|
International Jowrmal
of Biological and

Chemical Sciences

Available online at http://www.ifgdg.org

Int. J. Biol. Chem. Sci. 16(5): 2281-2288, October 2022

ISSN 1997-342X (Online), ISSN 1991-8631 (Print)

http://ajol.info/index.phplijbcs http://indexmedicus.afro.who.int

Changes of the eeg oscillations in the temporal lobe of the cerebral cortex
under the effect of examination process in students with choleric temperament

T.V. RUSTAMOVAY, Kh.Y. ISMAYILOVA? and ©. H. KAZIMOV?

1Ganja State University, Ganja Azerbaijan. H.Aliyev Ave. 429, Ganja, AZ2001 rustamovatukezban72@mail.ru
https://orcid.org/0000-0002-6828-7904
2Institute of Physiology named after Academician Abdulla Garayev of Azerbaijan National Academy of
Sciences, Sharifzade str. 78, Baku city, AZ1100 ismailovakh@gmail.com, https://orcid.org/0000-0003-0926-
068
3Department of Normal Physiology, Azerbaijan Medical University.
* Corresponding author; E-mail: ahmedkaz@mail.ru

Received: 31-08-2022 Accepted: 20-10-2022 Published: 31-10-2022

ABSTRACT

To identify age-related changes in the amplitudes of delta, theta, alpha and beta waves in the temporal
lobes of the cerebral cortex during emotional stress caused by examination process in choleric students. The
research involved 23 male students with choleric temperament aged 17 and 21. EEG recording of the right and
left temporal lobes was carried out for 10-12 minutes on ordinary days (OD), as well as before (BE) and after
exam (AE). The type of temperament of students was determined according to test of Eysenck before starting
the experiment. The personal and situational level of anxiety was determined according to Spielberger in 3
states: on ordinary days (OD), before the exam (BE) and after the exam (AE). It was established that
differences in the electrical activity of the brain of 1%t year and 5" year choleric students were observed in all
stages (OD, BE, AE). In 17-year-old choleric students, the amplitude of the EEG delta, theta and alpha waves
on hoth sides of the temporal lobe changed in waves under the influence of emotional tension in the 1st
semester of the BE and AE periods, while the amplitude of the EEG beta waves in the AE periods sharply
decreased, which differed from the indicators in the 5th year. Data on the oscillations of EEG waves in the
temporal lobe of the cerebral cortex of students can be used for an objective method of diagnosing students'
psycho-emotional stress and determining the ways of self-regulation of their condition.
© 2022 International Formulae Group. All rights reserved.
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INTRODUCTION assessment of physiological activity. According

Currently, the study of the physiological to our previous research (Rustamova. 2020) and
and psychological functions of people in the other literary sources (Alexandrov and
conditions of their professional activity remains Lukyanenok, 2016; Berezneva and Kirisova,
one of the actual problems. In this regard, the 2015) the emotional stress arised due to waiting
educational process of students in higher process of the exam results leads to an increase
educational institutions is associated with high in situational and personal anxiety in majority
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of students. It results in disturbance of regulatory
mechanisms of mental and vegetative-hormonal
systems, which cause the changes in the
dynamics of the perception and memorization
processes, as well as the weakening of the
adaptation functions to stressful conditions
(Zorin and Zhadnov, 2016; Monier, 2019).
Regarding the situation mentioned above it is
necessary to search the objective individual
electrophysiological indicators of regulatory
mechanisms and adaptive processes
characterizing the optimization of the
educational process and the prevention of
adaptation disorders in students (Zorin et al.,
2016). Accordingly, the psychological and
physiological functions of the body proceeded in
interaction with the purposeful educational
process of students (Dolgova and Kapitanech,
2016). The study of the mechanism of emotional
stress occurring in students during and after the
exam is one of the actively studied problems of
electrophysiology (Novikova, 2015).

Along with it, since a comprehensive
study of the adaptive functions of students is of
great interest for assessing the functional activity
of the central nervous system (CNS) and at the
same time, for electroencephalography (EEG), it
is the main method allowing to obtain highly
informative description about the functioning of
the brain (Poulsen et al., 2017; Conley et al.,
2019). Change in the amplitude-frequency
characteristics of the EEG is the indicator of
change in the functional state of the central
nervous system during emotional  stress
(Pavlova, 2017). However, some indicators of
the mechanism of change in the amplitude-
frequency characteristics of the EEG during
emotional stress in students during the days of
the usual educational process, as well as during
the exam still remains poorly studied (Trushina
and Vedyasova, 2016). Thus, the study of some
aspects of the neurophysiological mechanisms
of formation of these states in the examination
process of students is of great importance both in
theoretical and applied terms (Novikova, 2015).
At the same time, based on the topography of
neurophysiological mechanisms, it is worthy to
note that the temporal lobe of the cerebral cortex
(Owoeye and Farombi, 2015) is associated with
short-term and long-term memory (Pillon et al.,
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1999; Cashdollar et al., 2011). However, it was
found in other studies that the temporal lobe is
involved in social-emotional processes such as
social semantic processing (Ross and Olson,
2010), emotional information processing
(Critchley et al., 2000), as well as problem
solving process (Sassa et al., 2007; Dolcos et al.,
2004). Moreover, a connection was found
between the temporal lobe and personality traits
basing on the Eysenck's theory (Kehoe et al.,
2012).

Thuswise, the purpose of our study was
to identify age-related amplitudes on both sides
of the temporal lobe of the cerebral cortex
during emotional stress caused by the
examination process.

MATERIALS AND METHODS

A total of 23 practically healthy male
students aged 17 and 21 (students of | and V
courses) studying at Ganja State University were
involved in the study on a voluntary basis. The
research was carried out during the first
examination session of students aged 17. The
students involved in the research were divided
into three groups: the studies of the first group
students were carried out on regular academic
days 2 months before the exam, the studies of
the second group students were carried out 30
minutes before the exam and the studies of the
third group students - 30 minutes after the exam.
Before starting the research, the temperament
types of students were determined using the G.
Eysenck test (Eysenk, 1993). Moreover, using
the express version of the Spielberg-Khanin test
questionnaire  (Khanin, 1978; Spielberger,
2013), the situational anxiety was determined in
three states: on ordinary days, before the exam
and after the exam. In neurophysiological
studies, EEG recording of the left and right sides
of the temporal lobe of the cerebral cortex was
carried out for 10-12 minutes on ordinary days,
as well as before and after the exam. An
indifferent electrode was fixed ipsilaterally on
the earlobe. Using the hardware-software
complex "Neuron-spectrum 16A" (“Neurosoft"
LLC, Ivanovo), the obtained EEG waves were
subjected to amplitude and frequency-spectral
analysis. All data obtained during the study were
statistically analyzed taking into account modern
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recommendations. The Wilcoxon rank sum test
was used. All calculations were carried out in
the EXCEL-2016 spreadsheet and in the SPSS-
22 package software, the results of which are
describedn the tables displayed.

RESULTS

In the first stage of the study, the changes
in the amplitudes of the delta, theta, alpha, and
beta EEG waves of the right and left sides of the
temporal lobe of the cerebral cortex were studied
during emotional stress caused by the first
examination session in 17-year-old first-year
students. Based on the results of G. Eysenck's
test for temperament types, we have choosen
students with a choleric temperament type for
further research, since they made up the majority
of the research subjects.

The results of the research showed that
the amplitudes of delta and theta waves on the
left side of the temporal lobe before the exam
(BE) decreased by 8.2-8.1 mkV (3.6-5.1%,)
compared to the indicators obtained on ordinary
days (OD), while the amplitude of alpha waves
increased by 11.5% (7.7 mkV) (Table 1). The
amplitude of the beta waves increased by only
2.8% (8.1 mkV). However, the amplitudes of
EEG waves in the studies after the exam (AE)
changed markedly. Thus, in comparison with the
indicators of OD, the amplitude of AE delta
waves increased by 12.8% (29.4 mkV), the
amplitude of theta waves by 6.75% (10.6 mkV),
the amplitude of alpha waves by 17 2% (11.5
mkV), while the amplitude of beta waves
sharply decreased. This decrease was 46% (15.9
mkV). At the same time, in students of the same
age, the amplitudes of EEG waves recorded AE
in comparison with BE indicators changed as a
percentage in a following manner: delta waves
increased by 17% (37.6 mkV), theta waves by
12.4 % (18.7 mkV), alpha waves by 5.1% (3.8
mkV), while beta waves decreased by 50%
(18.7 mkV).

A number of regularities is observed
in the amplitudes of EEG waves on the right
side of the temporal lobe of the cerebral
cortex of 17-year students in the period BE
compared to OD. Although the amplitude of
the EEG theta waves on this side practically
does not change, changes are noted in the
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amplitudes of other rhythms. So, if the
amplitude of delta waves changed by only
4.5% (9.3 mkV), then the amplitudes of alpha
and beta waves increased by 16.1% (11.3
mkV) and by 11.6% (3.7 mkV) respectively.

More dramatic changes in the indices
of EEG waves were observed in the period of
AE. In particular, in students of this age
compared to OD, the amplitude of delta
waves in the period AE increased by 27.6%
(57.5 mkV) and the amplitude of theta waves
by 10.7% (16.1 mkV), while the amplitude of
alpha waves increased by only 2.4% (1.7
mkV). However, along with the increase in
the amplitudes of these rhythms, the
amplitude of the beta waves sharply
decreased and was 48% (15 mkV).

As for the amplitudes of EEG waves
in AE period compared to BE period, there
was an increase in the amplitudes of delta
waves by 22.2% (48.2 mkV) and theta waves
by 10.5% (15.8 mkV), while the amplitudes
of alpha waves and beta waves decreased by
11.2% (9.6 mkV) and 53.5% (19.0 mkV),
respectively.

In the next stage of study, changes in the
amplitudes of EEG waves of the left side of
the temporal lobe of the cerebral cortex under
emotional  stress  caused during an
examination session were studied in 21-year-
old fifth-year choleric students (Table 2). The
results showed that if the amplitudes of EEG
waves in the period of BE decreased slightly
compared to OD, in particular, the amplitudes
of delta waves decreased by 0.7% (2 mkV),
alpha waves by 0.4% (0.3 mkV) and beta
waves by 8.1% (1.4 mkV), the amplitude of
theta waves slightly increased by 3% (5.3
mkV).

Regarding the EEG waves in the
period AE compared to the OD, the
amplitudes of delta, theta and alpha waves
practically don’t change, while the amplitude
of the beta waves increases by 13.9% (2.4
mkV). It indicates that since the emotional
stress caused by the examination process
does not significantly affect the electrical
activity of EEG waves on the left side of the
temporal lobe of the cortex of VV-year choleric
patients, no difference is observed in the
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switching of waves from one to another.
Moreover, an increase in the amplitude of
Beta waves by 23.9% (3.8 mkV) was noted in
the AE period compared to the BE.

On the right side of the temporal lobe
of the cerebral cortex in 21-year-old students,
the amplitudes of delta and alpha waves in
the period BE decreased by only 1.1% (2.8
mkV) and by 3% (2.2 mkV) compared to the
OD, respectively, while the amplitude of beta
waves decreased by 7% (1.3 mkV). In regard
to theta waves, their amplitude in the BE
period increased to some extent compared to
the OD. Together with all these changes,
there are no sharp deviations in the

amplitudes of EEG waves in the AE period
excluding beta waves the amplitude of which
increases by 10%. Compared to OD in the
AE period, the amplitude of delta waves in
21-year-old students does not change and the
amplitude of theta waves increases only by
3% (5 mkV), while the amplitude of alpha
waves decreases by 3% (2.3 mkV). In the AE
period, the amplitude of beta waves on the
right side of the temporal lobe of the cerebral
cortex in these students increased by 9.7%
(1.8 mkV), while the amplitudes of other
EEG waves in the AE period compared to BE
changed differently.

Table 1: Comparative analysis of EEG wave amplitudes on the left and right sides of the temporal lobe

of the cerebral cortex in 17 students (n=23), M+ m

Sides of parametres
the Ordinary days Before exam After exam
temporal
lobe
Delta Theta Alpha Beta Delta Theta Alpha Beta Delta Theta  Alpha Beta
Left
i 229,6 159,0 67,0 346 2214 1509 74,7 37,4 2590 1696 785 18,7
side
+tm 214 14,2 7,5 7,7 26,1 16,3 8,6 9,4 4,6 2,8 2,9 2,3
Min 120 80 30 15 69 73 19 12 230 156 65 12
Max 296 198 92 80 285 200 120 96 271 180 89 29
on 0,646 0,445 0,285 0,838 0,374 0,906 0,260 0,021
BE 0,508 0,475 0,859 0,028
Right
i 208,1 150,8 70,1 31,8 2174 1511 814 355 2656 1669 71,8 16,5
side
+m 30,6 16,2 57 7,3 299 17,8 7,2 9,1 10,1 34 2,9 19
Min 40 50 41 14 59 65 57 11 225 150 52 10
Max 294 199 95 75 289 212 125 89 345 179 80 27
oD 0,878 0,721 0,041 0,005 0,314 0,678 0,906 0,008
BE 0,203 0,575 0,878 0,014

Notes to the table: OD — indicators of the amplitudes of EEG waves on an ordinary day; BE — indicators of amplitudes of
EEG waves before exam (according to Wilcoxon rank sum test); bold - statistically significant relationship.
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Table 2: Comparative analysis of EEG wave amplitudes on the left and right sides of the temporal lobe
of the cerebral cortex in 21-year-old students (n=23), M+ m

Sides of the Ordinary days Before exam After exam

temporal
lobe

Delta Theta Alpha Beta Delta Theta Alpha Beta Delta Theta Alpha Beta

Leftside M 2694 169,8 736 173 2674 1751 739 159 2679 1719 73,8 19,7

+m 34 3,7 3,2 1,6 1,7 34 2,9 1,4 3,2 2,8 3,0 1,3

Min 251 150 54 11 259 155 55 10 249 159 55 11

Max 286 191 96 28 278 197 90 27 287 198 89 28

on 0,552 0485 0875 0529 0,701 0,727 0,875 0,202

BE 0,894 0,529 0,917 0,141

Rightside M 731 1705 757 185 2703 1757 735 172 2708 1755 734 203

+m 3,2 4,3 2,8 1,3 1,6 2,7 3,3 1,3 3,0 3,0 3,3 1,4

Min 256 145 61 12 263 159 50 12 254 162 50 14

Max 289 192 98 27 280 191 89 27 290 203 90 27

oA 0,481 0,463 0,649 0,001 0576 0,421 0,727 0,206

BE 0,814 0,889 0917 0,221

Notes to the table: OD — indicators of the amplitudes of EEG waves on an ordinary day; BE — indicators of amplitudes of
EEG waves before exam (according to Wilcoxon rank sum test); bold - statistically significant relationship

DISCUSSION

The results of the study demonstrated
that emotional stress caused by both BE and
AE processes exert both amplifying and
decelerating effect on the amplitudes of EEG
waves on the left and right sides of the
temporal lobe of the cerebral cortex in 17-
year-old choleric students. It is possible that at
this age the process of adaptation to the
process of the first exam has not been fully
formed at these students [3, 5]. On the other
hand, it is shown that situational and personal
anxiety levels have been weakened at 21-year-
old choleric students participating in the
examination processes for 5 years, as well as
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the level of emotional stress in all periods of
the examination process has been decreased
and it is reflected in the wave-like pattern of
amplitudes of EEG waves on both sides of the
temporal lobe of the cerebral cortex. Unlike
21-year-old students, in 17-year-old choleric
students emotional stress in the AE period
exerts a sharply weakening effect on the
amplitude of EEG beta waves both on the left
and on the right sides of the temporal lobe of
the cortex.

Nevertheless, although some
differences were partially revealed in the
rhythm of the amplitudes of all EEG waves on
the right and left sides of the temporal lobe of
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the cerebral cortex in the periods BE and AE
in 17-year-old (I year) and 21-year-old (V
year) choleric students, any way, sharp
differences in the amplitude of all EEG waves
were noted precisely in 17-year-old students.
Specifically, due to the high emotional stress
in students of this age, the rhythm of the
amplitude of the EEG delta waves increased
on both sides of the temporal lobe of the
cerebral cortex, while the rhythm of the EEG
alpha waves changed slightly and mainly in
the period AE. it was found in our previous
study (Rustamova, 2020) that while waiting
for the results of the exam, all students of the
initial course had an increased state of
anxiety. In these studies, an increase in the
state of anxiety in choleric patients before the
periods BE and AE affects the increase in the
amplitudes of the rhythms of EEG waves in
the temporal cortex, except the sharp decrease
in the amplitude of beta waves. On the other
hand, the degree of emotional stress during
the examination session increased by different
ways in different students (Yumatov et al.,
2019). The main reason was the lack of self-
confidence in achieving the required results
among 1% year students participating in the
examination process for the first time. The
matter is that the exam is a psycho-emotional
stress affecting the functional state of the body
as a whole in different ways. The
manifestation of emotional stress during the
exam is an assessment of both the subjective
and objective state of the student (Alexandrov
and Lukyanenok, 2016; Korobeynikova et al.,
2018). Therefore, individual tension among 1%
year students in period of BE varies within
high scores.

Thus, the characteristics of the rhythm
of EEG waves in the temporal lobes of the
cerebral cortex in the periods of BE and AE
caused by anxiety changes in different ways.
The neurophysiological  correlation  of
emotional stress in an examination situation is
weaker for 5th year students than for 1st year
students. This is due to the fact that 1% year
students have a low level of adaptation to
emotional stress in an examination situation.
The importance of the problem we are
studying is also explained by the fact that in
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recent years the contradictions between the
impact of psychosocial, environmental factors
and the biopsychosocial essence of a person
have become aggravated leading to
disturbance of adaptation, the development of
stress, the formation of psychosomatic
disorders. In this regard, attempts can be made
in the ongoing research to explain the role of
temperament under stressful influences by
studying the psychophysiological methods of
testing and electrophysiological methods of
students of various courses.

Conclusion
Depending on  the individual
characteristics of the nervous system,

differences in EEG activity on both sides of
the temporal lobe of the cerebral cortex are
observed in choleric type students of the 1%
and 5" years. The amplitude of the delta-,
theta- and alpha-waves of the EEG in both
temporal lobes of the cortex manifests itself in
waves under the influence of emotional
tension, while the amplitude of the Beta-
waves of the EEG in the period of AE
decreases sharply in 17-year-old choleric
students in the 1st semester of the BE and AE
periods. There are no sharp deviations in the
rhythm of EEG wave amplitudes on both sides
of the temporal lobe of the cerebral cortex
against the background of emotional stress
caused during the examination process in 5%
year choleric students. Changes in the rhythm
of the amplitude of EEG waves on both
temporal lobes of the cerebral cortex in the
periods BE and AE in 17-21-year-old choleric
students have different nature.As the study of
the EEG rhythms of students during the
examination sessions is one of the most
important problems of age-related physiology
and biomedicine in general, its solution is
closely related to the need to develop
theoretical criteria for absolute assessments of
the physiological norm during the educational
process, as well as the relationships reflecting
the functions of the temporal lobe of cerebral
cortex.
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