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U ABSTRACT -

The, ma1n purpose pf thl 'research W‘S tqﬁanestlgate~

~ R
how a m11d dcgree of dehydratlon caused by predomlnantly o
thermal»heatload’ metabollc thermal heatload and volu§tary

1Y

»:dleuary dehydratlon 1nfluenced an 1nd1v1dual's aeroblc , e
A4 e

.

| capadﬁty and worktlme ‘to maximum.
. The secoudary purpose was to ascertalnllf a glven |
- degree of dehydratlon would" 51gn1f1cant1y decrease he 1ntraf
“f vascular fluid or plasma volume of the body by exam nat1on o
'of varlou§ hematologlcal parameters R e .k.ﬁ v t,
" FleVen healthy male university athletes were studled
.‘;under normal condltlons and aften\dehydratlon caused by
sweatlng produced 1) by 51tt1ng 1n a heat room at a mean i
' temperature of . 1355% for one hour, 2) moderate muscular work | )
v1n a heat ‘room at a: temperature of 92°E‘for one hour, and 3)

He
",fby voluntarlly reduc1ng flu1d 1ntake for a 36 hour perlod

‘Body welght maxlmum oxygen uptake, worktlme to’ exhaustlon,-

. éematocrlt ratlo, hemaglobln plasma volume, red blood cell

count, and osmolarlty were determlned before and after the

' two heat. room se551ons Body welght maximum oxygen uptake
,j_and worktlme to exhaustlon were the only varlables reported
";for the voluntary dletary phase ?.', o -'f ',,'_ c”'f_f_i'
hi}k h 'The average decrease in body welght was 1.57 kg. i IS
1.8 ), 1.59 kg (- -1.808), and 1.50 kg. (-1.68%) for'

v



) : e, . . L “ - ,.,.
treatments I, 2, and 2 respectlvely Perccnt body w01ght

>
lost rangcd form 1.13% (to 2. 870 for acite passive thcrmal s

dehydratlon 1,27% to 2.85% for acute active thermal dehy-

>
4
Decreases in maximum oxygen consumptlon and uorkt1he

ldration and' 24% to:2 j} for acute dletary dehydratlon

to cxhaustfon yere not 51gn1f1cant when analyzed by a one-

' way analv51s-of-var1ance for.reneated measures at the- .05

leVel of 51gn1f1cance for all three condltJons

N v

The decrease in plasma volume and 1ncrease in.
hemaglob1n when analyzed by a ”t” test for correlated means,T
were significant at the .05 1eve1 of 51gn1f1cance for the'
two thermal dehydrat1on treatments. E—

It was be 1eved that the decrease in c1rcu1at1ng

' 1) red15tr1but1on of blood to the worklng muscles ‘and 2)

. -

1ncreased muscle pump actlon of theaQEgs as the subJects
Q

Cs approached max1mum ) In addltlon: a 51gn1f1cant correlaqcon

@

coeff1c1ent between percentage 1ncrease in hemaglobln versus
percentage decrease 1n plasma volume C. 01 A A T D. .87e

_ . P.T.D. ) showed that the- oxyqen carrylng capac1ty of the -

w

'd1m1n15hed blood volume had not reducéd per m111111tre of

,‘- i

‘ .
‘ blOOde ThlS “high correlatlon :also. prov1des a rellable means,‘
i
of measur1ng plasma voldte modlflcatlon, as a resplt of

~;dehydrat10n.,v [ o
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'the sun for a perlod of 51x hOUIS and performlng pass1ye

- act1V1t1es at varylng 1nten51t1es.~

':;[38)5‘ Football players, PraCtISIHg;a

. equ1pped in 51m11ar env1ronmenta1 co

I 'v'f/’ ] / T
S 7

7 AERQBI( WORK CAPACITY AFTER MILD DEHYDRATION.

© Chapter T~

w‘intrqductiqﬁv:?ﬁ.n,d;t

§
F
i

-
R

The negatlve effect of extreme enV1r0nmental cond1¥d

i : «‘,'

tlons on endurance performance levels-'as lon<7 been reallzed

',d . _,A )
by coaches anﬂ researchers. The 1nte actlon between hlgh

\

amblent temperatures and humldlty on- steady state or aeroblc

7

act1v1t1es has been studled,extens1ve1y by Var*ous researchers

to date (1 6. 7 1z, 26 127,28,30,38) If the enV1r0nment/}n jf}TaF

' wh1ch act1v1ty occurs is. exce551ve1y hot theiloss oﬂ Water

:and body electrolytes through sweatlng may be con51derab1e

f"and acute dehydratlon may result ’ An 1nd1vadua1 exposed to

M

4

.jact1v1ty w111 lose approx1mate1y 2400 mlllliltres of smeat

'; and beCOme m11d1y dehydrated if flurd*ls,ﬁfﬁff"'”

11b (26)

Thls result is- augmented by‘part1c1pat10n in dlfferent

°"Mar thon runners for‘-,

id dur1ng ‘a race con- -

example may lose 4 to 5 11tres of flu

. ducted under extremely hlgh temperatures or hum1d1ty (13 26j*iAn

1/2 to 2 hours fully ¢

tlons, may lose-v



r

7 to 10 pounds of their pre: practlce welght (8)
Dehydratlon due to phy51cal act1V1ty 1n hlgh amblent'
temperatu?es 1s not the only type pecullar to athlotes |

Wrestlers '1n order ‘to lose welght ”to make” a s ec1f1c_f
p .

\

welght class, often voluntarlly reduce thelr fluld 1ntake
.caualng self 1nduced dehydratlon.Q Bock et al. (6) report'

that var51ty wrestlers mav lose from 5. to 20 pounds of thelr

-

bodv we1ght 1n order to ”welgh 1n” for a meet ; Pt 1s not
uncommon for the more keon competltor to lose‘rn excess of
12 percent of the1r normal pre Season. body welght ThlSl.
dletary form of dehydratlon causes a con51derable decrement f

1n body welght and thus allows the 1nd1v1dua1 to compete at a fh'

.

v level where he feels it 1s to hlS advantage to- be 11ghter but

ma1nta1n the samp strength and endurance of hlS pre dehydra~'”

' tlon we1ght I v<;’ ua\_‘

:., . “ o

Acute dehydratlon produced by phy31cal act1v1ty in-

‘

g

hot env1ronmental 51tuat10ns and by voluntarlly reduolng ‘
| TR Sy

Vo flu1d 1ntake, has been 1nvest1gated by varlous exper1mentens.'ﬂ:
'1 However, results revardlng the effects of these varlousv”~7"'

methods of dehydratlon on phv51cal work capac1tv and theln

G

actual mechan1sm are confllctlng In partlcular, flndlngs

in regard to changes -in hematology, max1mum oxygen uptake

.

and worktlme after dehydratlon have produced a d1chotomy 1n _
the pubfrshed 11terature related to th1s fleld More spec1—‘
flcally, some 1nvest1gators have reported no decrease in

T .

plasma volume,_max1ma1 oxygen uptak@ or worktlme to exhaustlon

s

-
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following varying degrees of dehydr;tJon - At the same time,

- b— - ’ >
other studics have reported 51gn1f15hnt docreases in the three

preccﬁkng variables. ’ i o

Statcment of the’Prohlem and Purpose of the Studf _
COHClUQlOHS concerning the effects of dehvdratlon on

performance are coloured by the criteria selected % reflect

performance decrements and dehydratioh levels; the time re- -
. . : ' N

quired to reach theldehydrated condition; thC'method by which
dehydfatioﬁ wvas achieved, and the environmental. cond1t10n§
© \

under which the tesLs of decrement were conducted (34). The

Physiological 1mp11cat1ons of varlous levels of dehydratleh
from previous: Studies, have contended that.lin" certain cases,
dehydratlon does not cause any s;anlflcant decrease in aerobic

work capacity or. An an 1nd1vidual s ablllty to perform work
over a spec1fied ‘worktime. The main purpose of this research

?

| +Was to investigate howva m11d degree of dehydratlon predomi -

L * @

S

nantly caused by thermal heat load'\metabollc thermdl heat-
ﬁloaﬁ and voluntary dietary dehvdration 1nfluenced an 1nd1v1-

dual s aeroblc work capacity and worktlme to max1mum
- S
The secondary purpose of this, research was to inves-

‘tigate .if ‘a m11d degree of dehydratlon would 51gn1f1cantly :

decrease the 1ntravascular fluid or blood’ plasma of the body
Q \ .

J,} by examlnatlon of various hematologlcal parameters
Q!

- . [ . . N . e

. Lot ' ¢
S © . T . . ) P
. ) . . o - K . -
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}Limitationé~of‘the>Study'

',Ll rTheisubjectc in this studv’were volunteers and thus a
, .

blas was. bu11t into the data collected.

L.
3
.

2.;'Temperature and humldlty in the treatment env1ronmcpt
were dlfflcult to contror to a strict degrce of accuracy.
3. The etudv was limited by cqulpment error and the technical

e{ror of the researcher durlng data- collect1on and o
jgSH
analysis. o e T ;
4. Control over a Oiven’cubject”s 1eve1 of motivation to per-

form maxlmally durlng the testlng 51tuat10n cannot be |
exerc1sed The experlmenter, however, did encourage the

SubJects to_perform,maiimall§.

/'/_

5. The subjects were on their hondur to follow thevdeggiﬁated

dietary restrictions imposed upon them.

_ . N
Delimitations*of the Study *

This study was’ dellmlted to 11 healthy male wuniver-
51ty athletes of ‘the Unlver51ty of Alberta in Edmonton and

~ between the ages of 20 to 28. . ‘ '1‘~ ' d -

.-Defindition of Terms o " , S oo

(D) Dehydration: The negatlve dlsruptlon of water balance in =«

¢

L the body caused by exce551ve loss of water

. (2) Acuﬁe Actlve Thermal Dehydratlon (AAT.D.) Dehydra—"j

" tion caused by a combined-thermal and meta-

- - bolic heatload over a short period of time.



(3) Acute Passive Thermal Dehydration (A.P.T.D.); Dehydra-
tlon which occurs in a rcstlnv OTr passive
state-in a hot or humid environment over

a short period of time.

-{4) Acute Dietary Dehydration (A.A.D.): Dechydration caused
by the deprivation of normal fluid intake

over a relatively short time period.

‘(5)1 Intravascular Fluid: A1l f1u1d contalned in the blood
vessels of the bodv |

- (6) Maximal Oxygen Consumptlon (MVO7) The point at which

(R . oxygen consumptlon per minute has attained
*its maximum in an exercise to exhaustlon
.(Expressed in volume of oxygen Consumed per
mlnute, 4s a functlon of body welght—-

i ~ml./kg./min.)

(7) -Maximal.Aerobic Work Capécity* The hlghest oxygen up- -,
take an 1nd1v1dua1 can ‘attain during physi-
cal work, breathlng air at sea. level

(8) Treadmlll Gkade: The treadmlll ""grade" or, elevatlon is

: deflned as units of rlse per 100 horlzon-
tal unlts and is expressed in percentages

p A grade of Ibﬂ\percent is equal_to an‘angle,
o of 450, | | |

(9) Cardiac'OUtput: The volumg of blood ejected by the heart_

per unit of time.' Cardlac Output Heart

Rate X Stroke Volume.



\
6

- (10} Stroke Volume: The amount of blood C]CCth by thc lcft

" ventricle per heart beat. ‘

(ll)'Respiratory.Quotient (R.Q,): The relationship of carbon
- | d10x1de produced to the amouﬁ% of | oxygen
, consumed A ratio of - 1.00+ indicates

\ - 'max1mum\oxygen uptake or aerobic work

 capacity.

Basic Assumptions

. The study proceeded under the fallowing basic assump -

tions:
" (1) Max1mum oxygen uptake was a reliable method of testlng

’deroblc work canac1ty ~

t o

(2) The treatment 51tuat10ns were not of such a duratlon as-

: to deplete 1ocal muscle glycogen stores Thls was: of

°

part1cu1ar 1mportance during the acute actlve therﬁal

dehydratlen phase. =~ S o .,' . /G

2

(é) The methods and techn1ques developed to create a dehy/
drated state are reliable and valld !

(4)‘ The subJects were. self motlvated to flnlsh the maxrmum ,
oxyoen uptake tests. lf - o g l *

. N
o = . '

ﬁypotheses - ' . e S e
R For the Darpose of 1nvest1gat1ng the problem,'the
follow1ng set of hypotheses were constructed |

(1) It was hypothesezed that a decrease occurred in max1mum

=

N2

s
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’ after-dehydration.'

CH iUy U, U, Uy

() 1t was'hypothesized that dehydration WOuld_decrease a
..éubjectfs total worktime to reagh exhaustion;oh the
-treadmilh. \ | |

(3) It-was hypothesized that plasma volume or intravascular

N flu1d of the bodv uould decllnc 51gn1f1cantly after.
actlve and pa551ve thermal dehydrat-on

Hy >U1 Uz’Us \
In add1t1%p to the precedlng three hypotheses, the

i

_ folIOW1ng subproblem was 1nvest1gated w1th no statlstlcal
: \

analysis, in order to a1d 1n the clarlflcatlon -of the rela- ”

tlonshlp to bQ tested for 51gn1f1cance ST \\Q'

\ .

(4) ‘To evaluate the effect of acute and passive dehydrat\on |

on plasma Volume changes, other-hematologlcal parameters

124

Zwere examined to ascertaln the best predlctor of plasma

N
-~

mod1f1cat10n
) [}

!

Alternative Hypotheses 3

¢+ In the event of the reJectlon of any or all of the
.'hypotheses proposed abov\\\the fOllOWlng set of alternat1ve

1hypotheses were constructed

(2) Hy: :Ul-u25u3-u4-o. |

.G

aerobic capacity, as measured by maximum oxygen uptake, .

!

7



Chapter II
“ 4

Review of Related Litqrature |

-Aeroblc Work Capac1ty Followlng Dohydratlon' ; : | 3

A thorough examlnatlon of- alr relevant publlcatlons
Areveals two maJor consenses regardlng the area of dchydrat1on

Ky T
and its Cffects on a?roblc work capac1ty Lany researcherS‘

R

h 1nd1cate there ‘1is no 51gn1f1cant decrement°1n an 1nd1v1dual'
aeroblc capaC1ty follow1ng acute dehydratlon, wh11e other'7
Q

studles have reported flndlngs to the contrary The degree,_'

however to which each researcher dehydrated thelr subJects'

and - the dlfferent methodsoused to create a dehydraéed state
Vary from study to studv, thus confu51ng the results Des—
"plte the dlfference in condltlons under wh1ch the data was'
,collected some.comparlsons of results regardlng dehydratlon
and aeroblc power are permlssable
Adolph et a& (1) prov1de some of the earllest and

most rellable research in" regard to aeroblc work performance
follow1ng acute dehydratnon They reported that the rate of f
'oxygen consumptlon whether measured under basal condltlons,f
?;.Or at mork on a statlonary blqycle 1n the laboratory, shqmgdd
no apprec1ab1e change N / '»"(5ff . $T>‘

'L . Busklrk et al (7), in 1956, produced results contrary

L

to those of Adolph Using three groups of S male subJects

.‘ ' Al - )
-8 Y t
. . H . ~. .



t\"‘

_e&ch'%rpup was dehydrated in 115°F hea o¥erni§ht; yielding
a drop .in body welght of approx1mate1y S\S percent of their
1n1t1al body welght Before and after dehydratlon, each

3,

'subJect was asked to perform two walklng jnd runnlng bouts
on a treadm111 The results showed that

ehydratlon was.
assoc1ated w1th an equal decrement of max1mum oxygen uptake
\\an all groups ' A | |

N In 1961, Palmer (27) d1d 51m11ar research on

'selected phy51olog1ca1 responses of ten normal young males

follow1ng dehydratlon The‘subJects were dehydrated'by

¥

means: of repeated 20 mlnute exposures 1n a sauna, w1th a 10
m1nute Break between each exposure Ind1V1duals 1ncurred
B approx1mately 4.5 percent we1ght reductlon from thls paSSJve.'
i thermal dehydratlon : Ma11mum oxygen uptake measures taken |
before and after thlS treatment exhlblted no 51gn1f1cant
decrement o | fmw
Slmllar research an01V1ng dehydratlon and work
performance was’ conducted by Blyth and Burt in the same'
year (5) In thls study, the experlmenters dehydrated the
'subjects for a, 24 hour perlod by depr1V1ng them of water,
coupled w1th 51tt1ng in a heat room for 30 to 40 m1nutes -
- ‘at 120° F wearlng sweat clothlng Each SubJeCt lost approx1ek'
mately 3 percent of the1r 1n1t1al body welght The total
t1me ga;b subJect could run .on a treadmlri after dehydratlon

. wWas compared w1th the Tun’ time prlor to the treatment

Thls comparlson revealed a statlstlcally 51gn1f1cant decreas o

‘
-

y .



10
Ain endurance time following dehydration
The next major research on the effect of dehydratlon ;
and aeroblc work capacity was carrled out by Sa1t1n in 1964 -
(30) Ten healthy men, with marked drfferences in phy51ca1 o
fltness took part in thewexperiment Oxygen uptake was -
,determlned before and after varying degrees of dehydratlog
caused by thormal and’ metabollc heat loads and a combination’
of both In all three types of dehydratlon treatments,A
. each subJect waeedehydrated so that almost the same decrease~
in. body welght was obtalned by all. (1 7 - 4.6 kg 'or 4 to
,[6 percent of body welght ) When re- tested for max1ma1 orygen
o uptake after each dehydratlon perlod there was no 51gn1f1cant-
’jstatlstlcal dlfference ‘ However desplte the same aerob1c‘.
~work capac1ty after dehydratlon, there was a deflnlte
'decrease in' the capac1ty to perform extended heavy work at”
gmax1mum Tth phenomena tended to be more pronounced aftervi“:
_dehydratlon caused by long term exerc;se.;' :} | v'
o R . The follow1ng year Cralg and Cummings (12) compared
mix1ma1 oxygen uptake and endurance walklng before and ‘

. after 6 hours of sweatlng at rest Wlth -a water restr1cted i'
: et '

.1gtake In n1ne men, the average dehydratlon was 4 3 percen
.of ‘their 1n1t1a1 bodv welght They reported that walklng T
vtlme to exhaustlon was reduced an astoundlng 48 percent and

tha{ max1ma1 oxygen uptake decreased 27 percent fOIIOW1ng

&

dehydratlon

!

More recent studies have been concerned with specific

,l ) )
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*competltlve activities where the effect of severe dehydration
may - 51gn1f1cant1y alter an athlete s performance In ;967
Bock et al (6) examined the effect of a 40 hdur water’
'restr1ct1on peraod upon the cardio- resplratory endurance of

' roup of 10 colleglate wrestlers Maximum oxygen uptake |
wa§

evaluated on a b1cycle ergometer before a (after the

T

perlod of total abstlnence from water On comp tion of
this dehydration treatment, ~the we1ght loss ran“ed from .07
' to 3.85 percent of 1n1t1al startlng welght “ T_ndlngs showed
that 7 out of 10 wrestlers reduced their max1ma1 oxygen uptake,
but when statlstlcally analyzed ‘o 51gn1f1cant dlfference it;,'
was reported j;¢. o

Dehydratjon and Plasma Volume‘Modification

. Closely l;nked w1th an 1nd1v1dua1's ab111ty to
.‘perform steady state aeroblc exeTC1se is the blood and its.
~.oxygen carry1ng capac1tv ' Slnce the term ”aeroblc" dlStln-.‘

gu1shes the fact that oxygen 1s present durlng the SYchGSlS

. of ATP at the muscle 51te, the volume of. blood pumped by
. “the heart per mlnute or ”stroke volume“; controls the amount

of oxygen wh1ch reaches the actlve muscle groups ' Research

Jdatlng back to 1941! ‘has 1nd1cated that there may be a.

.decrement 1n total plasma Volume as a result of acute
"*'dehydratlon (19) _ More recent stud1es have reported that

1n1t1al compensatlon for a negatlve water balance is derlved

'from the 1ntravascu1ar fluid or blood plasma (1, 8 11 23 27

~\g9 32 33) G
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In 1941, Glickman et al. (19) completed research which
; observed changes in plasma volume after exposuré to hot envi-
'ronmental COndltIOHS for several ‘hours. of the Zé\subjects'
'1nvolved 1n the study, flndlngs showed that 6 had increased
plasma Volume after dehydratlon, 14 remalned unchangbd and
4 subJe}ts had dccrements in total plasma volume i R

W

Adolph et al. (1) who conducted studles under 51mu-
lated desert condltlons in-1946, ‘reported that men who lose '
ill— 11 percent of thelr initial body welght Wby - {apld |
sweatlng, show a 51gn1f1cant loss of c1rculat1ng_plasma ‘(As
‘ est*mated by the method of dye solutlon, the plasma volume; dVﬂ
d1m1n15hed 2 S tlmes ‘as much as did" equal volumes of fluid
from other tlssues of the. body ThlS would tend to 1nd1cate'

,that pPlasma suf%ers proportlonately greater reductlon than

the entire. body, suggestlng that dehydratlon does no\fa

‘ 'l»- |
' vall tlssues equally 'The decreased plasma vo e;?w;if.
bblood was 1llustrated more clearly by the fa ;@;fﬁ.}ﬁ

ﬁgkdehydrated state, subJects tend to exh1b1t hlgher restlng
pulse rates per mlnute than at pre- dehydratlon levels (1)
: : Concernlng the observed change in plasma volume

Adolph states v | |

The most 1nterest1ng feature of the I
- change in plasma is that while the- ' L
body loses 6 percent-of its weight,
the plasma loses 15 percent of. its
volume. - The ratio of- approximately L
5:2 is characterlstlc of all indivi- L
duals tested; it shows that in. . e
fdehydratlon the plasma gives up more N
. " than its share of water . . This ’
\\\~- . reductlon definitely embalrasses ‘the

¢



t ‘ 1
c1rculat10n, and much of the deter1o—v
ration characteristic of dehydration

may be credited to the deficient blood o
supply,bf the body. (l) ' , R

Thls conclusion is not unlversally accepted by : '_;j

other researchers who have comp led data in similar stud1es-

" and thus prov1des confllct1ng results

Palmer, in 1961, studled selected phy51olog1cal
responses of men‘follow1ng dehydratlon (27) Two parameters;
fhematocrlt and heart. rate, both 1ncneased in subJects who
where in‘a dehydrated state B The 1ncreased hematocrlt
'concentratlon 1nd1catéd 1nd1¥ectly that the plasma component
| of- the blood had dlmlnlshed due to the effect of dehydr tlon”

4 -
and that heart rate 1ncreased in order to compensate for, +

the loss in’ c1rcu1at1ng blood Volume -

Conclu51ons reached by Kozlowskl and Saltln (23) in

1964 re1nforced the bellefs that plasma Volume d1d decrease‘;d

v151gn1f1cant1y w1th dehydratlon but compl1cated the 1ssue by;:

- reveallng a. 1arge dlfference in flgures presented for the Euh
llpercentage dlstrlbutlon of water Ioss from varlous body |

-‘A.flu1d compartments Slmllar to the methodology of earller.d“mr
ihstud1es completed by Saltln, 51x health) subJects were )
t:eXam1ned for hematologlcal changes under normal condltlonsid:

~and after mlld dehydrat1on caused by sweatlng produced 1n =

p(l) a sauna at 80° C, (2) by hard work at 18° C, and (3)

‘d b§ mild exerc1sefat 38° Cf“ The dehydratlon perlod in each

cdse lasted 2.5 to 3.5 hours and the average decrease in = s



)

total body wenght for each treatment was 3:1 kg - 3.1 kg. ,(

and 3 5 kg /r spectlvely " From the dllutlon of a quantlty of

1nJected dye' Sfltln reported a 51gn1f1cant decrease 1n plasma-

for all three testlng cond1t1ons although there was ‘a marked
dlfferencerbetween the three modes of dehydratlon treatment

In d1rect confllct w1th these flndlngs, Astrana and

Saltln (2) reported no decrease rn plasma volume, ‘as measﬁred

o by dye solutlon after prolonged severe exerc1se which created

; bel1eved no. slgnlflcant decrease in plasma occurred because )

‘a negatrVe water balance 1n the body _ These researchers

‘uwater, whlch is produced as a by product of glycoly51s

’ prevented a notlceable loss of plasma.’ ACCordlng to Astrand

L

CE—

f

;hplasma lost durlng acute dehydrat1on-»

,/

‘up to 5 2 percent of the1r 1n1t1a1 body welght from exposure

(4) 51tvlng 1n a, sauna w1ll cause a greater reductlon 1n )
blood volume because there 1s a lower rate of water 11berat10n
from glycogen\metabollsm Durlng exerc1se, approx1mately

three grams of water are assoc1ated w1th l gram of glycogen (3

2

4} This water is utlllzed in sweatlng, reduc1ng tRe . ratlo pf :

"and submax1mal exerc1se follow1ng dehydratlon, Saltln (29)

\'- 1

re1nforced hls colleagues cgnc1u51ons that there was a

decrement in s plasma volume. Three subJects here studled under

normal qpnd1t1ons and after dehydratrﬁh in whlch they lost i,v,

!

1n a sauna bath' The/results of dye so&utlon showed a

I.

pronounced 25 percent decrease in pbasma volume 1n the

In a’ study 1nvolv1ng c1rcu1atory response to max1mal a

P
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.dehydrated state:, Max1mum oxyge% uptake was also estlmated
in "this study'and no 51gn1f1cant changes occurred followrng
irdehydration However the ﬂax1mal workt1me/was much shor er
which mlght tend té 1nd1cate that the decreased c1rculat1ng ‘
blood volume had a negatlve effect on perfprmance not

‘)»

reflected by max1mum oxygen uptake ‘.'{ !j
C rlstensen, u51ng

A more recent study by Senay and

j the same technlques, has conflrmed these flndlngs (32) ' They'

‘rcported that plasma volume/reduced 2 to 4 tlmes that of

o other body flu1d compartments when subJects we dehydrated

-at, a rate of 45 to .5 percent of thelr 1n1t1al body welght _"
.per hour . I ‘f[-. oy .'~ ‘6‘ -

| Senay.compﬂeted a follow up study on changes ln R
:plasma volume and proteln content durlng exposure of worklng :
ment in varlous hlgh amblent temperatures 1n 1972 (33) hThé'

f1nd1ngs of thls study concurred W1th hlS prev1ous work by

reportlng 1ncreased hematocr1t and . decreased
SN '

lasma Volume

ratlos.p~*

’C/de et al

“in 1971 (8) presented data wh1ch tended

l, to support the hlndlngs of all authors to dateagegardlng

hcmoconcentratlon ofgihe blood ThlS study was: deslgned to

',-'examlne any changes in comp051t10n and volume of plasma ‘in
' [

t 10 var51ty football players exerc1sed V1g0rpusly 1n-a warm
and humld env1ronment forftwo hours Each athlete lost an

' average of" 2 7 kg or 2 9 percent of the1r 1ndt1a1 pre-p;

C e
g

practlce welght dur1ng the exerc1se perlod

/



The volume of c1rou1at1ng plasma as determlned by

fthe 1n3ected dye solutlon technlque, 51qn1f1cantly decreased

”It should be noted that electrolyte measures taken before‘

& w-!

:pand after the practlce dlsclosed that the Toss of wager “u

ki v-o-
’ s1gn1f1cantly exceeded the 1oss of electrolytes such. as
aa :

*sodlum or pota551um Th1s would strengthen the concept that
it 1is the actual water loss wh1ch produces deterloratlon in
laeroblc performance rather than any s1gn1f1cant alteratlons

. e - 2 "

1n body electrolytes caused by acute thermal dehydratlon

The 1atest reseaikh Ln the area of dehydrat1on and

d*“_hematologlcal changes was completed by Cost111 et al

1974 (11) i 81x sub3ects were dehydrated ﬂb approx1mately 4

T : »!'16‘ v

'_Lpercent of. the1r41n1t1al body Welght by 1nterm1ttent exposure -

‘to a hotj dry env1ronment (75 80 C, rh 9 12 ) Blood samples
- wWere tagen—before and after dehydratlon and assayed for “‘%‘

hlkfchanges in plasma volume and other hematologrcal data.

.v7[81m11ar to the flndlngs of p{_*edlng studles, a mean welght S

.reductlon of 2 percent of the subJect s 1n1t1a1 body welght

- nproduced a statlstlcally 51gn1f1cant decrease in. plasmaovoiﬁf

vﬁonclus10ns From the L1terature »ljf;u _"nugfm-g"“

An oveyall summary of the relatedrllterature has }t

o

f7{revealed certaln accepted conc1u51ons on. ‘acute mlld dehydra- S

’f{tlon and\lts effects .on the c1rculat1ng volumeaof biood 1n

':ht e'body The maJorlty of research to date would have onel_”

L elleVe that exce551ve flu1d loss or dehydratlon, regardless

o : . T . G R




of .the manner in which it was instituted w111 have no
51gn1f1cant e{fect upon maximal oxygcn uptake, but reduce
“total worktlmc of pérformance and the total volume of

c1rculat1ng blood- These studies raise, two 1ntere5t1ng

Wg“questlons Why do€s the- Jmax Lmal oxygen’ uptako _not reflect

the reductlon in performance capac1ty7_ If the plasma

~

volume' is decreased, caus1ng hemoconceqtratibn, why is
¢ .

maximum oxyoen*vptake'not affected°

by - N

It 15 1n thc llght of these unlesolved and confllctlng

a

results reported 1n the llteTatpre that has given ba51s for

‘ N

th1§ present study. o ~



Chapter III

] Methodology

Sample

¥ Because of the severity of the physical stress involved
in the testing procedure, 11 highly fit univereity athletes
were selected to take part in the study All subjects under-
‘went a medical examlnatlon, with spec1al attentlon given to
the cardio- vascular resplra ory system, prior to the dehydra-
tion treatments, by a quallr ed phy51cian to insure the

‘e

fsafety of all.involved.

Pre—Te§t Data’ahd Procedure - _ _ : -

All subJects performed a famlllarlzatlon walk-run
on the treadmlll in order to acqualnt each subject with the
various requ:red workloads and to m1n1m12e, as much as
possible, any learnjng effect.which might 51gn1f1cant1v alter.
their total worktime to e;haustlon ~ This procedure was felt
necessary because ‘worktime was .one of the maJor dependent
Varlables being graluated and any decrement wh1ch might
have occurred as a vesult of dehydratlon may have been . offset
‘by a learnlng effect ’ The 1n1t1al se551on also served as
a brief 1ntroduct10n to the respiratory apparatus utlllzed

for the collectlon of explred gases,

18
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Data pn aéd, wdfﬂh A ma\1mum oxyoon up take, respira-

tory quotxgnt¢ mwrlmuﬁ hoﬂrt rate and total worktlmc to

Uv's‘“‘

exhaustion wde rtddrdod ;b ‘a control condltlon or in the
\‘/ B
"pre- dehydrated"etgte for all symjects

To measure the extent of the dehydratlon treatments,
body weight changes were rocorded before and after the active
and passive phases of the study Due to daily fluctuatlons
in normal restlng body weight, 2 mean was calculated €pr
the Pre-dictary dehydration phasec from the 1n1g1a1 body
weights noted ipn the other testlng sessions. All body
welghts were measured on g balance whlch was. calibrated to
an accuracy of * 50 grams. . .

Maximal. oxygen up take before and after all dehvdra-
tlonvphases was determined by a- modlfled Bruce and Kasser
mulklstage treadm111 test (22) (Appendix A) A testfretest
rellab111ty of .95 was' calculated from a pilot study of 10

/_I.Q S
subJects for thls treadmlll test? S

‘ The actual gas measurements were made u51ng the open
'c1rcu1t technlque (35) A Collins ngh Speed Trlple- J" valve
and a set of 1. 5 I.D. corrugated rubber hoses were used to

'partltlon 1nsp1rcd and. explred gases. | The volumc of explred

air. was measured by a Parkinson- Cowan Dry ‘Gas Meter whlch ‘was -

callbrated prior to’ each testlng seqslon w1th a 150 lltre
spirometer. Al]l explred air was collected 1n 200 litre
plastlc Douglas bags from whi 'sample air was taken and

ana]yzed for oxygen by a Bechan E-2 analyzer and for carbon
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dioxide. by a Godart Capnograph. The Beckman and thcrfodart
analyzcrs were calibrated before every testing scssion with
" reference gas concentrations that spanned the analysié
range. Heart rate was monitored throughout the maXimal
oxygen uptake teet end at exhaustion by a ealibrated Sanborn 7
500 Viso-Cardictte. ' - . "

&
Dehydration Treatments

The sub)ects were 1nstructed to drink at least 1
11tre of flu1d extra the evenlng before the experlmental

day, with the¢ exception of the dietary dehydratlon phase of
the study Figure I represents the”entlre'prgiedure for the
experlmeng. | | |

To minimize‘any.effect on.andordered pattern in the
testing,schedule, each of the 11 subJects were randomly
treated W1th all three of the proposed dehydratlon phases at
yvarlous times. Measurements for max1mal oxygen uptake and
total worktlme to exhaustlon followed each treatment A
m1n1mum of 72 hours was . allowed between ‘each se551on, 1n
order to insure a return of body fluid balance and electro-'
lytes to a normal restlng level. J\\

On the morning of testlng,Athe subjects were 1nstruc-

ted to have a light breakfast if desired. During the experi- -

mental periods, no food or water. was allowed until the
&

’-,completlon of ‘the maximal oxygen uptake test All subJects ‘

-t

were carefully dried off beforc and after the thermal
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dehydration phases - and weighed in the nude in order to reduce

N

error in weight measurements due to excessive surface m01sture"

or clothing.

e

!

(a) Acute Active Thermal Dehydration Treatment (AdA T. Dy

A1l subjects were dressed 51mllar11y in thls treat+
ment: runnlng shoes, socks, shorts, llght top and a sweat
.suit~ Prlor to treatment a blood sample was- taken from f
the anti- cubital vein of the forearp to determlne hematocrlt

e:concentratlon, red blood cell. count hemoglobln and osmolarlty
Plasma volume was estlmated from the method used by Dill
'and Cost111 in 1974 (15) (Appendlx B) After belng carefully
’welghed in the nude,. to the nearest 1/4 pound each subJect .
" was placed in’ a heat ‘Toom at a mean temperature of 33.7° C.
(92 8° F) and performed light muscular work in a 51tt1ng
p051t10n on a Monarch b1cycle ergometer at an absolute work—
load of 600 kpm.. for 1 hour -f' SRR : f'o‘.
o FOIIOW1ng the comp%etlon of the treatment the
subJects removed all clothlng, dried off all exce551ve 2 ‘vp
_ m01sture and were re- welghed Anogﬁlr blood sample was taken

t <

'Hto determlne levels of hematocrlt hemoglobln, red blood cell
. .-
count, osmolarlty and plasma volume. 7 :, : -

After- a 45 m1nute rest perlod each SUbJeCt was.

Te- tested for max1mal oxygen uptake and total wonillme to

\

exhaustlon on-the treadmlll Explred\alr was collected for

w

L 30 secpnds at 3 m1nute time 1ntervals throughout the test ,

-



2'3 '
and ‘for a minimum of 30 seconds when the subjects approached
thelr maximum. The end- -point of the test was subJectlvely
determined by the subject, although all SubJeCtS were verbally
encouraged by the researcher to ach1eve their h1ghest level
of performance Max1mal oxygen uptake was chosen as the
highest level of oxygen reported durlng the test (24) All

A
raw data was recorded on an"- oxygen uptake data sheet (Appendlx

; CA) and fed into the Ollvettl Programma 101 for analys1s

Follow1ng the maximun oxygen uptake test, each
esubJect was pr0V1ded with fluld ad' 1ib in order to restore/ L

necessary body fluid and electrolytes to normal ThlS was

E ]

ba51cally provided as a safety feature since most effects of

dehydratlon will, dlsappear w1th1n‘an hour after water is
freely 1ngested (l)
‘&

'f(bj' Acute Pa551ve Thermal Dehydratlon Treatment (A P T D. )

ThlS treatment followed a procedure 51m11ar to thatl
of the acute actlve phase Data on each SubJeCt s Welght
'fand Varlous hemat010g1cal parameters were measured and recorded
:_’as prev1ously mentloned ;in the actlve phase Each of the
11 subJects were then placed nude in a heat room at a mean
ftemperature of 57 2° C (135 l° F) on a bench 4 feet above the L

floo‘_and recelved 20 m1nutes of heat exposure dlternated

,_W1th 19 minute breaks for 1. 5 hours Upon- completlon of the

1 5 hours, the subJects were drled off and re- welghed

Another blood sample was drawn to measure post treatment

R 4



- by ‘the method utilized by Di1l and Costill (15).

After .a 45 minute rest, ma§imum oxygén uptake--and

. - ' o : -
total worktime to exhaustion was measured on the treadmill

following the Same procedure as the acute active thermai

e

dehydratiop phase. W
_ ‘ r

“on“the trbadini1y, 7o Accomplish this objective ang 'to give
‘a practica guideline;to,volunta%y dietary dehydration,‘eachT

Subject was, given a list of réchmendatiOHS'tO follow prior

ly fluctuations ip metabolic rate or.
'5.Wét¢r;rétention. Maximum,oxygen”uptake’and worktime to

-~

- exhaustion was measuted as in the Previous tWo treatments.

{Statisticél'Degign ‘
g ! " B I ) ’ . .
S ‘In order to determiné’any signifiqant'StatisticaI»

. .
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dlfferencc in maximal oxygen uptake, worktime to exhanstion

P !

or plasma volume,‘a dﬁpcndent group was utlllzed Slnce each
subject was his own control the amount of variabili present
was greatly reduced. Under the present stat15t1ca1 de51gn,
many factors which produde varlablllty petween‘two indivi-
duals, such«as 1eve1 of,motlvatlon and phy51ca1 condition
would vary less between the pre- and post- ererlmcntal tests

~on the same 1nd1V1dual than if measurements wefe made - on

two d1fferent'subjectsv(21).

'.Statistiéal Procedure

N

To test the hypotheses, the follow1ng stat15t1ca1

procedures were emploved u51ng w=.05 as,the level of
7151gn1f1cance. | ’ |

1. Thesmaxlmal oxygen uptake measurements durlng .
Heach of the three dehydratlon phases and in a normal state

were subJected to a one way analysis of varlance for

,jrepeated measures (37) to determlne any 51gn1f1cant varla—

r

_tions. - DR !
2. The worktlme to exhaustlon measurements fo; each
group were subjected to a. one “way. analy f'varlggce for

v,

.repeated measures (37) to determlne the effect of dehydra—
'tlon .on: performance as’ measured bv total t1me on the tread-
m111

>

3. A "t"-test for correlated observatlons (17) was"

7"used to test for slgnlflcant dlfferences between pre- and
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post-hematocrit concentrations, hemoglobin, red blood cell

count, oémOlarity and plasma vol

¢ in the active and passive
} .

thermal dehydration treatments.

‘4. In an ag:cmpt to fur

o~

clarify the relgtion;

ships tested, a correlation matrj

three methods of dehydration

afea



Chapter IV" | e
Results and Discussion
The 'pre- dohydratlon” oT control data for each sub-
Ject, as well as Phe means and standard deviations for the
various dependent variables, are presciited- in Table 1. Post-
dehydration data collected on each subject for acute active

thermal (A.A T.D.), acute passive thermal (A.P. T] .) and

acute dletary dehydration (A.D.D. ) treatments, alopg w1th
means and- standard dev1at10ns appear in Tables 2 , and 4

‘respectively.

Maximum,Oxygen Uptake

The mean oxygen uptake measunemcnts(fbf AALT. D('
A.P.T.D;,fand'AfD.D were 55, 40 ml/kg/mln , 53. 07 ml/kg/mln
and 53.79 ml/kg/min (quure 2) These Values expressed
as- percentaoe change from the control max1mum oxvgen uptake, .
,were'.40%; - 3, 620, amd -1.81% respectlvely (Tables 9 15
*11). Analysls of Varlance for repeated measures 1nd1cated

. no 51gn1f1cant dlfference among the three dehydratlon oxygen

'”-uptake measurements and control at the 05 level (Table 5)

o :

‘Worktlme to Exhaustlon
Flgure 3 111ustrates the mean worktlme to exhaustion

27 -
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2.

FIGURE
. MEAN MAXIMUM OXYGEN UPTAKE

UNDER THE TbREE DEHYDRATION,

TREATMENTS AND CONTROL
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TABLE 5

37

- ANALYSIS OF VARIANCE FOR

MAXIMUM OXYGEN UPTAKE

\J
3
Sburce of'Variance - 8.8, df o 'M.S. ",'.F. )
‘Between © . 45.2811 - - 3 - -15.09  .5190

Within . 1163.2870 40  20.08 -
7 Total 1208.5681 43 |
P T ». e

TFlge(3,80) 8,60 T -
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FIGURE 3

MPAN WORKTIME TO EXHAUSTION

7

UNDER THE THREE DEHYDRATION
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on the treadm111 fOllOWan the three dehydration treatments
and in the control or normal state. The mean worktime for
control, A.A,T.D., A.P.T.D., and A, D D }were 9:35 min., 9:l4
min.; and 9:29 min., and 9:50 min. respectlvely ThlS.,
represents a mean percentage change from control ‘worktime
to exhaustion of -3.80%, -l.OSo,_and 2.66% for A.A.T.D
A.P.T.D., and A.D.D. (Tables 9, lO, 11). When statlstlcally
‘analyzed by analysis of variance for 1epeated measures, no
significant difference in worktime occurred a: the .05 level

Y

(Table 6).

Plasma VolumeJModification

¢

The plasma Volume in mlllllltres calculated«by the

vmethod proposed by D111 and Costlll (15) is presented ‘in
‘lAppendlx B, Tables 14 and 15 for each SUbJeCt AbsoTute
Achanges in other hematolog1cal Qarameters such as hemaglobln

(Hb) hematocr1t (Hct), osmolarttv, and red blood cell count -
’ (RBC) before and after each of the thermal dehydratlon treat-
'ments are reportcd in Appendlx B, Tables 16, l7;_lS, and 19.
‘“ean pre-’and post- treatment plasma volume measurements for -
acute actlve and pa551ve thermal deh)dratlon are graph1cally‘
‘111ustrated in Flgure 4, A ”t"-test for correlated means was’~
applled td. each of the before and after treatment means and

revealed a 51gn1f1cant "t” ratlo at the 05 level of«9 30 and;

QDS 58 for A AT, D and A. P T D respectlvely (Tables 75 8)

- In absolute terms, thls is a mean pcrcentage decrease of.



}

.‘;«g:l.}

TABLE 6
ANALYSIS OF VARIANCE TOR
WORKTIME TO EXHAUSTION
'Sour,ce‘ of Variance S.S. df - M.s. " F.
Between - .:.766"7 3o .2555 7079
‘Within 14.4389 40" .3609
" Total . 15.2056 . 43 ”

F.9c(3,40)<8.60



. | - o "
o | TABLE 7

CORRELATED '"t"-TESTS FOR A.A.T.D.

HEMATOLOGICAL ®ATA CHANGES

RBC Count 'Hct-_ - %smolarlty Hb PV
t-ratio ©2.528%  4.4258% 1.86

9.58% . 9.30%

t.g5<<2.015 K 7
o ‘ %‘H,‘. g

TABLE 8

CORRELATED “t” TESTS FOR A.P.T. D S
HEMATOLOGICAL DATA CHANGES

L RBC Count Het : Qsmdlarity ‘ Hb_[f, PV_'

teratio®s  1.617 - 32?258* L 1.87-  4.648* 3.582%

gy =213
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f v

TABLE 11

PERCENTAGE CHANGE IN QUANTITATIVE
FUNCTIONS AS A RESULT

OF A.D.D.

?Eljﬁ,‘)ct %MVOZ tWorktime %W,\eight
A A A

RF 10. 35 4.77., - .86
BH, - 8.33 “7.15 -2.24
BH, - 9.22 5.88. 2,70 "
SI 71 . 4.56 -2.49
GI -11.03 5.63 CowZ.04
BJ - .55 4.99 -1.50
JP . 7;61' -4.45 - .28
6P 5.67 '3.03, -2.88

\‘GR” - 7.77 8.06 -
TT 6.15 4.16 -1.62

CJW 2.41 - .18 -1.66
“Mean  -1.81 - 2.66- .. -1.68

S.D: 7.10 S 4 |

S

.86




FIGURE 4
MEAN PLASMA VOLUME BEFORE AND |
AFTER ACTIVE AND PASSIVE THERMAL

DEHYDRATION
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=5.70% ‘and -4.98% of the pre-dehydration Plasma volume noted
for AALT.D. and A.P.T.D. prior to treatmeént (Tables 9, 10).

In order to determine a more accurate method of pre-

d1ct1ng adJustments in plasma volume, a correlation matrix

mal dehydratlon treatments" (Tables 12, 13).

Although several hematological Parameters such a
pcrccnt change in hcmatdcrit ratio (% HctA) and red blood
cell count (% RBCA&) (Table 12) revealed a falrly high
relatlonshlp with changes in plasma volume (4 P\[&), only
the correlatlon coeff1c1ent of- 91 between percentage change
in hemaglobin (% Hb[&) versus plasma volume (% PVZ&}-W/S
stat1st1cally 51gn1f1cant at the .05 level for ALA.T. D It

-should be noted that the small sample size avallable was -a

sufficient degrees of freedom tq‘produce stasthtlcally signi- .
flcant correlatlon co f11c1ents | .
_ The correlatlon matr1x constructed for acute passlve
thermal dehydratlon yYielded several statlstlcally 51gn1f1-
cant coeff1c1ents at the .05:1evel (Table 13) As 1n acute
active thermal dehydratlon ’a 51gn1f1cant coeff1c1ent of
occurred between percentage change in hemaglobln (° HbZ&)
versus percentage change in plasma volume (% PVZ&) In
‘add1t1on 51gn1f1cant relatlonshlps ex1sted between percentage

changc .in .red blood cell count (° RBCA) Versus plasma volume

=
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| (81
(5 PVA) and hetween percentage chanve in hemaplobln (% HbA)
~versus percent reduction in body welght of .95 .and .89
respectlvcl It should also be noted that the relationships,
although no lstatlstlcally 51gn1f1cant werc somewhat high
between percent changes in hemaglobin (3 HQZ&) versus all
other dependent variables measured 1nd1cat1n0 that henma-
-plobln may be a general pred1ctor as to the degree of ~dehy-
d&ftlon occurring throuohout the bodv and to p0551b1e altera—

tions-in perfo.mance measures such as max1mal oxygcntupta&e

and worktlme to exhaustlon

.Summarz of Results N . .

A graphlc summary of the relatlonshlp between the

Varlous 51gn1f1cant ‘quantitative - functlons and- body water

-~

. deficit as measured by percent of. 1n1t1al welght are 111ustra-

ted _in Flgures 5 and 6 for acute active and p3551ve thermal
dehydratlon Slnce worktime . -and max1mum oxygen uptake were e
the only var1ab1és recorded for- the dletary phase of the study,fl
no- graphlc presentatlon was made Although the A. P T.D.
vtreatment had many factors whlch‘correlated thhlV w1th
_welght 1oss only 1ncrease in hemaglobln»and hematocrlt ratro

showed any 51gn1f1cant relatlonshlp w1th the acute actlve

ﬂdehydratlon effect
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Discussion of Results

Maximum Oxygen Uotake-Worktime

The results of this study would tend to support that
igroup of exercise physiologists which haVe found no J;gnlfl-
cant decrease in aerobic work capacity as measured'by maximal
oxygen uptake, (1,6,27,30). The. subjects in this study fere
dehydrated to a mild degree (approx1mate1y 2% of 1n1t1a1 body |
weight) by thermal heat]oad (A.P.T.D.), metabolic- -thermal
Heatload (A.A.T.D. ) and voldhtary dletarv dehydratlon (A.D.D. )
treatments ‘This degree of dehydrat1on is much less than
that reported by all previous researchers It must be kept
‘in mlnd, however that the welght loss recorded in this
'study occurred from dehydratlon treatments whose length and
temperatures were purposely regulated to dupllcate the
average practlce or . act1V1ty se551on as close as p0551b1e
Therefore, weight losses of 4 to 6 percent: of the 1n1t1al
body_welght Wthh are reported by Saltln (30) and others :'
are much too severe to be of pract1ca1 appllcatlon in phVSlr
cal\act1v1t1es such as football wrestllng and soccer

| | Slnce absolute max1ma1 oxygen.uptake and worktlme are
closely correlatcd in thls study (A.A.T. D .60, ‘A.P.T.D, 86
‘A.D.D. 62) 1t would be- expected that‘worktlme to exhaustlon
would not 51gn1f1cant1y decrease Thls result is contrary to
jthe f1nd1ngs of Crarg and Cummlngs (12) In n1ne men dehy-

drated an average of g 3 percent of thelr 1n1t1a1 body uelght

they reported a de:k e of 48 in walklng t1me to exhaust1onx
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Supportlng these results is research completed in 1961 by
Blyth and Burt (5). Slgnlflcant decreases in worktlme to
-exhaustion ‘were noted after the subjects were dehydrated for

a perlod of 24 hours bv depr1v1ng them of water, coupl/d

with sitting in a heat room for 30 to 40 mlnutes at }20° F »;
wéaring sweat clothlng ‘ These flndlngs would have been more
fmeanlngful had the researchers stated the test ut111"ed“toh
‘measure maximal oxygen.uptake Often, long drawn out
continuous maximum oryoen uptake tests have the subjects
fatlgue long before they have actually attalned the maximal

oxygen consumptlon Consequently, worktlme to ethaustlon 3

may have been altered as much. as reported by’ Cralg and

\\ﬂ

The results of'thls study shoued statlstlcally 51g-

Cummlngs (12) and Blyth artd Burt (5).

Plasma,V01ume»Chanoes'

nlflcant decreases in plasma volume follow1ng both thermal
'.dehydrat1on treatments This finding conflrms reports that
;the initial compensatlon for a negatlve water balance 1s
‘derlved from the 1ntravascu1ar f1u1d or blood plasma (1 s
11, 23 27,29,32,33). Flgure 7 graph1ca11y 1llustrates |
.decreased plasma volume 1n percent versus water deflclt as,
..measured by percent loss of 1n1t1al welght for A A T. D and
‘.A P,T. D. The correlatlon coeff1c1ent for percent change ofi_;il

v plasma'(° PVA) versus welght loss is qulte hlgh (.63) for
| A.A:TiDl and relatlvely low ( 35) for A P. T.D. (Tables 12 13)

-
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.Saltln (29) reports a correlatlon coeff1c1ent of .61 for |
dehydratlon 51mllan\to the A.P.T. D in thls study. These '
'relatlonshlps may ‘be e\plalned by the mild workload 1mposed
upon subjects durlng the actlve phase of dehydratlon As
fjsuggested by Astrand (4) exerc151ng at moderate workloads
Wwill l1berate 3 grams of water lrom 1 gram of glycogen
‘utlllzed in metabollsm “ Thrs metabollcally produced water .
1sﬂused 1nvsweat1ng, reduc1ng the ratlo of plasma lost durrng
acUto_dehydration Consequently, pass1ye act1v1tv Such as
: sitting in-a.sauna , Will cause a greater straln on. the
blood volume because there is a lower rate of water libera-
tion from glycogen metabollsm The ‘use of some glycogen
during A.A. T D treatment is reflected in the lower R. Q
{recorded at max1mal oxygen consumptlon The mean R Q: for
- A. P T D vwas l 11 (Table: 3) whlle the mean R Q for A A T D.
was 1. 04 (Table 2) 1nd1cat1ng some glycogen ut1112at1on durlng o
the actlve thermal phase and thus lowerlng the “demand on the |
_blood Volume h‘hffz' e .D,f; M&;:.& ;,fV : Fﬁ: AR
| Flgures 8, 9;';hd lO are graphlc representatlonSOof
varlous 51gn1f1cant relatlonshlps between modlflcatlons in- ,
| fplasma volume and percentage change 1n hemaglob1n (” HbZ&)
~ured blood cell count (° RBC[&), hematocr ratlo ( Hctz&),ﬁ
and water loss (/ WelghtZX) for both A. A T D. and A P T. D
_Percentage change in hemaglobln (Flgure 8) ‘red blood cell .

?count (Flgure 9) and hemaﬁocr1t ratlo (Flgure 10) versus

\vdecrease in plasma Volume for both thcrmal dehydratlon

7
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FIGURE 3 \ L
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FIGURE 10 , |
_RELATION BETWEEN DECREASED PLASMA
VOLUME AND'INCREASED HEMATGCRIT.
RATIO F'OLLO\’VING ACTIVE AND o
PASSIVE THERMAL. DEHYDRATION
7 . (,\j
APTD(0)
94 /7 AATD (X)
) S 7 |
977 x
84
0 ‘ //’,
74 X _ ////
/ ‘ ' ///’
64~
/ 7
5+ f/( //, X ©
w’ // ) J
7 x
4+ yé i %’ .
£ :
<l /
// ’
24
4
.1,-... .
D | . -
‘J + \\: — $
o 1 2 3 4



ﬁﬁ\.\, . 61

N

‘treatmehts, indlcate’a high_hegative relationships This
result is contrary to Saltih (29) who fouhd a meaningless_
correlatioh hetween decreases in plasma volume and hemo-

- concentration 1udeod from hematocrit and hemaqlohin measure -
ments. This conclus1on however, may not be valid in that

blood drawn from'fingertip samples .as'in Saltin's study,
are often contamlnated by interstitial flu1d
The hl“h negative relat10nsh1p found in the present
hematoloqical parametels prOV1des a falrly simple and reliable-
amethod of assesslng changes in plasma volume as a result \ ! .

¢

of dehydratlon by measuring hematocrlt ratlo or hemaglobin,’

e r
-

as opposed to ‘the dye solution technlque used by other
researchers to date. The dye solutlon technlque 1nvolves

the measurement of plasma by injecting sdme substance that
will stay in the plasma compartment of the c1rculat1ng blood.
Such a substance frequently utlllzed is a dye called T—l824i
or Evans blue (20)’whieh, gpon injeetion, combines-almost
lmmediately'with the plasma proteins. Since plasma proteins
do not leak readlly out of the plasma.compartment of the
blood, nelther W1ll the dye. Within 10 minutes of the in-
jection, the d}ﬁ is- suff1c1ently ml\ed and a sample 1s ‘
‘removed, plasma separated and the concentrat1on of the dye
in the plasma?mfasured. If a loss of plasma occurs due to
excessive sweat rates, a post- treatment sample will 1nd1cate
a hlgher concentratlon of dye for~ the same volume of plasma

The dv solution method makes the major assumption
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that the level of plasma protcins to which the dye combines,
remains the same throughout dehydration ‘and does not diffuse
out/othhe blood into the intracellular fluid compartment,
The 1ncrcased osmolarity valucs obtalned for all subjects in
the present study following thermal dehydration, would tend
to support th%s Principle (Table 9, 10). However, thevhigh
negative rclationship reported between 51mple percentage.
chanqe of hematocrit, hemaglobin or red blood cell count
versus nercent Jecrease of plasma volume would hrovide a
simple accurate altcrnative,methOd'of estimating plasma
changes and thus the degree of physiologic dehydration.

1

Aerobic Work Canac1tv Versus Plasma Volume Decrease
4acioblic -
If the plasma volume is decreased causing hemocon-

centration, why is max1mum oxygen uptake not affected7

The answer to this question may lie in several basic
phy81010g1cal pr1nc1p1es Under normal exerC151ng CondlthDS
a redlstrlbutlon of blood to the worklng muscles of the 1legs
takes place; After dehydratlon reduces the c1rcu1at1ng blood
voluﬁe tnls shift of blood is probablv even more pronouncedf
As the workload becomes heavler or max1mal the muscle pump

of the legs .is more effectlve and thus enables a greater

‘venous return to the heart, This- redlstrlbutlon of the blood

volume enables the sub]ect to attaln a normal stroke volume
and cardlac output desplte the reduced blood volume

The second maJor prlnclple operatlng to malntaln the

o
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same vdlume,of oxygén~to the working muscles is reflected in
the'hemaglosin and red- blood cell increases, following dehy -
‘dratign, Even thouph the total volume Of_circﬁlaring biood
hés_diminishod,'the amount of hemaglobin and red blood cé]ls
Per millilitre of blogd has increased. Since'these'two
componcnts are the primary oxygch carrying agents of the
body, their increased co%centration due to pDlasma loss
‘allows for identical oxveen transport capag¢ity per millilitre
of bléod,.nﬁd thus maximél OXygen. uptake of an individuql"

&

after midd acute dehydration wil1 be unaffected. This

The Hzéotheses

In;yiew of the results observed, the following con-
clusions, with respect ‘to thelhypofheses origfnally dr&wn,‘A
are justified._ o o 3 ‘1,  N

1. Hypothesis #1, that a decfeaée'oc;Uré in‘maxi?"
mum aerbbicvcapacity, as-measuréd‘by makimum oiygen.upt;ke Tv
. after dehydrétion”isvrejected; 'In its piace,atﬁé‘alternative
h?pothesis»HO: U14U27U3?U4=0 is’a;cepted;"b; }, ;"' F~J7

2. Hypothesis'#z,'that'dehydrétioﬁ would decrease
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aximum on thc‘treadmill
In its place, the altern

a subject's tota] worktime to reach p

is rejected. ative hypothesis
Hy: Ul-UZjUs;U4=O 1s accepted.

3. Hypothesis #3, that plasma volume or intravascy-

lar fluid of the body would declipe significanfly

after
active and passiv

¢ - thermal dehydration jig accepted.

\



Chapter \Y
Summary and Conclusions

The maximum oxygen uptake, total worktlme to exhaus#
tion, and various hematolog1ca1 pafameters such as plasma‘
volume, hemaglobln hematocrit, red blood cell count ‘and
osmolarltv were measured in 11 healthy subJects before and
after acute mild "dehydration caused predomlnantly by 1)
thermal heatload (A P.T.D.), 2) metabolic-thermal heatload
(A.-A.T.D.), and 3) voluntary dietary (A.D.D.) dehydration
treatments: The mean loss from initial body weight as a
- result of the three treatments Was -1.80% (A.A.T.D.), -1.84%

(A.P.T.D.), and -1.68% (A.D.D.). |

The results indicated' 1) that maximum oxygen uptake
1s not affected by a mild degree of dehydratlon created by
the de51gnated treatments, 2) that worktlme to exhaustion on
" the treadmill is not 51gn1f1cant1v decreased by the three
Aa551gned treatments, ?) that the plasma - component of the
blood decreases as a result of 1ncrea51ng acute dehydratlon
levels, and 4) that Varlous hematologlcal parameters such |
as. hemaglobln, hematocrlt ratlo, red blood celtl count and

,osmolarrty change progre551ve1y w1th the degree of dehydra-

: tlon

| 3

<
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General Conclusions X

b
In light of the results observed in this study, -

several generalizations may be directed at the“male athlete
population oetween the ages of 20 to 28 and participating‘ .
in such activities as'marathon running, football, soccer,
or any other sporting activity'which requires prolonged
exertion in excesejvely hot environmental conditions.- In
addition, conclueions regarding athletes, such as wrestlers,’
who must voluntarily dehydrate themselves, in order to ;.
"weigh-in" may also be stated. |

Aerobic work capacity, as'meaéuredvby,maximum,oxygen
uptake and worktime. to maximum, did not §ignificantly

N )

decrease following any form of aforementioned dehydration.
Thus, wrestlers may feel relatively-safe invmildly»dehydrar
tlng themselves in order to make weight restrlctlons by any

of the preced1ng methods 1nvest1gated ‘and not fear any reduc-

tlon in endurance performance levels,vas measured by maximum
'oxygen uptake ) e o tﬁf

: L Lo 3 ~
The* volume'of cizculating'plasma, as estimated from,

- hemaglobln and hematocrlt (15), decreased 31gn1f1cant1y

follow1ng the thermal forms of dehydratlon In partlcular,

a hlgh negatlve relatlonshlp occurred between 51mp1e percen-

¥

tage in hematocrlt and - hemoglobln (Flgures 10, 8) versus
'bpercent decrease of pld%ma volume. If thls connectlon hold5~
true, this would prov1de a 51mp1e and rellable alternatlve

”

method.of measurlng plasma Volume changes and thus the
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///\Jdegfec of dehydrétion. From a physical,education Standpoint,
and particularly in field wo?k; this is a more practical

hefhod. Simple micro-hematocrit measurements couid be drawn

from venous saﬁples and “utilized to esZimate the degree

of dehydration in.suth activities gas fiqld hoc¥ey, soccer;
footbali OT cross country running, as long as the sahples
weré immediafgﬁy spun in a sma11~centrifﬁge before Clotting.
This would'nqggté the use of sophisticated dye solution
techniques ' such as Evans blue, or elabbratellaboratory
facilities. | | |

Although no significant decfeases in mgxiﬁum okygen’“

uptake were noted‘froh mild dehydration in the present
study, othef‘reséarchers'(1,26) have indicated that thé prob-
lems related to more sevefe.dehydfation, such as heat cramﬁs,
heat eXhauStion and heat étroké are pbssible if propér )
pPreventative steps are not taken to replace‘lost fluids and

electrolytes. » . L=

will ultimately/unravelythe”meChénisms and their interactiqns,~
-~betWeen,vérioﬁs‘types of dehydration, time required to reach
déhydratibn;‘andtby the criteria selected to reflect per-

fofmange decfements,and déhydratioﬁﬂlevels.

1. This research WasrconduCted inthe'major-
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éssuhption that maximum oxygen thaké was a reliable method
of assessing aerobic work Capécity. Thi's study could be
repeated usingva different set of criteria to measure aero-
bic work capaciﬁy.

| 2. Further resecarch could examine changes in anaero-
bic hork Capacity as a result of various degrees and lcvcls
of dehydratlon
3.. Field work c0u1d be conducted on spec1f1c groups

of athletes to determlne various effects of QCh»dratlon

Marathon runners, football players, and soccer players would

be possible candidates for this type of research.

’ ; 4. Future investigations as to the effects of dehy-

/

dration on a sample of women athletes is necessary
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v
APPENDIX A K
Kasser and Brlice Test -
- The multistage exercise test involves anfunintetrppted'
series of workloads on a motor driven treadmill; the initial’
submaximal load (Stage I) requires walking slowly on a 12%
~grade. Since there is no increase in 0, uptake after 3 minutes

- of submaximal exertion, the speed and grade are increased

~every 3 minutes.

4
Stage - ] Speed’ Grade -~ AVérage 0 Consumption
’ ‘ ~ Reqgiiired -
i fr . (mph) 5 L | (mi/kg/min{)
- PR : s

I L 2.5 2 | 24'%@? S
. 2.5 . | : I

I 3.4 14 . 34.0 |
. - S ” . .
IIr 4.2 16 56,0 .
v 5.0 . 18 643
§. -

v Co 58 200 T apos




~ R OXYGEN UPTAKE DATA SHFET
Dateg 'Age: —_—
Name : - . ;

Weight:

(Pye-ﬂeh?dration

(Post-DehydratiQn)

71

\

Total Worktime:, ' . Min./sec."

Samplc IntervalS%b : . | .

Pré—excrcise.H.R.:v )
?fBarometric‘Pressufe: mm.Hg.

Room Temperature: °c

~ Correction Factor:" (STPD).

Time 0-3 min. | 3-6 min. | 6-9 min. 9-12.min.
Grade (%) 128 1148 | 16 | 7 1as
Speed (mph) 2.5 (23%) 3.4 (30%) .1 4.2 (36%) | 5.0 (42%)

R
- ,
. LI, % . -
VO, (ml/kg/ |
. min.) | ,
SRQ 4
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APPENDIX B
Determination of Plasina Volume Mady Ticotion L
T e A Vo hime, Modf £
2 -
| .
- . - . l.:\ - * -

\ The follow1ng“fqrmu1u 1s that given hy Dill an.i
Costill (15) for the calculatidm of plasma volumq chanGCs
~due to dehvdration. Such Lowputdtlon makes two major assump -
tions:' 1) that the volume ot LIILUldtln“ rod corpuscles is

-

Constank and 2). that the relatlonshlp between venous hema-
tochlt volume and whole- body hematocrit remains unaffected
by exerclsé and dehydrat1on PreV1ous studies suggest that
the ' flrst asgumptlon is valid (9, 11). - Fostlll and Saltin (10)

have reccntlv reported nO'chanwe'ih the ratio of venous
. & . - -

up to 4 percent of the qnltlal body welght N

Since changes in h maolobln concentratlons rcflect
‘ -\
the changes in blood “yqlume, 1t is p0551b1e to calculate the

percentage~chanwe in blood (A B\) cell volumes( z&C\)

and hlasma volumc ( lﬁ_PV) from the folloulng equatlon.

BVA T OBV Hbg c o | . .
W "'. : !/ | "
\ o eHb, o
vy '=’ BV (HctB) [ R
: v, C = ) L o
S O oy ey
A AP

;o \ ,_ 'Bv ~.B B

s



PV\ = BV - vy
) ? A ‘,"\
0 W = Y/ - PV
- ° A Py 100 I\A I\B
PV\
B

The subscripts "B" and "A" refer o before and after
dehydration. When calculating'%zﬁBV, gnd*iA_PV onlv the
. volume for Iy, by, Hety, and Hctx,‘are required. In this
cauation, it jg nof nocesgary to know the absointo \:ﬂmm
for bldod volume before treatment as a-value of 5000 mi11i-

!

litres is assumed.
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TABLE 16
HEMATOLOGI CAL DATA FOR AL 2.T.D,
PRE-TREATMENT . - =
e SUbEYTT er T RRC Nsmo- P
C | wCoun larity -
g g/100 ml. x 10 MOSOM/T, . ml.
* RF - 435 14.8 5.07 301 2825
BHy 45.7 15.7  5.34 305 2715
GI 4.7 15.3 5.47 309 2790
BJ 46.6 . 15.38 5:22 319 2679
GP . 47.0 16,0 5.42 295 ., 2650
T S 47.1 16.1 5,42 287 2645
i  Mean - 45.68 ' - 15.61 5.3 . 300 12715.890
' L . - S - |
$.0. 1.38 44 .14 10.61  19.36

77 |
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TABLE 17
HEMATOLOGICAL DATA TOR A.A.T.D.
I
" PNST-TREATIMENT .-
Subi. - I'et i 0T RRC Asmo- PV

- Coun larity =~
% g/100 ml. € x 10 'MOSON,/L., ml.

A

RE 9 44.8 . 1503  “_§.1é' 1300 2669.75
BH, \47;4Ti 16.4 5.57 - 311 "‘2517;7 w
G esa 157 5.37 317 2675.5
BJ 4753 16.3 - 5.35 .3520 2541

GP . 48.3 16.44 5.57 . .297 2522

TT 1 49.3 o 6.8 5.59 o 300.5* ©2429.3

‘Mean  47.03 16.15  5.44 3097 - 2550.2
s.D. 1.6l . .49 .14 11.35  87.61

¥
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TABLL 18

HEMATOLOGICAL: DATA FOR ALP:T.p.

Hete -

ITh

2/100 m1,

79

PRE-TREATM'NT

»

e :;f;l
‘i‘ .
%
rfr ‘
RBC. Osmo-" P
Count larity
x 106 rosoM/f . ml.

¥ S

'“;'BJ'A'
. GP
GR

JW

Mean

S.D.

3

45.
47,
49
43,
45,

w

14.4

116.0

16.0

14.7
16.6

5.

\ v
07 207

00 Foq
S AN

.34 297 -
43 Hog
03 281"

K;
j B

.46,

04

12

15.54
.84

2735

2625

2530+
2840

k)

2750

~

.17 291.7

I
'

IR
g 2696

170 5041 P07
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JABLE 19 .

FEMATOLOGICAL DATA FORCALP.T.D.

POST_TRFATNE\T

RBC

Subj Het b
% g/100 ml.
o ' .
B3 "46.7 - 77T 15,3
BJ 47.3 - 16.2
CGP - 496 - 16.5 %"
GR._*  45.9 15,5
Jw 46,0 17,6
Mean * 46,9 . 16.22
. ,
S.D L:54 .81

Asmo-
Loung Jdarity
x 100 noso»/L
5;17‘h77 326'
5,27 287
5.48 304
5.34 288
5,48 307
5.34 ,302.4q
17 14.31

by
ml.
125954
2602.6
2445.7 ,
: 2608 1
2546 .6
2559
66.53
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APPENDIX C

‘Dietarx Procedure

LY

\

Do's and Don'ts
e Jonts

1) You may cgnsume any vegetable which contalns modcrate

' amounts of water when ever thirsty. For example lettuce,
carrots, "’ celery. Take these only when vou really ‘need .
them, . = .

2)  Avoid food with excessive moisture. For example mashed
- Potatoes, stews, SOups, sauces, #nd gravies. )

3) Ice cubes may be consume@ perlodlcally when vcu are

extfemelz thlrstv (Maximum of 8)

4) Allow 1.4 oz_ glass'of fluid 24 hours after dehydrationi
- starts. = ' - )

'5)  No fluid, of any kind, other than the. above is t6 be
Ingested duneng the 36 hour period.

6) A light bréakfa;t»is recommended on test déy. /ﬁﬁj : '53%;@s.~

- 7) Avoid~activities in which”excessive sweating,might'occunf';

*EARREMEMBER: HEN. Yo FEFI_ LI&I‘ TAR%C rA mm\- - DON'TI 1
. YOUR CO-0OPLR, a1 m L ’r»goerC' MEANINGFUL.
SRR RESULTS - .

4

. - ) :;, .
g i
. Lk

e
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