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Abstract

In this study, the effects of exposure to a 900 megahertz (MHz) electromagnetic field (EMF) on serum thyroid stimulating
hormone (TSH) and triiodothronine—thyroxinsT,) hormones levels of adult male Sprague—Dawley rats were studied. Thirty
rats were used in three independent groups, 10 of which were control (without stress and EMF), 10 of which were exposed to
900 MHz EMF and 10 of which were sham-exposed. The exposures were performed 30 min/day, for 5 days/week for 4 weeks to
900 MHz EMF. Sham-exposed animals were kept under the same environmental conditions as the study groups except with no
EMF exposure. The concentration of TSH and T, hormones in the rat serum was measured by using an immunoradiometric
assay (IRMA) method for TSH and a radio-immunoassay (RIA) methodf@an@ T, hormones. TSH values andT, at the
900 MHz EMF group were significantly lower than the sham-exposed gia.01). There were no statistically significant
differences in serum TSH values ang-T, hormone concentrations between the control and the sham-exposedgmrduf’).

These results indicate that 900 MHz EMF emitted by cellular telephones decrease serum TSHTanevels.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Biological effects of electromagnetic field (EMF)
and their consequences on human health are receiving
T Corresponding author. Tel.: +90 246 211 32 91: increasing SC|ent!f|c interest and has become the sub-
fax: +90 246 237 11 65. ject of great public debate. The controversy has been
E-mail addressahmetkoyu@tnn.net (A. Koyu). stimulated by some epidemiologic studies that have re-
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ported a relation between magnetic field exposure and oratory Animals prepared by the Suleyman Demirel
human disease$€lmaoui et al., 1997 University, Animal Ethical Committee. Twenty male
Such has been the rapid growth of mobile telecom- Spraque—Dawley rats (12 weeks old, each weighing
munications that there will be about 1 billion mobile between 250 and 300 g at the start of experiment) were
phone users before 2005. Herein, if there is any impact maintained under a 12-h light/12-h dark cycle in a
of mobile telephones on health, it would affect almost temperature-regulated (231 °C) animal room with a
everyone in the worldRepacholi, 2001 continuous free access to water and food. Animals were
At the present, most of the mobile phones in Eu- randomly grouped as follows: control group (without
rope generally work at a frequency of 900 MHz in stress and EMFN(= 10), sham-exposed group% 10)
the GSM systems. The cellular responses to various and a 900 MHz EMF r{=10). The 900 MHz EMF
forms of radiation, including ionizing, UV-radiation or  group was exposed to 30 min/day radiation for a pe-
exposure to electromagnetic fields are manifested asriod of 5 days/week. The EMF exposure period was at
reversible or irreversible from structural to functional 10:00-11:00a.m. in each day and lasted for 4 weeks.
changes Rothman et al., 1996; Somosy, 2000; Cox, Sham-exposed group stayed in the experimental setup
2003. Over the past two decades, there has been in- with the same conditions as the exposure groups with-
creasing interest in the biological effects and possible out radiation exposure (exposure device off). Rats that
health outcomes of the weak, high-frequency electric were exposed to the 900 MHz EMF were compared to
and magnetic fieldd{nave, 200). Some studiesonthe control rats in respect to the serum TSH and . At
magnetic fields and cancer, reproduction and neurobe-the end of 4 weeks, the rats were sacrificed and blood
havioral reactions have presented that different system samples were collected through a cardiac puncture.
diseases are related to the electromagnetic fields such as
those similar to ones produced by mobile phoriasy| 2.2. Experimental setup and radio-frequency
2003; Knave, 2001; Leszczynski et al., 2002; Bartsch irradiation
et al., 2002; Bortkiewicz, 2001
Thyroid activity is regulated by the thyroid stimu- A special exposure device with five exposure an-
lating hormone (TSH) secreted by pituitary. Elevated tenna was used. Theig. 1 shows one of the anten-
TSH levels induce the thyroid to elaborate triiodothro- nas of the device. The exposure system consisted of
nine (T3) and thyroxin (), ahormone which functions  a round plastic tube cage (length: 12cm and diam-
in at least 20 enzyme systems; one of its major influ- eter: 5.5cm) and a dipole antenna. The whole body
ences involves the acceleration of protein synthesis.  of the rats was positioned in close contact above the
Animal studies have shown that exposure to radio- dipole antenna, and the tube was ventilated from head
frequency electromagnetic fields may alter the en- to tail in order to decrease the stress of the rat while in
docrine or the nervous systems and especially the the tube. The 900 megahertz (MHz) continuous wave
thyrotropin secretionlL{u et al., 1981, 1985, 1987; electromagnetic energy generator (the peak specific ab-
Michaelson, 1983; Lai et al., 1987, 1989; Lai, 1992 sorption rate, SAR, was 2 W/kg, average power den-
The aim of this study was to investigate whether the sity 1+ 04 mW/cn?) produced at the electromagnetic
serum TSH and FT4 hormone levels of adult male  compatibility (EMC) Laboratory of Suleyman Demirel
Sprague—Dawley rats could be altered after exposure University was used in the study. The power density
to the 900 MHz GSM-like EMF generator. measurements were made using electromagnetic field
meter (Holaday Industry Inc., Adapazari, Turkey).

2. Material and methods 2.3. Serum hormone radio-immunoassay

2.1. Study protocol Blood samples were collected into the glass tubes
without anticoagulant and were allowed to clot. It was
The animals used in this study were proceed, main- centrifuged to obtain serum and stored-20°C until
tained and used in accordance with the Animal Wel- the assay. Serum TSH hormone levels were measured
fare Act and the Guide for the Care and Use of Lab- using TSH IRMA kit and total 3—total T, hormone
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Fig. 1. Schema of 900 MHz EMF exposure device (one of the antennas of the device is shown).

levels were measured using RIA kit (Diagnostic Prod-
ucts Corporation, LA, USA).

Statistical analysis: “SPSS 9.00 for Windows”
was used for statistical evaluation in the study.
Mann—WhitneyU-test was performed to analyze the
data. The results of serum TSH ang-T4 hormone
levels were given meaft S.D. The limit of statistical
significance wap<0.01, two-side.

3. Results

The effect of 900 EMF exposure on serum TSH and
T3—T4 hormones levels of adult male Sprague—Dawley
rats were studied in three independent experiments.
Fig. 2shows average serum TSH concentrations of the
control, sham-exposed and 900 MHz EMF groups. As
seen in theFig. 2, the serum TSH concentrations of

TSH p 1U/ml

Control Sham-exposed 900MHz EMF

Groups

Fig. 2. A comparison of average serum TSH hormone with S.D.
among control, sham-exposed and 900 MHz EMF groups. (*) Sham-
exposed vs. 900 MHz EMF group € 0.01).

the control group were marginally lower than those of
the rats sham-exposed. However, there were no statis-
tically significant differences in serum TSH concentra-
tions between the control and the sham-exposed group
(p>0.05). On the contrary, the serum TSH concentra-
tions of the rats exposed the magnetic field were sig-
nificantly lower than those of the rats sham-exposed
(p<0.01) The values were 0.230.05ulUml~1 in
control group, 0.2% 0.05uIU mI~1 in sham-exposed
group and 0.13 0.04wIU ml~1 in exposed group.

The average serum3¥T4, hormones concentra-
tions of the control, sham-exposed and 900 MHz EMF
groups are presented irigs. 3 and 4 From these
figures, it can be seen that thgT4, hormones concen-
trations in the rats exposed to the EMF has significantly
lower than in those rats sham-expospé 0.01). Nev-
ertheless, the serumg¥T4 hormones concentrations

T3 ng/dl

T T

Control Sham-exposed 900MHz EMF

Groups
Fig. 3. A comparison of average serumy iormone with S.D.

among control, sham-exposed and 900 MHz EMF groups. (*) Sham-
exposed vs. 900 MHz EMF group € 0.01).
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Fig. 4. A comparison of average serum formone with S.D.
among control, sham-exposed and 900 MHz EMF groups. (*) Sham-
exposed vs. 900 MHz EMF group € 0.01).

of the control group were marginally lower than those
of the rats sham-exposed. However, there were no
statistically significant differences in serums-T4
hormones concentrations between the control and
the sham-exposed group ¥ 0.05). The values were
T3=120.45+11.04ngdt?!, T4=6.23+0.54pgdl1

in the control group; ¥=112.66+10.71ngdt?,
T4=5.984+0.66pgdlI~! in the sham-exposed group
and T3=86.67+9.79ngdr!, T,=5.18+0.53ug

dI~1 in the exposed group, respectively.

4. Discussion

Frequency is the rate at which electromagnetic fields
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al., 1981; Michaelson et al., 1975; Magin et al., 1977
Hormones acting on reproductive tissues, including
LH, FSH and prolactin, have received less attention.
Characterization of established effects show that they
result from tissue heating, and are generally similar to
nonspecific stress respons&oberts et al., 1986; Lu
etal., 198]. Itis known that the effect and the amount
of damage caused by radiation is positively correlated
with the exposure timeWoustafa et al., 2001

We studied the effect of 900 MHz GSM-like fre-
quency EMF on serum TSHzTand T, hormones lev-
els of rats. According to our results, measured serum
TSH and B, T4 values at the 900 MHz EMF group
were significantly lower than the sham-exposed group.

Thyroid stimulating hormone acts on the thyroid
gland and stimulates secretion of thyroid hormones.
Magin et al. (1977Yeported increased thyroxine and
trilodothronine secretion when the thyroids of dogs
were exposed to varying levels of 2.45 GHz RFEMF
at estimated SARs of 58—-190 W/kg for 2 h. A follow
up study found decreased circulating thyroxine and
TSH levels in rats when a rectal temperature rise to
40°C had been caused by whole body exposure to
2.45GHz RFEMF at 4W/kglL{u et al., 198). The
research previously referencéatz and Podgorski
(1982)using rhesusmonkeys, which found an increase
in serum cortisol levels with increased rectal tempera-
ture when exposed to 1.29 GHz RFEMF at 3-4 W/kg,
did notreport a change in serum growth hormone levels
or thyroxin.

Desezeetal. (1998howedthat TSHwas a21% de-

change direction, and is measured in hertz (Hz). One crease in male volunteers chronically exposed to GSM
mega hertz is 1 million cycles/s. Analogue telephones cell phone fields 2 h/day, 5 days/week for 1 month. Our
use frequencies between 800 and 900 MHz; digital tele- TSH results in rats exposed the 900 MHz EMF mag-
phones use frequencies between 1800 and 1990 MHz;netic field are in agreement with data reported by De
while micro wave ovens use frequency of 2450 MHz. seze et al.

Today’s mobile telephones, with a total power output of
2W, are estimated to produce insignificant local heat-
ing, which is unlikely to produce any deleterious ef-

fects.

Levels of T3 and Tz in rats exposed the 900 MHz
EMF are in agreement with data reported by
Zagorskaya and Rodina (1990jhese authors found
lowered concentration of thyroid hormones during 2

An accumulated body of evidence published over months after a single exposure of rats to 20mT ex-
the last three decades has identified, investigated andtremely low frequency (ELF)-EMFSelmaoui et al.
guantified the responses of mammalian neuroendocrine(1997) reported insignificant differences in serurg T
and intercellular hormonal control systems to radio- and T levels between sham-exposed men and men ex-
frequency (RF)-EMF exposure. In particular, the mech- posed to continuous and intermittent 50 Hz magnetic
anisms for the production and control for corticos- field of 10 T for one night. Also, one of the early stud-
teroid, thyroid and growth hormones have been exten- ies of ELF-EMF influence on thyroid gland provided
sively investigatedl(otz and Michaelson, 1978; Lu et by Lafreniere and Persinger (1978pd shown that no
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alterations in serumgsland T4 concentrations orinthe  Elder, J.A., Cahill, D.F., 1984. Biological Effects of Radiofrequency
number of thyroid follicles, were found in rats exposed Radiation. US Environmental protection Agency, EPA-600/8-83-
to 0.5 Hz EMF perinataly and/or as adults. On the con- 026. .

. . Goldon, C.J., Long, M.D., Fehiner, K.S., Stead, A.G., 1986. Body
tr_ary' qutsev etal. (19781)0und increased levels of temperatures in mousdmmster, and rat exposed to radiofre-
circulating T4 and TSH in rats exposed to 50 Hz EMF quency radiation: an interspecies comparison. J. Therm. Biol.
of 20 mT for 18 h, but a decreased concentration of cir- 11, 59-65.
culating thyroid hormones after a single exposure to IEEE, 1992. IEEE Standard for Safety Levels with Respect to Hu-
EMF. However, differences in exposure facilities and man Exposure to Radiofrequency Electromagnetic Field, 3 kHz

experimental protocols amona these experiments. in- to 300 GHz, vol. C95. New York Institute of Electrical and Elec-
P p 9 p ! tronic Engineers, pp. 1-1991.

cluding our study, complicate the adequate comparison knave, B., 2001. Electromagnetic fields and health outcomes. Ann.

of obtained results. Acad. Med. Singapore 30, 489-493.
Whole body averaged SAR measurements are of Lafreniere, G.F., Persinger, M.A., 1979. Thyroid morphology and
importance to predict elevation of the core body tem- activity does notrespond to ELF electromagnetic field exposures.

. . Experientia 35 (4), 561-562.
perature. Experimental studies suggest that core bodyl_ai‘ H.. Horita, A., Chou, C.K., Guy, A.W., 1987. Effects of low-

temperature rises significantly at W_hOIG body average |evel microwave irradiation on hippocampal and frontal cor-

SAR above 1-4 W/kgHlder and Cahill, 1984; Goldon tical choline uptake are classically conditionable. Pharmacol.

etal., 1986; IEEE, 1992 Biochem. Behav. 27, 635-639.

The current study has shown a lowering effect to L@ H. Carino, M.A., Horita, A., Guy, A.W., 1989. Low-level mi-

TSH and thvroid hormones. This result mav be possibl crowave irradiation and central cholinergic systems. Pharmacol.
yr nes. yDepossIbly  pjgchem. Behav. 33, 131-138.

the result Of_ t_|Ssue heating and may be generally similar 5j H., 1992. Research on the neurological effects of non-ionizin

to nonspecific stress responses induced by EMF expo-  gradiation at the University of Washington. Bioelectromagnetics

sure in rats. We have an idea how EMF may produce  13,513-526.

the effects we have found in our investigation as fol- Leszczynski, D., Joenvaara, S., Reivinen, J., Kuokka, R., 2002. Non-

. . . thermal activation of the sp27/p38MAPK stress pathway by mo-
lows: EMF exposure may influence the negatively the bile phone radiation in human endothelial cells: molecular mech-

io_din_e uptake in the thyroid gland, and_ may influence anism for cancer- and blood—brain barrier-related effects. Differ-
with increased temperature effect on pituitary gland. entiation 70, 120-129.

According to this study, frequency of 900 MHz EMF  Lotz, W.G., Michaelson, S.M., 1978. Temperature and corticosterone
produced by digital mobile radio-telephones decreases relationships in microwave-exposed rats. J. Appl. Physiol. 44,

; . 438-445.
TSH and therId hormones under the conditions used. Lotz, W.G., Podgorski, R.P., 1982. Temperature and adrenocortical

However, further investigations (for example, if a larger responses in rhesus monkeys exposed to microwaves. J. Appl.
number of animals are studied or if the duration of Physiol. 53, 1565-1571.

exposure was longer) are needed in order to clearly Lu. S.T., Lebda, N., Pettit, S., Michaelson, S.M., 1980. Delineating
show that the degree of TSH and thyroid hormones acute neuroendocrine responses in microwave-exposed rats. J.

. . Appl. Physiol. 48, 927-932.
suppression by EMF of high-frequency. Lu, S.T., Lebda, N., Pettit, S., Michaelson, S.M., 1981. Microwave-

induced temperature, corticosterone, and thyrotropin interrela-
tionships. J. Appl. Physiol. 50, 399-405.
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