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Abstracts

The aim is to study the systematization features of restoring adaptive body reserves of qualified MMA
athletes in the short-term period between competitions.

Material and methods. The Ukrainian junior MMA team participated in the study. The team con-
sisted of 16 men aged 17 + 0.87 years. 8 team representatives used mainly the striking fighting style and
the other § athletes had a wrestling style. The experience of MMA training was 5 + 0.58 years. The study
used control testing methods, heart rate variability assessment, and biochemical blood analysis, including
creatine phosphokinase and lactate dehydrogenase measurements. Registration of RR interval signals and
biochemical studies were carried out in a state of rest before and after performing test loads during three
stages.

Results. During short-term periods of training and recovery between a series of competitions, the qual-
ified MMA athletes showed different types of adaptive and compensatory reactions to test loads. Before
the first competitions, there was an increase in the influence of autonomous regulation of the heart rhythm
and a balance of vagal-sympathetic tone mechanisms in response to test loads. The creatine phosphokinase
activity grew in the blood of the striking-style athletes, but wrestling-style athletes increased only the LDH
level. After the first competitions, there was a shift in the vegetative balance from the side of parasympathet-
ic and sympathetic regulation in response to test loads in athletes of both styles. Strengthening the central
circuit of sinus rhythm regulation in response to loads that previously decreased the sympathetic tone may
indicate compensatory reactions and lower adaptive reserves. The simultaneous rise in both enzymes in the
blood of certain wrestling-style athletes under high-intensity test loads, utilizing the creatine phosphokinase
energy supply mechanism, suggests compensatory reactions. Adjustments in the load regime and energy
supply mechanism affect restoring adaptive reserves during the short-term preparation period between com-
petitions. These changes in athletes’ bodies reflect the balance of vagal-sympathetic tone mechanisms and
fluctuations in CPK and LDH enzyme levels in the blood in response to a stressful stimulus.

Conclusions. The practical significance of implementing the proposed system for monitoring adaptive
reserves and adjusting training loads in MMA athletes preparing for competitions with short recovery
periods has been confirmed. The developed algorithm for structuring training models in pre-competition
mesocycles effectively facilitates the recovery of athletes with depleted adaptive reserves. The findings of
the study confirm the effectiveness of using HRV indicators and biochemical blood analysis to evaluate the
adaptive reserves of qualified athletes.
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Meta — BUBUUTH OCOOIUBOCTI CI/ICTeMaTI/I38.Llll Hpouecus BII[HOBJ'IGHHH a,I[aHTaI_III/IHI/IX pe3epB1B opra-
H13My KBaJIl(I)lKOBaHI/IX CHOpTCMeHlB MMA B KOpOTKOCTpOKOBI/II/I neplon MIX cep1€10 3MaraHb.
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Marepian i metoan. V nocii/pkerHi Opaia yuacts 30ipHa komanaa Ykpainn 3 MMA cepep roHIOpIB.
Komanna cxinaganack i3 16 4onoBikis BikoM 17 + 0,87 POKy. 8 Hpe,Z[CTaBHI/IKlB KOMaH/I1 NIEPEBAXKHO BUKO-
PHCTOBYBAIIM yJapHUil CTUJIb BEICHHS HOEJMHKIB, a IHIII 8 CHOPTCMEHIB — OOpLIBChKHH CTHIb. Crax
sansite MMA cranoBus 5 + 0,58 poky. B nociipxeHHI BUKOPUCTOBYBaJIH METOAM KOHTPOIBHOTO TECTy-
BaHHsI, BapiaOeIIbHICTb CEpLIEBOT0 pUTMY, O10XIMIYHHI aHai3 KpoBi (kpearnH(pocPoKiHasa, JaKraraeri-

poreHa3a) Peecrpauii curnanis inTepsanis RR Ta 610XIMIYHI JOCIIUKCHHS IPOBOAWIACE Y CTaHi CIIO-
KOO J10 Ta IiCJIsl BUKOHAHHS TeCTOBHX HABAaHTAXCHB NPOTATOM TPHOX CTAIlB.

PesyibraTu. BeranosieHo, mo y kBanipikoBannx criopremeHis MMA mix vac KOPOTKOCTPOKOBHX
TEPIOAIB MIIrOTOBKY Ta BIXHOBJICHHS MK CEPI€I0 3MaraHb CIOCTEPIraeMo Pi3HUH XapakTep ajantaliiito-
KOMIICHCATOPHHX PeaKLiii Ha TeCTOBI HABAHTAXKCHHS. Tak, repej| moyarkom MePIINX 3MaraHb y BIJITIOB1Ib
HA TECTOBI HABAHTAKCHHS CIIOCTEPIrAEMO IABHIICHHS BIUIMBY aBTOHOMHOI Perysisuii putMy cepis Ta
30aJIaHCOBAHICTh MEXaHI3MIB BaryCHO-CHMIIATHYHOTO TOHYCY. IIpH 1IbOMY y CHIOPTCMEHIB yAapHOTroO CTH-
JIFO BUSIBIICHO IMIIBULICHHS JIMIIE aKTHBHOCTI KpeaTHH(OCHOKIHA3H Y KPOBI, @ CEPEL CIOPTCMEHIB OOp-
L{IBCBKOTO CTHIIO 3pocTae piBeHb nokasHuka JIJIT Ilicist nepiunx 3varatp y BiANOBIAb HAa TECTOBI HaBaH-
TaKEHHS CIIOCTEPIraeMo cepen CIIOPTCMEHIB 000X CTHIIB BUIAJKH 3MILICHHS BErCTaTHBHOIO 6anchy
B OIK SIK IapPACHMIIATHYHOT, TaK 1 CUMIIATHYHOT peryssiuii. [IoCHIeHHs LIeHTPAIBHOTO KOHTYPY PeryIIsiLii
CHHYCOBOI'O PUTMY Y BI/IIOBI/JIb Ha HABAHTAXKCHHSI, SIKI [ONEPE/IHBO BUKIIMKAIIH 3HIDKCHHS CHMIIATHIHOTO
TOHYCY, MOXE CBIIYHTH PO KOMIICHCATOPHI PeakLii Ta 3SMCHILICHHS aJlanTaliifHux pesepsis. OxHOYacHE
MiABULLCHHS 000X (PePMEHTIB y KPOBI B JACSKUX CIOPTCMEHIB YIapPHOTO CTUIIIO HA TECTOBI HABAHTAXKCHHI
BHCOKOI IHTEHCUBHOCTI 3 KpeaTnHPOCPOKIHA3HAM MEXaHI3MOM CHEPro3a0esIeyeHHs! CBIYUTD PO KOM-
MeHCcaToOpHi peakuii. BcraHoBneHo, M0 3MiHU PEKUMY HABAHTAXKCHB 1 MexaHi3My eHepr03a6e3nequH;1
e(peKTHBHO BILIMBAIOTH Ha BIAHOBJICHHS a/IallTAllIiHIX PE3CPBIB Y KOpOTKOCTpOKOBI/II/I neplon MiATOTOBKH
MiX cepisMH 3MaraHb. BiamoBigHuil xapakTep 3MiH B opraH13M1 CIIOPTCMEHIB N10B’s3aHMii 13 30a1aHco-
BaHICTIO MEXaHI3MIB BaryCHO-CUMIIATUYHOTO TOHYCY i BifmoBigHOI0 3MiHOK (epmenTiB KOK ta JIAT
B KPOB1 B YMOBAaX CTPECOBOTO TOIPA3HUKA.

BucHoBkH. BcTaHOBIEHO MPAaKTUUHY I[IHHICTh BUKOPUCTAHHS 3alPOMOHOBAHOI CUCTEMH KOHTPOJIO
aJlanTalifHuX pe3epsis opraxismy cropreMeHiB MMA Ta Kopekijii HaBaHTaXeHb Y IPOLEC] HiTOTOBKH
hi (o) cepn 3MaraHp i3 KOPOTKOCTPOKOBHMH TI€PIOJAMH BiIHOBJICHHS. 3allPONIOHOBAHNIT AIITOPUTM [TO0YA0BH
MoziesIeii 3aHsTh y nepes3MarabHuX Me30LHKIax e(heKTHBHO BILIMBAE Ha NPOLIECCH BIIHOBJICHHS CIIOPTC-
MEHIB 13 BACHO)XCHUMH a/IaNTalliiHIMU pe3epBaMu. BUsIBICHI il 4ac JOCIIDKEHHS JaH] JIEMOHCTPYKOTh
eexTuBHICTH peamizawii nokasHukis BCP Ta 610XiMi4HOTo aHami3y KpoBi B POLEC] OLIHKH aianTariii-
HHX pe3epBIB KBaJli(IKOBAHKX CIIOPTCMEHIB.

Kniouogi cnosa: 3mimani equHOOOPCTBA, BEreTaTUBHUI OanaHc, TECTOBI HABAaHTAKEHHS, KBai(hiKoBa-
Hi COPTCMEHH, CTHJII BEeICHHS TOEIUHKIB.

Introduction. The search for effective mech-  ing loads is also being studied in depth [7; 9].

anisms for managing the training system of
qualified mixed martial arts (MMA) athletes has
been one of the pressing issues in recent years
[2; 7; 9]. The majority of studies focus on opti-
mizing MMA training methods to enhance tac-
tical and technical skills while improving ath-
letes’ physical performance levels [1; 5]. The
studies mainly consider the stage of specialized
basic training, which allows scientists to assess
the impact of loads of various types on the pro-
cesses of athletes’ adaptation to stressful stimuli
[3; 13]. Recently, there has been increased focus
on studying the adaptive and compensatory
reactions of athletes from various fighting styles
during specialized strength training [4; 14]. The
problem of finding effective informative physi-
ological and biochemical markers for assessing
body resistance under conditions of acute train-
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Despite the increasing interest among research-
ers [10; 11] in improving the MMA training sys-
tem, several challenges remain unsolved.

One of the relevant yet underexplored issues
in MMA is the absence of a system for moni-
toring the adaptive reserves of athletes’ bodies
during preparation for a series of competitions
with short recovery periods [2; 12]. There is also
no scientific justification for the mechanisms for
correcting training models for qualified athletes
in similar conditions. Simultaneously, there is
an issue regarding the impracticality of using a
specific ratio of physiological and biochemical
indicators to evaluate the execution of short-term
adaptation to a stimulus or compensatory reac-
tion [3; 14]. This issue is significant in pre-com-
petition mesocycles of training qualified ath-
letes separately in striking and wrestling styles
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of fighting. However, the implementation of
these issues while conducting in-depth scientific
research remains unresolved.

The study aims to explore the systematiza-
tion features of restoring adaptive body reserves
of qualified MMA athletes in the short-term
period between competitions.

Material and methods. A series of experi-
mental studies were conducted in 2024 in prepa-
ration for the Ukrainian and European MMA
championships for juniors. The studies were
conducted at the Saigon sports club in Chernivtsi
(Ukraine) during the pre-competition mesocycles
of training and after the athletes’ performance
at the Ukrainian championship. The Ukrainian
junior MMA team participated in the study. The
team consisted of 16 men aged 17 + 0.87 years.
8 team representatives used mainly the striking
fighting style, and the other 8 athletes used the
wrestling style. The length of MMA training was
5 + 0.58 years. The ethics committee of Lesya
Ukrainka Volyn National University approved
the study design. After explaining the risks and
benefits of the study, participants signed an
informed consent form prepared following the
ethical standards of the Declaration of Helsinki.

Test loads. Test trials were proposed to create
conditions similar to the loads on the athletes’
bodies during attacks or counterattacks during
MMA fights. Athletes specializing in striking
fighting style executed sidekicks on a mannequin
with maximum force and speed for 20 seconds.
Representatives of the wrestling style executed a
deflection throw at maximum speed for 40 sec-
onds, taking turns with three partners from their
weight category. The main task of the proposed
test loads was to involve the maximum number
of muscle groups of agonists, synergists, and sta-
bilizers in the work. The simultaneous activation
of these muscle groups while performing a series
ofkicks or throws under anaerobic energy supply
conditions will decrease adaptive body reserves
[4; 11]. Using physiological and biochemical
control methods in the comparative analysis
will allow for assessing the level of functional
capabilities of athletes in given conditions. It is
possible to determine the manifestation of short-
term adaptation or activation of compensatory

mechanisms under conditions of similar stressful
stimuli [3; 14].

Heart rate variability (HRV). A Polar V800
heart rate monitor (Finland) was used to mea-
sure RR intervals. Heart rate and raw RR inter-
vals were recorded using a sensor mounted on a
chest strap (H10, Finland). The RR interval data
were transferred to a computer using the Polar
Flow web service. Kubios HRV Standard 3.5.0
software was used to calculate HRV parameters.
Fast Fourier transform was selected for spectral
analysis in the frequency domain. While analyz-
ing the spectral HRV power characteristics, the
following ranges were distinguished: low-fre-
quency (LF, %), very-low-frequency (VLF, %),
and high-frequency (HF, %). The LF/HF ratio
was determined as an indicator of the vegetative
balance. RR interval signals were recorded in the
study participants sitting at rest before and after
the test load. To standardize HRV studies with
short recordings, the optimal recording duration
was 5 minutes.

Biochemical parameters. The activity of
lactate dehydrogenase (LDH) and creatine phos-
phokinase (CPK) in the blood serum of the study
participants were measured using the kinetic
method on equipment from High Technology Inc.
(USA) with a PRESTIGE 241 LQ LDH reagent
kit (Poland). Blood samples were collected in a
designated department of the sports club “Sai-
gon” by medical laboratory staff according to
international medical and biological research
standards. Biochemical studies were carried out
at rest before and after performing test loads. The
obtained samples were stored in special refriger-
ated boxes, and after completion of the sampling,
they were quickly sent to the medical laboratory.
The total number of biochemical samples during
the research was 192 units.

Research organization. The research was
conducted in several stages during 2024.

In the first stage, control test loads were con-
ducted at the end of the pre-competition mesocy-
cle (7-8 days before the competition) preparing
for the Ukrainian Junior MMA Championship in
2024. The study participants were divided into two
groups (A and B). Group A included 8 athletes of
the striking fighting style, and group B included
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8 athletes of the wrestling style. The main goal of
this stage was to assess the initial functional capa-
bilities of athletes depending on their fighting style.
For athletes of the striking and wrestling styles of
fighting, test loads reflected the main characteris-
tics of the attacking and counterattacking actions
of these styles. The adaptive and compensatory
reactions of the participants in the examined
groups to the test loads were evaluated using HRV
and biochemical blood analysis methods.

In the second stage, control testing of the
study participants was carried out 3—5 days after
their participation in the Ukrainian MMA Cham-
pionship 2024 among juniors. As a control stress
stimulus, we used the test loads developed for
athletes of the striking and wrestling styles of
fighting. One of the tasks of this stage was to
assess the reduction of the adaptive reserves in
the participants after competitive activity. Based
on the obtained HRV results and biochemical
blood parameters at rest and in response to a
physical stimulus, the participants of both groups
were divided into subgroups. Each subgroup
consisted of four qualified athletes. Subgroups A'
(striking style) and B! (wrestling style) included
athletes who manifested short-term adaptation in
response to the control test loads after perform-
ing at these competitions. Subgroups A? (striking
style) and B? (wrestling style) included athletes
who demonstrated compensatory reactions in
response to test loads at this stage of control.

After the performance at the Ukrainian MMA
Championship, the functional capabilities of
study participants were evaluated. It became
necessary to adjust the training process because
only 30 days remained before the next compe-
tition (the European Championship). Athletes
in subgroups A' and B!, due to the lack of com-
pensatory responses to the prescribed loads, con-
tinued to follow the standard training model for
pre-competition mesocycles. Experimental mod-
els of training classes were developed for partici-
pants of subgroups A? and B?, taking into account
their level of adaptive reserves and fighting style.
Athletes of subgroup A? were offered a training
model using the load regime R = 0.71 [4; 11]
and the creatine phosphokinase mechanism of
ATP resynthesis. Athletes of subgroup B? were
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offered a training model using the load regime
R, = 0.65 [5; 15] in the anaerobic glycolysis of
ATP resynthesis. Athletes of both subgroups used
special isolated exercises to increase the adap-
tive reserves of individual agonist muscle groups
in performing the main technical elements.

In the third stage, the characteristics of the
participants’ adaptive and compensatory reac-
tions to the stimulus were assessed. It was after
30 days of following the training models devel-
oped for each subgroup in the pre-competition
mesocycle. The changes in the spectral analysis
of heart rhythm were identified in members of
the examined subgroups under the conditions
of using each proposed training model. CPK
and LDH activity in the blood serum were also
assessed in the study participants under test loads.
A comparative analysis of the collected data was
conducted, and the results were processed.

Statistical analysis. The statistical analysis of
the study results was performed using the IBM
*SPSS*Statistics 27 software package (StatSoft-
Inc., USA). The G-Power 3.1.96 program allows
for determining the smallest sample size for the
study (calculation of statistical power). Non-
parametric methods of statistical analysis were
used. The median (Me) and interquartile range
(IQR) were calculated. The Kruskal-Wallis test
was used to compare the baseline parameters
between groups A and B at the beginning of the
study. The Wilcoxon t-test was used to compare
two dependent samples with each other.

Research results. The ability to demon-
strate a high level of functional capabilities in
several competitions in a short period is one of
the important problems of the training system
of qualified athletes in MMA [5; 9]. One of the
challenges in optimizing loads during pre-com-
petition mesocycles is the ability to simultane-
ously activate the mechanisms of readaptation
and enhance functional capabilities effectively.
This especially applies to the issues of selec-
tively increasing the body’s energy reserves,
which will affect the level of resistance to com-
petitive loads in athletes with different fighting
styles [7; 11].

Figure 1 presents a diagram of the system
for monitoring the adaptive reserves of MMA
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athletes’ bodies and adjusting the training loads
during preparation for a series of competitions
with short recovery periods. This diagram illus-
trates a mechanism for implementing this issue,
considering the relevant control stage and the
defined objective. Scientifically grounded test
loads were proposed for athletes specializing
in striking and wrestling styles, considering the
physiological processes of adaptation. Imple-
menting these test tasks allows for the maxi-
mum decrease in the adaptive body reserves
in conditions of creatine phosphokinase and
anaerobic glycolysis energy supply regimes.
To evaluate the body’s adaptive and compen-
satory reactions under these conditions, we
suggest using HRV and biochemical control
indicators. The indicators from spectral analy-
sis of heart rhythm, with CPK and LDH activ-
ity in blood serum, will provide an assessment
of short-term adaptation under anaerobic load
conditions.

A non-standard mechanism for correcting
MMA training in the pre-competition meso-
cycle based on the results of physiological and
biochemical control methods is presented. This
especially applies to the correction of fighting
tactics based on the results of HRV and control
over changes in the activity of enzymes that
reflect the mechanisms of anaerobic energy sup-
ply. At the same time, a mechanism for catego-
rizing athletes into groups after the competition
is presented, based on the analysis of the results
from assessing the level of exhaustion of their
adaptive reserves. A new algorithm for building
training models in pre-competition mesocycles
for competitions with short-term recovery peri-
ods for athletes with depleted adaptive reserves
is proposed. The key aspect of these models is
the search for effective ways to effectively imple-
ment ergogenic aids and load regimes simultane-
ously during the monthly pre-competition meso-
cycle. When developing such training models,
it is necessary to consider the adaptive reserves
of energy supply, the style of fighting, and the
individual level of resistance to loads during the
competition.

Table 1 presents the results of spectral analy-
sis of the heart rate of qualified MMA athletes of

striking and wrestling fighting styles during the
study. At each of the three stages of the study,
the controlled indicators were recorded at rest
and after test loads. Test loads were developed
separately for athletes of striking and wrestling
fighting styles.

The heart rate spectral analysis of the study
participants obtained at the end of the pre-com-
petition mesocycle of training demonstrated the
following. Before test loads, the vegetative bal-
ance of athletes of striking (group A) and wres-
tling (group B) fighting styles shifted towards
sympathetic regulation. Such tension in the heart
rate regulation systems of the study participants
is the result of using high-volume and intensity
loads during the pre-competition mesocycle.

The HRV results decreased after test loads in
sympathetic tone together with lowering LF in
groups A (-10.9%) and B (-8.9%). At the same
time, the influence of autonomic regulation
increased against the background of HF growing
in groups A (+10.4%) and B (+7.1%). The veg-
etative balance shifted towards parasympathetic
regulation among representatives of groups A
and B, although they used completely differ-
ent test loads. This fact indicates the effective
implementation of short-term adaptation in both
groups to similar conditions of muscle activity.
The most pronounced balance of vagus-sympa-
thetic tone mechanisms in response to a stress-
ful stimulus was found in athletes of the striking
style of fighting (group A).

Here is the analysis of the studied HRV
indicators after competitions (the Ukrainian
MMA Championship). The spectral analysis
of the heart rhythm indicators before the load
simultaneously shifted the vegetative balance
towards sympathetic and parasympathetic reg-
ulation in each group. Based on the analysis
of these results, the athletes of groups A and
B were divided into subgroups (A!, A2, B!,
B?). Participants of all subgroups had differ-
ent results in response to the test loads in the
spectral analysis of the heart rhythm indicators.
There was a strengthening of the central circuit
of sinus rhythm regulation after the test load
in subgroups A* (VLF +12.5%) and B2 (VLF
+12.7%).
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Fig. 1. The system for monitoring the adaptive reserves of MMA athletes’ bodies and adjusting
training loads during preparation for a series of competitions with short recovery periods
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Table 1

Indicators of spectral analysis of heart rhythm of qualified MMA athletes of striking

and wrestling fighting styles during the study (Me, IQR), n =16

Study Test loads Indicators of spectral analysis of heart rhythm
participants VLF, % | LF, % | HF, % | LF/HF
Stage 1 of the research: at the end of the pre-competitive mesocycle
training (7-8 days before the start of the competition at the Ukrainian Championship)
Groub A initial values 6.84 (1.23) 56.34 (3.23) 36.82 (2.64) 1.53(0.12)
P after loads 7.37 (1.82) 45.37 (2.22) 47.26 (2.91) 0.96 (0.11)
Group B initial values 5.88 (1.05) 64.15 (2.87) 29.97 (3.04) 2.14 (0.35)
P after loads 7.81 (1.36) 55.17(2.72) 37.03 (2.71) 1.49 (0.11)
Stage 2 of the research: after the end of competitions of the Ukrainian Championship
(within 3-5 days)
. initial values 7.49 (1.73) 58.37 (2.65) 34.14 (2.73) 1.71 (0.13)
Subgroup A after loads 10.50 (1.15) 38.06 (3.11) 51.44 (3.08) 0.74 (0.11)
Subgroup A’ initial values 14.73 (1.13) 59.35 (2.69) 25.92 (1.83) 2.29 (0.21)
after loads 27.28 (2.41) 58.29 (3.31) 14.43 (1.61) 4.01 (0.33)
Subgroup B! initial values 7.37 (1.82) 58.84 (2.81) 33.82 (2.31) 1.74 (0.12)
after loads 7.73 (0.95) 44.46 (2.45) 47.81 (3.03) 0.93 (0.09)
Subgroup B’ initial values 16.77 (1.88) 64.61 (2.55) 18.62 (1.79) 3.47(0.39)
after loads 29.45 (4.93) 60.19 (4.13) 10.36 (1.18) 5.81(0.51)
Stage 3 of the research: after 30 days of simultaneous recovery and preparation
for competitions at the European Championship
Subgroup A' initial values 14.86 (1.25) 60.17 (2.47) 24.97 (2.01) 2.41(0.14)
after loads 29.78 (2.11) 55.86 (2.93) 14.36 (1.33) 3.89(0.21)
Subgroup A’ initial values 5.98 (0.39) 44.79 (2.38) 49.23 (1.88) 0.91 (0.23)
after loads 11.45 (1.09) 34.22 (2.47) 54.33 (3.08) 0.63 (0.42)
Subgroup B! initial values 11.54 (1.23) 64.68 (.35) 23.78 (2.36) 2.72 (0.22)
after loads 36.65 (2.95) 52.98 (3.11) 11.37 (1.54) 4.66 (0.31)
Subgroup B’ initial values 8.93 (1.68) 52.15(2.37) 38.92 (2.18) 1.34 (0.11)
after loads 10.03 (1.44) 43.11 (2.93) 46.86 (3.27) 0.92 (0.13)

Note: * p < 0.05 — compared to before-exercise results at rest.

At the same time, there was a significant
decrease in the influence of autonomic regula-
tion against the background of HF reduction in
groups A? (—11.5%) and B? (-8.2%). Subgroups A'
(-56.7%) and B' (—46.5%) increased their para-
sympathetic activity due to a reduction in the
autonomic balance index in response to a stress-
ful stimulus. Athletes in subgroups A' and B!
showed an increase in HF values and a decrease
in LF, suggesting an enhanced vagal influence on
the sinus node. It is essential to recognize that
athletes specializing in striking (Al, A2) and
wrestling (B1, B2) disciplines experienced test
loads that varied considerably in terms of vol-
ume and energy supply mechanisms.

Before the pre-competition mesocycle of
preparation for the European MMA Cham-
pionship, experimental training models were

developed for athletes of subgroups A% and B2
When designing experimental models, we took
into account adaptive and compensatory body
responses to stressful stimuli encountered during
preparation for and participation in the previous
competition. According to the spectral analysis
of heart rate results, athletes in subgroups A' and
B! could continue following the standard train-
ing model for this stage of MMA preparation.
Using developed individual models for
30 days by participants of 4 subgroups when
preparing for the European Championship
brought completely different changes in the
studied indicators. The comparative analysis of
the spectral characteristics of HRV of the exam-
ined athletes at rest (before loads) between the
two last stages of control showed the follow-
ing results. Athletes in subgroups A'! and B!
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exhibited a shift in vegetative balance toward
sympathetic dominance at rest compared to pre-
vious results. However, subgroups A? and B?
increased the controlled HRV indicators at rest
in the influence of autonomic regulation and
decreased the sympathetic tone.

After 30 days of preparation for the European
Championship, test load responses revealed an
increase in the central regulation of sinus rhythm
in subgroups A' and B'. The influence of auto-
nomic regulation (HF) in groups A' (-10.6%)
and B' (—12.4%) decreased. HF values in sub-
groups A? (+5.1%) and B? (+7.9%) increased in
response to test loads. There was a decrease in the
sympathetic tone indicator LF in subgroups A’
(-10.5%) and B? (-9.1%). These changes support
an increase in vagal influence on the sinus node
in athletes of subgroups A? and B? as a response
to a stressful stimulus.

Figure 2 presents the changes in the creatine
phosphokinase activity in the blood serum of the
examined athletes during all three stages of the
study.
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The first-stage results show that the initial
CPK level in the blood of participants in both
groups corresponded to the reference values. No
significant difference was observed in the param-
eters of this biochemical blood indicator between
groups A and B representatives. In response to
test loads, group A athletes increased their CPK
activity in the blood by 23.7% (p < 0.05). These
results suggest that the energy for the test loads
was supplied mainly by the creatine phosphate
reserves. Group B representatives had no signifi-
cant changes in the controlled biochemical blood
indicator in response to a stressful stimulus.

In the second stage of the study (after partic-
ipating in the Ukrainian MMA Championship),
the athletes were divided into subgroups based on
the HRV results. The biochemical control results
showed that the initial level of creatine phos-
phokinase in the blood of athletes of subgroups A%
B!, and B? significantly decreased. Athletes of
subgroup A? increased this biochemical indica-
tor in response to the test load compared to the
state of rest. A significant increase in CPK in
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Fig. 2. Results of changes in creatine phosphokinase activity in the blood serum
of the examined athletes during all stages of the study, n =16

Note: Stage 1 — at the end of the pre-competition mesocycle of training; Stage 2 — after competitions;
Stage 3 — after 30 days of simultaneous recovery and preparation for the next competition; 1* — p < 0.05 compared to

initial values; 2* — p < .05 compared to pre-load indicators.
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the blood serum was observed among athletes
of subgroups A' (+12.1%) and B1 (+17.1%) in
response to a given stimulus.

In the third stage of the study (after 30 days
of preparation for the European Championship),
CPK level increased in the blood of all study par-
ticipants in response to the test load. The most
significant increase in this biochemical indica-
tor was observed in athletes from subgroups Al
(+81.1%) and B1 (+82.2%). This finding sug-
gests significant energy expenditure in response
to stressful stimuli in representatives from these
subgroups, compared to other participants. At this
stage of the study, representatives of subgroups A'
and B' used a standard model of training ses-
sions for pre-competition mesocycles. It should
be noted that representatives of subgroups A'
(striking style athletes) and B! (wrestling style
athletes) used completely different test loads.

Figure 3 presents the changes in the lactate
dehydrogenase activity in the blood serum of the
examined athletes during all three stages of the
study.
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In the first stage of the study (at the end of the
pre-competition mesocycle of preparation for
the Ukrainian MMA Championship), the initial
LDH activity in the participants’ blood corre-
sponds to the reference values. Wrestling-style
athletes (group B) increased LDH activity in the
blood by 66.9% (p<0.05) in response to the test
load.

In the second stage of the study, there was a
moderate increase in LDH in the blood serum of
representatives of subgroups A? (+41.8%) and B!
(+33.7%) in response to the test load. The LDH
level in the blood of subgroup B2 not only showed
the highest increase (+94.9%) but also surpassed
the upper limits of the norm. The activity of this
enzyme was not changed in response to a stressful
stimulus in the representatives of subgroup A'.

In the third stage of the study, LDH activity
changed in the blood serum of the examined
athletes compared to the previous results.
In athletes of subgroup B!, the LDH level
in the blood increased greatly (+94.9%) and
exceeded the upper limits of the norm. These are

group A group B subgroup subgroup subgroup subgroup subgroup subgroup subgroup subgroup
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W initial values

Stage 2

Stage 3

M after exercise

Fig. 3. Results of changes in the lactate dehydrogenase activity in the blood serum

of the examined athletes during the study, n =20

Note: Stage 1 — at the end of the pre-competition mesocycle of training; Stage 2 — after the end of the competition;
Stage 3 — after 30 days of simultaneous recovery and preparation for the next competition; 1* — p < 0.05 compared to

initial values; 2* — p < 0.05 compared to pre-load indicators.
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manifestations of compensatory capabilities. An
increase in this biochemical indicator, but within
the normal range and with lower dynamics, was
observed in athletes from subgroups A' (+57.9%)
and B? (+46.6%). However, this biochemical
indicator of the blood did not significantly
change in the athletes of subgroup A? in response
to the test load. These results suggest that muscle
glycogen reserves were not the primary energy
source for group A? athletes during the test task.

Discussion. The results presented in this study
highlight a mechanism for addressing a critical
issue in MMA — namely, the lack of effective
methods for restoring adaptation reserves
during the short-term recovery period between
consecutive competitions [2; 7; 8]. We examined
the characteristics of short-term adaptation to
test loads under different energy supply modes
in skilled athletes specializing in striking and
wrestling fighting styles. The study explores the
effectiveness of using spectral characteristics of
HRYV and biochemical blood parameters (enzymes
andhormones)asinformativemarkers forassessing
the adaptation body reserves of MMA athletes. A
monitoring system for assessing the adaptation
reserves of MMA athletes was developed to
adjust training loads during preparation for a
series of competitions with short-term recovery
periods. The results showed that even qualified
athletes with a high level of resistance to loads
decreased adaptation reserves in conditions of
short-term recovery periods between a series of
competitions [11; 13]. The study demonstrated
that adaptive reserves declined in athletes of
both striking and wrestling fighting styles due to
prolonged stress, and triggered the simultaneous
activation of multiple energy supply mechanisms
[5; 9]. The study's findings will help address the
challenge of identifying an effective mechanism
for adjusting training loads in pre-competition
mesocycles during short-term recovery periods
between consecutive competitions. The obtained
data will enhance the monitoring system for
detecting declines in adaptive reserves among
skilled MMA athletes using HRV analysis and
biochemical blood assessments.

In mixed martial arts, insufficient attention is
paid to the problem of controlling the level of
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adaptive reserves and adjusting loads, especially
in short periods between a series of important
competitions [2; 6]. Several researchers [5; 10]
point only to the need to reduce the volume and
intensity parameters during this period using
ergogenic aids. Limited attention is given to the
impact of drastic changes in load regimes and
the activation of energy supply mechanisms
for muscle activity, to which athletes may have
a low level of resistance [1; 4]. A skeptical
attitude persists regarding the need to modify the
standard structure of pre-competition mesocycles
in MMA, despite assessments of adaptive and
compensatory responses to test loads [13; 15]. We
believe this attitude stems from a lack of studies
that evaluate the reasons behind the decline
in load resistance during short-term recovery
periods between consecutive competitions.

The study found that qualified MMA athletes
exhibit varying adaptive and compensatory
responses to test loads during short-term training
and recovery periods between consecutive
competitions. Thus, before the first competitions,
test load responses increased autonomic
regulation of heart rhythm and balanced
interaction between vagal and sympathetic tone
mechanisms. CPK activity in the blood serum of
athletes with a striking fighting style increased.
Among wrestling-style athletes, the level of
LDH indicator rose. These changes in the body
indicate the successful activation of short-
term adaptation to a stressful stimulus, driven
by a high level of adaptive reserves and load
resistance [6; 9].

After the first competition, there was a
shift in the vegetative balance from the side of
parasympathetic and sympathetic regulation in
response to test loads among athletes of both
styles. Strengthening the central circuit of sinus
rhythm regulation in response to loads that
previously caused a decrease in sympathetic
tone may indicate compensatory reactions and
a decrease in adaptive reserves [4; 12]. The
simultaneous increase in both enzymes in the
blood of some athletes of the impact style to high-
intensity test loads with a CPK energy supply
mechanism indicates compensatory reactions [5;
9]. Similar changes in the CPK and LDH activity
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in the blood in response to medium-intensity
loads in the anaerobic glycolysis mode were
observed in athletes of the wrestling style. This
fact indicates a decrease in the body’s resistance
level to such a stressful stimulus due to possible
manifestations of adaptation failure against the
background of overload [5; 7].

The results revealed after a short-term training
(30 days) between consecutive competitions
demonstrate the feasibility of using the proposed
system to control athletes’ adaptive reserves
and correct loads. It has been established that
even in athletes with a high level of resistance
to loads due to adaptive reserves, it is necessary
to completely change the training model in the
conditions of a short-term period between a series
of competitions. Long-term use of the "standard"
training program slows down adaptive shifts in
the body to a stressful stimulus even in qualified
athletes of the striking and wrestling style [4;
6]. Accordingly, most athletes in the absence
of an organism’s reaction to a stimulus increase
the volume or intensity of training loads, which
inevitably leads to a breakdown of adaptation [8;
12]. It has been established that changes in the
load regime and the energy supply mechanism
affect the restoration of adaptive reserves in
the short-term training between consecutive
competitions. The corresponding nature of
changes in the body of athletes is associated
with the balance of vagal-sympathetic tone
mechanisms and the corresponding change
in CPK and LDH enzymes in the blood under
conditions of a stressful stimulus [7; 14].

Conclusions. The results demonstrate the
feasibility of using the developed system for
monitoring the adaptive reserves of the body
of MMA athletes and correcting loads while
preparing for a series of competitions with short-
term recovery periods. The suggested algorithm
for developing class models in pre-competition
mesocycles significantly influences the recovery
processes of athletes with exhausted adaptive
reserves. The study findings highlight the
effectiveness of using HRV indicators and
biochemical blood analysis in evaluating the
adaptive reserves of qualified athletes. The
reinforcement of the central circuit of sinus

rhythm regulation in response to previous
loads, which reduced the sympathetic tone, may
suggest compensatory reactions and a decline in
adaptive reserves. In athletes of both striking and
wrestling fighting styles, a decline in adaptive
reserves caused by prolonged stress caused
the simultaneous activation of multiple energy
supply mechanisms. The obtained results will
contribute to identifying an effective mechanism
for adjusting loads in pre-competition mesocycles
during short-term recovery periods between a
series of competitions.
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