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It remains unknown whether polyphenols such as luteolin (Lut), mangiferin and quercetin (Q) have ergogenic effects during repeated all-out prolonged sprints. Here we tested the effect of Mangifera indica L. leaf extract (MLE) rich in mangiferin (Zynamite®) administered with either quercetin (Q) and tiger nut extract (TNE), or with luteolin (Lut) on sprint performance and recovery from ischemia-reperfusion. Thirty young volunteers were randomly assigned to three treatments 48 h before exercise. Treatment A: placebo (500 mg of maltodextrin/day); B: 140 mg of MLE (60% mangiferin) and 50 mg of Lut/day; and C: 140 mg of MLE, 600 mg of Q and 350 mg of TNE/day. After warm-up, subjects performed two 30 s Wingate tests and a 60 s all-out sprint interspaced by 4 min recovery periods. At the end of the 60 s sprint the circulation of both legs was instantaneously occluded for 20 s. Then, the circulation was re-opened and a 15 s sprint performed, followed by 10 s recovery with open circulation, and another 15 s final sprint. MLE supplements enhanced peak (Wpeak) and mean (Wmean) power output by 5.0–7.0% (P < 0.01). After ischemia, MLE+Q+TNE increased Wpeak by 19.4 and 10.2% compared with the placebo (P < 0.001) and MLE+Lut (P < 0.05), respectively. MLE+Q+TNE increased Wmean post-ischemia by 11.2 and 6.7% compared with the placebo (P < 0.001) and MLE+Lut (P = 0.012). Mean VO2 during the sprints was unchanged, suggesting increased efficiency or recruitment of the anaerobic capacity after MLE ingestion. In women, peak VO2 during the repeated sprints was 5.8% greater after the administration of MLE, coinciding with better brain oxygenation. MLE attenuated the metaboreflex hyperpneic response post-ischemia, may have improved O2 extraction by the Vastus Lateralis (MLE+Q+TNE vs. placebo, P = 0.056), and reduced pain during ischemia (P = 0.068). Blood lactate, acid-base balance, and plasma electrolytes responses were not altered by the supplements. In conclusion, a MLE extract rich in mangiferin combined with either quercetin and tiger nut extract or luteolin exerts a remarkable ergogenic effect, increasing muscle power in fatigued subjects and enhancing peak VO2 and brain oxygenation in women during prolonged sprinting. Importantly, the combination of MLE+Q+TNE improves skeletal muscle contractile function during ischemia/reperfusion.
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INTRODUCTION

Fatigue is a complex process which may originate in any structure intervening in the production and control of muscle contractions. Performance-enhancing compounds may exert their effects by facilitating energy supply and utilization, easing central command and motor control and reducing the negative effects caused by energy depletion, shortage of O2, metabolite accumulation, and reactive oxygen and nitrogen species (RONS) on force generation, muscle contraction activation and afferent feedback. Among the natural substances that may have performance-enhancing properties (ergogenic effects) several polyphenols have been investigated (González-Gallego et al., 2010; Braakhuis and Hopkins, 2015). Most polyphenols may act as antioxidants (Sandoval-Acuña et al., 2014), signaling molecules, or hold anti-inflammatory (Luczkiewicz et al., 2014), anti-aging (Khurana et al., 2013; Menendez et al., 2013), neuromodulatory and neuroprotective (Campos-Esparza et al., 2009; Luo et al., 2017) properties, which may confer their ergogenic potential. Most of these effects have been demonstrated in cell culture or animal models, in many instances using supra-physiological doses (González-Gallego et al., 2010). Moreover, studies performed in humans have reported divergent results which have been attributed to differences in the exercise model, fitness level of the study population and the type of polyphenol tested (González-Gallego et al., 2010). The ergogenic potential of some polyphenols such as luteolin and mangiferin remains unknown, and the effects of quercetin on performance during repeated all-out prolonged sprints is yet to be studied in humans.

Mangiferin (2-b-D-glucopyranosyl-1,3,6,7-tetrahydroxy-xanthone) is a xanthone (non-flavonoid polyphenol) originally isolated from Mangifera indica L. (Anacardiaceae), present in abundance in mango leaves and other plants (Masibo and He, 2008). Mangiferin is considered a “super antioxidant” capable of specifically protecting against free radical production by the Fenton reaction due to its iron-chelating properties. The Fenton reaction is thought to play an important role as a source of RONS during sprint exercise (Morales-Alamo and Calbet, 2014), due to the marked acidification elicited by the high glycolytic rates attained during this type of exercise. Acidosis accelerates hydroxyl radical production by the Fenton reaction and reduces the activities of the antioxidant enzymes glutathione peroxidase, glutathione S-transferase, and glutathione reductase (Ying et al., 1999).

Mangiferin has powerful free radical scavenging properties and has been shown to attenuate ischemia/reperfusion injuries in diabetic rats (Suchal et al., 2017), but it remains unknown whether mangiferin attenuates the effects of ischemia/reperfusion in humans. Mangiferin can traverse the blood-brain barrier and modulate neurotransmission, K+ channels and nociception (Rauf et al., 2017). Strong stimulation of type III and IV afferents by metabolite accumulation during sprint exercise (Cheetham et al., 1986; Morales-Alamo et al., 2012), particularly H+ and lactate (Light et al., 2008) are likely involved in the perception of effort and exercise-induced pain. III/IV muscle afferents discharge inhibits corticospinal drive and could contribute to limit exercise capacity or enhance fatigue sensation (Amann and Dempsey, 2008; Rossman et al., 2012; Sidhu et al., 2014; Kennedy et al., 2015). Mangiferin has properties which may attenuate III/IV muscle afferent discharge during exercise, either by reducing RONS-mediated stimulation of III/IV muscle afferents or by downregulating the glycolytic rate and interstitial K+ accumulation.

Quercetin is a well-studied flavonoid polyphenol which may improve performance during prolonged exercise (Kressler et al., 2011; Myburgh, 2014), although its effects in athletes are unclear (Braakhuis and Hopkins, 2015). Quercetin is found in several fruit and vegetables, including mangoes. Although quercetin has a low bioavailability due to its poor intestinal absorption (Graefe et al., 2001), this may be improved by an oleaginous vehicle (Tran et al., 2014) such as tiger nut extract. In animal models, quercetin attenuates ischemia/reperfusion injuries in several tissues (Shoskes, 1998; Cho et al., 2006; Annapurna et al., 2009) including skeletal muscle (Ekinci Akdemir et al., 2016). A potential sex dimorphism in the responses to polyphenol supplementation have not been specifically tested, although quercetin (like mangiferin) is a phytoestrogen, capable of binding to and activating estrogen receptors (Wilkinson et al., 2015).

Luteolin (30, 40, 50, 70-tetrahydroxyflavone) is one of the most abundant flavones and, like mangiferin and quercetin, is a potent antioxidant and inhibitor of xanthine oxidase (XO) (Nagao et al., 1999; Pinto et al., 2005; Paredes-Gonzalez et al., 2015; Niu et al., 2016; Nile et al., 2017). Luteolin is also a NADPH oxidase (nicotinamide adenine dinucleotide phosphate-oxidase; NOX) inhibitor (Makino et al., 2013; Xia F. et al., 2014). Both enzyme activities, XO and NOX, play a critical role in RONS generation during intense exercise (Morales-Alamo and Calbet, 2014) and ischemia/reperfusion events (Berry and Hare, 2004). Luteolin mitigates ischemia/reperfusion damage in cell cultures (Tian et al., 2018) and animals (Karakaş et al., 2014; Hong et al., 2017; Liu et al., 2017; Luo et al., 2017; Du et al., 2018).

Flavonoids may facilitate an increase in mitochondrial Ca2+ concentration by acting on the mitochondrial Ca2+ uniporter (Montero et al., 2004). This may up-regulate the respiratory rate and ATP production and stimulate endothelial nitric oxide synthase (eNOS), increasing nitric oxide (NO) production (Duarte et al., 2014; Si et al., 2014; Cheng et al., 2018). The vasodilation induced by NO may enhance oxygen delivery to the active muscles also helping to improve performance (Calbet and Lundby, 2012; Si et al., 2014). Although it has been reported that the effects on performance could be enhanced when flavonoids are given in combination (MacRae and Mefferd, 2006), few studies have examined the effects of flavonoid combinations on exercise performance (MacRae and Mefferd, 2006; Deley et al., 2017; Overdevest et al., 2018).

Interestingly, the cytoprotective effects of flavonoids against ischemia/reperfusion may be enhanced by exercise (Chang et al., 2014). However, no single study to date has determined the efficacy of natural polyphenols in mitigating the deterioration of skeletal muscle contractile function after short ischemia/reperfusion in humans. Ischemia/reperfusion is a phenomenon that may occur during isometric contractions (Wigmore et al., 2006; Thompson et al., 2007). Tempol, an antioxidant mimicking superoxide dismutase, preserves skeletal muscle mitochondrial respiratory function during reperfusion in rodents (Charles et al., 2017). Likewise, quercetin has been shown to protect skeletal muscle from ischemia/reperfusion injury in rats (Ekinci Akdemir et al., 2016). Thus, for this study we hypothesized that natural polyphenols might also facilitate the recovery of exercise performance after ischemia/reperfusion in humans by easing mitochondrial O2 utilization after ischemia.

Therefore, the main aim of this study was to test whether a mango leaf extract (MLE) (60% weight mangiferin) administered in two different formulations: one with quercetin and tiger nut extract, and another with luteolin, has a performance-enhancing effect in young men and women. A secondary aim was to test whether the combinations mangiferin-luteolin and mangiferin-quercetin protect skeletal muscle from the negative effects of ischemia/reperfusion applied immediately at the end of sprint exercise. We hypothesized that both mangiferin-containing supplements would enhance sprint performance.

MATERIALS AND METHODS

Subjects

Eighteen men and 17 women, all healthy and physically active agreed to participate in this investigation, but complete data was obtained from 17 men and 13 women (Table 1). After a familiarization and a pre-test phase lasting 4 weeks, the main experiment was performed to test the effects of two different combinations of polyphenolic supplement on performance during repeated sprint exercise. The study was carried out in accordance with the Declaration of Helsinki and was approved by the Ethical Committee of the University of Las Palmas de Gran Canaria (CEIH-2017-02). All subjects signed a written informed consent before entering the study. Subjects were requested to avoid strenuous exercise 48 h before the laboratory test and not to drink beverages containing caffeine or taurine during the 24 h preceding the test.


Table 1. Physical characteristics and ergoespirometric variables (mean ± SD).
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Pre-tests

Body composition was determined by dual-energy x-ray absorptiometry (Lunar iDXA, GE Healthcare, Wisconsin; USA) as described elsewhere (Calbet et al., 1998). Subjects performed two familiarizations visits during which incremental exercise to exhaustion and a 30 s all-out sprint were performed. After familiarization, subjects reported to the laboratory to complete different tests on separate days. First, their peak VO2 (VO2peak), maximal heart rate (HRmax) and maximal power output (Wmax) were determined in normoxia (FIO2: 0.21, PIO2: 143 mmHg) with an incremental exercise test to exhaustion with verification (Poole and Jones, 2017). The test started with 3 min at 20 W, followed by 15 and 20 W increases every 3 min in women and men, respectively, until the respiratory exchange ratio (RER) was >1.0. After completion of the intensity with an RER ≤ 1.0, the intensity was increased by 10 and 15 W/min increase (women and men, respectively) until exhaustion. The intensity attained at exhaustion was taken at the maximal power output of the incremental exercise test (Wmax). At exhaustion, the ergometer was unloaded and subjects remained seated on the cycle ergometer pedaling at a slow speed (30–40 rpm) for 3 min. Thereafter, the verification test started at Wmax + 5 W for 1 min, followed by 4 and 5 W increase (women and men, respectively) every 20 s until exhaustion. Between 1 and 2 weeks later, subjects reported to the laboratory on two occasions separated by at least 1 week, to carry out a constant-intensity supramaximal exercise to exhaustion at 120% of VO2max. This test was used to determine the anaerobic capacity, as previously described (Morales-Alamo et al., 2015). The constant-intensity supramaximal exercise test with longer endurance time to exhaustion was retained as representative for each subject.

Power Output, Oxygen Uptake, and Supramaximal Exercise O2 Demand and Deficit

Power output during the sprint was reported as instantaneous peak power output (Wpeak) and mean power output (Wmean) throughout the duration of the sprints. Oxygen uptake was measured with a metabolic cart (Vyntus CPX, Jaeger-Carefusion, Hoechberg, Germany), calibrated according with high-grade certified gases provided by the manufacturer. Respiratory variables were analyzed breath-by-breath and averaged every 20 s during the incremental exercise tests (Calbet et al., 1997) and during the repeated sprints. The highest 20 s averaged VO2 recorded during the incremental test (i.e., including the verification phase) was taken as VO2peak.

The O2 demand during the sprints was calculated from the linear relationship between the last 20 s averaged VO2 of each load, from 80 W up to 80–90% of VO2max, while subjects were pedaling at 80 rpm. The accumulated oxygen deficit (AOD), representing the difference between O2 demand and VO2, was determined as previously reported (Calbet et al., 1997; Dorado et al., 2004).

Main Experiment

The volunteers were randomly assigned to three treatments, following a double-blind design, using a computer program. Treatment A, was a placebo condition (500 mg of maltodextrin per day); treatment B consisted in 140 mg of MLE (60% mangiferin) and 50 mg of luteolin per day; and treatment C contained 140 mg of MLE (60% mangiferin), 600 mg of quercetin and 350 mg of tiger nut extract per day (Table 2). The three treatments were divided in three daily doses administered every 8 h in methylcellulose capsules of identical appearance. The dose of quercetin was based on previous studies (Davis et al., 2010; Myburgh, 2014). The dose of mangiferin was based on a pharmacokinetic study showing oral absorption and mean residence time close to 7 h, after the ingestion of 0.1 g of pure mangiferin (Hou et al., 2012). The dose of luteolin was based on pharmacokinetic data obtained in humans after the administration of artichoke leaf extracts which are rich in luteolin (Wittemer et al., 2005) and the response observed after the administration of 100 mg of encapsulated luteolin in children (Tsilioni et al., 2015). Pilot studies showed no side effects from the administration of Zynamite in twelve volunteers, which had normal kidney, liver, hematological and biochemical variables in blood after two weeks of supplementation.


Table 2. Chemical composition of the plant extracts used in the supplements.
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Subjects started supplement intake 48 h before the main experimental days. On the day of experiment, subjects reported to the laboratory after a 10 h overnight fast, and 60 min before the start of the experiment ingested an additional dose of the supplement (i.e., 1/3 of the daily dose). During the following 60 min subjects were instrumented and a hand vein was catheterized and heated to obtain 10 ml of arterialized blood. Next, subjects were seated on the cycle ergometer and performed two warming-up 8 s sprints in isokinetic mode at 80 rpm, separated by a 2 min interval during which they pedaled with the cycle ergometer unloaded. After a 3 min period of unloaded pedaling, the load was increased to 80 W in women, and 100 W in men for 6 min (80 rpm, ergometer set in rpm-independent mode). This was followed by unloaded pedaling for 4.5 min. Then, subjects stopped pedaling and the ergometer was switched to isokinetic mode. At the 5th minute they performed a Wingate test (30 s all-out sprint in isokinetic mode at 80 rpm). This was followed by another 3.5 min of unloaded pedaling and another 30 s period, during which they stopped pedaling and the ergometer was switched to the isokinetic mode. At the 4th minute, a second 30 s Wingate test was performed, which was also followed by another 3.5 min of unloaded pedaling and another 30 s period of rest. Four min after the end of the second 30 s Wingate test, an all-out 60 s long sprint was carried out. At the end of the 60 s sprint, the circulation of both lower extremities was instantaneously occluded for 20 s by inflating bilateral cuffs at 300 mmHg as previously reported (Morales-Alamo et al., 2015; Torres-Peralta et al., 2016b; Figure 1). For this purpose, cuffs were placed around the thighs during the preparation phase, as close as possible to the inguinal crease, and were connected to a rapid cuff inflator before they seated on the cycle ergometer (SCD10, Hokanson E20 AG101, Bellevue, USA).


[image: image]

FIGURE 1. Experimental protocol (see text for details). Written consent was obtained from the volunteer that appears in the picture for the publication of the image.



Ten seconds after the start of the occlusion a reverse countdown was given and the subjects prompted to start pedaling again as fast and hard as possible, with the ergometer in isokinetic mode for 15 s. At the start of the sprint the cuff was deflated to allow full reestablishment of the circulation during the subsequent exercise. At the end of the 15 s sprint, they pedaled slowly for another 5 s and then, stopped for 5 s to get ready for the final 15 s sprint. During the 10 s of recovery that followed the 15 s post-ischemia sprint, as well as during the 15 s final sprint, the circulation was open. A capillary blood sample was drawn from the ear lobe, previously hyperhemized with Finalgon® cream, to measure the concentration of lactate (lactate-Pro 2, Arkray, Valencia, Spain) 1 min after the last sprint.

Blood samples for hemoglobin concentration, blood gases, electrolytes and acid-base balance assessment were obtained from the heated hand vein at rest, 3 min after the second 30 s Wingate test, 1 min after the last sprint, and 5 and 30 min into the recovery period (ABL90, Radiometer, Copenhagen, Denmark).

Cerebral Oxygenation

Cerebral oxygenation was assessed at rest and during exercise using near-infrared spectroscopy (NIRS, NIRO-200, Hamamatsu, Japan) employing spatial resolved spectroscopy to obtain the tissue oxygenation index (TOI) using a path-length factor of 5.92 (van der Zee et al., 1992). The NIRS optodes were placed on the right frontoparietal region at 3 cm from the midline and 2–3 cm above the supraorbital crest, to avoid the sagittal and frontal sinus areas (Curtelin et al., 2018). Using this optode placement the tissue oxygenation of the superficial frontal cerebral cortex is recorded. An additional optode was placed in the lateral aspect of the thigh at middle length between the patella and the anterosuperior iliac crest, over the middle portion of the musculus Vastus Lateralis. The rate of muscle deoxygenation upon occlusion was calculated by determining the maximal slope of the linear decay of TOI overtime. For this purpose, data were averaged every second and the slope TOI/time was calculated from the start of the occlusion to the end of occlusion, with a minimum interval of 4 s and a maximum of 20 s. Since the best linear fit was obtained with a 4 s interval, this was applied to all the occlusions.

Middle Cerebral Artery Blood Velocity

The mean blood velocity in the middle cerebral artery (MCAvmean), insonated through the trans-temporal window as described elsewhere (Rasmussen et al., 2007; Willie et al., 2011; Curtelin et al., 2018), was determined as an estimate of cerebral blood flow. Two Doppler 2 MHz transducers were applied bilaterally over the middle transtemporal window (Naqvi et al., 2013; Multi Box, DWL, Singen, Germany). Since both Doppler probes yield similar readings these were averaged for further analysis to reduce variability. In some subjects one MCA was insonated due to a mechanical failure of the second probe. A head harness was used to minimize potential movement artifacts. Resting cerebral oxygenation and MCAvmean was calculated as the average of a 2 min collection period, while during exercise 5 s averages were generated and the average for the whole sprint reported. The NIRS and Doppler data were collected using a 16-channel data acquisition system (Power Lab ML880, ADInstruments), sampled at 200 Hz, and stored on a computer for subsequent analysis.

Power Output

All pre-tests were performed on the same cycle ergometer (Lode, Corival, Groningen, The Netherlands), which maintains the exercise intensity constant despite variations in pedaling rate. During all tests subjects were requested to maintain a pedaling rate close to 80 rpm. For the main experiments, an isokinetic ergometer (Excalibur Sport 925900, Lode, Groningen, The Netherlands) was used. This ergometer was operated in a rpm-independent constant load during the warm-up and recovery phases and switched to isokinetic mode during the sprints, with the speed set at 80 rpm. During the isokinetic sprints, the subjects pedaled as fast and hard as possible, exerting as much force on the pedals as they could at each pedal stroke from the start to the end of the sprint, along which subjects were provided with strong verbal support. The servo-control brake system of the cycle ergometer adjusts continuously and almost instantaneously the braking force so the pedaling rate stays at 80 rpm during the whole sprint. In all instances, exhaustion was defined by the incapacity of the subject to maintain a pedaling rate above 50 rpm during 5 s, despite strong verbal encouragement or by a sudden stop in pedaling.

Oxygen Demand and Deficit

The O2 demand during the supramaximal exercise bouts was estimated from the linear relationship between the last min averaged VO2 of each load, from 20 to 40 W to the highest intensity with an RER < 1.00 in the incremental exercise test. The accumulated oxygen deficit (AOD), representing the difference between O2 demand and VO2, was determined as previously reported (Calbet et al., 1997; Dorado et al., 2004).

Assessment of Pain and Effectiveness of Concealment

Subjects were requested to rate the level of pain felt during the occlusion from 0 to 10, being 10 the highest muscle pain ever suffered during or after exercise in their life. Likewise, at the end of the experiment subjects were asked about the kind of supplement they suspected they had received to check on the effectiveness of concealment. After placebo administration, 7 out of 30 subjects guessed correctly that they had placebo. Following B supplementation, 11 subjects out of 30, guessed correctly that they had polyphenols, and after supplement C, 16 out of 30 guessed correctly that they had polyphenols. Subjects were aware that polyphenols were present in two occasions and that in one occasion there would be placebo. They also knew that it was unknown whether polyphenols may improve or not performance. Notwithstanding, they generally reported to believe that they had taken polyphenols when they felt better during the whole experiment.

Statistics

A sample size between 20 and 28 participants was required to provide adequate power to detect an improvement between 5 and 6% in peak power output (α = 0.05, β = 0.80; G*Power v.3.1.9.2). To allow for potential dropouts, we decided to recruit 36 volunteers. Variables were checked for normal distribution by using the Shapiro–Wilks test. A two-way repeated-measures ANOVA was used with two within-subjects factors: exercise bout (with five levels) and occlusion (with two levels: free or occluded recovery), and with sex as between-subjects factor. The Mauchly's test of sphericity was run before the ANOVA, and in the case of violation of the sphericity assumption, the degrees of freedom were adjusted according to the Huynh and Feldt test. When a significant main effect or interaction was observed, specific pairwise comparisons were carried out with the least significant difference post-hoc test. The relationship between variables was determined using linear regression analysis. Values are reported as the mean ± standard deviation of the mean (unless otherwise stated). P ≤ 0.05 was considered significant. Statistical analysis was performed using SPSS v.15.0 for Windows (SPSS Inc., Chicago, IL).

RESULTS

Men and women had comparable levels of fitness. Although men had a 15% greater VO2max per kg of body mass, the between-sex difference disappeared when the VO2max was expressed per kg of lean mass of the lower extremities. Likewise, men had 41% greater anaerobic capacity per kg of body mass, but this difference was reduced to 23% when expressed in relation to the lean mass of the lower extremities. Nevertheless, no significant between-sex differences were observed in the Wingate test when the values were normalized to the lean mass of the lower extremities.

Effects on Performance

Both supplements B and C enhanced performance during the latest sprints, i.e., those carried out with greater level of fatigue and lower functional reserve. Compared with placebo, when all sprints were averaged, supplements B and C increased Wpeak by 5.0 and 6.0%, respectively (Table 3 and Figure 2A). During the 60 s long sprint, supplements B and C increased Wpeak by 12.5 and 10.8%, respectively (P < 0.05). In the sprint performed after ischemia, supplement C increased Wpeak by 19.4% compared to placebo (P < 0.001) and by 10.2% compared to supplement B (P < 0.05).


Table 3. Ergoespriometric responses during repeated all-out sprints (mean, upper row, ± SD, lower row).
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FIGURE 2. (A) Peak power output (Wpeak). (B) Mean power output (Wmean). (C) Brain oxygenation (Frontal lobe tissue oxygenation index: TOI). (D) Vastus Lateralis oxygenation index. Treatment A: placebo (500 mg of maltodextrin per day); treatment B consisted of 140 mg of mango leaves extract and 50 mg of luteolin per day; and treatment C contained 140 mg of mango leaves extract, 600 mg of quercetin, and 350 mg of tiger nut extract per day. Dashed lines in (C,D) represent the values recorded at rest. Dotted lines in (D) represent the values observed during the last 5 s of the occlusions after sprint 3, i.e., is the TOI value corresponding to “zero oxygenation.” Blue color: men, pink color: females. *P < 0.05 compared with placebo.



When all sprints were combined, supplements B and C enhanced Wmean by 6.2 and 6.7%, respectively, compared with placebo (P < 0.01; Table 3 and Figure 2B). Consequently, the total amount of work performed was 2.4% higher following the ingestion of supplements B and C, compared with placebo in women (34.1 ± 4.3, 34.9 ± 4.1, and 34.9 ± 4.0 kJ, for placebo and supplements B and C, respectively, P < 0.05). The corresponding values in men were 51.7 ± 6.7, 52.1 ± 7.3, and 52.3 ± 5.8 kJ, respectively (P > 0.3). During the sprint performed after ischemia, supplement C enhanced Wmean by 11.2 (P < 0.001) compared with the placebo trial and 6.7% compared with supplement B (P = 0.012; Table 3).

Pulmonary Gas Exchange

During the sprint after ischemia the level of pulmonary ventilation (VE) was higher than during the preceding (3rd sprint) and the subsequent sprint (5th sprint) (P < 0.01, for both comparisons). The increased VE during the sprint after ischemia was associated with a higher end-tidal O2 pressure (PETO2) compared with the 3rd and 5th sprints, and slightly lower end-tidal CO2 pressure (PETCO2) in the 5th than 4th sprint during the placebo and B treatment conditions (all P < 0.01). After the administration of supplement C, ischemia did not alter VE, PETO2, nor PETCO2 during the 4th sprint, compared to the 3th and 5th sprints.

In women, the peak VO2 reached during the repeated sprints was 5.8% greater after the administration of supplements (mean of both trials) compared with the placebo trial (2,189 ± 334 and 2,316 ± 403 mL.min−1, for placebo and supplements, respectively, P = 0.012). No such an effect was observed in men (3,265 ± 406 and 3,318 ± 422 mL.min−1, placebo and supplements, respectively, P = 0.42).

Neither the accumulated VO2 nor the O2 deficit observed during the sprints were significantly altered by any of the treatments, when all sprints were analyzed conjointly. Nevertheless, during the 15 s sprint performed after ischemia, the m. Vastus Lateralis oxygenation index tended to be a slightly lower value after the administration of supplement C compared with placebo (P = 0.056).

There was a trend for an interaction between sprint and treatment for O2 deficit (P = 0.10). In fact, when the analysis was circumscribed to the sprints performed immediately following ischemia, the O2 deficit incurred was 2.7-fold greater after the ingestion of supplement C than after placebo in men (P = 0.001), while it remained at the same level in women. Pulmonary ventilation and gas exchange were similar in the three conditions (Table 3).

Brain Oxygenation

Resting brain oxygenation was lower in women than in men (P < 0.001). This was associated with lower PETCO2 in women than in men (30.7 ± 2.6 and 34.2 ± 2.1 mmHg, in women and men, respectively, P < 0.001). In women, both supplements increased frontal lobe oxygenation at rest (59.4 ± 5.7, 64.9 ±3 .8, and 64.9 ± 6.4%, for placebo, supplement B and C, respectively, P < 0.05; for the comparisons of supplement B and C against placebo, treatment x sex interaction, P = 0.013). In men, brain oxygenation remained unchanged (69.3 ± 5.4, 69.1 ± 4.2, and 68.0 ± 4.4%, for placebo, supplement B and C, respectively, P > 0.50, for the comparisons of supplement B and C against placebo).

Brain oxygenation during the sprints was similar to that observed at rest. In women, brain oxygenation during the sprints was greater after the ingestion of supplements B and C than placebo (Figure 2). Likewise, during the 20 s ischemic recovery that followed the 60 s long sprint (sprint 3), brain oxygenation was higher after the ingestion of supplements B and C in women than in men (57.7 ± 7.2, 63.1 ± 6.0, and 64.0 ± 4.8%, for placebo, and supplements B and C, respectively, P < 0.05; for the comparison of supplement B and C with placebo: treatment x sex interaction P = 0.005). The corresponding values in men were not altered by the ingestion of supplements (68.0 ± 3.8, 67.9 ± 5.7, and 66.3 ± 4.3%, for placebo, and supplements B and C, respectively, P > 0.30).

Muscle O2 Extraction

During the occlusion, Vastus Lateralis TOI tended to be lower after the ingestion of supplement C compared to placebo (P = 0.082). The rate of muscle deoxygenation upon occlusion was similar for the three trials (1.18 ± 0.87, 1.21 ± 0.82, and 1.27 ± 0.71 TOI units.s−1, after the ingestion of placebo, supplement B and supplement C, respectively, P > 0.64). The level of TOI corresponding to “zero oxygenation” in the m. Vastus Lateralis was attained in about 5 s (5.0 ± 1.6, 5.0 ± 1.1, and 5.5 ± 1.8 s, for placebo and supplement B and C, respectively, P = 0.24; for the comparison of supplement C with placebo).

Blood Lactate, Acid Base-Balance, and Electrolytes

No significant differences in capillary blood lactate concentration 1 min after the last sprint were observed (14.1 ± 2.6, 13.9 ± 2.9, and 13.5 ± 3.2 mmol.L−1, after the ingestion of placebo, supplement B and supplement C, respectively). Exercise and recovery plasma Na+, Cl−, K+, Ca2+, glucose, and total bilirubin concentration was not modified by the supplements. Nevertheless, total bilirubin showed a trend for better recovery after the ingestion of supplement C compared to placebo (P = 0.06). None of the supplements modified the exercise-induced lactic acidosis in blood, which was similar for the three conditions (Table 4).


Table 4. Acid base balance, blood lactate, total bilirubin and electrolytes in arterialized blood (n = 10).

[image: image]



Pain During Post-Sprint Ischemia

When both conditions with polyphenols were averaged, the level of pain reported was lower compared with the placebo condition (7.1 ± 1.8 and 6.7 ± 2.0 arbitrary units, for the placebo and the mean of the B and C conditions, respectively, P = 0.068).

DISCUSSION

This study shows that the ingestion of two supplements containing a mango leaf extract rich in mangiferin enhances performance in humans during high intensity exercise. Moreover, the combined MLE/quercetin/tiger nut extract had a remarkable effect increasing peak power output after ischemia/reperfusion, with a similar effect in men and women. In women, MLE-containing supplements improved brain oxygenation at rest and during exercise, and increased peak VO2 during high-intensity exercise.

Although, the main mechanism eliciting the ergogenic effect of the two MLE-containing supplements remains to be determined, our findings provide indirect evidence for an enhancement of performance without additional consumption of oxygen, suggesting either better muscle energy efficiency and/or enhanced capacity to recruit the exhausted muscle fibers by the central nervous system, with increased production of energy through the anaerobic pathways. Moreover, in agreement with our hypothesis, a trend for better muscular extraction of O2 was also observed in the sprints performed after ischemia/reperfusion when the subjects had taken the combined MLE/quercetin/tiger nut extract. In agreement with previous findings, ischemia elicited a slightly higher VE response to sprint, which is consistent with an increased stimulation of the metaboreflex as previously explained (Morales-Alamo et al., 2015; Torres-Peralta et al., 2016b), and as shown by experiments using fentanyl blockade of III/IV muscle afferents (Dempsey et al., 2014). The combined MLE/quercetin/tiger nut extract suppressed this additional hyperpneic response observed during the sprints after ischemia. Interestingly, high interstitial accumulation of K+ and H+ may elicit pain via stimulation of III/IV muscle afferents (Kniffki et al., 1978; Mense, 1996). Here, the MLE-containing extract supplement tended to reduce the pain evoked by the occlusions. The attenuation of metaboreflex responses by MLE/quercetin/tiger nut extract is an important effect, since exaggerated responsiveness of III/IV have been shown to limit exercise performance in patients with heart failure (Ives et al., 2016; Keller-Ross et al., 2016) and chronic obstructive pulmonary disease (Gagnon et al., 2012).

Mango Leaves Extract Rich in Mangiferin Enhances Performance During Repeated Prolonged Sprints

The two supplements containing MLE had positive effects on performance, however, our data point toward some superiority of the MLE/quercetin/tiger nut extract over the combination MLE/Luteolin, particularly regarding the effects on ischemia/reperfusion. Although luteolin attenuates the ischemia/reperfusion injury in several tissues (Karakaş et al., 2014; Hong et al., 2017; Liu et al., 2017; Du et al., 2018) it remains unknown whether luteolin prevents the ischemia/reperfusion injury in skeletal muscle. In contrast, at least one study has shown that quercetin protects skeletal muscle from ischemia/reperfusion injury in rodents submitted to ischemia for 3 h (Ekinci Akdemir et al., 2016). Although the present experimental design does not allow partitioning the contribution of each polyphenol to the observed effects, the fact that an increase in performance was observed when MLE was present points toward mangiferin as the main compound responsible for the ergogenic effect. Moreover, quercetin supplementation during 1 week in 12 × 30 m running sprints has been reported to reduce performance (Abbey and Rankin, 2011).

Potential Mechanisms Accounting for the Performance-Enhancing Effects of MLE Formulations

It has been shown in cell cultures that mangiferin activates pyruvate dehydrogenase (PDH) resulting in reduced lactate production and increase carbohydrate oxidation (Apontes et al., 2014). In contrast, no changes in exercise blood lactate responses nor substrate oxidation (data not shown) were observed in the present investigation during submaximal exercise. Although the energy efficiency during submaximal exercise was not significantly altered (data not shown), we cannot rule out an improvement of the contractile efficiency during repeated high intensity exercise after the administration of MLE. Muscle energy efficiency is reduced during high intensity exercise by several mechanisms which include, among others, increased recruitment of less efficient type II muscle fibers, lactic acidosis, electrolyte alterations, and RONS (Fitts, 1994; Westerblad and Allen, 2011; Morales-Alamo and Calbet, 2014). During high intensity exercise RONS are produced due to both the high mitochondrial respiratory rate and the activation of the anaerobic metabolism (Morales-Alamo et al., 2013; Morales-Alamo and Calbet, 2014). RONS may contribute to muscle fatigue by two main mechanisms: by reducing calcium sensitivity and/or reducing calcium release from sarcoplasmic reticulum (Bruton et al., 2008). In cardiac myofilaments, xanthine oxidase reductase inhibition enhances myofilament Ca2+ sensitivity, which may result in greater force production if the required energy is available. A similar effect might have been produced by the MLE-containing supplements in the present investigation.

Excessive RONS production could reduce mitochondrial P/O ratio, while antioxidants may favorably influence mitochondrial function improving efficiency (Clerc et al., 2007). Moreover, the ingestion of antioxidants before sprint exercise reduces the level of protein carbonyls in muscle and plasma (Morales-Alamo et al., 2012) and lowers the glycolytic rate (Morales-Alamo et al., 2017) without a detrimental effect on performance (Morales-Alamo et al., 2012, 2017).

The three polyphenols tested here have free radical quenching capacity (González-Gallego et al., 2010; Braakhuis and Hopkins, 2015; Luo et al., 2017; Rauf et al., 2017), being also inhibitors of XO (Pinto et al., 2005; Paredes-Gonzalez et al., 2015; Niu et al., 2016) and NOX (Makino et al., 2013; Xia N. et al., 2014). However, no study in humans has shown that antioxidants, even when administered intravenously are capable of enhancing peak power output during repeated prolonged sprint exercise. Thus, although the antioxidant properties of the supplements tested here may have contributed to enhance performance, other mechanisms must be involved, since a wide variety of antioxidants have previously failed to enhance peak power output in humans and none have shown these properties in the fatigued state.

To boost performance in a fatigued muscle greater calcium release is needed to enhance the number of cross-bridges that can be established, but also a faster calcium reuptake is required to shorten the relaxation phase. In vitro caffeine can enhance force in fatigued muscle by boosting Ca2+ release, but the dose needed would be lethal for humans (Fredholm, 1995). In this regard, mangiferin, a major component of MLE, shares some common intracellular mechanisms of action with caffeine, which may facilitate calcium release in the fatigued state (i.e., when Ca2+ release is depressed). Like caffeine and beta-agonists, mangiferin may increase cAMP, and through the activation of protein kinase A (PKA), stimulate SERCA activity. At rest phospholamban (PLN) inhibits SERCA activity, but when phosphorylated by PKA or Ca2+/calmodulin-dependent protein kinase (CaMKII), PLN dissociates from SERCA, and SERCA activity increases (MacLennan and Kranias, 2003). However, at tolerable doses it is unlikely that caffeine can alter skeletal muscle metabolism in humans (Desbrow et al., 2009) and the main mechanism of the ergogenic action of caffeine is supposed to rely on its effect on the central nervous system, by enhancing muscle activation (Behrens et al., 2015) and decreasing the perception of effort (de Morree et al., 2014). Interestingly, in our experiment the mangiferin-containing supplements reduced the level of pain perceived during post-exercise ischemia. Whether this may positively influence the corticospinal drive during sprint exercise remains to be determined.

Although caffeine may enhance performance during prolonged exercise and team-sport activities its capacity to enhance power and strength is debated (Davis and Green, 2009; Goldstein et al., 2010). Moreover, there is no evidence supporting an ergogenic effect of caffeine during episodes of ischemia/reperfusion which may occur in some sport disciplines. Unlike caffeine, which may cause hypokalemia in athletes (Eichner, 2011), no effect of mangiferin on plasma potassium was observed here.

Brain Oxygenation and Fatigue

Reduction in brain oxygenation has been associated with fatigue in several studies (Smith and Billaut, 2010; Torres-Peralta et al., 2016a; Santos-Concejero et al., 2017; Curtelin et al., 2018). Moreover, at exhaustion during exercise in hypoxia improving the oxygenation of the brain (and upper body) by swiftly raising the FIO2, while maintaining the lower extremities deoxygenated by instantaneously occluding the circulation, was associated with improved performance (Morales-Alamo et al., 2015), which supports a mechanistic link between brain oxygenation and fatigue during sprint exercise in a fatigued state (Torres-Peralta et al., 2016a). Here we show that MLE-containing supplements consumed before sprint exercise may counteract fatigue by improving brain oxygenation, at least in women. The reason why women were more sensitive to this effect should be addressed in new experiments, but may be related to phytoestrogen dependent protection of endothelial function, by an NO-dependent mechanism (Chen et al., 1999), similar to that of resveratrol (Xia N. et al., 2014), which has been shown to enhance brain perfusion in postmenopausal women (Klinge et al., 2005) and young adults (Wightman et al., 2015). In agreement with our results, it has been shown that resveratrol may improve frontal lobe oxygenation despite unchanged Doppler-measured middle cerebral artery velocity at rest in young adults (Wightman et al., 2015).

The Combination of Mango Leaf Extract With Quercetin Has a Strong Protective Effect of Muscle Functional Capacity When Exhausted Skeletal Muscles Are Submitted to Ischemia/Reperfusion

In the present investigation, we have tested for the first time in humans the potential protective effects of an empirical polyphenol combination (MLE + quercetin + tiger nut extract) on functional deterioration induced by ischemia/reperfusion. Estrogens (and phytoestrogens) may protect against ischemia/reperfusion injury through the activation of estrogen receptor (ERα) and the downstream signaling cascade phosphatidylinositol-3-OH kinase (PIK3)/Akt to promote cell survival and through PIK3/eNOS to stimulate endothelial NO release, the latter resulting in vascular protection (Chen et al., 1999). Both luteolin and mangiferin are known inhibitors of xanthine oxidoreductase (XOR), which is considered responsible for part of damage generated by [image: image] during reperfusion, due to the formation of ·OH and ONOO− radicals by XOR catalytic activity (Berry and Hare, 2004).

In summary, this study shows that the MLE 60% mangiferin (Zynamite) has a remarkable ergogenic effect increasing muscle power in fatigued subjects, without increasing the consumption of oxygen, submaximal exercise efficiency or submaximal and maximal blood lactate concentrations. This type of response is expected for a compound acting on the central nervous system. We have also shown for the first time in humans that MLE combined with quercetin and tiger nut extract assist in maintaining skeletal muscle function during ischemia/reperfusion, strongly suggesting that this combination is also acting directly on the skeletal muscles. Further studies should explore whether MLE/quercetin/tiger nut extract might have clinical application to prevent ischemia-reperfusion damage in patients during surgery or after post-embolism reperfusions.

DISCLOSURES

This study has been partly financed by Nektium Pharma, who kindly provided the phenolic compounds.

AUTHOR CONTRIBUTIONS

JC, JW, and NG: conception and design of the experiments; DC, MG-R, MM-R, MP-V, VG-A, and DM-A: pre-testing, experimental preparation, and data collection; MG-R, MM-R, MP-V, VG-A, DM-A, LL-R, and JC: data analysis. The first draft of the manuscript was written by MG-R and JC. All co-authors edited and proofread the manuscript and approved the final version.

ACKNOWLEDGMENTS

Special thanks are given to José Navarro de Tuero and Tanausú Vega for their excellent technical assistance. Financed in part by Nektium Pharma, the University of Las Palmas de Gran Canaria and the Ministerio de Economía y Competitividad (DEP2017-86409-C2-1-P).

REFERENCES

 Abbey, E. L., and Rankin, J. W. (2011). Effect of quercetin supplementation on repeated-sprint performance, xanthine oxidase activity, and inflammation. Int. J. Sport Nutr. Exerc. Metab. 21, 91–96. doi: 10.1123/ijsnem.21.2.91

 Amann, M., and Dempsey, J. A. (2008). Locomotor muscle fatigue modifies central motor drive in healthy humans and imposes a limitation to exercise performance. J. Physiol. 586, 161–173. doi: 10.1113/jphysiol.2007.141838

 Annapurna, A., Reddy, C. S., Akondi, R. B., and Rao, S. R. (2009). Cardioprotective actions of two bioflavonoids, quercetin and rutin, in experimental myocardial infarction in both normal and streptozotocin-induced type I diabetic rats. J. Pharm. Pharmacol. 61, 1365–1374. doi: 10.1211/jpp.61.10.0014

 Apontes, P., Liu, Z., Su, K., Benard, O., Youn, D. Y., Li, X., et al. (2014). Mangiferin stimulates carbohydrate oxidation and protects against metabolic disorders induced by high-fat diets. Diabetes 63, 3626–3636. doi: 10.2337/db14-0006

 Behrens, M., Mau-Moeller, A., Weippert, M., Fuhrmann, J., Wegner, K., Skripitz, R., et al. (2015). Caffeine-induced increase in voluntary activation and strength of the quadriceps muscle during isometric, concentric and eccentric contractions. Sci. Rep. 5:10209. doi: 10.1038/srep10209

 Berry, C. E., and Hare, J. M. (2004). Xanthine oxidoreductase and cardiovascular disease: molecular mechanisms and pathophysiological implications. J. Physiol. 555, 589–606. doi: 10.1113/jphysiol.2003.055913

 Braakhuis, A. J., and Hopkins, W. G. (2015). Impact of dietary antioxidants on sport performance: a review. Sports Med. 45, 939–955. doi: 10.1007/s40279-015-0323-x

 Bruton, J. D., Place, N., Yamada, T., Silva, J. P., Andrade, F. H., Dahlstedt, A. J., et al. (2008). Reactive oxygen species and fatigue-induced prolonged low-frequency force depression in skeletal muscle fibres of rats, mice and SOD2 overexpressing mice. J. Physiol. 586, 175–184. doi: 10.1113/jphysiol.2007.147470

 Calbet, J. A., Chavarren, J., and Dorado, C. (1997). Fractional use of anaerobic capacity during a 30- and a 45-s Wingate test. Eur. J. Appl. Physiol. 76, 308–313. doi: 10.1007/s004210050253

 Calbet, J. A., and Lundby, C. (2012). Skeletal muscle vasodilatation during maximal exercise in health and disease. J. Physiol. 590, 6285–6296. doi: 10.1113/jphysiol.2012.241190

 Calbet, J. A., Moysi, J. S., Dorado, C., and Rodriguez, L. P. (1998). Bone mineral content and density in professional tennis players. Calcif. Tissue Int. 62, 491–496. doi: 10.1007/s002239900467

 Campos-Esparza, M. R., Sanchez-Gomez, M. V., and Matute, C. (2009). Molecular mechanisms of neuroprotection by two natural antioxidant polyphenols. Cell Calcium 45, 358–368. doi: 10.1016/j.ceca.2008.12.007

 Chang, H. C., Yang, Y. R., Wang, P. S., and Wang, R. Y. (2014). Quercetin enhances exercise-mediated neuroprotective effects in brain ischemic rats. Med. Sci. Sports Exerc. 46, 1908–1916. doi: 10.1249/MSS.0000000000000310

 Charles, A. L., Guilbert, A. S., Guillot, M., Talha, S., Lejay, A., Meyer, A., et al. (2017). Muscles susceptibility to ischemia-reperfusion injuries depends on fiber type specific antioxidant level. Front. Physiol. 8:52. doi: 10.3389/fphys.2017.00052

 Cheetham, M. E., Boobis, L. H., Brooks, S., and Williams, C. (1986). Human muscle metabolism during sprint running. J. Appl. Physiol. 61, 54–60. doi: 10.1152/jappl.1986.61.1.54

 Chen, Z., Yuhanna, I. S., Galcheva-Gargova, Z., Karas, R. H., Mendelsohn, M. E., and Shaul, P. W. (1999). Estrogen receptor alpha mediates the nongenomic activation of endothelial nitric oxide synthase by estrogen. J. Clin. Invest. 103, 401–406. doi: 10.1172/JCI5347

 Cheng, Y., Tan, J., Li, H., Kong, X., Liu, Y., Guo, R., et al. (2018). Cardioprotective effects of total flavonoids from Jinhe Yangxin prescription by activating the PI3K/Akt signaling pathway in myocardial ischemia injury. Biomed. Pharmacother. 98, 308–317. doi: 10.1016/j.biopha.2017.12.052

 Cho, J. Y., Kim, I. S., Jang, Y. H., Kim, A. R., and Lee, S. R. (2006). Protective effect of quercetin, a natural flavonoid against neuronal damage after transient global cerebral ischemia. Neurosci. Lett. 404, 330–335. doi: 10.1016/j.neulet.2006.06.010

 Clerc, P., Rigoulet, M., Leverve, X., and Fontaine, E. (2007). Nitric oxide increases oxidative phosphorylation efficiency. J. Bioenerg. Biomembr. 39, 158–166. doi: 10.1007/s10863-007-9074-1

 Curtelin, D., Morales-Alamo, D., Torres-Peralta, R., Rasmussen, P., Martin-Rincon, M., Perez-Valera, M., et al. (2018). Cerebral blood flow, frontal lobe oxygenation and intra-arterial blood pressure during sprint exercise in normoxia and severe acute hypoxia in humans. J. Cereb. Blood Flow Metab. 38, 136–150. doi: 10.1177/0271678X17691986

 Davis, J. K., and Green, J. M. (2009). Caffeine and anaerobic performance: ergogenic value and mechanisms of action. Sports Med. 39, 813–832. doi: 10.2165/11317770-000000000-00000

 Davis, J. M., Carlstedt, C. J., Chen, S., Carmichael, M. D., and Murphy, E. A. (2010). The dietary flavonoid quercetin increases VO(2max) and endurance capacity. Int. J. Sport Nutr. Exerc. Metab. 20, 56–62. doi: 10.1123/ijsnem.20.1.56

 Deley, G., Guillemet, D., Allaert, F. A., and Babault, N. (2017). An acute dose of specific grape and apple polyphenols improves endurance performance: a randomized, crossover, double-blind versus placebo controlled study. Nutrients 9:E917. doi: 10.3390/nu9080917

 de Morree, H. M., Klein, C., and Marcora, S. M. (2014). Cortical substrates of the effects of caffeine and time-on-task on perception of effort. J. Appl. Physiol. 117, 1514–1523. doi: 10.1152/japplphysiol.00898.2013

 Dempsey, J. A., Blain, G. M., and Amann, M. (2014). Are type III-IV muscle afferents required for a normal steady-state exercise hyperpnoea in humans? J. Physiol. 592, 463–474. doi: 10.1113/jphysiol.2013.261925

 Desbrow, B., Barrett, C. M., Minahan, C. L., Grant, G. D., and Leveritt, M. D. (2009). Caffeine, cycling performance, and exogenous CHO oxidation: a dose-response study. Med. Sci. Sports Exerc. 41, 1744–1751. doi: 10.1249/MSS.0b013e3181a16cf7

 Dorado, C., Sanchis-Moysi, J., and Calbet, J. A. (2004). Effects of recovery mode on performance, O2 uptake, and O2 deficit during high-intensity intermittent exercise. Can. J. Appl. Physiol. 29, 227–244. doi: 10.1139/h04-016

 Du, Y., Liu, P., Xu, T., Pan, D., Zhu, H., Zhai, N., et al. (2018). Luteolin modulates SERCA2a leading to attenuation of myocardial ischemia/ reperfusion injury via sumoylation at lysine 585 in mice. Cell. Physiol. Biochem. 45, 883–898. doi: 10.1159/000487283

 Duarte, J., Francisco, V., and Perez-Vizcaino, F. (2014). Modulation of nitric oxide by flavonoids. Food Funct. 5, 1653–1668. doi: 10.1039/C4FO00144C

 Eichner, E. R. (2011). Overcaffeination: low potassium and other perils. Curr. Sports Med. Rep. 10, 122–123. doi: 10.1249/JSR.0b013e31821a9a3e

 Ekinci Akdemir, F. N., Gulcin, I., Karagoz, B., and Soslu, R. (2016). Quercetin protects rat skeletal muscle from ischemia reperfusion injury. J. Enzyme Inhib. Med. Chem. 31, 162–166. doi: 10.1080/14756366.2016.1193735

 Fitts, R. H. (1994). Cellular mechanisms of muscle fatigue. Physiol. Rev. 74, 49–94. doi: 10.1152/physrev.1994.74.1.49

 Fredholm, B. B. (1995). Astra Award Lecture. Adenosine, adenosine receptors and the actions of caffeine. Pharmacol. Toxicol. 76, 93–101. doi: 10.1111/j.1600-0773.1995.tb00111.x

 Gagnon, P., Bussieres, J. S., Ribeiro, F., Gagnon, S. L., Saey, D., Gagne, N., et al. (2012). Influences of spinal anesthesia on exercise tolerance in patients with chronic obstructive pulmonary disease. Am. J. Respir. Crit. Care Med. 186, 606–615. doi: 10.1164/rccm.201203-0404OC

 Goldstein, E. R., Ziegenfuss, T., Kalman, D., Kreider, R., Campbell, B., Wilborn, C., et al. (2010). International society of sports nutrition position stand: caffeine and performance. J. Int. Soc. Sports Nutr. 7:5. doi: 10.1186/1550-2783-7-5

 González-Gallego, J., Garcia-Mediavilla, M. V., Sanchez-Campos, S., and Tunon, M. J. (2010). Fruit polyphenols, immunity and inflammation. Br. J. Nutr. 104(Suppl. 3), S15–S27. doi: 10.1017/S0007114510003910

 Graefe, E. U., Wittig, J., Mueller, S., Riethling, A. K., Uehleke, B., Drewelow, B., et al. (2001). Pharmacokinetics and bioavailability of quercetin glycosides in humans. J. Clin. Pharmacol. 41, 492–499. doi: 10.1177/00912700122010366

 Hong, X., Zhao, X., Wang, G., Zhang, Z., Pei, H., and Liu, Z. (2017). Luteolin treatment protects against renal ischemia-reperfusion injury in rats. Mediators Inflamm. 2017:9783893. doi: 10.1155/2017/9783893

 Hou, S., Wang, F., Li, Y., Li, Y., Wang, M., Sun, D., et al. (2012). Pharmacokinetic study of mangiferin in human plasma after oral administration. Food Chem. 132, 289–294. doi: 10.1016/j.foodchem.2011.10.079

 Ives, S. J., Amann, M., Venturelli, M., Witman, M. A., Groot, H. J., Wray, D. W., et al. (2016). The mechanoreflex and hemodynamic response to passive leg movement in heart failure. Med. Sci. Sports Exerc. 48, 368–376. doi: 10.1249/MSS.0000000000000782

 Karakaş, B. R., Davran, F., Elpek, G. O., Akbas, S. H., Gulkesen, K. H., and Bulbuller, N. (2014). The effects of luteolin on the intestinal ischemia/reperfusion injury in mice. J. Invest. Surg. 27, 249–255. doi: 10.3109/08941939.2013.865819

 Keller-Ross, M. L., Johnson, B. D., Carter, R. E., Joyner, M. J., Eisenach, J. H., Curry, T. B., et al. (2016). Improved ventilatory efficiency with locomotor muscle afferent inhibition is strongly associated with leg composition in heart failure. Int. J. Cardiol. 202, 159–166. doi: 10.1016/j.ijcard.2015.08.212

 Kennedy, D. S., Fitzpatrick, S. C., Gandevia, S. C., and Taylor, J. L. (2015). Fatigue-related firing of muscle nociceptors reduces voluntary activation of ipsilateral but not contralateral lower limb muscles. J. Appl. Physiol. 118, 408–418. doi: 10.1152/japplphysiol.00375.2014

 Khurana, S., Venkataraman, K., Hollingsworth, A., Piche, M., and Tai, T. C. (2013). Polyphenols: benefits to the cardiovascular system in health and in aging. Nutrients 5, 3779–3827. doi: 10.3390/nu5103779

 Klinge, C. M., Blankenship, K. A., Risinger, K. E., Bhatnagar, S., Noisin, E. L., Sumanasekera, W. K., et al. (2005). Resveratrol and estradiol rapidly activate MAPK signaling through estrogen receptors alpha and beta in endothelial cells. J. Biol. Chem. 280, 7460–7468. doi: 10.1074/jbc.M411565200

 Kniffki, K. D., Mense, S., and Schmidt, R. F. (1978). Responses of group IV afferent units from skeletal muscle to stretch, contraction and chemical stimulation. Exp. Brain Res. 31, 511–522. doi: 10.1007/BF00239809

 Kressler, J., Millard-Stafford, M., and Warren, G. L. (2011). Quercetin and endurance exercise capacity: a systematic review and meta-analysis. Med. Sci. Sports Exerc. 43, 2396–2404. doi: 10.1249/MSS.0b013e31822495a7

 Light, A. R., Hughen, R. W., Zhang, J., Rainier, J., Liu, Z., and Lee, J. (2008). Dorsal root ganglion neurons innervating skeletal muscle respond to physiological combinations of protons, ATP, and lactate mediated by ASIC, P2X, and TRPV1. J. Neurophysiol. 100, 1184–1201. doi: 10.1152/jn.01344.2007

 Liu, Y., Shi, B., Li, Y., and Zhang, H. (2017). Protective effect of luteolin against renal ischemia/reperfusion injury via modulation of pro-inflammatory cytokines, oxidative stress and apoptosis for possible benefit in kidney transplant. Med. Sci. Monit. 23, 5720–5727. doi: 10.12659/MSM.903253

 Luczkiewicz, P., Kokotkiewicz, A., Dampc, A., and Luczkiewicz, M. (2014). Mangiferin: a promising therapeutic agent for rheumatoid arthritis treatment. Med. Hypotheses 83, 570–574. doi: 10.1016/j.mehy.2014.08.021

 Luo, Y., Shang, P., and Li, D. (2017). Luteolin: a flavonoid that has multiple cardio-protective effects and its molecular mechanisms. Front. Pharmacol. 8:692. doi: 10.3389/fphar.2017.00692

 MacLennan, D. H., and Kranias, E. G. (2003). Phospholamban: a crucial regulator of cardiac contractility. Nat. Rev. Mol. Cell Biol. 4, 566–577. doi: 10.1038/nrm1151

 MacRae, H. S., and Mefferd, K. M. (2006). Dietary antioxidant supplementation combined with quercetin improves cycling time trial performance. Int. J. Sport Nutr. Exerc. Metab. 16, 405–419. doi: 10.1123/ijsnem.16.4.405

 Makino, J., Nakanishi, R., Kamiya, T., Hara, H., Ninomiya, M., Koketsu, M., et al. (2013). Luteolin suppresses the differentiation of THP-1 cells through the Inhibition of NOX2 mRNA expression and the membrane translocation of p47phox. J. Nat. Prod. 76, 1285–1290. doi: 10.1021/np400224w

 Masibo, M., and He, Q. (2008). Major mango polyphenols and their potential significance to human health. Compr. Rev. Food Sci. Food Saf. 7, 309–319. doi: 10.1111/j.1541-4337.2008.00047.x

 Menendez, J. A., Joven, J., Aragones, G., Barrajon-Catalan, E., Beltran-Debon, R., Borras-Linares, I., et al. (2013). Xenohormetic and anti-aging activity of secoiridoid polyphenols present in extra virgin olive oil: a new family of gerosuppressant agents. Cell Cycle 12, 555–578. doi: 10.4161/cc.23756

 Mense, S. (1996). Group III and IV receptors in skeletal muscle: are they specific or polymodal? Prog. Brain Res. 113, 83–100.

 Montero, M., Lobaton, C. D., Hernandez-Sanmiguel, E., Santodomingo, J., Vay, L., Moreno, A., et al. (2004). Direct activation of the mitochondrial calcium uniporter by natural plant flavonoids. Biochem. J. 384, 19–24. doi: 10.1042/BJ20040990

 Morales-Alamo, D., and Calbet, J. A. (2014). Free radicals and sprint exercise in humans. Free Radic. Res. 48, 30–42. doi: 10.3109/10715762.2013.825043

 Morales-Alamo, D., Guerra, B., Ponce-Gonzalez, J. G., Guadalupe-Grau, A., Santana, A., Martin-Rincon, M., et al. (2017). Skeletal muscle signaling, metabolism, and performance during sprint exercise in severe acute hypoxia after the ingestion of antioxidants. J. Appl. Physiol. 123, 1235–1245. doi: 10.1152/japplphysiol.00384.2017

 Morales-Alamo, D., Losa-Reyna, J., Torres-Peralta, R., Martin-Rincon, M., Perez-Valera, M., Curtelin, D., et al. (2015). What limits performance during whole-body incremental exercise to exhaustion in humans? J. Physiol. 593, 4631–4648. doi: 10.1113/JP270487

 Morales-Alamo, D., Ponce-Gonzalez, J. G., Guadalupe-Grau, A., Rodriguez-Garcia, L., Santana, A., Cusso, M. R., et al. (2012). Increased oxidative stress and anaerobic energy release, but blunted Thr172-AMPKalpha phosphorylation, in response to sprint exercise in severe acute hypoxia in humans. J. Appl. Physiol. 113, 917–928. doi: 10.1152/japplphysiol.00415.2012

 Morales-Alamo, D., Ponce-Gonzalez, J. G., Guadalupe-Grau, A., Rodriguez-Garcia, L., Santana, A., Cusso, R., et al. (2013). Critical role for free radicals on sprint exercise-induced CaMKII and AMPKalpha phosphorylation in human skeletal muscle. J. Appl. Physiol. 114, 566–577. doi: 10.1152/japplphysiol.01246.2012

 Myburgh, K. H. (2014). Polyphenol supplementation: benefits for exercise performance or oxidative stress? Sports Med. 44(Suppl. 1), S57–S70. doi: 10.1007/s40279-014-0151-4

 Nagao, A., Seki, M., and Kobayashi, H. (1999). Inhibition of xanthine oxidase by flavonoids. Biosci. Biotechnol. Biochem. 63, 1787–1790. doi: 10.1271/bbb.63.1787

 Naqvi, J., Yap, K. H., Ahmad, G., and Ghosh, J. (2013). Transcranial Doppler ultrasound: a review of the physical principles and major applications in critical care. Int. J. Vasc. Med. 2013:629378. doi: 10.1155/2013/629378

 Nile, S. H., Nile, A. S., Keum, Y. S., and Sharma, K. (2017). Utilization of quercetin and quercetin glycosides from onion (Allium cepa L.) solid waste as an antioxidant, urease and xanthine oxidase inhibitors. Food Chem. 235, 119–126. doi: 10.1016/j.foodchem.2017.05.043

 Niu, Y., Liu, J., Liu, H. Y., Gao, L. H., Feng, G. H., Liu, X., et al. (2016). Hypouricaemic action of mangiferin results from metabolite norathyriol via inhibiting xanthine oxidase activity. Pharm Biol. 54, 1680–1686. doi: 10.3109/13880209.2015.1120322

 Overdevest, E., Wouters, J. A., Wolfs, K. H. M., van Leeuwen, J. J. M., and Possemiers, S. (2018). Citrus flavonoid supplementation improves exercise performance in trained athletes. J. Sports Sci. Med. 17, 24–30.

 Paredes-Gonzalez, X., Fuentes, F., Jeffery, S., Saw, C. L., Shu, L., Su, Z. Y., et al. (2015). Induction of NRF2-mediated gene expression by dietary phytochemical flavones apigenin and luteolin. Biopharm. Drug Dispos. 36, 440–451. doi: 10.1002/bdd.1956

 Pinto, M. M., Sousa, M. E., and Nascimento, M. S. (2005). Xanthone derivatives: new insights in biological activities. Curr. Med. Chem. 12, 2517–2538. doi: 10.2174/092986705774370691

 Poole, D. C., and Jones, A. M. (2017). Measurement of the maximum oxygen uptake Vo2max: VO2peak is no longer acceptable. J. Appl. Physiol. 122, 997–1002. doi: 10.1152/japplphysiol.01063.2016

 Rasmussen, P., Dawson, E. A., Nybo, L., van Lieshout, J. J., Secher, N. H., and Gjedde, A. (2007). Capillary-oxygenation-level-dependent near-infrared spectrometry in frontal lobe of humans. J. Cereb. Blood Flow Metab. 27, 1082–1093. doi: 10.1038/sj.jcbfm.9600416

 Rauf, A., Imranb, M., and Patel, S. (2017). Mangiferin: a phytochemical with panacea potential. Biomed. Pharmacother. 96, 1562–1564. doi: 10.1016/j.biopha.2017.07.031

 Rossman, M. J., Venturelli, M., McDaniel, J., Amann, M., and Richardson, R. S. (2012). Muscle mass and peripheral fatigue: a potential role for afferent feedback? Acta Physiol. 206, 242–250. doi: 10.1111/j.1748-1716.2012.02471.x

 Sandoval-Acuña, C., Ferreira, J., and Speisky, H. (2014). Polyphenols and mitochondria: an update on their increasingly emerging ROS-scavenging independent actions. Arch. Biochem. Biophys. 559, 75–90. doi: 10.1016/j.abb.2014.05.017

 Santos-Concejero, J., Billaut, F., Grobler, L., Olivan, J., Noakes, T. D., and Tucker, R. (2017). Brain oxygenation declines in elite Kenyan runners during a maximal interval training session. Eur. J. Appl. Physiol. 117, 1017–1024. doi: 10.1007/s00421-017-3590-4

 Shoskes, D. A. (1998). Effect of bioflavonoids quercetin and curcumin on ischemic renal injury: a new class of renoprotective agents. Transplantation 66, 147–152. doi: 10.1097/00007890-199807270-00001

 Si, H., Wyeth, R. P., and Liu, D. (2014). The flavonoid luteolin induces nitric oxide production and arterial relaxation. Eur. J. Nutr. 53, 269–275. doi: 10.1007/s00394-013-0525-7

 Sidhu, S. K., Weavil, J. C., Venturelli, M., Garten, R. S., Rossman, M. J., Richardson, R. S., et al. (2014). Spinal mu-opioid receptor-sensitive lower limb muscle afferents determine corticospinal responsiveness and promote central fatigue in upper limb muscle. J. Physiol. 592, 5011–5024. doi: 10.1113/jphysiol.2014.275438

 Smith, K. J., and Billaut, F. (2010). Influence of cerebral and muscle oxygenation on repeated-sprint ability. Eur. J. Appl. Physiol. 109, 989–999. doi: 10.1007/s00421-010-1444-4

 Suchal, K., Malik, S., Khan, S. I., Malhotra, R. K., Goyal, S. N., Bhatia, J., et al. (2017). Protective effect of mangiferin on myocardial ischemia-reperfusion injury in streptozotocin-induced diabetic rats: role of AGE-RAGE/MAPK pathways. Sci. Rep. 7:42027. doi: 10.1038/srep42027

 Thompson, B. C., Fadia, T., Pincivero, D. M., and Scheuermann, B. W. (2007). Forearm blood flow responses to fatiguing isometric contractions in women and men. Am. J. Physiol. Heart Circ. Physiol. 293, H805–H812. doi: 10.1152/ajpheart.01136.2006

 Tian, T., Zeng, J., Zhao, G., Zhao, W., Gao, S., and Liu, L. (2018). Neuroprotective effects of orientin on oxygen-glucose deprivation/reperfusion-induced cell injury in primary culture of rat cortical neurons. Exp. Biol. Med. 243, 78–86. doi: 10.1177/1535370217737983

 Torres-Peralta, R., Losa-Reyna, J., Morales-Alamo, D., Gonzalez-Izal, M., Perez-Suarez, I., Ponce-Gonzalez, J. G., et al. (2016a). Increased PIO2 at exhaustion in hypoxia enhances muscle activation and swiftly relieves fatigue: a placebo or a PIO2 dependent effect? Front. Physiol. 7:333. doi: 10.3389/fphys.2016.00333

 Torres-Peralta, R., Morales-Alamo, D., Gonzalez-Izal, M., Losa-Reyna, J., Perez-Suarez, I., Izquierdo, M., et al. (2016b). Task failure during exercise to exhaustion in normoxia and hypoxia is due to reduced muscle activation caused by central mechanisms while muscle metaboreflex does not limit performance. Front. Physiol. 6:414. doi: 10.3389/fphys.2015.00414

 Tran, T. H., Guo, Y., Song, D., Bruno, R. S., and Lu, X. (2014). Quercetin-containing self-nanoemulsifying drug delivery system for improving oral bioavailability. J. Pharm. Sci. 103, 840–852. doi: 10.1002/jps.23858

 Tsilioni, I., Taliou, A., Francis, K., and Theoharides, T. C. (2015). Children with autism spectrum disorders, who improved with a luteolin-containing dietary formulation, show reduced serum levels of TNF and IL-6. Transl. Psychiatry 5:e647. doi: 10.1038/tp.2015.142

 van der Zee, P., Cope, M., Arridge, S. R., Essenpreis, M., Potter, L. A., Edwards, A. D., et al. (1992). Experimentally measured optical pathlengths for the adult head, calf and forearm and the head of the newborn infant as a function of inter optode spacing. Adv. Exp. Med. Biol. 316, 143–153. doi: 10.1007/978-1-4615-3404-4_17

 Westerblad, H., and Allen, D. G. (2011). Emerging roles of ROS/RNS in muscle function and fatigue. Antioxid. Redox Signal. 15, 2487–2499. doi: 10.1089/ars.2011.3909

 Wightman, E. L., Haskell-Ramsay, C. F., Reay, J. L., Williamson, G., Dew, T., Zhang, W., et al. (2015). The effects of chronic trans-resveratrol supplementation on aspects of cognitive function, mood, sleep, health and cerebral blood flow in healthy, young humans. Br. J. Nutr. 114, 1427–1437. doi: 10.1017/S0007114515003037

 Wigmore, D. M., Propert, K., and Kent-Braun, J. A. (2006). Blood flow does not limit skeletal muscle force production during incremental isometric contractions. Eur. J. Appl. Physiol. 96, 370–378. doi: 10.1007/s00421-005-0037-0

 Wilkinson, A. S., Taing, M. W., Pierson, J. T., Lin, C. N., Dietzgen, R. G., Shaw, P. N., et al. (2015). Estrogen modulation properties of mangiferin and quercetin and the mangiferin metabolite norathyriol. Food Funct. 6, 1847–1854. doi: 10.1039/C5FO00133A

 Willie, C. K., Colino, F. L., Bailey, D. M., Tzeng, Y. C., Binsted, G., Jones, L. W., et al. (2011). Utility of transcranial Doppler ultrasound for the integrative assessment of cerebrovascular function. J. Neurosci. Methods 196, 221–237. doi: 10.1016/j.jneumeth.2011.01.011

 Wittemer, S. M., Ploch, M., Windeck, T., Muller, S. C., Drewelow, B., Derendorf, H., et al. (2005). Bioavailability and pharmacokinetics of caffeoylquinic acids and flavonoids after oral administration of Artichoke leaf extracts in humans. Phytomedicine 12, 28–38. doi: 10.1016/j.phymed.2003.11.002

 Xia, F., Wang, C., Jin, Y., Liu, Q., Meng, Q., Liu, K., et al. (2014). Luteolin protects HUVECs from TNF-alpha-induced oxidative stress and inflammation via its effects on the Nox4/ROS-NF-kappaB and MAPK pathways. J. Atheroscler. Thromb. 21, 768–783. doi: 10.5551/jat.23697

 Xia, N., Forstermann, U., and Li, H. (2014). Resveratrol and endothelial nitric oxide. Molecules 19, 16102–16121. doi: 10.3390/molecules191016102

 Ying, W., Han, S. K., Miller, J. W., and Swanson, R. A. (1999). Acidosis potentiates oxidative neuronal death by multiple mechanisms. J. Neurochem. 73, 1549–1556. doi: 10.1046/j.1471-4159.1999.0731549.x

Conflict of Interest Statement: Nektium Pharma, a nutraceutical company has supplied the polyphenols tested in this study and has financed partly the cost of the experiments. The execution of the experiments and interpretation of the results have been carried out using a double-blind design with complete freedom by the scientific team of the University of Las Palmas de Gran Canaria.

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2018 Gelabert-Rebato, Wiebe, Martin-Rincon, Gericke, Perez-Valera, Curtelin, Galvan-Alvarez, Lopez-Rios, Morales-Alamo and Calbet. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fphys-09-00740-t003.jpg
Sprint1 Sprint2 Sprint3 Sprint4 Sprint5 ANOVA effects

WIA  WIB  WIC W24 W28 W2C W60A W60B W60C W15A W15B W1SC W1SFA WISFB WISFC Sprint Sprintx Treat Treatx Sprint x

sex sex  Treat

Wheak (W)> 8149 8228 7980 7681 7677 7900 6179 6951 684.4' 2880 3119 3439’ 3853 4210 4304" 0001 0578 0001 0728 0001
1858 207.7 2021 1942 167.2 2044 1726 2074 167.0 1133 1061 1112 1350 1420 1253

Wmean (W)° 4285 4190 4143 3904 3837 3830 2334 247.8" 2490° 1654 1725 1839 2013 2077 2095 0001 0698 0005 0285  0.001
1013 988 983 945 921 896 624 669 585 656 532 538 625 517 504

HR(peatmin~') 1566 1559 1587 1586 1585 1610 1693 1685 1701 1733 1749 1762 1733 1750 1781 0001 0082 092 027 03
136 155 184 150 166 155 135 145 114 159 142 99 157 162 104

VOp (mbmin) 10063 10118 10104 10657 1063.6 1057.9 24151 24262 24291 5401 5492 5507 6357 6419 6444 0001 0001 091 04 0.99
2076 2474 2133 2544 2559 2064 6788 6046 5670 1609 1617 131.9 1855 1815 1930

VOO, (mUmin) 20125 20237 20208 2181.3 2127.3 21157 24151 24262 24201 21603 2197.0 2202.8 25428 2667.5 25775 0001 018 088 04 098

4552 4947 4267 5088 5117 4729 65788 6046 5670 6437 6467 5277 7419 7268 7722
Op deficit(ml) 16115 1601.0 16055 1367.1 1378.4 13323 8100 9272 7681 670 759 908' 635 702 762 0001 0001 037 062 0105
5206 5364 4951 4568 4459 4402 4272 6317 4323 946 1429 1085 1157 1207 1234

RER 102 104 102 103 104 103 097 098 09 116 118 116 104 105 107 0001 0012 0574 061 062
011 011 011 008 007 009 007 007 005 009 008 007 008 006 0.2
Vg (Umin) 782 792 769 989 996 980 1122 1132 1116 1188 1219 1171 1211 1225 1233 0001 0027 084 067 098

225 221 281 237 257 280 204 303 805 350 834 870 867 353 368

PerOz (mmHg) 1165 1146 1126 1197 1197 1193 1198 1201 1200 1226 1229 1195 1199 1199 1205 0001 034 021 0633 0405
53 46 119 32 34 47 29 26 28 26 24 171 2.4 25 27

PerCOy (mmHg) 200 305 209 266 258 263 242 241 244 246 247 243 257 257 257 0001 0099 06 06 034
87 87 43 23 25 35 25 22 25 26 22 45 25 25 27

Wpeak, peak power output; Wiean, mean power output; HR, heart rate; YOz, oxygen uptake; VCOz, COz production; RER, respiratory exchange rati; Ve, pulmonary ventilation; PerOg, end-tidal Oz pressure; PerCO, end-tidal CO,

pressure; W1, first Wingate (305 sprint); W2, second Wingate (30s sprint): W60, 60 sprint; W15, 15 sprint post-ischemia; WIS, final 15 sprint; Treat, treatment effect. A, Placebo; B, luteolin + Mangitern; C, Mangiterin + Quercetin
+ Tiger nut extract (statistical analysis done with logarithmically transformed data); *P < 0.05 compared with placebo; P < 0.05 compared with treatment B.





OPS/images/fphys-09-00740-t004.jpg
Lac (mmol/L)
pH

pCOz (mmHg)

SBC (mmolL)
cBase (Ecf) (mmoilL)
Na* (mmolrL)

CI= (mmoll)

K (mmoirL)
Ca?++ (mmoin)

Bl (jmol/L)

Mean
s
Mean
sp
Mean
D
Mean
SD
Mean
sD
Mean
sD
Mean
sD
Mean
sD
Mean
sD
Mean
£

08
02
7.411
0.043
410
44
25.10
1.47
134
156
1405
12
106.4
15
39
03
1.21
004
6.18
751

Resting

08
02
7416
0029
9.3
35
2565
1.16
1.99
164
140.4
1.1
105.9
16
39
02
1.21
0.03
482
9.34

08
02
7414
0.031
375
129
2556
127
1.74
1.65
127.3
422
95.9
318
36
12
1.1
0.37
4.80
7.1

Three min after Wingate 2

A

153
a1
7190
0.058
35.7
80
14.01
185
~14.65
2.99
1455
37
1083
25
39
06
126
0.03
13.09
868

148
36
7.200
0.046
341
70
1425
227
~1461
4.09
1448
1.7
1080
13
38
05
1.24
0.04
13.09
9.14

c

154
a4
7.190
0.058
333
59
13.90
225
-1532
4.05
1446
19
107.7
1.7
38
04
125
0.03
1333
865

One min after the last sprint

A

163
a7
7143
0.056
422
99
13.78
233
-14.46
427
147.8
3.4
109.1
2.7
a7
04
1.30
0.04
1755
9.06

Lac, lactate; SBC, standard bicarbonate; cBase (Ecf), Base excess; tBil, Total bilrubin; P = 0.06 compared with placebo.

16.5
40
7427
0.067
455
139
1368
199
~14.35
401
148.1
24
109.2
21
48
05
130
005
15.09
9.90

c

166
49
7.145
0075
37.9
8.7
13.40
273
-15.69
507
147.0
1.7
109.6
1.7
5.1
09
1.29
005
15.88
9.64

Five min into recovery

A

182
38
7.130
0.076
270
24
1187
159
-20.08
3.00
1442
25
107.4
24
35
0.2
126
0.04
18.20
9.99

187
32
7.119
0072
288
45
1136
1.53
-1991
2.99
1445
15
107.1
1.1
38
06
1.26
0.04
1430
464

c

174
38
7427
0.077
300
6.4
1181
196
-19.09
3.90
1434
1.7
107.0
18
40
11
1.25
0.04
16.00
665

Thirty min into recovery

A

108
42
7.291
0.076
304
42
16.22
3.07
~11.59
5.02
140.9
11
106.2
22
38
02
121
0.03
1073
7.63

15
35
7217
0.063
308
a1
15.78
2.18

-1220

379
141.1
14
1065
13
38
02
121
0.04
836
9.99

c

109
37
7.285
0.065
310
47
1622
263
1165
4.48
140.1
11
1055
16
38
02
1.21
0.03
8107
7.06





OPS/images/fphys-09-00740-t001.jpg
Men (n=17)  Women (13) P

Age (years) 227 +21 27022 0.005
Height (cm) 1769£42  1644£46 0.000
Weight (kg) 71252 56554 0.000
% body fat 184 £37 26049 0.000
Lean mass of both legs (kg) ~ 19.8 + 2.0 136425 0.000
Hemogiobin (g.dL~") 150£08 132£09 0.000
HRmax (Beats/min) 1917 £75  189.3£07 0.567
VO max (m/kg/min) 47561 41261 0.005
VOpmax (mi/kg LLM/min) 1711163 1704 % 16.7 o921
Wimax (W) 2601 £327  177.7£380 0.000

Constant-intensity test at 120% VOamax

Endurance time (s) 150.4 £ 40.1 1320+ 4083 0.168
120% VOpmax intensity (W)  303.8 £ 366 216.6 % 40.5 0.000
Work (kkg~" LLM) 230£060 198060 0.086
O deficit (mL) 33624830 1880+ 848 0.000
Oz deficit (mLkg™" BW) 472116 3BAE 114 0.001
Oz deficivLLM 1693359  137.9434.1 0011
% Anaerobic Energy 336£63 321458 ose7
305 Wingate test
Wpeak; 1087.1+865 7530+ 9.4 0.000
Wpeakirkg 153412 134512 0.000
Wpeaky/LLM 554460 553£65 0979
Wmean 6280£656 417.3£77.0 0.000
Wimearvkg 8808 74£09 0.000
Wimeanvkg LLM 319434 307 £30 0270

Wimax, maximal intensity during the incremental exercise test to exhaustion; Woeak;,
instantaneous peak power output during the Wingate test; LLM, lean mass of the lower
extremities; Wmean, mean power output during a 30 Wingate test; Accumulated Vg,
total amount of O consumed; 9% Anaerobic Energy, percentage of the energy obtained
through the anaerobic pathways.





OPS/images/fphys-09-00740-t002.jpg
Mangifera indica L. extract ~ Arachis hypogaea extract Sophora japonica extract ~ Cyperus esculentus extract
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3High Activity Fraction (HAF): Fraction soluble in ethyl acetate.
bRelative to the amount of the HAF.
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