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Aim. The Objective of this study was to investigate the effect of short-term diet modification
on plasma levels of fatigue indices (including serotonin, dopamine, serotonin/dopamine ratio,
ammonia, and lactate) following a two-hour tennis match. Materials and methods. 32 semi-
professional male tennis players participated in a randomized cross-over design in the form of
short-term diet modification (DM) and non-modification (N-DM) interventions. They played
a formal two-hour match and plasma levels of fatigue indices and RPE scores of participants
were determined before and after each tennis match. Results. The results of this study showed
that after the match, the serotonin, dopamine, lactate, and ammonia increased significantly com-
pared to pre-match in both interventions (p < 0.001) and that the increase in serotonin/dopamine
ratio was only significant in N-DM (p < 0.001). However, the increase in ammonia (p < 0.001)
and serotonin (p < 0.05) as well as the serotonin/dopamine ratio (p < 0.05) in DM was signifi-
cantly lower than in N-DM. Although the change in lactate and dopamine levels was respectively
21% and 8% higher than in N-DM after the match, these changes were not significant. A large
and moderate correlation was found between RPE and serotonin/dopamine ratio (p < 0.001) and
other variables (p < 0.001) respectively, which was negative for dopamine (p < 0.05). Conclu-
sion. In this study, it was shown that short-term diet modification, could modulate the majority of
fatigue indices. Therefore, diet modification can be recommended to alleviate fatigue and main-
tain performance among tennis players. It was also shown that the serotonin/dopamine ratio can
be the most reliable among fatigue indices.
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Introduction

Delaying fatigue and maintaining athletic
performance are among the most important con-
cerns of athletes, especially tennis players [17,
34] because fatigue may be associated with a de-
crease in performance accuracy and skill as well
as an increase in the percentage of errors [24, 38].
Tennis involves high-intensity intermittent anae-
robic activity and low-to-moderate activity bouts.
So, the causes of fatigue are divided into three
main categories: metabolic, neuromotor, and
thermal. Metabolic factors include depleted energy
stores, dehydration, exhaustion of energy, and
micronutrient deficiencies [17, 23]. Despite
the importance of nutrition in athletic perfor-
mance and prevention of fatigue, it has been
shown that many athletes do not follow a healthy
eating pattern [28, 42], and although the rate of
supplementation is high among athletes, a signi-
ficant proportion of them lack adequate know-
ledge concerning supplements [28]. Carbohydrate

supplementation is common among athletes, and
its positive effect on blood glucose in endurance
activities has been found. However, the results
of many studies that have examined the effect of
carbohydrate supplementation on athletes' per-
formance are contradictory [20]. Studies reported
the positive [1] or no effect [26] of carbohydrate
on performance. The effects of carbohydrate con-
sumption on other factors such as lactate and am-
monia — as two indicators of fatigue — which in-
crease following exercise are not clear [5, 13, 25,
39]. Studies investigating the impact of nutritional
intervention on tennis players' fatigue and perfor-
mance indices were in non-competitive match
conditions such as match simulating and ball
throwing machines [16, 46]. Therefore, the effect
of nutritional interventions on preservation of
skills in the natural situation needs to be clarified.
Considering central fatigue, studies exa-
mining the effect of nutritional intervention on
central fatigue have focused on serotonin [19].
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However, the role of dopamine should not be
overlooked because it has an inhibitory role in
serotonin function [8]. In addition, the seroto-
nin/dopamine ratio has been found to be a more
reliable indicator [7], while no study was found
related to nutritional intervention, exercise and
this ratio.

Concerning the effect of nutritional interven-
tion on athletes' performance, it was observed
that most studies have only evaluated the role of
dietary supplements in exercise and that the role
of dietary modification or their combination has
been rarely studied. Therefore, the purpose of this
study was to evaluate the effect of a short-term
diet modification (DM) on fatigue indices (in-
cluding serotonin, dopamine, serotonin/dopamine
ratio, ammonia, and lactate) following two-hour
tennis match as well as the relationship between
these indicators with the rating of perceived exer-
tion (RPE).

Materials and Methods

1. Subjects

Thirty-two semi-professional male tennis
players (age: 27.3 + 4.8 years; height: 179.9 +
+5.02 cm; weight: 75.5 + 4.7 kg, BMI: 23.3 +
+ 1.01) volunteered to participate in this study.
Inclusion criteria were complete physical and
mental health, lack of history of chronic diseases,
musculoskeletal injuries, or depression. The sub-
jects had nationally ranked and record of at least
three years of participation in national competi-
tions and attended at least 90 minutes of training
sessions no less than 5 days a week. Exclusion
criteria were not observing at least one of the pil-
lars of diet (amount of energy intake, ratio of ma-
cronutrients to total daily energy intake, eating
habit before, during or after exercise), taking any
effective medication or supplement and disastrous
personal events. The participants were informed
about the aspects of protocols, study methods and
possible risks then completed the informed con-
sent form. This research has been approved by the
ethics committee of Shiraz University of Medical
Sciences (IR.SUMS.REHAB.REC.1400.002).

2. Study Design

In the first briefing session, after introducing
the study and the research, anthropometric mea-
surements, aspects of protocols and study methods
and possible risks, how to complete the 3-day
diet registration form, general health question-
naire, physical activity level, medical history, and
Beck depression inventory (BDI-II) as well as

Borg scale 6-20 rating of perceived exertion
(RPE) were explained to subjects.

32 participants who were eligible for research
were invited to the second briefing session
(3 days before the first match). Subjects were
then randomly divided into two groups of diet
modification (DM) and non-diet modification
(N-DM) and after estimating their energy con-
sumption, the diet was designed according to die-
tary preferences of each athlete. In the sessions
that were held 3 days before each match, while
delivering the diet of each person, final explana-
tion was given regarding the match protocol,
supplementation method and water consumption
during the match.

This study is a randomized cross-over design
with two interventions: short-term diet modifica-
tion with carbohydrate intake during the match
(DM) and without diet modification with placebo
(N-DM). Each athlete faced his opponent in a total
of two single tennis matches on the outdoor clay
court according to the rules of the International
Tennis Federation under official umpiring.
The matches were designed in a way to finish
with any result at the end of two hours. The in-
terval between two matches was one week.
The tournament table was without draw and
based on the ranking of the Iranian Tennis Fede-
ration. This means that the players competed with
each other according to the closest position in
the ranking, regardless of which interventions of
study they were in. To control the possible effec-
tive factors, the opponent of each athlete was
fixed until the end of the research.

On the day of the match, at 7 o'clock in the
morning, the subjects arrived at the sport com-
plex on a fasting status. After blood sampling,
a breakfast based on pre-determined units in-
cluding 1-1.5 g of carbohydrate, 0.25 g of pro-
tein, and 0.15-0.2 g of fat per kg of body weight
was given to the athletes of DM intervention.
The subjects were not allowed to eat anything
until warm-up. The warm-up was performed
from 9 to 9:15 A.M. Afterward, they competed
with their ranking opponent for two hours and
blood samples were immediately taken from them.
Thirty minutes after the competition, participants
were asked to express their RPE according to
a Borg 6-20 scale. DM and N-DM interventions
were changed in the second week. All partici-
pants were asked to avoid strenuous exercise as
well as caffeine and alcohol consumption for
48 hours prior to the match.
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3. Dietary Intake Assessment

Non-consecutive 3-day dietary record method
was used to collect dietary intake data. The total
food and drink intake of participants were re-
corded for two days a week during training days
as well as one weekend day. After that, all the re-
ported foods of each participant were coded and
converted to grams, and to analyze and estimate
the total amount of energy received and the in-
take of each of macronutrients in the daily diet of
each athlete, Modified Nutritionist IV software
[Nutritionist IV (First Data Bank, USA), version
3.5.2] was used. For each athlete, energy intake
was estimated in kcal/day, carbohydrate and pro-
tein consumption in g/kg, and lipids as the per-
centage of total energy intake. Finally, the re-
ceived macronutrients were compared with nut-
ritional recommendations of tennis athletes
(Table 1).

4. Energy expenditure

Total energy expenditure (TEE) per day of
each athlete was estimated using the following
formula: TEE = BMR + TEF + TEA, and Harris-
Benedict formula was used to measure basal me-
tabolic rate (BMR). Also, 10% of the total daily
energy consumption was considered as thermic
effect of food (TEF) [14, 44]. To estimate the ther-
mic effect of activity (TEA), athletes were in-
structed both verbally and in writing to accurately
mention the amount of exercise per week (num-
ber of sessions per week and the duration of each
session) in addition to the exact level of all daily
physical activities. Finally, the thermal effect
of activity (TEA) was obtained from the sum of
the thermal effect of specialized exercise and
the thermal effect of daily physical activity. He-
rewith, metabolic equivalents (METs) were used
to measure the heat effect of daily physical ac-
tivity [45], and the specialized thermal effect of
tennis was considered to be 8 kcal/h/kg [14].

The received energy data were compared with
the estimated energy consumption, and then
the percentage of difference was recorded. If this
rate was + 10%, the intake energy would be con-
sidered “adequate” [18].

5. Dietary intervention

The short-term dietary modification is de-
scribed in (Table 1). Athletes were recommended
to follow the specified diet from the day before
the match until the end of it. The exact amount of
macronutrients in the recommended range was
selected according to the activity level of each
athlete and that the diet of each athlete was de-
signed according to individual interests and
habits.

From onset of warm-up, DM subjects re-
ceived a carbohydrate drink, and the N-DM ones
consumed a placebo drink with the same taste
and color. The drinks of each tennis player were
divided equally into 4 bottles and were given to
them at 30-minute intervals, and each athlete had
to consume one-third of each bottle at 10-minute
intervals. Athletes had free access to mineral
water. According to the recommendations of
(Table 1), tennis players would consume 0.7 g/kg/h
of carbohydrates during the match; therefore, for
equalization, a 6.4% carbohydrate drink was
prepared and given to athletes (0.7 g/kg/h) by
dissolving a certain amount of tasteless carbohy-
drate powder (GLYGO-MAIZE, Optimum Nutri-
tion Company) in mineral water (Nestle Pure Life
Company, made in Iran) with the following spe-
cifications: Ca 38, Mg 7.8, Na 1, HCO3 132,
Fluoride 0.07, Chloride 1.5, No3 3.5, No2 0.01,
pH = 7.8, TDS 178 mg/l; for example, the drink
of an 80 kg athlete was 1750 ml and contained
112 g of carbohydrates within two hours.

6. Blood Sample Analysis

Five ml blood was taken from anterior
brachial vein was taken in two stages of fasting

Table 1
Macronutrient consumption criteria in tennis players over 18 years
based on 1.5-3 h/day training [32, 33, 36, 44]
Nutrients Daily requirements Before training During training After training
Carbohydrates |+ (6—10 g/kg/day) * 1-4 h Pre- exercise | (0.7 g/kg/h) o (1-1.2 g/kg) first 1 h
(1-4 g/kg) or (30-60 g/h) or (0.8 g/kg) + protein
*36-48 h * beverage (0.25-0.3 g/kg)

Pre-match > 90 min:

concentration 6-8% * first 24h after match

(10-12 g/kg/day)

(8-10 g/kg/day)

Protein * (1.4-2 g/kg/day) * 1-4 h Pre- exercise  |*(0.25 g/lkg) incase | (0.25-0.3 g/kg)
0.25-0.3 g/kg (0.25-0.3 g/kg) of high intensity + CHO (0.8 g/kg)
every 3-5h training > 2.5h first 1 h

Fat * Do not restrict to <20% total energy expenditure

* Consider limiting fat intake only during carbohydrate loading, or pre-race if GI comfort concerns
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and immediately after the match. Blood samples
taken at each step were immediately sent to the la-
boratory in purple EDTA anticoagulated tubes to
separate plasma by centrifugation and keep in
pre-coded microtubules at —70 °C up to the end
of sampling. Lactate level at each stage was
measured using a blood sample from the earlobe
by a portable Lactate Scout Analyzer (made in
Germany) with a sensitivity of 0.1 mmol/l. Sero-
tonin and dopamine levels were measured after
the second match and completion of the samples
according to instructions of ZELLBIO ELISA
kits (made in Germany) with a sensitivity of
1.2 ng/ml for serotonin and 1.5 ng/l for dopa-
mine. The Ion Selective Electrode method was
used to evaluate the plasma ammonia levels.

7. Statistical Analysis

The Shapiro — Wilk test was used to deter-
mine the normality of the data. To compare
changes independent variables over time between
intervention conditions, two-way repeated meas-
ures ANOVA with time and intervention as
the main within-group factors was conducted.
Correlation analysis was performed to examine
the association between RPE and variables.
Our criterion for considering the size of the cor-
relation was: r = 0.1-0.29 = small, 0.3-0.49 =
moderate, 0.5-0.69 = large, 0.7-0.89 = very
large, 0.9-0.99 = nearly perfect, 1 = perfect [15].
Statistical analysis was conducted using IBM
SPSS statistics version 23 software for windows,
and significant level was accepted at p < 0.05.

Results

Energy balance and macronutrients intakes

As shown in (Table 2), the adequacy of
the daily consumption of macronutrients was re-
markable in athletes. The percentage difference
between the average energy intake and energy
expenditure was lower and higher than the re-

commended range in 31.25% and 50% of sub-
jects, respectively. In the study of the type,
amount, and time of food received by athletes
before, during, and after exercise, it was observed
that 56.25%, 78.12% and 40.62% of athletes had
mistaken food habits before, during and, after
exercise, respectively. Therefore, required to mo-
dify the diet in at least one of the criteria of energy
balance, the amount of macronutrients consumed
during the day or in meals during, before, and
after exercise.

Fatigue indices

Lactate: the effect of intervention x time
interaction [F(1.23,18.57) = 0.27, p > 0.05] and
the main effect of intervention [F(1,15) = 1.96,
p > 0.05] were not significant (Fig. 1-A); but the
main effect of time was significant [F(1.80,27.12) =
= 453.6, p < 0.001, > = 0.96]. Subsequently,
the results of post hoctests showed that there was
a significant difference only between before and
after the tennis match, which means that the ten-
nis match significantly increased the blood lac-
tate levels of tennis athletes in both interventions.

Ammonia: Examination of plasma ammo-
nia levels also indicated that the effect of inter-
vention X time interaction was not significant
[F(1.07,16.04) = 0.42, p > 0.05], but as can be
seen in (Fig. 1-B), the main effect of time
[F(1.68,25.21) = 200.06, p < 0.001, #* = 0.93]
and the main effect of intervention [F(1,15) =
=36.97, p < 0.001, > = 0.71] were significant.
Afterward, the results of post hoc tests showed
that there was a significant difference only be-
tween before and after the tennis match as well as
a significant difference in post-match interven-
tion, meaning that the tennis match significantly
increased plasma ammonia levels in the tennis
players in both interventions. However, post-
match ammonia levels in DM significantly less
increased than N-DM.

Table 2
Distribution of percentage of energy balance and adequacy of daily macronutrients intake in tennis players
Energy balance Carbohydrate Protein Lipid
gy Yy
% g/kg/day g/kg/day % total energy
Recommended ~10% to +10% 6-10 1.4-2 20-30%
range
:fzf/:)h““ range 10 (31.25%) 18 (56.25%) 4 (12.5%) 2 (6.25%)
fl“((f/h)e range 6 (18.75%) 4 (12.5%) 15 (46.87%) 12 (37.5%)
o

More than range 16 (50%) 10 (31.25) 13 (40.62%) 18 (56.25%)

n (%)
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Fig. 1. Comparison of blood Lactate (A)
and Ammonia (B) in DM and N-DM measurements:
# — significant differences in interventions;
* — significant differences in times

Serotonin: It was observed that the effect of
intervention X time interaction was not signifi-
cant [F (1.04, 15.56) = 0.43, p > 0.05] and that
the main effect of time [(F(1.59, 23.99) = 105.29,
p <0.001, > = 0.87] as well as the main effect of
intervention [(F(1,15) = 6.36, p < 0.05, #* = 0.29]
was significant. According to (Fig. 2-A), post hoc
tests showed that the tennis match caused a sig-
nificant increase in plasma serotonin levels in
both interventions, but this increase in DM was
significantly less than in N-DM.

Dopamine: The effect of intervention x time
interaction [F(1.02,15.32) = 0.14, p > 0.05] and
the main effect of intervention [(F(1,15) = 1.76,
p > 0.05] were not significant. However, the main
effect of time [(F(1.27,19.1) = 27.65, p < 0.001,
n* = 0.65] was significant. Finally, post hoc test
showed that the tennis match significantly in-
creased plasma dopamine levels in both interven-
tions, and as can be seen in (Fig. 2-B), the in-
crease in DM (106.5 £ 39.4 ng/l) was slightly
more than N-DM (98.5 + 25.4 ng/l), but the dif-
ference between the two interventions was not
significant.

Serotonin/dopamine ratio: The effect of in-
tervention X time interaction was not significant
[(F(1.1,16.5) = 0.75, p > 0.05] but the main effect

of time [(F(1.58, 23.63) = 7.86, p < 0.001, »* =
=0.34] also the main effect of intervention
[(F(1,15) =5.28, p < 0.05, #* = 0.13] was signifi-
cant. Post hoc tests showed that this ratio in-
creased in both DM and N-DM after the match
but that this increase was significant only in
N-DM (p < 0.001). According to (Fig. 2-C), the
comparison of DM and N-DM subjects showed
no significant difference between the pre-tests
(p > 0.05), while there was a significant difference
between DM and N-DM post-tests (p < 0.05).
RPE: Summary of the results of correlation
between subjects' RPE scores with research va-
riables is given in (Table 3), which shows that
there is a large correlation between RPE and se-
rotonin/dopamine ratio that is the highest coeffi-
cient between the variables. Also, the correlation
between RPE and other variables was moderate,
which was negative for dopamine (p < 0.05).
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Fig. 2. Comparison of plasma serotonin(A)
Dopamine(B) and serotonin/Dopamine Ratio(C)
in DM and N-DM measurements
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Table 3
Correlations between RPE and physiological values after the match
Serotonin Dopamine Ser/Dop ratio Lactate Ammonia
RPE r=04 r=-0.31 r=0.58 r=0.42 r=0.48
(all post-match tests) p <0.001 p<0.05 p <0.001 p <0.001 p <0.001

Discussion

Lactate: The results of the present study
showed that blood lactate levels increased in both
DM and N-DM interventions immediately after
a two-hour tennis match. Although this increase
was 21% higher in N-DM intervention, the dif-
ference was not significant. This means that
short-term diet modification with carbohydrate
intake during exercise did not have a significant
effect on the level of lactate accumulation in
the blood.

In carbohydrate metabolism, if its oxidation
is disrupted and pyruvate production in sarcop-
lasm exceeds its oxidation capacity in mitochon-
dria for reasons such as oxygen deficiency and
low mitochondrial oxidative capacity, pyruvate is
converted back to lactate. The lactate produced
in the muscle enters the bloodstream during exer-
cise and, depending on the individual's capacity,
enters the liver and is converted back to pyru-
vate [23].

Due to the high-intensity intermittent anae-
robic and low to moderate severity bouts in ten-
nis, ATP production is provided by both anaerob-
ic and aerobic systems. Analysis of professional
tennis matches shows that the effective rally or
competition time (percentage of total rally time
in a match) is about 20-30% on clay courts. This
interval nature of tennis reduces the dependence
on anaerobic glycolysis for ATP production and
provides significant opportunities for lactate clea-
rance. However, it seems that the cumulative
effects of intense intermittent activity during
the match put pressure on the athlete and gradually
exhaust the athlete until the end of the match.
There are also cases in which tennis athletes ex-
perience temporary fatigue, which reduces their
ability for some time after high-intensity activity
and limits their performance [11, 17].

In some studies, high lactate concentrations
were reported in long games or long intense ral-
lies, which revealed that lactate accumulation is
higher in service games than in return games.
Blood lactate levels may reach 8.6 mmol/l even
in professional players [29, 30]; Reed et al.
[37] reported that blood lactate levels reached
10.6 mmol/l while tennis training drills. In the pre-

sent study, lactate levels also increased, which
was probably due to the cumulative effect of lac-
tate production during two hours of the match as
well as poor clearing probably because of reasons
such as being semi-professional and dietary de-
ficiencies of the subjects. It should be noted that
lactate levels of our study were 5.25 and
5.5 mmol/l for DM and N-DM respectively and
did not reach the extreme levels, which is likely
a function of the interval nature of tennis. In the
present study, it was also observed that there is
a slight difference (21%) between the percentage
of increase in lactate levels after the match be-
tween DM and N-DM individuals. Although this
difference was not significant, this small diffe-
rence was probably because of stable PCr and
ATP levels, reduced ADP, AMP, IMP, and most
importantly, decreased Pi as well as more PDH
activity and thus decreased lactate production.
Obviously, it should be noted that the accumula-
tion of muscle lactate does not lead to fatigue
during exercise, but they seem to be a good indi-
cator of fatigue or play a role in causing fatigue
in humans. This may be due to a decrease in
muscle pH, which releases higher levels of K*
from active muscles and leads to the feeling of
tiredness [3]. Some investigations have found
that blood lactate levels remain low during tennis
match. Most of these reports represent average
levels from the concentration of the first to
the final game, so the low levels reported can be
justified [9, 10].

Ammonia: Assessment of plasma ammonia
levels also showed that after the tennis match,
ammonia levels increased in both interventions,
but this increase in DM intervention was signifi-
cantly less than in N-DM intervention.

According to previous research results, it
was expected that ammonia as the factor of cen-
tral and peripheral fatigue would increase after
a two-hour tennis match, which could be due to
an imbalance in ammonia production and its
clearance in active muscles during the match.
This increase of ammonia in strenuous activity
may increase peripheral fatigue to the point of
toxicity to the brain and muscles [31].

The main cause of ammonia accumulation in
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submaximal exercise is AMP deamination and
catabolism of nitrogenous compounds such as
amino acids, especially branched-chain amino
acids (BCAA). However, the accumulation of
ammonia in intense and long-term training has
another factor, namely reduced muscle glycogen
sources and the resulting inhibition of re-phos-
phorylation for ADP and ATP synthesis, IMP
increase, and eventual ammonia production [39].
This rise in ammonia levels is called metabolic
stress because its effect on the feeling of fatigue
and contraction of active muscles cannot be ig-
nored. Rising ammonia levels may also enhance
ammonia transport from the blood-brain barrier
(BBB), disrupt brain mitochondria and inhibit
motor activity due to glutamate stimulation in parts
of the brain that control motor activity [31, 47].

The findings of the present study were con-
sistent with those of Carvalho-Peixoto's research
[5]- In that study, the effect of glutamine con-
sumption with or without carbohydrate on am-
monia levels of professional runners was ex-
amined, and it was concluded that supplementa-
tion was ineffective within the first hour but
increased plasma ammonia levels to a lower ex-
tent in the second hour. The results of the present
study were also in agreement with the study of
Snow [41] who showed that in a 2-hour workout,
250 ml of 8% carbohydrate solution every 15 mi-
nutes could modulate the increase in ammonia
from 60 to 120 minutes.

The mechanism of carbohydrate effect on
ammonia accumulation seems to be the relative
reduction in pure AMP catabolism in active mus-
cle by maintaining phosphocreatine levels and
ATP re-synthesis late in long-term exercise.
Besides, carbohydrate intake is likely to reduce
protein degradation and amino acid catabolism,
thereby decreasing ammonia accumulation by
maintaining muscle glycogen storage; in the pre-
sent study, ammonia accumulation was signifi-
cantly lower in DM intervention. Some studies
have acknowledged that the lack of carbohy-
drates in athletes' diets leads to more ammonia
accumulation [5, 40].

Serotonin: Regarding the serotonin variable,
the results showed that after a two-hour tennis
match, plasma serotonin levels increased in both
DM and N-DM interventions, but this increase
was 17% lower in DM. In other words, after
the match, 57% and 40% increase was observed
in plasma serotonin levels of N-DM and DM sub-
jects, respectively. Therefore, short-term diet
modification had a positive effect on inhibiting

the increase of serotonin as an indicator of central
fatigue.

In fact, serotonin (5-hydroxytryptamine;
5-HT) is a neurotransmitter in the brain that is
produced from the essential amino acid trypto-
phan. 80-90% of tryptophan is transported in
the blood by binding to its carrier (albumin), and
the rest freely circulates in the blood. Free tryp-
tophan in the blood is easily transported through
BBB by specific transporter proteins, which is
then hydroxylated by tryptophan hydroxylase to
generate serotonin. Therefore, any condition ele-
vating free tryptophan in plasma will increase
the concentration of this amino acid in CNS and
thus increase 5-HT biosynthesis [8].

During prolonged exercise, the concentration
of free fatty acid (FFA) increases in the blood.
FFA competes with tryptophan for albumin
binding, which results in a marked increase in
free tryptophan and eventually elevates trypto-
phan concentration in the brain, in turn leading
to increasing serotonin production in the brain
[7, 8, 34]. In addition, the specific tryptophan
transporter in BBB is also a transporter of BCAAs,
and if the concentration of BCAAs increases in
the plasma, this will cause more competition be-
tween tryptophan and BCAAs for entering into
the brain and hence less tryptophan moves into
the brain. Plasma BCAA concentrations also de-
crease during prolonged exercise. This condition
increases cerebral tryptophan uptake, which will
be amplified if accompanied by an increase in
plasma free tryptophan concentration due to exer-
cise [7, 8, 34]. Therefore, following exercise, se-
rotonin synthesis increases and rising brain HT-5
can cause feelings of lethargy and lack of motiva-
tion to continue exercising; in other words, it
exacerbates the feeling of fatigue. As a result,
increasing concentration of this neurotransmitter
in CNS during exercise may interfere with mental
and physical functions [4, 6]. Increase of sero-
tonin following exercise in the present study was
similar to some previous findings [21, 48].

Adequate diet and, above all, proper carbo-
hydrate intake during exercise appear to reduce
tryptophan by releasing blood glucose and pro-
viding adequate levels of muscle and liver gly-
cogen by delaying FFA accumulation because
FFA itself is a strong competitor to tryptophan
for albumin binding. Adequate carbohydrate le-
vels will also maintain BCAA levels and reduce
the ratio of free tryptophan to BCAAs. As men-
tioned, BCAAs compete with tryptophan to pass
through BBB and it is inevitable that higher con-
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centrations of BCAAs will cause less tryptophan
to enter the brain and less serotonin to be synthe-
sized [4]. In the present study, as mentioned, se-
rotonin increased after exercise, but by modifying
the short-term diet and consuming 0.7 g/kg/h of
carbohydrates during the match, this increase was
adjusted by 17%, which was similar to some pre-
vious findings [19].

Dopamine: Dopamine (DA; 3,4-dihydroxy-
phenylethylamine) is another neurotransmitter
involved in central fatigue mechanisms. The re-
sults showed that dopamine levels increased im-
mediately after a two-hour tennis match, and its
level increased by 31% and 23% in DM and
N-DM subjects, respectively. This means that
short-term diet modification with carbohydrate
intake during exercise causes a relatively greater
increase in dopamine levels, but this was not sta-
tistically significant. Dopamine is synthesized
from the amino acid tyrosine, which crosses BBB
and converts to L-3,4-dihydroxyphenylalanine
(L-DOPA) by tyrosine hydroxylase and finally to
DA by dopa carboxylase. The limiting step in
the synthesis of this monoamine is the tyrosine
hydroxylase step, which is stimulated by calcium
[8]. It seems that increasing activity of the dopa-
minergic system is a function of rising central
calcium levels at the beginning of exercise,
which increases tyrosine hydroxylase activity by
activating the calcium-calmodulin system [8, 43].
Although the role of serotonin in central fatigue
has been well established, there is evidence that
dopamine also affects central fatigue. Research
shows that dopamine neurotransmission is asso-
ciated with many physiological functions that can
improve athletic performance, including arousal,
motivation, reinforcement, and motor behavior
control. In fact, various studies provide evidence
that the activation of central dopamine plays an
essential role in thermoregulatory mechanisms,
which is also important in exercise [7, 8, 22, 27].

Analysis and interpretation of studies show
that the dopaminergic system is likely to affect
various neural pathways, including motivation
and reward, and has a positive effect on physical
function even in pathological conditions such as
Parkinson's disease [8, 12, 22, 27]. On the other
hand, evidence shows that inactivity of the do-
paminergic system is related to the development
of fatigue. Studies have also shown that central
dopamine metabolism enhances during exercise
in different brain regions [2, 7, 12], in the present
study the tennis match significantly increased
the plasma dopamine levels of tennis athletes in

both interventions, which is consistent with
the results of these studies.

Serotonin/dopamine ratio: Obviously, given
the complexity of the function, a single neuro-
transmitter cannot be blamed for central fatigue.
Therefore, in general, it can be acknowledged
that the activity of dopaminergic and serotonergic
systems in interaction with each other increases
or decreases physical function. It is important to
note that with the onset of exercise, both seroto-
nergic and dopaminergic systems are gradually
enhanced with a kinetic pattern; however, while
serotonin concentration peaks at the fatigue point,
dopaminergic activity decreases as the exercise
progresses or returns to resting levels at fatigue
[4, 6-8]. So, the modulatory effects on fatigue
during exercise may be due to the interaction be-
tween these two neurotransmitters because there
is evidence that dopamine receptor antagonists
increase serotonergic activity and dopamine re-
ceptor agonists decrease serotonergic activity.
It has also been shown that the use of serotonin
agonists inhibits the increase in brain dopamine
concentration caused by exercise, and conversely,
by intervening through the administration of se-
rotonin antagonists, central dopamine levels are
maintained during fatigue. In addition, the dopa-
mine precursor (tyrosine) competes with the sero-
tonin precursor (tryptophan) to enter the brain
[7, 22, 35]. Therefore, the existence of an inhibi-
tory relationship between dopaminergic and sero-
tonergic systems is undeniable and fatigue does
not depend on just one of the two systems, but it
is a function of increased serotonergic activity
and decreased dopaminergic activity. Therefore,
the higher serotonin/dopamine ratio, the weaker
the exercise performance, and the lower this ratio
is maintained, fewer signs of fatigue and weak-
ness are seen in exercise performance [7, 8, 22,
35]. Therefore, it seems that the serotonin / dopa-
mine ratio can be generalized to determine fati-
gue and that it is better than analysis and inter-
vention on one of the two. The findings of
the present study also proved this fact because
the serotonin/dopamine ratio was significantly
lower in DM intervention, moreover, in the study
of the correlation between RPE and the measured
fatigue indices, the highest correlation was ob-
served between the serotonin/dopamine ratio with
the rating of perceived exertion.

Conclusions

Despite the importance of nutrition in athletic
performance and delaying fatigue, this study
shows that many athletes do not follow a proper
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eating pattern. The present study showed athletes
and researchers that diet modification, albeit
short-term, can help alleviate tennis players' con-
cerns regarding fatigue. Therefore, tennis players
are advised to modify their diet as the first and
most important step to maintain performance
and delay fatigue. In this study, for the first time,
the serotonin/dopamine ratio was considered
an indicator of fatigue. The high correlation of
this ratio with RPE pressure perception scores
showed that among conventional fatigue factors,
serotonin/dopamine ratio can be the most valid
indicator. There were limitations in this research
due to ethics issues in research and human sub-
jects, which made it impossible to study the tis-
sue and brain levels of the studied factors to
compare blood levels with tissue levels; there-
fore, it is suggested that histological studies
should be performed on laboratory animals to
help understand whether blood levels can be ge-
neralized to tissues and the brain.
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BNMUAHUE KPATKOBPEMEHHOWN CMEHbI OUETbI
HA NMOKA3ATENN YTOMIIAEMOCTWU Y TEHHUACUCTOB

A.M. Mexpe3™?, M. Canesu’, M. Koywku', M. Ak6ap3adex®

'Ilupa3sckutl yHusepcumem, 2. LLlupa3s, MpaH,

2TuwpuHckull yHusepcumem, 2. JTamakusi, Cupus,
3lllupasckuii meduyuHckull yHusepcumem, 2. LLlupas, MpaH

Henab. Llenpro JaHHOTO HCCIEIOBaHUsS ObLTO ONpeAeeHUe BIUSHUS KPaTKOBPEMEHHON CMe-
HBI JUETH Ha TUIa3MEHHBIE ITOKa3aTeN YTOMIIIEMOCTH (IIa3MEHHBIE KOHIIEHTPAIH CEPOTOHIHA
u modaMuHa, COOTHOLICHHE CEPOTOHHH / Mo(aMuH, COACpKaHWE aMMHaKa W JaKTara) IOCie
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4acOBOr0 TEHHHUCHOro Marya. MaTtepuajibl M1 MeTOAbI. PaHIOMU3MPOBaHHOE NIEPEKPECTHOE HC-
CJIeIOBaHHUE C ydacTHeM 32 MOoIynpo(ecCHOHANIBHBIX TCHHUCHCTOB, [TOICICHHBIX HA JBE IPYIIIbI
B 3aBUCHMOCTH OT pEeXMMa IHTaHUA (CO CMEHOM aueTsl U 0e3 CMeHB! AueThl). Bece yuacTHHKH
HCCIIEIOBAHMS CHITPAJIM IBYXYacOBYIO IIAPTHIO B TEHHHC. J[0 M MOCIie TEHHUCHO MapTHH y Bcex
YYaCTHUKOB OBLIM ONpeesIeHbI TIa3MEHHBIE TOKa3aTeIM YTOMIIIEMOCTH U MTOKa3aTel CyObeK-
TUBHO BOCIPMHUMAEMOW HaNpsKEHHOCTU. Pedysabrarbl. Pe3ynabTaTsl HccnenoBaHui NOKa3biBa-
0T CTaTUCTHYeCKH 3HAYMMBIA mpupocT (p < 0,001) mma3MeHHBIX KOHIIEHTpAIMid CEepOTOHHHA,
noamuHa, TaKTaTa ¥ aMMHaKa B 00eHX IPYIIax M0 CPAaBHEHHUIO C HCXOAHBIMH 3HAUCHUSMH, TIPH
9TOM craructiuecku 3Haunmoe (p < 0,001) yBennueHHe COOTHOIICHUSI CEPOTOHUH / T0(paMuH
OBIIO 3apErnCTPUPOBAHO TOJBKO B TpyINIe 0e3 M3MEHEHUS IUETHl. YBEINYEHHE KOHLECHTPAIUH
ammuaka (p < 0,001) u ceporonuna (p < 0,05), a Taxke yBeIHMYCHHE COOTHOLICHHS CEPOTO-
nuH / nodamuH (p < 0,05) B rpymnme co cMeHOH AUETHI ObLIO 3HAYNTEIHHO HUXKE 110 CPABHEHUIO C
I10Ka3aTcIIMHu KOHTpOJ'IbHOﬁ TpYIIIbI. XoTs KOHIICHTpAIUM1 JIaKTaTa 1 )loq)aMl/IHa MOCJIC MapTUumn
B TpYINIIE CO CMEHOi queThl ObuiM BhiIe Ha 21 u 8 % COOTBETCTBEHHO, JaHHbIE U3MEHEHHUS HE
ObUTH cTaTHCTHYECKN 3HAUMMbIMH. CHIIbHAst U yMepeHHasl KOppessinus Oblla 3aperucTpupoBaHa
MEXIY MOKa3aTeJsIMU CyObEKTUBHO BOCIIPUHMMAEMON HaNpsHKEHHOCTH U COOTHOLIEHUEM CEpo-
ToHuH / fodamuH (p < 0,001) u npounmu nepemenHsME (p < 0,001) COOTBETCTBEHHO, IPH 3TOM
st todaMuHa OblIa 00HapYXeHa oTpunaTtensHas koppesius (p < 0,05). 3akiarouenne. I1o pe-
3yJIbTaTaM HCCIIEIOBAHHS OBUIO YCTAHOBJICHO, YTO KPATKOBPEMEHHAs! CMEHA JHETHI MOXKET I10-
BJI€Yb W3MEHEHUsI OOJBIIMHCTBA MTOKA3aTeNIeH YTOMIIEMOCTH. TakuM o0pa3oM, H3MEHEHHE PEXu-
Ma [HUTAHUA MOXKET OBITh PEKOMEHOBAHO I KOHTPOJSI YTOMIISIEMOCTH M MOAJEPKAHUS PE3YIIb-
TaTMBHOCTH TeHHHCUCTOB. Hambosnee MHOOPMATHBHBIM IOKa3aTeNleM YTOMIIIEMOCTH MOJXKET
CUYHMTAThCSI COOTHOIICHUE KOHIICHTPALUI CEPOTOHUHA U T0(paMHHA.

Kniouegvie cnosa: ymomasiemocms, meHHUC, CMEHA PediCUMa NUMAHUS, JAKMAm, amMMuax,
00Qamun, cyobeKmueHo 60CNPUHUMAEMAS HANPAHCEHHOCHb.
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