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ABSTRACT
Background: Maintaining proper immune function and hormone 
status is important for athletes to avoid upper respiratory tract 
infection (URTI) and insufficient recovery, which is detrimental to 
sport performance and health. The aim of this study was to 
evaluate whether three-week supplementation of L-glutamine 
could benefit the mucosal immunity and hormonal status of 
combat-sport athletes as well as their rates of upper respiratory 
tract infection (URTI) and subjective feelings of well-being after 
intensive training.
Methods: Twenty-one combat-sport athletes from the National 
Taiwan University of Sport were recruited in this study. After inten
sive training, two groups of the participants were asked to consume 
powder form of 0.3 g/kg body weight of L-glutamine (GLU group) 
or maltodextrin (PLA group) with drinking water in a randomized 
design at the same time every day during 3 weeks. Saliva samples 
were collected to measure immunoglobulin A (IgA), nitric oxide 
(NO), testosterone (T) and cortisol (C) before and after three-week 
supplementation; moreover, Hooper’s index questionnaires were 
completed for wellness assessment. The incidence and duration of 
URTI were recorded by using a health checklist throughout the 
entire study period.
Results: Supplementation of L-glutamine significantly enhanced 
the concentrations of IgA and NO in saliva; additionally, the 
incidence of URTI was significantly reduced. Regarding hor
mones, T concentration was significantly decreased in the PLA 
group, whereas C concentration was significantly increased, 
resulting in a significant decrease of T/C ratio. In contrast, the 
GLU group showed a significant increase of T/C ratio, while the 
mood scores of the Hooper’s index questionnaire were higher in 
the PLA group.
Conclusions: Three-week supplementation of L-glutamine after 
intensive training enhanced the mucosal immunity, improved 
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hormonal status and reduced the rate of URTI of combat-sport 
athletes while feelings of well-being were also enhanced. 
Therefore, L-glutamine would be beneficial for the sports perfor
mance and recovery of athletes.

1. Background

Repeated strenuous bouts of prolonged exercise for achieving peak performance have 
been shown to affect athletes’ immunity and increase the risk of upper respiratory tract 
infections (URTI) [1]. Athletes in combat sports were typically required to meet specific 
weight categories for competition, which sometimes necessitated rapid weight-loss 
strategies. Previous studies have reported that the cumulative effects of prolonged 
intensive training and rapid weight reduction suppressed athletes’ mucosal immunity 
[2,3], while close contact in the environment of training and competition increased the 
exposure to pathogens [4]. These features make combat-sport athletes particularly sus
ceptible to infections, which can negatively impact their well-being and sport 
performance.

Salivary immunoglobulin A (SIgA) is the primary antibody isotype in the mucosal 
immune system, acting against specific virulence factors and serving as the body’s first 
line of defense [5,6]. Intensive training has been reported to decrease the secretion of 
SIgA, making athletes more vulnerable to URTI, which may further interfere with their 
training and increase the likelihood of missing training days [6]. A study reported that 
soccer players experienced a significant increase in SIgA secretion rate and a decrease in 
URTI following a 2-week detraining period after the competitive season [7]. Moreover, 
another study also indicated that the typical decline of an individual’s relative SIgA over 
the 3 weeks before an URTI appeared to precede and contribute to the URTI risk [8].

Nitric oxide (NO) plays a major role in the mucosal defense of airways and the oral 
cavity [9]. The antibacterial effect of NO is expressed in two ways: preventing bacterial 
growth, and increasing cytotoxicity by macrophages [10]. It has been reported that the 
increased generation of NO during rhinovirus infections is associated with fewer symp
toms and more rapid viral clearance [11], with higher baseline NO being associated with 
fewer cold symptoms after stress [12]. Based on these studies, boosting NO levels could be 
beneficial for innate immune defense and preventing respiratory infections.

The concentrations of testosterone (T) and cortisol (C) are influenced by prolonged and 
high-intensity training [13] while being markers of anabolic/catabolic status, which could 
be used to monitor athletes’ training responses and recovery status [14]. A study found 
that footballers with smaller decrease in salivary T levels had better exercise performance 
[15]; additionally, an increase in salivary C was observed in basketball players during 
intense training and competition period [16]. The ratio of T/C has been shown to be 
a sensitive marker for overtraining and widely used in the sports field [17,18]. A study 
investigated the changes of T/C ratio in professional basketball players before and after 
a 4-month training season showed that the team experiencing two-fold training volume 
resulted in a decreased T/C ratio [19]. Another study indicated that the greatest perfor
mance enhancement of male swimmers was associated with higher T level, lower C level 
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and higher T/C ratio [20]. Accordingly, athletes’ hormone responses during training and 
competition could serve as predictors of their recovery status, leading in turn to potential 
improvement in performance.

L-glutamine, the most abundant amino acid in circulation, is an important fuel for the 
immune system and serves as an essential nutrient for cytokine production, immune cell 
proliferation and functions [21]. The deficiency of L-glutamine occurred during periods of 
high-intensity and prolonged exercise [22]. Reduced glutamine levels are responsible for 
the immune suppression associated with increased infection rates observed in over- 
trained athletes [23], where plasma L-glutamine level was seen to decrease by approxi
mately 20% after 1 h of marathon running [24,25]. A previous study showed that chronic 
L-glutamine supplementation has beneficial effects on immune markers such as CD4+ T, 
CD8+ T cells and cytokines like IL-6 [26]; moreover, L-glutamine plays several other 
biological functions such as energy production, glycogenesis and ammonia buffering 
[27]. Consequently, L-glutamine has attracted the interest of scientists in sport nutrition 
because of its beneficial effects on the immune system and recovery of athletes.

Saliva analysis is a noninvasive option and has been established as one of the useful 
and less complex ways to assess the immunological and endocrinological status asso
ciated with exercise and training [28]. So far, a supplement like probiotics has increased 
the total SIgA of pre-school children [29]. L-citrulline, either synthetic or naturally present 
in watermelon, increased NO synthesis [30], while supplementation of betaine resulted in 
lower post-exercise C level, higher T level and T/C ratio in handball players [31]. However, 
till now, no study has reported the effects of L-glutamine on salivary immune markers and 
hormonal status; as a result, this study aimed to assess whether three-week L-glutamine 
supplementation after intensive training could benefit the mucosal immune and hormo
nal status and rate of URTI as well as the feelings of well-being of combat-sport athletes.

2. Methods

2.1. Participants

The estimated sample size was nine participants based on an alpha level of 0.05 and 
a beta level of 0.8 to identify differences in mucosal immunity after exercise [32]. The 
characteristics of the participants are presented in Table 1. Twenty-one national-level 
combat-sport athletes (13 taekwondo athletes and 8 boxing athletes) from the National 
Taiwan University of Sport were recruited for this study with athletes who were injured or 
unable to participate in regular training being excluded. Each participant was fully 
informed of all potential risks and experimental procedures, after which written informed 
consent was obtained. All experimental procedures and protocols were approved by the 
Institutional Human Ethics Committee (#108–85) of Jen-Ai Hospital, Taichung, Taiwan.

Table 1. Physical characteristics of the participants (n = 21).
Parameter Mean ± SD

Age (years) 21.52 ± 2.06
Height (cm) 178.48 ± 6.08
Weight (kg) 76.00 ± 18.67
Body mass index (kg/m2) 23.77 ± 4.94
Training years 9.50 ± 3.34
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2.2. Study design

This study was conducted in a randomized crossover design. The participants adhered to 
their regular training regimen during the study, which involved warm-up exercises, 
specific drills, strength and conditioning, and finally concluding with sparring. This train
ing schedule consisted of a 2-h session each day 5 days a week, with an intensity reaching 
80% of their maximum heart rate. After training, the participants were randomly divided 
into two groups: one group consumed a powder form of L-glutamine at 0.3 g/kg body 
weight (b.w.) (GLU group) and the other consumed maltodextrin (PLA group). These 
treatments were done in a randomized order, and they carried out this regimen at the 
same time every day for 3 weeks. The dose of L-glutamine supplementation was selected 
by referring to previous studies [33,34] while participants were advised to maintain 
consistent food intake and were prohibited from taking any supplements or drugs 
throughout the study. Before the start of the experiment and the last training session of 
three weeks, 2 ml of saliva samples of the participants were collected into sterile plastic 
containers, and they were asked to complete the Hooper’s index questionnaire. The 
sample collections were conducted at the same time of the day and on the same day of 
the week, and the participants were instructed not to eat and drink before the assess
ment, although participants were allowed to drink water ad libitum during the training 
session. The saliva samples were stored at −80 °C until the assay was performed.

2.3. Incidence of URTI

The incidence and duration of URTI were recorded during the entire study period. The 
participants were asked to fill out a health checklist every Friday before training. URTI was 
recorded when participants reported two or more flu symptoms, including fever, head
ache, sore throat, sneezing, stuffy nose, nasal discharge, cough, malaise, and chilliness, for 
at least two consecutive days [2].

2.4. Evaluation of muscle soreness, mood, sleep quality and stress

Hooper’s index questionnaire was adapted to assess participant’s fatigue and wellbeing 
before and after three weeks of supplementation [35,36]. Subjective ratings of general 
muscle soreness, mood and quality of sleep during the previous night and the stress level 
were assessed by a 5-point Likert scale.

2.5. Analysis of IgA, testosterone, cortisol and NO in saliva

The saliva concentration of bovine serum albumin was determined using the 
BioRAD protein assay kit (Bio-RAD, Hercules, CA, USA) and was represented as 
salivary total protein (TP) levels. Salivary concentrations of IgA, testosterone and 
cortisol were measured using enzyme-linked immunosorbent assays (ELISA, 
Calbiochem, Darmstadt, Germany), following the manufacturer’s instructions while 
NO production was assessed according to the Griess reagent. Briefly, 100 μl of 
saliva was mixed with 100 μl of Griess reagent [equal volumes of 1% (w/v) sulfa
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nilamide in 5% (v/v) phosphoric acid and 0.1% (w/v) naphthylethylenediamine-HCl], 
incubated at room temperature for 10 min, and then the absorbance was measured 
at 540 nm in a spectrophotometer. All samples were measured in triplicates. The 
inter-assay coefficients of variation were 2.5% for IgA, 3.4% for NO and 1.5% for 
both testosterone and cortisol measurements. The intra-assay coefficients of varia
tion for IgA, testosterone, cortisol, and NO measurements were 3%, 4%, 4% and 
1.7% respectively, with the percentage changes of testosterone, cortisol, and T/C 
ratio being calculated individually by (POST-PRE)/PRE x100%.

2.6. Statistical analyses

The results were expressed as means ± standard deviations (SD). The Shapiro – Wilk test 
was used to analyze the distribution of datasets; statistical comparisons in each group 
were analyzed using paired t-tests; while Student’s t-test was used to compare the 
percentage changes between two groups. The relationship between supplementation 
and the incidence of URTI was determined by using Chi-Square test and the scores for 
Hooper’s index questionnaire were analyzed using Wilcoxon signed-rank test. Significant 
differences were set at *p < 0.05, **p < 0.01 and ***p < 0.001.

3. Results

3.1. Effects of L-glutamine on the concentrations of IgA, TP, NO in saliva and the 
incidence of URTI

After 3-week supplementation of L-glutamine, the concentrations of IgA, TP and NO in 
saliva were significantly increased as was the ratio of IgA/TP. The incidence of URTI was 
significantly lower in GLU group (p < 0.01, Table 2).

Table 2. Concentrations of salivary IgA, TP, NO and incidence of URTI.
PLA GLU

IgA (μg/ml)
PRE 153.31 ± 102.12 158.31 ± 77.70
POST 183.93 ± 102.27 242.37 ± 172.17*

TP (mg/ml)
PRE 2.10 ± 0.97 2.04 ± 0.74
POST 2.17 ± 0.94 2.02 ± 0.97

IgA/TP (μg/mg)
PRE 84.97 ± 42.80 77.77 ± 35.28
POST 98.01 ± 43.38 115.34 ± 66.99**

NO (μmol/l)
PRE 154.6 ± 167.1 156.5 ± 153.5
POST 299.7 ± 522.5 352.2 ± 426.6**

Incidence of URTI (ratio) 12 5†

TP, total protein; GLU, L-glutamine group; PLA, placebo group. 
Values are mean ± SD. 
*p < 0.05, **p < 0.01, significantly different from PRE in each group. 
†p < 0.05, significantly lower than PLA.
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3.2. Effects of L-glutamine on the concentrations of testosterone (T) and cortisol 
(C) in saliva

The results showed that the concentration of testosterone significantly decreased after 
L-glutamine supplementation, whereas that of cortisol significantly increased in the PLA 
group, but there were no significant changes of T and C concentrations in the GLU group. 
In addition, the T/C ratio showed a significant decrease in the PLA group, whereas there 
was no significant change in the GLU group (Table 3). Moreover, the percentage changes in 
testosterone and T/C ratio exhibited significant differences between the two groups. The 
decreased percentage of T level in the GLU group was significantly smaller than that in the 
PLA group (−0.49% in GLU; −31.24% in PLA, p < 0.01, Figure 1). In addition, the increased 
percentages of T/C ratio in the GLU group was significantly higher than that in the PLA 
group (+84.86% in GLU; −6.36% in PLA, p < 0.05, Figure 1). However, the percentage 
change of cortisol showed no significant difference (Figure 1) between the two groups.

Table 3. Concentrations and the ratios of testosterone and cortisol.
PLA GLU

Testosterone (nmol/L)
PRE 0.65 ± 0.23 0.55 ± 0.24
POST 0.41 ± 0.14* 0.51 ± 0.20

Cortisol (nmol/L)
PRE 3.13 ± 2.00 3.46 ± 2.95
POST 3.33 ± 1.90* 2.26 ± 1.58

T/C Ratio
PRE 0.28 ± 0.16 0.20 ± 0.16
POST 0.18 ± 0.14* 0.32 ± 0.23

GLU, L-glutamine group; PLA, placebo group. 
Values are mean ± SD. *p < 0.05, significantly different from PRE in each group.

Figure 1. The percentage changes of salivary testosterone (T), cortisol (C) and T/C ratio. Values are 
mean ± SD. *p < 0.05, **p < 0.01, reflecting significant difference compared to the PLA group. GLU, 
L-glutamine group; PLA, placebo group.
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3.3. Effect of L-glutamine on the scores of Hooper’s index questionnaire

The results showed that the scores for mood in the PLA group were significantly higher 
than those in the GLU group after 3 weeks of L-glutamine supplementation (Table 4). The 
scores of general muscle soreness, sleep quality and stress levels showed no significant 
differences between the two groups.

4. Discussion

To our knowledge, this is the first study reporting that 3-week supplementation of 
L-glutamine after combat training significantly increased the IgA, NO and T/C ratio in 
saliva, decreased the incidence of URTI, and led to better mood status. These findings 
suggest that inveterate or intense supplementation of L-glutamine has the potential to 
prevent anabolic/catabolic hormonal disturbances caused by prolonged and intensive 
training, thereby helping athletes maintain their health and improve sports 
performance.

A previous study collected unstimulated saliva samples from 38 elite America’s Cup 
yacht-racing athletes over a period of 50 weeks of training and resting and found that IgA 
determined a substantial proportion of the variability in weekly URTI incidence [8]. 
Another study analyzed the saliva of 19 male elite rugby union players biweekly over 
a 10-week training period and their symptoms of URTI were documented in an illness log 
with results revealing the likelihood of suffering from increased URTI when IgA was 
decreased; for example, players were reported as being at greater risk of URTI within 
the subsequent 2 weeks when SIgA decreased by 65% or more [37]. Furthermore, another 
study indicated that L-glutamine might affect intestinal secretory IgA production through 
intestinal microbiota [38,[39]]. When elderly participants were supplemented with 0.3 g/ 
kg b.w./day of L-glutamine for 30 consecutive days, the SIgA levels increased [34]. On the 
other hand, TP in saliva has been shown to be a sensitive noninvasive marker of overall 
body hydration status and is strongly associated with the changes in body mass during 
progressive acute dehydration. It is worth mentioning that the TP level was not changed 
by L-glutamine supplementation in our study, which suggests that the increased con
centration of SIgA was not associated with hydration status [40], so the present study 

Table 4. Scores of Hooper’s index questionnaire.
PLA GLU

General muscle soreness
PRE 3.33 ± 0.73 3.62 ± 0.74
POST 3.22 ± 0.88 3.45 ± 0.94

Mood
PRE 2.62 ± 0.59 2.62 ± 0.67
POST 2.94 ± 0.80* 2.75 ± 0.55

Sleep quality
PRE 2.95 ± 0.39 2.86 ± 0.73
POST 2.89 ± 0.83 2.85 ± 0.67

Stress levels
PRE 2.90 ± 0.54 2.95 ± 0.67
POST 3.11 ± 1.02 3.00 ± 0.73

GLU, L-glutamine group; PLA, placebo group. 
Values are mean ± SD. *p < 0.05, significantly different from PRE in each group.
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revealed that L-glutamine supplementation increased SIgA level and consequently led to 
decreased incidence of URTI.

In NO synthesis, L-Glutamine plays a crucial role as an essential amino acid, serving as 
a precursor of arginine [41]. An in vitro study exposed cells to various concentrations of 
arginine before stimulation with lipopolysaccharide (LPS), where the cells precultured 
with lower concentrations of arginine produced less NO than those with higher concen
trations of arginine, indicating a positive correlation between arginine availability and NO 
production following LPS stimulation [42]. It has been validated that the effects of 
arginine supplementation on immunity and anti-infection in humans are via increasing 
NO synthesis [43]. A six-month supplementation of L-arginine improved the NO produc
tion in hypertensive patients with type 2 diabetes [44]. Our study showed a significant 
increase of NO concentration after 3-week L-glutamine supplementation, which could be 
explained by its role as arginine precursor. This suggests that salivary NO assessment 
could serve as a simple and fast method to monitor the immunity of athletes during 
training and competition.

Our results also indicated that following three weeks of training, the PLA group 
exhibited significant reduction in salivary T level and a corresponding increase of 
C level, leading to a decrease of the T/C ratio. It is essential for athletes to maintain an 
appropriate anabolic/catabolic hormone balance, because a decline in T level and sus
tained elevation of C level resulting from physiological and/or psychological stress during 
training can negatively impact an athlete’s performance and overall health [15,45]. The 
intense match schedule (7 matches played in 7 days) might affect the youth soccer 
players’ hormonal status and induce a decrease in T concentration [46]. When 11 elite 
male weightlifters were trained before a national competition, the salivary T/C ratio was 
significantly higher in the training stages than in the recovery stage [47]. A study including 
30 professional soccer players from the National Soccer League reported a significant 
decrease of T/C ratio by more than 30% at the end of the competition phase [48]. 
A previous study has indicated that supplementation of 2 g/day of betaine for 14 weeks 
increased the T level and T/C ratio in youth professional soccer players during 
a competition season [49], while another study showed that supplementation of 3 g/ 
day of citrulline and 2.1 g/day of nitrate-rich beetroot extract for 9 weeks improved the 
recovery status through preventing the increase of C level and increasing the T/C ratio in 
trained male triathletes [50]. Likewise, the present study found that 3-week supplementa
tion of L-glutamine at 0.3 g/kg b.w./day attenuated both the decrease of T level and the 
increase of C level in saliva, and further increased the percentage change of T/C ratio in 
combat-sport athletes after three weeks of training. We suggest that the use of 
L-glutamine might potentially lead to better recovery after training and prevent the 
occurring harmful effects of overtraining.

It is well known that in the field of sports, mood state is affected by psycho
physiological responses and mood state variation has been associated with perfor
mance achievement or failure [51]. A previous study evaluating elite soccer players 
during an intense competition period (playing 10 games over 6 weeks) showed 
a significant increase in total mood disturbance along with a significant decrease in 
the T/C ratio and sports performance [52]. A clinical study providing 40 g of 
L-glutamine to patients undergoing transplantation reported an improvement of 
mood [53], while another study of the elderly showed that 0.3 g/kg b.w./day of 
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L-glutamine supplementation for 30 days increased anti-inflammation and anti- 
oxidation abilities [54]. Furthermore, a review article suggested that glutamine 
supplementation could attenuate mood- and cognitive-worsening in hypoxia 
while reducing the inflammatory mediators released during injury and stress con
ditions [55]. The role of L-glutamine to reduce inflammation mediated by a leaky 
gut during exercise can contribute to the changes in the central nervous system 
[56,57]. In our study, we found a significant improvement of the scores for mood in 
the GLU group, whereas there were no changes in the scores for general muscle 
soreness, sleep quality and stress levels. Additionally, the average rate of perceived 
exertion for athletes did not change during the training period in both groups 
(data not shown). Although we did not assess inflammatory markers in this study, 
we speculate that the improvement in mood of combat-sport athletes was caused 
by the potentially anti-inflammatory properties of L-glutamine. Future studies could 
investigate the effects of L-glutamine on athletes’ mood state and the relationship 
with their overall well-being and performance.

5. Conclusions

This study demonstrated that 3-week supplementation of L-glutamine after training 
led to increased concentrations of IgA and NO in saliva and a reduction in the 
incidence of URTI. In addition, the decreased percentage of T level was attenuated 
and the T/C ratio was increased, resulting in better anabolic/catabolic status; 
moreover, the subjective mood status of the athletes was improved. Accordingly, 
L-glutamine supplementation has the potential to enhance performance and recov
ery status of combat-sport athletes.
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