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This study Was undertaken to determine whether

trainmg at water temperatures of 22 C, 29 C or 36°C had
any s:Lgn:Lf:Lcant effect upon the follow1ng four parameters.
. (1) sw1m t:.me to exhausthn, (2) body wélght, PR
s .-(3) | . (45 relative ' )
| heart we:l.ght.~ L
were also compared to. a control group of sedentary rats.
The sample (N 46) was randomly d1v1ded :Lnto ten L : )

relatlve adrenal gland welght, and
‘The relatlve adrenal gland and heart we:.ghts

The exper:unent al g

controls and th:Lrty-SJ.x experlmental rats.
group was then Subdlvided 1nto three _equal’ groupslwith regard

> -

)
.

\.
1ght attached to the taJ.ls 1n water at 29 C
tra:.n:.ng program two rats from each group drowned

. of body
" Durlng;ihe
" R : " F-test and Newman-Keuls test were employed in “the’
statlstlcal analys:.s pf the data. Insz:gniflcant dlfferences -
(l) ‘swim time toLexhaust;on, . (2) relative
(3) relatlve heart we:.ght between
29 C and-36 C..-

“to ‘mean swim tlmes as a result of ~an exhaustlve sw:.m w1t 4%

' were ohtan.ned J.n
adrenal gland wexght, and
rats *traJ.ned at, water temperatures of 22 C,

>

Tl‘ie dlfference in body we:l.ght proved to. be s:.gnif:.cant.
also a. sign:.flcant dlfference in relat:.ve adrenal
A

P

A
BT There was’
N
ISR gland and heart we:.ght between the control group and
\ RN ‘ Lot T T
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It was also concluded that train:.ng at differe:}t’
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L
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| water temperatures was of no advantage in :unbrov:l.ng

Tofy . o

(1) " swdm: time to exhaustion, _‘-‘(2_)

(A r R

and heart weights but swimmi.ng :m
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. This was done through the determination of sw1mm1ng perforﬂ

ke e T

e [N

envxronmental and phy31ca1 stress-;n order to understand ;' z.(u ng

some of %he complex adjustment responses in the mammaﬁian 'u‘ .

t

Body: oLt

Statement of the Problem

<

" The pres 'study was undertaken not oniy to

evaluate the magnitude o the stre35<of swimming for rate

. !Vbut also to invebtigate‘fertaln phy81ological r38ponses to

uexerc15e by tralnlng under varied ambient-thermal conditions{ C

mance, body weight, adrenal gland weight, and heart weight

- of rats forced t“sw1m in water at 22 c, 29 C and 36 C. ‘
‘; " U o ', ] e B B _ 4A . ‘ .{;
" Hypothesis -~ - . .~ ! : . j s -

. 1. ‘There is no significant difference in swim - .

times'to exhaustion in-29°c water betwéen ratejtrained at .

"waéer €Emperatures of 22° Cy: 29°¢ and 36° Ce -
} .. .ﬁ.

:weight between rats trained at water temperatures of022 C,,
.29 c and . 36° c. R fx_;< e AR R
. / . . .

There is no significant difference in body

K 3. There #5 no s;gnficant difference in relative

~

'adrenal gland weight between rats trained at water temper- . oo

atures of 2z‘c, 29 ¢ and 36°C. -
'.‘1 ﬁq. There is no sxgnificant difference in relative "-(

Aheartiweight between rats trained_at water temperatures ‘of

R e L T ]
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d:.iference _in relative".-,

>

The:r:en is o s:.gnificant

There is no’ significant difference in relat:.v"

-
Leoor L

U 'H. mean of cont.rol’ group

he.re ::_were no adjustu_@_n‘gg,.x_n_agg‘gor the
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‘ differences in buoyancy of the various rats\ 5,
“3'4 S 2 The presence of air bubbles An- the water may o ??
have caused fluctuations in buoyancy.\\ .f’ C " e S é
‘ , ~.__ . : L LTl
3. The water témperature fluctuatéd’i 0 5 o] from_”‘;,i S
. the des;red temperature.- ¥ - ‘ , } g .
‘ : :" B 4. The. airntemperavure fluctuated be;ween 72°
i L Leon ‘ T e T T
- "pfq_Basic Asshmptions 1L“5" ' l _
R : . . o Lo
l. It was assumed that 1f subjected to daily
E , g‘bouts of sw1mming the phy51ca1 endurance of the rats w111
< 1fjfbe improved. '_*‘ . E'- o :”7;'* "'-

zzfunderwater was a valid and relxable’test of exhaustion.

‘nﬁendurance may be measured by the length oi time the rat 1s {;E

r'free of respiratory and other diseases throughout the:u="/

'imaterial, especially fat, was removed from the heart and ';'”” o 5

Illj:fif,\; i -"\»5.’

'tyg, o 2. It was assumed that the level of physical

~able to swim with weights attached to his body.“‘ v;' f :\f'

3., The assumption was made that all rats were

N

study. ‘. '-‘ ., vl- :"A . . ) . N — - \--_. .;“;‘ ‘ 1.’ .,

- N .. . v ¢

'3.: 'f;4, The assumption was. made that’ fifteen seconds ;f.ﬁi\

“5; The assumption was made that all 1rrelevant

~

adrenal glands before they were weighud f,. “"'L’ R g“.;',-:',.,f’

It was assumed that the commerc1ally supplied

Lo

rats were of similar ages.
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;o Jia "”1_ Definition of Terms
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3 ’ . Training DaY'- Thls“was a day in'which th§$r§t swam elther R
' two-thirds of maximﬁm onfiuvil eﬂhgustion.
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Forced sw:l.mming of small J.aboratory animals has

t" R -~

been w:.dely used for studya.ng the physiology and capa(c:.ty

of the .or‘ganism in response to stressq.- —One of the moat & _'

.- . i .-'g

\ -l ,--:.

temperature._ F:I.gure one :I.s a comp;lat:.on of aata f::omr .

W, !

. -
r o
. 4 .

sw:l.mm:.ng t:i.me of unweighted' and uﬁtreated J.;aboratory and- :

(R a1

w:le an:l.mala,. ..Water temperature above or below the

Trit -. . e

optimum markedly reduced the duration of swims with

"i.' v oY

It was observed by the.

,

Fiervim 153
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A.mld mice .-

x IOOOgm gulneu pig:

- SWIMMING . TIME

, 20
ATER. TEMPERATURE (G)

Figure'I -'Inflﬁence of water temperature on the swxm
1;time to exhaustlon.u Data from Dawson and

Horvath (14%
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' " Part 1
\ - ' . . 1 - ) :
‘;l‘.w';.f ';va::fif‘ The effects of tralnlng on swxmming performance . :'.-.Viiy;?
'~?f"._i L are not entirely clear. A number of 1nvestigators have'p'u. g
o ?;5 reported rncreased sw;mmlng tlmes—following repeated swims. ‘
o : ot 3
R ‘;jt: Barnes (4) found varlabillty 1n ind1v1dua1 sw1mﬁ1ng tlmes o i 'é
o e w but the experlmental group swam better than the controls.;b*ﬁ T A
’ Cowdrey (11) had swrm tlmes 1ncrease from elght mlnuteé to

thlrty mlnutes over a twenty week period.~ Eranko (175

reported that rats sw;mmlng id737 c water 1ncreased Bw1m f;?ﬂ_t

tlmes from ten mlnutes to three hours after three weeks. ﬂ:fn@.?

N

WD hf§“~u;:;f{ Hanson (23) observed that rats sw1mming at 35 c gradually,,;_ﬁ

Y S PR
N - : . s toe .

1ncreased thelr swimmlng tlme to thlrty mlnutes. Keeney (35)

. ;}f?.~f=;;reported that sw;mming performance lncreased from flfteen\

mlnutes to forty mlnutes a day after srx weeks‘ Montoye —‘“””

._f }}%f;ij[ha 1962 (49)'observed that when exerclsed anlmals were compared :f'«i.:{‘ﬁ

, T . "r\ o
oL e .

M

) ;\QA .'with”Eedentary anlmals the dally swammlng program was seen'
R T A

’\,i‘ff’n to result 1n slgniflcant 1ncreaaes,1n.swim time.. Hearn (29), pl_ﬁ}

S, T -McArdle - l966 (43),. \OBcaJ. - 1971/1 (51) ‘and Prokop (55) ,
o ' ~;':fﬁf' alsg reported that rats had conslstent swim’ tlmes w;th only
- Saowt

’V}Qlyjffiﬂgrlsmall fluctuatloné 1n 1ndiv1dua1 Perforﬁancéa.fx

Whlle many investlgators have reported improved{{ﬁ;

ol

™

"Jfbiff;[' performances following trainlng, others have failed to do RO



e e - - - e

- i ’.‘ ° - £ . , . »
; , "~. SRR .
o 37 C water for up to thirty mlnutes for four weeks actually o
’fv‘:.;¥,1_ had;a'decreased.performance ompared w1th controls on f_ f-
"‘Ca o . ",,;-"; - lg‘f’@?x\ ¥ - ’fis‘g v - L
S s the exhaustive tests. The poorer performance was attrlbuted .
. B . : 5 ) 1 . . M ’I . .-
B _f ;‘_"@:_ to the prese ce of chronic pneumonta and acute respiratory
'f‘_f?:lii;‘_‘f’ disease founl’upon post mortem examination. Tura (70) . .

fr reported that daily sw1mm1ng to exhaustion 1n 22 c water‘;ﬁf}'.

;:’:anfzt?L;L; reduced the swxm time of the rats from fifteen minutes to

\.

less than t ?.linutes after one month. He did not explain

L iﬂwTZE:vflgig ﬁfhis[crfteriaifo, exhaustion but lt may have been too severe ;;-f”
U L B : < . R -

ot for the rats s' ce only twenty-nine out of seventy—three “

Were alive at the end of ninety days.” Kniazuk and Molitor SRR

(39) found no 1mprovement in the performance of an, endurance\

.,

I

test 1n rats sw1mm1ng 1n 30 C water daily for fourteen days;‘w~

More than tWo swxmming periods per day actually resulted 1n

u~4\~a qecreased performance. Batkig (5)° observed no. 1mprovement.mf'J

) ;*in sw1mming performance on an\endurance test with’ training.;zz'
K i o NG e e s
oL The control swimmers gained less than a minute over the R

e

forty-five week period swimming the maze. Baker (3) and

= oo . . - .

VRN Richter (58) found some variation 1n 1nd1quual swim time fﬁﬁ

i

f”‘_}:?‘*f}.- due to convuls;ons of . some rats as-a result of extreme

S,

'y PR Y 4 o
Sy -

R T
bt A tocia

- : . o-

¥

ﬁ’ff:‘ stress. qpichter also observed that‘some rats appeared to .QQJ;:“LA“H.a

g7ff;ijg*”. regard their position as hopeless and woﬁld rather drown j"~u:'ialx

SR LT - oo N P ST A - 2
L R than swrm. Voo T 'j“- ,’,.,"._« ,f . -
N . ‘. AN P e . . - ‘ . LT
’ " . 4 . - ' + - Lt _" + -
: - . g TR ‘
T 1. “ - . v - .
D ) . - : ; - s
k .“ N . - EEU ‘_.- . N o N -\
N . ‘ e R o v
20 . v Tl PP X N
: P - . - I
. L D , S i R
v ' : o T » Y
' y - [
. . .. M ¥ i
\ ~ N A -
’ ~ i . \ \\-\’ " /. el '
8 o v . i L




N _ . T B - | N
r <, R C L l‘ xvh }‘ TETEROT . .
g - l - N :‘ rﬁ .. e -rw,v{\ TEE i -‘\::.- X t.A o . 4
: " s - ) vk = o 5
AN . . ~ A I ay ,\‘- . . ; Lo :.
o o [ c Lo 10 T
. Part ‘II .
-t - . . 1}%
ﬂﬂ‘-"_V’ e The effect of exerCise, espeCially swimming, on L R
. body gro th has been of considerable interest to exeroise ‘,ﬁ.?
s T
- thSIOlOngtS. A number of training]regmmms have retarded ﬂﬁ%‘
v growth of the rat. Buuck (9) revea%@d that rats who-ran pf;'f:fl:'ﬁzf}m*
nx;i”"ﬁone mile per hour on a“ rodent treadmill five days a’week - ';;;nﬁﬂf
"'*iifor eight weeks had a- Significant 1hwer body weight than S ”":f
the sedentary d?oup. The trained rats weighted 345 81 6. 3 :'3: f{i, K
g l DT .L :
-.grams while the controls weighted 372 8::9 2 grams., Crews SN .
41969 (13) also pOinted out that r.nning animals gained :NLE; ¢
Y ‘Significantly less weight than tﬁeir free eating controls EERRTIEE - O
b i A el .
‘as a result of both increasedca7oric expenditure and a DR
’ decrease in food intake. The 7pntrols were 465 +18 grams 7; -”f :“‘~
‘ e, R - .. - . " P ‘: N
while the runners were 33a§t18 grams.;‘f": R '“uk' _ DR
N _. Jones -. 1964 (34)° observed that rats swimming inlfﬁ? SN
liﬂn 35 C-37 c water (400 grams)\Were Significantly leaner than' 5 '_f*iwi
. b RIS
. S
S the COntrols (460 grams),_ Kimeldorf (37) stated that daily ;le o .%‘
o "exhaustive qwimming in 21 C-25 C water from fifteen minutes _‘_;V,f‘£<
S to thirty minutes duration is capable of significant depres-,j ‘,.f'fjﬁ’
e ~ "':” SRR ¥
,ﬁ‘ Sion of body weight from that of controls._ During the '~Hﬂf?g§§‘
' thirty day experimental period the body weight gain of the< f;ii “7;\$29
L S |
exerCising animals (295 grams) was only Glﬁ\pf that of the .
sedentary animals (334 grams).- Montoye:.-— 1962 (49) reported"__ }
[ A ..
< ~ X .
| T : " r
. __u___,:.»-\f"‘""""#" ) a ,.,l,._l.,,v.:'_....._'.'.'._.;.., 5 _
SR L : o - 4.
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g - that when exerc1s;ng animals were compared w1th sedentary

animals the daily swimming program was seen to result 1n ar
. @ :

a t. decrease@nn body weight.; The experimental group s» BN

o 31gn1

mean 'gight was 414 1 grams while the sedentary group 3 mean

Weight is 453 4 grams. Oscai - 1971/1 (Sll also rexealed

2 -d'hzfn. that ray subjected to sw1mm1ng exercise gained weig

h‘ A
&

slowly (245 grams) than sedentary free-eating COntrDlS-pfﬁ

e Similar results were alao observed by Oscai 1975/; k52),}‘rfﬁfﬁgf;
Pitts (54), and Van Lierre (72) Hearn (29) reported that .
. _.': all exercising imalemgained less weight than controls 1n5f?”{J
.%rlfi that trained anxmals gained l 36 grams per day whlle the
- controls gained 2 00 grams per day._.Hdwever he failed to
t'ﬂ-,w glve the ray’ welghts. f"; .’f;,g ':‘(','~'ﬂy.g.%‘aj“‘ ‘} -,p;”'7
. ,»e.;qg.fﬁxz __. Few researchers have reported that the exercxslng .
_ o rats gained mbre weight than the sedentary rats., Ddhaldson '
'3;f;€‘11— 1932 (16) and DonaldSon‘; 1933 (15) stated that body

weight increased by twelve per déht 1n male rats._ Hata1 (28)

¢ K

'f1.;fﬂ; also noted a alight ivprease in the body wexght of exercising -

’tl ﬂzv-rats (6 76%). H?yever he suggested this could be due.to the;gﬁ._
}' : fact that the control rats had lung disease while the exer-i;ffni;i;
'?fﬁl”" clsing rats did not.‘ Rlng (59) reported that rata who dld '1_,g ,:i
‘”'}- ‘a mlnimum amount of exercise reached a mean W81ght of 148 ff(;%}fi?’
3;;"grams Whlle the maxxmum exerC1Sing rate revealed a mean of S .
. 174.grams. The amount of tlme that each group exercised wasnig-j/
N ?f‘T?f:ﬁ M~b3 -';' ...... T ;: , R . ] : ":i |
: : ’ ‘- @é; : : )
e ~ SRR _ . . =
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' of thirty minutes a: \

-----

- f'-"f‘ ‘ (11) found that rata who swaﬁn a m‘j

S

day over a Itwenty week perJ.od shov.red a sf:.ghtly lower body ." i ~ T

Y ¥ i
" .

B . g " ‘- ', -..dthe‘j; researchers have cbncluded that exerc:l.se Ly ,

: ' ) gy ':' does not affect body we1ght...—A1t1and A1y - observed that ra.ta ‘

‘ ‘.-‘: ‘ ; ,.who exercised dally on’ a rotating drum for a’ix houra for l, 3
) =P : 3, ‘7. 15 or 19 auccessivezday.s had - an J.nit:.al loas .,Of body ,' " .,;
B -.‘,{?Wez.ght for the‘ fir.at five daye ,bu.t.’ this ‘was" restored near ..;_.' ' ,:é
) AR "”:g,gontrol. level dar;i.ng the £J.fteenth to nine\;\e(enth days of i, 8 ;:
’ i erercise.- Aros (2) fouhd that after three hur;dred hours b ‘e
o : there:was Jo ;s:.gn:.flcant differehce in hody weight. betwee_h :
.:“ ' B - ool s - ntary cor.u‘trol.s. (272.*grams) and the exertus:mg group )
Lo / ’ i (‘279 grams) ¢ Barnes (4) also reported that the body we:.ghts - ;
" ' I, of the control and experimental groups were s:.m:.lar. . Cowdrey '§

. weight &91 grama) than the non-exerclsing group (498 grmns) =
S W . ",
oLy Crews r= 1967 (12) reported* that' rats who: swam at- 33 c’ suc K

:,)‘.;_'_

: ":';';‘":':‘ hoars a day six dayb a week had 'no s:l.gnif::l.cant dlffereaoe J.n ,, ‘
i : 3 body.weight (275 grams) when cortpa;red to sedentary cohtro]. 'f'_ -;
rats (274 grams). simn.llar find:.ng‘s'included atudies by_ ;A. ‘ %
,/ bt e Donaldson 1933’ (15), Eranko (17)', Hanedh (23), ‘Jone,‘, A i961 R

™
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.:‘ki-i .; testing procedures of the experimenters were.quite varied !1.J . -~2
S with regard to water temperature, length of SWimming,and 'f“; (%;”_%d#
"exerCiSing time) and addition of weights to the rats.,'These'if#ZfE'Li?
'tf'.fv,"- numerous variatlons resulted 1n different levels of physical %;‘ingi,?
S

‘;i»fif’itfﬁtf‘ ried to vary the levels of physical stress'by inoreasing if"

s

the exercising time.‘ He ébncluded that less strenuous“?ff
Lx' - .- :

'%'ﬂﬁt:fc f“f weight. HoweVer when the program was strenuous there was a
: C T Ty : . PR 3
S 51gnificant decrease 1n body weight of the exerc;sxng j p~-f.%

"@'ig,ugy 'animals.. Therefore in order to accurately compare each :Q?'
"fﬂi study, the 1evels of physical stress would have to‘be ] f71~;}
T sranmgarasgeds | CT Tl oo Tt '
SO IR T S S S P C- . RN -
- Adrenal’and cardiac hypertrophy has been the
rji{lfrj_ Q;_diresult of strenuous exercise.' A number of inve.tigators ﬁi},j
o . . ) .

“'result of exercising small 1aboratory animals e pecially

F rats. 51tland.(l) found that rats who eﬁercised_daaly on a
. rotating drum for sxx hours for l*'d, 7, 15 or 19 successive{”
;h d . days showed~evidence of cardiac and adrenal hypertrdphy":
5 f' . ‘ After seventeen days of training relative adrenal gland and"

. » N .
e .k e S ek b T B e e Do
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L S R » .tn’_ . s e
s DR relatLNe heart weight remained at increased levels of 38% IR
. . . .- _'l,‘\‘:“
LA

. l7l‘ﬁil'vand 18% respectively.. Aros (2) observed that there was a'fi‘ﬂ'f}m.if%

' s -.Significant d{;;erence in ranheart weights of rats who ‘zijj{;ff;f:r}
. -:fékﬂ : 'ewam at 33 C for six-hours per day’Six days a week.} The 4‘ |
: _TGTEii?flcontrol's mean heart weight was 0 73 to OB 9???9,“5113 the i
: fiL?FNZfT?” swimmer s.mean heart weight was 1 09 iO-lDB grams.' Crews ;f.
.f;h g y1967 (12) reported that rats‘who swam 91x hours perhda;'erx' .
o " ;;?}Q days a Week had a mean heart.deighb of 1;206 grams while thef: :
R A i

R L controls had a mean value ‘of.0. 90 grams.. Thia*ﬂifference
o -.d:';: was significant. However there‘was no 51gnificant difference

, e g
‘ between adrenal q1and weight.a Tﬂe mean value of the controls

N .

S ‘was 'o-"osz grains wh:l.le tha:;, Of - the swimmers was“oou‘grams
4 Donaldson ~°1932. (16) and Donaldson\ < 1933 (15) indicated’
- .. 'lﬁgﬁi tha; there was adrenal and cardiac;Jxéertroéhv;hét?theﬁéééfg b
L ‘;;?1?; scores were not given.~ Eranko }17) ‘tated that rats who.}:ﬂl, “1
s fﬁ?-;f swam’in"37 c water for'a maximum of three hours showed ab

a4 -~ -
B P K

'.i;~'j-}?‘,j15 51gnif1cant increase in adrenal weight.. Frenkl~= 1962 (19)

P ‘ 'f ‘KJ. reported that;rats who swam with 4 5% body weight,at 29 C e
~,7f}’ji;{f355§éa ;drenal'hypertrophv arter le weeksz~ Montoye - 1962J
-'lﬁkbﬂgg;;;(Ag) observed that'when exercised’;nxmals were compared wath
’:l ?” ;Asedentaryﬂones the daily swimming'program was seen to resultz
..f "T_in sxgﬁxficant increases in heart and adrénal QIand weight.’ ’
-fn'lrdfﬁhofl;;tosoai ‘1973 (53) reported that the mean heart weight (l 03%;'
L“f:' .ﬁé -‘{grams) of the exerc18ed animals were significantly higher “.5}:
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i
L L L All experxments dld not” necessarlly show a'SLgnlf-
i_ﬂw;;;_;;;.\' 1cant dlfference 1n mean adrenalLand mean heart welghts -:',',tVQ.\ '}
' — between sw;mmers and sedentary animals.' The dlfference o ~l
. usually occurred when the organ weight was measured per '#%
gram of body welght s;nce many exerc1slng anlmals galned '.é
. less welght than their controls.: Another.varlatlon, maklng - jjj. ‘_g
e "f:'ﬁ . comparrson dlfflcult, was that some experlmenters gaé% only | '§
- ‘JJ | the mean: werghts whlle others gave only the organ weight as . 'g:
/,, a percentage of . body welght. /' . ' ‘ " .. ig'
‘l{'d:‘," ,f'fc~j' _ s'In past research the: effects of tralnlng.on :_:- u'.i:wfl gg
swxmm1ng has been unclear. Some investlgators have- reported-ﬁj:f 'tg
o, 1ncreased sw1mm1ng tlmes following repeated sw1ms.‘ Other h,ff j 'gf %é
‘ researchers have found that tralnlng decreased performance S J%
H';f ...’ which was malnly attrlbuted to the presence of chronic ' 'f ' é'f
o pneumonla or acute resplratory dlsease -or both.. The effect "
of éxerc1se on body welght has also been uncertaln. A V.' 'r"y*w
* : number of training regimes have reported retarded growth of‘ : ﬂ ‘<~f
"~A§-.‘f . i~ the rats whrle others have concluded that’é%ercise does not"e ’ 3.'15
o -:‘i.t affect body weight. hFew researchers have reported that the f . o g
% .x: ,_-l“(;_‘, exerc1sed rats galned more welght than the sedentary rats. i
- ,L:: The majorlty of researchers have‘observed that exercxse has - . ;%
’ E also resulted in adrenal and cardlac hypertrophy although, - ?
g L -as prevaously mentroned, some investlgators observed no | t
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' ‘-_j_welghmg approximately 270 grams, were randomly d1v1ded

o ¢ fwea.ght attached to their tails. The control group waa

DTNy JGRRPTER EIT v o
J : - %+ METHODOLOGY -
' ,’~'I.. Experimenéal Design .
;‘,: ' Experiments were conducted so that the swz.mm:.ng O '

_ .‘._could be compared. Forty-s:.x male Sprague-DOWLey rats, EE

into two groups,| ten in the control\ group and thirty-six
'_in the experimental group. The experimental group «was then o
-~,"‘:‘-"subdivided into three equal groups based on their performance

‘ ' 'during an exhaustlve swim in. water at 29 c ‘w:.th 4% of body

o 'measure relative adrenal gland and relative heart weights. ’ '

':"II. : An:unal Care B ‘;f"’f‘jf‘?. B
All rats were kept in plastic cages approximately\ L
: 3 A
E -“',",nine inches high, ten inches wide and eighteen inches long. e
R The room temperature ‘'was between 72 -'75 Farenheit. All \
f.,a.n:n.male were ‘fed ad. 1ibitum on Purina Rat Chow and water. L O
. C \r Ce . Sl 'v!. s " \ ' [ ’f“.\_’- : .
T L o :':i"_'
o v LB e
A‘\.' N - S -."cl

y .'performances of rats at' three d:.fferent water temperatures“ LN

sacrificed\at the beginn:Lng of the experiment in order to

i -

1
“ :

5




l_.-'-j.:: ' ."" “ '~ - . ‘._ ‘ r\. B i
: j a : ';'III'. Instruments and Apparatus T T ;_':: SERR S

o Three commerc:.al plastlc garbage conta:l.ners wrth S '
- '.a diameter of. twent.y-four mc(es were div:u.ded :mto four ‘

:equal compartments by one-—half :|.nch plexyglass dividers. .

R 'I‘he water depth was approxlmately twent}; two J.nches. .EA'- DU oo
L ..-,Mettler H64 analyt.J.cal balance was used to measure the ',, \ ’ «’
L ‘ﬂ,iadrenal gland and heart Welghts to éhe nearest 10 of a,_ .ot

L 72N

. sI ' 'Pre-'rest : N _"'_ S PR,
= L : o o '«‘_ The thirty—six experi ntal animals WQre mark,ed. .
.L, by hav:.ng the:l.r ta:.ls colored so that they could be i d;.-"":f'
o : wa ividually identified. » Each rat was we:l.ghed prior to ::\:e l‘
; | ‘ﬁ'.}‘exhaust:l.ve sw:.m in order to fadjust the tail ﬁeiqht tb % ‘ _ Ny

- 'g“\ "‘-.L,‘,.,;.of the bodg\ we:l.ght. The wexght was attached to the ra "e_‘ .

S ;"ta:l.l by usmg a small chp which was padded by tape rn

s ; _"-:__'order to prevent pain and unnecessary trauma.‘»_ ﬁ:.'.'-
o e _:’} . ‘l‘he plastrc conta:.ners ‘were . f:l.lled :unmedi.ately RN
SO

"bj‘,j'pr:l.or to swimm:.ng by mrx‘ing hot and cold water :I.n order :

B :.'.'",'achieve the desired water tempera.tures of 22°c, 29 c or
‘ ‘ ~,;36 c. 'J.‘he water depth was approxlmately twenty-two 1nc:h,‘i 5 4
_"'-wh:l.ch was necessary J.n order to prevent the rats from ‘,; s

S W - o
:';resting on the bottom

\4 - ,/

“

and pushing up to the surface when‘
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SO im asured throughout the see7:|.on and‘ if necessary, water was :
" added (betwe.en ew:.m groupe)} to correct the temperature. . 5
Y o T R
- U

'I‘he Weighte wexd’ cllpped to the’ rat s tail and - - S

R the anlmals were placed 1n the water. Four rats per group, o

B a to) ai ,of twe N rats, ewam 1n theiT own indiv:.dual sectlon.

Three commerclal stop watches ’ one per group, were started : R

as soon as the rats were placed :I.n the water and tJ.me ended

.'.

3 \ when eaf:h rat reached_exhauetlon and c0uld no 1onger reach

o o ,;'so the mean group sw:.m times were equal. .’I‘he rats were then v

R TN remarked and placed into the 22°C, '29 c or 36 C groups. The i S

. conta:mers were then emptled, ‘cleaned’ and stored until the ' }.

. ' - next swimm:.ng session.- P B L ik "

* | Experimental Procedure M B '

\ R :\‘ The rats were gj.ven one rest day aﬁter the pre-test ST g
. - v ok 'é.i“f;.: e

exhauative sw:un. . he rest day was followed by an exhaust1ve -

«

. R n

} ' sw:l.m at the:l.r own water temperature that being 22 c, 29 c

N

Col i or 36 C.‘.: The pre—test swimm:.ng procedures were ueed at each';
. S - e;d'{auetive swimming session and the only variation during E L

- Jthe regular swimming sessiohs wae that the animals swum for PR

-‘::: K , i : - - - N R BN

n' ..ll" :
.. AN LR L B R ST R R ot e ey 8 . . - PR PRI < .,
- s e Iy £) - £ O — " . 5 .
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- Coadee S m T 200 -
) g \ L i - ‘ s . B'v ;
- t:n.me :f each group was calculated and two-tl'::.rds of thJ.s
| N : mean swlm t:.me of each group was used as a trainlng tJ.mﬂe.n.- - ,,.
, \ L The exhaust:l.ve swun at expern.mental temperature was followed : e
by a- rest day which was in turn followad by another exhaus— . | = _
o o tive sw:.m at the neutral water temperatur;e that being 29 C‘ B <
e R Follow:.né the prel:l.m:mary exhaust;e —fsw‘lmsmth‘e‘-an:.mal's _* |
tra:med as scheduled in Table one.:. The expera.ment lasted r ;
"’-;;T-;- : forty-six trae.ning days and the animals had exfhaustwe - . o
’ sw:.ms‘on"every th:.rteenth and £1fteihth da:rj»:s‘i‘fa‘.iiusbyated e

the. scheduled rest days. Dur:.ng the traln:.ng program twob . o

-y a--' pa o ("

e - f; rats from each exper:.mental group drowned. '1‘5? fJ.nal S o
_-\,"’ | exhaustlve swm for all rats wae in; neutral (29 C) water.pf ' o ’
L VI. i Sacrifz.ce Procedure : \ o ’ e L “ o
| '. T rThe_ra.ts were sacrificed ‘wa.thin forty-eight hours ".:,.‘5‘”',’-.; f:_-."'?"— "
) a :, ,,of their' finel swim._ All animals were weighted 1mmed:|.ate]_.¥)‘ .

o . prior to death in order to obta;:.n*drgan We:.ghts per gra.m of ,'4

Vo,
j": S .“:
Tl body we:.ght.,_- The an:.mals were 1nd1v1dually sacr:l.ficed 1n O
) . . T I [ "‘ \ L
REN .a small beaker by ‘an overdose of ether.,,‘,;, SRR S .
SRR Vi‘I'. | Dlssectlon Procedure P e
A The animals were immediately dissected and w
o - L adrenal gland weighta and heart we:.ghts wer-e obta:l.ned on



Wt 2, TR

Day ‘1 " exhaustive sw:umning at experimental,
’. ‘temperature

Dayu 3 .l exhaustive swimming 'in neutral,

’

I S ,water T8

exhaus tivef
temperature

The training procedure included' ’fou:.';‘complete

) plua two final 'éxhaustive sw.uns

41
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the Mettler analytrcal balance. ' All blood vessels and#

'other erelevant material was cut from the heart and all

\fat was removed from the adrenal glands. 5 -
., " . !i: . N '“l . ;. . -, ¢ '\ "

i . . DN

: VIII“ '/Tre’/ tmen't - of Data A R ‘1.

* '.t,. The F-teat 'was used to see if- there was any

‘."’s:Lgnif:I.cant \‘difference' between the group means in sw:unming

".,»:performance L, body .we:.ght ga:.n, ‘.relat:.ve ~adrenal:’.

_,fweJ.ght and relat:.ve heart welght. ) The Newman-—l(eu\ls test

"-‘lwas uaed to -locate the dlfference.‘ |
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. ' \ . CHAPTER IV. = - S | o
. RESULTS AND DISCUSSION
..:!’ " ) * ' k L ot ‘ ’ . " : ! ’ ' “ - .
. ) 'Thls study was conducted to determ:me 1f traln:.ng\ R
' - . ~at water temperatures of 22 C, 29.=Gr and 36 c had any T
IR » s:l.gnlfn.cant effectrupon four parameters, namelyr swim t:Lme 3
R Jea ‘T a : o \ ":
to exhaustion body welght, relative adrenal gland we:.ght
and rel‘ate.ve heart we:l.ght. -" The control group g relatzl.ve
adrenal gland we:l.ght and relat:.ve heart we:n.ght were also g
c’ompared to the exper:.mental group. : L': ..

.
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- et
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2 n
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' mean group sw:.m t:.mes as the reSult of an exhaust:l.ve swa.m

‘ w1th 4% of bOdy we.lght at .a water temperature of 29 C.-

and ther NeWman-Keuls test/ - used to 1ocate the dlfferen e

'-_1..

The sample (N—46) was randomly dlvided J.nto ten

A
controls and th:.rty—s:.x exper:.mental rats.

The experz.mental S

group was then subd:.v:.ded J.nto three equal groups based on

\

[

The F—test, used to see if there was any sign:.flcant

‘s, L m

d:l.fference betwaen ]:he means of the above four parameters, -:"

between the means, xwere employed in the statist:.cal analysls

of the data. There was no s:.gn:.fmant dlfference 1n (1) swim

t:.me to exhaust:.on, (2) relative adrenal gland we:l.ght,' and

(3) relative heart welght between rats tra:Lned at water

. ‘-.

temperatures of 22 c, 29 c and 36 c. The dlfference :.n body
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weight proved to be significant. There was also a signif- C o,

icant difference _1n rélat_:ive adrenal gland weight and , .

relative heart weight between the control 'g:r;oup 4a"n_d~,exper-.

:i.men‘tal groups . "'I‘he above resulta were presented in table

‘ o~

and f:.gure form o .

- ' Table two indlcated that there was no s::.gnlf:.cant

/ Coeol . d:.fference ln the sw1m tame to exhaust:.on J.n water at 29 C ORI &
* o h.“." ' . N 'Y‘ - l\ o v s ’_ .." 4 ‘_‘l ,.: . l_.
O I of rats traJ.ned at water temperatures of 22°C, 29 C and e
'(.: N ‘ : ,'_'-I ’; - ’ : . . '“'. o ) o i \ ) o - . . . . ‘4': ] v
o 3 6 c' s, .\w.:':.‘. ‘.':A: ‘. . - oS " T ‘. u "v.ﬁ:‘_--‘.,’.'. e L X " . 4 - , - i o ﬂ . :‘.)' -- .

Lﬁ'Tf.'W::'if?;ﬁ'*h,i ﬁ‘[f s ;i.; TABLE II o 3"[?;{~O'f_fgf- I T
B tesft for f:.nal exhaustlve sw1m data

", v A Al -

- . |- Degrees of | - | L. 2 B
: _;Source ol o Freedom . ] o 8.8 ... M.S, - . ..F CeL T
BT AR PR .Between 3 N IR o E Bl | ' , ¥
N B Groups-_ai _ & : ‘13 492‘.7~ o 499,75} - I I !
‘.}\-‘ i -f- ":‘ '-‘ - — - ‘. . i _ ~ %
TN Total “»”'29"xm'.1 13, 701 § 17604,3. - ;,'“ N
. ., T [, . RO 3
.-‘('1'-' ;"-:‘ L . E {/ j.‘f'._
e N “,'Not/sa.gnificant at the .05 1eve1. F value required\(ﬁ 35). 3
{ TS e Table three :mda.cated that there wiflcant L T
K ' A :/ Ve - / Co !
ce dlfference in. body welght between rats ’tra:Lned at water . L
o . temperatures %f foc, 29 C and 36 c. : Table four revealed
e that the rats ftralned, at 36 C were! s:.gnlf:.cantly 1a.ghter.
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’ TABLE IIT < S :
- " F-test for final body weight data . -
. Degrees of N
.Source . | F/reedom AR R - 23 PY ‘M.s. .} F
Sl 4,"'BetWeen PR R A R R S B
© ¢} exouwps: [ 2l 10,760.87 | 5,380.44- | 4.57% |
’ AERAn [ e f e e R e T
; Groups SO EES Y AP '~_. " A7,969.80 | 1,176.66: ;. "~ |
cLt et e reka s T 2e '48,'*'/_30_.’,‘6-'7'..,‘ 3‘6‘,,55,7'4,‘*.,1'0

I *Slgnlflcant at the e 05 level. : F value requlred (3 35) oo

. . - N .o
. N > . -’4.

i 'NewhanAKQul's'" test 'f‘qr b'oéy.\geighﬁ d:a'tg

P R TN T T ST S ST

- e Means | X 36% 0| K 29% | B2z |

: K36 | = ] 34080 ] 3948

i , X T /‘ A ~ : o
; X+ 22% = e =4
) ) - *significant:at the .05 level (2.92)' ) :
Table five showed a s:.gniflcant dlfference ine '
\ S relative adrenal gland welght between cont{:ol rats and
- A.ﬂ;}_.'» .‘ ’ _.' ‘. /.4 '.} . ’ e
S rats tra:.ned att water temperatures of 22 C' 29 c and 36 C.‘.. -

HoweVer Table four showed t:.hat there was no s:n.gm.f:.cant
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3 I ,.1 ’ - Table seven shOwed that a. s:.gnif:.cant d:.fference’-‘

o b'c';"eurr'ed J.n the relatlve heart weight data., Table e.ight

. £ _'showed that the dlfference occurred between the control Lo
- Cr _'i_group and experlmental groups. There was no sxgn:.f:.cant IRV
Jo T Py e
») S A dlfference between the relat:we heart Weights of the, three e
," . . \ o Lo L a ) . . - - l‘ . Tt ,, .
L o 'experimental gqroups. ST, ,-_' R (f
g {4f;i'f;ﬂ;‘%';g,f;, fj{.’l,;:; ) TABLE VII: 'uffJ*f I P L A

A

‘ LRI e F-test for relat:..ve heart we:l.ght data "1__-r__;;-,, ~ s

g e e T s T T e T T

e e L g T T e S

Do e Y L 1 pegrees of % IRREEEEA IS ST IPTIEEIRES
: -Souzde I | . Freedom afe gl |oMisa s - ERERRE &

. Between . | 7. "l 4 SEAEET AN RRCTRR SEIESIESUN ISR
B Grdéups. . f. 3 oo o]0 o1,985 0066 |- 22% 0 :S;; 1
B » : - “ - d - -Q._ . ! s A‘: _ h,l - . .t . “‘,-4 ":‘ > . I ; .
- Within | =~ .. R B I L S NPT RN !
o Groups | " .--.36 s v Le24 00403 L e TR el T
a v imotal L oL, 39 L 3.22.7 0,69 | T #1,
. o RN . . : . > 3 . . - Lo T — .", ."’ e s ..

o e ssignificant. at the

.05 level.™

F value réquired (4,39):i. . .. .

7 : ”’ﬁ 0 S TR TR A
A, Lo w0 , TABLE VIII BT
R {Newman-xeuls test for relatime,heart—wérght data s R .

. - . ‘ A"‘ ) . v) o, -1 o - - ’4 - , .:‘: ‘, .—-‘. -' .:"l-f?“:' I: .
' Means - . ¢ <X control | - X 36°C - Z é'ZQ"C I E20%c | o .
J.;Z"éohtroi;;}-“. L N N I Sy il B L
"X 36% . '~é L = N !
e o r i e R "
vﬂz}22°c.‘*‘ 9. 6as - SRR IR PR e .
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F:Lgure II - 5wim times—to exhaustion of all experimental .
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,‘ decrease untll t-e end of the experlment. The f:Lnal

_ “xhaustlve sw1m
.f\ﬂ

”7glower 1n heav1er rats, when welghts were attached accordlng
v?to percehtage of body-weléht. It was then p0831ble that the
-_?_‘an:n.mals sw.un tJ.mes decreased_as a re8u1t of an 1ncreased |
'1..body welght. ' However .'I.t appeared, for some u\nknown reason , N
:fthat thls 1ncrease 1n body wexght did not decrease sw1mming‘f
"';;_,t'_\,Performance, especially "“?",h, the 22 C rats, unt:Lg. after "f. )

o j,twenty to thlrty days. . It is also poss:.ble that the

| fb-_.‘-'decr\ease *J.n swiming perfomance was the resulta-of chron:.c

o | S =
L . . ‘ o
. !
L
| DISCUSSTON. : T T e
| ST SR P EE S

ERR As shown by Table two there was no sigm.flcant/

deference 1n swnn t:Lmes to exhaustlon 1n 29 o] water beﬁkveen

rats tralned at water temperatures of 22°c, 29 c*and 3690.‘

+
However the findmgs of this study tended to support past

research that tra:m:Lng does \:merove sw:l_mming performanc

(4, 11 17 35, 49, 29 43, 51,‘55) The sw:.mm:.ng J.rnprove-"'ii"'

ment waB greatest over a twenty day per:.od w:.th a gradual

':Lmes were not s:.gnlflcantly betterr I~

accordlng to a 'I'-test for correlated samples, than the

‘

pre—test sw:Lm t:.mes. Howeve?r' there was a" small net\ lm\prove-“

-K.‘-.. -._..‘. o _— / NN \4

¢

. PR . . N . PR BN ’.

ment An sw:.m t.';.mes.:;,:.,'»‘:fg_‘ e

P o

McArdle and Montoye ’(43 44) found that the durat:.on. ’

'L'of the swa.m to exhaust:.on :Ln 34°C-35 C water was s:.gm.f:.cantly
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- -pneumonia and acute respiratory diseaae s:.milar to that
\

e reported by Updyke (717 ‘}3",.~~A ;'_?; Ja . ~:-j‘4_‘”

hs shown in Table three there was a ;J.gm.ficant

'

- et

\

"\ . '~ '. ’ ' difference in body we:.ghtobetween :r:a.ts trained at water ,
. temperatures of 22°C, 29 :C and 36 “Ce ‘Table four revealed :

7 that the 36°c rats were 51gn1ficantly lighter than the 22 C

R j or 29 c rats. Prev1ous researchers have J.ndicated that

exerc:rs:.ng rats were SLgnificantly lighter than their

'sedentary controls 49, 13, 34,.37, 49,,51 52, 54, 72,.29).,‘;;j5fff35

Brobeck (B) suggested that animals eat to keep

\ warm and stop eating to prevent hyperthermia.—. He poxnted

)

e

SR ﬂ out that shaved ra.bbits J.n winter ate—mere than fully ‘
intact rabb:.ts. Rats, cattle, pigs and goats all ate less'
: o Wlth 1ncreased environmental temperature. Hamilton (22)‘

atated that 1t J.s a well established fact that ma:mmals

redube food 1ntake in ther heat and show ‘an increa_se J.n the
'colc‘l.. He po:l.nted out that food intake in male rats fell '
with J.ncreasing temperatures.,‘ Herous (30) obaerved that . o

e the body Welght of colq acclimatized rats (6 C) ‘was’ ,',:"
| significantly higher than that of rats acclixq,atized to . _
higher (30°c) temperatures. Hart - 1950 (25) reported that

during activity the wei.ght loas averaged Y. "'0' grama per

e T

mous;a_t\-9 6 c to 32 c, but at- 37 C the loss was. 2 6 grams TR

per mouse.-. Mayer (42) observed that for low durat:.o: 3
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i%uihﬂ#ﬁﬁf@fwmﬁ;éw@%hagﬁyﬁmﬁ_ ) s llnéﬂ‘ ;;ﬂ: - o
. - - . Sl T ;e
P R : ‘
. i exercise (20 minutes to 1 hour) there was ho corresponding ?
S {' o tfincrease in food intake‘and‘body‘We}bht—was decreased.; ) i
) C; - However from 1—5 or 6, hours food intake increased linearly St
) CL and weight was maintained.:;.' S e G )
- c Therefore from the above data it appeared that S ..: :
{". ﬁrﬁeweight 1oss of the 36 C rats was due to decreased caloric' ‘fﬁ T .
: T intake ‘as, well as weight loss due tO:&ctiVlty in the ’
v N\ i warmer water.;iﬁ;i" L e T

3, food intake increases w1th decreasing environmental temper—‘
. o . ;

-In the 22°C and 29°C water the Jeight loss/£r6/

exerCiae was less.

;This is probably due to //e/fact that

s o

ature. It is possible that this counteracted the Mayer

food intake curve sihce the*exercising rats generally swum -"U
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d‘for 1ow durations (20 minutes to 1 hour)..

. Aadrenal gland

Ca
’

/' .y

There was no significant difference in relative

a

.. a0

weights of rats trained at water temperatures f ol

of 22 C 29 C and 36 c. However there was a significant

difference inirelative adrenal gland weight between the

control groupfand experimental groups as revealed by Table

five.‘ Table six showed where the difference occurred. The e ‘

findings of this study tended to support past research that
exercise resulted in increased adrenal weight when compared

to sedentary animals (1, 15, 16, 19, 49) S The exercised '

ay

rats were under far greater stress than the controls.,f:3;h5:~i"

I T P
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A f{l - | Suff;c;ent stress according to Selye (61) g;oduced anA

ey

.

[y

enlargement of the adrenal glands.‘

The exerCLSing rats tralned at two—thlrds of

=fﬂ thelr maxlmum thereby stabllizing their levels of stresa

7—;" ,‘ e . - ) .
‘j:: LT Thzs was a comblnatlon of physmcal and env1ronmental stress.
S It would appear that a more“stressful env;ronment, in thlS, I L B

\
\
.
¥
. ! N .
Rl i st

‘-,VqA~f_?-,~'. partlcular case water temperature, would hlnder phy51ca1

Y

3 performance and that a more sultable env1ronment would

a*'

enhance physical performance., Therefore both phy31cal and

i

‘ienvrronmental stress may have balanced each 3ther out.,{nﬂh¥

; | 'i Thus SW1mm1ng at two-th;rds of maxlmumZWOuld stablllze the ’ ﬂfj’ﬂ'
- : 'Zl stress load and thus the adrenal weights should have been %€M~u
| :J 4 ; 51m11ar and thls was 1ndeed the case.“*" ;#ﬁfl{‘”’;Irl g UL
_- .U:\fﬁfti:;gffdihi There was no’signiflcant dlfference in relatlve i‘:f q';
o . heart Werght between rats tralned at water temperatures of: ft e
A:ff;;ﬁj' 22 C, 29 C and 36 C.: However there was a 81gnfficant z- jf\;;glgff”
’ . difference in relatlve heart weights between the control( r‘u S
5 : | \group and experlmental groups as revealed b; Tabie'seyen-iﬁzhﬁ;;ﬁg
l; w? Table elght p01nted out where the difference occurred. AN
.‘yji These flndlngs also tended to support past research that };¥3 l‘;i“
' l,‘i‘:‘.exerclse resulted in 1ncreased heart weights when compared ééf ﬁ ;!ﬂ:
, ":}"1‘5 to sedentarY animals (1, 25 12, 15 15 43w 53).5 ’/,‘“§fa:‘“”
i = prev1ously mentloned the exerc;se rats were under 81m11ar tlfﬁjiﬁif
: : £

strese therefore thelr hearts hypertrophied at approximately
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o ‘ CHAPTER V
. SUMMARY AND CONCLUSIONS

- C : The purpose of th;\.s study was to see 1f traJ.nJ.ng

o at water temperatures of 22 C, 29 C and\36 C had any

‘0;,; o ' ‘ s:.gm.f:.cant effect upon the follow:Lng four pa?&n\eters-

: (1) sw:.m tlme to exhaustlon, (2) body welght, (3) relatJ.‘ e

adrenal gland we.'l.ght, and (4) relatlve heart welght.-f Th

x

to a control group of sedentary rats. ”.."'x' , T c 3}?"

The sample was forty—s:.x male alblno rats. They
were randomly divided into two groups, ten in. the control
group and th:l.rty-six 1n the exper:.mental groups. o Thel‘ T

PR e

e erlmental group was subd:.v:.ded :Lnto three equal groups '. - °

based on sw:uumlng performance durlng an eﬂuétlve sw:.m ’ <

: w:.th 4% of body weight in’ water 29 c. The experlmentel

groups then t:;ained by sw:n.mm:.ng at 22°C, 29 c or 36 C

Y e water temperatures to see '.Lf there would be any s:.gn:.flcant SRR
._.\' N i - — . / .. g . . L

dlfference :Ln the above four parameters.‘. Dur;—mg the

.r
ot

tra;m:mg prqgram two rats from each experimental group t o o ‘ R

drowned. L

I L L
P cab e

‘ The statlstical analyS:Ls employF-'d in thls study 1"1':' -‘:? .

was the F-test wh:.ch enabl'ed_the researcher to determ.me ;.f

Ry ety YR TR Ao
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there was a‘significant difference in (1) exhaustive
swim times, (2) body weight gain, (3) relative adrenal ‘ o

gland weight, and (4) relatlve heart weight bét%een rats . ' -

.

trained at water- temperatures of 22%, 26°¢. and 36 C. The

. Newman-Keuls test was then used to see where the signlflcant

~_d1fference occurred. The F-test was 51gn1%1cant ((:0 05)
Zwith regard to tralnlng and body welght.‘~¢t also showed a ffi
”vs1gn1f1cant dlfference (a 0 05) in the relatlvexadrenal

e gland and relatlve heart welghts between/the control group

rffand experlmental groups.f

N R "

;1?~*1:;. _The results obtalned led to the conclus;ons thatl‘_ir

'ﬁ.there‘was no 51gn1f1cant dlfference 1n (1) sw1m tlmes to |
; . S | - exhaustlon at a water temperature of 29 c, (2) relatlve
'adrenal gland welght,\and (3) relatlve heart welght between

'.frats tralned at water temperatures of 22 c, 29 C ‘and | 36°c.,‘f; 4
I i »:‘ . . v

x; J . -g“.There was a 51gn1flcant dlfference in body welght between . g
Y o : s g o
L rats tralned at water temperatures of 22 C, 29 ¢ and 36 e* .
o T ;f“:The e was also a»slgnlflcant dlfference in rE1ative adrenal :i

A - -

o -ill,'.:i ,gland and relatlve heart welghts between the control group . ‘:_~;;‘f

,\\ e TR B R T A o »
R N and experlmental groups. _“;v~f:?:}h T -‘q_r,d
RN . . P Lo N " . - - '< ° . - " . o, i :‘ - . . 4w o -
“e .o ’
. VR TS o , Therefore‘ ] S . e R
’ SRR A Hypotheses ay,y>:5Vug;;‘;-' i B ' e TR
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‘was accepted.

i

U, = U, was accepted.
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