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Abstract
Background: The aim of the present study was to investigate the effects of sodium bicarbonate
supplementation on anaerobic performance and some plasma metabolites.

Material/Methods: 16 young male athletes (age 20.58±3.25, Height 175.33±2.48 cm and BMI

21.57±2.68 kg/m2) participated in two 400 m running sessions one hour following
sodium bicarbonate or placebo (calcium bicarbonate) supplementation with the
counterbalanced order. There were three blood sampling phases (resting condition,
30 min after supplementation and 2 min after 400 m running) in both of the sessions
and the blood pH; ammonia, lactate, and HCO3- levels were measured.
Results: The results showed that running time in the sodium bicarbonate session was
significantly lower (57.41±0.11 sec) than the placebo (59.01±0.78 sec) session
(P<0.05). The blood HCO3- levels (29.53±2.64 mmol/L) increased with respect to the
resting values (23.13±1.84 mmol/L) with sodium bicarbonate administration; however,
it decreased to the pre-exercise level (20.45±1.92 mmol/L) after running (P<0.05).
The HCO3- levels (17.89±2.48 mmol/L) also decreased under the resting values
(23.31±2.15 mmol/L) after running in the placebo session (P<0.05). Significant
increases were observed in blood lactate levels in both of the sessions; however,
blood pH significantly decreased only in the placebo session (P<0.05).
Conclusions: It can be concluded that alkalosis can be considered as an ergogenic method and
can prevent a decrease in blood HCO3- during high intensity exercise.
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Introduction
High-intensity muscle contraction can lead to intracellular changes in pH. As such, at the start
of doing exercise, due to creatine phosphate catabolism, alkaline is created, and later with
increased glycolysis, the acidic state becomes dominant [1]. There is evidence for the fact that
using any buffer agent (such as sodium bicarbonate and sodium citrate) before exercise, along
with repeated intensity construction exercise, can prevent the accumulation of H+ in skeleton
muscles and decrease interstitial fluid and blood [2]. In addition, after short intensive exercise, the
pressure of venous carbon dioxide increases [3], which causes hyperventilation at recovery.
Therefore, it is expected that after using sodium bicarbonate, the decrease in pH level while
exercising and during recovery will be compensated for. Therefore, the effect of using bicarbonate
salts on exercise performance has been studied in several studies, and there have been reports of
an increase in both buffer capacity and extracellular pH [4, 5], which may, in turn, cause an
increase in the flow of H through sarcolema. Similarly, there is clear evidence supporting the role of
loading bicarbonate in preventing fatigue resulting from pH decrease [4]. Most probably, the effect
results from facilitation of positive hydrogen and carboxilate transfer and the exchange of sodium
and hydrogen through sarcolema [6]. Moreover, there are clues confirming the fact that the
creation of metabolic alkaloses can lead to an increase in the concentration of ionized lactate
([Lac-]) during the exercise and buffering the resulting lactate, while limiting the effects of pH
reduction may lead to improved performance [7]. On the other hand, it has been reported that
using sodium citrate at rest brings about a decrease in hydrogen ionic plasma and has no parallel
effect on intercellular fluid, although it causes simultaneous improved performance [8, 9].
Using alkaline may cause the concentration of venous lactate and may be associated with the
transfer of lactate from intercellular fluid to venous space. However, in the study no effect was
reported on buffer capability and H+ concentration [10]. As such, considering the fact that lactate
and H+ transfer from muscle cells depends on H+ concentration, it is supposed that an increase in
the activities of mechanisms involved in ionic transfer accounts for increased venous concentration
during the exercise [11]. It is also assumed that with an increase in performance level with using
alkaline, the role of glycolysis in generating energy for activities automatically increases. Therefore,
in such cases observing higher lactate plasma may be a usual phenomenon [12]. Due to the lack
of some research evidence on the ineffectiveness of ergogenic loading of bicarbonate at present
[11], no definite conclusions have been made about these findings. In addition, the role of low pH
on muscle fatigue has been questioned [13].
Moreover, it seems necessary to mention that ammonium is formed in the kidneys as a result
of the activity of the glutaminase enzyme dependent on phosphate (far curved tube) [14] and
independent of phosphate (far curved tube) and all the produced NH3 in the urine tubes appears in
the form of ammonium ion (NH4+). Due to the fact that in urine collecting tubes there is little
penetrability for ammonium release mechanism, a little proportion of ammonia from intercellular
fluid enters through non-ionic distribution.
In addition, in case of an increase in urine pH by the injection of bicarbonate or stasolamid,
ammonium decomposes and ammonium enters blood [15]. Therefore, there are reports indicating
that prolonged intensive exercise can increase the plasmid ammonium rate; the athletes have
been observed to have lower rates [16]. On the other hand, some evidence shows that lactate and
ammonia metabolism during exercise are independent of each other. It has also been reported that
in intensive progressive exercises, the metabolic alkalosis has no effect on the accumulation of
ammonia in plasma or the endurance capacity [17].
Therefore, it becomes clear that despite obvious evidence indicating the ergogenic effects of
using buffer material, there is no definite evidence for these findings or the quality of the involved
processes. In the present research, for the first time, many of the probably involved factors are
simultaneously studied. The researchers also emphasize the role of ammonia in interaction with
pH and lactate, as well as its involvement in phosphate purine cycle and ultimately its role in
fatigue. Moreover, in most of the previous research the original tamponic reservoirs of the body
has not been identified, which is believed to affect interpreting the results.
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Material and Methods
Participants
Sixteen 400 meters male runners voluntarily participated in the study (Table 1). The necessary
instructions were given to avoid any unusual changes in daily physical activities or food
consumption patterns in the days before the test.
Tab. 1. The participants’ general characteristics

Age (years)
Height (cm)
Weight (kg)
BMI(kg/m2)

Sodium
bicarbonate
20.58±3.25
175.33±2.48
64.43±1.34
21.57±2.67

Placebo
20.35±3.65
175.42±2.35
64.53±1.23
21.61±2.74

Sodium Bicarbonate Supplement
Sodium bicarbonate supplement (alkalosis) and calcium carbonate placebo in the form of dark
hygienic capsules, with the dosage of .3 grams per kilogram [18, 19] of body weight were used one
hour before the test. Like Nilson and others (2002), no food interference was introduced, yet the
volunteers had not eaten or drunk for 12 hours before the test [10]. The participants were randomly
put into two groups, in a way that half of the participants (8 people) took bicarbonate supplement,
and the other half took placebo.
400 Meters Running Test
After a full warm-up, the participants entered a 400-meter running race in groups of 4 (on a
standard running track). The way the participants were put in track lines was randomly decided. In
the second session, just the type of the supplement used by the participants was altered, so that
each participant took both supplements in two sessions.
Blood Sampling
There were three blood sampling phases which include, resting condition, 30 min after
supplementation and 2 min after 400 m run [10, 20]. Needless to mention, in both sessions the
blood samples were poured into lab tubes containing heparin. They were immediately sent to
a laboratory for analysis.
Biochemical Measurements
To measure blood parameters, like Ball and Mogan' s method (1997), a blood gas analyzer (A.V.L
model) was used through the enzymatic method [18]. To measure blood lactate, a commercial auto
analyzer was used.
Statistical Analysis
Having ensured the natural distribution of all data by the K-S test, the data for the factors of
ammonia, sodium bicarbonate, lactate, and blood PH, were compared using a repeated measures
test in three phases: at rest (R), 30 minutes after taking the supplement (PS), and 2 minutes after
400 meters run (PE). In case there were any differences, the LSD test was used for further
analysis. Moreover, after calculating the difference in the data for each factor at R and PS, as well
as PS and PE levels, the amount of these changes between bicarbonate supplement-taking and
placebo-taking groups and the time spent to run 400 meters in the two groups were compared
using independent t-tests. Statistical significance was accepted at P ≤ 0.05.

Results
The preliminary results indicated that by using sodium bicarbonate, the time of the running
performance was better than when placebo was used (p<0.05) (Fig 1).
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Fig 1. Comparison of running time (sec) of the sodium bicarbonate and placebo groups (mean ± SEM)
* denotes statistical differences in comparison to the placebo group

Also with the use of sodium bicarbonate the plasmid levels of this material significantly
increased in comparison to the rest state (p<0.05), yet after running, the values changed to their
original amount. Moreover, when placebo was used, the bicarbonate level of blood after running
came to lower levels than its rest level (p<0.05). In both cases of taking sodium bicarbonate and
placebo, there was a significant increase in the lactate level of blood after running. In addition, the
decrease in the blood pH level was significant only at the use of placebo (p<0.05). The results are
separately given in Table 2.
Tab. 2.The differences of ammonia, sodium bicarbonate, lactate, and pH in the sodium bicarbonate and
placebo groups. Values are mean±SEM
Rest

Ammonia (mmol/l)
Sodium bicarbonate (mmol/l)
Lactate (mmol/l)
pH

Sodium
bicarbonate
18.57±4.42
23.13±1.84
1.25±0.37
7.40±0.10

Placebo
18.43±4.46
23.31±2.15
1.31±0.32
7.41±0.02

After taking supplement
(PS)
Sodium
Placebo
bicarbonate
19.58±6.94
18.98±7.26
29.53±2.64*
23.38±2.18
1.3±0.45
1.27±0.34
7.49±0.21
7.42±0.08

After 400 meters race (PE)
Sodium
bicarbonate
18.02±5.50
20.45±1.92
18.28±2.41*‡†
7.20±0.38

Placebo
18.79±4.36
17.89±2.48*
15.61±2.35*†
7.10±0.11

* Denotes statistical differences in comparison to the rest state (p<0.05).
† Denotes statistical differences in comparison to after taking the supplement (p<0.05).
‡ Denotes statistical differences in comparison to the placebo group (p<0.05).

Discussion
Sodium bicarbonate supplementation might have a positive effect on short term intensive
exercise performance, and it probably decreases recovery time. In both the sodium bicarbonate
and the placebo sessions, there were no inter-session differences with regard to the plasma
ammonia level. During intensive exercise ammonia can be generated through deamination of
adenosine mono-phosphate (AMP)1 [11] and/or catabolism of some amino acids (long term submaximal exercise) e.g. the branched chain of amino acids (BCAAs). However, it is possible for
cellular hydrogen peroxide to be promoted following degradation of inosine mono-phosphate into
uric acid (action of xanthine oxidize) which may lead to decreased muscular contractility (local
fatigue) [21]. Furthermore, exercise-induced blood ammonia elevation is thought to be associated
1

AMP can be broken down into inosine mono-phosphate and ammonia.
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with central fatigue [10] There is some evidence confirming that during progressive exercises,
plasma ammonia level increases along with exercise intensity and then it reaches the threshold
level similarly to those observed with the lactate [22,10]. This may indicate that plasma ammonia
could be considered as a marker for the rate of anaerobic metabolism. Although previous studies
have revealed no link between the plasma ammonia level and indices of anaerobic/aerobic
capacity, a strong correlation between the plasma lactate and the ammonia levels has been
repeatedly reported [23].
While there is no straight evidence in the existing literature with regard to the effect of alkalosis
on plasma ammonia, we speculated that blood ammonia response is probably matched with the
lactate response. Induced alkalosis in our study could efficiently limit the rate of blood pH
decrease; however, it failed with regard to the blood ammonia level. This might be a consequence
of short time span in between the end of 400 meters running and blood sampling as well as the
difference in the rate of ammonia and hydrogen ions diffusion through muscle membranes to the
bloodstream. Moreover, it is also possible that the amount of produced ammonia during 400
meters running is too little for any detectable values to be observed by a gas analyzer (limitation of
the study methods). Therefore, well-controlled studies certainly remain to be done in this area.
The consumption of sodium bicarbonate caused a significant increase in the plasma
bicarbonate level; however, its values returned to resting levels following to 400 meters running. It
is noteworthy that in the placebo session the observed blood bicarbonate levels were even lower
than the resting values following 400 meters running.
These findings can be indicative of the ergogenic effect of induced alkalosis on improvement in
the anaerobic performance by possible increases in blood buffer capacity. Accordingly, it is
expected that the amount of blood pH decrease during intensive exercise and also during the
recovery period could be modified by sodium bicarbonate consumption, in accordance with the
previous reports in this area [10]. It is well established that inhibition of carbonic anhydrase activity
could neither decrease the rate of CO2 production (VCO2) during the resting conditions as well as
sub-maximal exercise with the continuous intensity; however, it can occurr in the maximal exercise.
It should be noted that during too intensive exercises with continuous blood lactate elevations,
the rate of generated CO2 in the blood is influenced by the combined involvement of non-metabolic
sources e.g. blood lactate buffering and hyperventilation. It was shown that during progressive
exercise VCO2 remains unchanged while VE decreases [24].
On the other hand, by the shift of hydrogen ions into red blood cells, the ionic gradient in the
plasma facilitates the entrance of anions from muscles toward the bloodstream. Anyway, our
unique finding was that bicarbonate consumption prior to exercise limits the rate of plasma
bicarbonate decline during intensive exercise, which is thought to facilitate a quicker and easier
recovery.
In the other findings, no difference was observed between the rest level lactate after
consuming bicarbonate. Two protein types of band-3 and MCT-1 are involved in transferring
lactate and making acid-alkaline balance on the two sides of the surface of erythrocytes. They are
responsible for transferring 5%, 80%, and 90% of lactates, respectively [25]. Alkalosis causes an
increase in the transmission of lactate from active muscle. An increase in the transmission of
lactate from muscles to blood, without any change in lactate concentration steepness, has also
been reported, which seems to be a result of an increase in ion steepness due to alkalosis
presence [11, 26]. As such, considering the fact that rest lactate level is fixed, except for pathologic
conditions, no change in rest level lactate seems logical. In addition, at both times when sodium
bicarbonate and placebo were used after 400 meters run a significant increase in blood lactate was
observed. Meanwhile, no difference was observed for changes in the two sessions of using sodium
bicarbonate and placebo (after supplement use until running ended). In other words, alkalosis
could not affect the amount of lactate transfer to blood. It is assumed that in the early post-exercise
minutes, the flow of H+ from muscles to blood is quicker than lactate [18]. In the case of human
beings, it has been shown that the speed of the flow of hydrogen ion is usually faster than that of
lactate [19]. In addition, the absorption of lactate and hydrogen ion by inactive muscles affects the
rate of their transfer from active muscles [27]. There are also reports indicating that lactate flow to
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extracellular fluids is independent of acid and alkalosis state in intercellular fluid and it has a fixed
rate [18]. This may help us justify the existence of no inter-group difference in the blood lactate
level after running.
In some other findings, the use of sodium bicarbonate supplement increases rest pH, but it is
not significant. Also following 400 meters race, in both sessions of using bicarbonate and the
placebo, blood pH decreased, but this decrease was significant only in the placebo use. In other
words, the use of sodium bicarbonate supplement could balance the pH decrease after hard nonaerobic exercise. It seems that the introduction of metabolic alkalosis could create only
a fragmentary increase in absorbing hydrogen ion in active muscles [18]. It increases rest pH and
controls non-aerobic glycolys, which might initially cause an increased rate of oxide
phospholarization [28]. The exit of hydrogen and lactate ions from muscles provides a supportive
mechanism against intracellular pH decrease and lactate accumulation. There are reports
indicating that carbonic anhydrase enzyme has a vital role in speeding up the mechanism. So far,
two isoforms of this enzyme (CAXIV, CAIV) have been identified in muscle surface, the active parts
of which are outwards pointing to extracellular space. Meanwhile, the rate of proton and lactate
production during maximal exercise is far more than intramuscular metabolic and buffer capacity or
its emission outside the cell. So pH can decrease down to 6.4 inside the muscle and 6.9 in blood
[26]. Therefore, due to the high involvement of glycolysis in generating energy for 400 meters
running race, in the present study, pH and lactate changes had no exactly equal patterns.
However, it seems that sodium bicarbonate supplement can be effective in adjusting pH and
lactate changes in intensive activities.
In the last part of the results of this study, the performance in 400 meters running race in the
bicarbonate use session was better than that of the session with the placebo use. There is a lot of
evidence, indicating that alkalosis can improve short-term intensive performance [26], but much
deterioration has been reported in improving performance resulting from alkalosis [11]. Metabolic
alkalosis, with an increase in extracellular buffering capacity, causes the maintenance of higher
ionic steepness between muscle and blood, as well as an increase in the flow of lactate and
protons from muscle cells. Nevertheless, there is a lot of evidence indicating that in a person with
MCT1 and higher carbonic anhydrase more benefits can be obtained by introducing alkalosis [26].

Conclusion
The most important finding of the present study was the fact that body alkaline reservoir can
increase by adding supplements, but during intensive non-aerobic exercise the amount of these
reservoirs deteriorates. Moreover, plasma ammonia level is not affected by using alkaline material
or doing hard non-aerobic exercise. This can challenge the hypothesis of the effect of ammonia
from purine cycle on plasma PH. Furthermore, neither pH nor rest lactate in plasma are affected by
an alkaline supplement, but a decrease resulting from activity can be counterbalanced by the use
of alkaline material.

References
1. Fitts RH. Cellular mechanisms of muscle fatigue. Physiology Review 1994;74:49-94.
2. Street D, Nielsen JJ, Bangsbo J, Juel C. Metabolic alkalosis reduces exercise-induced acidosis and
potassium accumulation in human skeletal muscle interstitium. J Physiol 2005;566:481-489.
3. Yunoki T, Horiuchi M, Yanoto T. Excess CO2 Output Response during and after Short-Term Intensive
Exercise in Sprinters and Long-Distance Runners. Jap J Physiol 2000;50:199-205.
4. Bishop D, Claudius B. Effects of induced metabolic alkalosis on prolonged intermittent-sprint
performance. Med Sci Sport Exerc 2005;37:759-767.
5. Nielsen HB, Hein L, Svendsen LB, Secher NH & Quistorff B. Bicarbonate attenuates intracellular
acidosis. Acta AnaesthScand 2002;46,579-584.
6. Juel C. Muscle lactate transport studied in sarcolemmal giant vesicles. Biochim Biophys Acta
1991;1065:15-20.
7. Raymer GH, Marsh GD, Kowalchuk JM, Thompson RT. Metabolic effects of induced alkalosis during
progressive forearm exercise to fatigue. J Appl Physiol 2004;96:2050-2056.

89

R.J. Pouzash, M.A. Azarbayjani, J.J. Pouzesh, K.A. Azali, H. Fatolahi, Sodium Bicarbonate Supplement on Lactic Acid, Ammonia and the
Performance of 400-M Male Runners

8. Oopik V, Saaremets I, Medijainen L, Karelson K, Janson T, Timpmann S. Effects of sodium citrate
ingestion before exercise on endurance performance in well trained college runners. Brit J Sport Med
2003;37:485-489.
9. Shave R, Whyte G, Siemann A, Doggart L. The effects of sodium citrate ingestion on 3,000-meter timetrial performance. J Strength Cond Res 2001;15:230-234.
10. Nielsen HB, Bredmose PP, Stromstad M, Volianitis S, Quistorff B, Secher NH. Bicarbonate attenuates
arterial desaturation during maximal exercise in humans. J Appl Physiol 2002;93:724-731.
11. Street D, Bangsbo J, Juel C. Interstitial pH in human skeletal muscle during and after dynamic graded
exercise. J Physiol 2001;537:993-998.
12. Azali AK, Kordi MR, Choobineh S, Abbasi A. Acute effects of two energy drinks on anaerobic power and
blood lactate levels in male athletes. Facta universitatis. Series: Physical Education and Sport
2007;5(2):153-162.
13. Lamb GD, Stephenson DG, Bangsbo J, Juel C. Point: Counterpoint: Lactic acid accumulation is an
advantage/disadvantage during muscle activity. J Appl Physiol 2006;100:1410-1412.
14. Halperin ML, Kamel KS, Ethier JH, Stinebaugh BJ, Jungas RL. Biochemistry and physiology of
ammonium excretion. In: Seldin DW, Giebisch G, editors. The Kidney: Physiology and Pathophysiology
(2nd edn). New York: Raven Press; 1992, chapt. 76.
15. Khanna A, Kurtzman NA. Metabolic alkalosis. J Nephrol 2006;19:86-96.
16. Bassini-Cameron A, Monteiro A, Gomes A, Werneck-de-Castro JPS, Cameron L. Glutamine protects
against increases in blood ammonia in football players in an exercise intensity-dependent way. Brit J
Sport Med 2008;42(4):260-266.
17. Ibenz J, Pullinen T, Gorstiaga E, Postigo A, Mero A. Blood lactate and ammonia in short-term anaerobic
work following induced alkalosis. J Sport Med Phys Fit 1995;35(3):187-193.
18. Ball D, Maughan RJ.The effect of sodium citrate ingestion on the metabolic response to intense exercise
following diet manipulation in man. Exp Physiol 1997;82:1041-1056.
19. Bangsbo J, Graham TE, Johansen L, Saltin B. Lactate and H' fluxes from skeletal muscles in man.
J Physiol 1993;462:115-133.
20. Raymer GH, Forbes SC, Kowalchuk JM, Thompson RT, Marsh GD. Prior exercise delays the onset of
acidosis during incremental exercise. J Appl Physiol 2007;102:1799-1805.
21. Gosker HR, Schols AMWJ. Fatigued muscles in COPD but no finishing line in sight. Eur Respir J
2008;31:693-694.
22. Ghosh AK, Abdullah TAT, Kishan B. Effect of Hot Environment on Repetitive Sprint Performance and
Maximal Accumulated O2 Deficit of Cyclists. International Journal of Sports Science and Engineering
2008;2(2):94-100.
23. Yuan Y, So R, Wong S, Chan KM. Ammonia threshold - comparison to lactate threshold, correlation to
other physiological parameters and response to training. Scand J Med Sci Sport 2004;12(6):358-64.
24. Scheuermann BW, Kowalchuk JM, Paterson DH, Cunningham DA. VCO2 and VE kinetics during
moderate- and heavy-intensity exercise after acetazolamide administration. J Appl Physiol 1999;
86(5):1534-1543.
25. Connes P, Corinne C, Jacques M, Didier B, Jean FC. Injections of recombinant human erythropoietin
increases lactate influx into erythrocytes. J Appl Physiol 2004;97:326-332.
26. Messonnier L, Kristensen M, Juel C, Denis C. Importance of pH regulation and lactate/H_ transport
capacity for work production during supramaximal exercise in humans. J Appl Physiol 2007;102:19361944.
27. Bangsbo J, Aagaard T, Olsen M, Kiens B, Turncotte LP, Richter EA. Lactate and H+ uptake in inactive
muscles during intense exercise in man. J Appl Physiol 1995;488:219-229.
28. Zoladz JA, Szkutnik Z, Duda K, Majerczak J, Korzeniewski B. Preexercise metabolic alkalosis induced
via bicarbonate ingestion accelerates VO2 kinetics at the onset of a high-power-output exercise in
humans. J Appl Physiol 2005;98:895-904.

90

