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Summary 

The current ecological situation is characterized by a possible 
combination of influence of some factors. Numerous studies 
show that the combined effect of various environmental 
factors differs from their isolated effects. Nowadays the 
combined effect of physical factors is quite common. EMR is 
known to be a rather significant factor, often accompanied by 
such an anthropogenic factor as positive low temperature. 
Such conditions may lead to various pathological states, so 
the study of the combined effect of these two factors is 
important. 

The article contains results of morphological investigations of 
the influence of electromagnetic radiation of industrial 
frequency when combined with positive low temperature on 
the reproductive system of laboratory animals. We have 
studied the morphological stucture of testes of the animals 
exposed to a combined effect of EMR and a positive low 
temperature and revealed substantial changes. Our 
investigation showed alterations in the histological structure 
of the testes, which indicate a loss of spermatogenic function. 
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Introduction 

Numerous studies show that the combined effect of factors of 
a diverse nature is significantly different from the isolated 
effects of these factors [1,2,3]. The wide use of industrial 
technologies and household appliances, which is accompanied 
by the generation of electromagnetic radiation (EMR), creates 
a potential possibility for its influence on the human body in 
everyday life as well as at the workplace [4,5,6]. The literature 
data shows that EMR has a different biological activity. Such 
systems as nervous, cardiovascular, sexual, endocrine, and 
immune suffer at the highest degree [7,8,9,10,11,12]. Despite 
a large number of studies, there is still no generally accepted 
theory of the effect of EMR on the body, its nature and the 
mechanisms of action on physiological systems. This may be 
attributed to the fact that EMR never acts as a monofactor. It 
is often accompanied by the effect of positive low 
temperatures. Cold stress induces the activation of the most 
important regulatory systems in order to maintain a constant 
body temperature [13,14]. Thus, we have chosen the 
combination of EMR and a positive low temperature for the 
experimental study. 

The establishment of regularities of the interaction of the 
organism with environmental factors and the development of 
adequate measures to prevent the possible adverse effects of 
subsequent research should also be based on objective criteria 

of harm. The latter include morphological indices that 
objectively reflect the morphofunctional state of organs and 
systems of the organism exposed to environmental factors. 

The objective of the study 
The purpose of our research was to study the nature of 
morphofunctional changes of the reproductive function of 
laboratory animals under the conditions of the combined effect 
of EMR and a positive low temperature. 

Matherials and methods 

The experiment was conducted in the exposure chamber 
equipped with a thermoelectric cooling device connected to a 
low frequency signal generator (GZ-109). 
The experiment was carried out for 30 days on 30 mature male 
rats. The animals were divided into 3 experimental groups, 10 
rats in each: the first group of animals was exposed to a 
combined effect of electromagnetic radiation (frequency 70 
kHz, tension 600 V/m) at a comfortable air temperature of 
25±2°C; the second group was kept under conditions of 
isolated exposure to a positive low temperature 4 ± 2°C; group 
3 - the control group - was kept at the comfortable temperature 
conditions. Expositions were carried out 5 times a week (for 4 
hours every day). In order to reveal morphological changes the 
material was fixed in a 10% aqueous solution of neutral 
formalin, subjected to alcohol and paraffin processing; 
sections 4-5 ^m thick were made. The visual preparations 
were stained with hematoxylin and eosin. Studies of 
microscopic preparations were carried out using microscope 
"Olympus" BX-41. 

Results 

The results of morphological studies in the control group 
showed the generation of spermatogenic cells at different 
stages of maturation in the seminal glands. 
Sertoli's cells are numerous (Figure 1). 
Connected tissue between the tubules contains blood vessels, 
nerves and Leydig's cells in sufficient quantity. 
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Figure 1 - The morphological changes of testes in the 
control group 

In conditions of isolated influence of positive low 
temperature, the spermatogenic epithelium layer was greatly 
expressed in the spermatic glands, spermatogenous cells and 
Sertoli's cells were numerous (Figure 2). 
Between the seminiferous tubules, the blood vessels of the 
microcirculatory bed and Leydig's cells were determined. 

Figure 2 - The morphological changes of testes in the group 
exposed to isolated effect of a positive low temperature 

The rats subjected to the combined effect of EMR and positive 
low temperature showed significant changes in the 
histological structure in the testes, which contributed to a loss 
of spermatogenic function. Objectively: channels were 
reduced in size due to the exhaustion of spermatogenous cells; 
no spermatozoa and sperm have been identified, sometimes 
spermatocytes were absent. There were dystrophic and non-
fibrotic changes in stored cells (Figure 3). Sertoli's and 
Leydig's cells have not undergone any visible changes. 

Figure 3- The morphological changes of testes in the 
group exposed to combined action of EMR and a positive low 

temperature 

Discussion 

A study of testes of rats showed that the isolated effect of the 
cold factor did not lead to changes in the morphological 
structure of the testes of animals, in contrast to the combined 
effect of electromagnetic radiation and a positive low 
temperature. The group of combined effects had significant 
histological changes in the spermatogenic epithelium, which 
indicate the development of a gonadotropic effect. Such 
results give us the opportunity to assume that the greatest 
influence among exogenous factors had electromagnetic 
radiation. These effects require consideration when setting the 
measures for the normalization of unfavorable factors 
exposure as well as the development and implementation of 
preventive measures, since the reproductive system was 
proved to be vulnerable to the negative effects of a complex of 
ecological factors. Identified morphological changes that may 
be accompanied by a functional impairment of the 
reproductive function may contribute to the development of 
male subfertility and infertility, as well as mutations in the sex 
cells which could be passed on to the next generations, 
encumbering the gene pool of the population. 

Conclusion 

In the morphological study of testes of the animals exposed to 
the combined effect of EMR and a positive low temperature, 
we have established changes in the histological structure of 
the seminal glands, which indicate a loss of spermatogenic 
function. 
Morphology of testes of the animals exposed to a combined 
effect of EMR and a positive low temperature demonstrated 
the changes in the histological structure of the seminal glands, 
which indicated a loss of spermatogenic function. 
The comparison of the isolated effect of a positive low 
temperature and its combination with EMR suggests that the 
EMR had the greatest influence according to the alterations in 
the morphological structure of the testes. Therefore, such 
results strongly denote the disorder of spermatogenesis in the 
laboratory animals. 
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