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ABSTRACT

Objective: The goal of the research is studying the functional changes in the central nervous system against the background of intoxication with the
minimum dosages of gasoline, benzene and acetone.

Methods: The research was performed on 45 white mice divided into 3 groups; each group received corresponding hydrocarbon in the exposure
chamber by inhaling. The functional state of the CNS was assessed with a complex of integral tests: By summation of subliminal pulses, the ability of
animals to restore rectilinear movement after centrifugation, by the tone of skeletal muscles, and by the activity of muscle static work.

Results: The durations of the narcosis phases in case of acute inhalation poisoning are different for all studied substances. The study of the functional
changes in the CNS on the background of intoxication with low dosages has revealed that at the first exposure to benzene for activating the motor
reaction the required number of electric pulses from the outside increases, the muscle tone increases, the ability to static work reduces, and the time
for rectilinear movement and “animal hypnosis” increases. At the same time, on the background of intoxication during the fifth exposure, a decrease
is observed in the number of electric pulses from the outside for activating the motor reaction, the muscle tone remains increased, the ability to static
work is reduced, and the time of “animal hypnosis” is shorter than that during the first exposure.

Conclusion: Against the background of the repeated use of small doses of benzene, the CNS adapts to the action of the toxic factor. With that, the
ability of the CNS to sum the subliminal pulses, the cholinergic innervation of the skeletal muscles tone and other integral tests during the fifth

exposure change less than during the first exposure.
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INTRODUCTION

The most common technogeneous environmental pollutants today are
extraction and processing of oil, using refined petroleum products in
the industry and everyday life [1,2]. Pollution of the environment - air,
soil, and water resources - is due to exhaust gases, burning fuel in the
industrial scale, production, and use of organic solvents. Accumulating
in the human environment, oil hydrocarbons have adverse effects on
health. In high concentrations, these chemicals cause acute poisoning
with specific symptoms [3,4]. At the same time, small dosages of
these substances, in case of long exposure can deteriorate protective
functions of the nonspecific immune system, which opens a way for the
development of serious diseases [5,6]. Especially alarming is the fact
that children and women of reproductive age are affected first [7,8].
That is why in 1982, an expert group of the UN that deals with the
impact of environmental and anthropogenic factors on living organisms
made a conclusion that environmental pollution results in irreversible
negative consequences for health, and that pollution by hydrocarbons,
heavy metals, radioactive waste is first and foremost among the factors
that are most dangerous to human health [9-12].

Getting into the organism, hydrocarbons are dissolved in blood,
absorbed by tissues rich in fat and lipids, and almost without
entering into chemical interaction with the biological substrate act

as non-specific stimuli, causing a reaction that is characteristic of the
tissue in which they are located. Such an object rich in fats and lipids is
the central nervous system (CNS), the reaction of which is expressed in
excitation, inhibition, and narcosis. It should be noted that hydrocarbons
with strong lipophilicity from the blood are rapidly absorbed into the
nervous tissue, but are also rapidly eliminated, while hydrocarbons
with low lipophilicity are adsorbed slowly, and are retained in the
tissues of CNS for longer periods [2,13].

Given all the above, and the important role of the CNS in the regulation
of adaptogenic functions of the organism, it becomes evident that it is
important to study the toxic effects on the CNS of certain oil distillation
products widely used today - acetone, gasoline, and benzene, which
are industrial drugs. The studied chemicals are different from each
other in their physicochemical properties; therefore, they have a
different period of semi-elimination from the organism: Acetone
adsorbs slowly and is retained in the CNS longer; gasoline is quickly
adsorbed and is quickly withdrawn, benzene is absorbed into the CNS
slower than gasoline, but faster than acetone. Despite the fact that this
issue has been widely covered in the scientific literature, some aspects
require a more detailed study. Therefore, we considered it appropriate
to perform an experimental study of the acute toxic effect of the
minimum narcotic concentrations of acetone, benzene, and gasoline in
case of inhalation.
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METHODS

The experiment was made with 45 white mice weighing 18-22 g,
divided into 3 groups, 15 animals in each. The group 1 was exposed to
inhalation of acetone at the dosage of 99.0 mg/], group 2 - to inhalation
of gasoline at the dosage of 65.0 mg/l, and group 3 - to inhalation of
benzene at the dosage of 32.6 mg/1.

The inhalation dosages corresponded to the minimum ones for
each hydrocarbon in drug concentrations. Given that adaptation to
hydrocarbons may be caused not only by chronic action but also by
repeated acute intoxications, exposure of animals was made with the
minimum drug concentrations for each hydrocarbon, with repeated
periods of 2 days with acute experiments. Animals were exposed 5 times
in special chambers with the volume of 700 L. With that, the number of
animals in the chambers, in respect to their volume, was calculated to
create the same conditions of oxygen content in them for the exposure.
The air in the chambers was continuously mixed with a fan.

To assess the response reactions of the experimental animals’
organisms, tests that would let identifying a set of integral indicators of
the functional state of the CNS were used:

1. The functional state of the CNS was assessed by summing subliminal
pulses in the following manner: The hind limbs of the mouse were
placed on metal electrodes to place one paw on one electrode, and
the other limb - on the other one. Subliminal irritation electric shocks
were made until the limb was withdrawn from the electrode. The
frequency of the pulses was 2 pulses/s, the duration was 0.2 m/s, the
pauses were 3.5 s, and the voltage was 30 V. Each mouse was tested
3 times, based on which the average value was calculated.

2. The ability of white mice to restore rectilinear movement was
studied by the method of “centrifuging” the animals after they have
left the drugged state. Rotation in the centrifuge lasted for 20 s at
600-700 rpm. The time from the animal withdrawal from the holder
after centrifuging until the recovery of rectilinear movement included
two phases: During the first one, the animals remained motionless,
during the second one, the animals moved in a circle. Only after that,
the animals acquired the ability to rectilinear movement.

3. The state of skeletal muscles innervation with cholinergic structures
of the CNS was assessed by the muscle tone. The test was performed
as follows: A white mouse was kept in the vertical position; in this
position, animals hind limbs spread as their muscle tone weakens,
thus, increasing the distance between the outer fingers, while as the
muscle tone increases, the distance reduces.

4. The indicators that show the functional state of the CNS include
performing static muscular work by the experimental animals. The
essence of the test is that a mouse that is suspended on a vertically
lowered lace performs static work by holding in order not to fall. The
duration of time of holding on the lace defines the ability to perform
static work.

When not participating in the experiments, all animals were kept and
fed in the same conditions. All experiments on animals were performed
according to the “European Convention for Protection of Vertebrate
Animals Used for Experimental and Other Scientific Purposes,’
Strasbourg, March 18, 1986.

Statistically significant differences between the compared groups
were established with the use of parametric Student’s t-test. Mean
values (M), average errors of mean values (m), standard deviation
(0), and the “t”-criterion were determined. The causal relationships
between exposures and their effect were determined using multivariate
correlation analyses.

RESULTS

The results of the narcotic effect of the studied hydrocarbons are shown
in Table 1. Table 1 shows, if excitation and inhibition in experimental
animals precede the narcotic effect, their first manifestations are
expressed in transient narcosis. The time of its occurrence is longer
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with acetone than that with gasoline (41.1£0.87 min and 31.9+0.91 min,
respectively, p<0.001). However, strong narcosis occurs sooner
with acetone than with gasoline (2.94+0.39 min and 8.53+0.85 min,
respectively, p<0.001), and in the chamber, it lasts almost the same time
(15.47+0.32 min and 19.67+1.06 min, respectively, p<0.5).

As the obtained results show, by the time of occurrence and duration,
excitation, and inhibition phases of the studied narcotics are different:
Compared to acetone, excitation occurs sooner with gasoline, but
inhibition lasts longer. With that, both these phases should be viewed
as a single mutually correlating process. Based on the physicochemical
differences, it could be expected that the benzene narcosis will come
later than the gasoline one, but it turned out that benzene causes
transient narcosis much earlier (the time of occurrence of transient
narcosis with gasoline is 31.9+0.91 min, with benzene -9.73+2.0 min,
p<0.002), and it lasts longer. Therefore, the phase of the excitation in
case of benzene intoxication is shorter, and inhibition is longer than
that in case of intoxication with gasoline.

Apparently, during the time of exposure, equilibrium concentrations are
reached in the organism and the alveolar air of the animals. At the end of
the exposure, the time of hydrocarbons removal, and consequently, the
time of recovery from narcosis should be different in accordance with
physicochemical difference between the hydrocarbons. This relation is
in place under the action of acetone and gasoline, which results in the
significantly longer duration of non-transient acetone narcosis outside
the chamber (p<0.001). At the same time, benzene is characterized by
the fact that the duration of non-transient narcosis outside the chamber
(7.94+1.19 min) is much shorter than that in case of narcosis with acetone
(123.03+9.8 min, p<0.001), and with gasoline (24.7+2.43 min, p<0.001).

After recovering from narcosis, recovery of animals’ orientation
reaction was assessed by animals getting away from the edge of the
table to keep from falling. The orientation reaction recovered in the
animals in the following sequence: After poisoning with gasoline for
2.11£0.46 minutes, after benzene narcosis for 5.6+0.9763 min, p<0.001,
and, finally, after acetone narcosis for 7.0+0.63 min, p<0.001.

Benzene is the most toxic of the industrial narcotics mentioned above.
Therefore, we studied its effect on the CNS in more detail. It turned out
that it causes the long-term first phase of narcosis, which occurs at the
high level of lability. In case of five times exposure, adaptation may be
judged by the reduced duration of the narcosis (Table 2). We can assume
that the fifth exposure occurred on an already adapted organism.

With the increased phase of transient narcosis (p<0.001), non-transient
narcosis decreased sharply (p<0.001); the time of recovery from
narcosis reduced. These data show that upon adaptation of animals to
the action of benzene, the duration of the excitation phase increases,
and thereby the overall duration of non-transient narcosis reduces
(42.91+4.08 or 16.90+4.85; p<0.001).

The functional state of the CNS may be judged by the number of integral
tests (Table 3). One of such tests is the ability of the CNS to sum the
subliminal pulses at the frequency of pulses of 2 ms, with the duration
of 0.2 ms, with a pause of 3.5 s. With that, the voltage that triggered
the motor response was 30 V. During the successive irritations of the
afferent nerve with electric current at the subliminal level, motor reflex
occurs. An increased number of pulses indicates decreased excitability.
During the first exposure, the number of pulses increased on the
average by 4.53 and reached 10.41+1.79, and this increase was on the
verge of statistical significance level (p<0.1). During the fifth exposure
of animals, an increased number of pulses by 1.73 was registered
with low significance level (up to 6.54 + 2.09 instead of 4.81+1.14
before exposure, p<0.5). These data indicate that after adaptation to
the repeated action of benzene, there is no significant change in the
excitability of the CNS.

Innervation of skeletal muscles with cholinergic structures, on
which the muscle tone depends, is widely known. Our observations
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Table 1: Duration of narcosis phases in case of acute inhalation poisoning of white mice with organic solvents

Hydrocarbons, concentrations,

Phases of narcotic action, minutes

number of animals (n=15)

Until transient Transient  Non-transient narcosis Recovery of the
narcosis narcosis In the Outside the Overall duration orientation reaction
chamber chamber
Duration in  Acetone, 99.0 mg/l  41.1+0.87 2.94+0.39 15.47+0.32  123.03+9.8 138.50+9.38 7.0+0.63
minutes Gasoline, 65.0 mg/l  31.9+0.91 8.53+0.85 19.67+1.06 24.7+2.43 44.37+3.16 2.11+0.46
p< 0.001 0.001 0.5 0.001 0.001 0.001
Benzene, 32.6 mg/l  9.73%2.0 23.6%2.1 26.67+2.3 7.94+1.19 34.6£3.05 5.6+0.97
p< 0.001 0.001 0.001 0.001 0.001 0.2
p,< 0.02 0.001 0.01 0.001 0.02 0.001

Significance of difference: With acetone - p, with gasoline - p,.

Table 2: The duration of the phases of benzene narcosis in case of single and repeated inhalation exposure of animals

Times of exposure Narcosis phases, minutes

Until transient narcosis Transient Non-transient narcosis in the Recovery from narcosis outside the
narcosis chamber chamber
First 10.75£1.50 14.09+1.33 35.16+2.57 7.75%1.51
Fifth 11.54+1.33 36.19+3.33 12.27+3.71 4.63+1.14
p< 0.05 0.001 0.001 0.01

Table 3: Indicators of the functional state of the central nervous
system

Indicators The number of exposure, and the

value of indicators

First Fifth p<

Summation ability, pulses

Before exposure 5.88+1.68 4.81+1.14 0.6

After exposure 10.41+1.79 6.54+2.09 0.2

p< 0.1 0.5 -
Muscle tone

Before exposure 5.63£0.2 6.03+0.17 0.3

After exposure 4.83+0.22 5.30+0.27 0.5

p< 0.01 0.01 -
Static workability, s

Before exposure 72.60+18.9 69.10+25.70 0.7

After exposure 27.30£19.40 18.27£7.70 0.9

p< 0.001 0.1 -

have shown that if a white mouse is held in the vertical position, the
hind limbs spread with the weakening of the muscle tone, and the
distance between the outer fingers increases. The distance reduces
when the muscle tone increases. This integral and very important test,
which showed the functional state of the CNS, proved that after the
first and fifth exposures of white mice to benzene, the muscle tone
increased (p<0.01). However, we did not find a distinct difference in
the muscle tone between the first and fifth exposures (0.80 to 0.73 on
the average).

The indicators that show the functional state of the CNS include
performing static muscular work by the experimental animals.

We found that after the first exposure, a considerable decrease in the
static workability was observed in the animals (the time of suspending
on the lace decreased from 72.60+18.9 s to 27.30+19.40 s, p<0.001).
Table 3 shows a considerable reduction of static workability of animals
after the fifth exposure was on the verge of the statistical significance.

If we take into account that the performing of static work is directly
related to the muscle tone that is dependent on the cholinergic
structures, it may be stated that adaptation to the toxic action has little
effect on the parasympathetic nervous system upon excitation of the

sympathetic one. This conclusion was confirmed by the method of
centrifugation after recovery of the experimental animals from narcosis.

On the day of exposure, after the above studies, the animals were
centrifuged at the speed of 600-700 rpm for 20 s, of which 10 s - with
the centrifuge on and 10 s - with the centrifuge off and decreasing
rotation speed. The resulting vestibular irritation results in immobility
of animals. After that, the animals make circular movements (vestibular
disorders), after which they acquire the ability to move in the rectilinear
manner.

Examination of the experimental animals after single and repeated
(5 times) inhalation poisoning showed that after the last exposure,
the time of rectilinear movement recovery in minutes had decreased
on the average by 24.7%, mainly due to shortened duration of “animal
hypnosis” (54.9%) while duration of the vestibular disorders had
decreased only by 7.0%. It should be noted that the minimum narcotic
concentration of gasoline is 65.7%, and benzene - only 32.9% from
the concentration of acetone, and 50.2% from the concentration
of gasoline. Meanwhile, cortical balance disorders, excitation and
inhibition occur earlier under the action of gasoline and especially of
benzene. With that, the reaction of females shows a greater excitement
than the reaction of males.

DISCUSSION

The results of acute experiments have shown that one-time action of the
substances causes changes in the performance of the CNS. The effect on
the nervous system was manifested, first of all, in the narcotic effect
characterized by successive phases of excitation and inhibition, which
are different for different substances with various time of occurrence
and duration (Fig. 1).

The repeated exposure to narcotics is accompanied by the reduced
duration of animals staying in the drugged state. For example, in case
of 5 times exposure of animals to benzene, this duration is reduced
from 34.60+3.05 min to 12.27+3.71 min, which is estimated as the
occurrence of animals’ adaptation to the action of benzene due to
the mobilization of the organism’s protective reactions, which is to
some extent determined by the CNS state. It should be noted that
the studied narcotics’ exiting effect on the CNS with subsequent
inhibition in case of a single exposure, and the development of
animals’ adaptation to the repeated exposure to the substances are
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Fig.1: The results of narcotic action of the studied hydrocarbons on rats in case of a single exposure

confirmed by the use of a number of integral tests (CNS’s ability to REFERENCES

sum the subliminal impulses, the muscle tone, static workability).
For example, the reduced number of subliminal pulses from 10.41
to 6.54, in case of the single and repeated exposure, respectively, the
increased muscle tone from 4.83 to 5.30, as well as the improved
static workability of animals in case of the repeated exposure are the 2.
evidences of the fact that the occurred adaptation to the repeated
action of the substances results in the decreased excitability of the
CNS. It is known that an animal staying immobilized is an indicator
of the CNS functional state. The restored movement is considered 4.
to be a consequence of generalization of the subcortical excitement.

It is related to pulses from the muscles due to the abnormal body

position. The immobility phase is similar to the state called “animal

hypnosis.” It should be noted that the vegetative nervous system with 5.
participation of hypothalamus is involved in the “animal hypnosis.”
With that, acetylcholine prolongs, and adrenaline shortens the

1.

duration of the animal hypnosis [14]. Pavlov considered the “animal 6.
hypnosis” to be a self-protective reflex that occurs in the cerebral

cortex, and spreads to the underlying centers. When the functional 7.
state of the CNS is restored, the animals acquire the ability to move
rectilinearly [14,15]. The obtained data are consistent with the 8.
scientific ideas about assessing the functional state of the CNS.
CONCLUSION 9

Adaptation to the repeated action of the studied substances is a natural
protective reaction of the organism to adverse effects. Many studies
have shown the possibility of adaptation to industrial poisons, but it 10
does not always occur, repeated exposures sometimes may result in an
increased sensitivity of the organism. The conditions that determine

the state of the organism are diverse, and therefore, the problem of 11.

adaptation gains particular importance in labor health.
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