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Abstract: 
It is relevant to study the influence of metabolism nutritional correction over systemic and local hemodynamics 
of the body in professional athletes. Purpose: to study the skin blood microcirculation dynamics in professional 
athletes who received a personalized vitamin and mineral complex. Materials and methods. 74 professional 
cyclic sports athletes took part in the research. They received a personalized vitamin and mineral complex daily 
during the training period for 30 days. Before the research start, the parameters of oxidative blood metabolism 
were studied in all athletes to individualize the appointment of metabolic correction agents. To do this, the level 
of parameters was compared with the untrained people's level characteristic. The state of blood microcirculation 
in the middle of the forearm was assessed using laser Doppler flowmetry on the LAKK-02 device (NPO Lazma, 
Moscow), before the start of the vitamin and mineral complex application course and immediately after its 
completion. Results. The research made it possible to establish the positive effect of personalized metabolic 
correction over the blood microcirculation functioning parameters. They manifested themselves in the form of 
blood flow velocity activation through small-diameter vessels (according to the level of microcirculation index), 
which was provided mainly due to endothelial (release of nitrogen monoxide by endotheliocytes), neurogenic 
and cardiac (contribution of pulse wave) regulation factors. Taking a vitamin and mineral complex contributed to 
a decrease in the bypass rate to physiological values. 
Key Words: athletes, microcirculation, vitamins, mineral complexes 

Introduction 

The oxidative metabolism of the body as a whole and its individual functional units is supported by a 
complex set of pro- and antioxidant systems, including enzymatic and non-enzymatic (bioradical and non-
radical) components. This combination is provided by numerous regulatory mechanisms, which are represented 
by both internal and external effectors and affect the enzyme and non-enzyme components of the systems 
(Martusevich, Karuzin, 2021). The ubiquity of oxidative metabolism determines its participation in the 
pathogenesis of the absolute majority of diseases, and, on the other hand, provides extensive opportunities for 
correcting metabolism (Kolar et al., 2021). Disadaptation of oxidative metabolism has been called «oxidative 
stress», which is considered as a separate syndrome (Panza et al., 2008). 

Currently, individual parameters of the body's antioxidant system have been studied in sufficient detail. 
According to modern ideas about it, it is customary to isolate direct antioxidants (vitamins E, A, C, etc.), enzyme 
systems of antioxidant protection (superoxide dismutase, glutathione metabolism enzymes, etc.), as well as 
markers of oxidative damage (8-isoprostane, oxidized lipoproteins, etc.). A comprehensive view of the system as 
a whole is possible with evaluation of several elements reflecting different aspects of oxidative stress 
implementation. 

The effect of intense and prolonged physical exertion on professional athletes' body can provoke 
formation and progression of oxidative stress (Pepe et al., 2009). On the other hand, the literature presents 
contradictory data on this issue. A number of researchers have recorded the presence of the syndrome in question 
(Martusevich et al., 2022 a), while other works show the protective effect of physical exertion against 
endogenous and exogenous oxidants (Kolar et al., 2021). 
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On the other hand, the effect of nutritional correction of metabolism over the athletes' body functional 
state, in particular, on systemic and local hemodynamics, has not been fully studied (Abraham et al., 2019; 
Sirufo et al., 2021). At the same time, the fact of a pronounced modification of the microcirculatory bed 
functioning parameters in trained individuals relative to people who do not engage in sports is indisputable 
(Montero et al., 2015; Abraham et al., 2019; Hodges et al., 2020; Bocharin et al., 2022a, b), as well as the 
directional change of the considered indicators in different periods of the training cycle (Iwasaki et al., 2015; 
Marini et al., 2019; Meng et al., 2019, 2021). At the same time, the nature of the modulating effect of dietary 
supplements containing various vitamin and mineral components has been disclosed only in isolated studies 
(Pranskuniene et al., 2020). 

Purpose. Studying the skin blood microcirculation dynamics in professional athletes who received a 
personalized vitamin and mineral complex. 
 

Material & methods  
74 professional cyclical sports athletes took part in the research project. They received a personalized 

vitamin and mineral complex daily for 30 days of the training period. To individualize the appointment of 
metabolic correction agents in all athletes, their oxidative blood metabolism parameters were studied at the 
beginning of the course (Martusevich, Karuzin, 2021).  

To do this, the level of parameters was compared with the level characteristic of untrained people. With 
the predominance of parameters characterizing the intensity of free radical processes, athletes were prescribed a 
complex with lower concentrations of antioxidants – «vitantioximin», and with a conjugate shift of pro- and 
antioxidant blood systems – a complex containing increased concentrations of compounds with antioxidant 
activity – «vitametabolomin 5» («Akafarm» LLC, RF).  

The complexes used are additional sources of vitamins C, E, A, D, group B, macro- and microelements 
(calcium, potassium, magnesium, silicon, chromium, iron, copper, zinc, selenium, iodine, manganese, 
molybdenum), sources of carotenoids (beta-carotene - 1.5 mg, lutein – 4.5 mg) and L-carnitine contain biotin, 
folic acid, natural carotenoids, α- and γ-tocopherol, niacin, pantothenic and α-lipoic acids, a combination of 
macro- and microelements and other compounds as the main components. 

Obtaining blood samples from athletes was carried out before the start of the course and immediately 
after its completion. The content of 8-isoprostane in blood serum was determined by the enzyme immunoassay 
using the kit «8-isoprostane ELISA» («USBiological», USA). Quantitative determination of oxidized low-
density lipoproteins (oLDL) was carried out by the method of «competitive» enzyme immunoassay (ELISA) - 
enzyme immunoassay method based on the use of enzyme-linked immunosorbent (EIA; enzyme immunoassay) 
in a microplate format, which was carried out on an automatic enzyme immunoassay analyzer «Evolis» («Bio-
Rad», Germany-USA) using reagents from «Biomedica Gruppe» LLC (Austria).  

The activity of superoxide dismutase (SOD) was determined by the change in the amount of the 
epinephrine oxidation product - adrenochrome, which is formed in the absence of additional sources of 
superoxide generation (Martusevich et al., 2021, 2022b). 

 
The microcirculation state was assessed at a single point, located at the midpoint of the forearm, before 

the start of the course of the vitamin and mineral complex application and immediately after the end of this 
course. The study was carried out by laser Doppler flowmetry on the apparatus «LAKK-02» (NPO "Lazma», 
Moscow). The recording of the LDF gram was continued for 3 minutes. The LDF-gram analysis made it possible 
to calculate the microcirculation index (MI), which characterizes the average intensity of blood flow through 
small-diameter vessels for the specified period. MI is the arithmetic mean of the microcirculation index, 
measured in perfusion units. The calculation was performed by the integrated software of the complex. 

The amplitudes of internal (endothelial, neurogenic and myogenic) and external (respiratory and 
cardiac) regulatory factors were determined based on the amplitude-frequency analysis of fluctuations in the 
microcirculation intensity (according to the corresponding frequency ranges).  

According to their ratio, the bypass indicator was calculated by software, indicating the degree of 
participation of the shunting pathways in ensuring microcirculation. This approach fully corresponded to the 
methodology laid down by the developers of this technology (Dunaev et al., 2014; Goltsov et al., 2017). 

The research was approved by the Local Ethics Committee of the A.I. Burnazyan Federal Medical 
Biophysical Center of the Federal Medical and Biological Agency of Russia and did not contradict the medical 
and biological principles of the Helsinki Declaration of 2008. All athletes, participants of the project gave 
written informed consent to the examination. 
The obtained research materials were processed by methods of variational statistics in the licensed software 
package Statistica 6.0. The normality of the parameter values distribution was evaluated using the Shapiro-Wilk 
criterion. The average values of the indicators and their standard deviation were calculated. The statistical 
significance of the differences was assessed using the Kraskel-Wallis H-criterion. 
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Results 

It was found that the course intake of a personalized vitamin and mineral complex contributes to a 
significant shift in the parameters of laser Doppler flowmetry of the skin relative to the initial state, Figures 1-4. 
The modulating effect of biologically active components of the complex was evaluated by an integral criterion - 
the microcirculation indicator, Figure 1. 

 

 
 

Fig. 1. Dynamics of microcirculatory index in athletes before and after administration of vitamin and 

mineral complex 

It was revealed that the course of individualized metabolic correction has a beneficial effect on this 
parameter. There was an increase in the blood microcirculation index value by 20.6% compared to the baseline 
level (before the vitamin and mineral complex prescription). 

In order to clarify the mechanism of the revealed microcirculation shifts, we conducted an amplitude-
frequency analysis of time fluctuations in the intensity of blood flow through small-diameter vessels. 

 

 
Fig. 2. Intravascular regulatory components of microcirculation in athletes before and after 

administration of vitamin and mineral complex 

 

It was found that under the personalized metabolic correction influence, the involvement of endothelial 
and myogenic regulation components increases. There was an increase in the values of indicators by 27.5 and 
16.6% relative to the initial level of indicators, respectively; p<0.05 for both regulatory components. At the same 
time, the neurogenic component remains at the initial values of the indicator, without reaching the level of 
statistical significance, Figure 2. 

Heterogeneity of the response to individual metabolic correction was also observed for extravascular 
regulatory components of microcirculation, Figure 3. 
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Fig. 3. Extravascular regulatory components of microcirculation in athletes before and after 

administration of vitamin and mineral complex 

 

Analysis of these indicators allowed establishing the fact that upon completion of a full course of 
vitamin and mineral complexes, the respiratory component remains at the initial level. On the contrary, the 
amplitude of the cardiac component reflecting the contribution of the pulse wave to the blood flow intensity 
formation increases moderately, but statistically significantly (by 7.9% compared to the baseline level; p<0.05). 

Finally, the last of the evaluated was the bypass index, which characterizes the blood discharge degree 
through arterio-venous anastomosis bypassing the capillary bed, Figure 4. 

 

 
 

Fig. 4. Bypass coefficient in athletes before and after administration of vitamin and mineral complex 

 

It was revealed that before the start of taking vitamin and mineral complexes, the level of the indicator 
was at a higher level relative to practically healthy untrained individuals. This indicates signs of the formation of 
the so-called «steal phenomenon». 

Upon the full course of vitamin and mineral complexes completion, the bypass rate decreased to 
physiological values (by 12.0% relative to the initial state; p<0.05), which indicates the adaptability of functional 
rearrangements to ensure a rapid increase in blood flow. 
 
Dicussion 

The process of restoring professional athletes' body after intense physical loadings plays an important 
role in the training process (Lopatina & Prihodko, 2020; Gryaznykh et al., 2021; Butakova et al., 2019). One of 
the restorative means includes vitamin and mineral complexes that can have a significant effect on blood 
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metabolism and microcirculation (Kolar et al., 2021; Sirufo et al., 2021; Martusevich et al., 2021, 2022a). 
Therefore, the study of these issues for sports practice is important. 

According to our data, it was found that conducting a course of individualized metabolic correction 
using vitamin and mineral complexes increases blood microcirculation by 20.6% compared to the baseline level 
(before a vitamin and mineral complex prescription). This fact indirectly confirms the information that the 
isolated introduction individual metabolites with antioxidant properties (for example, ascorbic acid) into athletes' 
diet provides both significant shifts in laboratory (Kolar et al., 2021), functional (Choo et al., 2017) and sports 
results (Pranskuniene et al., 2020). At the same time, the main focus of these research works is clearly shifted 
towards studying the athletes' body metabolic processes, while the assessment of the microcirculatory response 
to vitamin stimulation is presented in a single work and concerns exclusively grapefruit extract (Pranskuniene et 
al., 2020). 

We have established an increase in the participation of endothelial and myogenic components of 
metabolism regulation. It is known that the endothelial component contribution directly correlates with the 
release of nitrogen monoxide by the vascular wall (Dunaev et al., 2014; Goltsov et al., 2017; Martusevich et al., 
2021). On this basis, and taking into account the most significant increase in the amplitude of this component in 
our research, it can be assumed that NO-dependent metabolic cascades play a significant role in the vitamin-
mineral complex under consideration action mechanisms. 

According to our data, it was revealed that before the start of taking vitamin and mineral complexes, the 
level of the bypass index was at a higher level relative to practically healthy untrained individuals, which is 
consistent with the results of other researchers (Dunaev et al., 2014; Goltsov et al., 2017). This fact indicates 
signs of the «steal phenomenon» formation. This phenomenon may have adaptive significance, providing an 
increase in the reserve capacity of blood flow through microvessels under conditions of intense physical loads 
(primarily during the competitive period). In addition, it can be the basis of vascular disorders pathogenesis in 
the corresponding part of the human body. After completion of the full course of exposure, the indicator in 
question decreased to physiological values (by 12.0% relative to the initial state; p<0.05), which indicates the 
functional rearrangements adaptability to ensure a rapid increase in blood flow due to inhibition of bypass 
pathways and precapillary sphincters activation (Sommer et al., 2013; Dunaev et al., 2014; Goltsov et al., 2017). 
 
Conclusions 

The conducted research project made it possible to establish the positive effect of personalized 
metabolic correction of the vitamin-mineral complex on the parameters of the blood vessels microcirculatory bed 
functioning. Positive changes were manifested in the form of blood flow velocity activation through small-
diameter vessels (according to the microcirculation index level), which was provided mainly due to endothelial 
(release of nitrogen monoxide by endotheliocytes), neurogenic and cardiac (contribution of pulse wave) 
regulation factors. In addition, taking a vitamin and mineral complex contributed to a decrease in the bypass rate 
to physiological values. The obtained research results allow them to be used in the planning of biomedical means 
for athletes' recovery. 
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