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ABSTRACT

The influence of information load on ethanol and water intake of altered
magnetic background was studied in initially ethanol-aversive Wistar rats. A
paradigm of free choice between 10% of ethanol solution and water was
applied. Daily exposure to weak disturbances of ambient magnetic field (MF,
up to 210 pT) caused by various ferromagnetic objects under conditions of
free behavior (zero level of information load) did not alter rats’ ethanol/water
intake over 2 months. Cognitive activity on the background of natural MF (38
uT) caused an increase of ethanol intake in 34.8% of rats, which were mainly
poor learners. This activity on the background of altered MF (up to 280 pT)
modulated by magnets provoked an increase of stable ethanol addiction in all
rats, independent of individual peculiarities and learning success. A possible
role of the endogenous opioid system in mediating MF-induced development
of alcohol addiction is discussed.
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INTRODUCTION

In spite of a long history of medicobiological research on neurobiological me-
chanisms of alcoholism, many questions remain open. It is common knowledge that
alcoholism is a complex psychiatric disorder that is defined by certain criteria, including
physical dependence, tolerance, and compulsive use of alcohol and its craving. It has long
been known that genetic predisposition to alcoholism exists and numerous factors are
involved in its development and symptomatic manifestation.'"! Clinical and laboratory
studies have ascertained various psychological and neurobiological determinants of this
disorder,””~*! yet the underlying mechanisms are poorly understood.

Nowadays, practically all neurotransmitter systems are shown to be involved in the
numerous manifestations of this disorder. Three principal pathways are arguably related
to mechanisms of alcoholism: the ~-aminobutyric acid (GABA)/glutamatergic, the sero-
tonergic, and the opioid/dopaminergic systems.”>! The role of GABAergic mechanisms is
supported by a number of ethanol drinking, withdrawal, and behavioral studies.'® Tt is
believed that ethanol might have some mechanisms of action common with GABAergic
barbiturates and benzodiazepines.!”"® The neurochemical basis of alcohol withdrawal has
been consistently characterized as an increase in neuronal excitability associated with
reduced inhibition via the GABA—benzodiazepine receptor system, changes of voltage-
gated Ca®* channels, and increased excitation via excitatory glutamate receptors.”®! It is
now well accepted that widespread excitatory N-methyl-p-aspartate (NMDA) receptors
are cell membrane targets for ethanol that acutely inhibit NMDA receptor function.!'?~!?!
Neuronal hyperexcitability due to the combined effect of increased excitatory and
decreased inhibitory neurotransmission is suggested as a common mechanism underlying
some anxiety disorders and alcohol withdrawal.!'*'* Serotonergic system down regu-
lation has been suggested as underlying obsessive craving for alcohol and high rates of
ethanol consumption, as reduced brain serotonin function has been revealed in alcohol-
preferring animals, in human alcoholics, and in humans who were at risk or have
exhibited alcohol misuse.”**! It is suggested that the effect of selective 5-hydroxytrypt-
amine (5-HT) reuptake inhibitors on alcohol intake is mediated through counteracting
dopamine (DA) and/or serotonin deficiencies caused by alcohol intoxication."">'%! It has
also been suggested that serotonergic agents’ effect is indirect and mediated by their
mood-regulating (antidepressant) properties.!*! The involvement of serotonergic mecha-
nisms in cognitive and learning processes supports a general role for this system in the
regulation of motivated responses, rather than a specific role in the modulation of the
reinforcing properties of alcohol.

The opioid/dopaminergic system is considered to play the most important role in
the development of alcoholism, as a system dealing with reinforcing, stimulating, and
enhancing effects of drugs of abuse, including ethanol.'”~'"! The *‘opioid-deficiency
hypothesis””,*”! suggesting that individuals predisposed to alcoholism have a deficiency
in the basal level of activity of the endogenous opioid system, has been demonstrated in
humans and experimental animals.’*'! There are data on the direct effects of ethanol on
binding properties of opioid receptors, as well as on its modulation of opioid peptide
synthesis and secretion.”**! Opioid antagonists are widely used in the clinic for treatment
of various addictive disorders. Furthermore, the mesocorticolimbic opioid/dopaminergic
system seems to have an important role in regulating emotional and motivational
states.'®!”! The “‘tension-reduction’” hypothesis of alcoholism, presuming that alcohol
reduces stress, predicts increased ethanol consumption under stressful conditions.'**! A
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positive correlation has been found between the basal level of anxiety and voluntary
alcohol drinking in rats.!**!

Thus, a three-pathway psychobiological model of craving for alcohol™ was an
attempt to relate certain dysregulations in neural circuitries or neurotransmitter systems
with a different type of craving. The opioid/dopaminergic system is proposed to play a
role in the rewarding effects of alcohol and, possibly, appetite states of craving. The
GABAergic/glutamatergic system is likely to be involved in neuronal hyperexcitability
underlying physiological and emotional arousal and, possibly, conditioned withdrawal or
other anxious states. Finally, the role of the serotonergic system in craving may operate
through the regulation of impulse-control mechanisms.

In magnetobiology—a parallel field of research, there is accumulating experimental
evidence that the central nervous system (CNS) is extremely sensitive to magnetic
factors. It has been shown that various magnetic (MF) and electromagnetic (EMF) fields
alter many behavioral and physiological functions, including motor activity, motivation,
emotional component, memory consolidation, and learning.'*>~?*! The possible role of
the endogenous opioid system in mediating some MF effects is widely discussed in the
literature.””*=**! The question comes up naturally: does the magnetic factor affect opioid
reward mechanisms? The lack of data about MF or EMF influence on the development of
drug addiction has given impetus to the present study.

Earlier, we reported that weak disturbances of natural MF (up to 300 uT) affected
rat learning and habitual performance.®* It was shown that rats failed to form goal-
directed operant behavior by themselves due to MF-induced suppression of exploratory
activity. Additional stimulation made learning possible, but the habitual performance was
unstable and accompanied by numerous stress reactions. The behavioral model of
complex learning used in this study presumes a high level of cognitive activity and
psychoemotional stress. According to clinical data, those two factors often play a causal
role in the development of alcohol addiction in humans.>'3~'52* It was previously
found that only 40% of Wistar rats succeeded in problem solving in a maze. The devel-
opment of ethanol preference did not depend on the results of learning, but was usually
observed in rats with unstable psychophysiological status, inclined to displaying active
stress and neurotic-like reactions during learning.!*”!

MATERIALS AND METHODS
Animals and Housing Conditions
Male Wistar rats (breeding company ‘‘Stolbovaya,”” Moscow area), weighing 250—
300 g at the beginning of the experiment, were housed in groups of 10 on a 12-hr light/
dark cycle (lights on at 8:00 a.m.). The temperature was controlled between 21°C and
23°C. Standard food and tap water were available ad libitum.
Behavioral Situations and Learning Procedure
Animal behavior was studied in two experimental situations: free behavior in

groups of 10 in a “‘living room’’ (variant of open field), and solving of a problem food-
getting task individually in a complex maze. The ‘‘living room’ was a part of the
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laboratory’s interior (300x 160x 120 cm), which consisted of tables, chairs, bookshelves,
boxes, sink, etc., located so that rats could move easily. This experimental situation was
considered as an analog of a zero level of intellectual activity. The learning procedure
was conducted in another room, where an experimental Plexiglas © box (90x70x40cm)
was placed on a wooden platform (90x70x40cm). The experimental room was evenly
darkened and lacked any visual or sound references. The experimental box and learning
procedure have been described earlier in detail.**! The box consisted of two areas with
different information content: a free area, unconnected with food reinforcements, and a
maze in which an animal may receive food, given certain rules of behavior. A one-way
entry into the maze was located in the center of the free area; two one-way exits from the
maze were located symmetrically to the entry. An animal was required to form a cyclic
four-link habit by itself without any kind of conditioned stimuli. It had to enter the maze
(1st link), and locate and get a piece of food from one or two supported feeders out of
four in the maze (2nd and 3rd links). The other two feeders never contained food (false).
In order to obtain more food, the animal was required to leave the maze (4th link) and
reenter it again (1st link). The latter requirement was of the most cognitive difficulty,
since no external stimuli pointed out the necessity to leave the food area (maze) to the
area free of food in order to get more food. This experimental situation was considered a
high level of information load.

All groups of animals were exposed to the living room daily for 3 hr between
10:00 a.m. and 1:00 p.m. The rats from the learning groups were removed from the
living room individually and in random order, transferred to the second room and placed
into the maze. Each learning session lasted for 13 min. After a learning session, a rat was
placed in a feeding cage for 45 min and then transferred back to the living room. After
all rats underwent this procedure, they were placed in the home cage and transferred to
the vivarium. There was no food available before the next learning session. The rats from
the living room group were not food-deprived during the experiment. The experimenter
recording the animal behavior had a permanent location in both experimental situations
and did not influence the animals’ activities. Rat behavior in the living room was re-
corded for 15 min.

The following series of experiments were carried out. In Condition 1 (n=50), rats
were exposed to the living room (zero level of information load) for 3 hr daily for 2
months. Two other groups of rats were exposed to both the living room and the problem-
solving situations for 30 days. In Condition 2 (n=150), MF background in the learning
situation was uniform and close to natural MF. In Condition 3 (n =50), MF background
in the learning situation was heightened and inhomogeneous. Magnets were removed
after 12—15 learning sessions.

MF Background in the Experimental Situations

The MF background in the vivarium varied from 16 to 118 pT due to surrounding
ferromagnetic construction members and grid cage covers. The MF background in the
living room (Condition 1) was comparable to that in the vivarium, and its magnitude
varied from 9 to 210 pT, again due to various ferromagnetic objects, which were present
in abundance. The MF background in the maze (Condition 2) was a nearly uniform
38.6+2.4 uT, as the maze was located 1 m distant from any laboratory equipment or
other ferromagnetic objects. In Condition 3, three magnets placed 5 cm beneath the maze



ALTERED NATURAL MF AND ALCOHOL ADDICTION 5

caused MF perturbation of from 55 to 280 pT. A TM75-41 magnetometer (IZMIRAN)
was used for measurements. A more detailed description of the MF parameters in the
experimental environment was given in our previous paper.”*

Ethanol Self-Administration Procedure

The rats were tested for ethanol preference before learning started (test ‘‘Before’”),
during the task acquisition period (test ‘‘Learn 1,”” 6th—11th sessions), after restoration
of the natural MF background in the maze (test ‘‘Learn 2, 16th—21st sessions), 2 weeks
later (test ‘‘After 1°), and 4 weeks (test ‘‘After 2°”) after learning was finished. During
the ethanol preference test, animals were housed in individual cages (30x30x30 cm) in
the living room. Each test lasted for 5 days; the interval between tests was 7—10 days.
Rats were offered a bottle filled with 10% ethanol solution (prepared from absolute
ethanol with tap water). Ethanol was presented as a free choice with tap water and was
available for 21 hr per day. The position of ethanol and water bottles was alternated.
Consumption was measured daily at 10 a.m.

Data Analysis

Clear visible and/or audible reactions were chosen for analysis.'**) Compartments
of the experimental environment and animal behaviors were assigned their own symbols,
which allowed each behavioral session to be recorded as a text. The animal trajectory,
number of different reactions, and contacts between animals were recorded. Rat behavior
during learning was classified as unconditioned and conditioned. Unconditioned behav-
iors were not related directly to the task performance. They included various inborn
reactions, like grooming, rearing, tics, jumps, manges, freezing, etc.

The following conditioned behavioral parameters were used: 1) number of trials
(N1); 2) rate of unconditioned reactions in all actions per sessions (Pyc); 3) level of
locomotor activity—number of maze compartments traveled per sessions (LA); 4)
number of pieces of food taken (Ng) per session; and 5) probability of mistake—number
rechecking of empty feeders after food taking per trial ( Py = Ny/Ny).

According to results of the drinking test, rats were classified as ethanol aversive
(Wav)—ratio of consumed 10% ethanol solution was less then 0.1 in a daily total liquid
volume; ethanol preferring (Wpgr)—ratio of consumed 10% ethanol solution was more
then 0.5 of total fluid intake; and ethanol consuming but non-preferring (Wypr)—ratio of
consumed 10% ethanol solution was in between 0.1 and 0.5 in daily total liquid volume.

The authors’ computer program ‘‘Labyrinth’’ (K. Nikolskaya and A. Osipov) was
used for real time recording of the behavioral data and its primary analysis. Liquid intake
data and behavioral parameters were statistically analyzed using Kolmogorov—Smirnov
and Student’s tests, Wilcoxon’s matched-pairs test, and analysis of variance (ANOVA).

RESULTS
Learning on the Natural MF Background (Condition 2)

Forty percent of rats were able to solve the food-getting problem and to form a
four-link cyclic habit within 9.3 £2.7 sessions. The habitual performance in these rats
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was characterized by 28.6 £8.4 cycles per session, a high speed of locomotion
(Vpa=0.76 £0.03 zones/sec), and a minimal rate of unconditioned reactions (Pyc=
.24 £ .05). Detailed analysis of conditioned parameters of rat behavior and unconditioned
reactions accompanying learning has revealed that the speed of learning correlates well
with the level of fear and with anxiety and the level of locomotor activity (Tables 1 and 2).
According to the above-noted behavioral parameters, rats were subdivided into two
groups (learning Types I and II). The Type I rats displayed a low level of fear and anxiety
and a high locomotor activity in the first session. They learned quickly the location of
feeding points ( Pr¢, Pen_F1—p2; Table 1), but extinction of mistakes was very slow (Vy;
Table 1). The much slower speed of learning in Type II rats was due to a high level of
fear and anxiety and low locomotor activity in a novel environment. The quick inhibi-
tion of mistakes (Vyy; Table 1), high efficiency of learning, and high stability of habit
were specific features of learning Type II. Thus, the quicker the learning, the less efficient
it was, and the lower the level of habit organization (Table 1).

Sixty percent of rats (learning Type III) failed to solve the problem task and did not
form the four-link food-getting cyclic habit within 28—30 sessions. Basically, these rats
formed two- or three-link habit (entering the maze and getting food from one or two
feeders) and performed 2.7+1.3 trials per session at most. These rats displayed the highest
level of fear and anxiety and the lowest level of locomotor activity in the first learning
sessions (Tables 1 and 2).

Learning on the Altered MF Background (Condition 3)

All rats tested failed problem solving and were not able to form the food-getting
habit by themselves. The failure of learning was due to a deep and prolonged locomotor
depression, which developed very quickly after well-expressed orienting to novelty, and
lasted up to the end of the learning session. The same behavioral scenario was observed
in the following four sessions. Orienting activity was not spontaneously followed by
exploratory behavior. Learning was possible only after additional external stimulation
(pushing an animal into the maze by hand at the beginning of the 6th session). This
procedure resulted in the elimination of locomotor depression, and 50% rats formed the
four-link food-getting cyclic habit within 5.8 £2.2 sessions. There were no clearly
detectable learning types (I or II). This group of rats displayed a nonstandard combination
of low level of fear and anxiety and low locomotor activity, but the speed and efficiency
of learning were higher than in Condition 2 (Tables 1 and 2). Habit was unstable in all
rats after learning was finished. The remaining 50% of rats resembled learning Type III,
as they formed two- or three-link habits only (entering the maze and getting food from
one or two feeders), and performed 3.4 + 0.8 cycles per session. Despite displaying lower
levels of fear and anxiety, and higher locomotor activity in comparison to learning
Type III rats in Condition 2 (Tables 1 and 2), it was not sufficient to complete the
learning task successfully.

Rat Behavior in the Living Room (Condition 1)

The observation of rat behavior in groups of 10 showed that all animals were
completely habituated to the condition of the living room after 2 weeks of daily 3-hr
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exposure. The percent of the territory explored and preferable location differed in each
individual rat and correlated with learning type. Thirty percent of rats (learning Type 1I)
remained distant from the others, and occupied ‘‘privileged’’ places in the environment,
from which they could follow the behavior of other rats. Most of the time they spent lying
in a preferred location, and had extremely low locomotor activity (Table 2). Other rats
displayed typical poses of subordination when colliding with them. Furthermore, these
rats maintained the territorial integrity of the group, physically restraining other rats from
going out of the controlled area. According to the zoo-social criteria,*®! we ranked these
animals as dominant. Ten percent of rats (subdominants; learning Type I) showed the
highest locomotor and exploratory activity, which was maintained continuously during 3
hr of observation period (Table 2). The remaining 60% of rats were defined as
subordinates, as they expressed the highest level of fear and anxiety (Table 2), and were
the least active; they preferably stayed within group in the home cage or inside the hole-
like boxes on the lowest level of the Condition 1 area. They always displayed typical
poses of subordination under collision with other rats of the experimental group (learning
Type III).

Comparative analysis of rat behavior in two experimental situations revealed
interesting relationships between rat behavior within the groups of 10 in Condition 1
and individual behavioral in the maze (Condition 2). A positive correlation of behavioral
phenotype in the Living room and in the maze was observed in subdominants and
subordinates. The character of behavior did not depend on the level of environmental
complexity or duration of experiment (Table 2). More complicated relationships were
observed in the dominants. Relatively high locomotor activity during the orientation
period in the Living room combined with extremely low activity in the maze in the first
learning sessions. In the later stages of the experiment, the correlation transformed to the
opposite. Locomotor activity was significantly decreased in Condition 1 due to habitu-
ation, while it was dramatically increased in the maze after task learning was completed,
and it was maintained at a high level in the stage of habit (Table 2).

Rat behavior in the Living room under the heightened MF background (Condition
3) differed significantly from that in Conditions 1 and 2, both in the Living room and in
the maze. The specific features of rat behavior were the following: 1) the dominant—
subordinate hierarchy could not be detected as all rats behaved independently from any
other; 2) the territorial integrity of the group was not maintained within the Living room
borders; after 10—12 sessions, most of rats were acclimated to the whole experimental
space, and were continuously moving around like subdominants in Conditions 1 and 2.
The accustomed space for some individuals expanded down to the laboratory’s floor; 3)
rats did not display any signs of fear, readily exploring all kinds of novelty introduced
into the Living room and easily interacted with the experimenter. The latter was not
typical for well-handled rats in Conditions 1 and 2. Those rats remain distant from the
experimenter for the whole observation period. It is important to note that an active form
of behavior in the Living room was observed both before the learning session in the maze
as well as immediately afterward and the rat’s activity did not depend on the level of food
deprivation (Table 2).

The behavioral correlations in the two experimental situations were different: the
increased locomotor and exploratory activity and low level of fear and anxiety in the
Living room (simple environment) contrasted with the deep and prolonged locomotor
depression in the maze (complex environment).
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Table 3. Statistic Parameters of Liquid Intake in the Condition 1 (Living Room)

Ethanol (mL/day) Water (mL/day)

Test 1 Test 2 Test 3 Test 4 Test 1 Test 2 Test 3 Test 4

Mean 1.93 3.54 3.88 4.37 31.75 29.67 38.25 40.14
Standard 0.14 0.26 0.27 0.27 1.11 1.04 1.30 1.33
error
Mode 0.67 0.72 0.73 0.58 26.60 26.30 27.50 25.00
Range 21 24 22 23 145 100 150 102
Number 298 304 288 314 298 304 288 314
of events

Ethanol and Water Intake

After a 2-week acclimation period, all rats were tested for ethanol preference.
Earlier, it was shown that the population of Wistar rats (N=170) was inhomogeneous
for ethanol consumption criteria.!*>! Fifty-one percent of rats could be defined as
ethanol aversive (Pg<.l) as the average volume of 10% ethanol solution consumed
was 1.85+0.11 mL/day or 0.6 +0.03 g/kg/day (mean+ SE). Twenty-four percent of
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Figure 1. Ten percent (v/v) ethanol and water intake distribution in two-bottle, free-choice para-
digm. (I) Free behavior of rats in the Living room (Condition 1) as an analog of a zero level of
intellectual activity on the background of weak magnetic disturbance induced by different ferro-
magnetic objects, which were present in abundance (up to 210 pT). (II) Learning of rats in a maze on
the background natural MF (Condition 2). (IIT) Learning on the altered natural MF modulated by three
loudspeaker magnets placed 5 cm beneath the maze (Condtion 3). (a) Distribution of ethanol intake is
indicated in g/kg/day (first number) and mL/day (second number); (b) distribution of water intake.
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rats consumed 7.8+0.18 mL/day (4.1 £0.3 g/kg/day), and according to given criteria
were defined as consuming but non-preferring (0.1 < Pg<.5). The final 25% of rats
clearly displayed ethanol preference, as the average volume of 10% ethanol solution
consumed was 17.6 +0.53 mL/day or 7.9 +0.53 g/kg/day (Pg > .5). Only the ethanol-
aversive rats were taken for the experiment, and were randomly divided into three
experimental groups.

Ethanol and Water Intake in the Experimental Conditions

Ninety percent of rats in Condition 1 consumed 0.67 +0.14 (mode + SE) mL/day of
10% ethanol solution and 26.6 + 1.1 mL/day of water (Table 3). The higher volumes of
ethanol intake (more than 15 mL/day) were observed in some individuals with extremely
low probability P =.06 (Figure 1-Ia). It caused the slightly higher group’s mean values of
ethanol intake (Figure 2a). The analysis of water intake after Test 1 revealed three areas
with heightened density of the values: low (10-30 mL/day), average (30—60 mL/day),
and high (more than 60mL/day) volumes of water intake with probabilities of .73, .33,
and .03, respectively (Figures 1-Ib and 2b). The frequency of cases of high ethanol
consumption grew gradually during two months of daily exposure to the living room,
although it did not exceed P <.23. The cases of extremely high ethanol intake (up to 18—
25 mL/day), which were episodically observed in some individuals, caused the shift of
the group’s mean to larger values in Test 2 (Table 3; Figure 2a). It should be emphasized
that water intake was increasing in parallel with ethanol, but the shift to larger values
was observed later in Test 3 (Figure 2a). At the same time, the modal values in the
repeated tests (the most typical values for the group) did not change significantly for
either ethanol or water intake by comparison with Test 1 (Figure 2).

Despite the discovered changes in liquid intake, 82.6% of rats in the Condition 1
remained ethanol aversive after Test 4, as the increase in ethanol consumption was in
parallel with the increase of water intake (Figure 3a).

a b (4
Ethanol, ml/day Water,ml/day Ethanol,ml/day Water,ml/day Ethanol,ml/day Water,ml/day
18 - 6 18 60 18 60
—&—E-Mo —o—E-Mean |
161 --®--W-Mo --9©--W-Mean; 16 1 — 16

T 50

T+ 50

T 40

T30

T 20

test 1 test 2

test 3 test 4

T T T
Beforc lcamn1 Leamn2  After

Beforc Lean 1 Learn 2 After 1 After 2

150
+ 40

+ 30

Figure 2. The mean (M) and mode (M,) values of ethanol (E) and water (W) consumption in
Wistar rats in different experimental situations. (a) Condition 1, (b) Condition 2, (¢) Condition 3.
Before, Learn 1, Learn 2, After 1 and After 2, see text. Data are presented as means and modes + SE.
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The character of liquid intake in Condition 2 (learning on the natural MF) was
similar to that observed in Condition 1 (Table 4; Figures 1-II and 2b). The main difference
consisted of continuous increase of mean values for both ethanol and water intake in
repeated tests. Analysis of modal values showed that most of the rats did not change their
ethanol intake, although the learning situation correlated with a significant increase in
water intake. As is shown in Figure 1-IIb, the probability of average-drinking events (30—
60 mL/day) doubled from P =.2 in test ‘‘Before’’ to P=.43 in test ‘‘After.”” Conse-
quently, the distribution of water consumption changed (Figure 1-1Ib). According to
ethanol preference criteria, 34.8% of initially ethanol-aversive rats transformed into
ethanol-consuming animals, 4.8% of which became ethanol preferring (Figure 3b).

% of rats a
0 20 40 60 80 100
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Learn 1

Learn 2

After

0 20 40 60 80 100
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Learn T

Learn 2

After 1
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Figure 3. Ratio of ethanol-aversive (horizontal line), consuming but non-preferring (oblique
stroke), and ethanol-preferring (black bar) rats in different experimental conditions. (a, b, ¢)
Designations as in Figure 2; for the rest, see text.
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Table 4. Statistical Parameters of Liquid Intake in Condition 2 (Natural MF)*

Ethanol (mL/day) Water (mL/day)

Before Learn 1 Learn2  After Before Learn 1 Learn 2 After

Mean 1.9 3.8 5.0 6.6 31.75 29.31 34.53 43.00
Standard 0.1 0.3 0.4 0.4 1.03 0.98 1.12 1.09
error
Mode 0.72 0.67 1.16 0.86 26.60 25.30 27.20 34.2-66.1
Range 21 18 27 33 145 100 150 150
Number 321 302 296 300 321 302 296 300
of events

*Before = before learning; Learn 1= 1st—13th sessions; Learn 2= 14th—25th sessions; After =
intake testing in 15 days after finishing of learning.

The most dramatic change in the dynamic of liquid intake was observed in
Condition 3 (learning on altered natural MF). The character of both ethanol and water
intake differed from Conditions 1 and 2 (Figures 1-IIla,b and 2c). Interestingly, the mean
and modal values did not differ much, which pointed out the similarity of changes in all
animals of this group. The opposite-directional dynamic of liquid intake was observed in
MF-exposed rats during learning: continuous increase of ethanol intake and decrease of
water intake. A shift to increased ethanol intake was observed after only six learning
sessions: 25.8% of rats became ethanol consuming and 5.2% ethanol preferring
(Figure 3c; test ‘‘Learn 1°”). More significant changes were observed after the magnets
were removed in the 12th session, and the natural MF background in the maze was
restored (Figure 3c; test “‘Learn 2°’). It is important to note that these tendencies in liquid
intake remained the same even after exposure to intellectual activity was finished
(Figure 2c). The analysis of distribution of rats by water consumption criteria revealed
that all rats took a lower volume of water (Figure 1-IIIb). The average daily volume of
water intake did not exceed 13.9 mL by the end of the experiment (Table 5). According to

Table 5. Statistic Parameters of Liquid Intake in Condition 3 (Magnets)™

Ethanol (mL/day) Water (mL/day)

Before Learn 1 Learn 2 After 1 After 2 Before Learn 1 Learn 2 After 1 After 2

Mean 193 387 8.75 944 1330 31.75 29.35 3525 2449 20.04

Standard 0.17 028 0.45 042 046 148 1.22 2.03 096 0.64
error

Mode 0.67 342 6.44 9.38 18.60 26.04 2442 2246 20.70 17.90

Range 22 23 32 27 27 145 115 125 84 58

Number 265 276 261 257 253 265 276 261 257 253
of events

*Before = before learning; Learn 1= learning on the Magnets (1st—13th sessions); Learn 2 = learning
without Magnets (14th—25th sessions); After = intake testing in 30 days after finishing of learning.
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ethanol preference criteria, only 11.2% of rats remained ethanol aversive, although their
absolute ethanol intake increased from 0.5 mL/day in test ‘‘Before’’ to 3.9 mL/day in test
““After 2.”’ Four weeks after learning was finished, 88.8% of initially ethanol-aversive
rats were classified as ethanol-consuming animals, and 27.3% of those rats became
ethanol preferring.

DISCUSSION

The study revealed a rather interesting and unexpected phenomenon: learning, or in
other words, intellectual activity, on a background of weak disturbances of the natural MF
was accompanied by the development of ethanol addiction. We would like to focus on
some aspects of this phenomenon. First, the development of ethanol addiction did not
depend on psychophysiological peculiarities of some animals: all initially ethanol-
aversive rats increased ethanol intake; individual differences were reflected in the level
of addiction. In rats that increased ethanol intake but remained ethanol aversive by our
classification ( Pg < .1), the process of development of alcohol addiction was very slow. As
a rule, those animals were low-level liquid drinkers (less then 15 mL/day); the ethanol
intake increased 5.5—7.8 times during learning, despite the fact that ethanol as a part of the
daily volume of liquid increased little from test to test, for example, 0.02-0.05-0.07—-
0.1-0.12. In average-drinking rats, the process was much faster, as the ratio of ethanol
intake could be increased up to 15-18 times over the same period.

Naturally, the question comes up—what factor caused the development of such a
strong ethanol addiction: intellectual activity, altered MF background, or the combined
effect of two factors. It was mentioned earlier that 39% of Wistar rats increased their
ethanol intake while learning was on the background of natural MFE.**! Interestingly,
poor-learners, which were characterized by increased anxiety and unbalanced excitatory/
inhibitory neurosis processes, usually reacted to information load by ethanol intake. The
cases of decreased or unchanged ethanol intake were also observed to be independent of
the success of learning.!*!

Furthermore, comparative analysis of water intake in two conditions of learning
showed that the increase in consumption of 10% ethanol solution on the background of
natural MF (Condition 2) usually correlated well with increase in water intake. As a result,
the variation in the rat population of both ethanol and water intake parameters became
larger. In contrast, in the case of MF disturbances (Condition 3), increase of ethanol intake
was associated with a significant decrease of water intake. It resulted in narrowing of the
initial distribution of ethanol and water intake, and the population as a whole became more
homogeneous (Figure 2).

These facts suggest that acquired ethanol addiction while learning on an altered MF
background was not provoked by the cognitive factor only. Weak MF daily exposure
alone (zero information load, Condition 1) did not affect ethanol intake, although the
magnitude and character of MF heterogeneity were comparable to Condition 3. Thus, all
effects observed in Condition 3 were apparently caused by the combined influence of two
factors: intellectual activity and MF disturbances.

It is important to emphasize that despite the weakness of the MF oscillations within
the envelope of geomagnetic deviations, MF-induced effects were rather large. On the
one hand, the MF factor provoked a profound suppression of exploratory activity or
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““initiative,”” which caused the rats’ failure to learn spontaneously. The depression could
be easily eliminated by some external stimulation (light, sound, or movement forced by
an experimenter). On the other hand, after additional activation, learning became possible
and was extremely fast. Thus, taking into account the facts mentioned above, we con-
clude that cognitive activity is very sensitive to the MF factor, and cognitive functioning
is sensitive to some MF parameters.

The psychostimulant-like effect of MF was similar to the effects of a pharmacolog-
ical psychostimulant—opilong, an analogue of dermorphine."*”! Both influences resulted
in a decreased level of fear and anxiety in a novel environment, increased sensory
sensitivity (including MF parameters) and facilitation of associative processing.***3"]
In our opinion, these results could serve as experimental evidence of a hypothesis for the
involvement of the endogenous opioid system in mediation of MF effects. It was shown
earlier that MF effects could be blocked by pretreatment with opiate antagonists. %3338
In a more detailed study, it was found that both mu- and delta-opiate receptors in the brain
are involved in MF-induced decreases in cholinergic activity in the rat frontal cortex and
hippocampus.**! It also was found that a specific, pulsed-MF-induced analgesic effect in
the land snail was mediated in part by delta- and, to a lesser extent, mu-opioid receptors,
while the selective kappa-opioid receptor antagonist did not affect this analgesia.l*®!

According to our data, psychostimulant-like effects of MF were accompanied by
some negative manifestations, indicating that MF-exposed animals had trouble in re-
alization of cognitive activity. Among those were unstable habit, a high level of stress
reactions, and an hypercoagulation state of the fibrinolysis system at the latter stages of
learning.**! All of the data obtained allow us to suggest that the MF factor provoked an
imbalance of brain functioning, consisting of a state where CNS substrate activity (speed
of biochemical and physiological processes) did not correspond to potential cognitive
capabilities (speed of the information processing). This imbalance can be argued as a
possible cause of the development of ethanol addiction. The endogenous opioid system,
being the most probable candidate for mediating MF effects on living organism, could
play an important role in the alcohol phenomenon of our study.

There is considerable evidence that the endogenous opioid system plays a key role
in alcohol addiction.!'”'®*! The mu- or delta-antagonists have been reported to reduce
alcohol drinking in animals*®*'"! and in humans.””®*?! The ‘‘incentive-sensitization
theory”’**! proposes that the dependence-producing properties of opioids, psychosti-
mulants, and alcohol share an ability to enhance dopamine (DA) neurotransmission in
reward pathways. It is believed that maintenance of a basal release state of DA depends
on a balance between the stimulatory mu- and delta-opioid systems and the inhibitory
kappa-opioid system.**! Interestingly, it was demonstrated that the dopaminergic sys-
tem was responsive to EMF in rats."*>! Undoubtedly, the hypothetical mechanisms of
MF-induced development of alcohol dependence discussed in this paper need direct
experimental proof.

As concluding remarks, we would like to point out that magnetobiology, in spite of
being a relatively new field, has already accumulated a great number of experimental
results about many different kinds of MF influences on living systems, from molecular
interaction and cell metabolism to physiological functions and behavior. Interactions
between MF and organisms are becoming more and more frequent nowadays because of
various types of chronic exposure to man-made electromagnetic fields at places of work,
increasing use of communication systems, various new medical procedures, and electrical
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devices at home. However, the question of how well a living system can adapt to an altered
MF background in the modern human habitat still remains open, and obviously, needs
further research.

their

10.

11.

12.

13.

14.

ACKNOWLEDGMENTS

The authors wish to thank A. Savonenko, V. Kostenkova, and V. Shpinkova for
help in conducting behavioral experiments.

REFERENCES

Cloninger, C. Neurogenetic adaptive mechanisms in alcoholism. Science 1987, 236,
410-416.

Sinha, R.; O’Malley, S. Craving for alcohol: finding from the clinic and the labo-
ratory. Alcohol Alcohol. 1999, 34 (2), 223-230.

Ciccocioppo, R. The role of serotonin in craving: from basic research to human
studies. Alcohol Alcohol. 1999, 34 (2), 244-253.

Verheul, R.; Van den Brink, W.; Geerlings, P. A Three-Pathway Psychobiological
Model of Craving for Alcohol. Alcohol Alcohol. 1999, 34 (2), 197-222.

Lewis, M.J. Alcohol reinforcement and neuropharmacological therapeutics. Alcohol
Alcohol. 1996, 31 (Suppl. 1), 17-25.

Korpi, E.R. The role of GABA4 receptors in the action of alcohol and in alcohol-
ism: recent advances. Alcohol Alcohol. 1994, 29 (2), 115—129.

Ticku, M.K. Alcohol and GABA-benzodiazepine receptor function. Ann. Med.
1990, 22, 241-246.

Korpi, E.R., Kleingoor, C.; Kettenmann, H.; Seeburg, P.H. Benzodiazepine-induced
motor impairment linked to point mutation in cerebellar GABA  receptor. Nature
1993, 361, 356—359.

Samson, H.H.; Harris, R.A. The neurobiology of alcohol abuse. Trends Pharmacol.
Sci. 1992, 13, 206—-211.

Lovinger, D.M.; White, G.; Weight, F.F. Ethanol inhibits NMDA-activated ion
current in hippocampal neurons. Science 1989, 243, 1721-1724.

Sanna, E.; Serra, M.; Cossu, A.; Colombo, G.; Follesa, P.; Cucceheddu, T.; Concas,
A.; Biggio, G. Chronic ethanol intoxication induces deferential effects on GABA 5
and NMDA receptor function in the rat brain. Alcohol.: Clin. Exp. Res. 1993, 17,
115-123.

Toropainen, M.; Nakki, R.; Honkanen, A.; Rosenberg, P.H.; Laurie, D.J.; Pelto-
Huikko, M.; Koistinaho, J.; Eriksson, C.J.P.; Korpi, E.R. Behavioral sensitivity and
ethanol potentiation of the N-Methyl-D-Aspartate receptor antagonist MF-801 in a
rat line selected for high ethanol sensitivity. Alcohol.: Clin. Exp. Res. 1997, 1 (4),
666—671.

George, D.T.; Nutt, D.J.; Dwyer, B.A.; Linnoila, M. Alcoholism and panic disorder:
is the comorbidity more than coincidence? Acta Psychiatr. Scand. 1990, 81, 97—
107.

Tsai, G.E.; Ragan, P.; Chang, R.; Chen, S.; Linnoila, M.L.; Coyle, J.T. Increased



ALTERED NATURAL MF AND ALCOHOL ADDICTION 17

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

glutamatergic neurotransmission and oxidative stress after alcohol withdrawal. Am.
J. Psychiatry 1998, 155, 726—732.

Goodman, W.K.; Price, L.H.; Delgado, P.L.; Palumbo, J.; Krystal, J.H.; Nagy,
L.M.; Rasmussen, S.A.; Heninger, G.R.; Charney, D.S. Specificity of serotonin
reuptake inhibitors in the treatment of obsessive—compulsive disorders. Arch.
Gen. Psychiatry 1990, 47, 577-585.

Callaway, C.W.; Johnson, M.P.; Gold, L.H.; Nicols, D.E.; Geyer, M.A. Amphet-
amine derivatives induce locomotor hyperactivity by acting as indirect serotonin
agonists. Psychopharmacology (Berl) 1991, 104 (3), 293-301.

Herz, A. Endogenous opioid systems and alcohol addiction. Psychopharmacology
1997, 129, 99—-111.

Robbins, T.W.; Everitte, B.J. Drugs addiction: bad habits add up. Nature 1999, 398,
567-570.

Spanagel, R.; Weiss, F. The dopamine hypothesis of reward: past and current status.
Trends Neurosci. 1999, 22, 521-527.

Volpicelli, J.R.; Alterman, A.l.; Hayashida, M.; O’Brien, C.P. Naltrexone in the
treatment of alcohol dependence. Arch. Gen. Psychiatry 1992, 49, 876—880.
Gianoulakis, C. Implications of endogenous opioids and dopamine in alcoholism:
human and basic science studies. Alcohol Alcohol. 1996, 3/ (Suppl. 1), 33—42.
Herz, A. Opioid reward mechanisms: a key role in drug abuse? Can. J. Physiol.
Pharmacol. 1998, 76 (3), 252—258.

Ulm, R.R.; Volpicelli, J.R. Opiates and alcohol self-administration in animals. J.
Clin. Psychiatry 1995, 56 (Suppl. 7), 5—14.

Spanagel, R.; Montkowski, A.; Allingham, K.; Stohr, T.; Shoaib, M.; Holsboer, F.;
Landgraf, R. Anxiety: a potential predictor of vulnerability to the initiation of
ethanol self-administration in rats. Psychopharmacology 1995, 7122, 369—-373.
Lai, H.; Carino, M.A.; Horita, A.; Guy, A.D. Effects of a 60 Hz magnetic field on
central cholinergic systems of the rat. Bioelectromagnetics 1993, /4, 5—15.
Smith, R.F.; Clarke, R.L.; Justesen, D.R. Behavioral sensitivity of rats to extremely-
low-frequency magnetic fields. Bioelectromagnetics 1994, 15, 411-426.

Lai, H. Spatial learning deficit in rat after exposure to a 60 Hz magnetic field.
Bioelectromagnetics 1996, 17, 494—496.

Thomas, A.W.; Persinger, M.A. Daily post-training exposure to pulsed magnetic
fields that evoke morphine-like analgesia affects consequent motivation but not
proficiency in maze learning in rats. Electro-Magnetobiol. 1997, 16 (1), 33—41.
Ossenkopp, K.-P.; Kavaliers, M. Clinical and applied aspects of magnetic field
exposure: a possible role for the endogenous opioid system. J. Bioelectr. 1988—
1989, 7, 89-208.

Papi, F.; Luschi, P.; Limonta, P. Orientation-disturbing magnetic treatment affects
the pigeon opioid system. J. Exp. Biol. 1992, 166, 169—179.

Prato, F.S.; Carson, J.J.L.; Ossenkopp, K.-P.; Kavaliers, M. Possible mechanism by
which extremely low frequency magnetic fields affect opioid function. FASEB J.
1995, 9, 807-814.

Nikolskaya, K.A.; Yeshchenko, O.V.; Pratusevich, V. The opioid system and mag-
netic field perception. Electro-Magnetobiol. 1999, 18 (3), 277-293.

Lai, H.; Carino, M. Intracerebroventricular injection of mu- and delta-opiate recep-
tor antagonists block 60 Hz magnetic field-induced decreases in cholinergic activity



18

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

NIKOLSKAYA AND ECHENKO

in the frontal cortex and hippocampus of the rat. Bioelectromagnetics 1998, 19,
432-437.

Nikolskaya, K.; Shtemler, V.; Yeschenko, O.; Savonenko, A.; Osipov, A.; Nick-
olsky, S. The sensitivity of cognitive processes to the inhomogeneity of natural
magnetic fields. Electro-Magnetobiol. 1996, 15 (3), 163—174.

Savonenko, A.V.; Adrianov, O.S.; Nikolskaya, K.A.; Yeschenko, O.V.; Osipov,
A.IL Psycho-physiological markers of the predisposition to the alcohol addiction
development in Wistar rats (in Russian). Pavlov J. Higher Nerv. Act. 1995, 45,
143—-146.

Meshkova, N.N.; Fedorovoch, E.Yu.; Kotenkova, E.V. The Attitude of Domestic
Mice to Traps: The Influence of Hierarchical Position of the Individual in a Group.
In Behavior and Communication in Mammals (in Russian); Nauka: Moscow, 1992;
168.

Yeshchenko, O.; Nickolskaya, K.; Deigin, V.; Yarova, E. Analog of dermorphine as
a psychostimulant (in Russian). Bull. Exp. Biol. Med. 1998, /26 (9), 252-255.
Thomas, A.W.; Kavaliers, M.; Prato, F.S.; Ossenkopp, K.P. Pulsed magnetic field
induced «analgesia» in the land snail, Cepaea nemoralis, and the effects of mu,
delta, and kappa opioid receptor agonists/antagonists. Peptides 1997, 18 (5), 703—
709.

Nickolskaya, K.; Yeshchenko, O.; Shpinkova, V.; Andreenko, G.; Serebryakova, T.
In May the High Sensitivity to External Magnetic Field Cause an Unbalanced
Behavior of Living System. In Proceedings of the 3rd International Workshop
«Chronobiology and its Roots in the Cosmos», Mikulesky, M., Ed.; Academy of
Science: Bratislava, 1997; 153 pp.

Altshuler, H.L.; Phillips, P.E.; Feinhandler, D.A. Alteration of ethanol self-admin-
istration by naltrexone. Life Sci. 1980, 26, 679—-688.

Kornet, M.; Goosen, C.; Van Ree, J.M. Effect of naltrexone on alcohol consumption
during chronic alcohol drinking and after a period of imposed abstinence in free-
choice drinking rhesus monkeys. Psychopharmacology 1991, 104, 367—-376.
Zernig, G.; Fabisch, K.; Fabisch, H. Pharmacotherapy of alcohol dependence.
Trends Pharmacol. Sci. 1997, 18, 229-231.

Robinson, T.E.; Berridge, K.C. The neural basis of drug craving: an incentive-
sensitization theory of addiction. Brain Res. Rev. 1993, 18, 247-291.

Spanagel, R.; Herz, A.; Shippenberg, T.S. Opposing tonicity active endogenous
opioid systems modulate the mesolimbic dopaminergic pathway. Proc. Natl. Acad.
Sci. U. S. A. 1992, 89, 2046—-2050.

Chance, W.T.; Grossman, C.J.; Newrock, R.; Bovin, G.; Yerian, S.; Schmitt, G.;
Mendenhall, C. Effects of electromagnetic fields and gender on neurotransmitters
and amino acids in rats. Physiol. Behav. 1995, 58 (4), 743—748.



