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Summary. This investigation provides an insight into the
physiological changes produced, and processes operat-
ing, during and after a typical interval exercise training
regime. The role of interval exercise in the modulation
of the plasma concentration of sex hormone binding
globulin (SHBG) and the hormones S-oestradiol, testos-
terone, prolactin and growth hormone was assessed.
Eight trained male athletes [mean maximal oxygen up-
take (¥ Oamay) 64.3 (SD 3.8) ml-kg ™' min ~!, mean age
31.5 (SD 4.5) years] undertook an intense interval exer-
cise (treadmill running) protocol to exhaustion. Subjects
completed an average of 15.6 X 1-min runs. This interval
protocol produced significant increase in the plasma
concentration of SHBG and all four hormones (all
P<0.01) in the immediate post-test period. The plasma
concentration of the hormones increased as indicated: f-
oestradiol (45%), testosterone (38%), prolactin (230%),
growth hormone (2000%). These hormones have an es-
tablished capacity to interact with components of many
physiological systems and, as such, may provide a mech-
anism for the changes induced by intense exercise in
many of these systems.

Key words: Anaerobic - Growth hormone - Oestradiol
— Testosterone - Prolactin - Sex hormone binding glo-
bulin

Introduction

The hormone response to exercise has been of interest
for many years and has been shown to depend on the
intensity, duration and nature of the exercise undertak-
en (Viru 1985; Galbo 1983). However, despite the abun-
dance of data concerning exercise-induced changes in
peripheral hormone concentrations, little effort has been
directed toward the study of exercise regimes that are di-
rectly relevant to the training of athletes. Particularly
lacking have been studies investigating training regimes
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requiring a significant anaerobic (“lactic”) energy con-
tribution. One of the most commonly used training re-
gimes involves interval exercise, that is, repeated intense
periods of exercise interspersed with only partial recove-
ry periods. Such regimes have resulted in a significant
accumulation of lactic acid in the blood and tissues (Tel-
ford 1991).

This investigation employs an intense interval exer-
cise protocol modelled on those which have been fre-
quently used by athletes involved in swimming, middle/
long distance running and football (Telford 1991). The
effects of such a protocol on peripheral hormone con-
centrations are largely unknown. Many of the previous
investigations into the effects of interval exercise on the
endocrine system have unfortunately, employed proto-
cols of little relevance to the training of athletes.

Previous research has indicated that moderate aero-
bic exercise, above a threshold intensity, is capable of
elevating plasma concentrations of most hormones (Viru
1985). Given the repetitively stressful nature of intense
interval exercise, the protocol employed in this study
was expected to lead to both quantitative and qualitative
differences in the hormonal milieu from that produced
by other forms of exercise, e.g. aerobic or a single su-
pra-maximal effort.

These hormones are derived from different endocrine
organs. Growth hormone and prolactin are anterior pi-
tuitary hormones, whose release is regulated by specific
hypothalamic derived releasing and release-inhibiting
factors. In men, testosterone is produced principally by
the testes, with minor amounts by the adrenal medulla.
Minor amounts of S-oestradiol, in men, are produced
by adreno-cortical and testicular pathways associated
with testosterone synthesis (Ganong 1983). A proportion
of both total B-oestradiol and total testosterone present
in plasma are transported by sex hormone binding glo-
bulin (SHBG) (Anderson 1974). Knowledge of the plas-
ma concentrations of these sex hormones and SHBG
provides an index of the amount of unbound hormone
readily available for target tissues.

The four hormones under investigation have a range
of physiological effects including modulation of lipo-



protein profiles (S-oestradiol), protein anabolism (tes-
tosterone and growth hormone) and breast milk secre-
tion in women (prolactin; Ganong 1983). In addition
each has an ability to modulate elements of the immune
system (Gala 1991; Grossman 1984; Jansson 1991; Kel-
ley 1989).

However, while exercise-induced modulation of
many physiological systems may be mediated by the ac-
tion of these hormones, the aim of this study was to es-
tablish the effects of an interval exercise regime on the
peripheral blood concentrations of the hormones f-oes-
tradiol, testosterone, prolactin and growth hormone.

Methods

Subjects. Eight trained men, mean age 31.5 (SD 4.5) years were
employed as exercise subjects. All were, and had been for at least
1 year, engaged in a regular training programme. All were free of
symptoms of infection and none were taking medication or drugs
of any kind. All fasted overnight and none had exercised within
the previous 24 h.

Exercise tests. Subjects were familiarized with test procedures for
both the determination of maximal oxygen uptake (VO,..,,) and
interval running tests and all participants signed a consent form
that detailed the scope of the study and its attendant risks. Testing
commenced between 0800 and 0900 hours. Procedures were ap-
proved by the Ethics Committee of the Australian Institute of
Sport.

Maximal oxygen uptake test (test 1). All subjects underwent a pro-
gressive running test employing increases in speed and gradient to
determine their VO,.... The initial treadmill speed was 11
km-h~! with an increase of 1 km-h~! each minute for the first
7 min. At this stage the treadmill gradient was increased at a rate
of 2% per minute. All subjects exercised until subjective estima-
tion of exhaustion brought about the voluntary conclusion of the
test. The respiratory analysis followed procedures described pre-
viously (Hahn et al. 1988). Criteria for attainment of VOjpma
were: a “plateau” in oxygen uptake (an increment of less than 0.15
1-min ~*, heart rate equal to predicted maximum or a respiratory
exchange ratio (R) in excess of 1.10.

Interval running test (test 2). This test was performed at least 1
week following test 1. All subjects underwent a standard warm-up
procedure involving S min running at both 7 km-h~! and 11
km-h~! and 3 min at 15 km-h~!. All warm-up procedures were
performed at 0% treadmill gradient. Subjects then performed the
interval running test (IRT), i.e. alternating 1-min periods of tread-
mill running and active (walk) recovery. Treadmill speed and gra-
dient for IRT were selected for the individual using the speed and
gradient at which VO, was achieved. Subjects were informed
of the elapsed time every 15 s and all received encouragement dur-
ing the course of each exercise period. Subjects were asked to per-
form as many exercise periods as possible and continued until they
could no longer maintain the required speed.

Blood collection. Blood samples, obtained with subjects in a su-
pine position, were collected by venepuncture of an antecubital
vein. Six samples were collected; before exercise (after the subject
had been sitting quietly for 20 min), post warm-up, post-test, 1, 6,
24 h post-test. Samples were placed immediately into ethylene
diamine tetra-acetic acid (EDTA) vacutainers (Becton Dickinson,
Mountain View, Calif., USA) prior to centrifugation and separa-
tion at 4° C. Samples were stored at —20° C before analysis.
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Full blood counts. A Coulter S550 cell counter (Coulter Electron-
ics, Hialeah, Fla., USA) was employed to obtain a full blood
count, including packed cell volume, for each sample.

Whole blood lactate. All blood samples were analysed for whole
blood L-lactate with a YSI Model 23L L-lactate analyser (Yellow
Springs Instrument Company, Ohio, USA).

Hormone assays. All hormone assays (for total f-oestradiol,
growth hormone, total testosterone, prolactin) were performed us-
ing commercially available radio-immunoassay (RIA) kits (Bioda-
ta/Serono, Australian Diagnostics, Sydney). The SHBG was also
assayed by RIA (Farmos, Australian Laboratory Services, Syd-
ney).

Statistics. Data were analysed by a repeated measures one-way
ANOVA and Fisher’s PLSD was used for posthoc comparisons.
PLSD = Protected Least Significant Difference. Significance was
indicated at the P<0.05 level.

Results

Physical and physiological characteristics of subjects

Table 1 gives details of the subjects employed in this
study. The intensity of the interval exercise protocol is
illustrated by the high post-test whole blood lactate con-
centration (7.6 mmol-17"), such an accumulation of lac-
tic acid indicating considerable involvement of anaerob-
ic energy pathways.

Variation of hormone concentrations with exercise

The resting concentrations of all four hormones in all
subjects were within the appropriate reference ranges (as
specified by the manufacturers of the RIA kits em-
ployed).

Plasma S-oestradiol concentrations were elevated sig-
nificantly postwarm-up (P<0.05), immediately after
(45% increase), and at 1 (38%), 6 (26%) and 24 (25%) h
after the exercise test (all P<0.01; Table 2). Evidence of
a haemoconcentration occurred only at the time of the
immediate post-test sample where, according to the esti-
mation outlined by Van Beaumont (1972), the plasma
volume decreased by approximately 10%. At post-test
sampling times plasma volume was estimated to undergo
either a minor reduction (—2.0% at 1 h post-test) or was
increased slightly in relation to resting values (+3.0%
and +0.5% at 6 and 24 h post-test, respectively; data
not shown). The SHBG concentrations differed signifi-
cantly (P<0.01) from rest only immediately post-test
when it increased by approximately 8%, which might
well be explained by the estimated haemoconcentration
(Table 2).

Testosterone concentration increased significantly
immediately after completion of the exercise test (38%
elevation; P<0.01), but had decreased significantly by
6 h post-test (16% decrease; P<0.05).

An elevation in prolactin occurred immediately post-
test when the plasma concentration increased 230%
(P<0.01) but at no other time did values differ from
those obtained at rest, prior to exercise.
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Table 1. Physical and physiological characteristics of the subjects

Maximal oxygen Age Mass Intervals [la~], (mmol-1~")
uptake (vears) (kg) completed post-test
(ml-kg ™' min""
mean SD mean SD mean SD mean SD mean SD
64.3 3.8 31.5 4.5 74.0 8.8 15.6 6.6 7.6 1.6
[la~1,, blood lactate concentration
Table 2. Hormone concentrations

Sampling time

Rest Post- Post- 1-h 6-h 24-h

warmup test post post post

f-oestradiol (pg-ml~")
mean 34.2 40.5% 49.8%* 47.2%* 43 2% 42 8**
SD 7.2 6.7 7.1 6.3 5.3 10.0
Testosterone (ng-ml ™)
mean 7.5 8.6 10.4** 7.2 6.3% 7.4
SD 2.5 2.8 3.9 2.6 2.3 3.1
Prolactin (ng-ml ")
mean 9.7 10.1 32.6%* 11.2 8.4 9.9
SD 2.6 2.0 15.1 2.7 2.3 34
Growth hormone (ng+ml~")
mean 1.3 6.7* 26.8%% 8.7%* 0.9 1.0
SD 0.7 6.7 6.2 9.5 0.2 0.1
Sex hormone binding globulin (nmol-1~1)
mean 30.7 32.3 33.1%=* 32.0 30.9 31.5
SD 9.2 8.2 8.8 8.2 8.2 9.3

Significantly different from rest, * P<0.05, ** P<0.01

Growth hormone concentrations were elevated signif-
icantly both immediately after exercise (approximately
20 times resting value), and at 1h later (six times;
P<0.01). At no other times were they significantly dif-
ferent from the resting values.

Discussion

This study has demonstrated that interval exercise, in-
volving considerable anaerobic energy production, is as-
sociated with significant elevation of plasma SHBG, £-
oestradiol, testosterone, prolactin and growth hormone
concentrations. The limited exercise-induced modula-
tion of SHBG concentration (apart from that due to
haemoconcentration) indicates that the interval exercise-
induced changes in total f-oestradiol and total testoste-
rone concentrations are largely due to increases in the
concentration of the specific unbound hormones.
Despite this protocol producing increases in the plas-
ma concentration of all four hormones, the kinetics of
these processes differed among hormones. The signifi-
cant increase in B-oestradiol and growth hormone fol-
lowing warm-up indicates that plasma concentrations of
these hormones are elevated at relatively low exercise in-
tensities. The absence of significant increases in the plas-

ma concentration of prolactin and testosterone would
suggest, given constant metabolic clearance rates
(MCR), that the activation threshold concentrations for
these hormones were not exceeded during the warm-up
procedure.

Data are limited on the effect of exercise on male oes-
tradiol concentrations. Nevertheless, Adlercreutz et al.
(1976) have reported a 160% elevation of oestradiol in
men following running 3x300m, while Brown et al.
(1980), in a study employing 2h of exercise at 55%
VO,maxs have reported a postexercise elevation of plas-
ma oestradiol. Thus, there appears to be both exercise
duration and intensity dependent components to exer-
cise induced elevation of plasma f-oestradiol concentra-
tions.

The sustained elevation in fS-oestradiol, apparent at
24 h postexercise with this interval training protocol,
would indicate an alteration of the dynamies of f-oes-
tradiol production and/or elimination. A postexercise
decrease observed in the MCR for f-oestradiol (Keizer
et al. 1980) implies that increased secretion may not be
the sole cause of the sustained elevation of plasma f-
oestradiol. The mechanism of this altered MCR has not
been fully established but a decrease in hepatic blood
flow (Galbo 1983) would appear to be only one of a
number of components capable of contributing to this



phenomenon (Keizer et al. 1980). The sustained eleva-
tion of oestradiol may have beneficial effects in relation
to the incidence of coronary heart disease, being asso-
ciated with favourable changes in high density lipopro-
teins (Godsland et al. 1987).

The increase in plasma testosterone concentration ob-
served immediately post-test does not agree with the
findings of Kuoppasalmi et al. (1980), who have re-
ported no increase in plasma testosterone following re-
peated 20-40 m runs at maximal speed. However, the
38% increase in testosterone concentration observed
with this protocol immediately post-test does agree with
those seen by Kindermann et al. (1982), who have re-
ported an increase of 14% in plasma testosterone con-
centration following a maximal anaerobic running test
to exhaustion. Despite the differences in subject charac-
teristics and exercise conditions relating to these studies,
this discrepancy would support a role for exercise dura-
tion in modulating plasma testosterone concentrations.
These findings would also appear to indicate an interac-
tion of exercise intensity and duration in elevation of
plasma testosterone concentrations, and may be related
to the anaerobic energy contribution. The protocol em-
ployed by Kuoppasalmi et al. (1980) would appear to
have been predominantly “alactic” whilst that of Kin-
dermann et al. (1982) and the current authors was large-
Iy “lactic” in nature.

Our findings conflict with those of both Wilkerson et
al. (1980) and Galbo et al. (1977). Wilkerson et al.
(1980) have reported no change in plasma testosterone
concentrations (above that due to haemoconcentration)
following 20 min running at various exercise intensities
below that corresponding to ¥ O, max. Galbo et al. (1977)
have proposed that increases in plasma testosterone con-
centrations following maximal exercise can be explained
by changes in plasma volume. Our findings do not sup-
port this hypothesis and would indicate that both the in-
tensity, and nature of the exercise undertaken (i.e. inter-
mittent or continuous) are important factors affecting
plasma testosterone concentrations.

The preceding point clearly illustrates the need to
examine very carefully the effects of interval exercise
protocols on physiological parameters and not to as-
sume that such exercise will induce similar changes to
those produced by other protocols, as evidenced by the
work of Karagiorgos et al. (1979). The relatively high
postexercise whole blood lactate concentration (7.6
mmol-1~"), probably sustained throughout much of the
exercise protocol due to the repeated high intensity ef-
forts (Telford 1991), is indicative of the anaerobic ener-
gy contribution required during this form of exercise.
Moreover Karagiorgos et al. (1979), in a comparison of
intermittent and continuous physical activity, have
noted that the former resulted in significantly higher
postexercise blood lactate concentrations. These find-
ings have served to illustrate the unique physiological
demands associated with intense interval exercise.

The post-exercise elevation in plasma testosterone
concentrations would appear to have been mediated by
a reduction in MCR. Sutton et al. (1976a) have shown
that exercise-induced increases of up to 50% (above
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resting levels) in testosterone could be explained by a re-
duction in MCR. A role for luteinizing hormone (LH) in
this increase would appear to be unlikely given the re-
peated finding of either no change or a reduction in
plasma LH concentrations following a range of exercise
protocols (Jurkowski et al. 1978; Sutton et al. 1973;
Galbo 1983). In particular, Elias et al. (1991) have
found a significant postexercise decrease in plasma LH
concentration which reached its nadir 90 min post-test.
Kuoppasalmi et al. (1980) have also reported a delayed
decrease (30 mins post-test) in plasma LH concentra-
tions following aerobic exercise. Such changes may play
a role in the decreased testosterone concentration re-
ported in this study at 6 h post-test.

The limited time-course of the postexercise elevation
of testosterone concentration would suggest that the
anabolic activities of testosterone appear to be of lim-
ited importance in relation to this interval exercise pro-
tocol. Greater importance could be attached to the sig-
nificant decrease in testosterone concentration at 6h
postexercise should this change be sustained for an ex-
tended period.

The 20-fold increase observed in plasma growth hor-
mone concentration (to approximately 30 ng-ml~?) cor-
responds closely to values reported by Kindermann et al.
(1982) following aerobic exercise. Farrell et al. (1983)
have reported increases in peripheral growth hormone
concentrations following exercise at 65% (6-fold in-
crease), 80% (20-fold) and 100% (11-fold) VO, pax.
Bunt et al. (1986) have reported an increase to only 16
ng-ml~! following 60 min running at 60% VO,p.x.
Viru (1985), in an extensive review of exercise induced
modulation of peripheral hormone concentrations, has
concluded that growth hormone concentration displays
an activation threshold in excess of the 50% VO, ., lev-
el. The growth hormone concentrations observed in this
study, immediately postexercise, while being in excess of
those produced by moderate aerobic exercise, at ap-
proximately 60% VO,,... (Bunt et al. 1986), are in
agreement with those obtained by relatively intense exer-
cise, at 80%-100% VO, ., (Farrell et al. 1983). These
findings support an exercise intensity dependent modu-
lation of plasma growth hormone concentration, al-
though the work of Kindermann et al. (1982) may indi-
cate a duration effect as well.

The similar changes in plasma growth hormone con-
centrations produced by aerobic (Farrell et al. 1983;
Kindermann et al. 1982) and interval exercise (this
study) would imply that postexercise plasma growth
hormone concentrations may be influenced by either the
intensity or duration of exercise rather than by the na-
ture of the exercise undertaken.

As indicated in Table 2, plasma growth hormone
concentrations exhibited a sustained (1 h) post-exercise
elevation. Given that the half-life of growth hormone
has been reported as being approximately 16 min (Las-
sare et al. 1974) and between 17 and 45 min (Shephard
and Sidney 1975), the significantly elevated concentra-
tion at the 1-h post-test is consistent with normal plasma
clearance rates. However, other factors such as low
blood glucose concentration (Ganong 1983), which was
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not measured in our study, or elevated lactic acid con-
centration/reduced pH may be involved. However Sut-
ton et al. (1976b) have reported an independence of
plasma lactate and growth hormone concentrations.
This may indicate that exercise-induced increases in
growth hormone and prolactin concentrations, relate to
alteration of either hypothalamic regulation or plasma
clearance. Measurement of specific releasing or inhibito-
ry factors during and after the exercise period may bet-
ter define the mechanism of these exercise-induced
changes.

The physiololgical role of prolactin in men is unclear.
However, the effect of this protocol on the kinetics of
plasma prolactin concentration would appear to differ
from those displayed by growth hormone. Despite the
sequence homology shared by growth hormone and pro-
lactin (Ganong 1983) and similar immune system activi-
ties (Gala 1991), exercise-induced elevation of prolactin
concentration would appear to have a threshold higher
than that of the growth hormone, given that the former
was not elevated by the warm-up procedure. The in-
crease in growth hormone concentration is more sus-
tained, still being significantly elevated at 1 h post-test.

Prolactin has frequently been reported to increase
following acute exercise, a change apparently related to
the intensity of exercise (Sowers et al. 1977; Brisson et
al. 1981; Galbo 1983). Intense interval exercise clearly
provides a potent stimulus for increase in peripheral
prolactin concentration, this protocol producing an in-
crease of 230%. Prolactin secretion from the anterior
pituitary has been found to be inhibited by dopamine
(DA) (Ben-Jonathan 1985). An exercise-induced de-
crease in peripheral plasma DA concentration reported
by Gray et al. (unpublished observations) may reflect a
role for DA in elevation of prolactin concentrations in
the post-exercise period.

Brisson et al. (1986) have implicated thermal stress as
an agent mediating exercise-induced elevations in plas-
ma prolactin concentrations. The relative contributions
of thermal, psychological and physical stresses provided
by this form of exercise, to the elevation of plasma pro-
lactin concentrations, remain to be determined. The
physiological effects, and in particular those relating to
the immune system, of the hormonal changes induced
by this commonly used form of extended interval exer-
cise await further investigation.

In conclusion, this study has demonstrated that inter-
val training, involving considerable anaerobic energy
production, is a stimulus to the elevation of peripheral
concentrations of f-oestradiol, testosterone, prolactin
and growth hormone.
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