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Effects of ingested fluids on voluntary drinking and fluid balance

and metabolic responses to prolonged exercise in a hot environment in men
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Abstracts

This study examined the effects of ingested fluids on voluntary drinking, fluid balance and metabolic
responses to prolonged exercise in a hot environment in men (temperature: 28.1 = 1.50 , humidity:
52.6 £ 3.1%). Six males (age 19.0 £ 0.6 yr) cycled for 90 min at 60 % of their maximum oxygen
consumption. One of three beverages was assigned: a) unflavored water (W), b) Isotonic-carbohydrate
drink (ISO): flavored water plus glucose 6.0 %, Osmolality 317 mOsm/kg, and «c)
Hypotonic-electrolyte drink (HYPO): flavored water plus glucose 4.1 %, Osmolality 193 mOsm/kg.
Rectal temperature was calculated, and heart rate were recorded at rest, every 15 min during exercise
and recovery. Venous blood samples were drawn before and after exercise, at 45 min exercise, and 30
min after exercise for determination of haemoglobin, haematocrit, blood metabolites and serum
electrolytes and osmolality. Urine samples were drawn before and after exercise, at 30 min post
exercise for determination of electrolytes and osmolality. Total fluid intake was higher (P < 0.05)
during HYPO (1,403 + 557 g) compared with W (701 £ 249 g). Euhydration was lower (P < 0.05)
during ISO (-0.51 + 0.4 kg) and HYPO (-0.5 = 0.4 kg) compared with W (-0.95 £ 0.3 kg). The serum
glucose was higher (P <0.05) during ISO (137.5 £ 37 mg/dL) compared with HYPO (102.5 + 17
mg/dL) and W (87.3 + 8 mg/dL). The haemoglobin was higher (P < 0.05) during ISO compared with W.
The haematocrit was higher (P < 0.05) during ISO compared with HYPO and W. No differences were
observed in rectal temperature, heart rate, free fatty acid, catecholamine, osmolality, sodium and
potassium did not differ among 3 drinks. In conclusion, a flavored hypotonic beverage seems to be
better in easiness to drink in sports activities under the high temperature environment. Moreover, it
seems that the hypotonic beverage are excellent under the situation that the plasma volume which is the

index of dehydration is not lowered.
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Table 1. Characteristics of the subjects

Parameters Values
Age (yr) 19+0.6
Height (cm) 170.8+10.1
Weight (kg) 64.1+8.9
% Fat (%) 15.1+1.7
VOgmax (ml/kg/min) 57.745.7

n= 6, meantSD
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Table 2. Hemoglobin, hematocrit, and PV changes of Blood

TIME
Vaniable Preex 45min Ex END 30 min post Ex
Hemoglobin gidl Isotonic 16.0(0.6) 16.5(1.0) 16.8(1.3)* 16.0(1.1)
Hypotomie 15.5(0.6) 16.1(0.7) 16.3(0.8)* 156(0.7)
Water 14.9(0.6) 156(0.7) 159(0.8)* 15.4(0.8)
Hematoant % Isotonic 479(1.6) 200(2.0)* S0.1(2.6)* 48.12.1)8
Hypotonic 46.6(18) 48.3(1.8)* 45.4(1.6)* 46.7(L5)8
Water 4541 4)= 478(1.3)*= 486(16)*=  473(16)$=
PV change A% Isotonic -2.10.2)* <2.2(03) 0.2(0.2)
Hypotonic -1.7(0.2) -1.7(0.2) <0.1(0.2)
Water -240.1)= -32002)*=  -19(0.2)=

*:p<005, vs PreEx =p<0.05, vs. Hypotonic
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Table 3. Concentration of plasma catecholamine

Vanable Tune
PreEx 45min Ex End 30min Post Ex

adrenaline Isotomic 6120)* 221(238) 274(394) 95(108)*
pgml Hypotonic 62(27)* 160(157) 170(107) 69(45)*

Water 418)* 186(101) 317(194) 82(46)"
noradrenalme Isotonic 462(157)" 1557(722) 1723(900) 628(209)"
pgml Hypotonic 466(136)" 1057(412) 1204(323) 616(245)°

Water 337(96)" 1122(503) 1314(429) S840
dopamine Isotonic 25(14)° 25 82(49) 313
pgml Hypotenic 26(15)" 46(27) 65(42) 28(14)"

Water 158)* 38(23) 62(43) 228)"

*p<00%, vs END
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Table 4. Blood Osmolality, Na, and K

TIME
Yariable Preex 45min Ex END 30minpest Ex
Osmolality mOSM/Kg Iso to nic 284(2) 286(3) 290(9) 286(2)
Hypotonic 2B4(5) 287(6) 287(5) 284(5)
Watar 284(3) 285(4) 285(2) 284(3)
Na mEq/L Isn to mic 140(1) 141(1) 144(7) 140(1)
Hypotomic  140(2) 140(2) 14001) 140¢2)
Watar 141Q1) 1421) 1421) 141Q1)
Isotonic 1302) 1702) 4702) 140 A)
K mEq/L
hypeo tonic 42(002) 4502) 46(02) 4502)
Watar 43(0.1) 46(03) 45003) 44002)
*p<005, vs Pre
F. R#@?&ﬁ&%itﬁ%ﬁzgm?ﬂb T3, BB DL L TIE Na O 0D 7 38 &) [ A
90 4y I E B DK O B B TUC KD IR T IZHATETE 30 2%OFBAEEICEI T

DIRFBEBLOEMREE (Na, K) DFEEEZER 5 (T (p<0.05) A3, K DAl |33 B B 717 |2 bk -~ Tlal 1 30
RT3 FIEOMEHI LA ZE LT AL > DS INE BAZE o7 (p<0.05)

Table 5. Urine Osmolality, Na and K

TIME

Variable Preex END 30 min post Ex

Osmolality mOSM/Kg Iso tomic 979(94) 1012(111) 950(243)
Hypotonic 881(196) 763(273) 1064(135)
Water 853(230) 896(163) 947(100)

Na mEq/L Iso tomic 163(62) 127¢70) 84(30)*
Hypotonic 184(31) 137(72) 7909
Water 170(34) 127(53) 98(54)*

K mEq/L Iso tomic 86(36) 11G37) 1100
Hypotonic 67(19) 82(39) 117(46)*
Water 6524) 11143) 139(28)*

*p<005, vs. Pre

151



ZR—VEFZE, 8, 144-150, 2011 4F

V. & &

EERE T COEBRICITEE LS. BT
DM X DKy 5 O3 L OVE B
BARERnkEs, ZRREE TIZBITS
8 Ikf D 7K 53 8 B O 2 BTAE EUK 53 DAk 72
ClICRBEIND, RPFRIL FE-IEE . K- EMRF
BERIOENODOHEICHE G T 2R LVESDOH)
REAFEARIC ., R — R NI L E VR L T C
90 4 [H1 2 BE D v 55 &8 5 B O IE B 21T HBR 1T, I
BIEDEIAR =Y RV 7% HBHICERLES
BORBEHONIT LB ELZ, & B
B 5 %*ﬁmh%;@%ﬁé(w :28.1%£1.5 C, &
FE:52.6+3.1 %) T 60 %\/OZmaX B8 E D E B A
17 T 90 47 [] (45 53 45 43 SR Z AND)
HEZ B T /L3 A— X TIT/eoTz,

F9°.90 M EEREOEERNZLHEET
DB LEGIR IR < ICE<RY KEOEAL
(TN TR E BB (7 AV b=y 7 & AR
F=>27) DF BRIz, EHUTEENTL DK S
8 SR ZIOHEE BB O T BEN TV DT
EEZEZLND, MFEEIXT AV =y 7k TlIiE
BT RN CTEB)E %, 3N AR b=y 7
B CILEBY AT~ CHEH) 45 45 1% TO L)
o7z, FEBERR BB B I E B AT IS X TESR) 45

S %BEIE 30 5k ETEANRALILZ, R
CHERLETAY M=y 7808 O B E R 1%
6.0 % THAARF=Z78EHT 4.1 % TT AV =

=
==X
i & oD
pL2A

B D I B I E RN E o T2 ER— DD
EREEZHND,
RELVOKSEREIL 90 S RIES T DA

22 BCRHE BUC R AR = 78RO )5
FARIZHE R TE NS EXVR BT o727
HEZEZBND, FITEIL 90 SREEFOH K
RECEHE B R 2 BITR DL T,

[ENi

I3 3 B DOBCEHI LD EALIT AR TR,

IN

(ZHA~TES) 30 5
FTEARHDLI, MR D

YEE ) > B2 L L C & B g
%o EIE 30 57

152

NEZ O PEETO3IEEOMREHNI LA
AR ASTT AV h=y V8B O 5 3 @ o7,
Flo  EHOEBIEBEAMIVEZDOF VA
BlIC@EWMEZ R LT (p<0.05),

ARV MTO 3T OHORHI LD 28 k3
KENARN= 7B X TT AV b= 7
Bt o 5 S @ o te, £, E B o 8 13 5E B Al
DEB) B AR 45 S OF BEVMEEZRL, B8
S LVEENE % O A EVEEZ SR LT,
ZALTO 3 FIHDOHEHT LD LTtk &
NARR= ZEEHZ L R TT AV h = 7B D
FBE 0Tz, iz BE OB I I~~~ Uy b
TR CAE 1) 2o U7z, B oo 8 0 & B i L 72
K5y B LIE BRI AH BB AR 23 2 O TAMFFE D
H %8 72 K 3 BEBUCEOANA R b= 7 8B D J7
DESIRENTDBEE 2 BND, MAETTa—)L
TP AR 3 R O BCEHC XD IT 4D
Niehotzmn, EE O &L T 8 E A & [E]
" 30 HBICHANTEBEZDOF BRI oT,
iM% £/ IZR P DR EEBLOEMRE (Na, K)
T 3B DOEBHI LD EACIL A DIIR NS TS|
EEROFELLTIE K OfE O S E#) B A2~

EE 45 0 1% DS A B ISE D272 (p<0.05)

BRI 2 BIE SEH720 TR IT B
FRIC<BW ERISEDK S ZEBINT DM BN D
Do TDIZD | B OWE R 7 EEbIZH H72D
DESNEETHD, Koy OBBENE T
ZNRET R OBEIE 23 o= 215
<D, A EE A LI ANAR =y 7 ]k O B
MR L, WO8E 2.4 %, RPE1.2 %, VT FA
0.5 % T, 2%EHEIL 193 mOsm/kg TH D,

OFAFRIL B BB T T 90 o oE s H iz
Kbl Ky EEIESELDICHEH THLHEE
BT,
AEIOFFEORALL T, tRENDRNZE
BHIFT D0, S %I BEEBR LB TLT
EThD,

30

=

%

By IR
7 %g—



ZR—VEFZE, 8, 144-150, 2011 4F

V.E &

EFBRE T TOD 90 sy O@EE I ARh=
y&ﬁkﬂ@?&ﬁ%zi%« NARM= 7D J5
DML D BB R T AL T ol B 2 b
%o M BEMIXEE 30 551% T, 7 AV =y 7k}
IZHARTHIAK ENAR =y Z8E TIEA B I
Motz, 2T, BEE O BENHAKENARh=v7
B EOT AV b=y 7B DT L N Imh EE 2
biLd, & BB DMK LR DR EEICA B &I
NIRRT b DD BB E T TOES % IC
KTFTHEBZ2oNHMHEERETIENARI=v7
BBHICHE N THI KD F BNAE B ITIE»- -
(p<0.05) , ZAVITIEEY (LD MR R AE 2~ A AR
=y 7N XTI L7272 B 2 bivs, ifF
BRI lE . 72— L7 Na, K, D, B
A& . FLEE OEITEEN C LA IX A LI,
G EEHZ KD BT A ONTR ST, % % sk % sk
U EID AR =y 78T & BVBR B T T
AR =Y OB TR AR <R EZ &< P
DIETHLHMEREZ T IRV EICB WL TH,
ARP=y 7B RENTNDHEE X BND,

B E R
D EEk L R E S e

FIT R A K oy OEIRGHZ R, B AR
76, 19,45-51,1982.

2) Montain SJ, Coyle EF. Fluid ingestion
during exercise increases skin blood flow
independent of increases in blood volume. J
Appl Physiol., 73(3):903-10,1992.

3) Owen MD, Kregel KC, Wall PT, Gisolfi CV

Effects of ingesting carbohydrate beverages

during exercise in the heat. Med Sci Sports

Exerc.,18(5):568-75,1986.

4) Maughan RJ, Bethell LR, Leiper JB Effects

of ingested fluids on exercise capacity and

B ZREEFH,
it 2 R BRSNS ARARA].

153

5)

6)

7)

8)

9)

on cardiovascular and metabolic responses
to prolonged exercise in man. Exp Physiol.,
81(5):847-59,1996.

5)
Muraoka I,

Ishijima T, Hashimoto H, Satou K,

Suzuki K, Higuchi M. The

different effects of fluid with and without

carbohydrate ingestion on subjective

responses of untrained men during

prolonged exercise in a hot environment. /

Nutr Sei Vitaminol (Tokyo),
55(6):506-10,2009.

Neville V, Gant N, Folland JP.
Thermoregulatory demands of  Elite

Professional America’s Cup Yacht Racing.
Scand J Med Sci Sports, 23,2009.
Anastasiou CA, Kavouras SA, Arnaoutis G,
Gioxari A, Kollia M, Botoula E, Sidossis LS.
Sodium replacement and plasma sodium
drop during exercise in the heat when fluid
intake matches fluid loss. J Athl/ Train.,
44(2):117-23,2009.

Lafrenz AJ, Wingo JE, Ganio MS, Cureton
KJ. Effect of ambient temperature on
cardiovascular drift and maximal oxygen
uptake. Med Scr Sports Exerc.,
40(6):1065-71,2008.

Armstrong LE, Casa DJ, Roti MW, Lee EC,
Craig SA, Sutherland JW, Fiala KA, Maresh
CM. Influence of betaine consumption on

strenuous running and sprinting in a hot

environment. J Strength Cond Res.,
22(3):851-60,2008.

Coso JD, Estevez E, Baquero
RA,Mora—Rodriguez R. Anaerobic

performance when rehydrating with water or
commercially available sports drinks during

prolonged exercise in the heat. App/



10)

11)

12)

13)

14)

15)

ZR—VEFZE, 8, 144-150, 2011 4F

Physiol Nutr Metab., 33(2):290-8, 2008.
Del Coso J, Estevez E, Mora—Rodriguez R.
Caffeine effects on short—term performance
during prolonged exercise in the heat. Med
Sci Sports Exerc., 40(4):744-51,2008.

Gant N, Leiper JB, Williams C. Gastric
emptying of fluids during variable—intensity
running in the heat. /nt J Sport Nutr Exerc
Metab., 17(3):270-83, 2007.

impairs

Gonzéalez—Alonso. Hyperthermia

function 1in

Med.,

brain, heart and muscle

exercising humans. /. Sports
37(4-5):371-3, 2007.

Shibasaki M, Wilson TE, Crandall CG.
Neural control and mechanisms of eccrine
sweating during heat stress and exercise. /
Appl Physiol., 100(5):1692-701.
Review,2006.
Maughan R, Shirreffs S.Exercise in the
heat: challenges and opportunities./ Sports
Sei., 22(10):917-27. Review, 2004.

Wingo JE, Lafrenz AJ, Ganio MS, Edwards

GL, Cureton K]J. Cardiovascular drift is

154

16)

17)

18)

related to reduced maximal oxygen uptake
during heat stress. Med Sci Sports Exerc.,
37(2):248-55,2005.

Kilduff LP, Georgiades E, James N, Minnion

RH, Mitchell M, Kingsmore D,

Hadjicharlambous M, Pitsiladis YP. The

effects of creatine supplementation on

cardiovascular, metabolic, and

thermoregulatory responses during exercise
in the heat in endurance—trained humans.

Int ] Sport Nutr Exerc Metab.,

14(4):443-60,2004.
Morgan RM, Patterson MJ, Nimmo MA.

Acute effects of dehydration on sweat

composition in men during prolonged

exercise in the heat. Acta Physiol Scand.,
182(1):37-43, 2004.
Coris EE, Ramirez AM, Van Durme D]J.

Heat illness in athletes: the dangerous

combination of heat, humidity and

exercise.Sports Med., 34(1):9-16. Review,
2004.



