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The effect of heat acclimatization on aerobic exercise tolerance 
in the heat and on subsequent sprint exercise performance was 
investigated. Before (UN) and after (ACC) 8 days of heat 
acclimatization, 10 male subjects performed a heat-exercise test 
(HET) consisting of 6 h of intermittent submaximal [50% of 
the maximal O2 uptake] exercise in the heat (39.7”C dB, 31.0% 
relative humidity). A 45-s maximal cycle ride was performed 
before (sprint 1) and after (sprint 2) each HET. Mean muscle 
glycogen use during the HET was lower following acclimatiza- 
tion [ACC = 28.6 & 6.4 (SE) and UN = 57.4 of: 5.1 mmol/kg; P 
< 0.051. No differences were noted between the UN and ACC 
trials with respect to blood.glucose, lactate (LA), or respiratory 
exchange ratio. During the UN trial only, total work output 
during sprint 2 was reduced compared with sprint 1 (24.01 t 
0.80 vs. 21.56 t 1.18 kJ; P < 0.05). This reduction in sprint 
performance was associated with an attenuated fall in muscle 
pH following sprint 2 (6.86 vs. 6.67, P < 0.05) and a reduced 
accumulation of LA in the blood. These data indicate that heat 
acclimatization produced a shift in fuel selection during sub- 
maximal exercise in the heat. The observed sparing of muscle 
glycogen may be associated with the enhanced ability to per- 
form highly intense exercise following prolonged exertion in 
the heat. 

muscle glycogen; muscle pH; sprint exercise; blood lactate; 
blood glucose 

THE PROCESS of heat acclimatization has been exten- 
sively studied with respect to changes in the body fluid 
spaces, central circulation, and temperature regulation 
(3, 23, 27, 28). Little is known, however, regarding any 
adaptive changes that may occur at the tissue (muscle) 
level. 

The importance of muscle glycogen in determining 
endurance performance has been established (2). Exer- 
cise in the heat has also been observed to result in an 
increased utilization of muscle glycogen compared with 
exercise in a cold environment (9). The primary objective 
of this investigation was to study the effect of heat 
acclimatization on the utilization of muscle glycogen 
during prolonged submaximal exercise in the heat. The 
effect of heat-exercise stress on the ability to perform 
highly intense exercise was also investigated in subjects 
before and after heat acclimatization. 

METHODS 

Subjects and design. Ten healthy untrained males vol- 
unteered to serve as subjects in this study after being 
informed of all risks and stresses associated with these 
experiments. Written consent was obtained from each 
subject. Maximal O2 uptake (OO~,,,) was determined on 
a stationary bicycle using an incremental protocol, which 
called for 25-W increases in power output each minute. 
This test was performed before and 2 days after the 
second heat-exercise stress trial. Two of the subjects 
were engaged in heavy resistance training, whereas the 
remaining subjects were not engaged in any regular vig- 
orous physical activity. Subject characteristics are pre- 
sented in Table 1. 

All trials were conducted during the months of Janu- 
ary, February, and March to reduce any natural heat 
acclimatization. Environmental temperatures during 
these months averaged -6.8, 1.6, and -1.8OC, respec- 
tively. 

Before (UN) and after 8 days of heat acclimatization 
(ACC), the subjects performed a 6-h heat-exercise test 
(HET) and sprint-exercise tests as described below (Fig. 
1). The subjects reported to the laboratory following an 
overnight fast. A preexperiment nude weight was ob- 
tained, and a thermister probe (Yellow Springs Instru- 
ment) was inserted 10 cm into the rectum. During all 
heat exposures, the subjects were dressed in athletic 
shorts and shoes. An infusion set was introduced into an 
antecubital vein and was kept patent with 0.9% saline. 

Sprint-exercise test. The subjects performed a maximal 
45-s ride on a hydraulically braked isokinetic cycle er- 
gometer (Lumex, Ronkonkoma, NY) prior to heat ex- 
posure (sprint 1) and within 1 min after exiting the 
environmental chamber following the HET (sprint 2). 
The pedaling rate was set at 90 rpm for all sprint rides. 
The ergometer was calibrated before the experiment with 
known torques. Total work accomplished during the 45 
s exercise was measured by digitizing the curves obtained 
from a chart recorder. The fatigue index (percent decline 
in torque) as defined by Thorstensson (25) was also 
calculated. 

Needle biopsy samples (1) were obtained from the 
vastus lateralis muscle before and within 5 s following 
each sprint bout. Muscle samples were quickly frozen in 
liquid Nz and subsequently analyzed for Na’, K+, Cl-, 
glycogen, and pH. Blood was obtained in heparinized 
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TABLE 1. Subject characteristics 
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Age, yr Ht, cm 
Body Wt, kg 

UN ACC 

Plasma Volume, 
% change 

vo 2-, l/min 

UN ACC 

22.5k1.8 181.1k2.4 79.06t2.36 79.57t2.38 9.2*1.7* 3.91t0.12 3.92zko.09 

Values are means t SE; n = 10. vozrncu, maximal 02 uptake; UN and ACC, unacclimatized and acclimatized trials. * Significant increase in 
plasma volume following acclimatization (P < 0.05). 

Experimental Procedure 

Respiratory exchange 
heart rate I I I I 

Blood sample 1 m  1 I I IH 
BIOPSY sample II II 
Anaerobic test I I 

Submaximal exercise n n n m  n n 
I 1 I I I I I 
0 1 2 3 4 5 6 

Time (hrs.1 

FIG. 1. Experimental procedure. 

syringes after 5 min of rest, immediately after sprint 
exercise, and after 5, 10, and 15 min of recovery for the 
determination of hemoglobin, hematocrit, lactate, and 
blood gas concentrations. 

Heat-exercise test. Immediately after the 15-min post- 
sprint blood sample, the subjects moved into the envi- 
ronmental chamber and began the 6-h HET. The mean 
chamber temperature was maintained at 39.7 t O.l"C 
(SE) dry bulb and 31.0 t 0.7% relative humidity. During 
this exposure, the subjects exercised on a cycle ergometer 
(Monark) for the first 30 min of each hour at an exercise 
intensity calculated to require 50% VOW max. Respiratory 
exchange data were obtained from expired gas collected 
in Douglas bags during the last 10 min of each exercise 
bout. Heart rates were recorded during the final 30 s of 
submaximal exercise by use of a cardiotachometer or by 
auscultation. Rectal temperature was monitored at 5- 
min intervals throughout the 6 h of heat exposure. Dur- 
ing the lst, 3rd, and 6th h, blood samples were obtained 
during the last minute of exercise and subsequently 
analyzed for glucose and lactate concentrations. Pre- and 
post-HET blood samples were also analyzed for Na+, K+, 
and Cl- concentrations. 

During the final 30 min of each hour, the subjects 
rested in the supine position. The subjects were given 
100 ml of tap water (40°C) at 30-min intervals through- 
out the HET. 

At the conclusion of the HET, the subjects exited the 
chamber and moved immediately to the bicycle ergome- 
ter, where they performed another 45-s sprint rise (sprint 
2) as described above. 

Heat acclimatization. The subjects performed bicycle 
exercise in the heat for 90 min each day for 8 days. The . 

exercise required a mean Vo2 of 2.14 t 0.07 (k SE) l/ 
min, or 54.7% of the subject’s Vo2maxe During the heat 
acclimatization bouts, the subjects were allowed water 
ad libitum. 

Analytical methods. Muscle pH was measured using a 
homogenate technique as previously described (6). After 
hydrolysis of the muscle glycogen with 2.0 N HCl, glu- 
cosyl units were determined with a fluorometric method 
(19). Muscle electrolyte determinations were performed 
after lipid extraction with petroleum ether and 24 h of 
extraction in 2.0 N nitric acid. Na+ and K+ concentra- 
tions in blood and muscle were measured in triplicate by 
flame photometry. Muscle and blood Cl- was measured 
in triplicate by coulometric-amperometric titration (7). 

Hemoglobin concentration was determined using the 
cyanmethemoglobin method. Hematocrit was deter- 
mined after microcentrifugation. Plasma volume changes 
were then calculated according to the procedures of Dill 
and Costill (8). One milliliter of whole blood was kept 
anaerobic on ice for subsequent blood gas and pH deter- 
mination. Blood pH, CO:! partial pressure (Pco~), and 02 
partial pressure (POT) were determined with a BMS 3 
MK 2 blood microsystem and PHM 73 pH blood gas 
monitor (Radiometer, Copenhagen). Blood glucose and 
lactate concentrations were determined enzymatically 
(19, 24). 

The data were analyzed utilizing analyses of variance 
for repeated measures designs. Significant mean differ- 
ences were located with the Newman-Keuls multiple 
comparison test. The P < 0.05 level of significance was 
chosen. 

RESULTS 

Submaximal exercise in the heat. Based on changes in 
hemoglobin and hematocrit, mean resting plasma volume 
increased 9.2 t 1.7% during the 8 days of acclimatization 
(P < 0.001, Table 1). Although mean body weight in- 
creased 0.51 kg as a result of acclimatization, this differ- 
ence was not statistically significant. Maximal 02 uptake 
was not influenced by the acclimatization procedure. 

Mean exercise VOW during the HET was not different 
in the UN (1.92 t 0.08 l/min) and the ACC (1.88 t 0.09 
l/min) trials. The respiratory exchange ratio (R) was also 
unaffected by acclimatization state (UN = 0.81 t 0.01; 
ACC = 0.80 t 0.01). M ean exercise heart rate was 
significantly reduced following heat acclimatization (160 
t 3 vs. 144 t 3 beats/min). The change in rectal tem- 
perature during the UN trial (1.45 t 0.15”C) was signifi- 
cantly greater than in the ACC trial (1.13 t 0.13”C). 
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Blood glucose concentration did not differ significantly 
between the UN and ACC trials at any point (Fig. 2). 
One subject was unable to complete the final 30-min 
submaximal exercise bout during the UN trial and ex- 
hibited severe hypoglycemia (1.6 mmol/l) at 330 min. 
This subject was unable to perform the subsequent sprint 
exercise test but was able to perform the entire HET 
after the acclimatization process. 

Blood lactate concentration was significantly higher 
in the UN trial (3.64 t 0.38 mmol/l) compared with the 
ACC trial (2.87 t 0.42 mmol/l) at 30 min only (Fig. 2). 
Values obtained at 330 min and post-HET were not 
significantly different from the resting values in either 
UN or ACC trials. 

Resting muscle glycogen concentrations were not dif- 
ferent between the UN and ACC trials (Table 2). Muscle 
glycogen concentration post-HET was significantly 
greater in the ACC trial than in the UN trial (P < 0.05). 
Acclimatization thus resulted in a 42% reduction in 
muscle glycogen utilization. 

Sprint exercise. Total work output (Table 3) was sig- 
nificantly reduced during sprint 2 compared with sprint 
1 in the UN trial. No such decrement in work output 
was observed as a consequence of the HET in the ACC 
trial. Peak torque, torque at 45 s, and percent decline in 
torque (fatigue index) were not significantly different 
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FIG. 2. Blood glucose and lactate concentrations during 6-h heat- 
exercise test. * Significant difference between unacclimatized (UN) 
and acclimatized (ACC) trials (P < 0.05). 

TABLE 2. Muscle glycogen and pH before and after 
45-s sprint-exercise tests 

Sample 
Sprint 1 Sprint 2 

Pre Post Pre Post 

Glycogen 
UN 131.7 t 9.1 103.7 ?I 9.2 46.6 k 6.9 31.8 I!I 5.8 
ACC 131.1 t 9.2 113.1 t 4.5 80.1 t 4.4* 60.2 k 4;7* 

PH 
UN 7.15 6.67 7.12 6.86"r 
ACC 7.14 6.73 7.17 6.77 

Values are means & SE; n = 9. UN and ACC, unacclimatized and 
acclimatized trials; sprints I and 2 refer to before and after 6-h heat- 
exercise test, respectively. Glycogen is expressed as mmol/kg wet 
wt. * Significantly different from UN (P < 0.05) trial. t Sig- 
nificantly different from sprint 1 UN trial (P < 0.05). 

TABLE 3. Performance data for 45-s 
sprint-exercise tests 

Sprint 1 Sprint 2 

UN ACC UN ACC 

Total work, kJ 24.01t0.80 24.72k1.02 21.56t1.18* 24.67t1.37 
Peak torque, 82.7k3.3 87.1k3.0 80.6t6.2 84.7k4.8 

N-m 
Torque at 45 S, 35.2k1.4 37.7t2.3 32.2k1.9 36.4t2.5 

N-m 
Fatigue index, 56.9t2.7 56.4k2.8 58.7Ik3.5 56.2t3.8 

% 

Values are means & SE; n = 9. UN and ACC, unacclimatized and 
acclimatized trials, respectively; sprints 1 and 2, before and after 6-h 
heat-exercise test, respectively. * Significantly different from all other 
means (P < 0.01). 

TABLE 4. Blood lactate concentration before and during 
recovery from 45-s sprint-exercise tests 

Sprint 1 
Time, min 

Sprint 2 

UN ACC UN ACC 

Pre 1.12t0.08 1.27kO.13 1.22k0.14 1.12t0.15 
0 6.57k1.15 6.01k0.82 5.15+0.81 6.70t1.23* 
5 10.33t1.24 11.161k1.02 9.80t1.07 12.40t1.18* 

10 11.48*0.95* 11.44t0.91* 9.85t1.08 12.22t1.09* 
15 10.90t0.92* 10.88t0.82* 8.69t1.11 10.40t1.09* 

Values are means t SE expressed in mmol/l; n = 9. UN and ACC, 
unacclimatized and acclimatized trials, respectively. Sprints 1 and 2, 
before and after 6-h heat-exercise test, respectively. * Significantly 
different from sprint 2, UN (P < 0.05). 

between the UN and ACC trials or between the two 
sprint exercise bouts. 

Muscle glycogen use for sprints 1 and 2 was 28.0 t 3.9 
and 14.8 t 4.0 mmol/kg for the UN trial. Corresponding 
values for the ACC trial were 18.0 & 7.1 and 19.9 t 5.6 
mmol/kg for sprints 1 and 2, respectively. These means 
were not significantly different from each other. 

Presprint muscle pH was not significantly altered by 
acclimatization or HET either in the UN or ACC trials 
(Table 2). D uring the UN trial, immediate postexercise 
muscle pH was significantly lower following sprint 1 
(6.67) than sprint 2 (6.86). Values for postexercise muscle 
pH in the ACC trial were 6.73 and 6.77 for sprints 1 and 
2, respectively, and were not significantly different. 

No significant differences were noted in the presprint 
blood LA concentrations either between the UN and 
ACC trials or between sprints 1 and 2 (Table 4). In the 
UN trial, blood LA concentrations after 10 and 15 min 
of recovery were significantly lower following sprint 2 
compared with sprint 1. Throughout recovery, blood lac- 
tate concentrations following sprint 2 were lower for the 
UN trial compared with the ACC trial (P c 0.05). 

No significant differences were observed between the 
UN and ACC trials for blood pH before or after sprint 
exercise (Table 5). Nadir values ranging from 7.13 to 
7.22 were reached at 5 min postexercise in all sprints. 

DISCUSSION 

The changes observed in plasma volume, exercise heart 
rate, and rectal temperature demonstrate that the exer- 
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TABLE 5. Blood pH before and during recovery 
from 45-s sprint-exercise tests 

Time, min 
UN 

Sprint 1 Sprint 2 

ACC 

Pre 7.37 7.37 7.41 7.43 
0 7.23 7.25 7.34 7.28 
5 7.13 7.14 7.22 7.18 

10 7.14 7.16 7.22 7.20 
15 7.16 7.19 7.25 7.24 

Values are means; n = 9. UN and ACC, unacclimatized and accli- 
matized trials, respectively. 

cise protocol was successful in promoting acclimatization 
to exercise in the heat. 

IMuscle glycogen use. The major finding of this inves- 
tigation was that muscle glycogen use during 6 h of 
intermittent exercise was markedly reduced following 8 
days of heat acclimatization. These data suggest an al- 
teration in substrate use following repeated days of ex- 
ercise in the heat. This reduction in glycogen use, without 
any change in vOzmax or in blood lactate levels during 
submaximal exercise, suggests that this sparing of muscle 
glycogen is due to heat acclimatization and not to an 
effect of endurance training per se. 

The mechanism(s) responsible for this decreased reli- 
ance on muscle glycogen stores during prolonged exercise 
in a hot environment can, at present, only be surmised. 
The reduction in muscle blood flow during exercise in 
the heat (21) results in a reduced delivery of blood-borne 
substrates to the exercising muscle. An increased perfu- 
sion of active skeletal muscle after heat acclimatization 
(21, 23) may have resulted in an augmented de1 ivery of 
both glucose and nonesteri .fied fatty acids and allowed 
for a reduced dependence on muscle glycogen for energy 
production. 

The reduction in muscle glycogen use during the ACC 
trial was not associated with any change in R or blood 
LA concentration, suggesting that the rate of muscle 
glycolysis was unaltered after acclimatization. In a recent 
preliminary report, Green et al. (12) observed a reduced 
muscle glycogen utilization during submaximal exercise 
in a cool environment following 3 days of a physical 
training regimen that increased plasma volume by 21%. 
As was noted in the present study, Green et al. did not 
observe any difference in blood glucose concentrations 
or in the R. These results indicate that there was no 
shift in the use of carbohydrate and lipid for energy 
production. Furthermore, these investigators found that 
muscle concentrations of LA and glucose 6-phosphate 
after 2 h of exercise were unchanged following the 3 days 
of training. These data support the hypothesis that the 
acclimatization process did not 
glycolytic flux during prolonged 

result in 
exercise. 

any change in 
Hultman (14) 

has demonstrated that the rate of muscle glycogen utili- 
zation is inversely related to the release of glucose from 
the liver. Thus the finding of a reduced glycogen use 
without an apparent increase in lipid oxidation may 
reflect an enhanced rate of hepatic glucose release and 
subsequent use by active skeletal muscle. 

If we assume an active muscle mass during cycling 
that is equal to 20% of body weight (lo), the contribution 

of fat and carbohydrate to total energy production can 
be estimated. Muscle glycogen contributed 41 and 24% 
of the total energy expenditure in the UN and ACC 
trials, respectively. Total carbohydrate use comprised 37 
and 33% of total energy expended in the UN and ACC 
trials, suggesting that blood glucose contributed little in 
the UN trial and -9% in the ACC trial. This contribution 
of blood glucose, corresponding to a release of -36 g 
from the liver, could be met by hepatic glycogen stores 
alone (15). 

The estimates of substrate use presented above are 
open to question for the following reasons. These calcu- 
lations assume an active muscle that is equal to 20% of 
body weight and also that the vastus lateralis reflects 
accurately the metabolism of the entire lower extremity 
during bicycle exercise. To our knowledge the active 
muscle mass and recruitment pattern during bicycle ex- 
ercise has not been adequately quantified. Another crit- 
icism regarding these estimates is that respiratory ex- 
change measurements may not adequately reflect sub- 
strate use under extreme environmental conditions (9). 
Thus direct measurements of glucose and nonesterified 
fatty acid exchange across the working muscle are nec- 
essary to explain the observed differences. 

A lowering of plasma catecholamine levels during ex- 
ercise in the heat may have played a role in the reduced 
glycogen utilization through direct effects on the exercis- 
ing muscle (20) and also by improving splanchnic per- 
fusion, thereby increasing hepatic delivery of glucose 
(22). Plasma catecholamine levels during exercise in the 
heat have been demonstrated to be higher than identical 
exercise in a cool environment (11). Although plasma 
catecholamines were not determined in the present 
study, reduced rectal and skin temperatures following 
heat acclimatization (23) might have resulted in de- 
creased circulating levels of catecholamines during ex- 
ercise in the heat. Furthermore, markedly reduced 
plasma catecholamine levels have been observed during 
submaximal exercise after only 1 wk of endurance train- 
ing (26). This type of exercise training, however, has 
been shown to result in a significant increase in VOzrnax 
within 1 wk (13), whereas no increase in VOZ max was 
observed in the present study. The role of decreased 
catecholamine levels in reducing muscle glycogen use in 
the heat remains to be clarified. 

Sprint exercise. Total work output was significantly 
reduced in sprint 2 in the UN trial, whereas in the ACC 
trial the subjects were unable to maintain sprint exercise 
capacity following prolonged exercise in the heat. Pre- 
vious research suggests that thermal dehydration to a 
body weight loss of 5% has no effect on the performance 
of a highly intense (30 s) exercise bout (16). In the 
present study the estimated decrease in plasma volume 
during HET was similar in the UN (3.2%) and ACC 
(2.3%) trials, and body weight loss during the two trials 
was not different (UN = 3.0%, ACC = 3.4%). Thus the 
loss of body fluids does not appear to be responsible for 
the observed reduction in work output. As noted by 
previous investigators (4, 5), prolonged exercise in the 
heat did not alter the electrolyte content of muscle (data 
not shown). and no differences were noted between the 
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UN and ACC trials in the serum concentrations of Na+, 
K+, and Cl-. In addition no differences were noted in 
peak torque between the UN and ACC trials during 
sprints 1 or 2. These data suggest that the excitability of 
skeletal muscle was not appreciably different between 
the UN and ACC trials before the final sprint bout. 

The higher muscle pH observed following sprint 2 
compared with sprint 1 during the UN trial represents a 
75.8 nmol/l (35%) reduction of muscle H+ accumulation. 
A diminished accumulation of LA in the blood was also 
noted following sprint 2 in the UN trial. In addition 
venous blood pH tended to be higher following sprint 2 
for the UN trial. Reductions in sprint exercise perform- 
ance and in the ability to accumulate LA in the blood 
and muscle have been observed when muscle glycogen is 
reduced (17, 18). Jacobs (17) has suggested that anaero- 
bic performance is reduced when muscle glycogen is lower 
than 40 mmol/kg because of a relative lack of substrate 
for the flux-generating step of glycogenolysis. It is inter- 
esting to note that muscle glycogen approached this level 
(46.6 mmol/kg) in the UN trial after exercise in the heat. 
These data suggest that the reduction in sprint exercise 
performance following exercise in the heat in the UN 
trial was due to a reduction in the capacity for anaerobic 
energy release. 

In summary, 8 days of heat acclimatization resulted in 
a marked reduction in muscle glycogen utilization during 
prolonged exercise in the heat. This alteration in sub- 
strate use during submaximal exercise was associated 
with an enhanced ability to perform 
ercise following heat-exercise stress. 

highly intense ex- 

The authors express their sincere appreciation to E. V. Dover, S. B. 
Kaiserauer, J. E. Kovaleski, and D. A. Porter for their expert technical 
assistance. 

This study was supported in part by US Army Research Grant 17- 
83-6-3009. 

Received 11 February 1985; accepted in final form 17 May 85. 

REFERENCES 

1. BERGSTROM, J. Muscle electrolytes in man. &and. J. Clin. Lab. 
Invest. Suppl. 68: l-110, 1962. 

2. BERGSTROM, J., L. HERMANSEN, E. HULTMAN, AND B. SALTIN. 
Diet, muscle glycogen and physical performance. Acta Physiol. 
Stand. 70: 140-150, 1967. 

3. BUSKIRK, E. R., P. F. IAMPIETRO, AND D. E. BASS. Work perform- 
ance after dehydration: effects of physical training and heat accli- 
matization. J. Appl. Physiol. 12: 189-194, 1958. 

4. COSTILL, D. L., R. COT& AND W. FINK. Muscle water and electro- 
lytes following varied levels of dehydration in man. J. Appl. Physiol. 
40: 6-11,1976. 

5. COSTILL, D. L., AND B. SALTIN. Muscle glycogen and electrolytes 
following exercise and thermal dehydration. In: Biochemistry of 
Exercise II, edited by H. Howald and J. R. Poortmans. Basel: 
Birkhauser, 1975, p. 352-360. 

6. COSTILL, D. L., R. L. SHARP, W. J. FINK, AND A. KATZ. Deter- 
mination of human muscle pH in needle-biopsy specimens. J. Appl. 
Physiol. 53:. 1310-1313, 1982. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

COTLOVE, E., H. V. TRANTHAM, AND R. L. BOWMAN. An instru- 
ment for and method for automatic, rapid, accurate and sensitive 
titration of chloride in biological samples. J. Lab. CZin. Med. 50: 
358-371,1958. 
DILL, D. B., AND D. L. COSTILL. Calculation of percentage changes 
in volumes of blood, plasma, and red cells in dehydration. J. Appl. 
Physiol. 37: 247-248, 1974. 
FINK, W. J., D. L. COSTILL, AND P. J. VAN HANDEL. Leg muscle 
metabolism during exercise in the heat and cold. Eur. J. Appl. 
Physiol. Occup. Physiol. 34: 183-190, 1975. 
FROBERG, S. O., L. A. CARLSON, AND L.-G. EKELUND. Local lipid 
stores and exercise. In: Muscle Metabohsm During Exercise, edited 
by B. Pernow and B. Saltin. New York: Plenum, 1971, p. 307-314. 
GALBO, H., M. E. HOUSTON, N. J. CHRISTENSEN, J. J. HOLST, B. 
NIELSON, E. NYGAARD, AND J. SUZUKI. The effect of water tem- 
perature on the hormonal response to prolonged swimming. Acta 
Physiol. Stand. 105: 326-337, 1979. 
GREEN, H. J., L. L. JONES, M. E. HOUSTON, M. BALL, AND B. W. 
FARRANCE. Exercise-induced hypervolemia: lack of an effect on 
blood and muscle metabolites during prolonged exercise. (Ab- 
stract). Med. Sci. Sports Exercise 16: 163, 1984. 
HICKSON, R. C., J. M. HAGBERG, A. A. EHSANI, AND J. 0. HOL- 
LOSZY. Time course of the adaptive responses of aerobic power and 
heart rate to training. Med. Sci. Sports Exercise 13: 17-20, 1981. 
HULTMAN, E. Studies on muscle metabolism of glycogen and active 
phosphate in man with special reference to exercise and diet. Stand. 
J. Clin. Lab. Invest. Suppl. 94: l-63, 1967. 
HULTMAN, E., AND L. H. NILSSON. Liver glycogen in man. Effect 
of different diets and exercise. In: Muscle Metabolism During 
Exercise, edited by B. Pernow and B. Saltin. New York: Plenum, 
1971, p. 143-151. 
JACOBS, I. The effects of thermal dehydration on performance of 
the Wingate anaerobic test. Int. J. Sports Med. 1: 21-24, 1980. 
JACOBS, I. Lactate concentrations after short, maximal exercise at 
various glycogen levels. Acta Physiol. Stand. 111: 465-469, 1981. 
KLAUSEN, K., AND G. SJOGAARD. Glycogen stores and lactate 
accumulation in skeletal muscle of man during intense bicycle 
exercise. Stand. J. Sports Sci. 2: 7-12, 1980. 
LOWRY, 0. H. A Flexible System of Enzymatic Analysis. New York: 
Academic, 1972. 
RICHTER, E. A., N. B. RUDERMAN, H. GAVRAS, E. BELUR, AND H. 
GALBO. Muscle glycogenolysis during exercise: dual control by 
epinephrine and contractions. Am. J. Physiol. 242 (Endocrinol. 
Metab. 5): E25-E32, 1982. 
ROWELL, L. B. Human cardiovascular adjustments to exercise and 
thermal stress. Physiol. Rev. 54: 75-159, 1974. 
ROWELL, L. B., G. L. BRENGELMANN, J. R. BLACKMON, R. D. 
TWISS, AND F. KUSUMI. Splanchnic blood flow and metabolism in 
heat-stressed man. J. Appl. Physiol. 24: 475-484, 1968. 
ROWELL, L. B., K. K. KRANING II, J. W. KENNEDY, AND T. 0. 
OWENS. Central circulatory responses to work in dry heat before 
and after acclimatization. J. Appl. Physiol. 22: 509-518, 1967. 
STROM, G. The influence of anoxia on lactate utilization in man 
after prolonged work. Acta Physiol. Stand. 17: 440-451, 1949. 
THORSTENSSON, A. Muscle strength, fibre types and enzyme ac- 
tivities in man. Acta Physiol. Stand. Suppl. 443: l-45, 1976. 
WINDER, W. W., J. M. HAGBERG, R. C. HICKSON, A. A. EHSANI, 
AND J. A. MCLANE. Time course of sympathoadrenal adaptation 
to endurance exercise training in man. J. Appl. Physiol. 45: 370- 
374,1978. 
WYNDHAM, C. H., A. J. A. BENADE, C. G. WILLIAMS, N. B. 
STRYDOM, A. GOLDIN, AND A. J. A. HEYNS. Changes in central 
circulation and body fluid spaces during acclimatization to heat. J. 
Appl. Physiol. 25: 586-593, 1968. 
WYNDHAM, C. H., G. G. ROGERS, L. C. SENAY, AND D. MITCHELL. 
Acclimatization in a hot, humid environment: cardiovascular ad- 
justments. J. Appl. Physiol. 40: 779-785, 1976. 


