 p<0.0001 172.32×66.87 p<0.0001 

Group B 

Lindane 
996.76±0.01 p<0.0001 8.3±0.4 p<0.0001 219.81×86.34 p<0.0001 

 

 

 

Figure 3. Histogram comparing expression of immunohistochemical markers in heart tissue of 

control and treated mice. Percentage of positivity in cells expressing VEGF, CD117 and p53, 

calculated as the sum of strongly and weakly antibody-positive cells in representative frontal 

serial sections of the left ventricle, showing that sodium dichromate significantly increased 

VEGF levels in confront to the control population; on the contrary, lowered the expression of 

P53 and CD117. Immunohistochemical markers in mice exposed to lindane showed comparable 

results to the control group 

 

 
Table 2. Immunohistochemical results with cell counts in mice 

Mice group/antibody 
Percentage of positive cells 

Strong Weak Total positive Negative 

Controls/VEGF 11.95 ± 8.3 20.48 ± 10.1 32.42 ± 15.3 67.10 ± 15.3 

Controls/p53 19.35 ± 12.1 20.28 ± 10.6 39.63 ± 13.4 60.37 ± 13.4 

Controls/CD117 10.35 ± 3.9 34.24 ± 8.9 44.59 ± 9.9 55.41 ± 9.9 

Sodium dicrhomate/VEGF 18.39 ± 11.7 34.34 ± 16.6 52.72 ± 18.6 47.28 ± 18.6 

Sodium dicrhomate/p53 4.71 ± 2.6 12.03 ± 4.4 16.74 ± 5.9 83.26 ± 5.9 

Sodium dicrhomate/CD117 24.84 ± 24.3 7.98 ± 5.0 32.81 ± 22.2 67.19 ± 22.2 

Lindane/VEGF 18.39 ± 11.7 34.34 ± 16.6 52.72 ± 18.6 47.28 ± 18.6 

Lindane/p53 20.73 ± 9.1 21.85 ± 8.5 42.58 ± 11.8 57.42 ± 11.8 

Lindane/CD117 16.50 ± 6.1 36.62 ± 6.3 53.12 ± 11.1 46.88 ± 11.1 
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Discussion 

A major criterion for evaluating aging processes is the biological age of blood 

vessels, in turn linked to the microstructural properties of the vascular wall. This is why 

it is important to study aging of heart vessels, i.e. the level of angiogenesis and 

apoptosis, particularly under conditions of exposure to chemicals (Saghiri et al., 2015; 

Haberzettl et al., 2012; Chin, 2015). 

Researchers have confirmed that stress caused by exposure to chemicals and other 

factors predisposes to coronary heart disease and impairs heart function through 

stimulation of mast cells (MCs), leading to local inflammation (Alevizos et al., 2014). 

MCs contain mediators, such as cytokines, histamine, proteases and leukotrienes, and 

play an important role in inflammatory reactions, neovascularization and repair after 

myocardial injury (Galli and Wershil, 1995; Church and Levi-Schaffer, 1997; Welle, 

1997; Hara et al., 1999; Zhang et al., 2006; Marone et al., 1995; Kennedy et al., 2005). 

Mast cell number and density are reported to be elevated in patients with 

cardiomyopathy (Patella et al., 1998). Acute stress of experimental myocardial 

infarction in rats was associated with increased MC density in affected areas during 

tissue remodelling. Researchers (Hara et al., 1999) reported that MCs caused apoptosis 

of cardiomyocytes and proliferation of non-myocardial cells, thus aggravating 

pathological heart conditions (Engels et al., 1995). 

Chemical exposure causes pathological conditions in the vascular wall and affects 

vascular wall matrix remodeling. 

CD117 plays an essential role, among others, in the regulation of cell survival and 

proliferation. Importantly, c-kit expression had been associated with heart repair after 

myocardial infarction (Cimini et al., 2007), where it establishes a proangiogenic milieu 

in the infarct border zone by increasing VEGF (Fazel et al., 2006). 

The main distinguishing sign of endothelial aging is increasing vascular 

permeability, VEGF migration and reduction of regenerative capacity (Brandes et al., 

2005). Our observation of increasing numbers of VEGF-expressing cells and their 

uneven concentrated distribution in the endothelium are polymorphic changes that 

indicate cell migration and damage to the vascular wall. 

Gogiraju et al. revealed that p53-rich endothelial cells contribute to scarcity of blood 

vessels and development of fibrosis during cardiac hypertrophy and that apoptotic 

endothelial cell death plays an important role in chronic heart disease (Gogiraju et al., 

2015). The present study showed that expression of CD117 and p53 decreased in the 

sodium dichromate experimental group with respect to controls, while VEGF 

expression is increased. It is known that lindane can cause abnormal heart rhythm 

(Sauviat and Pages, 2007) as well as histological alterations mainly in the left 

ventricular wall (Sauviat and Pages, 2002) and our morphological analyses confirms 

significant changes in heart tissue. However we did not observe any significant change 

in the three markers evaluated in the present study.  

In healthy tissues, p53 function is inactive until induced by toxic or oncogenic stress 

(Sauviat and Pages, 2007). Biochemical stress activates beneficial gene sets, including 

proteins involved in excitation-contraction coupling, energy metabolism and response to 

oxidative stress through inhibition of hypertrophic signaling and apoptosis (Lammie et 

al., 1994). An increased rate of endothelial cell apoptosis reduces the regenerative 

capacity of the endothelium and leads to endothelial senescence (Barnabas et al., 2013). 
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Chronic exposure to sodium dichromate and lindane modified the micro-structure of 

the left ventricle of the heart by increasing vessel wall density, narrowing the vessel 

lumen and increasing the number of small capillaries. 

Conclusions 

Exposure to lindane fosters aging processes in heart tissue due to an increase in the 

number of mast cells, which leads to apoptosis, cardiomyocyte necrosis and 

proliferation of non-myocardial tissue. Further research is needed to fully understand 

the effects of chronic exposure to chemicals and find out possible solutions for 

mitigating pollutants’ effect by continuing experiment with protective pharmaceuticals 

against the risk of the occurance and progression of cardiovascular diseases. These 

prelimary findings justify the necessity of taking special preventive actions targeted to 

the zones exposed to chemical hazards. 
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