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Effect of Fluid Ingestion on Performance of Prolonged Exercise
— Interaction of Beverage, Glucose and Electrolyte —
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Atsuko TSUKANAKA, Norikazu OHNISHI, and Nobuo MATSUI

Abstract

Considerable interest is attracted to the problems on water ingestion during exercise, however, it is
still hypothesis that water ingestion would attenuate the exercise-induced increase in thermoregula-
tory mechanism such as rectal and muscle temperatures and plasma epinephrine, thereby resulting in
less net muscle glycogen utilization. In the present review article, therefore, the hypothesis was dis-
cussed and confirmed by the results of 25 important papers related to the problems of improvement of
physical performance based on the following three papers:(1) Effects of fluid ingestion during intermit-
tent high intensity swimming exercise on thermoregulatory response and performance. (2) Effect of
fluid ingestion on muscle metabolism during prolonged exercise. (3) Heat stress increases muscle glyco-
gen use but reduces the oxidation of ingested carbohydrates during exercise. These review articles indi-
cate that fluid ingestions reduces muscle glycogen use during prolonged exercise, which may account
in part, for the improved performance in the hypothesis mentioned above.
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Fig. Effect of water intake or deprivation on the average swim-
ming time in subjects that performed 20 sessions of intermittent 50
m swims with a 1 min interval between each session. Open circles
are mean = SEM. (5)
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Fig. Effect of water intake or deprivation on RPE in subjects that
performed 20 sessions of intermittent 50 m swims with a 1 min in-
terval between each session. Values are means = SEM. (5)
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Fig. The correlation between swimming velocity and sweat loss in
subjects that performed at submaximal velocity for a 1500m free
style swimming. (5)
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Table, Physiological responses to 120 min of exercise at 67% peak O2 uptake with and with-

out fluid ingestion

NF FR

Preexercise Hb, g/dl 14.8+0.3 14.7+0.6
Preexercise body mass, kg 72.7+3.4 72.4+3.6
A Body mass, kg —2.1+0.2 0.2+0.1+
%oLoss 2.91+0.2 +0.2+0.1¢
A Blood volume, % ~16.9+2.5 —10.3%+2.1*
A Plasma volume, % —24.3%3.1 —13.7+2.8 *
Oxygen uptake, I/min 3.00%0.03 3.02%0.07
RER 0.92£0.02 0.90£0.02
Heart rate, beats/min 155+4 144+3 1
Rectal temperature, C

Before 36.7+0.1 36.71+0.2

120 min 38.6+0.2 38.0+0.2 ¢
Muscle temperature, C

Before 34.2+0.1 33.9+0.4

120 min 39.1£0.5 38.5+0.4 *

Values are means £ SE; n = 5 men. NF, without fluid ingestion; FR, with fluid inges-
tion; Hb, hemoglobin; A, change in; RER, respiratory exchange ratio. Oz uptake, RER, and
heart rate are averages of 4 measurements obtained at 30-min intervals during exercise. Sig-
nificantly different from NF: *P < 0.05; + P = 0.01. (20)
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Table, Muscle metabolites before and after 120 min of execise at 67% peak O2 uptake with
and without fluid ingestion

NF FR

ATP ‘

Before 26.0x1.4 26.6+0.9

After 26.3+1.0 27.2%+0.8
Creatine phosphate

Before 81.0£3.5 78.1%+4.4

After 56.6%+1.9 61.2+2.9
Creatine

Before 46.0+2.0 48.6+5.8

After 70.0+4.6 65.4+5.0
Lactate

Before 5.1£0.7 5.2+0.4

After 4,9%0.4 *
Glycogen

Before 587+34 615+24

After 207+£51 297144 *

Values are means + SE in mmol/kg dry muscle; n = 5 men.

*Significantly different from NF, P < 0.05. (20)
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Fig. Plasma glucose and lactate levels before and during 120 min
of exercise at 67% peak O2 uptake with (FR; Ill) and without fluid
ingestion (NF; @) Values are means = SE; n = 5 men. *Signifi-
cantly different from NF, P < 0.05. (20)
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Fig. Rectal temperature (A; n = 8 subjects) and weighted mean
skin temperature (B; n = 9 subjects) during exercise in heat and
cool trials while subjects were ingesting a carbohydrate solution.
Values are means + SE. *Significant difference between heat and
cool trials, P < 0.05. (26)

8. EM-EATILH5EHH. AKREM
WBrERMS - RWERICRIETZE (26)

WHEEDKMHEIZBWTHRICEBA T 5 L
wL TWh,

PN b el O B R S & M HLIZAR A L 7228,
DIFERRETNICBIT &8+ o CHO BEAS
Glycogen FJH D542 3 % | Jentjens et al.
Diw 7% BHEE L KT 5,

EEhOEKRFE (CHO) DEHS, #27)

:!~b"I/$IJ}EFJ IRIFTRIFEIT LS 7?’)75‘%72\/\
RIS V‘c\:ﬁk7 Ja—42OFHEH

5aénfma#ﬂmwumomﬂm«@%@
BAHTH 5, o TERIFFETIX, HiRFTE
P CHO DB L EEMET T A Z L 2L d 5

ESS == 297 N

=y

1

3 7%

>

(8 per mil vs. PDB)

Breath 13CO, enrichment

Time (min)

=

Plasma 13C enrichment
(8 per mil vs. PDB)

0 15 30 45 60 75 90
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during exercise in heat and cool trials while subjects were ingest-
ing a carbohydrate solution. Values are means = SE; n = 9. PDB,
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Table. Oxygen uptake,ventilation rate, respiratory exchange ratio, heart rate, rectal tempera-
ture, and weighed mean skin temperature, glucose and lactate concentrations during the 60-to

90-min period of exercise in heat and cool trials.

Heat Trial Cool Trial P Value
Vo2, ml/min 3,108+82 3,113+91 0.960
VE, U/min 7843t 7342 0.029
RER 0.931£0.009 0.908+0. 008 0.164
Glucose, mmol/l 5.0£0.2 % 4.7+0.2 0.034
Lactate, mmol/l 1.5+0.3 ¢ 1.0%+0.1 0.047
HR, beats/min 164+5+ 140+4 0.000
Tre, C 38.90%0. 19 *+ 38.26+0.08 * 0.003
T, C 32.71%0.29 ¥ 28.31£0.29 0.000

Values are means + SD for 9 subjects except as noted by *. Voz, oxygen uptake; VE, ventila-
tion rate; RER, respiratory exchange ratio; HR, heart rate; Tre, rectal temperature; Tsk, weighted
mean skin temperature. t Significantly different from cool trial, P < 0.05. (26)

R4, ERLESTICH T 2BERPOHT Y 3—-7FADHER (26)

Tables. Substrate utilization calculated during the 60- to 90-min period of exercise in heat and

cool trials

Heat Trial Cool Trial P Value
CHO total 3.18%+0.15 2.85%0.10 0.087
Fat total 0.36+0.05 0.48+0.05 0.197
Exogenous glucose 0.76x0.06 * 0.84+0.05 0.017
Muscle glycogen 2.07£0.16 * 1.66+0.09 0.042
Plasma glucose 1.12+0.06 1.194+0.04 0.082
Liver-derived glucose 0.36£0.04 0.36+0.04 0.783

Values are presented as means £ SE given in g/min for 9 subjects. CHO, carbohydrate. *Sig-

nificantly different from cool trial, P < 0.05. (26)
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Fig. Energetic contribution (kcal/30 min) of substrates during the
60- to 90-min period of exercise in heat and cool trials. Values are
means + SE; n = 9 subjects. *Significant difference between
heat and cool trials, P < 0.05. (26)
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