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ARTICLE INFO ABSTRACT

Original paper In the present study, the effect of ACE rs1799752 polymorphism on maximal oxygen consumption (VO, ) in

ice hockey players was analyzed. For this reason, 21 male National Ice Hockey players, aged between 18-25,
Article history: were recruited for the study. The conventional polymerase chain reaction (PCR) was used on the genotype
Received: January 12, 2022 151799752 polymorphism. The VO, values were calculated by using the 20m Shuttle Run tests. The num-
Accepted: April 01, 2022 bers and percentages of the II, ID and DD genotypes were 9 (%43), 7 (%33), and 5 (%24), respectively. The
Published: June 30, 2022 allelic distribution for I and D alleles was found to be 25 (60%) and 17 (40%), respectively. The mean VO,

of all the athletes was calculated as 47.52 ml. The mean VO, ofthe II, ID, and DD genotypes were 49.74ml,
Keywords: 47.34 ml, and 46.43 ml, respectively. We found that the oxygen utilization capacity increased from the DD

genotype to the II genotype. However, this increase was not statistically significant (p> 0.05). In order to
rs1799752, ACE, VOZW”, ice hock-

ey, maximal oxygen consumption.

confirm our findings, it is recommended that larger prospective studies depending on the effect of the relevant

polymorphisms needed to be carried out.
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Introduction date, studies have shown that individuals with the DD gen-

otype have higher tissue and plasma ACE concentrations
Athletic capacity is considered to be determined by than individuals with the ID and II genotypes (4). In the
biological, psychological, and socioeconomic factors. The studies that compared athletes and sedentary individuals,
two significant factors that determine the athletic perfor- it was suggested that individuals with the DD genotype are
mance of an athlete are genetic endowment and environ- much more successful in sprinter activities such as short-
mental factors. Biological factors such as gender, age, distance running, long jump, high jump, and short-dis-
anatomical structure, intelligence, state of the locomotor tance swimming (5). On the other hand, individuals with
system, psychological status, autonomic nervous system, the Il genotype have lower ACE serum concentrations
functions of the secretory glands, metabolism, energy and have been found to be more successful in disciplines
utilization mechanisms, organ systems, neuromuscular that require endurance such as middle- and long-distance
transmission rate, cardiovascular system, and especially running, race walking, and skiing (6). However, there are
the genetic endowment of the players are the other impor-  controversial results claiming that the same results are not
tant factors that are crucial for athletic performance. Also, always achieved (7).
factors such as nutrition and mental support as epigenetic Aerobic capacity and upper body anaerobic power
factors play crucial roles in athletic performance. All the seem to be the most important physiological factors of
genes that code for these biological factors are important  success in ice hockey. Ice hockey is played with high in-
for an athlete (1). tensity and requires high speed, agility, muscular strength,
The angiotensin-converting enzyme (4ACE) InDel poly-  and also depends on the players endurance and anaerobic/
morphism, is among the most widely examined polymor-  aerobic capacity (8). Maximal O, consumption (VO,_ ) is
phism in terms of performance-related traits and achiev- a significant clinical and physiological parameter indicat-
ing elite athlete status. The variants of the gene have been  ing endurance performance. To maintain a stable training
reported in multiple studies to be a determinant of endur-  adaptation, physiological parameters such as VO, give
ance in athletes (2). This gene is located in chromosome important information to trainers about the athletes’ status.
17923 and consists of 26 exons and 25 intronic regions. It  Therefore, genotypes such as ACE InDel affecting the VO-
comprises a polymorphism caused by a deletion (D) oran , _ is of great interest for sport scientists (2).
insertion (I) of a 287 bp Alu sequence in intron 16 (3). To In this study, we aimed to compare the possible effects

* Corresponding author. Email: canansercan@outlook.com
Cellular and Molecular Biology, 2022, 68(10): 90-93

920



Canan Sercan Dogan et al. / Comparing ACE (rs1799752) and Vo

Value , 2022, 68(10): 90-93

2max

of the ACE 151799752 polymorphism on the aerobic ca-
pacity of male National Ice Hockey players.

Materials and Methods

Participants

21 male Turkish National Ice Hockey players volun-
teered for the study. The study was approved by the Usku-
dar University Ethical Committee (61351342-/ 2019-35)
and was performed in accordance with the principles of the
Declaration of Helsinki seventh revision (9). All the play-
ers were informed of the experimental procedure and any
potential ethical implications, and all the participants pro-
vided written informed consent. The athletes’ age, weight,
success (medal status), parental consanguinity, presence
of any genetically transmitted diseases, doping bans, and
ancestry were obtained before being invited to the study.

Phenotyping

The maximal oxygen consumption capacity test was
performed with 20 m Shuttle Run tests. The team wore
sportswear and they performed warm-up exercises for 30
minutes before starting the Shuttle Run tests. The shuttle
run tests were performed as previously described (10). The
number of repetition runs was recorded and the estimated
oxygen use was determined using the following formula:

Y=-244+6.0X(Y=VO, mlkg/min, X =running
speed), as previously described.

Genotyping

The genomic DNA isolation from the buccal epithelial
of the athletes was performed with a commercial kit (The
Invitrogen extraction kit, USA) by using the manufactur-
er’s guidelines. The purity of the samples was calculated
by the vOD260/0D280 ratio. The genotyping process was
carried out by using conventional PCR amplification. For-
ward 5’-CTGGAGACCACTCCC ATCCTTTCT-3’ and
reverse 5’-GATGTGGCC ATCACATTCGTCAGAT- 3’
primers were used for the amplification. The final volume
of the PCR mixture was 50 pL and contained 1 U Taq
DNA polymerase, 50-100 ng genomic DNA, 1 mM de-
oxynucleotide triphosphate (ANTP), 50 mM KCI, 1.5 mM
MgCI2, 10 mM Tris—HCI, pH 8.0, and 1 mM of each prim-
er. The denaturation at 94°C for five minutes was initiated
by annealing at 53°C for one minute and an extension at
72°C for one minute. The amplification was finalized with
30 cycles: followed by a final extension at 72°C for seven
minutes. The amplicons were run by electrophoresis on a
2,5% agarose gel and visualized under UV light after the
ethidium bromide staining. The electrophoresis was found
to have three possible types: a 477-bp band (II genotype),

a 190-bp band (DD genotype), or both 477 and 190-bp
bands (I/D genotype). The amplicons had 190 bp in the
existence of the D allele and 477-bp fragment with the ex-
istence of the I allele.

Statistical analysis

G Power analysis was carried out to determine the num-
ber of subjects. A priori power analysis was conducted to
determine the sample size, which was calculated to be 15
participants with the desired level of power of 0.80, a sig-
nificance level of 0.05 and an effect size of 0.60 to detect
strong correlation. The adjusted sample size after taking
into consideration of a 30% dropout rate was 21 partici-
pants. The statistical analysis was performed by using the
SPSS 21 (Statistical Package for Social Sciences) software
program. The descriptive statistics of age, height, weight,
body mass index (BMI) and VO2max were presented as a
minimum, maximum, and mean. The normality was tested
using the Kolmogorov-Smirnov test. Visual methods such
as histograms and probability plots were also used to de-
termine the normality. To compare the VO2max results
and genotypes, we used the one-way analysis of variance
(ANOVA). p<0,05 was accepted as statistically significant.

Results and Discussion

The mean average of age (years), height (m), weight
(kg), BMI (kg/m2) and VO, (kg/ml/min) values for the
players according to the genotypes are summarized in Ta-
ble 1. The average height of the players with the DD geno-
type was higher than the players with the ID and II geno-
types. For the weight and BMI values, the players with the
II genotypes were higher than the DD and ID genotypes.

All the players were successfully genotyped. The per-
centage of the ACE genotype in the players was 9 (43%),
7 (%33), and 5 (24%) for the DD, ID, and II genotypes, re-
spectively. In addition, the allele frequency was 25 (60%)
and 17 (40%) for the D and I alleles, respectively (Table
2).

When we compared the genotypes and VO, _ values,
increasing values were detected from the DD genotype to
the II genotype; DD (46.43 + 8.77 kg/ml/min), ID (47.34
+ 4.83 kg/ml/min) and II (49.74 + 4.31 kg/ml/min). How-
ever, this increase depending on the genotypes showed no
statistically significant difference (p =0,686) (Table 3).

Taking into account the relationship between the ACE
InDel polymorphism, the II genotype is considered to be
desirable in endurance athletes, including ice hockey play-
ers. We hypothesized that well-trained players with the II
genotype would be characterized by a significantly greater
VO,max than those with the ID or DD genotypes. To test

Table 1. Body composition characteristics of the three ACE genotype groups of the Turkish ice hockey national sports team.

Genotype Age (year) Height (m) Weight (kg) BMI (kg/m?) VO, . (kg/ml/dk)
DD 19,00+3,39 1,81+0,07 73,33+12,57 22,3443,08 46,43+8,77
ID 19,50+3,51 1,77+0,05 68,17+6,04 21,89+2,36 47,34+4,83
11 18,40+3,78 1,77+0,05 76,78+14,86 24,62+4,87 49,74+4 31
Table 2. Genotype and allelic distribution of the ACE InDel polymorphisms in ice hockey player cohort.
Genotype Frequency Allele Frequency
Players (N=21) DD ID 1| D I
Number(Percentage) 9 (43%) 7 (33%) 5 (24%) 25 (60%) 17 (40%)
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Table 3. There were no noteworthy correlations between ACE activity and VO,

measures. N: number VO,  maximal oxygen consumption.
ax 2max :

Genotypes N VO, . Mean (kg/ml/min) Minimum Maximum F P
DD 9 46,43+8,77 26,4 57,5

ID 7 47,344+ 4,83 38,5 51,9 0,385 0,686
I 5 49,74 +4 31 43,7 54,5

Total 21 47,52+ 6,57 26,4 57,5

our hypothesis, we calculated the maximum oxygen intake
values with the ACE InDel genotype in 21 male National
Ice Hockey players. The present study is the first to de-
termine the possible association between the VO, and
the ACE 151799752 polymorphism in the National Hockey
Sports Team. In our cohort, we report that the VO, was
higher in the players with the II genotypes, and lowest in
the players with the DD genotypes. Nevertheless, this de-
crease was not statistically significant in the ice hockey
player cohort.

Like our findings, Kurtulus et al. (11) reported no sta-
tistically significant difference between the ACE InDel
polymorphlsm and VO, in wrestlers. Similar to the stud-
ies by Kurtulus et al. (2019) Holdys et al. (6), reported
no statistically significant difference between the ACE
InDel polymorphism and VO, _ values. In their cohort,
154 male and 85 female Physical Education university stu-
dents, I allele was found to have an advantageous effect on
higher maximal oxygen uptake values. They also reported
that individuals with the II genotype were more common
in individuals practicing aerobic sports than individuals
with the DD genotype in individuals training in anaerobic
disciplines. However, these results showed no significant
association between the I/D polymorphism in the ACE
gene and V,  values. A similar study reported that I al-
lele was related to the VO, _ values, but this relationship
was not statistically significant in terms of the ACE Indel
polymorphism and VO, _ values (12).

Previously, Hagberg et al. (13) reported a significant
relationship between the ACE InDel polymorphism and
VO, values in a group of postmenopausal women, but
as this study was conducted on sedentary individuals, it
was hard to speculate on the findings in terms of athletes.

According to Cerit et al. (14), the ACE DD genotype
had an advantage in developing a short-duration aerobic
performance improvement which required high-level VO-
»max. LK this study, Zhao et al. (15) reported that individu-
als with the ACE DD genotype had more VO,  values
than those with the ACE II genotype.

Orysiak et al. (16) claimed that the InDel polymorphism
of the ACE was not a VO, marker. More recently, Trent
et al. (17) determined that ‘Australian Olympic rowers had
a surplus of the ACE 1 alleles and the ACE II genotype; in
the profile of a normal healthy group. These findings sug-
gest the hypothesis that the relationship between VO,
and athletic performance has not been fully explained (18)
although training in severe anaerobic conditions is known
to significantly affect short-term performance (19).

In our study, the DD genotype and D allele were supe-
rior to the other genotypes and the I allele. In another study
conducted on 21 Turkish professional footballers, the ACE
DD, ID and II genotypes were reported as 40%, 44%, and
14%, respectively. According to these results, the authors
reported that the D allele influenced athletic performance

in football players. A similar study, Ulucan et al. (20) per-
formed on 24 young basketball players and reported DD,
ID, and II genotypes as 46%, 50% and 4%, respectively
in this study group. When the allelic distributions were
examined, they stated that the D allele was 71% and the
I allele was 29%. The authors reported that the D allele
positively affected the athletic performance of basketball
players. In a study analyzing the distribution of the ACE
I/D allele among professional dancers, it was reported that
the ID genotype and the D allele may have a genetic ad-
vantage for the physical susceptibility of dancers (21).

Conclusions

More research is needed to clearly analyze the exis-
tence of genetic factors that individuals are thought to be
affected by the VO, . The main limitation in this study is
the low number of Volunteers We hope that this study will
be a guide for new studies in various sports.
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