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Abstract

Intense and prolonged bouts of intense exercise can cause
metabolic acidosis due to the accumulation of intramuscular
hydrogen ions. The purpose of the investigation was to assess
the efficacy of a calcium bicarbonate sport supplement to
enhance exercise performance and recovery. Sixteen healthy,
active, college-aged males were recruited to participate in the
investigation. Participants in this cross-over study had two ten-
day supplementation periods separated by a ten-day washout
period. Performance measures were tested and recorded via
graded exercise tests on a cycle ergometer at baseline, as well
as after both supplementation periods. Blood samples were
acquired at baseline as well as pre- and post- exercise after
both trial periods to assess levels of ammonia, 8-OHdG,
creatine kinase, lactate dehydrogenase, and C-reactive
proteins, IL-2, IL-6, and TNF-Alpha markers. ANOVA revealed
significantly lower levels (treatment vs. placebo) by time
(baseline, day ten) for 8-OHdG post exercise (main effect
F=6.98, p=0.013). Creatine kinase levels demonstrated a
significant interaction effect (main effect F=0.267, p=0.608;
treatment * time: F=3.05, p=0.04). Additionally, a significant
difference in peak lactate was noted by treatment (t=1.67,
p=0.05, 3.8 mmol supplement vs. 4.8 mmol placebo).
Significant differences were not found for aerobic performance
measures, ammonia, C-reactive proteins, Interleukin-2,
Interleukin-6, or TNF-alpha. The results of the present
investigation provided initial evidence for the use of the multi-
ingredient supplements. This preliminary evidence suggests
the supplement may blunt lactate response to exercise and
help provide some protection from muscle damage and
oxidative stress.
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Introduction
Increasing the performance or tolerance for high intensity exercise

has been a subject of intense study and of great interest to the sports
and fitness community. It is well known that high intensity exercise

presents and acid-base challenge to the body. Additionally, it has been
reported that pre-exercise acidosis effects anaerobic metabolism and
power output during a 4 k time trial [1].

It has also been shown that training can influence the ability of the
body to handle the acid-base challenges presented during high
intensity effort by increasing acid-base handling proteins [2]. While
these results are a promising step forward in terms of understanding,
the influences of intensity and the aforementioned adaptations are not
fully elucidated. Therefore, other means of increasing high intensity
exercise performance have been the focus of much study.

There have been many attempts throughout the history of sport
nutrition to develop a supplement that can offer buffering during
exercise [3]. A recent review highlighted that a 300 mg/kg dose of
sodium bicarbonate can potentially offer ergogenic benefits to single
bouts of supramaximal or high intensity exercise [4]. This same review
also suggested that time of acute doses was important and should be
based upon the individual’s unique time to peak pH or blood
bicarbonate concentration. It should be noted that the results
regarding sodium bicarbonate are not conclusive, and vary greatly by
exercise type and intensity. A recent study examined maximal force
and rate of force development with a dose of 300 mg/kg of sodium
bicarbonate versus placebo and reported no change in performance
after 2 minutes of tetanic simulation [5].

Another compound that can buffer acidosis is carnosine. The levels
of carnosine in skeletal muscle can be increased via β alanine
supplementation. C2C12 myocytes cultured in the presence of β
alanine had improved oxidative metabolism and increased expression
of GLUT-4 transporters [6]. A recent meta-analysis suggested an
overall effect of β alanine on exercise performance, but noted that
exercise type was a significant modifier of this effect [7]. Similarly it
has been reported that 4 km time trial performance was affected by a
dose of 6.4 g/day of β alanine but that 1 km and 10 km time trial
performance was not effected [8]. Another recent study of 24 weeks of
β alanine supplementation was effective at increasing muscle carnosine
content and also improving high intensity cycling capacity [7].

While some studies have demonstrated promising results, there are
also those that show that supplementation with carnosine and sodium
bicarbonate together can elevate buffering capacity without a
concomitant change in repeat sprint ability [9]. Given the issues
surrounding time of supplementation and possible gastrointestinal
discomfort associated with sodium bicarbonate, alternative
supplements with the potential to increase buffering capacity warrant
investigation. One such supplement that containing a proprietary
mixture was shown promising results related to buffering during an
acute clinical trial on a group of male athletes [10]. In this study power
exercise lactate was reduced as compared to placebo after a graded
exercise protocol to exhaustion, suggesting an effect on exercise
buffering. Additionally, this blend contains black pepper fruit which in
turn has piperine as the primary bioactive compound. Piperine has
been shown to reduce oxidative stress by acting as an anti-oxidant [11].
Further evidence of an anti-oxidant effect of black pepper was reported
from a study of diabetic rats that when treated with P. nigrum (black
pepper) had increased antioxidant potential [12]. This blend also
contains papain (a protease) that has been shown to enhance muscle
recovery and reduce inflammation post exercise [13,14]. Based upon
the initial clinical evidence for reductions in post-exercise lactate and
the composition of the blend the present investigation was designed to
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assess the effects of this supplement on performance, oxidative stress,
inflammation and muscle damage.

Methods

Experimental design

The experiment was a repeated measures, placebo controlled,
double blind design. The experimental procedures were reviewed by
the Institutional Review Board at the University of Louisiana at
Lafayette. All participants gave written informed consent prior to
beginning experimental procedures.

Participants

Participants were 16 healthy recreationally active males (Age: 27 ±
2.6 yrs, Height: 181.1 ± 9.4 cm, Weight: 92.0 ± 18.2 kg, Body fat %: 15.4
± 8.2). The present study was reviewed and approved by the
Institutional Review Board at the University of Louisiana at Lafayette.
All participants gave written informed consent prior to being enrolled
in the study.

The participants reported to the human performance during the
morning hours after an overnight fast and had their height and weight
determined via a triple beam balance with stadiometer, and their body
fat % determine via a Bod Pod Gold Standard system. Baseline data
collection concluded with a 25 watt ramp protocol with expired gases
monitored by a COSMED Quark CPET to determine VO2 max.
Following the baseline assessment participants were given information
about the supplementation scheme and when to report to report back
to the lab. Additionally, participants were informed about the 48 hours
exclusion period for exercise and non-steroidal anti-inflammatory
drugs prior to their next lab visit.

Supplementation phase

After these baseline assessments the participants were assigned to a
random order of supplementation with either placebo or supplement
(Extreme Endurance, Lifespan International LLC) for ten days.
Supplement consisted of a proprietary blend of calcium carbonate,
papain, magnesium oxide, potassium, magnesium hydroxide,
catechins, selenium, chromium, and black pepper fruit.
Randomization was generated through coin flip to determine first
allocation. The first 4 days will the participants ingested four tablets in
the morning and evening (8 tablets total) followed by 6 days of three
tablets in the morning and evening (6 tablets total).

Exercise trials

Following the supplementation period, the subjects reported to the
human performance lab where they had a baseline blood draw and
were fitted with a mask to collect expired gases and will perform a 25-
watt ramp protocol on an electronically braked cycle ergometer.
During this test the subject had a short warm up period, and then a
computer automatically adjusted the workload on the bike such that a
slope of 25 watts/min was achieved. The test concluded when the
subject reaches volitional exhaustion. Expired gases were assessed with
a COSMED QUARK CPET system. Prior to, and every two minutes
during the exercise lactate was assessed via dermal puncture and a
handheld monitor (Nova Biomedical Lactate Plus, Nova Biomedical
Corporation, Waltham MA USA). Following the cessation of exercise,
a post exercise blood sample was collected. The participants then

rested for 10 minutes prior to completed an additional 1min of exercise
a 150% of the power at VO2 max and had and additional blood draw.
The blood samples were spun down in a clinical centrifuge and the
serum drawn off and ammonia determined via enzymatic reaction.
The remaining serum was stored at -80 degrees Celsius for later
analysis (muscle damage, oxidative stress, inflammation). Participants
then have a ten-day rest period after which they will begin the 10 day
supplementation period and exercise trial with the opposite
supplement.

Blood analysis

Plasma ammonia levels were determined using a colorimetric assay
(Ammonia Assay, St. Louis MO USA). Muscle damage was assessed in
serum using commercially available Creatine Kinase (CK, Creatine
Kinase Activity Assay Kit, Sigma-Aldrich Co. LLC, St. Louis MO USA)
and Lactate Dehydrogenase (LDH, Lactate Dehydrogenase Activity
Assay Kit, Sigma- Aldrich Co. LLC, St. Louis MO USA) activity assays.
Oxidative Stress was assessed using a commercially available 8OHdG
assay kit (OxiSelect Oxidative DNA damage ELISA kit, Cell BioLabs
Inc, San Diego CA USA). Finally, inflammation was analyzed using a
custom chemilumenscent multiplex assay (Custom Q-plex assay,
Quansys Biosciences, Logan UT USA).

Statistical analysis

Data were analyzed via repeated measures Anova to determine
main and interaction effects (treatment*time). All analyses were
conducted using JMP 13.0 Pro statistical software. Statistical
significance was established a priori at p<0.05

Results

Performance measures

The peak wattage achieved during the graded exercise test did not
statistically differ between trial (F=0.016, p=0.901). The supplement
treatment resulted in a mean performance of 244.7 watts and the
placebo 247.5 watts.

Peak lactate

When examining peak lactate change from baseline during the
graded exercise test, the supplement treatment was associated with
statistically lower lactate accumulation (p=0.05). The change in lactate
concentration (mmol) when supplementing with Extreme Endurance
was 3.8 whereas the placebo treatment resulted in a change of 4.8 (26%
greater). When examining the peak lactate concentration, the
participants were at 5.5 mmol with supplement vs 6.5 mmol with
placebo without a difference in peak power achieved. See Figure 1.
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Figure 1: Peak Lactate (mmol) by treatment.

Creatine kinase

Statistical analysis via repeated measures Anova demonstrated a
significant interaction effect for treatment by time (F=3.05, p=0.04).
The CK levels were 211 (units per liter) pre exercise with extreme
endurance and declined to 206 (reduction of 2.5%) whereas in the
placebo condition the pre exercise level as 175 and increased to 208 (an
increase of 19%). Post-hoc testing revealed that the placebo group had
a significant increase in CK pre –post exercise (t=2.09, p=0.026)
whereas the supplement treatment did not (t=-0.34, 0.368). See Figure
2.

Figure 2: Creatine Kinase (units/L) by treatment.

Lactate dehydrogenase

Statistical analysis via repeated measures Anova did not
demonstrate any significant treatment or treatment by time effects for
LDH levels. Analysis did reveal that exercise trials for both treatment
conditions resulted in similar post exercise increases in LDH levels
(F=16.13, p<0.001). Overall means for pre exercise were 63.3
milliunits/ml vs 85.3 milliunits/ml post exercise.

Plasma ammonia concentrations

Post 150% VO2 max exercise no statistical differences were noted
between treatments (F=0.284, p=0.598). Post exercise Ammonia was
356.7μg/ml for the supplement condition and 284.3μg/ml for the
placebo condition.

Plasma pH changes

Repeated Measures Anova did not reveal a significant difference
between changes in pH pre to post exercise by treatment. (Main effect
F=0.427, p=0.519, treatment*time interaction F=0.0793, p=0.780). See 
Figure 3.

Figure 3: pH by treatment.

Oxidative stress

Anova revealed a significant different between the treatments
(F=6.89, p=0.01). Supplement values post exercise were 22.5 pg/ml
versus 31.4 pg/ml for placebo. See Figure 4.

Figure 4: 8-OHdG (pg/ml) by treatment.
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Multiplex inflammation assay

The data for TNF-α, IL-2, IL-6 and C-reactive protein were not
statistically different by treatment post exercise (TNF-α F=0.022,
p=0.883; IL-2 F=1.57, p=0.219; IL-6 F=0.097, p=0.758; C-reative
protein F=0.699, p-0.410).

Discussion
The results of the present study demonstrate strong evidence for the

effectiveness of the tested supplement to modify exercise lactate
response and recovery. The peak lactate concentration was blunted
while on the supplement in a similar fashion to the original study
involving this product suggesting a possible increase in reliance on
aerobic metabolism or increase in aerobic efficiency [10]. This
reduction is important given that increased lactate levels during
exercise have been shown to be associated with degraded running
economy in high level athletes [15]. Furthermore, metabolic acidosis
has been shown to be related to worsening performance and fatigue
onset during a repeated sprint test [16,17]. It is possible that some
benefits for athletic performance could be gained from the changes
associated with lactate and the tested supplement, however, it should
be noted that no changes in actual performance were revealed by the
present study in a graded exercise test. This may be due to the exercise
mode, further study of this supplement with repeated sprint tests and
time trial type exercise tests is warranted to determine the effects on
exercise performance.

In addition to the effect on exercise lactate concentration the study
demonstrated a reduction in CK levels suggesting a reduction in
muscle damage. It should be noted that no change was reported for
LDH in the present study in a similar fashion to a recent study of
Sesame supplementation [17]. Another study that examined CK and
LDH post exercise with Pomegranate supplementation reported a
larger magnitude reduction in CK as compared to LDH (11.3% vs.
7.3%) [18]. Based upon this it may be that CK is effected to a larger
magnitude post exercise that thus differences are more easily resolved
as compared to LDH. Nonetheless the relatively flat CK levels with the
supplement pre to post exercise as compared to the 19% increase with
placebo cannot be discounted as evidence of a change in muscle
damage. Similarly, the evidence for reductions in post exercise
oxidative stress via 8OhDG measures resulted in a large difference
between placebo and supplement. Taken together there is strong
preliminary evidence to suggest that the tested supplement can reduce
muscle damage while supporting defense against oxidative stress.

The present study provided preliminary evidence for the tested
supplement but has limitations. The study was conducted with only
one form of exercise assessment thus the results may not translate to
other exercise modes. Additionally, the convenience sample of
recreationally active males may not have resulted in generalizable data
for female or athletic populations. Further research is needed to clarify
the effectiveness of the tested supplement for additional populations
and exercise types.

The data examined so far supports the use of this proprietary blend
as a sport nutrition supplement. The data demonstrates that similar,
high intensity, exercise was associated with lower lactate levels
suggesting increased efficiency. Additionally, the reduction of CK
levels post exercise (especially when examined against the increase
seen with placebo) suggests that this supplement may possibly help
combat muscle damage associated with exercise. Finally, the reduction

in oxidative stress post exercise suggests a role in in protection from
free radical damage that is likely to enhance recovery from exercise.
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