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Conclusions:

Continuously increasing the volume and intensity of the training sessions often leads to overtraining.
It has been demonstrated that glutathione supplementation might improve the aerobic metabolism in
skeletal muscle and reduce exercise-induced muscle fatigue. The aim of the study was to assess the effect
of glutathione supplementation on fatigue, recovery processes, and competitive results of elite swimmers
during a six-week training period.

Twenty-four elite swimmers (10 women and 14 men) from the Bulgarian national swimming team, with
a mean age of 18.7+3.78 years, took part in this double-blind placebo control study. The swimmers from
the experimental group were supplemented once a day with a capsule of 250mg glutathione, whilst the
swimmers from the control group took a placebo once a day. The urine concentration levels of cortisol
and cortisone, as well as the degree of overtraining, were evaluated on the 15(T1), 14™(T2), 28"(T3), and
42"4(T4) days. Anthropometric measurements and a nutritional assessment were performed at T1 and T4.
The swimmers showed a gradual decrease of cortisol and cortisone during the study, with significantly
lower concentrations in the experimental vs the control group at T4 (19.4 vs 42.5 ng/mL, p < 0.05). At the
end of the study, the swimmers from the experimental group showed improvements in their time in 41 out
of the 43 swimming events, whilst those from the control group had significantly smaller improvements
(-1.66 vs -0.97%, p < 0.05).

In conclusion, glutathione supplementation at a dose of 250mg/day for six weeks improves the adaptation

of elite swimmers towards training schedules, which is likely to lead to better sports results.
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Introduction

The main goal of elite athletes is to achieve high
results in their sport, which is accomplished by doing
great amounts of training as part of the preparatory
process. However, continuously increasing the frequency,
volume and intensity of the training sessions often leads
to overtraining, from which days and even weeks are
required in order to recover. About 30% of elite adolescent
athletes reported experiencing a state of fatigue at least
once in their careers, indicating an average of two
episodes of overtraining lasting for a period of around
four weeks. Overtraining was also observed in 5% to 30%
in swimmers during their sports season [1-4].

The appearance of overtraining in athletes is associated
with the inducement of oxidative stress. Oxidative stress
has a negative effect on cellular structures and their
functions, and for athletes, these negative effects are
mainly reflected in the change in muscle contraction
functions and/or increased muscle damage and the rapid
occurrence of fatigue [5-8]. Physical exercises increase
oxidative stress throughout the body, and this outcome
has been illustrated in a number of physical activities,
including swimming [9-12].

Antioxidants can reduce the oxidative stress caused
by high amounts and intensity of training workouts. A
key non-enzymatic antioxidant is the reduced form of
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glutathione (GSH), which is the most widespread non-
protein thiol in the cells, and it has a concentration of 1-10
mM [13]. GSH has a high electron donation capacity,
which determines its significant cell-reducing power
[14], and it can directly neutralize active forms of oxygen
[15, 16], in addition to being involved in the reduction of
other antioxidants in the cell, including vitamins E and C
[17]. GSH is a major co-factor of the antioxidant enzyme
glutathione peroxidase (GPX) [18]. When oxidative stress
is observed, GSH decreases [19], and its oxidized form
GSSG increases, followed by a decrease in the GSH :
GSSQG ratio [20].

GSH takes part in the detoxification of foreign
substances in the body by interacting and neutralizing
them. It also supports the structure of proteins, takes
part in intracellular transport and chelation of copper,
modulates neurotransmitter receptor activity, activates
T-lymphocytes and polymorphonuclear leukocytes, and
others [21-24].

It has been shown through studies that changes in
GSH and GSSG concentrations in the blood of athletes
are observed during physical exercises. A number of
these studies demonstrated that continuous submaximal
training led to a decrease in GSH and an increase in
GSSG [25-27]. It is assumed that decreased plasma GSH
concentrations following physical exercise demonstrate
increased GSH consumption in skeletal muscle, resulting
in a reduced export rate from muscle into plasma [28].
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Other authors reported only an increase in GSSG without
significant change in GSH, thereby the GSH:GSSG ratio
was reduced [29, 30].

The effect of increased levels of GSH on
physical performance has been studied by applying
N-acetylcysteine (NAC) [31-34]. NAC is a reduced
thiol donor with antioxidant properties which supports
glutathione synthesis, since the acetylation of cysteine is
the rate-limiting step in glutathione synthesis [35].

Only a few human clinical trials evaluated the effects
of oral GSH supplementation. Witschi et al. administered a
single oral dose of up to 3 g of GSH, given to seven healthy
subjects, and no increase in blood GSH levels was found
[36]. Allen et al. 2011 conducted a study, which involved
40 healthy subjects who consumed oral glutathione
capsules (500 mg twice per day) or placebo capsules for a
period of four weeks. The results showed that there were
no changes in the levels of GSH, GSH:GSSG ratio, and
some indicators of oxidative stress [37].

Data on animals in vivo demonstrate that oral GSH
is absorbed in rats [38, 39]. Specifically, Hagen et al.
showed a doubling of plasma GSH from 15 to 30 umol/L
within 120 minutes after oral administration in rats, and
suggested that dietary GSH is principally absorbed in the
jejunum [39]. Kovacs-Nolan et al. demonstrated, in in
vitro and ex vivo intestinal absorption models, that intact
glutathione can be transported between human intestinal
epithelial cells [40]. In addition, Park et al. reported
that the plasma glutathione concentration is transiently
elevated after oral glutathione supplementation, which
suggests that exogenous glutathione can be absorbed into
the body and act as an important glutathione supply [41].

In 2015, Aoi et al. demonstrated that glutathione
supplementation improves the aerobic metabolism in
skeletal muscle, leading to reduced exercise-induced
muscle fatigue by elevating Peroxisome proliferator-
activated receptor-y coactivator-loa (PGC-1a) [42]. PGC-
la has been shown to be a key transcriptional co-activator,
providing a mechanistic insight into nuclear regulatory
pathways in the biogenesis of mitochondria in skeletal
muscle [43].

The aim of the study was to assess the effect of
glutathione supplementation intake on fatigue rate,
recovery processes, and competitive results of elite
swimmers during a six-week training period.

Material and Methods

Participants

Twenty-four elite swimmers (10 women and 14 men)
from the Bulgarian national swimming team, with an
average age of 18.7 £ 3.78 years (from 15 to 25 years),
took part in this double-blind placebo control study.
The research was performed in accordance with the
Declaration of Helsinki for Human Researches [45]. The
swimmers were familiarized with the details regarding
the purposes of the study, and an informed consent was
obtained from each participant.

Design of the study

The swimmers were divided into two comparable
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groups according to their competition results, gender,
and age. Each group consisted of five women and seven
men. The swimmers from the first group (experimental)
were supplemented once a day with a capsule of 250 mg
glutathione, whilst the swimmers from the second group
(control) took placebo once a day (one capsule with 250
mg glucose).

The swimmers were tested for a six-week period,
starting two weeks after the National Team Championship
and finishing two weeks before the National Individual
Championship (both in a 50 m long pool). The assessments
were conducted each Monday in the mornings (after 60
hours of rest) every two weeks: on the 1% (T1), 14" (T2),
28" (T3), and 42™ days (T4). The swimmers’ degree of
overtraining was evaluated four times at T1, T2, T3 and
T4 by the Training Distress Scale (TDS) and by assessing
the urine concentration of cortisol and cortisone.

Additionally, anthropometric measurements and a
nutritional assessment were performed at T1 and T4.
Training programme
The swimmers were following a three-season

planning in their annual programme. This study took
place in the summer season (3rd macrocycle) from April
to July, in which the swimmers were performing their
training sessions in a 50 m long pool. The reported six-
week period in this study is part of the general preparation
phase, and it started right after the two-week recovery
phase after the main competition. The swimmers trained
twice a day from Monday to Friday performing a total
of ten training sessions per week. During this period, the
training process was associated with gradually increasing
the training volume, starting from 40 km for the first
week and finishing at 65 km for the last one. The main
goals for this phase were to improve aerobic capacity and
maintain anaerobic power and speed. The training has to
produce central circulatory and respiratory adaptations
which will improve the delivery of oxygen and nutrients
to the muscles [45]. As a result of that, an increase of
VO,max is expected. The training programme applied in
this research, including training volume (km) and training
zones (% of all volume), is shown in Table 1.

Anthropometry

The anthropometric measurements of the swimmers
were taken at the National Centre for Sports Medicine in
Bulgaria. Height was taken with an accuracy of 0.1 cm,
and body weight was recorded with an accuracy of 0.1
kg. Skinfolds were measured to the nearest 0.1 cm by
using the Lange Skinfold Calliper, Beta Technology Inc,
Cambridge, USA. Arm, thigh and calf circumferences was
measured to the nearest 0.1 cm with the Luftkin W606PM
tape measure. The percentage of body fat (Fat%) was
determined by the sum of seven skinfolds, using Jackson
and Pollock’s equations [46]. The percentage of total body
skeletal muscle mass (MM%) was calculated by using the
Lee et al’s equations [47].
Nutritional assessment

The food frequency questionnaire (FFQ) [48, 49],
which was applied in this study to assess the nutrition of
the swimmers, included questions about the weekly use



Table 1. Six-week training programme of the elite swimmers from this study

Week 1 2 3 4 5 6
Training zones/Volume (km) 40 45 50 55 60 65

I. Basic Endurance HR 120-150 59 % 59 % 59 % 50 % 50 % 50 %
Il. Threshold Endurance HR 150-180 25% 25% 25% 25% 25% 25%
l. High performance endurance HR >180 4% 4% 4% 8% 8% 8%
IV. Anaerobic:. Lfa\ctate tolerance + Lactate production + 2% 2% 5 9% 4% 1% 4%
Race pace training

V. Sprint 3% 3% 3% 3% 3% 3%
VI. Recovery HR < 120 7% 7% 7% 10% 10% 10%

HR — heart rate in beats per minute (bpm)

of basic food products and questions about the age, sports
experience, and number of training sessions per week. The
composition and energy value of different groups of food
were calculated based on the USDA National Nutrient
Database - Release 28 [50]. The FFQ and the data tables
needed for calculations are available on the internet [51].

Based on the results, the daily intake of proteins,
carbohydrates and fats, relative daily protein intake
per kilogram body mass (RDPI), relative carbohydrate
intake (RDCI), relative fat intake (RDFI), and the energy
contribution of each nutrient (E%), in addition to the total
daily energy intake (kcal/24h) and relative energy intake
(RDEN), were calculated. The basal metabolic rate (BMR
kcal/24h) was calculated by using the equations of Harris
and Benedict [52]. The estimated daily and relative energy
needs (DEN and RDEN) were calculated by multiplying
BMR by the coefficient of physical activity (k) according
to the number of weekly training sessions (BMR kcal/24h
x (1.2 + 0.08 x number of sessions) [52].

Recovery and overtraining assessment

The rate of recovery and the level of overtraining were
assessed by using the Training Distress Scale (TDS),
which was proposed and validated by Grove et al. [44].
It consists of nineteen questions, which evaluate the
symptoms of distress in athletes. These symptoms include
various statements related to changes in emotional state,
general fatigue, concentration difficulties, physical
discomfort, sleep and appetite disturbances. The swimmers
responded to the questions, indicating the degree to which
each symptom corresponds to their individual state during
the last 48 hours. The grade was determined by a five-
point bipolar scale, ranging from “none” (0 points) to
“excessive” (4 points). The final result (TDS score) was
the sum of the points from all nineteen questions.

Cortisol and Cortisone urine concentration assessment

The concentration of cortisol and cortisone was
determined by the relative density of the urine speciments,
from which the measured hormonal concentrations
were adjusted. Samples were pre-treated, then analysed
sequentially by a high-performance liquid chromatograph
(HPLC) and a mass spectrometer.

Swimming results

The results achieved by the swimmers at the National
Team Championships (two weeks before the start of

the experiment) were compared to the results from the
National Championships, which was held two weeks
after the end of the experiment. From the results for
each swimming event recorded in the first competition,
we subtracted the results from the second competition,
and the difference was presented as a percentage of the
first time (negative values show an improvement in the
achievements form the second competition).

Statistical analyses

The statistical analyses were performed by the SPSS
Statistics 19 software (IBM, USA), using descriptive
statistics and one-way ANOVA for dependent samples
with the Bonferroni post hoc test. The data from the
Training Distress Scale (TDS) did not show a normal
distribution when using the Kolmogorov-Smirnov test
of normality, and, therefore, non-parametric ANOVA
for repeated measurements (Friedman test) was applied.
The average improvement in performance was analysed
by using Independent-samples t-test, and the improved
swimming results and worsened swimming results were
analysed by Chi-square test for frequency distributions.
The results are expressed as mean values = SD in the text
and tables, and as mean =+ SE in the figures.

Results

Anthropometry

The mean age of the swimmers from the experimental
group was 17.6 + 3.67 years, and in those from the
control group was 18.4 + 4.67 years. The anthropometric
parameters of the swimmers in this study are presented in
Figure 1. There were no statistically significant differences
in the parameters, neither between the experimental and
control groups, nor between the initial baseline (T1) and
final measurements (T4).

Nutrition

No significant differences were found between the
genders in all of the groups in this study in terms of their
nutrition, and, therefore, the analyses were performed for
both men and women together. The relative daily energy
needs (RDEN) and relative daily energy intake (RDEI)
of the swimmers in this study are presented in Figure
2. The data shows no significant differences between
the estimated energy needs and the calculated energy
intake, which was confirmed by the stable anthropometric
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Figure 1. Anthropometric parameters of the female swimmers (A) and male swimmers (B) from the experimental and
control groups on the 1% (T1) and the 42" (T4) days of the six-week training period.

parameters over time (Figure 1). There were no significant
differences between the experimental and the control
group, nor between baseline (T1) and final nutritional
assessment (T4).

The relative daily protein intake (RDPI), relative
daily fat intake (RDFI), and relative daily carbohydrate
intake (RDCI) of the swimmers are presented in Figure
3. There was a correlation between the amounts of the
main macronutrients consumed by the swimmers in this
study and the recommended norms for swimmers with
similar training [54] in all four assessments. There were
no significant differences in the relative amounts of the
macronutrients between the experimental and the control
groups, nor between the baseline (T1) and final nutritional
assessment (T4).

Training Distress Scale (TDS)

The results of the TDS assessment showed a reduction
in the frequency of the overtraining symptoms at the end
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of the six-week training period (Figure 4), which was
contrary to our expectations. There was no significant
difference in the TDS scores between the experimental
and control groups at the final assessment (T4).

Hormones

The concentration of cortisol hormone in the
morning urine of the subjects tested showed a gradual
decrease during the six-week training period (Figure 5).
A statistically significantly lower cortisol concentration
was found in the morning urine of the swimmers from
the experimental group at the final measurement (T4).
The same dynamics were observed in the concentration
of cortisone and the sum of the cortisol and cortisone
concentrations (data not shown).

Competition results

The results of the swimmers at the National Team
Championship, which took place two weeks before the
start of the experiment, and the results at the National
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Figure 2. Relative daily energy needs (RDEN) and relative daily energy intake (RDEI) of the swimmers from the
experimental (n=12) and the control (n=12) groups on the 1% (T1) and the 42" (T4) days of the six-week training period.
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Figure 3. Relative daily protein intake (RDPI), relative daily fat intake (RDFI) and relative daily carbohydrate intake
(RDCI) of the swimmers from the experimental (n=12) and the control (n=12) groups on the 1% (T1) and the 42" (T4)
days of the six-week training period.
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Figure 4. Training distress scores (TDS) of the swimmers from the experimental (n=12) and the control (n=12) groups
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Figure 5. Dynamics of urine cortisol concentration of the swimmers from the experimental (n=12)
and the control (n=12) groups on the 1 (T1), 14%™ (T2), 28" (T3) and 42" (T4) days of the six-
week training period. * - p < 0.05 vs Experimental T1; A - p < 0.05 vs Experimental T1 and T2;
O - p<0.05vs Control T1; Y - p < 0.05 vs Experimental T4
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Table 2. Changes of competition results of the swimmers

in this study.

Experimental Control
Parameter p

Group Group
Number of swimmers 12 12
Number of swimming competition events 43 42
Average swimming results improvements (%) -1.66 £1.20 -0.97 £ 1.68 0.0329 a
Number of worsened swimming results 2 13 0.0004 b
Number of swimmers with worsened average results 0 4 0.014 b

a - t-test for independent samples; b - Chi-square test

Championship, which took place two weeks after the end
of the study, were compared (Table 2). The swimmers
from the experimental group took part in each event from
both competitions (a total of 43 events), and showed an
improvement in their time in 41 of them, with an average
of -1.66 £+ 1.20%. Moreover, none of them showed worse
average results. On the contrary, the swimmers from the
control group, who took part in both competitions in a
total of 42 events, showed an improvement in only 29
events, with an average of -0.97 + 1.68%, and four of the
participants showed worse average results. The average
improvement in performance (analysed with independent-
samples t-test) and the distribution of both improved
swimming results and worsened swimming results
(analysed with Chi-square test), were all statistically
significant in favour of the experimental group (Table 2).

Discussion

The stable anthropometric parameters, as well as the
balanced nutrition consistent with the recommendations
for elite swimmers, in addition to the decreased TDS
scores and decreased values of cortisol and cortisone
during this study, showed a very good adaptation amongst
the swimmers towards the increasing training workload,
with a good average recovery rate within each training
week.

The greater progress in results from competitions, and
the lower levels of stress hormones at the end of the study
in the experimental group, suggest a positive role of the
glutathione (GSH) as a supplement.

Our double-blind placebo control study supports

the possibility of using glutathione supplementation in
order to directly or indirectly increase the GSH levels
in the body. These conclusions are in agreement with
some authors who have researched the effects of GSH
on experimental animals [38-40, 42], as well as other
researchers who have observed an increase in plasma
GSH levels in humans after an oral supplementation with
a much higher dose of GSH (50 mg/kg body weight) [41]
than the one in our study.

The limitation in our study was our inability to
determine the plasma glutathione levels, as the ethical
committee did not give permission for that. The reason
for this was that some of the swimmers from our study
were under the age of 18, and the number of the other
participants was not sufficient to obtain reliable results.

To confirm the positive effect of glutathione
supplementation and to reveal the mechanism of its
action, additional biochemical studies on changes in GSH
level and oxidative status in athletes with a high degree of
exercise load are required.

Conclusions

The supplementation of glutathione at a dose of 250
mg per day for six weeks improves the adaptation of
elite level swimmers towards training schedules, which
is likely to lead to higher achievements as far as sports
results are concerned.
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