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1. Introduction

The theoretical considerations and results of experi-
mental studies are indicative of the influence of vari-
able magnetic field on structural and functional prop-
erties of biological membranes [1-3}.

The aim of the study was (o analyse the effect of
extremely low-frequency (ELF) magnetic fields on some
physiological processes depending on the status of cel-
.- lular membranes in experimental animals. In the first
"~ experiment the changes of rheologic and diclectric
- properties of blood in animals exposed to variable
- magnetic field were investigated. In the second, the
influcnce of repeated exposurc to such ficlds on the
water—clectrolyte balance in laboratory animals was
. estimated.

2. Experimental details
E The first experiment was carried out on 30 male
_. Buinea pigs weighing 280-320 g. 15 animals comprised
~ - a group cxposed to the ficld, the other 15 animals
- mad-c up a control group, in which sham exposure was
Carried out. All animals were housed in a reverse 12
h-12 h light-dark cycle with free access to standard
laboratory food and water. A variable magnetic field
. (?“Cmngular shape of impulse; frequency, 10 Hz, induc-
“tion, 10 mT) was used. The whole body of each animal
was placed in a specially designed chamber inside an
- applicator and exposed to the field for 30 min daily for
1S consecutive days. After the end of the expcriment
the blfmd was collected from the right heart ventricle
-of animals in acther anacsthesia with the use of anti-
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coagulant. Immediately after blood collecting in the
samples of obtained® blood and scrum, mcasurcments
of haematocrit and rheologic cxamination were made
at a temperalure of 310 K. The cstimation ol the
viscosity of whole blood was made by mcans of a low
gradient viscosimeter (“low shcar™ 100 Contraves), at
shearing velocities D, = 0.116 s™' and D, =459 57"
The viscosity of serum was estimated using Ubbelohd’s
microviscosimeter. Hacmatocrit was determined with
the use of the microhaematocrit method. On the basis
of a regression apparcnt viscosily—hacmatocrit equa-
tion the apparent viscositics for hacmatocrit 41% were
estimated.

The other samples of blood were immediately placed
into a-specially designed measuring chamber. The val-
ues of impedance and phase shift angle were measured
by means of impedancemeters in the frequency range
from 100 to 10000 kHz {4]. ‘Fhe values of specific
clectrical conductivity y and relative permiltivity €
were caleulated on the basis ol obtained data with the
use of a specially developed computer program.

The second experiment was carricd out on 105 male
guinea pigs (220-250 g body weight). The animals were
divided into two groups exposed to magnetic fields of
different parameters (35 animals cach) and a control
group in which sham exposure was carricd out. All
animals were housed in optimal climate conditions
with free access to food and water. Guinea pigs of the
first group were exposed to a magnetic ficld of rectan-
gular impulse shape, lrequency 20 Hz and induction 8
mT, | h a day for 21 days. The animals of the second
group were cxposcd to a ficld of sinusoidal inwpulse
shape. frequency 40 Hz and induction 4.5 mT, 24 min a
day also over a period of 21 davs. Alter the end of the
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experiment all animals were exsanguinaled in ether
anacsthesia. In the obtained blood the morphology was
evaluated [5] and the levels of total protein, Na', K*,
Ca* and PO?~ wecrc estimated by mcans of an auto-
matic analyser [5-7]

The results of both experiments were treated statis-
tically using Students r test,

3. Results

| The mean values of whole blood and serum viscosi-
" fies as well as haematocrit with statistical evaluation
are presented in Table 1.

A significant increase of whole blood viscosily mea-
sured at shearing velocity D, was observed in cxposed
animals (np =359+ 10.1 mPa s, ,,, =89+ 1.2 mPa
s) as compared to the controls (-q,,l =225+ 8.6 mPa S,
“np,=7.6 % L.I mPa s). Significant differences between
the two groups were also obtained in serum viscosity. A
significant increase of serum viscosily (7, =1.14 +
0033 mPa s) and hacmatocrit (Ht = 43.6% + 1.4%)
were also obtained in animals exposcd to a magnetic
field, as compared to the controls (n, = 1.09 + 0.039
mPa s and Ht = 40.7% + 1.9% respectively).
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Fig. 1. Dispersion of specific electrical conductivity in blood samples
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Fip. 2. Dispersion of relative permittivity in blood samples with
parameters nearing the mean values in both groups of animals.

The dispersion of y and € valucs for blood sam-
ples, with paramcters nearing the mean valucs in both
groups, arc depicted in Fig. | and Fig. 2 respectively.

A distinct decreasc of y values was oblained in the
blood of cxposed animals at all frequencics, as com-
pared to he controls. At the same time a distinet
increase of €' values in the fregueney range from 100)
to 1000 kHz was observed, as comparcd to the controls.
No changes in relaxation frequency f, were noticed
between the two groups (Table 2). Mcan values of x
estimated at relaxation frequency f, in the blood of
exposed animals (0.5593 + 0.273 W~! m™') were sig-.
nificantly lower as compared 1o the controls (0.5821 +
0.0254 W' m™") (Table 2). Mcan valucs of € csli-
mated at relaxation frequency f, in the blood of irradi-
ated animals (2006 + 147) showed no statistically signif-
icant differences as compared to the controls (1909 +
132 (Tabic 2).

The mean values ol concentration of some biochem-
ical parameters of blood in both the exposed groups
and the control one are prescnted in Table 3, while the
meuan values of some morphological parameters of
blood in all groups of animals arc prescnted in Tablc 4.

The significant dccrcase of crythrocyte count,
hacmoglobin, calcium and protein concentration, and
also the increase of volume index (mean corpuscular
hemoglobin (MCH) and mcan corpuscular hemoglobin
concentration (MCHC)) were obscrved in both exposed
groups as comparcd to the control one. The obtained

Table 2

The mean values of specific cleetrical conductivity vy and relalive
permittivity € estimiited for relaxation trequeney £, and mean values
of this frequency in both groups of animals with statistical evaluation

Electrical Relative Relaxation
conductivity permittivity  frequency
xSD e +5D f, £SD
Ur-'mh (kilz)
Control group 0.5H21 4 0.0254 1909 + 132 13794 157
Exposed group  0.5593+0.0273 * 20064 147 P3s1 4164

* p <08,
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Polassium tmmol 17 5.80 5.90 6.05
Catcium (mmol 171) 271 240 * 235
phosphates (mmol 17 ") 2.34 2.54 2.28

#Gatistical sigmificance p < 0.05.

Tahle 4 i )
The values of some morphological parameters of blood in both the

exposed groups and the control one

Control Exposed Exposed

group group | group |1
Haematocrit {77) 40,2 50 % 174"
{laemoglobin (mmol | " K43 7957 1847
Erythroeytes (1171) 4.49 am 4.18*
Mcv * (M) 89.2 89.5 89.6
MCH (fmol) 1.87 1.93* 1.R8
MCTHIC (amol 171 209 26 210

* gratistical significance p <(0.05.
2 MCV, mean corpuscular volumen.

results seem to be indicative of the formation of hypo-
tonic hyperhydration and hypocalcacmia, as a result of
exposure of guinea pigs to variable magnetic field.

4. Discussion

The results of the first experiment prove a distinct
- effect of variable magnetic field on rheologic proper-
.- ties of blood in experimental animals. The increase of
~ viscosity of the blood might be related to structural
" (modification of the liquid crystalline structure of
 membranes) and Tunctional (changes in enzymatic ac-
tivity of thc membranc ion pumps) changes of cell
~membranes resulting in a decrease of aggregation of
erythroeytes [1.3.8] and dislocation of body fluids (ead-
ing to the increase of hacmatocerit) £2,3,9). The increase
pf serum viscosity might be attributed to changes in the
proportions of lipid and protein fractions of scrum
[2,39-11). The other mechanism of this action of a
magnetic field is probably related to the incrcase of
mtrisic friction in the clectrolytic and colloidal struc-
tures of the organism as a result of ivn dislocation (3,9].

'_l'hc obtained data confirm also a distinct effect of
variable magnetic field on the dielectric properties of
blood in experimental animals. Since the observed
Cha}'\ges in y and € occurred in the B dispersion
region, they might therelore be attributed to the charg-
Ing of cell membranes in crythrocytes and affecting
Serum colloids [12,13]. The mechanisms of the ob-
-Served effect are probably also related to the influence

of the magnetic tickd on jon permeability and the
capacitive reactance of the membrine duc to changes
of its lipid, liquid crystalline structure and cazymatic
activity of ion pumps dependent on adenosine triphos-
phate (ATP-ase). The other mechanisms might be at-
tributed to the changes of ion concentration on both
sides of the cell membranc as a result of the Lorentz
force (Hall effect) and producing electric tension in
colloidal structures of the organism under the influ-
ence of a magnetic ficld [1-3].

Some of the above-mentioncd mechanisms, espe-
cially related to the structural and functional changes
of biological membranes and changes of serum protein
fractions. might also explain the results of the second
experiment. The changes of the liguid crystaifine struc-
ture of the ccllular membrancs and inhibition of
Na*/K* ATP-asc result in changes ol ion permeabil-
ity and disturbances of body Huids volume §1.3,14,15].
T'he characterization of these changes is probably re-
lated to the parameters of the ficld and this might
explain the different tendency in changes of hacmat-
ocrit in the two experiments.

The modification of calcium canals of membranes
under the influence of a magnectic ficld leads to pene-
tration of calcium ions inwards on the cells resulting in
hypocalcaemia which was observed in the experiment
[3,14,16,17].

5. Conclusions

(1) The ELF variablc magnelic ficld causes in cxperi-
mental animals a modification of rheologic and
dicleetric properties of blood in the form of in-
creases of serum and blood viscosily, a decrease of
specific clectrical conductivity and an incrcase of
refative permittivity of the blood.

(2) ‘The repeated exposure of experimental animals to
ELF variable magnetic ficld results in disturbances
of the water—clectrolyte balance in the form of
hyperhydration and hypocaleacmi,

(3) The results of the study might confirm indirectly
the incidence of ccllular membranc changes in the
mechanism of the biological effect of ELF variable
magnelic ficlds.
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