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ABSTRACT

Measurements of free noradrenaline and adrenaline were made in the urine of 28 men sampled after rest and exercise
prior to, and following six and twelve weeks of an exercise programme. The training consisted of thirty minutes of
running and walking four times per week at an intensity estimated at 75% of the age-predicted maximum heart rate. A
fifteen minute standardized cycle ergometer work test was conducted on all subjects prior to the training and following
six and twelve weeks of training. Noradrenaline and adrenaline excretions in the urine were measured before and after
the work test.

Significant decreases in noradrenaline excretion measured during rest and after exercise were found in the training
group, while the excretion levels of catecholamines increased or remained the same for the untrained group throughout
the study.

It was concluded that resting and exercise catecholamines were lowered in the subjects who participated in an
exercise programme, and that the changes are more apparent in noradrenaline than adrenaline.

INTRODUCTION

Considerable evidence indicates that physical activity
of sufficient intensity and duration may have a pro-
phylactic effect on the incidence of coronary heart
disease (Ekstein, 1957; Wolffe, 1957; Brunner, 1971;
Harrison, 1972; Kannel et al., 1971; Hawthorn, 1976).
Mechanisms by which physical activity affects coronary
heart disease are not well understood. High levels of
catecholamines have been shown to be pathogenic and
destructive on the cardiovascular system (Robertson and
Peyser, 1951; von Euler, 1955; Regan etat., 1966).

Few attempts have been made to evaluate the changes
in catecholamine secretion associated with exercise train-
ing. Von Euler (1969) has proposed that urinary cate-
cholamines can be used as an index of effort in perform-
ance of a set work task. De Schryver et al., (1967)
found a highly significant decrease (34%) in the catecho-
lamine content of the heart tissue in spontaneously
running rats. Wolfson etal., (1972) examined the effects
of conditioning on plasma catecholamine levels during
exercise in patients with coronary artery disease. At
peak work loads the heart rates and plasma catecho-
lamines were reduced in conditioned patients. Cronan
and Howley (1974) found no change in the catecho-
lamine excretions of nine adult males following eight
weeks training. The present study was designed to in-

vestigate the excretion of noradrenaline and adrenaline
following rest and exercise in men after engaging in a
three month running training programme.

METHODS

Subjects
The subjects for study were 28 men volunteers

ranging in age from 22 to 39 years, all of whom were
considered in good health based on a medical examina-
tion. Prior to the experiment none of the men had
participated in regular exercise on a systematic basis.
Eighteen volunteered to participate in the supervised
exercise programme. The remaining ten were recruited as
control subjects. These men did not participate in
strenuous activity, and were requested to maintain their
normal living patterns throughout the experiment.

Procedure
The subjects were tested twice before training (ref-

erence point 1), after six weeks training (reference point
2) and after twelve weeks training (reference point 3).
The measurements of catecholamine levels after rest and
exercise, and heart rate during exercise at each reference
point were repeated with one day intervening between
tests and the mean data from the test/retest sessions
were used in the statistical analysis. Body weight and an
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estimate of lean body mass utilising three skinfold sites
according to the method of Pascale et al., (1955) were
recorded on the first test day at each reference point.
Blood pressure was recorded before training began with
the subject supine following thirty minutes rest. The
pressures were normal systolic 120 ± 10 mm Hg. and
diastolic 80 ± 10 mm Hg. Urine examination for protein,
glucose, ketones, bilirubin and blood also proved
normal. No subject received drugs which might inter-
efere with the determination of the catecholamines.
Throughout testing, the room temperature was main-
tained by air conditioninig at 250 ± 20C.

Resting catecholamine excretion was obtained having
the subjects empty their bladders fifteen minutes after
arrival at the laboratory. After bed rest for sixty minutes
a urine sample was collected. Immediately after voiding
the Resting sample, each subject cycled for 15 minutes
on a Monark ergometer at a work load of 125 watts.
Following the exercise the subjects reclined on a bed for
thirty minutes rest, after which the post exercise sample
was collected to obtain the catecholamines released
during muscular work. The total volume of each sample
was determined and the results recorded in nanograms of
catecholamine excretion. All urine samples were
adjusted using concentrated HCI to a pH below 2.0 and
stored below 40C until analysis for catecholamines was
carried out. Diurnal variation was decreased by testing
each subject at approximately the same time each day
between 6.00 a.m. and 5.30 p.m. and within two hours
for test and retest at each reference point. Heart rates
were obtained by auscultation at the fourteenth and
fifteenth minutes of exercise.

The training regimen consisted of running for thirty-
minutes per day, four days each week for twelve weeks.
The amount of work was estimated in terms of the
distance covered in yards at a rate sufficient to maintain
the heart rate at approximately 75% of the subject's age
predicted maximum heart rate (Karvonen, et at, 1957).
Each subject recorded his own carotid pulse rate. The
total distance walked and run in the thirty-minutes was
recorded.

The urinary catecholamines were measured by the
fluorometric analysis using a modified version (Bio-Rad
catecholamine procedure 1972) of the trihydroxyindole
method (Crout, 1961).

Statistical Methods
The test one and test two samples for the pre (RI),

and mid (R2), and post (R3) testing periods were used
to calculate the reliability of the adrenaline and nor-
adrenaline measurements for all twenty-eight subjects.
Because of the suspected inter-relationships between the
dependent variables, adrenaline and noradrenaline, the
data were analysed by both univariate and multivariate
statistics.
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Two analyses were computed, one for the effects of
the first six weeks training and the other for the effects
of the second six weeks training. A discriminant func-
tion analysis was computed to ascertain the proportional
distribution of the variance among the dependent
variables, exercise noradrenaline, resting noradrenaline,
exercise adrenaline, resting adrenaline.

RESULTS

The reproducibility of the adrenaline, noradrenaline
and heart measurements, between test one and test two
for pre-R1, and mid-R2, and post-R3, for all twenty-
eight subjects was high for noradrenaline (r = 0.97-0.98)
and low for adrenaline (r = 0.01-0.48). The reliability for
heartrate ranged from .90 to .93 for the three test/retest
determinations. The t ratios between all test/retest mean
scores were not significant (P > .05) and therefore, no
day effect in any measurement was found.

The training in this experiment brought about an
improved circulatory regulation characterised by a
significant decrease in heart rate during submaximal
exercise (157 to 141 bt/min over first six weeks (P <
.01) and 141 to 136 bt/min over second six weeks).
There was a significant increase in distance run from
week one to week twelve, 28.8 miles. There was no
significant change in body weight or fat free weight over
the twelve weeks in either group.

The means at each reference point and mean dif-
ferences within treatment group are summarized in
Table 1. These are within the range of 20-70 pg/day
quoted in literature, (Pekkarinen and Pitkanen, 1955;
Pitkanen, 1957; Klein, 1968; Crout, 1968). Univariate
analysis show the change in catecholamine excretion was
significantly different (P < .05) between training and
control groups for noradrenaline in both resting and
exercise conditions and for adrenaline in only the exer-
cise condition. In each case the catecholamine excretion
level decreased in the exercised group. No significant
change was found in the resting adrenaline for training
versus control groups. No significant interaction of exer-
cise and training period was found for any of the
changes in catecholamines indicating the changes in cate-
cholamines for the treatment group versus the control
group for the first six weeks of training was not
significantly different from the second six weeks.

Four of the twelve correlation coefficients between
the dependent variables were statistically significant with
RNA and EXNA, and RA and EXA correlating
significantly the first six weeks (r = 0.74 and 0.58), and
EXNA and EXA correlating significantly (r = 0.73) the
second six weeks. Therefore, changes between treatment
and control groups were analysed using multivariate
analysis to account for this association.
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TABLE I
The Means and Mean Differences of Urine Catecholamines excretion within Treatment and Control Groups over Twelve
Weeks Training N = 28

Urine Catecholamine ng/min 1,2

R2 -R
Mean
Diff

R3-R2
Mean
Diff

Treatment Group

RNA
ENA
RA
EXA

Control Group
RNA
ENA
RA
EXA

1 Values are X i SE. N = 18 (treatment) and 10 (control).
2 Meansbased onmean test/retestdeterminationatR1, R2 and R3.

RNA (resting noradrenaline)
ENA (exercise noradrenaline)
RA (resting adrenaline)
EXA (exercise adrenaline)

The effects of the first and second six weeks training
on the changes between treatment and control over all
four dependent variables resulted in multiple F ratios of
(P = < 0.64) and P = < 0.05) respectively, this suggests
that the training did initiate some change in the resting
and exercise excretions of adrenaline and noradrenaline
for treatment versus control groups.

A discriminant function analysis was computed to
ascertain the proportional distribution of the variance
between the catecholami nes (Table II).

TABLE II

Discriminant Function Analysis

Training Period Standardized Coefficients1' 2

RNA ENA RA

First six weeks
Second six weeks

-0.62 0.07
0.59 0.69

0.10 -0.81
-0.19 -0.06

1. Standardized discriminant coefficients for resting and exercise
A and NA.

2. Discriminant function analysis applied to change in catecho-
lamine excretion over the first six weeks and second six weeks
of training.

The discriminate function standardized coefficients
indicated that during the first six weeks training, exer-

cise adrenaline and resting noradrenaline were the two
variables most discriminating between the treatment and
control groups, whilst during the second six weeks,
resting and exercise noradrenaline were the most
discriminating. In contrast with the first six weeks exer-

cise adrenaline was not affected during the second six
weeks.

DISCUSSION

In many of the studies cited the catecholamines ex-

cretion rates were obtained using twenty-four urine col-
lections, and this makes comparisons difficult. When
compared to studies using similar collection techniques
(Hollister and Moore, 1969; Cronan and Howley, 1974),
the resting catecholamine excretion rates in this investi-
gation were appreciably higher. Variation in methodo-
logy used to measure catecholamine excretion rates to-
gether with the high excretion rates of several subjects,
may account for some divergence in results. The emo-
tional reactions of the subjects resulting from personal
problems and participation in the experiment could not
be ascertained but could have caused an increase in
catecholamine excretion.

62± 5.0
115± 12.3
24 ± 2.6
34± 3.5

53 ± 5.4
104± 11.0
19 ± 3.2
27 ± 3.2

52 ± 3.3
95 ± 6.4
15± 1.2
21 ± 2.1

70 ± 10.1
113± 11.1
14± 2.2
27 ± 2.5

-10
-20
-9
-13

47 ± 2.6
81 ± 5.9
16 ± 1.9
20± 1.9

78 ± 8.5
115± 10.1
18 ± 2.8
26 ± 3.2

-.5
-.14
+.1
-.1

+17
+9
-5
+00
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The mean catecholamine excretion during exercise
(Table I) showed an increase over resting levels. This
agrees with previous studies (von Euler et al., 1952;
Karki, 1956; Nikkila, 1965; Crout, 1968). The variations
between individual adrenaline excretions was quite high,
this has been substantiated by Blanksby (1969) using
rats, and by direct catheterisation of the left adrenal vein
in conscious humans by Sapira and Bron (1971).

Resting noradrenaline seemed to be the most con-
sistent discriminating factor over the twelve weeks (dis-
criminant function coefficients = -0.60 and -0.59 for the
first and second six weeks of training, respectively).

The data suggests that programmed exercise may

bring about a decrease in the excretion of catecho-
lamines. This is in agreement with the findings of Carls-
son et al., (1968), DeSchryver et aI., (1967), Wolfson et
al., (1972) and Hartley et al., (1972), but is contrary to
the findings of Cronan and Howley (1974), who, found
no decrease in the excretion of noradrenaline and
adrenaline throughout eight weeks of training. They
found little change in V02 max associated with the
training programme and speculated that V02 max would
have to change considerably for noradrenaline excretion
to decrease. An increase in V002 max with training
would reduce the relative stress of a constant work load
exercise test resulting in lower noradrenaline excretion
at that particular work load. This would be consistent
with the findings of this study.
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