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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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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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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 

(1–4 g/kg) 
• 36–48 h  
Pre-match ˃ 90 min:  
(10–12 g/kg/day) 

• (0.7 g/kg/h)  
or (30–60 g/h) 
• beverage  
concentration 6–8% 

• (1–1.2 g/kg) first 1 h 
or (0.8 g/kg) + protein 
(0.25–0.3 g/kg) 
• first 24h after match 
(8–10 g/kg/day) 

Protein • (1.4–2 g/kg/day) 
0.25–0.3 g/kg  
every 3–5 h 

• 1–4 h Pre- exercise 
(0.25–0.3 g/kg) 

• (0.25 g/kg) in case  
of high intensity  
training ˃ 2.5h 

• (0.25–0.3 g/kg)  
+ CHO (0.8 g/kg)  
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 × 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, η2 = 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 × 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, η2 = 0.93] 
and the main effect of intervention [F(1,15) = 
= 36.97, p < 0.001, η2 = 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 

g/kg/day 
Protein 

g/kg/day 
Lipid 

% total energy 
Recommended 
range 

–10% to +10% 6–10 1.4–2 20–30% 

less than range 
n (%) 

10 (31.25%) 18 (56.25%) 4 (12.5%) 2 (6.25%) 

In the range
n (%) 

6 (18.75%) 4 (12.5%) 15 (46.87%) 12 (37.5%) 

More than range
n (%) 

16 (50%) 10 (31.25) 13 (40.62%) 18 (56.25%) 
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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 × 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, η2 = 0.87] as well as the main effect of 
intervention [(F(1,15) = 6.36, p < 0.05, η2 = 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 × 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, 
η2 = 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 × 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, η2 = 
= 0.34] also the main effect of intervention 
[(F(1,15) = 5.28, p < 0.05, η2 = 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). 

 

Fig. 2. Comparison of plasma serotonin(A)  
Dopamine(B) and serotonin/Dopamine Ratio(C)  

in DM and N-DM measurements 
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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 

Table 3. 
Correlations between RPE and physiological values after the match  

 Serotonin Dopamine Ser/Dop ratio Lactate Ammonia 

RPE  
(all post-match tests) 

r = 0.4  
p < 0.001 

r = –0.31 
p < 0.05 

r = 0.58 
p < 0.001 

r = 0.42 
p < 0.001 

r = 0.48 
p < 0.001 
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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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Цель. Целью данного исследования было определение влияния кратковременной сме-
ны диеты на плазменные показатели утомляемости (плазменные концентрации серотонина
и дофамина, соотношение серотонин / дофамин, содержание аммиака и лактата) после
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часового теннисного матча. Материалы и методы. Рандомизированное перекрестное ис-
следование с участием 32 полупрофессиональных теннисистов, поделенных на две группы 
в зависимости от режима питания (со сменой диеты и без смены диеты). Все участники 
исследования сыграли двухчасовую партию в теннис. До и после теннисной партии у всех 
участников были определены плазменные показатели утомляемости и показатели субъек-
тивно воспринимаемой напряженности. Результаты. Результаты исследований показыва-
ют статистически значимый прирост (p < 0,001) плазменных концентраций серотонина, 
дофамина, лактата и аммиака в обеих группах по сравнению с исходными значениями, при 
этом статистически значимое (p < 0,001) увеличение соотношения серотонин / дофамин 
было зарегистрировано только в группе без изменения диеты. Увеличение концентраций 
аммиака (p < 0,001) и серотонина (p < 0,05), а также увеличение соотношения серото-
нин / дофамин (p < 0,05) в группе со сменой диеты было значительно ниже по сравнению с 
показателями контрольной группы. Хотя концентрации лактата и дофамина после партии 
в группе со сменой диеты были выше на 21 и 8 % соответственно, данные изменения не 
были статистически значимыми. Сильная и умеренная корреляция была зарегистрирована 
между показателями субъективно воспринимаемой напряженности и соотношением серо-
тонин / дофамин (p < 0,001) и прочими переменными (p < 0,001) соответственно, при этом 
для дофамина была обнаружена отрицательная корреляция (p < 0,05). Заключение. По ре-
зультатам исследования было установлено, что кратковременная смена диеты может по-
влечь изменения большинства показателей утомляемости. Таким образом, изменение режи-
ма питания может быть рекомендовано для контроля утомляемости и поддержания резуль-
тативности теннисистов. Наиболее информативным показателем утомляемости может 
считаться соотношение концентраций серотонина и дофамина. 

Ключевые слова: утомляемость, теннис, смена режима питания, лактат, аммиак, 
дофамин, субъективно воспринимаемая напряженность. 

 
 
Ахмад М. Мехрез, аспирант по направлению «Физиология упражнений», кафедра спортив-

ных наук, Ширазский университет, г. Шираз, Иран; Тишринский университет, г. Латакия, Сирия. 
E-mail: mehrez.ahmed@hotmail.com, ORCID: 0000-0001-8274-9274. 

Мохсен Салези, PhD в области физиологии упражнений, доцент кафедры спортивных наук, 
Ширазский университет, г. Шираз, Иран. E-mail: mhsnsls@gmail.com, ORCID: 0000-0003-2969-9102. 

Мариам Джахроми Коушки, PhD в области физиологии упражнений, профессор кафедры 
спортивных наук, Ширазский университет, г. Шираз, Иран. E-mail: koushkie53@yahoo.com, 
ORCID: 0000-0001-9563-9461. 

Марзие Акбарзадех, PhD в области пищевых наук, доцент кафедры общественного питания, 
Школа питания и пищевых наук, Ширазский медицинский университет, г. Шираз, Иран. E-mail: 
m_akbarzadeh@sums.ac.ir. ORCID: 0000-0001-7646-2162. 

 
Поступила в редакцию 13 сентября 2021 г. 

 
 

ОБРАЗЕЦ ЦИТИРОВАНИЯ  FOR CITATION 

Short-Term Diet Modification Can Moderate the Le-
vels of Fatigue Indices in Tennis Players / A.M. Mehrez, 
M. Salesi, M. Koushkie, M. Akbarzadeh // Человек. 
Спорт. Медицина. – 2021. – Т. 21, № 4. – С. 127–138. 
DOI: 10.14529/hsm210415 

 

 Mehrez A.M., Salesi M., Koushkie M., Akbarzadeh M. 
Short-Term Diet Modification Can Moderate the Levels 
of Fatigue Indices in Tennis Players. Human. Sport. 
Medicine, 2021, vol. 21, no. 4, pp. 127–138. DOI: 
10.14529/hsm210415 
 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


