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Changes in the reactivity of the vertebrobasilar arteries  
when using glucose-electrolyte drink with antioxidant plant 
extracts during submaximal exercise test

Abstract

The aim.  To assess the effect of glucose-electrolyte composition with plant extracts 
having antioxidant activity on the hemodynamic parameters of vertebrobasilar 
system during the incrementally increasing submaximal exercise test.
Materials and methods.  The study included 12 athletes (6 candidates for master 
of sports and 6 masters of sports) aged 18–22, who have been engaged in orienteer-
ing for 10 years and more. Time of aerobic exercise – 2 hours a day, five days a week. 
The study subjects performed an incrementally increasing submaximal exercise test 
and also submaximal exercise test with the preventive intake of a glucose-electrolyte 
composition with plant extracts having antioxidant properties.
To assess the hemodynamic parameters in all study subjects we used Doppler ultra-
sound of the cerebral vessels, evaluating vertebrobasilar system blood flow, exercise 
gas test in the modification of hypo- and hyperventilation, and also positional test.
Results.  A single intake of glucose-electrolyte drink under conditions of incremen-
tally increasing exercise test contributed to the manifestation of a homeostatic effect 
in hemodynamic parameters of the vertebrobasilar arteries. It is evidenced by the ap-
proximation to the pre-exercise level of maximum systolic velocity and average blood 
velocity in the breath-holding test, of the diastolic blood velocity in the hyperven-
tilation test, and of the pulsatility index in the torsion test, as compared to the iso-
lated submaximal exercise test which caused the change in both velocity indicators 
and calculated indices during the functional tests.
The article considers the main mechanisms underlying the change in arterial hemo-
dynamic parameters caused by incrementally increasing load, as well as describes 
the proposed mechanisms arising from the combined effect of an incrementally 
increasing load and the intake of a glucose-electrolyte composition with plant ex-
tracts having antioxidant activity.
Conclusion.  It was shown that using glucose-electrolyte drink contributed to the res-
toration of hemodynamic parameters of the vertebrobasilar arteries after the incre-
mentally increasing submaximal exercise test.
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Резюме

Цель исследования. Оценка влияния глюкозо-электролитного состава 
с добавлением растительных экстрактов, обладающих антиоксидантной 
активностью, на гемодинамические показатели вертебробазилярного 
бассейна при выполнении ступенчато-возрастающей нагрузки субмакси-
мальной мощности.
Материалы и методы. В исследовании принимали участие 12 спортсменов 
(6 кандидатов в мастера спорта и 6 мастеров спорта) в возрасте 18–22 лет, 
занимающихся спортивным ориентированием в среднем 10  лет и более. 
Испытуемые выполняли ступенчато-возрастающую нагрузку субмаксималь-
ной мощности, а также выполняли нагрузку субмаксимальной мощности 
с превентивным приёмом глюкозо-электролитного состава с добавлением 
растительных экстрактов, обладающих антиоксидантными свойствами.
Для оценки гемодинамических показателей всем испытуемым проводили уль-
тразвуковую допплерографию сосудов мозга, оценивая показатели кровотока 
в вертебробазилярном бассейне, а также нагрузочные газовые пробы – в моди-
фикации гипо- и гипервентиляции; кроме того, проводили позиционную пробу.
Результаты. Однократный приём глюкозо-электролитного напитка 
в условиях нагрузки ступенчато-возрастающей мощности способствовал 
проявлению гомеостатического эффекта в отношении гемодинамических 
показателей артерий вертебробазилярного бассейна, о чём свидетель-
ствует приближение к уровню донагрузочных значений максимальной 
систолической скорости и средней скорости кровотока в пробе с задержкой 
дыхания, диастолической скорости кровотока – в пробе с гипервентиляцией, 
показателей индекса пульсации – в торсионной пробе, в отличие от изо-
лированного выполнения нагрузки субмаксимальной мощности, после про-
хождения которой изменялись как скоростные показатели, так и расчётные 
индексы в ходе проведения функциональных проб.
Рассмотрены основные механизмы, лежащие в основе изменения гемодина-
мических показателей артерий под действием ступенчато-возрастаю-
щей нагрузки, а также описаны предполагаемые механизмы, возникающие 
при комбинированном воздействии ступенчато-возрастающей нагрузки 
и приёме глюкозо-электролитного состава с добавлением растительных 
экстрактов, обладающих антиоксидантной активностью.
Заключение. Показано, что приём глюкозо-электролитного напитка 
способствовал восстановлению гемодинамических показателей артерий 
вертебробазилярного бассейна после ступенчато-возрастающей нагрузки 
субмаксимальной мощности.

Ключевые слова: нагрузочное тестирование субмаксимальной мощности, 
спортсмены, глюкозо-электролитный напиток, артерии вертебробази-
лярного бассейна
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Introduction

Functional activity of the brain in humans is largely de-
termined by the continuous delivery of oxygen, metabol-
ic nutrients which are determined by the active regulation 
of cerebral blood flow. Therefore, maintaining proper blood 
flow in the brain is the most important task of the cardio-
vascular system, including during periods of intense physi-
cal activity, along with increasing blood flow to functioning 
muscles. In particular, during exercise, despite a significant 
increase in cardiac output up to 300–600 % [1] and blood 
flow in skeletal muscles up to 800 %, there is a moderate in-
crease in blood flow in brain vessels by 10–30 %, which en-
sures maintenance of proper substrate delivery due to syn-
ergetic integration of the nervous, hormonal and humor-
al systems. According to recent studies, there is a signif-
icant heterogeneity in the response of cerebral vessels 
to increasing exercises and to changes in blood gas com-
position [2]. Moreover, it  was shown that  the most evi-
dent changes during intensive endurance exercise are no
ted to a greater extent in the vessels of the vertebrobasi-
lar system, which is manifested as the most significant in-
crease in perfusion in the vertebral arteries in comparison 
with the arteries of the carotid system [2]. The greatest sen-
sitivity to changes in blood gas composition has also been 
shown for the vessels of the vertebrobasilar system by pos-
itron emission tomography (PET), according to which vas-
omotor reactions to hypercapnia were higher in the ver-
tebrobasilar circulation zones than in most of the cerebral 
cortex supplied by the carotid system [3]. Accordingly, im-
paired hemodynamics of this system is accompanied by sig-
nificant neurological disorders.

One of the causes of hemodynamic disorders in pro-
fessional athletes is dehydration and hyponatremia occur-
ring during prolonged (more than 40 minutes) intensive 
endurance training. If water and sodium requirements re-
main unmet, encephalopathy may develop due to over-
heating [4].

In milder cases, fluid volume deficit that occurs dur-
ing prolonged exercise is a factor accompanying a de-
crease in  performance. At the same time, a significant 
decrease in performance and endurance begins with a 
dehydration level of 2 % or higher [5], which is accompa-
nied by a decrease in aerobic metabolism and, as a con-
sequence, a deterioration in energy supply, resulting in 
a significant decrease in sports performance. Thus, the 
total loss of fluid and sodium during moderate exercise 
lasting more than an hour at an optimal temperature is 
1 liter or more. Fluid volume deficit initiates the release 
of vasopressin, activation of  the  renin-angiotensin-al-
dosterone system to urgently replenish its losses. A con-
sequence of this is an increase in blood viscosity, hypo-
volemia, an increase in endothelial dysfunction, an in-
crease in cardiac rate [6].

In the study of A.N. Martinchik et al. [7] published re-
sults showing that “bottled water is the main method 
of  rehydration in 86 % of 280 examined athletes (candi-
dates and masters of sports). Moreover, 95–96 % of ath-
letes in the group of martial arts and power sports use wa-

ter. In other sports, there are fewer water consumers – 67–
79 %. As for sports drinks, only 31 % of highly qualified en-
durance sports athletes and a small percentage of martial 
arts athletes use them only during training.”

In 2018, updated clinical recommendations of the Fed-
eral Medical and Biological Agency on methods of rehy-
dration of the athletes’ body [7] were published, consist-
ent with the main theses of the European Commission Sci-
entific Committee on Food aimed at compensating daily 
losses during heavy muscle activity, especially in athletes 
[8], and  their specifications. According to these clinical 
guidelines, drinks for athletes engaged in endurance sports 
should contain at least two types of sugar and should also 
be sodium-enriched – so-called glucose-electrolyte solu-
tions or carbohydrate-electrolyte formulations. The con-
tent of the remaining trace elements is non-obligatory [9, 
10], however, only in the case of a balanced diet of ath-
letes [11].

It has been proven that during prolonged physical ac-
tivity, solutions containing optimal sugar concentrations 
improve performance, increase endurance by supplying 
working muscles with carbohydrates and preventing de-
pletion of glycogen reserves, maintaining the oxygen bal-
ance in the blood with the help of antioxidants [12].

Currently, sports drinks in a wide range are presented 
mainly by foreign manufacturers. Domestic goods are rep-
resented by few items. For nutrient enrichment, endurance 
growth and training effectiveness, herbal extracts with an-
tioxidant properties are often added to sports drinks, al-
though the effect of the latter on the functioning of mus-
cle tissue under high exercise activity is currently a debat-
able issue [13]; however, the role of antioxidants for the 
cardiovascular system, including under sports exercises, 
has high evidence-based potential [14].

At the same time, given the biodiversity of vegeta-
tion, the developed essential oil production in the Repub-
lic of Crimea, as well as the developed sports sector (orien-
teering, sports tourism), it is proposed to improve the basic 
formulation of glucose-electrolyte composition by adding 
aqueous extracts of rosehip fruit, nettle leaf, lemon juice, 
as well as rosemary hydrolate, which have strong antioxi-
dant properties, and enrichment with vitamin and miner-
al premix that helps nutrient enrich athletes.

Accordingly, the aim of this study was to assess the ef-
fect of glucose-electrolyte composition with antioxidant plant 
extracts, based on plant raw materials produced in ecolog-
ically clean regions of the Republic of Crimea, on the blood 
flow indicators of the vertebrobasilar system during the in-
crementally increasing submaximal exercise test.

Materials and methods

The study was carried out at the Center for the Collec-
tive Use of Scientific Equipment “Experimental Physiology 
and Biophysics” of the V.I. Vernadsky Crimean Federal Uni-
versity.

The study involved 12 athletes (6 candidates for mas-
ters of sports and 6 masters of sports) aged 18–22 years en-
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gaged in orienteering. The experience of sports exercises av-
eraged 10 years or more. Aerobic exercise mode – 2 hours 
a day for five days a week.

To assess hemodynamic parameters, all subjects un-
derwent ultrasound dopplerography (USDG) of vessels, as-
sessing blood flow in the vertebrobasilar system (symmet-
rical vertebral arteries and the basilar artery), as well as gas 
stress tests – in the modification of hypo- and hyperventi-
lation; in addition, a positional test was performed. USDG 
of brain vessels was performed on Sonomed 300 (Nizhny 
Novgorod).

To assess the effect of glucose-electrolyte composition 
on the hemodynamic parameters of the vertebrobasilar sys-
tem, two study cycles were conducted:

1.  The first cycle of the study included velocity indi-
cators recording, as well as calculated indices of USDG 
along the arteries of the vertebrobasilar system. In ad-
dition, in  the  first cycle of the study, functional tests 
were carried out, including hyper- and hypoventilation 
tests with simultaneous registration of USDG indicators 
along the basilar artery and positional tests of symmetri-
cal vertebral arteries, also with simultaneous registration 
of USDG indicators.

During the study, the following indicators of blood 
flow along the basilar and vertebral arteries (symmetrical) 
were assessed:

Vmax – maximum systolic blood flow velocity;
Vmin – diastolic blood flow velocity;
Vaver – average blood flow velocity;
Ri – Pourcelot’s resistance index, which reflects the state 

of resistance to blood flow distal to the measurement site 
and is the ratio of the difference between the maximum 
systolic and end diastolic velocities to the maximum sys-
tolic velocity: 

� �max min

max

V V
Ri

V

�
� ;

Pi – pulsatility index (also known as the Gosling index), 
which reflects the elastic properties of the arteries, decreases 
with age and represents the ratio of the difference between 
the maximum systolic and diastolic velocities to the aver-
age velocity: 

� �max min

aver

V V
Pi

V

�
� .

 

Additionally, ventilation tests were performed to assess 
the state of the metabolic circuit of cerebral blood flow reg-
ulation by locating the basilar artery.

Before conducting a breath-holding test, the subject 
was warned about the need to exhale on signal and hold 
his/her breath for the maximum possible period. Hemo-
dynamic parameters were recorded during the period 
of breath holding at the time of a steady change of veloc-
ity indicators, after which the subject could inhale and re-
sume the usual breathing rhythm.

The hyperventilation test was started after a complete 
stable recovery of the USDG pattern. When performing 

a hyperventilation test, the subject began forced breath-
ing. Monitoring of the hyperventilation tests was  start-
ed from  the moment of intensive breathing, waiting 
for the moment when the amplitude of the spectral signals 
would stop changing; the last 5–6 complexes were record-
ed on the screen, after which the subject resumed the usu-
al breathing rhythm.

After complete restoration of the USDG pattern, a po-
sitional (torsion) test was performed along the vertebral ar-
teries on both sides sequentially. During the positional test, 
the subject performed a slow turn of the head and neck 
away from the sensor, achieving maximum amplitude (chin 
to shoulder), lowering his/her head so as to reach the level 
of the shoulder joint with his/her nose.

After the background (baseline) study of USDG, the sub-
jects were offered 250 ml of bottled water with the addi-
tion of a flavoring agent imitating the aroma of the drink 
under study.

After the USDG and intake of bottled water, the athletes 
were offered an exercise test, including an incrementally in-
creasing load on the Kettler bicycle ergometer (KETTLER Hol
ding GmbH, Germany) from the starting position of 50 Watts 
followed by an increase by 50 Watts every 3 min of the ex-
ercise stage. The exercise test was completed at the request 
of the athlete – “up to failure”.

As soon as the athletes performed the submaximal 
exercise test, USDG values of the vertebrobasilar arteries 
were recorded again, taking into account the performance 
of functional tests.

2.  The second cycle was carried out two weeks after 
the  first one. The second cycle was methodically similar 
to the first one, with the difference that in the second cycle, 
as a replenishment of fluid and electrolytes, athletes were of-
fered a glucose-electrolyte composition with the addition 
of plant extracts with antioxidant properties in the amount 
of 250  ml 15  min before the exercise test. The athletes 
were stopped at the same exercise stage at which they com-
pleted the exercise in the first cycle.

Glucose-electrolyte solution composition includes 
a natural mineral complex in the form of sea salt of the Black 
Sea obtained by natural evaporation in the waters 
of  Sasyk-Sivash Lake – 0.4  g; prepared drinking water – 
up to the  required volume, rosemary hydrolate (aromat-
ic water) – 65  ml; water extract of rosehip fruits (1:10) – 
100 ml; water extract of nettle leaf (1:10) – 100 ml; malto-
dextrin, glucose, lemon juice – 5 ml; ascorbic acid, potas-
sium sorbate, sodium benzoate. Glucose-electrolyte drink 
complies with  TR  CU  022/2011, standardized according 
to GOST R 56543-2015 (Table 1).

The subjects who took part in the study did not have 
any chronic cardiovascular or respiratory pathology. 
None of the athletes took drugs that affect vascular tone. 
On  the  day of the study, the subjects did not undergo 
any preliminary physical activities. The study was conduc
ted in the morning (1000–1300).

All procedures performed in human studies com-
ply with the ethical standards of the National Commit-
tee for Ethics in Research and the Declaration of Helsin-
ki (1964) and its subsequent revisions or comparable 
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ethical standards. Informed voluntary consent was ob-
tained from each of the participants included in the study.  
Minutes of the  meeting of the Ethics Committee 
of V.I. Vernadsky Crimean Federal University No. 1 dat-
ed January 25, 2022.

T a b l e  1
Energy value and chemicoanalytical composition 
of the drink

Indicator

Content

in 100 ml in 250 ml

Carbohydrates (g), incl. 8.0 20.0

glucose, g 2.0 5.0

maltodextrin, g 6.0 15.0

Ascorbic acid, g 0.2 0.5

Sodium, mg 37.6 94.0

Calcium, mg 1.6 4.0

Potassium, mg 21.2 53.0

Chlorides, mg 84.0 210.0

Essential oil, g 0.016 0.04

Energy value, kcal/kJ 23/97 58/241

The Shapiro  –  Wilk test was used to check the dis-
tribution of the data array for normality, and the results 
showed that the data array did not follow a normal distri-
bution. In  this regard, the Friedman non-parametric test 
was  used to determine the statistical significance of dif-
ferences in  the  linked sample when comparing three ar-
rays. In  the  case of pairwise comparison of linked sam-
ples, the Wilcoxon test was used. For clarity of description 
and visualization of the results obtained, the average val-
ues were used, as well as the error of the mean.

Calculations and graphic design of the data obtained 
in this paper were carried out using Microsoft Excel (Micro-
soft Corp., USA) and Statistica 8.0 software package (Stat-
Soft Inc., USA).

Study results

As the results of the first and second study cycles 
showed, the main differences in the USDG indicators, re-
corded after the incrementally increasing submaximal 
exercise test, were only available in relation to the data 
recorded during the functional tests in comparison 
with  the  level of pre-exercise values of the correspond-
ing indicators.

The values of hemodynamic parameters of the verte-
brobasilar arteries registered outside the functional tests 
after the incrementally increasing submaximal exercise 
test were close to the baseline values (Table 2). Such sta-
bility of blood flow velocity indicators indicates a high de-
gree of  fitness and endurance during aerobic exercises 
and, as a result, a high degree of synchronization and sta-
bility of  both the cardiorespiratory system and the mus-
culoskeletal system during incrementally increasing aer-
obic exercise.

The results of the first study cycle, when athletes per-
formed only an incrementally increasing submaximal exer-
cise test, indicate changes in a number of velocity indicators 
and calculated indices, recorded during functional tests af-
ter incrementally increasing load, in comparison with the le
vel of pre-exercise data of the corresponding indicators, re-
corded during similar tests (Table 3).

The results of the second study cycle, when athletes 
took a glucose-electrolyte drink followed by submaxi-
mal exercise, indicate the stability of the hemodynamic 
parameters of the investigated arteries, since the values 
of the studied indicators obtained after exercises and tak-
ing a glucose-electrolyte drink were close to the baseline 
values (Table 3).

In particular, the results of the first cycle study indi-
cate that the performance of the incrementally increasing 
submaximal exercise test is accompanied by an increase 
in  the  Vmax index by 21.07  % (p  <  0.05) during the peri-
od of the breath-holding test in the basilar artery relative 
to the data of this indicator registered in the pre-exercise 
period during a similar test.

The results of the second cycle study indicate that per-
forming submaximal exercise test and taking a glucose-
electrolyte drink prevent changes in the values of the Vmax 
index in comparison with the level of pre-exercise values 
of this indicator in the breath-holding test.

A comparative analysis of the results of the first 
and  second study cycles indicates that the Vmax index 
was  lower by 14.57 % (p < 0.05) in the case of glucose-
electrolyte drink intake and exercise relative to the data 
of  this indicator recorded during isolated exercise test 
during the breath-holding test, and approached the level 
of pre-exercise values.

Thus, glucose-electrolyte drink intake prevented chang-
es in the Vmax index when performing submaximal exercise 
test during the breath-holding test.

Similarly, the dynamics of the Vaver indicator changed 
during the breath-holding test. Thus, the performance 
of  incrementally increasing exercise test in the first cycle 
was accompanied by an increase in this indicator by 24.58 % 
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(p < 0.05) relative to the data of this indicator recorded be-
fore submaximal exercise (Fig. 1).

The intake of glucose-electrolyte composition and sub-
sequent incrementally increasing exercise test did not sig-
nificantly change the values of this indicator in comparison 
with the level of pre-exercise values recorded in the breath-
holding test.

A comparative analysis of the results of cycles I and II 
of the study shows a decrease in the Vaver index by 18.37 % 
(p  <  0.05) after submaximal exercise test in combination 
with the intake of glucose-electrolyte composition in com-
parison with the data of this indicator obtained after the iso-
lated submaximal exercise test, and an approximation  
of Vaver index values in cycle II to the level of pre-exercise 
values obtained during the breath-holding test.

Thus, taking a glucose-electrolyte drink prevented 
changes in Vmax and Vaver indices after the submaximal ex-
ercise test, and the results of the incrementally increasing 
exercise test after the tested drink intake are comparable 
with baseline data recorded in the pre-exercise period du
ring the breath-holding test.

Vmin had similar dynamics of change as the Vmax  
and Vaver indices, but without achieving a statistically sig-
nificant difference.

During the hyperventilation test, there were also chang-
es in velocity indicators along the basilar artery.

The results of the hyperventilation test showed similar, 
but not identical results.

Thus, Vmin increased by 25.87 % (p < 0.05) after the iso-
lated incrementally increasing exercise test relative to base-

T a b l e  2
Dynamics of parameters of Doppler ultrasound of vertebrobasilar arteries in professional 
orienteers, registered before and after incrementally increasing load, as well as before and after 
incrementally increasing load in combination with taking a glucose-electrolyte drink

Study phases The arteries 
under study

USDG indicators of vertebrobasilar arteries

Vmax, cm/s Vmin, cm/s Vaver, cm/s Ri Pi

Background (cycle I)

BA 70.09 ± 4.06 32.74 ± 1.38 42.15 ± 1.66 0.53 ± 0.01 0.88 ± 0.06

VA on the right 57.62 ± 2.73 27.09 ± 2.57 36.26 ± 2.19 0.52 ± 0.04 1.04 ± 0.28

VA on the left 51.78 ± 6.79 30.73 ± 4.88 38.03 ± 5.39 0.45 ± 0.03 0.68 ± 0.08

Exercise (cycle I)

BA 73.56 ± 6.96 35.7 ± 3.63 46.8 ± 4.32 0.51 ± 0.02 0.83 ± 0.10

VA on the right 52.8 ± 5.86 30 ± 3.17 35.8 ± 5.87 0.43 ± 0.21 0.67 ± 0.10

VA on the left 52.8 ± 5.97 27.2 ± 5.83 35.6 ± 6.13 0.48 ± 0.08 0.77 ± 0.21

Background (cycle II)

BA 70.16 ± 3.78 33.10 ± 1.18 43.78 ± 2.85 0.52 ± 0.02 0.89 ± 0.06

VA on the right 53.02 ± 4.01 28.80 ± 2.01 37.05 ± 2.95 0.53 ± 0.03 1.01 ± 0.07

VA on the left 52.50 ± 3.28 30.54 ± 2.59 36.15 ± 2.14 0.48 ± 0.02 0.65 ± 0.04

Glucose-electrolyte  
composition + exercise (cycle II)

BA 65.6 ± 3.97 30.35 ± 1.8 37.95 ± 1.27 0.53 ± 0.03 0.92 ± 0.08

VA on the right 67.51 ± 5.32 33.34 ± 3.54 40.78 ± 3.21 0.48 ± 0.03 0.81 ± 0.11

VA on the left 50.45 ± 4.27 27.67 ± 2.27 32.65 ± 2.09 0.44 ± 0.03 0.69 ± 0.07

Note.  BA – basilar artery; VA – vertebral artery.
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T a b l e   3
Dynamics of parameters of Doppler ultrasound of vertebrobasilar arteries of professional 
orienteers during functional tests registered before and after incrementally increasing load 
(cycle I), as well as before and after incrementally increasing load in combination with taking 
a glucose-electrolyte drink

Study phases The arteries under study

USDG indicators of vertebrobasilar arteries

Vmax, cm/s Vmin, cm/s Vaver, cm/s Ri Pi

Background (cycle I)

BA (hyperventilation) 61.25 ± 3.05 28.92 ± 1.54 36.71 ± 1.83 0.52 ± 0.01 0.87 ± 0.05

BA (breath holding) 64.39 ± 3.27 32.17 ± 1.93 40.79 ± 2.28 0.49 ± 0.02 0.80 ± 0.07

VA (torsion) on the right 50.50 ± 3.74 24.77 ± 1.13 33.48 ± 1.41 0.49 ± 0.02 0.74 ± 0.05

VA (torsion) on the left 43.42 ± 2.9 25.26 ± 1.43 28.03 ± 1.61 0.51 ± 0.04 0.80 ± 0.07

Exercise (cycle I)

BA (hyperventilation) 73.93 ± 1.61 
р < 0.05

35.61 ± 2.56
р < 0.05 43.90 ± 3.19 0.51 ± 0.04 0.90 ± 0.15

BA (breath holding) 77.96 ± 7.81
р < 0.05 40.82 ± 5.36 50.82 ± 4.83

р < 0.05 0.47 ± 0.04 0.75 ± 0.13

VA (torsion) on the right 49.06 ± 7.01 28.53 ± 3.40 36.8 ± 4.29 0.41 ± 0.01 0.54 ± 0.03 
р < 0.05

VA (torsion) on the left 39 ± 10.42 20 ± 2.01 19.8 ± 3.32 0.42 ± 0.11 0.45 ± 0.14
р < 0.05

Background (cycle II)

BA (hyperventilation) 61.38 ± 3.48 28.36 ± 1.28 37.01 ± 1.45 0.53 ± 0.02 0.87 ± 0.04

BA (breath holding) 64.24 ± 2.47 31.79 ± 1.32 40.21 ± 2.16 0.46 ± 0.03 0.81 ± 0.04

VA (torsion) on the right 51.29 ± 2.99 24.17 ± 1.73 34.67 ± 1.31 0.48 ± 0.01 0.75 ± 0.04

VA (torsion) on the left 44.12 ± 2.91 25.71 ± 1.92 27.05 ± 1.72 0.53 ± 0.03 0.80 ± 0.06

Glucose-electrolyte 
drink + exercise  
(cycle II)

BA (hyperventilation) 72.8 ± 6.35
р < 0.05

30.62 ± 2.88
р1 < 0.05

37.82 ± 2.41
р1 < 0.05 0.56 ± 0.03 1.12 ± 0.14

р < 0.05

BA (breath holding) 66.60 ± 3.65
р1<0.05 33.77 ± 1.99 41.48 ± 1.44

р < 0.05 0.49 ± 0.01 0.79 ± 0.04

VA (torsion) on the right 55.61 ± 4.10 27.24 ± 1.87 34.12 ± 1.97 0.50 ± 0.03 0.83 ± 0.11
р1 < 0.05

VA (torsion) on the left 54.8 ± 6.01 29.52 ± 3.95 32.41 ± 4.35 0.46 ± 0.03 0.83 ± 0.1
р1 < 0.051

Note.  p < 0.05 is statistical significance of the differences according to the Wilcoxon test when comparing baseline values and values obtained during exercise test in cycle I, and statistical significance of the differences 
obtained when comparing baseline values and values obtained after taking glucose-electrolyte drink followed by an incrementally increasing load in cycle II; p1 < 0.05 is statistical significance of the differences accord-
ing to the Friedman test when comparing background values and values obtained after performing isolated exercise test and exercise in combination with glucose-electrolyte drink.
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FIG. 1.  
The changes in the velocity indicators of the basilar artery during breath-holding test before and after an incrementally increasing load  
(cycle I), as well as before and after an intake of the glucose-electrolyte drink followed by an incrementally increasing load (cycle II), in per-
cent relative to the values recorded before the load (taken as 100 %): * – statistical significance of differences according to the Wilcoxon be-
tween background values and values obtained during exercise test in the cycle I, and between background values and values obtained af-
ter the combination of an intake of the glucose-electrolyte drink with exercise in the cycle II (p < 0.05); # – statistical significance of diffe
rences according to the Friedman test between background values and values obtained after an isolated exercise test and after the combi-
nation of an intake of the glucose-electrolyte drink with exercise (p1 < 0.05)
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FIG. 2.  
The changes in the velocity indicators of the basilar artery during hyperventilation test before and after an incrementally increasing load 
(cycle I), as well as before and after an intake of the glucose-electrolyte drink followed by an incrementally increasing load (cycle II), in per-
cent relative to the values recorded before the load (taken as 100 %): * – statistical significance of differences according to the Wilcoxon be-
tween background values and values obtained during exercise test in the cycle I, and between background values and values obtained after 
the combination of an intake of the glucose-electrolyte drink with exercise in the cycle II (p < 0.05); # – statistical significance of differences 
according to the Friedman test between background values and values obtained after an isolated exercise test and after the combination 
of an intake of the glucose-electrolyte drink with exercise (p1 < 0.05)
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line data of this indicator recorded during the hyperventi-
lation test (Fig. 2).

Glucose-electrolyte drink intake and subsequent incre-
mentally increasing exercise test did not statistically signifi-
cantly change the Vmin value during the hyperventilation test.

A comparative analysis of the results of the first and sec-
ond study cycles shows a 14.01 % (p < 0.05) decrease of Vmin 
index in cycle II after exercise and drink intake in compari-
son with the values of this indicator recorded in cycle I af-
ter an isolated exercise test during the hyperventilation test 
(Fig. 2). Thus, the intake of the drink under study followed 
by exercise prevented changes in the Vmin index in the hy-
perventilation test.

A slightly different dynamics characterized the Vmax in-
dex during the hyperventilation test. Thus, Vmax increased 
after isolated exercise test by 19.32  % (p  <  0.05) relative 
to baseline data for this indicator.

Glucose-electrolyte drink intake and subsequent incre-
mentally increasing exercise test were also accompanied 
by an increase in this indicator by 18.61 % (p < 0.05) in com-
parison with its baseline data recorded during the hyper-
ventilation test (Fig. 2).

There was no difference in Vmax during the hyperventi-
lation test after exercise in cycles I and II.

Consequently, glucose-electrolyte drink intake 
did not prevent the change in Vmax during the hyperven-
tilation test.

During the positional (torsion) test assessing extravasal 
influences, stability in relation to most velocity indicators 
to the athletes’ performance of a submaximal exercise test 
was noted along the vertebral arteries. Changes after an iso-
lated exercise test and exercise in combination with  ta
king a glucose-electrolyte drink were noted only accord-
ing to the Gosling index data.

Thus, when registering a torsion test along the ver-
tebral artery on the right side, performing incremental-
ly increasing exercise test led to a one-third decrease 
in  the  Gosling index (p  <  0.05) relative to the values 
of this indicator recorded in the pre-exercise period dur-
ing the torsion test.

Taking glucose-electrolyte drink in combination 
with  submaximal exercise test contributed to the inver-
sion of the response – a tendency to increase this indica-
tor to values of 0.84 (p < 0.05) (Fig. 3a), comparable with its 
baseline values.

Differences in Pi registered after performing an isolat-
ed exercise test and performing exercise in combination 
with taking glucose-electrolyte composition reached val-
ues of 53 % (p < 0.05). It is worth noting that the values 
of this indicator registered in cycle II were close to the pre-
exercise level in comparison with the values obtained in cy-
cle I of the study (Fig. 3a).

Similar dynamics of the Gosling index were recorded 
during a torsion test along the vertebral artery on the left 
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FIG. 3.  
The changes in the Gosling index (Pi) on the vertebral artery right (a) and left (b) during the torsion test before and after an incremental-
ly increasing load (cycle I), as well as before and after an intake of the glucose-electrolyte drink followed by an incrementally increasing 
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ing to the Wilcoxon between background values and values obtained during exercise test in the cycle I, and between background values 
and values obtained after the combination of an intake of the glucose-electrolyte drink with exercise in the cycle II (p < 0.05); # – statistical 
significance of differences according to the Friedman test between background values and values obtained after an isolated exercise test 
and after the combination of an intake of the glucose-electrolyte drink with exercise (p1 < 0.05)
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side. Isolated exercise test contributed to a 43.75 % (p < 0.05) 
decrease in Pi in comparison with the pre-exercise period 
during the test (see Fig. 3b).

The values of the Gosling index after taking a glucose-
electrolyte drink and performing submaximal exercise test 
practically were practically unchanged in cycle II of the study 
and corresponded to the level of pre-exercise values.

The resulting differences in the Gosling index values af-
ter exercise for cycles I and II of the study were over 50 % 
(p < 0.05) (see Fig. 3b).

Thus, a single intake of a glucose-electrolyte drink fol-
lowed by exercise contributed to the manifestation of a ho-
meostatic effect with respect to the mechanisms of regula-
tion of arterial hemodynamics in the vertebrobasilar system 
under incrementally increasing submaximal exercise test 
conditions, as evidenced by the stability of most hemody-
namic parameters recorded after taking the drink and per-
forming incrementally increasing exercise test, as  op-
posed to an isolated submaximal exercise test after pass-
ing which both velocity parameters and calculated indices 
changed during functional tests.

Results discussion

During the period of intense physical activity, taking 
into account the high energy consumption of the brain 
and  the absence of significant intracellular energy re-
serves, accurate control of the intake of nutrients and by-
products is supported by changes in cerebral circulation, 
which is coordinated by the operation of various regula-
tory mechanisms. If the mechanisms of regulation of vas-
cular tone at rest are well known, then during the peri-
od of active physical activity they have not yet been ful-
ly determined. Basal vascular tone, vegetative innerva-
tion and regional heterogeneity in ion channels or NO 
production play a significant role. However, the great-
est contribution to the regulation of cerebral blood flow 
during aerobic exercise is made by changes in arterial 
blood gas content, metabolic changes, arterial pressure, 
cardiac output, neurovascular innervation, as well as en-
dothelial reactivity [15]. The separation of these contri-
butions is highly problematic due to the redundancy 
of the cardiovascular system to achieve complex regu-
lation, which has led to discrepancies in the definition 
of key participants in the regulation of blood flow dur-
ing exercise [15].

As it was shown in this study, submaximal exercise 
and  subsequent breath-holding test were accompanied 
by a marked increase in both systolic and average velocity 
values in comparison with the data of the corresponding 
indicators recorded before performing submaximal exer-
cise in the course of a similar test.

The increase in velocity indicators during the breath-
holding test is a response to an increase in partial pressure 
of CO2, which is accompanied by an increase in the H+ level, 
resulting in an increase in the osmolarity level and the sub-
sequent dilation reaction. However, performing a submax-
imal exercise followed by a breath-holding test is accom-

panied by a large decrease in pH due to lactate accumula-
tion, which may be accompanied by changes in cerebral 
hemodynamics and an increase in blood flow, on the one 
hand. This was probably the reason for the increase in ve-
locity indicators along the basilar artery after submaximal 
exercise in the period of the breath-holding test in com-
parison with the data during a similar test before submax-
imal exercise.

On the other hand, blood flow is linearly dependent 
on cardiac output, which increases in proportion to exer-
cise [16]. At the same time, contrary to the recently prevail-
ing views about the constancy of cerebral hemodynamics 
under any conditions, including when performing physi-
cal activity, according to the studies of recent years, the re-
sponse of cerebral blood flow to prolonged aerobic exer-
cise is described as biphasic, with a distinct progressive in-
crease, respectively increasing exercise intensity to approx-
imately 60 % of maximum consumption oxygen with sub-
sequent access to the plateau [15]. Probably, the increase 
in Vmax, depending on cardiac output, after submaximal 
exercise during the breath-holding test can be explained 
both by an increase in cardiac output and a more intense 
decrease in the pH level.

Hyperventilation test after submaximal exercise was ac-
companied by an increase in the Vmin index, which indi-
cates a decrease in peripheral resistance of resistive ves-
sels and probably dictated by metabolic changes, name-
ly a moderate drop in pH due to lactate accumulation rela-
tive to the data of this indicator recorded before the athle
tes performed exercises during a similar test.

In addition, as per the results of the torsion test, af-
ter the athletes performed submaximal exercise test, 
there  was  a  decrease in the Gosling index, depending 
on  the  elasticity of the vascular wall. Arterial elasticity, 
in turn, is determined by both structural elements and tone 
of vascular smooth muscles. And if the first group of factors 
is more stable, then the second depends largely on the lev-
el of functional activity of the vascular endothelium 
due to the significant representation of receptors to a huge 
number of humoral factors on its surface and the  ability 
to release both constrictors and dilators in response.

There are studies indicating endothelial dysfunction 
in professional athletes engaged in endurance sports [17].

The supposed mechanism of endothelial dysfunction 
in athletes lies in the avalanche-like production of reactive 
oxygen species that oxidize low-density lipoprotein mole-
cules with the formation of oxidized low-density lipopro-
tein (oxLDL) [18], whose high content in the bloodstream 
is toxic to endotheliocytes, since oxLDL can induce necro-
sis and apoptosis of endothelial cells. In this case, oxLDL 
lead to activation of immunocompetent cells accompa-
nied by autosensitization and accumulation of autoanti-
bodies in blood. Antibodies, forming immune complexes  
with oxLDL, have an additional damaging effect on the en-
dothelium. In this  regard, the endothelium reactionary 
activity, which is actively involved in adaptive reactions 
to physical activity, changes. And if, normally, the balance 
of functional activity of the endothelium shifts towards 
the  release of  vasodilators, anti-inflammatory, and  an-
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tithrombic factors, then  when the endothelium is  at-
tacked by immune complexes with oxLDL – towards the re-
lease of vasoconstrictors, as well as prothrombic and pro-
inflammatory factors. This is  supported by experimen-
tal data that among skiers, athletes engaged in  rowing, 
as well as cycling, signs of early atherosclerosis and a ten-
dency to thrombosis were detected in 60.5 % of cases [19]. 
A study by Z.V.  Lopatin and  V.S.  Vasilenko [20] showed 
an increase in the level of homocysteine up to 18 mmol/L 
and D-dimer in professional athletes engaged in endur-
ance sports. Moreover, hyperhomocysteinemia is deter-
mined at the plasma concentration of 10 µmol/L and high-
er and is associated with the development of cardiovascu-
lar diseases due to endothelial dysfunction development 
and contributes to an increase in the risk of acute cerebral 
circulation disorders of both ischemic and hemorrhag-
ic types due to promotion of atherogenesis and athero-
thrombosis of cerebral vessels, increased activity of ma-
trix metalloproteinases [21].

At the same time, oxidative stress caused by homocyst-
einemia significantly reduces the bioavailability of nitric oxi–
de and leads to the dysregulation of intracellular signaling 
and gene expression.

During intensive athletes’ training, there is an increase 
in systolic pressure, which entails constant changes in shear 
stress and stimulates the production of not only nitric oxi–
de, but also free oxygen forms. In the chronic mode, such 
changes cause endothelial overstimulation effect, as well 
as maladaptation [22].

It is possible to assume that a glucose-electrolyte 
drink with antioxidant plant extracts behaves similarly 
to the adaptogens of natural origin, although it does not be-
long to  the  classical representatives of this kind, since 
the  leading components in the composition of the drink 
under study are  rosemary hydrolate, lemon juice, nettle 
leaf, rosehip fruit vitamin premix, as well as trace elements. 
Traditionally, natural adaptogens are ginseng, rhodiola ro-
sea, Schisandra chinensis (lemongrass), Eleutherococcus, 
leuzea, and arabia. It is these adaptogens that have a large 
evidence base, including in relation to sports achievements 
[13]. A number of substances that make up the plant extracts 
(on  the  basis of  which the drink under study was  made) 
are also part of traditional adaptogens, probably in lower 
concentrations, and in combination with other substanc-
es. Probably, the tested glucose-electrolyte composition 
with antioxidant plant extracts affects various links of regu-
latory mechanisms that control hemodynamics of the stud-
ied vessels.

Thus, during the incrementally increasing submaximal 
exercise test, it is natural to overload the electron trans-
port chain in the mitochondrial membranes, which re-
sults in the production of an excessive number of free rad-
icals that damage mitochondrial membranes, which leads 
to a decrease in cell energy. In this respect, a single intake 
of  a glucose-electrolyte drink with antioxidant plant ex-
tracts, including lemon juice, as well as nettle and rosehip 
extract, due to which high ascorbic acid content is achieved, 
has an effect on changing energy processes in cells. In ad-
dition, the composition of rosehip and traditional adap-

togens, such as rhodiola rosea and Schisandra chinensis 
(lemongrass), combine organic acids, represented main-
ly by citric, succinic and malic. The content of organic ac-
ids, especially citric and succinic in combination with ascor-
bic acid significantly intensifies the activity of the Krebs cy-
cle. Besides, ascorbic acid, being involved in the biochem-
ical processes of inhibiting free-radical reactions, probably 
contributes to a decrease in the activity of lipid peroxida-
tion processes [23].

Rosemary hydrolate containing rosmarinic acid helps 
tissues to better utilize glucose [24]. In a study by M. Prasan-
narong et al. [25] it was shown that even a single dose of ros-
marinic acid at a dose of 10 mg/kg helped to reduce angio-
tensin II effects and improved glucose transport to the skel-
etal muscles.

The fructose solution, which is part of the glucose-elec-
trolyte composition, is a donor of the nutrient substrate.

In addition, nettle extract, as has been shown in recent 
studies, in combination with endurance exercise improves 
the functioning of mitochondria, as well as the expression 
of nuclear respiratory factor 2 of the heart muscle and gam-
ma coactivator 1-alpha [26].

Accordingly, the intake of the investigated drink con-
taining fructose solution in combination with rosmarin-
ic acid, lemon juice, nettle and rosehip extracts forms 
a chain of reactions, on the one hand, supplying the sub-
strate, ensuring its high utilization and effective oxidation, 
and  on  the  other hand, the intake of glucose-electrolyte 
composition shifts the pH level to the alkaline side. It is like-
ly that a moderate increase in pH after taking the glucose-
electrolyte composition, as well as activation of energy pro-
cesses, contributed to the restoration of autoregulation, 
which probably stabilized the Vmax and Vaver velocity indi-
cators during the breath-holding test after submaximal ex-
ercise test (see Fig. 1).

A single consumption of the studied glucose-elec-
trolyte drink by athletes and the subsequent perfor-
mance of  the incrementally increasing submaximal ex-
ercise test also helped to prevent the increase in Vmin ob-
served after the isolated exercise during the hyperventila-
tion test. The stabilization of this indicator after taking the 
tested drink and exercise indicates restoration of arterial 
tone, probably due to the effect of flavonoids such as ru-
tin, quercetin, heperedin, toning the vascular wall, which 
are part of rosehip in the studied drink. The same substanc-
es are part of traditional adaptogens, such as Rhodiola ro-
sea and Leuzea.

Taking a glucose-electrolyte drink did not affect the dy-
namics of Vmax in the hyperventilation test after the first 
and  second cycles. The absence of other distinct chang-
es in professional athletes during the hyperventilation test 
within the first and second cycles of the study may indi-
cate that oxygenation appears to be a fairly strong regula-
tory factor [16], in comparison with other metabolic and hu-
moral factors.

In addition, the intake of glucose-electrolyte compo-
sition contributed to the stabilization of the Gosling in-
dex (pulsatility index) after submaximal exercise, where-
as isolated exercise performance contributed to its sig-
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nificant drop. Given the dependence of this indicator on 
the elasticity of the vascular wall, which in turn is most-
ly determined by vascular endothelium functional activ-
ity, it can be assumed that the effect of taking the glu-
cose-electrolyte drink was induced by substances in its 
composition, in particular, by polyphenolic compounds 
contained in the lemon juice, rosemary hydrolate, and 
rosehip extract.

It is known that flavonoids contained in rosehips, 
such as hesperidin, quercetin, rutin, have high antioxi-
dant, anti-inflammatory activity, and also have a high tro-
pism to the vascular system [27], in particular to the vas-
cular endothelium, changing its apoptosis pathways [28], 
promoting nitric oxide increase, improving its respon-
siveness to influencing factors by modulating endotheli-
um-dependent vasodilation [29]. Intake of products con-
taining polyphenolic compounds, in particular bioflavo-
noids, affects the following mechanisms of endothelium-
dependent vasodilation: an increase in the level of Ca2+ 
and redox activation of  the  phosphoinositide-3 (PI3) ki-
nase/Akt pathway are noted in endotheliocytes, leading 
to rapid and sustained activation of nitric oxide synthase 
(NOS) [30], as well as the  formation of an endothelium-
dependent hyperpolarization factor. In addition to the 
described long-term effects of flavonoids, short-term ef-
fects are also known, including NO-mediated vasorelaxa-
tion due to an increase in the influx of extracellular Ca2+ 
and mobilization of intracellular Ca2+ in endothelial cells. 
This is supported by evidence that an increase in endothe-
lium-dependent vasodilation is observed even after a sin-
gle intake of ascorbic acid [30].

Conclusion

Thus, the isolated performance of the incrementally 
increasing submaximal exercise test contributes to chang-
es in velocity indicators and calculated indices of the ver-
tebrobasilar arteries during functional tests performance 
with breath-holding, hyperventilation, as well as a torsion 
test, which indicates the development of tension regula-
tion of cerebral blood flow in the conditions of the studied 
load regime. A single intake of glucose-electrolyte compo-
sition with antioxidant plant extracts contributes to stabi-
lization of hemodynamic parameters of the vertebrobasi-
lar arteries under incrementally increasing submaximal ex-
ercise test conditions, preventing changes in parameters 
observed after isolated exercise. Thus, taking the studied 
drink with antioxidant properties under incrementally in-
creasing submaximal exercise test conditions contributed 
to the stabilization of the maximum and average velocity in-
dicators in the breath-holding test, approaching to the back-
ground pre-exercise values of the minimum velocity indi-
cator in the hyperventilation test, as well as to the “return” 
to the pre-exercise values of the pulsatility index in the tor-
sion test from both sides.

The studied glucose-electrolyte composition has a ho-
meostatic effect, probably due to the effect on the mech-
anisms of homeostatic regulation of vascular tone, affect-

ing endothelial reactivity, pH level stabilization, oxidative 
phosphorylation.
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