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Abstract 

The aim of the article is to consider the metabolic basis of nutrition for the development of technologies to maintain the 
athlete's health and performance. The article used PubMed data and the results of our own theoretical developments 
regarding the metabolic basis of nutrition in extreme conditions of the body. The role of the stages of transcription and 
translation in the process of creating muscle protein and the importance of the quality and quantity of protein in the 
diet are shown. The anaerobic and aerobic stages of energy formation are examined and the principles of increasing 
their activity through the use of food compounds are analyzed. A model of the relationship between the exchange of 
proteins, fats and carbohydrates with different energy supply of the body is considered and the principles of nutritional 
support of the body in the phase of rehabilitation and physical and mental work are proposed. The article discusses the 
main approaches of the usage of metabolic principles in the development of food technology to maintain health and 
increase the working efficiency of athletes. In the sports preparation stage, nutrition should ensure the creation of a 
muscle apparatus and provide it with energy. In the sports competition period, food products should improve the 
activity of elements of energy metabolism. In the rehabilitation phase, it is necessary to use food compounds that help 
to reduce the accumulation of under-oxidized metabolic products and accelerate their metabolic pathways. Food 
products are offered to increase the effectiveness of weight gain and weight cutting technologies.  

Keywords:  Nutrition; Anti-doping products; Performance 

1. Introduction

High - quality sport is associated with the maximum inclusion of all physiological systems, all types of metabolism. 
Therefore, there is a high risk of developing disorders of the cardiac, respiratory, thermoregulatory and hormonal 
systems [1]. The development of oxidative stress, the fall of the energy sources and the accumulation of harmful 
metabolites are noted [2], therefore, the urgent question is the development of health-saving technologies in which the 
nutritional factor plays a key role. 

An athlete needs much more constructing (protein), energetic (carbohydrates and fats) and regulatory (vitamins and 
minerals) materials. It creates a problem to chew and absorb a large amount of food and athletes are at high risk of 
developing gastrointestinal tract disorders Therefore, there are many specialized products or functional nutrition 
products that appeared to provide the body with the easily digestible macro and micronutrients. 

The main attention in scientific articles and monographs on the nutrition of athletes is paid to the issues of food hygiene 
- adequacy and safety. Of course, these aspects are important, but the question of the metabolic base of an athlete’s 
nutrition has remained aside. Metabolism is an important aspect of maintaining health and working efficiency and the 
physical capabilities of a person depend on how metabolic processes proceed.  
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2. Material and methods 

The article used PubMed data and the results of our own theoretical developments regarding the metabolic basis of 
nutrition in extreme conditions of the body.  

3. Results and discussion 

The athlete's nutrition should be divided into several stages: 

 Nutrition at the preparation stage 

 Nutrition for the energy supply of the competition period 

 Nutrition to improve rehabilitation processes after intense physical activity 

 Nutrition aimed to increase the effectiveness of technology for gaining or cutting weight.  
The main task of the preparation stage is to create a muscle apparatus and provide it with energy. The main component 
of muscle fiber is a protein, so it is necessary to ensure its adequate supply [3]. The protein intake rate for a person is 
about 1 g per kg on body weight per day, whereas for an athlete, protein requires 30-50% more. 

Skeletal muscle, which is the most abundant tissue in the body of mammals, has a wide variety of important functions 
[5]. Skeletal muscle mass is determined by the dynamic balance between protein synthesis and degradation [6]. Skeletal 
muscle represents 40-50% of body mass in mammals and is a critical regulator of overall metabolism [7]. The protein 
synthesis of skeletal muscle has been proven to be affected by different nutritional and physiological factors [8-9]. The 
rate of protein synthesis and its type depend both on the activation of the genetic apparatus at the stage of transcription 
or genes expression [10], and at the stage of translation [11]. The mammalian target of the rapamycin (mTOR) signaling 
pathway is a central mediator of metabolism and growth and acts as a central regulator of protein metabolism [12]. 

Therefore, protein synthesis depends both on the availability of the protein synthesis process in the substrate, and on 
the protein synthesizing apparatus working efficiency, especially at the stage of translation. Protein synthesis occurs on 
ribosomes and is accelerated during aggregation of ribosomes into polysomes; therefore, factors that contribute to 
aggregation of ribosomes (acceleration of protein synthesis) and, conversely, their reverse decomposition into 
ribosomes (decrease in protein synthesis) should be considered, which is shown in Figure 1.  

 

Figure 1 Regulation of the protein synthesis process at the stage of translation 

After gene expression (transcription), mRNA enters the ribosome and a specific protein is synthesized. However, when 
ribosome aggregation to the polysome occurs, the mRNA passes through the entire aggregate and one mRNA promotes 
the synthesis of several proteins (corresponding to the number of ribosomes in the polysome). Therefore, if the amount 
of protein synthesis on the ribosome is conventionally taken as unity, then aggregation into the polysome increases the 
rate of protein synthesis dramatically. The factors for aggregating ribosomes or accelerating the process of protein 
synthesis are indicated on the left: 1) feeding or providing the process of protein synthesis with substrate and energy; 
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2) physical activity or anabolic stimulus; 3) anabolic hormones, in particular insulin; 4) anabolic amino acids (leucine); 
4) some vitamins and minerals (B1, D, Ca, Mg). These aspects must be considered when developing specialized foods to 
increase muscle mass. 

On the right there are factors contributing to the disaggregation of polysomes and a decrease in protein synthesis: 1) 
starvation or when the substrate and energy are not enough for the protein synthesis process; 2) hypokinesia, which is 
a stress factor for the body; 3) cortisol or stress hormone; 4) inflammatory cytokines or processes where energy must 
be directed to solve the problem of inflammation. This situation occurs due to the fact that the body can afford to bear 
large costs for the process of protein synthesis only at rest, and during the development of energy stress, the body forced 
to direct all its efforts to eliminate it. 

The second important aspect of sports is the energy provision of physical activity. There are several steps in the process 
of energy production that should be considered.  

A lactate, when there is a creatine phosphate as an energy source. The 'anaerobic' substrates are also important fuels 
during the transition from rest to steady state exercise [13]. Although its energy is enough for only a few seconds of 
muscle work, creatine phosphate is located near the contractile elements and there is no need for the special transport 
systems for its delivery [14]. 

Lactate period or glycolysis. Due to glycolysis, the muscle can work up to 30 minutes. This is the only form of energy 
production of organic compounds that occurs under anaerobic conditions. Although only 7% of the energy of chemical 
bonds of glucose or 2 ATP is formed at this stage, glycolysis is characterized by a high rate of energy generation [15]. 
Since sport primarily is a speed, glycolysis is a key aspect of energy production for athletes. 

The aerobic stage or the organic substances oxidation in the cycle of tricarboxylic acids and the ATP energy formation 
in the process of oxidative phosphorylation.  

At this stage, 93% of glucose energy and 100% of fat energy are generated. In quantitative terms, this is the main way 
of energy formation and it determines the duration or persistence of muscle activity. Therefore, questions related to 
which ways we can influence the stages of energy formation should be considered. 

Creatine phosphate is formed by creatine phosphorylation that is a tripeptide (glycine, arginine, and methionine) [16]. 
Glycine is a nonessential amino acid, arginine is a conditionally nonessential amino acid, because the need for it 
increases with intensive growth in children and during muscle gaining. The limiting amino acid is methionine. 
Methionine, found almost exclusively in skeletal muscle, results in creatine levels that can be increased via endogenous 
synthesis in the liver and pancreas or exogenously from foodstuff, particularly meat and fish [17]. Creatine preparations 
began to be widely used after the Olympic Games in 1992 in Barcelona [18]. In specialized diets, its content does not 
exceed 1-2 g [19], while in a young man weighing 70 kg the pool of creatine is 120-140 g. Therefore, in the preparation 
stage, you should use creatine preparations. 

Hydrolysis of creatine phosphate promotes ATP muscle regeneration. 

 Creatine phosphate + ADP                                     ADP + Creatine 

However, creatine formed during the hydrolysis of creatine phosphate attaches water and turns into creatinine, which 
is removed from the blood into the urine due to glomerular filtration. Creatinine formation depends on the amount of 
muscle mass; therefore, its content in urine correlates with the value of muscle or lean mass [20]. In case of impaired 
renal function, creatinine excretion from blood to urine decreases and blood/urine creatinine coefficient increases, 
which is used in the clinic to evaluate kidney function. In sports practice, it is more convenient to use a non-invasive 
method for assessing renal function by salivary/urine creatinine coefficient [21]. 

Glycolysis depends on the availability of glucose in the body. There a lot of problems. Glucose is the main source of 
energy and presents at the intersection of many metabolic processes, so its level should be maintained at the 
homeostatic level. The blood contains only about 5 g of glucose. This is easy to estimate by calculation. Normally, the 
blood glucose is 100 mg% (100 mg per 100 ml) [22], the body contains about 5 liters of blood, therefore, the total 
amount of glucose in the blood is 5 g. With a decrease of the concentration of glucose in the blood twice lower than 
normal in the brain there will be insufficient glucose (the brain uses glucose exclusively as an energy source) and brain 
will turn off (instant loss of consciousness), and after 5 minutes the brain cells will die and death will occur [23]. 
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In fact, during usage of blood glucose, glucose instantly replenishes due to liver glycogen. Although the total glycogen 
content in muscles is almost 5 times higher, but in the muscles there is no glucose-6-phosphatase enzyme, therefore 
muscle glycogen cannot be a source of free glucose. This was created by nature for the purpose that muscle glycogen 
can be used only by the muscle itself or if the animal or in particular the person does not catch up their food, they will 
simply die because of starvation. 

Therefore, the maintenance of glucose homeostasis is an important aspect of the life process and all types of metabolism, 
all regulatory systems are involved in the regulation of glucose homeostasis. There are several sensory systems for 
controlling glucose homeostasis in the body and cells. When glucose enters the cell from the blood, the phosphorylation 
of glucose with the participation of the hexokinase enzyme occurs and glucose-6-phosphate (G-6-F) is formed. 
Therefore, hexokinase is the first sensor to control glucose metabolism. According to the feedback principle, G-6-F is an 
inhibitor of hexokinase, therefore, when the rate of conversion of G-6-F is reduced, the flow of glucose into the muscle 
cell is inhibited. This is observed with a decrease of ATP energy utilization, which leads to an increase in the ATP/ADP 
coefficient and inhibition of hexokinase [24]. 

During intense physical exertion, the rate of energy consumption exceeds the amount of G-6-F oxidation, therefore ATP 
resynthesize is also carried out due to the phosphate group of ADP, which leads to the formation of AMP, which is a 
sensor of insufficient glucose in energy production processes, therefore, the AMP/ATP coefficient characterizes degree 
of energy stress. Under energy stress, AMP binds to the γ subunit of AMP dependent protein kinase (AMPK), its activity 
is allosterically activated, which leads to the suppression of protein anabolism, i.e. the body disables the stage of energy 
expenditure on protein synthesis [25]. Therefore, AMPK is a sensor for monitoring glucose homeostasis. 

Based on the ways of transporting the carbon skeleton and the stages of the relationship between the processes of 
formation and utilization of ATP energy with different supply of glucose to the body, a conceptual model of the 
relationship between the exchange of macronutrients (proteins, fats and carbohydrates) was developed to maintain 
glucose homeostasis (Fig. 2). 

 

Figure 2 A conceptual model of the relationship between metabolism of protein, fat and carbohydrates for utilization 
exogenous (             ) and endogenous (....      .) nutrition flow. 

During the "Surplus energy" (for utilization exogenous nutrition flow) glucose utilization (dissimilation) is 
accomplished via storing it as glycogen and oxidation. If glucose inflow exceeds its dissimilation rate, then the excess 
carbon skeleton is utilized for the synthesis of lipids, that is, a combined anabolic lipogenesis is switched on. 

Glucose oxidation results in the generation of ATP energy, therefore, there should exist routes to utilize this energy, 
since the excess ATP automatically block glycolysis. One may consider three principal ways of utilization of ATP energy: 
expenditures for physical activity, expenditures for heat production, and utilization for protein synthesis. In fact, 
physical activity, increased heat production and increased protein intake result in acceleration of glucose utilization. 
From the dietetic standpoint the process of protein synthesis is of interest. In other words, the rate of amino acids intake 
with food is an important regulator of glucose utilization. 

Thus, during the "Surplus energy" the process of glucose dissimilation is associated with the two assimilation processes: 
with lipogenesis in regard of carbon skeleton, and with protein synthesis in regard of generation and utilization of ATP 
energy. 
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Even though glycolysis and protein synthesis are interconnected via generation and utilization of ATP energy, however, 
these metabolic flows are closely interrelated since no protein synthesis occurs without energy supply while reduced 
utilization of ATP energy blocks ATP generation or glycolysis. In such case an excess carbon skeleton will be redirected 
to lipid synthesis resulting in obesity. 

During the "Energy deficiency" (for utilization endogenous nutrition flow) glucose homeostasis is maintained on the 
account of its endogenic synthesis from amino acids, that results in protein catabolism to supply the required substrates 
while lipolysis and lipid oxidation get activated to supply the energy for gluconeogenesis. This stage is characterized 
with combination of two dissimilation processes (protein catabolism and lipid oxidation) and one assimilation process 
(gluconeogenesis). Glucose synthesis is associated with lipid oxidation through the generation and utilization of ATP 
energy, while with protein catabolism – via routes of transportation of carbon skeleton. 

Though gluconeogenesis and lipid oxidation are associated with each other through the generation and utilization of 
ATP energy, these metabolic flows are inter-dependent. For example, blockade of lipolysis [26] or lipid oxidation [27] 
automatically causes the decline of gluconeogenesis resulting in hypoglycemia, and on the contrary, the reduction of 
concentration of the substrate for gluconeogenesis blocks ATP synthesis from acetyl-CoA and results in condensing of 
excess acetyl groups in acetoacetate and oxybutyrate, leading to ketosis, for instance, in diabetes or fasting [28]. 

Thus, glucose homeostasis in the body depends to considerable extent on interrelations between the metabolism of 
proteins, lipids and carbohydrates. This dependence is determined by the capacity of any component of the food to 
affect individual steps of conversion of other nutrients with involvement of regulatory function of hormones. This model 
may serve as a theoretical basis to develop a dynamic model of balanced nutrition. 

Models of glucose recycling via lactate or alanine are circular, that is, carbon skeleton of glucose is used to synthesize 
lactate or alanine while glucose synthesis requires the return of carbon skeleton. In our model during the "Surplus 
energy" the carbon skeleton of glucose is used for lipid synthesis while at the "Energy deficiency" there occurs a loss of 
that carbon skeleton (elimination in the form of carbon dioxide at lipid oxidation). On the contrary, ATP energy 
generated at glucose oxidation is spent for protein synthesis, and we again get back the carbon skeleton. 

Hence, our model can be defined as a cross-like one, since there is no direct route of transportation of carbon skeleton 
or energy because of opposite direction of assimilation and dissimilation of proteins, lipids and carbohydrates during 
the "Surplus energy" and the "Energy deficiency". If during the "Surplus energy" one observes activation of protein and 
lipid assimilation and carbohydrate dissimilation, then during the "Energy deficiency" protein and lipid dissimilation 
and carbohydrate assimilation occur, thus glucose homeostasis in the body is maintained on account of utilization its 
excess flow to include the carbon skeleton in lipid synthesis, while ATP energy is directed to protein synthesis, and 
during the endogenic glucose synthesis lipids provide ATP energy while proteins supply the carbon skeleton. 

Metabolism intensity is controlled by neuro-endocrine system. The "Surplus energy" is signaled by acetylcholine and 
insulin levels while the "Energy deficiency" is mediated through noradrenaline and glucagon levels. Therefore, on the 
one hand, the neuro-hormonal status reflects energy balance of the body, and on the other hand, it depends on the 
intensity and ratio of nutrient flows. 

Extensive studies on the specifics of metabolism in fasting or intake of individual nutrients are available; therefore these 
states are a convenient model to assess the intensity of metabolic flows from the position of the proposed model. Hepatic 
glycogen stores almost completely disappear after a 24-48 hour fasting [29- 30], therefore the body is supplied with 
glucose due to protein catabolism [31] and lipid oxidation. Introduction of the key gluconeogenic amino acid alanine 
causes an increased glucose production in the liver [32] while oleic acid (energy substrate for gluconeogenesis) 
increases hepatic glucose production almost two fold [33], and on the contrary, the inhibition of lipolysis [34] or fatty 
acid oxidation [35] result in hypoglycemia. 

Thus, metabolic changes arising at various physiological states of the body and metabolic disorders are determined to 
a considerable extent by inadequacies between nutrient flows that stipulate the possibility of correcting them with 
nutritional factors.  

A certain balance between individual nutrient flows should be maintained. During the "Surplus energy" such balance 
should be met between the flows of glucose and amino acids. Excess glucose flow induces hyperglycemia and lipidemia 
while inadequate glucose intake with food leads to a lower inclusion of amino acids in proteins resulting in 
hyperaminoacidemia. Therefore, adequacy between these nutrient flows is the most important principle of balanced 
nutrition. 
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During the "Energy deficiency" depot flows are utilized. The balance between the flows of amino acids (pool of free 
amino acids) and lipids is of key importance at this stage. It is well known, that lipid reserves (in the form of 
triglycerides) are much higher than protein reserves (in the form of muscular protein), and therefore the prevalence of 
lipid flow is the most often seen phenomenon. This inadequacy becomes more evident in low-protein rations when 
there are no enough amino acids or energy for protein synthesis. In such cases there occurs the reduction of the pool of 
free amino acids and more pronounced hypoglycemia and ketosis in fasting. Hence, there take place dynamic changes 
of metabolic indices which depend on the ratio of individual nutrients in food; therefore, the proposed model is a 
theoretical basis for the dynamic model of balanced nutrition. 

For the formation of a peptide bond (a combination of two amino acids), 3 ATPs are used (fee for accuracy and speed), the 

average protein consists of 100 peptide bonds, thousands of proteins are synthesized in the body per day, therefore protein 

synthesis is the most energy-intensive process and can only be carried out in parallel with the process the formation of energy 

or a concomitant catabolic process. Only glucose can act in such process in the absorptive period (after eating), when the 

hormone insulin is released during food, which inhibits the oxidation of fats and, accordingly, the ability to use fats as an energy 

source is turned off. Therefore, between the process of protein synthesis and glucose oxidation, a correlation is revealed at the 

level of utilization and generation of ATP energy. 

This aspect can be applied to develop a personalized approach for creating a diet for an athlete. If an athlete is given a standard 

breakfast with a known ratio of proteins, fats and carbohydrates and after 30-60 minutes to evaluate the level of glucose and 

amino acids in the blood , then excessive manifestations of glycaemia will indicate that there is an excess of carbohydrates and 

a protein deficiency in his diet. With manifestations of hyperaminoacidemia, an inverse relationship is noted or the diet contains 

an excess of protein and not enough carbohydrates. These manifestations may depend on the individual (metabolic) 

characteristics of the athlete, on seasonal influences and the influence of various environmental factors, which can be corrected 

by changing the ratio of carbohydrates or protein in the diet. In this way, it is possible to reduce the negative manifestation of 

metabolic disorders and increase the effectiveness of the preparation stage in relation to increasing the athlete’s working 

efficiency. 

In the sports competition period, the most important task is to provide motor activity with energy sources and reduce the 

negative impact of the excessive formation of under-oxidized products of the exchange of glucose (lactic acid) and amino acids 

(ammonia). During glycolysis, 6 carbon glucose molecules are split into two parts (Fig. 3). 

 

Figure 3 Schematic representation of the stage of glycolysis 

As can be seen from Figure 3, when glucose is oxidized during the glycolysis step, 2 ATP molecules are released, as well 
as 2 hydrogen (H2) molecules, which are not in gaseous form, but in connection with the organic molecule nicotinamide 
dinucleotide (NAD.Н2). If ATP is used for physical activity, then hydrogen must be combined with oxygen in the process 
of biological oxidation (phosphorylation), which occurs in mitochondria. However, the mitochondrial membrane is not 
permeable to NAD.H2, therefore, a transporter is needed, which is a malate-aspartate shunt, the limiting component of 
which is the aspartic amino acid (aspartate), so intake of  aspartate helps to  increase physical efficiency [36]. 

With aspartate deficiency, the amount of NAD.H2 in the mitochondria decreases, which leads to an increase in the 
NAD.H2/NAD coefficient in the cytoplasm or oxidation/reduction reactions are disturbed, which poses a threat to vital 
processes. Therefore, it is necessary to “dump” hydrogen (reduction equivalent) onto the oxidized compound, in 
particular pyruvate, which leads to an increase in the formation of lactic acid (lactate). In fact, the level of lactate is a 
reflection of the degree of impairment of oxidation - reduction reactions, and when it enters the brain, it is a sensor of 
these disorders. Therefore, to maintain vital activity, the brain during an alarming level of lactate, gives the command 
to stop physical activity through signals of fatigue or refusal to work. 

The accumulation of lactate in the muscles contributes to the development of acidosis and impaired contractility of the 
muscles. Muscle damage and oxidative stress are other causes of fatigue that could be minimized by glutamine. In the 
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skeletal muscle, glutamine comprises 50–60% of the total free amino acid pool, being considered as the most 
synthesized amino acid in the human muscle, especially in slow-twitch muscles, which contain glutamine 
concentrations 3-fold higher than fast-twitch muscles [37]. Showed that glutamine supplementation (for 21 days) 
reduced the plasma concentrations of creatine kinase (CK) and lactate dehydrogenase (LDH) – markers of muscle 
damage in rats submitted to strenuous resistance training [38]. The dipeptide carnosine (beta-alanine and histidine), 
which contains in the muscles, acts as a buffer against muscle acidosis. Histidine is an essential amino acid, therefore, 
the synthesis of carnosine depends on the availability of beta-alanine in the body and there are facts about the positive 
effect of beta-alanine on the athlete’s performance [39]. 

Pyruvate can be converted in several ways (Fig. 4). 

 

Figure 4 Pathways for the conversion of pyruvate 

With the participation of Lactate dehydrogenase, pyruvate is converted into lactic acid (lactate); 

With the participation of Alanine aminotransferase, pyruvate is converted to the amino acid alanine; 

With the participation of Pyruvate carboxylase, pyruvate is converted to oxaloacetate; 

With the participation of Pyruvate dehydrogenase, pyruvate is converted to Acetyl-CoA. 

As was mentioned earlier, compounds at the crossroads of metabolic pathways must be maintained at the homeostatic level, 

therefore, a violation of the conversion of pyruvate along one of the pathways will lead to its pathway formation block or 

glycolysis (“pyruvate block”). 

Therefore, by improving pyruvate metabolism, we will reduce the manifestations of the pyruvate block and accelerate the 

glycolysis process or increase the athlete’s working efficiency. 

As mentioned earlier, the conversion of pyruvate to lactate contributes to a decrease of efficiency, therefore, under anaerobic 

conditions, it is preferable to conversion pyruvate to alanine, because this reduces the magnitude of lactic acidosis and decreases 

impaired muscle contractility. For the transamination of pyruvate to alanine, amino groups are required, which are branched 

chain amino acids (BCAAs), in particular leucine, as donors. These amino acids are considered as anabolic and are 

recommended for muscle building, but if it taken before exercise, it increases the muscle pool and the possibility of their use 

for amination of pyruvate, the manifestations of lactic acidosis and the development of the “pyruvate block” will decrease [40]. 

The concentration of lactate in the blood depends on both the size of its formation and the rate of its utilization. In this regard, 

it is possible to promote an increase the rate of its utilization using the “metabolic training” technique. In 1962, Corey proposed 

a model of lactate recycling (41), when the lactate stream is used as a substrate for the reverse synthesis of glucose 

(gluconeogenesis). The activity of gluconeogenesis enzymes depends on their expression, which can be enhanced by the use of 

a fermented milk product. However, during fermented milk fermentation both L and D forms of lactate form, however L-lactate 

is biologically active. Therefore, a strain of lactic acid bacteria was selected that synthesized predominantly the L form of 

lactate. This dairy product was named “Lactan” (derived from the words lact - milk and an - anaerobic). This product was given 

to the USSR women's speed skater team (trainer B.Stenin) for two weeks in amount of 0.5 liters during their training session at 

the Medeo ice rink. The product was given at bedtime, which was an additional training for athletes to increase the metabolic 

capacity for lactate utilization. At the beginning and at the end of the training camp, the standard “pyramid” exercise was carried 

out, when speed skaters ran a circle at a certain speed, then rest for 2 minutes, then run two circles, again rest 2 minutes, then 

3 circles and rest 2 minutes and finally 4 circles and rest 2 minutes. Then the total load was reduced, i.e. running of 3 circle and 

again rest 2 minutes, then 2 circles and rest 2 minutes and at the end 1 circle. After that, blood was taken from the skaters and 
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the level of lactate was estimated, which on the average was 60 mg% through the group. At the end of the training session, the 

exact same load was performed and lactate concentration was measured again and it amounted to 32 mg% (unpublished data). 

The trainer noted an improvement of the training process and high personal indications during sprint speed skating competitions 

(500 and 1000 meters). The intake of Lactan can be attributed to the technology of "food hypoxia", which is very easy to use 

and can replace high altitude exposure technologies or the use of gas mixtures. The use of reconstructed compounds, in 

particular succinate, was widely promoted by bioenergy in the 80s of the last century. However, their ideological postulate was 

based on the fact that for the oxidation in the cycle of tricarboxylic acids for acetyl-CoA four stages of dehydrogenation are 

required, but for succinate only two, i.e. it is a faster energy generation system. However, only a certain amount of substrate 

may be contained in the cycle, and the excess flow of succinate will simply be "discharged" into fats (activates lipogenesis). 

However, the reconstructed equivalents contain in succinate contribute to the activation of utilization systems and thereby 

increase efficiency. 

Under aerobic conditions, pyruvate can add carbon (carboxylate to oxaloacetate) or release carbon (decarboxylate to acetyl 

CoA). Vitamin B1, magnesium, lipoic acid are involved as cofactors in carboxylase and pyruvate dehydrogenase activities; 

therefore, their deficiency impairs the activity of these enzymes, decreases the amount of pyruvate utilization, and develops a 

pyruvate block [42-45]. 

When acetyl-CoA enters the mitochondria, it combines with oxaloacetate (OA) to form citric acid, so the possibility of the 

interaction of acetyl-CoA with OA will depend on the amount of OA available. With simultaneous operation, there is a 

correspondence between the amount of acetyl-CoA formation and the presence of OA in the cycle. If it is necessary to enhance 

the generation of energy or increase the flow of acetyl-CoA into the mitochondria, also it is necessary to simultaneously increase 

the content of OA there. OA can be formed from aspartic acid, but using amino acids is an expensive pleasure, so OA is formed 

mainly during the carboxylation of pyruvate glucose metabolite. Therefore, any changes in the rate of energy production are 

possible only due to changes in the rate of formation of OA or glucose utilization. The most demonstrative sprinter in humans 

is the brain, because the processes of excitation/inhibition are carried out during seconds, and such changes in the process of 

energy formation can be carried out only due to glucose. Therefore, the brain, with its most powerful oxidizing system, can 

only use glucose as an energy source. Of course, the brain can switch to using fatty acids as an energy source, but only in the 

case of inhibition of brain activity, for example during anesthesia, or coma. For tactical purposes, the athlete must periodically 

change the rate of energy production, which is ensured only by glucose, whose reserves in the body are limited. Dietary 

manipulations are an integral part of an athletes training process, related significantly to optimal performance. The mechanisms 

responsible for improved working efficiency are best recognized for high-carbohydrate diets, and are attributed to maximizing 

muscle glycogen content and thereby its availability and utilization during exercise [46]. 

According to our proposed model of the relationship between the exchange of proteins, fats and carbohydrates, two food streams 

should be considered: absorbent or exogenous and postabsorbtive or endogenous. By the content of macronutrients, they differ 

significantly (Fig. 5). 

 

Figure 5 The ratio between proteins, fats and carbohydrates in exogenous (left) and endogenous (right) food streams 
the form of pyramids 

In the absorptive period (exogenous food stream), carbohydrates are the main macronutrient, therefore exogenous 
nutrition is highly carbohydrate. There is no glucose in the muscle itself, because during passing through the cell 
membrane it turns into G-6-F. Upon further conversion of G-6-F, another ATP molecule is expended. The body wouldn’t 
just waste ATP energy, and phosphorylation is carried out to connect sensory systems for monitoring glucose 
metabolism [47]. 

The intake of glucose before a training or competition process will contribute to the secretion of insulin and the 
activation of protein synthesis and the deposition of excess energy flows in the form of glycogen and lipids, but this will 
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lead to a decrease of working efficiency (“a well-fed animal is not a hunter”), therefore, in all recommendations there is 
a warn not to eat before exercise. 

During the period of physical work, endogenous food stream are used and, as can be seen from Figure 5, fats are the 
main component, the oxidation of which is inhibited by insulin [48]. During this period, food compounds for which 
insulin secretion does not occur can be used. Based on such considerations, we created a product that included artichoke 
and palm oil. An English patent has been obtained for that product (49). Although it was created in order to maintain 
glucose homeostasis while reducing the diet of obese people, it can be used in sports to maintain glucose homeostasis 
during intense physical exertion. 

The reconstructed equivalents formed during the dehydrogenation of organic compounds, during glycolysis and in the 
tricarboxylic acid cycle are included in the oxidative phosphorylation chain or the “slow combustion” process. The slow 
combustion differs from ordinary combustion in fact that energy is released by stages (three stages of breathing and 
phosphorylation). At the first stage of electron or hydrogen transfer, coenzyme Q10 (CoQ10) takes part. CoQ10 
(ubiquinone) is a widespread component of human and animal tissues. The necessary components for the biosynthesis 
of ubiquinone are 4-hydroxybenzoate and polyprenyl chain [50]. The content of CoQ10 largely depends on its synthesis 
in the body [51]. With age, there is a decrease in the rate of CoQ10 synthesis [52] and a decrease in the rate of energy 
production under aerobic conditions. Q10 deficiency was observed in athletes with poor efficiency and in individuals 
with manifestations of encephalopathy and myopathy [53].The impairment of the antioxidant-mediated defense system 
during acute exercise training, which has been shown in muscles and the liver, results in the increase of reactive oxygen 
species (ROS) and inflammation markers [54]. At the end of the maximal exercise, this condition of the muscle tissue 
causes free radicals to multiply, leading to lipid peroxidation of the membranes, and an increase in the abundance of 
macrophages and white blood cells [55]. Exercise can increase the use of oxygen by over 200 times and increases the 
relaxation levels of working muscle fibers [56]. Increased amounts of free radicals associated with excess oxygen 
consumption is counteracted by a defense system containing enzymatic and non-enzymatic antioxidants. Excessive 
exercise is manifested as muscle fatigue and muscle damage known as oxidative stress due to imbalance between ROS 
and antioxidants [57]. Regular exercise provides many benefits, while excessive exercise increases oxidative damage by 
increasing the ROS formation [58]. Studies have been conducted on both marathon runners and experimental animals 
in order to eliminate or mitigate such negative effects caused by exercise. These studies were mostly based on the 
removal of oxidative stress and were conducted with reinforcing substances which are thought to have strong 
antioxidant properties. 

They have many functions in maintaining intracellular integrity via protection, repair, and even regulation of cell death 
signaling [59]. Chronic exercise may improve the overall health; however, a single bout of inadequate exercise may lead 
to oxidative stress and muscle damage [60]. Taken together, these studies suggest that the expression of HSPs could be 
considered important for protection from and repair of skeletal muscle after exercise-induced stresses. 

Coenzyme Q10, naturally found in mitochondria, is a potent antioxidant that is endogenously synthesized and is soluble 
in fat [61]. Due to its antioxidant properties, it is able to effectively inhibit the oxidation of fat, protein, and DNA in the 
body [62]. CoQ10 suppresses lipid peroxidation, and thus, oxidative stress by suppressing the activity of enzymes 
involved in ROS production [63]. One of the most important functions of CoQ10 is to serve as an electron carrier during 
oxidative phosphorylation by diffusing to the phospholipid layer of the cell membrane via a unique chain structure in 
mitochondria [64]. In addition, it plays an important role in energy production from carbohydrates and fatty acids in 
cells [65]. 

Oxidative stress, which occurs during extreme exercise, lowers CoQ10 levels in mitochondria [66]. Thus, excessive free 
radicals are created that accumulate in the muscles, leading to fatigue and muscle damage in the body [67]. It has been 
reported that CoQ10 supplementation is highly effective in transporting and using oxygen required at the cellular level 
[68] as well as in eliminating muscle damage and fatigue [69]. During CoQ10 deficiency in the muscles, lipid oxidation is 
impaired [70]. CoQ10, being an antioxidant, has an anti-inflammatory effect, is involved in DNA replication and repair 
(being an indispensable cofactor for the synthesis of pyrimidine bases), in the process of regulation of the 
physicochemical properties of cell membranes, and gene expression [71]. The intake of Q10 by rats reduces the damage 
caused by the load [72]. In the reconstructed form, Q10 prevents lipid peroxidation, acting as an antioxidant [73], and 
prevents the development of oxidative disorders. Unlike conventional antioxidants, CoQ10 is included in the oxidation / 
reduction exchange (ubiquinone/ubiquinole) and promotes the work of the mitochondrial electron transfer shunt or 
presents not only as antioxidant, but also as prooxidant. 

In this regard, it can be compared with the sulfated polysaccharide of brown seaweed fucoidan, which manifests both 
antioxidant [74] and prooxidant properties [75]. 
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Fucoidan is a nutraceutical with a wide spectrum of bioactivity. It has been previously suggested that fucoidan has 
various biological activities such as antibacterial [76], antioxidant [77], anti-inflammatory [78], anticoagulant [79], 
therefore, its intake will contribute to maintaining health and increasing the efficiency of athletes. 

Depending on the degree of physical activity, a V-shaped change in the growth of acute respiratory diseases (ARI) or 
upper respiratory tract infections is noted [80]. Excessive physical activity leads to a decrease of immunity and this is 
accompanied by an increase of the level of acute respiratory infections. The authors showed that in high - quality 
athletes after the marathon in 33% of cases (in the control only 15%) the development of acute respiratory infections 
is observed, which correlates with the activity of B and T lymphocytes. In 11 high - quality marathon runner during 
taking fucoidan at a dose of 250 and 500 mg [81] compared with the control (placebo), there was a decrease in the level 
of acute respiratory infections. In the control, the level of acute respiratory infections reached 17% two weeks after the 
race and 6% a month later. Giving fucoidan in a dose of 250 mg contributed to a decrease of the frequency of acute 
respiratory infections to 8 and 2 %, and at a dose of 500 mg to 6 and 2% (the differences are significant). For another 
indicator (health assessment), a positive effect of fucoidan was also noted. 

The positive effect of ingestion of food compounds on the prevention of acute respiratory infections in high- quality 
athletes has already been pointed out [82-84]. Intake of fucoidan in dose 5.6 g / day contributed to the restoration of 
the immune system [85]. 

A fucoidan dose (0.31 g / kg) was used in an experiment with mouses, here was converted from a human equivalent 
dose (HED) based on body surface area by the following formula from the US Food and Drug Administration: assuming 
a human weight of 60 kg, the HED for 1.5 (g) ÷ 60 (kg) = 0.025 × 12.3 = a mouse dose of 0.31 g / kg; the conversion 
coefficient 12.3 was used to account for differences in body surface area between a mouse and a human. An increase in 
muscle strength and fatigue resistance (forelimb), an improvement of biochemical parameters were noted [86]. 

In sports practice, for tactical reasons, it is necessary to change body weight, in particular, carry out the weight loss 
(cutting). In this case, lean or muscular body mass should be maintained. Amino acids are the main substrate for 
endogenous glucose synthesis, therefore, during the reduction of food intake for the purpose of maintain glucose 
homeostasis, the utilization of amino acids and protein catabolism are enhanced, which contributes to the development 
of various functional disorders that are well studied during prolonged fasting (Fig. 6). 

 

Figure 6 The development of functional disorders according to dynamics of fasting 

In athletes, these manifestations are noted with excessive training. This is due to the fact that intense physical activity 
requires increased formation of the main energy source (glucose) or utilization of amino acids as a substrate. 

Therefore, excessive physical activity leads to the utilization of muscle mass and the development of muscle weakness, 
the use of visceral proteins or blood proteins. This leads to a deterioration in the transport of food compounds and the 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3511566/#pone.0050624-Zapopozhets1
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Muchamejanov et al. / World Journal of Advanced Research and Reviews, 2020, 06(01), 218–232 

228 
 

development of manifestations of food deficiency. The use of blood cells (lymphocytes, monocytes) leads to a decrease 
of the immune response and the development of infections. Then there is a violation of the function of organs and 
tissues. Trainers often believe that the higher the training load, the higher the results, however, excessive physical 
activity contributes to reduced efficiency, because the manifestation of excessive training develops, but a coach believes 
that the athlete simply takes care of himself. 

These disorders can be effectively neutralized by maintaining glucose homeostasis through the use of a specialized 
product that we developed, which we called “Sportop”. In that case person can use excess physical activity. At the 
present time the formulation is upgrading to increase the effectiveness of the product for sports activities. The metabolic 
principles for the development of specialized foods for athletes will significantly enhance the functional aspects of such 
foods. 

4. Conclusion 

The article discusses the main approaches of the usage of metabolic principles in the development of food technology 
to maintain health and increase the working efficiency of athletes. In the sports preparation stage, nutrition should 
ensure the creation of a muscle apparatus and provide it with energy. In the sports competition period, food products 
should improve the activity of elements of energy metabolism. In the rehabilitation phase, it is necessary to use food 
compounds that help to reduce the accumulation of under-oxidized metabolic products and accelerate their metabolic 
pathways. Food products are offered to increase the effectiveness of weight gain and weight cutting technologies. 
Particular attention is paid to the use products with the inclusion of two perspective nutraceuticals - coenzyme Q10 and 
fucoidan in sports practice. The ability to improve the flow of metabolic processes with the help of food compounds is 
an anti-doping approach in case of maintaining health and increasing the athletes’ efficiency. 
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