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The human gut microbiome significantly impacts physiological and biochemical processes in the human body,
including metabolism and the immune system. In athletes, it may also contribute to increased adaptive capacity and
endurance and improve athletic performance. So far, there are a few studies on the microbiome of athletes in differ-
ent sports, most of which investigate differences between athletes and non-athletes. This study aims to determine
the difference in the microbial composition of the intestines of athletes depending on the type of energy supply for
muscle activity. The results of studies showing changes in the composition of the intestinal microbiome in athletes of
various sports, including aerobic and anaerobic energy supply of muscle activity, were reviewed in detail. A compara-
tive analysis of both common and unique bacterial species characteristic of athletes with both aerobic and anaerobic
energy supplies, as well as control groups of people (non-athletes), was conducted. Numerous studies have noted an
increase in faecal short-chain fatty acids (SCFAs) of microbial origin in athletes, which can be substrates for glucone-
ogenesis and lipogenesis and control the expression of large intestine genes involved in the immune response. The
faecal samples of marathon runners were enriched in Veillonella atypica, a species capable of metabolising lactate
into acetate and propionate of SCFAs using methylmalonyl-CoA. The Firmicutes/Bacteroides ratio has been shown
to be associated with a higher VO.max when it increases. The data obtained vary depending on the study design
and the number of participants, which indicates significant difficulties in determining the biodiversity of the athletes’
microbiome and identifying differences depending on the type of energy supply of muscle activity, which may be
associated with many physiological and biochemical factors. Nevertheless, the findings highlight the potential link
between the gut microbiota and different types of energy supply for muscle activity during exercise and indicate a

symbiotic relationship in the adaptation of these physiological systems.
Key words: gut microbiome, microbiota of athletes, anaerobic mechanism of energy supply, endurance.

Connection of the publication with planned re-
search works.

The work is a fragment of the research work of the
National University of Ukraine on Physical Education and
Sport, “Influence of exogenous and endogenous fac-
tors on the course of adaptive reactions of the body to
physical activity of different intensity” (state registration
number 012U108187).

Introduction.

The human microbiome is biodiverse and consists of
approximately 40 trillion microbial cells. There is ample
evidence that it has a variety of properties and can in-
fluence metabolism, immunomodulation and other im-
portant functions of the host organism [1, 2, 3, 4].

The number of scientific publications in the Nation-
al Center for Biotechnology Information (NCBI) on the
gut microbiome has increased 24-fold over the past ten
years compared to the period 2000-2014, confirming
specialists’ significant interest. However, the majority of
publications are mainly concerned with the relationship
between microbial composition and the risk of develop-
ing chronic diseases, including non-communicable and
neurodegenerative diseases, as well as the correlation
between dietary interventions and microbial composi-
tion. To date, only a few studies have been devoted to
studying the microbiome of athletes depending on the
energy supply of muscle activity. Most of these publi-
cations relate to aerobic exercise, presented mainly in
combination with aerobic energy supply, for example,
during training 2, 3, 4, 5, 6, 7].

The aim of the study.

To analyse the differences in the microbial composi-
tion of athletes, depending on the type of energy supply

of muscular activity, according to the data of works pub-
lished over the past 10 years.

Main part.

The vast majority of publications on the study of ath-
letes’” microbiomes relate to sports where the aerobic
mechanism of energy supply prevails, especially endur-
ance sports. There are much fewer studies of the gut mi-
crobiome of athletes involved in sports with mixed and
anaerobic energy supply mechanisms.

Craven et al. studied 14 middle-distance runners
during training periods of different intensities and found
that changes in training volume did not affect the alpha
diversity and global composition of the gut microbiome
but found that after high-intensity exercise (HVolTr),
the levels of Pasterellaceae, Lachnoclostridium, Hae-
mophilus, S. parasagunis, and H. parainfluenzae and
significantly increased the level of R. callidus. Thus, the
increase in training volume resulted in several changes
at lower levels of the taxonomy, which did not return to
previous levels even after the change in training volume
[8].

Observations of top-performing athletes in Japan, in-
cluding ten short trackers, revealed that anaerobic power
efficiency was associated with bacteria of the genus Fu-
sicatenibacter, which showed an upward trend. Bacteria
of the genus Fusicatenibacter promote the breakdown
of lactose and produce organic acids in the gut, includ-
ing lactic acid and short-chain fatty acids, which, when
absorbed in the large intestine, pass through the liver’s
portal vein and are metabolised to glycogen and fatty
acids in the liver and muscles for energy. Gut bacteria
may thus be associated with glycolytic mechanisms of
energy metabolism, such as glycogen storage and lactate
metabolism in muscle [9].
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Li et al., in a multicohort study, found that Esche-
richia/Shigella, Weissella, Lactobacillus, Romboutsia,
Rummeliibacillus, Clostridia UCG-014, Alistipes, Akker-
mansia, Haemophilus bacteria positively correlated with
such indicators as anaerobic upper limb workload, max-
imal anaerobic power and average anaerobic power in a
group of male wrestlers [10].

Energy availability is an important limiting factor for
endurance athletes, whose gut microbiome is currently
the most studied to date. After a few minutes of mus-
cle contraction, the concentration of creatine phosphate
decreases, which leads to the need for other substrates,
synthesising specific molecules necessary to restore ho-
meostasis. Mitochondria are limited in their ability to ox-
idise all the pyruvate produced during intense exercise,
which leads to its conversion to lactate in the myoplasm,
which can cause fatigue. At the same time, lipolysis of
adipose tissue provides an increase in fatty acids and the
ability to capture free fatty acids in the blood plasma.
Therefore, research is focusing on identifying bacterial
types, including Bacteroides, Bifidobacterium, Propi-
onibacterium, Eubacterium, Lactobacillus, Clostridium,
Roseburia and Prevotella, that produce short-chain fatty
acids, mainly acetate, propionate and butyrate, because
of their ability to be substrates for gluconeogenesis and
lipogenesis, as well as to control large intestine gene
expression, involved in the immune response, which is
important because endurance athletes have a high prev-
alence of upper respiratory tract infections and gastroin-
testinal (Gl) tract symptoms, including increased perme-
ability of the Gl epithelial wall, mucosal thickness, and
higher rates of bacterial translocation [11, 12].

In addition to energy production, the gut micro-
biome also has a significant impact on skeletal muscle
renewal and maintenance, which is an important factor
in all sports, but especially in static sports. One of the
obvious mechanisms affecting these functions is protein
metabolism [1].

An observational study comparing the faecal bac-
terial profile of elite male rugby players with healthy
non-athletes showed that the a-diversity of the micro-
biota of elite athletes was significantly higher (22 bacte-
rial types were detected compared to 11 bacterial types
in the control group). In particular, there was a greater
diversity among the Firmicutes type, while the Bacteroi-
detes taxon was less common. In addition, both rugby
athletes and control subjects with a low body mass index
(BMI) had higher proportions of bacteria of the genus
Akkermansia [13].

Sheiman et al. found that Veillonella atypica was
highly enriched in faecal samples from marathon run-
ners. This is in line with another study that noted a dra-
matic increase in Veillonella and Streptococcus genera in
the gut of ultra-marathon runners after the race. In ad-
dition to this, Scheimann et al. noted that supplement-
ing mice with V.atypica isolated from marathon faecal
samples significantly improved their performance on the
treadmill. V. atypica improves endurance performance
by metabolising exercise-induced lactate into propio-
nate, thus stimulating a natural enzymatic process en-
coded in the microbiome that improves athletic perfor-
mance. Although Veillonella species can cause infections
in humans, in athletes, they are able to metabolise lac-
tate into acetate and propionate of SCFAs via methylmal-
onyl-CoA [14, 15, 16].

A link has been proposed between maximum oxygen
consumption (VO.max) and the gut microbiota, suggest-
ing that VO,max is positively correlated with the gut mi-
crobiota, more specifically with the metabolic functions
of bacteria. Studies show that cardiorespiratory fitness
correlates with an increase in microbial community di-
versity. These results focus on functions rather than taxa.
Similarly, it has been suggested that when increased, the
Firmicutes/Bacteroides ratio is associated with a higher
VO,max [17].

The gut microbiome of the 33 cyclists was divided
into three taxonomic clusters: one with a high Prevotella
content, another with a high Bacteroides content, and
one consisting of many genera, including Bacteroides,
Prevotella, Eubacterium, Ruminococcus and Akkerman-
sia. Prevotella counts were significantly correlated with
increased exercise duration in professional cyclists. The
number of Methanobrevibacter smithii transcripts also
increased among professional cyclists compared to ama-
teur cyclists. A study involving athletes engaged in walk-
ing has shown that at the initial stage, the microbiota
can be divided into enterotypes dominated by Prevotella
or Bacteroides. Intense physical activity combined with
different nutritional strategies increased the relative
abundance of Bacteroides and Dorea and decreased
Faecalibacterium in the case of a low-carbohydrate/
high-fat diet [18, 19, 20].

Numerous studies have reported an increase in fae-
cal SCFAs of microbial origin, especially butyrate, in ath-
letes compared to controls. In their study, Estaki et al.
noted that VO,max in humans was strongly correlated
with butyrate production along with butyrate-producing
bacteria such as Clostridiales, Roseburia, Lachnospirace-
ae, and Erysipelotrichaceae [17].

It has been suggested that the gut microbiota com-
position may differ in different sports modalities. Mohr
et al. and Aya et al. summarised that alpha and beta di-
versity did not show differences between sports in most
cases. However, in a study of Irish athletes, a greater di-
versity of Bifidobacterium, Lactobacillus, Prevotella and
Faecalibacterium species was found in the gut of ath-
letes competing in sports with a predominant aerobic
energy supply for muscle activity [21, 22, 23].

In 2024, a study was published comparing chang-
es in the microbiome of three groups of participants
(1 — athletes involved in strength sports, 2 — athletes
engaged in endurance sports, 3 — control group) that
use different energy systems (Wingate test and treadmill
test according to the Bruce protocol). A negative correla-
tion was found between Bacteroides species and VO,-
max and a positive correlation between Prevotella and
VO,max. The ratio of Prevotella to Bacteroides is known
to be associated with improved glucose metabolism and
increased glycogen storage. There was also a positive
correlation between SCFAs’ producers (Blautia wexlerae,
Eubacterium rectale and Intestinimonas timonensis) and
maximum power output during the Wingate test [24].

In a recent study, Olbricht et al. attempted to estab-
lish the universal microbiome composition of endurance
athletes but concluded that there were no consistent
statistically significant microbial associations associated
with exercise, except for a negative correlation between
Prevotella and Bacteroides [25].
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Figure — Differences in the gut microbial composition of athletes and non-athletes.

Differences in the gut microbial composition of ath-
letes depending on the type of energy supply of muscle
activity and non-athletes are shown in the figure.

Conclusions.

The data obtained indicate significant difficulties in
determining the biodiversity of the microbiome of ath-
letes and identifying differences depending on the type
of energy supply of muscle activity, which may be due to
the influence of many factors, such as training regimen
and duration, diet and nutrition, stress and injury.

Undoubtedly, gut bacteria can be associated with
glycolytic mechanisms of energy metabolism, such as
glycogen storage and lactate metabolism in the muscles.

Numerous studies have confirmed an increase in
faecal short-chain fatty acids of microbial origin in ath-

letes, which may be substrates for gluconeogenesis and
lipogenesis, as well as controlling the expression of large
intestine genes involved in the immune response.

The above results highlight the potential link be-
tween the gut microbiota and various types of energy
supply for muscle activity during exercise and indicate a
symbiotic relationship in the adaptation of physiological
systems.

Prospects for further research.

To investigate the microbiome’s composition in
sports with aerobic and anaerobic energy supply of mus-
cle activity at the functional level to determine the adap-
tive capabilities of athletes.
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BIAMIHHOCTI MIKPOBIOMY CNOPTCMEHIB B 3AJZIEXXHOCTI Bl MEXAHI3MY
EHEPTO3ABE3MNEYEHHA M'A30BOI AIANbHOCTI

HauioHanbHui1 yHiBepcuTteT disnuHOro BuxoBaHHs i cnopTy YKpaiHu (m. Kuis, YkpaiHa)
anastasiya.kaliga@gmail.com

MikpobioM KuwkKieHUKA MOOUHU MAE 3HAYHUU 8Maue Ha izionoeiyHi ma 6ioximiyHi npouyecu 8 opz2aHiami
MOOUHU, 8 MOMY HUCAi HA Memaboni3m ma iMyHHY cucmemy, a y amsemis Moxce maKoH< Crnpuamu nio8uueHH0o
ad0anmueHuUx moxcausocmeli i suMpuUBANOCMI, @ MAKOX MNOKPAW,y8amu criopmueHi 0ocAaeHeHHA. [Jomenep icHye
He3Ha4Ha KinbKicme pobim, npucesyeHuUx Mikpobiomy amsaemis y pi3HUx sudax criopmy, binbwicme 3 AKUX 00CMiIOHYE
8iOMIHHOCMI MiXt cnopmcmeHamu ma a0bMu, AKI He 3alimaromscs criopmom. Mema yiei pobomu - ecmaHosumu
Di3HUYH0 Y MIKPOBHOMY CKAA0I KUWKIBHUKA amsemis 3aa1exHO 8i0 sudy eHepao3abezneyeHHs M'930801 QisabHOCM.
byno demanbHO po32aaHymo pesynbsmamu 00CidHceHb, WO MOKA3yHMmMb 3MiHU Y CKAadi KUWKO8020 Mikpobiomy
y crnopmcmeHie pi3Hux eudie criopmy, eka4ar4u aepobHe ma aHaepobHe eHepeosabe3neyeHHA M'A308071
disneHoCcmi, ma nposedeHo MopisHAAbHULU aHAAI3 AK CMiAbHUX, MAK | YHiKaabHUX 8udie bakmepil, enacmusux
amsaemam, K 3 aepobHUM, Mak i 3 aHaepobHUM eHepao3abe3nevyeHHAM, 0 MAKOX KOHMPOAbHUM 2pyrnam arodel (He
crnopmcmeHis). YucenoHi 0ocnioreHHA 8i03HAYUAU 36inbWEeHHA Y CIOPMCMEHI8 eKanbHUX KOPOMKOAAHU0208UX
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HupHUx Kucaom (K/1IXKK) MikpobHo20 MOX00MEHHSA, WO MOXYymbs bymu cybcmpamamu 044 entoKoHeo2eHesy
ma ninozeHesy, 0 MAKOX KOHMPOAKBAMU EKCIMPECito 2eHi8 M0o8CcMOoi KUWKU, 3asay4eHux 00 iMyHHoI 8i0nosidi. Y
3pa3kax gekanili mapagoHyis 6yse 36azayeHuli sud Veillonella atypica, wo 30amruli memabonizysamu nakmam
8 ayemam i nponioHam K/I}KK 3a donomozoro memunmasnoHin-KoA. byao nokasaHo, wo criegioHoweHHA Firmic-
utes/Bacteroides, Kosu 80HO 36inbWyemMbCcA, Nog’a3aHe 3 suwjum VO,max. OmpumaHi OaHi pi3HAMbCA 3a7EXHO 8i0
ousaliHy 0ocnidreHb ma KinbKocmi y4acHUKI8, W0 c8id4UMeb npo 3HAYHI CKAAOHOW,i BU3HA4YeHHSA biopisHOMaHimms
MiKpobiomy criopmcmeHie ma susesneHHs 8iOMiHHocmel 8 3anexcHocmi 8i0 sudy eHepao3abesrneyeHHA M'Aa308071
dianbHocmi, wjo moxce 6ymu nos’sa3aHo 3 6azamema giziono2iyHUMU ma bioximiyHUMU hakmopamu. Tum He MeHW,
8CMaHo8BseHi pe3ynbmamu MiOKpecaorme nomeHyiliHull 38’A30K MiX KUWKOB0 Mikpobiomoto ma pisHUMuU
sudamu eHepzo3zabesrneyeHHA M'A3080i OiAnbHOCMI NpPU 3GHAMMAX CIOPMOM Ma 8KA3ylomb Ha cumbiomuyHi

8iOHOCUHU 8 a0anmauii yux gizionoziyHux cucmem.

Kntouoei cnosa: mikpobiom KuwkieHuKka, mikpobioma amaemis, aHaepobHuli mexaHiam eHepao3abe3neyeHHs,

sumpusanicme.

3B8’A30K ny6niKauii 3 n1aHOBUMM HAayKOBO-A0CAIA-
HUMK poboTamu.

PoboTa € pparmeHtom HAP HauioHanbHOro yHisep-
cuTeTy Gi3MYHOrO BUXOBaHHA i cnopTy YKpaiHu «Bnauns
€K30reHHUX Ta eHAgoreHHUx pakTopiB Ha nepebir agan-
TaLiMHMX peaKLilt opraHiamy A0 ¢isMYHMX HaBaHTaXeHb
pi3HOI iHTEHCMBHOCTI» (OEpKaBHUIM peecTpaLiiHui
Homep 012U108187).

Bcryn.

Mikpobiom noAWHKU Biapi3HAeTbca 6HiopisHoma-
HITTAM Ta CKlagaetbca npubamsHo 3 40 TpUAbKOHIB
MIKPOOHUX KNITUH. ICHYIOTb UMCeNbHI MiATBEPAKEHHA
TOro, WO MoMy MPUTaMaHHi pPi3HOMaHITHI B/1aCTUBOCTI,
i BIH MOKe BN/IMBATK Ha MeTaboniam, imyHoMOoAyAAL,O
Ta iHWi BaxkAuBi PyHKLiT opraHiamy xassdiHa [1, 2, 3, 4].

KinbKicTb HaykoBux ny6aikauin y HauioHanbHomy
LueHTpi 6ioTexHonoriyHoi iHbopmauii NCBI, npucsaye-
HUX BUBYEHHIO KMLIKOBOro Mikpobiomy, 3a ocTaHHi 10
poOKiB 3pocna y 24 pasu, NopiBHAHO 3 nepiogom 2000-
2014pp., Wo niaTBEpPAKYE 3HAYHUIW iHTepec daxiBLiB.
OpHak, binbwicTb NybniKaLil CTOCYETLCA B OCHOBHOMY
BMBYEHHSA 3B A3KY MiXK MiIKPOOHUM CKNALOM Ta PUIUKOM
PO3BUTKY XPOHIYHUX 3aXBOPIOBAHb, B TOMY YMCAi HeEiH-
deKLUiMHMX Ta HelpoaereHepaTMBHUX 3aXBOPHOBAHb, a
TaKOX Kopenauii AieTMYHUX iHTepBeHLUild Ta MiKpobHo-
ro cknagy. Ha cborogHi nnwe HesHayHa KinbKicTb pobiT
NpUCBAYEHA BUBYEHHIO MIKPOBIiOMyY aTNeTiB B 3a/1€KHO-
CTi BiZ, eHepro3abesneyeHHsA M’A30B0i AifNbHOCTI. binb-
WicTb 3 UMx NybniKauin cTocytoTbCA came aepobHUX Ha-
BaHTaXeHb, @ aHAaepPObHi HaBaHTa)KEHHA NpeacTaBAEHi
B OCHOBHOMY B KOMbiHalLLii 3 aepobHUM eHeprosabesne-
YeHHAM, HAaNpWKAag, nig yac TpeHyBaHb (2, 3,4, 5, 6, 7].

MeTta gocnigKeHHs.

MpoaHanisyBaTh BigMIHHOCTI Yy MiKpobHOMY cKnagi
aTNeTIB, 3a/1EKHO Big, BUAY eHeprosabesneyeHHs m’s3o-
BOI AiANbHOCTI, 338 AaHUMK pPobiT, Wwo bynm onybaikoBaHi
3a ocTaHHi 10 pokiB.

OCHOBHa YacTuUHa.

MepeBaXKHa KiNbKiCTb NybAiKaLi No BUBYEHHIO Mi-
KpobioMy CMOpPTCMEHiB CTOCYETbCA TUX BUAiB CNOPTY, Ae
nepeBa)ka€ aepobHUI MmexaHi3m eHeprosabesnevyeH-
HA, 0C06/MBO BMAIB CMOPTY Ha BUTPUBANICTb. 3HAYHO
MeHLUe NpeacTaBAeHi AoCNiAKEHHA MiKpobiomy KuLley-
HUKA CMOPTCMEHIB, LLO 3aMMaloTbCA BUAAMMU CMOPTY i3
3MillaHMM Ta aHaepobHUM MexaHi3mamun eHeprosabes-
neyeHHs.

Craven et al. gocnigkyBanu 14 6iryHiB Ha cepegHi
OVCTaHLUii NPOTArOM nepioAiB TPeHyBaHb Pi3HOI iHTEH-
CMBHOCTI Ta BUSABMAM, WO 3MiHA 0OCAry TpeHyBaHHA
He BMJIMHYNA Ha anbda-pi3HOMAHITHICTb i rnobanbHU

CKNag, MiKpobiomy KuLeyHUKa, ane BCTAaHOBWMW, LLO
nicna HaBaHTaXeHb BWCOKOI iHTeHcuBHOCTI (HVoITr)
3HUKYETbCA piBeHb Pasterellaceae, Lachnoclostridium,
Haemophilus, S. parasagunis, i H. parainfluenzae i 3Hau-
HO nigBuLyeTbea piBeHb R. callidus. OTxe, 36inbleHHA
TpeHyBa/IbHOro 0b6cAry nNpu3Beso A0 KiNIbKOX 3MiH Ha
HUXYMX PIBHAX TAKCOHOMIT, AKi HE MOBEPHYyAMCA 40 No-
nepeaHix piBHiB HaBiTb Micas 3MiHM obcAry TpeHyBaHb
[8].

CnocTeperkeHHs 3a aTleTaMu BULLMX AOCATHEHb Yy
AnoHii, cepen akux byno 10 wWopT-TpeKkepis BUABUAMY,
Wo edeKTUBHICTb aHaepobHOi NoTy:KHOCTI byna no-
B'A3aHa 3 bGaKrtepiamu poay Fusicatenibacter, aki ge-
MOHCTPYBanN TEHAEHL0 A0 3pOCTaHHA. bakTtepii poay
Fusicatenibacter cnpuatoTb po3nasy naktosu Ta BUpO-
61A10Tb OpPraHiYHi KMCAOTM B KULLKIBHUKY, BK/IOYAOUM
MOJIOYHY KUC/TOTY Ta KOPOTKONAHLLIOTOBI XXMPHIi KUCA0TH,
AKi, abcopbyounCh y TOBCTOMY KMLLEYHWUKY, NPOXOAATb
yepes BOPITHY BEHY NeviHKK Ta meTaboi3yoTbea 0 rmi-
KOreHy Ta KMPHWUX KUCNOT Yy MediHui Ta m’a3ax ana 3a-
6e3neyeHHn eHeprieto. KNMLWKOBI 6aKTepii, TaKUM YMHOM,
MOXYTb 6yTV NOB’A3aHI 3 MIKOAITUYHMMM MexaHi3Mamm
meTaboniamy eHeprii, TaKUMK AK 36epiraHHs riKoreHy
Ta meTaboniamom nakraty B m’asax [9].

Li et al. y MynbTMKOrOpTHOMY AOCAIAMKEHHI BCTa-
HoBWAM, WO 6akTepii Escherichia/Shigella, Weissella,
Lactobacillus, Romboutsia, Rummeliibacillus, Clostridia
UCG-014, Alistipes, Akkermansia, Haemophilus nosu-
TUBHO KOPEJItOIOTb 3 TAaKUMM NOKa3HUKaMM AK aHaepob-
He poboye HaBaHTaXKEHHA HA BEPXHi KiHLIBKKW, MaKCK-
MasibHa aHaepobHa MOTYXKHICTb i cepefHA aHaepobHa
NOTYXKHICTb y rpyni Yonogikis-pecnepis [10].

LLloao cnopTcmeHiB y Bugax cnopTy Ha BUTPUBAICTD,
MiKpPObOIOM KWULIKIBHMKA AKMX Ha CbOrOAHILWHIA AeHb
OOCNIAXYETbCA HalbinbLie, AOCTYMHICTb eHeprii y HuX
€ BAX/MBUM ObMexytounm dakTopom. Yepes Kinbka
XBW/IMH M’I30BMX CKOPOYEHb KOHLEHTPaLiA KpeaTuH-
docdaTty 3HMKYETHCS, WO NPU3BOAUTL A0 HEeOobXigHOCTI
BMKOPUCTAHHA iHWKX cybCcTpaTis, WO BeAe A0 CUHTe3y
cneundiyHMX MosieKyn, HeobxiaHWX ONs BiAHOBNAEHHSN
romeocTtasy. MiToxoHApii nimiToBaHi y CBOi 34aTHOCTI
OKUC/IUTU BEeCb MipyBaT, AKUWA YTBOPIOETLCA Mig, Yac iH-
TEHCUBHUX (i3UYHUX HaBaHTaXeHb, WO MPU3BOAUTD
[0 MOro nepeTBOPEHHS HA NaKTaT y Mionsiasmi, Lo
MOXe CMPUYUHUTU BTOMY. Y TOW e Yac Ninoni3 *Kupo-
BOI TKAaHMHM 3ab6e3neyye 36iNbLIEHHA KUPHUX KMCOT, A
TAKOX 3[aTHOCTI 3aXONNEHHA BINIbHUX KUPHUX KUCNOT
y nnasmi Kposi. Tomy AOCAIOKEHHA KOHLEHTPYHTbCA
Ha BMABNEHHI TMNiB BGaKTepil, BKAoYatoum Bacteroides,
Bifidobacterium,  Propionibacterium, Eubacterium,

98 ISSN 2077-4214. Bichuk npo6nem 6ionorii i meguuunn — 2024 — Bun. 2 (173) / Bulletin of problems in biology and medicine — 2024 - Issue 2 (173)



ornaAaun NITEPATYPU / LITERATURE REVIEWS

Lactobacillus, Clostridium, Roseburia Ta Prevotella, aki
BUPOONAOTL KOPOTKOMAHLIOMOBI KUPHI KUCNOTU, TO-
JNIOBHMM YMHOM aLeTaT, NponioHaT Ta byTmpart, yepes ix
34aTHICTb ByTK cybCcTpaTamum 1A FOKOHeoreHesy Ta Ji-
noreHesy, a TakoXK KOHTPO/IKOBATU EKCMPECito reHiB TOB-
CTOT KMLLUKMK, 3a1y4eHNX 40 iMyHHOI BignoBiAi, Wo € BaXK-
JIMBUM TOMY, LLLO CMOPTCMEHMU, AKi 3alMMat0TbCsA CMOPTOM
Ha BUTPMBANICTb, MAlOTb BMCOKY MOLUIMPEHICTb iHpeK-
Uil BEPXHIX AMXaNbHUX WAAXIB | CUMNTOMIB Y LUYHKO-
BO-KMLWKOBOMY TpakKTi (LUKT), BKAtOYaouM nigBuULLEHY
NPOHUKHICTb eniTenianbHoi cTiHKkM LUKT, nopyweHHA
TOBLLMHM CM30BOI 06ONOHKM Ta BULL MOKA3HUKM TPaH-
cnokauii bakTepin [11, 12].

Kpim BMpOGHULTBA eHeprii, KULWKOBUA MiKpobiom
TAKOXX Ma€ 3HA4YHWI BNAMB HA OHOBJ/IEHHA Ta NIATPUM-
Ky CKeNeTHUX M’A3iB, Lo € BaXKAMBUM GAKTOPOM Y BCiX
BMAax CnopTy, ane ocobnnMBO B CTAaTUUHMX BUAAX CNOP-
TY. OgHUM 3 O4YEBMOHUX MEXaHI3MIB, O BN/MBAE Ha L,
dYHKUi, € 6inkoBMIA 06MiH [1].

ObcepBaliitHe AOCNigXKEHHA, Yy AKOMY MOPiBHIO-
Bann deKanbHU BakTepianbHUN Npodinb eniTHUX
perb6icTiB-4onoBiKiB i3 340p0BMMM cyb’eKTamu, AKi He
6ynn cnopTcMeHamu, Nokasaso, WO O-Pi3HOMAHITHICTb
MiKpOBiOTK eNiTHUX CnopTCMEHIB 6ya 3HAYHO BULLOHD
(BusBneHo 22 Tmnu 6akTepii no BigHoweHH go 11
TMNiB BaKTepiil y KOHTPOAbHOI rpynu). 3okpema, 6inb-
Wa pisHOMaHiTHicTb byna cepen Tuny Firmicutes, Toai
AK TaKCOH Bacteroidetes 6y meHLW nowmpeHnm. TakoxK
i y aTneTiB-perbicTis, i y Cy6 €KTIB KOHTPONLHOI Fpynu 3
HU3bKUM iHAEeKcoM macwu Tina (IMT) 6ynn BuULL YacTKu
bakTepint poay Akkermansia [13].

Sheiman et al. Bu3Hauunu, wo sug, Veillonella atypica
CUNbHO 36arayeHnin y 3paskax dekanii mapadoHuis. Le
Y3rOAXKYETHCA 3 iHWWM SOCNIAXKEHHAM, AKE BiA3HAYMN0
pi3ke 36inbweHHs pogis Veillonella Ta Streptococcus y
KULLEYHUKY ynbTpamapadoHLiB nicna roHku. Ha gopa-
TOK 40 uboro, Scheimann et al. Big3Haumnu, wo popa-
BaHHA muwam V. atypica, BugineHoro i3 3paskis ¢pekanin

MapadoHLiB, 3HAYHO MOKpaLmao ix poboTty Ha Birosii
[opixKui. V. atypica nigsuLLye NOKasHUKU BUTPUBANO-
CTi 32 paxyHOK MeTaboniyHOro MepeTBOPEHHA iHAy-
KoBaHOro GisMYHMMM BNpaBammn NaKTaTy B MPOMioHaT,
TaKMM YMHOM CTUMY/IIOOYM NPUPOAHUI depMeHTaTMB-
HUI Npouec, KOAOBaHUI MIKpOBiOMOM, KM MOKpaLLYE
cnopTtusHi pesynbtatn. Buam Veillonella, xou i moxyTb
BUK/IMKATU iHDEKLIT y Ntoaei, y CNOPTCMEHIB 34aTHI me-
TabonisyBatn naKkTaT B aueTat i nponioHaTt K/1XKK 3a go-
nomoroto metuamanoHin-KoA [14, 15, 16].

Byno 3anponoHOBaHO 3B’A30K MiX MaKCMMAbHUM
CNOXXMBAHHAM KUCHIO (VO,max) i KMWKOBOK MiKpobi-
0TOt0, NpunycKawuu, wo VO,max No3UTUBHO KOPE/oE
3 MiKpOb6IOTOIO KMLIEYHMKA, TOYHiWe 3 MmeTaboniuHMmMK
dyHKUiaMK 6akTepilt. locnigxKeHHA NOKasyoTb, WO Kap-
AiopecnipatopHa MPUCTOCOBaHICTb KOpentoe 3i 36inb-
WEeHHAM Pi3HOMAaHITHOCTI MiKpo6HOT chinbHOTWU. [aHi
pes3ynbTaTi 30cepenKeHi Ha PyHKLisX Binbluoo mipoto,
Hi’K Ha TakcoHax. MogibHMM YnHoMm, Byno npunyLLeHo,
1o cnisBigHoweHHA Firmicutes/Bacteroides, Ko BOHO
36inblUYyeTbCS, NOB’s3aHe 3 Buwmm VO,max [17].

Kuwkosuit mikpobiom 33 Benocunegmctis po3ginmnm
Ha TPW TAaKCOHOMIYHI Knactepu: oguH i3 BUCOKMM BMiC-
Tom Prevotella, iHWWI i3 BUCOKMM BmicTom Bacteroides i
OAMH, AKUW CKNAZLAETbCA 3 BaraTbox PoAiB, BKAOYAOUM
Bacteroides, Prevotella, Eubacterium, Ruminococcus Ta
Akkermansia. KinbKictb Prevotella 3HayHO KopentoBana
i3 36inblEeHHAM TPUBANOCTi GI3UYHOrO HaBaAHTAXKEHHA Y
npodecitHnx senocunegmctis. KinbKicTb TpaHCKpUNTIB
Methanobrevibacter smithii Takox 6yna 36inblweHa y
npodeciiHMx BenocMneancTis NOPIBHAHO 3 Besocune-
anctamm-nobutensamn. JocnigsKeHHs 3a ydyacTio aTie-
TiB, AKi 3aliMaloTbCA CNOPTUMBHOM XoAbbo, Nokasano,
L0 Ha NOYaTKOBOMY eTani mikpobioTa moxe Byt pos-
AiNeHa Ha eHTepoTUNK 3 AOMiHyBaHHAM Prevotella abo
Bacteroides. IHTEHCMBHI Qi3MYHI HaBaHTaXKeHHs B MNo-
€[HaHHI 3 pPi3HMMK CcTpaTeriAMmM xapyyBaHHA 36inblwn-
/1 BiAHOCHY KinbKicTb Bacteroides i Dorea i 3meHwWMAK
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1Faecalibacterium prausnitzii
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Faecalibacterium y BMNaaKy Ai€ETM 3 HU3bKMM BMICTOM
BYr/1eBO/iB/BMCOKMM BMIiCTOM Xupy [18, 19, 20].

YncneHHi focnifrKeHHs Bia3Haumau 36inblueHHA y
cnoptcmeHiB deKkanbHux K/THKK mikpobHoro noxoasKeH-
Hs, 0cob611BO ByTUPATY, NOPIBHAHO 3 KOHTPO/IBHOO TPy~
noto. Y cBoemy gocnigxeHHi Estaki et al. BigaHaunnn, wo
VO,max y ntofel cMabHO KopetoBas i3 BUPOOHULTBOM
byTupaTy pasom i3 bakTepiamu, Wo BUpPobAAOTL BYTU-
paT, Takumu sk Clostridiales, Roseburia, Lachnospiraceae
Ta Erysipelotrichaceae [17].

Byno BMCNOBAEHO NPUNYLLEHHA, WO CKAaA, KULLKOBOI
MiKpOBiOTU MOMKe BiAPI3HATUCA B PI3HUX CNOPTUBHUX
moganbHocTAx. Pobotu Mohr et al. i Aya et al. pestomyBa-
N, Wo B 6iNblWOCTI BUNagKiB anbda — Ta beTa-pisHOMa-
HITHICTb HEe NOKa3ye BiAMIHHOCTEN MiXK BUAAMW CNOPTY.
OfHaK, y A0CNiAMKEHHI ipfaHACbKUX aTneTiB byao BUAB-
neHo 6inbwy pisHomaHiTHICTb BMAiB Bifidobacterium,
Lactobacillus, Prevotella Ta Faecalibacterium y Kuweu-
HUKY CMOPTCMEHIB, AKi 3MaratoTbCa y BUAax cnopTy 3 ne-
peBaykatounmm aepobHMM eHeprosabesneyeHHAM M A30-
BOi gisnbHocTi [21, 22, 23].

Y 2024 poui 6yno onyb6nikoBaHO AOCAIAMKEHHS, B
AKOMY MOPIBHIOBANM 3MiHM Yy MiKpobiomi Tpbox rpyn
yyacHwukiB (1 —aTneTu, Lo 3aliMatoTbCsA CUI0BUMM BUAA-
MW CMOPTY, 2 — aTNeTH, WO 3aliMatoTbCA BUAAMMU CNOPTY
Ha BUTPUBaNIiCTb, 3 — KOHTPO/bHA rpyna), AkKi 3a4ioTb
pi3Hi eHepreTUYHi cuctemu (Tect BiHreliTa i Tpegmin-tect
3rigHo 3 NpoTokosom Bptoca). byno BCTaHOBNEHO Hera-
TMBHY KopenAauito Mix Bugamu Bacteroides i VO,max
Ta NO3UTUBHY Kopendauito mix Prevotella Ta VO,max.
Ak Bigomo, cnisBigHoweHHs Prevotella go Bacteroides
nos’asaHe 3 MOKpaWEeHHAM MeTabonismy [NIOKO3K i
36iNbLLIEHHAM HaKOMUUYEeHHA [iKoreHy. Takox 6yna
BCTAHOB/IEHA MO3UTMBHA KOpenauia mix npoayueHTa-
mun KKK (Blautia wexlerae, Eubacterium rectale Ta
Intestinimonas timonensis) Ta MaKcMMaNbHOI MOTYX-
HicTio nig yac Tecty BiHreliTa [24].

Y HewoaaBHboMy gocnigxeHHi Olbricht et al. Hama-
raJMcb BCTAHOBWUTU YHiBepCasibHUI CKNag Mikpobiomy

aT/eTiB, WO 3alMaloTbCA BUAAMM CMOPTY Ha BUTPMBA-
NicTb, 0AHAK 3p0bWUAM BUCHOBOK, WO HEMAE MOCTIMHUX
CTAaTUCTUYHO 3HAYMMUX MIKPOBHMX acouiauin, nos sa3a-
HUX 3 QI3BMYHMMUM HaBaAHTAXKEHHAMM, OKPIM HeraTUBHOI
Kopenauji mix Prevotella Ta Bacteroides [25].

BiaMiHHOCTIi MiKpOBHOrO CKNaAy KMLWKIBHMKA COpTC-
MEHIB 3a/1€)KHO Bif BUAY eHeprosabesneyeHHs M’ 30801
OiANbHOCTI Ta cy6 eKTiB HE CNOPTCMEHIB 306parkeHi Ha
PUCYHKY.

BucHOBKM.

OTpMMmaHi AaHi cBig4YaTb NPO 3HAYHI CKNAAHOLW, BU-
3HayeHHA b6iopisHOMAHITTA MiKpobiomy crnopTcmeHiB
Ta BMABNEHHA BigMiHHOCTEN B 3a/1eXHOCTI Big BMAY
eHeprosabesneyeHHs M'A30BOI AiA/bHOCTI, WO MOXKe
6yTM Nos’A3aHo 3 BNAMBOM 6araTbox GaKToOpiB, TaKMX AK
pPeXMM i TPMBANICTb TPEHYBAHb, PEXUM Ta PaLioH Xap-
YyBaHHA, CTPeCH Ta TPaBMMU.

Be3nepeyHo, KNWKOBI HBaKTepii MoXKyTb 6yTM nos’a-
3aHi 3 MNKONITUYHMMKM  MexaHisMamKn MeTabonizmy
eHeprii, TakuMK K 36epiraHHa rikoreHy Ta metabonis-
MOM J1IaKTaTy B M’A3ax.

YncenbHi OOCNiAKEHHS NiATBEPAXKYIOTb 36inblUeH-
HA Yy CMOPTCMEeHiB ¢eKaNbHUX KOPOTKONAHLOIOBUX
KUPHUX KMCAOT MIKPOBHOrO MOXOAMKEHHSA, WO MOXKYTb
6yTn cybcTpatamu gns rOKOHeoreHesy Ta ninoreHesy,
a TAKOX KOHTPO/IOBATW €KCMPECito reHiB TOBCTOT KULLIKM,
3a/7y4eHnX A0 iMyHHOI BiANOBIA,.

HaseaeHi BULWEe pe3ynbTaTv NIAKPECNOTb NOTEH-
LiMHUI 3B’A30K MiXK KMLUKOBOIK MiKpOBIOTOlO Ta pi3HK-
MW BUOAMM eHeprosabesneyeHHA M'A30BOI AiANbHOCTI
Npw 3aHATTAX CNOPTOM Ta BKa3ylOTb Ha CUMBIOTMYHI Bia-
HOCWHM B afanTauii pisionoriuHmx cuctem.

MepcneKkTMBM NOAANBLUNX [OCNIAMKEHD.

Locniantn cknag mikpobiomy y Bugax cnopty 3 ae-
PO6HMM Ta aHaepobHUM eHeprosabesneyeHHAM M S30-
BOI AifA/NIbHOCTI Ha QyYHKLiOHaNbHOMY PiBHi A1A BWU3Ha-
YeHHA aZanTaLiHUX MOXK/IMBOCTEN aT/eTiB.
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BIAMIHHOCTI MIKPOBIOMY CNOPTCMEHIB, B 3ANEXXHOCTI Bi4 MEXAHI3MY EHEPTO3ABE3NEYEHHA M’A-
30BOI AIANBHOCTI

Nannaaina O. /1., Kanira A. M.

Pe3lome. Y pamkax MocCTiHOro PO3BUTKY CMOPTUBHOI MeAUUMHKU Ta Bionorii, Mikpobiom KULIKIBHMKa aTneTiB
CTa€e KNOYOBMM 06’€KTOM pocnigKeHb. Pe3ynbtaTv gocnigxeHb MiKpobiomy KULLKIBHMKA aTneTiB NOKa3yloTb, WO
MOro cKkaaZ MoXKe BM/IMBATU Ha MeTaboniyHi npoueck, imyHoMoAynAuio Ta iHWI BaXKAMBI QYyHKLIii opraHiamy xa-
3ATHa, @ TaKoX Ha isnyHy BUTpMBaAAICTb i aganTauito. Buam cnopty 3 pisHUM MexaHi3MOM eHepro3abesneyeHHs
M’130BOI Aif/IbHOCTI MOXKYTb MaTK BiAMIHHICTb Y MiKPOOHOMY CKNaAi KULWEYHWNKA, AK HA TAKCOHOMIYHOMY, TaK i Ha
dyHKLUioHanbHOMY piBHi. Xoua 3MiHa 06cAry TpeHyBaHHS He BN/MBAE Ha anbda-pisHOMAHITHICTb | cKnag mikpobiomy
KMLUEYHMKa, ane Byno NoKasaHo, Wo nicnA 36inblueHHA TPeHyBabHOro 0b6cary 3HUKYETbCA piBeHb Pasterellaceae,
Lachnoclostridium, Haemophilus, S. parasagunis, i H. parainfluenzae i 3HauHo nigBuuLyeTbes piseHb R. callidus, aki
He NOBEPHY/IMCA A0 NonepeaHix piBHIB HaBITb NiciA 3MiHK 06cAry TpeHyBaHb. YNC/IEHHI AOCAIAKEHHS BiA3HAYMAN
36iNbLUEHHA Y CNOPTCMEHIB PpeKanbHMUX KOPOTKONAHLLIOTOBUX }KUPHUX KUCAOT MIKPOBHOIO NOXOAMKEHHS, LLLO MOXKYTb
6yTW cybcTpaTaMm AN IIOKOHeOoreHesy Ta flinoreHesy, a TakoX KOHTPO/HOBATM eKCMPECito FreHiB TOBCTOT KMLLKM, 3a-
NlYYeHUX 0o iIMyHHOI BianoBiai. Y 3paskax dekanit mapadoHuis bys 36araueHnit sug, Veillonella atypica, wo 3aatHui
meTabonisyBatn naktat B auetat i nponioHat K/IXKK 3a gonomoroto metuamanoHin-KoA. MNigsuileHHs cnissigHo-
weHHn Firmicutes/Bacteroides nos’szaHe 3 suwmm VO,max. byno nokasaHo, wo VO,max y nofei CUabHO Kopento-
BaB i3 BUPOOHULTBOM ByTUpaTy pa3om i3 baKTepismu, Wwo BupobnatoTb 6yTupat, Takumu Ak Clostridiales, Roseburia,
Lachnospiraceae Ta Erysipelotrichaceae. ocnigeHHs TaKOXK NMOKa3yTb 3B’A30K MiXK PisHUMM BUAAMU MiKPOBioTK
Ta 36inbweHMM MeTabonisMom nakTaTy nig Yac GisMYHMX HaBaHTAXKEHD, O MOXKE NOKPALLUTM CNOPTUBHI pe3ynbTa-
TW. BiNbLicTb POBIT BKa3ytoTb Ha MNOTEHLIMHMIA NO3UTUBHMUIA BMNJIMB CMiBBIAHOLEHHS Pi3HUX BaKTepi Y KNLLKIBHUKY
CNOPTCMEHIB, X04a TOYHWNI MeXaHi3M BMAMBY MiKpobioTu Ha aT/eTiB y pi3Hi nepiogm Ta 3 pisHUM eHepro3abesneyeH-
HAM M A30BOI AiANbHOCTI NoTpebye A0AATKOBUX AOCAIAMKEHD.

Kntouosi cnosa: Mmikpobiom KMLWKiBHWKA, MiKpobioTa aTneTis, aHaepobHUn mexaHi3m eHepro3abesneyeHHs, BU-
TpMBaNicTb.

DIFFERENCES IN THE MICROBIOME OF ATHLETES DEPENDING ON THE MECHANISM OF ENERGY SUPPLY OF
MUSCLE ACTIVITY

Palladina O. L., Kaliga A. M.

Abstract. In light of the continuous development of sports medicine and biology, the gut microbiome of athletes
is becoming a key object of research. The results of athletes’ gut microbiome studies show that its composition
can influence metabolic processes, immunomodulation and other important functions of the host’s organism,
as well as physical endurance, performance and adaptation. Different types of sports and the energy supply of
muscle activity can cause differences in the gut microbial composition, both at the taxonomic and functional levels.
Also, some researches show that the change in training volume did not affect the alpha diversity and composition
of the gut microbiome, but it was shown that after increasing the training volume, the level of Pasterellaceae,
Lachnoclostridium, Haemophilus, S. parasagunis, and H. parainfluenzae decreased and the level of R. callidus
increased significantly, which did not return to previous levels even after changing the volume of training. Numerous
studies have noted an increase in fecal short-chain fatty acids of microbial origin in athletes, which can be substrates
for gluconeogenesis and lipogenesis, as well as control the expression of genes of the intestine involved in the
immune response. Veillonella atypica, capable of metabolizing lactate into acetate and propionate of short-chain
fatty acids with the help of methylmalonyl-CoA, was enriched in the samples of the marathon runners’ feces. The
Firmicutes/Bacteroides ratio, when increased, is associated with a higher VO,max. VO,max in humans was shown to
be highly correlated with butyrate production along with related butyrate-producing bacteria such as Clostridiales,
Roseburia, Lachnospiraceae and Erysipelotrichaceae. Studies also show a link between different types of microbiota
and increased lactate metabolism during exercise, which can improve athletic performance. Most of the studies

ISSN 2077-4214. Bicuuxk npo6nem 6ionorii i meanuunn — 2024 — Bun. 2 (173) / Bulletin of problems in biology and medicine — 2024 - Issue 2 (173) 101



ornaaun NITEPATYPU / LITERATURE REVIEWS

indicate the potential positive influence of the ratio of different bacteria in the intestines of athletes, although the
exact mechanism of the influence of microbiota on athletes in different periods and with different energy supply of
muscle activity requires additional research.

Key words: gut microbiome, microbiota of athletes, anaerobic mechanism of energy supply, endurance.
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PHARMACOLOGY OF ANTIBACTERIAL DRUGS FOR SURGICAL DENTISTRY
Poltava State Medical University (Poltava, Ukraine)
t.petrova@pdmu.edu.ua

In dental surgical practice, many patients suffer from purulent inflammation of the maxillofacial area. In order to
conduct effective conservative treatment, a dentist must have in-depth knowledge of the pharmacology of modern
antibacterial agents and scientifically sound rules for their use. The purpose is to study modern antibacterial drugs’
pharmacological properties and analyse the indications for their use in surgical practice. An analysis of literature
sources was carried out. The results obtained indicate a limited choice when dentists prescribe antibacterial agents.
The analysis of pharmacological properties and spectra of antimicrobial activity of known antibacterial drugs shows
that beta-lactam drugs of the cephalosporin and carbapenem group are preferable. Cephalosporin and carbapen-
ems are particularly relevant in treating severe polymicrobial infections and complicated purulent inflammation. In
case of severe infections caused by multidrug-resistant gram-positive microorganisms, ketolides and streptogramins
are recommended. In case of ineffectiveness of other antibacterial drugs, glycopeptides also have backup value.
Considering the complexity and dynamism of the group of antibacterial drugs, a practising dental surgeon should
rely on scientifically based recommendations for their prescription and follow the algorithm of patient management
developed by scientists: to start treatment early; based on clinical and laboratory data, conduct empirical therapy
with broad-spectrum antibacterial drugs, considering the most likely pathogens; when determining the pathogen, if
necessary, replace the drug used for empirical treatment with another one to which the microorganism is sensitive;
consider the feasibility of prescribing combined ABT; use microbiological control and monitoring of pathogens during
long-term treatment.

Key words: antibacterial drugs, Pharmacology, Oral Surgery.

Connection of the publication with planned re-
search works.

The study is a fragment of the research work “Phar-
macological study of biologically active substances and
medicines for the development and optimisation of indi-
cations for their use in medical practice”, state registra-
tion number 0120U10392.

Introduction.

Infectious complications such as abscess and phleg-
mon, alveolitis (up to 25%), osteomyelitis of maxillofa-
cial area (MFA), etc., are frequent in surgical dentistry,
especially in immunocompromised patients. In recent

years, the number of patients with purulent diseases
(PD) of the face and neck has increased from 53.5% to
75.9%. There is also an increase in the severity of these
processes with complications in the form of mediastini-
tis, thrombophlebitis of the facial veins, sepsis, etc. In
this regard, there was also an increase in mortality rates
to 0.13-0.3%. The key reasons for these negative phe-
nomena are the following: late treatment, self-medica-
tion or incorrect pharmacotherapy tactics, changes in
the species composition of pathogens, etc. [1, 2].
Dentists use various methods of treatment, among
which the most important are the elimination of devit-
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