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The aim of this study was to estimate the influence on ultrastructure and function of endocrine
and excretoric part of pancreas in rats of extremely low frequency alternating magnetic fields
with parameters used in therapy in humans. The animals from the two experimental groups were
exposed to a rectangular magnetic field waveform at a frequency of 10 Hz and induction of 1.8-3.8
mT—(group P) or a sinusoidal magnetic field at a frequency of 40 Hz and induction of 1.3-2.7
mT—(group S), respectively. The control rats were subjected to sham exposure. The cycle of 1, 3,
6, 9, and 14 daily exposure sessions lasting 30 min was made in all groups. Some of rats after
finishing the cycle of 14 exposures were left in the same conditions except for the magnetic field for
3 or 10 days. In both groups of rats exposed to magnetic field, a distinct tendency to decrease
glucose concentration, compared to control group, was observed during the exposure cycle. Serum
glucose became normal after the end of exposure sessions. The concentrations of insulin in both
groups of rats exposed to magnetic field were significantly higher, compared to the controls, during
the exposure cycle. After the end of exposure cycle the concentration of insulin in group S became
normal. In contrast, in group P the concentration of insulin decreased significantly on the last day of
exposure, with a subsequent increase in the following days. The activity of a-amylase and lipase in
the serum of experimental and control rats was not affected. In both groups of exposed rats,
reversible changes of ultrastructure of the pancreatic islets, including expansion of the Golgi
apparatus, extension of rough endoplasmatic reticulum, mitochondrial swelling, expansion of
B-granules and increase in number of empty vesicles in P cells, occurred during the exposure. In
acinar cells of exposed animals, a slight extension of rough endoplasmatic reticulum and mito-
chondrial swelling as transitory changes were observed. The structural and functional changes in
pancreas are probably adaptative ones. Bioelectromagnetics 23:49-58, 2002.  © 2002 Wiley-Liss, Inc.
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iIN 'RODUCTION

Increasing application of extremely low frequ-
en v alternating magnetic fields (ELF-MF) in medi-
cin ¢ still requires fundamental research investigating
the influence of these fields on the cells, tissues and
orcuns. Changes of concentration of transmitters
of autonomous nervous system, activity stimulation
of numerous enzymes and hormones, stimulation of
ox Jation-reduction processes and cellular synthesis
suygest a possibility that these fields influence
carhohydrate metabolism as well as endocrine and
exocrine function of the pancreas [Levy, 1993; Sieron
et 1., 2000; Tenforde, 1991].

Data are scarce on the influence of ELF
alt rnating magnetic fields on pancreas activity and
stricture. Results of research evaluating influence of
suctr fields on levels of particular parameters char-
act :nising endocrine and exocrine secretory function of
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pancreas are not coherent, and it is often difficult to
compare the different research methods.

Long term exposure to an alternating magnetic
field at frequency 10 Hz, induction 8 mT [Cie§lar et al.,
1995b] and frequency 50 Hz, induction 20-50 mT
[Hefco et al, 1969] led to a decrease in glucose
concentration in the serum of experimental animals.
A hypoglycemic effect of ELF magnetic field has been
confirmed by clinical studies on healthy volunteers and
diabetics subjected to a sinusoidal field at a frequency
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of 50 Hz and induction of 3.4 mT [Cassiano et al.,
1967]. In other studies, no significant influence was
seen on msulin and glucose concentration in serum
of experimental animals and healthy volunteers after
exposure to an alternating magnetic field at a frequ-
ency of 50 Hz and induction of 5-20 mT [Baroncelli
et al., 1985]. There are also reports that point to 50 Hz
alternating magnetic field activation of glycogenolysis
in liver [Tomaszewska and Dumanski, 1981]. Tempar-
ary suppression of insulin secretion from B cells of
pancreatic islets with secondary increase in glucose
concentration was observed in serum of animals
exposed to 13.3 Hz alternating magnetic field of
2.7 mT induction [Gorczyhska and Wegrzynowicz,
1991] and 5 Hz magnetic field of 1 mT induction
[Jolley et al., 1983].

ELF-MF show high efficacy in the treatment of
late organ complications in diabetes, such as diabetic
retinopathy [Danilowa and Pieleszczuk, 1986; Sierof
et al., 2000] and also peripheral polyneuropathy
and diabetic angiopathy [Cie§lar et al., 1995a; Sieron
et al., 2000; Kiritow et al., 1996; Sadurska et al., 1992]
Single observations point to the possibility to applying
magnetotherapy to treat chronic pancreatitis [Fiedorow
et al., 1990]. The majority of patients treated with
magnetic field showed improvement of their clinical
state, expressed as disappearance of pains and
disturbances of intestinal motor activity and normal-
isation of laboratory markers of illness (blood
amylase and trypsin activity). In spite of the fact
that the results of experimental research do not
enable conclusive evaluation of the influence of ELF
magnetic fields on carbohydrate metabolism, some
authors treat juvenile diabetes as a contraindication to
application of magnetic fields [Griinner, 1987].

The aim of this work was to evaluate the
influence of long term exposure to ELF alternating
magnetic fields with parameters used for human
therapy on the endocrine and exocrine secretory
function of pancreas and the ultrastructure of the
pancreas in experimental animals.

TABLE 1. Structure of Animal Groups

MATERIALS AND METHODS

The research material consisted of 105 mu-c 1ats
of the Wistar strain aged 16 weeks (mean body v cieht
284.4 £12.6 g). During the experiment, rats wei - lept
in optimal environmental conditions, a constant crap-
erature of 21-22°C and constant humidity The
lighting was turned off or on under a 12 h cycl . The
rats were fed with standard granulated food of
Murigran type (Motycz, Poland) in accordanc. v ith
typical dietetic standards and had free access to vaier.

The animals were randomly divided into ihree
equal groups of 35 rats each; the groups hid no
significant differences in body weight. The struct:ire of
the animal groups is presented in Table 1. Rats n the
two experimental groups P and S were expos:d to
alternating magnetic fields generated in the cyhin hrcal
applicator of an Ambit 2000 apparatus for n 1ene-
totherapy (Ambit, Poland). Group P (mean b dy
weight 281.6 4+ 11.3 g) was exposed to a recta: gular
waveform magnetic field at a frequency of 10 H- :nd
induction in the range from 1.8 to 3.8 mT, depc wimg
on location of measurement points inside of appli -u:or.
Group S (mean body weight 28544129 ¢ 'vas
exposed to sinusoidal magnetic field at a frequei ¢ of
40 Hz and induction in the range from 1.3 to 2.7 mT,
depending on location of measurement points insidc of
applicator. The last group, K (mean body wecight
286.2+13.1 g) was the control group, subjecizd to
sham exposure, during which the applicator remiined
unconnected and, therefore, generated no ma: nctic
field. The whole body of each animals was exnosed
for 30 min a day, always at the same hour in the
morning.

The animals from groups P, S, and K were
divided into seven subgroups, each consisting ¢ five
rats, with different exposure times. Rats in part.cular
subgroups were subjected to the cycle of 1, 3, 6, ¢ . :nd
14 daily exposure sessions, respectively. Rats i1 ‘he
two remaining subgroups completed a cycle « 14
daily exposure sessions and were then kept in <ame

Group Parameters of magnetic field Number of exposures Number of days of r ‘ceer

P Rectangular shape 1 3 6 9 14 3 It

N=35 f=10Hz n=>5 n=>5 n=5 n=5 n=>5 n=>5 T
I=1.8-3.8 mT '

S Sinus-shape 1 3 6 9 14 3 Hr

N=35 f=40 Hz n=35 n=35 n=5 n=5 n=>5 n=>5 I
1=13-27mT '

K Sham-exposure 1 3 6 9 14 3 e

N=35 n=>5 n=>5 n=3§ n=>5 n=35 n=35 U

N-number of animals in experimental groups P and S and in the control group K; n-number of animals in particular subgroups.






























