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Aim. To conduct a modern semantic analysis of the results of our own research and literature data on the
physiological significance of increased lactate level in skeletal muscles during physical activity in martial artists.

Materials and methods. This study used bibliosemantic, analytical, logical, and generalization methods. The bibli-
ographic databases of life sciences and biomedical information MEDLINE, EMBASE, Medline (PubMed), Web of
Science, and Cochrane Central were searched to find publications in English that matched the research keywords.
The authors carried out an independent search and selection of articles, assessment of data quality, compliance of
the presentation and interpretation with the main idea of the study, with the formation of the final list of references.

Results. For many years, the role of lactate in the formation of physical fatigue and delayed muscle soreness in
martial artists and other athletes remained unknown. There has been a lot of speculation and competing concepts.
Over the past 20 years, due to the successes of modern biochemistry, physiology, and molecular pharmacology,
subtle molecular-biochemical mechanisms of delayed muscle soreness formation after muscle loading have been
revealed. However, a holistic attitude to the role of lactate has not been formulated. We analyzed the results of
modern studies, which showed that oxidative stress, inflammation, and a decrease in cytoprotective proteins,
in particular HSP, , but not the accumulation of lactate, are more important in the formation of delayed onset
muscle soreness (DOMS).

Conclusions. Accumulation of lactate in muscle cells with its subsequent release into the bloodstream is consid-
ered to be much more positive than negative factor, and therefore the views on the increase of lactate content
and its assessment as an enemy of athletes, including martial artists, should be reconsidered.
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PoAb AaKTaTy B opraHiami mancTpiB eAMHO60PCTB Nip Yac ¢pisMUHMX HaBAHTa)XKEHb:
HOBWH NOTAAIA Ha Npobaemy

I. ®. Beneiues, A. M. TyHiHa, O. I. Opnos, |. b. Camypa, E. 0. AopoLieHko, C. |. AaHuabueHko, A. K. CkopuHa

MeTa po60Tn - 3QiICHUTM Cy4YacHUN CEMaHTUYHWIA aHani3 pesynbTaTiB BNacHUX AOCIAXeHb i BiZOMOCTel
thaxoBoi NiTepaTypu LLOAO (i3ionNorivyHOr0 3Ha4eHHs NiABULLEHOTO PIBHA MakTaTy B M'sidax Mif yac gidnyHMx
HaBaHTaXEHb Y €AMHOOOPLIB.

Marepiaav i meTopm. i 4ac poboT BUKOpUCTaHO 6iBNIOCEMaHTUYHIIA, aHANITUYHWIA, NOMYHWIA METOAN, @ TaKoX
y3aranbHeHHs. 3AiicHUM NoLLyK nybrikavii aHrICbKO MOBOHO, LLO BiAMOBIAAI0TL KITKOHOBMM CIIOBaM AOCTIIKEHHS],
y GibniorpacpiuHnx 6azax AaHuX Hayk npo xuTTs Ta biomeauyHoi iHbopmavii MEDLINE, EMBASE, Medline (PubMed),
Web of Science i Cochrane Central. ABTOpy 34iliCHIM CaMOCTIMHMIA MOLLYK i BIRGIP CTaTel, OLiHIOBAHHS SKOCTi AaHNX,
BiANOBIOHOCTI BUKNaAy 1 iHTepnpeTaLii OCHOBHIN ifei AocnimMkeHHs 3 (hopMyBaHHSIM OCTATOYHOIO CTIUCKY MiTepaTypu.

Pesyabratu. barato pokie ponb naktaty y (popmyBaHHi ¢i3nyHOi BTOMM Ta BiACTPOYEHOT M'sI30BOi 6omtodocTi y
€4MHOBPOLB | NPeCTaBHYKIB iHLUMX BUAIB COPTY 3anuLuanacs HeBifioMo. Y HayKoBili nitepatypi Oyno 6arato
CMeKynALiN i KOHLENLiN, Lo KOHKypyBanu. [poTarom ocTaHHix 20 pokiB 3aBASKM HAyKOBUM JOCATHEHHSAM Y ranyasi
Bioximii, disionorii, MonekynspHoi cdapmakonorii aeaani GinbLue po3kpUBaoTb TOHKI MONEKYNSPHO-BiOXiMiYHi
MexaHiamu hopMyBaHHs BiBCTpoYeHoi M'30Boi bontoyocTi (DOMS) nicns M's30BMX HaBaHTaxeHb. BTim winicHoi
OfiHOCTaNHOI KOHLienUii WoAo poni nakTaty [oci He chopMynboBaHo. [poaHanisyBanm pesynstaTit Cy4acHux
LOCTiDKeHb, e NoKasaHo, Lo Y (hopMyBaHHi BinCTPO4EeHOi 60Mi040CTi M'A3iB GiMnbLue 3HAYEHHS MatoTb OKCUAATMB-

HWIA CTPEC, 3ananeHHsl, 3HWKEHHS! PiBHIB LIUTOMPOTEKTUBHUX GinkiB, 3okpema HSP,,, a He HakonMyeHHs nakTary.

BucHoBKM. HakonnueHHs nakTaTy y M'S30BKX KNITMHAX i3 HACTYMHIM BUKMAOM OO B KPOBOOBIr € 3HaUYHO GinbLu
MO3UTUBHUM, HiX HEraTUBHUM YUHHUKOM, | TOMY 3aCTpifi NOTNSAAM Ha 3pOCTaHHS BMICTY NakTaTy Ta BUSHAYeHHs
/oro ik Bopora CropTCMEHiB, 30KpeMa CnopTCMeHiB-€4NHOBOpLIB, AOLINBHO NEPernsHyTH.
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For more than 120 years, the diverse role of lactate in the
formation of physical fatigue and delayed onset muscle soreness
(DOMS) has been mysterious and raises many questions and
speculations among physiologists, pathophysiologists, phar-
macologists and specialists in the field of physical education. It
is axiomatic among the sports and medical community that an
increase in lactate in muscles after training or physical activity
is the main cause of muscle fatigue and soreness. Medical and
non-medical approaches have been developed to utilize lactate
from muscles. Over the past 20 years, scientific works have ap-
peared that reveal the subtle molecular biochemical mechanisms
of DOMS formation after muscle contractions [1].

Data have emerged that “rehabilitate” lactate and shed light
on its role in DOMS. DOMS is defined as a delayed onset of
soreness, muscle stiffness, swelling, loss of ability to generate
force, decreased range of joint movements, and decreased pro-
prioceptive function in martial artists. DOMS pain occurs within
8 hours after unaccustomed or strenuous exercise, peaks after
1 or 2 days, and subsides within a week [2]. Several competing
hypotheses have been proposed about the reasons and mecha-
nisms responsible for DOMS, including the involvement of lactate
in this process. However, a comprehensive understanding of the
role of lactate has not been formulated.

Aim
To conduct a modern semantic analysis of the results of our
own research and literature data on the physiological significance

of increased lactate level in skeletal muscles during physical
activity in martial artists.

Materials and methods

This study used bibliosemantic, logical, analytical, and
generalization methods. The bibliographic databases of life
sciences and biomedical information MEDLINE, EMBASE,
Medline (PubMed), Web of Science, and Cochrane Central were
searched to find publications in English that matched the research
keywords. The authors carried out an independent search and
selection of articles, assessment of data quality, compliance of
the presentation and interpretation with the main idea of the study,
with the formation of the final list of references.

Results

Our body always, and especially during physical loading,
needs energy for the functioning of all organs and the contraction
of skeletal muscles. Carbohydrates, the main energy substrates,
enter the body with food, and are broken down in the intestine
to glucose, which then enters the blood and is transported to all
types of cells in the body, including skeletal muscle cells [3]. In
the cytoplasm of cell, glycolysis occurs — the oxidation of glucose
to pyruvate (pyruvic acid, PA) with the formation of ATP [4]. Then,
due to the lactate dehydrogenase (LDH) enzyme, pyruvate is
reduced to lactic acid, which immediately loses a hydrogen ion
and can add sodium (Na*) or potassium (K*) ions, and turn into
a salt of lactic acid — lactate (Fig. 1).

As can be seen in Fig. 1, lactic acid and lactate are not iden-
tical substances. It is lactate that accumulates in the muscles, is
eliminated from them and transformed, so it is incorrect to talk
about lactic acid in the muscles [5,6]. Until 1970, lactate was con-
sidered a byproduct formed in working muscles due to a lack of
oxygen. However, research over the last decades has disproved
this claim. For example, in 2015, Matthew J. Rogatzky et al.
found that glycolysis always ends with the formation of lactate
[7,8]. Thus, scientists working under his leadership postulate that
“...through much of the history of metabolism, lactate [La(-)] has
been considered merely a dead-end waste product during periods
of dysoxia. Congruently, the end product of glycolysis has been
viewed dichotomously: pyruvate in the presence of adequate
oxygenation, La(-) in the absence of adequate oxygenation. In
contrast, given the near-equilibrium nature of the LDH reaction
and that LDH has a much higher activity than the putative regula-
tory enzymes of the glycolytic and oxidative pathways, we contend
that La(-) is always the end product of glycolysis”. This is also
stated by the outstanding American sports biochemist George A.
Brooks from the University of California, who has been studying
lactate for more than 30 years [9,10,11].

Lactate and glucose can be interconverted in the processes
of glycolysis and gluconeogenesis. One logical way to coordinate
these processes is as follows: most cells extract energy from
carbohydrates by taking up glucose and completely oxidizing it
to carbon dioxide (CO,). Cells facing particularly acute energy
demands take up additional glucose and release some lactate as
awaste product. In addition, as Gertie and Corey showed, hungry
muscles release glycogen stores as lactate; then the liver “cleans”
this lactate, converting it back into glucose. In this scenario, lactate
has value only as a substrate for glucose formation. The above
strategy provides clear expectations for metabolic flow in mam-
mals: tissue glucose uptake should significantly exceed lactate
uptake, and the rate of the whole-body lactate production should
be approximately equal liver and kidney utilization of lactate to
maintain gluconeogenesis [12].

Lactate accumulation in the muscle, then sequentially in
blood, reflects only the balance between its synthesis and ex-
cretion, and is not related to aerobic or anaerobic mechanisms of
energy production. Lactate is always produced during glycolysis
regardless of the presence or absence (deficiency) of oxygen: it
is produced even when the muscle is at rest [13].

Does lactate increase muscle pain? Although from a scien-
tific point of view, this narrative has been denied for a long time,
there are widespread claims at the household level that lactate
is to blame for the onset of muscle pain after exercise or, more
precisely, according to the modern consolidated scientific judg-
ments, syndromes of exercise-induced muscle damage (EIMD)
and DOMS. These are two well-known syndromes in sports
today, capable, regardless of the sports type and individual char-
acteristics of the athlete, to accelerate the onset of fatigue and
the corresponding decrease in physical performance in martial
artists and other athletes [14].

EIMD and DOMS are closely related as cause and effect
[15]. Isometric and concentric exercises contribute to the deve-
lopment of EIMD, but eccentric loads are most important for the
development of muscle damage. There is a point of view that
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Lactic Acid

Fig. 1. The structure of lactic acid and its salt - lactate.

such violations of myocytes structure and function, associated
with inflammation and increased protein metabolism, are short-
term (a few days), and can contribute to muscle adaptation and
hypertrophy [16].

The first mention of DOMS was made by the American phy-
sician Theodore Hough in 1902. He stated that when “untrained
skeletal muscles are exercised, this often leads to discomfort
that does not become apparent until 8-10 hours after exercise”,
and concluded that this could not be due to fatigue alone. Since
Theodore Hough'’s initial observation, there has been an increase
in research on DOMS, and yet its exact etiology remains unclear.
The first weighted judgments regarding the mechanisms of DOMS
development were proposed in 1984 as follows:

1. intense muscle loads (especially associated with eccentric
exercises) in the contractile / elastic system of muscles lead to
structural damage;

2. damage to the cell membrane of myocytes is accompa-
nied by an imbalance of homeostasis of calcium ions (Ca?) in
damaged muscle fibers, which leads to necrosis, the severity of
which reaches its peak about 2 days after training;

3. products of macrophage activity and intracellular contents
of myocytes accumulate in the interstitium due to increased
permeability of the cell membrane, and this, in turn, stimulates
free nerve endings of group IV sensory neurons in the muscles,
leading to the sensation of pain in DOMS [17], which later turned
out to be not far from the truth.

DOMS has long been considered as not only an adaptive
response to physical loading, especially in the retracting and
retracting-developing mesocycles of the preparatory period, but
also as an inevitable element of intense loads during profes-
sional and amateur training. On the contrary, the appearance
of these syndromes, as evidenced by the data of a systematic
review of the literature, in many situations slows recovery after
training, reduces further growth of physical fitness [14]. These
circumstances are especially important under the set conditions
of training loads intensification, even with their timeliness, in the
dynamics of the annual macrocycle and long-term improvement
of modern sports both in general and in the particular training
process of each individual qualified athlete.

Currently there is no doubt that vigorous or prolonged physical
loading, especially with elements of eccentric movements, with
a mismatch between the level of load and the degree of muscle
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adaptation, is accompanied by varying degree of microdamage
of myofibrils and DOMS. Syndrome of DOMS, also known as
“‘muscle fever”is characterized by soreness in the muscles, espe-
cially after previously non-performed and/or unusual high-intensity
exercises [18]. DOMS syndrome typically develops after the end
of physical activity; and it peaks between 24 and 48 hours after
a training session or competition. Symptoms of DOMS include
decreased muscle strength, pain, muscle weakness, decreased
mobility, and swelling in the painful area, as well as the formation
of a biochemical response in the form of an increased activity of
the specific muscle enzymes creatine kinase and lactate dehydro-
genase, as well as aspartate and alanine aminotransferase [19].

The results of recent studies confirm that in high-level sports,
ultrastructural muscle injuries, including manifestations of the
DOMS syndrome, are the cause of a decrease in the contractile
ability of skeletal muscles, and, therefore, in the performance of
athletes including combat martial artists [20]. Moreover, the role
of DOMS in the occurrence of injuries is also quite significant:
reduced range of motion caused by the presence of pain, cha-
racteristic of DOMS syndrome, can lead to the inability to effec-
tively perceive stimuli that affect the physical activity and injury
of the athlete. Changes in mechanical movement can increase
the load on soft tissue structures, and a decrease in the initial
level of muscle power may signal a compensatory, unregulated
increase in the diameter of muscle fibers beyond the limits of
working muscle hypertrophy, which leads to an unusual load on
the muscle with subsequent injury [21].

The etiology of DOMS has not been fully elucidated, al-
though it is known that the trigger mechanisms of this process
are biochemical intracellular changes and inflammation due to
the formation of EIMD. For many years, DOMS was mistakenly
thought to simply be the result of lactate accumulation in muscle
tissue (what athletes call “krepatura”) during intense exercise.
Acid-sensing ion channels (ASICs) play an important role in the
physiology and biochemistry of muscle fatigue. ASICs in afferent
muscles are activated by H* and other chemicals and play a role
in the development of immediate exercise-induced pain (IEIP) but
not DOMS [22]. ASICs expressed during ischemia or exercise
are formed as homotrimers or heterotrimers and have several
isoforms (ASIC1a, ASIC1b, ASIC2a, ASIC2b, and ASIC3), where
each channel displays different properties. These channels play
a protective role in preventing muscle damage associated with
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intense exercise [23]. ASICs are tuned to sense chemical changes
in skeletal muscle; they are activated in the extracellular pH range
between 7.0 and 6.8, which occurs during muscle ischemia or
exercise, and are enhanced by other chemicals (lactate, ATP,
arachidonic acid, and NO) during muscle ischemia, hypoxia or
exercise [22].

Current ideas about the nature of DOMS differ significantly
from the original. Pain, mobility limitation, difficulty in perform-
ing repeated exercise cycles due to DOMS, on the one hand,
and lactate accumulation, on the other hand, were found to be
completely unrelated [24]. The concentration of lactate in the
blood and muscles after intense concentric anaerobic and, es-
pecially, eccentric loads does increase, but it returns to normal,
i. e. the initial values of a particular athlete, which were before
the load, quite quickly —within 1.0-1.5 hours. At the same time,
the severity of DOMS manifestations increases during the first
24 hours, reaching a peak between 24 and 48 hours, when
blood serum lactate levels are already within the normal range
for athletes [25,26]. In our opinion, it can be assumed that the
accumulation of lactate in blood serum with a decrease in the
pH of the medium, i. e. plasma and interstitial fluid in combat
athletes, only triggers a whole cascade of various biochemical
reactions, which subsequently form the symptom complex char-
acteristic of DOMS. At the same time, we believe that various
trigger mechanisms provoking further inflammation and the
formation of this syndrome may be involved in connection with
a highly individualized training program of adaptation of qualified
martial artists to physical loads. Such a postulate to some extent
can explain why DOMS does not occur in all athletes after the
same direction and intensity of the load.

Oxidative stress plays an important role in the formation of
DOMS. Thus, during intense physical exertion, the formation
of reactive oxygen species (ROS) by mitochondria increases.
Mitochondria, necessary for the production of ATP, become
significant sources of ROS due to the leakage of electrons
from their electron transport chain during increased activity,
which potentially causes oxidative damage to protein mole-
cules of receptors, ion channels, including ASIC. However,
exercise also triggers protective mechanisms such as the
superassembly of mitochondrial complex | in rats, which has
been shown to reduce lipid peroxidation and oxidative damage
to mitochondria, representing potential therapeutic benefits in
metabolic diseases [27].

The role of the nitroxidergic system is also important. Mo-
derate increases in NO synthesis enhance blood flow, oxygen
delivery, and nutrient supply to muscles during exercise, en-
hancing performance and endurance. Regular aerobic exercise
combined with nutritional supplements such as L-arginine
and L-citrulline can counteract DOMS. Exercise-induced NO
release also benefits vascular function and cardiovascular
health, including patients with vascular diseases. Furthermore,
NO promotes mitochondrial biogenesis and efficiency, which is
critical for enhancing endurance and reducing fatigue during
prolonged exercise [28,29,30].

The imbalance of INOS/eNOS in DOMS leads to the formation
of nitrosative stress, disruption of Ca?* homeostasis in skeletal
muscles, and S-nitrosylation of functional muscle proteins [31].

The data on the role of oxidative stress in DOMS settings were
also confirmed by members of the scientific group under the
leadership of Professor R. Deminice at the State University of
Londrina (Brazil), known for his research in the field of free-radical
oxidation during exercise in the study conducted in a randomized,
double-blind, placebo-controlled (RDBPC) design with a high
level of evidence, with course use of natural antioxidants [32].
The authors concluded that in this case antioxidants reduce the
manifestation of oxidative stress and homeostasis disturbances
mediated by it, which then lead to the deterioration of energy
production processes, changes in the permeability of cell mem-
branes, a decrease in the speed of nerve impulse conduction
and, therefore, a slowing down of intermuscular and nerve-muscle
interaction, etc.

It was also found that high-intensity and eccentric exer-
cises significantly reduce the antioxidant protection of skeletal
muscles and cause muscle damage, which leads to DOMS
[33]. In particular, fluctuations in the activity of the antioxidant
system in the enzymatic (glutathione peroxidase, glutathione
reductase, superoxide dismutase) and non-enzymatic (reduced
glutathione, ceruloplasmin) links, as well as excessive (in some
athletes! — author’s note) increase in cortisol content, and even
insufficient intake of proteins, carbohydrates, unsaturated fats,
vitamins, minerals, i.e. the main macro- and micronutrients, which
are generally important for stimulating work capacity, may be of
greaterimportance [34]. However, taking antioxidant supplements
(vitamins E and C) does not reduce muscle soreness on the first
day or one, two, three or four days after training [35].

Another study showed that the use of selenium, zinc, resver-
atrol, glutathione and N-acetylcysteine and their combinations in
long courses of up to 6 weeks improves performance in high-level
sports [33,36,37,38].

The antioxidant thiotriazoline, which reduces the formation of
reactive oxygen species, increases the activity of superoxide dis-
mutase and glutathione peroxidase, and protects muscle proteins
from oxidative modification during working hypoxia, is of interest.
Thiotriazoline activates the conversion of lactate to pyruvate, and
is used before and during physical exercise to accelerate the
removal of lactate from skeletal muscles and blood [39].

One of the common definitions of DOMS, formulated as
“a consequence of mechanical and metabolic stress caused
by physical activity” [40,41], gives practically nothing to under-
stand the essence of this physiological (or pathophysiological?
— author’s note) process. Moreover, there is still no consensus
on the relationship between muscle microdamage and DOMS,
and there are both “pro” and “contra” arguments. The elimina-
tion of these phenomena, depending on the nature, intensity
and duration of the previous load, can last from 3—4 to 7 days.
Nevertheless, studies continue to consider DOMS as a direct
or indirect result of muscle microdamage and EIMD formation.

Currently, one of the most popular schemes of the pathophy-
siological mechanism of DOMS development in eccentric type of
muscle contraction was given in the recent problematic work of the
head of the Department of Physical Culture and Sports Science
atthe University of Mohaghegh Ardebili (Iran), Professor A. Mea-
marbashi [42], which was also confirmed in later studies [43].
Microdamages of skeletal muscles in advanced EIMD syndrome
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Fig. 2. General pathobiochemical and pathophysiological mechanisms of DOMS development (by Meamarbashi, 2017 [42]; modified

by the authors).

trigger a cascade of biochemical reactions in the cells, in which
an important role is played by an increase in the permeability of
blood vessels (induced by release of bradykinin), activation of
cyclooxygenase-2 (COX-2) and lipoxygenase with the formation
of thromboxanes, prostaglandins and leukotrienes, as well as
sensitization of nerve fibers of types Ill and IV with increased
sensitivity to chemical and mechanical stimuli[44]. Edema, which
also contributes to pain, as shown in Fig. 2, develops as a result
of leakage of fluid from the lumen of vessels into tissues and
accumulation of immune cells.

Violations in the structure of intracellular formations (sarco-
plasmic reticulum, sarcomeres, myofibrils, etc.) are noted. Primary
mechanical damage forms a pattern of secondary inflammatory
response, in which bradykinin and nerve growth factors play a
key role. From a clinical point of view, this process is a classic
aseptic inflammation due to the action of physical (primarily,
mechanical) factors.

From a biochemical point of view, the accumulation of
neutrophils and macrophages in places of muscle fibers injury
and their increased activity contributes to the rise of inflam-
matory mediators’ content (bradykinins, prostaglandins, and
leukotrienes). In particular, bradykinin activates phospholipase
A2, and the concentration of Ca? ions in the cell membrane
increases due to the opening of ion channels leading to the
secretion of substance P [45]. In turn, substance P, one of the
most well-known and researched peptides that have a number

of functions, including pain perception, stimulates the production
of arachidonic acid.

The relationship between DOMS, muscle damage, and
inflammatory responses to eccentric exercise has been de-
termined. Positive correlations were found between physical
exercise and an increase in neutrophil migratory activity after
4 hours, and an increase in myoglobin and pro-inflammatory
cytokines levels after 48 hours, which may be associated with
muscle damage and inflammatory processes [40]. Further de-
velopment of DOMS involved evaluation of the bradykinin B2 -
nerve growth factor (NGF), and pathways of the neurotrophic
factor derived from glial cell line-derived neurotrophic factor-2
(GDNF) pathways. Interaction between these routes occurred
ontwo levels. The repeated pain attack effect was observed with
strengthening the muscular mechanical withdrawal threshold
(MMWT) and NGF, and this study suggested that adaptation
might have occurred before the onset of bradykinin B2 receptor
activation.

At the same time, the MMWT in the experiment decreased
1-3 days after lengthening muscle contractions. The results of
changes in speed and range of stretch showed that muscle dam-
age was rare, only under extreme conditions, and pure DOMS
was formed with biochemical markers but without significant
muscle damage when using antioxidants [46].

This leads to increased concentrations of prostaglandins and
leukotrienes (pro-inflammatory effect of arachidonic acid). The
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latter directly increase the sensitivity of afferent nerve fibers type
Il (muscle sensors of deep pressure according to the Lloyd-Hunt
classification) and type IV (thin unmyelinated pain fibers).

In addition, leukotrienes increase the permeability of the vas-
cular wall, which is accompanied by the adhesion of neutrophils
to endothelial cells in the sites of injury. This enhances changes
in cell membranes, increases intra-cellular pressure and causes
the formation of edema with further secondary activation of type
lIl'and IV afferent fibers ultimately increasing the severity of the
pain syndrome [42].

At first glance, it seems logical that some authors assumed
that oxidative stress plays an important role in the pathogenesis
of DOMS, but they were not confirmed by the results of the recent
studies, although many studies indicate the presence of disorders
of prooxidant-antioxidant balance in the syndromes of muscle
microdamage and delayed muscle soreness [47,48]. Therefore,
we believe that, at the moment, such studies are important to
determine the significance of biomarkers in the diagnostic algo-
rithm of DOMS.

To determine the severity of DOMS syndrome, the authors of
the study examined a wide range of biochemical and hormonal
indicators, such as creatine kinase, interleukin IL-6, tumor ne-
crosis factor TNF-a, malondialdehyde (MDA); and serum iron,
cortisol, testosterone, generally traditional for sports laboratory
diagnosis [49,50]. The role of heat shock protein 70 (HSP,) in
the formation of DOMS is being studied. HSP, is involved in the
protection of macromolecules and their “correction” after oxidative
maodification, in the regulation and “prolongation” of compensatory
shunts during working hypoxia [51]. There is also evidence that
HSP,, released during exercise-induced DOMS activates the
microglial TLR4 / IL-6 / TNF-a pathway in the spinal cord. Thus,
blockade of TLR4 activation may be a novel strategy to prevent
the development of DOMS before intense exercise [52]. HSP,|
may serve as a biomarker to determine optimal exercise intensity
inindividuals with obesity or diabetes. HSP, may have both pro-
and anti-inflammatory effects during exercise and may increase
or decrease DOMS [53].

Since modern researchers have been formed a consolidated
point of view regarding the accumulation of lactate as a trigger
mechanism for further successive homeostatic adjustments after
physical load [54,55], in our opinion, it is inappropriate to exclude
this indicator from the EIMD and DOMS diagnostic algorithm.
There are recommendations to include the muscle form of cre-
atine phosphokinase and myoglobin in laboratory monitoring of
DOMS. Acorrelation was found between DOMS 24-96 hours after
exercises for strength, flexion, and extension and myoglobin, and
creatine phosphokinase activity [56]. For laboratory monitoring
of DOMS, correlation analysis confirmed the prospects for deter-
mining markers of oxidative stress including MDA, carbonylated
proteins, and oxidized glutathione [57].

The testing procedure is mandatory, including the determi-
nation of lactate content in the blood serum at rest, the level of
vitamin D3 in the form of 25(OH)D3, and ionized calcium. In-
depth and dynamic laboratory monitoring should play a primary
role in the process of testing the presence and severity of EIMD
and DOMS syndromes, as in this case blood serum indicators,
namely, the content of the stress hormone cortisol, the main an-

abolic hormone testosterone; markers of inflammation, such as
TNF-q, C-reactive protein; activity of enzymatic antioxidants and
endogenous antioxidants; pro-inflammatory interleukins, brady-
kinin and prostaglandin F; activity of marker enzymes aspartate
and alanine aminotransferases, gamma-glutamyl transpeptidase,
lactate dehydrogenase, creatine phosphokinase, etc., significantly
correlate with the severity of clinical manifestations of myofibril
microdamage.

Understanding how a particular athlete responds to certain
types of loads, as well as their volume and intensity, the coach
can consciously manage the training process, and sports doctor
and sports nutritionist can build an individual program of pre-
vention and correction of fatigue, which will be the key to further
growth of general and special performance and, accordingly, the
competitive result of the athlete.

In fact, lactate levels drop significantly within minutes after
the end of an exercise and return to normal completely some
time afterward. Thus, lactate cannot cause muscle pain 24—72
hours after exercise. There is also a myth that lactate “acidifies”
muscles and causes muscle fatigue. It is widely believed that
the level of lactate in the blood affects the muscle performance.
However, this is not actually from lactate, but from hydrogen ions
that increase tissue acidity [58,59,60].

When the normal pH balance shifts to the acidic side, acido-
sis occurs. Many studies prove that acidosis negatively affects
muscle contraction. In the “Biochemistry of exercise-induced
metabolic acidosis”, Robert A. Robergs et al. note that hydrogen
ions are released whenever ATP is broken down to ADP and
inorganic phosphate with the release of energy. When an athlete
works at moderate intensity, hydrogen ions are used by muscle
cell mitochondria for oxidative phosphorylation (reduction of
ATP from ADP). When the intensity of exercises and the body’s
requirement for energy resources increase, ATP recovery occurs
mainly due to the glycolytic and phosphagen systems. This caus-
es an increased release of protons and, as a result, acidosis [61].

That is, the cause of the decrease in pH is not lactate, but a
completely different mechanism. At the same time, researchers
suggested that lactate helps to cope with acidosis because it can
transport hydrogen ions from the cell. Thus, without increased
lactate production, acidosis and muscle fatigue would occur much
faster. Physical loading accompanied by fatigue causes acidosis,
the accumulation of hydrogen ions, and the shift of the body’s
pH to the acidic side. Lactate, on the contrary, according to the
most current views, helps overcome acidosis [62] and delay the
onset of fatigue.

At the same time, lactate, contrary to unfounded fears about
its negative impact on strength and power, creates favorable
conditions for increasing muscle strength. The results of the
study proved that a combined supplement of caffeine and lactate
increases muscle growth even during low-intensity training by ac-
tivating stem cells and anabolic signals: increasing the expression
of myogenin and follistatin.

Conclusions

1. Thus, today the accumulation of lactate in muscle cells with
its subsequent release into the bloodstream is considered to be
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much more positive than negative factor, and therefore the views
on the increase of lactate content and its assessment as an ene-
my of athletes, including martial artists, should be reconsidered.

2. We have also shown some molecular mechanisms of EIMD
and DOMS formation, such as the involvement of heat shock
proteins, reactive oxygen and nitrogen species, and products
of oxidative modification of proteins. We have outlined the most
rational ways of EIMD and DOMS pharmacocorrection.

Prospects for further research. The results obtained indicate
the need for further research to clarify the role of lactate in the
body of martial artists during physical activity that will serve as
a theoretical basis for the development of new ways of pharma-
cocorrection of DOMS.
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