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Influence of 6-week, 6 days per week, training on
pituitary function in recreational athletes
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Freiberg, Germany

The influence on pituitary function of 6 weeks of training
on 6 days a week was examined in six recreational athletes.
Endurance training on a bicycle ergometer for 31-33 min
was performed on 4 days each week at 90-96% (weeks
1-3) and 89-92% (weeks 4-6) of the 4 mmol lactate
thresholds determined on day 0 and day 21, respectively,
with interval training of 3-5 x 3-5 min in addition on 2
days a week at 117-127% and 115-110%, respectively.
Determination of the serum hormone levels and a
combined pituitary function test (200 [ig thyrotropin
releasing hormone (TRH), 100 [tg gonadotrophin-releasing
hormone (GnRH), 100 [tg corticotrophin releasing hor-
mone (CRH), 50 [tg growth hormone releasing hormone
(GHRH)) were made before training, after 6 weeks of
training and after another 3 weeks of recovery. Training
increased performance at 2 mmol lactate by 25%, at 4 mmol
by 12%, and maximum performance by approximately
12%. The releasing hormone-stimulable prolactin, thyroid
stimulating hormone (TSH) and somatotrophic hormone
(STH) synthesis-secretion capacity remained unchanged,
the adrenocorticotrophic hormone (ACTH) was increased
after training. Cortisol release was reduced, follicle-
stimulating hormone (FSH)-synthesis-secretion capacity
was increased after training, and the luteinizing hormone
(LH)-synthesis-secretion capacity reduced. This had no
influence on base or exercise-induced serum hormone
levels (cortisol, aldosterone, insulin, prolactin, FSH, LH,
TSH, ACTH, ADH and STH), which showed no depend-
ence on training, except for free testosterone which
showed a decreasing trend (P < 0.10) of 19-25% and
post-exercise ACTH which showed an increasing trend of
33% (P < 0.10). Conditioning (cortisol sensitivity and
ACTH response) or adaptation (FSH and LH responses) to
changed testosterone serum levels and altered sperma-
togenesis is discussed.
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Neuroendocrinel and neurovegetative impairments2
are assumed to occur in the overtraining syndrome of
endurance athletes2' . In exhausted endurance
athletes, Barron et al. 1 found a lower release of
ACTH, cortisol, STH and prolactin following insulin-
induced hypoglycaemia. This is based, however, on a
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hypothalamic and not a pituitary dysfunction, since
luteinizing hormone releasing factor (LHRF) and
TRH-induced LH, TSH and prolactin responses
corresponded to that in well trained athletes. But
Keizer et al.4 also describe signs of pituitary impair-
ment with reduced CRH-dependent P-endorphin
release after exhaustive training. Hackney et al.5
found a higher metoclopramide-induced prolactin
release and reduced LHRF-dependent LH release in
non-overtrained marathon runners than in untrained
controls; the base LH levels of the marathon runners
tended to be higher, and the base levels of free
testosterone lower than in untrained controls. Wheel-
er et al. observed unchanged single-sample LH and
FSH levels and LH pulsatile release with significantly
lower levels of prolactin, cortisol and total testoster-
one after 6 months of race training6. The reduced
testosterone levels are therefore not attributable to
reduced gonadotrophin secretion or excessive cortisol
levels.
The object of this investigation was the prospec-

tive, experimental study of pituitary adaptation to
physical training in previously untrained or less-
trained individuals. For this, a global pituitary
function test was performed before starting training,
after 6 weeks of training on 6 days each week, and
after another training-free period of 3 weeks. The
influence of experimental overtraining on pituitary
function is to be examined in subsequent studies.

Subjects and methods
Subjects
Seven medical or dental students who participate in
sports 1-2h per week were enrolled in this study.
Anthropometric data and maximum oxygen uptake
capacity are presented in Table 1. The subjects were

Table 1. Anthropometric data and oxygen uptake capacity
(iVo2 max)

Age Height Weight VO2max (ml kg-7 min1)
n (years) (cm) (kg) Day 0 Day 43

6 26(1) 185(9) 79(7) 52.0(5.2) 54.9* (5.8)*

Values are mean(s.d.). *P < 0.05
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informed of the study procedure, objectives and
possible complications; they granted written in-
formed consent. Approval by Ethics Commission
vote was obtained.

Procedure
Training was performed for 6 weeks, on 6 days of the
week (days 0-42), followed by a training-free period
of 3 weeks (days 43-63). Clinical and blood chemical
examinations and performance diagnostic tests (in-
cremental bicycle test) were performed on days 0, 21,
42 and 63. The subjects reported to the outpatient
clinic on these days after a light breakfast, always at
the same time in the early morning.

Training (Table 2) was performed in the laboratory
seated on a bicycle ergometer. A training session of at
least 30 min was performed 4 days a week on average
with 90%, 95% and 96% (weeks 1-3) or 89%, 89%
and 92% (weeks 4-6) of the 4 mmol lactate perform-
ance at baseline examination (day 0) or interim
examination (day 21). Interval training of 3-5 x
3-5 min was performed 2 days each week on average
with 117%, 124% and 127%, or 115%, 116% and
110% (Table 2). Detailed information on the duration
of training is given in Table 2. Initial exercise phases of
10 min at approximately 50%, interim exercise of
5min at approximately 30% (only in the interval
training) and final exercise phases of 10 min at
approximately 30% of maximum performance are not
reflected in the times cited. Well-being, body weight,
heart rate on waking and training were entered in a
diary daily by the subjects and the general well-being
rated according to an index. Index 1 indicates no
complaints, 2 indicates mild, 3 considerable com-
plaints, such as fatigue and muscular stiffness
causing reduction in training, and index 4 severe
complaints causing termination of training.

Diet
The usual diet was maintained and entered in a
protocol every 2-3 days. Medications, food concen-
trates, mineral drinks, vitamin tablets, etc. were not
permitted. None of the subjects smoked, and usual
alcohol consumption was permitted. The dietary
protocols were evaluated using a computer7 8.

Performance diagnostics
The seated bicycle ergometer test was performed on
days 0, 21, 42 and 63 on a revolution-independent,
electromagnetically braked ergometer with an initial
performance of 100 watts. The performance level was
increased after every 3 min of exercise by 50 watts
until subjective exhaustion was reached. Capillary
blood samples were taken for lactate determination
according to Hohorst9 and an electrocardiogram was
recorded before exercise, in the last 30 s of each
exercise level and immediately after the termination
of exercise. The performance at 2 and 4mmoll-1
lactate was used as the parameter for extensive and
intensive submaximum performance, respectively,
based on the lactate-performance ratio by interpola-
tion; the maximum power and total work in the
incremental test were used as parameters of maxi-
mum performance.

Serum hormone levels
Venous blood was drawn after a 30-min resting
period in the supine position and after exhaustive
exercise on days 0, 42 and 63 to determine the
following hormones: cortisol (RIA Cortisol Bridge,
Serono, Freiburg, Germany), aldosterone (RIA
Aldosterone AIA, Serono), free testosterone (RIA,
Biermann, Bad Nauheim, Germany), insulin and
C-peptide (RIA Gnost Insulin and hC-Peptide,
Behringwerke, Marburg, Germany), growth hor-
mone (hGH 100, Pharmacia Diagnostics, Uppsala,
Sweden), prolactin (Prolactin AIA Clone, Serono),
follicle stimulating and luteotrophic hormone (FSH/
LH AIA Clone RIA, Serono), thyroid stimulating
hormone (hTSH RIA Gnost, Behringwerke). All the
samples from one subject were processed in one
assay to avoid interassay variability.

Pituitary function test

A combined pituitary function test was performed on
days 1, 43 and 63. The test consists of concurrent
administration of 200 [tg thyrotrophin-releasing hor-
mone (TRH), 100 [tg gonadotrophin-releasing hor-
mone (GnRH), 50 [ig growth hormone-releasing
hormone (GHRH) and 100 jig corticotrophin-releas-
ing hormone (CRH) (Bissendorf Peptide, Hannover,

Table 2. Training data

Week
1 2 3 4 5 6

Endurance training*
Workload (watt) 219(31) 231(32) 232(36) 233(33) 233(62) 241(40)
(% of 4 LT) 90t 95t 96t 89* 89* 92*
Work time (min) 33(4) 31(3) 31(3) 31(3) 31(3) 32(4)

Interval training§
Workload (watt) 284(55) 300(61) 307(59) 302(53) 304(52) 289(58)
(% of 4 LT) 117t 124t 127t 115t 116* 110*
Work time (min) 3.42(0.85) 3.71(0.91) 3.71(0.91) 4.43(0.94) 4.42(0.90) 4.42(0.90)
Intervals 3 3.14 3.14 3 3.17 3

Values are mean(s.d.). 4 LT, 4 mmol lactate threshold *On 4 days per week; tBased on day 0 examination; *Based on day 21 examination;
§On 2 days per week
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Germany); it was administered intravenously via an
indwelling cannula after a resting period of 1 h supine
and an additional 15min pre-phase. Venous blood
was drawn to determine ACTH, cortisol, prolactin,
TSH, HGH, FSH, LH and free testosterone at the
following times: -15 min, 0, 30, 45, 60 and 90 min.

Assessment and statistics

Means and standard deviations were calculated for
the individual measured parameters, medians and
central 50% confidence ranges were calculated for
STH as the measurements did not approximate to the
normal distribution. Significance testing was carried
out using the Wilcoxon signed ranks test for related
pairs. An error probability of P < 0.05 was considered
significant.

Results
The results are summarized in Tables 1-6 and
presented graphically in Figures 1-3. After about 3

Table 3. Heart rate and body weight

Day
0 42 63

Body weight (kg) 79(7) 80(8) 80(10)
Heart rate (beats min-')

Resting 58(7) 52(8) 55(10)
Before exercise* 72(9) 75(11) 83(7)
Submaximum exerciset 145(19) 141(10) 152(27)
Maximum exercise* 190(12) 187(7) 186(12)

Values are mean(s.d.). *Sitting; tWorkload 200 watts; *See Table 5

weeks of training one subject became ill with a
febrile catarrhal infection; frequent ventricular ex-
trasystoles occurred and the subject dropped out of
the study for this reason.
Body weight (Table 3) and heart rate on waking,

before exercise, at the same submaximum exercise
level and during maximum exercise remained con-
stant (Table 3). The dietary data are shown in Table 4
and training data in Table 2.

Training improved performance significantly after
3 weeks at 2 and 4 mmol I1 lactate. Performance at
2 mmol lactate had decreased again after 6 weeks of
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Table 4. Nutrition data

Total calorific intake per day (kcal) 2815(647)
Carbohydrates (%) 45(6)
Lipids (%) 35(6)
Proteins (%) 14(2)
Alcohol (%) 6(4)

Values are mean(s.d.)
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Figure 1. Combined pituitary function test: ACTH and
cortisol responses to CRH in six subjects before (-), after
6 weeks of training (0), and additional 3 weeks of recovery
(0). The ACTH response to CRH is significantly increased
after 6 weeks of training, and after the additional 3 weeks
of recovery, the cortisol response to ACTH is decreased
after the recovery period. Values are mean(s.d.)

Table 5. Performance data

Training Recovery
Day 0 21 42 63

Pi P1 P1

Workload (watt) at2 mmol lactate 175(51) 239(60) ** 219(46) - 214(56)
P2 **

Workload (watt) at4 mmol lactate 242(47) 262(48) - 271(48) * 265(58)
P2 ***

Maximum workload (watt) 333(73) - 342(80) ** 375(69) *** 338(63)
P2

Total work (kj) 225(69) - 231(51) * 250(77) *** 208(72)
P2 ** *

P1 Statistical examination between days 0 and 21, 21 and 42,42 and 63, P2 Statistical examination between day 42 and baseline, and 63 and
baseline.
*P< 0.05; **P< 0.01; ***P< 0.001.
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training, but was further improved at 4 mmol. The
maximum performance increased by about 40 watts
(Table 5).
Performance at 2 mmol and 4 mmol lactate was

slightly decreased after the subsequent 3 training-free
weeks; the decrease in maximum performance was
more pronounced (Table 5), probably due to lower
motivation to reach peak exercise.
The mean(s.d.) complaint index in the first week

was 1.3(0.3), in the third week 1.51(0.8) and in the
sixth week 1.70(0.9); this change was not significant.

Hormone levels
The basal hormone levels and concentrations follow-
ing maximum exercise were unchanged at the various
examination times (Table 6); the decrease in free
testosterone did not reach a statistically significant
level.

Pituitary function test
The releasing hormones produced a significant
increase in ACTH (Figure 1), STH, TSH, prolactin
(Figure 2), LH and FSH (Figure 3), ACTH is shown
relative to increase in cortisol (Figure 1), and LH to
increase in free testosterone after 60 and 90 min
(Figure 3). ACTH release was elevated after 6 weeks
of training and LH release was reduced (Figures 1 and
3). These changes were still observed after 3 weeks of
recovery. At that time, FSH release was also elevated
(Figure 3). Cortisol release (Figure 1) was significantly

reduced after 6 weeks of training and 3 weeks of
recovery, free testosterone showed a comparable
tendency (Figure 3), but the data were widely
scattered and differences were not statistically signifi-
cant. STH, TSH and prolactin release did not show
any training-related changes (Figure 2).

Discussion
The training routine improved submaximum and
maximum performance (Table 5). The data can,
however, only be compared with other experimental
studies to a limited degree due to different training
programmes and initial performance capacity (among
others1015). Imyrovement in maximum oxygen up-
take by 13%11, 15%1o, 22%15, 27%14 and 40%13 has
been reported in endurance training of 20 weeks, 4
days a week1, 12 weeks, 5 days a week12, 7 weeks, 4
days a weekl1, 7 weeks, 7 days a week15, 20 weeks, 3
days a week14 and 10 weeks, 6 days a week13. The
mean initial oxygen uptake was 45 , 41 1 4210, 4515
3314, and 39mlkg-1min-1 (Reference 13), and was
thus considerably lower than in this present study
(Table 1). The improvement of submaximum and
maximum performance depends on the intensity,
frequency, duration, period of training, initial per-
formance capacity and genetic predisposition (among
others11 13,1 ). The higher the initial performance and
the lower the genetically determined reserves, the
more difficult it is to attain additional, training-
related improvement in performance17'18 and the
narrower the margin to overtraining2'3'17' 18.

Table 6. Serum hormone levels*

Day 0 42 63

ACTH (pmol I1) BE 4.4 0.9 4.4 0.9 4.8 0.7
ME 9.9* 5.5 13.2* 6.6 11.9* 4.3

ADH (4U ml-') BE 1.56 0.48 1.20 0.52 1.28 5.96
ME 6.36t 3.61 6.84t 2.84 5.96t 2.72

Prolactin (mU ml-1) BE 262 128 153 56 324 110
ME 277 62 366 208 316 58

FSH (mU ml-') BE 2.7 0.7 2.7 0.7 2.7 0.8
ME 3.0* 0.8 3.2 1.2 3.2 0.9

LH (mU ml- ) BE 2.3 0.4 2.0 0.5 1.9 0.3
ME 2.2 0.4 2.0 0.4 1.9 0.3

TSH (4U ml-') BE 1.50 0.80 1.00 0.62 1.01 0.81
ME 1.70 0.84 1.15 0.56 1.14 0.81

Cortisol (nmol K') BE 458 163 414 88 477 119
ME 309 83 389 166 353 39

Aldosterone (nmol 1-') BE 499 461 602 524 475 208
ME1212t 969 1173* 391 1129* 395

Free testosterone (pmol 1-') BE 105 34 102 41 85 20
ME 136* 34 102 20 102 17

PRA (ng ml-' h-') BE 1.4 0.8 1.6 1.4 1.0 0.2
ME 6.3t 3.7 8.6t 2.9 8.4* 7.7

Insulin (RU ml-1) BE 18 7 13 9 25 10
ME 16 10 12 5 12* 4

C-petide (ng mlnK) BE 3.1 0.9 2.7 0.7 4.1 1.0
ME 2.7 0.9 2.7 0.7 2.8 0.7

Median 50% c.i. Median 50% c.i. Median 50% c.i.
STH (ng ml-') BE 0.15 0.1-0.2 0.20 0.1-0.3 0.20 0.1-0.3

ME 7.50* 3.0-11.5 5.71* 2.0-31.0 9.04* 5.2-12.6

*ACTH, ADH (antidiurectic hormone) and PRA (plasma renin activity) were measured in plasma. BE, before exercises; ME, maximum
graded exercise (see Table 5); c.i. confidence interval. *P < 0.05, tP < 0.01 (BE versus ME)
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Figure 2. Combined pituitary function test: prolactin, TSH
and STH responses to TRH and GHRH did not show any
significant changes after 6 weeks of training (0) or after
the additional 3 weeks recovery period (0) compared with
baseline data (L) (values for PRL and TSH are mean(s.d.);
for STH median values and 50% confidence intervals are

given

The training performed did not result in any
recognizable change in the hormone levels before
(base level) or after maximum exercise (Table 6). A
19-25% decrease (P < 0.10) in free serum testoster-
one and an approximately 33% increase in post-
exercise ACTH concentration, however, cannot be
overlooked. The scope of training, and performance
level attained, were probably too low to confirm the
demonstrable, clear group differences in base hor-
mone levels between high-endurance trained
athletes19 and the recreational athletes in this study
(Table 6) as being primarily training-related (Figures 4,
5). The base levels of LH, FSH and STH are higher in
high-endurance trained individuals - based on this
cross-sectional comparison - and base levels of serum
prolactin, aldosterone, insulin and free testosterone
are lower, than in the recreational athletes examined
(Figure 4). The concentrations after maximum exercise
showed no significant group differences, or remained
constant for the gonadotrophin levels (Figure 5). High
or constant gonadotrophin levels, with low free

30 60 90

Time (min)

Figure 3. Combined pituitary function test: FSH and LH
responses to GnRH and responses of free testosterone to
LH. The FSH response is significantly increased after the
recovery period (0), the LH response significantly
decreased after 6 weeks of training (0) and after the
additional recovery period (0); the free testosterone
responses to LH show a similar tendency

testosterone concentrations, indicate that the low free
testosterone levels are the result of a peripheral
mechanism, that is, decreased synthesis or increased
metabolic clearance rate.
A training-related alteration in pituitary response

can be detected by the pituitary function test (Figures
1-3), which is more a test of the maximum pituitary
synthesis secretion capacity, as opposed to the
observed base or postexercise serum hormone levels
(Table 6). The CRH-stimulated pituitary ACTH release
is significantly lower after training with reduced
ACTH-dependent adrenal cortisol release. It appears
hardly plausible to assume that overexertion of the
adrenal cortex can be the underlying cause as the
subjects had only performed moderate training (in
both volume and duration). An increase in cortisol
sensitivity of the organism, combined with a reduc-
tion in cortisol demand, is more likely. Such an
endurance training-related adaptation mechanism
has also been discussed for catecholamines20' 21 and
insulin22' 23. The lower peripheral serum cortisol level
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explains the increase in pituitary ACTH response.
TRH-dependent TSH and prolactin release or GHRH-
dependent STH release do not show any dependence
on the training performed (Figure 2).
The elevated GnRH-dependent FSH secretion after

training may result from a lower testicular inhibin
secretion as a result of altered spermatogenesis24, as
has been observed in endurance-trained athletes25.
The trend towards lower testosterone levels may also
promote a reduction in spermatogenesis (intratesticu-
lar free testosterone) and an increase in pituitary
GnRH sensitivity (circulating free testosterone24 26).
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between the six recreational athletes (Q) and highly
trained endurance athletes (Ml)19, except for LH and FSH
concentrations according to Figure 4. Values are
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These observed changes refer only to the range of
maximum pituitary FSH response since the serum
levels before and after exercise remain unchanged
(Table 6). The FSH increased maximum pituitary
response may be at the cost of the pituitary LH
response and in part explain the reduction of
maximum LH response (Figure 3), since FSH and LH
are synthesized by the same pituitary cells24 26; an
inhibition of the LH response by increased P-
endorphin levels24'26 _ as supposed by analogy to the
increased ACTH response - may be of additional
significance. A reduction in pituitary LH response
was also observed by Hackney et al.5 in a cross-
sectional examination of trained and untrained
individuals. It also applies more to the maximum
response - the LH levels before and after exercise
remain unaffected5 (Table 6).
The temporal course of the observed opposing

changes in stimulated FSH and LH response may
contradict the above interpretation of the results,
since LH response was already reduced immediately
after training and the FSH response was not
increased until the next measuring point, that is 3
weeks later (Figure 3). The assumption of an
overload-dependent training-related primary reduc-
tion in maximum pituitary LH response makes the
increase in maximum FSH response appear unlikely,
however, because FSH would be expected to de-
crease and not increase if the gonads are overloaded.
A general overloading of the pituitary was not
observed by other workers, even in overtraining',
nor is it supported by the unchanged pituitary STH,
TSH and prolactin responses during our studies
(Figure 2). As an explanation of the 'temporal'
discrepancy in pituitary FSH and LH responses, it
appears more plausible that a change in the secretion
of gonadotrophins following the administration of
100 [g GnRH is detected earlier than any change in
LH secretion due to the shorter half-life of serum LH,
or that there is a lag time in detecting changes in
secretion of FSH, due to its considerably longer
half-life (approximately 4 h as compared with 40 min)
with considerably lower fluctuations in serum
levels24'26

In summary, it should be emphasized that the
opposing changes in the pituitary gonadotrophin
synthesis secretion rate observed during the training
study after administration of 100 [tg GnRH refer
mainly to maximum capacity. The gonadotrophin
levels before and after exercise were not affected
(Table 6), or even increased in high-endurance trained
individuals (Figures 4, 5). The latter may indicate that
the described low testosterone levels in endurance-
trained individuals5' ,19,27 cannot be attributed to a
decrease in gonadotrophins27. Even in overtrained
middle- and long-distance runners, no decrease in
FSH and LH levels was observed'9 as opposed to
CRH-related ACTH response or GHRH-dependent
STH and TRH-induced prolactin response'.
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BASM -SCOTLAND NEWS

What's happening in Scotland? We continue to encourage and educate all involved with Sports Medicine as
much as possible and to think of new ways of doing this. We watch with great interest further
developments both in Scotland, the rest of the UK, and elsewhere. Regular meetings have been established
over a number of years both at a local and national level. Most recently we have started a series of small
group tutorials held between the West and East which have included anatomy at Glasgow University (a
nostalgic sniff of formalin for some!) together with sports science and clinical problems. These are set at a
slightly more advanced level and have been much enjoyed. More are planned for the Autumn.
Also we have started to produce a Scottish Sports Medicine newsletter which contains news of

developments in Sports Medicine and of as many courses as I can find details of in Sports Medicine and
related subjects. With such a large geographical area it provides a useful service for BASM members and
other interested groups. It has been particularly encouraging to see an increasing involvement of medical
students from Glasgow University who have completed the intercalated Sports Science degree.
Who's doing all this? After our AGM in March the collowing people were elected to the committee:- Dr

Evan Lloyd, Chairperson, Dr Brian Walker, Vice-Chairperson and Treasurer, Dr Faith Gardner, Secretary;
also Dr Gerry Haggerty, Dr Colin Fettes, Dr Hugh Williamson, Ms Linda Hughes, and Mr Paul Fettes.
For any information contact Faith Gardner at 60 Hunter Road, Crosshouse, Kilmarnock, Ayrshire,

KA2 OLD (Tel: 0563 37306)

Faith Gardner
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