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SUMMARY

The primary purpose of this study was to evaluate the efficacy
of five fluids in replacing sweat losses and to evaluate the effects of
these fluids on physical performance following strenuous work or exercise.
The five fluids studied were water, Athletes Replacement Fluid, Olympade,
Coca-Cola, and Gatorade. No fluid replacement served as the control.

Five subjects ran on six different occasions on a treadmill at 4.5
miles per hour on a 6.5 percent incline. The ambient temperature was
maintained at 90 F dry bulb, 82°F wet bulb. Following four, 12 minute
runs with three, 10 minute interspaced rest periods, the subject was
given a quantity of fluid equal in weight to the body weight loss of the
subject.

Evaluation of replacement of sweat losses was based on changes in
blood chemistry determined from samples taken before exercise, immediately
after exercise, 30 minutes after exercise, and one hour after exercise.
The particular blood chemistry parameters used were:

1, serum sodium concentration

2. serum potassium concentration

3. serum chloride concentration

4. carbon dioxide concentration

5. total protein concentration

6. blood sugar concentration

7. serum osmolarity.
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Urine sodium and potassium concentrations in samples taken before exer-
cise, inmediately after exercise, and one hour after exercise were also
used in this evaluation. Evaluation of fluid effects on physical perx-
formance was based on maximum voluntary strength and coordination test
results. The tests were performed at the same times indicated for taking
blood samples.

Using multivariate analysis of variance, it was shown that the s’
treatment conditions differed significantly (@ = .01). The simultaneous
confidence interval method and multivariate analysis of variance of the
rate of recovery data failed to demonstrate the specific nature of the
significant differences. The following conclusions are based on a graph-
ical analysis of the data obtained.

There is a definite preference for fluid replacement to prevent
dehydration and the subsequent temperature increase. Based on blood
chemistry changes and physical performance measures and considering only
the short term effects (one hour) there does not appear to be suffiecient
grounds for preference of replacement type fluids over water or other

commonly available fluids such as Coca-Cola.
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CHAPTER I
INTRODUCTION

Physiological responses to work and physical exertion in a hot
environment can result in several adverse reactions, ranging from mild
discomfort to the more severe heat exhaustion and even death. 1In almost
all cases, reduced performance accompanies these adverse reactions or
stresses. In groups such as men working in a hot environment, soldiers
in a hot ciimate, and athletes exercising strenuously this reduced per-
formance is undesirable.

People working or exercising generate heat internally due to an
increased netabolic rate. If a man is working in an environment where
the temperature of the air or his surroundings is greater than his body
temperature, there will be a further heat gain from the surroundings by
convection or radiation or both. The physioclogical processes vhich enable
man to work are dependent upon a rather limited temperature range. In
order for man to continue to function, the heat gain must be balanced by
heat loss, or his temperature will increase. There are several body
functions which regulate temperature. Among these is sweating or pet-
spiration. By sweating, the body eliminates heat by the vaporization of
water from the skin. The heat supplied by the body affects the rate of
vaporization of the sweat. Atmospheric conditions, e.g., ambient tempera-

ture, movement of air, and relative humidity, exert a much greater influence



on the ra.. of vaporization. If the relative humidity is high, then the
rate of vaporization will be low and vice versa. To compensate for a low
vaporizaticn rate the body increases the sweat rate in an effort to elimi-
nate more heat (20).

In *ot humid conditions, Edholm (4) states that a person will lose
approximately two liters of sweat in a four hour work period. Under
similar conditions Pitts (18) found sweat rates to vary from 0.98 liter to
1.48 liters per hour during moderate exercise. If a person wer- to con-
tinue to lose water at this rate without replacement, body reserves would
be depleted and dehydration and heat illness would occur, The resulting
dehydration places an additional strain on the cardiovascular system be-
cause of a decrease in circulating blood volume and an increase in blood
viscosity. Pitts (18) also has shown that subjects reached a point of
impending exhaustion in approximately three hours when their water losses
were not replaced. These experiments were carried out in conditions of
low relative humidity which favors heat loss by evaporation and also the
subject was allowed to rest,

Present in sweat are the salts sodium and potassium chloride.
(These salts are essential for the normal functioning of the body.)
During high sweat rate periods it has been shown that sweat contains up
to 5 grams of sodium chloride per liter (21). A salt intake of 20 gm
per day is achieved through the normal diet (4). Although only strenuous
exercise would result in the depletion of salt reserves, other problems
arise from reduced salt levels in the body. The salts play an important

role in the stimulation of thirst. Although the mechanism of thirst is



not completely known, it has been shown that, when normal salt levels are
maintained, the individual has the desire to drink and replace water
losses but as the salt level is lowered so the desire to drink is de=-
creased (15). Once sweating has begun, there will be some salt lost.
Pitts (18) points this out very clearly. "It should be emphasized that
during work men never voluntarily drink as much as they sweat, even though
this is advantageous for maintaining heat balance, but usually drink at a
rate approximating about two-thirds of the water loss in sweat." As men
become acclimatized to working in a hot environment the salt content of
the sweat lessens but the sweat rate increases (4). FEven with acclimati-
zation there will be a reduced thirst.

The immediate effect of continued work without water replacement
is increased body core temperatures. Some of the more acute heat dis~
orders are heat exhaustion, heat eramps, dehydration, and heat stroke can
be easily avoided. Other less acute problems do exist which may affect
an individual's ability to work, Wor’ in a hot enviromment can result in
some ioss or mental initiative. '"Accuracy may be noticeably affected in
poorly motivated persons" or a person may feel that a task requires greater
concentration but without a deterioration in accuracy (3).

The problem of physical exertion in a heat stress environment is
frequently encountered. People working in laundries, paper mills, tex-
tile mills, and canneries frequently encounter hot humid conditions. High
temperature and low relative humidity are common in glass production,
steel mills, foundries, and reduction plants. Depending upon the particu-

lar operation, the mining and chemical industries present either set of



conditions. In the case of mine workers in England, the accident rate
showed a marked increase during high temperatures. In another study of
English mine workers, a decline in production of 41 percent was observed
when the temperature rose from 73° to 86°F dry bulb and 66° to 79 F wet
bulb (4). Brouha (4) also peints out that steel production is '"greatest
in winter and least in summer.'" Similar trends have been observed in the
glass industry, foundries, rolling mills, smelting plants, and textile
factories. Much has been done to alleviate the heat stress conditions

in industry, but this is not possible everywhere,

The problem encountered by the soldier and athlete is more acute
due to the more strenuous nature of the exercise. At the Marine Corps
Recruit Depot at Parris Island, S. C., a program to prevent the high rates
of heat casualties was successful "but success was achieved only at con-
siderable cost in hours scheduled for drill" (13).

The major problems arising from dehydration are, then, the decrease
in work capacity, limited ability to work through impaired cardiovascular
function, faster onset of fatigue, and increased resting pulse rate, '

There are currentlv several fluids commercially available as re-
placement fluids., These fluids were designed to replace the water and
salt loss which accompany sweating. However, there is very little infor-
mation on the efficacy of these fluids as replacement fluids or on their

effects on physical performance in man.

Statement of the Problem

The primary problem was to evaluate the efficacy of five fluids in



replacing body losses in sweat and to evaluate the effects of these fluids
on physical performance following strenuous work or exercise., The five
fluids were water, Athletes Replacement Fluid, Olympade, Coca-Cola, and

Gatorade. The control was no fluid replacement.



CHAPTER II
REVIEW OF THE LITERATURE

There i1s a great deal of literature regarding dehydration by
sweating and its subsequent effects on the body. Presented here are some
of the more pertinent literature regarding dehydration, rehydration, and
their effects on physical performance.

In experiments by Pitts (18), fully acclimatized subjects marched
up a grade of 2.5 percent at a constant rate of 3,5 miles per hour. The
two climatic conditions used were hot dry (IOOOF, 30 percent relative
humidity) and hot moist (95°F, 83 percent relative humidity). One subject
performed six experiments under the hot dry conditions. In two experi-
ments the subject was not permitted to drink any water, in two water equal
in weight to subject weight loss, and in two water was permitted ad 1libi-
.am, In the case where ﬁo water was permitted, the rectal temperature
rose to the "zone of impending exhaustion" (temperatures above 102°F) in
cess than 3.5 hours (18). In the case of water ad libitum, the tempera-
-ure remained between 100.5 and 101.5 F for approximately four hours and
then began a sharp increase at which time the experiments were terminated.
Where wat . equaled weight loss, the temperature rose to approximately
100.5°F and remained at that point. After 5.5 hours at this level the
subject "said he could easily go on all day" (18). One important point

Pitts brines out at this point is that, during work, men voluntarily drink



only at a rdte approximated by two thirds the water loss in sweit, as
previously mentioned.

Further tests were also conducted to evaluate the effects of salt
supplementation. In the controlled environment, either 10 pei. nt saline
solution or salt tablets without water were given. Salt in this form was
too distressing for some subjects to continue. Tt was concluded from
those that did complete the test that the sweat rate was maintained better
but overall there was little or no benefit from the salt alone. In tests
conducted outside during a Boston summer, three 3 gm salt tablets were
administered at intervals during the march, This group also received
water approximately equal in weight to the sweat loss. A second group
was given only water as just described. There was no significant differ-
ence between these two groups ercept that "gastrointestinal uneasiness
was felt by those who had received salt tablets . ., .." (18).

Tests on the effects of glucose were also conducted. In the case
where large doses (100 gm per hour) were given, the subjects became un-
comfortable and nauseatea and the tests were discontinued. In the experi-
ments with 25 gm of glucose and water equal to sweat, there was a slightly
more favorable pulse rate, i,e. reduced heart rate (18).

Pitts et al. concluded from these experiments that the best per-
formance of fully acclimatized men can be achieved by hour by hour re-
placement of water lost by sweat provided there is adequate salt in the
diet (18).

Taylor (24) studied the effects of various levels of sodium chio-

ride intake over a period of three days. In these exXperiments, men walked

I



at 3.25 miles per hour at 7.5 percent grade for six 10 minute periods in
the morning and afternoon. The walks were conducted in hot dry condi-
tions (120°F, 25 percent relative humidity)}. All other time was spent in
cooler, molster surroundings (850F, 45 percent relative humidity). The
salt intake of the subject was controlled by diet. Three groups were
tested, but only two are signi.icant as the second and third groups did
not differ significantly. The first group had a low salt intake (5.8 £ 2
grams per day). A t-test was used to compare the differences of the means
of physiological data (12). Taylor observed that the men on the low salt
intake lest more than twice as much weight, drank less water, and sweated
less than those on the moderate salt intake., The low salt group ended
the first 24 hours with a dehydration of 2.5 percent of body weight as
compared to 0.77 percent for the moderate group. Taylor attributed this
difference to failure of the thirst mechanism to demand adequate water.
On the second and third days, the sweat rate of the low group 11 markedly
as compared with no significant change for the moderate group (iu).

Adolph and associlates (1) conducted extensive studies of the physi-
ological effects of men working and exercising in the desert. Adolph
drew the following conclusions from a variety of experiments in the desert
using soldiers as subjects. A stress is induced on the circulating sys-
tem because of dehydration and the subsequent decrease in plasma volume.
This stress is evidenced by an increased heart rate. Dehydration by water
restriction and sweating resulted in increased body core temperature and
a decreased sweat rate. Adolph also observed that 15 percent of the group

of subjects were unable to complete an endurance hike without water whereas

- T -



only 1.7 percent failed to complete the hike with water,

Pearcy et al. (17) conducted experiments in which individuals
alternated between a hot room in which they worked for ome hour and a
cool room in which they rested. The alternation was continued for either
eight hours or 25 hours, During the study, the weight, urine flow, and
skin temperature of the subjects were observed. 1In the subjects who were
dehydrated, Pearcy observed sweat rates 15 percent below the rates of
those who were fully hydrated. When the dehydrated subjects attempted
to regain their water balance by drinking there was a reduction of serum
chloride, marked diuresis, and secondary dehydration.

In experiments by Blyth (5), the 18 subjects were subjected to
exhaustive treadmill runs at a temperature of 120 F. Before one run, the
subject was hydrated with two liters of ,450 percent saline solution. In
another run the subject was given no fluid and in the last run the subject
was dehydrated three percent of his body weight by thermal heat loading.
The time each subject ran before exhaustion was significantly longer for
the prehydration and normal water balance cases. Eleven of the 18 sub-
jects were athletes and their time to exhaustion was significantly longer
in the prehydration case when compared to the non-athletes.

The developer of Gatorade, Dr. Robert Cade (6) studied changes in
body fluid composition of 10 college football players while practicing.
Before and after a two hour practice session the body weight, plasma
volume, extracellular fluid volume, sodium and potassium concentration of
plasma, and sweat and plasma osmotic pressure were determined, Plasma

caleium, magnesium, total protein, glucose, and total lipids were also



10

determined. The average weight loss during the two hour period was 2.7
kg or 2.9 percent of the body weight., Cade observed an average loss of
2.0 liters in extracellular fluid and 0.3 1iter in plasma volume. From
this study Cade concludes that ingestion of salt tablets without water
replacement would aggrevate the physiological disturbance evidenced by
increased plasma sodium and potassium levels. His principal conclusion
regards the content of an athletic replacement fluid. '"The ideal re-
placement fluid for an athlete who is vigorously perspiring, then, is a
hypotonic salt solution to which glucose has been added." (6)

The five fluids included in tiis study were water, Athletes Re-
placement Fluid (ARF), Olympade, Coca-Cola, and Gatorade. Coca-Cola
contains sucrose and its degradation products are fructose and glucose,
The sodium and potassium content is essentially the same as the water
used in its preparation. All of the other special replacement fluids
contain glucose, sodium, potassium, and water. For this reason, some of
the more pertinent literature regarding absorption of the substances in
the human gut are includéd here.

In 1965, Malawar (12) studied the interrelationship between sodium,
glucose, and water in the human jejunum. I . repeated experiments on 18
normal males, test solutions were infused into the jejunum. Malawar ob-
served a 3.1 milliequivalents (mEq)} per hour absorption of sodium from
isotonic saline without glucose. When two o ten millimoles of glucose
were added, sodium absorption increased by 9.2 mEq to 12.3 mEq per hour.
It was also observed that two mEq of sodium was transported per millimole

of glucose, Water absorption was directly proportional to mnet :alute
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movement and was maximal (303 milliliters per hour) with 140 millimoles
of glucose,

In a study of glucose absorption, Olsen (16) observed that glucose
absorption was inhibited when the glucose concentration of the infused
fluid was less than that of the blood and sodium was absent. When the
glucose concentration of the fluid was greater than that of the blood,
absorption of glucose was unaffected by the absence of sodium.

Fordtran (10) subjected five subjects to one hour of exercise at
loads of 64 to 78 percent of maximum oxygen uptake., Gastric absorption
of a solution of 13.3 percent glucose and 0.3 percent sodium chloride
was not affected by exercise. This observation is based on a comparison
with resting absorption data. 1In addition, only slight inhibition of
gastric absorption of water was observed.

The literature contains very little regarding rehydration with
special electrolytic fluids designed as replacement fluids or on their
effect on physical perfo;mance. Included here is a discussion of all
papers found to date,

Schamadan (22) conducted a study using college football and basket-
ball players as subjects. Subjects were divided into three groups and
given a fluid before athletic practice, One group received a solution
containing sodium and potassium, one a solution containing only potassium,
and the third a standard salt tablet with water which contained only
sodium chloride. The chloride content of the urine was determined before
practice on one day and after practice at one to two week intervals. Re=

sults of this experiment were inconclusive. Subjective ewvaluations by
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the subjects showed a preference for the solution containing potassium
only.

Stucying the endurance of college wrestlers, Eaves (8) subjected
five subjects to dehydration by six percent of their body weight by any
method the subject chose. Two percent rehydration using either water,
Coca-Cola, Gatorade, or Cramer's "Take-5" followed, No replacement
served as a control. The subjects then ran on a treadmill until a heart
rate of 180 beats per minute was reached., Based on the amount of time
run, core temperatures, oxygen uptake, and excess carbon dioxide produc-
tion, no statistically significant difference between fluids was found.

Witten (26) had six subjects dehydrate two percent of their body
weight in a sweat box on four occasions. The subjects were then given 15
minutes to rehydrate the weight loss by ingestion of Coca-Cola, water,
or Gatorade. WNo replacement served as the control. Blood and urine
samples were taken before dehydration, after dehydration, omne half hour
after the beginning of ingestion, one hour after, one and one-half hours
after, and following exhaustive exercise. One and one-~half hour after
beginning ingestion of the fluids the subjects ran on a treadmill at
three miles per hour which increased in grade one percent per minute,
The time required for the subjects' heart rates to reach 180 beats per
minute was observed. During the exercise, oxygen consumption was taken.
Witten observed a slightly more rapid return to pre-dehydration level of
plasma sodium concentration in the case of Gatorade. No significant dif-
ference was found in time to exhaustion, heart rates, temperature, or

oxygen consumption,
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In a follow-up study Cade (7) evaluated the effects on physical
performance and blood chemistry of exercise with no fluid replacement,
water, saline, and a glucose-electrolyte solution which had the same
glucose-electrolyte content as Gatorade. Four subjects ran one mile by
running 440 yards then walking 220 yards. The subjects continued to run
in this manner for seven miles or until exhaustion, except that every
other 440 yard run was replaced by an 880 yard run. The subjects ran
three times each week for three weeks using either no replacement, water,
or glucose-electrolyta, The three week period was then repeated by the
same subjects with 0.1 percent saline replacing water. (There was 17
mEq/# sodium in both the saline and glucose-electrolyte solution.) Before
and after each vun blood samples were taken for determination of sodium,
potassium, and glucose. Oral, rectal, and skin temperatures were also
recorded in the three sets of runs involving saline. The time required
to complete the run and the time of the las- 880 yards were the evalua-
tors of endurance and magimum ability to perform work.

In the three week water studies, Cade observed a passive concen-
tration of sodium when the sﬁbjects relied on thirst and drank during
walks. An average decrease of 22,8 milligram per 100 milliliters in blood
sugar and an increase of 3.3 mEq/4 in sodium were observed using water,
Runs using the glucose-electrolyte solution resulted in a 1.2 mEq/£ in-
crease in sodium and blood sugar increase 17.5 mg/100 ml. Plasma potas-
sium did not change significantly. There was no significant difference
in the time required to complete the run or the last 880 yards between

no replacement and water., The same times for the glucose-electrolyte
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runs were significantly shorter (7).

During the set of runs with saline, higher envirommental tempera-
tures and lLigher humidity prevented any subject from completing the seven
miles with no replacement and few were able to complete the run on saline.
The average distance run was 4.7 miles with no fluid and 5.5 miles with
saline. The subjects were able to complete the run using the glucose-
electrolyte solution. At the end of five miles run, rectal temperature
averaged 1.9°C increase with no replacement, 1.6 C with saline, and 1.0°C
with glucose-electrolyte (7).

The need for adequate hydration with physical work and sweating
is quite evident based on the literature presented here. Replacement of
body fluid losses results in greater endurance, lower heart rates, lower
body temperatures, and higher sweat rates (1,5,6,7,8,24,27,28). It is
also evident that sodium, potassium, and glucose can he readily absorbed
by the human gut during exercise as well as at rest (12,16,10).

There does not appear to be any literature regarding the effects
of replacement fluids on the performance of submaximal or nonendurance
tasks. The situation encountered by ihe athlete is well modeled by the
experiments reported, but the industrial situation may require finer
motor skills and extends over a longer period of time at a lower level of

physical exertion.

T e
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CHAPTER TITI
METHODS AND PROCEDURES

The purpose of this study was to evaluate the efficacy of five
fluids in replacing body losses due to sweating and to evaluate the ef-
fects of these fluids on physical performance following strenuous work .r
exercise., The five fluids studied were water, Athletes Replacement Fluid,
Olympade, Coca-Cola, and Gatorade. No fluid replacement served as the

control,

Subjects

The age, height, and weight of the subject at the initial run are
given in Ti:le 1. All subjects were right handed. Prior physical con-
ditioning by the subjects varied considerably. Subject N.N. participated
in intercollegiate cross country and was accustomed to running up to five
miles each day. Subjects J.C. and G.W. ran one to two miles three times
per week., Subjects A.C. and D.M. did noi exercise regularly but played
handball or tennis infrequently. Prior to actual participation in the
experiment, each subject was examined by a physician and ran for the 3 ame
amount of time and in the same enviroumental conditions as required by
the experiment. Completion of this preliminary run without signs of ad-
verse reaction or stress was the only eriterion for participation. Ko

other assessment of physical condition was made.



Table 1. Age, Height, and Weight of Subjects

Subject Age Height Initial
Weight
{years) (inches) {pounds)
J.C. 29 70.0 167
A.C. 24 71.5 174-1/4
N.N. 19 72.0 141-1/2
G.W, 25 74,5 189-1/4
D.M, 18 71.0 156=1/4

Experimental Design

A randomized block design was used to establish the sequence of

treatment conditions for each subject. FEach subject was represented by

a block in the design and assignment of subjects to blocks and treatments

to positions in the first sequence was made at random. This design ap~
pears in Table 2. It should be noted that each subject used the six
treatments in a uniqgue sequence. This was done to randomize the effect

of conditioning resulting from the experiment itself.

Test for Coordination

The primary muscle groups fatigued by this experiment were those
of the legs. A method to measure any decrement in coordination of the
legs was not readily available in the literature. Poock (19) presents

test for eye-hand coordination in which the subject followed a path of

16

a

holes in the form of a maze inserting a stylus in each hole. The elapsed

time to trace out the entire maze was the test parameter.
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Table 2. Experimental Design

Subject Run
il 2 3 4 5 6
J.C. A B C D E F
n w a 0 c g
A.C, B C D E F A
W a o c g n
N.N. ¢ D E F A B
a o] c g n w
G.W. D E F A B c
o c g n W a
D.M. E F A B C D
c g n w a o
Ah - No Replacement D0 - Olympade
B = Water E =~ Coca-Cola
W c

Ca -~ Athletes Replacement Fluid Fg -~ Gatorade
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The present test for measure of coordination is pictured in Figs.
1 and 2. A maze was formed by 14 red buttons on a pale green background,
The buttons were mounted with the top of the button flush with the sur-
face of the test board. A hole one inch in diameter surrounded the button.
This arrangement prevented the subject from dragging his foot over the
buttens to depress them, A bright red line between the buttons indicated
the path to be followed by the subject. The button in the lower right
hand corner contained a switch which started and stopped a clock,

The subject sat on a stool as shown in Fig. 1A and was allowed to
adjust the height of the stool and the position of the board relative to
the stool. The subject then followed the path indicated by the painted
lines, depressing each button with his right big toe. Before performing
the test the subject was allowed to practice the test as desired with a
minimum requirement of completing the maze three times correctly. When
ready, the subject was instructed to trace the pattern three consecutive
times without pausing be;ween cycles and depressing each button in suc-
cession, The test parameter for this test was the time in thousandths

of a minute required to trace the pattern three times,

Test for Maximum Voluntary Strength

Maximum voluntary strength was measured using the device pictured
in Fig. 3. The subject sat in the chair pictured on the left. A w.re
strap was then placed around the heel of the subject's right shoe. The
subject's chair was positioned sc as to achieve a near right angle at the

:rnee, The subject was then instructed to retract his heel as hard as he
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could against the restraining wire strap. The force exerted by the sub-
ject was applied to a hydraulic cylinder filled with a hydraulic flﬁid.
The maximum pressure reached in the cylinder was then measured using a
maximum reading pressure gage. This maximum pressure in pounds per square
inch gage was then recorded. This measurement constitutes the strength
extend response. The pressure gage was then zeroed and the subject in=
structed to move to the chair pictured on the right in Fig. 2. The wire
strap was then placed around the toe of the right shoe of the subject and
the subject instructed to extend his toe as hard as he could. Again the
maximum pressure reached in the cylinder was recorded. This measurement
constitutes the strength extend response. At no time during the course
of the experiment was the subject allowed to see the result of his per-

formance,

Experimental Protocol

Subjects were scheduled for individual runs with a minimum of 48
hours between each run. This was done to allow for a complete recovery
from the previous run and to reduce physical conditioning by the experi-
ment. Subjects were instructed to eat their normal diet during the two
days preceding the test and to avoid high salt intake. The diet of the
subject for the 24 hour period immediately preceding the run was recorded.
The subjects were also instructed to void their urinary bladder one hour
before the scheduled run.

Before the experiment began, subjects again voided and a venous
blood sample was drawn using an evacuated tube which did not contain

anticoagulants. The pulse, blood pressure, and oral temperature of the
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subject were then taken and recorded. The subject was then weighed nude
and the weight recorded. The subject then was allowed to practice the
coordination test as much as desired with a minimum requirement of trac-
ing the pattern three times. Following the coordination test, the subject
performed the maximum voluntary strength test in the retract and extend
modes. The results of the chemical determinations and test during this
portion of the run will be referred to as the preliminary results.

The subject then put on a rubber glove covering his right hand and
forearm. Sweat from the forearm of the subject accumulated in the glove
and was removed at the conclusion of exercise by a syringe.

Following the preliminary data collection, the subject began the
exercise portion of the run. This portion of the run consisted of four
12 minute running periods with three 10 minute interspaced rest periods.
The subject ran on a treadmill at 4.5 miles per hour with a 6.5 percent
inclination. The temperature in the testing room was maintained at 90°F
dry bulb and 82°F wet bulb or 75 percent relative humidity. - During the
rest periods the subject's blood pressure, pulse, and oral temperature
were measured to insure that the subject did not over exert himself.
During these rests, the subject was allowed to sit or stand, whichever he
chose.

Immediately following the fourth 12 minute running period, the
subject's blood pressure, pulse, and oral temperature were taken. A
blood sample was then taken called the stress sample and the subject per-
formed the coordination and maximum voluntary strength tests. A sweat

sample was then removed from the glove, the glove removed, and the subject
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toweled dry. He was again weighed nude and a urine sample was taken as
the subject voided. The volume of urine output was recorded. These data
represent the stress results.

The subject was then given an amount of fluid which had been cooled
to 40°F and was equal in weight to his loss in body weight. The subject
was not told the identity of the fluid at any point during the experiment.
It was required that one half of the fluid be consumed in the fifteen
minute period which immediately followed drawing the stress blood sample.
The subject then had fifteen minutes to consume the remaining fluid.

Thirty minutes after drawing the stress blood sample a third blood
sample was drawn. The coordination and maximum voluntary strength tests
were repeated. These data represent the absorption results. The subject
then rested for a period of thirty minutes. A fourth blood sample was
then taken and the coordination and maximum voluntary strength tests re-
peated. This last set of data represents the recovery results.

The experimental protocol is represented schematically in Fig. &.

Procedures

Sveat

Sweat samples were collected by means of a rubber glove on the
subject's right arm. A clean, dry rubber glove which covered the subject's
hand and forearm was secured at the elbow by means of tape to prevent
leakage. A four milliliter sample was drawn from the glove by means of a
needle and syringe.

The sodium and potassium ion concentrations were determined by

means of a flame photometer using the internal lithium standard.
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Urine

At each urine collection the subject was instructed to void the
bladder as completely as possible. The volume of urine collected at
stress and recovery periods was recorded. The flame photometer was used
to determine the sodium and potassium concentrations in the urine. Urine
was collected before the preliminary weighing.
Blood

Blood was collected from a vein in the antecubital space by means
of a needle inserted into the vein and connected to an evacuated test
tube. The blood was then agitated to hasten clotting and then allowed to
stand for ten to fifteen minutes. After the formation of a clot the
blood was centrifuged and the serum removed.

The following parameters were determined by means of a Technicon
SMA-12 Autoanalyser:

1. sodium concentration

2. potassium concentration

3. chloride concentration

4., carbon dioxide concentration

5. total protein concentration

6. albumin concentration

7. calcium concentration

8. alkaline phosphatase concentration

9. bilirubin concentration

10. blood urea nitrogen concentration

11. blood sugar concentration



12. serum glutamic-oxalacetic transaminase concentration.
The following parameters were determined by means of a Technicon
SMA-2 Autoanalyser:
1. wuric acid concentration
2., phosphorous concentration
3. cholesterol concentration.,
Serum osmolarity was determined by the freezing point depression

method.

27
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CHAPTER 1V
RESULTS

To detect differences between the various fluids and evaluate their
efficacy in replacing body sweat losses, the data from the Preliminary
and Recovery points were further reduced. A quantity éi was defined as

follows:
&i = (Recovery)i - (Preliminary)i

where (Recovery)i and (Preliminary)i represent the value of parameter i
at the preliminary and recovery points as indicated in Fig. 4. The quan-
tity Ai then represents the change in the parameter in going from the
Preliminary point to the Recovery point. If the value of the parameter
returns to the value at Preliminary then ﬁ%‘will be zero.

Misplaced or broken sample containers and inavailability of equip-
ment resulted in missing data values. A method described by Hicks (1l1)
for the univariate case was used to replace these values. The error sum
of squares was computed and then minimized by differentiation with respect
to the missing data peoint.

The following parameters were chosen from the nineteen tot il para-
meters measured for inclusion in the statistical amalysis:

1. Serum sodium A

2. Serum potassium A

3. Serum chloride &

e

o e . -
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4. Serum carbon dioxide A

5. Total serum protein 4

6. Blood sugar A

7. Total serum osmolarity A

8. Urine sodium A

9. Urine potassium A

10. Maximum voluntary strength retract 4

11. Coordination A. ~
The statistical methods used required matrix inversion. In order to main-
tain computational accuracy while performing this operation on a digital
computer the total number of parameters had to be limited. In tte cases
where it was felt that the parameter siwuld be unaffected by the various
treatment conditions, the parameter was excluded. Parameters in this
category included SGOT, bilirubin, albumin, and others. In the cases
where the parameter provided essentially the same information as another
parameter, one was excluded. An example of this is the two maximum vol-
untary strength parametefs. Only the retract parameter was included.

Multivariate analysis of variance for a randomized block design as
described by Morrison (l4) was employed to test the equality of the six
treatment-effect vectors. A necessary assumption for this type analysis
is that ther. be no block-treatment int.:ract on or in this case subject-
treatment interaction. Other assumptions are that the random effect vec- '

tors have the p-dimensional multinormal distribution with null mean vec-

tor and common covariance matrix. It i< alsc assumed that the random

effect terms be independently distributed in any block. The null hypo-
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thesis was rejected at the .01 level of significance (9S = .985 > X.Ol,S,
2’5’4). This means that based on the eleven parameters included there
was a significant difference between the six treatments used.

To determine which parameters differed between treatments and how
they differed the method of simultaneous confidence intervals as described
by Morrison (14) was employed. This method failed to identify the differ-
ences implied by the analysis of variance.

In a further effort to identify the parameter-treatment differences,

the rate at which a particular parameter returned to a pre-exercise level

was examined. To do this the quantity Ri is defined by

(Absorption)i - (Stress)i

i (Recovery)i - (Stress)i

where (Recovery)i, (Stress)i, and (Absorption)i are the values of para-
meter 1 at the recovery, stress, and absorption points indicated by
Fig. 4. Time was not included in the formulation of Ri because the time
lapsed between stress and absorption and between absorption and recovery
were equal and were constant for all experimental runs. Ri is then the
fraction of recovery which has occurred during the first half of the time
period alloted for recovery. In the cases where (Recovery)i was equal to
(Stress)i, Ri was assigned a value of zero since no change from stress
had occurred.

Multivariate analysis of variance for a randomized block design
was used to test the null hypothesis of equal treatment-effect vectors

for the following quantities:
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Serum

Serum

Serum

Serum

Blood

Total
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sodium R

potassium R

chloride R

carbon dioxide R

sugar R

serum osmolarity R

Maximum voluntary strength retract R

Maximum voluntary strength extend R,

The null hypothesis was not rejected at the .05 level of confidence (95 =

796 < X

treatment differences.

).

.05,5,1,5.5

This approach failed to demonstrate the parameter-

The final method employed was a graphical interpretation of the

results.

The treatment mean for each parameter of interest was computed

at the preliminary, stress, absorption, and recovery points. The result-

ing means were plotted as shown in Figures 5 through 15. The first para-

meter to be discussed will be blood sugar concentrations.

Blood Sugar

Of the five fluids tested only water did not contain sugar. Refer-

ring to Fig. 5 it can be seen that water and no replacement resulted in

essentially stable blood sugar levels. All other fluids resulted in sharp

increases in blood sugar with a subsequent decline toward the preliminary

level.

Serum Potassium

In Figure 6 the effect of dehydration can be seen in the increase
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in serum potassium levels following exercise. With all fluids except
water there was a decline to near pre-exercise levels following rehydra-
tion. Water and no replacement resulted in continued high serum potassium
levels. This implies that in the short term water is not as effective in
rehydration as the other fluids studied. However, this is probably not
the case since a reduced serum glucose (Fig. 5) can result in an elevated

serum potassium (23,26).

Serum Sodium

The same dehydration effect just mentioned is evident in the serum
sodium concentration as seen in Fig. 7. All treatments including water

and no replacement resulted in a return to preliminary levels.

Serum Chloride

No replacement after exercise resulted in continued elevated serum
chloride level (see Fig. 8). All fluids brought the serum chloride back
to a near preliminary level. Water brought the chloride concentration
down the fastest and to the lowest point. With no fluid replacement there
was an obvious dehydration which persisted to the recovery point. With
water there was an apparent reduction in chloride reserves and rehydra-
tion resulted in a dilution of circulating chloride. All other fluids
contained chloride in an ionizable form and seemed to replace chloride

losses.

Serum Osmolarity

The effect of some salt depletion and a subsequent rehydration and

dilution by water can be seen in Figure 9. An important point to note is
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that no replacement resulted in essentially the same pattern as the fluids
but for a d.fferent reason. With no replacement there was a continued
partial salt deficit, but by adjusting body fluids between the circulat-
ing volume, the interstitial spaces, and the cells, a return to normal
concentration was achieved. The result is a reduced total body water and
salt content but with serum concentration returning tc normal. All the
fluids with the exception of water supplemented the body salt and water
content, and returned the total body water and salt to its pre-exercise
level. The net result appears to be the same in this and other parameters
consequently no replacement is not indicated as being statistically dif-

ferent.

Total Serum Protein

No replacement resulted in a pattern very much like that of all
other treatments (Fig. 10). This case also demonstrates the physiolog-
ical processes which supplement circulating fluid volume by removing

fluid from the interstitial spaces and cells.

Serum Carbon Dioxide

At the stress point all subjects appeared slightly acidotic (Fig.
11) due to exercise as evidenced by lower carbon dioxide levels. All
treatments with the exception of Coca-Cola resulted in a return toward
preliminary levels., Coca-Cola is carbonated and is therefore acidic due
to carbonic acid. Absorption of this acid results in lower carbon dioxide

levels.
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Urine Sodium and Potassium

After exercise urine sodium concentrations declined and urine po-
tassium concentration increased (Figs. 12 and 13). This is the normal
phyvsiological response expected and appears independent of treatment con-

dition (2,17,25).

Maximum Voluntary Stremgth Retract

Under all treatment conditions a decline in strength followed exer-
cise (Fig. 14). After rest it appeared that strength returned to normal

irrespective of treatment.

Coordination

In Fig. 15 the treatment means for the coordination parameter are
shown. Following exercise there is a marked improvement in coordination
as indicated by the reduced time to complete the test. After rest the
coordination returns to pre-exercise levels and appears independent of the
treatment condition. A possible explanation is the running has served
the same function as the warm-up exercise performed by many athletes. Af-
ter a rest period of one hour used in these experiments coordination re-
turns to its normal level. An important consideration when studying co-
ordination is motivation. The attitude of each subject could not be regu-

lated.
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CHAPTER V

CONCLUSIONS AND RECOMMENDATICNS

The purpose of this study was to evaluate the efficacy cof five
fluids in replacing body losses due to sweating and to evaluate the effects
of these fluids on physical performance following strenuous work or exer-
cise. The five fluids studied were water, Athletes Replacement Fluid,
Olympade, Coca-Cola, and Gatorade. No fluid replacement served as the

control.

Conc.usions

All fluids tested with the exception of water contained sugar in
some form and resulted in an elevated blood sugar at 30 minutes and one
hour after exercise. Water and no replacement resulted in essentially
unchanged blood sugar levels following exercise. Coca-Cola and Olympade
resulted in :he highest level of bl:od sugar. Blecod sugar (glucose) is
of importance to all physical and mental activity because it is the most
readily available source of energy to the cells. For the short term (one
hour) effects studied here all the sugar containing fluids provided an
adequate supply of sugar for metabolism.

From the data on the serum electrolytes, sodium, potassium, and
chloride, and the serum osmolarity, a definite salt deficit can be seen
for the water and no replacement cases. There are no apparent differences

in electrolyte replacement between the other fluids., None of the fluids



47

intended as replacement fluids appeared outstanding in this respect. The
data for serum chloride and serum osmolarity indicate that water is an
effective means of rehydration. Serum potassium would indicate just the
opposite, but potassium is not a reliable pérameter in this respect. Fol-
lowing a decrease in blood volume from dehydration, potassium concentra-
tion behaves inversely to blood sugar levels {(low blood sugar, high serum
potassium ccncentration) and is not a sensitive index of changes in intra-
cellular potassium concentrations (25,26). For the short term effects
those fluids which contained electrolytes did not appear to be of major
importance. ZEvidently the body has sufficient reserves to maintain serum
levels. Effects of electrolyte depletion on performance would not appear
until a greater deficit has occurred from either a higher sweat rate or
prolonged sweating.

In replacement with Coca-Cola, the subjects remained slightly ac-
idotic as a result of acid absorption from the Coca-Cola. The results of
total serum protein support the conclusion that water is an effective re-
hydrator and that in the short term there is an adjustment of body fluid
reserves to offset some of the effects of dehydration.

Urine sodium and potassium concentrations reflect the result of
increased levels of the hormone aldosterone caused by dehydration. The
result is decreased urine sodium output and increased urine potassium
output (25). Urine sodium and potassium output appear unaffected by the
various treatments.

The results of the maximum voluntary strength test indicate a def-

inite decline in strength as a result of the strenucus exercise. A return
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to pre-exercise strength was observed for all fluids and no replacement.

An interesting corollary result was the observed improvement in coordina-
tion which accompanied the decrement in strength. The exercise appeared

to improve coordination. This may be the same effect sought by athletes

who warm-up before exercising.

In this study only short term effects of rehydration following de-
hydration by exercise were studied. This is the case frequently encoun-
tered in athletics, but in the industrial environment less severe work
loads over a much longer period of time are encountered. It is difficult
to generalize the results of this c:udy to the conditions of industry.

It has long been evident that fluid replacement is preferential to
no replacement to prevent dehydration and the subsequent temperature rise,
This is also clearly indicated by the data presented here. Based on blood
chemistry changes and physical performance measures and considering only
the short term effects (one hour time periods), there does not appear to
be sufficient grounds for preference of replacement type fluids over wa-

ter or other commonly available fluids such as Coca-Cola.

Recommendations

It is recommended that a study of this type be conducted on the
long term effects in an environment similar to that encountered inm indus-
try. In a study of the proposed type other tests of performance such as
mathematical manipulation of numbers should be included.

It is further recommended that a study of the apparent trade-off
nature of strength and coordination be conducted. Generally in athletics

good coordination is desired at the same time the greatest strength is
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desired. Warm-up exercises would appear to improve coordination and impair
strength. By studying the time history of coordination and strength at
various levels of physical exertion an improved pre-competition exercise

plan might be developed.
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APPENDIX I
GLOSSARY OF PHYSIOLOGICAL TERMS USED"

Albumin--one of a group of simple proteins found in the blood.

Alkaline phosphatase--an enzyme of importance in absorption of car-
bohydrates and is indicative of liver functiom.

Bilirubin--an orange pipment formed as the product of degeneration
of hemoglobin.,

Blood sugar--sugar found in the blood in the form of glucose.

Blood urea Aitrogen—-the nitrogen of urea in the blood formed from
ammoria, a waste product.

Cholesterol--an alcohol found in the blood. It is of importance in
bodily metabolism serving as a precursor of wvarious steroid hor-
mones.

Electrclytes--those substances which exist as ions when in solution.
In this thesis it is primarily restricted to sodium, potassium,
and chloride.

Jejunur--the second portion of the small intestines which is approx-
imately eight feet long.

Plasma--the liquid portion of blood and lymph.

*
All definitions were taken from C. W, Taber, Taber's Cyclopedic

Medical Dictionary, llth edition, F. A. Davis Co., Philadelphia, 1969.

. e N N ———
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APPENDIX I {(Continued)

Serum--the liquid portion of the blood remaining after clot forma-
tion.

Serum glutamic-oxalacetic transaminase (SGOT)--an enzyme found in
the liver and other tissues. Injury of the liver liberates this
enzyme into the bloodstream.

Serum osmolarity--the ionic concentration of dissolved substances
per unit of serum.

Total protein--in the context of this thesis it will mean those pro-

teins present in the serum such as albumins and globulins.



53

APPENDIX II

GLOSSARY OF ABBREVIATIONS

Alkaline Phosphatase Alk. Phos.
Absorption Absorp.
Blood urea nitrogen BUN
Carbon dioxide CO2
Gram gm
Liter L
Milliequivalent mEq
Milliliter ml
Milliosmole mo sm
Minute min.
Preliminary Prelim
Recovery Recov
Total protein T:Ps
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APPENDIX III '
CONTENTS QF FLUIDS USED IN STUDY

Athletes Replacement Fluid:

sodium 29.4 mosm/L
potassium 5.0 mosm/L ;
calcium 0.6 mosm/L
dihydrogen phosphate 0.4 mosm/L
chloride 33.4 mosm/L
dihydrogen citrate 3.5 mosm/L
citric acid 12.3 mosm/L
saccharin anion 0.4 mosm/L h
hydrogen ion 2.9 mosm/L
glucose 25%9.0 mosm/L

Gatorade:
sodium 21.0 mEq/L
potassium 3.0 mEq/L
chloride 1€.0 mEq/L
bicarbonate 1.0 mEq/L
calcium and phosphate 6.0 mgm/lOO ml.
glucose 3.0 gm /100 ml.
¥

Olympade :
sodium 8.5 mEq/L
potassium 1.3 mEq/L

*

Coca-Cola :
sodium 2.0 mEq /L
potassium 0.3 mEq/L

*
Sodium and potassium content of Olympade and Coca-Cola were deter-

mined by a flame photometer.
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Table 3.

Preliminary Treatment Means for Five Men

No Fluid Water A.R.F, Olympade Coca-Cola Gatorade
Blood:
Sodium (mEq/L) 141.4 141.0 141.2 140.8 140.0 141.8
Potassium (mEq/L) 4.10 3.98 3.70 4.00 3.80 3.90
Chloride (mEq/L) 102.8 102.0 101.2 102.2 102.2 101.8
C02 (mEq/L) 29.6 29.0 30.0 29.0 28.0 27.6
T. P. (gm/100ml) 7.20 7.28 7.30 6.52 7.50 7.48
Albumin (gm/100ml) 4.58 4.64 4. 64 4.70 4.72 4.74
Calcium (mg/100ml) 9.70 9,56 10.0 9.78 9.82 9.98
Alk. Phos. (KA units) 11.20 11.50 11.40 11.00 11.80 11.20
Bilirubin (mg/100ml) .680 . 640 .700 .560 . 740 .640
BUN (mg/100ml) 17.80 17.60 17.80 17.40 18.40 17.60
Sugar (mg/100ml) 92.0 100.6 101.0 101.2 87.0 100.0
SGOT (SGOT units) 27.4 31.6 28.0 33.0 30.6 29.6
Cholesterol (mg/100ml) 183.6 194.4 173.2 180.2 183.6 188.4
Phosphorous (mg/100ml) 4.02 4.16 4.66 4.82 4.20 4,18
Uric Acid (mg/100ml) 6.66 5.76 6.22 6.62 6.14 6.30
Osmolarity (mosm/L) 296.8 295.5 295.5 299.4 296.8 297.5
Urine:
Sodium (mEq/L) 173.6 185.3 140.0 187.3 182.4 202.7
Potassium (mEq/L) 72.4 126.0 93.4 89.6 97.0 107.2
Strength:
Retract (lb/sq. in.) 17.6 18.2 16.8 15.4 14.6 16.8
Extend (lb/sq. in.) 19.8 19.6 20.8 20.0 20.4 22.4
Coordination (min) 429 . 396 498 420 469 415
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Table 4. Stress Treatment Means for Five Men

No Fluid Water A.R.F. Olympade  Coca-Cola Gatorade
Bloeod:
Sodium (mEq/L) 142.2 144.6 142.4 142.6 140.8 143.6
Potassium (mEq/L) 4,40 4.52 4,16 4.34 4,24 4,22
Chloride (mEq/L) 103.8 104.2 103.0 103.2 104.4 104.2
€Oy (mEq/L) 25,60 25.40 26.20 25.40 25.60 25.60
T. P. (gm/100ml) 8.08 8.26 8.06 8.50 8.06 8.12
Albumin (gm/100ml) 5.00 5.10 5.22 5.24 5.04 5.06
Calcium (mg/100ml) 10.50 10.76 10.64 10.66 10.44 10.56
Alk. Phos. (KA units) 9.56 11.30 10.08 12.60 11.60 11.00
Bilirubin (mg/100ml) 640 . 580 .780 .740 . 680 . 700
BUN (mg/100ml) 18.80 19.80 15.64 18.20 19.60 17.40
Sugar (mg/100ml) 88.0 96.6 93.4 89.8 86.2 89.4
SGOT (SGOT units) 34.4 31.8 27.5 32.1 33.0 31.0
Cholesterol (mg/100ml) 199.2 210.8 191.6 194.4 194.0 200.8
Phosphorous (mg/100ml) 4.62 4,40 5.22 4.82 4,52 4.42
Uric Acid (mg/100ml) 7.68 8.06 7.22 7.80 7.06 7.12
Osmolarity 303.4 298.8 301.0 306.4 302.25 302.80
Urine:
Sodium (mEq/L) 102.2 120.1 104.3 114.9 131.6 141.6
Potassium (mEq/L) 125.2 156.2 143.6 135.4 125.2 113.8
Sweat: '
Sodium (mEq/L) 65.9 58.2 68.4 60.8 49.3 38.3
Potassium (mEq/L) 6.9 4,7 9.2 7.5 5.7 8.0
Strength:
Retract (lb/sq. in.) 16.0 14.4 14.4 13.6 13.2 15.2
Extend (1b/sq. in.) 20.6 19.2 14.6 17.3 9.5 24,0
Coordination (min) .386 .362 A 27 409 411 . 386
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Table 5. Absorption Treatment Means for Five Men
No Fluid Water A.R.F, Olympade  Ceoca-Cola Gatorade

Blood:

Sedium (mEq/L) 141.8 141.6 140.4 141.4 139.2 141.4
Potassium (mEq/L) 4,34 4.52 3.98 4.04 3.82 4.12
Chloride (mEq/L) 105.0 100.2 101.4 102.4 102.6 102.6
COy (mEq/L) 26.8 27.3 28.4 27.0 25.6 26.6
T. P. (gm/100ml) 7.90 8.06 7.78 8.18 7.88 7.74
Albumin (gm/100ml) 4.88 4.90 4.88 5.22 4.94 4.80
Calcium (mg/100ml) 10.48 10.26 10.46 10.86 10.36 10.16
Alk. Phos. (KA units) 10.50 10.60 11.00 12.25 11.80 10.90
Bilirubin mg/100ml) .700 ,720 .740 .860 .740 .700
BUN (mg/100ml) 19.20 19.80 19.60 18.40 19.80 17.40
Sugar (mg/100ml) 96.0 110.0 177.4 203.4 16.0 178.4
SGOT (SGOT units) 34.8 30.6 34.6 39.0 31.6 29.6
Cholesterol (mg/100ml) 190.8 214.,0 186.8 189.2 189.4 190.0
Phosphorous 4.14 3.78 4.46 3.94 3.52 3.66
Uric Acid (mg/100ml) 7.66 7.86 7.20 8.10 7.40 7.18
Osmolarity (mosm/L) 301.6 292.8 297.8 306.6 305.3 300,2
Strength:

Retract (lb/sq. in.) 17.5 14.6 15.6 13.5 12.8 14.2
Extend (1b/sq. in.) 23.3 18.0 18.8 19.5 18.3 21.6
Coordination (min) .398 422 485 417 .526 436
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Table 6. Recovery Treatment Means for Five Men

Ne Fluid Water A.R.F. Olympade Coca-Cola Gatorade
EBlood:
Sodium (mEq/L) 140.8 141.2 139.2 141.8 140.8 141.6
Potassium (mEq/L) 4.36 4.40 3.90 4.12 3.72 3.96
Chloride (mEq/L) 104.6 100.4 102.4 103.0 103.4 103.0
€0, (mEq/L) 27.2 28.1 28.4 27,4 25.4 26.8
T. P. {(gm/100ml) 7.74 7.80 7.64 8.04 7.72 7.42
Albumin (gm/100ml1) 4,84 4.74 4.80 5.06 4.84 4.70
Calcium (mg/100ml) 10.36 10.32 10.12 10.70 10.20 9.92
Alk. Phos. (KA units) 11.00 9.60 11.40 13.00 11.20 - 10.70
Bilirubin (mg/100ml) . 700 .620 .780 840 .680 .660
BUN (mg/100ml) 20.40 20.20 19.20 18.80 19.80 18.00
Sugar (mg/100mL) 101.6 103.8 155.6 197.0 174.0 139.0
SGOT (SGOT units) 36.6 30.2 33.0 35.6 29.6 24.0
Cholesterol (mg/100ml) 190.4 208.4 179.2 181.2 184.0 191.2
Phosphorous (mg/100m1) 4.08 3.88 4.120 3.96 4,00 3.96
Uric Acid (mg/100ml) 7.74 7.90 7.12 .08 7.66 6.88
Osmolarity 300.6 290.8 297.0 304.0 300.0 295.0
Urine:
Sodium (mEq/L) 86.8 75.6 86.6 72.6 140.2 100.5
Potassium (mEq/L) 146.0 129.8 126.8 128.8 90.8 116.2
Strength:

Retract (lb/sq. in.) 17.2 16.2 15.4 16.3 14.8 16.3
Extend (1b/sq. in.) 21.8 18.2 18.8 21.0 22.5 23.5
Coordination (min) JAl6 .385 419 403 423 44
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APPENDIX V

MEANS FOR OTHER PARAMETERS

Throughout Appendix V the following treatments

will be denoted by the symbol given:
No replacement
Water
Athletes Replacement Fluid
Olympade
Coca-Cola

Gatorade

O
O
&
v
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Figure 16, Mean Serum Albumin Concentrations for Five Men
Under Six Treatment Conditions

19



% -
9
2103 :‘ : s
5!0.20 A X
S10.10 %
Q ' v/
<0 ® 4
S / O
® 980 ¥
@ o0l
260L -
9.50L
1 L 1 1
PRELIM. STRESS ABSORP RECOV.
Figure 17, Mean Serum Calcium Concentrations for Five Men Under Six Treatment Conditions
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Figure 18, Mean Blood Urea Nitrogen Concentrations for Five Men Under Six Treatment
Conditions
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Figure 19, Mean Serum Uric Acid Concentrations for Five Men
Under Six Treatment Conditions
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Figure 20.

Mean Serum Phosphorous Concentrations for Five Men
Under Six Treatment Conditions
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Figure 21. Mean Serum Cholesterol Concentrations for Five Men
nder Six Treatment Conditions
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Figure 22. Mean Strengths Extend for Five Men
Under Six Treatment Conditions
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