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Body fluid banlance and cardiovascular adaption
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Abstract: Dehydration affects not only temperature regulation, performance, but also normal cardiovascular functions. Usual-
ly, the negative effects induced by dehydration vary with dehydration levels. When a human body is gradually dehydrated dur-
ing exercise, the environmental temperature is an important factor influencing cardiovascular functions. However, when a hu-
man body is well hydrated, this effect becomes not significant. Fluid replacement during exercise can prevent and corect de-
hydration, maintain and improve cardiovascular functions. It has been also suggested that the effect of fluid replacement on
cardiovascular functions is directly related to ingested volume, ingesting time and the composition of ingested beverage.

Key words: dehydration; fluid replacement; cardiovascular functions

R E Sk S BUR K, T BLK £ 4 2 AR IE® 4 3T
Bl R B, MR RE BN R Fr o 38 SRR fE N AL B K
i BT B, B R BB K B B R T B, 1R s
MAZZ—RONEREEZH SR PEERERENE
FR B8, 3 3l B B K B RN O ML 2 R B B T — B 2
B EEER RN EBEREZ —, FRIBIB K RN
O ML THAE B BF ST T8 31T 20 4340, B AE 40 4EAUBLH 3T
BHCRA X BK 5B R RMR S M E R KR
HIBFFE o T BLIE 28 KM 0000 M 48 2l B 7 T b 28 2R 48 R B 5
BAIGT 80 AR o AR ST LA Lo 1L 4 Bl BB B Wi B
a5 R s A O i AF T A X R B I R o

1 Bkt I THBE AR

BETE BRI PR R, R B KT R B
Fhols LG SRR o 32 30 B I8 10 AL P9 1 B ok By L 3039 0, 68 . T
P 9o S 7= A 2 A T L A Y B 400 I P S O R R
SEAG i 2 4 R BT AR A Bk 43 AR IR N B Jik B 2 K

KRB R :2003-06-11
fEHE B (1968 - ), &, B EUR, BF5E 7 1 3 Bl A il

RIS, B BT AT B FR A BE R
1.1 BRABES“LDNEER”
VBRI, 1B BB B K T8 B 3 A Bk b
BT AN S 7 FE v B 7 U R A B A0 R, 8
L O B L L P A B R D R DA K R B Bk E R
W2~ L 4G D BB R 8 B A A4k, BERR S 0 1L
W% (cardiovascular drift) (7, 32 2h B B K 31 49 .0
B i%%ﬁﬁlﬂ?]ﬂl?&@ﬁi%%%%?ﬁ%[s],Eﬁ‘iﬁ*ﬁm
f e AR AL B B K TR IS T TR R o Montain 44138 4 24
FRE R R AR &, B R T 18 SR R ) R B R AKX 0 1L
WEB AR TFERY N, S&REN, B3O R
UREGHE SABMPLBRKENTHEERSHKEZR
(BiK)EXR,MEABRKBERSK, BHE S4RMITE LA
BT AR U BRE R K . X — %5 5 Montain™ BL BT
MAEN—H, EAETNHHES, ZEFBWEERTF L
65%BAXWERKEHITE 2 h BERESN, ZIAEEZL
M KB MK (80% MR S 8 ) B W Bk 4 W (53 ml/kg,




%139

B % AT AT S 0 0 R BT kR 57

BB 6% B AR, R UFNE 80% TR E &
). SRR, 5EXHBARL, BRERANEEETHR
BT 50% , ATBIE T OB B TR, TR, B340
BEBENTHER OO EES"BANERZ —, Bahi 4k
BRAUTHGEREENERE S48 MR AFRMBEN O
RO, BEEE A O R R O R U E
KB RRFN,  K R
1.2 HERESONEER
—RMYEHRTR RN, AREREN BCTHF
GREES P, GHR.E4RMPLOBESES LR
BE26°CTF P SR FHENY, XRM FAERFE B
SIE RIS, B R TEENPOMBRAEEMOMEE
B AT T Mt g aai2, ok, Rssrs
L, ERIA R PEN, BEE BB LRWELARN
S5REREMERE L, S AREST XY BB
TR SR TR MR 55 20% ~27%5, B—2iR
EELTRPBEHNHRNER, 2iEE 30 S
SRS FHUNBERBIKER, SRR LEZNER
K¥o U, ERTFEPEHENSLFIERRTOLESR
ARG B3 A BEFEAE S A O TR R T A B B TR e
PRE T EH(35C) FE (8C) KRBT P L P & F (72% B
KR ER) B ERnTAE KT SHEENE N, 4RE
ARG ERBE G (AT RSN N EEE SR IR EE s
ML EERLELS AR T EERE, ERKRET, 8
ER1%HAEE AFRPEHEETH(6.4:1.3)mL
(4.8%), WA FEPEHETH(3.420.4)ml(2.5%)F N
R, MERLNERHITEP TR ERZR. TR, E
B, BRI RE D PERRE T, MR RE L
M IRIRRH BEWL W, MYPREE 3P RS B KR, 37
BRBER— OIS B LW EERE,

2 bR O B Th AR B RSN

PAWL 50 4 9 SCHRIE 3R, B0 v T 32 B B R NS 00 I
SIIREROBIIAR D, B 20 4D 80 AR AU , A .0 M4 A
BT R R R B, AR f1 BEBE S T 4
RV ARG R R VR DB X L R 1 06, A
T A5 33 S0 350 R B9 B B 10 RIS 3 — 2B (4913161
2.1 KSR & ES”

FE B 1A P R BE BB B P, AN R TR AN B B
B IR A0 I R XS B B g 4010 g —
WEE REEESE RET, AT, 76 SR | P & B
BRE, AN A S R G W BF ST M R £ o Below 411
BRET T b IR BB BB O 0 R N A B M B B, 7E
RITHIE A, B U 80% Bk W & BB % 50 min, B
BTSN IR, WHRLE 4 RER . AR
TN O B AN B 6% M5 ~ AR R MCRE 1330 mL);2) K
EA R (RBREE 1330 ml);3) MM (REH Dy 0% %
B - HARIR Y VR 200 mL);4) % R CH AR BRI + 200 mi
K)o 8 RIZAHE LABEALI U 510 4 LR, SHREM,

B /NE B (R )M b, BN BORN R AN A B 2
M T B shat B0 3, M O R BEH M, 53
MR R R AN ANR A R E, Hsl B, Hfb
3 2 B I 3 0 B PO B D S K T 6 25 F WG, 3 BB R T
AR . TR, KB R R REYE 15 I 3 4 B B0 45 2 o
R KB R A0S B AR, I 3% 20 B oF RB7E I3 3 i (R 5
o WA NNAERMR T VENEE, WEN TAFLREA
BHER. RUNTREREUNTHFR P 0E KL
BRUS 2], 75 3% FhAt L ZAN RN R B K T A 855 B A 0 2R
Hy IR AE k= , Costill %121 2 B, 7E 34 S5 R B K BT, %h I
62% B AR IBAR T DA4E R IE 3 B0 0 38, (ELR , it — Se B 5T iR
BRI 75% 2R 65% PV E KR T, O 4% Th B
AFEORMEHE S K RKE . Hamilon ZO1R 4,35 5hnt
DRIMRAEEEE TORAET AT SEEHETRY
G, AR AR T LB A 5 FF 2R G5 JL 2RI R o3, 9 1k
“OIEER”, B, Bk, B RS H A
WO MR H B H N,

HBEEXNBYTARKBRAWEENES Y
R0349.2035) R BS R 4553 B0 T B R R B M5 3
FraR, I EL X WL = A 5 B R R B A R ), BE A
—BE BRI, IR F L TREERSMATEDENL
435132 3h 90 min, 3£ 7553 B B #E 47 AN BB AR, A
(FK)RE 0% AR EL R, HRER, M REEHH
ANT B A0 B S SO A 1 AR (R R A R
W, R AN R RS T B B B B R BT, T X
WENWEREE LA TE WP, X5 B ANE SR
(&) e 2 v R O B 25 B UL ) T 5 3R ) 7 2K 88 B B9,
BHE*X,

E BT ., BB W/ INER 95 L2 B A 0o i 5 VRS B R
BB R A o AMBORIRNGE R 65552 3l B o 300 I A A f T
Bl AR B R ATE .00 I A5 HE MK R L R
2.2 PEHDERE

FIXF 3, FRARBE . T YRS R KR K S
CRT A2 440 L P 0 B 40 ML 0 ) 20 L Fry o 280, )R8, 33 s
P 5 0 3% 8 8 T e R0 0k BE A L4200 K
KA FE S 14 T K AL A M ¥ B TT LA IS5 Ak I 494 0 1 3 35
TRV BE TR, B R (R, X L3 7 B R A
B AR AR B (1752300 S ET flg R B S K B R A i 3
3% FE U B WAAIR, DT 400 860 T 0 0 PR B 3R B PR F, 00 AR O
A8 T B 2 R AN T e (o9

5432 B0 57 5E SR (0 RORM AL, T L R D el
FRERGH, RESEMMEAFREL? BESEW L
M4 EH"? Sanders SR T KM HES)F, M5 R
JUF 100% H b [ FF W2 2% B4 (e T AN 47 B 199 . 3% 25 LA b A
R4, SIS R EIR, B3N RIKAE 100 mol $1H 25
VAV, T ARG U B M, ER S, 400 D 4 VR A I 3R
BN o 32 B L3 2% B B0 T 594 3 e Ak B I B 4T
TEE, MATT /N0 I RS o B B T A

3B B0 5 1AV - o I P D 8 6 R B AR B % T — R I




58 FEER

B 1%

GHLEBRIEE, BFREN, ESHEREH, I THE
REMTENRE E 3 RN ARTHEBSRERER
BB, 3 H AR S R R R b KRR AY A4
BUSH] i TR N R R A 5 T A R AR, — B
FUREIL, Kk B B R S B R AR5 3R
4, 5K BHMAR ST RMEBRMAMN, DEXTEREE
RMBERRBEWO MR MEEB"IR? Mitchell
asl4IBrgE T 2.9% B8 3 h BV S5 2 A0 4 D AR
BV . BROTRIE T 4 Fhb B Bk « (% 0 B A 40 (1009% B 14
W FE B + 25 mmol 1) ; IR B B4 (100% KR E KB +
50 mmol 41 ; B MBI (150% MR K 2 52 Bt + 25 mmol 44)
FIRS TR B 4 (150% B ARV B R B + 50 mmol 49) . BARE
BEY, MR COMEER” BRAYM. RNE TR
AN BOPR B, T R YRR A T AR M I B R B

AR, EREM ORI AROINRT, B3RIE#H 3R
AT MRS A BRI TR R R B 0 VR A 4 A A
AR B RIF A0 I E R
2.3 FhimEtE S O i EE R

754 B (8] B9 T A7 32 3l w4 B R0 L 1A B S T ) ) e VR
SR AL O M DI AR BB W B4 M R BB T BT
BB BRSTIRIE , 18 31 R 758 B R FF IR R U R, mh AR A A
Y iR AR FEIE ST AL B Y 70T (R, X BT SY
SRR T LR AT ARG, 2R E R KRR
FOPEA W 5 2R 7 40 R K A RS B B D R IR 4, BT I,
X B R 3 TR B 4 T M 52 W b Y e ) 65 Bl B 7 A ¥ A B
ML o Montain 205 by s & T B WREE T 77 S AN 18] X 440 38
B O MEERNEM, SRER, RARTEB SIS RAT T
ERFHTRELR, BR, MBAR BEERERNMDHAR
BEES B AR BRI R . RHRESIPER
AR UL R RS AL, B S IR AR AL B AR T 3
MR o T3, 35BS B F 45 SRA , 7 IR B R R VB0 & T 48 A
HBERENEW, BAXALREASHEENEL R
VR ERERESPE— S, S KEREEES
A} B AR AL S I B R BB AN R, 1K
P A R B ) e R AR, 0 ML RS AR
2.4 IEERETLDOLERBHERE

TERL MBS A, Pits S0 HGE T A FEK R B A K
(R 0.2% EALEE) R B 5K 3.5% K B WA IR
D AL A 2t M 653 B B T o0 SRR . (B, HANEK
BB 2R AR, R TR E R B, AME
B SR ST G B 1 B B R B X 53 B i O R A RR B R, A
20 48 90 ERIE, — RIVA X AME R 5 O M B BRI BF
FAESH KRN R SEBHEFXRMEETREHZE
AT, Hamilton 2809078 B 9% 41 YRR 35 & 0 % 0 M0 B
R E I, 2 K E P SR E B, AR
FERIRE R B, T AE M B I SR W T B, 4
FOWHE, O M A EB”, HE, Montain £ BB
TR/ TRV 1) 7B B P H T8 80% FHE R B EK
A, Y 3 2o 8 0 AR 1 A S Y L T fe AR IR 1A IR, LA R ML U 3

5 MR AR MERL, 2)Ese AR OF EFUREE
BTHRGIEESHBRBEMEXR, WANEEBEX, KRN
DT REEE TR EEREN, Below S,
ABRFME A BB B TR BN , KRR BN
B FM BRI BB R T 2 R B MLV AR, Y/ AT A
BEFAIBE, HEEE.

B O 55 £ T AR B e 4k A W B R R A R
Shirreffs 2 S gy R T B, AT T 50% FRER BRI
(4423 5% 61 mmol) R B RUKE 3K A5 5 100% H#MEE
BR—EHEFNFEFRKESRAKT, BEKIEN, @
TR B LB 45 FUR RO TE B, DU AR 4 F B AR A
150% By A R B e K B e B — - R A R IR E K
BRERSEBIRETE; 2000 WHBRERATUE
1509 %h Wi Bt — B K BIR A B K B 8y, B, 3 B B MR IR
T KRR, SRR RS a4k, BT, B SR
I 37 75 B s 1R I AN AR R RO PR BB S AMRCRE RV R
L E, B PRI B KB R O MUE D RE Y ZE R AN
WE R ERRE T HRBRNER, MNEMBERE —E K
B HE KRR R R AR L B i s IR R R K A, B
388 Y 0 BB 0 B K 408 B DR VR R SV B A o AR AR
B R AHRBEA T COMERE HEE,

33 3 B K S BB A B T T A 0 B R
R BB, B8 IR BE 0 ML AR B R R, (B
B, MR IE B AR R 45 BUUK B, 3R 358 BE 0 000 B WO M
G — N EERE, HBEHTE/NES O 0
E I REE BB L R A o A N AN B B B B
UM TE KK R BB R DR AR &
RRTR T, B HR0E A S HX BRI, A TREM
AL I VR B A R S, (R 7 B B0 BB o AR BT
B bt B BB 6535 3 o AV A R B AR, D
MATER AR M, B AN B AR Dy LA 4R R B K
Ay, A0 o 0 40 Bt 0 B AR 4 M P SRR P4, AR L0
EEBHERE,

B% 3k :

[1] Candas V,Libert J P, Brandenberger G, et al. Hydration during
exercise: effects on thermal and cardiovascular adjustments[] 1. Eur
J Appl Physiol, 1986,55:113 - 122.

[2] Gonzalez ~ Alonso J, Mora — Rodriguez R, Below P R, et al. De-
hydration reduces cardiac output and increases systemic and cuta-
neous vascular resistence during exercise[J]. J Appl Physiol, 1995,
79:1487 - 1496.

[3] Montain S J, Coyle E F. Fluid ingestion during exercise increas-
es skin blood flow independent of increases in blood volume[J].J
Appl Physiol, 1992,73:903 - 910.

[4] Montain S J, Coyle E F. Influence of graded dehydration on hy-
perthermia and cardiovascular drift during exercise[ J].J Appl Physi-
0l,1992,73:1340 - 1350.




154

HOF BRSO S N BT R - 59

[5] Sawka M N, Knowlton R G, Kritz J B. Thermal and circulatory
responses to repeated bouts of prolonged running[ J].Med Sci Sports
Exerc,1979,11:177 - 180.

[6] Ekelund L G, Holmgren A. Circulatory and respiratory adapta-
tion, during long term, non — staedy state exercise, in the sitting posi-
tion[ J]. Acta Physiol Scand, 1964,62:240 - 255.

[7] Saltin B, Stenberg J. Circulatory response to prolonged severe
exercise[ J].J Appl Physiol, 1964,19:833 - 838.

[8] Rowell L B. Human Circulation. Regulation During Physical
Stress[ M]. New York: Oxford University Press, 1986.

[9] Hamilton MT, Gonzalez — Alonso J, Montain S J, et al. Fluid re-
placement and glucose infusion during exercise prevent cardiovascu-
lar drift[ J].J Appl Physiol, 1991,71:871 - 877.

[10] Rowell, Marx, Bruce, et al. Reductions in cardiac output, cen-
tral blood volume, and stroke volume with thermal stress in normal
men during exercise{ J]. J Clin Invest,1966,45:1801 — 1816.

[11] Johnsen J M, Rowell L B. Forearm skin and muscle vascular
responses to prolonged leg exercise in man[J].J Appl Physiol,
1975:920 - 924.

[12] Gonzalez — Alonso, Teller, Anderson, et al. Influence of body
temperature on the development of fatigue during prolonged exercise
in the heat[J].J Appl Physiol, 1999,86:1032 - 1039.

[13] Gonzalez - Alonso J, Mora — Rodriguez R, Coyle E F. Siroke
volume during exercise: Interaction of environment and hydration
[1]. Am] Physiol Heart Circ Physiol,2000,278: H321 ~ H330.
[14] Below P R, Mora — Rodriguez R, Gonzalez — Alonso J. Fluid
and carbohydrate ingestion independently improve performance dur-
ing 1 h of intense exercise[ J]. Med Sci Sports Exerc, 1995,27:200
-210.

[15] Montain S J, Coyle E F.Influence of the timing of fluid inges-
tion on temperature regulation during exercise[ J]. b Appl Physiol,
1993,72(2) :688 - 695.

[16] Shirreffs S M, Taylor A J,Leiper J B, et al.Post — exercise re-
hudration in man: effects of volume consumed and drink sodium con-
tent[ J] . Med Sci Sports Exerc,1996,28(10) : 1260 - 1271.

[17] Barr S 1, Costill D L, Fink W J. Fluid replacement during pro-
longed exercise: effect of water, saline or no fluid[J]. Med Seci
Sports Exerc,1991,23:811 - 817.

(18] Carter J E, Gisolfi C V. Fluid replacement during and after ex-
ercise in the heat[ J].Med Sci Sport Exerc,1989,21:532 - 539.
[19] Gisolfi C V, Copping J R. Thermal effects of prolonged tread-
mill exercise in the heat[ J].Med Sci Sports, 1974,6:108 - 113.
[20] Davis J M, Burgess W A, Slentz C A, et al. Effects of ingesting
6% and 12% glucose/electrolyte beverages during prolonged inter-
mittent cycling in the heat[J].Eur J Appl Physiol, 1988,57:563 ~
569.

[21] Costill D L, Sparks K E. Rapid fluid replacement following
thermal dehydration[J].J Appl Physiol, 1973,34:299 - 303.

[22] Nielsen B, Sjgaard G, Ugelvig J, et al. Fluid balance in exer-

cise dehydration and rehydration with different glucose — electrolyte
drinks[ J]. Eur J Appl Physiol, 1986,55:318 - 325.
[23] Heaps C L, Gonzalez — Alonso J, Coyle E F. Hypohydration
causes cardiovascular drift without reducing blood volume[J]. Int J
Sports Med, 1994,15:74-79.
[24] Ekblom B, Greenleaf C J, Greenleaf J E, et al. Temperature
regulation during exercise dehydration in man[J]. Acta Physiol
Scand, 1970,79:475 - 583.
[25] McConell G K, Burge C M, Skinner S L, et al. Influence of in-
gested fluid volume on physiological responses during prolonged ex-
ercise[ J]. Acta Paediatr Scand, 1997,160:149 - 156.
{26] Gore C J,Scroop G C, Marker J D, et al. Plasma volume, os-
molality, total protein and electrolytes during treadmill running and
cycle ergometer exercise[ J]. Eur J Appl Physiol, 1992, 65:302 —
310.
[27] Nassis G P, Geladas N D. Effect of water ingestion on cardio-
vascular and thermal responses to prolonged cycling and running in
human: a comparison[ J] . Eur J Appl Physiol,2002,88:227 - 234.
[28] Nose H,Mack G W,Shi X, et al. Shift in body fluid compart-
ments after dehydration in humans{J]. J Appl Physiol, 1988, 65:
318 -324.
[29] Greenleaf J E,Brock P J.Na* and Ca?* ingestion: plasma vol-
ume ~ electrolyte distribution at rest and exercise[ J].J Appl Physi-
ol,1980,48:838 — 847.
[30] Powers S K, Lawler J,Dodd S. Fluid replacement drinks during
high intensity exercise: effects on minimising exercise induced dis-
turbances in homeostasis[ J1. Eur J Appl Physiol, 1990,60:54 - 60.
{31] Brandenberger G, Candas V, Follenius M, et al. The influence
of the initial state of hydration on endocrine responses to exercise in
the heat{J].Eur J Appl Physiol, 1989,58:674 — 679.
[32] Nose H,Mack G W, Shi X, et al. Involvement of sodium reten-
tion hormones during rehydration in humans[J]. J Appl Physiol,
1988,65:332 - 336.
[33] Sanders B, Noakes T D, Dennis S C. Sodium replacement and
fluid shifts during prolonged exercise in humans{J]. Eur J Appl
Physiol,2001,84:419 - 425.
{34] Mitchell ] B, Grandjean P W, Pizza F X, et al. The effect of
volume ingested on rehydration and gastric emptying following exer-
cise — induced dehydration[.] ].Med Sci Sports Fxer, 1994,26:1135
~1143.
[35] Maughan R J, Leiper J B. Sodium intake and post — exercise
rehydration in man[ J].Eur J Appl Physiol, 1995,71:311 - 319.
[36] Brown A H.Water shoriage in the desert{ A].In; Adolph E F
Physiology of Man in the Desert[ C]. New York: Interscience, 1947,
136 - 159.
[37] Pitts G C, Johnson R E Consolazio F C. Work in the heat as
affected by intake of water, salt and glucose[J]. Am J Physiol, 1944,
142:253 - 259.

(%45 AR )




