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Abstract
The short-term (one hour) and long-term (fractional, for 6 hours during 6 days) influences of electrostatic fields (ESF) 
with the tension exceeding the natural background (200 kV/m) on rat spermatogenesis were investigated. Histological 
and ultra-structural analyses of testes and quantitative determination of testosterone, prolactin, cortisol, follicle stimulat-
ing and luteinizing hormones were carried out at once after the influence of field and on the 4th, 7th and 14th days 
of aftereffect. The results of present study show that both the one-hour and fractional influences of ESF to investigated 
parameters lead to changes of the hormonal regulation of spermatogenesis and the structural-and-functional state of 
rat testes. The short-term influence of field results in activation of spermatogenesis, while the long-term exposure brings 
to inhibition of gametogenesis. The character of recovery processes after ESF influence depends on exposure duration. 
After the one-hour influence it is gradual, whereas after the long-term exposure it becomes wavelike.
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INTRODUCTION

Among the anthropogenic ecological fac-
tors, electrostatic fields (ESF) with ten-
sions exceeding the natural background 

are abundant and continuously acting ones. Now-
adays, the wide usage of dielectrics in everyday 
life and many technological processes are accom-
panied with the onset of ESF or bring to their 
appearance. High voltage lines are also the source 
of these fields. As a result, increasingly more peo-
ple are in the sphere of ESF influence. The bio-
logical activity of these fields is a proven fact. It is 
established that the ESF with tensions exceeding 
the natural background leads to changes of the 
frequency and duration of mitosis and secretion 
and/or activity of sex hormones of mammalians 
[Mamontov S., Ivanova L., 1971; Zhao W. et al., 1999; 
Gray J. et al., 2000; WHO, 2002; Chung-Davidson 
Y.-W. et al., 2008]. On the other hand, it is well 
known that the spermatogenetic tissue is more 
sensitive to the influence of physical factors [Akan 
A., 2003; Georgieva V. et al., 2006; Mûllerlûkken O., 
Moen B., 2008]. The above-mentioned facts allow 
us suggesting the possible influence of ESF on the 
processes of spermatogenesis.

The aim of present study is investigation of short-
term (one hour) and long-term (fractional, for 6 
hours during 6 days) influences of ESF with the 
tension exceeding the natural background (200 
kV/m) on the processes of rat spermatogenesis.

MATERIALS AND METHODS 

White outbred male rats (age: 12-15 weeks; body 
weight: 130-150 g) were used as an object of in-
vestigation. The same nutritional, light, and ther-
mal conditions were provided for both experi-
mental and control animals. The ESF was created 
using the condenser type device with controlling 
parameters of the field [Artsruni G., 1983]. The ani-
mals were sacrificed by cervical dislocation after 
1-hour and fractional (for 6 hours during 6 days) 
influences of 200 kV/m ESF. The adrenals, testes, 
and the blood were used for further analyses. For 
avoidance of circadian rhythms, the slaughter of 
animals was done in the same time of day imme-
diately after the influence of field. 

Histological and ultra-structural analyses of testes 
were carried out at once after the ESF influence 
and on the 4th, 7th, and 14th days of aftereffect 
using generally accepted methods. 

The quantitative determination of hormones in 
blood serum and homogenates of testes and ad-
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renals was carried out with the help of enzyme 
immunoassay method. By 6-12 experimental and 
control animals were used for each experiment. 
Immediately after dislocation, blood was incubat-
ed in thermostat during 15 min at 37oC and blood 
serum was extracted.

Tissues of testes and adrenals were treated by 
1M CH3COOH (2 ml in a sample) during 15 min 
at +4oC, then homogenized in physiological solu-
tion (1 mg tissue: 9 ml solution) on ice and centri-
fuged at 15000 g during 15 min at +4oC. Superna-
tants and blood serum were kept in deep freeze 
at -20oC. Determinations of testosterone (TS), 
follicle-stimulating hormone (FSH), luteinizing 
hormone (LH), prolactin (PL) and cortisol (CL) 
concentrations were carried out by the automat-
ed spectrophotometer Stat-Fax 303 Plus (USA), 
using DRG ELISA kit (DRG Instruments GmbH, 
Germany) in 420-450 nm range of wave-length. 

RESULTS

At once after the short-term influence of ESF the 
statistically non-reliable increase of TS concen-
tration is observed in blood serum, but on the 
4th, 7th and 14th days of aftereffect it increases 
by 248%, 215.5% and 159%, accordingly (Figure 1). 
Under the same conditions of field in testes of the 
same animals no reliable changes in TS concentra-
tion are revealed, but in all investigated periods 
the increasing tendency of TS concentration is 
observed. 
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Figure 1. TS concentration in blood and testes after 
the 1-hour influence of 200 kV/m ESF, ng/ml.

LH concentration in both blood serum and testes 
is not changed reliably after one-hour influence, 

but its increasing tendency in blood serum and de-
creasing tendency in testes is observed (Figure 2). 
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Figure 2. LH concentration in blood and testes 
after the 1-hour influence of 200 kV/m ESF, ng/ml.

After the short-term influence of field, FSH con-
centration changes are wavelike depending on 
aftereffect duration. So, at once after the influ-
ence its increasing tendency in blood serum is ob-
served, on the 4th day of aftereffect it decreases 
and on the 7th day increases by 22.5% and 36.6%, 
accordingly (Figure 3). In testes at once after the 
influence, the increasing tendency of FSH concen-
tration is revealed and on the 4th day of afteref-
fect it increases by 70.9%. 
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Figure 3. FSH concentration in blood and testes 
after the 1-hour influence of 200 kV/m ESF, ng/ml.

The increase of CL concentration in blood serum 
and adrenals takes place in all investigated periods 
after the short-term influence of ESF. So, in adre-
nals of experimental animals at once after the in-
fluence and on the 4th and 7th days of aftereffect 
it increases by 41.16%, 30.7% and 25.78%, accord-
ingly. On the 14th day of aftereffect it practically 
does not differ from the control. At once after the 
influence and on the 4th and 7th days of afteref-
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fect it increases in blood serum by 89.14%, 83.98% 
and 47.91%, accordingly (Figure 4).
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Figure 4. CL concentration in blood and adrenals 
after the 1-hour influence of 200 kV/m ESF, ng/ml.
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Figure 5. PL concentration in blood and testes after 
the 1-hour influence of 200 kV/m ESF, ng/ml.

After the influence of ESF with the same field 
parameters PL concentration in blood serum in-
creases by 35.16% at once after the influence, but 
on the 4th day of aftereffect the tendency to its 
decreasing is observed. No reliable changes of PL 
concentration are revealed in testes at once after 
the influence, but on the 4th day of aftereffect it 
decreases by 31.6% (Figure 5).

The morphological investigations of testes show 
that the one-hour influence of ESF leads to activa-
tion of both spermatogenetic layer and interstitial 
cells of testes. So, there are many spermatogonia 
with the hypertrophied and vacuolated cytoplasm 
and expressed condensation of chromatin in nu-
cleus. Leydig’s cells are mainly of dark form with 
the increasing quantity of plasmatic processes and 
are situated close to the capillaries (Picture 1). 

Picture 1. The morphological structure of testes 
after the 1- hour influence of 200 kV/m ESF:

a) The structure of seminiferous tubules, oc. 7; ob. 
40;

b) Dark Leydig’s cells around the capillaries, magni-
fication power: 6000.

The activation of spermatogenesis remains on the 
4th day of aftereffect, but on the 7th and 14th 
days of the experiment morphological structure 
of convoluted seminiferous tubules is identical to 
those of control group. Unlike to spermatogenetic 
layer, the activation of interstitial cells takes place 
during the entire period of recovery. 

After the long-term fractional influence of the 
field in all investigated periods of aftereffect no 
reliable changes of TS concentration in blood are 
observed (Figure 6). In testes, at once after the 
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influence and on the 4th day of aftereffect, TS 
concentration decreases by 38.3% and 43.64%, 
accordingly. On the 7th day its insignificant ten-
dency to decrease is recorded, but on the 14th 
day no difference between experimental and con-
trol groups is observed. 
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Figure 6. TS concentration in blood and testes after 
the fractional influence of 200 kV/m ESF, ng/ml.
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Figure 7. LH concentration in blood and testes after 
the fractional influence of 200 kV/m ESF, ng/ml.

At once after the fractional influence the decreas-
ing tendency of LH concentration is revealed in 
blood and on the 4th day of aftereffect it decreas-
es by 31.2%, but there are no significant changes 
of the hormone concentration in testes (Figure 7). 

The FSH concentration-increasing tendency is 
observed at once after the fractional influence 
in blood, and, at the same time, the significant in-
crease by 92.5% was revealed in testes. In all other 
investigated periods of aftereffect no changes of 
the hormone concentration are observed both in 
testes and blood (Figure 8). 

In adrenals, CL concentration significantly increas-
es at once after the fractional influence and on 

the 7th day of aftereffect: by 41.56% and 19.22%, 
accordingly. Nevertheless, in blood serum a hor-
mone decreasing tendency is observed and on the 
14th day of aftereffect the concentration of CL 
decreases by 56.01% (Figure 9).
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Figure 8. FSH concentration in blood and testes 
after the fractional influence of 200 kV/m ESF, ng/ml.
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Figure 9. CL concentration in adrenals and blood 
after the fractional influence of 200 kV/m ESF, ng/ml.

PL concentration analyses show that after the 
fractional influence of ESF it significantly changes 
only on the 4th day of aftereffect decreasing by 
31.65%. In other investigated periods its decreas-
ing tendency was revealed in both blood and tes-
tes (Figure 10). 

Morphological studies showed that the fractional 
influence of the field leads to the marked descom-
plexation of spermatogenetic epithelium of semi-
niferous tubules. Glandulocytes have hypertro-
phied, vacuolated cytoplasm, hyperchromatic 
nucleus and expressed nucleoli and their quantity 
decreases in comparison with the control (Pic-
ture 2).
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Figure 10. PL concentration in blood and testes af-
ter the fractional influence of 200 kV/m ESF, ng/ml.

DISCUSSION

The results of carried out hormonal and morpho-
logical investigations testify that the short-term 
influence of ESF leads to the activation of sper-
matogenesis and steroidogenesis in testes. Data 
obtained show that it brings to the increase of 
TS concentration in blood. In accordance with lit-
erature data, it can be the result of TS synthesis 
activation and secretion in Leydig’s cells or the 
increase of free TS concentration in blood [Schlaff 

W., Wierman M., 1990; Csenke Z. et al., 1995; Lom-
bardo F. et al., 2005]. The morphological view of 
testes, particularly, the accumulation of dark Ley-
dig’s cells with outgrowths around the capillaries 
testifies to their functional activity, consequently 
to activation of TS synthesis. On the other hand, 
at once after the influence of the field PL concen-
tration-increasing tendency in testes and its reli-
able increase in blood are observed. It allows us 
to suggest that the activation of LH-receptors of 
Leydig’s cells occurs, testifying to activation of TS 
in testes as well [Cooke B. et al., 1992; Lastra O. et 
al., 2002; Hernandez M. et al., 2006; Warita K. et al., 
2006]. However, there are no reliable changes of 
LH concentration in blood and testes. On the oth-
er hand, despite PL concentration decrease and 
LH concentration-decreasing tendency on the 4th 
day of aftereffect TS concentration increases in 
blood 3-fold. Therefore, it is not possible explain-
ing the sharp increase of TS in blood only as a re-
sult of TS synthesis activation in testes. Taking into 
account above mentioned literature data and our 
results, we suggest that after the short-term influ-
ence of ESF the transition of the protein-bound 
TS to the free form takes place in blood as well. 
At the same time, it is known that the influence of 

Our results show that the maximal morphological changes in testes occur at once after the fractional 
influence and on the 7th day of aftereffect. The relatively recovery processes of both hormone produc-
ing cells and spermatogenetic epithelium take place on the 4th and 14th days of aftereffect. 

Picture 2. The morphological structure of testes after the fractional influence of 200 kV/m ESF:
a) The structure of seminiferous tubules, oc. 7; ob. 40;
b) Leydig’s cells around the capillaries, magnification power: 6000.
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external ESF leads to the conformation changes 
of proteins, which could change the TS bounding 
ability of sex hormone-bound protein [Zhao W., 
Yang R., 2001; Budi A. et al., 2005; Toschi F. et al., 
2009]. 

The sharp increase of CL after the one-hour in-
fluence of ESF is the non-specific stress reaction 
of the organism to the short-term signal. On the 
other hand, in accordance with the literature data, 
its increase inhibits the secretion of gonadotro-
pins [Watanabe N., Oonuki Y., 1999, Yilmaz F., 2007]. 
It allows us suggesting that it might be a cause of 
inhibition of both synthesis and secretion of LH 
and FSH as well. 

Data obtained show that the short-term influence 
of field leads to the increase of PL concentration 
in blood at once after the influence. The FSH con-
centration decreases on the 4th day of aftereffect. 
These results can be explained by the well-known 
fact, according to which the PL increase leads 
to the decrease of reactivity of hypothalamus-
hypophysis-adrenal system [Torner L., Neumann I., 
2002].

The results of morphological studies show that 
activation of spermatogenetic layer takes place in 
testes after the short-term influence of the field. 
The dark forms of Sertoli’s cells are prevalent 
and thus stimulate the division of sex cells and 
increase the release of mature spermatozoids to 
the seminiferous tubules. The abundance of sper-
matozoids in seminiferous tubules at once after 
the short-term influence of ESF and in all investi-
gated periods of aftereffect is well explained by the 
results of our hormonal analyses. In accordance 
with them the field influence brings to the sharp 
increase of TS concentration, which stimulates the 
formation of spermatozoids in Sertoli’s cells even 
in case of FSH low concentration [Lombardo F. et 
al., 2005; Dohle G. et al., 2008]. The observed 
increase of FSH concentration in testes signifies 
to the stimulating effect of short-term influence 
of the field on spermatogenesis as well. 

The long-term influence of ESF leads to the spe-
cific response of the stress-realizing system of 
the organism. Thus, the sharp increase of CL con-
centration in adrenals is observed after the influ-
ence and on the 7th day of aftereffect, while in 
blood under the same conditions its decreasing 

tendency is observed. On the 14th day of after-
effect CL concentration significantly decreases in 
blood. It is well known that CL does not accu-
mulate in adrenals. It is secreted into blood in a 
transcortin-bond state and, as a result, inactivates 
[Nishiyama F. et al., 2007]. The comparison of this 
fact and obtained data allows us to suggest that 
the increase of CL concentration in adrenals and 
its simultaneous decrease in blood is a result of 
its transition to the protein-bound form. Probably, 
it is a means of adaptation, by which the organism 
overcomes the long-term stress. On the other 
hand, as known, PL takes part in the realization 
of stress reaction of an organism as well [Torner 
L., Neumann I., 2002]. Our results show that PL 
concentration has a decreasing tendency in blood 
and testes, which justifies to the above-mentioned 
suggestion. 

The comparison of literature data [De Rosa M. et 
al., 2003; Esquifino A. et al., 2004] and our findings, 
allows us suggesting that the simultaneous de-
crease of PL and LH in blood and testes may lead 
to the inhibition of synthesis and secretion of TS 
in testes. However, no reliable changes of the hor-
mone concentration in blood are observed. Tak-
ing into account the fact, according to which as a 
result of different pathologies protein-bound TS 
passes into the active free state [Schlaff W., Wier-
man M., 1990; Csenke Z. et al., 1995; Lombardo F. 
et al., 2005], we can suppose that the long-term 
influence of investigated field brings to the ap-
pearance of this phenomenon. 

It is well known that the sharp increase of FSH 
in testes accompanied with the simultaneous de-
crease of TS indicates to the descomlexation of 
spermatogenetic layer in testes [Csenke Z. et al., 
1995; Mehta M. et al., 1995; Martin-du P., 2003]. 
In accordance with the results of our hormonal 
analyses, the pathological changes were supposed 
to be revealed in testes. Indeed, the morphological 
analysis shows that the fractional influence of ESF 
brings to the destructive changes of testes and 
results in inhibition of both steroidogenesis and 
spermatogenesis. Changes that are more destruc-
tive are observed at the initial stages of spermato-
genesis. 
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