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A single transcranial electrostimulation of rats results, as does acute stress, in a four- 
fold elevation of plasma corticosterone, whereas after a course of several electrostimu- 
lations plasma corticosterone is not elevated and a threefold rise in plasma [~-endorphin 
is recorded. Rats that undergoing a course of transcmmal electrostimulations and then sub- 
jected to an immobilization stress do not show any rise in plasma corticosterone. 
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The adaptation developing in response to repeated 
moderate immobilization or emotional/pain stres- 
sors not only protects the body from severe stress 
but can also produce strongly marked protective 
cross-effects, raising the organism's resistance to 
hypoxia [5], to myocardial ischemia, repeated per- 
fusions of the heart, and cardiac arrhythmia [7,12], 
and to the injurious effects of  chemical agents 
[15], cold [11], and even radiation [1]. In order 
to put into better perspective the possible clinical 
uses of the protective cross-effects from such ad- 
aptation, we deemed it necessary to replace, in 
animal experiments, strong immobilization or emo- 
t ional/pain stressors with milder  ones that would 
not  cause the animals to suffer pain or exhibit a 
defensive reaction. For this purpose we chose to 
apply transcranial electrostimulation (ES), which is 
used in physical therapy, and found that a course 
of  ES sessions does indeed produce a cardiopro- 
tective effect against stress [9], myocardial  is- 
chemia, and reperfusion of  the heart [8] as well 
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as an antihypoxic effect at the organismic level [6]. 
Until recently, however, it remained unclear whe- 
ther a course of multiple ES exerts protective effects 
by eliciting adaptation of the animals to the re- 
peated "ministresses" or by some other mechanism. 

The purpose of this study was to determine 
blood concentrations of a major stressor hormone,  
corticosterone, and the activity of the stress-limit- 
ing opioidergic system in rats after a course of 
transcramal ES. 

MATERIALS AND METHODS 
Male Wistar rats weighing 250+20 g were used. In 
these rats, plasma concentrations of corticosterone 
and [~-endorphin after single or multiple transcra- 
nial ES were determined,  as were the impact  of 
an acute immobilization stress on their concentra- 
tions in rats that had undergone a single or multi- 
ple ES sessions. There were five groups of  rats: 
intact controls (group 1), rats exposed to one ES 
session (group 2); those exposed to a course of 
multiple ES (group 3); those exposed to an im- 
mobi l iza t ion stress lasting 1 h (group 4); and 
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those exposed to this stress after a course of ES 
(group 5). 

For ES, standard needles for facial acupunc- 
ture were used. The needles, connected to a Lasper 
CS-504 e lec t ros t imula tor  (Japan) designed for 
electroacupuncture in humans, were introduced into 
a particular site on the auricular concha of  each 
ear. A course of ES consisted of 10 sessions last- 
irlg 10 min  each on the first day and 20 min  per 
day in the following nine days. ES was carried out 
with solitary sawtooth pulses of 1.5-2 mA and 1.5 
msec in duration at a rate of 200 cpm. Such ES 
has been shown to impart  a particular frequency 
to respiratory movements  and, when repeated a 
number of times, to have beneficial effects on the 
oxygen-transporting systems of the body similar to 
those resulting from adaptation to periodic hypoxia 
[6]. The acute immobilization stress was produced 
by fixing the animals in the supine position for 1 
h. The rats of all groups were decapitated as soon 
as the exposure to ES or stress was discontinued. 

Rats that had undergone an ES course were 
stressed immediately after the last (10th) ES. Blood 
samples, collected into test tubes placed in ice and 
containing 50 gl EDTA, were centrifuged at 1500 
g for 30 rain; 1 rnl of  the plasma was then  
pipetted into each of two test tubes and kept fro- 
zen at -20~ The plasma from one of  the test 
tubes was used to measure corticosterone and that 
from the other, to measure [3-endorphin. Corticos- 
terone was determined by fluorimetry [16] and 13- 
endorphin by radioimmunoassay [2]. 

The results obtained with these methods were 
evaluated on the premise that plasma corticoster- 
one should rise 5- to 10-fold in response to a 
single exposure to stress and not at all after mul- 
tiple exposures to the same stress because of the 
ensuing adaptation [4,10]. During the adaptation, 
stress-limiting systems of the body, including the 
opioidergic system, are usually activated, and this 
is accompanied by elevations in the blood and tis- 
sue levels of  lS-endorphin [3,7]. Accordingly, the 
rise in corticosterone observed after a single ES 
session was taken as the criterion of stress and no 
rise in this steroid together  with activation of the 
~-endorphin system after multiple ES sessions, as 
the criterion of adaptation to the stress. 

RESULTS 

The results are summarized in Table 1. It can be 
seen that the rats exposed to only one ES session 
had plasma corticosterone concentrations approxi- 
mately 4 times as high as the control rats (86.2+ 
+28.9 gg/100 ml vs. 24.8+4.2 gg/100 ml) and 

TABLE 1. Effect of Electrostimulation (ES) on Plasma Levels 
of Corticosterone and [5-Endorphin 

Cor t icos te rone  ~ -Endorph in ,  
G r o u p  ~tg/100 ml  pmol / l i t e r  

Control ( n= 5 )  
Single ES (n=7)  
Multiple ES (n=6)  
Stress ( n =  5) 
Mult iple  ES + 
stress ( n =  6) 

24.8-*-4.2 
86.2• 

I7.3-----4.0 
103.1 • 15.3"* 

20.6• 1.9"** 

178.42• 
206.19• 13.96 

474.50• 
308.33-18.72"" 

250.30~-36.28 * 

Note .  Asterisks indicate significant differences: *Irom control 
at p<0.05, -from control at p<0.001, ***Irom the stressed group 
at p<0.0l. 

similar to those found in rats stressed by immo- 
bilization (103.1+50.1 gg/100 ml). Rats exposed to 
multiple ES showed increasingly lower corticoster- 
one concentrat ions so that  after the last (10th) 
session the concentrat ions were even below the 
control values (Table 1). 

These results indicate that ES causes corticos- 
terone to be released into the bloodstream, which 
is a characteristic feature of  stress reactions. Re- 
peated ES led to the development of adaptation to 
the stressor, involving a progressive decrease in the 
stress reaction and a return to normal of blood 
corticosterone. This is confirmed by the results 
shown in the table: the immobilization-stressed rats 
that had undergone a course of ES, unlike those 
that had not, experienced no rise in this hormone. 
The exposure to multiple ES thus inhibited the 
stress reactions regardless of whether the stressor 
was the immobilization or the ES itself. 

This phenomenon  can be explained by data 
on blood concentrations of [5-endorphin - one of 
the more potent  transmitters of  the opioidergic 
system. As shown in the table, the [5-endorphin 
concentrations rose only slightly after one ES ses- 
sion but almost  t rebled after 10 sessions. The 
extinction of the stress reaction was thus accom- 
panied by elevations in plasma ~-endorphin as ES 
sessions were repeated. These findings agree with 
those of our previous study where activation of  the 
opioidergic system, including a rise of ~-endorphin 
in the hypothalamus, occurred in the course of 
adaptation to stress [3]. Taken together, our results 
indicate that ES is a stressor that induces stress 
adaptation when exposure to it is repeated a num- 
ber of times. 

In general, the currently available evidence 
suggests that the protection afforded by adaptation 
to stressors and in particular to repeated ESs m a y  
result from the operation of two basic mechanisms: 
activation of  the body systems that limit the stress 
reaction, thereby preventing its various damaging 
effects [7,12]; and accumulat ion in the target or- 
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gans of stress proteins that possess dispersive prop- 
erties and can thus prevent protein denaturation 
and the associated damage to cellular structures 
responsible for the so-called "adaptive stabilization 
of structures" [12,14]. This latter phenomenon, in 
turn, underlies numerous protective effects of stress 
adaptation [5,13]. 
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Shortly (30-90 min) after an intragastric administration of the organophosphorus pes- 
ticide Anthio to cats, their cardiac output begins to decrease and the right ventricular 
output decreased to a greater extent than the left. Blood is redistributed to the greater 
circulation with a diminution of blood flow in the pulmonary lobar vessels. 
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Organ ophosphorus compounds (OPC) are widely 
used for pest control in agriculture as well as in 
the home. Pesticides, however, may have health- 
damaging effects on humans and animals if ap- 
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plied in excessive amounts. For example, OPC 
used against plant pests inhibit cholinesterase ac- 
tivity in the blood and various tissues, which has 
been shown to be a major factor in the mecha-  
nism of OPC action on biological structures [1- 
3]. As a result of the impaired catalytic function 
of cholinesterase, conversions of acetylcholine are 
disrupted, leading to its accumulation in organs 
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