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ABSTRACT

Background. The investigation into whether the MCT1 gene in swimming and the inclusion of exercises involving
critical velocity in water warm-ups have an effect on performance is ongoing. Objectives. This study aims to examine
the relationship between swimming performance and blood lactate level with MCT1 after critical velocity. Methods.
33 girls and 27 boys were included in the study. Intraoral swab and intraoral buccal swap samples were taken from the
participants to be used for MCT1 gene analysis by the expert with transport swab, which can be used in DNA analysis.
After DNA isolations, MCT1 gene polymorphisms were performed with Real-time PCR. After resting, the resting
blood lactate levels (LArest) were taken from the fingertips with Lactate Scout+. Then, the swimmers performed a
water warm-up with critical velocity and were taken to the 4 repetitions of the 50-meter (m) individual medley maximal
swimming test. Immediately after the test, the blood lactate levels were taken at the 1st (LA1), 6th (LA6), and 15th
(LA15) minute rest periods. The swimming test was recorded with a SICAM camera. The end time was determined
with Kinovea 0.9.5. IBM SPSS 24.0 program was used for data analysis. The relationship between blood lactate and
swimming performance vs MCT1 dominant genotype and allele distribution was analyzed by Pearson correlation. The
significance level was taken as p<0.05. Results. No significant differences between LArest and performance vs MCT1
(p>0.05). A significant correlation was found between LAL, LA6, LA15 values vs MCT1 (p<0.05). Conclusion. In
conclusion, this study confirmed that there is a relationship between the MCT1 dominant genotype and blood lactate
levels in swimmers, but this relationship with performance has not been confirmed.
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INTRODUCTION

Monocarboxylate (lactate/pyruvate) oxidize lactate in respiratory cells (2). Therefore,

transporter (MCT1) is located on the short arm of
chromosome 1 in the gene family defined as a
carrier protein and SLC16, which is known to
consist of 14 members in mammals. It causes
displacement of aspartic acid and glutamic acid at
codon 490 (Glu490Asp). MCT1,; proton-coupled
carrier proteins that transport monocarboxyl
lactic acid, purivic acid, and ketone (1). MCT1
works with LDH and cytochrome oxidase to
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it can be said that because lactate is oxidized, it is
reduced in the body. Taken together, lactate
works extensively in skeletal muscles, heart,
brain, kidneys, liver, and other organs (3).
Regulation of lactic acid metabolism with
exercise is a physiological and biochemical
process involving multiple organs and nervous,
exercise, circulatory, respiratory, digestive, and
endocrine systems (4).
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Lactate during exercise is transported across
the plasma membrane via a cell-cell lactate
shuttle,  facilitated by  monocarboxylate
transporters (MCTs) that are bound to pH,
membrane, and proton, respectively (5). Lactate
transporters provide the largest part of muscle H+
removal during high-intensity exercise. In
addition, other proteins enhance the transport
activity of MCT1 and muscle pH regulation (6).
In high-intensity exercise, the increase in skeletal
muscle energy level is associated with the
accumulation of lactate proton anions and an
increased rate of glycolysis. This accumulation is
regulated by MCT1 and MCT4 (7). Itis stated that
MCTL is associated with athletic performance
because it has high activity in oxidative type 1
muscle fibers and provides lactate entry to
myocytes in red skeletal muscle for oxidation. We
can say that this directly proportional relationship
is explained by the decrease in gene expression
and muscle inactivation (1, 8, 9). When lactate in
fast-twitch fibers is used as an energy source for
slow-twitch fibers, lactate moves through the
MCT1 protein. When lactate passes into the blood
using the MCT4 protein, lactate circulates
throughout the body, while lactate moves to the
liver via the MCT2 protein and is stored as
glycogen during the Cori cycle. In the heart,
lactate passes through the blood to the
mitochondria and is used as energy (3, 10). A
large amount of blood lactate enters the brain via
the BBB (blood-brain barrier) via MCTL1. Lactate
is produced in astrocytes by glycolysis and can be
transported out of cells by MCT4 and MCT1 (11).
When lactate mechanics is examined in high-
intensity studies, some studies have shown that
increased MCT protein content (12, 13) and
improvements in mitochondrial morphology with
stimulation of mitochondrial biogenesis (14, 15)
reported that it has a positive effect on
metabolism, for example, Larsen et al., Layec et
al., obtained contradictory results in their studies
(16, 17). In addition, there are studies showing
that high blood lactate concentration and related
changes in gas exchange kinetics after priming
exercises with 20%, 70% and 140% VO;max does
not improve exercise performance (18, 19). In the
research ~ examined, intercellular lactate
mechanics (intracellular input and output of
lactate) were reported by decreasing lactate
production and increasing MCT1 synthesis in
muscle (20). Metabolic alkalosis is known to
cause an increase in several lactate/pH-regulating
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proteins after exercise, and acidosis has been
shown to have an unexpected role in reducing
exercise-induced mitochondrial respiratory loss
in the short term (21). With this information, Lee
et al. emphasized that lactate is now used to
validate exercise performance, and further studies
are needed to evaluate its effect on exercise
training (11).

The main concern of this study is whether
there is a relationship between performance and
lactate vs MCTL1 in swimmers. This study was
designed because the MCTL1 gene in swimmers is
under-studied and there is not enough information
in the literature to determine its relationship with
performance. Critical velocity, which was proved
by Neiva et al., (22) that it can be applied in terms
of both improving the race performance and
delaying the fatigue of the swimmers before the
competition, was preferred as water warm-up. In
this context, the aim of the study is to examine the
relationship between swimming performance and
blood lactate level vs MCTL1 after critical velocity
warm-up.

MATERIALS AND METHODS

Participants. While forming the research
group, the desired characteristics were specified:
1) to continue active swimming life in a private
club, 2) to do swimming sports for at least 3 years,
3) to be in the youth category at the national level,
4) to be between the ages of 12-15. A power
analysis was performed by adhering to the
inclusion criteria of the study. Based on these
criteria and the ability to detect a change of at
least 20% with a significance of 0.05 and a power
of 0.95, the required number of participants was
51. To unforeseen circumstances we aimed to
recruit 20% more participants than needed; hence,
the sample size was increased to n=60. This
sample size is consistent with many studies
investigating the effects of exercise in humans
(23). In line with the number reached by these
calculations, 33 girls (age: 13.33£0.92 vyears;
height 161.32+6.41 cm; body mass: 51.42+8.50
kg) and 27 boys (age: 13.19+1.04 years; height
161.63+10.98 cm; body mass: 50.27+10.96 kg)
swimmers participated. The research was
approved by the Istanbul University Clinical
Research Ethics Committee for human research in
accordance with the 2013 Declaration of
Helsinki. Participants and their families were
informed about the research-related goals,
practical details, and possible risks and signed a
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written informed consent form to participate in
the study (Ethics Committee on 05.03.2021-
Code:06). All swimmers in the study agreed to
participate in the study on a voluntary basis. Since
swimmers under the age of 18 are working, their
families signed the informed consent forms
prepared for the research without being under any
influence. This work was funded by the Scientific
Research Projects Unit of Halic University.
Project Number: HBAP-I11-3.

Procedures. Initially, intraoral epithelial cell
samples were taken by the expert for MCT1 gene
analysis of swimmers. At this stage, blood
samples were not taken from the athletes, instead,
an intraoral swab was taken with a medium-free
swab that could be used for DNA analysis. This
process was carried out by the principal
investigator. During the study, intraoral buccal
swab samples were taken from the volunteers.
Since it is disposable, there was no risk of
microbiological contamination from the swab
tubes to the volunteers. The swimmers were given
anonymous codes representing the individual in
the study. Thus, the athlete is protected from
possible psychological and educational/sports life
situations.

At the end of the process, all samples were
collected and carried to the laboratory by the
assistant researcher with a bag containing ice
packs. DNA isolation of the samples coming to
the laboratory was carried out on the same day.
After DNA isolations, MCT1 gene
polymorphisms (rs1049434) were performed and
analyzed by evaluating data obtained from Real-
time PCR (Life Technologies, Carlsbad, CA,

USA) (24).
Swab samples were used for DNA isolation.
Optimization continued until DNA

concentrations reached above 50 ng/ul and the
measurement at OD 260/280 nm in the range of
1.6-2.0 from all samples were isolated with the
same protocol. In addition, with the agarose gel
electrophoresis method, the DNAs were exposed
to the electrical field in the agarose gel, which
shows that isolation is successful and can be seen
visually. The DNAs obtained in the desired
amount and purity were stored at -20°C.

At the beginning of the study, first of all,
primer-probe sets were scanned from the
literature, targeting the SNP on the gene
determined to have an effect on susceptibility in
terms of sportive performance, 1 pair of primers
for wild genome which will amplify, as well as 1

advanced set primers to amplify the mutated
target for each of these SNPs or back primer
designed to meet primer design conditions and
requirements. Relevant gene regions in genomic
DNA samples were amplified by PCR. For
amplification of each of the DNA samples, the
PCR conditions are: 2xqPCR buffer (10 mM Tris-
HCI, 50 mM KCI, 1.75 mM MgCI2) was mixed
with 25 mM dNTP, 0.1 unit Tag DNA
polymerase and specific primers for the SNP’s of
gene region (MCT1). A total of 10 ul PCR mix
containing 100 pmol/ul and 500 ng DNA from
each primer set was prepared for use in Real-Time
PCR. Melting peaks were evaluated in order to
check whether the PCR products of the desired
regions of the MCT1 gene were formed.
Accordingly, it was determined whether the
desired PCR products were formed in all studies.

After the intraoral epithelial cell samples of
the swimmers were taken, sufficient time was
given for complete rest, and resting blood lactate
levels (LArest) were taken with a Lactate Scout+
(LS, SensLab GmbH, Germany) lactate analyzer.
Before the test, the swimmers performed the in-
water warm-up which had a total distance of 1200
m and included critical velocity in their own lanes
(22). The warm-up protocol applied in Table 1 is
given in detail. The swimmers who completed
this warm-up were given 2 minutes of passive rest
before taking the test. As a test, the swimmers
performed the 200-m maximal individually
medley broken test (butterfly, backstroke,
breaststroke, and freestyle, respectively) in 4
repetitions of 50-m. It was paid attention to reach
a total of 200-m medley swimming performance
time as a result of the test results, which is up to
105% more than the best times of the swimmers.
A rest interval of 1:2 is given for every 50-m.
Immediately after the test, the blood lactate levels
of the swimmers were taken with the Lactate
Scout+ at the 1st (LAl1), 6th (LA6), and 15th
(LA15) minute rest periods. The swimming test
was recorded with a SJCAM external camera and
the images were transferred to the Kinovea 0.9.5
video analysis program. With this program, the
end time was calculated for each swimmer and
50-m. Figure 1 provides a schematic
representation of the study design and test
procedures used.

Statistical analysis. IBM SPSS 24.0 (IBM
Corp. Released 2016. IBM SPSS Statistics for
Windows, Version 24.0. Armonk, NY: IBM
Corp.) program was used for data analysis in the



research. In the study, the compliance of the data
with the normal distribution was determined by the
Skewness and Kurtosis values. Skewness and
Kurtosis values were found to be between “-2.0”
and “+2.0”, and it was accepted that the data
showed a normal distribution in this direction (25).
Genotype distributions were in Hardy—Weinberg
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equilibrium, being 45% wildtype (A/A), 40%
heterozygotes  (T/A), and 15% mutated
homozygotes (T/T). The relationship between
blood lactate and swimming performance vs
MCT1 dominant genotype and allele distribution
was analyzed by Pearson correlation. The
significance level was taken as p<0.05.

Table 1. The warm-up protocol

Number Warm-up task
1 300 m (100 m usual breathing, 100 m breathing in the fifth stroke, 100 m usual breathing)
2 4 x 100 mon 1:50 (2 x [25 m kick + 25 m increased stroke length])
3 8 x 50 m on 1:00 (98- 102% of critical velocity)
4 100 m (easy swim)
SICAM Camera
Video Recording
MCTI buccal - 20° active in w3
swap 20 iﬁggﬁ” ater 4x50mIM Lactate Lactate Lactate
& P swimming at 1’ at 6’ at 15’
Lactate at Rest performance
transition recovery recovery
phase phase phase
0 ~2 ~22 ~28 ~33 ~ 42 ~43  Time (min)
Figure 1. Study design diagram.
RESULTS between the MCT1 gene and performance and the

The relationships of the lactate values of the
swimmers with the mean and standard deviation
values according to the MCT1 dominant genotype
are given above in table (Table 2) and figure
(Figure 2). According to the table and figure, no
significant relationship was found between the
LArest values of each model and MCT1 (p>0.05).
However, a significant difference was found
between LAL, LAG, and LA15 values and MCT1
(p<0.05).

The relationships of the swimmers'
performances with the mean and standard
deviation values according to the MCT1
dominant genotype are given above in table
(Table 2) and figure (Figure 2). As a result of the
analysis, it was found that there was no difference
in swimming performance according to the
MCT1 dominant genotype (p>0.05).

DISCUSSION

In recent years, researchers working on
athletic performance and genetic polymorphism
have been wondering about the relationship

MCT1 allele frequency distributions of athletes.
It is known that MCTL1 increases in oxidative
muscle fibers during exercise and this situation is
associated with lactate carrying capacity.
Merezhinskaya et al. reported that individuals
with the T allele in the MCT1 gene have lower
lactate-carrying capacity than others (1). In
another study confirming this result, it was stated
that lactate uptake in cells was higher in the A
allele (26).

In the literature, it has been observed that the
MCT1 rs1049434 polymorphism has been
investigated in triathlon, sprint/power, endurance,
and runners. In long-distance runners, 4 people
were homozygous AA, 8 people were
heterozygous AT, and 3 people were homozygous
TT; In short-distance runners, 14 people were
found to be heterozygous AT and 1 person to be
homozygous TT (27). In sprint/power and
endurance athletes, the values for TT were 9 and
6, for AT were 15 and 17, and for AA were 7 and
6, respectively (28). While the TT genotype was
not found in 10 elite male Turkish Ironman
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athletes, 9 individuals had AA genotype and 1 genotype, 13 had the AT genotype, and 3 had the
person had AT genotype (29). In this study, 16 of TT genotype. It was found that 45% of the
the female swimmers were AA, 11 were AT, and research group was AA, 40% AT, and 15% TT
6 were TT, 11 of the male swimmers had the AA genotype.

Table 2. MCT1 association with the lactate and swimming performance (Mean+SE)

LArest LAL LAG LAI5
Model (mmol/L) P r (mmoliL) P r (mmol/L) P r (mmol/L) P r
o AA (n=27) 1152031 7.20:1.44 6.10£1.35 4201122
0- AT (n=24 1195032 0194 0170  850:250  0001*  0.470 700¢188  0.001* 0504  5.33:1.68  0001* 0523
dominant
T (n=9) 1.32+0.38 10.12+1.80 8.91+1.45 6.92+1.74
AAllel AATAT 1.1740.31 7.86£2.11 6.52+1.67 4.78+153
(AAT) (n=51) A720. 0194  0.170 86£2. 0.004*  0.369 52l 0.001*  0.467 78l 0001*  0.446
T (n=9) 1.32+0.38 10.12+1.80 8.91+1.45 6.92:+1.74
AA (n=27 1.1520.31 7.2041.44 6.10£1.35 4.2051.22
T Allel
N . .
ATEID ,?I;I':s'l;)l' Logoas 033 0122 oo 0001 0410 sperg 0002 0388 . 0001* 0430
Model Butterfly P r Backstroke p r Breaststroke p r Freestyle (s) P r
(s) (s) (s)
o AA (n=27) 30.66£4.53 4256:2.92 47.89:387 37182257
o AT (n=24) 3056£4.95 0313 4218+280  0.161 - 4769:438 0327 - 36.73:2.92  0.326 -
dominant ol g) 37.55+3.16 0182 4904043 0183 6124385 0129 36 4180 0129
AALAT
( Al ) i 39626469 (oo i 238284 o i 47798408 o i JI74272 o
T (n=9) 37.55:3.16 : 40.92+2.43 : 46.12:+3.85 : 36.24+1.80 :
AA (n=27 30.664.53 42.56:2.92 47.89:387 37.18£2.57
T Allel . - - ;
(AT+TT) '?r;g 30012458 0% o072 aresa7s O3B 018 a7oemaza 092 o078 sesoraes 0% oais
*: p<0.05; AA: wildtype; AT: heterozygotes; TT: mutated homozygotes.
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12,00 1200 10,00

10,00

8,00

6,00

2,00

0,00 0,00
Arest Al A6 LA1S LArest (AL LAb LALS

LArest A1 LAG LALS

- L -] Lactate (mmol/L
- s (] T Lactate (mmolL) e (AT e Lactate (mmol/L) ( )

Count Count Count

45,00 4400

i tterfly Facksroke Bregststro feastle Butterfly Bacestrole Breaststmoke Feestyle
Butterfly Backstroke reaststroke eestyle

*Gn (AAT ==0meT Syimming performance (s) wm (4 eue+77 STAMMING performance (s)
i oo i w=0m=TT Syimming performance (5)

Figure 2. MCT1 association with the lactate and swimming performance.
*: p<0.05; AA: wildtype; AT: heterozygotes; TT: mutated homozygotes.



According to Subak et al., (2017) who cited
the compilation study of Ahmetov and
Fedotovskaya (2015) on sports genetics in the
literature, a study was conducted to determine
the positive relationship between MCT1 and
athletic performance in endurance and strength
athletes, while in two studies it was stated that
this relationship was negative or controversial
(5, 30). Cupeiro et al.'s study to examine the
effect of post-training lactate accumulation of
the MCT1 Glu490Asp polymorphism found that
those carrying the T allele showed higher lactate
accumulation (31). This result was confirmed by
an increased fatigue test on the rowing ergometer
in a study with Russian rowers, emphasizing the
importance of a high A allele in endurance sports
(8). However, the same results were not found in
Polish and Israeli endurance athletes (32, 33).
When endurance and strength athletes were
compared, it was reported that the TT genotype
of strength athletes was higher (p=0.029). It has
been determined that the MCT1 TT genotype is
associated with athletic performance in
sprint/power athletes (33). Massidda et al.
determined the distribution of 39.8% AA
genotype, 47.3% AT genotype, and 12.7% TT
genotype in elite football players. In addition to
this result, they reported that there was a
significant relationship between MCT1 and the
incidence of muscle injury (p=0.048) and that
the incidence of muscle injury was lower in
football players with TT genotype compared to
football players with AA genotype (p=0.044)
(9). In a study of 80 swimmers, the T allele was
found to be significantly higher in long-distance
swimmers (45%) than long (27%) and middle-
distance runners (30%). It has been emphasized
that more research is needed to clarify whether
this polymorphism shows an advantage in
swimming performance (32). In another study, it
was reported that there is no significant
relationship between personal best times and
genotype ratios in sprint/power athletes, but such
a relationship exists in endurance athletes. The
study indicated that the TT genotype is
associated with endurance (28). In support of
this study, there was no significant relationship
was found between four different style end times
and the MCT1 dominant genotype in this study
(p>0.05). Although there was no relationship
between performance and the MCT1 dominant
genotype in the swimmers in the study, further
research is needed to discuss whether carrying
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the A allele can provide an advantage in sprint
swimming performance.

In the study of Kikuchi et al., it was aimed to
examine the effects of Japanese wrestlers on
anaerobic power performance and lactate
concentration, and as a result of the study, the
AA genotype of MCT1 T1470A polymorphism
was detected more in wrestlers than in the
control group (p=0.037). It has been reported
that there is no statistical difference in MCT1
rs1049434 polymorphism according to national
and international grouping (34). The hypothesis
of the research conducted with 226
mountaineering athletes from Japan and Poland
is that there is a relationship between
performance and AA genotype. As a result of the
research, contrary to the hypothesis, T allele
frequency was found to be higher in Polish
mountaineering athletes than in the control
group. In addition, it was stated that these results
were observed only in the Polish group, and
therefore the relationship between genotype and
athletic performance may depend on the ethnic
background of the population (35). When
Cupeiro et al. examined the effect of blood
lactate accumulation and MCT1 rs1049434
polymorphism after three different circular
training sessions in men and women, the
genotype distribution was found to be 27.59%
AA, 41.38% AT, and 31.03% TT. It was
emphasized that men with the AA genotype of
this polymorphism had higher blood lactate
levels after training, but the results obtained in
women were not the same (36). In Iragi young
handball players, it was found that the athletes
with the AA genotype had higher blood lactate
levels than the TT genotype (37). 1470T>A
(rs1049434), 2197(1414)C>T (rs7169), 1VS3-
17A>C variants were evaluated in the study
examining the performance and blood lactate
values of trained road cyclists (n=25) according
to MCT1 variants. According to the authors, the
most important finding of the study is that wild-
type allele carriers 2917(1414)T and 1VS3-17C
were associated for the first time with higher
blood lactate levels at submaximal exercise
intensities. It was emphasized that further
studies are required to clarify the role of
SLC16A1 variants on MCT1 expression as a
determining factor of performance in endurance
athletes and its relationship to the regulation of
other metabolic pathways (38). In this study, a
statistically significant positive correlation was
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found between the blood lactate values taken in
different time periods after the performance of
the swimmers and the MCT1 dominant genotype
(p<0.05). Supporting some studies in the
literature, as a result of this study, the blood
lactate values of swimmers with TT genotype
were found to be higher than those with AA and
AT genotypes.

CONCLUSION

In conclusion, this study proved that there is a
relationship between the MCT1 dominant
genotype and blood lactate levels taken at
different times after critical velocity warm-up in
swimmers. It was determined that the relationship
between swimming performance and MCT1
dominant genotype was not significant. The blood
lactate level was found to be higher in swimmers
with the T/T genotype. With these results, our
research contributes to the effect of MCTL1's
lactate level taken at different times in swimming.
However, more research is needed before we can
determine the accuracy of the relationship of
MCTL1 with performance. In future studies, we
need to support the existence of these
relationships by working with more sample
groups of different ethnic origins.

Although this study did not prove a
relationship between swimming performance and
MCT1, future studies may discuss this result.
While no association was found between short-
distance swimming time and MCT1 dominant
genotype or allele frequency, an association was
found with blood lactate values taken at different
times. This result highlights the potential
association between the MCT1 gene and
physiological parameters in swimmers. It is
recommended to investigate whether the MCT1
gene yields similar results for both physiological
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determining the anaerobic/aerobic threshold
levels of swimmers with blood lactate levels.

ACKNOWLEDGMENTS

This work was funded by Scientific Research
Projects Unit of Hali¢ University. Project Number:
HBAP-111-3. We would like to thank the Halic
University Scientific Research Projects Unit for
supporting the study. Many thanks to the staff of
Hali¢c University, Faculty of Sport Sciences for
their assistance with measurements.

AUTHORS’ CONTRIBUTIONS

Study concept and design: B. Kistak Altan, I.
Odabas. Acquisition of data: B. Kistak Altan, M.
T. Hakan, S. U. Zeybek. Analysis and
interpretation of data: |. Odabas, B. Kistak Altan,
M. T. Hakan, S. U. Zeybek. Drafting the
manuscript: I. Odabas, B. Kistak Altan, M. T.
Hakan, S. U. Zeybek. Critical revision of the
manuscript for important intellectual content: I.
Odabas, M. T. Hakan, S. U. Zeybek. Statistical
analysis: : I. Odabas, B. Kistak Altan, M. T. Hakan,
S. U. Zeybek. Administrative, technical, and
material support: 1. Odabas, B. Kistak Altan, M. T.
Hakan, S. U. Zeybek. Study supervision: 1.
Odabas, S. U. Zeybek.

CONFLICT OF INTEREST
The research has no conflict of interest.

1. Merezhinskaya N, Fishbein WN, Davis JI, Foellmer JW. Mutations in MCT1 cDNA in patients with
symptomatic  deficiency in lactate transport. Muscle & Nerve. 2000;23(1):90-97.
[doi:10.1002/(SICI)1097-4598(200001)23:1<90::AID-MUS12>3.0.CO;2-M]

2. Wang X, Liu H, Ni Y, Shen P, Han X. Lactate shuttle: from substance exchange to regulatory mechanism.
Hum Cell. 2022;35:1-14. [doi:10.1007/s13577-021-00622-z] [PMid:34606041]

3. Brooks GA. Lactate as a fulcrum of metabolism. Redox Biol. 2020;35:101454.
[doi:10.1016/j.redox.2020.101454] [PMid:32113910]

4. Zhu M, Kong F, Zhao Q. Exercise regulates lactic acid metabolism. Chin J Tissue Eng Res.
2023;27(2):322.

5. Ahmetov I, Fedotovskaya ON. Current progress in sports genomics. Adv Clin Chem. 2015;70:247-314.
[doi:10.1016/bs.acc.2015.03.003] [PMid:26231489]


https://doi.org/10.1002/(SICI)1097-4598(200001)23:1%3C90::AID-MUS12%3E3.0.CO;2-M
https://doi.org/10.1007/s13577-021-00622-z
https://www.ncbi.nlm.nih.gov/pubmed/34606041
https://doi.org/10.1016/j.redox.2020.101454
https://www.ncbi.nlm.nih.gov/pubmed/32113910
https://doi.org/10.1016/bs.acc.2015.03.003
https://www.ncbi.nlm.nih.gov/pubmed/26231489

- The Relationship of Blood Lactate and Swimming Performance with MCT1

6. Hostrup M, Bangsbo J. Performance adaptations to intensified training in top-level football. Sports Med.
2023;53(3):577-594. [d0i:10.1007/s40279-022-01791-z] [PMid:36380164]

7. Brooks GA. The science and translation of lactate shuttle theory. Cell Metab. 2018;27:757—785.
[doi:10.1016/j.cmet.2018.03.008] [PMid:29617642]

8. Fedotovskaya ON, Mustafina LJ, Popov DV, Vinogradova OL, Ahmetov 1. A common polymorphism
of the MCTL1 gene and athletic performance. Int J Sports Physiol Perform. 2014;9(1):173-180.
[doi:10.1123/ijspp.2013-0026] [PMid:23628675]

9. Massidda M, Eynon N, Bachis V, Corrias L, Culigioni C. Piras F, Cugia P, Scorcu M, Calo CM. Influence
of the MCT1 rs1049434 on indirect muscle disorders/injuries in elite football players. Sports Med.
2015;1:33. [doi:10.1186/540798-015-0033-9] [PMid:26478856]

10. lepsen UW, Plovsing RR, Tjelle K, Foss NB, Meyhoff CS, Ryrso CK, Berg RMG, Secher NH. The role
of lactate in sepsis and COVID-19: perspective from contracting skeletal muscle metabolism. Exp
Physiol. 2021;107:665-673. [d0i:10.1113/EP089474] [PMid:34058787]

11. Lee S, Choi Y, Jeong E, Park J, Kim J, Tanaka M, Choi J. Physiological significance of elevated levels
of lactate by exercise training in the brain and body. J Biosci Bioeng. 2023;135(3):167-175.
[doi:10.1016/j.jbiosc.2022.12.001] [PMid:36681523]

12. Coles L, Litt J, Hatta H, Bonen A. Exercise rapidly increases expression of the monocarboxylate
transporters MCT1 and MCT4 in rat muscle. J Physiol. 2004;561(1):253-261.
[doi:10.1113/jphysiol.2004.073478] [PMid:15388779]

13. Bickham DC, Bentley DJ, Le Rossignol PF, Cameron-Smith D. The effects of short-term sprint training
on MCT expression in moderately endurance-trained runners. Eur J Appl Physiol. 2006;96:636-643.
[doi:10.1007/s00421-005-0100-x] [PMid:16408234]

14. Kitaoka Y, Mukai K, Aida H, Hiraga A, Masuda H, Takemasa T, Hatta H. Effects of high-intensity
training on lipid metabolism in Thoroughbreds. Am J Vet Res. 2012;73:1813-1818.
[doi:10.2460/ajvr.73.11.1813] [PMid:23106469]

15. lkeda K, Shiba S, Horie-Inoue K, Shimokata K, Inoue S. A stabilizing factor for mitochondrial
respiratory supercomplex assembly regulates energy metabolism in muscle. Nat Commun. 2013;4:2147.
[doi:10.1038/ncomms3147] [PMid:23857330]

16. Larsen FJ, Schiffer TA, @rtenblad N, Zinner C, Morales-Alamo D, Willis SJ, Calbet JA, Holmberg HC,
Boushel R. High-intensity sprint training inhibits mitochondrial respiration through aconitase
inactivation. FASEB J. 2016;30(1):417—427. [doi:10.1096/fj.15-276857] [PMid:26452378]

17. Layec G, Blain GM, Rossman MJ, Park SY, Hart CR, Trinity JD, Gifford JR, Sidhu SK, Weavil JC,
Hureau TJ, Amann M, Richardson RS. Acute high-intensity exercise impairs skeletal muscle respiratory
capacity. Med Sci Sports Exerc. 2018;50(12):2409-2417. [doi:10.1249/MSS.0000000000001735]
[PMid:30102675]

18. Valiulin D, Purge P, Méestu J, Juriméde J, Hofmann P. Effect of short-duration high-intensity upper-
body pre-load component on performance among high-level cyclists. Sports. 2022;10:32.
[doi:10.3390/sports10030032] [PMid:35324641]

19. Matsumoto T, Tomita Y, Irisawa K. ldentifying the optimal arm priming exercise intensity to improve
maximal leg sprint cycling performance. J Sports Sci Med. 2023;22(1): 58-67.
[doi:10.52082/jssm.2023.58] [PMid:36876178]

20. Dubouchaud H, Butterfield GE, Wolfel EE, Bergman BC, Brooks GA. Endurance training, expression,
and physiology of LDH, MCT1, and MCT4 in human skeletal muscle. Am J Physiol Endocrinol Metab.
2000;278(4):E571-E579. [doi:10.1152/ajpendo.2000.278.4.E571] [PMid:10751188]

21. Thomas C, Delfour-Peyrethon R, Lambert K, Granata C, Hobbs T, Hanon C, Bishop DJ. The effect of
pre-exercise alkalosis on lactate/pH regulation and mitochondrial respiration following sprint-interval
exercise in humans. Front Physiol. 2023;14:1073407. [doi:10.3389/fphys.2023.1073407]
[PMid:36776968]

22. Neiva HP, Marques, MC, Barbosa TM, lzquierdo M, Viana JL, Teixeira AM, Marinho DA. Warm-up
for sprint swimming: Race-pace or aerobic stimulation? A randomized study. J Strength Cond.
2017;31(9):2423-2431. [doi:10.1519/JSC.0000000000001701] [PMid:27806010]


https://doi.org/10.1007/s40279-022-01791-z
https://www.ncbi.nlm.nih.gov/pubmed/36380164
https://doi.org/10.1016/j.cmet.2018.03.008
https://www.ncbi.nlm.nih.gov/pubmed/29617642
https://doi.org/10.1123/ijspp.2013-0026
https://www.ncbi.nlm.nih.gov/pubmed/23628675
https://doi.org/10.1186/s40798-015-0033-9
https://www.ncbi.nlm.nih.gov/pubmed/26478856
https://doi.org/10.1113/EP089474
https://www.ncbi.nlm.nih.gov/pubmed/34058787
https://doi.org/10.1016/j.jbiosc.2022.12.001
https://www.ncbi.nlm.nih.gov/pubmed/36681523
https://doi.org/10.1113/jphysiol.2004.073478
https://www.ncbi.nlm.nih.gov/pubmed/15388779
https://doi.org/10.1007/s00421-005-0100-x
https://www.ncbi.nlm.nih.gov/pubmed/16408234
https://doi.org/10.2460/ajvr.73.11.1813
https://www.ncbi.nlm.nih.gov/pubmed/23106469
https://doi.org/10.1038/ncomms3147
https://www.ncbi.nlm.nih.gov/pubmed/23857330
https://doi.org/10.1096/fj.15-276857
https://www.ncbi.nlm.nih.gov/pubmed/26452378
https://doi.org/10.1249/MSS.0000000000001735
https://www.ncbi.nlm.nih.gov/pubmed/30102675
https://doi.org/10.3390/sports10030032
https://www.ncbi.nlm.nih.gov/pubmed/35324641
https://doi.org/10.52082/jssm.2023.58
https://www.ncbi.nlm.nih.gov/pubmed/36876178
https://doi.org/10.1152/ajpendo.2000.278.4.E571
https://www.ncbi.nlm.nih.gov/pubmed/10751188
https://doi.org/10.3389/fphys.2023.1073407
https://www.ncbi.nlm.nih.gov/pubmed/36776968
https://doi.org/10.1519/JSC.0000000000001701
https://www.ncbi.nlm.nih.gov/pubmed/27806010

The Relationship of Blood Lactate and Swimming Performance with MCT1 _

23. Ben-Zaken S, Eliakim A, Nemet D, Kaufman L, Meckel Y. Genetic characteristics of competitive
swimmers: A review. Biol Sport. 2022;39(1):157-170. [doi:10.5114/biolsport.2022.102868]
[PMid:35173374]

24. Drozdzik M, Lapczuk-Romanska J, Wenzel C, Skalski L., Szelag-Pieniek S, Post M, Syczewska M,
Kurzawski M, Oswald S. Protein abundance of drug transporters in human hepatitis C livers. Int J Mol
Sci. 2022;23(14):7947. [doi:10.3390/ijms23147947] [PMid:35887291]

25. George D, Mallery M. SPSS for Windows step by step: A simple guide and reference, 17.0 update.
Boston: Pearson Allyn & Bacon Publishers Ltd; 2010.

26. Sasaki S, Futagi Y, Kobayashi M, Ogura J, Iseki K. Functional characterization of 5-oxoproline transport
via SLC16A1/MCT1. J Biol Chem. 2015;290(4):2303-2311. [doi:10.1074/jbc.M114.581892]
[PMid:25371203]

27. Zelka MK, Kasikci ES, Dogan CS, Kapict S, Ulucan K, Konuk M. Heterozygous genotype of
monocarboxyl transferase 1 (rs1049434) polymorphism commons in a Turkish athlete cohort. J
Neurobehav Sci. 2019;6(2):129-132. [doi:10.5455/JNBS.1549363522]

28. Bulgay C, Zorba E, Bayraktar |, Kazan HH, Ulucan K, Ergun MA. Association between MCT1 gene
polymorphism (rs1049434) with the athletic performance of elite track and field athletes. SPORMETRE
J Phys Educ Sport Sci. 2023;21(1):127-134. [doi:10.33689/spormetre.1198404]

29. Akkoc O, Birlik A, Sercan Dogan C, Kirandi O, Ulucan K. Determination of IL-6, HIF1A, MCT1,
PPAR-a polymorphism distribution in Turkish ironman triathlon athletes. J Sports Educ. 2020;4(1):01-
07.

30. Subak GE, Sahin OFN, Muniroglu RS. The importance of genetic factors in the success of the athletes.
SPORMETRE J Phys Educ Sport Sci. 2017;15(3):109-118.

31. Cupeiro R, Benito PJ, Maffulli N, Calderén FJ, Gonzalez-Lamufio D. MCT1 genetic polymorphism
influence in high intensity circuit training: A pilot study. J Sci Med Sport. 2010;13(5):526-530.
[doi:10.1016/j.jsams.2009.07.004] [PMid:19850519]

32. Ben-Zaken S, Eliakim A, Nemet D, Rabinovich M, Kassem E, Meckel Y. Differences in MCT 1 A 1470
T polymorphism prevalence between runners and swimmers. Scand J Med Sci Sports. 2015;25(3):365-
371. [d0i:10.1111/sms.12226] [PMid:24708341]

33. Sawczuk M, Banting LK, Ci¢szczyk P, Maciejewska-Kartowska A, Zar¢bska A, Leoniska-Duniec A,
Jastrzebski Z, Bishop DJ, Eynon N. MCT1 A1470T: A novel polymorphism for sprint performance?. J
Sci Med Sport. 2015;18(1):114-118. [doi:10.1016/j.jsams.2013.12.008] [PMid:24485392]

34. Kikuchi N, Fuku N, Matsumoto R, Matsumoto S, Murakami H, Miyachi M, Nakazato K. The association
between MCT1 T1470A polymorphism and power-oriented athletic performance. Int J Sports Med.
2017;38(01):76-80. [doi:10.1055/s-0042-117113] [PMid:27813046]

35. Saito M, Ginszt M, Massidda M, Cigszczyk P, Okamoto T, Majcher P, Nakazato K, Kikuchi N.
Association between MCT1 T1470A polymorphism and climbing status in Polish and Japanese climbers.
Biol Sport. 2021;38(2):229-234. [d0i:10.5114/biolsport.2020.98624] [PMid:34079167]

36. Cupeiro R, Gonzélez-Lamufio D, Amigo T, Peinado, AB, Ruiz JR, Ortega FB, Benito PJ. Influence of
the MCT1-T1470A polymorphism (rs1049434) on blood lactate accumulation during different circuit
weight trainings in men and women. J Sci Med Sport. 2012;15(6):541-547.
[doi:10.1016/j.jsams.2012.03.009] [PMid:22516692]

37. Al-Lami HAA, Khaleel SH, Yonis SD. Study the correlation between alleles of MCT1 gene and
enduring performance in handball players. J Hum Sport Exerc. 2020;15(3proc):S958-S965.
[d0i:10.14198/jhse.2020.15.Proc3.47]

38. Gonzalez-Haro C, Soria M, Vicente J, Fanlo AJ, Sinués B, Escanero JF. Variants of the solute carrier
SLC16A1 gene (MCT1) associated with metabolic responses during a long-graded test in road cyclists.
J Strength Cond. 2015;29(12):3494-3505. [d0i:10.1519/JSC.0000000000000994] [PMid:26595136]


https://doi.org/10.5114/biolsport.2022.102868
https://www.ncbi.nlm.nih.gov/pubmed/35173374
https://doi.org/10.3390/ijms23147947
https://www.ncbi.nlm.nih.gov/pubmed/35887291
https://doi.org/10.1074/jbc.M114.581892
https://www.ncbi.nlm.nih.gov/pubmed/25371203
https://doi.org/10.5455/JNBS.1549363522
https://doi.org/10.33689/spormetre.1198404
https://doi.org/10.1016/j.jsams.2009.07.004
https://www.ncbi.nlm.nih.gov/pubmed/19850519
https://doi.org/10.1111/sms.12226
https://www.ncbi.nlm.nih.gov/pubmed/24708341
https://doi.org/10.1016/j.jsams.2013.12.008
https://www.ncbi.nlm.nih.gov/pubmed/24485392
https://doi.org/10.1055/s-0042-117113
https://www.ncbi.nlm.nih.gov/pubmed/27813046
https://doi.org/10.5114/biolsport.2020.98624
https://www.ncbi.nlm.nih.gov/pubmed/34079167
https://doi.org/10.1016/j.jsams.2012.03.009
https://www.ncbi.nlm.nih.gov/pubmed/22516692
https://doi.org/10.14198/jhse.2020.15.Proc3.47
https://doi.org/10.1519/JSC.0000000000000994
https://www.ncbi.nlm.nih.gov/pubmed/26595136

