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ABSTRACT

The aim of our study was to determine, using histological and stereological methods, whether photoperiodism
has any impact on the effects that chronic (three-month long) exposure to LF-EMF (50Hz) has on morphologi-
cal characteristics on rat’s pineal gland. The experiment was performed on 48 Mill Hill male rats (24 experi-
mental and 24 control). Upon birth, 24 rats were exposed for 7h a day, 5 days a week for 3 months to LF-EMF
(50 Hz, 50-5000T, 10V/m). In the winter (short days, long nights), the activity of the pineal gland and neuro-
endocrine sensitivity is increased. The study was performed both during summer and winter, following the
identical protocol. After sacrifice of animals, samples of pineal gland were processed for HE staining and then
were analyzed using the methods of stereology. The most significant changes in epiphysis in the first group
of animals in wintertime are: altered glandular feature, hyperemia, reduced pinealocytes with pale pink, poor
cytoplasm and irregular, stick-form nuclei. In the second group (II) pinealocytes are enlarged, with vacuolated
cytoplasm and hyper chromatic, enlarged nucleus. Morphological changes of pineal gland at rats in the sum-
mertime were not as intense as in the winter and finding of the gland in the group Il is compatible with those
from the control group. Stereological results show both in winter and summer in the first group the decrease
of volume density of pinealocytes, their cytoplasm and nuclei and in the second group in winter increase the
volume density of pinealocytes, cytoplasm and nuclei, while in the second group the results in summertime
are equal to those from the control group. Photoperiodism is modifier of effect of LE-EMF on morphological
structure of pineal gland, because the gland recovery is incomplete in winter and reversible in summer.
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INTRODUCTION

Electromagnetic radiations, that have been more and
more present in human living and working environ-
ment in the last decade, represent one of important
stress-bearing factors (1). Artificial electromagnetic
fields have disrupted natural electrochemical balance in
living systems at all levels of organization (2). Most re-
searchers point out that nervous system (3,4,5) and en-
docrine system (6,7,8,9) are most sensitive to the effect
of electromagnetic field. Pineal gland, as a neuroendo-
crine organ which affects activity of several neuroendo-
crine structures and non-endocrine systems, is a neuro-
endocrine transmitter and functions on the border of
nervous and endocrine system. When it receives infor-
mation on the degree of light in the outer environment,
the epiphysis transforms vibration of humoral trandus-
ers, which then coordinate the rhythm of other func-
tion with the rhythm of brightness (10). Para ventricular
nucleus of hypothalamus (11) is a link in chain that may
maintain photo periodical control of epiphysis. Effect
of EMF on pineal gland occupies attention of scientists
having in mind that magneto-sensitivity of this organ
with vertebrata: fish (12), amphibians (13) and people
(14) has been proved. The studies have shown that the
production of melatonin, the main hormone of epiphy-
sis, is suppressed by the effect of EMF (15). Melatonin
changes different biological processes that participate
in regulation of circadian rhythms, seasonal reproduc-
tion, sleep, retina physiology, vascular tonus, metabo-
lism, immunity and neoplasm (16). This hormone shows
clear antiproliferative properties with defined malignant
types of cells (17), and also stimulates different immune
parameters that participate in defense mechanisms
against tumor (18). Synthetic activity of pineal gland de-
pends on the photoperiod. In the summer period (long
days, short nights), the activity of the pineal gland and
neuroendocrine sensitivity is increased. In the sum-
mer period, its synthetic activity decreases. With most
animals such season variations have been found in the
function of the pineal gland, and were most tested with
hamster (19). The purpose of our study is to determine,
using histological and stereological methods, whether
photoperiodism has any impact on the effects that
chronic (three-month long) exposure to LF-EMF (50Hz)
has on morphological characteristics of pineal gland..

MATERIALS AND METHODS

Experiment was performed on 48 laboratory male rats of
Mill Hill strain, out of which 24 animals were exposed to
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LF-EMF, while the rest 24 animals were used as control.
Conditions of housing and feeding were the same both
for control and experimental animals. The study was per-
formed both during summer and winter, following the
identical protocol. The animals, starting 24 hours upon
their birth until their sexual maturity, were exposed to
LF- EMF, 7 hours per day (from 7 am. —14 p.m.) for s
days a week. After 3 months of exposure to LF EMF in
each season six animals were sacrificed together with
control group of animals (group 1), while the remaining
six experimental and six control rats were sacrificed af-
ter three weeks of recovery from exposure to LF-EMF
(group II). The EMF was produced with the help of an
apparatus made of coil of 2,5 mm thick wire placed on
a wooden frame in 1320 turns. The coil was energized
from s0Hz, 220V and 16A via auto-transformer, which
provides a 60-V output in order to reduce the electric
field, so that its value does not exceed 10 V/m at any
point of the room in which the experiment was made.
With the use of the described apparatus we obtained an
inhomogeneous EMF, of decaying intensity from the
source (the coil) so that the animals during the exposure
time were in the room with different field intensities
that ranged from soopm (measured on the side closer to
the coil) to sopm (measured on the opposite side of the
coil). Cages with animals were placed symmetrically on
both sides of the coil on the wooden boards with rubber
base in order to eliminate mechanical vibrations. After
sacrifice of animals through decapitation, pineal glands
were fixed in 10% formalin, dehydrated and embedded
in paraffin.4pum paraffin sections were made and stained
with haematoxylin-eosin method. Paraffin sections of
the gland stained with HE was used for histological and
stereological analysis. Stereological analysis was made
on every fourth slides of gland stained with HE, using
the test system A-144 was placed in the ocular (10x) of
a Reichert microscope, with objective 40x magnifica-
tions. Selection of the sample was done systematically
and intermittently: every second vision field. On ana-
lyzed vision field were determine following stereological
variables: volume densities of nuclei (Vdn) and cyto-
plasm (Vdc), as well as the volume density of pinealo-
cyte (Vdp) which is obtained by adding up previous two
parameters. The volume density shows which part of
the total volume is taken up by the tested phase. It rep-
resents a percentage of tested phase (pinealocyte, their
cytoplasm or nucleus) in a unit of volume of the pineal
gland. Significance of differences of mean values of test-
ed stereological parameters between control and EMF
exposed animals was determined using Student’s ¢-test.
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RESULTS

Histological analysis of pineal gland in animals that
were sacrificed immediately after three months ex-
posure to LF EMF in the winter period shows that its
cells are characterized with pronounced polymorphism.
Pinealocytes are here densely compressed with unclear
inter-cell borders and are of reduced size compared
to the control group. It can be noticed that in the pe-
ripheral region of the gland of radiated animals, light
pinealocytes dominate among which there is much
more inter-cell area filled with fibers tissue, unlike the
central part which is dominated by dark pinealocytes.
Nuclei of these cells are pyknotic and irregular, most
frequently of stick-form, while their cytoplasm is of pale
color and scarce (Figures 1a and 1b).. In pineal glands
of animals that were sacrificed in the winter period af-
ter three weeks of recovery from three-month exposure
to LE-EMF, numerous light vacuolized pinealocytes
are noticed, the cytoplasm of which is suppressed into
one end of the cell, which gives them a characteristic
appearance of ring (Figure 3). With animals sacrificed
in summer period, immediately after exposure to LF
EMEF, the histological finding shows the domination
of dark pinealocytes, reduction of their volume as well
as hyper chromatic of their nuclei, while the pinealo-
cytes in glands of animals after their three-week recov-
ery, are characterized by a domination of large, light
pinealocytes which are, by their characteristics, very
similar to pinealocytes in control animals (Figure 4).

STEREOLOGICAL ANALYSIS OF PINEAL GLAND

Stereological analysis of volume density of pinealo-
cyte nucleus (Vdpn) in glands of animals sacrificed
in the winter period in first group showed its sig-
nificant decrease (p<0,001) in corresponding control
group (Table 1). In the second group, i.e. animals that
were subjected to three-week recovery from EMF
exposure, the volume density of nucleus of pinealo-
cyte (Table 1) is in statistically significant increase
(p< 0,05) in corresponding control group (Table 1).
The results for the summer period of the same param-
eter for the first group, immediately after exposure
EMEF, show statistically significant decrease (p< 0,01)
in corresponding control group (Table 1). In the sec-
ond group, after three-week recovery from EMF, the
volume density of nucleus of pinealocyte does not sta-
tistically significantly differ from control values. Ste-
reological analysis of volume density of pinealocyte
cytoplasm (Vdpc) in glands of animals sacrificed in
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FIGURE 1. Pineal gland in rat:
a) control animal b)animal after three-month exposure to
LF EMF; HE, oc. 10x, obj. 40x

FIGURE 2. Pineal gland in rat:
a) control animal;
b)animal after three-month exposure to EMF HE, 100 x

winter period shows statistically significant decrease
(p< 0.001) after a three-month EMF exposure. In the
second group, after three-week recovery from EMF,
statistically significant (p< 0,001) increase in volume
densities of cytoplasm was noted (Table 2). In summer
period in first group in glands of animals sacrificed im-
mediately after EMF exposure, there is statistically sig-
nificant decrease (p< 0,001) in volume density of cyto-
plasm. After three-week EMF recovery, group 11, there
is an equalization of the value of volume density of cyto-
plasm with the values noticed in the controls (Table 2).
Summarizing two previously determined stereological
parameters ie. values for volume density of nucleus and
volume density of pinealocyte cytoplasm, we gained a
volume density of these cells (Vdp). Stereological analysis
of volume density of pinealocyte (Vdp) in glands of ani-
mals sacrificed in winter period has shown its statistical-
ly significant decrease (p<o,01) immediately after a three-
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FIGURE 3. Pineal gland in rat:
a) control animal; b) animal three months of exposure and
three months of recovery HE, 100 x

VOLUME DENSITY OF PINEALOCYTE Vvp (%)

Group 11

Control EMF

CHART 1. Average values of volume density of pinealocyte
(Vdp) in control animals and animals exposed to EMF in
winter period. Group I: three months after exposure to LF
EMEF; Group II: after 3 weeks of recovery

FIGURE 4. Pineal gland in rat: Pineal gland in rat — central
part, three months of EMF and three months of recovery,
HE, oc. 10 x, 1 obj. 40 x

VOLUME DENSITY OF PINEALOCYTE Vvp (%)

Group 11

Control EMF

CHART 1. Average values of volume density of pinealocyte
(Vdp) of gland of control animals and EMF exposed animals
in summer period. Group I: 3 months after exposure to
LFEMF; Group II: after 3 weeks of recovery

WINTER SUMMER
Vdnp (%) Vdnp (%)
Group 1 Group 11 Group 1 Group 11
Control animals 31,77 25,68 30,06 30,14
SE 0,86 1,78 0,38 045
EMP animals 1956 " 30,99 23137 28717
SE 0,79 1,05 1,26 1,15
1 p<0,001; ¥ p< 0,05, p< 0,01; “ not significant;
TABLE 1. Average value of volume density of nucleus of pinealocyte (Vdnp) per seasons and groups of control
animals and animals exposed to LF-EMF in percentages
WINTER SUMMER
Venp (%) Venp (%)
Group 1 Group 11 Group 1 Group 11
Control animals 40,8 4793 40,16 61,01
SE 3,53 2,39 147 0,56
EMP animals 27,55 57,61? 28,719 61449
SE 152 1,08 0,89 0.8

Up<0,01; 2 p<0,01; % p< 0,01; “not significant;

TABLE 2. Average value of volume density of cytoplasm of pinealocyte (Vdcp) per seasons and groups of control

animals and animals exposed to LF-EMF in percentages
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month EMF exposure, with the average value of 47,11%,
and in corresponding control group of 72,58% (Chart 1).
In the second group, i.e. animals that were subjected to
a three-week recovery from EMF exposure, statistically
significant increase in volume density of pinealocyte
was noted (p<0,05) amounting to 88,57%, while in the
control group it was 72,79%. Stereological analysis of vol-
ume density of pinealocyte (Vdp) in glands of animals
sacrificed in summer period in the first group, showed
statistically significant decrease (p< 0,01) amounting
to 51,83%, while in control group it was 70,23% (Chart
2). After a three-week recovery, the value of this pa-
rameter did not significantly differ between the experi-
mental (90,16%) and control (91,16%) groups (Chart 2).

DISCUSSION

Presented findings of our histological and stereologi-
cal analyses have shown that a three-month exposure
to variable LF-EMF leads to changes of morphology of
pineal gland both in winter and summer period. These
changes were realized through change of volume of cy-
toplasm and nucleus of the pynealocites of animals sac-
rificed immediately after exposure to LF-EMF. Changes
were also registered with animals after three weeks re-
covery from influence of these fields. Quantification of
these results, using stereological analysis as a morpho-
metric method enables an insight in three-dimensional
disposition of structural elements of organs and tissues
(20). More precisely, a statistically significant lowering
of the volume density of pinealocyte occurs, the volume
density of their nucleus and volume density of their cy-
toplasm both during winter and summer. However, af-
ter a three-week recovery from EMF exposure during
winter season, volume density of pinealocytes decreases,
while in summer season, after recovery period, volume
density was identical to values of this parameter with
control animals. Researchers are still looking for the
possible place of the cellular interaction with LE-EMF.
Many experimental models have indicated that the cell
membrane is the primary place of interaction of EMF
with living systems, i.e. cells (21). It is assumed that the
EMF modified the normal signaling process in the mem-
brane (22) and that the cellular response is consistent
with the existence of “biological windows” for individual
frequencies, intensity and duration of exposure (3). Bio-
logical parameters such as type of the cell, the cell cycle,
cell activity, existence of specific growth/mitosis factors,
temperature, form of the cell, cell density during EMF
exposition (23) present an important interaction factor.
There is certain number of researchers (24,25) who be-
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lieve that effect of EMF is a specifically stressful situation.
It has been shown that LF-EMF induces the expression
of the so-called “stress response” protein and that the
initiation of transcription of certain genes in the condi-
tion of effect of EMF as a stressor could be a mechanism
of interaction with cells. These proteins are normally
synthesized in cells as a response to physical stress and
have a proactive role. Vernhes and co-authors (26) be-
lieve that the intensity of the field is the most important
for accomplishing of stressful effects of EMF and they
have demonstrated that application of the electric field
on cell suspension leads to changes in the structure of
cell membrane. Exposed to EMF, the permeability of the
membrane is increased, which makes possible, accord-
ing to the expression used by the authors, a free access
to cell cytoplasm, i.e. influence of the field on cytoplas-
mic structural components and biochemical processes
that are going on in it. Morphological changes of pineal
gland that are found in the second group during winter
period may be a result of effect of EMF as stress-bear-
ing factor. Light pinealocytes represent cells that are ex-
hausted through synthetic activity, which could be ex-
plained by the production of “stress response” protein. It
is possible that such an effect of LF EMF on pineal gland
has occurred due to moving of the compensatory gland
mechanisms that made possible generating of changes
in pathological sense. Namely, according to the theory of
functional systems (27), physiological mechanisms that
make possible normal activity of animals and humans
have been built for millions of years during the evolu-
tion development. One of mechanisms enabling normal
life activity is a mechanism of self-regulation of physi-
ological functions. This adaptation aspect of the theory
of functional systems could be an explanation for the
type of found changes on pineal gland in animals dur-
ing exposure to EMF. In animals that are exposed dur-
ing a three-month period to LF-EMF in winter season,
we have found changes in the morphology of the pineal
gland even after three weeks of recovery. Pinealocytes
are vacuolated and enlarged and the finding coincides
with stereological measuring that show the increase in
volume density of pinealocyte nucleus and their cyto-
plasm. This indicates that a three weeks recovery in this
period was incomplete. Whether vacuolization of cy-
toplasm is a step toward degeneration of cells or a step
toward its recovery would have been possible to see if
the experimental protocol had included the groups with
longer recovery period. Compensatory mechanisms in
the winter period are more disturbed, hence the slower
self-regulation of the system. These effects of photo-
periods are most probably intermediated by circadian
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rhythm of melatonin, because production of melatonin
from the epiphysis and its concentration in circulation
during night is increased and is directly proportionate to
duration of the dark (28). In summer period, due to low-
er neuroendocrine reactivity of pineal gland to the light,
morphological changes have reversible character, which
means that mechanisms making possible return in the
normal state of its structure and function are not dam-
aged. Histological finding, as the stereological analysis of

CONCLUSION

the pineal gland that was outside the effect of EMF dur-
ing three weeks, came close to the control group. Results
achieved with our experiments indicate effect of photo-
periodism as modulator of response of pineal gland to
LF-EMF functioning. In order to clearly define mecha-
nisms by which LF EMF impacts the structure and
function of the pineal gland, we need further investiga-
tions in well defined laboratory conditions of exposure.

- Pineal gland has shown sensitivity to chronic exposure to variable LF EMF. The results of histological and stereological

analyses show that after chronic exposure to LF EMF there has been a statistically significant decrease in volume den-

sity of pinealocyte, in volume density of its nucleus and volume density of their cytoplasm both in winter and summer

periods.

- Photoperiodism is an important modifier of effect of LF EMF on pineal gland because the reaction on chronic expo-

sure is more intensive in winter than in summer.

- Morphological changes of pineal gland after chronic exposure are reversible in summer period while the normal

structure of pineal gland is being established after three weeks outside the effect of the field, which was not the case in

winter period.

NON STANDARD ABBREVIATIONS:

LF-EMF - low frequency electromagnetic field
EMF - electromagnetic field

HE - haematoxylin-eosin

Vdp - volume density of pinealocyte

Vdnp - volume density of pinealocytes nucleus
Vdep - volume density of pinealocytes cytoplasm
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