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o ABSTRACT
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O
"
e
i‘ Beta-endorphin (f-EP), adrenocorticotropin (ACTH) and cortisol plasma
555 concentrations were examined before and after maximal exercise at four
,‘\
- intensities (36, 55, 73 and 100X of maximal leg power [MLP]) utilizing a
2 computerized cycle ergometer. All intensities were greater than those
t
' eliciting peak oxygen uptake for the individual subjects. Blood samples were
AN collected at rest, immediately following exercise (IP) and at 6 and 15 min
()
- post-exercise. Significant (p<0.05) increases were observed at 36% MLP for fg-
F EP and ACTH at IP, 5 and 15 min post-exercise. Plasma cortisol increased at
o
‘:5 36% MLP at 15 min post exercise. Blood lactate significantly increased at all
=
A post-exercise collection points for exercise intensities of 36, 55 and 73% MLP
;j - and at 5 min post exercise for 100% MLP. p-EP concentrations at 36% MLP were
A
r:; significantly correlated (r=0.75) with capillary density (mm~2) and cortisol
0,
i concentrations at 36% MLP were significantly correlated (r=0.89) with ¥ type
.:? II muscle fibers. No other significant relationships were observed. These
(-
e data show that brief, high intensity exercise results in a non-linear exercise
[+,
» response pattern when increasing levels of power output up to maximal are
2
i utilized. Furthermore, blood lactate levels do not appear to influence
B
e hypothalamic-pituitary-adrenal responses to very high intensity exercise. OQOur
L4
" observations also suggest that skeletal muscle morphology may influence
;g hypothalamic-pituitary-adrenal responses to this exercise.
:: »
l'
W0
¢ Key words: Beta-endorphin, adrenocorticotrophin, cortisol, blood lactate,
®
W skeletal muscle fiber morphology, anaerobic exercise.
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": A wide variety of studies have demonstrated that endurance exercise (i.e.
E;S submaximal to peak oxygen uptake) activates the hypothalamic-pituitary-adrenal
?& axis. This is evidenced by significant increases in plasma concentrations of
- Beta-endorphin(f-EP), adrenocorticotropin (ACTH) and cortisol (7, 9, Il, 12,
::-5; 14, 17, 18, 19, 22, 24, 29, 31, 32, 34, 36, 39).

tf? Recently, greatgr attention has been focused on plasma alterations of
‘};L these hormones following high intensity exercise described as ranging from
:§E§ approximately 110-156% of that which elicits maximal oxygen consumption

Tﬁ (6,12,19,29,33). Significant increases have been observed post-exercise for
s P-EP, ACTH, and cortiso! following this type of exercise. The question

i%ﬁ remains as to whether exercise at even higher power outputs induces any

aﬁjﬁ changes in these plasma hormone concentrations. Furthermore, to our knowledge,
. . no attempt has ever been made to examine the hormonal responses over a wide
}52 range of exercise intensities at very high power outputs. Thus, the primary
iiﬁ purpose of this study was to examine plasma alterations of f-EP, ACTH and

m:;: cortisol to four exercise intensities of high power output. A secondary

:;ﬁ: purpose was to examine the possible influence of skeleta!l muscle fiber

g&h morphology on hormonal responses observed. Such data should enhance the ‘
) understanding of how the hypothalamic-pituitary-adrenal axis responds to high
X;; _ intensity exercise and the possible relationship to skeletal muscle tissue
‘2‘:{- morphology.

3' METHODS

53}: Subjects. Ten normally active, healthy male subjects gave written informed
,“;; consent to participate in this study. Each volunteer was medically screened
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2
’;z by a physician, was taking no medications and had no history of endocrine
;EE disorders. A description of the subjects physical characteristics is
{ ¥ presented in Table 1.
SS Each subject reported to the laboratory several times for familiarization
és and preliminary testing. Subjects’ height, weight and body composition were
N

e determined in one laboratory session after an overnight fast. Body

ﬁ composition was determined by standard hydrostatic weighing methodology using
33 a load cell interfaced with a Hewlett Packard desk top computer (21,25).

' Residual lung volume was determined using the oxygen dilution method described
';; by Wilmore et al.(47).

v . . . . .

K- Maximal oxygen consumption (V0omax) was determined using a discontinuous
1S protocol previously described (35). The cycle ergometer employed was the same
ﬁ: - as that used in determining maximal leg power. During all testing oxygen

-
¥ consumption and cardio-respiratory data were obtained from an on-line

B metabolic system previously described (10). Heart rate was monitored via ECG
o using a lead II configuration.
&

Vigd

\l

Ve Muscle Biopsy Procedures and Analyses. Muscle biopsy samples were

;' obtained approximately one week prior to testing from the superficial portion
§ A

?Q- of the vastus lateralis muscle of the dominant leg utilizing the percutaneous
.

b needle biopsy technique of Bergstrom(4) as modified by Evans et al.(15).

}{ Special attention was taken to approximate the same biopsy location in all

-

‘&; subjects using a depth of approximately 2 cm. Repeat biopsies (randomly

)

: performed) demonstrated non-systematic and insignificant interbiopsy

§: variations in fiber-type distribution.
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The muscle samples were oriented, placed in embedding medium, and frozen in
isopentane cooled to -160°C with liquid nitrogen and stored at -120°C until
snalyzed. Serial cross sections (12ym thick) were cut on a cryostat (American
Optical, Buffalo, N.Y.) at -20°C and placed on glass coverslips for subsequent
histochemical analysis.

The histochemical analysis used for fiber typing consisted of assaying for
myofibrillar ATPase activity at pH 4.3, 4.6, and 10.3 (5,42,43). Muscle fiber
types were divided into three groups (types I, IIA and IIB) based on the
stability of their ATPase activity in the preincubation medium (42,43).

The percentage of each fiber type was calculated from sections containing an
average of 935 (range 389 to 1732) fibers. Calculations of the various fiber
type percentages were computed by a Zeiss Interactive Digital Analysis System
(ZIDAS) (Carl Zeiss, West Germany). This involved projection of the cross-
sections at a constant magnification with a Zeiss microscope (Standard 16 with
drawing tube, Carl Zeiss, West Germany) onto a digitizing tablet with self
contained computer (containing appropriate morphometric programs) interfaced
with a main frame computer ( VAX 11/780, Digital Equipment Corporation,
Maynard, MA) used for immediate data storage, and analysis.

Muscle fiber areas were determined using NADH-tetrazolium reductase stained
fibers (37). _The perimeter of all intact fibers of each section for Type I
and Type II were measured. Cross-sections were again projected at constant’
~ magnification with a Zeiss microscope (Standard 16 with drawing tube) onto a

digitizing tablet. Fiber area was determined by tracing the perimeter of all

fibers of each type on this digitizing tablet and the areas were computed by

___________
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the ZIDAS system. The relative muscle area occupied by Type II muscle fibers

was calculated according to a formula described elsewhere (45,46).

Capillary density (cap*mm~2) and capillaries per fiber (cap*Fib-1) were
determined from amylase-periodic acid-Schiff stained fibers and analyzed by
methods previously described in detail (1,2).

Maximal Leg Power and Relative Exercise Intensity Determinations. Maximal

leg power (MLP) was determined using a cycle ergometer and computerized data
collection/processing system and test protocol previously described
(27,28,30). Each subject was tested for maximal power for one-revolution
(i.e. highest score of five revolutions) on the cycle ergometer at 60 rpm.
Three consecutive tests with a minimum of 20 minutes rest between tests were
performed. MLP was operationally defined as the mean of the highest two
scores of the three tests to avoid the influence of an aberrant test result.
The subject was seated behind the crank in a rigid metal armchair. This
position was used since the high force during maximal power pedalling results
in the subject rising off a standard bicycle saddle. The distance from the
chair to pedal crank was set for each subject and kept constant for all
testing.

The MLP (100%) and three exercise intensities relative to MLP (36, 55, and
73%) (approx. 107, 144, 219 and 325% of VOomax, respectively) were used in this
investigation to evaluate the effects of different high intensity exercise
stress on plasma hormone concentrations. Preliminary testing demonstrated the

test re-test reliability (r) of the 36, 55, and 73% MLP tests to be 0.92,
0.95, and 0.96, respectively.
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5
E;;;S' Each test involved setting cycle resistance at the X of MLP at \vhich'the
§§§; subject was to exercise. The pedal crank was then run at 60 rpm by the motor
T and the subject moved his legs freely without trying to push against the

43 pedals. An investigator orally signalled the subject to begin pedalling at the
..‘\'( same time as the ergometer motor reduced the pedal crank rpm by 10X. The

: subject had to generate power at a level predetermined by the investigator in
K order to maintain ergometer speed at 60 rpm. An analog panel meter in front
:: of the subject indicated whether speed was being maintained. An audible

‘*:::.' electric metronome set at 120 beatsemin-1 gave the subject additional

o assistance in maintaining pedalling cadence. Warnings were given when rpm’s
:‘;.,i dropped. When the subject experienced extreme difficulty maintaining

o pedaliing speed, he was verbally encouraged to continue. The test ended when
";E - a subject dropped more than three percent below the set speed for seven

,.’\\j seconds. The seven seconds were subtracted from the total time of exercise.
"': Blood Collection Test Procedures. Each subject performed the four exercise
R intensities in a random order. Testing was conducted from 0800 to 1000 hr and
53,: each subject was tested at the identical time each day. Prior to the test,
3;' subjects refrained from food for 8 hr and exercise for 24 hr. Prior to each
') exercise test, a 20 gauge teflon cannula was placed into an antecubital arm
:'S vein. The cannula was kept patent with a continuous flow of isotonic saline.
3 After the cannula was inserted, subjects rested in the seated position and two
; pre-exercise resting blood samples (R; and Rp) were obtained 20 minutes apart.
;’, Blood samples were also obtained immediately following each exercise bout to
ftf:' exhaustion and at 5§ and 15 minutes post-exercise. Blood was collected and
gently mixed in pre-cooled plastic syringes containing appropriate
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“ﬁﬁ preservatives (EDTA, 7.2mg/5m| whole blood). Blood to be used for subsequent
& 2 radioimmunoassay (RIA) was centrifuged at 2000 x g at 4°C for 15 min and

!gkﬁ plasma was immediately frozen to -120°C. Samples were thawed only once for
ggg analysis which occurred within 8 wk.

.$53 Biochemical Analyses. Plasma S-EP, ACTH and cortisol immunoreactivity

1'5 values were determined using RIA procedures. Ail samples (in duplicate) for
Ss- each RIA were measured in the same assay to avoid run-to-run assay variations.
: N Determinations of different plasma immunoreactivity values were accomplished
- with the use of a Beckman 5500 Gamma counter and on-line data reduction

;»': system. The RIA used for plasma f-EP has been previously described in detail
‘3% (31). Cross reactivity with Beta-lipotropin is less than 5% . The intra-

;?' assay coefficient of variation was 3.0%. Plasma ACTH was measured by a double
o - antibody RIA (Diagnostic Products Corp., Los Angeles, CA) sensitive to 1.54
Fzg pmoleL-1. Intra-assay coefficient of variation was 3.7%. Plasma cortisol was
\3: measured using a solid phase RIA (Diagnostic Products Corp., Los Angeles, CA)
{*; and was sensitive to 8.27 nmoleL~-1. The intra-assay coefficient of variation
f;; was 3.4%. Hemoglobin was analyzed in triplicate using the cyanmethemoglobin
{;5 method (Sigma Chemical Co., St. Louis, MO) and hematocrit was analyzed in

j: triplicate using a standard micro-capillary technique. Changes in plasma

‘:é volume,pre-to immediately post-exercise were calculated from changes in

wzﬁ hematocrit and hemoglobin (13). Blood lactate was analyzed in triplicate

:?;i using a micro blood Lactate Analyzer - 640 (Wolverine Medical, Alto, MI).

:ﬁz Statistical Analyses. Statistical evaluation of the data was accomplished
%;E by using an analysis of variance (ANOVA) with repeated measures and subsequent
?ﬁﬂ Tukey post-hoc tests. For analysis of plasma responses, the baseline was
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; quantified as the mean response of the two pre-exercise values. Pearson

:j_ product-moment correlation coefficients were calculated for the entire data

': soet. Simple and multiple regression analyses were also utilized to examine
‘:;' selected variable relationships. Statistical significance was chosen as

-"" p<0.05.
2
',, Results

:,.S A description of the physiological responses at each exercise intensity

: (AMLP) and maximal oxygen consumption utilizing the cycle ergometer is
presented in Table 2. The resuits of the muscle fiber analysis are presented
.\‘\: in Table 3.
Q No significant differences were observed between Ry and Ry baseline
: - hormonal measurements. The plasma responses of f-EP to the different exercise
:; intensities are shown in Figure 1. Significant increases above rest were
‘L observed only after the 36% MLP exercise intensity. These increases were seen
_.: immediately post, 5 and 15 min following exercise.
.J The plasma responses of ACTH (see Figure 2) followed a pattern similar to
’ P-EP with significant increases occurring only after the 36% MLP exercise

9o intensity. Again the increases were observed at each measurement time point
‘-E - during the post-exércise period.

E : The plasma responses of cortisol are presented in Figure 3. The only

: significant increase observed was at 15 min of recovery following the 36% MLP
i: exercise intensity.
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Blood lactate changes are shown in Figure 4. Significant incresses were
evident at all measurement time points for exercise intensities of 36, 55 and
73% MLP. At 100% a significant increase was observed at 5 min post-exercise.

Changes in mean plasma volume (*1 SE) were: 36% MLP, -10.3% (+2.8); 55%
MLP, -4.5% (=2.9); 73% MLP, 0.35(%2.1); and, 100X MLP, -0.76%(+3.0).
Correlational analyses demonstrated no significant relationships between
performance time on the cycle ergometer and any hormonal response. The
following significant correlations were observed: f-EP and capillary density
(mm=2) at 36% MLP(r=0.75), and cortisol with ¥ type II fibers at 36%
MLP(r=0.89).

Discussion

The exact mechanism(s) responsible for exercise-induced increases in f-EP,
ACTH and cortisol remain unknown (3,16,23,26,41). Anaerobic exercise has been
previously shown to be a potent stimulus for eliciting increases in plasma
levels of these hormones (6,19,20,29,33). However, none of these studies have
examined a complete range of anaerobic exercise intensities to further
evaluate these responses.

With increases in plasma hormone levels occurring only at 36% MLP (107%
¥0omax), our data suggest there is not a linear response to increases in
anaerobic exercise intensity. These data may also demonstrate a possible
upper limit of response, beyond which a more intense anaerobic exercise

stimulus does not perturbate peripheral plasma levels of these hormones.

Whether this indicates a lack of post-translational processing or stimulation

of preproopiomelanocortin at the gene level remains unknown (40).
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These responses were neither time nor excerise dependent, as no

significant relationships between plasma hormone concentrations and

FROA I L LA

performance times or power outputs were observed. This suggests that a more

complex interaction of variables is involved in producing the plasma

Pl g
"'c'}

.. elevations. Since the magnitude of increases observed for each hormone far
exceeded changes that could be accounted for by plasma volume shifts,
additional physiological mechanisms appear to be influencing these exercise
responses.

The influence of anaerobic by-products or factors has been previously
hypothesized by Farrell et al. (17) to provide a systemic stimulus for
hypothalamic-pituitary-adrenal axis exercise activation. Relationships
between lactic acid and concentrations of ACTH and cortisol have supported
such an hypothesis (17,20). However, our data utilizing extremely high
exercise intensities are inconsistent with this hypothesis. In this study
significant increases in blood lactate were observed consequent to all four
exercise intensities, while increases in f-EP, ACTH and cortisol were observed
only following exercise at 364 MLP. The lack of any significant relationships
between blood lactate and S-EP, ACTH or cortisol at these extremely high
exercise intensities indicates that a different combination of stimuli or
absence of certain stimuli, may be involved with hypothalamic-pitutiary-
adrenal activation.

The influence of muscle fiber characteristics on hormonal responses of :he

hypothalamic-pituitary-adrenal axis has not been previously examined. Our

results demonstrated two significant relationships. First, fg-EP

concentrations at 36% MLP were significantly related (r=0.75) to capillary
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'{: density (mm-2) and, secondly cortisol concentrations at 36% MLP were

55;5 significantly related (r=0.89) to % type II fibers. Although no cause-and-
»::: effect relationship can be implied, it is interesting to note that these
%ﬁh relationships were found only when significant exercise-induced elevations
§§§ took place. The possible mechanisms involved romaig highly speculative.

ixf These data, however, may implicate some type of signal-feedback to the

:xz. hypothalamus from opioid receptors on capillaries and cortisol receptors in
;E?E type II muscle fibers which enhance release of corticotropin releasing factor
i:i (CRF). The stimuli involved and possible interactions of direct (i.e. neural)
: \ and indirect (i.e. blood borne) stimuli remain to be determined. It may be
;;EE that the effectiveness of different feedback mechanisms is dependent upon the
i;:z type and intensity of exercise utilized.

_!25 . Consistent with other studies, our results demonstrated concomitant

?%;3 exercise-induced release of f-~EP and ACTH with very high intensity exercise.

3 E The magnitude of the increases observed also were higher with anaerobic

!:_: exercise (36% MLP) than previously reported responses to aerocbic exercise

iéég (below V0omax). Still, it was consistent with brief short-term high intensity
f;:; exercise elevations previously reported (6,19).

/\, In this study, cortisol increases were observed at 15 min post-exercise at
.;Eé 36% MLP. The time course and magnitude of increase are almost identical to
TES values reported in previous studies examining plasma cortisol responses to
'!E: brief high intensity exercise (6,29,33). The temporal sequence in this study
%EE for ACTH and cortisol increases is also very similar to the study by Bruno et
iii al.(6). These data appear to support the previous hypothesis that increases
!2; in plasma cortisol following brief high intensity exercise are in part due to
_gzé ACTH-induced steroidogenesis (3,6).
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In summary, the results of this study demonstrate that plasma responses of
f-EP, ACTH and cortiso! do not increase as the intensity of exercise is
systematically increased at power productions in excess of maximal aerobic
power. Our data at 36% MLP are consistent with previous studies which have
demonstrated higher magnitudes of increase consequent to brief high intensity
exercise compared to submaximal aerobic exercise stress. Still, not all high
intensity exercise stress results in similar response patterns. Muscle fiber
characteristics also appear to influence exercise-induced elevations of f-EP
and cortisol. Further study is needed to continue to elucidate the

mechanism(s) involved in plasma hormone responses to high intensity exercise.

it ,& *w\.‘r i '5.". W 'S-'r \"” LehL i ) \'(‘\ $'Q\ ..\('

o TOR S
.‘- A '!\.ﬁ ..“‘ ¥ B ARG OR TR e, e"l"'ﬂ




R e e w we = = -

2
4

‘b\'l
O 12
Y.
.;..
el
';::‘.‘ .
:-_.::j HUMAN RESEARCH
d ;!::fm::m::bg:i::tparticipated ixlt these gtudies after giving their free and
] _ ary consent. Investigators adh
AN adhered to -
N Regulation 70-25 on Use of Volunteers in Research. AR 10-25 and UsaMRDC
-.’_.‘
R The views, opinions, and/or find
::-3-*- the author(s) and ﬂ’xould not be ::g:;:zga::e:ni.:f;ﬁ: Iegor: tmensrose of
Amy position, policy. or al Department of the
@ documentation.. potier, declsion, unless so deﬂg.nated by other official
o)
E;Z::;: _
e ACKNOWLEDGEMENTS
The authors would like to give special thanks to Dora Ward for her
A3 - efforts in the preparation of the mgnuscript.
N : -
S
‘-‘r\
:::-\ Present Address: -
!‘s
William J. Kraemer, PhD e
- Human Performance Laboratory
Box U-110
L University of Connecticut
- Storrs, CT 06268
‘F:‘
*'%
o
2y
Y
.
-
-
6.
Mo
" ‘
‘y‘ .‘.;.:
A . g
@ T Qenen

B AT A Ot



gy

AL Y

P
'y

~ g
.1’_"._ ,
PARE AN

NN
AR

-

-

MR \

Xy 'l'
]

T : L ]
@0,
E‘: LA

T
5

23

-

el X

N
oI 0,500
..Q’.O"..

WOBOB)

IOUOMOV)

REFERENCES

Andersen, P. Capillary density in skeletal muscle of man. Acta Physiol.

Scand. 95:203-205, 1975.

Andersen, P. and J. Henriksson. Cepillary supply of the quadriceps
femoris muscle of man: adaptive response to exercise. J.

Physiol . (London). 270:677-690, 1977.

Allaben, W.T. The adrenal cortex. In: Handbook of Endocrinology, CRC

Press, Boca Raton, FL, 1982, pp 189-228.

Bergstrom, J. Muscle electrolytes in man. Scand. J. Clin. Lab. Invest.

(Suppl.) 68:1-110, 1962.
Brooke, M.H. and K.K. Kaiser. Three "myosin ATPase" systems: the nature

of pH lability and sulfhydryl dependence. J. Histochem. Cytochem. 18:670-
672.

Buono, M.J., J.E. Yeager, and J.A. Hodgdon. Plasma adrenocorticotropin
and cortisol responses to brief high-intensity exercise in humans. J.

Appl. Physiol. 61: 1337-1339, 1986.

Carr, D.B., B.A. Bullen, G.S. Skrinar, M.A. Arnold, M.Rosenblatt, I.Z.
Beitins, J.B. Martin, and J. W. McArthur. Physical conditioning
facilitates the exercise-induced secretion of beta-endorphin and beta-

lipotropin in women. N. Engl. J. Med. 305: 560-563, 1981.

Carr, D.B. and S.M. Fishman. Exercise and endogenous opioids. Ia:

Exercise Endocrinology, edited by K. Fotherby and S.B. Pal. Berlin-New
York: Walter deGruyter, 1985, pp 157-182.

Colt, E.W.D., S.L. Wardlaw, and A.G. Frantz. The effect of running on
plasma f-endorphin. Life Sci. 28: 1637-1640, 1981.

ADANICAN DAl L

» NG S I
I - aw » / () §'
.‘t’l':'t' ‘l"‘l'c At ".lfo 'l-',o'.l‘t.!'_:.‘!::‘!.':‘..:.'!::".'.'. v, '.‘:':': i) .'4".' DU ..'c!:’«f-“if:'t‘.-"-' RO

e T

o'..\‘ ’:"‘?




)
PP i ...

P

)

: Ee'ﬁ“

10.

11.

12.

13.

14.
15.

16.

17.

18.

OO G VTR QL Ly

Cote, M.G., D.M. White, R.P. Mello, D.S. Sharp, and J.F. Patton.
Development and assessment of an on-line aerobic measurement system.

USARIEM Technical Report T1/79, Natick, MA, 1979.

Davies, C.T.M. and J.D. Few. Effects of exercise on adreno-cortical

function. J. Appl. Physiol. 35: 887-891, 1973.

deMeirleir, K., N. Naaktegeboren, A. VanSteirteghem, F. Gorus, J.
Olbrecht, and P. Block. Beta-endorphin and ACTH levels in peripheral
blood during and after aerobic and anaerobic exercise. Eur J. Appl.
Physiol. 55:5-8, 1986.

Dill, D.B. and D.L. Costill. Calculation of pefcentage changes in volume

of blood, plasma and red cells in dehydration. J. Appl. Physiol. 37: 247-

248, 1974,
Donevan, R.H. and G.M. Andrew. Plasma f-endorphin immunoreactivity during

graded cycle ergometry. Med. Sci. Sports Exerc. 19: 229-233, 1987.

Evans, W.J., S.D. Pinney, and V.R. Young. Suction applied to a muscle

biopsy maximizes sample size. Med. Sci. Sports. 14: 101-102.

Farrell, P.A. Adrenocorticotropic hormone and exercise. In: Exercise
Endocrinology, edited by K. Fotherby and S.B. Pal. Berlin-New York: Walter
deGruyter, 1985, pp 139-156. k

Farrell, P.A., T.L. Barthwaite, and A.B. Gustafson. Plasma

adrenocorticotropin and cortisol responses to submaximal and exhaustive

exercise. J. Appl. Physiol.: Respirat. Environ. Exercise Physiol. 55:

1441-1444, 1983.
Farrell, P.A., W.K. Gates, M.G. Maksud and W. P. Morgan. Increases in
plasma beta-endorphin/beta-lipotropin immunoreactivity after treadmill

running in humans. J. Appl. Physiol. 52: 1245-1249, 1982.

~

PN TERTVE TR T e T

14




.
"/,'f:'!:'

.

g SR

RN RR)

Yy,

14N 21.

Y 26.

uuuuuuuuuuu

19.

22.

”
A
o 23.

24.

'f_:: 25.

Farrell, P.A., M. Kjaer, R.W. Bach and H. Galbo. Beta-endorphin and
adrenocorticotropin response to supramaximal treadmill exercise in trained

and untrained males. Acta Physiol. Scand. 130: 619-625, 1987.

. Few, J.D., G.C. Gashmore and G. Turton. Adrenocortical response to one-

leg and two-leg exercise on a bicycle ergometer. Eur J. Appl. Physiol.

44: 167-174, 1980.

Fitzgerald, P.I., J.A. Vogel, J. Miletti and J.M. Foster. An improved
portable hydrostatic weighing system for body composition. USARIEM Tech
Report T4-88. Oct 87.

Fraioli, F., C. Moretti, D. Paolucce, E. Alicicéo, F. Crecenzi, and G.
Fortunio. Physical exercise stimulates marked concomitant release of f-
endorphin and adrenocorticotropic hormone (ACTH) in peripheral blood in
man. Experientia 36: 987-989, 1980.

Galbo,H. Hormonal and Metabolic Adaptation to Exercise. New York: Thieme-

Stratton, 1983, p 46-51.

Gambert, S.R., T.L. Garthwaite, C.H. Pontzer, E.E. Cook, F.E. Tristani,
E.H. Duthie, D.R. Martinson, T.C. Hagen, and D.J. McCarthy. Running
elevates plasma beta-endorphin; immunoreactivity and ACTH in untrained

human subjects. Proc. Soc. Exp. Biol. Med. 168: 1-4, 1981.

Goldman, R.F. and E.R. Buskirk. Body volume measurement by underwater
weighing: description of a method. In: Techniques for measuring body
composition. J. Brosek and A. Henschel (eds) National Academy of
Sciences-National Research Council, Washington, D.C., 1961 pg 78-89.
Grandison, L. ACTH of the anterior pituitory. In: Handbook of

Endrocrinology, edited by G.H. Gass and H.M. Kaplan. CRC Press, Boca

Raton, FL, 1982, 71-85.

-

oW Wy Wy T, La™ o f W W W Oy 0 W My My T o ~(' f‘~ o
NN NS AN ) S SN
o AR e oLy

f L 4 w o W - LAVt o« *' '- Lo .g ‘ L
Ao LW R Y
" o A% ¥V '.o '. '. ¥ ‘h * o l‘o .

15




{'.’kl{ 3

".'h’; b

® 31.

X

27.

o 29.

30.

Vi 33.
)

0 34.

0 -
I.. |... ..'I.l‘t. b;g.|,|“.’:|

28.

32.

Harman, E., H.G. Knuttgen, and P. Frykman. Automated data collection and

processing for a cycle ergometer. J. Appl. Physiol. 62: 831-836, 1987.

Harman, E.A., H.G. Knuttgen, P.N. Frykman and J.F. Patton. Exercise
endurance time as a function of a percent maximal power production. Med.

Sci. Sports Exerc. 19: 480-485, 1987.

Kindermann, W.A., A. Schnabel, W.M. Schmitt, G. Bird, J. Cassenc, and F.
Weber. Catecholamines, growth hormone, cortisol, insulin and sex hormones

in anaerobic and aerobic exercise. Eur. J. Appl. Physiol. 49: 389-399,

1982.

Knuttgen, H.G., J.F. Patton, and J.A. Vogel. An ergometer for concentric

and eccentric muscular exercise. J. Appl. Physiol. 53: 784-788, 1982.

Kraemer, W.J., L.E. Armstrong, L.J. Marchitelli, R.W. Hubbard, and N.
Leva. Plasma opioid responses during heat acclimation in humans.
Peptides. 8: 715-719, 1987.

Kuoppasalmi, K., H. Naveri, M. Harkonen, and H. Aldercrentz. Plasma
cortisol, androstenedione, testosterone and luteinizing hormone in running

exercise of different intensities. Scan. J. Clin. Lab Invest. 40: 403-
409, 1980.

Leclercq, R. and J.R. Poortmans. Evaluation of plasma cortisol during

short-term exercises. In: Third International Symposium on Biochemistry

of Exercise, edited by F. Landry snd W.A.R. Orban, Miami, FL: Symposium
Specialists, 1978, p 203-207.

Luger, A., P.A. Deuster, S.B. Kyle, W.T. Gallucci, L.C. Montgomery, P.W.
Gold, D.S. Loriav, and G.P. Chrousos. Acute hypothalamic-pituitary-
adrenal responses to the stress of treadmill exercise: physiologic

sdaptations to physical training. N. Engl. J. Med. 316: 1309-1315, 1987.

,yn ) ol 3 o) 0, ” " A () Fa TRy " (0 W Y by o \i.\ v '\\0\‘\‘0‘..‘“‘;
Ll l'o': c’.‘o‘l‘:.l‘c AL X Y ."". O l""l‘?t‘.‘l‘t‘t NN LG NSNS LA O X L TSN
4% g 1. & ¥y Sl OB L i) . ¥y B'e

16

U




36.

37.

39.

40.

' 42.

[ TR AL LA

\
‘ ”
) h
o 0:‘ KL N I Mo

38.

v a1

. McArdle, W.D., F.I. Katch, and G.S. Pechar. Comparison of continuous and

discontinuous treadmill and bicycle tests for Y0omax. Med. Sci. Sports,

5:156-160, 1973.

Mougin, C., A. Baulay, M.T. Henriet, D. Haton, M.C. Jacquier, D. Turnill,
S. Berthelay, and R.C. Gaillard. Assessment of Plasma opioid peptides, -
endorphin and met-enkephalin at the end of an international ski race.

Eur. J. Appl. Physiol. 56: 281-286, 1987.

Novikoff, A.G., W.Y. Shin and J. Drucker. Mitochondrial localization of
oxidative enzymes: staining results with two tetrazolium salts. J.

Biophys. Biochem. Cytrol. 9: 47-61, 1061.

Reisine, T. and H.U. Affolter. Hormone receptor regulated

proopiomelanocortin gene expression. Biochem. Pharmac. 36: 191-195, 1987.

Rahkila, P., E. Hakala, K. Saiminen and T. Laatikainene, Response of
plasma endorphins to running exercises in male and female endurance

athletes. Med. Sci. Sport Exerc. 19: 451-455, 1987.

Shiomi, H., S.J. Watson, J.E. Kelsey and H. Akil. Pretranslational and
posttranslational mechanisms for regulating f-endorphin-

adrenocorticotropin of the anterior pituitary lobe. Endocrinology, 119:
1793-1799, 1986.

Steger, R.W. and J.J. Peluso. Anterior pituitary. In: Handbook of

Endocrinology, edited by G. H. Gass and H.M. Kaplan. CRC Press, Boca
Raton, FL, 1982, 27-33.

Staron, R.S., R.S. Hikida, and F.C. Haggerman. Reevaluation of human

muscle fast twitch subtypes: evidence for a continuum. Histochem. 78:33-

39, 1983.

j He,Y Y N 19 By ! CAXIN
! g AL T > N ) AN R\ LSRN ML M RN X
2 ) ,!"»\!':5"..'0':“'3‘ ACIRTULTAT IR Tt g 8 NS D e S T IR T T At L a TR LA IAENCINGN




T WTOwUwTorTuYwTuwy v W EWENEwTTREFTE TR ™"

Py

18

f 43. Staron, R.S., R.S. Hikida and F.C. Hagerman. Myofibrillar ATPase activity

!S in human muscle fast-twitch subtypes. Histochem. 78:405-408, 1983.

N 44. Sutton, J.R. Effect of acute hypoxia on the hormonal response to

?u exercise. J. Appl. Physiol. Respirat. Environ. Exercise Physiol, 42: 587-

;: 592, 1977.

3 45. Tesch, P. Muscle fatigue in man with special reference to lactate

‘ accumulation during short term intense exercise. Acta Physiol.Scand.
(Suppl.) 480: 1-40, 1980.

: 46. Tesch, P.A., A. Thorsson and P. Kaiser. Muscle capillary supply and fiber

. type characteristics in weight and power lifters. J. App!. Physiol:

: Respirat. Environ. Exercise Physiol. 56: 35-38, 1984.

47. Young, D.S. Implementation of SI units for clinical laboratory data.

) Annals Internai Med. 106: 114-129, 1987,

48. Wilmore, J.H., P.A. Vodak, R.B. Parr, R.N. Girondo!f, and J.E. Behirg.
Further simplification of a method for determination of residual lung

volume. Med. Sci. Sports Exer. 12: 216-218, 1980.

i \ ( A TS ty N OROROGOBONG
O OUAAOOOUUAGLROSCUOSICACS AN IR I K A A A AN OO RSO WAL S e M M RO R
T’.tt'f':‘n'.' “'I'.'A‘::l“:n‘t\.\’ AR A 'u'-"“.'%‘a"‘—.:&‘1,(‘~‘.“‘_"-.,l‘e}'ct"v IR S ANERE A NN A AL R ANNUNC AU a.s':'.""'!' WOy




...,. .
R
0
R
o
| 4 B
\',f
fL%
..’
‘s)
,'yd
M L3
Yy
'
-h\
N
W
"r\
-
.\ 19
\
&
]
N
..J
o
\J
)
' L4
‘ : - ™ (-]
D ‘D .
X '“ :
H
" o “
' 2 (<] o~
% 4
» 8 6
-t
I.. | “A
- '
; £
b -
... p— .E
" bo
‘ = W
7 L
S 9 s
. £ 2 -
= 2 £ |
L
" " E
--. : 8
l. h ‘
"' _— .s‘ u g
N’ % 8 ‘6 ON
A 2 w
-b «
- .“
-.- ‘ —
n- "
. ‘2
- -
2
-
A :
Kx u
o 2
, [}
a‘ % (-] - ‘
t ",' .
a‘: : : “‘
[ 8 “ :
» = “
-£L 3 :
l_ = m. m. m
y - N . .
& [=4]
[} . ‘-‘ h
~" “
.‘ " T Y
p—
: - £ 2
( 2 B = -
" .— & w ‘
“ g = 20
:. £ =2
X
‘.
U"
\'.
0

l' N

W .‘
K l

n,'t‘,'t} y n’
“t lu\
fo". 1
X,
".:\'l "‘ "0 *
L)
R
.l" N
‘. l.i'
awte '
. ;‘1.0 n'
l
'.l“‘
N )
“.\.
0‘;!:
|
'l‘ 2x .._' .,'t,"' J
A,
"‘\ '.! }!'ﬂ )
gi-l'.




L el Ca R N

91 SI1 up suonnjoaas g ayy 4o 1534Biy a3 sem samod weay -wds 09 & suonnjoass g pawiopad sydefqns IV

(@s 1 ¥) uesws se passaidxa sanjep
(65°0%) (e5°2%) (1c°0%) (r10) .
8¢c’c SI'e 892°0 1920 010 (wiw) awy
(6¥) (8+) (r3+) (ri+) (21%)
621 £11 £91 SSE €et m-___s.zse ey ueay
(25°0%) (95°0%) (8s'0¥) (8t 0+) (er0%) z
e Sr'e 15T 69’1 "y (jua) op
(ve+) (5p+) (02%) (c6¥) (8z1%) @
¥9¢ 80¢€ 19¥ 19 8v8 (M) 13moy 3
Yeuto) dTN%9¢ dTN%SS dWW%EL  TTW %001

((1dw) smod 33} jewixews jo
pue sasuodsas Liojendsaioipies ‘z 31gv)

N -

v 2%

r sy
-y w Jud-u-—) JN\..\\\-
P AL AN
N».rm.m«.n)m?...... o Zadh Ju B




21

(@S 1 _¥) ueaw se passaidxa sanjep

(99'0¥)09°C

(529 #)s'siz

(zer #)Tss
(zet #)929
(98 #)¥'ss
(r8 #)cor
(€2 ey
(88 #)¥zs

( «-;oncdn& Kiejpde)

AN-EEv kiejpder
ealy |} 3dA) 9
Aoo“.NES ease || adk|
AS«.NE& eaje | adk}
siRqiy gl ¥dhL 9
siaqiy v 3dhL %

siqly )| 9dkL %

(o1=u) s1d9igns |euawadxa jo sonsudIdEIRYD Jaqy ISP

& X0, g2 A ey

v T - - W e .

PO P IEN
LA

: WA AR

=

-

Lot

€ 319vl

4
8,

0
,“a.

R
W ,l'u‘l v.

A

\ 0'»"'2.\'0!;".

3
DO

”

(AKX

OAON
i N

-

AN




X

AL 2

%

NTWYTW T TN T e = T

22
Figure 1. Mean (+SE) plasma P-EP levels before and after (post) high intensity

exercise at four different percentages of maximal leg power (MLP).

s=significantly different (p<0.05) from resting baseline value.
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Figure 2. Mean (*+SE) plasma ACTH levels before and after (post) high intensity
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s=significantly different (p<0.05) from resting baseline valye.
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"W
' Figure 3. Mean (+SE) plasma cortisol levels before and after (post) high
,;-: intensity exercise at four different percentages of maximal leg
* .
o power (MLP). s=significantly different (p<€0.05) from resting

baseline valuye.
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Figure 4. Mean (+SD) blood lactate levels before and after (post) high

‘@
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SN

L 2

intensity exercise at four different percentages of maximal |
power (MLP).
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s=significantly different (P<0.05) from resting

baseline value.
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