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Abstract: The main objective of this research was to carry out an experimental study, triple blind,
on the possible immunophysiological effects of a nutritional supplement (Synbiotic, Gasteel Plus®,
Heel Espana S.A.U.), containing a mixture of probiotic strains, such as Bifidobacterium lactis
CBP-001010, Lactobacillus rhamnosus CNCM 1-4036, Bifidobacterium longum ES1, as well as prebiotic
fructooligosaccharides, in both professional athletes and sedentary people. The effects on some in-
flammatory/immune (IL-1p3, IL-10, and immunoglobulin A) and stress (epinephrine, norepineph-
rine, dopamine, serotonin, CRH, ACTH, and cortisol) biomarkers were evaluated, determined by
flow cytometer and ELISA. The effects on metabolic profile and physical activity, as well as on
various parameters that could affect physical and mental health, were also evaluated via the use of
accelerometry and validated questionnaires. The participants were professional soccer players of
the Second Division B of the Spanish League and sedentary students of the same sex and age range.
Both study groups were randomly divided into two groups: a control group - administered with
placebo, and an experimental group - administered with the synbiotic. Each participant was eval-
uated at baseline, as well as after the intervention which lasted one month. Only in the athletes
group did the synbiotic intervention clearly improve objective physical activity and sleep quality,
as well as perceived general health, stress, and anxiety levels. Furthermore, the synbiotic induced
an immunophysiological bioregulatory effect, depending on the basal situation of each experi-
mental group, particularly in the systemic levels of IL-1( (increased significantly only in the sed-
entary group), CRH (decreased significantly only in the sedentary group) and dopamine (increased
significantly only in the athlete group). There were no significant differences between groups in the
levels of immunoglobulin A or in the metabolic profile as a result of the intervention. It is con-
cluded that synbiotic nutritional supplements can improve anxiety, stress and sleep quality par-
ticularly in sportspeople, which appears to be linked to an improved immunoneuroendocrine
response in which IL-1(3, CRH, and dopamine are clearly involved.

Keywords: anxiety, immunity, inflammation, prebiotic, probiotic, sedentarism, soccer, stress,
synbiotic.
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1. Introduction

The Physical inactivity and a sedentary lifestyle, as well as an inadequate diet, are
factors closely related to the onset of various diseases such as obesity, diabetes, colon and
breast cancer, as well as certain diseases of the immune system, among others. Further-
more, vigorous and continued exercise could also be a mitigating factor to reduce im-
munocompetence in people [1].

The use of new nutritional strategies such as the consumption of probiotics, prebi-
otics, and their combination, synbiotics, are postulated as instruments that could gener-
ate a multitude of beneficial responses in human health [2-6]. The main mechanism of
action of synbiotics is to use this symbiosis (probiotics-prebiotics) to induce an increase in
the survival of the host, as well as the implantation of live microbial dietary supplements
in the digestive tract, which selectively stimulate the growth and/or activation of the
metabolism of one or a limited number of bacteria that promote health [7].

It has been suggested that the intestinal microbiota can modulate the interaction of
the hypothalamic-pituitary-adrenal axis, as well as the excitatory and inhibitory activity
of some neurotransmitters (serotonin, gamma-aminobutyric acid and dopamine) and
substances similar to neurotransmitters, as a response to some inflammatory cytokines,
especially in response to physical and emotional stress [8-9]. Exercise too modulates the
interactions between the immune and stress responses mediated by cytokines and neu-
roimmunomodulators [10-13]. Furthermore, another exercise-induced immune system
alteration, that is to say acute and chronic changes associated with stress in sportspeople,
is the secretion of immunoglobulin A (SIgA) in saliva [14]. Thus, it is plausible to specu-
late that competitive sport and the inherent stress in it could even modify the effects of
synbiotics on immunoneuroendocrine interactions. In this context, according to Ortega
(2016) [12], “anti-inflammatory” and “anti-stress” responses seem to occur after an exer-
cise session in individuals with inflammatory deregulations, paradoxically having the
opposite effect in healthy people. This is synthesized in the term "bioregulatory effect of
exercise", defined as an effect which reduces or prevents any excessive effect of inflam-
matory mediators and stimulates innate defenses against pathogens.

The potential exercise-induced “pro-inflammatory” responses induce a major pro-
tection against infections in healthy people. On the other hand, they could exacerbate
some immunophysiological and clinical conditions in people suffering from inflamma-
tory or stress diseases. Also, “anti-inflammatory” effects induced by certain exercises
could compromise the effectiveness of the immune system against pathogens. These can
occur if the exercise-induced innate/inflammatory responses are not well “bioregulated”
[12, 15]. Also, according to the literature, some reviews [16, 17] argue that the consump-
tion of probiotics, prebiotics and synbiotics could be effective in improving the perfor-
mance of athletes by maintaining gastrointestinal and immune function, thus reducing
the susceptibility to illness. However, Costa et al. (2017) [18] believe that sport itself could
modify the intestinal immune response and gastrointestinal functions, thus modifying
the microbiota composition.

Taking all of this into account, and also bearing in mind the interplay in the
"gut-brain axis", the main objective of the present investigation was to identify the effect
of a synbiotic containing a mixture of probiotic strains (Bifidobacterium lactis, Bifidobacte-
rium longum, and Lactobacillus rhamnosus) and the prebiotic fuctooligosaccharides in ath-
letes and sedentary people, and their potential varying responses. The study aimed to
evaluate the effects on different immunophysiological parameters, such as inflammato-
ry/immune and stress mediators, as well as on metabolic profile, physical activi-
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9% ty/sedentary levels and different aspects of perceived general physical and mental health.
97 To the best of our knowledge, this is the first study evaluating in the same individuals the
98 effect of a synbiotic on the immune and stress response, particularly comparing the re-
99 sponse between sedentary persons and athletes. In addition, the paucity of research
100 which analyzes the possible mechanisms of action attributed to the various health bene-
101 fits that the consumption of probiotics, prebiotics and synbiotics seem to induce should
102 be highlighted here. We observe that most of the literature studies available demonstrate
103 more conceptual conclusions than directly experimental results. In our opinion, this re-
104 inforces the novelty of the present investigation.
105 2. Materials and Methods
106 2.1. The synbiotic
107
108 The synbiotic Gasteel Plus® (Heel Espafia S.A.U laboratories) is a nutritional sup-
109 plement containing a mixture of probiotic strains: Bifidobacterium lactis CBP-001010, Lac-
110 tobacillus rhamnosus CNCM 1-4036, Bifidobacterium longum ES1 and fructooligosaccharides
111 (200 mg) as a prebiotic. Each stick of Gasteel Plus® (300 mg) included lyophilized bac-
112 teria powder, equivalent to > 1x109 colony-forming unit (CFU) and also containing 1.5
113 mg of zinc, 8.25 pg of selenium, 0.75ug of vitamin and maltodextrin as an excipient.
114 Placebo sticks were filled with 300 mg excipient of maltodextrin. The subjects were re-
115 quired to take the sticks once per day during the supplementation period, preferably in
116 the morning and dissolved in water.
117
118 2.2. Subjects
119
120 The final analyzed sample consisted of 27 male participants, 13 of which were pro-
121 fessional soccer players of Second Division B level of the Spanish National League, as
122 well as 14 sedentary students with low levels of physical activity (< 150 minutes/week).
123 During the protocol, “experimental death” occurred due to an injury in one of the athlete
124 participants, and 2 participants were also excluded because they did not comply with the
125 inclusion criteria. Figure 1 shows the Flow chart of participants’ eligibility in the study,
126 where both groups were randomly subdivided into two: a group administered with the
127 synbiotic and a control group which received placebo. Table 1 shows the main charac-
128 teristics of the participants.
129

Table 1. Descriptive data of the participants

SEDENTARY INDIVIDUALS SOCCER PLAYERS
VARIABLE PLACEBO (n=7) SYNBIOTIC (n=7)  PLACEBO (n=6) SYNBIOTIC (n=7)
Age (years) 24.31 +3.94 23.04 +2.09 21.9+2.77 20.66 +1.39
Weight (Kg) 79.81 + 8.05 77.47 +13.47 73.95 + 6.42 70.57 £ 6.75
Height (cm) 183.97+7.30 176.23 +4.49 180.6 + 8.57 178.23 +4.78

The data are represented as mean + SD

130
131
132
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133 2.3. Experimental design

134

135 This investigation was a triple blinded, randomized, placebo-controlled pilot study

136 designed to identify the possible differing effects of the synbiotic Gasteel Plus® supple-

137 mentation between sedentary individuals and soccer players. Subjects were asked to

138 maintain their regular lifestyle and the participants were prohibited from consuming

139 probiotics, prebiotics or fermented products (yogurt or other foods) to avoid unnecessary

140 interference during the experimental periods. Presenting injury or illness would result in

141 exclusion from the study. All participants were also asked to provide written informed

142 consent before participating in the study, which had been previously approved by the

143 ethics committee of the Catholic University of Murcia (Spain) following current legisla-

144 tion (CE031810). This study was registered in ClinicalTrials.gov (identifier:

145 NCTO04776772: available from website).

146

147 Evaluated for eligibility

148 Total (n=30)

149 Excluded: 2

150 Did not comply with

151 Randomized (n=28) inclusion criteria

152

153

154

155 l l

156 Group 1: Sedentary Individuals Group 2: Soccer Players

157 Assigned to intervention (n=14) Assigned to intervention (n=14)

158

159

160 ' ! l |

161 Experimental Control Group Experln”!ental Contl.'ol Group
Group (n=T7) (=7} Group (n=7) (n=7)

162 |

163 Experimental

164 death [n=1)

165

166

167 Analyzed (n=14) Analyzed (n=13) ™

168

169

170

171

172

173 Figure 1. This is a figure. Flow chart of participants’ eligibility

174

175

176 On two separate days, the “baseline-tests” and “final-tests” were conducted. All

177 participants performed a series of tests, before which they had to fast. The order and

178 schedule (8 am) of the tests was the same for the "final-test" and the same materials and

179 procedures were used. A period of 30 consecutive days elapsed between the baseline and

180 final tests, during which the participants had to ingest their supplement (synbiotic or

181 placebo). Accelerometers were distributed one week prior to the baseline test and the

182 week after the final test. Blood and saliva sampling were taken early in the morning and

183 questionnaires were filled out on the two testing days. The treatment was carried out

184 during the last fortnight of May 2019 and the first fortnight of June of the same year, co-

185 inciding with situations of possible physical and mental stress in both participant groups,

186 being at the end of an examination period, as well as the end of the soccer season.
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187

188 2.4. Objective determination of levels of physical activity, sedentary lifestyle and sleep quality:
189 accelerometry

190

191 The accelerometer used was the Actigraph wGT3X-BT, which is a small and light
192 triaxial accelerometer (4.6 x 3.3 x 1.5 cm, 19 g) with a response frequency of 30 to 100
193 hertz. This device was used to measure different objective parameters such as physical
194 activity and its intensity, energy expenditure, metabolic equivalents rhythms (MET),
195 weekly steps, sedentary bouts and sleep latency and efficiency. Participants wore the
196 accelerometer held with an elastic band on the non-dominant wrist for 7 consecutive
197 days and without interruption, except for those times of the day in which the correct
198 operation of the device could be compromised (showers or any activity related to water).
199 Subsequently, the files generated by the accelerometer were analyzed through a specific
200 software called Actilife 6 (Actigraph, Pensacola, USA).

201

202 2.5. Determination of perceived levels of general health, stress, anxiety, fatigue, depression and
203 sleep quality: questionnaires

204

205

206 Participants had to fill out a series of validated questionnaires to identify possible
207 subjective health and mental states.

208

209 SF-36 Questionnaire [19]. This is an instrument that provides results about the health
210 status of a general population covering 8 scales: physical function, physical role, body
211 pain, general health, vitality, social role, emotional role and mental health. The scales are
212 ordered so that the higher the score, the better the health status (0 to 100).

213

214 Sleep Quality in Healthy Lifestyle and Personal Control Questionnaire (HLPCQ)
215 [20]. The HLPCQ is a questionnaire whose main objective is to detect and quantify life-
216 style patterns that reflect health empowerment, as evidenced by the levels of stress and of
217 the internal locus of control. It also includes a section with various questions to measure
218 sleep quality where higher scores indicate better sleep quality.

219

220 The State-Trait Anxiety Inventory (STAI). This questionnaire analyzes the degree of
221 anxiety that each participant shows. It is divided into two parts: trait-anxiety (what they
222 usually or generally felt) and state-anxiety (their expressed emotions at a specific mo-
223 ment), in which higher scores indicate a higher state of anxiety [21].

224

225 The Perceived Stress Scale (PSS). This questionnaire allowed the frequency at which
226 individuals had experienced certain stressful feelings to be assessed, as well as their
227 thoughts in the last month [22].

228

229 Brief Fatigue Inventory (BFI). Brief screening tool designed to assess the severity and
230 impact of fatigue on daily functioning [23]. The higher the score, the higher the degree of
231 fatigue.

232

233 Beck’s Depression Inventory (BDI). This questionnaire was used to find out how the
234 participants had felt during the last week, including the day of the test, with which it was
235 possible to determine whether or not they presented signs of depression. Higher scores
236 indicated higher signs of depression [24].

237

238

239

240
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241

242 2.6. Blood and saliva sampling

243

244 Blood samples were collected from the subjects at 8 am and were deposited into
245 collection tubes containing anticoagulant EDTA and coagulating agents to isolate plasma
246 and serum, respectively. The plasma and serum were centrifuged, respectively, at 1.600
247 and 1800 x g for 10 minutes. Serum and plasma samples were coded and refrigerated
248 gradually at -20°C as they were obtained. Finally, samples were stored at -80°C until
249 further analysis.

250

251 Saliva samples were obtained using a non-invasive method (Collection methods sa-
252 liva Bio Oral swab, Salimetrics). Participants were asked not to ingest any type of food or
253 drink with sugars, alcohol and/or caffeine, as well as tobacco, at least 12 hours prior to the
254 tests. Volunteers were asked to open the packaging and remove the sterile swab for
255 proper placement in the mouth under the tongue and were recommended to hold it for at
256 least 2 minutes, to ensure against fluctuations in the volume of the sample. Immediately
257 after, samples were refrigerated at -20°C and finally stored at -80°C until further analysis.
258

259 2.7. Determination of metabolic profile

260

261 The determinations for obtaining the lipid and glycemic profile were carried out
262 through standard techniques with the automatic analyzer of clinical chemistry BA 400
263 (BioSystems) in the SYNLAB laboratories (Diagnosticos Globales S.A.U., Badajoz, Spain).
264

265 2.8. Determination of inmuno-neuroendocrine parameters

266

267 For the determination of the pro-inflammatory and anti-inflammatory cytokines
268 studied (IL-1p and IL-10), an instrument based on flow cytometry was used:the Lu-
269 minexTM 200 System instrument (Luminex Corporation, Texas, USA) using the Pro-
270 cartaPlex TM Multiplex Immunoassay. Catecholamines such as dopamine, epinephrine
271 and norepinephrine and also stress hormones like serotonin, cortisol, corticotro-
272 pin-releasing hormone (CRH) and the adrenocorticotropic hormone (ACTH) were ana-
273 lyzed by competitive inhibition enzyme immunoassays (ELISA), using respectively:
274 Dopamine Research Immunoassay, General Epinephrine (EPI) RD-EPI-Ge-96T and
275 General Noradrenaline (NE) RD-NE-Ge-96T, General 5-Hydroxytryptamine (5-HT)
276 RD-5-HT-Ge, The DetectX Cortisol Immunoassay Kit, Human Corticotropin Releasing
277 Hormone (CRH) RD-CRH-Hu (Kelowna, BC, VIW 4V3, Canada) and Human ACTH
278 (Adrenocorticotropic Hormone) ELISA Kit (Elabscience, USA). To determine immuno-
279 globulin A in saliva, samples were analyzed by indirect enzyme immunoassay kit
280 through the Salivary Secretory IgA Kit (Salimetrics LLC, USA). The procedures followed
281 the instructions of the manufacturers, and the findings were measured using an ELISA
282 auto analyzer to quantify color intensity (Sunrise, Tecan, Madnnendorf, Switzerland).

283

284

285 2.9. Statistics

286

287 Statistical analysis was performed with IBM statistics SPSS v20.0 software (SPSS Inc.,
288 Chicago IL, USA). To verify the normality of the data, the Shapiro-Wilk test was per-
289 formed. The repeated two-way analysis of variance (ANOVA) was used, followed by
290 Student’s paired and unpaired t-tests to analyze the intervention effect. The values were
291 expressed as mean + standard deviation (SD) and the significance level was considered
292 when p<0,05.

293

294
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3. Results

3.1 Effects of the synbiotic on physical activity levels, sedentary lifestyle, and sleep quality
objectively determined by accelerometry

Results observed in table 2 show that the sedentary group administered with
placebo obtained some significant differences with respect to baseline values (p<0,05). A
decrease in calories, metabolic rate and intensity level of physical activity are reflected.
The synbiotic seems to prevent this situation by avoiding the mentioned decreases and
even increasing the consumption of Kilocalorie (Kcal) in sedentary individuals although
without significant differences. Results from the athlete group show no significant
changes (p>0.05) in those who consumed placebo, while those who followed the protocol
with the intake of the synbiotic had significant improvements in sleep efficiency and
latency, as well as increases in the consumption of Kcal and METS.

Table 2. Physical activity levels, sedentary lifestyle, and sleep quality determined by accelerometry

SEDENTARY INDIVIDUALS SOCCER PLAYERS

PLACEBO (n=7) SYNBIOTIC (n=7) PLACEBO (n=6) SYNBIOTIC (n=7)

VARIABLE BASAL POST BASAL POST BASAL POST BASAL POST

Kilocalories 1218589+ 10031.14+ 997139+ 10311.45+ 8485.81+ 8706.6 + 7856.41 +  8359.98 +

(Kcal/week) 3052.62 209.75** 6062.77 6416.28 1572.13 2808.90 1619.90 1590.97*
METS (ml 1.49 +
1.52+0.13 144+0.10* 143+0.21 146+024 14+0.08 146+0.16 1.37+0.08
02/kg x min) 0.16*
1289.85+  1036.57+ 1081.28+  1081.14+ 1091.66+  1103.16+ 949.28 + 952.85
MVPA (min)
332.09 188.80* 458.38 525.82 257.39 316.51 231 227.19
Steps 81866 + 66338.85 + 70175 = 67588 + 73096 + 68058.66 + 65676 = 68948.42
(total/week) 11746.98 7987.85 17506.86 20406.6 13529.34  13787.82 117994 +12447.45
Sedentary 11242 + 113.71 114.14 + 132.83 + 114.16 £
104 £16.32 127 +10.36 120 £9.52
bouts (>1 min) 17.92 +27.34 22.32 22.65 34.74
Sleep Latency 0.88 +
112+0.64 158+0.83 191+119 155+1.22 0.87+049 0.67+049 1.38+0.97
(min) 0.74*
Sleep 87.75 + 91.44 + 91.04 + 89.19 + 87.46 + 90.8 +
87.23 +3.64 89.6 +2.45
efficiency (%) 2.87 3.16 2.18 3.31 6.09 3.17*

* P<0,05 ** and P<0,01 indicate statistically significant difference with respect to the BASAL values. Data are

represented as mean + SD. METS: Metabolic equivalent of task; MVPA: Moderate to vigorous physical activity

3.2 Effects of the synbiotic on perceived levels of general health, stress, anxiety, fatigue,
depression and sleep quality

Data in table 3 show that the baseline values are quite similar in the sedentary and
athlete groups. Only in the athletes did the synbiotic intervention significantly improve
(p<0.05) the perceived general health as determined by the SF-36 questionnaire, but no
differences were found in perceived sleep quality, state anxiety, and fatigue.
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Table 3. Perceived levels of general health, state anxiety, fatigue, and sleep quality
SEDENTARY INDIVIDUALS SOCCER PLAYERS
PLACEBO (n=7) SYNBIOTIC (n=7) PLACEBO (n=6) SYNBIOTIC (n=7)
VARIABLE BASAL POST BASAL POST BASAL POST BASAL POST
SF-36 78.38 +13.82 79.2+12.89 77.34 £ 8.62 79.45+8.78 79.36 £9.95 80.72 £11.39 81.21+9.01 88.5 +5.96**
Sleep Quality
528 +2.42 5.14+1.06 6.14+1.95 571+213 5.16+2.78 5.66 +3.14 571+221 6.42+1.98
(HLPCQ)
State anxiety
30.14 +3.28 30.57 +3.9 27 +4.54 27.28 +3.45 29+5.25 29.83+2.71 30.85 +6.86 26.28 +6.57
(STAI)
Brief Fatigue
Inventory 292+212 3.38 £2.04 298 +1.78 1.72+£0.63 5.55+3.01 3.43+2.53 35+22 245+1.92

(BFI)

* P<0,05 ** and P<0,01 indicate statistically significant difference with respect to the BASAL values. Data are represented as mean + SD.

No significant differences were found in the perceived stress (figure 2A), trait anxi-
ety (figure 3A), and depression (figure 4A) between sedentary people and athletes at
basal status (before intervention). Figure 2B and 3B show a decrease in the levels of per-
ceived stress (p<0.01) and anxiety (p<0.05) only in the athlete group administered with
the synbiotic. Figure 4B shows a decrease (p<0.05) in perceived depression levels in both
groups (sedentary and athlete) after the synbiotic treatment. Then, training only affected
the behavior in response to the synbiotic intervention in stress and particularly in anxiety
(p<0.05) also when evaluating by the two way ANOVA test). These effects were not due
to a placebo effect (C and D of the figures 2, 3, and 4).
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334 Figure 2. Effect of training and consumption of a synbiotic in this condition on perceived stress levels. A) Perceived
335 stress levels in sedentary men (n=14) and athletes (n=13); B) Influence of training on the effects of the synbiotic on
336 perceived stress levels (n=7 and n=6 in sedentary and athlete groups respectively); C) Effect of the consumption of a
337  synbiotic on perceived stress levels in sedentary individuals with respect to placebo (n=7) or with synbiotic (n=7); D)
338  Effect of the consumption of a synbiotic on perceived stress levels in athlete individuals with placebo (n=6) or with
339  synbiotic (n=7). The determinations are expressed by the mean + SD of each of the samples.

340 ++ p <0.01 with respect to the baseline.
341
342
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348 Figure 3. Effect of training and consumption of a synbiotic in this condition on perceived anxiety levels. A) Perceived
349 anxiety levels in sedentary men (n=14) and athletes (n=13); B) Influence of training on the effects of the synbiotic on
350 perceived anxiety levels (n=7 and n=6 in sedentary and athlete groups respectively); C) Effect of the consumption of a
351 synbiotic on perceived anxiety levels in sedentary individuals with respect to placebo (n=7) or with synbiotic (n=7); D)
352 Effect of the consumption of a synbiotic on perceived anxiety levels in athlete individuals with placebo (n=6) or with
353  synbiotic (n=7). The determinations are expressed by the mean + SD of each of the samples.

354 * p<0.05 sedentary group versus athlete group; + p<0.05 with respect to the baseline.
355
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360 Figure 4. Effect of training and consumption of a synbiotic in this condition on perceived depression levels. A) Per-
361 ceived depression levels in sedentary men (n=14) and athletes (n=13); B) Influence of training on the effects of the syn-
362 biotic on perceived depression levels (n=7 and n=6 in sedentary and athlete groups respectively); C) Effect of the con-
363 sumption of a synbiotic on perceived depression levels in sedentary individuals with respect to placebo (n=7) or with
364 synbiotic (n=7); D) Effect of the consumption of a synbiotic on perceived depression levels in athlete individuals with
365 placebo (n=6) or with synbiotic (n=7). The determinations are expressed by the mean + SD of each of the samples.

366+ p <0.05 with respect to the baseline.
367
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Table 4. Metabolic profile results

3.3 Effects of the synbiotic on metabolic profile

Table 4 shows the results corresponding to blood concentrations of glucose, cho-
lesterol, and triglycerides as measurements of metabolic profile. Firstly, individuals in
both the sedentary and athlete groups presented lipid and glycaemic levels compatible
with normal and healthy ranges. Thus, as expected the consumption of the synbiotic did
not provoke an appreciable or significant effect.

SEDENTARY INDIVIDUALS SOCCER PLAYERS

PLACEBO (n=7)

SYNBIOTIC (n=7) PLACEBO (n=6) SYNBIOTIC (n=7)

VARIABLE BASAL POST BASAL POST BASAL POST BASAL POST
Glucose (mg/dl) 82+6.45 79.71£7.25 87.42+9.6 81.85+9.33 89 +6.09 86.33 £ 6.05 88.28 +7.88 83.57 £ 6.39
Total

Cholesterol 169.28 +20.61 169.57 £15.95 154.71+£31.23 154.14+29.82 143.5+17.09 141 +28.93 17114 +22.93  164.85+21.25
(mg/dl)

Triglycerides

(mg/d) 96.85 +37.72 80.42 + 33.52 60.14 +23.83 60 +27.09 40.83 +19.34 56.16 +31.13 61.85+23.31 78.71 £44.35

The data are represented as mean + SD.

3.4  Effects of the synbiotic on inflammatory, immunological and stress parameters

It should be noted that both groups presented healthy baseline levels of the in-
flammatory and immune parameters analysed (figure 5A). No significant differences in
the IL-1B8 concentrations were observed between the sedentary and athlete groups.
However, a different behaviour (p<0,05) between the two groups was found in response
to the synbiotic intervention: while the synbiotic increased (p<0.05) the systemic concen-
tration of IL-1§3 in the sedentary group, it slightly decreased in the soccer player group
(figure 5B).

No significant variations (except a potential placebo effect in the sedentary group)
were found in the IL-10 concentration (figure 6). There were also no significant differ-
ences in the levels of immunoglobulin A between groups, or as a consequence of the in-
tervention (figure 7).
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398  Figure 5. Effect of training and consumption of a synbiotic in this condition on the IL-1{3 cytokine. A) Basal serum IL-1f3
399 concentrations in sedentary men (n=14) and athletes (n=13); B) Influence of training on the effects of the synbiotic on
400 serum IL-1f3 concentration (n=7 and n=6 in sedentary and athlete groups respectively); C) Effect of the consumption of
401  a synbiotic on IL-1p in sedentary individuals with respect to placebo (n=7) or with synbiotic (n=7); D) Effect of the
402  consumption of a synbiotic on IL-1p in athlete individuals with placebo (n=6) or with synbiotic (n=7). The determina-
403  tions are expressed by the mean + SD of each of the samples.

404 ¥ p <0.05 sedentary group versus athlete group; ++ p <0.01 with respect to the baseline.
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413 Figure 6. Effect of training and consumption of a synbiotic in this condition on cytokine IL-10. A) Basal serum IL-10
414  concentrations in sedentary men (n=14) and athletes (n=13); B) Influence of training on the effects of the synbiotic on
415 serum IL-10 concentration (n=7 and n=6 in sedentary and athlete groups respectively); C) Effect of the consumption of a
416 synbiotic on IL-10 in sedentary individuals with respect to placebo (n=7) or with synbiotic (n=7); D) Effect of the con-
417 sumption of a synbiotic on IL-10 in athlete individuals with placebo (n=6) or with synbiotic (n=7). The determinations
418  are expressed by the mean + SD of each of the samples.

419 +p <0.05 and ++ p <0.01 with respect to the baseline.
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Figure 7. Effect of training and consumption of a synbiotic in this condition on immunoglobulin A (IgA) levels. A)
Basal saliva concentrations of IgA in sedentary men (n=14) and athletes (n=13); B) Influence of training on the effects of
the synbiotic on the saliva concentration of IgA (n=7 and n=6 in sedentary and athlete groups respectively); C) Effect of
the consumption of a synbiotic on IgA in sedentary individuals with respect to placebo (n=7) or with synbiotic (n=7); D)
Effect of the consumption of a synbiotic on IgA in athlete individuals with placebo (n=6) or with synbiotic (n=7). The
determinations are expressed by the mean + SD of each of the samples.
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A lower concentration without significant differences were found in the dopamine
concentration of the soccer players group (figure 8A). However, training affected the
response to the synbiotic intervention (p<0.05), since it induced a significant increase
(p<0.05) in the dopamine concentration only in the athletes (figure 8B). This effect cannot
be attributable to a potential placebo effect of the intervention (figure 8D). However, the
decrease (p<0.05) in epinephrine levels in the sedentary group administered with the
synbiotic compared to their basal levels could potentially be attributed to a placebo effect
of the intervention (figures 9B and 9C). In addition, as shown in Table 5, there were also
no significant changes in norepinephrine. Basal concentration of serotonin was, however,
higher (p<0.05) in the athlete group than in the sedentary group, but statistical differences
with the synbiotic intervention were not observed (table 5).

Table 5. Results on immune and stress biomarkers not affected by the synbiotic

SEDENTARY INDIVIDUALS SOCCER PLAYERS
PLACEBO (n=7) SYNBIOTIC (n=7) PLACEBO (n=6) SYNBIOTIC (n=7)
VARIABLE BASAL POST BASAL POST BASAL POST BASAL POST

16.53 +5.45 1543 +5.19 14.6 +5.12 1439+6.29 16.29+7.29 16.92+4.4 10.65 +6.57 14.49 +4.74

Cortisol (ug/dl)
869.07 £ 512.01 = 848.29 + 839.96 £ 733.82 % 834.72 + 1000.21 £ 953.68 =
ACTH (pg/ml)
657.69 250.23 481.56 515.46 369.02 389.89 802.89 + 531.82
34.19 + 35.19 + 29.17 + 1523 + 98.09 + 79.06 + 171.3 + 81.35 +
Serotonin (ng/ml)
58.38 7227 20.92 16.32 123.3* 95.94 211.99* 85.81
Norepinephrine
3766.19 + 3410.59 + 3937.12 + 34742 + 3964.81 + 3874.09 + 4085.99 + 3743.15 +
(pg/ml)
429.55 573.88 348.35 340.75 355.3 416.97 171.22 391.81

* P<0,05 indicates a statistically significant difference with respect to the sedentary individuals BASAL levels. The data are represented as mean + SD.

ACTH (Adrenocorticotropic hormone)

Finally, the results corresponding to CRH are shown in figure 10. Athletes pre-
sented lower systemic concentration of CRH than sedentary volunteers (figure 10 A). In
addition, the behaviour of CRH secretion in response to the synbiotic intervention was
also different (p<0.05) between the athlete group and the sedentary group, decreasing
significantly (p<0.05) in the sedentary group with respect to their baseline levels (as also
found with the placebo) and increasing slightly in the athlete group (figure 8B).The latter
cannot be attributable to a placebo effect of the intervention (figure 8D). There were no
significant differences in levels of cortisol and ACTH between groups or as a conse-
quence of the intervention (table 5).
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Figure 8. Effect of training and consumption of a synbiotic in this condition on dopamine levels. A) Concentrations of
dopamine in sedentary men (n=14) and athletes (n=13); B) Influence of training on the effects of the synbiotic on the
dopamine (n=7 and n=6 in sedentary and athlete groups respectively); C) Effect of the consumption of a synbiotic on
dopamine in sedentary individuals with placebo (n=7) or with synbiotic (n=7); D) Effect of the consumption of a syn-
biotic on dopamine in athlete individuals with respect to placebo (n=6) or with synbiotic (n=7). The determinations are

expressed by the mean + SD of each of the samples.

* p <0.05 sedentary group versus athlete group; + p <0.05 with respect to the baseline.
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Figure 9. Effect of training and consumption of a synbiotic in this condition on epinephrine levels. A) Concentrations of
epinephrine in sedentary men (n=14) and athletes (n=13); B) Influence of training on the effects of the synbiotic on the
epinephrine (n=7 and n=6 in sedentary and athlete groups respectively); C) Effect of the consumption of a synbiotic on
epinephrine in sedentary individuals with respect to placebo (n=7) or with synbiotic (n=7); D) Effect of the consump-

tion of a synbiotic on epinephrine in athlete individuals with placebo (n=6) or with synbiotic (n=7). The determinations
are expressed by the mean + SD of each of the samples.

+p <0.05 with respect to the baseline.
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490  Figure 10. Effect of training and consumption of a synbiotic in this condition on CRH levels. A) Concentrations of CRH
491  in sedentary men (n=14) and athletes (n=13); B) Influence of training on the effects of the synbiotic on the hormone CRH
492 (n=7 and n=6 in sedentary and athlete groups respectively); C) Effect of the consumption of a synbiotic on CRH in
493 sedentary individuals with respect to placebo (n=7) or with synbiotic (n=7); D) Effect of the consumption of a synbiotic
494 on CRH in athlete individuals with placebo (n=6) or with synbiotic (n=7). The determinations are expressed by the
495  mean + SD of each of the samples.

496 * p <0.05 sedentary group versus athlete group; + p <0.05 and ++ p <0.01 with respect to the baseline.
497
498
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500 4. Discussion

501

502 This investigation is presented as the first study that analyzes the possible neuro-
503 immunoendocrine, inflammatory and health effects in soccer players and sedentary in-
504 dividuals after the consumption of a synbiotic (Gasteel Plus®).

505

506 Nowadays, there are various, generally suggestion-based studies which have re-
507 ported that quality of life improves with the consumption of pro-, pre- and synbiotics
508 [25-28]. These studies also show and that these supplements could modify some physio-
509 logical functions in humans, such as appetite, sleep, mood and circadian rhythms, all
510 through metabolites produced by the fermentation of microbes in the intestine [29]. Ad-
511 ditionally, some studies indicate that poor sleep quality is associated with poorer mental
512 health and psychological stress [30, 31]. The results of the present investigation show
513 objective (measured through accelerometry), beneficial effects in the sleep quality of the
514 group of athletes after the administration of the synbiotic, and said effect is corroborated
515 by the subjective perception results obtained through questionnaires.

516

517 It is also well accepted that probiotics and prebiotics can contribute to improve
518 mental health. Messaoudi et al. (2011) [32] reported significant differences in the per-
519 ceived anxiety between an experimental group administered with probiotics (Lactobacil-
520 lus helveticus R0052 and Bifidobacterium longum R0175), with respect to the control group,
521 as determined by subjective and perception indexes and measurement scales (HADS,
522 Hospital Anxiety and Depression Scale). Likewise, in another study, significant reduc-
523 tions in depression were demonstrated (determined by the measurement scales LEIDS-r,
524 Leiden Index of Depression Sensitivity) after the use of certain probiotic strains
525 (Bifidobacterium bifidum W23, Bifidobacterium lactis W52, Lactobacillus acidophilus W37,
526 Lactobacillus brevis W63, Lactobacillus casei W56, Lactobacillus salivarius W24, and Lactoba-
527 cillus lactis) with respect to the control group [33]. These studies are in agreement, at least
528 partially, with the results in the present investigation which introduces a synbiotic con-
529 taining a mixture of probiotic strains, including Bifidobacterium lactis CBP-001010, Lacto-
530 bacillus rhamnosus CNCM 1-4036, Bifidobacterium longum ES1, and prebiotic fructooligo-
531 saccharides. Similarly, Bravo et al. (2011) [34] observed a significant decrease in depres-
532 sion levels in mice after consuming a probiotic (Lactobacillus rhamnosus JB-1) compared to
533 their basal levels. It is also important to note that in our investigation the effect of the
534 synbiotic intervention induced a different anxiety and stress improved response de-
535 pending on the level of physical activity, thus suggesting a role for regular physical ac-
536 tivity or training interaction in these effects, and confirming the close relationship be-
537 tween exercise, exercise-induced stress and diet in the context of neuroendocrine inter-
538 actions [9]. In fact, the use of the synbiotic seems to function bidirectionally, particularly
539 in athletes, in increasing the level of daily physical activity as measured by METS and
540 Kilocalories consumption, determined by accelerometry.

541

542 Several investigations, most of them original articles evaluating the use of probiot-
543 ics, have studied the possible interaction of these supplements in the inflammato-
544 ry/immune system [2, 35-38], as well as others, although to a lesser extent, with synbiotics
545 [6, 39-40]. Results on the inflammatory parameters determined here (a decrease of the
546 pro-inflammatory cytokine IL-1f in athletes but a different behavior displayed in sed-
547 entary individuals) constitute a clear example of a “bioregulatory effect of the synbiotic”,
548 which is pro-inflammatory in sedentary individuals (potentially helping to prevent in-
549 fections) but not (and potentially anti-inflammatory) in athletes with high levels. These
550 results are compatible with the bioregulatory hypothesis of the innate/inflammatory re-
551 sponse induced with other non-pharmacological strategies [12, 41]. Likewise, the synbi-
552 otic-induced decrease in the anti-inflammatory cytokine IL-10, observed only in the

553 sedentary group, could contribute to the pro-inflammatory effect in these individuals,
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554 even though it was also observed in the placebo group. These results could be due to the
555 effect of sport itself, since regular exercise can induce neuroimmunoendocrine stabiliza-
556 tion in people with dysregulated inflammation and stress feedback by reducing the
557 presence of stress hormones and inflammatory cytokines [12].

558

559 Another immune variable that has gained special attention from researchers is im-
560 munoglobulin A (IgA). This biomarker in saliva (sIgA) has been constantly associated
561 with the incidence of infections, where low concentrations or substantial transitory falls
562 are related to an increase in diseases of the upper respiratory tract [42]. Gleeson et al.
563 (2011) [43] concluded that regular intake of a specific probiotic, Lactobacillus casei, appears
564 to be beneficial in reducing the frequency of symptoms in the upper respiratory tract, and
565 that this is owing to a maintenance of IgA levels in saliva, coinciding with the results of
566 other studies [2, 42]. The aforementioned studies also suggest an important finding: the
567 increase in mucosal immunity due to the administration of probiotics would serve to
568 protect against infection due to pathogens that penetrate the mucosa. However, in
569 agreement with our results, Cox et al. (2010) [4] concluded that there were no significant
570 changes in immunoglobulin A in saliva between the placebo group and the experimental
571 group that consumed a probiotic strain, Lactobacillus fermentum. Nevertheless, it is im-
572 portant also to highlight that the synbiotic did not induce worsening levels of IgA in this
573 research.

574

575 As already discussed, and referenced in the present investigation with the synbiotic,
576 there is also evidence that the administration of certain probiotics has beneficial effects on
577 mood and on certain psychological problems such as anxiety, stress, fatigue and depres-
578 sion [32]. All this could also be closely related to the role that these have in the regulation
579 of the intestinal microbiota, as well as their effect on the HHA axis and on pathways of
580 the nervous system [44]. Intestinal microbiota modulates a series of excitatory and inhib-
581 itory neurotransmitters (serotonin, dopamine and gamma-aminobutyric acid or GABA),
582 as well as other neuromodulators, especially in situations of possible physical and emo-
583 tional stress [8, 45]. As such, diet is considered a key part of the regulatory mechanism of
584 this "gut-brain" communication axis, with probiotics, prebiotics and synbiotics assuming
585 an important role. The results obtained in this study regarding fatigue in athletes (alt-
586 hough without statistical significant differences) could be related to the lower levels of
587 dopamine together with the elevated levels of serotonin, with the synbiotic, versus the
588 placebo, being able to counteract these effects here [46]. In fact, habitual exercise or
589 training modified the synbiotic-induced response in the systemic release of dopamine
590 (athletes versus sedentary people). In addition, the synbiotic-induced decrease in epi-
591 nephrine levels in the sedentary group could be related to the increase of the concentra-
592 tion of the cytokine IL-1p in this same group, since, in healthy individuals, a decrease in
593 catecholamine concentration stimulates the release of IL-1 by macrophages, as well as
594 inflammatory cytokines through Thl lymphocytes [12, 47].

595

596 As found in dopamine concentrations, training also affected the synbiotic-induced
597 response in CRH systemic concentration, which was also lower in the athletes than in
598 sedentary volunteers; thus indicating potentially lower levels of stress in the sportspeo-
599 ple. As such, the significant decrease in systemic CRH levels induced by the synbiotic
600 intervention only in the sedentary group could indicate a reduction of stress induced by
601 this nutrition supplement. In any case, it seems interesting to observe how this apparent
602 "bioregulatory behavior" of the synbiotic, between sedentary individuals and athletes
603 with lower baseline levels of CRH, is similar to that observed in the behavior of IL-1{3,
604 making it plausible to think that the synbiotic-induced variations in the SNS (previously
605 discussed with epinephrine), and in the HHA axis, now through variations in CRH, are
606 involved in the bioregulatory effects of the inflammatory response [48]. Nevertheless,

607 changes in CRH concentrations did not induce significant physiological variations in
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608 ACTH and cortisol; and since a decrease in CRH was also observed in the “sedentary
609 placebo” group, these results open new windows for future investigations.

610

611 There is a lack of methodological specificity in most of the previous literature studies
612 regarding inflammatory and immune markers. The unification of these approaches is
613 therefore necessary to avoid partial interpretations of the results, as well as the evalua-
614 tion of the physiological and clinical relevance of in vitro and ex vivo effects of probiotics,
615 prebiotics and synbiotics as a nutritional tool for athletes in particular. It is clear, how-
616 ever, that immunoneuroendocrine interactions affecting the immune response, men-
617 tal/physical health and metabolic regulation participate in the effects of these supple-
618 ments. As such, the same effects in sedentary people or sportspeople cannot always be
619 expected.

620

621 In this context, increasing the number of participants, together with a longer inter-
622 vention time, would be necessary to obtain more significant responses. The positive diet
623 modification for gut microbiota is presented as a physiological improvement, not only for
624 athletes and their potential improvements in performance, but also for the general pop-
625 ulation.

626 5. Conclusions

627

628 In conclusion, assuming the possible errors that all generalization entails, we can
629 establish that a nutritional supplement containing a mixture of probiotic strains, such as
630 Bifidobacterium lactis CBP-001010, Lactobacillus rhamnosus CNCM 1-4036, Bifidobacterium
631 longum ES1, as well as fructooligosaccharides as a prebiotic, induces an "immunoneuro-
632 endocrine bioregulatory effect”, and is therefore dependent on the basal state of the
633 neuroendocrine and inflammatory response of each individual or population group.
634 According to the present investigation, this mainly involves IL-1p3, CRH, and dopamine
635 (and to a lesser extent serotonin) which could influence the synbiotic-induced reduction
636 in perceived levels of anxiety and stress, fatigue and depression, as well as the objective
637 improvement in sleep quality. To study the composition of the intestinal microbiota of
638 the athletes versus the sedentary subjects, and its possible variations after synbiotic in-
639 tervention, a longer intervention would be necessary (duration being a limitation of the
640 present investigation).
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