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Abstract

with L-theanine.

athletes, as shown by the decrease in IL-10 concentration.

Background: The aim of this study was to analyze the response of selected components of the immune system
in rowers to maximal physical exercise, and to verify if this response could be modulated by supplementation

Method: The double-blind study included 20 members of the Polish Rowing Team. The subjects were randomly
assigned to the supplemented group (n=10), receiving 150 mg of L-theanine extract for 6 weeks, or to the placebo
group (n = 10). The participants performed a 2000-m test on a rowing ergometer at the beginning (1st examination)
and at the end of the supplementation period (2nd examination). Blood samples were obtained from the antecubital
vein before each exercise test, 1 min after completing the test, and after a 24-h recovery. Subpopulations of T
regulatory lymphocytes (Tregs) (CD4+/CD25+/CD127-), cytotoxic lymphocytes (CTLs) (CD8+/TCRaf+), natural killer (NK)
cells (CD3-/CD16+/CD56+) and TCROy-positive (TOy) cells were determined by means of flow cytometry. The levels of
interleukin 2 (IL-2), interleukin 4 (IL-4), interleukin 10 (IL-10), interferon gamma (INF-¥) and total antioxidant capacity
(TAC) were determined with commercially available diagnostic kits.

Results: Supplementation with L-theanine contributed to a significant post-exercise decrease in IL-10 concentration,
which was reflected by higher values of IL-2 to IL-10 and IFN-y to IL-10 ratios. Moreover, a significant post-recovery
decrease in CTL count, Treg to NK and Treg to CTL ratios was observed in the supplemented group.

Conclusion: Despite the decrease in the number of some cytotoxic cells (CTLs) and an increase in the proportion of
Tregs to CTLs, supplementation with LTE seems to exert a beneficial effect on a disrupted Th1/Th2 balance in elite
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Introduction

Elite athletes, exposed to extremely large training loads,
may develop the so-called overtraining syndrome (OTS)
which may inter alia contribute to a decrease in their
performance [1, 2]. One consequence of OTS is greater
susceptibility to upper respiratory tract infections
(URTI), which suggests that overtraining is associated
with immune impairment [3]. Recent evidence showed
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that the immune impairment in OTS may be caused by
a disruption of Th1/Th2 balance. Human T-helper (Th)
lymphocytes are represented by two distinct functional
subsets: Thl cells, causing activation of cell-mediated
immunity associated with the elimination of intracellular
pathogens and anticancer protection, and Th2 cells,
stimulating humoral immunity associated with antibody
synthesis. Previous studies demonstrated that strenuous
exercise may contribute to cellular immunosuppression
and resultant shift in Th1/Th2 balance toward Th2, which
results in greater susceptibility to infection, inflammation
and overtraining [4—6]. This justifies the inclusion of sup-
plements with established immunomodulatory effects in
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athletes’ diet, as an element of a mild and safe intervention
aimed at restoration of immune balance.

L-theanine (LTE) is a main amino acid present in tea
leaves. LTE is metabolized in kidneys to glutamic acid
and ethylamine [7]. The latter is an alkylamine, and
aside from the tea leaves, can also be found (albeit at a
lower amount) in other products, e.g. mushrooms, ap-
ples, red wine, to mention a few [8]. Previous studies
showed that LTE may modulate immunity, regulating
secretion of Thl and Th2 cytokines. Animals supple-
mented with LTE presented with higher serum concen-
trations of interleukin-2 (IL-2) and interferon gamma
(IFN-y) [9]. Another study showed that administration
of LTE conditioned Ty§ lymphocytes for stronger re-
sponse to the stimulus triggering cytotoxic reaction.
Drinking black tea contributed to a significant increase
in the secretion of IFN-y by Tyd lymphocytes from
healthy volunteers, after in vitro stimulation with bacter-
ial antigens [8]. In turn, addition of ethylamine to the
culture of peripheral blood mononuclear cells obtained
from healthy volunteers resulted a 15-fold increase in
Tyd count [10]. At low, micromolar, concentrations
alkylamines maintain Tyd readiness for a rapid response
to invasion of pathogenic or opportunistic bacteria; the
number of TyS cells and the synthesis of antibacterial
cytokines (among them IFN-y) were shown to increase
substantially following exposure to bacterial antigens.
However, without antigenic stimulation, markedly higher,
millimolar, concentrations of alkylamines are required to
induce the proliferation of Tyd cells [8].

Murakami et al. [11] analyzed the effects of supple-
mentation with LTE and cystine on some immune func-
tions in athletes after a long run. While a decrease in
lymphocyte count was documented after the run in
non-supplemented controls, no similar effect was ob-
served in the supplemented group. The same study
showed a statistically significant increase in the activity
of natural killer (NK) cells; although this effect was ob-
served in both groups, it was markedly more evident in
the athletes supplemented with LTE and cystine. Ac-
cording to Kawada et al. [12], the post-exercise activa-
tion of NK cells in well-trained men supplemented with
LTE and cystine was significantly stronger than in
non-supplemented controls. In both studies mentioned
above, LTE was administered together with cystine; this
regimen was chosen based on the results of a previous
animal study in which mice received cystine and/or LTE.
The study showed that stimulation with theanine and
cystine contributed to a substantial increase in the syn-
thesis of IgG following antigenic stimulation. Moreover,
animals supplemented with LTE and cystine presented
with significantly higher values of IL-10 to IFN-y ratio.
In contrast, the values of this parameter in mice that re-
ceived LTE alone were lower than at the baseline, which
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probably resulted from a significant decrease in IL-10
level, observed already within 24 h of the supplementa-
tion [13].

As shown above, previous studies demonstrated that
both cystine and intense physical exercise may promote
a shift in Th1/Th2 balance toward Th2. Thus, we
hypothesized that supplementation with LTE may pro-
mote Thl response and attenuate Th2 response in elite
athletes. One method for functional assessment of the
Th1/Th2 balance is determination of Thl (e.g. INF-y,
IL-2) and Th2 cytokine (e.g. IL-4, IL-10) levels. However,
to accurately estimate the status of Th1l/Th2 balance,
the levels of cytokines produced by Thl and Th2
lymphocytes should be interpreted together, since an in-
crease in Thl cytokine concentration may be frequently
counterbalanced by an increase/decrease in Th2 cyto-
kine level, and vice versa [14, 15]. Therefore, the analysis
of a shift in Th1/Th2 balance triggered by strenuous
physical exercise (an extreme stressor) and supplementa-
tion (LTE) based on the values of INF-y to IL-4, INF-y
to IL-10, IL-2 to IL-4 and IL-2 to IL-10 ratios would be
more accurate than merely the analysis of changes in
concentrations of individual cytokines. Another param-
eter to be considered during the evaluation of immune
balance after strenuous physical exercise is the number
of cytotoxic cells (e.g. NK, CLT, Ty8) and T-regulatory
lymphocytes (Tregs).

Since other authors demonstrated that various lympho-
cyte fractions can interact with one another, either directly
or via synthesized cytokines, we searched for sufficiently
accurate markers of those relationships. Based on the ob-
servations published by other researchers [16—19] who
demonstrated that Treg to effector T-cell ratios (Treg to
Ty, Treg to NK, Treg to CTL, Treg to NK + TCR + CLT)
are more accurate measures of the suppressive effects
exerted by the regulatory lymphocytes than a simple
cytometry, we also considered those indices in our study.
To the best of our knowledge, this study was the first one
to use such comprehensive approach to the analysis
of exercise-induced changes in Th1/Th2 balance in
elite athletes.

Materials and methods

Study population

The study included 20 men, all members of the Polish
Rowing Team (16 heavy-weight and 4 light-weight
rowers). Basic characteristics and sport classes of the
athletes are presented in Table 1. The study was con-
ducted between March and May, during a 6-week train-
ing camp scheduled between the preparatory and
competitive phase of the yearly training cycle. The char-
acteristics of the training profile, such as its intensity,
volume (in minutes) and type (specific, i.e. rowing: en-
durance, technical, speed, etc., and nonspecific: jogging,
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Table 1 Basic characteristics of the study groups

Parameters Supplemented group Placebo group
(n=10) (n=10)

Age (years) 21.0 £ 091 20.5 £ 1.08

Body weight (kg) 889 + 7.02 85.7 + 1040

Body height (cm) 191.2 £ 3.03 1879 £ 5.62

Duration of training (years) 7515 63£15

Values represent means * standard deviations. No statistically significant
differences were found for all intergroup comparisons (P> 0.05)

strength) were recorded on a daily basis. The intensity of
the training was classified based on the lactate acid (LA)
threshold (4 mmol/L), as extensive (below the LA
threshold), highly intensive (above the LA threshold),
and extremely intensive (control tests) (Table 2).

Food intake

Throughout the study period, the athletes were accom-
modated at an Olympic Training Center, whereby they
had all their meals. Their regular menu consisted of a
mixed diet, providing the recommended dietary allow-
ance (RDA) of carbohydrates, proteins, fats and micro-
nutrients (vitamins and minerals), in line with the
Polish Nutrition Society guidelines [20]. Daily intakes
of food, calories, fruits and vegetables were the same
throughout the study period. None of the athletes
drank more than two cups of tea per day. Average
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L-theanine content per single cup of tea approximates
7.9-24.2 mg [21].

The study subjects declared that they had ceased all
drugs, medications and dietary supplements at least 2
weeks before the experiment, and did not use them
throughout the entire study period.

Experimental procedure

Athletes who were randomized to the supplemented
group (n=10) received gelatin capsules with 150 mg
L-theanine extract, manufactured by Nanga (Zlotéw,
Poland). The subjects were asked to take two capsules
per day for 6 weeks. The dose was selected based on
published data [22, 23]. Athletes randomized to the pla-
cebo group (n=10) received visually identical capsules
with cornstarch (150 mg per capsule).

Training program

Training volumes (expressed in minutes per day) during a
week preceding the 1st and the 2nd examination are
shown in Table 2, separately for extensive rowing, intensive
rowing, kilometers and extensive non-specific training.
During the load training phase (before the 1st examin-
ation), the training volume amounted to 970 min per week,
including approximately 42.9% of extensive rowing, 10.2%
of non-specific training (e.g. power training) and 20.1% of in-
tensive rowing. Total training volume before the 2nd exam-
ination was 960 min-per week and included approximately

Table 2 Training schedule for the week preceding blood sampling during the 1st and the 2nd examination

Days before the 1st examination

1

Total training time, min/day 120
Time rowed, min/day 105
Distance rowed, km/day 18

Training for force development, min/day -

Extensive endurance rowing training time, min/day 81
High intensity endurance rowing training time, min/day 24
Unspecific training (running, etc.), min/day 15

2 3 4 5 6 7
110 200 120 220 110 90
- 100 110 100 100 -
- 20 22 20 20 -
- 90 - 90 - 80
- 100 65 70 100 -
- - 45 30 - -
110 10 10 30 10 10

Days before the 2nd examination

1

Total training time, min/day 190
Time rowed, min/day 100
Distance rowed, km/day 20

Training for force development, min/day -
Extensive endurance rowing training time, min/day 84
High intensity endurance rowing training time, min/day -
Very high intensity endurance rowing training time, min/day 16

Unspecific training (running, etc.), min/day 90

2 3 4 5 6 7
90 190 110 200 100 80
80 100 100 100 90 -
16 18 18 20 18 -
- 80 - 90 - -
80 100 52 67 90 -
- - 48 12 20 5
R R 21 - -
10 10 10 20 10 80
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48.2% of extensive rowing, 7.3% of intensive rowing (with
3.9% of maximum-intensity control tests).

Rowing performance test

The athletes performed a controlled 2000-m time trial
on the first day (before the supplementation) and at the
end of the training camp (after the supplementation).
Each subject had to cover the 2000-m distance on a
rowing ergometer (Concept II, USA) in the shortest time
possible. Because the results of both tests were taken
into consideration during selection to the championship
team, the athletes were motivated well to perform both
tests at a maximal effort. Before each test, the subjects
performed a 5-min individual warm-up on the ergometer.

Sample treatment

Blood samples from the antecubital vein were collected
to tubes with dipotassium ethylene diamine tetra-acetic
acid (K,EDTA) as an anticoagulant. Blood was collected
before each 2000-m test (after 7- to 8-h overnight fast),
1 min after completing the test, and after a 24-h
recovery. The list of analyzed parameters included
white blood cell (WBC) counts and percentages of
lymphocytes and granulocytes, all determined with
MYTHIC 18 Hematology Analyzer (Orphee Medical,
Geneva, Switzerland). The samples collected to tubes with
the anticoagulant were centrifuged for 10 min at 2200 rpm.
After removing the plasma and adding 1x Lysing Buffer
(BD Biosciences), the samples were incubated in darkness
for 15 min. Then, PBS buffer was added, and the cells were
washed twice to remove all erythrocytes. Blood samples
collected to the tubes without additives were centrifuged
for 10 min at 3500 rpm, and the sera were stored at — 80 °C
until the analysis. Moreover, capillary blood samples from
the earlobe were collected before and after each exercise
test, to assess LA level.

Measurements

Cytometric analysis of lymphocyte subpopulations: Tregs
(CD4+/CD25+/CD127-), CTLs (CD8+/TCRaf+), NK cells
(CD3-/CD16+/CD56+) and Tdy cells was conducted after
their labeling with fluorochrome-conjugated antibodies
from BD Biosciences. The cells obtained after hypotonic
lysis of peripheral blood were incubated in darkness at
room temperature for 20 min with the respective antibody
at a concentration specified by the manufacturer, to iden-
tify each lymphocyte subpopulation (Table 3). Then, the
cells were washed twice with PBS buffer and left in
darkness in 3.7% formaldehyde solution for 10 min.
Subsequently, the cells were again washed with PBS bulffer,
and 100 ul of DAPI solution (1 mg/ml, Thermo Fisher
Scientific) were added to stain cell nuclei. Then, the cells
were incubated in darkness at room temperature for
5 min, washed twice, and suspended in 250 pL of PBS
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Table 3 Antibodies used for identification of lymphocyte
subpopulations

Lymphocyte subpopulation  Antibody

FITC Mouse Anti-Human CD4
PE Mouse Anti-Human CD25
Alexa Fluor 647 Mouse anti-Human CD127

Regulatory T lymphocytes

APC Mouse Anti-Human CD8
FITC Mouse Anti-Human TCR a3

FITC Mouse Anti-Human CD3
PE Mouse Anti-Human CD16
APC Mouse Anti-Human CD56

FITC Mouse Anti-Human TCR&/y

Cytotoxic lymphocytes

NK cells

TCR&/y lymphocytes

buffer. After labeling, the cells were analyzed with
LSRII flow cytometer (BD Biosciences) coupled with
BD FACSDiva software.

Serum concentrations of interleukins: IL-2, IL-4 and
IL-10 were measured using a commercially available en-
zyme immunoassays (ELISA; Abcam, Cambridge, UK)
with detection ranges of 1.87-60 pg/ml, 0.31-10 pg/ml
and 1.56-50 pg/ml, respectively. Serum levels of interferon
gamma (IFN-y) were quantified using a commercially
available enzyme immunoassay (ELISA; Quantikine HS,
R&D Systems, Minneapolis, USA) with a detection range
of 15.6—1000 pg/ml.

Total antioxidant capacity (TAC), considered a marker
of plasma antioxidant capacity, was assessed with a com-
mercially available kit (LDN Labor Diagnostika Nordhorn,
Germany) with an assay range of 0.375-3 mmol/l.
Concentration of LA in capillary blood was determined
immediately after sampling, using a commercially avail-
able kit (Dr Lange, Germany); LA concentrations were
expressed in mmol/l. The coefficients of variation for all
assays were < 11%.

Statistical analysis

Statistical analyses were conducted with STATISTICA
v. 13.1 software package (StatSoft, Cracow, Poland). All
parameters were compared using 2 (supplementation:
supplemented vs. placebo) x 3 (exercise: pre-exercise vs.
post-exercise vs. post-recovery) repeated measures ana-
lysis of variance (ANOVA). Normal distribution of the
study variables was verified with Shapiro-Wilk test.
Whenever the result of ANOVA was statistically signifi-
cant, Fisher’s post-hoc test was conducted to identify the
source of significant differences. Anthropometric charac-
teristics of the study groups were compared with unpaired
Student’s -test. Except the rowing time, the results of the
2000-m tests performed before and after the supplementa-
tion were compared with paired Students ¢-test, and
intergroup comparisons were conducted with unpaired
Student’s t-test. The results of the 2000-m simulated row-
ing test were subjected to one-way ANOVA. Statistical
characteristics of the study variables are presented as
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means + standard deviations (SD), and the threshold of
statistical significance for all tests was set at p < 0.05.

Results

Athletes from the supplemented group and the placebo
group did not differ significantly in terms of their mean
age, body height, body weight and years of training
(Table 1).

No significant intragroup differences were found in
mean power output and total run time during the
2000-m test performed at the beginning and at the end
of the training camp (1st and 2nd examination, respect-
ively). Furthermore, no significant intragroup differences
in the pre- and post-supplementation blood LA levels
were documented (Table 4).

During the 1st examination, a significant post-exer-
cise increase in IL-2 level was observed in both study
groups (Fig. 1la). However, no statistically significant
exercise-induced changes in the concentration of this
cytokine were documented during the 2nd examination.
Furthermore, this parameter turned out to be inde-
pendent of L-theanine supplementation (ANOVA, main
effect, p = 0.981).

Changes in IL-10 levels in the study athletes are pre-
sented in Fig. 1b. During the 1st examination, the
post-recovery levels of IL-10 in both study groups were
significantly lower than at the baseline and immediately
after the exercise test. Although supplementation with
L-theanine did not exert a significant effect on IL-10
level (main effect, p =0.943), during the 2nd examin-
ation, the post-recovery concentration of this cytokine in
the supplemented group was significantly lower than at
the baseline and immediately after the exercise.

The levels of IL-4 at various study timepoints are
presented in Fig. 1c. This parameter turned out to be
modulated by neither physical exercise (main effect,
p = 0.662) nor supplementation (main effect, p = 0.508).

No statistically significant changes in IFN-y levels were
observed during the 1st examination (Fig. 1d). In con-
trast, a post-exercise increase in this parameter, which
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also persisted after a 24-h recovery, was demonstrated in
both groups during the 2nd examination. Statistical ana-
lysis showed that supplementation with L-theanine did
not exert a significant effect on IFN-y levels (main effect,
p=0.172).

The values of proinflammatory to anti-inflammatory
cytokine ratios are presented in Fig. 2. Supplementation
with L-theanine did not influence significantly any of the
analyzed indices of Th1/Th2 balance. However, ANOVA
demonstrated that physical exercise exerted significant
effects on the values of all ratios (main effect p <0.001
for all analyzed parameters).

During the 1st examination, physical exercise contrib-
uted to a significant increase in the values of IL-2 to
IL-4 and IL-2 to IL-10 ratios in both groups, and this ef-
fect also persisted after a 24-h recovery (Fig. 2a and b).
During the 2nd examination, the post-recovery values of
IL-2 to IL-4 ratio in the supplemented group, but not in the
placebo group, were significantly higher than at the baseline.

Statistically significant changes in IFN-y to IL-4 ratio
were demonstrated solely during the 1st examination
when the post-recovery values of this parameter in both
study groups were significantly higher than at the base-
line and immediately after the exercise (Fig. 2c). In turn,
statistically significant changes in IFN-y to IL-10 ratio
were observed solely during the 2nd examination, when
athletes from both groups showed a significant post-ex-
ercise increase in this parameter. After a 24-h recovery,
the values of IFN-y to IL-10 ratio in the supplemented
group, but not in the placebo group, were still signifi-
cantly higher than at the baseline (Fig. 2d).

Treg counts determined during the 1st and the 2nd
examination are shown in Fig. 3a. ANOVA revealed a sig-
nificant main effect of exercise on Treg count (p < 0.001).
During the 2nd examination, the post-recovery Treg
counts in athletes from both groups were significantly
higher than at the baseline (p < 0.05). However, ANOVA
demonstrated that supplementation with L-theanine did
not exert a statistically significant effect on Treg count
(main effect, p = 0.149).

Table 4 Changes in 2000 m rowing ergometer performance before and after supplementation with LTE

Parameters Supplemented group Placebo group

(n=10) (n=10)

Before After Before After
Power (Watt) 436 + 285 445 +17.52 401 £ 3148 411 + 36.69
(W x kg’]) 501 +£0.37 502 £028 481 £ 044 493 +0.22
LAmin (Mmmol x L7)° 16+ 037 1.5+ 081 18073 16+ 025
LAmax (MmMol x Le 151 £ 231 116 £ 242 141 £3.18 123 £413
Time (5) 3713 £ 847 368.7 £ 522 382.1 £1298 3792 £11.78

Values represent means + standard deviations. °LA, lactate. No statistically significant differences were found between the pre- and post-supplementation

results (P < 0.05)
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NK cell counts determined before and after supplemen-
tation with L-theanine are shown in Fig. 3b. ANOVA
demonstrated a significant main effect of exercise on NK
cell count (p <0.001). During both the 1st and the 2nd
examination, a significant post-exercise increase in this
parameter was observed in both supplemented group and
placebo group, followed by a post-recovery normalization
at the baseline level.

TSy cell counts in the study subjects are presented in
Fig. 3c. Likewise for other lymphocyte subpopulations,
ANOVA demonstrated a significant main effect of exer-
cise on T8y cell count (p <0.001). During the 1st exam-
ination, the post-recovery T8y cell counts in both
groups were significantly lower than immediately after
the exercise. During the 2nd examination, physical exer-
cise contributed to a significant increase in Ty cell
counts in both groups, with subsequent return of this par-
ameter to its baseline levels following a 24-h recovery.
The main effect of the supplementation on T8y cell count
did not turn out to be statistically significant (p = 0.156).

ANOVA demonstrated that exercise exerted a signifi-
cant main effect on CTL count (p < 0.001). Irrespective
of the study group, a significant post-recovery decrease
in CTL count was observed during both the 1st examin-
ation (Fig. 3d). During the 2nd examination, however,
the post-recovery decrease was documented solely in the
supplemented group. Nevertheless, the main effect of
the supplementation on CTL count did not turn out to
be statistically significant on ANOVA (p = 0.294).

The values of Treg to (NK + T8y + CTL) ratio are pre-
sented in Fig. 4a. No statistically significant changes in
this parameter were documented during the 1st examin-
ation. During the 2nd examination, the post-recovery
values of Treg to (NK+ T8y + CTL) ratio in both supple-
mented group and placebo group turned out to be sig-
nificantly higher than at the baseline. In line with these
finding, ANOVA showed that the main effect of the sup-
plementation on Treg to (NK+ T8y + CTL) ratio was
not statistically significant (p = 0.053).

Statistical analysis showed that the values of Treg to NK
ratio were influenced by physical exercise (p < 0.001), but
not by the supplementation (p = 0.233). Irrespective of the
examination term, the post-exercise values of Treg to NK
ratio in both study groups were lower than at the baseline,
but this effect was not statistically significant (Fig. 4b).
However, during the 2nd examination, the post-recovery
Treg to NK ratio in the supplemented group turned out to
be significantly higher than immediately after the exercise.

Exercise-induced changes in Treg to Tdy ratio values
are presented in Fig. 4c. This parameter turned out to be
significantly modulated by strenuous physical exercise
(main effect, p <0.001), but not by the LTE supple-
mentation (main effect, p =0.156). The post-recovery
increase in Treg to T8y ratio values was observed
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during the 2nd examination, but only in the supple-
mented group.

Statistical analysis showed that the values of Treg to
CTL ratio were modulated by the exercise, but not by
the supplementation (p<0.001 and p=0.771, respect-
ively; Fig. 4d). Irrespective of the study group, no statisti-
cally significant changes in Treg to CTL ratio were
documented during the 1st examination. During the 2nd
examination, a significant post-recovery increase in Treg
to CTL ratio values was observed in both supplemented
group and placebo group.

Selected indices of complete blood count and TAC levels
determined during the 1st and the 2nd examination are
shown in Table 5. Irrespective of the examination term, the
exercise-induced changes in WBC counts in athletes from
both groups followed a similar pattern, with a post-exercise
increase in this parameter and its return to the baseline
level after a 24-h recovery. During the 1st examination,
physical exercise did not exert a significant effect on the
percentages of lymphocytes and granulocytes. During the
2nd examination, a significant post-recovery increase in
granulocyte percentage was observed in LTE-supplemented
athletes, along with a significant post-recovery decrease in
lymphocyte percentages in both groups.

Statistical analysis demonstrated that TAC was modu-
lated solely by physical exercise (p < 0.001). Before the sup-
plementation (1st examination), a significant post-exercise
decrease in serum TAC was observed in both study groups.
During the 2nd examination, a post-recovery increase in
TAC level was observed in athletes from the supplemented
group, but not in those from the placebo group (Table 5).

None of the athletes reported adverse events through-
out the period of L-theanine supplementation.

Discussion
The present study, including members of Polish National
Rowing Team, demonstrated that in the athletes supple-
mented with L-theanine, ergometer test contributed to a
post-recovery decrease in IL-10 level (Fig. 1). The decrease
in IL-10 level was associated with an increase in the values
of IL-2 to IL-10 and IFN-y to IL-10 ratios. The
post-recovery values of both ratios in the supplemented
group were significantly higher than at the baseline (Fig. 2).
These changes might correspond to a favorable shift in
Th1/Th2 balance toward Thl caused by supplementation
with theanine, which would be consistent with our re-
search hypothesis. Published evidence suggests that supple-
mentation with theanine may influence concentration of
some cytokines. Li et al. [24] demonstrated that both IL-4
to IFN-y ratio and serum concentrations of IL-10, IL-6 and
IL-4 decreased with a growing dose of L-theanine adminis-
tered to rats via a feeding tube.

Since IL-10 inhibits the activity of Thl cells and NK
and decreases the synthesis of Thl cytokines (IL-2 and



Juszkiewicz et al. Journal of the International Society of Sports Nutrition

(2019) 16:7 Page 10 of 14

>

0.18 4
0.16 -
0.14 +
0.12 +
0.10 +
0.08 +

0.06 | T
0.04 \1‘
0.02 | L4

0.00

TREG / NK+T8y +CLT

B Ex R

Before supplementation

0.50 -
0.45 -
0.40 -
0.35 -

0.30 - % 5
0.25 - .

0.20 - ,

0.15 - AN = 4

TREG / NK

0.10 | NE
0.05 -
0.00

After supplementation

*

B Ex R

Before supplementation

1.20

0.80 -

0.60 1

TREG /T8y

0.40 -

0.20 -

0.00 T

After supplementation

[ES——

B Ex R
Before supplementation

0.20

TREG / CLT

0.10 -

0.05 1

0.00

After supplementation

*

B Ex R
Before supplementation

Fig. 4 Treg/(NK + Ty + CTL) ratio (a), Treg/NK ratio (b), Treg/Tdy ratio (c) and Treg/CTL (d) ratio during exercise tests performed prior to and after
supplementation with LTE (mean + SD). Note. Tregs = regulatory T cells; NK = natural killer cells; T&y = gamma delta T cells; CTL = cytotoxic T lymphocytes;
o — SUPPL = supplemented group; ® — PLA = placebo group; B = baseline; Ex = post-exercise; R = after a 1-day recovery; # - significantly different
compared to baseline level; * - significantly different compared to post-exercise level

After supplementation




Juszkiewicz et al. Journal of the International Society of Sports Nutrition

(2019) 16:7 Page 11 of 14

Table 5 Selected parameters of complete blood count and the level of total antioxidant capacity before and after supplementation

with L-theanine (LTE) or placebo (Pla)

Parameters Before supplementation After supplementation ANOVA
Pre-Exercise  Post-Exercise Post-Recovery Pre-Exercise Post-Exercise Post-Recovery Exercise LTE Exercise x LTE
x+SD x£SD x£SD x£SD x£SD x£SD
WBC [107/L] LTE 681147 11.16+£152% 653+ 1.04t 625+117  11.12+1.96* 646+151" <0.0001 02236 0.7378
Pla 598+127 101+156* 575+075" 603+113  1083+191* 60+074"
Granulocytes [%] LTE 460+1081 476+3.85 526£5.53 464+369 419£537 513+6.25" <0.0001 08803 0.4637
Pla 489+568 478+622 488+ 544 455+358 434+£735 499+6.04
Lymphocytes [%] LTE 4273+7.85 4459+421 3844+604  4348+308 4836+493 3879+535"  <00001 05098 05920
Pla 43.19+532 4513+659 4283+6.02 4498+339 4762+699 40.17+6.19"
TAC (mmol/I) LTE 236+038 1.78+040* 211+0.55 222+044 180+035 243+0417 <0.0001 02035 05617
Pla 249+022 165+028% 218+042 187+£046 1.69+0.24 239+046

WBC White blood cells; TAC Total Antioxidant Capacity
*p < 0.05 - compared to Pre-Exercise value
p <0.05 - compared to Post-Exercise value

IFN-y), its elevated concentrations may predispose to
cellular immunosuppression [25-27]. In contrast, a de-
crease in IL-10 level boosts cellular immunity, which is
vital not only in the context of URTI prevention but also
for cancer control. One example of practical application
of this knowledge is therapeutic suppression of IL-10
production with low-dose cyclophosphamide, which pro-
duces anti-metastatic effect due to a shift in Th1/Th2
balance toward Thl. In this context, previously pub-
lished observations that IL-10 is a tumor growth factor
and IFN-y exerts a cytotoxic effect on metastatic cells
seem to be particularly worth emphasizing [28]. Thus,
the increase in IFN-y to IL-10 ratio values observed after
strenuous exercise in supplemented athletes but not in
the controls seems to be particularly valuable finding.
However, the results of supplementation were different
when the number of Tregs and some cytotoxic cells, NK,
Tyd and CTL, were considered (Fig. 3). During the 2nd
examination (after supplementation), the post-recovery Treg
counts in both placebo group and supplemented group
were significantly higher than at the baseline (Fig. 3a).
Moreover, the post-recovery CTL count in athletes from
the supplemented group was significantly lower than im-
mediately after the exercise (Fig. 3d). Finally, during the
2nd examination, the post-recovery values of both Treg to
NK and Treg to Ty§ ratios in the supplemented group
were significantly higher than immediately after the exer-
cise (Fig. 4b and c). The interpretation of these findings is
not straightforward. Theoretically, the supplementation
might contribute to a decrease in the number of cytotoxic
CTLs. Also, the post-recovery increase in the values of
Treg to NK and Treg to TCR ratios may suggest that the
supplementation with LTE promoted unfavorable changes
in the proportion of cytotoxic lymphocytes to Tregs. How-
ever, these results should not be interpreted without con-
sideration of the cytokines synthesized by those cells,

since otherwise, any conclusions about beneficial or un-
favorable effect of LTE on immunity might be biased. A
decrease in CTL count should be linked to a decrease in
the level of IL-10 synthesized by Th2 cells, since according
to literature, IL-10 promotes growth and differentiation of
CTLs [29]. Equally important is the observation that the
post-exercise increase in CTL count observed during the
2nd examination, although not statistically significant, was
more evident in the supplemented group than in the con-
trols. However, after a 24-h recovery, mean CTL counts in
both groups were essentially the same.

Our study did not demonstrate an effect of LTE sup-
plementation on Tyd count (Fig. 3c). It must be stressed,
that the supplemented group and the placebo group did
not differ significantly in terms of the concentrations of
Th1 cytokines (IL-2 and IFN-y) (Fig. 1a and d). However,
the post-recovery number of CTLs (a source of Thl cy-
tokines) in the supplemented group was lower than im-
mediately after the exercise (Fig. 3d). Thus, the decrease
in IL-10 concentration and the increase in the values of
IEN-y to IL-10 and IL-2 to IL-10 ratios after supplemen-
tation with LTE might reflect higher activity of Tyd cells
in Thl cytokine production. This is consistent with the
results published by Mao et al. [30] who observed an in-
hibitory effect of IL-10 on the synthesis of Thl cytokines
by Tyd cells, as well as with the findings reported by
Bukowski et al. [10] according to whom, LTE adminis-
tered at lower concentrations enhanced production of
Thl cytokines (IEN-y, TNF-a) by Tyd cells, and stimu-
lated proliferation of those cells at higher concentrations.

In this study, we did not determine concentrations of
other cytokines that theoretically could contribute to a
shift in Th1/Th2 balance. Thus, we can only speculate
that the post-supplementation decrease in CTL count and
lack of changes in the number of other analyzed cytotoxic
cells did not affect negatively cytotoxic potential of the



Juszkiewicz et al. Journal of the International Society of Sports Nutrition

athletes after the strenuous exercise. However, this
hypothesis needs to be verified in further research.

Unlike Murakami et al. [11, 31], we did not observe
statistically significant differences in the percentages of
lymphocytes and granulocytes before and immediately
after the ergometric test. Statistically significant changes,
namely a decrease in the lymphocyte percentage in both
groups and an increase in the percentage of granulocytes
(the latter solely in the supplemented group) in relation
to post-exercise values were observed no earlier than
after the recovery (Table 5). In the study conducted by
Murakami et al. [31], individuals from the control group
showed a post-exercise increase in granulocyte percent-
age and a decrease in lymphocyte percentage, whereas a
suppression of post-exercise neutrophilia and lymphope-
nia was observed in individuals supplemented with cyst-
ine and LTE. The discrepancies between our findings
and the results published by Murakami et al. [31] might
be associated with the use of different exercise loads.
Nevertheless, the lack of post-exercise increase in gran-
ulocyte percentage and concomitant increase in lympho-
cyte percentage in the study conducted by those authors
were most likely caused by cystine or its synergy with
LTE. When administered separately, LTE caused an in-
crease in granulocyte percentage, which was also ob-
served in our present study (Table 5). According to
Murakami et al. [31], the synergistic effect of cystine and
LTE may contribute to an increase in glutathione con-
centration, which results in attenuation of oxidative
stress, and thus, in lesser post-exercise neutrophilia and
lymphopenia. It should be emphasized that also a train-
ing load specific for a given phase of the yearly cycle
might exert an effect on the post-exercise changes in the
study parameters (Table 2). In our present study, the
strenuous ergometric test conducted before the supplemen-
tation (during the preparatory phase) did not induce any
statistically significant changes in the percentages of granu-
locytes and lymphocytes. However, the change of training
loads, namely an increase in the proportion of high-inten-
sity exercises before the 2nd examination (competitive
phase) was reflected by a post-recovery decrease in
lymphocyte percentages, observed in both supplemented
group and the controls (Table 5). It needs to be stressed
that the competitive phase constitutes a serious strain for
the athletes as despite a similar training volume (970 min
and 960 min during the 1st and 2nd examination, respect-
ively), the proportion of high and very high intensity exer-
cises is markedly larger (Table 2). High exercise intensity
is an important element of adaptation to the so-called
“competitive” loads, but may also exert an unfavorable ef-
fect contributing to an immune impairment [32].

Moreover, our study demonstrated that supplementa-
tion with theanine contributed to a statistically signifi-
cant post-recovery increase in TAC, which implies that
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after the exercise, the redox potential in athletes from
the supplemented group was higher than in the controls.
In turn, the increase in the percentage of granulocytes
observed in the supplemented group at the end of the
recovery period might result from a decrease in the
concentration of anti-inflammatory IL-10 and resultant
increase in the level of granulocyte-macrophage stimulat-
ing factor (GM-CSF) (not analyzed in this study), stimulat-
ing proliferation and activity of granulocytes [33-35].

Conclusions

To the best of our knowledge, this was the first study to
analyze the effect of L-theanine (LTE) on selected cytotoxic
cells, Treg and some Th1 and Th2 cytokines in elite athletes
exposed to strenuous exercise. After the 24-h recovery, ath-
letes from the supplemented group presented with signifi-
cantly lower CTL counts and significantly higher values of
Treg to NK and Treg to CTL ratios than immediately after
the exercise. Paradoxically, however, the post-recovery con-
centrations of IL-10 in LTE-supplemented athletes were
significantly lower and the values of IFN-y to IL-10 and
IL-2 to IL-10 ratios significantly higher than at the baseline.
This implies that despite a decrease in CTL and unfavor-
able increase in Treg ratio to some cytotoxic cells, some
elements of cellular immunity might be enhanced due to
inhibition of IL-10 synthesis and a beneficial shift toward
production of Thl cytokines. Thus, it can be stipulated
that despite the decrease in the number of some cytotoxic
cells (CTLs) and an increase in the proportion of Tregs to
CTLs observed after the supplementation, LTE may exert
a beneficial effect on a disrupted Th1/Th2 balance, as
shown by the decrease in IL-10 concentration. The de-
crease in IL-10 level, occurring regardless of higher TAC,
might be a reason behind the post-recover increase in
granulocyte percentage in the supplemented group.
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