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Abstract

SHOU, G.C. and ISHIKO, T. Effect of Thermal Dehydration on Blood
Lactate Accumulation During Incremental Exercise Under Different En-
vironmental Conditions. Adv. Exerc. Sports Physiol., Vol.1, No.2, pp.1-7,
1995. The purpose of this study was to investigate the levels of blood lactate
(HLa) during incremental exercise in both a hot and a thermoneutral en-
vironments after thermal dehydration. Oxygen consumption (VO,), pulmon-
ary ventilation (VE), HLa, heart rate (HR) and rectal temperature (Tr)
were obtained during an incremental exercise test to exhaustion on a cycle
ergometer for 12 unacclimated men under the following conditions: 1) under
a thermoneutral condition without taking a sauna (N25C). 2) under a ther-
moneutral condition after taking a sauna (D25C). 3) under a hot dry en-
vironmental condition after taking a sauna (D40°C). The results were as fol-
lows: 1) HLa levels during incremental exercise were significantly higher in
D407 than in D25C and N25T at the same intensity levels of the exercise,
and were also significantly higher in D25C than in N25C, although there
were no significant differences in VO, during the exercise among D40C,
D25C, and N25°C . 2) VO, max in N25°C was significantly higher than that
in D40C and D25T, and VO, max in D257 was significantly higher than
that in D40°C . Exhaustion time was also higher in N257C than in D40C and
D25C. It is concluded that exercise under heat and dehydration stresses may
increase blood lactate accumulation without a decrease of VO, during sub-
maximal exercise, and impair endurance performance. The increased blood
lactate accumulation may be caused by the increased glycolysis in the work-
ing muscles, but cannot be attributed to augmented local hypoxia. The de-
creased removal of lactate by organs such as the liver may contribute to in-
creased HLa accumulation.

Key words: dehydration, hot dry environment, maximal aerobic capacity,
lactate, incremental exercise.

Introduction

When a man performs an incremental exercise
under a hot environment, his internal temperature
rises (19,20). Thermal stress may affect the rate of
anaerobic metabolism, which alters the levels of
blood lactate (HLa). Many studies have suggested
that HLa levels were increased (11,12,19,23,24) but
some studies reported them to be unchanged (14,20),
or decreased (7) during exercise in a hot environment
compared with a thermoneutral environment. On the
other hand, England et al. (8) suggested that thermal
dehydration resulted in significantly increased HLa
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levels, but opposite results were also reported
(17,18). These experiments (8,17,18) were studies on
metabolic reaction during exercise under a thermo-
neutral environment after thermal dehydration com-
pared with metabolic reaction under the same en-
vironment without dehydration. From these reports,
it is not possible to elucidate the effects of thermal
dehydration on HLa during exercise in a hot environ-
ment. The effects of thermal dehydration on HLa
during exercise in a hot environment are equivocal
due to a lack of studies. Therefore, the purpose of
our study was to compare HLa during incremental
exercise in a hot environment after thermal dehydra-
tion with HLa during the same exercise in a thermo-
neutral environment with or without dehydration.

Materials and Methods

A. Subjects

The subjects of our study were 12 physically fit
and healthy male students. The mean age (£SD) and
physical characteristics of the students are presented
in Table 1.
B. Measurements

The subjects wore sneakers, shorts and socks
during the tests. They were asked to maintain a nor-
mal diet and to limit their physical activity for 48 h
prior to testing. The use of alcoholic beverages was
forbidden during the study period. They were consi-
dered to be unacclimated to heat, because the experi-
ments were carried out from January to February in
Japan. All subjects were fully informed of the proce-
dures and risks before we obtained their informed
consent to participate in this investigation. The tests
were performed approximately at the same time of
the day in a climate chamber. The subjects under-
went incremental exercise testing under three condi-
tions: (a) under a themoneutral condition: dry bulb
temperature (Tdb) 25.0C , wet bulb temperature
(Twb) 14.6°C, relative humidity 30% without taking a
sauna (N25TC), (b) under a thermoneutral condition
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Table 1. Physical characteristics of the subjects.

Age Height Weight
(years) (cm) (kg)
Mean 19.7 172.8 65.2
SD 0.5 3.9 2.9

Values are means & SD for 12 subjects.

after taking sauna (D25C), (c) under a hot dry en-
vironmental condition: Tdb 40T , Twb 25.3C, rela-
tive humidity 30% after taking a sauna (D407T). Air
velocity in the climate chamber was kept constant at
0.3 m/s. The subjects were exposed to a sauna bath
(Tdb 90C) in the sitting position for 45 min or more
until 1% reduction in body weight was attained.

Each subject sat quietly on an cycle ergometer
for 15 min in the climate chamber, and thercafter his
resting oxygen consumption (VO,), minute ventila-
tion (VE), heart rate (HR), HLa and rectal tempera-
ture (Tr) were measured. After attainment of this
resting state incremental exercise was performed.
Arterialized capillary blood samples for determina-
tion of HLa were taken not only at rest and during
every minute of incremental exercise but also at the
3rd minute of recovery. Samples were taken from the
earlobe. They were analyzed immediately with a lac-
tate analyser (YSI Model 23A Yellow Springs Instru-
ment Co. USA). Venous blood samples were
obtained from a forearm vein before and after the ex-
periment. Hematocrit (Hct) was determined by mic-
rocentrifugation and hemoglobin (Hb) was analyzed
by the cyanmethemoglobin method. The incremental
exercise tests were performed on a mechanically
braked cycle ergometer (POWERMAX-V Combi
Co., Japan). The subject pedaled at a work rate of 30
W (60rpm) and then the load was increased by 30 W
every two minutes until the subject could not main-
tain it. Subjects performed three incremental cycle
ergometer tests. Each experiment was scheduled one
week apart. The tests were carried out in the order of
D40C , D25C and N25TC . During the experimental
test each subject breathed through a low resistance
valve and ventilation, oxygen consumption, carbon-
dioxide production and respiratory exchange ratio
(RER) were measured every minute with Oxcycon
(Stress test system Oxycon- 4 MIJNHARDT Co.,
Netherland). Before every test the gas analyser was
calibrated with standard gas mixtures. The changes in
rectal temperature during exercise were measured
with a rectal thermistor probe connected to a thermo-
meter (Model VM 2-001 VINE Co., Japan). Heart

rate was obtained from continuous ECG recording
(Dyna Scope 880 FUKUDA Co., Japan). Before and
after sauna and incremental exercise, the subject’s
weight was measured by a weighing indicator (AD-
4323B A&D Co., Japan). Maximal VO, (VO, max)
was defined as the point achieving three of the fol-
lowing four criteria: 1) leveling-off of the increase in
VO,. 2) RER greater than 1.10, 3) HR greater than
180 beats/min, and 4) HLa greater than 8mmol/l.
C. Statistical analysis

The data were expressed as means =SD and the
differences in HLa, HR, and respiratory responses
between the two environmental conditions were
analyzed using the two-way analysis of variance for
repeated measures. The statistical significance of the
differences was estimated by Student’s t-test on
paired data. In all statistical analyses the level of sig-
nificance was set at p=0.05.

Results
Table 2 summarizes selective values at exhaus-
tion during the increamental exercise under the three
experimental conditions. Figures 1-5 show the com-
parison of mean values for Tr, HR, VO,, VE and
HLa in 12 subjects during the incremental exercise at

N25°C, D25C and D40C. Tr was increased through-

out two experimental conditions (D40C and D25C)
(Fig. 1). The mean Tr at the rest period was almost
the same for D40C and D25C . During incremental
exercise in D40C , Tr was consistently higher (p <
0.05) compared with that in D25C (Fig. 1). HR was
increased during incremental exercise in D40TC,
D25C and N25C, and the difference was significant
between these three conditions (p < 0.05) (Fig. 2).
VO, and VE were increased in a linear fashion under
three experimental conditions but no significant dif-
ference was demonstrated (Fig. 3-4). Note that not
only was VO, max in N25C higher compared with
that in D25°C and D40C (P < 0.05), but also VO,
max in D25C was higher than that in D40C (P <
0.05) (Table. 2). VE max in D40C was also signifi-
cantly lower than that in D25C and N25C (P<0.05),
and VE max in D25C was also significantly lower
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Table 2. Cardiorespiratory and blood lactate values at exhaustion.

VO VOsax VE, .« RER HR,.. HLa,,, Exhaustion
‘ time
(ml/min/kg) (I/min) (Umin)  (VCO,/VO,) (beats/min)  (mM/I) {(min)

NOSC Mean 53.0%°  3.44%° 121.94° 1.18° 187.1 8.21ab 19.072:°
: SO 2.7 0.33 12.8 0.13 8.0 0.28 1.50
D25 Mean 50.6° 3.24° 100.4¢ 1.06 187.6 8.80° 17.29
SD 2.8 0.27 13.0 0.07 9.9 0.33 1.30
DAOT Mean 47.9 3.08 94.4 1.08 187.7 9.25 16.71
SO 2.7 0.27 10.4 0.07 8.2 0.26 0.30

Values are means & SD for 12 subjects. (a: significant difference between N25C and D25C, b:significant
difference between N25C and D40C, c: singnificant difference between N25C and D40C ;p<0.05)
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Fig. 1. Comparison of mean values for Tr in 12 subjects

during incremental exercise in D40C (&), D25TC

ter compared with that under N25C (19.07 £ 1.50

). min) (P<0.05, Table. 2). HLa levels were significant-
(a: significant difference between 2 and [; p< ly higher at each measurement period under D40C
0.05) compared with those under two other thermoneutral

than that in N25°C (P<0.05) (Table. 2). Mean time
to exhaustion in D40C was 16.71 & 0.30 min while
that in D25C was 17.29 £ 1.30 min, but the differ-
ence was not significant. The mean time to exhaus-
tion under two dry conditions was significantly shor-

conditions (N25C and D25C) (P<0.05), and HLa in
D25C was also higher compared with that in N25C
(P < 0.05) (Fig. 5). Before thermal dehydration, no
significant changes were found in Hb or Hct at the
end of the rest period under two conditions (D25C
and D40C). After incremental exercise in D40C, Hb
and Hct were significantly increased compared with
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Fig. 4. Comparison of mean values for VE in 12 subjects

during incremental exercise in D40TC (A), D25T
(CJ) and N25C (O).

(a: significant difference between & and [, b: sig-
nificant difference between & and O, ¢: significant
difference between [ and O; p<0.05)

those in D25C (P <0.05) (Fig. 6, Fig. 7). The mean
loss of body weight during incremental exercise was
0.59%, 1.77%, and 2.07% in N25, D25C and D40C
(Table. 3), respectively.

L1

during incremental exercise in D40TC (&), D25T

(

[J) and N25C (O).

20
(min)

Discussion

The main objective of this study was to compare
the change of HLa during incremental exercise in a
hot environment after thermal dehydration with that
during the same exercise in a thermoneutral environ-
ment after dehydration. To the best of our know-
ledge, this is the first study comparing HLa between

Table 3. Average values of body weight loss during bicycle exercise under three ex-

perimental conditions.

N25TC

D25C

Body weight (kg)

Weight loss (kg)

Weight loss (%) 0.59

(pre) 65.04+5.33
(post) 64.73+5.31
0.31£0.01*°

L.77

(pre) 65.01+4.97
(post) 63.86:4.89 (post) 63.97+5.16
1.15£0.08°

D40TC

(pre) 65.32£5.37

1.35+0.21
2.07

Values are means * SD for 12 subjects. (a:

significant difference between N25C and D25C, b:signifi-

cant difference between N25C and D40C, c: singnificant difference between N25°C and D40 ;p<0.05)
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before sauna
after sauna
[:] after exercise

Hb
(g/dl)

18—

12—

D25°C D40°C

Fig. 6. Comparison of mean values for Hb in 12 subjects
during incremental exercise in D25C and D40C
(* p<0.03).

hot and thermoneutral conditions during incremental
exercise after dehydration. To date, most reseachers
have measured HLa during exercise in a thermoneut-
ral environment after thermal dehydration to com-
pare HLa without dehydration (8,17,18), or HLa
under a hot environment without thermal dehydra-
tion to compare HLa under a thermoneutral condi-
tion (19,20).

In our findings, HLa levels during incremental
exercise in D40C were significantly higher compared
with those during the same exercise in D25C and
N25C. HLa levels in D25°C were also higher than
those in N25C . England et al. (8) observed an in-
crease in HLa during exercise in a thermoneutral en-
vironment following thermal dehydration. However,
Saltin et al. (17) observed a decrease in HLa during
exercise under thermal dehydration. Our results
showing that HLa was higher under thermal dehydra-
tion disagreed with the work by Saltin et al., whose
study adopted a different method: a thermal load
(sauna) without exercise, hard work under a thermo-
neutral condition (17-20C) or mild work under a hot
environment (36-38.5C ). Exercise in a hot environ-
ment after thermal dehydration in our experiment
showed a much greater effect on HLa accumulation

E] before sauna
after sauna
D after exercise

Het
(%)

D25C D40°C

Fig. 7. Comparison of mean values for Het in 12 subjects
during incremental exercise in D25T and D40T
(* p<0.05).

than a thermal load without exercise or exercise with-
out a thermal load (17).

It is a well-known fact that HLa represents the
balance between the amount of HLa released from
the muscles into the blood and the amount of HLa
removed from the blood. Fink (9) reported that dur-
ing exercise in heat HLa was significantly higher than
that in a thermoneutral environment, and he ex-
plained that elevated HLa was due to a reduced
blood flow to active muscles in favour of increased
skin blood flow, which resulted in local hypoxia and
elevated HLa. However, this could not have been the
case in the present study, because VO, did not differ
significantly, while HLa was higher significantly in
the hot environment after thermal dehydration com-
pared with those in the thermoneutral environment.
These results in D40C are similar to the change in a
hot environment without thermal dehydration
observed in our previous investigation (19). Rowell et
al. (16) observed that femoral venous HLa was in-
creased but that VO, of the quadriceps muscles was
unchanged during graded progressive exercise under
hypoxemia (breathing 10-11% O,) compared with
normoxemia. Connett et al. (5) observed that O, ten-
sion in muscle tissue was not related to lactate efflux
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from the muscles during twitch contractions of red
muscles in dogs. In fact many investigators believe
that factors other than muscle hypoxia are important
and reponsible for the increase in HLa (1,3,6). One
explanation might be that the thermal dehydration
and hot environment in our study resulted in a grea-
ter circulatory stress and probably increased physical
discomfort compared with the same exercise under
normal conditions. These stresses would elicit the in-
volvement of the sympathoadrenal system. It had
been found that increased rates of glucose and lactate
turnovers in exercise indicate a greater dependence
on glycogenolysis and glycolysis due to increased
levels of epinephrine (10). Epinephrine is known to
act through /3 -adrenergic receptors to stimulate mus-
cle glycogenolysis (4,21) and to be associated with an
increased rate of glycogen breakdown during exer-
cise, which results in an increased HLa during exer-
cise (13,22). It has been argued that the rise in plas-
ma epinephrine levels during incremental exercise is
the primary factor influencing HLa because the level
of epinephrine was very highly correlated to the rate
of lactate turnover (r=0.97) (10).

Another possible explanation might be a de-
creased rate of HLa removal by the liver due to de-
creased hepatic blood flow (14,15). In our previous
study (19) we observed that HLa levels during in-
cremental exercise in a hot dry environment were sig-
nificantly elevated compared with that during the
same exercise load under the thermoncutral environ-
ment. These results agreed with England’s results
showing that HLa was higher after thermal dehydra-
tion in the thermoneutral environment (8) and would
suggest that HLa is much higher after thermal de-
hydration in the hot dry environment. These findings
might be explained partly by the reduced hepatic
blood flow.

In the present study, VO, max was affected by
the three experimental conditions and it was signifi-
cantly lower in D40'C compared with both in D25C
and N25C (Table. 2). In contrast, other studies have
reported that VO, max was not significantly reduced
during exercise in a thermoneutral environment after
thermal dehydration (2,18). Buskirk et al. (2) re-
ported that, during exercise after thermal dehydra-
tion, the average VO, max of subjects (N=13) was
decreased by 210ml/min after the 1st dehydration and
by 220ml/min after the 2nd dehydration, but that the
reduction was not significant. Their results would be
due to the fact that their subjects were acclimated.
Acclimation to heat was accomplished by the per-
formance of daily bouts of work in the heat and they
remained in the hot room for 2.5 hours every morn-
ing for one week, and some of them took part in a

training program. In the present study, obervation of
reduced VO, max during bicycle exercise in a hot dry
environment after thermal dehydration for compari-
son during same exercise in a thermoneutral environ-
ment was contradictory to the findings of our pre-
vious study (19). But thermal dehydration was absent
in the method used previously, which in the present
study significantly affected VO, max. The significant
change in VO, max in the present study could be ex-
plained by the fact that the thermal dehydration re-
duced the time to exhaution during incremental exer-
cise in D40 and D25C (Table. 2). During in-
cremental exercise in D40TC and D25C, HR and
HLa were significantly higher than those in N25T.
This would increase circulatory stress and probably
physical discomfort, both of which might reduce the
performance time. Psychological factors may account
for the diminished performance after thermal de-
hydration (17).

In conclusion, the major finding of our study was
that HLa was higher, VO, was unchanged and VO,
max was lower during incremental exercise in a hot
environment after thermal dehydration compared
with the same exercise in a thermonecutral environ-
ment. This can be explained as follows: hard exercise
under hot environment after thermal dehydration ele-
vated epinephrine secretion which increased HLa
from the muscles via f -adrenergic receptors without
a concomitant increase in VO,. The decreased rate of
HLa removal from the liver might contribute to HLa
elevation. Physical disconfort due to high HR and
high HLa would affect performance time and VO,
max.
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