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Abstract
Background: Noise is a modern life wide-spread stressor produced by urban tra�c and the industrial
environment. The noise stress causes central nervous system’s dysfunction and neurotransmission
impairment in the brain, as well as changes the hormones levels resulting in psychological and
behavioral problems. Underscoring the chronic stress implications, this investigation was to study the
level of inositol triphosphate (IP3) in the mitochondrial fraction of the brain (MFB), and α-Tocopherol (α-T)
and malondialdehyde (MDA) in the plasma and erythrocytes’ membrane (EM). At the same time,
the behavioral characteristics of experimental animals, and the in�uence of α2-adrenoblockers to evident
their modulating effect during noise exposure were studied. 

Results: The obtained results imply increase of plasma and erythrocytes’ membrane MDA content and
decrease in IP3 and α-T and impacted cognitive functions.

Conclusion: The use of α2-adrenoblockers to the noise-exposed animals by the speci�c tests revealed a
regulatory effect on the noise time-dependent delay in behavioral activity manifested by disorientation,
and the spatial memory de�cit. Reduction of the noise impact by α2-adrenoblockers was expressed by

less level of MDA and increased level of IP3 and α-T in the plasma and EM, in the 3rd and the 4th groups.

Background
Noise is an unwanted product of urbanization becoming increasingly dangerous for humans and animals
[1]. It may affect patient’s health both at auditory and non-auditory levels, although it has been largely
proved to be a common cause of hearing loss, and one of the most common causes of stress [2]. Noise-
induced stress promotes enhancement of the free oxygen radical’s intensity through the metabolic
turnover. In this respect MDA is important in the oxidative stress assessment and serves as a marker of
LPO-mediated damage in tissues [3,4,5]. These pathological states development is associated with free-
radical oxidation intensi�cation [6,7], �nally resulting in functional disturbances in tissues. That is why
the antioxidants are crucial in stress conditions [6]. Reportedly, some data are controversial [8]. Notably,
the reactive antioxidants can be stabilized by other antioxidants, which in turn become reactive and can
be recycled in a cascade of reactivity as a matter of equilibrium [9]. Evidently, oxidative stress is a result
of imbalance favoring the oxidants [10] termed by Dündar as “antioxidative stress” [11]. 

Noteworthy, that use of adrenoblockers evokes a de�nite regulating effect on oxidative processes under
the stress conditions [12]. As the noise-induced metabolic changes are the case of stress response the
adrenergic signaling system, particularly of α2-adrenoreceptors, become an object of our investigation. In
a search of new alternatives for α2-adrenergic blockers, 1,4-benzodioxane derivatives have been identi�ed
as potent selective α2-adrenoblockers. These compounds, mesedin and beditin have been chosen for the
further studies as the α2-adrenoreceptors blockers. It was preferable because of their less harmful effect
compared with idazoxan [13].
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An urban noise is a type of the potent stressor [14]. On the other hand, as the hippocampus (HIP) was
found to be an important target for stress [15], the noise can produce long-term impact on the cognitive
function at early stages of stress. At the same time, the noradrenergic system’s participation in anxiety
development is well documented [16], but the speci�c role of α2-adrenoreceptors in anxiety is still to be
clari�ed.

 Y maze is used to study cognitive impairment in animals. The test is also broadly used to estimate
spatial memory and exploratory behavior enabling measurement of both quality and quantity of the
activity [17]. That is why the stress reaction itself is one of the most important elements which impair the
cognitive response [18].

Thus, the objectives of this study included revealing of a possible dependence between the oxidation
intensity by determining the level of MDA and α-T in plasma and EM, the cognitive changes in rats under
the noise exposure and in�uence of beditin and mesedin on them. Taking into account the important
regulatory function of phosphoinositids (PI) in the signaling system and ensuring membrane functions,
we studied the content of IP3 as a minor fraction of membrane phospholipids (PL) in the experimental
animals’ brain mitochondria. The present study also included a comparison of these substances’
capability in regulation of the metabolic changes with determination of the most effective one under the
given conditions.

Methods
The aim of our investigation was to study the level of the MDA and α-T in the plasma and EM, the level of
IP3 in MFB, as well as the behavioral characteristics of experimental animals, and the beditin and
mesedin α2-adrenoblockers in�uence to evident their modulating effect during noise exposure. 

Animals

Investigations have been carried out on albino, male rats [19,20] weighing 150-200g (aged 5-6 weeks),
kept in ordinary vivarium conditions, maintained on a 12 h light/dark cycle with food and water and
libitum in accordance with the European Communities Council Directive (86/609/EEC) on care and use of
animals for experimental procedures. All applicable institutional guidelines for the care and use of
animals were followed. The protocol was approved by the Institutional Animal Care and Ethics
Committee. The following speci�c in vivo conditions were kept for each experiment: 200C temperature
and 52% humidity. The animals were accommodated to the laboratory conditions for 7 days prior
to the experiment. The rats were grouped into 4 groups (6 per group). The 1st group was a control; the 2nd

group (noise) was just exposed to noise, the 3rd (beditin - (2-amino-4-thiozolyl -1,4-benzodioxan)) and 4th

(mesedin -(2-(2-methylamino-4-thiozolyl) -1,4-benzodioxan hydrochloride)) groups - to 91 dBA white noise
with the maximal energy in the regions of average and high frequency. The duration of noise effect was
7, 30 and 60 days [21] with an 8 h window of noise exposure daily; animals of the 3rd and 4th groups were
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injected with beditin (2mg/kg) and mesedin (10mg/kg) intraperitoneally, correspondingly. The �rst
injection was carried out 12 h prior to the exposure. Injections were repeatedly done each 24 h.

Noise Exposure Setup

During noise exposure, rats were housed one per cage to avoid shielding each other from the noise.
Therefore, noise-exposed rats (n = 18) were individually placed for 8 hours in cages close to loudspeakers
(12 W) mounted, 40 cm apart, on opposite sides of the cage and activated by a white-noise generator (10-
20 kHz) of a frequency range of 10000-16000Hz. The noise level was set at 91dBA (60 consecutive days,
8 h per day, from 1:00 to 9:00) [20] and was uniform inside the cage, as monitored with a sound meter
(ST 11 D).

Protein carbonyl content assay

Determination of MDA

The MDA level in plasma and erythrocytes membrane were measured by Esterbauer and Cheeseman
method [21] based on its reaction with thiobarbituric acid (TBA) at 90–100°C and measurement of the
absorbance at 532 nm. MDA reacts with TBA and produces a pink pigment which has maximum
absorption at 532 nm. The value of each sample was obtained from the standard curve and expressed as
nmol/mL.

Determination of α-T content in blood plasma and EM

α -T in erythrocyte membranes and blood plasma was determined by the Duggan �uorometric method
[22] at an excitation maximum of 295 nm and a �uorescence maximum of 330 nm. 0.75 ml of blood
plasma, or 1.5 ml of a suspension of erythrocyte membranes, or the mitochondrial fraction of the brain,
was poured into a test tube with a thin section of 15 ml, 1.25 ml of bidistilled water was added in the case
of plasma or 0.5 ml in the case of erythrocyte membranes and the mitochondrial fraction of the brain,
and 3 ml of absolute alcohol. Then everything was thoroughly mixed, and 6 ml of hexane was added; the
tubes were closed with stoppers and thoroughly shaken for 10 minutes. After separation in the hexane
phase, α-T was determined. To determine α-Т 1 ml, the hexane phase was mixed with 3 ml of absolute
alcohol; the sample was subjected to �uorimetry at 295/330 nm. The amount of α-T was calculated from
a standard calibration curve and expressed in µmol per dl of plasma and in µg per mg of erythrocyte
membrane protein.

Determination of IP3 content

a) Extraction of phospholipids of the mitochondrial fraction of the brain

To determine PL, it was extracted from the mitochondrial fraction of the rat brain using the Bligh and Dyer
method modi�ed by Kargapolov [23]. For this purpose, 2-3 ml of a mixture containing chloroform and
methanol in a ratio of 1: 2 was added to the samples and �ltered. The precipitate formed on the �lter was
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washed three times with a chloroform-methanol mixture (2:1) and once with warm methanol. 2-3 ml of
0.2% CaCl2 solution was added to the �ltrate and shaken for 2 min, after which 2-3 ml of chloroform was
added. The �ltrate was centrifuged for 3-5 min at 3000 rpm, and then the surface water-methanol phase
was isolated. The residue was washed once with 2 ml of chloroform solution to remove the remaining
lipids. After centrifugation, chloroform extracts were added. The resulting extract was washed three times
with a solution of chloroform-methanol-0.02% CaCl2 (3:48:47) with centrifugation each time. By removing
the surface water-methanol phase, a chloroform extract of phospholipids was obtained.

b) Acidextraction of phosphoinositide’s of the mitochondrial fraction of the brain

 To obtain PI, the method of selective acid extraction was used [24]. To isolate PI, we used precipitates on
the �lter after PL extraction, to which a mixture of chloroform-methanol- HCl concentrated solution (2: 1:
0.01) was added. At the room temperature, shaking time to time, after incubation for 37 minutes the
mixture was centrifuged for 5 min at 4000g. The extraction was repeated twice. After the third
centrifugation, the supernatants were combined. The total extract was washed sequentially by: 1N HCl,
then a mixture of 1N chloroform-methanol -1N HCl (3:48:47) and chloroform-methanol–0.01N HCl
(3:48:47). After each single washing, the mixture was centrifuged for 5 min at 4000g. After centrifugation,
the upper layer was removed, and methanol was added to the cloudy acidic extracts until the solution
became clear, then the pH was adjusted to 4.9 using the NH4OH concentrated solution.

Y-maze

Spontaneous alternation tests were conducted in a Y-shaped maze with three wooden arms at a 120°
angle from each other. After introduction to the center of the maze, the animal was allowed to freely
explore the three arms. Spontaneous alternation was de�ned as consecutive entries in 3 different arms
(A, B, C), divided by the number of possible alternations [25]. An entry was considered when all four limbs
were in the arm. Rats were group-housed in standard polycarbonate cages. Approximately 3 minutes
before each assay, the animal was removed from its home cage and placed in a clean holding cage for
transfer. Rats were placed in the center of the Y-maze and allowed to explore the apparatus for 5 minutes.
Each trial was recorded for later analysis, using a video camcorder positioned 2.1m above the apparatus.
After the 5-minute tests, the rats were taken back to their home cages and the Y-maze were cleaned with
70% ethyl alcohol and permitted to dry between tests. The numbers of entries to the A, B and C zones
were compared within the groups.

Statistical analysis

The behavioral parameters have assessed with the help of Any-maze system, the video tracking system
for the location and movement observing.

All analysis was performed using BIOSTA system. All measurements were represented as mean ± SEM.
Signi�cance of means’ difference was evaluated using paired Student Newman – Keuls test (Anova).
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Statistical signi�cance, determined by one‐way ANOVA, was set at P<0.05 (*P<0.05, **P<0.01,
***P<0.001).

Results
 Level of MDA in plasma under the chronic acoustic stress conditions

The study of LPO processes intensity revealed statistically signi�cant difference in MDA levels in plasma
between the 4 groups (Table 1). Our results have shown drastically increased level of MDA in the 2nd

group after 7, 30 and 60 days in the acoustic stress conditions (t=-4,7, p<0,001; t=-5,8, p<0,05; t=-11,9,
p<0,001 respectively), whereas the noise impact has been diminished by in�uence of α2 -adrenoblockers,

which is better expressed in low levels of MDA in the 3rd (t=-0,03, p=0,097; t=-3,16, p<0,05; t=0,18, p=0,86
respectively) and in the 4th (t=4,44, p<0,01; t=-3,02, p<0,05; t=9,28, p<0,001 respectively) groups.

 Level of MDA in EM under the chronic acoustic stress conditions

Our results have shown, the LPO intensity signi�cantly increased in EM after 7, 30 and 60 days of noise
exposure in the 2nd group (t=-3,93, p<0,01; t=-2,23, p<0,05; t=-7, p<0,001, respectively) (Table 2).
Administration of α2 -adrenoblockers promoted to decrease in the level of MDA, which was noticeable in

the 3rd (t=0,29, p=0,77; t=3,3, p<0,01; t=1,28, p=0,22 respectively) and in the 4th (t=1,78, p=0,1; t=3,73,
p<0,01, t=0,57, p=0,7 respectively) groups after 7, 30 and 60 days of the chronic noise in�uence.

Content of α-T in plasma under the chronic acoustic stress conditions

Fig.1 shows the level of α-T in the plasma under the chronic acoustic stress conditions. Our results have
shown oxidation signi�cant intensi�cation for the 2ndgroup after 7, 30 and 60 days in the chronic noise
conditions. At the same time, this impact was reduced by in�uence of α2-adrenoblockers, expressed by

low oxidation intensity levels of the plasma α-T in the 3rd and in the 4th study groups, comparably to the
noise group.

Content of α-T in EM under the chronic acoustic stress conditions

Fig.2 shows the level of α-T in EM under the chronic acoustic stress conditions. The content of α-T in the
rats of the 2nd group was less compared with the 1st, 3rd and 4th groups. It was shown that 7 days
introduction of adrenoblockers increased the level of α-T compared to the 2nd group. The improving effect
of beditin and mesedin was continued after 30 and 60 days of the noise action, but the data of the 3rd

and 4th group rats were less than in control. 

Changes in the intensity of lipid peroxidation (IP3) in the MFB under the chronic acoustic stress
conditions
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Analysis of peroxidation intensity of lipids revealed statistically signi�cant shifts in IP3levels in MFB

under the chronic noise in�uence (Table 3). Our results have shown decreased level of TPI in the 2nd

group after 7, 30 and 60 days in the acoustic stress conditions (t=10,5, p<0,001; t=9,6, p<0,001; t=-12,8,
p<0,001, respectively). The noise effect has been decreased by in�uence of α2-adrenoblockers, which was

noticeable in higher levels of TPI in the 3rd (t=3,5, p<0,01; t=2,6, p<0,05; t=2,4, p<0,05, respectively) and the
4th groups (t=2,5, p<0,05; t=1,8, p=0,1; t=0,45, p=0,66, respectively). Moreover, the data of IP3 in the 4th

group rats were close to control after 60 days of exposure.

Number of entries and alternations of animals to the arms of A, B, C

Fig. 3,4,5 show a number of entries and alternations of animals to the arms of A, B, C. under the acoustic
stress conditions after 7, 30 and 60 days. Our data have shown that the rats of the 2nd group had a
smaller number of entries and alternations to the A, B, C arms compared with the 1st, 3rd and 4th groups
after 7, 30 and 60 days of exposure. The data of the 4th group for the 7, 30 and the 60 days of exposure
were higher than the control. The rats of the 3rd group had less number of entries to the A zone, while that
for the 30 and 60 days of exposure were close to control. But the number of entries to the B zone after 7,
30 and 60 days of exposure higher than control. The data of the 3rd group number of entries to the C zone
less for the 7 day of exposure compared to control, while that for the 30 and 60 days of exposure were
higher than control.

Discussion
Based on the revealed data the chronic noise action increased the level of peroxidation of membranes
phospholipids in MFB and the level of MDA and decreased content of α-T in the plasma and EM of
experimental animals. The Y-maze test also revealed cognitive disorders in rats under the noise action.
The results obtained indicate onto changes in the studied biochemical parameters and the cognitive
function, so testify about the regulative effects of the α2-adrenoblockers under the conditions of the
chronic noise.

The stress realization phenomenon is a nonspeci�c response of the central nervous system (CNS) to a
stressor with several morphological and biochemical deviations including those characteristics to the
oxidative stress.

The processes of free radicals’ production dysregulation led to oxidation intensity changes consistent
with a shift in MDA level, one of the most common biomarkers of LPO. The enhanced level of MDA also
indicates on abnormality in antioxidant defense mechanisms. Results of our investigations have shown
that chronic noise increased level of MDA in the plasma of the 2nd group, which is an accepted marker for
oxidative stress and development of pathology [3]. Meanwhile, we recorded the noticeable restorative
effects of beditin and mesedin on the levels of MDA in respective groups. Low levels of MDA in plasma
of these groups were caused by the α2-adrenoblockers, where effect of mesedin was the mostly
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expressed. The latter was evident by the 4th group rats’ lowest MDA level, compared with the 1st group
after 7 and 60 days of noise action. 

Based on the data in the plasma levels of MDA, we found signi�cant difference after noise exposition.
Indicators of oxidative stress can be detected in various body �uids or tissues [26]. MDA is a product of
lipid peroxidation, which immediately reacts with biomolecules in the cells [27]. Its increase indicates
intensi�ed oxidative stress in erythrocytes membranes due to an excessive production of ROS by noise
action.

 Our data demonstrated expressed quantitative deviations of MDA level in the EM under the noise
exposure in the 2ndgroup. Interestingly, the stress-realizing hormones action brings to structural
transitions in EM proteins, along which the deformation of erythrocytes is [28]. Structural changes of EM
can promote oxidation of proteins and phospholipids by becoming a target of ROS. It was also shown
that stress hormones alter the oxygen transport properties of erythrocytes. Increased level of MDA
followed by development of oxidative stress could be one of the pathophysiologic mechanisms of
diseases [29].

As a protective measure we used α2-adrenoblockers, mesedin and beditin, to reduce noise-induced
symptoms and show their possible preventive effect under the chronic acoustic stress conditions.
Reduction of the noise impact by α2-adrenoblockers was expressed by less level of MDA in the EM, in the

3rd and the 4th groups. Low level of MDA in these groups was caused by regulatory properties of α2-

adrenoblockers [12, 30] compared with the 1st group after 7, 30 and 60 days of noise exposure.

The cellular effects of oxidative stress are characterized by free radicals, including ROS, which affect the
molecular components of the cell membrane spatially membrane lipids and disturb their biophysical
properties. In this aspects a-T is of widely recognized antioxidant action and as a lipid-soluble molecule,
scavenging its free radical in the cell membranes and protecting primarily poly unsaturated fatty acids
(PUFA), highly susceptible to oxidative attack [31,32].

In the given study in the 2nd rats α-T level was reduced in the EM and plasma after 7 day of noise
in�uence, compared to control. The oxidative damage was continued by chronic exposure of noise (after
30 and 60 day), which was expressed by intensive decreased level of α-tocopherol in the 2nd group rats.
Based on our data, we can postulate, that harmful effect of noise decreased endogenous antioxidant
defense because of gradually decreasing scavenging of the free radicals and thus, damaging the cells. In
the antioxidant defense overwhelming the oxidative stress to the cellular components induce adaptive
processes [33]. The data from our previous study also con�rmed this fact and showed adaptation
processes on the 30th day of the noise exposure  However, α-T studies have shown that noise-induced
reductions in tocopherol levels were not accompanied by the adaptation phase. The amount of
tocopherol was gradually decreased bypassing adaptation  A study of the effects of beditine and
mesedin showed that oxidative stress was limited by using of these α2- adrenoblockers, which was
expressed by a slight increase of α-T in the studded group, compared to the noise group. Contributing to
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α-T levels, α2- adrenoblockers protected PUFA in cell membranes from LPO and preserve the physical
properties of the membranes [34]. Considering the biological effects speci�city inhibited by α-T, it does
not seem plausible that numerous effects can be mediated by uncontrolled LPO and so, counteracted by
the antioxidant [35]. By protection of the structure of PUTA, α-T is considered to signi�cantly in�uence the
physical properties of the cell membrane.

To date, researchers' attention is focused on IP3, as minor components of the cell membranes, which play
both a structural and a signaling role. Disorders of IP3metabolism in such pathologies as cancer,
cardiovascular diseases, and the immune system dysfunctions, where the acoustic stress is of
importance, are the red-ox and the IP3 metabolism imbalance result [36]. IP3 are the precursors of several
secondary messengers of various intracellular signaling pathways.

The study of quantitative shifts in the fraction of IP3 of brain mitochondria under the conditions of

acoustic stress revealed a decrease in the content of IP3 in the 2nd group compared to other experimental
groups, after 7, 30 and 60 days of noise exposure.

Disorders of the metabolism of IP3, associated with the activation of free radical processes have been
described in some diseases [37]. The study of quantitative changes in the fraction of IP3 of brain
mitochondria under the conditions of chronic acoustic stress revealed a decrease in the content of IP3. As
a result, the development of disorders in phosphorylation / dephosphorylation of the inositol ring,
responsible for the implementation of regulatory mechanisms of the functional activity of membrane
surface proteins and signaling complexes occur [37]. IP3 is also involved in such cellular processes, as
cell growth, differentiation and survival, and the signaling regulation. Based on the results of our research,
we can state that the impact of noise disrupts the above-mentioned processes leading to pathological
events. However, intraperitoneal administration of beditin and mesesdin during exposure to noise has a
regulatory effect on the content of IP3 after 7, 30 and 60 days of noise action. Adrenergic alpha-2 receptor
antagonists exhibit the antioxidant properties and thereby prevents the lipid peroxidation intensi�cation
by maintaining the level of α-tocopherol in blood plasma and EM within physiological ranges when
exposed to noise. Notably, mesedin did not cause signi�cant changes in the studied parameters in
relation to the control group, implying its higher e�cacy

Results of our previous investigations have shown that chronic noise impact increased carbonylation of
FG and EM proteins [38] which also are known markers for oxidative stress, mediating redox signaling
processes and development of pathology.

Considering the given study results of the α2 adrenoblockers in�uence on the above-mentioned processes,
we can conclude that mesedin and beditin possess signi�cant regulating properties judging by the MDA
level dramatically decrease. In the given study, where mesedin was of a special signi�cance in this regard,
this effect might be probably mediated by decrease intensiveness of ROS formation and, as a result, the
MDA level reduction.

https://meshb.nlm.nih.gov/#/record/ui?name=Adrenergic%20alpha-2%20Receptor%20Antagonists
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Adrenaline and noradrenaline catecholamines’ effects, namely their radical scavenging activity, can be
e�cient for reducing oxidative stress though a loss of their activity was also mentioned [8]. Consequently,
regarding oxidative stress they can be both protectors and molecular targets. It should be also noticed,
under the proper conditions both catecholamines can be regenerated to their original form so their
functions can be restored [39]. So, according to our previous data, one of the main advantages of α2-
adrenoblocker action is its regulatory effect on lipoprotein metabolism [38]. Environmental noise has its
stress-realizing effects through the direct connections to the neural mechanisms via the autonomic
nervous system [40], and different mediated connections to the cerebral centers responsible for the
principal physiological and behavioral effects of organism [41]. It is well-known, that the major
physiological effect of α2-adrenoceptors is to block the presynaptic feedback of neurotransmitter release
from noradrenergic terminals [42].

Exposure of laboratory animals to noise induced abnormal behavior, suppressed exploratory attempts
and impaired memory, but some forms of chronic stress could also produce depressive-like symptoms,
like anxiety [38]. The HIP is an important structure of the CNS involved in the cognitive processes’
realization, so in the pathogenesis of mood and anxiety disorders through its dorsoventral axis [43].
Recent data of some studies evident that manipulation of the vHIP itself can directly impact anxiety-
related behavior [44]. 

The CNS peculiarities include high sensitivity to LPO due to high oxygen supply and rich content of
polyunsaturated fatty acid. According to Marchasson et al., in Alzheimer's disease the MDA levels found
higher in the patients’ plasma [26]. The fact, that the hippocampus is affected by noise, is well
documented [15,17]. Many pathological processes, such as post-traumatic stress disorders involve HIP as
the primary damage site. Changes in the neurotransmitters contents in the brain are associated with
degenerative disease of CNS, brain injury and cognitive disorders [45].

For new environment accommodation in Y-maze the rats generally prefer to enter a new arm of the maze
more often rather than returning one that was previously visited. The Y-maze test is a speci�c behavioral
test for the memory and the animal’s behavior alternation assessment. The Y-maze test’s results
presented in this research con�rmed the harmful impact of chronic noise exposure on the animals’
spatial memory. By counting alternations sequences it was shown many incorrect alternations in the
noise group. Correct alternations were BAC, CBA or ACB, etc., but in the noise group there was
predominant incorrect alternations. Moreover, there was also noticed a high-level immobility in the noise
group animals resulting to less distance travelled during alternation sequences, hence, the less number of
entries to the different arms. This phenomenon can be explained by a deteriorating effect of noise on the
organism leading to a memory weakness, and as a result, to wrong alternations.

Evidentially, the noise-induced stress led to a spatial memory de�cit, which in turn brought to the
orientation impairment. Observing this parameter change we recorded the exact opposite pattern in the
mesedin and beditin rats’ groups. These α2-adrenobloskers decreased noise-induced stress and thus,
restored anxiety-induced spatial memory. 
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With the OFT study our previously results had shown increased anxiety level induced by noise [39]. The
increased levels of anxiety were accompanied by the immobility and disturbance orientation of rats. So,
the noise-associated psycho-emotional stress is capable to mitigate anxiety-related behavior by driving a
release of norepinephrine in the neuronal system of organism. Results of our study demonstrated the
behavioral changes in the Y-maze tests after the α2-adrenoblockers injection, consisting in ceasing of the
stress-induced immobility of rats after 60 days of chronic noise action. The anxiolytic action of α2-
adrenoblockers in rats administered mesedin and beditin was expressed by reduced anxiety and
increased total locomotor function.

Conclusion
The study results provide evidence increased the level of MDA in plasma and erythrocytes’ membrane of
animals subjected to the chronic noise action. The latter developed imbalance in the redox status,
favoring oxidation of proteins and phospholipids and generating ROS. MDA measurement is very
important in different pathological states, and it has also a great signi�cance in the effects of many
pollutants, particularly in environmental noise action. Moreover, environmental noise ameliorated
conditions causing a noise duration-dependent de�cit in spatial memory in rats and regulatory
mechanisms of the functional activity of membrane surface proteins and signaling complexes. We can
conclude that α2-adrenoblockers, mesedin and beditin, provided a modulatory effect on the investigated
values under the chronic acoustic stress, which was mostly expressed by mesedin. Summarizing our
data, it can be suggested, that the adrenergic alpha-2 receptor antagonists exhibit the antioxidant
properties that prevents the intensi�cation of LPO, while maintaining the level of α-tocopherol in blood
plasma and EM and the IP3content in the brain mitochondria under the chronic noise conditions.

Declarations
Ethics approval and consent to participate

All applicable institutional guidelines for the care and use of animals were followed. The protocol was
approved by the Institutional Animal Care and Ethics Committee.

Consent for publication

Not applicable

Availability of data and material.

All data generated or analyzed during this study are included in this published article.

Competing interests

The authors declare that they have no competing interests.



Page 12/20

Funding

This research did not receive any speci�c grant from funding agencies in the public, commercial.

Authors' contributions

Conceptualization, Ashkhen Manukyan and Magda Melkonyan;

Methodology, Ashkhen Manukyan, Artem Grigoryan and Magda Melkonyan;

Ivestigation, Ashkhen Manukyan, Lilit Hunanyan, Lilit Sukiasyan, Artem Grigoryan and Hayk Harutyunyan
;

Formal analysis, Ashkhen Manukyan, Artem Grigoryan, Lilit Hunanyan, Lilit Sukiasyan and Hayk
Harutyunyan

Writing—original draft preparation, Ashkhen Manukyan;

writing—review and editing, Magda Melkonyan

Supervision, Magda M. Melkonyan;

All the authors discussed the results and commented on the manuscript.

Acknowledgements

We are grateful to Vahe Mkrtchyan for participating in the behavioral experiments

Authors' information (optional)

1. Ashkhen Lyova Manukyan, PhD, assistant- prof, Department of Medical Chemistry of Yerevan State
Medical University after M. Heratsi, Koryun2, 0025, +37477011740, Yerevan, Armenia,
https://orcid.org/0000-0003-2608-5295, manukyanashkhen@mail.ru, ashkhmanuk@mail.ru

2. Artem Sergey Grigoryan, associate-prof, Department of Pathophysiology of Yerevan State Medical
University after M. Heratsi, Koryun2, 0025, +37491515392, Yerevan, Armenia, grigartem@yahoo.com

3. Lilit Serob Hunanyan, associate-prof, Department of Medical Chemistry of Yerevan State Medical
University after M. Heratsi, Koryun2, 0025, +37494300017, Yerevan, Armenia, h-lilit@live.com

4. Hayk Ashot Harutyunyan, PhD, SRC of Yerevan State Medical University after M. Heratsi, Koryun2,
0025, +37493394720, Yerevan, Armenia, hayk@web.am

5. Lilit Maghak Sukiasyan, SRC of Yerevan State Medical University after M. Heratsi, Koryun2, 0025,
+37491363816, Yerevan, Armenia, sukiasyan@inbox.ru

�. Magdalina Mher Melkonyan, Doctor of Science, professor, Department of Medical Chemistry of
Yerevan State Medical University after M. Heratsi, Heratsi, Koryun2, 0025, +37477344434, Yerevan,
Armenia, melkonyan@icloud.com

mailto:manukyanashkhen@mail.ru
mailto:ashkhmanuk@mail.ru
mailto:grigartem@yahoo.com
mailto:h-lilit@live.com
mailto:hayk@web.am
mailto:lilit.sukiasyan@inbox.ru
mailto:magda.melkonyan@icloud.com


Page 13/20

References
1. Seidman M, Standring R (2010) Noise and quality of life. IntJ Environ Res Public Health7:3730–8.

2. Bogden JD (2006) Detrimental health effects of noise pollution. J Med Soc 71:847–51.

3. Dalle-Donne I, Rossi R, Colombo R, Giustarini D, Milzani A (2006) Biomarkers of oxidative damage in
human disease. Clin Chem 52:601–623.

4. Esterbauer H, Schaur RJ, Zollner H (1991) Chemistry and biochemistry of 4-hydroxynonenal,
malonaldehyde and related aldehydes. Free Radic Biol Med 11:81-128.

5. Stefania S, Vincent J, Luigia T, Karl-Heinz K (2013) Severe Life Stress and Oxidative Stress in the
Brain:From Animal Models to Human Pathology. Antioxidants & Redox signaling 18:1475–1490.
org/10.1089/ars.2012.4720

�. Dubinina EE (2006) Oxygine metabolism products in the functional activity of cells (life and death,
creation and destruction). Physiological and clinical-biochemical aspects. Medical Press (in Russ).

7. Urso ML, Clarkson PM (2003) Oxidative stress, exercise, and antioxidant supplementation.
Toxicology 189:41-54.

�. Cleva V, Robert DK (2012) Antioxidant-Induced Stress. Int J Mol Sci 13:2091-2109.
org/10.3390/ijms13022091.

9. Rahal A, Kumar A, Singh V, Yadav B, Tiwari R, Chakraborty S, Dhama K (2014) Oxidative stress,
prooxidants, and antioxidants: the interplay. Biomed Res Int 761264. org/10.1155/2014/761264.

10. Halliwell B, Gutteridge JM (1995) The de�nition and measurement of antioxidants in biological
systems. Free Radic Biol Med 18:125–126.

11. Dündar Y, Aslan R (2000) Antioxidative stress. Eastern J Med 5:45–47.

12. Melkonyan MM, Shirinyan EA, Hynanyan LS, Manukyan AL, Minasyan AA, Hakobyan NR, Yavroyan
JV (2010) The effects of selective alpha-adrenoblocker beditin on the intensity of lipid peroxidation
and membrane phosphoinositides content in acoustic stress conditions. The New Armenian Medical
journal 4:15-24.

13. Shirinyan E, Harutyunyan S (2015) Mesedin—A new anti-hypoxic property possessing peripheral
post-synaptic α2-Adrenoblocker. Med Sci Educ 18:27–31.

14. Westman JC, Walters JR (1981) Noise and stress: A comprehensive approach. Environ Health
Perspect 41:291–309. 

15. de Kloet ER (2003) Hormones, brain and stress. EndocrRegul 37:51–68. 

1�. Arnsten FT, Goldman-Rakic PS (1998) Noise stress impairs prefrontal cognitive function in monkeys.
Arch Gen Psychiatry 55:362-8.

17. Jessica CJ, Katy S, Alexander RG, Victor ML, Jeremy SB, Gokhan O, Pengcheng Z, Samantha KO,
Matthew AW (2018) Anxiety Cells in a Hippocampal-Hypothalamic Circuit. Neuron 97:670–683.

1�. Mehta M, Schmauss C (2011) Strain-Speci�c Cognitive De�cits in Adult Mice Exposed to Early Life
Stress. BehavNeurosci125:29–36.

https://pubmed.ncbi.nlm.nih.gov/24587990/


Page 14/20

19. Annaliese KB, Irving Z (2011) Sex bias in neuroscience and biomedical research. Neurosci Biobehav
Rev 35: 565–572. org/10.1016/j.neubiorev.2010.07.002

20. Melkonyan MM, Melik-Agaeva E, Mchitaryan VG (1986) The intensity of lipid peroxidation processes
and the activity of enzymes depending on sex under stress. Medical science of Armenia 26:322-328
(in Russia).

21. Esterbauer H, Cheeseman KH (1990) Determination of aldehydic lipid peroxidation products:
malonaldehyde and 4-hydroxynonenal. Methods Enzymol 186:407– 21.

22. Duggan DD (1954) Spectro�uorometric determination of Arch. Biochem. Biophys 84(1):116-126.

23. Kargapolov AB (1981) Analysis of the lipid composition of mitochondria and endoplasmic
membranes using the method of horizontal �ow chromatography. Biochemistry 46:691-698. (In
Russia)

24. Bergelson LD, Dyatlovitskaya EV, Molotkovsky YG (1981) Preparative biochemistry of lipids. M.
Science 370 p (In Russia)

25. Hughes RN (2004) The value of spontaneous alternation behavior (SAB) as a test of retention in
pharmacological investigations of memory. Neuroscience and Biobehavioral Reviews 28:497–505.

2�. Schrag M, Mueller C, Zabel M, Croffon A, Kirsch WM, Ghribi O, Squitti R, Perry G (2013) Oxidative
stress in blood in Alzheimer's disease and mild cognitive impairment: A meta-analysis. Neurobiol. Dis
59:100-110.

27. Abdul-Rasheed OF, Farid YY, Al-Nasiri US (2010) Coenzyme Q10 and oxidative stress markers in
seminal plasma of Iraqi patients with male infertility. Saudi Med J 31:501-506.

2�. Kunitsyn VG, Panin LE (2013) Mechanism of Erythrocyte Deformation under the Action of Stress
Hormones. International Journal of Biophysics 3:1-14. org/10.5923/j.biophysics.20130301.01

29. Bourdel-Marchasson I, Delmas-Beauvieux MC, Peuchant E, Richard-Harston S, Decamps A, Reignier
B, Emeriau JP, Rainfray M (2001) Antioxidant defenses and oxidative stress markers in erythrocytes
and plasma from normally nourished elderly Alzheimer patients. Age Ageing 30:235–241.

30. Manukyan AL, Grigoryan AS, Hunanyan LS, Harutyunyan HA, Manukyan MV, Mkrtchyan VS,
Melkonyan MM (2020) Alfa2-adrenoblockers attenuate the elevated plasma cholesterol, anxiety
levels and restore impaired spatial memory of rats under the chronic noise exposure. Science of The
Total Environment doi.org/10.1016/j.scitotenv.2020.140390

31. Azzi A (2007) Molecular mechanism of alpha-tocopherol action. Free radical Biology and Medicine
43:16-21.

32. Atkinson J, Harrainne T, Wassall SR, Stilwell W, Katsaras J (2010) The location and behavior of
alpha-tocopherol in membranes. Molecular Nutrition & Food Research 54:641-651.

33. Cross CE, Valacchi G, Schock B et al. (2002) Environmental oxidant pollutant effects on biologic
systems: a focus on micronutrient antioxidant-oxidant interactions. American Journal of Respiratory
and Critical Care Medicine 166, supplement 1: 44–50.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Beery%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=20620164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zucker%20I%5BAuthor%5D&cauthor=true&cauthor_uid=20620164
https://dx.doi.org/10.1016%2Fj.neubiorev.2010.07.002
https://www.sciencedirect.com/science/article/pii/S0048969720339127?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0048969720339127?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0048969720339127?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0048969720339127?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0048969720339127?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0048969720339127?via%3Dihub#!
https://www.sciencedirect.com/science/journal/00489697
https://doi.org/10.1016/j.scitotenv.2020.140390


Page 15/20

34. Traber MG, Atkinson J (2007) Vitamin E, antioxidant and nothing more. Free radical Biology and
Medicine 43:4-15.

35. Seidman MD (2000) Effects of dietary restriction and antioxidants on presbyacusis. Laryngoscope
110:727–738.

3�. Rusten TE, Stenmark H. (2006) Analyzing phosphoinositides and their interacting proteins. Nat
methods 3:251-258.

37. Cremona O, De Camilli P (2001) Phosphoinositides in membrane tra�c at the synapse. J Cell Sci
114:1041-1052.

3�. Manukyan A (2020) Alfa-2 adrenoblokers decrease elevated carbonylation of erythrocytes'
membranes proteins and regulate behavioral changes induced by noise action. Life Sciences 246.
org/10.1016/j.lfs.2020.117395

39. Ruslán ÁD, Annia G (2015) Adrenaline and Noradrenaline: Protectors against Oxidative Stress or
Molecular Targets? J Phys Chem 119:3479− doi.org/10.1021/acs.jpcb.5b00052

40. Kable JW, Murrin LC, Bylund DB (2000) In vivo gene modi�cation elucidates subtype-speci�c
functions of alpha (2)-adrenergic receptors. J Pharmacol Exp Ther 293:1–7.

41. Frankenhaeuser M (1979) Psychoneuroendocrine approaches to the study of emotion as related to
stress on coping. In: Nebraska Symposium on Motivation HE Howe and RA Dienstbier Eds, University
of Nebraska Press, Lincoln,

42. Langer E,Rodin J (1976) The effects of choice and enhanced personal responsibility for the aged: a
�eld experiment in an institutional setting. J Pers Soc Psychol 34:191-8.

43. Tannenholz L, Jimenez JC, Kheirbek MA (2014) Local and regional heterogeneity underlying
hippocampal modulation of cognition and mood. Front Behav Neurosci 8:147.

44. Par�tt GM, Nguyen R, Bang JY, Aqrabawi AJ, Tran MM, Seo DK, Richards BA, Kim JC (2017)
Bidirectional control of anxiety-related behaviors in mice: role of inputs arising from the ventral
hippocampus to the lateral septum and medial prefrontal cortex. Neuropsychopharmacology
42:1715–1728.

45. Rodrigeuz Manzanares PA, Isoardi NA, Carrer HF, Malina VA (2005) Previous stress facilitates fear
memory, attenuates GABAergic inhibition, and increases synaptic plasticity in the rat basolateral
amigdala. J Neurosci 25:8725-34.

Tables
Table 1. Content of MDA in plasma under the acoustic stress conditions after 7, 30 and 60 days.

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rusten%20TE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stenmark%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cremona%20O%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22De%20Camilli%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
https://www.ncbi.nlm.nih.gov/pubmed/?term=Langer%20EJ%5BAuthor%5D&cauthor=true&cauthor_uid=1011073
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodin%20J%5BAuthor%5D&cauthor=true&cauthor_uid=1011073
https://www.ncbi.nlm.nih.gov/pubmed/1011073


Page 16/20

Groups                              7X8                                    30X8                                  60X8

Control                       0,17±0,003                           0,17±0,003                         0,17±0,003

Noise                          0,23±0,01***                       0,24±0,011*                       0,23±0,01***

Noise + Beditin           0,17±0,004                          0,2±0,003*                         0,17±0,004

Noise + Mesedin         0,14±0,005**                      0,19±0,006*                       0,14±0,005***

 

The statistical difference is provided between control and experimental groups

(*P < .05, **P < .01, ***P < .001)

  

Table 2. Content of MDA in EM under the acoustic stress conditions after 7, 30 and 60 days.

Groups                              7X8                                    30X8                                  60X8

Control                       2,26±0,03                             2,26±0,03                          2,26±0,03

Noise                          3,13±0,22**                         2,6±0,014*                        3,22±0,1***

Noise + Beditin           2,19±0,22                            1,89±0,1**                        2,08±0,1

Noise + Mesedin         2,07±0,1                               1,8±0,11**                       2,13±0,21

The statistical difference is provided between control and experimental groups

(*P < .05, **P < .01, ***P < .001)

 

Table 3. Content of inositol triphosphate in the of mitochondrial fraction of brain under the chronic noise
conditions after 7, 30 and 60 days.

Groups                              7X8                                    30X8                                  60X8

Control                        46±1,61                                46±1,61                               46±1,61    

Noise                           23±1,46***                          26±1,31***                         19±1,3***

Noise + Beditin           37±1,94**                            40±1,67*                             41±1,5*

Noise + Mesedin         40±1,77*                              42±1,5                                 45±1,52

 

The statistical difference is provided between control and experimental groups
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(*P < .05, **P < .01, ***P < .001)

 

Figures

Figure 1

Content of α-T in plasma under the chronic acoustic stress conditions (each group is of 6 animals, under
the 8hr noise /day action). According to the data after 7(I), 30( II) and 60 (III) days of noise action the 2nd
group rats have had increased level of oxidative intensity (p<0,001, p<0,001, p<0,001, respectively)
compared with the 1st group. The 3rd (p<0,5, p<0,01, p<0,001, respectively) and the 4th (p=0,48, p=0,15,
p<0,01, respectively) groups have had low oxidation intensity, compared to the 2nd group. However, the
data of the 3rd and the 4th groups level in the plasma of α-T were less than of control.

Figure 2
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Content of α-T in EM under the chronic acoustic stress conditions (each group is of 6 animals, under the
8hr noise /day action). According to the data after 7 (I), 30 (II) and 60 (III) days of noise action the 2nd
group rats have had increased level of oxidative intensity (p<0,01, p<0,001, p<0,001, respectively)
compared with the 1st group. The 3rd (p=0,22, p<0,05, p<0,01, respectively) and the 4th (p=0,8, p=0,1,
p<0,05, respectively) groups have had low oxidation intensity, compare to the 2nd group. However, the
data of the 3rd and the 4th groups level of α-T in EM less than control.

Figure 3

Number of entries to the A zone (each group is of 6 animals, under the 8hr noise /day action). According
to the data after 7, 30 and 60 days of noise action the rats of the 2nd group have had 54,8%, 61,8%,
30,9%number of entries to the A zone compared with the 1st group (was as 100%), respectively; the rats
of the 3rd group have had 66%, 94,8%, 89,1%, respectively; and the rats of the 4th group have had 144,3%,
164,9%, 136%, respectively.
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Figure 4

Number of entries to the B zone (each group is of 6 animals, under the 8hr noise /day action). According
to the data after 7, 30 and 60 days of noise action the rats of the 2nd group have had 55%, 82,8%,
34,3%number of entries to the B zone compared with the 1st group (considered to be as 100%),
respectively; the rats of the 3rd group have had 103,5%, 144,9%, 134,5%, respectively; and the rats of the
4th group have had 93,2%, 128,3%, 151,7%, respectively.
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Figure 5

Number of entries to the C zone (each group is of 6 animals, under the 8hr noise /day action). As per the
data after 7, 30 and 60 days of noise action the rats of the 2nd group have had 55,6%, 88,9%,
22,3%number of entries to the C zone compared with the 1st group (considered to be as 100%),
respectively; the rats of the 3rd group have had 77,8%, 140,7%, 106,7%, respectively; and the rats of the
4th group have had 125,8%, 157,8%, 114,7%, respectively.


