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ABSTRACT

The urinary excretion of noradrenaline and adrenaline,
17-0HCS, the concentration of hemoglobin, hewatocritc, the
concentration of plasma lactic acid, K+, Na+ anad wlood
glucose, in 22 male students were deterwined woth beiore
and after a periodic, submaximal exercise on & wicycle
ergometer, The measurements were repeated three times during
a nine-week endurance conditioning where eleven of (ane
sub jects participated.

IiZxcept for the decreased heart rate during exercisec
(p = .UU1) and increased ’ﬁ’o max. (p == ,001) the endurance
conditioning resulted in a significantly decreased
concentration of the average plaswmia lactic acid in the trained
subjects during the wmost anaerobic phases oi excrcise (p = ,0U25),

During the loading both the noradrenaline and adrenaline
increased significantly (p = .001) as cowmpared with tine
situation of relative rest bhefore the exercise. puring
loading the respective urinary excretion oi 1%-0lHCS dia not
change significantly., The training did not result in any
significant difference between the trained and untrained
groups in thie urinary excretion of the adrenal hormoncs and
the sympathetic transmitter, noradrenaline.

Beside the increased concentration oi plaswma lactic
acid during the exercise periods (p = .uu]), temporary
increases and decreases in the concentrations oi wlood
hemoglobin and hematocrite values were found after thne heaviest
and lightest anaerobic phases of loading respectively (p = .05=.001),
After the period of endurance conditioning the trained and
untrained groups differed significantly in the response of
hemoglobin after the first phases of exercise (p -< .025—.05).
The fluctuation was then found only in the untrained group.

No significant difference in hematocrite values due to the
conditioning was found,

Since the second loading phase of the exercise period
the concentration ot KV in plasma increased significautly

(p € .05 -~ .GO1). The respective lowered rations of Na'/r"’



were found (p«< .U5 - ,001) but not change in the Na¥
concentrations, No significant effect of conditioning on

these ionic concentrations were noted,

catecholamines; 17-hydroxycorticosteroids; hemoglobing

hematocrite; plasma lactic acid; L1lood glucosc; exerciscy

endurance conditioning

Introduction

At present a great amount of literature demonstrates tnat
an augmented sympatho-adrenal secretion is followed by an
increase in the excretion of noradrenaline and adrenaline due
to various stimuli of varying dominance of physical and/or
psychic origin as reviewed, for example by Euler (1964), Levi
(1967) and Mason (1968 b). A large inter- and intraindiviuaual
variation seems to characterize those responsés as well as
many other complicating factors requiring accurate
standardization in experiments (Levi, 1967).

Physical work of even a moderate degree stimulates the
sympathoadrenal responses and induces-an increased excirction
of catecholamines into blood or urine as suggested in wany
studies even during the first half of this century (cf.
Takahashi, 1961), Similar results have been uemonstrated
since then in numerous studies reviewed by Euler (1969) and
confirmed by many others in the laboratoiy (e.g. Gray aud
Beetham, 1957; Vendsalu, 1960; Banister, 1906; Lindwar et al.,
1968; conard et al., 1969; Becker and Kreuzer, 19093 Le
Schaepdri jver and HebbLelink, 1969; Frankenhaeuser et al.,
196y; Howley et al., 1970, Sarviliarju, 1970; iilig,cnaahl et 2L,
19703 Raven et al., 19703 Kotchen et al., 1Y71) anc uncer
hatural experimental conditions (e.g. thinger and Spreitier,

1967; Vuori and Pekkarinen, 1969).



On the other hand, we do not know as wuch aboui Lae
role of good or pooxr physical condition in the endocrine
excretions in a state of muscular strain or auring rest and
recovery, Adrenal hypertrophy has been produced by at intensive
physical training among rats as caused by an iincrease oif wotin the
noradrenaline-~ and adrenaline-storing parencityua (mrauko
et al,, 1962) ana also without any effects on tihne adreunal
weight or its sdrenaline content in guinea pigs (ustman anu
Sjustrand, 1971). In recent studies when therc as 1o cardiac
hypertrophy, a significant recuction in neairt cateciiolawines
was mnoticed aiter prolonged physical training (heSchryver et
al., 1969), but when it resulted in cardiac hygpertirophy, tiae
total noradrenaline and its concentration in tue icart
increased significantly (Cstman and Sjﬁsbrand,1971). Tuis
discrepancy in results and tlie functional siguiiicarnce oji thic
phenoiienon are still obscure,

The previous suggestion that a well-traincu indivicual
should be more physically strained than an untrained in order
to produce an equal increase in the excretion of catecholawines
(Euler and Hellner, 1952) is consistent with some evidence
about the decreasing effect of intensive physical training on
the urinary excretion of VMA (Adaw et al., 1908). An over-all
concept can be visualized LY which a certain kind of physical
training will increase the parasympathetic tone or decieasc
the syuwpatiietic one during rest (e.g. Raab et al., 1900;

Nocker, 196k4),

An organisw reacts to the changes in the internal aud
external enviromiont not only wvia the hypotiialamo-syuwupathico-
adreno-medullary pathway but also via tite hypotiialawo-livpopliyseo~
adreno-cortical pathway. According to nuserous studies an
essential activation oi the adrenal cortex is dew:onstrated to
follow after various kinds ol mental and/or laiily severe
physical strain such as trauwusa, plhiysical ana sucrgical jirocecures
directed to a human or an aniimal as revicwed recently oy hasor
(1968 a). He also reviews several stuaies sugpcesting thai tice
most intensive reactions are found Lotii in auwail beings and il

aniwals in mew situations accoumipanicd Ly s0uie kiila 0.



unifauiliarity and threat. The picture akzout <ine eiiect of
exercise, especially on adrenocortical activity, is not yet
clear, The level of 17-0HCS has increased during excercise in
blood (Kigi, 1955; Pace et al., 19563 cCcrabbe, 15543 Nawar, 1950653
vVuori and Pekkarincn, 1969) and in urine (Venuing and Kazuiu,
1946; Hatch et &l., 1y56;3 Hill et al.,, 1956; Pace et al., 125063
Vuoii and Pekkarinen, 1969), and has decreased in plasuia
(cornil, 1965), and also after the primary increase uu: ing
prolonged excercise (Kééi, 1955), or did not alter in ilasuia
(Wegwan, 1965, Moncloa et al., 1y70) or in urinc (Thorn et al.,
1953, Hellwman et al., 1956). The urinary excretion o4
ketogenic steroids has not altered, either, during exercisc
(connel et al., 1958). Moncloa et al. (1965, 19Y70) have
demonstrated a transient increased plaswa concentration aunu
urinary excretion of cortisol under hypoxia during exercise

in man and a fall in cortisol concentration during exercisec
under hypoxia at high altitudes; sea level does not alter the
cortisol concentration, Systematic experinental evideuce o7
the relationship of physical condition and the activity o7
adrenal cortex with its reflections on the levels of horuwonoes
in Llood and urine are few, Hatch et al. (1950) found a
significant negative correlation between the Harward Step-test
scores and the urinary excretion rate oi' 17-0HCS.

sowe data sugpest a significant nypertropny oi the adrenal
glands in animals with a corresponding increase iu horwone levels
at the beginning of training {(Frenkl auu csalay, 14062). Since
the onset of thie research they found the weigit oi the adircvnals
increased continuously when the plasuia horuone level wecreased
below the norwmal concentrations.,

The ain of tihie present study was to throw Light om tie
efffect of regular physical conaitioning oi the urinar; ecicretion
of noradrenal ine, adrenaline and 1/-~hydroxycowticostero:ds as
well as on the concentration of selectcecd Llood paranicters

during relative rest and muscular work.,



SUBJECTS AND METHODS

Sub jects

The subjects were sixteen volunteer, healthy, young
men, They were matched from two separate groups withh regaird
to their submaximal working heart rate in order to get as
houiogenous test and control groups as possible, Group A
consisting of 5 control subjects and 5 test suvjects was
matched from 15 students, and group I consisting oi 7 control
subjects and 7 test subjects from 24 students. One pair frou
group A was excluded, the control subject because of his high
physical condition due to participation in heavy physical
work during the training season and one trained subject
because a great amount of data concerning him was lost due
to technical reasons. Group B included two test $s as
control Ss and two control S$s as test Ss from group A,

These two groups are combined in the results section.

Loading procedures

Physical loading was achieved by a bicycle ergomecter test
consisting of three separate phases (Figure 1.) expressed
as pedaling time per work load: (1) 0 wminutes/120u lpu/iiin,
(ergometer work I) + 3% minutes rest in a sitting position
+ (2) 20 winutes/900 kpw/min, (ergometer work II) + 20
minutes rest in a sitting position + (3) 19 minutes /900 kpu/
min, immediately 1 winute/1500 kpm/min, (ergometer wo rls III).
The bicycle ergometer test was carried out leiore the training
period and repeatoed Lhwee Liwes al a three weeli's intoerval
for both groups A and 1.

A predominantly mental loading was achicved ouitly {or group
B with an emotionally loading choice reaction test nodiiied

to a wore difficult forw than in thoe investigatoi's previous



study (Sarviharju, 197U). The results for this study are
published elsewhere (Sarvihar ju and Mattila, 1972). Before

the first measurements, all the subjects had once been in a
measurement situation gquite similar to the present one., A part

of these pretests are to be reported elsewhere (Sarviharju, 1972).

The measurenments for group A were perflormed [row Junc
to August and for group H from September to Novewiber,

The heart rates were calculated from electrocardio; rams
at the following steps of the test: (1) the heart ratce at
relative rest and the recovery heart rates were uvieasurcd at
the beginning of the last winute during rest in a sitting
position before starting the pedaling, (2) the heart rate of
the first phase of pedaling is the mean of the heart rates
at the end of the last two minutes of pedaling; and (3) the
heart rates in the second (20 minutes pedaling) and third
(19 + 1 minutes pedaling) phases were measured at the end
of the last working minute,

Maximal capacity of O2 uptake was determined by the
indirect method devised by Astrand and Ryhming (195%). The
steady state heart rates of the ergometer work I, O minutes
1200 kpm/min, were used in this process as well as an

extrapolation of the nomogram, if necessary.
Conditioning procedure

The test subjects exercised on a bicycle ergometer f{five
days a week, 30-6U minutes at a time, under the supervision
of the research workers, The pedaling tiwe was progressively
lenghtened and equally for each subject in the sawme group
during the nine weeks' training period., The work load was
increased, individually for each subject, in order to keep
the heart rate during the exercise at 160-170 beats/uin,

All kinds of physical exercise besides the training pre;iawm

were allowed to be practiced by the traincd subjects.



The control subjects were not allowed to participate in
any physical exercise, but in some cases they were asked to
continue their previous habits of moderate physical activity.
All the subjects had an exercise diary and their vphysical

activity could roughly bLe estimated on that ibrasis.

Chemical methods

The blood samples were taken: (1) ten minutes before the
startup of the test, (2) five winutes after the cessation of
the first phase of pedaling, (3) and (4) five minutes after
the cessation of the second and third phases of pedaling,
respectively., Blood was collected through disposable needles
from an antecubital vein into a test tube containing arica
heparine, while the subjects were in a supine position. The
urine samples were collected from a period of three hours
before and after the work. The second period contained the
whole workphase.

From the blood the hemoglobin and hematocrite were
determined and the rest of the samples immediately centrifugated
for 10 minutes at 30U0rpm, Plasma was separatecd for the

+ .
and lactic

determination of free fatty acids (FFA), K", Na
acid. The results from plasma FFA are rcported elsewhere
(sarviharju and vihko, 1972).

The precipitation of proteins was done froum uv.1 il of
whole blood and the glucose concentration determined Ly the
rethoe of Hultman as umodified by Hyvédrinen and Nikkild (1962).

Plasma lactic acid was determined by the enzyuatic
method with reagents and instructions of (CF Roehringer - Soelinie
G (1907). The intensitly was wmeasurced with a Deckwan Dy -
spectrophotowmcter with a wave Llength of 306060 nm for lactic
acid, 630 nm for glucose and 540 for hemoglobhin.

The concentration of plasma k¥ and Na¥ werc determined
from proper dilutions of plasma with an g, - [lame photowmceter
and Merck's Titrisol cowmparison solution.

Free catecholawmines 1in tie arine were deteimined sy the

fluorimetric wmethod oi EKuler and Lishajko (1901), by



the adsorbtion onto alumina in pH 8.3, eluating with
acetid acid ana oxidiwing with potassium ferricyanide in pli
6.2 to adrenochremes and transforming them into i'luorescent
trihydroxyindoles with alkalines. The intensity of fluorescence
was measured with a Perkin - Elmer MPF-2p fluorescence spectro-
photometer with an activation wave length of 390 ana ilu uw ana
an ewission wave length of 51U nui,

The total amount of 17-OHCS in the urine was deteiwined
by the method of Few (1901) as modified by Thowas (1J05),
The corticoids were then reduced, first with sodiumborohydride
and oxidized with sodiummetaperiodate to 17-ketosteroids,
After the hydrolysis the steroids were extracted into
dichloretane and washed with Na-ditionite and distilled water,
The dichloretane was evaporated and frow the residuuun the
reaction of Zimmerman was taken. The colour intensity was
measured with a Reckman DB - spectrophotometer with wave
lenghts of 440, 520 and 6V0 nmw. The compound of comparison
used was dehydroisoepiandrosterone. The agllen correction
coefficient was used.

The methodological error of the double d%terminations from
the data was 9.5 per cent for noradrenaline and 11.7 for adrenalinea.
The error was 2.9 per cent for 17-0HCS, 1 for K+, 1.3 for Na+,

-

2.5 for glucose and 7.9 for lactic acid.

Standardization of procedures

The order of the collection of speciwen and the otiier
procedures are presented in Figure 1., The subjects were not
allowed to participate in any physical exercise the day belfore
the tests. The evening before they had to go bed at 1u a.tie
From that moment they were forbidden to eat or swoke bLefore
the tests were over. This prohibition was supervised by the
investigators since the reporting of the subjects at the

laboratory at 6 a.m,



In order to ering about an adequate urine output the
subjects were to take 300 ml (group A) or 400 ml {(group B)
of water at the laboratory before and after the exercise
period.,.

The ergometer tests were always carried out between 9Y-11,50
Qellls Every time all the phases were in the sauic order and
the same pairs were pedaling on the same day. The len; ths of
the resting periods were dictated only by the gpractical
arrangements of the test. The temperature, husiidity and air
currents of the lavoratory were measured and very siwmilar every
time., The light clothing of the subjects was standardized,
The test procedures were carried out during the sawe day per
a subject each of the four measurements during the training

season.,
Statistical analysis

For measuring the effect of the various loadings the
results were tested with Studentt's t-test for correlating means
between the rest and loading situations concerped, and only in

the measurement before training.

The effect of training was analyzed by the two - way
covariance analysis tor repeated measuvrcwents, Thre e
treatment measuremerits were uscd as covariabes. A lopavithwic

transformation was performed for the whole data with some
improveuwient in the premises but without an effect on the rate
of statistical significance. Only the nontransformed data
are presented here.

In some variables the missing data varving from =zero to
three observations per analysis, i.e., with the maxiwmum of
2.7 per cent, were substituted with the group wmean or with the
observation of the necarest measurement lor the subject

concetned with an equivalent reduction of degrees ol [veedow.



RESULTS

Effect of loading

All the phases of exercise significantly increased
(p = ,001) the concentration of plasma lactic acid when
compared to the previous situation of relative rest (TABLE III
and IX3 Fig. 3). No significant differences in blood glucose
were found between the rest before the work and the exercises
(TABLE IITI and X; Fig. 4). Hemoglobin increased after the
first phase of muscular work (p < .05) and decreased (p = ,01)
again after the second phase of work (TABLE IV, XI; Figure 5).
Hematocrite (TABLE IV, XII3 Figure 6) behaved similarly but
increased significantly again after the third phase of muscular
work (p = .02 - ,u01),

The concentration of K' in plasma (TABLE V and XIII;
Fig. 7) increased after all phases of exercise, except the
first phase as compared to the relative rest before the work
(p < ,05 =~ .001). The respective average values of the ratio
between Na+ and K+ (TABLE VI and XV Figure 9) were lower than
in the control situations (p = .95 - .0Ul),

Before the endurance conditioning the average output of
urine (TABLE VII and XVI; Fig. 1U) decreased signifticantly
(p = .01) during the period which included the exercises as
compared to the previous resting period. During the total
period of exercise the urinary excretion of both noradrenaline
and adrenaline (TABLE VII and XVII-xIX; Figure 11) increasecd
significantly (p < .uu1). The respective ratio of mnoradrenaline
to adrenaline decreased (p = .01). No significant differcences
were found in the urimnary excretion of 17-hydroxycorticosteroids

between the relative rest and exercise periods,
Effect of conditioning

The heart rates and the predicted wmaxiwmal capacity of U

N

uptake (ﬁo wax,.,) are presented in TAPLE TI and Rigurce 2.
2



The summary of the statistical analyses in qguest.ion appeal's in
TABLIS VIII. The average heart rate of the trained subjects
was significantly lower (p-< .001) thhan that of the control
sub jects in measurements performed during pedaling and the
recovery phases., This effect was already observed after

three weeks' training. During relative rest bef'oirre the
pedaling, the average heart rates of the two groups did mnot
dif'fer significantly. The heart rate of the control group
decreased significantly (p - .05) in the first phase ol the
ergometer test in wmeasurements after six and nitn: weeks ffrom the
outset of the study.

The average predicted maximal capacity of Oz—uptake
increased in the trained group significantly (p =& ,001),

The concentration of lactic acid in plaswa (TALLE ITT andg
IXs Ttigure 3) between the trained and nontrained groups
differed significantly after training after the work I (p¢‘ .u1)
and the work III (p < .uU25). During relative rest and after
the work II the groups did not differ significantly. Neither
did they diff'er in any situations in the concentration of
blood glucose (TABLE III and X3 Figure 4},

After the training the hemoglobin concentration in blood
(TABLE IV and XI; Figure 5) was lower in the trained group after
the first two phases of ergometric work (p = .05 - ,02%5), but
not after the third phase nor during the relative rest before
the muscular work. ©No significant differences between the
groups were found either in respective hematocrite values
(TAPLYE IV, XIIs Fig. 6) nor in the concentrations of k%, Na®
in piaswa or in the ratio of Na+ to K+ (TABLE VI and XIITI-XVj
Figures 7 - 9).

In the urine output (TABLE VII and »VIj Figure 1u) no
significant differences were found between the groups aflter
the training. Neither was anything similar found in any
situations in the urinary excretion of catecholamines {(TADZLE
VII, XVITI-XIXx; Figure 11) nor 17-01HCS (TADLE VI and XX; Figure 12).,
The adrenal excretions did not correlate significantly with

the urine output.
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DI5SCUSSTON

Effect of loading

Blood variables

The loading phases used were selected to represent
roughly the various amounts of the aerobic and anaerobic
energy production during work. All of these employed a slight
to moderate anaerobic energy productiorn, as can be seen in the
concentrations of plasma lactic acid. All the loadings were
submaximal in relation to the wmaximum of approxiusiately 15U mg
per cent as stated by Margaria (1963).

On the other hand, the present results with respect to
lactic acid do not agree very well with the evidence of Margaria
(1963), who states that the maximum is rcached at about 5 - 8
minutes after stopping work. The average concentration of
lactic acid five wminutes after the moderate anaerobiic work of
six minutes at 120U kpm/min was only about one¢ half to one
quarter of the respective values obtained in a previous study
(Sarviharju 1970) only one minute after a very siwmilar kind
of six winutes work, The reason for this is uncertain.

Obviously the loadings used were not sufficient to produce
a significant decrease in the wLlood glucose in spite ol the
ffast before and during the experiment., This is consistent
with the results of e.g. Young, et al., (1905) who demonstrated
only a minor tendency of a decrease in blood glucose in the
beginning of prolonged physical work and in resting post-
absorptive subjects. Obviously the glucose uwmobiilization
during the wmuscular work neutralized the tendency oi the
decrease induced by the increased use by peripheral tissues,

The present demonstration of the increased hemoglobin
concentration and/or hematocrite after exercise agrees well
with the results reported by many authors as reviewed and

confirmed by Holwmgren, (1956). This increase was previously

suggested as resulting from the expulsion of bhlood frow Ghe

depots (e.g. Barcroft and Stevens, 1Y27). at present this is



generally interpreted as showing a decrease in the vlood

volume, probably induced by a passage of the plasma f{iltrate
from the circulating blood to the interstitial space (e.g. RKalt-
reider and Meneely, 19403 Ebert and Stead, 19%1). In the
present work this shift seems to be roughly related to the
intensity of the exercise, the hemoglobin concentration and
hematocrite fluctuating according to the varying anaerobic
pattern of the loading phase.

In spite of the five minutes latency bLefore the collection
of blood samples after the exercise an increase in plasma-K+
was found, when the Ss were recovering f{rom the second phase
of pedalling. This is consistent with some previous evidence
regarding the increased concentration of K* in plasma due to
muscular loading of even short duration (DeLanne et al., 1959;
Kilburn, 1966; Metivier, 1969). Some authors suggest that the
increase of K' is related to the amount of work done during
repeated muscular work (Grob et al., 1957). They suggest
that the organic phosphate compounds exist as Kt salts in cells
and that the release of K' during exercise is produced by their
phosphorylation and glycolysis, It has ©een §uggested that
the increase in permeab:iliity known to resuit [(row depolarization
of the muscle membrane (Fatt, 195&) results from the hypoxic
state of the muscles due to the excretion oif catecholanines
(Highman et al., 1959). According to the postuiation of
Kilburn (1966), exercise produces acidosis in the muscle cells,
some KT is exchanged for H-ions and both are released frow
striated muscles, He states that this is the finding uiost
consistent with the increased H-ion concentration of arterial
blood during moderate systemic exercise and in blood draining
from the exercising forearm, However, it was suggested that
in view of the small fraction of change in wmuscle Kt required
to produce a large increase in extracellular K+, some other
mechanisms may explain the liberation of K* into venous blood
during exercise., Possibly the increased permeability and the
increase produced in the electrolyte concentration in plasma
could be interpreted as a mechanism of protection necessary

to maintain the hlood osmolality and plasma voluwc, as stated
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by Metivier (190Y).. This effect of exercise was not previously
found in our laboratory (Sarviharju, 197“), where six minuwtes
of pedalling work was possibly even nioie anacrobic, Decause
there was no reason to believe in any Latency o Lhie increase
of K+ in plaswa, the possible explanation f{for tie inconsistency
would be the relatively great lability of this electltrolyte in
plasma which may also be due to various factors other than
exercise or any other kind of loading. The permanence oi the
plasma Na® is similar to the previous data, which indicates
that this concentration is quite stable (e.g. Schinholuer,

1959; DeLanne et al,, 1959; Aurell et ai.,, 1967,
Endocrine variables

The present results indicate a significant increase in
the noradrenaline excretion after muscular work, This kind
of increase has lreen considered a part of the cardiovasculatv-
response system regulating reactions in wmuscular worik, while
the mechanism responsible for the increased adrenaline output
is not clear (Euler, 1Y67), Frankenhaeuser et al., (1965,
1967) state a consistent relationship between tue anount of
adrenaline release and the degree of mental stress or
unpleasantness and consider the adrenaline increase likely
to e at least partly associated with the sub jective ecemotional
reaction accompanying heavy physical work rather than to iie
elicited by the work itself (Frankenhaeuser et al., 1909),

The results of 17-0HCS could possilily be considercd to
agree with the previous evidence cited in the present revioew
of 1literature, conseguently the first incrcecase in the
concentration of steroids in plasma after the outset of
muscular work would Le followed by a doecrease duw Lo thoe
increased peripheral utilization oi" adrenal cortical Loiruor.:
(hégi, 19553 Hill et al,, 1956). This increased utilization
would possilily Le wet Ly a corresponding increascd socrelion
frow the adrenal cortex, conseqguently, in the preseont stody it
was possibly measured during a phasce, when Lhe abiliwat ion

process was rellected in the decreasc in uvinavy 17-00HCS,



however, due to the methods of measureumnent, a significantly
decreased level of 17-0HCS was not yet found., This would
be due to the fact that the work time was mnot followed bLy any
prolonged hypoxia, which according to the demonstrated amount
will produce a transient increase in plasma concentration ancd
urinary excretion of cortisol (Moncloa et al., 1300, 1&70).

To summarize the loading effects on the urinary excretions
of both catecholawines and 17-0HCS one may well suggesit a
consistency with the idea that the difference in steroid
response to physical exercise and emotional loading on the one
hand (Connell et al,, 1958) and the affective states of
differing quality on the other (curtiss et al., 19060), does not
agree with the monspecifiicity in Selye's sense (19§u). This
is especially true if one relates thewm to the malance wvetween

hormones rather than to some single hoimone alone,

Effect of endurance conditioning

Physical perforwance

The endurance conditioning can be considered effective;
a rise in physical fitness in the trained group was obviously
achieved as was shown by a statistically signif{icant decrease
in the heart rate during steady state at work anad an increase
in the predicted VO max. even after threce weeks training.
The heart rate duriég relative rest is obviously not sensitive
enough to show in every case the effect of prolonged physical
training of relatively high degree and short duration as used
in the present study. _

Also in the control group the submaximal heart ratec
during work decreased alwmost significantly after crgonicter
work T in measurements after six and nine weeks {rom the
outset of the study. A possible reason [or tilis cannol oe
the increased wvhysical activity, it the crude approximation
of the physical activity of the control «unl iccls is valic on
the basis ot their eoxercise diarics, I suppose thal sooc

kind of adaptation to or "learning" of {1he esxperimental jaading



procedure has a central role in the understanding of this
curious "training effect". This kind of improvement in the
physiological state at a constant level of performance can
indicate, it is suggested, either the physiological adjustment
to training or the psychological adjustwment to habituation
(Glaser and griffin, 1962), Direct measureuwients of oxvgen
consuption during loading might reveal uwiore accuratcely the
"true effect" of conditioning on the physical performance arnd

eliminate the effects of adaptation to the situation,

Blood variables

The produced effect of training is shown even by the
observation of the significant difference between the groups
in the plasma lactic acid after the most anaerobic phases oi
muscular work after the training., This kind of a lower
concentration of the lactic acid in the more conditioned
subjects during the same level of exercise is suggested by
nmany authors, e.g. by Crescitelli and Taylor (1944), the
training is also known to result in an increaged capacity for
accumulating lactic acid due to a greater utiliwzation of
anaerobic energy reserves as suggested, tor cxauple, by Knehv
et al., (194z2).

The present intens:ities of exercise as related to the
work time obviously were not sufficient to produce any
pronounced loading on the glucose mobilization to flacilitate
the differentiation of the trained and untrained grouwns,

After the training the trained group does not seeir to
respond to exercise with such a prowinentl dincreasc in the
hemoglobin concentration and hewmatocrite as thie conirol group,
There seems to be a logical explanation to this changoe due to
the endurance cenditioning. It has been suggestea that thoe
increase in the hemoglobin concentration is a cospensatory
function for the reduced oxygen saturation of tihe arterial
blood necessary to increase the oxyvgen travsport canacity

(Kjellberg et al., 1D49; Holmgren, 195G), cCcomsecquently the



increased circulatory capacity of the trained subjects will
result in a less pronounced need to mowbilize thiat compensatory
mechanism during an exercise of the same level of intensity.
Sonie previous observations of plasma K* and Nat tended to

show a possibility that the trained subjects would recact at
least to a short and intensive physical loading with more
increased concerntrations of plasma K' and with a lowered

ratio of Na+ to k¥ and Nat than would the untrainca suils jects
(Sarviharju, 197u). These results were not confirwmed by thao
present results. Sowme previous evidence suggest that the
physical training will increase the internal ¥* in skelaotal
wuscle cells during rest and the capability to eupty these
stores when exposed to exercise and thereafter to result in

an increased exchange of K+ and Na' in the cells (Nbcker,
1964), (onsequently it would be more probable during the

same level of exercise to find a lower concentration of

k' in plasma in the trained subjects than in the untrained
ones due to the possibly greater dficiency in wmuscle work.

The over-all greater lability and the result of no significant
differencies between the trained and untrained sulijects in the
present study does not support the idea of souwic kind of
pyreater sensitivity in the trained subjects to ewmptying thao

-+ . .
K stores during exercise.

BEndocrine variables

Beside the uviethodological errors in the determination,
some other uncontrolled factors wight probabily nave had an
effect especially on to the level of horwone excretions,

Such hormone diurnal and seasonal rhythmicity is knewn to e
relevant with reference to catecholamines (e.g. Hfale et al.,
1966; Johansson et al,, 1969) and 17-0HC3 (e.¢. Partter et al.,
1962). The rihythuicity does not necessarily i1ollow a <\ hour
periodicity as suggested by Orth et al. {1 07 ). s akog

it possible that the present aiw to control thae ¢inrmnal
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fluctuation by wverforming the measurements at the saue
time of the day through the whole period of experiwment wili
not suffice to eliwinate the error due to riaytinicity. Lack
of sufficient data wmakes it impossible to c¢valuate this
effect. No evidence was found to support the hypotihesis
of a decreased sympatho-adrenal activity due to enaurance
conditioning. Some previous evidence refers to a decreased
adrenaline excretion in situations of relative rest, ior
exaniple,in the forenoons of the control days (Sarviiharju
et al., 1971), and in the afternoon (Sarviharju, 1970), but
not in actual stress'situations, i,e, during flights (Sarvi-
harju et al., 1971), CRT-competition (sSarviharju and tLattila,
1972), during exercise (Sarviharju, 19703 1972), or nol even
in the afternoons of control days (Sarviharju et al., T¥71).
This would suggest that the effect prob;ably uwianiflests ilscll
at full rest, for exanple in sleep, and yet does not extend
even to a low level of strain such as in lignt daily work.
Training of much greater intensity and continuity thauvn the
kind used in present studies might bLe needed to extend the
eff'ect to cover the reactions of catecholaminé,excretion
during some physically and/or mentally nore loading conditions,
The previous data concerning noradrenaline excretion are
even contradictory to the hypothesis, because a more increased
excretion of mnoradrenaline was found in the traiwned suu jects
in the afternoon of a control day (Sarviharju et al., 1J71)
and in the respective forenoon (Sarviharju, 197u) with no
significant difference between the groups curing physical or
mental loadings. Because of the well-known cffecl ana a
relative specificity of physical loading oun this excretion,
it could have been expected in particular that cndurance
conditioning would induce a decrease in the loading of the
synipathetic nervous system at the same level of physical work.
Because of the inconsistency in the results of the first
studies and of the lack of significant differences in
catecholamine excretions in the present study the sugeestions

presented will rewmain quite hypothetical.
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There are sowme points of view to be considered as factors
possibly masking the effect of training on the endogenous
excretion of catecholamines reflected in the urinary excretion,
wurtman (1965) suggests that the fraction of the active
material of catecholamines metabolized of rebound before its
excretion does not necessarily remain constant, when there is
a change in its rate of release., Furtherwore there is an
inconsistancy in previous studies as a whole, as to tuoe
relationship between the urine output and the excretion of
catecholamines, Insignificant correlation between these
functions was found to be consistent with some previous data
(e.te Bloom et al., 1963; Levi, 1963; Graham et al., 1967)
and not with some others (De Schaepdryver and Leroy, 19613
Dawson and Bone, 1963; Hathaway et al., 196Y).

Fvidence has also Leen presented stating that the
noradrenaline excreted in the urine is solely derived frowm the
catecholamines in circulating blood, that its clearance iss not
affected by changes in urine pH or flow, and that a partial
reabsorbance of about 4uU per cent frow the gloamcrular diltrate
(Overy et al., 1967). However, this mechanism of reabsoribance
was not identified with certainty since the possibility of
metavolic degradation by means of catechol-o-miethyl transferase
or by conjugation was not excluded. The investigator feels
that anyway this evidence suggests the possibility of intervening
nechanisms which ceuld change the sensitivity of the direct
measurement of urinary mnoradrenaline as a generally acceptable
indicator of sywpathetic activity. The chan¢ewould be in rebound,
degradation and reabtsorbtion wechanisws due to chronic
exposure to intensive physical activity.

Hatch et al., (1950) suggest that the plaswa flow anao
filtration rate are closer to norwal in suijects, who could
increase the minute volume nore effectively than do birose in
good physical fitness., Despite data conicerncd witit Lhic
positive correlation of infused catecholinmines and threie
urinary excroetion umnder normal conditions (u.L. ishivad pian

et al., 1958) we cannot exclude the possibility ol procucing



in a relatively wore decreased urinary excretion of
catecholamines in the montrained subjects than in trained
ones in a case of possibly more increased excretion into
the blood in montrained subjects under the samwe physical
work load.

After the conditioning no significant differences between
the groups were found in the urinary excretion of 1/-hydroxy-
corticosteroids., The over-all variations and renal ifunctions
discussed in connection catecholamines in this text nay bLe
valid even in this case, One can suggest the excvetiorn o
17-hydroxycorticosteroids to hbe a resultant of wmany factors
such as the secretion, peripheral utilization and excretory
functions., Since we do not have explainable systewmatic data
about these function profiles during muscular work oi varving
degrees of intensity and duration, the present wethod of
collection seems to be crude and holds guite insufficient
promise to be valid in the present kind of use in the evaluation

of the 17-hydroxycorticosteroids response in exercise,
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TABLE I SUBJECTS: GRCUP MEANS - S,E. FOR DESCRiPTIVE DATA

Age Height Weight
Subgjects (years) (cm) {(3200)
b
( Mg My i My
Cont:ol group (11) 2 £ 0,73 177 £ 1.87 68.0 % 3,16 68,0 £ 3,00 68.3 % 2,96 <8.5 ¥ 3.02
Trained gzmoup (11) 25 £ 0,76 175 T 2.03 67.9 = 2.34  67.7 £ 2.99 67.7 < 2.46  67.7 1 .2.56




TABLE I PREDICTED MAXIMAL CAPACITY OF 0O;-UPTAKE AND STEADY STATE HEART RATE PER
MINUTE DURING RELATIVE REST, SUBMAXIMAL PHYSICAIL. WORK AND RECOVERY DITRIN\A»
A NINE-WEEK PERIOD OF ENDURANCE CONDITIONING
(From the report SARVIHARJU, P. J.: Urinary excretion of catecholamines 17-hydroxycorticosteroids
and concentration of certain blood parameters during progressive endurance conditioning, Public
Health Publication no. 15, 1972, University of Jyviaskyld, Finland)

Durmg
. During . During " ergometer i
Measurement During ergometer _Dli)“gg, ergometer 1?&;&2? work IIT; _\P/“dlrgf}((l
Subjects during training relative work I; 1efm\;n1y work IT; from Y19 + 1 minutes ";J Lo
period 1 rest 6 minutes 1 20 minutcs work 11 900 -+ 1500  ml/min/kg
1200 kpm/min. WOF 900 kpm/min. - kpm/min. of weight3
. ’ respect
Mo 264 29 159 £ 5.0 73t 4.1 141 *+ 5.3 70 £ 5.2 169 + 4.9 57 £ 2.3
Contr_ol Mgy 60 + 2.9 157 £ 4.5 73 £ 43 142 * 5.3 74 £ 54 167 + 4.8 59 + 2.3
group Mg 63 + 3.8 156 £ 4.4 72 = 4.4 143 + 5.6 71 + 44 168 £ 5.1 59 1 1.9
an Mg 60 * 3.5 154 + 4.4 71 £ 4.2 141 1+ 5.4 73t 48 165 T 5.1 60 t 1.6
4 NS p <.001 p < .001 p < .001 p <.001 p <.001 p < .00}
My 60 % 4.6 158 £ 5.5 74 t 46 149 £ 6.0 78 + 5.8 171 £ 54 59 * 3.0
Trained Ms 60 * 4.3 148 £ 5.5 64 £ 49 134 + 4.9 65 + 3.1 158 £ 4.6 66 * 4.0
group Mg 57 £ 3.6 145 + 4.4 64 * 3.6 129 + 4.4 64 L 4.1 156 * 4.6 69 1 3.0
(11) My 56 * 3.5 139 £ 4.6 60 + 4.2 123 + 4.6 64 £ 5.0 150 + 4.6 74 * 3.0 .

1 My = before training; M3—Mg = 3, 6 and 9 weeks after the beginning ol training

2 numbers are Mean * S.E.

3 with the indirect method of estimation of Astrand and Ryhming (1954)

4 analysis of covariance for between group difference; My as covariate, M;---Mo as criterion

TABLE III. LACTIC ACID AND BLOOD GLUCOSE DURING RELATIVE REST AND AFTER PHYSICAL WORK
DURING A NINE-WEEK PERIOD OF ENDURANCE CONDITIONING
(From the report SARVIHARJU, P. J.: Urinary excretion of catecholamines, 17-hydroxycorticosteroids and
concentration of certain blood parameters during progressive endurance conditioning, Public Health Publi-
cation no. 15, 1972, University of Jyvaskyld, Finland)

(A) (B) 5 minutes after work I;
During relative rest 6 minutes 1200 kpm/min
1 My Ms Mg - My 1 Mo M3 Mg My
. X 4.7 4.5 4.5 4.1 18.6 17.0 18.1 15.7%
Control group  gp 058 038 068 035 214 242 2.97 2.52
2F = 0.316 2F = 6.863
Lactic acid p< .025
mg % X 4.7 4.0 44 53 20.3 14.6 115 9.4
Trained group g 0.24 0.34 0.54 0.48 4.07 2.17 2.01 1.54
Total X 4.7 3 (A) — (B) p < .001 19.5 3(B) - (C) p < .00l
X 71.4 73.8 72.4 73.0 71.1 73.2 70.8 71.7
Control group g 1.84 120 169 1.25 234 171 1.43 2,66
2F = 0.055 2F = 0.488
Glucose NS NS
mg /o X 72.5 73.2 73.0 T4 722 70.0 713 72.0
Trained group  J'p 2.62 1.63 1.90 1.58 1.32 1.39 1.26 167
Total X 72.0 3(A)— (B) NS 71.6 3(B)— (C) NS
(C) 5 minutes after work II; ' (D) 5 minutes after work III;
20 minutes 900 kpm/min 19 + 1 minutes 900 + 1500
kpm/min, respectively
1 My Mg Mg Mo 1 My M3 Mg My
X 6.8 6.7 6.5 6.9 13.8 12.2 12.9 11.1
Control group g 0.78 0.99 1.08 1.16 1.81 2.04 2.09 1.32
2F = 2.498 2F = 7.487
Lactic /acid : NS p= .025
mg % X 10.0 6.7 5.5 6.1 16.3 12.1 9.3 9.7
Trained group g g 197 085 070 058 - 319 154 131 119
Total X 8.4 8(A)—(C) p<.001 15.0 3(A)— D) p <.001
(C)— D) p < .001
) X 70.2 72.9 72.5 72.7 71.1 71.5 71.4 70.5
Control group '@ 2.66 1.41 1.85 2.21 2.49 1.86 1.58 2.79
2F = 0.819 2F = 2348
Glucosc/e NS NS
mg % . b3 68.3 72.0 74.3 73.8 68.3 70.3 74.5 73.7
Trained group g g 098 155 171 206 131 171 194 194
Total X 69.2 $(A)—(C) NS 69.7 3(A)— (D) NS

(€)— (D) NS

1 Mg = before training; Mg-— My = 3, 6, 9 weeks after the beginning of training.
2 analysis of covariance for the between group difference; My as covariate, Mg-— My as criterion
§ t-test for the total means in My.



TABLE 1IV. HEMOGLOBIN AND HEMATOCRITE DURING RELATIVE REST AND AFTER PHYSICAL WORK DURING
A NINE-WEEK PERIOD OF ENDURANCE CONDITIONING )
(From ‘the report SARVIHARJU, P. J.: Urinary excretion of catecholamines, 17-hydroxycorticosteroids and
concentration of certain blood parameters during progressive endurance conditioning, Public Health Publi-
cation no. 15, 1972, University of Jyvaskyld, Finland)

(A) ) (B) 5 minutes after work I;
During relative rest 6 minutes 1200 kpm/min
1My My Mg My L My M3 Mg My
| X 15.3 15.5 15.4 15.8 15.7 15.8 15.9 16.1
Control group g 036 022 026 025 032 023 032 026
2F = 1.643 2F = 6.018
Hemoglobin . NS p< 025
£/100 ml Trained X 15.5 15.4 15.4 154 15.8 15.6 15.4 15.3
rained group g 0.29 0.23 0.19 0.20 0.25 0.21 0.21 0.21
Total X 15.4 3(A)—(B) p<.05 15.7 3@B)— () p<.01
Control X 45.2 45.5 45.2 45.9 46.3 46.6 46.2 46.5
Ontrot group g, 114 072 093 0.6 .08 082 101 ~ 081
2F = 0.017 2P = 3.710
He;natocrite NS NS
[) 0 o P
. X 45.1 45.6 45.6 45.1 46.1 45.3 45.1 44.7
Trained group  o'p 0.56 0.60 0.28 0.51 0.57 0.49 - 0.43 0.54
Total X 45.2 3(A)—@®B) p<.0l 46.2 3B — () p<.00
(C) 5 minutes after work II; (D) 5 minutes after work III;
20 minutes 900 kpm/min 19 + 1 minutes 900 + 1500
kpm/min, respectively
1 Mg Ms Ms Mg 1 Mo Ms Mg Mo
, X 15.3 15.5 15.7 15.8 15.5 15.6 15.7 15.9
Control group gy 032 028 037 0.24 0.33 028 035 024
2F = 4.381 2P = 2.991
Hemoglobin p< .05 NS
Q100 ml L ed group X 156 154 155 15.3 15.6 15.5 15.5 15.2
S.E. 0.19 0.18 0.22 0.22 0.24 0.17 0.24 0.22
Total X 15.4 $(A)—(C) NS 15.6 3(A)— (D) NS
(C)— (D) NS
X 44.7 44.9 45.1 45.6 45.6 45.4 45.8 45.6
Control
ontrol group g p 1.04 0.83 0.95 0.79 1.1 0.91 0.77 0.79
A 2F = 2.480 2F = 0.299 -
Hematocrite NS NS
%% 3 ¢
: X 45.0 44.8 44.9 44.3 45.3 45.1 45.7 44.8
T d
ralned group SE. 0.42 0.44 0.39 0.56 0.46 0.36 0.49 0.36
Total X 44.9 45.5 3(A)— (D) NS

3(A)—(C) NS

(©)— (D) p<.02

I My = Igefore train'ing; Mg-— Mg = 3, 6, 9 weeks after the beginning of training.
2 analysis of covariance for the between group difference; My as covariate, Mg — Mg as criterion.
3 t-test for the total means in M.



TABLE V. PLASMA —K+ AND — Na+ DURING RELATIVE REST AND AFTER PHYSICAL WORK DURING A
NINE-WEEK PERIOD OF ENDURANCE CONDITIONING

(From the report SARVIHARJU, P. J.: Urinary excretion of catecholamines, 17-hydroxycorticosteroids and

concentration of certain blood parameters during progressive endurance conditioning, Public Health Publi-
cation no. 15, 1972, University of Jyviaskyld, Finland)

(A) (B) 5 minutes after work I;
During relative rest 6 minutes 1200 kpm/min
1 Mo M3 Ms Moy Lt My M3 Mg Ms
X 45 4.7 4.6 46 4.6 4.8 4.6 4.7
Control group SE. 0.07 0.11 0.08 . 0.06 0.08 0.09 0.07 0.06
2F = 2.057 2F = 1.892
Plasma K+ NS - NS
mEq/] . x 45 47 47 4. 45 48 4.7 46
Trained group  J'p 0.07 0.14 0.07 0.08 0.10 0.12 0.08 0.07
Total X 45 3(A)— (B) NS 4.6 3(B) —(C) p < .00l
X 147.2 1537 1482  148.0 1486 1542  148.0  148.7
Control group  'p 0.91 2.10 0.56 1.37 0.91 1.70 1.01 1.62
2F =0.129 2F = 0.231
Plasma Na+ NS NS
mEq/1 - X 148.0  153.1  147.9 1485 14877 1546  148.1  148.9
Trained group b 0.92 2.62 0.95 1.30 0.93 2.09 1.90 16
Total X 147.6 3(A)—(B) NS 148.7 3(B) — (C) NS
(C) 5 minutes after work II; (D) 5 minutes after work III;
20 minutes 900 kpm/min 19 + 1 minutes 900 + 1500
kpm/min, respectively
1 My M3 Mg My 1 My M3 Mg Mgy
X 4.8 4.9 4.7 4.7 4.7 4.8 4.7 4.7
Control group S.E. 0.05 0.08 0.05 0.07 0.09 0.10 0.07 0.09
2F = 0.395 2 = 0.734
Plasma K+ NS NS
mEg/1 . X 4.8 5.0 4.8 4.8 4.6 4.8 4.8 4.7
Trained group g 0.08 0.13 0.07 0.06 0.09 0.12 0.10 0.07
Total X 4.8 3(A) —(C) p < .001 47 3(A)— (D) p<.05
(C)— (D) NS
X 1476 1542 1483 1487 1472 1527  148.0 1505
Control group g 090 216  0.79 179 0.69 1.81 1.08 1.55
2F = 0.164 2P = 0.520
Plasma Na+t NS NS
mEq/] . X 149.8  153.9  147.3 1487 1483 1528 1462 1492
Trained group g 060 223 1.15 138 0.91 218 0.94 1.55
Total X 1487 3(A) —(C) NS 147.8 3(A) — (D) NS

(€C)— (D) NS

1 My = before training; Mg — Mg = 3, 6, 9 weeks after the beginning of training.

2 analysis of covariance for the between group difference; My as covariate, M3 — My as criterion.
3 t-test for the total means in My.



TABLE VI. THE RATIO OF PLASMA — Nat AND — K+ (Na*/K+) DURING RELATIVE REST AND AFTER PHY-
SICAL WORK DURING A NINE-WEEK PERIOD OF ENDURANCE CONDITIONING

(From the report SARVIHARJU, P. J..

Urinary excretion of catecholamines, 17-hydroxycorticosteroids and

concentration of certain blood parameters during progressive endurance conditioning, Public Health Publi-
cation no. 15, 1972, University of Jyviaskyld, Finland)

(A) (B) 5 minutes after work I;
During relative rest 6 minutes 1200 kpm/min
! My M3 Ms My ! My M3 Mg My
. SZ 32.5 32.8 32.4 32.2 32.2 32.4 32.2 32.0
Control group SE. 0.52 0.50 0.57 0.47 0.58 0.43 0.49 0.48
. 2F = 2 = 7
Na+/K+ F Né.zzz F Né.27
mEq/1 —_ s
“E,EQH— Trained grou X 33.0 32.6 31.5 31.9 33.1 32.2 31.3 32.2
a P SE 044  LI1 046 055 0.84 100 068 051
Total X 32.7 3(A)y— (B) NS 32.7 3(B)—(C) p <.001
(C) 5 minutes after work II; (D) 5 minutes after work III;
20 minutes 200 kpm/min 19 + 1 minutes 900 + 1500
| . . kpm/min, respectively
1 My Ms Mg My 1My Mas Mg Mo
‘)‘(_ 31.0 31.2 31.3 31.4 31.1 31.6 31.8 32.1
Control group  g'p 029 047 025 059 054 059 053 061
2 = 2P = 5¢
Na+/K+ 2F wNé.gzct 1 N‘ls.sqa
mEq/1 — :
_‘ﬁ‘%r Trained grou X 31.3 31.0 30.6 31.3 32.3 31.7 30.8 31.8
a } g p S.E. 0.50 0.80 0.41 0.45 0.67 0.92 0.62 0.51
Total X 31.2 3(A)—(C) p <.001 31.7 3(A)— D) p<.05
(C)— (D) NS

t Mp = before training; Mg— Mg = 3, 6, 9 weeks after the beginning of training.
2 analysis of covariance for the between group difference; M, as covariate, Mz — My as criterion.
3 t-test for the total means in My.



TABLE VII. URINE OUTPUT AND URINARY EXCRETION OF

(;ATLCHOLAM[NLS AND 17-OHCS DURING

RELATIVE REST AND WORK ON A BICYCLF ERGOMETER DURING A NINE-WEEK' PERIOD

OF ENDURANCE CONDITIONING

(From the report SARVIHARJU, P. J.: Urinary excretion of catecholamines,

and concentration of certain blood parameters during

progressive

17-hydroxycorticosteroids
endurance

eonditioning,  Public

Health Publication no. 15, 1972, University of Jyviskyli, Finland)
Durmg xe]atxve xest
P i Test for
Variable Measurement during training penod M) foading -
; Index numbem are weeks dttt’l the uutsu effect !
My My My My . P
Urine output 1.03 £ 0.16 0.87 (¢ 1.02 + 0.17 0.78 1+ 0.13 < 01
ml/min’ 1.03 £ 0.23 0.88 * 1.35 * 0.16 0.81 £ 0.09 .
Adrenaline (A) 53 * 0.90 50. * 47 071 51 * 1.31 _
ng/min 42 * 0.68 48 * 43 *0.74 1.6 * 0.82 <001
Noradrenaline (NA) 186 * 1.76 153 * 18.8 + 2.28 195 L 2.17 )
ng/min 236 * 2.65 17.3 + 2.1 * 298 193 L 171 ~ ool
NA + A 24.0 + 2.36 20.3 t 23.6 + 299 247k 3.08:
ng/min 27.9 * 3.05 22.1 % ] 26.4 * 3.43 238 * 2.08 ~ .00i
NA/A 45 t 0.87 44 =+ 45 * 0.60 52 * 0.75 _
6.3 * 093 3.6 * 6.1 *084 62 * 1.49 < .01
A
ng/min
ANA A-NUMBERS TO RIGHT INDICATE THE
ng/min CHANGE FROM REST TO WORK
ANA + A
ng/min
17-OHCS 8.3 0.67 7.9 * 1.06 79 * 055 8.5 * 0.93 NS
ug/min 8.7 0.60 8.2 * 1.01 7.5 t 0.42: 7.4 * 0.59 =
During work of 46 minutes Test
. Measurement during training period (M) for training effect 2
Variable Index numbers are weeks after the outset
During During
Mo Ms 6 My rest work
Urine output 0.98 + 0.24 0.77 * 0.13 + 0.13 0.74 * 0.09 _ _
ml/min 0.73 £ 0.19 +026 t019 108 %029 F=10785 F =140
Adrenaline (A) 16.9 * 1.94 T 131 T 2.25 141 * 2.03 _ .
ng/min 157 * 2.20 + 2.08 +182 150 tog9 =004 F=0068
Noradrenaline (NA) 42.0 * 3.04 + 3.21 +528 41.8 * 417 F=0134 F <0373
ng/min 50.2 f 4.94 i 2.71 J;r 443 41.1 f 4.51, ST D
NA + A 58.9 * 3.69 T 3.83 t 6.42 56.0 * 5.49 _ . ,_
n/g/min 659 * 645 + 3.42 1591 561 E715 F=0653 F =0170
NA/A 2.8 T 0.37 + 0.38 ¥ .35 3.3 * 0.38 . . 1
39 * 0.67 + 032 Y034 33 togy P04 F=1320
A A 107 * 1.23 + 0.85 + 169 87 +1.08 F = 0.052
ng/min 10.8 * 2.02 + 1.22 + 133 107 * 242 T
A NA 23.5 * 2.62 T 2.74 + 401 209 *1.89 N F = 0.250
ng/min 24.7 * 3.96 + 1.86 + 221 . 219 * 399 oo
ANA+ A 34.1 * 250 + 3.09 + 4.61 306 * 245 F = 0.031
ng/min 35.5 :{ 5.24 + 240 +3.13 327 $ 6.03 o ' -
17-OHCS 8.0 * 0.95 + 1.05 + 0.78 7.9 * 0.55 . .
ug/min 81 * 1.07 + 158 ¥ togg F=0161 F =003

I t-test for the total means between rest
2 analysis of covariance for the between group difference My as covariate and Ms—Mx as criterion

and work in 0-situation

0.59

6.8



TABLE vIII SUMMARY OF ANALYSIS OF VARIANCE AND COVARIANCE ON MAXIMAL 902 AND STEADY STATE HEART
RATE DURING RELATIVE REST AND PHYSICAL WORK DURING A PERIOD. OF ENDURANCE TRAINING

(A) Heart rate during rest

(B) Heart rate during work I

Source
SS af MS SS af NS o
Betiween subjects
A (groups) 228.125 1 228.125 0.750 2234.000 1 2234.000 3.384
Subj. w.A 5468.719 18 303.817 13201.,501 20 660.075 :
Within subjects
B (measurements) 45.687 2 22.843 0.506 406.500 2 203.250 8.699 ***
AB 83.218 2 41.609 0.922 111.750 2 55.875 2.391
B» subj. w.A 1624.437 36 45.123 934.500° 40 23.362
Total 7450.188 16888.253
A (adj.) 52.410 1 52.410 0.298 1766.299 1 1766.299 15, 443%
Subj. w.A (adj.) 2989.321 17 175.842 : 2173.050 19 114,371
(c) Heart rate during recovery - (D) Heart rate at work II
Source from work I
SS daf MS F S daf MS F
Between subjects
A (groups) 1391,000 1 1391,000 2,775 3040, 500 1 3040.500 4,025
Subj. w.A 10023.626 20 501.181 15105,001 20 7554250
Within subjects
B (measurements) 202,000 2 101.000 2,792 425,250 2 212,625 5,653 %
AB 22,500 2 11.250 0,311 226,250 2 113.125 3.007
B* subj. w.A 1416,875 Lo 36.171 150h,500 . 4o 37.612
Total 13086.001 20301,503 . .
A (ad§.) 1557.862 1 1557.862 19.747****  6035.458 1 6035.458 b1, 148 NN
Subj. w.A 1498,913 19 78.890 2786.813 19 146,674
(E) Heart rate during recovery () Heart rate at work III
Source from work IT
EE] dar MS 55 dr MS 3
Between subjects
A (groups) 1620.125 1 1620,125 3,146 R257.250 1 2257.250 3.337
Subj. w.A 10298.876 20 514,943 13526.751 20 676.337
Within subjects
B (measurements) 6,562 2 3.281 0,058 313.750 2 156.875 4.,938%"
AB 8.312 2 4,156 0,074 96.250 2 48,125 1.514
B? subj. w.A 2246.,500 Lo 56,162 1270.750 Lo 31.768
Total 14180.376 17464.753 i
A (adj.) 3072.273 1 5072,273  22,298""""  2924,870 1 2924 ,870 20,6587
Subj. w.A 2617.808 19° 137.779 2690.05h4 19 141,581
(6) Maximal 902
Source
S8 af NS F
Between suvbjects
A (groups) 1741.187 11741.187 7.875°"
Subj. w.A 4422.063 20 221.1C03
Viithin subjects
3 (measurements) 208.500 2 104.250 T.6337"%
s 124,625 2 620312 450077
1% suby. w.A 546,250 40 13.650
Total T7042.625
A (adj.) 1345.134 11345.134 0 20,619 7770
Subj. w.oh 1239.4%9 19 65.234
» p<.05
(wx p<.025
xxu D<€ .01
we we p€,001



TABLE IX

SUMMARY OF ANALYSIS OF VARIANCE AND COVARIANCE ON PLASMA LACTIC

ACID AT RELATIVE REST AND AFTER PHYSICAL WORK DURING A PERIOD
OF ENDURANCE TRAINING

4w P~ 025
VIV, p<.01
x ¥ w o P < 001

(A) Rest (B) Work I
‘Source
Ss daf MS F SS daf MS P
- Between subjects
A (groups) 0.854 1 0.854 0.224 425,632 1 425,632 2,658
Subj. w.A 76.272 20  3.813 3201.729 20 160.086
Within subjects
B (measurements) 2.476 1.238 0,669 122,667 2 61.333 7.367*" "
AB 8.225 4,112 2,223 59.615 2 29.807 3.580"
B* subj. w.A 73.983 4o 1,849 333.009 4o 8.325
Total 161,812 41k2,655
A (adj.) 1.021 1 1.021 0.316 568.218 1 568.218 6,863
Subj. w.A (adj.) 61.277 19 3.225 1573.065 19 82,792
(C) work II (D) wWork III
Source ‘
SS ar MS F SS ar MS i
Between subjects
A (groups) 5.303 1 5.303 0,248 49,250 1 49,250 0,679
Subj. w.A 427,020 20 21,351 1449,127 20 72.456
Within subjects
"B (measurements) 5.570 2,785 0.891 36.103 2 18,051 2.518
AB 3.420 1.710 0.547 33.605 2 16.802 2,343
B> subj. w.A 124.978 Lo 3.124 286.750 40 7.168
Total 566,293 1854.836
A (adj.) 36.915 36,915 2,498 155.518 1 155,518 7.487%
Subj. w.A (adj.) 280.681 19 14,772 394,623 19 20,769
* P - 005



SUMMARY OF ANALYSIS OF VARTIANCE AND COVARIANCE ON BLOOD
GLUCOSE AT RELATIVE REST AND AFTER PHYSICAL WORK DURING A
PERIOD OF ENDURANCE TRAINING

TABLE X

(A) Rest (B) work I
Source
SS af MS P SS df MS B

- Between subjects

A (groups) 5.500 1 5.500 '09127 11,875 1 11.875 0.213
Subj. w.A 865.187 20 43.259 1110.250 20 55,512 ‘
_Within subjects

B (measurements) 17.375 8.687 0.467 8.000 2 4,000 0.176
AB 13.812 6.906 0.372 L7.625 2 23.812 1.050
B subj. w.A 742,562 LO 18,564 906.812 hLOo 22,670

Total 1644 437 2084 ,.562

A (adj.) 2,113 1 2,113 0,055 22,655 1 22.655 0,488
Subj. w.A (adj.) 725.144 19 38,165 881.362 19 46,387

(C) Work TT (D) Work TIT
Source
SS arf MS F SS af MS F

‘Between subjects

A (groups) 8.000 1 8.000 0,126 46,875 1 46,875 1.010
Subj. w.A 1261,562 20 63.078 927.812 20 46,390

Within subjects

'B (measurements) 12.812 2 6,406 0.279 W7.375 23.687 0.548
AB 19.500 2 9.750 0,425 65.937 32,968 0.762
B subj. w.A 915,500 40 22,887 1728.687 Lo 43,217

Total 2217.375 2816 .687

A (adj.) 35,094 1 35.094 0.819 91,746 1 91,746 2.348
Subj. w.A (adj.) 813.557 19 42,818 742,221 19 39,064

¥ p: 405

x x p< L025
KK o pif 001
e x w2 P o001



A e e P .001

TABLE XI SUMMARY OF ANALYSIS OF VARIANCE AND COVARIANCE ON HEMOGLOBIN
AT RELATIVE REST AND AFTER PHYSICAL WORK DURING A PERIOD OF
ENDURANCE TRAINING
(A) Rest (B) work I
Source- :
Ss df  MS F Ss df  MS O

. Between subjects

A (groups) 0.634 1 0.634 0.419 3.277 1 3.277 1.897
Subj. w.A 30.234 20 1.511 34.537 20 1.726

Within subjects

B (measurements) 0.435 0.217 1.895 0.093 0.046 0.415
AB 0.666 0.333 2.898 0,867 0.433 3,840%
Bxsubj., w.A 4,595 LO O0.11L4 h.515 4o 0.112

Total 36.566 43,291

A (adj.) 1.149 1 1.149 1,643 3.683 1 3.683 6,018
Subj. w.A (adj.) 13.286 19 0,699 11.626 19 0.611

(c) work II (D) Work III
Source
Ss df  MS F sS df  MS I

Between subjects

A (groups) 1.232 1 1.232 0.655 2.078 1 2,078 1,131
Subj. w.A 37.574 20 1,878 36,736 20 1,836

Within subjects

B (measurements) 0.140 0.070 0.481 0.074 2 0.037 0.243
AB 0.388 0.194 1.331 1.486 2 0.743 4.8677°
Bse subj., w.A 5.835 4O 0,145 6.107 40 0.152

Total h5.,171 46,482

A (adj.) 3.269 3.269 4,324 2.930 1 2.930 2.991
Subj. w.A (adj.) 14.364 19 0.756 18.611 19 0.979

* p<.05
xw p <.025



TABLE XII SUMMARY OF ANALYSIS OF VARIANCE AND COVARIANCE ON HEMATOCRITI:
AT RELATIVE REST
ENDURANCE TRAINING

AND AFTER

PHYSICAL

WORK DURING A PERIOD OF

.‘““\j\“%p'\.oo"

(A) Rest (B) Work I
Source
SS daf MS F SS df MS F

- Between subjects

A (groups) 0.375 1 0.375 0,029 23,000 1 23,000 1,548
Subj. w.A 257.968 20 12,898 297,031 20 14,851

Within subjects

B (measurements) 0.593 0.296 0.341 2,250 2 1.125 1,131
AB 4,000 2,000 2,298 4,781 2 2.390 2.403
B* subj. w.A 34,812 4o  0.870 39,781 40 0,994

Total 297.750 366,843

A (adj.) 0.079 1 0.079 0.017 18,210 1 18.210 3,710
Subj. w.A (adj.) 87.780 19 4,620 93.248 19 4,907

(c) work II (D) Work III
Source
Ss arf MS F SS daf MS F

Between subjects

A (groups) 4,750 1 4,750 0.332 3.031 1 3.031 0.278
Subj. w.A 285,406 20 14.270 217.968 20 10,898
Within subjects

‘B (measurements) 0.531 0.265 0.37h b, 437 2.218 1.470
AB 4.687 2.343 3,303" 0.906 S 0.453 0.300
B subj. w.A 28.375 4O  0.709 60,343 40  1.508

Total 323,750 286.687 o

A (adj.) 8.682 1 8.682 2.480 1.028 1 1.028 0.299
Subj. w.A (adj.) 66,501 19 3,500 65.261 19 3,434

*» P < 05
Mo p - 0025
I .01



TABLE £III SUMMARY OF ANALYSIS OF VARIANCE AND COVARIANCE ON PLASMA - K

+

AT RELATIVE REST AND AFTER PHYSICAL WORK DURING A PERIOD OF
ENDURANCE TRAINING

p

P« ;025
P« .01
p < 001

(A) Rest (B) Work T
Source :
SS df MS P SS af  MS P

Between subjects

A (groups) - 0.090 1 0,090 0.560 0.063 1 0.063 0,487
»Subj. w.A 3.214 20 0,160 2,605 20 0,130

Within subjects

B (measurements) 0.108 0.054 0,792 0.329 2 0,164 3,11h
AB 0.020 0.010 0,148 0,063 0.031 0,601
B¥* subj. w.A 2,736 Lo 0,068 2.117 4O 0.052

Total 6.169 5,180

A (adj.) 0,194 1 0.194 2,057 0.150 1 0.150 1.892
Subj. w.A (adj.) 1.800 19 0.094 1.515 19 0,079

(C) work II (D) Work 111
Source *
' SS df MS F SSs df MS [

Between subjects

A (groups) 0.053 1 0.053 0.399 0.018 1 0.018 0.097
Subj. we.A 2,665 20 0.133 3.625 20 0,181

Within subjects

B (measurements) 0.626 0.313 7.6437 "% 0,278 2 0,139 2.853
-AB 0.012 0.006 0.146 0.039 2 0,019 0,399
B¥ subj. w.A 1.639 4O 0,041 1.948 40 0.049

Total 4,996 5.907

A (adj.) 0,031 0.031 0.395 0.106 1 0.106 @,734
Subj. w.A (adj.) 1.502 19 0.079 2,746 19 0.145




TABLE XIV SUMMARY OF ANALYSTS OF VARIANCE AND COVARIANCE ON PLASMA - Na ™
AT RELATIVE REST AND AFTER PHYSICAL WORK DURING A PERIOD OF
ENDURANCE TRAINING
(A) Rest (B) Work T
Source
Ss df MS F Ss af MS P
Between sﬁbjects
" A (groups) 2.500 1 2,500 0.114 4,000 1 ,000 0,192
Subj. w.A 436,000 20 21,800 415,500 20 20,775
Within subjects
B (measurements) 411,750 205.875 6.212*" 533,250 266,625 7.228*¢
AB 2,500 1,250 0,037 -2.,000 -1,000 =0,027
B* subj. w.A 1325.500 40 33.137 1475.500 40 36,887
Total ' 2178.250 2426,250
A (adj.) 2,812 1 2,812 0.129 L,oko 1 L,ohg 0,231
Subj. w.A (adj.) 413.639 19 21.770 405,862 19 21,361
(c) work II (D) Work III
Source
sSs df MS F - 88 df MS P
Between subjects
A (groups) 5,750 1 5.750 0.205 19.000 1 19,000 0,785
Subj. w.A 561,750 20 28,087 484,000 20 24,200
Within subjects
‘B (measurements) 505.000 2 252,500 7.981°%% 352,750 2 176.375 6.125°°°
AB 2,500 2 1.250 0,040 8.250 2 h,a125 0.143
"B¥ subj, w.A 1265,.500 4O 31.637 1151.750 40 28,794
Total 2340, 500 2015,750
A (adj.) 4,853 4,853 0,164 11.933 1 11,933  0.520
Subj. w.A (adj.) 561.564 19 29.556 436.253 19 22,961
» pP< .05
% % P« .025
“ 4w P01
W o ox P . 001



TABLE XV

SUMMARY OF ANALYSIS OF VARIANCE AND COVARIANCE ON THE RATIO OF

PLASMA -~ Na® AND - K (Na®/K*) AT RELATIVE REST AND AFTER IMHYSICAL
WORK DURING A PERIOD OF ENDURANCE TRAINING

o per ,025

¥ ow v Pt L0l

X

vt x p<<,001

(A) Rest (B) Work I
Source
SS af MS F SS af MS o
Between subjécts
A (groups) 3.640 1 3.640 0,529 1.562 1 1.562 0.245
Subj. w.A 137.593 20  6.879 127,156 20 6,357
Within subjects
B (measurements) 7.125 3,562 0.992 3,093 2 1.546 0,462
AB 1.484 2 0,742 0,206 3.203 2 1.601 0,478
B” subj., w.A 143,640 4o 133,921 40 3.348
Total 293,484 268,937
A (adj.) 9,820 1 9,820 2,222 5,709 1 5,700 1,277
Subj. w.A (adj.) 83,960 19 4,18 84.907 19 h,U68
(c) work II (D) Work TIX
Source )
SS af MS F SS af MS P
Between subjects
A (groups) 2,484 1 2,484 0,480 2,672 1 2,672 0.31A4
Subj. we.A 103.516 20 5.176 170.125 20 8.506
Within subjects
B (measurements) 2,172 1.086 0.569 hJh8h 2 2.242 0.869
AB 1.297 - 0.648 0,340 3.156 2 1,578 0.612
B* subj. w.A 76.281 4o 1.907 103.203 4o 2,580
Total 185,750 283,641
A (adj.) 6,187 1 6.187 1,924 11.354% 1 11,354 1,598
Subj. w.A (adj.) 61.094 19 3.215 134.988 19  7.105
¥ P =T .05



TABLE XVI SUMMARY OF ANALYSIS OF VARIANCE AND COVARIANCE ON URINATION
" DURING RELATIVE REST AND PHYSICAL WORK DURING A PRERIOD OF
ENDURANCE TRAINING '

Urine ml/min

£ p<0,001

(A) Rest (B) Period of works I - III
Source .
Ss df MS F 8S df  MS ¥
- Between subjects
. A (groups) 0,256 1 0.256 0.686 0.268 1 0,268 1.254
Subj. w.A 7.456 20 0,372 h, 287 20 e.214
Within subjects
B (measurements) 1.787 0,893 6,287** 0,065 2 0,032 0.564
AB 0.355 0,177 1.249 0.288 2 O.144 2.h70
B subj. w.A 5,684 Lo 0,142 2,333 40 0.0358
Total 15.539 7,244
A (adj.) 0,254 1 0.254 0,785 0.319 1 0.319 1.491
Subj. w.A (adj.) 6,155 19 0.323 4,075 19 0.214
Urine ml/min/kg of body weight
(A) Rest {B) Period of works T - I1II
Source
SS df = MS P Ss afr  MsS P
Between subjects
A (groups) 0.004 1 0,004 0,455 0,268 1 0,268 1.37h
Subj. w.A 0.208 20 0,010 3,900 20 0,195
Within subjects
B (measurements) 0,035 2 0,017 6.411"*" 0,082 2 0,041 0,719
AB 0,009 2 0,004 1,725 0.280 2 0,140 2,446
B * subj., w.A 0.111 4o 0,002 2,295 40 0,057
Total 0.370 6,827
A (adj.) 0.005 1 0,005 0,779 0.309 1 0.309 1,563
Subj. w.A (adj.) 0.139 19 0,007 3.754 19 0,197
% p<< 0,05
« x P 0,025
EVS p<0.01



TABLE XVII SUMMARY OF ANALYSIS OF
EXCRETION OF
WORK DURING

CATECHOLAMINES
A PERIOD OF

DURING

FENDURANCE

VARTANCE AND COVARIANCE
RELATIVE
TRAINING

ON URINARY

WEST PHYSTICAL

U

AND

Adrenaline
(A) Rest (B) Period of works I - TIT
Source
Ss
. Between subjects
A (groups) 2,603 1 2,603 0.219 11,060 1 11,060 0,107
Subj. w.A 238,065 20 11,903 2052.891 20 102,644
Within subjects
B (measurements) 2,267 2 1.133 0.212 9,048 2 h,52h  0.127
AB 0.436 2 0.218 0.041 20,351 2 10,175 0.287
B* subj. w.A 213,977 40 5.349 1417.683 ko 35,442
Total L57.347 3511.035 -
A (adj.) 0.312 1 0,312 0,042 5.153 1 5.153 0,068
Subj. w.A (adj.) 141.801 19 7.463 1433,760 19 75,461
Noradrenaline
(A) Rest (B) Period of works T - TII
Source
SSs af MS D SS ar MS i
Between subjects
A (groups) 46,555 1 46,555 0,483 0.281 1 0.281 0,001
Subj. W.A 1929.316 20 96.466 7066.594 20 353,330
' Within subjects
"B (measurements) 206,590 2 103,295 3,513 570.813 2 285,406 2,693
AB 36,449 18.225 0,620 63.375 2 31,688 0.299
B¥ subj. w.A 1176,227 Lo 29,406 4238.875 4O 105,972
Total 3395.137 11939.938
A (adj.) 8,063 1 8.063 0.134 113.610 1 113,610 0.373
Subj. w.A (adj.) 1143,442 19 60,181 5786.,320 19 304,543
P -=0,05
v « p-. 0,025
¥ : p‘ 0001
‘o p 0,001



TABLE XVII SUMMARY OF ANALYSIS OF VARTIANCE AND COVARIANCE ON URINARY
EXCRETION OF CATECHOLAMINES DURING RELATIVE REST AND PHYSICAL
WORK DURING A PERIOD OF ENDURANCE TRAINING

Adrenaline + noradrenaline

(A) Rest (B) Period of works I - III
Source
Ss df MS F Ss arf MS P
Between subjects
A (groups) 15.062 1 15,062 0,098 8.656 1 8.656 0,014
Subj. w.A 2756.289 18 153.127 12344 ,875 20 617.244
Within subjects
B (measurements) 200.015 2 100,007 2,482 693.219 346,609 1.770
AB 1.726 2 0.863 0,021 24,875 12,438 0.063
B* subj, w.A 1450,164 36 40,282 7835.031 40 195,876
Total L423,258 20906,656
A (adj.) 49,211 1 49,211 0.653 81,086 1 81.086 0.170
Subj. w.A (adj.) 1279.516 17 75.265 9087.502 19 478,289

Ratio of noradrenaline and adrenaline (NA/A)

(A) Rest (B) Period of works I - TIIT
Source
SSs df MS F ss af MS i
Between subjects
A (groups) 6.559 1 6.559 0,464 0.995 1 0.995 0,285
Subj. w.A 282,864 20 14,143 69.614 20 3.480
Within subjects
. B (measurements) 36,608 2 18,304 2,784 1.509 0.754 0.797
AB 17,030 2 8.515 1.295 1.254 0.627 0,662
B* subj. w.A 263,012 o 6,575 37.875 40 0.946
Total 606,073 111,249
A (adj.) 6.294 1 6.294 0,423 3.557 1 3557 1.320
Subj. w.A (adj.) 282.807 19 14,885 51,193 19 2,69/
» p< 0,05
Voo Pred 0.025

H % - p <l 0,01
X K 3 p <0.001



TABLE XIX SUMMARY OF ANALYSIS OF VARIANCE AND COVARIANCE ON CHANGE IN
CATECHOLAMINE EXCRETION FROM RELATIVE REST TO PHYSICAL WORK
DURING A PERIOD OF ENDURANCE TRAINING

Change in adrenaline (A A) Change in noradrenaline (A WA)
Source ’

SS df MS F SS daf MS r

Between subjects

A (groups) 2,742 1 2.742 0,058 32,609 1 32.609 0.197
Subj. w.A 839.099 18 46.616 2967.961 18 164,886

Within subjects

B (measurements) 50.458 2 25,229 1,661 131,058 2 65.529 1.422
AB 20.195 2 10.097 0.664 82.492 2 41,246 0.895
B* subj. w.A 546.763 36 15.187 1657.808 36 46.050

Total ‘ 1459,259 4871.930

A (adj.) 2,285 1 2,285 0.052 41.583 1 41,583 0.250
Subj. w.A (adj.) 737.129 17 43.360 2816.47h 17 165.674

Change in NA + A (A NA + A)

Source }
SS dt MS o

Between subjects

A (groups) 3.890 1 3.890 0,012
Subj. w.A 5387.047 18 299.280
Within subjects
B (measurements) 227.546 2 113.773 1.179
AB 71.156 2 35.578 0.368
B¥ subj. w.A - 3471.312 36 96.425
Total 9160.955 ’
A (adj.) 9,145 1 9,145 0,031

Subj. w.A (adj.) 4982,263 17 293.074

v P Noe 05
N 18] « ° 02 5
w4 v P <2 .,01
¥oae ¥ P~ . 001



TABLE XX SUMMARY OF ANALYSIS OF VARIANCE AND COVARIANCE ON URINARY
EXCRETION OF 17 - HYDROXCORTICOSTEROIDS DURING RELATIVE REST
AND PHYSICAL WORK DURING A PERIOD OF ENDURANCE TRAINING
17 - OHCS pg/min
(A) Rest (B) Period of works T - TII
Source :
SS af MS F Ss arf MS o
Between subjects
A (groups) 2,454 1 2,454 0,193 0.610 1 0.610 0,033
Subj. w.A 253.482 20 12.674 359.670 20 17.983
Within subjects
B (measurements) 1.672 0.836 0.199 2.716 1.358 0.191
AB 4h.843 2.421 0.577 13.368 6.684 0,941
'B* subj. w.A 167.807 4o  4.195 283.882 Lo  7.097
Total 430.260 660,249
A (adj.) 2,147 1 2,147 0.161 0.598 1 0.598 0.031
Subj. w.A (adj.) 252,668 19 13,298 359.118 19 18,900
17 -~ OHCS ng/min/kg of body weight
(A) Rest (B) Period of works I - TII
Source »
Ss arf MS F SS arf MS P
Between subjects
A (groups) 0.110 1 0.110 0.403 0.029 1 0.029 0,85
Subj. w.A 5.487 20 0,274 6.957 20  0.347
Within subjects
B (measurements) 0.009 0.004 0,049 0.04k9 2 0.024 0,159
AB 0.033 0.016 0,169 0.331 2 0,165 1.064
B* subj. w.A 3,943 4O  0.098 6.219 40  0.155
Total ’ 9.584 13.586
A (adj.) 0.120 1 0.120 0,421 0.029 1 0.029 0.080
Subj. w.A (adj.) 5.432 19 0.285 6.893 19  0.362
* P «05
**p<.025
+ x x p< 01
éé-rfﬂtaép<;o001
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