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Abstract

The concentration of beta-endorphin (B-FP) was measured in 12 male
recreational runners before and after marathon running. All subjects
could finish 42 km distance and their mean time for finishing was 3 hr
and 50 min (8 hr 6 min—4 hr 22 min). Plasma B-EP significantly
(P<0.0001) increased to about 9.8-fold above base line, from 9.1 0.8
(SE) to 88.9%17.0 pg/ml. In addition, B-EP remained above baseline at
30 min and 60 min after the marathon race (43.9 = 12.7 pg/ml;
P<0.0001 and 33.6*6.6 pg/ml; P<0.001, respectively) and dropped to
baseline 24 hr following the race. Lactate concentration also signifi-
cantly (P<0.0001) increased during the marathon race (from 11.8%0.12
to 2.3370.18 mmol/L). This value was far below anaerobic threshold
levels, 4 mmol/L, and was equivalent to approximately 60-65% VO.max
of our subjects. Previous studies have reported that the peripheral B-EP
responses may be intensity dependent and that an exercise intensity of
at least 70% VO.max for 15 min is needed to increase plasma B-EP.
Since our subjects performed extremely over-duration exercise and were
exhausted after the race, therefore, the undue physical stress might af-
fect the increase in B-EP. In conclusion, plasma B-EP responses may be
both intensity and duration dependent.
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INTRODUCTION

Programs of regular exercise have long been recommended
for stress reduction. Although details remain unclear, the dis-
covery of endogeneous opiates” and their release during
stress” has provided the basis for an attractive hypothesis. This
hypothesis suggests that opiates released during physical activ-
ity mediate the relaxing effects of exercise. After the discovery
of endogeneous opioids, which demonstrated that beta-
endorphin (B-EP) particularly revealed potent morphine-like ac-
tivity, in several subsequent studies the dependence of exercise-
induced B-EP-increases upon exercise intensity was investi-
gated. Exercise-induced increases in circulating levels of B-EP
are mostly a reflection of secretion by the anterior pituitary
and are indicative of stress. It has widely documented that high
intensity cycling and treadmill running elicits elevated B-EP,

(4,5,6); whereas lower in-

corticotropin and cortisol concentrations
tensities do not'". Previous investigators®” using 1 hr of run-
ning and incremental graded bicycle-exercise, have stated that
the exercise of which intensity is below the anaerobic threshold
did not affect peripheral B-EP concentrations, but exercise
above the anaerobic threshold significantly elevated the endo-
geneous opioid. However, there is an evidence that lactate alone
does not produce increases in B-EP concentrations during
submaximal exercise"”. It is still debatable whether the exer-
cise-induced increase in B-EP is related to the intensity of the
exercise.

It seems to the authors that exercise effects on volume of dis-
tribution have been overlooked. Many runners have experienced
good feeling, natural high or good mood after the completion of
marathon race although at the same time they experienced
muscle soreness. The purpose of this study was to describe the

response to marathon running of circulating beta-endorphin.
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METHODS

Subjects. Twelve healthy recreational male runners partici-
pated in this study. Anthropometric data, physiological and
performance characteristics of the subjects are presented in
Table 1. After a brief information session, all runners gave
their written informed consent. Fluids were available to sub-
jects during marathon race, and they drank ad libitum. The dis-
tance of the race is 42.195 km.

Laboratory tests. The following two tests were conducted at
the laboratory three weeks prior to a marathon race. A maxi-
mal exercise test was carried out on a motor driven treadmill
(Quinton, Seattle, WA) employing the Bruce protocol. During
the test subjects wore a mask connected to an automated gas
analyzer (MetaMax 3B, Cortex, Leipzig, Germany).

Three submaximal treadmill tests were completed within one
week of the VO:max test. The tests were separated with at least
one day between tests. After a b-min warm-up the workload to
the treadmill was adjusted to 40, 60 or 80% of VO;max based on
the VO;max data.

The body fat (%) was measured using a body impedance tech-
nique (Weight Manager System, Clinton, MI).

Samples and analyses. At the laboratory blood was obtained
at 5 min of recovery after each three submaximal and maximal
tests by venipuncture. Then the blood samples were analyzed
for lactate determination using a 1500 Sport Lactate (Yellow
Springs Instrument Co., Yellow Springs, OH).

Early morning 4 hr prior to marathon race blood samples
were collected at a medical clinic with subjects at rest and in at
least 8-hr postabsorptive state (pre-race values). The second
blood samples were obtained within 5 min after finishing the
race (post race); and three more samples were collected 30, 60
min and 1440 min (24 hr) following the race. The blood samples
were used for determination of plasma B-EP and lactate
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concentrations. Plasma levels of B-EP were measured using
commercially available reagents. The B-EP assay (Incstar) first
concentrated the B-EP in one ml of plasma using anti B-EP cou-
pled to sepharose. B-EP was then eluted from the affinity gel
column and the eluate was used for duplicate analysis in a sec-
ond antibody RIA procedure. Lactate was determined with
aforementioned lactate analyzer. Hematocrit (Hct) was deter-
mined by microcentrifugation to estimate hemoconcentration/
dilution following the race.

Statistical analyses. Data were evaluated by descriptive sta-
tistics with calculation of the mean values and SEM. Further
statistical analyses were performed by a variance analysis for
repeated measurements and the Student's t-test for paired data.
All post-race values were compared with baseline values. For all
statistical analyses, the level of significance was set at P <0.05.

RESULTS

The running time for the marathon race was 3 hr and 50 min
(range: 3 hr 06 min—4 hr 49 min) and corresponding to an aver-
age speed of 183 m min'.

The Het immediately after the race increased significantly by
1.0% following the race. The 1% increase indicates that the race
reduced plasma volume of 3.6%. This indicates that post-race
plasma concentrations are overestimated by this amount.

Figure 1 depicts that a steep increase in B-EP was measured
within 5 min after the race (P <0.0001), increasing to about 9.8-

Table 1. Anthoropometric data and VO;max in 12 subjects.

Age Height Body mass  BMI Body fat VO.max
(yr) (em) (kg) (%) (ml/kh/min)

42.9(2.8) 168.8(1.4) 60.5(1.5) 21.2(0.4) 17.8(0.7) 54.7(1.6)

Values are mean (SE)
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fold above base line (from pre-race: 9.1%0.8 to post race: 88.9=*
17.0 pg/ml). It remained above baseline at 30 min and 60 min
after the run (43.91+12.7 pg/ml; P<0.0001 and 33.6=6.6 pg/ml;
P <0.001, respectively) and dropped to baseline (8.9=0.8 pg/ml).

Lactate concentration (Fig. 2) also significantly (P <0.0001)
increased during the marathon (from 1.1820.12 to 2.33%=0.18
mmol * 1), and remained significantly in higher levels (1.83 =
0.14 mmol « ') at the time point of 30 min following the race
(P<0.0001). In addition, changes in lactate concentration during
submaximal and maximal exercises were presented in Fig. 3. As
illustrated in the figure, lactate begins to accumulate markedly
in the blood when the exercise intensity exceeds 80% VO.max.
The lactate concentration values of 2.33 mmol/L after mara-
thon running in this study is equivalent to approximately 65%
VO.max.
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Figure 1. Beta-endorphin responses to marathon running in male
runners.
Values are mean+SEM.
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DISCUSSION

The present study was conducted to determine the effects of
42-km marathon race on plasma B-EP and peripheral lactate
concentrations. The primary aim of the present study was to
evaluate the magnitude of changes of B-EN concentrations.

A steep increase in B-EP was measured at post race
(P<0.0001), increasing to about 9.8-fold above baseline. This
magnitude is greater than the findings of previous studies"""
in which 6.9- and 4.6-folds, respectively were reported in male
runners. This disparity might be due to different fitness levels
and training levels. In contrast to our recreational runners
whose mean finishing time was 3 hr and 50 min, runners in
these previous studies were sub-three runners and runners
whose finishing times were close to sub-3 hr. Schwarz and
Kindermann" summarized in their review article that B-EP
levels do not increase until exercise duration exceeds approxi-
mately 1 hour, with the increase being exponential thereafter.

Lactate concentration immediately after the race showed 2.33
mmol/L that is below anaerobic threshold levels of 4 mmol/L.
This value of lactate concentration is equivalent to approxi-
mately 66% VO.max (Fig 3). Early study by Colt et al."’ sug-
gested that the peripheral B-EP response might be intensity
dependent. Goldfarb et al.” reported that the intensity of 60%
VO;max during a 30-min bicycle exercise did not elevate B-EP,
but the intensities of 70 and 80% VO.max did increase B-EP con-
tent (b-fold the resting level at 80% VO,max). The researchers
concluded that an exercise intensity of at least 70% VO.max for
15 min is needed to increase plasma B-EP. Considering the rela-
tionship of the anaerobic threshold to plasma B-EP, McMurray
et al."” also found that 20 min of exercise on a bicycle ergometer
at 40-60% VO.max which resulted in lactate levels less than the
4 mmol/L, did not affect B-EP concentrations but exercise
above the anaerobic threshold (80% VO.max) significantly
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elevated the endogenous opioid. In summary of these studies,
the authors concluded that the stimulation of 5-endorphin dur-
ing exercise was related to metabolic acidosis and that base ex-
cess was the best indicator of S -endorphin release. These
findings conflict with reports that markedly improved mood
status were predominantly found in long-lasting endurance ex-
ercise.

However, it 1s debatable whether the exercise induced increase
in B-EP is related to the intensity of exercise. Some studies""'”
refuted such a correlation. In addition, endurance exercise of
longer duration than 30 min and of sufficient intensity has been
reported to produce increase in S -endorphin but not necessarily
high lactate levels; or that lactate levels were not related to S-

endorphin levels"""

. In the present study even though running
intensity was at 656% VO,max or below, marathon running re-
sulted in a significant increase in plasma B-EP without high
levels of lactate concentrations. Furthermore, the levels of B-EP
concentrations were remained above resting levels for at least 1
hr after the race. The postulated half-life of B-EP of 20 min
must have been extended by slowed degradation processes, a
possible reason for runner's high or for the continuing feeling
of well being after a long period of endurance exercise. Such re-
sults might be affected by extremely over-duration of exercise
(mean finishing time was 3 hr. and 50 min). The most of our
runners were exhausted after the race; therefore, the undue
physical stress might affect the increase in B-EP. Therefore, it
1s conceivable that the rate of perceived exertion is related to the
release of B-EP. This may be supported by Schwarz and
Kindermann“”. They stated that aggravating external condi-
tions (increased ambient temperature, change in humidity) led
to a significantly higher increase of B-EP. We must point out
that in all previous studies, the duration of exercise was limited
to 60 min, so that an increase of S-endorphin levels in exhaus-

tive endurance exercise could not be excluded. Apart from the
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influence of the intensity of exercise, it may be considered that
duration of exercise also influenced the changes of B-EP.
Schwarz and Kindermann" reported that endurance exercise
did not lead to an increase in B-EP until approximately 60 min
of exercise had been exceeded and concluded that the behaviour
of B-endorphin apparently depended both on intensity, defined
as an 1ncrease 1n anaerobic metabolism, and on the duration of
exercise. Furthermore, exercise duration, independent of inten-
sity 1s known to influence the response of several hormones in
the hypothalamic-pituitary-adrenal axis"”. Using low-volume
but high-intensity resistive exercise, Kraemer et al.”” found
that lactate concentrations rose significantly to peak at 8.54
mmol/L without altering B-EP concentrations.

In summary, a 42 km marathon running in male recreational
runners resulted in an increase in 5 -endorphin, which 1s known
to have effects on the changes of mood state. The results of this
investigation suggest that apart from the influence of the inten-
sity of exercise, it may be considered that a stimulation by ex-

tremely long duration of exercise also influences the changes of
B-EP.
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