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THE EFFECT OF SODIUM CITRATE INGESTION ON 1600
METER RUNNING PERFORMANCE
INTRODUCTION
During exercise of maximal intensity lasting beyond 30 seconds,
energy for muscle contraction is derived mainly from anaerobic glycolysis.

This energy system synthesizes the ATP necessary for muscle contraction

through muscle glycogen break-down. During this form of exercise,

oxidative metabolism is limited, therefore H+ that are stripped from the

substrate are not removed from the cell at the rate at which they are
produced. Instead, H+ combine with pyruvic acid to form lactic acid

within the cell. The accumulation of lactic acid in the muscle cell
eventually leads to increased intra- and extracellular lactate and H+
levels.

Ultimately, H+ diffuse into the blood where they are buffered by

bicarbonate (HCO3-).

Bicarbonate, one of the body's natural buffering systems, which has
been suggested to account for approximately 15-18% of total buffering
capacity of the body's acids, combines with H+ to form carbonic acid
(H2CO3), which then dissociates into H2O and CO2 for removal by

respiration. However, as high intensity exercise continues, lactate and
H+ continue to increase, therefore lessening the HCO3- levels and

buffering capacity. At this point, intra- and extracellular pH levels drop,
resulting in metabolic acidosis and a disrupted acid-base balance.
Beaver et al. (2) investigated the relationship between arterial
[HCO3-] decreases and lactate increases during an incremental cycle

ergometer test. Their study found that, beyond an initial .4 meq/L of
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lactate increase, HCO3- decreases closely matched lactate increases.
This represented - 92% buffering of H+ above the lactate threshold.
Hermansen and Osnes (12) reported that resting blood pH is - 7.4,

while muscle pH is - 6.9. After using protocols of continuous and
incremental exercise at the anaerobic level, pH levels fell to 6.9 in the
blood and 6.4 in the muscle. Therefore, they suggested that this

disruption of the acid-base balance may be a cause of fatigue during

maximal intense exercise. Osnes and Hermansen (34) investigated the
changes of the acid-base balance following maximal work for running

events at 100, 200, 400, 800, 1500, and 5000 meters. Their results
showed that high lactate concentrations caused severe acidosis in the

blood and throughout the body, and that as blood lactate increased,
there was a nearly equivalent decrease in plasma HCO3- levels. In

addition, it was reported that lactate peaked in the 1500 meter race,
while pH and HCO3- levels were lowest at this distance. It was

therefore indicated that peak acid-base shifts during maximal intensities
occur in maximal activities lasting 4-5 minutes.

Because the main site of lactic acid and H+ accumulation is within

the cell, there is a progressive increase in intracellular acidity and
eventually an extracellular acidic environment. Dennig et al. (6)
attributed muscle fatigue to the acidic intracellular environment caused
by anaerobic glycolysis, and several studies have supported this claim.
Sutton et al. (41) investigated the effects of pH on exercise performance

and glycolysis during a cycle ergometer test. They reported that subjects
made acidic by oral ingestion of ammonium chloride (NH4C1) showed the

worst performance times at exhaustion, the lowest blood pH levels, the

lowest plasma lactate concentrations, and the lowest muscle lactate
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concentrations. A previous study by Jones et al. (18) also used NH4C1

to induce a metabolic acidosis condition in subjects. These results
showed that the acidosis group had the lowest power outputs, the lowest

plasma lactate concentrations, and the lowest blood pH values. In
addition, other studies that have induced metabolic acidosis on subjects
have also shown similar results (8, 22).

The mechanism by which metabolic acidosis causes fatigue has not
been specifically defined; however, it has been suggested that metabolic

acidosis may cause: a) the inhibition of the rate-limiting enzyme of
glycolysis, phosphofructokinase, b) the inhibition of the glycolytic flux at
the level of phosphorylase, c) impairment of Ca++ activated steps in

excitation contraction coupling- such as Ca++ release from the
sarcolema reticulum, and d) impairment of the cross-bridge cycle (11,
44).

It has been hypothesized that if the extracellular buffering

concentrations are elevated, it should indirectly affect intracellular pH
through the increased efflux of lactate and H+ down the positive pH
gradient from the cell into the elevated plasma HCO3-, where buffering

can occur. Spriet et al. (40) added support to this hypothesis by
examining the effects of extracellular alkalosis on performance and

metabolism of rat hind limb muscles. Their results showed that lactate
release from the working muscle was enhanced by the increased
extracellular pH and HCO3- levels.

Studies by Hood et al. (14) and Robin (36) have demonstrated that
intracellular pH is not directly affected by elevated extracellular buffering
of HCO3-, because the cell membrane is impermeable to HCO3-.

Therefore, any improvements on intracellular pH levels and efflux of
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lactate and H+ will come from the indirect effect established by the
elevated extracellular HCO3- levels. This has been supported by
Mainwood and Brown (26), who reported that by increasing the pH levels

of the superfusion fluid of frogs with a HCO3- ringer solution, there was

a 2 to 3 times increase in lactate and H+ efflux from the cell, and that
the efflux rate was dependent on the buffer concentration. In addition,
it was reported that the effect of intracellular pH on lactate efflux was
dependent on the extracellular HCO3- environment.

The hypothesis that creating a state of metabolic alkalosis by the
ingestion of NaHCO3- will improve anaerobic performance, has been

investigated as early as 1931 (6). Since then, a number of researchers
have investigated this phenomena by having their subjects ingest either
NaHCO3- or sodium citrate. The majority of studies have used NaHCO3while few have used sodium citrate.

Overall, It has been reported that both agents have elevated
extracellular pH and HCO3- levels after ingestion, suggesting that a

state of alkalosis was reached, though the elevation is dependent on
dosage size. However, the results have been inconsistent and often
contradictory in relation to improved performance, with some studies
showing improved performance and others not showing any

improvements. The main contributors to the discrepancies in the results
have been related to the intensity and duration of the exercise protocol

and the dosage size ingested.
Researchers have attempted to utilize the anaerobic energy system
by choosing protocols that will be primarily dependent on anaerobic

glycolysis. The protocols have consisted of maximal repeated bouts
ranging from 6 seconds to 120 seconds, to single bouts ranging from 60
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seconds to 30 minutes, and all out bouts ranging from 400 to 800
meters. The majority of the studies which found no benefit from induced

alkalosis have used protocols outside the 1 to 7 minutes range. Lactate
levels peak at around 4 to 7 minutes of high intense exercise (19, 34),
suggesting that elevating extracellular buffering of HCO3- will not be as

effective if lactate and H+ levels area not at their peak.

A second factor associated with the discrepancies in the results
relates to dosage size ingested. The agents have been administered in
dosages ranging from .1g.kg 1 body weight up to .5gkg-1 body weight.

The majority of significant findings have been found with dosages at or
above .3gkg-1 body weight for both sodium citrate and sodium

bicarbonate studies. Though a few sodium bicarbonate studies have
found improvements at lower dosages. Therefore, it is recommended that
.3g.kg-1 is the appropriate dosage size (11). Whether NaHCO3- is a

better agent than sodium citrate as an ergogenic aid is not completely
certain. Spiegal et al. (39) reported that subjects who swam 200 yards
under the influence of NaHCO3- compared to sodium citrate showed no
performance improvements or differences. Parry-Billings and Mac Laren

(35) revealed that sodium citrate ingestion appeared to be the most
effective in elevating pH and HCO3- levels and increasing performance,

though this was not statistically significant, compared to NaHCO3- in a
three x 30 second sprint bout cycle ergometer test. Even though it is

uncertain as to which is a better agent, it has been reported that high
dosages of NaHCO3-

.3 gkg-1 body weight) can cause gastrointestinal

distress, such as abdominal cramps, bloating, diarrhea and nausea
(9,42), but this has not been the case with the sodium citrate; however;
these studies have been small in quantity.

6

Although sodium citrate has been found to have similar effects on

performance as sodium bicarbonate, it has not been studied as
frequently. Out of the eight sodium citrate studies that were reviewed,
only four have shown performance improvements (13,31,32,38). Studies

that have used sodium citrate have been reported as early as 1936 (13)
and 1953 (17); however, as with sodium bicarbonate, interest fell during

these early years and did not reemerge until the mid to late seventies,

with the majority of studies being investigated in the late 1980's and
beyond.

Hewitt and Calloway (13) studied the effects of alkaliners containing

alkaline salts of citrate and tartaric acids found in orange and tomato
juice, as well as in commercial alkaliners, on swimming performance of
trained university students. They reported significant improvements in
swimming performance for the sprint distances (100-200 yd. breaststroke

& 100-150 yd. backstroke) for all three alkaline conditions. Johnson and
Black (17) used 5 gm of sodium citrate and 1.5 gm of potassium citrate

on male high school runners performing a series of 1.5 mile crosscountry races; however, they reported no significant improvements in
running performance.

In addition, Simmons and Hardt (38) used an alkali mixture of

sodium citrate at .715 gm, potassium citrate at .215 gm and sodium
bicarbonate at .5 grams on eight highly trained sprint swimmers to test
its effects on swimming performance for a 100 yd race. Their results
showed that the alkaline agents significantly improved swimming
performance. The average time for the control group was 58.5 sec. and for

the experimental group it was 54.6 sec.
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These few studies seemed to have influenced the curiosity of

researchers to pursue research on sodium citrate. Beginning since 1986

(35), interest in sodium citrate has increased, though it has not been as
extensive as sodium bicarbonate. Sodium citrate studies have been
similar to sodium bicarbonate studies where they have tested its effects
on performance through cycling, running, and swimming protocols. The

most recent studies have used cycling as the main protocol, with
swimming being the next most used mode. Overall, these studies have
reported that: 1) sodium citrate improves anaerobic performance beyond
60 seconds (31,32,35), 2) the appropriate dose for improved performance
is

.3 gkg -1 body wt. (30), and 3) it has not shown to improve

performance of aerobic exercise (23).

Therefore, it seems that the next step would be to mimic sodium

bicarbonate studies with sodium citrate, with the intention of
investigating the alkalizing effects on running performance of longer

duration.

Statemen of the Problem
The purpose of this study was to determine the effect of sodium
citrate ingestion (.5 g.kg-1 body weight) on running performance during a
1600 meter race for trained male and female runners.

Research Hypotheses
A review of the literature leads to the hypotheses that:
1. mean time in the 1600 meter race will significantly

decrease in the treatment condition, as compared to the control and
placebo conditions.
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2. pre-exercise (post-ingestion) levels of HCO3- and pH will be elevated in

the treatment group as compared to the control and placebo groups.
3. post-exercise levels of HCO3-, pH, and lactate will be higher in the

treatment group compared to the control and placebo groups.

Statistical Hypotheses
This section will define the statistical hypotheses used in this study
and will be written as population parameters.
1.

3.

Ho: yl = y2 = y3

2. Ho: ,u1 = ,u2 = ,u3

Ha: y 1 # y2 * y3

Ha: ,u1 mµ2 iµ3

Ho: ,u1 = ,u2 = ,u3

Ha: ,u1 * y2 # y3

Where

yl = control group
y2 = placebo group

y3 = treatment group

Operational Definitions
In this section, the operational terms used to measure the
dependent and independent variables will be defined:
1. Running performance: time for the 1600 mile race.

2. HCO3-, pH, and lactate levels will be measured by blood assays.
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3. Sodium citrate amounts will be distributed according to body
weight (.5 g/kg body wt.) in gelatin capsules.

4. Control group: no treatments.
5. Placebo group: treatment of calcium carbonate.

6. Treatment group: treatment of sodium citrate.

Delimination's
This section will describe how this study was delimited:

1. The population sample consisted of trained male and female runners

who could run the 1600 meter race in a selected time: males in 5

minutes or under and females in 6 minutes or under.
2. The population sample ranged in age from 18-30 years.

3. The treatment group ingested a total .5 gkg-1 body weight of sodium
citrate and the placebo group ingested calcium carbonate according to

the amount of capsules used for the sodium citrate. These agents were
ingested with approximately one liter of water, at 15 minute intervals,

throughout a 1.5 hour period prior to running.

Limitations
In this section, factors that limited or influenced the results were
described as:

1. Training effects: subjects were asked to maintain consistent

workouts each week relating to intensity, duration and mileage

throughout the study.
2. Diet: subjects were informed to maintain their diets on a
consistent basis throughout the study; however, food intake was not
controlled.

3. Individuals differ in their response to sodium citrate.
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4. Motivation will be controlled by having subjects run together, as in a

real race situation.

Definitions
This section will define the terms used in this study:
1. Alkalosis: blood pH above 7.40.
2. Acidosis: blood pH below 7.40.

3. Buffering capacity: the ability of a buffer to resist changes in
pH levels.

4. Ergogenic aid: the application of a nutritional, physical,
mechanical, psychological, or pharmacological procedure to improve

physical work capacity or athletic performance.
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REVIEW OF LITERATURE
The body's natural buffering system of HCO3- helps to neutralize
metabolic acids, primarily lactic acid produced by anaerobic glycolysis.

As lactic acid is produced in the muscle cell during exercise, it is buffered

by the intracellular buffering mechanism. However, as exercise
progresses, the intracellular buffering capacity is exceeded and lactic acid
and H+ diffuse down a pH gradient into the blood where the extracellular
buffer, HCO3-, neutralizes the acid.
This buffer has been reported to buffer approximately 92 % of H+

once a lactate level has been elevated above .4 meq/L (2). However, as
lactic acid and H+ are continuously produced, pH and HCO3- levels in
both muscle and blood will decrease, therefore resulting in lactate
appearance levels to rise above lactate disappearance levels. The end

result of this is the disruption of the acid-base balance and the onset of
fatigue.

In order to prevent the fall in pH and HCO3- during exercise,

with the intention of delaying fatigue, many studies have manipulated
extracellular HCO3- levels by creating a state of metabolic alkalosis in

an attempt to find an ergogenic aid. Therefore, in this chapter, the
literature regarding the alkalosis hypothesis will be reviewed. Topics
covered will be: 1) agents used as alkaliners, 2) effects of alkalosis on

physiological parameters, 3) effects of alkalosis on performance, 4) and

interpretation of the discrepancies in the results.
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Agents Used to Induce Alkalosis
The majority of studies have reported using either sodium
bicarbonate (NaHCO3-) or sodium citrate (Na-Citrate) to induce

metabolic alkalosis. These agents have been administered 1-3 hours
prior to the start of exercise. The methods in which these agents have
been given are usually by intravenous infusion, in gelatin capsules, or
mixed with a flavored solution. In most cases, the amount has been
given according to a specified dosage in g/kg of the subject's body weight,

and this dosage size has usually ranged from .1-.5gkg. However, the
recommended dosage for improved performance has been set at .3gkg-1

body weight for sodium bicarbonate and has be found beneficial at higher
dosages (.5gkg-1 body weight) for sodium citrate.

Both agents have shown similar results for pre-exercise levels of

blood pH and HCO3- after ingestion, where it has been reported that

both agents cause a state of metabolic alkalosis. Their effects on
performance have also shown similar results, showing both

improvements and no effects in separate studies. Yet, there has been
one exception. Parry-Billings & Mac Laren (35) reported that the Na-

citrate group produced higher peak power and mean power outputs
during repeated bouts of cycling compared to the NaHCO3- group. In

addition, some NaHCO3- studies have reported gastrointestinal side
effects such as diarrhea, abdominal cramps and bloating when NaHCO3-

is taken at high dosages (43). Na-Citrate studies have not reported any
of these or other side effects.
It was mentioned by George and Mac Laren (8) that

gastrointestinal discomfort produced by NaHCO3- ingestion may be

reduced if it is taken in divided doses over a 1-3 hour time period. Also, it
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has been suggested that if the agent is taken with large amounts of
water, 1-1.5 liters, it will help reduce any side effects. George and
Mac Laren (8) had their subjects take NaHCO3- in five equal parts over a

2.5 hour period prior to the start of exercise. This methodology resulted

in no reported incidence of gastrointestinal discomfort. However, these
results may also be attributed to the low dosage of .2gkg-1 body weight

that was used.

Effects of Alkalosis on Physiological Parameters
The alkalosis concept during anaerobic work suggests that if the
pH and HCO3- levels in the body's extracellular compartments are
increased by an alkaline agent prior to exercise, it will produce an
increased buffering capacity for lactate and H+ that have been produced
by anaerobic glycolysis. Because both anaerobic glycolysis and muscle

contraction are pH dependent, the increase in extracellular pH and
HCO3- levels prior to high intensity exercise by an alkaline agent should
allow anaerobic glycolysis and muscle contraction to continue for a
longer period during anaerobic work. This enhanced pH gradient between

the intracellular and extracellular compartments will maintain lactate
and fl+ efflux from the cell into the blood where buffering by HCO3- can
occur.

However, the alkaline agents do not affect the intracellular pH
directly because the cell membrane is impermeable to HCO3-. Hence,

the intracellular pH levels are indirectly affected by the increases in the
extracellular pH and HCO3- levels.

The alkalosis hypothesis has been supported by many studies,

where they have shown that by ingesting an alkolitic agent prior to
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exercise, concentrations of pH and HCO3- are increased above resting

levels (5,21,22,27,30,37,41). In addition, Matson & Tran (26), in their
meta analysis study on the effects of NaHCO3- ingestion on anaerobic
performance, added support by reporting that the ingestion of NaHCO3-

was correlated with increases in resting pH and HCO3- levels.
Despite the fact that most studies have agreed that blood levels of
pH and HCO3- are elevated above control and placebo conditions after

ingestion of an alkaline agent, results for post-exercise levels of plasma
pH, HCO3-, and Lac- have not agreed. Some studies have reported post-

exercise levels of pH and/or HCO3- to be higher in the alkaline condition
compared to the control and placebo condition (4,5,7,21,33,43). Other
studies have reported no significant differences for post-exercise levels of
pH and HCO3- across conditions, yet some have reported lower levels for

the alkalosis condition ( 10,20,31,32). In the Katz et al. (20) study,
there were no differences in pH and HCO3- across conditions following
exercise; however, beyond 9 minutes of recovery, pH and HCO3- levels

were higher in the alkalosis condition compared to the control
condition. This may suggest that either not enough time was allowed for
any significant changes to occur or that the dosage size may have been
insufficient.
Post-exercise levels of plasma lactate also differed across studies.

Studies that showed higher levels of plasma lactate for the alkalosis
condition compared to the control and placebo conditions were more
highly associated with improved performance (4,18,31,32,33,41,43)

compared to studies showing no plasma lactate difference between
conditions (8,16,20,21,23,34,39).
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The phenomenon that may be occurring in relation to the higher
post-exercise plasma lactate due to increased pH and HCO3- levels has

been suggested to represent: 1) an increased lactate efflux rate from the

working muscle, 2) enhanced anaerobic glycolysis, and 3) reduced

uptake of lactate from other tissue. Most studies that have shown
significant results have reported post-exercise increases in plasma
lactate; however, these findings do not really provide insight as to which

factor is responsible for the increased plasma lactate.
Several studies have also tested the effects of induced acidosis on

lactate production, and it has been reported that by increasing the [Hi]
by ingesting (NH4CL), lactate production was inhibited (18,41). This
would suggest that the inhibition of H+ efflux from the working muscles,
caused by the decrease in pH and HCO3- levels (metabolic acidosis),

would impair anaerobic glycolysis, and therefore prevent high lactate
levels.

Effects of Alkalosis on Performance
Despite the fact that the studies reviewed all reported a state of
metabolic alkalosis after ingestion of an alkaline agent, not all studies
reported improved performance. The inconsistencies for the results have
been suggested as to being due to the varying dosage size of the agent,
the protocol used for exercise, and possibly the methodology used.

Studies that have used performance events with a large anaerobic
component, large dosages of an alkaline agent

.3gkg-1 body weight),

or repeated bouts of exercise have shown the most significant results. In
addition, the significant results appear to be dependent upon 1-1+

accumulation within the cell. There seems to be an intracellular H+
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concentration threshold required for efflux to occur. If H+ concentrations
are not elevated enough during exercise, then enhanced HCO3- levels
may not be of any benefit.
Most studies that have used exercise protocols of single or repeated

bouts at maximal intensities, with performance times less than 60
seconds, have reported unpromising results. Gaitanos et al. (7) used
NaHCO3- at .3 gkg-1 body weight to test its effects on 10 maximal

sprints of 6 seconds with 30 seconds rest periods in-between trials on the
treadmill. There was a 2% performance improvement for total work done

in the treatment condition compared to that in the placebo condition;
however, this was not significantly different. Post-exercise blood pH was

not significantly different for the treatment and placebo' condition.
Parry-Billings and Mac Laren (35) used both NaHCO3- and/or Na-Citrate

at .3gkg-1 body weight during three 30-second maximal sprints on the
cycle ergometer, with 6 minute recovery between trials. Data analysis
revealed small performance differences between the treatments compared

to the placebo; however, these difference were not statistically

significant. After each trial, pH was found to be higher for the treatment
conditions compared to the placebo, however Na-citrate was the only

condition to report significant pH changes. McCartney et al. (29) studied
the effects of acidosis and alkalosis with NaHCO3- at .3gkg-1 body
weight on performance during four by 30-second maximal sprint bouts.
Their results also showed no significant difference for peak power or total

work across conditions.
On the basis of these and other studies, metabolic alkalosis does
not seem to enhance performance during short term, high intensity
exercise of less than one minute, regardless of alkaline dosage size. It
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has been suggested that .3gkg-1 body weight of an alkaline agent is
necessary for improved performance; however, the studies just reviewed

give evidence that dosage size of an agent is not the only factor involved.

During short periods of exercise of either repeated or single bouts, lactic

acid production and distribution is not maximal, therefore, the HCO3-

buffering capacity can not be utilized to its fullest. Also, at these short
periods of exercise, the main energy source comes from the hydrolysis of

creatine phosphate, and because this energy substrate is under a
different buffering system, pH levels are not as affected as with
anaerobic glycolysis. However, during longer exercise protocols

(approximately 60 seconds or greater) of either repeated or single bouts,

lactic acid and H+ production and distribution are increased. At this
point, the HCO3- in the plasma permits a greater efflux of lactic acid
from the muscle for buffering of H+.

Mc Naughton and Cedaro (31) studied the effects of Na-Citrate

ingestion on maximal anaerobic exercise of different durations. The
dosage was set at .5gkg-1 body weight. Subjects cycled at four different

durations: 10, 30, 120 and 240 seconds. Post-exercise pH values were not
significantly different for the 10 and 30 second placebo, control, and

treatment conditions. However, in the 120 and 240 second conditions,
the pH values in the experimental conditions were significantly lower

than the control and placebo conditions. Mean pH levels for the 120
second experimental trial was 6.94 mmo11-1 compared to 7.10 mmo11-1

in the control condition and 7.11 mmo11-1 in the placebo condition.
Mean pH levels for the 240 second experimental trial was 6.91 mmo11-1
compared to 7.13 mmo11-1 for the control and 7.10 mmo11-1 for the
placebo.
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Pre-ingestion, post-ingestion, and post-exercise blood lactate levels
were not significantly different for the 10-second trial across conditions,

but for the 30 second condition, only the post-exercise measurement
showed significant blood lactate differences for the treatment condition
compared to the control and placebo conditions. Mean lactate levels for
the 30 second experimental trail was approximately 9.5 mmol1-1
compared to approximately 1 mmol1-1 for the control and placebo.
The 120 and 240 second experimental trials showed the same

pattern as the 30 second trial, showing significantly higher lactate levels
compared to the control and placebo. Mean lactate levels for the 120
second experimental trial was approximately 15 mmo1-1-1, this was

significant compared to the 30 second placebo and control trial. Mean
lactate levels for the 240 second experimental trail was approximately 16
mmol 1-1 compared to the 30 second control and placebo trial.
Performance improvements for work output and peak power in the

experimental condition were only significant for the 120 and 240 second

trials. Mean work output for the 120 second experimental trial was 77.3
(kJ) compared to 67.9 (kJ) for the placebo and 67.7 for the control. Mean

work output for the 240 second experimental trial was 128.6 (kJ)
compared to 112.9 (kJ) for the placebo and 109.1 (kJ) for the control.
Mean peak power for the 120 second experimental trial was 1284 (W)
compared to 1132 (W) for the placebo and 1135 (W) for the control.
Mean peak power for the 240 second experimental trial was 1239 (W)
compared to 1132 (W) for the placebo and 1137 (W)for the control.

The lower pH levels and the higher lactate levels post-exercise

represent increased anaerobic glycolysis, suggesting that the elevated
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HCO3- levels were effective in prolonging muscle contraction for
improved performance.
As it was stated in Mc Naughton and Cedaro (31), Maughan et al.

(1986) suggested that the manipulation of extracellular pH levels by an
alkaline agent will only be effective in improving performance for

maximal exercise protocols greater than 45 seconds and less than 15

minutes. From the studies reviewed that used protocols less than 45
seconds, no significant improvements were found, therefore supporting
this view.

Studies that have used protocols of - 60 seconds and greater have
shown the most promising results; however, they have also shown the

most controversy. Two separate field studies used the 400 meter race to
test the effects of NaHCO3- on performance. Kindermann et al. (21)
used NaHCO3- at 190 mmol and Tris-buffer at 130 mmol as the agents.
No performance improvements were reported; mean times for the alkolitic

groups were 62.6 ± 4.9 seconds and 62.4 ± 4.1 seconds for the control.

Lactate levels were the same for the control and treatment conditions,
however blood pH dropped to lower levels for the control condition.

Goldfinch et al. (10) used NaHCO3- at .4gkg-1 body weight. They

found that subjects in the alkolitic condition showed significant
improvements in their performance compared to the placebo and control

conditions. Mean times for the alkalosis trial was 56.94 seconds. This
was 1.52 seconds faster than the control and placebo trials. Postexercise blood pH showed the greatest fall in the treatment condition,

but was highest in the treatment condition compared to the control and
placebo conditions. Lactate was not measured; however, HCO3- levels

were, and the treatment condition showed the greatest fall.
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The discrepancies between these studies may be attributed to

several factors. First, in the former study (21), the subjects were not
trained for the 400 meter event, where in the latter study (10), subjects

competed regularly at this distance. Second, the dosage used in the
former study (21) may have not been enough to cause significant

buffering benefits. It has been suggested that dosages under .3gkg -1
body weight may not be enough to produce any benefits, however this
may apply only to single bouts of exercise. Costill et al. (5) and McKenzie

et al. (30) used NaHCO3- dosages of .2gkg -1 body weight or under for

repeated bouts of 60 seconds on the cycle ergometer, with the last bout

continued until exhaustion. Even at these low dosages, they reported
significant performance improvements for the last bout of exercise.

It was hypothesized that because the nature of the protocol
consisted of repeated bouts, with recovery periods between trials, it

allowed for a larger build up of H+ and lactate, therefore the enhanced
pH and HCO3- levels were beneficial for the continuation of lactate and
H+ efflux

.

However, a similar study by Wijnen et al. (42) did not

produce these findings. In this study, repeated bouts of 60 seconds were
also used, with the NaHCO3- dosages at .18 and .36gkg -1 body weight
Performance improvements were only found for the .36gkg -1 body weight

dosage. In addition, lactate efflux from the muscle into the blood did
not meet the hypothesis, where the results showed no significant postexercise difference between conditions. Horswill et al. (16) studied the

effects of NaHCO3- ingestion at low dosages of .10, .15, and .2gkg -1

body weight for a single 2 minute sprint on the cycle ergometer. Their

results showed no significant results at these low dosages. Katz et al.
(20) also used a protocol of a single bout of exercise to exhaustion on the
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cycle ergometer after ingesting .2gkg -1 body weight of NaHCO3-. As in

Horswill et al. (16), no performance improvements were found. In

addition, post-exercise levels of pH and lactate did not differ across
conditions. These results are supported by Mc Naughton (31), who found
that the ingestion of Na-Citrate was only beneficial for dosages .3gkg
-1 body weight. Therefore it seems relevant to suggest that if low dosages
(5 .2gkg -1 body weight ) are to have any benefit on performance, then

the protocol must be in repeated bouts.
The final factor regarding the 400 meter studies was that the
Kindermann et al. study did not use a repeated measures design. Instead,
subjects were divided into two groups, where one group received the

alkaline agent and the other group received the placebo. The latter study
(10) did use a repeated measures design, where all subjects performed

under each condition. Therefore, it may be possible for the

inconsistencies to be avoided if the methodology is identical. Bouissou
et al. (4) used the cycle ergometer to test the effects of .3gkg of NaHCO3-

on highly trained track athletes who competed regularly at 400 and 800
meters. The alkalosis condition produced the highest post-exercise
lactate levels and also produced significant performance improvements.

Longer endurance times to exhaustion were reported, where the alkalosis
group's time was 75.3 ± 8 s and the control group's time was 61.5 ± 2 s.

One of the most influential of all studies that has inspired many
researchers to test the effects of metabolic alkalosis on performance

comes from Wilkes et al. (43). In this study, trained middle distance
runners competed in an 800 meter race after ingestion of NaHCO3- at .3
g/kg body wt. Post-exercise levels of H+ and lactate were both higher in

the alkalosis condition compared to the placebo and control conditions,
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suggesting that a higher rate of anaerobic glycolysis was established due

to the increased buffering capacity. Also, the alkalotic condition
produced significantly faster times compared to the other two conditions,
where they reported running an average of 2.9 s faster for the 800 meter
race.

Several studies have used similar or identical protocols, consisting
of varying percentages of VO2max intensities, where subjects worked at

33% for 20 minutes, 66% for 20 minutes, and 95% until exhaustion on
the cycle ergometer ( 18,23,37,41). To test the effects of metabolic

alkalosis on performance, all the studies used .3g-kg-1 body weight of

NaHCO3-, with one exception (23), where Na-Citrate was used. Out of
the three identical studies (18,23,41), only two reported improved

performance for the alkalosis condition compared to the acidosis
condition. Both Jones et al. (18) and Sutton et al (41) reported that

during 66% of VO2 max and at exhaustion, plasma lactate levels were

highest in the alkalosis condition and lowest in the acidosis condition.
In addition, endurance times were longer for the alkalosis conditions. A
similar study by Rupp et al. (37) also found improved performance after

the 95% bout to exhaustion. Under the identical protocol and dosage,
Kowalchuk et al. (23) showed the opposite results. Performance times
showed no significant difference between the alkalosis and placebo

condition. Furthermore, post-exercise plasma lactate levels did not differ
between conditions.

It can be speculated that because the subjects in the study by
Kowalchuk et al. (23) performed the exercise bouts only 60 minutes after

ingestion, it may not have provided enough time for the enhanced

buffering to be beneficial. All the other studies had subjects ingest the
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agents during a 3-hour period before any exercise was performed. It has

been mentioned that buffering enhancements peak at 1.5 hours after
ingestion of an alkaline agent, therefore ingestion time prior to exercise
may be a limiting factor if ample time is not given for peak buffering to

occur. From these studies, the performance times being measured for
these protocols ranged from 287 seconds ± 62 seconds to 438 seconds ±

120 seconds. These results are in agreement with the position of
Maughan et al. (1986) that alkalosis only benefits performance between

45 seconds and 15 minutes.
Other studies have ventured away from the heavily anaerobic
dimensions of exercise and have tested the effects of alkalosis on aerobic

performance. Results indicate that there is some speculation as to
whether alkaline agents benefit this form of exercise. The doubts arise
from the concept that during aerobic exercise, H+ concentrations are not
elevated enough to produce any benefit from the increased HCO3-

concentrations. During this form of work, respiratory compensation and
uptake of lactic acid from other tissues play the major role in buffering
H+, therefore H+ and lactate efflux from the muscle into the blood
remain adequately controlled.
In 1953, Johnson and Black (17) studied the effects of NaHCO3- at

3.5 grams, Na-Citrate at 5 grams, potassium citrate at 1.5 grams, and
other agents on cross-country runners during a series of 1.5 mile races.
Their results revealed that running times were not effected by any of the

agents provided. It was not reported whether any of the alkaline agents
produced metabolic alkalosis prior to exercise, therefore it may be

suggested that the dosage may have been too small. The 3.5 grams of
NaHCO3- dosage used would only be equivalent to .05gkg-1 body weight
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for a 65 kg person, this is well below the recommended .3g.kg-1 body
weight. dosage. George and Mac Laren (8) tested subjects with .2gkg -1

body weight. of NaHCO3- on subjects running to exhaustion at their

respective blood lactate concentrations of 4mM. Even though the agent
produced higher blood pH and HCO3- levels after ingestion, no
differences were found for post-exercise blood lactate levels between the

treatment and placebo condition. Also, no significant performance
improvements were found for time to exhaustion between conditions.

However, the alkalosis condition did report a 17% nonsignificant

increase in time to exhaustion.
A study by Mitchell et al. (33) reported that during a cycle

ergometer bout to exhaustion at 80% of VO2max, eight healthy male
subjects in the NaHCO3- condition significantly improved their

performance times compared to the control condition. Times were 31.9 ±
5.8 min. for the NaHCO3- condition and 19.0 ± 2.9 min for the control

condition. This was reported as a 70% increase in performance. In
addition, post-exercise levels of blood lactate were higher in the

NaHCO3- condition compared to both placebo and control conditions.
According to this study, metabolic alkalosis was beneficial in enhancing
performance beyond what was recommended by Maughan et al. (1986)

and beyond what was presented by other studies. At this intensity and
duration of exercise, the increased HCO3- and pH levels were
sufficiently beneficial.
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Interpretation of the Descrepancies in Performance
The review of the literature has supplied adequate evidence to

make logical assumptions about the discrepancies found between the
studies. It has been proven that alkalosis does cause improved
performance, however the improvements are associated to specific

situations. The situations that have been suggested to be the main
contributors in improved performance have been dosage size, protocol,

and possibly the time the agent was ingested.

It has been demonstrated that in order for the alkalosis to be of
any benefit, the agent must be at a level higher than .2gkg-1 body
weight, and this was present in several studies reviewed (8,16,20,42).
However, there was one exception. Costill et al. (5) did show improved

performance under the .2gkg-1 dosage. It was suggested that because
repeated bouts were used in the protocol, and the fifth bout lasted
beyond one minute, it allowed H+ levels to be elevated enough for

alkalosis to benefit performance. It has been shown by Hermansen &
Osnes (12) that repeated bouts of exercise produce higher plasma [Lac-]
and [H +] than single bouts of exercise. With repeated bouts of exercise,

there is enough time and glycolytic metabolism to produce the H+ efflux

benefits provided by metabolic alkalosis. Because this was the case with
Costill et al. (5) and other studies using repeated bouts (34, 41), it can be
hypothesized that at a low dosage below .3gkg-1 body weight., alkalizing

agents can influence performance if a repeated bout protocol is used.
When Mc Naughton (30) studied the effects of sodium citrate and

dosage size on performance, he also reported that while using a single
one-minute bout of exercise, a dosage size under .3gkg-1 did not produce
any benefits. This was also supported by Horswill et al. (16). The majority
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of studies that have found improved performance using a single bout
protocol have used dosages of .3g.kg-1 body weight or higher
(4,10,18,30,31,38,41)

In addition to dosage size, the duration and intensity of the
exercise protocol has also been a factor in the alkalosis research. Most
studies that have used protocols lasting under one minute, regardless of
dosage size, have not reported any significant results (7,21,29,32,35),
while only a few have shown improvements (10,31). These findings

suggest that exercise that is not approaching 60 seconds of work may not
allow sufficient H+ accumulation or distribution for alkalosis to cause
improved performance.

It has been suggested that for significant improvements to occur,
exercise protocols should be within a range of approximately 1- 7

minutes. Most studies that have used this time frame have reported
significant improvements (4,5,10,13,18,30,32,37,38,41,42,43), in

addition only a few studies have not shown any improvements

(16,20,23). Furthermore, studies that have used exercise protocols
beyond 7.5 minutes have reported unpromising results (8,17,22), though

there has been one exception (33).
Because the duration and intensity of exercise have an inverse
relationship, performance beyond 7.5 minutes should primarily utilize
aerobic physiology. Therefore, at this level of exercise, the HCO3-

buffering capacity becomes less important due to less lactate and H+

build up. Thus, any additional buffering agent that is added to the
extracellular environment during aerobic exercise may be less effective

compared to anaerobic exercise. However, this was not the case in the
study by Mitchell et al. (33). Jones et al. (1980) mentioned that
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anaerobic metabolism is still being utilized up to 40 minutes of exercise;
therefore, more studies are needed that utilize protocols beyond 7.5

minutes.
Another factor that may have an effect on the alkalosis hypothesis

is the time the alkolitic agent is ingested prior to exercise. Linderman
and Fahey (24) mentioned that peak alkalotic shifts occur at 1.5 hours
after ingestion, therefore any agents ingested outside the suggested time

may be a cause for negative results. From the studies reviewed, the

majority used time frames for the completion of ingestion and the start
of exercise that ranged from 1 to 3 hours, with a few of exceptions

(6,15,17,38). Overall, it is difficult to establish a specific cause and
effect relationship between time of ingestion and performance because

from the studies reviewed, results varied across the time frames used.
According to the present studies, there appears to be an

interrelationship between factors involved in the alkalosis hypothesis.
The main interplaying factors involved are: dosage size, intensity and

duration of the protocol, and possibly the time of ingestion prior to

exercise. Other factors that have been mentioned and are thought to be
involved are: the subject's state of training, individual differences to the
response of metabolic alkalosis, muscle fiber concentrations, ion

concentrations and translocation, amount of liquid ingested with the
agent, and the motivation of subjects.

In conclusion, it appears that the dosage size of .3gkg-1 body
weight or higher of either sodium bicarbonate or sodium citrate is
recommended in order to show any significant effects on performance. In

addition, it was suggested that higher dosages will show greater effects.
However, high levels of sodium bicarbonate (> .3gkg-1 body weight) have

28
shown GI distress, while sodium citrate at high levels (.5gkg-1- body

weight ) has not shown these side effects. Also, the findings of ParryBillings and Mac Laren (35) suggest sodium citrate loading may be a

better buffer than NaHCO3-. In addition, because fruit juices high in

potassium citrate have been used in other studies that have shown
improved performance (13,38), it may be viewed more as a nutritional

supplement such as carbohydrate loading instead of a doping technique.

Even though the metabolic alkalosis technique is not banned by the
International Olympic Committee (9), some view NaHCO3- as a doping

technique that should not be allowed. However, it would be difficult to

ban citrate because it can be found naturally in juices and foods.
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METHODS
This chapter describes the methods used to obtain the data and includes
the following sections: a) subjects, b) instruments, c) procedures, d)
experimental design, and e) statistical analysis.

Sub ects
Nine endurance trained runners, 4 females and 5 males, between the
ages of 18 and 33 served as subjects. These subjects were able to

complete the 1600 meters within a range of 4:50.1 - 5:21.1 minutes for
males and 5:28.0 - 6:06.34 minutes for females. These age ranges were in
agreement with ACSM guidelines (1) for exercise testing which state that:

1) if an individual is over 18 years old, parental consent is not needed for

participation in such events, and 2) a physician does not need to be
present for a VO2 max test.

The number of subjects was initially set in order to achieve a power

of .80 to detect a one standard deviation difference among means at an
alpha level of .05. However, since subjects lacked in number, power was
sacrificed for some of the variables in the study. Before any subject

participation or data collection occurred, the present study was reviewed
by the Oregon State Institutional Review Board which ensured the

protection of the human subjects

.

In addition, subjects read and signed

the informed consent document.

Instruments
V02 Max Test: The instrument used to test VO2 max was the
Sensormedics 2900 metabolic cart, which analyzed 02 consumption and
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CO2 production by way of open circuit spirometry. Calibration was made

against known gases prior to each exercise test.

Heart rate was monitored by a Polar heart rate monitor attached to

the chest of the subject and which displayed beats/minute on a wrist
watch. Exercise was performed on the Sensormedics MAX-1 motorized
treadmill.

Body Composition: The instrument used to measure residual
volume was the GO-MI LFT-3000 pulmonary function testing spirometer,

which performs a modification of the helium dilution technique, using

neon as the tracer gas. Body density was determined by means of
hydrostatic weighing, and weight in kg was measured by the Toledo

electronic load cell scale which was connected to a PVC chair-like
platform. The criteria of Bonge and Donnelly (3) were used to determine

underwater weight, where the mean of the three highest underwater
weight trials that was within .1 kg of each other was accepted as
underwater weight. Percent body fat was computed using the Siri
equation.

1600 Meter Race: The 1600 meter race series was held on a
synthetic 400 meter track. Performance times were measured by a SEIKO

system hand-held stop watch S129. Races were started at the sound of a
.22 caliber starter's pistol.

Blood Lactate Samples: Blood samples for lactate levels were
collected by way of the anticubital vein using a hepranized vacutainer.
When this was not possible, an Auto lit II finger prick method was used.

Blood was collected in 25 microliter capillary tubes. Lactate was analyzed

by the YSI 1500 sport lactate analyzer. Calibrations were measured by
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5.0 mmol/L YSI 2327 standard and 15.0 mmol/L YSI 1530 standard

prior to the initial analysis and every two hours thereafter, if needed.

Blood HCO3- and pH Samples: Five milliliter blood samples for
the determination of pH and HCO3- were collected by way of a

hepranized vacutainer from an antecubital vein. Blood pH and HCO3levels were analyzed by the Ciba-Corning 288 Blood Gas Analyzer

performed by the OSU Veterinarian Hospital.

Agents: Sodium citrate was weighed on the electronic analytical
balance scale - model S/P 120, and was placed into Lilly gelatin
capsules. A comparable number of gelatin capsules filled with calcium

carbonate was used as the placebo.

Rate of Perceived Exertion Scale: The Borg Rating of Perceived
Exertion scale (RPE), which ranges from 6 to 20 was used to assess

subject exercise tolerance during the VO2 max test.

Procedures
Race procedures: Before any racing began, the three conditions
(control, placebo, treatment) were counterbalanced in order to control for

order effects. Subjects were then randomly assigned to each order of

conditions. In addition, the three conditions were presented in a doubleblind fashion.
Two groups of subjects ran the race series at two different times.
The first group of subjects (n=5) performed their first race on July 14 and

continued until the four races were completed, which was on July 29.
Also, part of this group was divided up, due to conflicts in personal time
schedules; therefore, the first five subjects did not perform all the races

together. Average ambient temperatures for the first group of subjects
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was 79 degrees, with clear skies and a slight breeze. The second group of
subjects (n=4) performed their first race on October 10 and continued
until the four races were completed, which was on October 28. Again,

because of conflicts in personal time schedules, subjects in this group
were also divided up; therefore, not all subjects performed together.
Average ambient temperatures for these subjects was 56.8 degrees, with
cloudy skies and breezy conditions.

Subjects arrived at the lab two hours prior to each race. Prior to the
first race, subjects read and signed the inform consent and medical

questionnaire. Each subject was then given a bag containing gelatin
capsules of either sodium citrate, calcium carbonate, or they received

nothing at all (control condition).
In the treatment condition, subjects ingested .5gkg -1 body weight
of sodium citrate, while in the placebo condition, subjects ingested

calcium carbonate. Subjects were instructed to consume their capsules
within a 30 minute period with approximately 1-1.5 liters of water.

Following the instructions, subjects left and returned two hours later to
the track.
Once subjects arrived at the track, and prior to their warm up, a 5
milliliter blood sample was withdrawn from the anticubital vein and
analyzed for pH, and HCO3-. Twenty-five microliter blood lactate

samples were also taken at this time from either the anticubital vein or
from a finger stick. Blood lactate samples were analyzed immediately

during the first few trials; however, due to the sensitivity of the analyzer

to weather, lactate blood samples were placed in a buffer solution and
kept on ice for analysis later that day. HCO3- and pH were placed on ice

and transported to the OSU Veterinarian Hospital for separate analysis.
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Following blood withdrawal, subjects warmed up for about 15

minutes. Subjects were then aligned on the starting line and instructed
on the starting procedures. Subjects were informed to give an all-out

effort. The raced started at the sound of the starting pistol. Splits were
read at each 400 meters. Immediately after crossing the finish line,
subjects walked over and gave their post-race blood sample.

This procedure was performed on three occasions, and each race

was separated by at least two days and no more than five days. In
addition, male and females ran together on a couple of races.

V02 max procedures: Following the 1600 meter race series, each
subject underwent a maximal oxygen consumption test and a body
composition test ( % body fat ).

When subjects arrived at the lab, they were instructed about the
protocol they were about to undergo. Subjects were informed that they

were to give an all-out effort on the treadmill, and that during this run,
their exhaled gas volumes and gas concentrations were measured in
order to determine their maximal aerobic capacity.
The V02 max protocol for males was as follows: initial speed was set

at 6 mph and it increased .5 mph every minute up to 9 9.5 mph, or

until the subject reached 15 on the RPE scale. The initial grade was 6%

and it remained at this grade until the subject reached their speed endpoints. Upon achieving their maximal speed, grade was increased 1%
every minute until exhaustion was reached. Criteria for exhaustion was

either the subjects gave a signal to end the test, or they showed a
plateau in their oxygen uptake.
The protocol for females was the same as for the males, except that

initial speed was 5 mph, while initial grade was 6%, and the criteria at
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which speed was maintained was 8 - 8.5 mph or upon reaching 15 on the

RPE scale. This test lasted between 8 - 12 minutes for each subject.

Body Composition Test: Both males and females underwent the same
protocol for body composition assessment.. Residual lung volume (RV)

was measured by closed circuit-spirometry, using a modification of the

helium dilution technique, with neon serving as the tracer gas. Subjects
were instructed on the procedures prior to their testing. Each subject
performed a series maximal exhales while submerging themselves in the
water, during which their underwater weight was determined. Body

density was computed using the equation of Goldman and Buskirk, and

percent body fat was calculated using the Sid equation.

Each subject

performed 3-4 trials.

Experimental Design
The design of this study consisted of one group (males and females)
in a repeated measures design. The design for performance was a one-way

repeated measures with three levels (control/placebo/treatment). This
design was also used for blood samples. Order effects were controlled by

counter-balancing the three conditions and then randomly assigning
each subject to each order of conditions.

Statistical Analysis
Data was analyzed by the statistical software, StatView Student v.
4.01 for Macintosh. Descriptive data such as subject age, height, weight,
V02 max, percent body fat, and sodium citrate dosage are presented as

means and standard deviations. Blood variables and performance times

are presented in mean and standard error measurements. A one-way
repeated measures ANOVA was used to determine if there were any
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differences between mean running performances across conditions. A
one-way repeated measures ANOVA was also used to determine if there

were any treatment effects for the three separate blood parameters across
conditions (pH, HCO3,- & lactate). All analysis were conducted with an
alpha level of 0.05. Because power was sacrificed due to the low number

of subjects, a separate analysis was performed on each repeated measure.
The software, Scientific Software International: Stat-Power 2.2 second
edition,1991 was used to determine power.

When a significant F-ratio was reached, the Fisher PLSD Post-hoc

test was used to compare the conditions to determine where the
significant differences were located between the conditions.
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RESULTS

Physical characteristics of subjects
Physical characteristics of the subjects are presented in Table 1.
The high mean values for VO2 max (62.52 nal.kg-lmin-1), and the low
mean values for body fat (9.9%) are indicators of well-trained subjects.

TABLE 1. Physical Characteristics of trained runners.
Subject Sex Age

Height
(in)

(yrs)
1

2
3
4
5
6
7
8

9

Mean
SD

m
m

26
23

f
f

33
27
25

f
f

m
m
m

31

18
31

22

71
71

65
67
66
66
68
69
71

26.2
4.9

68.2
2.4

Weight
(kg)

Body fat
(%)

VO2 max
(ml.kg-1.min-1)

61

9.9
9.6
3.4
9.8
8.6

65.89
65.25
52.13
57.98
63.50
61.67
67.99
63.19
65.06

62.3

9.9
3.3

62.52
4.82

71

12.7

51

12.7
14.9

73
50
50
58

69
78
10.8

7.8

Cit. dosage
(grams)
32.3
36.5
25.5
25.0
25.0
29.0
30.5
34.5
39.0

30.8
5.2

Performance times
Differences in performance times across conditions are presented in
Figure 1 and Table 2. A one-way repeated measures ANOVA indicated

that there were no significant differences across conditions (p>.05).
Mean differences for the conditions were -.156 sec. for the control vs. the

placebo, 1.633 sec. for the control vs. the citrate and 1.789 sec for the
placebo vs. the citrate.
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Results for 1600 meter times separated for gender are present in
Figures 2a & 2b. A one way repeated measures ANOVA was performed on

times after separating for gender; this also showed no statistically
significant differences. Mean differences among the men were .5 sec for

the control vs. the placebo, 1.7 sec for the control vs. the citrate, and 1.2
sec for the placebo vs. the citrate. Mean differences among the women
were -.975 sec for the control vs. the placebo, 1.550 sec for the control

vs. the citrate, and 2.525 sec for the placebo vs. the citrate.
An additional repeated measures analysis was performed on

performance times according to performance groups. When subjects 1-5,
were analyzed as a group, times were still not significantly different (see
figure 3a). Mean time for the control condition was 335.02 sec., for the

placebo condition it was 335.04 sec., and for the sodium citrate
condition it was 331.42 sec.

When subjects 6-9, were analyzed as a group, times were also not
significantly different (see figure 3b). Mean time for the control condition

was 312.03 sec., for the placebo condition it was 312.35 sec., and for the
sodium citrate condition it was 312.85 sec.
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II

Control Times

El Placebo Times
Citrate times

Condition

Mean times for the 1600 meter races (n=9)
No statistical differences between the three conditions were found.
Figure 1.
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Table 2. Time in the 1600 meter race for each subject and condition.
Subject

Time ( in sec)

Placebo

Citrate

321.1
290.1
358.2
360.9
344.8
331.8
306.1
301.8

308.4

307.0
296.6
366.3
362.6
342.7
328.0
318.1
293.0
310.3

307.4
293.3
366.2
354.3
335.9
333.1
307.3
300.2
310.8

324.80
8.53

324.96
9.02

323.17
8.46

Control
1

2
3
4
5

6
7
8
9

Mean
SEM
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Control

El Placebo
Citrate

Condition

Figure 2a. Performance times for the men in the 1600
meter races (n=5)
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MI

Control

IN

Placebo

El Citrate

1

Condition

Figure 2b. Performance times for the women in the 1600
meter races (n=4).
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Control

El Placebo
Citrate

1

Condition

Figure 3a. Performance times for subjects
meter races
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Figure 3b. Performance times for subjects 6-9 in the 1600
meter races
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pH levels across conditions
Results for pre- and post-race pH levels are shown in Figure 4a &4b.
A one way repeated measures ANOVA (p<0.05) revealed that both pre-

and post race treatment conditions of pH were significantly elevated
above the control and placebo conditions (n=8). Mean values for the pre-

race levels were 7.338 ± .005 for the control condition, 7.358 ± .008 for

the placebo condition, and 7.409 ± .017 for the treatment condition. A
Fisher PLSD Post Hoc test revealed that both control vs. citrate and
placebo vs. citrate were significantly different, indicating that the

administration of sodium citrate prior to the race produced a state of
metabolic alkalosis.
Mean values for post-race pH levels were 7.124 ± .023 for the

control condition, 7.119 ± .036 for the placebo, and 7.18 ± .028 for the
treatment condition. A Fisher PLSD Post Hoc test revealed that both the

control and placebo conditions were significantly different than the
citrate condition, suggesting that the induced metabolic alkalosis was a
significant buffer of lactic acid, by maintaining a higher pH level and
deterring metabolic acidosis.
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HCO3- levels across conditions
Results for pre- and post-race HCO3- levels are presented in figure
5a &5b. A one-way repeated measure ANOVA revealed that both pre- and

post-race treatment conditions of HCO3- were significantly elevated

above the control and placebo conditions (n=8). Mean values for pre-race
HCO3- levels were 28.087 ± .542 mmo1.1-1 for the control condition, 28.5

± .778 mmol 1-1 for the placebo condition, and 31.65 ± .376 mmo1.1-1 for

the treatment condition. A Fisher PLSD Post Hoc test revealed that the
control vs. citrate and placebo vs. citrate comparisons were significantly

different, indicating that citrate ingestion induced an increase in blood
HCO3- levels.

Mean values for post-race blood HCO3- levels were 14.875 ± 1.42
mmo1.1-1 for the control condition, 15.05 ± .614 mmo1.1-1 for the placebo

condition, and 18.112 ± 1.31 mmo1.1-1 for the treatment condition. A
Fisher PLSD post hoc test comparison revealed that the control vs.

citrate and placebo vs. citrate were significantly different, indicating that

the treatment condition resulted in maintaining higher blood HCO3levels.
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Lactate levels across conditions
Results for pre- and post-race lactate levels are presented in figures

6a and 6b.. A one-way repeated measures ANOVA revealed that no
significant differences were found in either pre- or post-race levels of

lactate across conditions (n=7). Mean values for pre-race lactate levels
were 1.636 ± .206 mmo1.1-1 for the control condition, 1.657 ± .360
mmo1.1-1 for the placebo condition, and 1.857 ± .591 mmo1.1-1 for the

treatment condition. Mean values for post-race lactate levels were
12.953 ± 1.468 mmo1.1-1 for the control condition, 12.257 ± 1.884
mmol 1-1 for the placebo condition, and 13.267 ± 1.49 mmol 1-1 for the

treatment condition.
Table 3 presents the acid-base results for the three conditions at
each measurement time.
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Table 3. Acid base results for the three conditions at each
measurement time. (Mean)
Variable

pH

Condition

control

placebo

citrate
HCO3(mmol.l)

control

Lactate
(mmol.l)

control

placebo

citrate

placebo

citrate

Measurement time
Pre-race

Post-race

7.34
7.36

7.13
7.12

28.09
28.50
31.65*

14.88
15.05
18.11*

7.41*

1.86
1.66
1.64

* Significantly different from control and placebo (at p< 0.05)

7.18*

12.95
12.26
13.27
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DISCUSSION
Previous studies have documented that if a state of metabolic
alkalosis is created prior to exercise, performance may be enhanced.

However, this has been supported mainly for exercise of short duration,
1-7 minutes, with significant results appearing mostly at the lower end

of this time range. In addition, the duration of exercise has not been the
only factor contributing to enhanced performance. The agent and also
the amount of agent used have been the other contributing factors. The
agent most studies have used has been sodium bicarbonate, and the
most significant dosage level for producing enhanced performance has
been .3gkg-1 body weight of sodiUm bicarbonate. With the sodium

citrate studies, the most significant dosage for producing enhanced
performance has been .5gkg-1 body weight.

In the present study, sodium citrate was used at a level of .5gkg -1
body weight for the 1600 meter race. Exercise time for the three

conditions averaged 324.3 sec., which is equivalent to 5 minutes and
24.3 secs.

Comparing performance results from this study to a previous study

by Johnson and Black (1953), there is an agreement for the distance and

time frame, and both studies showed no significant statistical effects of
sodium citrate on performance. In the Johnson amd Black study,

trained cross country-runners ran a 1.5 mile course to test the effects of
different alkaliners on performance. Sodium citrate, at a dose of 5
grams, was one of the agents used. The present study used sodium
citrate at a dose measured out according to body weight (.5gkg -1 body

weight). The mean dose for these subjects was 30.8 grams. The inability

55

of Johnson and Black (1953) to find significant results in their study
may have been due to the small amount of agent used (37). The present
study used a considerably larger dose, and no significant effect on race
performance was evident.

Kowalchuck et al. (1989) used a time to exhaustion protocol at 95 %
VO2 max on the cycle ergometer, with exercise lasting beyond five

minutes. In their study, sodium citrate was used at a dose of .3gkg-1
body weight and their results are in agreement with the present study.
A previous study used a .5gkg -1 body weight dose of sodium citrate

to test its effects on work and power outputs on the cycle ergometer.
Performance improvements were shown for the time duration of 240
seconds (32), which is equivalent to 4:00 minutes of exercise.

One study that used sodium citrate at a higher exercise intensity
and shorter duration found statistically significant results at a dose of
.5gkg-1 body weight. Mc Naughton (1990) tested the effects of different

dose levels (.1,.2,.3,.4, and .5gkg-1 body weight ) of sodium citrate on a
maximal 1 minute cycle ergometer test. Significant results were evident

for the 1- minute test for doses at and above .3 gkg-1 body weight with
the most significant results reported at .5gkg -1 body weight. Therefore,

the critical factor for sodium citrate as a ergogenic aide may lie within a
specific level of exercise intensity, duration of exercise, and dose size.

Though no statistically significant results appeared for performance

times, the use of sodium citrate as an alkaline agent did result in
significantly elevated blood levels of HCO3- and pH before exercise. The

mean value of blood HCO3-, 31.65 mmo11-1 after ingestion of sodium

citrate, is consistent with other studies which have found significant
performance results (4,5,10,32,37,43).
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In addition, post-race blood HCO3- values for the present study
were also significantly elevated for the citrate condition above the control

and placebo values. The mean value was 18.11 mrno1.1-1 for the present

study. Comparing this value to other studies which have found
significant performance times, the present values are higher, suggesting a
possible factor for the failure to elicit improvement in performance times.

Wilkes et. al. (1983) found that after an 800 meter race, HCO3- values
were 14.3 ±1.1mmo1.1 -1. Also, Mc Naughton and Cedaro (1992) found

that after 240 seconds (4 minutes) of intense exercise, blood HCO3levels were15.9 mmo1.1-1. From this information it could be suggested

that because the present study had a higher post-race value of blood
HCO3-, not enough anaerobic metabolism occurred during exercise to
benefit from the enhanced buffering capacity.
Values for blood pH coincided well with blood HCO3- changes. As

HCO3- levels increased after ingestion, pH values also increased. Mean

treatment values for pre-race pH in the present study was 7.41. Other
sodium citrate and sodium bicarbonate studies which have shown
improved performance times have reported pre-race values in the
neighborhood of 7.35-7.49 (4,5,8,10,18,30,31,37,41). Most of the

protocols that were beyond two minutes and reported significant
improvements in performance showed the highest values for pre-race pH,

with values ranging from 7.42-7.49 (8,18,37,41,43). A few studies used

exercise bouts that were less than two minutes and showed high levels
of pre-race pH and performance improvements. Goldfinch et al. (1988)

used a 400 meter running protocol that lasted under one minute, and
they reported a pre-race pH value of 7.46. McNaughton (1990) used a 60

second protocol at a pre-race pH value approximating 7.46. What may be
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of interest is that most studies that did reveal performance
improvements had pre-race values of pH above 7.42.

However, it is difficult to tell if high pre-race pH values are a key
factor for improved performance, unless blood samples are taken in a

uniform manner. In the present study, blood samples were drawn from
the anticubital vein (venous sampling). Goldfinch et al. (1988) withdrew
blood from the dorsal vein (arterialized venous sampling), Mc Naughton
(1990) withdrew blood from a fingertip (arterialized capillary sample),
Mc Naughton and Cedaro (1992) withdrew blood from a fingertip

(arterialized capillary sample), George and Mclaren (1988) withdrew from

a fingertip (capillary blood samples), Jones et al. (1977) withdrew from a
superficial vein in the hand (arterialized sample), and Wilkes et al. (1983)

withdrew from a dorsal hand vein (arterialized venous sample). It was

reported by Linderman et al. (1990) that venous and arterialized venous
sampling may not accurately reflect values found in arterial sampling for
short-term maximal exercise.
As it has been suggested, decreases in muscle pH during high

intensity exercise may be the major contributing factor of fatigue. In the
present study, all conditions showed a decrease in pH after exercise.

Mean post-race pH for the treatment condition in the present study was
7.18. This value is in agreement to other NaHCO3- studies. Mc Naughton
and Cedaro (1992) reported that with 4 minutes of maximal exercise,

blood pH dropped to 6.91 in the sodium citrate condition and
performance times where enhanced.

What is generally expected from a metabolic alkalosis study is that
the concentrations of pH and HCO3- in the blood become elevated. As a

result of these elevations, anaerobic glycolysis should be enhanced due
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to the additional lactate buffering capacity, and this should be evident
with increased lactate levels and improved performance. In the present
study, there was a significant elevation in blood pH and HCO3-;

however, lactate levels across conditions did not show significant
differences. The mean value for the citrate condition was 13.27 mmo11

-1. Though this was not significantly different from the control or
placebo, it was elevated above the other two conditions (12.95 mmo1-14,
control; 12.26 mmo11-1, placebo).

Other factors may also add to these non-significant differences in
lactate levels. Kowalchuck et al. (1989) suggested that sodium citrate

may inhibit anaerobic glycolysis in the working muscle by increasing the

plasma citrate levels, which could also raise the cytosolic citrate levels,
which would then increase the inhibitory effects of citrate on
phosphofructokinase and the rate of glycolysis. This inhibition would

then slow the rate of glucose and glycogen utilization. This suggestion

may be pertinent to the present study, which could explain the
nonsignificant levels of lactate differences. There is also the possibility

that the intensity of the present study was insufficient for producing the
appropriate stimulation of anaerobic metabolism for the enhanced
buffering system to be of benefit.

To determine whether enough subjects were used in the study, an
analysis of power was performed on each repeated measures for pre- and
post-race values. Power was shown to be of significance for performance
time (n=9), pH (n=8), & HCO3- (n=8), ranging from .85 -1.00, suggesting

that enough subjects were used at a p-value of 0.05. However, for lactate
(n=7), power was reported at .06 for pre-race values and at .17 for post-
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race values. Reasons for low power may be attributed to small number of
subjects used or high error variance.
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SUMMARY, CONCLUSSION, AND RECOMMENDATIONS FOR
FUTURE STUDY

Summary
Previous research has shown that by increasing the body's buffering
capacity through ingestion of alkaline agents, exercise performance can

be enhanced. Researchers have used both sodium bicarbonate and

sodium citrate to induce a state of metabolic alkalosis. The protocols
during these studies have ranged from 1-7 minutes, with the majority of
the significant findings falling at the lower end of this time range. The

agent which has been studied the most has been sodium bicarbonate.
However, this agent has been known to cause gastrointestinal distress.
Sodium citrate has also improved performance and has shown little side
effects; therefore, the purpose of this study was to test the effects of this
agent at the running distance of 1600 meters.

Nine endurance-trained subjects participated in this study (mean
VO2 max 62.52 ± 4.82 ml.kg-1; mean age 26.2 ± 4.9 years). The 1600

meter race series was performed outdoors on a synthetic all purpose
track on the OSU campus. Each subject performed the 1600 meter race

under three conditions: a treatment, a placebo and a control. In the
treatment condition, subjects ingested an average of 30.8 ± 5.2 grams of

sodium citrate. In the placebo condition, subjects ingested calcium

carbonate at a dose that was comparable to the number of capsules
ingested for sodium citrate.

Blood samples at pre- and post-race were taken from the anticubital
vein for pH, HCO3- and lactate (venous sample). In addition, lactate
blood samples were also taken from a finger stick when needed.
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Ingestion of sodium citrate did not result in enhanced performance

times for the 1600 meter race. Mean time for the sodium citrate
condition was 323.17 seconds, mean time for the placebo condition was
324.96 seconds, and mean time for the control condition was 324.80

seconds. In addition, the ingestion of sodium citrate did not result in
significant increases in post-race lactate compared to the placebo and

control conditions. Mean post-race lactate levels for the sodium citrate
condition were 13.27 mmo11-1, mean post-race lactate levels for the
placebo were 12.56 mmo11-1, and mean post-race lactate levels for the
control were 12.95 mmo1.1 -1.

Though the ingestion of sodium citrate did not result in improved
performance or increased post-race lactate levels, it did produce a state
of metabolic alkalosis. Pre-race (post-ingestion) and post-race levels of
blood pH and HCO3- were significantly elevated compared to the placebo
and control trials (p<0.05). Pre-race pH levels were 7.34 for the control,

7.35 for the placebo, and 7.41 for the citrate condition. Pre-race HCO3levels were 28.09 mmo11-1 for the control, 28.50 mmo11-1 for the

placebo, and 31.65 mmo11-1 for the citrate condition. Post-race levels

of pH were 7.13 for the control, 7.12 for the placebo and 7.18 for the
citrate. Post-race levels of HCO3- were 14.86 mmo11-1 for the control,
15.05 mmo11-1 for the placebo and 18.11 mmo11-1 for the citrate

condition.

Conclusion

In conclusion, the present study accepts the first null hypothesis
which states that mean times for the three conditions were not
significantly different from each other. The second null hypothesis is
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rejected in favor of the alternative hypothesis which states that pre-race
levels of blood HCO3- and pH for the citrate condition were significantly

elevated compared to the placebo and control conditions. Finally, it

accepts part of the third null hypothesis which states that post-race
levels of lactate in the citrate condition would not be significantly
different compared to the placebo and control conditions. This study also

rejects part of the third null hypothesis in favor of the alternative
hypothesis which states that post-race levels of blood HCO3- and pH for
the citrate condition would be significantly different compared to the
placebo and control conditions.

Recommendations
On the basis of this study, recommendations for future study would
be to use specifically trained 1600 meter runners. In the present study,
most subjects had high V02 max values; however, about one third of the
subjects were not specifically training or experienced for the 1600 meter

race or for competition. When comparing the two groups that ran, the

group that had the most experienced runners showed better times in the
citrate condition compared to the placebo and control condition.
Also, even though power was significant for the amount of subjects

that ran, having more subjects may introduce the possibility for
significant findings. In the present study, there were a few races when

subjects ran by themselves or with just one other person. Finally,
having two groups of runners perform at different times of the year can
introduce some variability in motivation and weather which may be

detrimental to performance. Therefore, running all subjects together in
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one group does raise the level of competition, and rules out the effects of
weather.
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APPENDIX A
Consent, Form
The Effect of Sodium Citrate Ingestion on 1600 Meter Running
Performance

Title:

Investigators: Arthur Guerra, Lori Avidesian, Anthony R.Wilcox Ph.D

Purpose:

The purpose of this investigation is to study the effect of
sodium citrate (Na-Citrate) ingestion on performance of
trained distance runners for the 1600 meter race.

I have received an oral explanation of the study procedures and
understand they entail:
1.

Test of maximal oxygen consumption (VO2max)
Upon completing the 1600 meter races, I will undergo a test of my
aerobic capacity. The test will be conducted on a motorized
treadmill, starting at a slow speed and progressing with gradual
increases in either speed or treadmill elevation until I become too
fatigued to continue. The test will take approximately 8 to 12
minutes, with only the final few minutes being at a high
intensity.
During the test, I will breathe room air through a mouthpiece so
that the amount of oxygen I am using can be electrocardiograph.
Trained laboratory personnel, certified in CPR, will administer the
exercise tests.

2.

3.

Body composition test using hydrostatic weighing.

My body composition (percent body fat) will be determined using
an underwater weighing procedure in a specially designed indoor
tank. Water in the tank will be near body temperature (35-37° C).
Sitting on a chair that is suspended from a scale, I will submerge
myself following a maximal exhalation and remain underwater for
2-3 seconds while the scale is read. This procedure is repeated 5-6
times. I will also perform a test to determine my residual volume
(volume of air in the lungs following a maximal exhalation), which
entails breathing into a spirometer filled with oxygen for a period
of 30-60 seconds. Two or three such trials will be performed.

1600 meter races.

In order to study the effects of ingesting sodium citrate on
distance running performance, I will run three 1600 meter races
against the other subjects in the study. One of the races will
be after consuming sodium citrate, one will follow ingestion of
calcium carbonate, and one will be without any treatment.
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These races will be on a 400 meter synthetic surface track
designed for track competition and they will be timed using
accepted track racing timing procedures. The races will be at
least two days days apart to allow for complete recovery
between each race and they will not be run during inclement
race tests.
4.

Sodium citrate (Na-citrate) treatment and placebo
(calcium carbonate - CaCO3) procedures
I understand that I will ingest sodium citrate in a quantity
equivalent to 500 mg per kg body weight prior to a 1600 meter
race. This quantity of sodium citrate will be encapsulated in
gelatin capsules and taken with approximately one liter of water
90-120 minutes prior to the race. I also understand that prior to

a separate 1600 meter race I will ingest calcium carbonate in a
similar manner as the sodium citrate ingestion procedures. I will
also run another 1600 meter race without prior ingestion of any
substance. The order of the three races (treatment, placebo, and
control) used as tests for this study will be randomly assigned and
administered in a double-blind fashion so that I will not know
which substance I am ingesting.

5.

Blood samples
Three 25 microliter blood samples from the finger tip will be
taken for lactate analysis, and three 5 mL blood samples from
the anticubital vein will be taken for pH and HCO3- analysis in
conjunction with each of the three 1600 meter races. The first
samples will be drawn approximately two hours prior to the race,
the second immediately prior to the race and the third
immediately following the race. A standard hygienic fingerpuncture method using a sterile lancet will be used to collect each
finger tip blood sample and vacutainer methods will be used to
collect pH and HCO3- samples. The lactate blood samples will
be analyzed immediately upon withdrawal, while the pH and
HCO3- blood samples will be placed on ice for later a analysis.

Risks
There is a remote risk of death associated with the test of maximal
oxygen consumption. In large, varied populations, this risk is one
death per 10,000 tests. Since I am from a low risk segment of the
population (young and healthy) and will be screened to exclude
individuals with known symptoms of heart disease, the risk is
considerably less. Furthermore, trained personnel will be
administering the test and monitoring for signs of exercise
intolerance. There is also a remote risk of injury or death
associated with running a 3000 meter race, but this is a level of
exertion that I am familiar with, since I am an experience
competitor in distance running races.
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Benefits

I will benefit from my participation by contributing to the
understanding of the effect of sodium citrate ingestion on lactic
acid buildup during a 3000-meter race, which may have
implications for competitive performance. I will also gain
information about my aerobic capacity and percent body fat, which
may be useful to me in planning my training program.

Participation in this study will entail one laboratory session requiring
45 to 60 minutes, and three races, each requiring a time commitment of
approximately two and one-half hours about one week apart. The initial
laboratory session will entail a test of maximum aerobic capacity and a
test of body composition. The three races will involve reporting at least
two hours prior to the race so that blood sampling and ingestion of
treatment or placebo can occur, and remaining a short period of time
after the race to again allow collection of a blood sample.
My anonymity will be maintained by assigning me a code number upon
entry into the study. All data will be recorded using the code number.
The list containing the names of the subjects and their code numbers
will only be available to the researchers in this study. I will not be
identified in any way in the presentation or publication of the results of
the study.
Persons at increased risk for Hepatitis B or HIV (commonly called
AIDS) should not donate blood or any other body fluid and therefore
should not participate in this investigation. Persons at increased risk
include men who have had sexual contact with another man since 1977,
persons who have used intravenous drugs, and persons who have had
sexual contact with either a member of one of these groups or a person
who has AIDS.

Questions about the research or any aspects of my participation in it
should be directed to Arthur Guerra (753-2456). I understand that the
University does not provide a research subject with compensation or
medical treatment in the event the subject is injured as a result of
participation in the research project.
I have been completely informed and understand the nature and
purpose of the research project. The researchers have offered to
answer any further questions that I may have. I understand that
my participation in this study is completely voluntary and I may
withdraw from the study at any time without prejudice or loss of
benefits to which my participation entitles me.
I have read the foregoing and agree to participate in this study.
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Subject's Signature

Date

Subject's Address

Investigator's Signature

Date
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APPENDIX B
PRE-RACE HCO3

Sub ect
1.

2.
3.
4.
5.
6.
7.
8.
9.

Control

Placebo

Citrate

27.2
27.9

31.8
27.4

29.9
31.6

25.8
27.6
27.6
28.2
29.5
30.9

26.0
27.3
30.1
28.4
30.9
26.1

31.8
30.9
32.1
31.0
32.6
33.3

n/a

n/a

n/a

POST-RACE HCO3

Sub
1.

2.
3.
4.
5.
6.
7.
8.
9.

11.6
12.3

n/a

14.1
18.2
15.1

8.6
20.2
18.9

Placebo

Citrate

14.8
13.4

15.7
16.1

15.1
17.7
16.8
13.0

18.9

n/a

13.4
16.2

n/a

21.5
21.5

10.8

20.7

19.7
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PRE-RACE pH

Sub ect

Control

Placebo

Citrate

1.

7.35
7.33

7.38
7.32

7.39
7.36

7.36
7.32
7.32
7.32
7.35
7.35

7.37
7.39
7.36
7.34
7.36
7.35

2.
3.
4.
5.
6.
7.
8.
9.

n/a

n/a

n/a

7.41
7.48
7.36
7.39
7.49
7.41

POST-RACE pH

Sub ect

Control

Placebo

Citrate

1.

7.16
7.09

7.03
7.03

7.16
7.14

7.27
7.07
7.09
7.06
7.13
7.13

7.31

7.28
7.31
7.17
7.06
7.17
7.14

2.
3.
4.
5.
6.
7.
8.
9.

n/a

n/a

7.23
7.12
7.04
7.11
7.09

n/a
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PRE-RACE LACTATE
Sub

ect

Control

n/a

1.

.90
1.64
.70

2.
3.
4.
5.
6.
7.
8.
9.

1.03
1.77
1.20
1.35

Placebo

Citrate

.76

1.74

2.80

1.49

n/a

1.08
.85
3.21

.99

.65
.90

1.11

1.59

2.52

1.56

1.92
1.92

Placebo

Citrate

n/a

13.75

7.80

8.18
6.94

18.16
19.20

5.31

1.11

POST-RACE LACTATE
Sub
1.

2.
3.
4.
5.
6.
7.
8.
9.

ect

Control
11.99
10.26

11.17
13.11
19.98
13.44
14.91

n/a

7.71
14.49
12.69
20.61
15.18

8.18

10.50

9.87

12.96
18.21
15.63
17.52

