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MORFOFIZIOLOSKI STATUS TlREOIDNE ZLEZDE PACOVA NAKON
SUBHRONICNOG IZLAGANJA NISKOFREKVENTNOM ELEKTROMAGNETNOM

POLJU

MORPHOPHYSIOLOGICAL STATUS OF RAT THYROID GLAND AFTER SUBCHRONIC EXPOSURE TO
LOW FREQUENCY ELECTROMAGNETIC FIELD

Vesna RAJKOVICt, Milica MATAVULJt, Tamara LUKACZ, Dusan GLEDIC\ Ljiljana BABIC4 i
Bogosav LAZETIC5

Sazetak - Ispitivanje uticaj niskofrekventnog e1ektromagnetnog polja na tireoidnu zlezdu muzjaka pacova soja Mill Hill. Zivotinje
su izlagane polju frekvencije 50 Hz, intenziteta 500 IlT do 50 IlT i 10 Vim, pocevsi od 24 casa nakon kocenja, 7 sati na dan, 5 dana
u nedelji u trajanju od tri meseca. Rezultati histoloske i stereoloske analize pokazali su povecanje volumena tireoidnih fo1ikula,
smanjenje visine folikulamog epite1a, nakupljanje koloida u folikulamom lumenu, smanjenje indeksa aktivacije tireoidne zlezde,
povecanje volumena parafoliku1amih celija, smanjenje volumena interfolikularnog vezivnog tkiva i povecanje broja degranulisanih
mastocita u zivotinja izlaganih polju u odnosu na kontrolne zivotinje. Odredivanje koncentracije tireoidnih hormona u krvnom se­
rumu radioimunoloskom analizom pokazalo je smanjenje ukupnog T4 i smanjenje ukupnog T3 u zivotinja izlaganih polju u odnosu
na kontrole. Dobijeni rezultati ukazuju da je tromesecno izlaganje zivotinja niskofrekventnom elektromagnetnom polju dovelo do
morfofunkcionalnih promena tireoidne zlezde koje ukazuju na njenu smanjenu aktivnost.
Kljucne reci: Tiroidna zlezda; E1ektromagnetna polja; Pacovi

Summary - The objective ofthis study was to examine the impact oflow-frequency electromagnetic field on male rat thyroid gland
ofMill Hill strain. Animals were exposed to 50 Hzfrequency, ofdecaying intensity from 500 fl.Tto 50 fl.T and 10 Vrmfield, begin­
ning 24 hours after birth, 7 hours a day, 5 days a week during three months. Results ofhistological and stereological analysis
showed increased volume density of thyroid follicles, decreased thickness of the follicular epithelium, intrafollicular colloid con­
tent in lumen, decreased thyroid activation index, increased volume density ofparafollicular cells, decreased volume of interfol­
licular connective tissue and increased number of degranulated mast cells in exposed animals in regard to control animals.
Radioimmunologic assays were used to examine thyroid hormone concentrations in the blood serum revealing decrease ofthe total
T4 as well as of total T3 in animals exposed to electromagnetic field in regard to controls. The obtained results show that a three
month-exposition ofanimals to low frequency electromagnetic field led to morphofunctional alterations of the thyroid gland that
can be referred to as reduced activity ofthe gland.
Key words: Thyroid Gland; Electromagnetic Fields; Rats

Uvod

Elektromagnetna polja (EMP) pripadaju grupi ne­
jonizovanih zracenja koja, pored prirodnih izvora,
emituju i brojni vestacki izvori, prvenstveno elek­
tricne centrale i elektrodistributivne mreze (trafosta­
nice, dalekovodi), ali i citav niz potrosaca elektricne
energije kao sto su telekomunikacioni sistemi, elektri­
ficirani gradski saobracaj i zeleznica, industrijska
oprema, i brojni kucni aparati. Elektromagnetna po­
lja koja nastaju iz ovih izvora jesu niskofrekventna
(NF-EMP) Cija je velicina ucestalosti do 300 Hz. U

Introduction

Electromagnetic fields (EMF) pertain to the group
of non-ionizing radiations and they originate from
both natural and a number of artificial sources. A
large group of artificial EMF sources comprises
power-stations and electrodistributive networks (po­
wer-lines) as initial sites of EMF generation and us­
ers of electric current, such as telecommunication
systems, electrified traffic and railway, industrial
equipment and a number of home appliances. Elec­
tromagnetic fields that originate from these sources
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Skracenice
cAMP
DNK
EMP
NF-EMP
PAS
T3
T4
TSH

- ciklicni adenozinmonofosfat
- dezoksiribonukleinska kiselina
- elektromagnetno polje
- niskofrekventno elektromagnetno polje
- periodic acid Schiff
- trijodtironin
- tetraj odtironin, tiroksin
- tireostimulirajuci hormon

Abbreviations
cAMP
DNK
EMP
NF-EMP
PAS
T3
T4
TSH

- cyclic adenosine monophosphate
- deoxyribonucleic acid
- electromagnetic field
- low frequency electromagnetic field
- periodic acid Schiff
- triiodothyronine
- tetraiodothyronine, thyroxine
- thyroid stimulating hormone

okviru ovog frekvencijskog opsega, u covekovoj zi­
votnoj sredini najprisutnija su EMP koja stvara elek­
trodistributivna mreza sa frekvencijom od 50 Hz (u
Evropi) i 60 Hz (u SAD), cijem je delovanju covek
stalno izlozen i na radnom mestu i u svom domu.

Ova cinjenica namece pitanje da Ii NF-EMP u in­
terakcijama sa ljudskim organizmom mogu ostvariti
stetan efekat i samim tim uticati na njegovo zdravlje?
Ovaj je problem u poslednjih desetak godina privu­
kao paznju velikog broja istrazivaca u svetu, tako da
danas sa sigurnoscu mozemo reci, prema rezultatima
epidemioloskih i eksperimentalnih istrazivanja, da
NF-EMP izazivaju razlicite efekte u organizmu, ito:
stupaju u interakciju sa molekulom DNK [1], dovode
do promena fluksa kalcijumovih jona kroz membranu
celije [2], uticu na metabolizam neurotransmitera [3],
na aktivnost enzima [4], na kardiovaskularni sistem
[5], na imuni sistem [6], na endokrini sistem [7] i na
procese ucenja i pamcenja [8].

o uticaju NF-EMP na tireoidnu zlezdu postoji
malo podataka koji su pri tome i kontradiktorni. Nai­
rne, izvestan broj autora medu kojima i Ossenkopp i
saradnici [9], Udinsteva i saradnici [10], Zagorskaia
i Rodina [11] i Matavulj i saradnici [12] ukazuje na
osetljivost tireoideje na NF-EMP. Nasuprot tome, ra­
dovi Lafreniere i Persingera [13] i Svedensta i Johan­
sona [14] pokazuju da ne postoji odgovor tireoidne
zlezde na uticaj ovih polja. To ukazuje na potrebu za
daljim istrazivanjem interakcije NF-EMP i tireoideje,
posebno kada se ima u vidu izuzetan znacaj uticaja
njenih hormona na aktivnost gotovo svih celija u or­
ganizmu, sto znaci da bi se efekti eventualnih pore­
mecaja tireoidne funkcije pod uticajem NF-EMP
visestruko uvecali.

Materijal i metode

Ispitivanje uticaja promenljivog elektromagnetnog
polja na tireoidnu zlezdu izvrseno je na muzjacima
laboratorijskh pacova soja Mill Hill. Tokom eksperi­
menta zivotinje su bile smestene u prostorijama Za­
voda za fiziologiju Medicinskog fakulteta u Novom
Sadu i podvrgnute prirodnom dnevno-nocnom ritmu
svetlosti sa relativno konstantnom temperaturom
vazduha od oko 20±2°C. Hranjene su standardnom
peletiranom hranom za laboratorijske zivotinje

are low frequency fields (LF-EMF) with a frequency
value up to 300 Hz, but the most common one to
which humans are exposed at work and at home is
50 Hz (in Europe) or 60 Hz (in USA).

Due to abundant presence of 50/60 EMFs in liv­
ing environment, a question arises whether these
fields affect human health during interaction with or­
ganisms. This dilemma became the issue of interest
for many researchers in the past few decades. Re­
sults of epidemiological and experimental studies
have demonstrated that LF-EMF exert diverse ef­
fects on living organisms such as: interaction with
DNA molecule [1], alteration of Ca2

+ flux through
cell membrane [2], impact on: metabolism of neuro­
trasmitters [3], enzyme activity [4], cardiovascular
system [5], immune system [6], endocrine system [7]
and learning and memory processes [8].

Up to now, data on LF-EMF effects on thyroid
gland are insufficient and, moreover, contradictory.
Some authors like Ossenkopp and associates [9],
Udinsteva and associates [10], Zagorskaia and
Rodina [11] and Matavulj and associates [12] have
pointed to the thyroid as an organ sensitive to LF­
EMF. On the contrary, investigations performed by
Lafreniere and Persinger [13] and Svedenst and J0­

hanson [14] failed to prove any alterations of the
thyroid structure and function upon LF-EMF effects.
These opposite results are pointing to the necessity
for further investigations of the LF-EMF-thyroid in­
teraction, primarily ifbroad range of effects that thy­
roid hormones exert in the organism are taken into
consideration. Therefore, possible alterations of thy­
roid gland function caused by LF-EMF would multi­
ply in relation to target tissues.

Material and methods

The experiment was performed on 23 male rats of
Mill Hill strain at the laboratory of the Department
of Physiology of the Faculty of Medicine Novi Sad.
The animals were housed in laboratory conditions at
20±2°C temperature and subjected to natural photop­
eriod. Access to water and standard food for labora­
tory animals (Department of Veterinary Medicine,
Subotica) was unlimited. The system producing LF­
EMF was made of a single coil of 2,5-mrn thick wire
placed on a wooden frame with 1320 turns. Cages



Med Preg12001; LIV (3-4): 119-127. Novi Sad: mart-april. 121

(Veterinarski zavod, Subotica), a vodu su uzimale po
potrebi. Aparaturu pomocu koje je dobijeno EMP
saciniavaoje kalem, prikljucen na strujnu mrezu, od
zice debljine 2,5 mm namotane u 1320 namotaja na
drvene ramove. Izlaganje zivotinja (n=12) EMP,
frekvencije 50 Hz, intenziteta od 500 J.lT (sa strane
kaveza blize kalemu) do 50 J.lT (sa suprotne strane
kaveza) i 10 Vim, pocelo je 24 h nakon kocenja, sa
dinamikom izlaganja od po 7 sati na dan, 5 dana u
nedelji u trajanju od tri meseca. Kontrolne zivotinje
(n=11) drzane su u odvojenoj prostoriji gde nije bilo
mogucnosti da budu izlozeneuticaju EMP.

Morfofunkcionalni status tireoidne zlezdeodreden
je:

1. Htstoloskom analizom sprovedenom na para­
finskim i polutankim presecima. Nakon zrtvovanja
zivotinja dekapitacijom, izvadene tireoidne zlezde na­
menjene za ispitivanja na parafinskim presecima fik­
sirane su u Bouinovom fiksativu 24 h, kalupljene u
parafinu i secene na Reichertovom rotacionom mik­
rotomu u serijske preseke debljine 5 urn. Komadici
zlezde namenjeni za ispitivanja na polutankim pre­
secima iseceni su pod kontrolnom lupom u puferisa­
nom glutaraldehidu, kalupljeni u EPON smoli i sece­
ni na Bromma ultramikrotomu u rezove debljine
1urn. Za prikazivanje folikularnih celija, koloida i in­
terfolikularnog veziva parafinski preseci su bojeni
metodom po Florentinu, hematoksilin-eozinom i PAS
alcian plavim. Prisustvo parafolikularnih celija pri­
kazano je Fernandez-Pascualovom metodom impreg­
nacije sa AgN03, a mastocita toluidin plavinl i
Dominicijevom metodom sa eozinom, oranz G i tolu­
idin plavim. Polutanki preseci su bojeni toluidinsko
plavo-krezil violetom;

2. Stereoloskom analizom koja je izvrsena na
svakom cetvrtom parafinskom serijskom preseku
pocevsi od sredine zlezde ka periferiji, pri cemu je
koriscen Reichertov mikroskop pri uvecanju objek­
tiva 63 puta i imerzionog objektiva i Wildovog oku­
lara koji uvecava 10 puta sa ugradenim Weibelovim
mnogonamenskim testnim sistemom sa 42 tacke. Fo­
likuli, interfolikularno vezivo i krvni sudovi analizi­
rani su na 60 vidnih polja po zivotinji, a parafo­
likularne celije i mastociti na 100 vidnih polja. Pored
stereoloske analize numericke i volumenske gustine
mastocita, analizirana je i numericka i volumenska
gustina odgovarajucih morfoloskih podtipova ovih
celija koje je opisao Banni-Sacchi [15] u cilju
odredivanja zastupljenosti degranulisanih mastocita;

3. Merenjem koncentracije T3 i T4 u krvnom se­
rumu zivotinja radioimunoloskom analizom uz ko­
riscenje dijagnostickih kompleta za kvantitativno od­
redivanje tireoidnih hormona (INEP, Zemun).

Signifikantnost razlika dobijenih ispitivanjem po­
jedinih stereoloskih parametara i ispitivanjem kon­
centracije tireoidnih hormona u kontrolnih i zivotinja
izlaganih EMP proverena je Studentovim t-testom.

with animals were placed symmetrically on both
sides of the coil. The coil produced 50 Hz LF-EMF
of decaying intensity of magnetic field along the
cages from 500 J.lT on the side ofthe cage nearby the
coil to 50 J.lT on the opposite side, while the intensity
of electric field was 10 Vim. Twelve animals were
exposed to LF-EMF 24 h after birth, 7 hours a day,
5 days a week during a period of three months.
Eleven animals were controls and were under similar
conditions without exposure to LF-EMF.

Morphofunctional status of the thyroid gland was
examined by:

1. Histological analysis performed on paraffin
and semithin sections. After the animals were sacri­
ficed (by decapitation) the thyroid glands were fixed
in Bouin's solution, embedded in paraffin and cut on
the Reichert rotation microtome in 5 urn thick sec­
tions. Thyroids designated for semithin sections were
fixed in glutaraldehyde, prefixed in osmium-tetroxi­
de, embedded in Epon resin and cut on Bromma ul­
tramicrotome in 1 urn thick sections. Paraffin slices
were stained with haematoxylin-eosin, after using the
method of Florentin and PAS alcian blue for general
preview of thyroid structure. The AgN03 impregna­
tion method after Fernandez-Pascual was used in or­
der to determine presence of parafollicular cells and
toluidine blue as well as the method after Dominici
with eosin, orange G and toluidine blue for mast
cells. The semithin sections were stained with tolui­
dine cresyl violet;

2. Stereologic analysis was performed on every
fourth serial paraffin section beginning from the mi­
ddle of the gland to the periphery using grid M42
placed in the ocular of Reichert light microscope at
magnification of 10 and with objective magnification
at 63 and 100. Thyroid follicles, interfollicular tissue
and capillary network were analyzed on 60 test fields
per animal, while parafollicular and mast cells were
analyzed on 100 test fields. Apart from stereologic
analysis of numerical and volume density of mast
cells, numerical and volume density of three mor­
phologic types of these cells (according to cla~sific':l­

tion of Banni-Sacchi [15]) were also examined in

order to estimate participation of the degranulated
mast cells;

3. Measurement ofT3 and T4 concentrations in
blood serum by radioimmunologic analysis (RIA)
using kits for thyroid hormone quantitative analysis
(INEP, Zemun).

Statistical significance of differences between
control animals and animals exposed to LF-EMF
were examined using the Student's t-test.
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Results

Vvf Vve Vvk Vvp Vvi
Grafikon 1. Prosecna vrednost (x(SG) volumenske gustine fo­
likula (Vvf), epitela (Vve), koloida (Vvk), parafolikulamih
celija (Vvp) i interfolikulamog veziva (Vvi) tireoidne zlezde
kontrolnih zivotinja i zivotinja izlaganih EMP
Graph. 1. Volume density of thyroidal follicles (Vvf), epithe­
lium (Vve), colloid (Vvk), parafollicular cells (Vvp) and inter­
follicular tissue (Vvi) in control animals and EMF exposed
animals
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The thyroid glands of exposed animals revealed
presence of macrofollicles (solitary or in group) with
low columnar epithelium in the middle portion of the
thyroid lobe surrounded by microfollicles. The lumen
of micro- and macrofollicles is enlarged comparing
with controls and the total volume of thyroidal folli­
cles is increased in LF-EMF exposed animals as well.
Histological analysis also demonstrated a decreased
follicular epithelial thickness which is extremely low
in some areas of the gland, while apical membranes
of follicular cells show absence of apical protrusions.
Colloid demonstrated an explicitly PAS positive reac­
tion and was accumulated in the follicular lumen.

Animals exposed to LF-EMF, presented hypertro­
phy of some parafollicular cells and degranulated
cells as well. These cells were often in contact with
mast cells.

The thyroidal interfollicular space is sensitive to
effects of LF-EMF demonstrating a decreased total
volume of connective tissue, decreased number of
mast cells, but often presence of degranulated cells,
and dilatation of blood capillaries comparing to
controls.

The observed histological alterations of thyroid
gland were substantiated by stereologic analysis. The
mean value of the volume density of follicles (Vvf)
was significantly increased (p<O.05) as well as the
volume density of colloid (Vvk)(p<O.OI), while the
volume density of follicular epithelium (Vve) decrea­
sed, but insignificantly (Graph I). Decreased Vve and
increased Vvk provided a significantly decreased
(p<O.O I) activation index of thyroid gland (Ia)
(Graph 2), which represents the ratio of Vve to Vvk.

.Stereologic analysis of parafollicular cells showed in­
significant decrease of its numerical density (Nvp)
(Graph 3) and insignificant increase of the volume
density (Vvp) of these cells (Graph 1) in comparison
with controls.

Stereologic analysis demonstrated that the volume
density of intrafollicular tissue (Vvi) significantly de­
creased (p<O.OI) in exposed animals (Graph I), while
decrease of the numerical density of mast cells (Nvm)
in this tissue and increase of the volume density
(Vvm) of these cells were insignificant. Apart from
stereologic analysis of total Nvm and Vvm, three
types of mast cells (A, B and C) were also analyzed.
This was performed after Banni-Sacchi classification,
according to the degree of mast cell granulation as an
important sign of their activity. Mast cells completely
filled with granulations are designated as type A, cells
with a number of cytoplasmic processes as type B
and type Care degranulated mast cells surrounded
with extruded granules dispersed in intrafollicular
space. Stereologic analysis revealed insignificant in­
crease of the mean value of numerical density of mast
cells (Nvm) type A, insignificant reduction of volume
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Tabela 1. Koncentracija T3 i T4 (mnol/L) u krvnom serumu
kontrolnih zivotinja i zivotinja izlaganih EMP
Table 1. T3 and T4 blood serum concentrations (nmol/L) in
control animals and EMF exposed animals

canje (p<O,05) prosecne vrednosti volumenske gusti­
ne folikula (Vvf), smanjenje volumenske gustine epi­
tela (Vve) koje se nije pokazalo statisticki znacajnim
i znacajno povecanje (p<O,OI) volumenske gustine
koloida (Vvk) u zivotinja izlaganih NF-EMP u od­
nosu na kontrolnu grupu (grafikon 1). Iz smanjenja
Vve i povecanja Vvk proizaslo je znacajno smanjenje
(p<O,OI) indeksa aktivacije (Ia) tireoidne zlezde (gra­
fikon 2), koji predstavlja kolicnik ovih vrednosti
(VveNvk). Stereoloska analiza numericke gustine
parafolikulamih celija (Nvp) pokazala je njeno sma­
njenje u zivotinja izlaganih NF-EMP u odnosu na
kontrolne zivotinje, koje se nije pokazalo statisticki
znacajnim (grafikon 3), kao ni povecanje volumenske
gustine parafolikulamih celija (Vvp)(grafikon 1).

Stereoloska analiza volumenske gustine interfoli­
kulamog veziva (Vvi) pokazala je njeno znacajno
smanjenje (p<O,OI) u zivotinja nakon tromesecnog
izlaganja NF-EMP u odnosu na kontrole (grafikon
I), zatim, smanjenje numericke gustine interfoliku­
lamih mastocita (Nvm), a povecanje njihove volu­
menske gustine (Vvm) koje se nisu pokazale statis­
ticki znacajnim. Pored stereoloske analize Nvm i
Vvm ukupnog broja mastocita stereoloskom anali­
zorn su obuhvacena i tri tipa mastocita (A, B i C)
klasifikovanih po stepenu granulisanosti, buduci da
je to vazan pokazate1j njihove aktivnosti. Tip A pred­
stavljaju mastociti koji su potpuno ispunjeni granu­
lama, tip B poseduje brojne citoplazmaticne pro­
duzetke, dok tip C predstavljaju degranulisani masto­
citi oko kojih se u interfolikulamom prostoru nalaze
izlucene granule. Stereoloska analiza Nvm tipa A po­
kazala je nesignifikantno povecanje prosecne vred­
nosti ovog parametra u zivctinja nakon tromesecnog
izlaganja NF-EMP, nesignifikantno smanjenje Vvm
tipa A, nesignifikantno smanjenje Nvm tipa B, nesig­
nifikantno povecanje Vvm tipa B, nesignifikantno
povecanje Nvm tipa C (grafikon 3), i signifikantno
povecanje (p<O,05) Vvm tipa C u odnosu na kon­
trolnu grupu zivotinja (grafikon 4). Stereoloskom
analizom volumenske gustine kapilame mreze (Vvs)
pokazano je povecanje prosecne vrednosti ovog
parametra u zivotinja izlaganih NF-EMP u odnosu
na kontrolu, koje se nije pokazalo statisticki znacaj­
nim (grafikon 4).

Rezultati radioimunoloske analize pokazali su
smanjenje koncentracije ukupnog T3 i povecanje u­
kupnog T4 u krvnom serumu zivotinja izlaganih NF-
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density of mast cells (Vvm) type A and Nvm type B,
insignificant increase of Vvm type B and Nvm type
C (Graph 3), while Vvm type C significantly in­
creased (p<O.05) (Graph 4) in comparison with con­
trol animals. Stereologic analysis of capillary
network showed that the mean value of volume den­
sity of capillaries (Vvs) increased in exposed ani­
mals, but insignificantly (Graph 4).

Results of radioimmunologic analysis demonstra­
ted insignificant reduction of total T3 concentration
and insignificant increase of total T4 concentration in
the serum of exposed animals (Table I).

NvmC

Grafikon 3. Prosecna vrednost (x±SG) numericke gustine
parafolikularnih celija (Nvp) i mastocita tipa C (Nvrn C) tire­
oidne zlezde kontrolnih zivotinja i zivotinja izlaganih EMP
Graph. 3. Numerical density (x±SG) of parafollicular cells
(Nvp) and C type mast cells (Nvm C) in control animals and
EMF exposed animals

Discussion

4

In regard to the degree and type of alterations of
investigated qualitative and quantitative histological
parameters, exposure to LF-EMF induced dimini­
shed thyroid function.

la

Grafikon 2. Prosecna vrednost (x±SG) indeksa aktivacije (Ia)
tireoidne zlezde kontrolnih zivotinja i zivctinja izlaganih EMP
Graph. 2. Activation index (x±SG)ofthyroid gland (fa) in con­
trol animals and EMF exposed animals

EMP
87,8 n.s.

T3 T4
Kontrola EMP Kontrola

x 0,76 0,66n.s. 84,6
n.s. - nije signifikantnoln.s. - not significant
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Grafikon 4. Prosecna vrednost (x±SG) volumenske gustine
mastocita tipa C (Vvm C) i volumenske gustine kapilara (Vvs)
tireoidne zlezde kontrolnih zivotinja i zivotinja izlaganih EMP
Graph. 4. Volume density (x±SG)ofC type mast cells (Vvm C)
and volume density of capillary network in control animals
and EMF exposed animals

o Kontrolne iivotinje
Control animals

Ill! Zivotinje izlagane EMP-u
EMFexposed animals

Our results showed, that thyroid activaty index
(Ia=VveNvk) is decreased in animals exposed to LF­
EMF and according to Kalisnik [16] this stereolgic
parameter is in positive correlation with the plasma
TSH level. Therefore, these alterations of the thyroid
gland could be the consequence of decreased TSH
level, since the stimulative effect of this hormone on
follicular epithelium would be reduced. This state
could also provide an explanation for absence of api­
cal protrusions on thyrocytes and reduced thickness
of follicular epithelium that was noted in our experi­
mental procedure. However, reduction of thyroid ac­
tivaty index was significant, pointing at reduced level
of TSH in the circulation of exposed animals, an in­
triguing question is how could the level ofT4 rise af­
ter the period of exposition? Since multiple pathways
could be involved to provide this effect, the authors
of this paper considered the possible role of Ca2

+ in
this process, whose function is well investigated in
bioelectromagnetic interactions. Namely, one of the
most important mechanisms of EMF effects involves
calcium ion as the mediator of EMF interaction with
the living systems [17,18]. In vitro experiments dem­
onstrated a significant increase of intracellular cal­
cium concentration under EMF effects and this ele­
vation completely depends on calcium ion influx from
extracellular medium [19]. It is known that, besides
TSH, biologically active peptides originating from
parafollicular cells also take part in thyroid hormone
ecretion. They are released extracellularly and by
paracnne action affect the nearby-situated follicular
cells altering the basal and TSl-l-stimulated thyroid
hormone secretion [20]. Intracytoplasmic granules of
parafollicular cells contain serotonin which stimula­
tes follicular cells [21]. Serotonin secretion is stimu­
lated by TSH, but also by increased extracellular
concentration of calcium ions [22]. This effect of
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EMP. u.odn<?su ~a kontrolnu grupu zivotinja utvr­
dene razhke msu bile statisticki znacajne (tabela 1).

Diskusija

. ~ud~Ci.po stel?enu i vrsti promene ispitivanih kva­
litativnih I kvantitativnih histoloskih parametara ti­
reoidna zlezda zivotinja neposredno nakon tri meseca
izla&anja NF-EMP pokazuje znake smanjene aktiv­
nosti.

~~zu~tati n<l:seg istrazivanja pokazuju da je u zi­
votmja Iz~agaJ?:Ih ~F-~MP doslo do smanjenja in­
de~s~ aktivacije tireoidne zlezde (Ia=VveNvk) za
k?JI je pokazano da stoji u pozitivnoj korelaciji sa
mvoom TSH u plazmi [16]. Konstatovane struktume
promene tireoidne zl~zde bi, prema tome, mogle biti
rezultat smanjenog mvoa TSH, pri cemu bi izostao
s~imulat.ivni.efekat k~ji ovaj hormon ostvaruje na fo­
l~larn,t epitel. To bi moglo objasniti pojavu ravnih
3:Plkalnlh meJ?brana. tireocita i smanjenu visinu fo­
likulamog epitela koje smo konstatovali u nasim ek­
p~ri~e~ta~nim u~lovima. Medutim, buduci da je u
z~vot~a Izl3:gam~ NF~~M~ indeks aktivacije tire­
oidne zlezd.~ izrazrto smzen, sto upucuje na smanjenu
k?nc~ntracIJ~.T~H~. krvi ovih zivotinja, postavlja se
prtanje pa kOJI bi nacm moglo doci do povecanja kon­
centracije T4 nakon perioda izlaganja. ad mnogih
pr~tI?os~avljenih mehanizama koji bi mogli delovati,
~~I~enJa smo da bi nam najvise od pomoci mogao
biti jedan od najznacajnijih pretpostavljenih mehani­
zama delovanja EMP u kome se kao medijator iz­
medu delovanja EMP i promena u bioloskim siste­
mima pojavljujejon kalcijuma [17,18]. Nairne in vi­
tro istrazivanja pokazala su da pod uticaje~ EMP
dolazi do znacajnog povecanja intracelulame koncen­
tracije )ona. kalcijuma i da je ovo povecanje u pot­
punosti zavisno od influksa ovih jona iz ekstracelu­
l~m~g !Oedijuma [19]. Poznato je da u sekreciji
t~r~Oldnlh hormona, pored TSH, ulogu imaju i pep­
tidi ~oreklom IZ parafolikulamih celija koji se oslo­
ba~Ju u ekstracelula~u tecnost i parakrinim putem
del~Ju na susedne fohkulame celije menjajuci bazal­
nu I TSH stimulisanu sekreciju tireoidnih hormona
[2ql. Intracitoplazmaticne granule parafolikulamih
c~hJa sa~rZe serot0!1in za koji je pokazano da deluje
stimulativno na fohkulame celije [21]. Sekreciju se­
rotonin~ stimulise TSH, ali isto tako i povecane kon­
cent~acIJe ekstracelulamih kalcijumovih jona [22].
9vaJ efekat Ca2

+ joni ostvaruju povecanim influksom
IZ ekstracelulamog medijuma kroz odgovarajuce
membranske kanale ili delujuci kao primami glasnici
~ada se. vez,uj~. za membranske receptore na parafo­
l~k~l<l:m~J? .cehJama (tzv. Ca2

+ sensing receptor) ak­
~IYlraJucI sistem drugog glasnika (fosfolipazu C i A2
ili cAMP) [23]. Kako u nasem eksperimentu snizene
vredn.~sti .in~eks~ akt~va~ij,e tireoidn~ zlezde upucuju
na smzem mvo cirkulirajuceg TSH, izostao bi njegov
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stimulatomi uticaj na sekreciju serotonina. Moguce
je da bi u takvim uslovima jos uvek bio dovoljan
efekat jona kalcijuma na odrzavanje sekrecije sero­
tonina iz parafolikulamih celija i odrzavanja njego­
vog uticaja na tireocite. To znaci da bi tireoidna
zlezda i dalje mogla odrzavati relativno normalnu
sekreciju T4, sto bi objasnilo blago povecanje kon­
centracije ovog hormona u serumu zivotinja nakon
tromesecnog izlaganja EMP.

Smanjenje indeksa aktivacije tireoidne zlezde kon­
statovano je i u nasim ranijim istrazivanjima pri is­
tovetnoj dinamici izlaganja zivotinja kao i u ovom
radu, ali nakon duzeg vremenskog perioda od pet
[24] i sest [25] meseci. Medutim, podaci koji se
srecu u literaturi 0 uticaju NF-EMP na koncentraciju
TSH i tireoidnih hormona kontradiktomi su s obzi­
rom na duzinu trajanja izlaganja i jacinu polja. Ispi­
tujuci efekat NF-EMP (50 Hz; 10 IlT) na ljudski
organizam, kojim su obuhvacena 32 ispitanika mus­
kog pola starih izmedu 20 i 30 godina, Selmaoui i
saradnici [26] konstatovali su da devetocasovno i
24-casovno izlaganje polju ne dovodi do promena
nivoa TSH niti T4 i T3. S druge strane, Udinsteva i
saradnici [10] izlagali su pacove NF-EMP (50 Hz;
20 mT) tokom 18 sati i pokazali da ovi eksperimen­
talni uslovi dovode do povecanja nivoa TSH i tirok­
sina u krvi ovih zivotinja. Medutim, jednokratno
izlaganje pacova NF-EMP intenziteta 20 mT dovelo
je do promene aktivnosti tireoidne zlezde i pada kon­
centracije tireoidnih hormona u cirkulaciji ovih zivo­
tinja[ll].

Kako su nasi rezultati pokazali, u zivotinja nakon
tromesecnog izlaganja NF-EMP doslo je do smanje­
nja volumena interfolikulamog vezivnog tkiva. Bu­
duci da je u ovih zivotinja doslo do povecanja volu­
mena tireoidnih folikula, verovatno se taj proces od­
vijao na racun vezivnog tkiva. Izlaganje NF-EMP
dovelo je i do smanjenja ukupnog broja mastocita,
sto je u saglasnosti sa smanjenjem indeksa aktivacije
tireoidne zlezde, odnosno koncentracije TSH u krvi
na koje ono upucuje, buduci da je ustanovljeno da je
broj mastocita u korelaciji sa nivoom ovog hormona
[27]. Uoceno je i povecanje volumena mastocita tipa
C, odnosno degranulisanih mastocita, sto su zapazili
i Iurina i saradnici [28] ispitujuci in vivo efekat EMP
(50 Hz, 32 kA/m) na intestinalne mastocite miseva,
pacova i zeceva izlaganih polju u trajanju od 1,5 do
2 meseca. Dilatacija kapilara koju smo konstatovali
u nasim eksperimentalnim uslovima verovatno je
nastala delovanjem vazodilatatomih medijatora iz
mastocita.

Lin i saradnici [29] i Vernhes i saradnici [30]
smatraju da se delovanje EMP moze smatrati speci­
ficnom stresnom situacijom. Obe grupe autora su uo­
cile da je odgovor celija na uticaj EMP gotovo isto­
vetan odgovoru na delovanje drugih fizioloskih stre­
sora (npr. hipertermija, oksidativni stres). Prema

Ca2
+ is exerted by increased influx from extracellular

medium either through membrane channels or by
Ca2

+ action as primary messenger when it bounds to
membrane receptors of parafollicular cells (Ca2+

sensing receptor) and activating the secondary mes­
senger system (phopholipase C and A2 or cAMP)
[23]. As decreased thyroid activaty index found in
our expeperiment refers to lowered TSH level, the
stimulative action of TSH on serotonin secretion
would be reduced. Under these conditions, it could be
presumed that the effect of calcium ions on parafol­
licular cells would still be sufficient to maintain sero­
tonin secretion and its effect on thyrocytes. This
would further mean that the thyroid could preserve
relatively normal T4 secretion and therefore cause
small increase of this hormone in exposed animals.

Decreased activaty index of thyroid gland was ob­
tained in our previous investigations as well, in the
same experimental procedure as in this paper, but
with five [24] and SIX [25] months of exposure. Dif­
ferences in results regarding the LF-EMF effect on
thyroid hormone concentration and TSH obtained by
other authors are contradictory to ours, which is
based mainly on differences in experimental design,
primarily duration of exposure period and intensity
of applied EMF. Selmaoui and associates [26] inves­
tigated effects of LF-EMF (50 Hz; 10 mT) on 32
men, aged between 20 and 30, and found that after 9
and 24 hour exposition the concentration of TSH, T4
and T3 remained unaltered. On the contrary, Udin­
steva and associates [10] attained the increased level
of TSH and thyroxine in circulation of rats exposed
to LF-EMF (50 Hz; 20 mT) for 18 hours. However,
a single exposure to 20 mT LF-EMF altered the thy­
roid gland activity in rats and decreased the concen­
tration of circulating thyroid hormones [11].

As our results demonstrated a three-month expo­
sition of rats to LF-EMF caused reduction of the in­
trafollicular connective tissue volume. Since the
thyroid follicles are enlarged in exposed animals, it
probably occurred at the account of connective tissue
reduction. Reduction of total number of mast cells
due to LF-EMF effects which is in accordance with
the decreased activaty index of the thyroid gland re­
flects a lowered TSH concentration, since the number
of mast cells is in positive correlation with the level
ofTSH [27]. The increased volume of type C or de­
granulated mast cells is in agreement WIth data re­
ported by Iurina and associates [28] who gained
similar results investigating the in vivo effect of EMF
(50 Hz; 32 kA/m) on intestinal mast cells in mice,
rats and rabbits exposed during 1.5 to 2 months.
Dilatation of intrathyroidal capillaries found in our
experiment is probably the consequence of vasodila­
tative action of some mast cell mediators.

According to Lin and associates [29] Vernhes and
associates [30] effects of the EMF believed to be a
specific stress situation. These authors found that
cells respond to EMF affect similarly as to other
physiologic stressors (such as hyperthermia, oxida-
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tome bi, pri posmatranju uticaja EMP na tireoidnu
zlezdu, trebalo imati u vidu i delovanje EMP kao
stresogenog faktora.

Zakljucak

Tromesecno izlaganje pacova NF-EMP dovelo je
do morfofunkcionalnih promena tireoidne zlezde koje
ukazuju na njenu smanjenu aktivnost. Medutim,
potrebna su dalja istrazivanja kako bi se ustanovilo
da li su konstatovane promene rezultat direktnog de­
lovanja NF-EMP na tireoidnu zlezdu ili su posledica
uticaja polja na neki od visih nivoa regulacije tire­
oidne funkcije.

tive stress). In regard to these findings the EMF ef­
fects on thyroid gland should also be c~nsidered as a
stressor for the thyroid.

Conclusion

A three-month exposition of rats to LF-EMF led
to morphofunctional alterations of thyroid gland des­
ignated as decreased gland function. However, fur­
ther investigations are necessary in order to establish
whether the obtained changes are the result of LF­
EMF direct effects on the thyroid, or maybe the re­
sult of some indirect effects on thyroid function.
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