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Abstracts

Purpose — to study the characteristics of changes in adaptation reserves based on the initial resistance
level of athletes from various combat sports during functional training for competitions, using classical
Mixed Martial Arts (MMA) training models.

Material and Methods. Eighty elite athletes from different combat sports participated in this study,
completing an eight-week functional training program structured according to a training model developed
for MMA competitions. Participants were divided into four groups of 20: kickboxers, Muay Thai boxers,
Greco-Roman wrestlers, and judokas. The athletes’ adaptive and compensatory physiological responses
were assessed under Test Loads 1 and 2 at both the beginning and the end of the study. Test Load 1 focused
on creating exercise conditions that lowered the physiological resistance of athletes from all four groups.
Test Load 2 was designed to deplete energy reserves within 20 seconds by performing powerful, signature
elements from the studied combat sports. Blood biomarkers, including creatine phosphokinase (CPK),
lactate dehydrogenase (LDH), cortisol, and creatinine, were used to evaluate adaptation reserves, compen-
satory responses, and potential adaptation failure.

Results. At the beginning of the study, the initial baseline levels of CPK and LDH in the blood exceeded
the upper limits of reference values only in kickboxers and judokas. Significant decreases in cortisol levels,
accompanied by increases in CPK and LDH concentrations, were observed in these groups following Test
Load 1. Decreased cortisol and CPK levels, accompanied by an increase in LDH above the normal range,
were observed only in the judokas in response to Test Load 2. In the kickboxer and Muay Thai groups,
LDH activity in the blood did not change in response to Test Load 2, indicating the activation of short-term
adaptive mechanisms.

In Greco-Roman wrestlers, in response to this load, the insufficient creatine phosphate reserves were
compensated for by increased muscle glycogen accumulation. Baseline blood creatinine levels increased
only in Greco-Roman wrestlers and judokas after eight weeks of functional preparation using the classical
MMA training model. In kickboxers and Muay Thai boxers, CPK and LDH activity in the blood increased
simultaneously in response to test loads 1 and 2.

Conclusions. Adaptation fails when elite athletes’ baseline blood CPK and LDH levels exceed ref-
erence values in response to unconventional MMA-specific loads. These changes are accompanied by a
reduction in blood cortisol levels, occurring alongside the depletion of creatine phosphate and muscle gly-
cogen reserves, irrespective of the athletes’ combat sport discipline. The observed physiological responses
to stress stimuli indicate both a low level of adaptation reserves and the development of functional over-
strain in elite kickboxers and judokas. The application of the classical MMA training model during func-
tional preparation for competition effectively promotes long-term adaptation, particularly in Greco-Roman

© Savenko A., Chernozub A., Aloshyna A., 2025

182



Vol. 19 No. 4 (2025)

wrestlers and judokas. For kickboxers and Muay Thai boxers, such training loads represent insufficient
stress stimuli to accumulate creatine phosphate reserves in the muscles.
Key words: mixed martial arts, adaptation reserves, blood biomarkers, test loads, elite athletes.

Mera — BUBYMTH OCOOIMBOCTI 3MIHH aJIANTALIHHIX PE3CPBIB 3aJIEKHO Bil BUXIJHOIO PIBHS pesuc-
TEHTHOCTI CIIOPTCMEHIB PI3HUX BHJIIB €IMHOOOPCTB y MpPOLEC] PYHKIUIOHAIBHOI ATOTOBKH 110 3MaraHb,
BUKOPUCTOBYIOUHM KiacuyHi B Mixed Martial Arts Mozeni TpeHyBaHb.

Marepiaj i MmeTonu. Y pociipkeHH] B3I ydacTh 80 eTTHHX CHOPTCMEHIB 3 PI3HUX BHUIIB €IWHO-
00pCTB, SIKI MPOTATOM 8 THXKHIB (DYHKIIIOHATBHOI MIATOTOBKU 0 3Maranb 3 MMA BHKOpPHCTOBYBAJIH 3a/1a-
Hy MOJIe/b TPEHYBaHb. YYaCHHKIB pPo3/IiieHo Ha 4 rpymu no 20 ocib: KikOoKcepH, TailaHAChKi OokcepH,
0op1Ii rPeKO-PUMCBHKOTO CTHIIIO, A3F010icTH. OLIHIOBAIN a/IANTAlIHHO-KOMIICHCATOPHI peakuii oprasismy
Y4acHUKIB B yMoBax TecToBuX HaBaHTaxeHb (TH) Ne 1 ta Ne 2 Ha novarky Ta HAPHUKIHII 10CIIKCHHSL.
OcHoBHoto xapakrepucTukor0 TH Ne 1 € cTBOpeHHS yMOB, 110 SIKHX y CIIOPTCMEHIB yCiX 4 rpyIn Oyie Hu3b-
Kkuii piBeHb pesucrenTHocTi. TH Ne 2 Gyito HanpasieHo Ha BUCHaKEHHS 32 20 ¢ eHEPreTHIHNX Pe3epBIB 3a
PaXyHOK BUKOHAHHSI [IOTYKHHX, KODOHHUX EIIEMEHTIB JUIsl KOXKHOTO 3 I0CIIIKYBAHHX BH/IB € TMHOOOPCTB.
JUist OLIHKY ajlanTaliifHAX Pe3epBiB YIaCHUKIB IPYIl Ta MOKIMBHUX KOMIICHCATOPHUX PEaKLUii, a TaKox
3PHBY aJlalTallii BUKOPUCTOBYBaIH OloMapKepH KpOBi: KpeaHTHH(OC(HOKIHA3A, IaKTaTACT1poreHasa, Kop-
TH30J1, KPEaTHHiH.

Pe3ym,TaTn. BcranoBiieHo, 110 Ha 109aTKy A0CIIKeHb BUX1AHUH Oa3abHuii piBeHb (epmenTis KPK
ta JIIT y KpoBI nepeBuILy€e BEpXHI MEXKI PeYEPEHTHUX 3HAYCHD JIMILIE Y IPynax KIKOOKCEepiB Ta A3H010ic-
TiB. CaMe y CMOPTCMEHIB X IPYIl BUSBHIIN CyTTEBE SHIKCHHS KOpTH30My Ha Tii migsuiienns KOK ra
JIAT" y kposi micist TH Ne 1.V Bizmosize Ha TH Ne 2 e B rpymi A310/(0iCTIB CIOCTEPIraeMo 3HIKCHHI
napameTpiB koptusony, KOK 3 oxnosacHnm miasumentsM JIJIT 3a BepxHi Meski Hopmu. ¥ rpynax KikOOK-
cepiB Ta TainaHACEKHX OokcepiB y Bimmoixe Ha TH Ne 2 dikcysamn BifcyTHicTs 3Mitn akTuBHOCTI JIZT
Y KpOBI, 1[0 CBIIYMTH IO peari3aliio MCXaHi3MiB KOPOTKOUACHOT afanTarii. Y G0pLiB IPeko-pHMChKOro
CTUITIO Y BlI[l'IOBlI[B Ha TaKWH MO/PasHAK HEOCTATHIN PIBEHb pe3epBiB KpearnHpocdary KOMIICHCYBABCs
HAKOIMYCHHSAMH M’530BOTO [IIKOreHy. BrkopucTanHs npotsroM 8 THXHIB y npoieci (yHKUIOHAIBHOI
MiZroTOBKH «Kiack4Hoi» B MMA mozeni TpeHyBaHb IPU3BEIO 10 06a3aibHOTO piBHS KpeaTHHiHy B KPOBI
nuiiie y O0pIiB TPeKO-PHMCHKOTO CTHITIO Ta J3[0f0ICTiB. BeranoineHo, mo y Bixmosigs #a TH Ne 1 Ta
Ne 2 numie y kikOokcepiB Ta TainaHIChKUX OOKcepiB 0HOYACHO MijiBuiTyBanack akTuBHICTh KOK ta JIAT
y KpOBI.

BucHoBKH. BeranoBieHo, 1o y pasi nepeBHIieHHs ped)epeHTHIX 3HaYeHb 6a3anbHoro piBHs KOK Ta
JIAT' y KpoBI €JIiTHAX CIIOPTCMEHIB y BII[HOBII[B Ha HecTaHAapTHI 1t MMA HaBaHTaXCHHI BifOYBa€TbCs
3pUB aJlanTarii. BlI[HOBlI[Hl 3MIHH [10B’SI3aHI 31 3HIDKCHHS! KOPTH30ITy B KPOBI Ha Tl BUCHAKCHHS PE3ePBIB
KpeTuHpOChary Ta M’I30BOr0 IIIKOTCHY Y CIOPTCMCHIB HE 3aEXKHO Bil BUIY €1MHOOOPCTB. BusneHi
peaxuii CHCTeM OpraHi3My Ha CTPECOBH [IOAPA3HHUK BKa3yOTh Ha HU3bKUI PIBCHb aJlanTalliiHUX pe3ep-
BIB, & TAKOK PO3BHTOK (yHKIIOHANBHOTO MEPEHAMPYKEHHS OIHOYACHO y eITHUX KIKOOKCEpIB Ta J310110-
icti. Bukopucranus «kmacnanoi» it MMA mozeni TpeHyBaHb y mepion GyHKIIOHAIBHOT MiATOTOBKH
710 3MaraHb e()eKTHBHO BILIMBAE HA HPOLECH IOBIOTPUBANOL aJaNTallil NepeBaxHO OOPIIiB rPeKO-pHM-
CBbKOTO CTHJIIO Ta J3t0710. JI1sl MiABUILIEHHS alanTalliifHUX pe3epBiB KiKOOKCEpIB Ta TainaHIChKUX OOKce-
PiB TOZI0HI HABAHTAXKCHHS € HAJITO MATTHM CTPECOBUM TO/PASHUKOM, KU OM BIUTMHYB HA HAaKOITMYEHHS
3aracis KpearnHdochary B M’s3ax.

KurouoBi ciioBa: 3Mimani eiMHOOOPCTBA, afanTaliiiHi pe3epsu, OioMapKepu KpoBi, TECTOBI HaBaHTa-
KEHHSI, eJITHI CIIOPTCMEHHU.

Introduction. The rapid evolution of profes-
sional Mixed Martial Arts competitions in recent
years has steadily increased the demands on ath-
letes’ functional capacities and technical skills
[11; 13; 18]. Despite the growing popularity of
this combat sport, more than 85% of the partici-
pants in major tournaments are elite athletes spe-
cializing in Muay Thai, hand-to-hand combat,
jiu-jitsu, and various styles of wrestling [21; 22].
Their advanced preparation and diverse technical

repertoires draw considerable spectator interest
to these bouts, making them highly dynamic and
visually compelling. However, in most cases, by
the end of the first round, the speed and power of
attacks decline due to the early depletion of the
body’s energy reserves [4; 6; 19].

The issue is that the general training practices
of athletes from most other combat sports do not
always correspond to the specific demands of
MMA competition preparation. Several research-
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ers [10; 12; 16] believe that one of the main ways
to address this issue is to optimize training load
regimes during the functional preparation of
athletes from other combat sports. The practical
implementation of this approach is complicated
by the absence of a clearly defined mechanism
for adjusting training loads during the pre-com-
petition mesocycle, considering athletes’ adap-
tive reserves and their capacity to tolerate exter-
nal stressors [8; 18].

To study the adaptive and compensatory
responses of athletes’ physiological systems
to training and competitive loads in MMA,
researchers have used a broad spectrum of infor-
mative blood biomarkers [11; 16; 20]. Most
studies have focused on evaluating the basal
activity of key enzymes and hormone concentra-
tions in athletes’ blood serum, particularly before
the competition [14; 15]. Other researchers [5; 6;
18] have examined changes in blood biomarkers
in response to training loads that approximate
the intensity and volume of competitive perfor-
mance

However, despite numerous fundamental
studies [17; 19; 20], few have specifically inves-
tigated the adaptive reserves of athletes from
different combat sports during preparation for
MMA competitions. Addressing this issue would
enable the development of an effective mecha-
nism for adjusting training loads in the pre-com-
petition mesocycle for these athletes, taking into
account their adaptation reserves.

Purpose of the study is to examine the char-
acteristics of changes in adaptation reserves
based on the initial resistance level of athletes
from various combat sports during functional
training for competitions, using classical Mixed
Martial Arts (MMA) training models.

Materials and methods. A series of exper-
imental investigations was conducted in 2025,
eight weeks of specialized functional prepara-
tion before the qualifying competitions for the
Ukrainian MMA Championship. The research
was carried out at MMA training clubs in Kyiv,
Mykolaiv, and Chernivtsi. Additional studies
were performed at the branches of the Research
Center of Modern Kinesiology “KINEZUS” in
these cities.
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The study involved 80 athletes aged
17 + 1.2 years (68 Masters of Sport and 12 Can-
didates for Master of Sport). The average dura-
tion of training experience in their combat sport
among the male participants was 7.9 + 1.2 years.
The participants were divided into 4 groups of
20 people: kickboxers, Muay Thai boxers, Gre-
co-Roman wrestlers, and judokas.

The Bioethics Committee of Lesya Ukrainka
Volyn National University, Ukraine, approved
the study design. After receiving detailed infor-
mation about the potential risks and benefits of
the study, all athletes signed a written informed
consent in compliance with the Declaration of
Helsinki ethical principles.

Laboratory Blood Tests

Changes in selected blood biomarkers, mea-
sured before and after two test loads, were used
to evaluate the adaptive and compensatory
responses of the athletes’ physiological systems
to a stressor. The activity of lactate dehydroge-
nase (LDH) and creatine phosphokinase (CPK)
in the blood of study participants was determined
using the kinetic method. The concentrations
of cortisol and creatinine in blood serum were
measured by enzyme-linked immunosorbent
assay (ELISA). Taking into account the range of
reagents used in laboratory conditions, the ref-
erence values for the analyzed blood biomark-
ers were as follows: CPK (39-308 U/L), LDH
(135-225 U/L), cortisol (171-536 nmol/L), and
creatinine (62—106 pmol/L).

Venous blood samples were collected by
a nurse under the supervision of a physician,
in accordance with standards for international
biomedical research. The blood samples were
labeled, thoroughly documented, accompanied
by the required paperwork, and transported to
a clinical laboratory. In total, 480 samples were
collected and analyzed over two stages of the
study. Deviations of the measured values from
reference norms and the patterns of their changes
were evaluated.

Test Loads

Two test loads were designed with different
structures, content, intensity, volume, and energy
supply, enabling the assessment of participants’
adaptive reserves throughout the study.
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The primary characteristic of Test Load 1 was
the creation of exercise conditions that brought
the physiological resistance of athletes from all
four groups to a low level. This TL consisted of
two exercises: (1) hanging on a horizontal bar
with arms flexed and legs held straight at a 90°
angle (parallel to the floor); (2) push-ups per-
formed with full flexion and partial (90%) exten-
sion, with a 2-second concentric phase and a
5-second eccentric phase. A critical requirement
of this TL was to elicit maximal fatigue in the
recruited muscle groups (agonists, synergists,
and stabilizers) during each exercise, necessi-
tating substantial energy expenditure. Exercises
were alternated once a noticeable decline in
technical execution was observed. It was caused
by the depletion of energy reserves, particularly
muscle glycogen. The exercises were performed
alternately for a total duration of 3 minutes.

Test Load 2 aimed to deplete energy reserves
within 20 seconds by performing powerful, sig-
nature elements from the studied combat sports.
Over 20 seconds, using the creatine phosphoki-
nase energy system, athletes from different com-
bat sports performed their signature MMA strike
or throw combinations. Kickboxers executed
a three-strike combination: cross, hook, and
roundhouse kick. Muay Thai boxers performed
a sequence consisting of a low kick, a jumping
knee strike, and an elbow strike. Judokas exe-
cuted two throws, Ippon Seoi Nage and Tsuri
Goshi, at maximum speed and power within
the given time. Greco-Roman wrestlers con-
tinuously performed the Suplex exercise for 20
seconds, with four athletes of the same weight
category taking turns in succession.

Organization of the study

The research was conducted in several stages
throughout 2025.

At the initial stage, the baseline level of adap-
tation reserves was assessed in elite athletes
specializing in kickboxing, Muay Thai, Gre-
co-Roman wrestling, and judo who had chosen
to prepare for MMA competitions. To achieve
this objective, two test loads (TL1 and TL2)
were designed, differing markedly in their struc-
ture, content, intensity parameters, volume, and
underlying energy supply mechanisms.

The athletes’ baseline physiological resil-
ience was evaluated by examining their adaptive
and compensatory responses to the applied test
loads. Blood biomarkers, including CPK, LDH,
cortisol, and creatinine, were used as objective
indicators of these responses.

At the second stage, a detailed analysis was
conducted to identify the most effective con-
temporary functional training models employed
in MMA to enhance athletes’ adaptive reserves
during the pre-competition mesocycle [4; 6].
Taking into account the specific characteristics of
the examined athletes (type of combat sport and
level of resistance), participants were assigned a
training model with a load regime of R, = 0.68
[13; 18].

This load regime, combined with a series of
free-weight exercises performed under anaero-
bic glycolysis energy supply, acted as a powerful
stress stimulus. It was hypothesized that these
training loads would enhance the accumulation
of creatine phosphate and glycogen in most of
the engaged muscle groups. This, in turn, was
expected to improve the athletes’ physiological
resilience during the competition preparation
period.

At the third stage, a comparative analysis was
performed to examine changes in the basal lev-
els of the studied blood biomarkers in the athletes
after eight weeks of adhering to the developed
functional training model. The purpose of these
investigations was to evaluate the effectiveness of
specified training on the athletes’ long-term adap-
tation during the pre-competition mesocycle.

The changes in CPK, LDH, cortisol, and creat-
inine levels in the participants’ blood, in response
to acute test loads 1 and 2, were assessed follow-
ing the eight-week training period. The collected
laboratory data were systematically processed
and analyzed to identify the athletes’ adaptive
and compensatory responses to the applied stress
stimuli.

Statistical Analysis

Statistical analysis of the study results was
performed using IBM SPSS Statistics 26 (Stat-
Soft Inc., USA). The G*Power 3.1.96 program
(Germany) was used to determine the minimum
required sample size for the study (statistical power
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calculation). Non-parametric statistical methods
were applied to calculate the median (Me) and
interquartile range (IQR). The Kruskal-Wallis test
was used to compare baseline parameters between
groups of athletes. The Wilcoxon signed-rank test
was employed to compare two dependent samples.
A two-factor Friedman rank analysis of variance
was used to compare differences in the dynamics
of more than two variables. W-Kendall (Kendall’s
coefficient of concordance) was applied to deter-
mine the level of effect.

Results of the study

Figure 1 graphically presents the changes
in CPK levels in the blood of athletes from the
examined groups in response to acute test loads 1
and 2. Monitoring of the adaptive and compen-
satory responses to the applied stimuli was con-
ducted both at the beginning of the study and
after eight weeks of using the developed func-
tional training model.

Baseline laboratory control data indicated
that the CPK level in the blood of the examined
kickboxers exceeded the upper limit of the nor-
mal range by 14.2%. Among the participants of
the other three groups, the baseline CPK values
corresponded to reference norms.

In response to TL1, there was a significant
(p <0.05) increase in CPK activity in the blood
of kickboxers (+5.7%) and judokas (+10.7%),
with values exceeding the upper limit of the nor-
mal range. Results after TL2 showed a decrease
in CPK levels only in the judoka group (—4.4%,
p < 0.05). A significant increase in CPK in
response to TL2 was observed in the Muay Thai
group (+53.6%). Meanwhile, in the Greco-Ro-
man wrestlers, CPK activity did not change in
response to either TL1 or TL2.

The data collected after eight weeks of imple-
menting the proposed functional training model
demonstrated significant changes in the pattern
of CPK responses to the test loads. The baseline
CPK level decreased in the kickboxers (—41.4%),
Greco-Roman wrestlers (-13.7%), and judo-
kas (—51.8%). Among the Muay Thai athletes,
the basal level of this biomarker rose 2.4-fold,
approaching the normal upper threshold.

Applying TL1 resulted in a 21.8% rise in CPK
levels among kickboxers, while in Muay Thai ath-

186

letes (+10.9%), the values went beyond the refer-
ence range. The data collected after TL2 indicated
elevated CPK levels in each of the four groups.

Figure 2 presents the baseline levels and
changes in LDH activity in the blood of study
participants in response to acute Test Loads 1
and 2. Monitoring of the changes in this blood
biomarker in response to the applied loads was
conducted both at the beginning of the study and
after eight weeks of functional training.

Analysis of the results obtained at the begin-
ning of the study indicates that the baseline LDH
activity in the blood of kickboxers (+6.2%) and
judokas (+9.8%) exceeded the upper limit of the
normal range. In response to Test Load 1, a sig-
nificant increase in LDH levels was observed
across all groups, particularly in Muay Thai
boxers (+25.6%). In response to Test Load 2, an
increase in this biomarker was recorded only in
Greco-Roman wrestlers (+8.5%) and judokas
(+4.4%). After eight weeks of using the devel-
oped functional training model, the baseline
LDH level decreased in all groups except the
Muay Thai boxers, who increased it by +16.8%.

In response to Test Load 1, LDH activity
increased in all groups, particularly in Muay Thai
boxers (+21.9%) and judokas (+26.1%). After
Test Load 2, the most pronounced increases in
this biomarker were observed in Greco-Roman
wrestlers (+17.9%) and judokas (+18.1%). How-
ever, in the Muay Thai group, LDH levels did
not change in response to this stimulus under the
same conditions.

Figure 3 presents the changes in cortisol
concentration in the blood of athletes from the
examined groups in response to acute Test Loads
1 and 2. The manifestations of short-term adapta-
tion mechanisms and compensatory responses to
stress stimuli were monitored both at the begin-
ning of the study and after eight weeks of using
the developed functional training model.

The results obtained at the beginning of
the study indicate that cortisol concentration
increased only in the Greco-Roman wrestlers
(+22.9%) in response to TL1. In the other three
groups, a significant (p < 0.05) decrease in this
biomarker was observed in response to the stress
stimulus, particularly in judokas (-14.7%).
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Fig. 1. Changes in creatine phosphokinase activity in the blood of athletes
from the examined groups in response to test loads 1 and 2 at the beginning of the study

and after 8 weeks of functional training, n = 80
Note: p < .05 — compared with pre-load values, at the state of rest.

Following TL2, a decline in cortisol levels
was detected only among the judokas (-19.9%).
In the other participants, cortisol levels increased
in response to this stress stimulus, especially in
Greco-Roman wrestlers (+34.4%). However,
all measured values of this biomarker remained
within the reference range. After eight weeks of
specialized functional training, baseline cortisol
levels decreased in Muay Thai boxers (—31.1%)
and judokas (—17.4%), and increased in Gre-
co-Roman wrestlers (+13.0%) and kickboxers
(+13.5%).

In response to TL1, a 5.2% decrease in blood
cortisol concentration (p < 0.05) was observed

only in kickboxers, while the Muay Thai athletes
exhibited the highest increase (+17.7%).

During TL2, cortisol concentrations increased
in all groups compared to the state of rest. How-
ever, in the Greco-Roman wrestlers and judokas,
cortisol levels were almost four times higher than
in athletes representing striking combat styles.

Figure 4 presents the changes in creatinine
concentration in the blood of the examined
groups during Test Loads 1 and 2. Changes in
blood creatinine were evaluated at rest and after
the loads, both at the beginning of the study and
after eight weeks of functional training using the
developed training model.
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Fig. 2. Changes in lactate dehydrogenase activity in the blood of athletes from the examined
groups in response to Test Loads 1 and 2 at the beginning of the study and after 8 weeks

of functional training, n = 80
Note: p <.05 — compared with pre-load values, at the state of rest.

The basal creatinine levels in the serum of the
participants at the beginning of the study were
within the reference range. In response to Test
Load 1, all four groups exhibited an average
increase of 8.8% in serum creatinine concentra-
tion (p < 0.05). A similar pattern of changes was
observed after Test Load 2, but the increase was
slightly more pronounced, by 2-3%, across all
examined athlete groups.

After completing the eight-week functional
training program, elevated basal creatinine lev-
els were recorded only in the Greco-Roman
wrestlers (+11.5%) and judokas (+11.0%). In
response to TL1, nearly identical increases in
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blood creatinine were observed across all groups,
averaging +7.6% (p < 0.05). The results follow-
ing TL2 showed a similar pattern and magnitude
of changes in this biomarker across all examined
groups, with an average increase of +6.7%.
Discussion. This study presents an approach
for assessing the baseline level of adaptive
reserves through blood biomarkers in elite
martial arts athletes preparing for MMA com-
petitions. It addresses one of the most debated
issues among MMA coaches and researchers: the
search for an effective functional training model
for this category of athletes [4; 11; 13]. The chal-
lenge becomes especially pressing when adjust-
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Fig. 3. Changes in cortisol concentration in the blood of athletes from the examined groups
in response to Test Loads 1 and 2 at the beginning of the study and after 8 weeks

of functional training, n = 80
Note: p < .05 — compared with pre-load values, at the state of rest

ing training loads to achieve maximal adaptation
reserve development during the pre-competition
mesocycle [18; 21]. Implementing this approach
is complicated by the participants’ (elite kick-
boxers, Muay Thai athletes, Greco-Roman wres-
tlers, and judokas) high resistance to loads that
deviate by 75-80% from classical MMA training
standards.

One of the key issues during preparation for
competitions is studying the features of adaptive
and compensatory responses in athletes from
other combat sports under conditions using the
most common MMA training models [6; 12;
19]. Changes in basal levels of blood biomark-

ers (CPK, LDH, cortisol, and creatinine) were
examined in athletes over an eight-week train-
ing period using a classical functional MMA
training model. A comparative analysis of bio-
marker responses to acute test loads enabled the
assessment of participants’ short-term adaptive
capacity and the activation of compensatory pro-
cesses induced by energy deficits. The research
evaluated whether the developed test loads could
effectively assess adaptive reserves in athletes
from different sports, using blood biomarkers
during their functional preparation for MMA.

At the beginning of the study, the baseline
levels of CPK and LDH in the blood exceeded
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Fig. 4. Changes in creatinine concentration in the blood of athletes from the examined groups
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the upper reference limits only in kickboxers and
judokas. These results indicate pronounced man-
ifestations of functional overstrain [8; 16] due to
training or competitive loads, leading to damage
in the most active muscle groups. At the same
time, the parameters of other blood biomarkers
(cortisol, creatinine) remained within normal
ranges among athletes in all four groups.
Evaluation of adaptive and compensatory
responses to TL1 revealed a significant decrease
in cortisol accompanied by increases in CPK
and LDH, specifically in kickboxers and judo-
kas. The observed changes in blood biomarkers
under combined anaerobic and aerobic glyco-
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lytic conditions indicate the engagement of com-
pensatory mechanisms due to adaptation failure
[5;13; 14].

In response to TL2, only the judokas exhibited
a decrease in cortisol and CPK levels, accom-
panied by an increase in LDH above the upper
reference limits. It should be noted that this load
was performed for 20 seconds and relied on
energy supply from the creatine-phosphokinase
system.

Such changes in the studied blood biomark-
ers indicate depletion of creatine phosphate and
muscle glycogen reserves in the recruited muscle
groups, which led to the forced activation of glu-
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coneogenesis processes [3; 6]. The absence of
LDH activity changes in kickboxers and Muay
Thai athletes following TL2 reflects the opera-
tion of short-term adaptation mechanisms [12;
18]. Greco-Roman wrestlers compensated for
low creatine phosphate levels through increased
muscle glycogen, indicating adaptation to anaer-
obic glycolysis-based loads [7; 9; 16].

After eight weeks of implementing the most
common MMA functional training model during
the pre-competition mesocycles, the results
revealed a distinctly different pattern of adaptive
changes.

The significant rise in baseline creatinine levels
observed in Greco-Roman wrestlers and judokas
reflects an increase in muscle mass resulting from
long-term adaptive processes [5; 8]. At the same
time, representatives of the other three groups
showed stabilization of baseline blood biomarker
levels within the reference range compared with
initial measurements. The obtained results sug-
gest that the loads used in the proposed functional
training model were not excessively stressful for
most participants [13; 18].

In certain cases, training with a similar load
regime promoted the recovery and re-adaptation of
physiological reserves in participants who had pre-
viously shown signs of functional overstrain [3; 4].
However, in elite athletes, their level of resistance
does not improve if 60—70% of training sessions
do not include a stress stimulus that exceeds the
body’s current adaptive capacity [11; 15].

In response to the three-minute TL1, simul-
taneous increases in blood CPK and LDH activ-
ity were observed only in kickboxers and Muay
Thai athletes. This occurred although energy
during this test load was supplied primarily from
muscle glycogen under conditions of anaerobic
and partially aerobic glycolysis [10; 17; 22].

Following TL2, which relied on the cre-
atine-phosphokinase energy mechanism, all mea-
sured blood biomarkers in the athletes increased,
yet stayed within normal reference values.
Unlike the initial findings, the applied stimulus
triggered elevations in both LDH and CPK in
kickboxers and Muay Thai athletes, reflecting an
adaptive response. The additional recruitment of
muscle glycogen under creatine-phosphokinase

energy conditions during intense muscle activity
indicates reduced resistance due to depletion of
creatine phosphate reserves [1; 2; 20].

The observed patterns of energy reserve
changes in the examined wrestlers and judokas,
resulting from the applied functional training
model, indicate pronounced adaptation responses
[6; 19].

Conclusions. Using blood biomarkers is an
effective mechanism for assessing the corre-
spondence between the adaptation reserves of
athletes from different combat sports and the
classical MMA training loads during the phase
of functional preparation for competition. The
study results indicated that unconventional
MMA -specific loads caused adaptation failure in
elite athletes whenever basal CPK and LDH lev-
els surpassed the reference range. The observed
alterations correspond to reduced blood cortisol
levels in the context of creatine phosphate and
muscle glycogen depletion, irrespective of com-
bat sport discipline.

The observed physiological responses to
stress stimuli indicate low adaptation reserves
and the development of functional overstrain,
particularly in elite kickboxers and judokas.
Under conditions of creatine-phosphokinase
energy supply during high-intensity activity,
only judokas exhibited compensatory reactions,
whereas kickboxers relied on short-term adapta-
tion mechanisms.

The classical MMA functional training model
applied during the pre-competition phase was
most effective in promoting long-term adap-
tation in Greco-Roman wrestlers and judokas.
However, such loads provide an insufficient
stress stimulus to accumulate creatine phosphate
reserves in the muscles of kickboxers and Muay
Thai athletes.
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