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Two roads diverged in a wood, and I
I took the one less travelled by,
and that has made all the difference.

Rokert Frost
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ABSTRACT

The purpose of thls study was to investigate the serum
prolactin concentratlon in malﬂs in response to a standard
MﬁOthreainll stress test. - )
There were nineteen subjects between the ages of 20 and 29
years. The subjecis ﬁerformed a standard treadmill stress
test to self-perceived exhaustion. The stress test provided
" fourteen stages, each Qf two minutes duration, speed '
increasing from 3.0 to 3.75 mph and a grade incfeasinq from
0% to 26% elevation. At each stage, either the grade or the
speed changed in order to increase the workload.
Expired gases were collected during the last 30 seconds of
every second stage up to the 10th stage, then at every stage
thereafter and at the point where exercise was terminated.
venous blood samples for prolactin concentration analysis
were collected through an 1ndwe%ﬂlnq catheter inserted in the
right antecubital vein. Three samples were collected prior
to exercise for pre-exercise resting levels. During
exercise, blood sampling was done during the last 30 seconds
of every second stage and at the point where exercise was
terminated. During the 30-minute recovery period blood
sampling was done every 6th minute. Pre- and postexercise
blood samples were collected and analyzed for lactate: and
" hematocrit. ECG electrodes monitored heart rate during

exercise and recovery.

eyl




Results showed that the prolactin concentration remained
stable for ah interval of approximately 20 minutes after the
beginning of exercise. Eighteen subjgcts exceeded the
criterion of a 1.8 ng/ml increase in'prolactin concentration
over pre-exercise levels. A rise in prolactin concentration
was observéd only aftér a VO2 of about 40 ml/kg/min was
reached. Peak prolactin levels, observed after the subjects
had stopped exercising, indicated a mgan 2.6-fold increase
over pre-exercise levels. There was no relationship between
the MVO2 and the prolactin increment in reéponse to exercise,

or between MVO2 and peak prolactin concentration.

-vii-
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CHAPTER 1
THE PROBLEM

1.1

INTRCDUCTION *

Exercise has became well established as a recreational model
with the current popularity of promoting fitness and active
lifestyles. Understanding the complex physiological
adjustments to exercise reguires a knowledge of the influence
of hermcnes. A hormone that has been virtually neglected 1in
this regard is prolactin «{RRL}. 1In the last decace the
physioclogy of human proladtin has been intensely investigated,
and endocrinologists now apprecidke it as being much more than
meFelg.a hormone that regulated the mammary gland (yicoll
1980). It has been suggested that extra-mammary actions of
this hormene in synergy with other hormcnes, relate, in botna
males and females, to osmoregulation (Berl 1975, Buckman 1973,
Horrobin 1971, Re 1979), metakolism and psychic stress, (Berle
1573, Nieoll 1980, Nguyen 1982, Noel 1972, Robyn 1978), and
fertility (Beyd 1978, Cowie 1980, ferland 1380, Frantz 1978,
Horrobin. 1979, Minuto 1984, Shangold 1981, Tolis 19807 Yen
1978). The important reproduétive influence of prolactin is
becoming more evident through studies of human hyperprolac-
tinemia. Females with this condition-may exhibit amenorrhea
or delayed puberty, and males may exhibit hypogonadism and
infertility (Boyd 1978, Cowie 1980, Ferland 1980, Frantz \978,
Horrobin 1979, Shangoid 1981, Tolis 1980, Yen 1978).

The recent emergence of various sport-related infertility
syndromes in males and females makes the prolactin response to
exercise topical (Dale 1979, Frisch 1981, 1985, Shangold 1882,
Wall 1985, Wheeler 1984).



Prolactin 1s phylogenetically the oldest polypeptide hormone
secreted by the pituitary gland (Turkington 1872).
Comparative endocrinélogy has attributed to prolactin more
than 20 different physioclogic effects, representing 85
different actions 1in fish} amphibians, birds and mammals -
{Nicoll 1972, Turkington 1972, Yen 1978). Frantz (1978)

suggests that this range and diversity of actions and target

.organs, even considering species specificity, is unmatched by

any other hormone, and the name "versatilin®” was suggested by
Nicoell (1980) in view of this great diversity. The most
important Tammalian effects of prolactin are considered
mammotropic and lactogenic (Nicoll 1372). It was not until
1970 ~that human prolactin was identifdéd and measured 1n the
blood by Frantz (1970) and Hwang (1971). Bioassay and
immunoassay have identified human prolactin as a polypeptide
separate from growth hormone, despite its having arisen from )
a common primordial peptide precursor molecule very early, in
vertebrate evolution (Frantz 1978, Turkington 1972).

The dominant control mechanism for human prolactin secretion
is inhibitory (Ben-Jonathan 1980, Clemens 1980, dbwie 1980,
Frantz 1978, Ramirez 1977, Yen 1978); dopamine is largely
responsible for this inhibition at the hypothalamic level and

possibly also the pituitary level. Other neurotransmitters --

noradrenalin, serotonin, and endorphins -- alter prolactin

release through inhibitery or stimulatory components (Clemens
1980, del Pozo 1978, Ferland- 1980, Frohman 1975, Yen 1978).

The human preclactin response to a variety of exercise
conditions in normal, healthy males and non-lactating females
has been documented. A number of studies have described a -
significant rise in blood prolactin levels under a variety of
exercise conditions in normal, healthy males and non-lactating
females. The results of these exﬁeriments are briefly

outlined in chronological order.




Noel and associates (1972) réported a two-fold increase in
prolactin in both méleuand female éubjects who had run up and
down 15 to 30 flights of stairs. FrewinKet al (1976) observed
an elevation in the plasma prolactin of 10 maies after a 20
minute treadmill run at 3.5 mph on a 8.6% grade in a 40° C
Eoém.m Aakvaag's group (1978) studied prolactin concentratidn
in male army cadets during a gruelling 5-day combat course
that included limited sleep, decreased caloric intake,
continuous physical activity and military discipline. As the
course progressed, a reduction in prolactin was observed.
Hagen and Galbo found the prolactin response to'exerciée
enhanced after fasting (Hagen and Galbo 1979). They reported
_that six men who had fasted for 59 hours and then been
subjected to treadmill runs of short duration had a“
significant rise in plasma PRL levels. Overnight fasting did
not result in a PRL change after this same exercise test.
Bratusch-Marrain and associates (1979) reported no change in
arterial prolactin concentration for three males exercising
for 30 minutes at 50% MVO2. Mayer et al (198B0) reported an
approximate two-fold increase in prolactin in males who
performed a bicycle ergtmeter test, while maintaining a heart
rate of 150 BPM for 20 minutes. Brisson and associlates (1980)
showed a significant Qlasma prolactin elevation following a
75% MVO3Z bicycle ergometer test of 30'minutes duration 1in a
group of feﬁales with a sports history. No similar elevation
was evident after the same test was administered to a group of
females without a sports history. Brisson's group (1981} also
tested male basketball players on a bicycle ergometer at
different workloads, and reported thata the blood prolactin
changes seemed to be rélated‘to the work intensity. Cochen et
al had a group of 24 males and females exercise to their
maximum predicted heart rate, using the Bruce proto&ol; and
found a significant prolactin change after exercise (Cohen et
al 1980}. :



Johannessen, working with Hagen and Galbo, found that seven
males subjected to a 4-day fat diet prior to a 70% MVO2
treadmill run to exhaustion had higher prolactin

-

concentrations than those supjected to a 4-day carbohycdrate
diet prior go the same treadmill protocel (Johannessen, Hagen
‘and Galbo 1981). Prior found running exercise produced a
greater rise in serum prolactin levels in nine females than
cycling exercise,” wnich suggests that obreast motion with
running may influence the prolactin increase (Prior et al ™
1981). Shangold observed exercise-induced increases in‘plasma
prolactin in six female runners after a 30-minute outdoor
running sessicn at their accustomed pace (Shangold et al
1981). Moret:i investigated fdur male éﬁa'four famale
professional runners pe:fo;&}ﬁg treadmill exercise to "maximum
aercbic capacity" and found an increase in prolactin in
response to maximal effort (Moretti et al 1981). Moret:tl
later invgstigated plasma levels of prolactin, befcre and

£cer bicycle exercise in six subjects fdr 8 minutss-at, a
constant heart rate of 170 BPM, and found an increase 1n
prolactin (Moretti et al 1982). Similarly, Moretti's third
investigation found an increase in plasma prolactin in eignt
male professional atZijtes who exercised on a bicycle
ergometer at a ccnst workload of 80% of the:ir maxiﬁum heart
rate (Moretti et al 1983). Nguyen's experiment combined
mental and physical stress. The exercise component was
composed of a 20%hinute outdoor run of 50% to 70% MVO2,
following a period of mental stress. His results showed a
prolactin rise during exercise for those subjects who had
breviously attended a lecture, but a prolactin decrease during
exercise for thost subjects who had previously written an
examination (Nguyen et al 1982). Bazzarre and Royster.studied
ten male marathon runners over a 2-hour submaximal treadmill
run. Th reported a sustained rise in prolactin and a
bimodal :Sttern‘of peaks. Their subjects had ingested either
a high carbohydrate, high fat, or control diet meal prior to

the treadmill run (Bazzarre and Royster 1983).

r
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Jezova et.al carried out two experiments on "untrained" males
and found ﬁlasma prolactin significantly increased in both
after 20 minutes of "submaximal exercise™-on a bicycle
ergometer (Jezovad 1982, 1983).

’

The results from these studies showed that prolactin increased

with exercise over tim®. There were many non-exercise-related

factors included in the studies and many variations in blood

#an .

sampling intervals, which may have interfered with the

interpretation of the prolactin response to exercist. ’

Soir
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CHAPTER 2 ‘
REVIEW OF THE LITERATURE

2.1 ' . -

SOURCE AND CHEMISTRY .OF PROLACTIN

In the anterior pituitary gland, human PRL 1is synthesized and
secreted by special acidophilic cells, called lactotropes.

The lactotrope is unigue in that its intrinsic secretory drive
is manifest, unless the cell is inhibited (Thorner 1980). It
depcolarizes spontaneougly in the presence of calcium and PRL
is released (Tindal 1974). Although lactotropes normally -
qggét?hute at least one third of the anterior pituitary gland
cell population, the PRL content in the gland is relatively
small, approximately 135 ng/gland (Yen 1978). The probable
explanation for the disparity between pituitary content and
cell pooulation is related to the fact that PRL has a high
turnover rate and is stored 1in sméll quantity (Yen 1978)..
Prolactin is continuously secreted in small amounts with |
additional episodic ®bursts during sleep, or emotional, or
physical stress (Eoyd 1978): Stimulation of PRL secretion

is influenced by a varie&y of exogenous and endogencus stimuli
(Cowie 1980, Frohman 1975}. Those of an exogenous nature
include the tactile sucking ﬁtimuli, thermal stimuli, and
stimuli cauéing pain and stfess. Endogencus stimuli arise
from nutritional and metabolic factors and blood hormone
concentrations. Tolis (1980) feports that extrapituitary
production of PRL from other brain areas, placental membranes
and neoplastic tumors seems to occur. Horrobin suggests there
could be a number of forms of PRL, and that PRL isolated from
the pituitary may differ in some respects from blood PRL,
advancing the possibility of a pro-hormone (Horrobin 1978).
PRL in plasma, and amniotic fluid may exist in more than one
form, the most frequently-occurring variety being monomeric
PRL; however, dimeric  and other forms do occur {Horrobin
1978).
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PRL consists of a single polypeptide chain with 198 amino-acid
residues and an apparent molecular weight of about-21,000 to
23,000 daltons (Cowie 1980, Lewis 1971). The mean "basal"
level of prolactin for men and women of all ages has been
found to be 4.7 ng/ml and 8 ng/ml, respectively (Frantz 1978).
A normal range for men and women is from 1 to 25 ng/ml (Boyd
1978, Frantz 1978, Noel 1980, Tolis 1980, Wise 1980). Mean
basal levels, depend on the assay, andé the range is
consistently higher for women, due to estrogen sensitization
of the pituitary, causing more prolactin secretion (Boyd 1978,
Ferland 1980, Yen 1878). ¢The half~life of prolactin in the
blood is 10 to 15 minutes {Frantz 1978, Turkington 1972, Yen
1978)._ Inactivation of prolactin occurs in the liver and the
kidney, and current literature describes the likeliﬁood of an
intracellular degradation at the target site (Boyd 1978, -
Josefsberg 1979, Kahn 1976, Kolata 1978, Turkington 1972ﬁ.

2.2
REGULATION OF PROLACTIN SECRETION

2.2.1

HYPOTHALAMIC AND NEUROTRANéhITTER INFLUENCE ¢

Prolactin secretion is controlled by stimulatory and
inhibitory hypothalamic components, and by various
neurotransmitters that alter PRL release (Boyd 1978, Clemens
1980, Cowie 1980, Ferland 1980, Frohman 1975). The release of
brolactin is controlled primarily by inhibition. The
;nhibition-mediating substance, termed prolactin-inhibitory
factor (PIF) is liberated into the éituitary portal vessels by
tpé hypothalamis (Cowie 1980, Ferland 1980, Frantz 1978, Yen
1978). The chemical identity_of PIF is still under




investigation, but there .is strong evidence implicating
hypothalamic dopamine as one of several prolactin-inhibiting
factors (Ben-Jonathan 1980, Cowie 1980, Frantz 1978, Horrobin
1978, Yen 1978). 1In addition, dopamine caA act directly on
the pituitary to decrease prolactin secretion (Frantz 1978).
There is also evidence to suggest prolactin stimulaticn by
hypothalamic prolactin-releasing factor (PRF) (Boyd 1978,
Cowie 1980}. The PRF physiclogical chemical identity is also
unknown, although thyrotropin-releasing hormone (TRHf‘and
vasoactive intestinal peptide (VIP)} are prime candidates (Boyd
1978, Clemens 1980, Cowie 1980, Meites 1979, Yen 1978). The
influence of various neurotransmitters on prolactin secretion-
has been studied. Sé}otonin and its pfecursors, tryptophan
and S5-hydroxytryptophan have been found to release prolactin
(Cowie 1980, del Pozo 1978, Frohman 1975, Lancranjan 1977,
Woelf 1977). The endogenQus cpiates -- enkephalins and
endorphins -- stimulate pfolactin secretion by increasing.
serotonin and decreasing dopémiﬁe {Meites 1979, Tolis 1978).
They may act, therefore, as modifiers_of both hypothalamic PRF
and PIF (Meites 1979). Gamma-amino butyric acid (GABA)
induces release of proléctin through a dopamine blockadew
(Cavagni 1977, Clemens 1980, Cowie 1980, Masala 1978, Yen
1978). However, the physiological role and mechanism of
prolactin regqulation by these neurotransmitters needs further’
' investigation and clarification (Cowile 1980, Yen 1978). It
has been suggested that PRFs act to effect acute prolactin
release, as in the response to stress, whereas inhibition of
PIF is the mechanism for a slower, delayed prolactin
secretion,'éSoin response to suckling (Cowie 19801.
The episdéic discharge of PRL dufing sleep, and emotional and
physical stress, is probably mediated by extrahypothalamic’
brain centers (Boyd 1978}. The limbic sysgem may play a role
and in animals is being investigated in this respect (Boyd
1978, Mepham 1976, Moore 1980, Tindal 1974).



2.2.2

AUTOREGU LATIJE)N . ;

Proiactin lacks a specific peripheral hormone-produciné target
organ through which a feedback loop can interact with the
pituitary and hypothalamus (Boyd 1978, Cowie 1980, Yen 1978).
For this reason, a "short-loop" feedback mechanism has been
suggested as the physiological route for prolactin to control
its @wn secretion (Boyd 1978, Smith 1980, Melmud léBO, Moore
1980, Tolis 1980).  Through this*rogte, increased concentra-
tions of serum prolactin cause more dopamine to be-released
into hypophyseal blood, which then inhibits prolactin release
from the anterior pituitary and lowers the serum prolactin

concentration (Moore 1980; Smith 1980).
- ‘ ‘..‘

.

2.2.3 ‘ )?

CIRCADIAN CYCLE - "

Oﬁe to two hours after the bnset of sleep, prolactin levels
begin to rise, peaking between 3 a.m. and S5 a.m. The levels
decline gapidly upon arising, wﬁth the lowest levels occurring
between 10 a.m. and noon (Boyd 1978, Delitala 1976, Nokin
1972, Sassin 1973, Tolis 1980, Yen 1978). The nocturnal
prolactin increase may be serotonin-mediated through an

overrriding of dopamine effects, since a serotonin-blocking

agent blunted this rise in healthy subjects (Boyd 1978, Cowie

1980, Smith 1980, Tolis 1980, Yen 1978).
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2.2.4
(

\ 7

OTHER FACTORS AFFECTING PROLACTIN SECRETION -

The major tranquilizers and opiates increase prolactin release
through ‘a dopamine receptor blockade (Frantz 1978, Tolis 1978,
Yen 1978). 1Insulin-induced hypoglycemia causes a significant
rise in serum prolactin (Copinschi 1974, Noel 1972, Okajima
1980, Wakabayaski 1980, Woolf 1977) and controversy exists
regarding endorphins as the possible release mechanism.
Thyroxire decreases the prolactin responée to TRH (which 1s a
PRF) at the pituitary level, resulting in decreased prolactin
release (Yen 1978). -

L3

]

The dietary manipulation experiments, combined with prolonged
running,'done by both Johannessen and Bazzarre, presented
conflicting results. Johannessen et al reported higher PRL
concentrations during the run in the subjects who had followed
the fat-enriched diet, while Bazzarre and Roysté? found a
higher PRL concentration in the subjects who had followed the
high-carkohydrate diet (Johannessen et al 1981, Bazzarre and
Royster 1983). '

The recent study by Wheeler et al found mean "basal" levels of
PRL significéntly lower in male long-distance runners,
compared to sedentary control subjects, although the levels
remained within the "physiological range" (Wheeler et al
1984). o >

Heat stress has been founa ;o cause an elevation in se:um‘PRﬂ.
Aldercrutz subjected 6 males to a 90° C sauna for 20 minutes
and found a 1400% rise in plasma PRL (Aldercrutz et al 1976).

~ Mills and Robertshaw observed a 53% elevation in plasma PRL in
six males subjected to 45° C for 90 minutes (Mills and
Robertshaw 1981) .



- il
The importance of the ionic environment; namely, of CA++ and
HC03- for the in vitro éynthesis”and release of PRL, is
reported by Hafez and Thorner (Hafez 1975, Thorner 1980}.
Thorner's in vitro studies suggest that PRL secretion from the
anterior pituitary lactotrope is a calcium-mediated process
and that dopamine may inhibit calcium influx into the
lactotrope, thereby reducing PRL secretion. Similarily, 1if
calcium influx is high,s PRL secretion 'is enhanced (Thorner
1980). Bicarbonate i1on concentration also alters prolactin

release, by affecting calcium ConcentrapionwkHafez 1975,
Thorner 1980).

PROLACTIN RECEPTORS

Althéugh confirmed PRL receptors have been detecféd only in "
human mammary gland tissue, there is indirect evidence of
receptors elsewhere in the human: the ovary and the adrenal
cortex (Carter 1977, McNatty 1974}. The prolactin-binding
site has always been considered to be on the target cell
surface membrane because large, charged polypeptide’molecules
are not the kind that can penetrate membranes and enter cells
{Kolata 1978}, Herver, Josefsberg has recently found intact
prolactin in rat liver cytoscl in the Golgi apparatus
(Josefsberg 1979). This may be an intracellular hormone an
receptor degradation site (Josefsberg 1979, Kahn 1976, Koljg;

1978). This internalization into its target cells suggests

11.
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a functional intracellular role for prolactin inv01V1ng _
cellular reactions and metabolism (Catt 1979, Josefsberg 1979,
Kolata 1978, Rillema 1980).

e
4

»

posner and Costlow oave both suggested that high serum
prolactin level$s coingide with a hiqh concentration of
receptors (Costlow 1976, Posner 19724). Costlow found an
increased number of liver prolactin receptors in rats during
pregnancy., a time when prolactin concentration is elevated.
He also found that removal of the pituitary resulted in a
dramatic decrease of liver prolactin receptors {Costlow 1976).
Posner injected male rats with prolactin and subsequently
found the:r liver receptor levels to be increased (Posner
1975). The current theory, in contradiction to Costlow and
posner, suggests that elevated concentrations of the
homologous hormone is probably responsible for the down-
requlation of receptors (i.e., an inverse relationship exists
between the serum prolactin concentration and the membrane
receptor concentration) (Catt 1979, De Meyts 1976 Gustafsson
i980, Kahn 1976, Kolata 1978, Lesniak 1976)
- - I
The intracellular mediator, or second messeoger, possibilities
for prolactin appear to: be tissue-variable and include calcium
ions, ¢yclic nucleotides, active protein kinase,
prostaglandin, polyamines, and Na/K concentrations (Falconer
1977, Horrobin 1979, Rillema -1980). The subsequent effects of

prolactin may involve:

p—

~

<

1.  An increased level of cGMP synthesis and reduced level of
cAMP synthesis;

2. "An increased intracellular concentration of potassium
and reduced level-of sodium;

3. An pnpanced rate of prostaglaﬁdin syntﬁesis; and

4. Stimulation pf polyamine synthesis.

-



At least two second messengers -- protein kinase and Na/K
ATPase -- are teported to be critically dependent on the
presence calc1um (Horrobin 1979, Rillema 1980).

2.4

BIOLOGIC ACTIONS

Lactogenesis and lactation involves prolactin 1n a

myltihormonal interaction with pltultary, ovarian and thyroid

hormones, prolactin being the key: requirement for lactogenesis

(Ferland 1980,:Frantz 1978, Yen 1878). The important
reproductive influence of prolactin is b;coming more evident |
through studies of human -hyperprolactinemia. Females with
this symptom may exhibilt menstrual irregularities, amenorrnea
or delaved puberty, and males may, exhibit impotence,
hypogonadism and infertility (Bovd 1978, Cowie 1980, Ferland
1880, Frantz 1978, Horzobin 1979, Shangold 1981, Tolis 1980,
Yen 19783}. In many females hyvperprolactinemia 1s assoclated
with a hyperandrogen state, polycystic ovarian syndrome, and
hlrsutlsm. This suggests that prolactin may stlmulato adrenal

androgens (Higuchl 1984;- Luciano 1984).

The high concentration of prolactin‘llO0,000 ng/ml} in
amniotic fluid has led Yen to suggest that during the
"aquatic" phase of human development it may play an
osmoregulatory role (Bovd 1978, Yen 1978). A similar role at
the kidney level in adult humans has been investigated and has
resulted in conflicting reoorts. Horrobin et al injected -
sheep prolactin 1ntramuscularly into five healthy males, and’
found that renal retentlon of water, sodium and pota551um

resulted. The plasma concentratlon of sodium and plasma
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osmolality rose, suggesting a movement of water intb cells
(Horrobin 19%71}. Buckﬁan and Peake studied the effect of
changing serum osmolality on endogenous prolactin secretion
by administering both hypotonic and hypertoni¢ fluids at
different times to eleven healthy volunteers (four males and
seven females). They observed that the hypertcnic fluid
caused an increase in serum prolactin concentration, which
could then influence renal retention of water. Conversely,

a hypoténic fluid cauéed a decrease in serum prolactin
concentration which could then influence the observed diuresis
(Buckman 1973). Berl used an intravenous injection of TRH to
increase serum prolactin-in five subjests, but found no
significant alteration in sodium or water excretion (Berl et
al 1975). . -

Re et al investigated the possibility that prolactin is able
to stimulate the secretion of aldosterone by the adrenal
cortex, rather‘than acting directly on the kidney, to promote
" sodium reabsorption (Re et al '1979). Elevated serum proiactin
was induced with TRH injection in eight healthy women, but the
authors were unabie to £ind any change in plasma renin or
aldosterone. When they studied patients with hyperprolac-
tinemia and failed to find hyperaldosteronism, they stated
that chronic elevation of prolactin hac little effect on
plasma aldosterone fRe et al 1979}. |

‘ ’
several researchers have attempted to explaln the controversy
regarding the osmoregulatory role of prolactin in the human’
kidney. Their arguments are that 1) vasopreésiqjcontaminateé
the prolactin usell for injection; 2) TRH-induced, endogenous
prolactin elevation failed to alter sodium and water
excretion; and‘3) there is a lack of evidence regarding
al&bsterone stimulation by prolactin (Dellman 1974, Holland
1977, Yen 1978). In a recent review, Horrobin suggested that

vasopressin and prolactin have independent kidney functions,
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both being necessary for optimal antidiuretic response. He
postulated that vasopress;n enhances caMP. formation while
‘prolactin enhances another second messenger, a prostaglandin

or polyamine, and the antidiuretic resgonse requires. a
combination of the two (Horrobin 1980). o < -

Berle's~metabolic study reported the effects on carbchydrate
and lipid metabolism in healthy women after an intravenous
injection of prolactin. An increase in(-hydroxybutyrate,
acetoacetaté and FFA was observed as well as a significant
ﬁ\\*;all in pyruvate and lactate (Berle 1973). Prolactin has been
1mp11cated in the suppre551on of lipoprotein llpase actzv:ty
in- adlpose tissue and its increased activity in mammary glands

during lactation in rats (Cowie 1980, Zinder 13974).

2.5 .

PROLACTIN AND EXERCISE

Twenty experiments that have investigated the plasma PRL

changes observed when men and women are subjected tc a variety
~of exercise conditions were available to this author. ‘

Noel et al were the firét to megsure plasma PRL after an
exé}cise stress test. After having run up gnd down 15 to 30
flights of stairs as rapidly as possible, his eight female and
twelve male subjects all had statistically significant
elevations in plasma prolactin. Their pooled results yielded
a mean pre-exercise PRE value of 13.2+1.8 ng/ml, a mean PRL g
value of l9.lii.8 ng/ml one minute after cessation of
exercise, and a mean value of 22.0i2.frng/ml 15 minutes after
cessation of exercise. (NoelI found the female response was
higher at every point, but not statistically different from
the male response, hence the pooled results) (Noel et ‘al

1972) . '
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" Frewin and associates measured plasma PRL inm ten 25-year-old

males after a treadmill run of 20 minutes at 3:5 mph on an
8.6% grade with a room temperature of 40° C and also 10° C.
There was a significant PRL elevation after exercise for the
subjects in the 40° C room. The researchers concluded that
the observed PRL elevation was essentially an exercise-induced
effect, as non-exercised contrbl subjects in the 40° ¢ room
did not have an increase in PRL levels. It was reported that
only one of the ten exercised subjects had an increase in
prolactin of, ¢onsiderable magnitude, but when considered as a
group the overall rise in prolactin was barely significant at
thqgs% probability level. At 16° ¢ the changes in prolactin

with exercise were not significant (Frewin et al 1976).

Rakvaag's group ;Eudied the prq}actin response in 22 well-
conditioned male army cadets, éubjected to a gruelling 5-day
combat course un@pr strong military discipline aﬁd punishment,
The course took place at 500 m Qltitude in rainy weather and
temperatures ranging from 5? C ;o 150 C. The'cadets underwent
extremely hard, continuous physical strain, plus a caloric
deficiency of 7,000 to 10,000 kdal/day and sleep deprivation
ranging from né organized sleep to 3- and 6 hour periods of
sleep. Blood sampling was done before the course started and:

every morning during it. The elevated PRL levels at the start

+

of the course were attributed to psychic stress and :
apprehgnsioﬁ. The subseguent reduction in PRL observed as the
course progressed, was postulated to be a dopamine inhibition
of PRL, since dopamine, elevated during stress, is a well-
established PIF (Aakvaag et al 1978).

[
[y



minutes and 100% MVO2 for 5 minutes, had a significant rise in
plasma PRL levels, 7.3+2 ng/ml (pre-exercise), and 16.0+6
ng/ml (postexkrcise). However, the.same—exercise performed
after just an overnight fast failed to elicit a significant
- change ini%RL levels. Johannessen, working :Z{L Hagenignd
Galbo in 19833 reported on the PRL response Yo exercise
following fat-enriched or carbohydrate-enriched diets
(Johannessen, Hagen and Galbo 1%8l1}. The exercise protocol
involved a prolonged treadmill run requiring 70% MVO2, The
subjects ran 30-minute bouts, separated by l0-minute rest
periods, to exhaustion. The seven males in this study had a
mean MVO2 Of 56 ml/kg/min, which for their .age range, 24 to 29
years, is considered fit. Blood sampling was done before
exercise, after every 30—minute‘run, at exhaustion, and after_
30\ minutes of recovery; The mean pre-exercise PRL value of
approximately 12 ng/ml rose to a peak value of about 28 ng/ml
after 106+5 minutes of exercise for the subjects given the
high carbohydrate diet.  The subjects given the diet high in
fat had an increase in PRL from a mean pre-exercise value of
approximately 8 ng/ml, to a peak value of about 39 ng/ml]l after
64+6 minutes of exercise (Jobanneséen,'Hagen and Galbeo 1981).

. v
The study by Bazzarre and Royster also investigated the effect
of a high fat or high carbohydrate diet on the PRL response to
a 2-hour treadmill run requi¥ing between 65% and 75% of
maximum-heart rate (Bazza;ré and ﬁoyster 1984). The ten male
marathon runners performiai this exercise had blood samples

taken before exercise, eve g\zo min%; s during the run and 20

+

. : N NS .
minutes after exercise terminatidn. A bimodal pattern of PRL

of fonning and the
~ ;
other at 1 minutes, the latter peak being higkgt. [The

peaks was opserved, one peak at 40 minute

response of e subjects given the high carbohydrigte diet was
an increase ih PRL concentration from a mean pre-exurcise
value of 8.9+4.4 ng/ml to 16.4+10.0 ng/ml at 100 minutes,
compared to the response of subjects given a high fat diet of
‘8.1+3.2 ng/ml and 12.0i3.6 ng/ml, réspegtively (Bazzarfe and
Royster 1984}. :
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Mayer et al "had 10 male volunteers between\;;7and 3% years cold
perform a bicycle ergometer test, maintaining a heart rate of
150 BPM for 20 minutes. Blood sampllng was done before
exercise and at l0-minute intervals for 60 minutas. PRL
concentratlon rose from a mean pre-test value of approximately
7 ng/ml to a peak value of 13 ng/ml at tnrﬂlnatlon of exercise
{Mayer at al 1580). .
Bratusch-Marrain et al haé 3 males aged 21 to 42 years geriornm
exercise at 50% MUC2 for 30 minutes as part of a study an
hepatic disposal of endogenous PRL. (The mode of exercise was
not §pecified.) Through catheters in a right hepatic vein and
a brachial artery, simultaneous bloocd sampling was carried out
prior to the onset of exercise and at intervals during andé
_after exercise. No change in arterial PRL concentration was

observed (Bratusch-Marrain et al 1979).

Cohen's group studied 24 subjects (twenty male and four
female) with a mean age of 51 years, uging the Bruce protocol
of treadmill exercise (Cohen et al 1980). The subjects
exercised to maximum predicteé heart rate, myocérdial ischemia
or symptom limitation under this protocol. Blood'samples were
taken before exercise’ and immediately upon cessation of
exercise. The pooled results gave a mean group pre-exercise
value of 8.0+4.1 ng/ml and a mean group immediate postexercise
value jof 10.6+%9.5 ng/ml (Cohen et al 1980).

Brisson's group studied séven females who had a sports history
and five who did not (Brisson et al 1980). They performed at
75% MVO2 on a bicycle ergometer for 30 minutes. Blood
sampling was done before exercise, evsry 15 minutes durina
exercise and for the 45 minutes recovery period. Only the
subjects with a sports history had a significant elevation in
plasma prolactin concentration, the peak at exercise

termination being 48 ng/ml. Brisson's group studiéd the PRL
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response to exercise in male athletes the follaﬁing year

(Brisson et al 198l). Their mean MVO2 was 56.2+6.4 ml/Kg/min.

They performed three different workloads, 55%, 70% and 85% of

MGO2, on a bicycle ergometer for 20 minutes. These worklocads

were eguivalemt to an oxygen consumption of 30.9, 39.3, and

47.8 ml/kg/min, respectively. Blocd sampling was done before,
during and after exercise. Brisson reported that the PRL

response to exercise seemed to relate to-the‘work intensity in

that no PRL increase was -seen for the 55% MGOZonrkload, a - -
slight increase was seen for the 70% MVO2 workload and PRL '
almost doubled for the 85% workload. The peak PRL value for

the latter two workload%_occurred at exercise termination

(Brisscn et al 1981),

Prior's group studied nine women performing either 5 km run or

5 km of stationary bicycling (Prior et al 1981). The run was
performed wearing a sport brassiere and also not wearing one,

while the cycling was done wearing a’ brassiere in order to

test the hypothesis that breast moticn may play a role in the

PRL increase seen with exercise. Blood sampling was done

before exercise and at the termination of exercise. The b

results showed that PRL incrihsed more with running than with '
cycling. Pooleé data showed pre—eﬁercise PRL levels of ’
8.4+2.9 ng/ml and immediate postexercise PRL levels of

11.9+5.8 ng/ml (Prior et al 1981). |

. N

4 &
Shangold and associates studied the PRL concentration changes

in six female recreational runners after 30 minutes of running

[

at their customary pace (Shangold et al 1981l). Blood sampling
before exercise revealed a mean group value for PRL of .

17.0+2.7 ng/ml and the 60~-second post exercise mean Qroup

value was 42.5+8.9 ng/ml. The decreased renal and hepatic

"\1’1

[
blood flow during exercise, affecting the metabolic clearance
of prolactin, was seen as a contributing factor to the

observed PRL increase with exercise (Shangold et al 1981).

-
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Morettl carried out 'three different ér;eriments in his
investigation of the PRL response to exercise (Moretti 1981,
1982, 1983). 1In 1981 Moretti et al studied eight prOfESSlOnal
middle-distance runners, four males a5d~i\ur females (Morett;
et al 1981). Their 15 minutes of exercise was a treadmill
protocol, consisting of a 6-minute warm-up period (2 minutes
at 6 km/h, 2 minutes at 9 km/h and 2 minutes at 12 km/h}, !
followed byightreadmill speed of 15 km/h until "maximum
capacity" was reached. Blood samples were collected before
exercise, when maximum capacity was reached, and at 15, 30 and
45 minutes of recovery.' The results showed an acute rise in
PRL during exercise, the peak being reached approximately 15
minutes into the recovery phase. The mean pre-exercise PRL
value was 15+2 ng/ml for the females, 12+3 ng/ml for the
males. The mean postexercise value was 74+11 ng/ml and 65+12
ng/ml, respectlvely {Moretti et al 1981). Moretti's next
experiment, in 1982, tested six subjects (their sex was not
stated) on a bicycle ergométer at 80% of their maximum heart
rate (i.e., 170 BPM for 8 minutes). Blood sampling was done
20 minutes before exercise and immediaﬁely before the start of
exercise for basal levels, as well as immediately{upon
cessation of exercise and at 5, 15, 30, 45 and 60 .minutes of
recovery. The results showed a mean PRL value of 1.9+0.8
- ng/ml immediately before the start of exercise and a mean peak
PRL value of 25.5+7.4 ng/ml at 15 minutes of recovery. (These
are the results for the subjects given a saline infusion
durinqrthe experiment. Moretti, subsequently used a
pyridoxine infusion during. an experimeﬁt with identical
protocol, to study its involvement'in PRL secretion control).
The 1983 study by Moretti's group consisted of subjecting
eight professional male athletes to a constaﬁt bicycle
workload equal‘to 80% of their maximum heart rate for 18 to 20
minutes. Blood sampling was done before exercise, at exercise
termination and during the 60 minute recovery perioa. The
results showed that PRL rose from a mean basal level of
6.1+1.1 ﬁg/ml.Eo a mean peak '

i ' [
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level of l9:5i1.9 ng/ml by the termination of exercise.
(These .results are also from the subjects given saline
infusion during the experiment. Subseqguently Moretti used
naloxone infusion duriné an experiment with identical protocol
to study its involvement in exercise-induced PRL release.)
Nguyen's study (1982) reported on "the PRL response to exercjse"
following mental work. Eighteen male volunteers, claséified

as moderately fit, and between 19 and 21 years old, performed

a 20-minute outdoor run at 50% to 70% MVO2. Blood sampling

was done 15 minutes before exércise started and again 15

minutes after exercise stopped. The results showed that for

the ten subjects who had ‘attended a lecture (non-stressful
mental work) prior to the exercise session, PRL rose from a

mean pre-exefcise level of 3.7+0.2 ng/ml to a postexercise
level of 10.9+1.6 ng/ml. However, for the eight subjects who
had wrigten an examination (mental work associated with
emotional stress) prior to the exercise session, PRL fell from
a mean pre-exercise level of 13.3+2.4 ng/ml to a postexercise
level of 5.5+0.3 ng/ml. Nguyen concluded th%t previous -
emotional stress could inhibilt PRL response to exercise
{(Nguyen et al 1982). .

‘Jezova's two experiments also found PRL levels increased after
submaximal exercise on a bicycle ergometer (Jezova et al 1982,
1983). - The first expeilment involved eleven untrained male
volunteers aged 21 to 24 years, who exercised on a bicycle
ergometer at four workloads of ever-increasing intensity fpr‘
50 to 22 minutes, depending on the physical fitness of the
subject. Bloocd sampies were taken at before exercise, at
termination of exercise and at iO, 30, 60, and 90 minutes of
recévery.' The results showed a mean pre-exercise PRL value of
4.5+1.1 ng/ml and an immediate postexercise value of 7.4+1.5
fhg/ml. The peak PRL value of 8.4+2.0 ng/ml was reported 10 -

minutes into the recovery interval. The second experiment
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similarly involved twelve untrained male volunteers, aged 20
to 23 years, exerclising on a bicycle ergometer. Three
workloads of increasing intensity were performed, each one
being of 6 minutes duration. Blood sampling was done 30
minutes before exercise, immediately prior to exercise,
immediately at cessation of exerciée and at 10, 30, and 60
minutes into recovery. The results showed a mean pre—-exercise’
PRL level of 4.5 ng/ml, which rose to approximately 7.5 ng/ml
by the cessation of exercise, and reachec a peak value oI
agproximately 8.5 ‘ng/ml 10 minutes into recovery.
in a recent study De Meirleir and associates (1985) reported
that the exercise-induced prolactin release is related to
anaerobic threshold (AT). They studied the PRL response to
exercise conditions below and above AT. The below—thresﬁold
tést involved ten males exercising on a bicycle ergometer for
1 hour at an average workload intensity corresponding to 44%
to 55% of their MVO2. Venous plood samples for PRL assay were
drawn from an indwelling arm catheter before exercise and at
10 and 30 minutes of exepcise, and 60 minutes after cessation
o{ exercise, with simultaneous arteriolar samples for lactate
assay being taken from the earlobe. The same subjects were
tested again with exercise conditions above AT; with a maximal
test on the same bicycle ergometer, using graced increases in
workload and a duration of 20 minutes. Blood samples for
prblactin and lactate assay were drawn as' described above, at
the start of exercise, at 15 minutes into exerczse and at
cessation of exercise or exhaustion. The results for the
below-threshold test showed that the PRL levels were not
significantly different from the control test {controls had
rested for 1 hour in bednand walked around for 1 hour) and no
%systemic increase in lactic acid (i.e., above 4 mmol/L) had
occurred. For the above-threshold test, a sharp rise in PRL
]occurred parallel to an accelerated increase 1n lactic acid.

The PRL rise continued after cessation of exercise, peaking at
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around 5 minutes of recovery; The researchers concluded that
exercise intensity must be such that AT is reached to induce
any increase 4p PRL levels. De Meirleir's study waslpublished
June 1985, wsgéithis thesis was in press. This abstract is

included here, but his resﬁlts are excluded from Section 2.6.

2.6
PATTERN OF PROLACTIN RESPONSE TO EXERCISZ

Seventeen experiments have shown that the blood prolactin
concentration rose in responsg to exerclse over time.* There
were also many non-exercise-related factors included. in theke
studies, which may have interfered with the interpretation of
the prolactin response to exercise. These factors included
fasting, diet, temperature ana-sléep deprivation.

Two authors, Bratusch-Marrain (fb?Q) ané Brisson (1980 for the
females with no sports history) reported no rise in prolactin
- concentration in response to exercise and Aakvaag (1978)
reported reduced prolactin levels during the 5-day combat

course his subjects experienced,

There was a variation of blocd sampiing.intervals cited 1in
éhese 19 studies reporting.on the PRL response to exercise
over time. Blood sampling ‘during exercise was done in only
six of the studies. Four of these had an exercise duration
30 minutes {Bratusch-Marrain 1979, Mayer 1980, Brisson 1980,
1981) and the other two were pfolqnged treadmill runs of 1 to
5> hours' duration (Johannessen 1981, Bazzarre 1983). The
reports of PRL increase from the short—dﬁration studies
indicated that the onset of PRL rise occusred at the onset of
exercisé, with the peak concentration at the point of exercise
termination. Johannessen's study also reported the peak PRL

concentration at the point of exercise termination, but

-
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Bazzarre observed a bimodal pattern of PRL peaks, one
occurring at 40 minutes and the other at 100 minutes of the
120 minute treadmill run.

The other studies used only pre- and postexercise blood
sampling in the experimental protocol. No samples were taken
during exercise to identify the timing of the onset of
prolactin increase. When blood sampling.swas done only pre-
exercise and upon immediate cessation of exercise, peak PRL
values were reported at exercise cessation (Cohen 1980, Hagen
and Galbo 1979, Prior 1981, Shangold 198l). No recovery

samples were available to indicate that'ip even higher lavel

-may have been reached during recovery. When the first post-

exercise sample was taken 5 to 15 minutes intc recovery, peak

‘PRL values were reported as having occurred during recovery

(Jezova 1983, 1982, Moretti 1982, 1981, Ngﬁyen 1982, Noel
15972). An awareness of the blood sample timing and frecguency
is important for interpfeting the results of the studies of
PRL response to exercise .conditiohs over time. Extraoolétion,
not actual measurement, may be 1naccurately dESCrlblng the PRL

L4

IESDOHSE to EYe*ClSE .

The pattern of-prolactin response to exercise has been
compiled from a review of the literature. The studies used in
this compllatlon were limited to those wlth male subjects.and
an exercise duratlon of 30 minutes or less. The regorzed
blood sampling times were before exercise, at cessation of
exercise, and at 10 to 15 minutes of recoverys The five
studies meeting these criteria are outlined in Aépendix A.
Using the medlan PRL concentration levels and the range, a bar
diagram was ‘compiled. It describes the documented pattern of
PRL response to exercise as a PRL ihcriﬁse during exercise,

with the peak concentration occurring at exercise termination

or. early in recovery, followed by a gradual decline in

concentration thereafter. Figure 2.6 presents this documented
PRL pattern.
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FIGURE 2.6

DOCUMENTED PROLACTIN PATTERN
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2.7
RATIONALE FOR THE STUDY

The numerous factors not related to exercise that occurred in
the studies reporting'on‘thehPRL response to exercise, eg.,
fasting, diet, temperature, and sleep deprivation may

L]

interfere with the interpretation of the PRL response to

_exercise. Blood sampling during exercise, carried out 1in only

.6 spu&ﬁes, was deemeg to be a salient feature that should be
included in the.invéé i ation.of the prolactin response to
exercise. In reviewing this literature, it was .apparent that
little is known about the PRL response to exercise in relation
to the physical capacity or fitness of .the subjects. The
recent identification of variocus sport-related infertility
syndromes in males and females makes the PRL response to

exercise a topical subject.

It was therefore considered relevant to study the response of
serum PRL concentration in males, to a standard MVO2 treadmill
‘stress test to self-perceived exhaustion. The results may
provide information regarding the kinetics of PRL and oxygen
consumption, and the influence of physical fitness on the PRL

response to the stress test.
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2.8 . ~

PURPOSE OF THE .STUDY"
. - . | & -
Within the context of this study three questions are raised,

and each serves as a working hypothesis. The guestions are

stated as follows:

1. Would the present st%dy.concur with the pattern of PRL
response described in the review of literature: that 15,
'PRL increase during exercise, with the peak.occurring at
exercise termination or early in recovery, followed by a

gradual decline in concentration thereafter?

2. Would an increase in the rate 'of oxygen conshmption during
exercise- be accompanied by an increase in PRL

concentration?:

A

3. wWould there be a relationship between PRL incremeént and
. /A .
MVO2? :

The purpose of the shudy is to provide evidence to answer
these guestions. '

It is noted here that the PRL inérement-means the change from
pre-exercise to peak value and that the MVO2 is volitional‘
MVO2. ‘

A




CHAPTER 3
'RESEARCH METHODOLOGY = -

3.1
INTRODUCTION

This investigation was exploratory. It was performed in order
to examine the serum prolactin concentration in males in
response-to a standard MVO2 treadmill stress test. An attempt'
was made to discover if differences in physical fitness as
indicated by MVO2 would affect the prolactin‘response. This
chapter outlines the testing environment and instrumentation,
the subject selection and orientation, the experimental

protocol and the method of data analysis.

3.2
TESTING ENVIRONMENT AND INSTRUMENTATION

The subjects were tested in the Kinanthropology Laboratory
306, at the University of Ottawa. The personnel present:
during each testing session ifncluded the author, the thesis
advisor and two laboratory technicians. A Quihton {Seattle,
Wwashington) treadmill with Quinton Instruments Treadmill

© Control was used. The ECG monitoring équipment used was
Avionics Stress Test Monitor Cardioguard MODEL 2900B
(Montreal, Quebec). The physiograph model. used was

Physiograph Four-8 Narco Bio-systems, Inc. (Houston, Texas).
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The Respironic,. Speak-Easy Stress Test Mask was the model used
for expired air collectiédn in the Tissot Tank for volume
measurement. The Godart Oxygen analyzer and the Godart
Capnograph CO2 analyzér (Stratam - B.V., Bilthoven, Ho%lahd)
were used for the expired air analysis. The other lab
technician, hired from'Rivefside Hospital's intravenous team,
was responsible for the installation of the anticubital vein
catheter and all the blood collection procedures. He used an
186 x 1 1/4" BAbbocath.T catheter with a 20-inch iength of
plastic tubing leading to a 3-way stopcock. Sterile saline
was infused after each blood coligc;ion tb keep the caﬁheter

patent and replace fluid losses.

3.3

SUBJECT SELECTION AND ORIENTATION ’
The subjects in this study were 19 human male volunteers
ranginé in age from 20 to 29 years, apnd included a set of
twins. They were answering a poster édvertisement requesting
volunteers for an MVO2 study including blood analysis for
hormone levels. They were in good health, asymptomatic for
any disease and had no history of discomfort during exertion.
They were required td complete the health appraisal form in
Appendix B and the recreation activity guestionnaire in
Appendix C. The physical characteristics of the subjects-are
outliqed in Appeq&ix D. "

The subjects were required to attend an orientation session at
least one week prior to their test day at the Kinantﬁropology
Laboratory at the University of Ottawa, so.that they could
become familiar with the experimental environment and
requirements. The purpose of the study was outlined and the

test procedures and risks involved explained fully. The

"
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subjects were épkormed-that for Ehe actual MVOZ test they
would be epcoufaged to complete as many stages as possible and
would be asked to qontinﬁe to their self-perceived maximum
effort and point'of exhaustion. Furtherwore, no subject would
be forced to continue for arny-reascn, and at his signal,  the
exercise portion of the experimenﬁal protocol would ke
ﬁerminated immediately. The subjects were then allowed to
complete Stages 1 to 5 of the Mﬁoz treadmill test as a
practice run. They wore the face mask, ECG electrodes and
had the brachial-catheter taped to their right arm. This
practice run simulated the actual experimental conditions and
allowed the subjects to experience how the apparatus, tubes
and wires woulc affect thelr performance. It also served to
reduce anxiety on test day in that all procedures,'exceﬁt the
insertion of the brachial catheter, were experienced by each
subject. Heart rate was monitored during the practice run, so
that if any ECG abnormalities became apparent during or after
this exercise, the subject could be asked-toc withdraw from the
experiment.

The subjects were encouraged to askK guestions to clarify any
points that were unclear to them.

After this orientation sessicn, the subjects who wished to

volunteer to particlpate in the experiment were reguired to

'sign the informed consent form in Appendix E.

Each subject then performed the Canada Fitness Step Test in
order for the author to evaluate his general physical fitness,
-]

(Standardized Test of Fitness 1981). These results are

‘recorded in Appendix D, under Calculated Aerobic Capacity.

X 30,

¢

-
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3.4 -
EXPERIMENTAL PROTOCOL
3.4.1

PRE-EXERCISE RESTING STATE
" The individual testing sessions were scheduled for 8:30 a.m. .
or 10:30 a.m. (fifteen subjects were tested at £:30 a.m. and
four at 10:30 a.m.). Each subject arrived at the laboratory
following an overnight fast. The resting state, consisting of
S minutes of bed rest, began immediaﬁely. The catheter was
"inserted into the antecubital vein of the right arm. Three
5.0 ml blood samples were collected to determine the pre-
exercise serum prolactin concentration. The first sample was
taken 15 minutes after the insertion of the catheter and the
twe subseguent samples. at 15-minute intervals. A 1.5 ml
sample was also taken and divided for the pre-exercise lactate
and hematocrit analysis.
The ECG electrodes were attached and heart rate moni£oring was

begun 5 minutes prior tc the start of the MVO2 test.

.

3.4.2

EXERCISE STATE: TREADMILL MVC2 TEST AND PARAMETERS RECORDED

Each subject performed the exercise .protocol outlined in Table
3.4.2, continuing for as many stages as, possible until he
signalled his self-perceived maximum effort and point of

L ]
exhaustion. At this point the MVO2 test was terminated. .




32.

e ' -

"TABLE 3.4.2 _ . //'“‘

4

 _MVO2 TREADMILL TEST PROTOCOL
MEDIUM HIGH INTENSITY' PROGRAMME

s -
-5%TT; M, DEPARTMENT OF KINANTHRCPOLOGY
UNIVERSITY OF OTTAWA

%

STAGE DURATION SPEED GRADE
(minutes) (mph) BRI
1 2 3.0 2.5
2 4 3.0 5.0
3 p 6 3.0 7.5
4 8 3.5 7.5
5 10 3.5 10.5
6 12 3.5 N 12.0
7 14 3.5 14.0
8 16 3.5 16.0
9 18 3.75 16.0
10 . 20 3.75 18.0
11 ' 22 3.75 20.0
12 Y 3.75 - 22.0
13 26 3.75 24.0
14 28 3.75 26.0
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HEART RATE MONITORING

Heart rate was carefully monitored throughout the treadmill
Méoz test, Heart rate was recordéd in the f£inal 10 seconds of
every minute during the stress test and at the point when the
subject signalled self-perceived exhaustion.

\

BLOCD SAMPLING

A blood sample was taken in the final 30 seconds of every 2nd
stage,(i.e.,-every 4th minute). oThe final. exercise blood
sample was taken when the subject signalled self-perceived

exhaustion.

L]
L]

EXPIRED GAS COLLECTION

Expired gases were collected during the final 30 seconds of
every 2and stage, (i.e. every 4th minuffe), up to the 10th —~
stage. 'fhereafter they were colleéted in the final 30 seconds
of every stage and at the point when the subject signalled
selfrperceived'exhaustion.

3.4.3
POSTEXERCISE RECOVERY STATE

The total recovery time lasted 30 minutes for all subjects.,
The postexercise cool-down period was the first 6 minutes of
recovery. It began immediately after thé subject signalled
exhaustion and the MVO2 test was terminated. The treadmill
was gradually lowered to g% grade and a 1.5 mph walking speed

for a 1- to 2-minute cool-down walk. Heart rate monitoring
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was continued during this time. The subject was then allowed
to leave the treadmill and walk around the lab for several '
minutes, accompanigd by ; second person. After approximately
5 ﬁinutes of recovery, the subject returned to a chair .
‘positioned on the treadmill for the HR monitoring and blood
sampling. .At the 6th minute of recovery a 6.5 ml Blood sample
was collected and divided; 5.0 ml was used for prolactin assay
and 1.5 ml for post exercise lactate énalysis and hematocrit
reading. HR was monitored for 1 minuté at the 6th minute
interval. ' -
v . _ \
The subject stayed sitting for the remainder of the recovery \\\\\\'
period. At the 12th minute of recovery a 5.0 ml blood sampie .
for prolactin was taken and heart rate was recorded fdr 1 . \\\\\
minute. This series was repeated at the 18th, 24th and‘BOth
minute. At termination of the 30-minute reéovery period the ‘ /
technician removed the catheter and'applied pressure over the, /,*///
area for 5 minutes. The ECG electrodes were also removed. |
The subjects were then offered orange juice and bananas ad
‘libitum in view of their overnight fagt. They were allowed to
shower and afterward returned to the lab to have the catheter
site examined and taped by the technician. They reported to
the author how they felt and were allowed to leave the

laboratory if everything was satisfactory.

:

3.5 _ LJ

BLOOD SAMPLING PROCEDURES.

All blood samples were collected through the brachial catheter
into a syringe and transferred into the appropriate vacu-
tainer. An equal volume of sterile saline was then infused to
keep the catheter patent and to replace lost blood volume.

All blood samples for prolactin consisted of 5.0 ml.

-
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They were transferred into a nonheparinized vacutainer and
allowed to stand at room temperature until clotting occurred.
They were then centrifuged at 2000 to 3000 RPM for 10 minutes

_and the serum was frozen at -16°C for future analysis.

Two 1.5 ml blocd samples were collected for lactate assay and
hematocrit reading. The pre-exercise sample was taken in
ccnjunction withathe.second pre-exercise prolactin sample and
the postexercise sample with the 6th minute recovery prolactin
sample. These samples were tranfefred to a heparinized
vacutainer. For future lactate assay, 0.5 mi -was deprotein;
ized with 1.0 ml perchloric acid, centrifuged at 3000 RPM for
10 minutes and the supernatant was frozen at ~16°C. The
remaining blood sample was placed in ice water in the
refrigerator at -5°C for use in subseguent hematocrit

readings.

3.6
ASSAY PROCEDURES

Dr. D. Greenway at the Biochemistry Laboratorv of the Ottawa
General Hospital carried out the prelactin assay and the
lactate assay.

Prolactin was assayed with the Amersham Prolactin RIA Kit

(Amersham Corporation, Oakville, Ontario). This. method uses

an antibody against “human prolactin raised in sheep. Its

cross reactivity with human growth hormone is 0.2%; no

detectable cross reactivity is seen with HPL, LH, FSH, HCG and
TSH. This method employs the second antibody technique for
separating free and bound radiocactivity. All the serum
prolactin samples for each subject were assayed in duplicate
in the same batch. The reproducibility of the Prolactin RIA
Kit is summarized in Table 3.6.1.




TABLE 3.6.1

REPRODUCIEILITY OF THE RBRCOLACTIN RIA KIT

36.

V4

-
A is the within assay precision calculated using the

duplicate pair results applied in the formula:
-

I

difference between pairs

sp =|£4? a
‘ n

o
o
I

number of pairs

B, C, D are the resilts supplied by the manufacturer.

CONTROL | A | B | ¢ |
‘ | l | | -

WITHIN ASSAY l | I o
| ; | | [
Mean of 40 duplicate | | | J
pairs < 10 (ng/ml) o 4.5 | l -
: l | [ ;
Mean .of 10 replicates ! | | |

(ng/ml). | | 17.0 | 38.9 | 75.3°
i | l l

Standard Deviation - | 0.6 | 0.7 | 1.4 | 1.8
. | | | |

Coefficient of variation {(%)] 13.1 | 4.3 | 3.5 | 2.4
l l l |
BETWEEN ASSAY I I | |
' | | | |
Mean of duplicates from | i | . |

.20 separate assays (ng/ml) | | 16.6 | 38.9 | 74.1
' [ | i 1

Standard Dewviaticn I l .95 | 1.8 | 4.3
) | | | |

‘Coefficient of variation’ (%) | 5.7 | 4.6 | 5.8
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®
Dr.'Greehﬁay suggested excluding the first PRL sample after
catheterization, from mean pre-exercise value, 1in an attempt
to reduce‘any anxiety-induced high PRL reading at that
sampling time. Therefore, any reference to pre-exercise PRL
levels throughout the text refers to the last two samples
prior to exercise. .
The prolactin assay precision at the 1e«é€ of less than 10
ng/ml was established at 0.6 (féble 3.6.1).
The criterion for PRL concentration change was established at
the 99.8 percentile, on advice from Dr. R.W. Hudson (personal
communication 1985). As is customary, the errors of measure-
ment were assumed to be normally distributed. In this frame-
work, Ltwo obsérvatioﬁs, X1l and X2, from separate assays are
considered different whenever they are at least three SD
apart.. For example: 'X2;sxl + 3 SD-

X2= X1 - 3 5D

This restfiction can be interpreted as follows: an
'6bservation is either below the 0.2 percentile or above the
99.8 percentile on the distribution of X1, which is assumed to
be normal (X1, SDz); Applying this interpretation to the data
from the 40 duplicate_pairs, +3 SD or 1.8 ng/ml was the
criterion for minimal PRL concentration inérease.

‘Lactate was assayed by the Boehringer-Mannheim GmbH
Diagnostica_Test_— Combination kit method (Decrval, Quebec).
This method is a spectrophotometric procedure based on the

increase of NADH following the lactate dehydrogenase reaction.



- 3.7
DATA ANALYSIS

Due to the exploratory nature of this study, and with three
guestions raised as working hypotheses, descriptive analysis
of the data was an impoftant feature. The Sign test was
employed to determine the statistical significance of the
number of subjects showing a PRL concentration increase. The
Least Square Method was used to derive a mathematical
expression for the best fit to relate V02 to PRL.” Regression
analysis was applied to determine if a relationship existed

between PRL Jncrement and MV02 or between peak PRL and MVO2 .

38.



CHAPTER 4
RESULTS AND DISCUSSION .

4.1

-

OVERALL PERFORMANCE AND PHYSIOLOGICAL CHARACTERISTICS

In the context of this study, overall performance refers to
athe‘pre—exercise, exercise and recovery states. The subjects
are grouped for presentation of overall performance to
simplify the descriptive analysis and graphics. The subjects
in each group are related to each other by having stopped at
the same stage of-the MVO2 test, and they therefore shared a
common duration and intensity of exercise. The number given
to. the groups corresgond to the stage achieved on the MVO2
test. The seven groups in Table 4.1.1 result from this

relationship.-

TABLE 4.1.1
SUBJECT GROUPING FOR OVERALL PERFORMANCE

NUMBER OF DURATION OF ’ DURATION OF

GROUP SUBSECTS EXERCISE (min) RECCVERY {(min)

8 3 16 30
3 18 h 30

10 2 20 30 ¢
11 2 ( 22 30
12 4 . 24 30
13 4 26 30
14 1 28 30
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Two different graphs are used to demonstrate the PRL kinetics
during the overall performance. Figure 4.1:l-presents the
overall performance ~in minutes, from the beginning of
exercise, to the end of the 30-minute recovery period. This
graph demcnstrated the general profile_for'PRL kinetics.
Because the subjects stopped the MVO2 test at their self-
perceived maximum effort, or point of exhaustion, the range of
exercise duration for the seven groups was 16 to 28 minutes.
The exercise time common to all "subjects in tHis graph was the
first 16 minutes. At this point, three sukbjects stogped
exercising and started their recovery period, while the other
sixteen’'subjects continued exercising. For this reascn, in
this graph there cannot exist a common delineation between
exercise and recovery in the PRL pfofiles. .
Figure 4.1.2 presents the overall berfof%ance delineating the
point at which exercise 1is terminéted and recgvery is begun.
Focusing on this point, which was common to all subjects
a;though it occurred at different times, provided a clear
separation between the PRL kinetics dﬁring exercise and during
recovery. In this graph, the 16 minutes prior to exercise
terminaticon and the 30 minutes of recovery are common to all

seven groups.
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FIGURE 4.1.1 ~ «
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Certain features of PRL kinetics were observed during the
overall performance.

Figure 4.1.1 revealed a consistent pattern of stable PRL
concentration for all groﬁbs, for a duration’in the order of
20 minutes after the start of exercise, with an acute rise
thereafter. The onset of this rise appears to have occurred
during exercise for those groups who exercised beyond the 20-
minute mark, and ddring recovery for those who hadralready
stopped exercising prior to or approximately at the 20-minute
miBb’ Some fluctuation in PRL concentration was cbserved
during this time, but not above the 1.8 ng/ml criterion. Peak
PRL concentration, calculated from the beginning of exercise,
occurred in the range was 22 to 34 minutes. : '

From Figure 4.1.2 a number of observations can be made.

All peak PRL values occurred after the subjects had stopped
exercising, at a mearn time of B8+3 minutes after the
termination of exercise. When the onset of a mise in PRL
concentration occurred during exercise, 1t appeared just prior
to exgrcise termination. Onlf\group 12 and 13 showed this
onset, the other five groups did ndt exhibit a rise in PRL
during exercise.‘ At the end of the 30-minute recovery stage
the PRL concentration was stili elevated above the pre-
exercise levels. . -

The statistics describing the physioclogical chaqgcteriékics of
the nineteen subjects are presented,jusinq means and standard
deviations, in Table 4.1.2. In this table the increment is
‘the pre-exercise prolactin value subtracted from the peak
value. 5ggendix F provides the physiological characteristics,

and Appendix G provides the raw data for all parameters

" observed.

an



TABLE 4.1.2

PHYSIQLOGICAL CHARACTERISTICS OF THE

PARAMETER

hge (years)
Weight (lbs)

‘Height (ft/in) -

MYO2 (ml/kg/min)
MHR (BPFM)

Prolactin {(ng/ml)
pre-exercise
lst 16 minutes
exercise termination
peak
inerement
ratio (peak)

(pre}

30 minutes recovery

Lactate (mg/1l00 ml)

pre-exercise

postexercise 6 minutes

a
Hematocrit
pre-exercise

postexercise 6 minutes

SUBJECTS
MEAN
25
170
5.8

49

5.3
66.3

43-
47

4.5
17.8
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The magnituag'of'thé PRL response in this study was a mean
2.6-fold increase in peak over pre-exercisg levels. Seven
other studies had also reported at least a doublingain PRL
concentration in response to exercise (Brisson 1980,
Johannessen 1981, Moretti 1981, 1982, 1983, Nguyen 1982,
Shangold 1981) .

The mean pre-exercise value for PRL, 3.7+1.2 ng/ml, with a
range of 1.0 to 7.2 ng/ml, .is within the normal "basal" PRL
concentration range for males (Frantz 1978, Noel 1972). " The
mean PRL concentration for the first 16 minutes of exercise
was 3.5+1.0 ng/ml and the mean PRL concentration at the
termination of exercise was 4.9+2.4 ng/ml. The mean PRL
concentration at 30 minutes of recovery was 5.6+2.5 ng/ml. -
The mean peak PRL concentration was 9.8+5.5 ng/ml. All peak
PRL values in this study occurred after the subjects stopped
exercising, at a mean time of 843 minutes after termination of
exercise. Peak PRL concentration calculated from the
beginning of exercise occurred at a mean time of 30+5 minutes,
with a range of 22 to 34 minutss.

Other authors reporting PRL peak in recovery were De Meirleir
1985, Jezova 1982, 1983, Noel 1972, Moretti 1981, 1982, 1983,
and Nguyen 1982. The PRL increment was & mean value of
6.1+5.3, with a range of 0.0 to 20.7 ng/ml. One subject
failed to show any increase ;n PRL\concentration, but the .
other qighfée; all satisfied the crfterion of 1.8 ng/ml change
in PRL concentration. Using a Sign test, a highly significant
number (p=<0.001) of subjects showed a PRL concentration

increase, .

a

The range of PRL increment in this study 1s in accord with

the increments reported by Noel 1972, frewin 1976, Mayer 1980,
Brisson 1981, Prior 1981, Jezova 1982, 1983, Nguyen 1982,
Moretti 1982, 1983, Cohén 1980, and Bazzarré.l983. Three
studies showed-a mean increment beyond this range.

Johanncssen reported a mean PRL increment of 27 ng/ml for his

x

[N
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male subjegts following a fat-enhanced diet (Johannessen
1981); Shangold and associates reported a 25 ng/ml mean PRL
increment for the six trained women-in their study (Shangold
et al 1981), and Moretti reported a mean PRL increment of 60
ng/ml (pooled results) for the four men and four women
professional middle distance rdﬁners that his group:studied
(Moretti et al 1981).

The mean_M¢O2 in this study was 49+7.5 ml/kg/min, with a range
of 36 to 62 ml/kg/min. According to Jetté's norms for this
medium-high intensity stress test, fifteen of the subjects
fall into the average and above average fitness category.
(Jetté 1982; Appendix I).

The mean maximum heart rate Was l§319.2 BPM, and the range was
167 to 195 BPM. The mean heart rate response for each stage
is lower in this study, up to ST 12, than the norms reported
by Jetté (Jetté 1982: Appendix I). Those norms were not age
grouped,, which may explain the higher value.

The mean pre-exercise lactate level measured in this study was
9.3+4.5 mg/100 mi, with a range of 5.1 to 19.5 mg/100 ml. The
mean post exercise lactate level was 66.3+18 mg/100 ml, with a
range of 33.8 to 101.0 mg/ml. Expressed in mmol/L, the mean
lactate level pre-exercise was 1.0+0.5 and the mean 6 minute
postexercise level was 7.4+2.0. |

The mean pre-exercise hematocrit was 43+2.0 and the mean 6

minute postexercise hematocrit was 47+2.0.
' ¢
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o

SUMMARY OF OVERALL PERFORMANCE

The blood sampling frequency in this study, consisting of 3
pfe—exercise samples, one sample every 4th minute during
exercise, one at termination of exeréise and one sample every
fth minute during the 30-minute recovery period, made _
available a minimum of twelve blood samples per subjéct. {The
subjects continuing on the treadmill beyond 16 minutes had
more than 12 samples). This frequent monitoring for PRL
changes in the blood was responsible for revealing the PRL
kinetics during the overall performance. The nature of this
PRL response is summarized in Figure 4.1.3.

Figure 4.1.3 presents the median values and the range from the
results in Figure 4.1.1, the overall performance graph. It
also shows the documented PRL pattern previously described in
Figure 2.6 to pérmit comparison. From this comparison,
evidence is provided for the first working hypothesis. The
fesults of this study concur with the ‘documented@\pattern of
PRL increase during exercise; with the peak occurring at
exercise termination or early in recovery, followed by a
gradual decline thereafter. The three common intervals for
PRL measurement show an overlap in the range of concentration,
evenltaking into account the differences in experimental
protocol. The median PRL values in this study are lower,
however, the general PRL pattern is no® contradictory to the
documented one. The frequency of blood sampling in this study
was responsible for a more global and refined description of
the PRL response. It revealed the stability of PRL

" concentration during exeréise, for a duration in the order of
20 minutes, and the subsequent acute rise to peak in the

recovery pericd.
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FIGURE 4.1.3

SUMMARY OF OVERALL PERFORMANCE
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4.2

PROLACTIN KINETICS DURING THE M‘}O?_ TEST

The pfolaétin kinetics occurring during the M§O2 test that
were related to the duration of exercise and the rate of
oxygen consumption are presented in this section. The results
‘were examined globally and at a more detailed level. The PRL
conceh;ratioﬁs used are the mean absolute values.

Figure 4.2.1 provides the global description of prolactin
kinetics during the MVO2 test. Each ppint on the graph
represents the stage of the MVO2 tegt, the minutes of exercise
completed, the mean PRL concentration and the mean volume of
oxygen consumption for the number of subjects completing that
stage. Theé means and standard deviations for the parameters
described in Figure 4.2.1 are presented in Appendix I.

A detailed description of the prolactin kinetics related to
the duration of exerci%e and to the volume of oxygen
consumption is possible by a stage-wise 4;;BhiQ§ of the MVO2
test. All subjects who cbmpleted the same stageés of the test
‘were grouped together. Six groups result from this division:

13 subjects completed ST 1-8
16 subjects completed ST 1-9
13 subjects completed ST 1-10
11l subjects completed ST 1-11
subjects completed ST 1-12
subjects completed ST 1-13

+

[= TR ¥ B - S VS N S I
.

a .
In this context, Figure 4.2.2 presents the six gfaphs that
‘describe the prolactin kinetics in response to exercise of
varying duration, and Figure 4.2.3 presents six graphs that
descripe the prolactin response to an increasing volume of

oxygen consumption.

Y I
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'PRL RESPONSE RELATED T0 V02
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FIGURE 4.2.2
| PRL RESPONSE RELATED TO
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. FIGURE 4.2.3
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* - Observations during the MVO? test revealed that there was a
rise in PRL concentration only after the V02 exceeded 40ﬂ
ml/kg/min. The highest PRL concentration during exerc1se Qas
seen with the highest VO2. There was,a_consistent pattern of
an initial stable PRL concdentration, for a time period in the
order of éO minutes, followed by a gradual increase. The
highest PRL concentration during exercise was seen .with the
longest duration of exercise.

Two parameters of PRL response were identified that had not
‘been identified before. These were the V02 at which PRL began
to rise and the time at which this rise occurred. This
parameter identification suggested that a threshold or
tfiggering mechanism had to occur for a PRL concentration

increase to be observed.

These results provided evidence for the second working
hypothesis. An increase in the rate of oxygen consumption was
accompanied by an lncrease 1in PRL concentration but only after
the VO2 reached the order of 40 ml/kg/min.

In Fiqure 4.2.3 the trend of increasing PRL concentration with
increasing V02 was most apparent for the subjects completing
ST 1 through ST 12 and ST:l through ST 13. Using the Least
Squaré Method on the mean absolute PRL and VO2 values from the
graph for the five subjects completing ST. 1 through ST 13, a
mathematical expression for best fit can be obtained to relate
V02 and PRL. The third degree equation obtained through this
method ;s given by: '
PRL = -0.23905 + 0.41633 VO2 - 0.0L508 6022 + 0.00017 6023
Although inferential tests would suggest Siénificant'linear,
qguadratic and cubic components, the expression is better
integrated as a descriptive device, since with such a small
number of,subjécts, the above coefficients are known to be

very unstable. ‘However, it should be noted that the pairs of
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coordinates each represents the mean of fide subjecté rather
than 51ngle measurements on 1nd1v1duals, ﬁ/}eby increasing .
the. stabllnty of these points. This mathematical expression
is prov1ded as a methodology, not as an exact relatlonshlp
between PRL and V02. Since the relationship is strong, it
was considered worth noting:

. ’ .
R-squared of the linear component = 0.55,
‘R-squared of the gquadratic component = 0.34,
R-squared of the cubic component = 0.08.
Using the above mathematical expression to predict PRL froﬁ
V02 provides a formal relationship -between the two variables
and has empirical validity as observed in Figure 4.2.4.
This figure prOVldES the measured PRL values for the five
subjects completlng ST 1 through ST 13 from Figure 4. 2.3 and
the predlcted PRL values from the mathematical expressaon.
The mathematlcal expression, methodology provided here reguires
a larger sample in order to be used for other than a

descriptive device.
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FIGURE .4.2.4

MEASURED AND PREDICTED PRI
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4.3 ' A
PROLACTIN INCREMENT'AND MVO2

The third guestion underx investigation in this study was
whether there would be a relationship between PRL increment
and MVO2. The MVO2 and PRL increment for each of the nineteen
subjects is presented in Figure 4.3, The results of the
regression analysis ?erfprméd on this data is presented in
Table 4.3. This ana.vsis showed that no significant
rélationship exists between PRL increment and MGOZ._ The same
tyce of relationshiz was exgected between peak PRL and MVO2
given that the PRL values pre-exercise and for the first 20
minutes of exercise were relatively stable between and within
individuals and the addition of this "constant™ to PRL
increment results in the geak value. Therefore, regression
analysis was also performed on the peak PRL and MVO2 data for |

the nineteen subjects and these results are presented in Table
4.3.

TABLE 4.3

REGRESSION ANALYSIS RESULTS

PARAMETERS COMPONENT R-SQUARE RELATIONSHIP
MVO2 and PRL INC linear ' 0.0533 N.S.
guadratic 0.1241 N.S.
) : cubic 0.0555 . N.s.
MVO2 and peak PRL linear 0.0238 N.S.
. guadratic - 0.1131 N.S.
" cubic s 0.0400 N.S5.

N
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4.4

DISCUSSION OF THE PROLACTIN RESPONSE TO EXERCISE

The treadmill stress test induced alterations in PRL
concentration. The initial stability of PRL coneentration
during exercise had not been reported in the literature.

Wwhile this thesis was in press (June, 1985), De Meirleir's
éroup published its results, which define very precisely the
intensity of exercise required to induce an increase in PRL
levels as anaerobic threshold (AT)(De Meirlier et al June,
1985).. They demonstrated that submaximal exercise of an.
inténsity that did not increase systemic levels of lactic acid
( 4 mmol/L was their criterion) did not alter PRL levels.

This precise definition enables the initial stable PRL
‘concentration seen in this study to be explained as reflecting
a subthreshold exercise intensity. Only when the AT intensity
was reached was a PRL increase induced and the-acute rise to
peak in recovery observed. The duration of exercise is
therefore not the factor that induces PRL increase. In the
treadmill stress test protocol used for this study, the .
intensity of exercise reflecting a V02 of 40 ml/kg/min was
only'reached by a duration in the range of 20 minutes (Table
3 4.2}). Therefore, the identification of the two parameters,
@he V02 at the onset of PRL 1ncreaee and the time of this
onset, may only be 1dent1fy1ng the more subtle parameter of
anaerobic threshold. .
Similarly, the study by Brisson et al in 1981 that reported
that the PRL response seemed to be related to work intensity
(1.e., a 55% MVOZ workload failed to induge a PRL increase,
whereas an 85% MV02 workload resulted in almost doubled PRL
concentration), maylhave been brelimiﬁary evidence to define
AT as the work intensity necessary to trigger PRL increase.

By definition, maximal exercise to exhaustion reaches

anaerob1051s, SO all the subjects in this study reached the
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intensity of exercise defined by De Meirleir. The mean
postexercise lactate in this study was in excess of the 4
mmol/L criterion De Meirleir used for anaerobiosis. This
study lends support to the proposal that exercise intensity
above AT increases PRL concentration. It also dembnstrates
that frequent blood sampling during exercise and recovery is
necessary for a refined profile of the PRL response to
exercise. The pre- and immediate postexercise éampling
performed in most previous studies is not adeguate to pin-
point the onset of the PRL rise during exercise or the peak
concentrfation in recovery. Mﬁoz, considered to be a measure
of physical fitness, was not related to the PRL incremedﬁ,
thus demonstrating that the level of fitness of the subject

did not influence the PRL increment in response to exercise.
4.5
LIMITATIONS

The major limitation of the study lies in the sample itself,
since it included only respoﬁdénts willing to undergo the
procedures outlined in the methodoclogy. It was not a random
sample of the population, the éample size was small and there
was no control group.- Time and financial constraints were
largely responsible for these limitations. Under the’
limitations of this study, the following conclusions are

drawn.
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CHAPTER 5 . )
CONCLUSIONS AND RECOMMENDATIONS /

3.

The general pattern of PRL response to exercise in this
study is not contradictory to that described in the review
of literature. A more refined pattern was revealed due to
the freguency of blood sampling. It was stable PRL
concentration for the first twenty minutes of exercise;
peak concentration early in recovery and'a gradual decline
thereafter. '

In this progressive exercise test to exhaustion, the PRL «
concentration did not increase before an intensity

reflecting a V02 of 40 ml/kg/min had been reached.

There was no relationship between the MVO2 of the nineteen
male subjects.and their PRL increment,in response to

exercise.

From these conclusions, the following recommendations for

further research are made:

1.

' The use of fixed and progressive wofkloads, as well as

variations induration and intensity, when examining the

PRL response to exercise.

The incorporation of anaerobic thfeshold and lactic acid

measurements into the protocol of future studies.

Frequent blood sampling should be done during exercise and

recovery, and specifically before and after anaerobic

_threshold.
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APPENDIX A

*

STUDIES USED TO COMPILE DOCUMENTED PROLACTIN PATTERN - ~

STUDY

- H
Brisson 1981

N =28
(85% MVO2)

Nguyen 1982

N = 18
Maver 1980,
N = 10

Jezovad 1982
N =11

Jezova 1983
N =12

REPORTED MEAN PRL CONCENTRATION {ng/ml)

Pre Termination 10-15 min

Exercise 0f Exercise ' Recovery

-

9.5 17.0 " 16.0
3.7 o © 10.9
7.0 13.0
4.5 7.4 8.4
4.5 7.4 . 8.5
P
4
K \;\J}/)'b '
~ - . ( ',c - . .
- " v

78.



- APPENDIX B

" HEALTH APPRAISAL FORM

NAME: !
AGE : BEIGHT: WEIGHT:
B.P.: ’ ECG :- MEDICATIONS:

o ' T A iY:—:s ‘ NO 11? YES, GIVE DETAILS
'(;_ 1. Do you smoke? - ' | | | K
0 | \ L

2. Have you had any chest pain | | |Describe
within the past year? | | B
T R S
3. Do you suffer anv chest pain or | d-
discomfort: at rest, when | | |
exercising in any form, e.g., l I I u
climbing stairs? I | A
: l | l "
4, 1Is there anv-history af Heart | ! Iwho, and at what age?
+Digease in the familwv? ! | |
S <] i | °
5. .Have you ever suffered from: - | | |
Lung Disease, Rheumatic¢ Heart™ [ ] v
Disease, Heart Failure, Hear: | | |
* Attack, High Blood Pressures, | l _|
angina, Any other Heart Problem? . | | |
S o BT
6;/,Have you ever had Diabetes, 0 | >~ i @ )
, Thyroid trouble, Anemia, Arthri- | | . ‘
tis, Slipped Disc, Chronic Xne= | - | >
OF Foot Disdrders? . t | .
‘ , | | |
7. _Have you had or ard you now | |
+ suffering from any serious | BRE i
R disorder not mentioned above? | . !
when did you last receive a
~medical examination?
Personal physician:
NAME: . '
. B - ADDRESS: L
1 . .
SIGNATURE: " . - -
.DATE: R ‘ , - ‘ T
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APPENDIX D B . 7 {U

PHYSICAL CHARACTERISTICS OF THE SUBJECTS

SUBJECT AGE WEIGHT HEIGHT CALCULATED AEROBIC
(vears) (1bs) (fr/1in} CAPACITg-ml/kg/mzn

L 28 227 6.3 a2
GS - 26 . 149 5.5 57
s® e 133 5.7 56
R 25 150 5.6 47
BL 27 165 5.16 46
MBRO 28 163 6.0 45
DW z7 . 130 5.10 48
SL 21 171 6.0 57
LG 27 188 6.0 53
MS = 25 195 6.1 55
DD 29 177 5.9 o --
GG ' 22 175 6.0 57
AH 24 152 5. 6> 57
TD 23 159 5.10 54
JH 24 172 6.0 54
DM 26 163 " 6.0 57
MBRA 20 151 6.0 49
KF 29 175 6.2 --

. PL 23 165 5.10 58

i

o
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APPENDIX E

CONSENT FORM

1, the undersigned,  agree to

participate in the thesis research entitled "The Investigation
of Serum Prolactin Concentratlon in Males in Response to a

Standard MV02 Treadmill Stress Test".

This will involve my performance of one exercise test on a
treadmill. The treadmill speed will be incrementélly
increased, but always remain at a walking péce, and the
treadmill grade will gradually change similarly. I will be
required to continue the exercise to my maximum ability |
although I realize I can stop the test at any time.

Blood samples will be withdrawn from a vein in my arm by means’
of a venous catheter that has been inserted by qualified

medical personnel.

There are certain personal risks accompanying an exercise
effort to maximum. They include nausea, .light- ~-headedness,
muscle pain and cramps, chest discomfort and extremely rarely,

cardiac failure.

o .
W

I do not expegt any money or other material reward from -my
part1c1patlon in this study. I realize that all the results

of this study will be kept confidential by the researchers.

In signing this consent form, I acknowledge that I have had
the test procedure and. potential risks explained and have
asked any. questions I wanted. ’

Subject:

Witness:
Date:




APPENDIX F

PHYSIOLOGICAL CHARACTERISTICS OF THE SUBJECTS

-

L

PEAK *PRL

PRL  INCREMENT MVO2 MHR
"SUBJECT (ng/ml) (ng/ml) (ml/kg/min) (BEM) ..

1L - 7.1 2.0 36 T 178
SR 3.0 -0.7 40 167
GS 9.1 2.4 44 176
SM 8.3 4.9 39 185
BL 11.8 7.9 42 . 195
MBRO . B.3 4.9 38 187
DW 5.8 3.2 46 173
SL . 5.1 2.3 56 187
MS _ 6.6 ¥.9 .+ 59 164
LG 11.9 7.2 50 173
D 8.1 4.6 . 48 193
AH 6.4 4.1 55 189
DD 23.8 20.7 ' 52 187
GG 14.0 10.1 51 185
JH © . 5.8 2.9 51 195
DM 12.7 9.1 51 ' 176
MBRA 23.0 17.7 55 195
KF 6.5 2.4 62 195

PL 8.9 3.4 . 56 13&\\\H—

* Increment calculated as the mean pre-exercise value

(2 samples as described on page 37) subtracted from the-
peak PRL value.



B4.
" APPENDIX G * -~
RAW DATA FOR ALL OBSERVED PARAMETERS -

This appendix supplies all the raw data measurements for each
individual subject.

An asterisk (*) indicates those subjects tested at the 10:30 a.m.
sessions.

4



PRE EXERCISE_DATA FOR SUBJECT IL ‘\\\;
PRL LACTATE HR HEMATOCRIT ‘BP
- 5.3 78 40 18
-
J
EXERCISE DATA FOR SUBJECT IL
;
PRL 02 HR
ST 2 3.6 16.1 107
ST 3 3.8 24.2 127
ST 6 3.5 31.5 137
ST 8 3.2 36.2 178
RECOVERY DATA FOR SUBJECT IL
PRL LACTATE HR HEMATOCRIT
6 min 6.7 70.2 100 45.5
12 min 7.1 88
18 min 5.7 94
24 min 4.4 90
30 min 5.6 92 .

8s.



PRE EXERCISE DATA FOR SUBJECT SR

LACTATE " HR ~

PRL HEMATOCRIT  BP
1.9 | 3Q2 | 344 | 6.4 64 43 |
EXERCISE DATA FOR SUBJECT SR
PRL 02 HR
ST 2 7.6 20.0 107
ST 4 1.3 27.7 125
ST 6 2.6 10.0 143
ST 8 2.7 10.3 167

RECOVERY DATA FOR SUBJECT SR

12

18

24

30

min

min

min

min

min

PRL LACTATE HR
3.9 37.8 94
2.9 100
2.8 87
3.3 ' ' | 89

3.4 85

HEAATOCRIT

G._
48

86.



PRE EXERCISE DATA FOR SUBJECT GS

PRL '~ LACTATE HR HEMATOCRIT BP
8.6 7.2 6.1 7.7 63 39.5 120
90

EXERCISE DATA FOR SUBJECT GS

PRL 02 HR
ST 2 4.5 20.6 101 3
ST 4 5.1 26.3 133 / (
ST 6 3.3 36.5 163
ST 8 3.5 43.56 176 -
RECOVERY DATA FOR SUBJECT GS

; .
PRL LACTATE HR HEMATOCRIT
& min . 9.1 635.7 98 43.5

12 min 7.3 f- 97
18 min . 6.1 ) | 9?

24 min . 5.7 90

30 min 5.1 D 90



.y

' PRE EXERCISE DBATA FOR SUBJECT 8M

88. BN,

PRL ) ,LACTATE HR HEMATOCRIT BP ) =
3.3 119 -
N _I0__
PRL 02 HR
ST 2 3.8 hif.a 115 '
ST 4 2.6 24.0 132
I \
ST 6 3.0 31.9 161 )
57 8 3.2 37.9 13
ST 9 2.9 39.1 185
RECOVERY DATA FOR SUBJECT S ‘
PRL ;ACTATE‘ HR HEMATOCRIT
. 6 min 8.3 54.9 105 49.0 .
12 min 7.2 105
18 min 6.5 100 —
24 min 6.7 98
36 min 5.5 96



. | | 89.‘ N
PRE ExéRéLSE DATA- FOR SUBJECT BL >>
" PRL - LACTATE HR HEMATOCRIT BP
5.6 .2 19.4 58 46 118 SRR
78
EXERCISE DATA FOR SUBJECT BL | -
PRL 02 HR
ST 2 4.0 15.2 100
ST 4 4.2 23.4 139
ST 6 3.5 31.2 164
o
ST 8 3.8 11.4 191
ST 9 4.9 41.7 195
} — -
RécoyERY DATA FOR SUBJECT| BL = iﬁ%
PRL LACTATE HR HEMATOCRIT
- 6 min 11.4 101.0 112 50
12 min 11.8 107 @
-18 min 10.4 106
24 min 8.9 94
30 min 5.0 92



PRE EXERCISE DATA FOR SUBJECT MBRO )

- PRL A LACTATE HR -HEMATOCRIT BP
3.6 3.4 3.3 7.7 70 a3 ]
q N

_ EXERCISE DATA FOR SUBJECT..MBRO

PRL 02 HR ¢
ST 2 2.9 16.5 91
ST 4 2.2 ” 22.2 111
ST 6, 3.4 33.5 144
ST 8 o 4.3 6.8 182
5T 5 . ' 3.3 38.4 187

RECOVERY DATAa FOR SUBJECT MBRO

PRL LACTATE HR HEMATOCRIT
6 min © 8.3 68.4 104 : 46,5
12 min 7.7 90
18 min 6.6 --88
24 min 5.4 Bo6
30 min 4.9 82

\J.

a



PRE EXERCISE DP{I‘A FOR SUBJECT DW

.91.

PRL LACTATE HEMATOCRIT BP
2.4 41.53 102
' 76

EXERCISE DATA FOR SUBJECT DW

PRL 02 HR
ST 2 4~ 2 17. 89 .
ST 4 3.1 27. 111

4
ST 6 2.5 35 133
ST 8 2.5 J?,. 155
M\

ST 10 1.9 46. 173
RECOVERY DATA FOR SUBJECT DW

PRL LACTATE HR HEMATOCRIT

N
6 min 4.8 36.5 90 45.5

12 min 5.8 88
18 min 4.2 81
24 min 4.5 85
30 min 3.6 83



PRE EXERCISE DATA FOR SUBJECT SL \\

vy

75

PRL LACTATE HR HEMATOCRIT  BP
2.3 6.6 53 44 132
. 84"
. : e
EXERCISE DATA FOR SUBJECT SL T
PRL a2 HR
ST 2 1.7 21.5 96"
ST 4 1.7 26.7 115 -‘K
ST 6 1.7 37.2 145
ST 8 2.2 41.8 164
ST 10 3.5 55.8 187
RECOVERY DATA FOR SUBJECT SL
PRI, * LACTATE HR HEMATOCRIT
6 min 5.1 33.8 94 47
12 min 4.8 100 :
.‘f
18 min 3.6 84 /
1) J’f
© 24 min 3.4 80 ]
/i'
3¢ min 3.3 ’

92.



PRE EXERCISE DATA FOR SUBJECT MS

PRL LACTATE HR HEMATOCRIT 'BP

1.5 2.3 1.0 15.3 66 45 140
80

EXERCISE DATA FOR SUBJECT MS

FRL 02 HE
ST 2 2.8 20.6 100
ST 4 — 2.2 28.5 109

// "

ST 6 333 37.7 123
ST 8 | 3.4 31.4 141
ST 10 1.6 54.8 155
ST 11 3.6 58.7 164

RECOVERY DATA FOR SUBJECT MS

PRL -LACTATE HR HEMATOCRIT
6 min 6.6 76.5 94 48.5
B 12 min 5.4 88
18 min 3.0 -. 85
3.0 85

30 min 3.1 78



94,

PRE EXERCISE DATA FOR SUBJECT LG

PRL : LACTATE HR HEMATOCRIT  BP

4.0 - 4.8 4.5 5.1 55 13 1X0

EXERCISE DATA FOR SUBJECT LG

PRL 02 HR

ST 2 5.7 16.6 88
ST 4 - 5.5 27.8 115
ST 6 4.7 36.1 142
ST 8 - 3.5 42.0 153 .
ST 10 3.7 48.8 169
. -
ST 11 4,2 49.8 173 *

RECOVERY DATA FOR SUBJECT LG

. PRL LiETATE HR HEMATOCRIT -
6 min . 8.0 82.4 96 49
12 min 10.7 91
18 min 11.9 ' : 91 =~
24 min 9.8 " ' 90

30 min 10.2 . B85



7.

S~ 95.

PRE' EXERCISE DATA FOR SUBJECT TD
PRL . | LACTATE HR HEMATOCR&T BP
3.9. 3.4 3.6 7.4 74 41 144

110
EXERCISE DATA FOR SUBJECT TD

N _ PRL - 02 HR 7
ST 2 | | 2.7 20.4 97
ST 4 3.2 24.9 111
ST 6 3.3 29.4 ‘130
ST 8 3.4 32.8 144 .
ST 10 C3.1 40.9 173
ST 12 3.3 48.3 187 _
/
RECOVERY DATA FOR SUBJECT TD
PRL LACTATE HR HEMATOCRIT
6 min ' 8.1 74.7 111 45.5
‘12 min 6.7 102 \_)
- .
18 min 6.4 102 |
24 min 5.0 , 98
. .

30 min 4.4 . 107 .



PRE EXERCISE DATA FOR SUBJECT .aH

PRL

LACTATE . HR HEMATCCRIT BP

96.

7.4 66 , 123
82

EXERCISE ‘DATA FOR

SUBJECT AH

49 £

PRL - 02 - HR
ST 2 2.9 20.5 100
ST 4 3.5 27.2 120
ST 6 2.8 33.2 138
| ST 8 3.0 46.1 155 .
ST 10 3.1 51.3 180
ST 12 3.4 54.7 189_
RECOVERY DATA FOR SUBJECT AH'X
) PRL LACTATS HR HEMATCCRIT
6 min 6.1 78.8 - 102
12 min 6.1 110
18 min_ 6.4 98
24 min 5.3 87
30 min 3.7 82



PRE EAERCISE DATA FOR SUBJECT DD

PRL ) LACTATE HR HEMATOCRIT BP
5.1 3.5 2.7 7.7 65 42.5 124
82

EXERCISE DATA FOR SUBJECT DD
~f

PRL 02 HR

ST 2 | 3.2 18.0 79
ST 4 3.4 25.1 94
ST 6 3.8 32.6 114
ST 8 \; s 38.8 115
ST 10 7.2 43.89 168

ST 12 9.5 51.8 187

-

RECOVERY DATA FOR SUBJECT DD

-t

PRL LACTATE HR HEMATOCRIT
6 min ' 20.9 86.9 160 49.5

12 min 23.8 102

18 min : 96

24 min 19.6 . | 98

30 min ' 10.8 93



e

PRE EXERCISE DATA FCR SUBJECT GG

98.

'PRL LACTATE HR HEMATOCRIT BP
6.1 3.9 70 120
62
EXERCISE DATA FOR SUBJECT GG
PRL 02 | HR

ST 2 o 4. 19.9 90

ST 4 5. 22.7 93

ST 6 a. 33.8 7 125

\

ST 8 5. 41.2 141

ST 10 5. 47.0 E 167

ST 12 10.5 s1.4 185

- !
RECOVERY DATA FOR SUBJECT GG 2
PRL LACTATE HR HEMATOCRIT

6 min 14.0 77.9 f 102 48

12 min 11.3 100

18 min 3:§. 95

24 min 7.6 87

30 min 7.6 83



99.

PRE EXERCISE DATA FOR SUBJECT JH A\>
PRL LACTATE HEMATOCRIT BP
2.3 2.9 2.8 n 19.5 41 118
' 80

EXERCISE DATA FOR SUBJECT JH

PRL 0z HR
ST 2 2.4 15.8 94
ST 4. 2.2 23.7 109
ST 6 2.8 33.0 123
ST é. 2.8 32.0 147

v
ST 10 3.2 41.0 173
ST 12 3.0 47.1 187
ST 13 5.2 51.3 195
\

RECOVERY DATA FOR SUBJECT JH

PRL LACTATE HR HEMATOCRIT

6 min 5.8 ‘59. 45

12 min 5.3
18 min 4.6
24 min Q.é :h
30 min 3.9



PRE EXERCISE DATA FOR SUBJECT MBRA

i

30

loo.

PRL LACTATE HR HEMAfDCAIT BP
4.8 5.0 6.8 69 a1 122
) 76
EXERCISE DATA FOR SUBJECT MBRA
PRL 02 HR

ST 2 5.2 15.7 87
. ST 4 5.4 27.0 102

ST 6 4.6 29.7 127

ST 8 ° 4.8 38.1 154 ]

ST 10 4.8 43.2 173

ST 12 5.5 45.2 186

ST 13 8.0 54.5 189

3
RECOVERY DATA FOR SUBJECT MBRA
PRL LACTATE . HR HEMATOCRIT
-
6 min 23.0 65.7 118 47.5

12 min 20.2 118

18 min 17.3 113

24 min 13.2

min 11.5



101.

PRE EXERCISE DATA FOR SUBJECT DM

PRL LACTATE HR HEMATOCRIT BP
5.0 3.7 j3.5 2.8 50 40 110

EXERCISE DATA FOR SUBJECT DM

i PRL Qf HR
2.7 17.9 67
2.1 21.8 85
1.8 . 27.7 108
\
1.9 37.4 123
ST 10 2.5 41.8 151
ST 12 4Zi:’ | 47.4 167 |
ST 13 6.9 50.6 176-
RECOVERY DATA FOR SUBJECT DM
PRL LACTATE HR HEMATOCRIT
6 min o 12.7 77.9 90 44
12 min 10.9 83
18 min o 8.3 83
24 min 6.8 83
'

30 min 5.2 73



- 18

min

" PRE EXERCISE DATA FOR SUBJECT KF alie S
PRL ’ PACTATE HR’ HEMATOCRIT BP
5. 4.3 3.9 60 a3

EXERCISE DATA FOR SUBJECT KF

' PRL 02 HR

ST 2 5.1 84

ST 4 4.2 - 101
o e

ST 6 4.7 33.1 128

ST 8 4.2 46 .6 150

ST 10 - 4.7 . 5.4 165

ST 12 6.2 60.6 187

ST 13 6.5 61:8 195
) I
RECOVERY DATA FOR SUBJECT XF
PRL LACTATE HR HEMATOCRIT
6 min 4.0, 59.9 95 48

12 min 6.2 96

mir*g§ 4.7 96.
24 min | 4.8 85
30 4.0 94

102.




PRE EXERCISE DATA FOR SUBJECT PL

PRL . LACTATE HR

103.

R HEMATOCRIT . BP
3.9 3.7 %o 8.5 63
N
- U
'EXERCISE DATA FOR SUBJECT PL
PRL 02 HR T

ST 2 3 16.8 83 -
ST 4 3.3 22.1 102

ST. 6 3.3 323 113
st 8 3. 38.6 141

ST 10 3.6 47.2 167

ST 12 | 3.6 54,9 182

ST 14 4.4 55. 9 184

RECOVERY DATA FOR SUBJECT. PL

PRL LACTATE " HR HEMATOCRIT
6 min 8.9 50.9 90 4?

12 min 7.1 © 83

18 min 7.0 73

24 min 5.1 75

30 min 5.6 69



APPENDIX H

MEDIUM ~ HIGH INTENSITY STRESS TEST
20 - 29 YEARS AGE GROUP NORM

MU02 FREQUENCY
FITNESS CATEGORY {ml/kg/min) THIS STUDY
Excellent ) 59 2
Above Avefage -48-58 9
Average 38-47 6.
Below Average - 28-37 2
Poor ' 27 0

MEAN HR AND VO2 RESPONSE TO EXERCISE TREADMILL TEST

VO2 NORMS

V02 THIS

104.

STAGE JETTE'S NORMS . THIS STUDY STUDY
ST 2 116 + 13 93 + 11 19.0 + 18.2 + 2.

ST. 4 138 + 15 113 + 15 24.6 + 2. 25.2 + 2.

ST 6 160 + 17 136 + 17 32.3 + 2. 33.2 + 2.

ST 8 177 % 14 156 + 17 38.7 + 3. 40.0 *

ST 10 184 + 13 169 + 9 45.3-% 2. 47.3 + 5.

ST 12 186 + 10 184 + 7 53.4 + 51.8 +

NORMS FROM: //f

Jetté M.
Department of Kinanthropology
University of Ottawa




APPENDIX I

PARAMETERS DESCRIBED IN FIGURE 4.2.1

ST13 / 26

(MEAN + SD)
MEAN PRL *
o CONCENTRATION
STAGE / MIN  NUMBER OF  ng/ml at  MEAN V02
COMPLETED  SUBJECTS __ each stage AT EACH STAGE
w2 /4 19 3.5+1.0 18.2+2.0
STh / 8 19 3.5+1.2 25.2+2.3
ST6 / 12 19 3.340.8 33.2+2.6
ST / 16 19 . 3.4+0.8 140.0+3.9
ST9 / 18 16 3.7+1.0 43.0+4.6
ST10 / 20 13 3.9+1.4 47.3+5.3
5&11'/ 22 11 4.8+1.9 49.9+5.3
sT12 / 24 9 "5.5+2.8 51.8+5.4
5 6.1+1.6 | 55.044.5

105.





