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Abstract

To determine the .gonadotropin response to resistance éxercise and to observe the effect(s)
of resistance training on the response, frequent blood samplés were oBtaincd during a Nauﬁlus j
exercise session r seven Yvomecn,beforé and after eight weeks of training. Blood samp:.» wére
obtained through an indwelling intravenous catheter for 1/2 hour before exercisc one hour of
exercise, and 1/2 hour of recovery from exercise. Exercise consisted of three sets of 8 — 12
-epetitions on each of three upper body and three lower body exercises. Blood sarr 28 wCrc'
analyzed for hematocrit, lactate, LH, and FSH. Both LH and FSH increased with resista icc
exercise in the pre— and post- tests but only LH increased significantly (47% above baseline in v -

‘pre-test and 60% above Laseline in the posi-test). A biphasic LH response was observed i b.ih

Yy

the 7pre'—‘test and the—post— test with one peak occurring during upper body exercise and a secovnd
2eak octlirring during lower body exercise. The LH response after training was delayed compared
10 the pre—test bur remained higher over the exercise session. Thelresults of the study suggest t.at
the LH response i) wés not a consequence of hemacconcentration (hematocrit increased < 10%), ii)
did niot eppear to be related to either muscle mass or the amqpm of work performed, iii) may be
related to the relative intensity of the exercise, iv) appears to be related to the sequence of the two

groups of exercises, and v) may be altered by training.
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1. INTRODUCTION
The high incidence of oligomeriorrthea and amenorrhea among l»feniale athletes suggests a
causal relationship between reg(ular strenuous physical activity ar.ld menstrual dysfunction. While

the physiological consequences of training which are conducive to amenorrhea are unknown, youth,

nullipari;y, and prior menstrual irregularity appear to influence susceptibility to the oondition

(Speroff and Redwine, 1980; Baker et al., 1981; Schwartz et al., 1981; Shangold and chiné. 1982).

Decreased and/or low. body fat (Frisch et al., 1980; Schwartz et al,, 1981) physm] stress (Warren,
© 1980; Anderson, 1979) and psychological stress (Schwam et al 1981; Shangold and Levine, 1982)

have all been 1mp11cated in the euology

Exercise—-induced abe;'rations in menstrual function are likely manifestations of altered
A

N
u

neurochumoural input at the hypothalamus—piuntary—ovarian axis. However, studies evaluating -

circulating gonadotropin levcls with acute exercise have produced confhctmg results. Bonen and
- associates (1979) found no changein either luteinizing hormone (LH) or follicle-stimulating

hormone (FSH) levels over an acute exercise bout on a bicycle ergometer. Jurkowski and

associa;es (1978) reported an increase in FSH levels over an acute exercise bout in the

mid- follicular phase of the menstrual cycle but no change in FSH with éxercise in the mid-Iluteal

phase and no change in LH in either phase. Chmming and associates (1981) not only found a

sigﬁiﬁcapt increase in both LH and FSH levels with exercise but also an increase in LH leveis in -

anticipation of exercise. These contradictory results likely reflect the differences in experimental
protocols. The ﬁme of day, the phase of the mcné@al cyde, the éxercise fegime employed, plus
_the mode, timing ind frequency of blood sampling could &ll have a bearing on the results.

. The data concermng the resting gonadotropm Jevels of amenorrhelc athletes is hkewxse
conﬂxcung Amenorrhelc runners, when c\ompared to normally-cycling runners and non-runners,

have demonst:rated i) low. to low-: i (Dale et al., 1979 Baker et al 11981) and FSH

concentIanns (Da.lQ el al 1979) ) comp ble LH and FSH concentranons (Cumming et al;,

1981), and m) hxgh LH concentratnphs (Schwartz etal., 1981). Again, the discrepant results may be

‘\ , \\»
explained in part by vanauons in tesnng methodology.

A 4



Thus, it is uncertain how and to what degree exercise and/or training alter LH and FSH
levels. Furthermore it is not clear to what degree alterations in body fat composmon may
influence the results. Low body fat and/or weight loss have been associated with amenorrhea
'(W\emz, 1980), exercise (Speroff and’ Redwine, 1980) , and altered concentrations of some
reproductive hormones (Fishman et al., 1975; Wentz, \ 1980). Effects resulting from
exercise—induced changee .in‘fat composition h:_ave yet to be clearly dissociated from effects
resulting from exercise alone. | ‘ . o o~

Stength training programs are geoerally associated ‘with smaller vdecreeses in fat weight
tllxan. are endurance training programs (Wi’lrnore', 1983). Strength training programs provide one
method of studying the effects of increased physical etress without a significant alteration in body
fat It is the purpose of this study to determine the gonadotropin respoose .10 an acute resistance

exercise bout and to observe whether the response is altered following a resistance training

- program.

.LIMITATIONS

Limitations of the study were as follows;

1. -Human subjects: Subject\_compliance was an integral factor in .the successful

completion of the study.

2. Small sample size: Although several women volunteered to be subjects for the
study, many did not pass the criteria for selection (see Memods). Fifteen women
were chosen as subjects, ten decided to begin the study, but only seven completed

it.

3. Lack of a control group: The seven subjects served as thelr own conIIols as they'
were tested twice, once before and once after eight weeks of trarmng A control
'group which could be tested twice, once before and once after the same eight week

period but which would not undergo the training, would have been desirable.



™,

Hovéever, not only would it have been extremely difficult to find a group of
wome%:o fitted the selection criteria who would be willing.to undergo the

pre-test and post~-test without the training, but it als% would have been extremely

‘ {
_ difficult to schedule their tests. Testing had to be performed during the early

follicular phase of the menstrual cycle and at only one time of day (3.00 p.m.). It

was already awkward scheduling the tests of the training subjects.

Weight training: Problems inherent in weighwcraining‘ studies include difficulties

in evaluating work performance and the subjective assessment of maximal work

. capacity,

Estimation of residual volume: Helium or oxygen diluqon techniques ‘are the

- methods of choice for accuracy in the assessment of residual lung volume. - These

techniques were not available. However, errors due to inaccurate estimation of
residual volume should not have influenced the results since a change in fat
content, rather than abolute fat content, was the parameter of interest and since

residual volume would not be expected to change with training, it should influence

pre—test and post—test results equally.

~

—_—



Table 1: Gonadotro'pin Results in the Literature

A. Gonadotropin Levels with Exercise

Study | LH - " FsH

Jurkowski et al., 1978 no change increased
Bonen et al., 1979 - no change . no change
Cumming et al., 1981 ' increased increased

- B. Gonadotropin Levels of Amenorrheic Athletes

Study - LH FSH
Dale et al, 1979 ) low " low
Baker et al., 1981 low - low
Cumrﬁing etal, 1981 normal normal

Schwartz etal, 1981 - high



. METHODS

Ten female university students selecu’:d from a large “olunteer population gave informed
consent and served as subjects, Criteria for selection required that the women i) had no known
health problems, ii) were not using oral contracepﬁves, iii) were not on any special diet, iv) had
relatively regular r;enstrual function, and v) were not highly trained or in training. Three subjects
droﬁped out during the éourse of the study. Physiological and gynecological characteristics of the
remaining seven subjects are presented in Table 2. |

The experimental design involved a pre—training test, training sessions; and a post-training
test. Training sessions were ileld three times per week for approximately eight weeks. FEach
subject completed a minimum of twenty-four sessions. Each session consisted of three sets each of
three upper body exercises (puliover, armcross, decline press) and three lower body exercises (hip
' and ba:ﬁf qﬁadriceps, leg curls) on Nautilus equipment. A set involved eight to ten reﬁedﬁons for
upper quy exercises or tert to twelve repetitions for lower body exercises. Resi‘stance was
increased when a subject had successfully completed all three sets for three consecutive training
days (ie. three sets of ten repetitions each for upper'body exercises, three sets of twelve repetitions
each for lower body €Xercises).

Subjects were studied over an exercise session duriqg the early. follicular phase of the
menstrual cycle. The time course of thel testing protocol is illustrated‘in Figure 1. Testing sessions
began at 3;00 pm with the insertion of an indwelling intravenous catheter with saline drip into a
wrist vein. After a one hour normalization period with the subject ;eated in the weight room, three
resting venous bloqd samples of approximately iO nﬂs each wete taken at 15 minute intervals. At -
4:30 p.m. the subject began exercising and blood samples were drawn at the end of the third set of
each cxowise (i.e. at approximately 10 mjnﬁte intervals). Two Tecovery blood samples were taken
15 minutes and 30 minutes afterl.the cessation of exercise.

At the time of sampling hematoqﬁt was determined in unheparinized micro—- hematocrit
tubes. One ml of blopd was addeg to ice—cold perchloric acidv:_to obtain a protein-free ﬁllraté for

lactic acid analysis by the enzymatic method of the Sigma Chemical Company. The remainder of
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the blood was left to clot at room temperature and the serum remoAved for hormone analysis.
Luteinizing hormone and follicle-stimulating hormone were analyzed by Amerlex
radioimmunoassay. (Amersham Co., Oakviffe, Ontario).

The assay procedures depend on competition between hormone in sample or standard and
labeled hormone fo} a .limité‘d number of binding sites on a -hormone-speciﬁc. antibody
(LH-specific antibody or FSH-specific antibody). The cprobom’on. Of labeled hoﬁnone bound to"-
antibody.is inversely related to the concentréu'on of unlabeled hOfrr;one present in the standard or
sample. The antibod_v—i:ound hormone was reacted with Amerlex secoﬁ'd"“antjbody reagent
containing second antibody bound to poly;,er panicle§ of uniform diameter. Separation of ’the
antibody-bound fraction was effected by centrifugation and removal of the supernatant. The
hormone cqneentration in the samples was determined by measuring the proportion of labeled
hormone bound in the presence of reference standard solutions containing known quantities of
hormone. | |

Percent body fat was determined both before and after involvement in the training
progrém using the hydrostatic method and the fo}rnula of Brozek and associates (1963). A Collins
Vimloﬁeter was used to measure vital capadty. Underwater weighing was completed witim the
subject holding a maximal inspiration.

A two-way analysis of variance v;as conducted on all hormone and lactate data. T-tests

were performed on the results of the strength and body fat tests. Statistjcal.signiﬁcance'was

accepted at p<0:05.



III. RESULTS .

The weekly progressiop in the training program is illust:ratepi:x\Fig_ure 2. The training
program was successful (p<0.01) as demonstrated by the number of pilates liftgd during the
post-test compared to the pre~test (Figure 3). There was no significant alteration .in body
composition (p>0.05) over the 8 weeks of training (Table 3; Figure 4).

Hemoconcentration occurred with resistance exercise as indicated by hematocrit ‘values.
The pattern of change was similar in the pre- test and post~test with peak increases of 9% above
resting values being reached\‘huring exercise, and a return to baseline occurring within 15 minutes
of stopping exercise (Figurg -5: Mean + S.EM.)}(p<0.05).

Blood lactate concemratioﬁs showed an immediate increase with exercise, levelling_‘ out
during the three upper body exercises and then reaching a seoona hiéher peak during the threé
lower body exercises (Figure 6: Mean + S.EM.). Pre—test and post-test lactate values were not
significantly different during rest (4.70x 1.01 mg% compai'ed to 3.90x 1.16 mg%) or duﬁhg the
three upper body exercises (26.02+ 8.19 mg% compared to 25.58+ 8.48 mg%). However, lthe lactate
concentrations obtained over the three lower body éxercisés were significantly higher during the
post—test (peak =61.26+% 13.8 mg%) than the pre=test (peak=43.36% 10.90) and remained hlgher
OVET Tecovery (p<0 05)(F1gure 6). '

There was a significant increase in LH concentrations with acute exercise in both theﬁ
pre—test and post—test (Figure 7). In both cases th'e pattern was biphasic involving an initial peak
after the second ﬁppcr body exercise (Time = 20 min.), a decrease (Time = 30 min.), and then a
second peak after the second lower body' exercise (Time = 50 min.). The patterns were not,
howevel;, identical. In the pre~test, LH levels rose immediately, reaching significance after the first
upper body cxercise, then peaking a_ftér tile second upper body exercise. In the post-test the rise
was delayed, not reaching sigrliﬁmnée until after the second upper body exercise. Still, there was
no significant difference between pre-test and post—test peak values at any of the time points

studied (Table 4). The mid-bc;ut decrease in LH levels rose again more gradually to a second,

lower peak after the second lower body exercise. In the post-test, LH levels rose,again more



10

rapidly, reaching significance after the first 1owcr bodi' exercise and attaining a second, higher peak
after the second lowér body e);:rcise. Again there was no sig;liﬁcant difference Between pre—test
. and post-test peak values. : \\

The differences in the pre-test and post~test LH rt'iponses were more evident when the
results were expressed in terms of a percentage of baseline values (Figure 8). While LH levels
peaked earlier in the. pre—test, the peak values obtained were \only 47% and 32% above baseline
values compared to 60% in the post-test In the pre-test the mid— bfut decrease brought LH levels
almost back to baseline, while in the posi-test LH levels remained 50% above baseline values.

FSH did not alter sigﬁjﬁcanﬂy from baseline values with exgicise and the respénse_was not
influenced by training (Figure 9, Tabl'e 5). However, the FSH rge,sults .Aexpressedv“in terms of a
percentage of baseline valﬁes suggest that FSH does inéreasé with exércise in a pattern s,imilaI to,
although lower than, LH (Figure 10). Moreover, post-test values were consistently higher than

pre—test values. Neither of these results proved significant however, this is likély due to the vast

intra~- individual lifference for this hormone. L
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TABLE 3: BODY COMPOSITION BEFORE AND AFTER TRAINING

Before Training

Subject Weight Percent Kilograms Kilograms
(kg Fat Fat Lean
‘Mean 581 240 14.2 438

SEM 2.3 1.9 1.5 1.3

4
After Training

Mean 59.3 24.3 . 14.6 447
SEM : 33 . 2.1 1.8 ) 2.2
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TABLE 4: LUTEINIZING HORMONE (miU/ml)

Pre~Test Samples

L

1"

Mean 843 788 742 1027 1156 900 939 1056 987 918 844
SEM. 135 115 075 170 242 244 163 204 187 192 143
Post~Test Samples

1 2 3 4 5 6 7 8 8 10 11
Mean 7895 771 784 819 1070 964 110t 1131 1012 873 7.77
SEM. 187 160 164 154 101 086 075 174 134 128 093
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| TABLE 5: FOLLICLE STIMULATING HORMONE {miU/mi) !
Pre—Test Samples
1 2 3 4 5 6 7 8 9 10 11
Mean 795 749 739 817 845 772 693 836 751 7.39 7.49
SEM 079 068 080 057 071 068 056 066 064 061 064
‘ Post-Test Samples
1 2 3 4 5 6 7 8 9 10 11
Mean 6.59 | 7.27 7.76 785 802 768 783 826 816 666 706
SEM 146 1.82

106 069 080 091 129 105 100 195 136
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IV. DISCUSSION

A training effect was demonstrated for all six resistance exercises as evidenced by the increased
amount of work performed in the post~test On thp average, the resistance for upper body exercise
increased a total of eight plates while that for lowér body exercise increased a total of ten plates.
The strength gains cannot be expressed in terms of percent increase and thus cannot be equated
with values from the literature however, the training program was baseq on recommendations made
by the manufacturers of Nautilus equipment (see appendix E). Furthermore, attainment of
"optimum” strength gains was not a contingency upon which the study was based.

The blood lactate results .supply further evidence of a training effect. Training usually
results in lower blood lactaie ley}els at £he same absolute workload and higher blood lactate levels at
maximum ‘workloads (Astrand and Rodahl, 1977). In the present stﬁdy, training resulted in similar
blood lactéte levels during pre-test and post-test upper body exercises, and higher blood lactate
levels during post-test than during pre-;test lowér body exercises. The higher concentration of
lactate in the blood after lower body exercise compared to upper body exercise is indicative of the
greater muscle mass involved and the greater amount 6f work performed.

Serum LH levels increased 47% above pre-exercise values with acu‘te‘exercise in the
’prch test and 60% in the post-test. These level.s did not remain elevated but rose and fell twice over
the exercise period. Thus, earlier studies which showed no change in LH levels with acute exercise

' :
(Dessypris et al., 1976; Bohen et al., 1979) may Have in fact missed an increase since they did not
analyse serial blood sa‘mpI'es throughout eiercise. Jurkox\:ski and associates (1978) did analyse
‘seﬁal blood samples and found a small but insign@ﬁcant rise in LH levels with exercise. It is
possible that in this last caseothe.null hypothesis was 100 readily accepted and that a larger subject
population would produce significant results. |

The increased LH levels cannot be explained solely by a 'hemoconcentratjon effect since
hematocrit rose less than 10%. A decrease in metabolic clearance rate may play a role in the LH
increase: with exercise however there is no conclusive evidence that this is the case. Although renal

vascular resistance may increase in exercise, decreasing the proportion of the cardiac output
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reaching the kidneys, the cardiac output itself increasgs (Berne and Levy, 1981). Thus the renal LH
clearance may not be significantly affected. Furthermore, the sudden fluctuations in LH
concentration are not easily explained by such a gross mechanism. Rather it would appeaf that
increased LH secretion is responsible for the net increase in blood LH levels. Still one can only
speculate upon the exercise—associated factors which mediate the increase.

GnRH rsccreu'on from thc hypothalamus into the hypothalaﬁib— hypbphyseal portaf system
regulates the rclease of both LH and FSH from pituitary gonadotropes. The. exercise-induced
cnharcement of © H secretion which occurred independent of a change in FSH levels is probably

“n altered pattern of GnRH release since changes in the frequency or amplitﬁde of GnRH
have been showrn i« avour the release of one gonadotropin over the other (Wildt et al 1981).
Jlov  er, the siimulus for altered GnRH release has yet to be delineated. Catecholamines and/or
endugenous opi.. s may be involved as b’oth have been shown to modulate LH levels, (Barraclough
and Wise, 1982; Ropert et al., 1981), and peripheral levels of both have been shown to cﬁange with
exercise (Terjung, 1979; Carr et al, 1981). The precise effects of .these substanées on GnRH

release (and eventually' LH release) are not known and circulating levels do not necessarily reflect
synaptic levels, still one can recognize that neural pathways exist by which central nervous system
input may modulate GnRH release and this input may be altered in the exercise sftuau'on. .

In 1981, Cumming and associates Teported increases in serum LH levels in women prior to
exercise on a bicyde ergometer. LH levels continued to risé as exercise intensity was increased
incrementally to a symptom-limited qlaximum. The pattern of LH response not only illustrated
the involvement of neuroendocrine mecha:ﬁsms in the control o_f bLH secretion, but also the
likelihood that cognizance of the physical stress is a fundamental component of the physiological
reacﬁon to that stress.

Additional evidence supporting this theory was provided by Cumming and associates as
they attempted to dissociate the changes in LH levels due to anticipation from.those due to the
exercise itself. Subjects who were expecting to exercise but who were not permitted to exercise and

who were not informed until 10 minutes after the proposed ‘starting time that they would not be
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exercising demonstrated i) anticipatory increases in LH levels similar to those demonstrated by the
exercising group and ii) elevated LH levels during the proposed exercise period that were lower but
of similar duration to those of the exercising group. In addition, Rebar and associates (1983) found
that women who were informe.d that they would not be exercising did not show an incrcaéc.

In the present study no anticipatory rise in LH levels was observed. Possible e*planatibns
include the different nature of the work to be performed (Nautilus vs bicycle €rgometer, set
resistance vs increasing rcsistaﬁce, intermittentt v§ conlinuous exercise, anaerobic vs aerobic
exercise) and greater subject familiarity with the exercise. If subject familiarity is a factor it may
help explain the delaved rise in LH levels seen in the post—test

Despite the fact Lhai no LH increase was observed in anticipation of ‘exercise, psychological
preparatory factors or arousal mechanisfns may have beeh involved in the‘present study to produce
the biphasic LH response. Although each exercise was performed against maximal resistance, one
LH peak occurred during upper body éxercise and a second peak occurred during lower body
exercise. This pattern is difficult to explain in terms of a purely physical stress response. Unlike
lactate the resporlse did not appear to bé related to muscle mass or tﬁe actual -amount of work
performed as Lhé peak values obtained were not significantly different for upper body or lower
body exercise. Rather the response appeared to be related to the order of the two groups of
exercises. The LH response did appear to be related to the relative intensity of the exercise in that
it was similar for the pre—test and post-test despite differing absolute exercise intensities, thus a
form of "endocrine conditioning™ may hzve occurred with Lraininlg.

The elevated LH levels observec in this study 211 well within the normal physiological
range for the early follicular phase of the mensttual cycle. Nevertheless, it is possible that regular
strenuous physical activity with concomitant elevations in LH levels may be stimulus enough to
disrupt menstrual function‘ in susceptible individuals. The sustained increases in LH levels with
exercise which were observed in normally-cycling women after training may represent a minor
aberration in normal reproductive functioning on a continuim with the more serious aberrations

produced in amenorrheic athletes. Exercise-induced modulation of LH secretion may be designed
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to discourage procreation in a ﬁhysiologically inappropriate situation.

Alternatively, the observed incréases in LH levels in response to exercise may be
physiologically significant in terms of an adaptive response to enhance strength training. LH is the
stimulus for androgen secretion from the ovaries and androgens have been implicated in the
development of muscular strength and hypertrophy (Lamb, 1975). In fact, a mild
hyperandrogenism was demonstrated in these subjects after tr;u'm'ng (Gélbraith et al., 1982). | Thus,
alterations in menstrual function due to exercise of this type may be secondary to an altered
testosterone/estradiol ratio; an endocrine response designed to promote adaptions in muscle.

In conclusion, the results of this study further implicate central nervous system modulation
of the hypothalamo—pituitary axis in the LH Tesponse tc; exercise. Further research involving

- manipulation of the exercise sequence and the analysis of psychblogical data may cw)entually

provide additional support for this hypothesis.
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A. THE MENSTRUAL CYCLE
The menstrual cycle of the human femalc is a repetitive expression of the integrated
processes of ovarian steroidogenesis and follicular development, and. neuroendocrine control
mechanisms. The orderly sequence of endocrinologic and morphologic events which _charactg:rize
the cycle are the rtesult of complex interplay among the Central Nervous System (CNS),
hypothalamus, pituitary, and ovaries. It is the ovarian unit, which by virtue of its follicﬁlaf
5

compartment is inherently cyclic, that directs the time course of events in the normal cycle (Knobil,

. 1974).

THE OVARIAN CYCLE

The granuldsa cell§ of developing ovarian follicles are capable of synthesizing all three
classes of sex steroids however, significantly more estogens (>1 pg/cell/48 hrs) than either
androgens (<<0.05 pg/cell/48 hrs) or progestins (0.71 0.3 pg/cell/48 hrs}McNatty et al., 1979b).
The facior limiting follicular estrogen production is the aromatase enzyme system which converts
androgens to estrogens. The aromatization process is induced by fbllicle:;ﬁmulaﬁng hormone
(FSH) from the anterior pituitary thus, FSH and FSH receptor content are limiting factors in early
follicular estrogen production (Moon et.al., 1975). FSH stimulation will_ induce an increase in the
number of FSH rcceptoré plus act synergistically with esuogén to‘enhance mitogenic activity of the
granulosa cells causing proliferau’oﬁ (Richards, 1979). The result is an inéreased number of_
granulosa cells»and an increased receptd’:',\ density on those cells. FSH attaches to FSH recéptc;rs on
the granulosa cells, converts androgens tg estrogen, \z%nd generates the estrogenic microenvironment
considered essential for continued fol}ic{:ular growth (Friti énd Speroff, ‘1982).

As well as providing a‘subs;trate for FSH~induced aromatization to estrogen, androgens
may have a further role in enhancing arpmatase activity. Specific androgen receptors are present in
the éytoplasm of grafiulosa cells (Schreiber and Ross, 1976) and granulosé cell aromatase acu'vaﬁon

- by FSH has been shown to be an androgen receptor regulated process in vitro (Hillier -and

DeZwart, 1981). It appears that aromatization and estrogen production are enhanced by low
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androgen levels but that the iimited capacity for aromatization may be saturated by higher
androgen levels resulting in an androgenic and ultimately atretic follicle (Hillier et al., 1980). 'i‘hus,
it is possible that only those follicles emerging in late luteal phase or earl.y follicular phase when
'FSH s ¢levated will proceed in development

With continued growth each follicle develops an antrum filled with follicular fluid and an
endocrine environment unique t‘o itself. Theca celis add to the follicular estrogen broduction by
elaborating androgens for aromatization by granulosa cells (McNatty et al., 1979a). This
co-operative effort has been termed the two~-cell, two—gonadou'opin concept. Androstenedione
produced by thecal cells under lutginizing hormone (LH) stimulation is the primary substrate for
17B~estradiol synthesis by granulosa cells under FSH stimulation (Tsang et al., 1980). Thus,
accelerated estradiol production may occur later in antral development, manifest in the estradiol
surge.

Selection of the follicle destined to ovulate may also be contingent upon the interaction
between estrédiol and FSH. Wﬁile estradiol has a positive influence on FSH action within the
maturing foliicle it ale - has a negative feedback inﬂuenc:: on FSH release from the pituitary.
Therefore, while a-dominant follicle, with a highly proliferate granulosa and numerous FSH
receptors, may be able to retain unique FSH rqsponsiveness and céntinue to develop despite a drop
in FSH levels, FSH support will be withdrawn from less :developed follicles (Zeleznik, 1981).
These follicles will experience a decline in éromatase activity, bccome androgenic and finally
. atretic.

A second ovarian product that imay be involved in the selection pfocess is the protein
.hormone inhibin. Inhibin is synthesized by granulosa cells and secreted into the follicular fluid and
ovaria.n venous blood (Marder et al.,, 1977). It appears to suppress pituitary FSH secretion and
thus, like estradiol feedback, to promote atresia.

The negative feedback effect of estradiol on FSH release from the pituitary is an almost
immediate response even at low levels. However, estradiol influence on LH release varies with

1 4

concentration and the duration of exposure (Knobil, 1974). Negative feedback is present at all
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estradiol concemra'tions but positive feedback has an additional role at high estradiol
concentrations. As estradiol rises during the midfollicular phase of the cycle the balance shifts
from suppression to stimulation of LH release. An LH surge will result if threshold estradiol
values of 200 pg/ml are reached and maintained until after the. LH surge has begun.(Young and
Jaffe, 1\976).

FSH has been implicated in the induction of LH receptors on the granulosa celis of large
antral follicles (Zeleznik et al., 1974). The rate of appearance of LH receptors has been shown to
increase with increased exposure to estradiol (Richards and Midgley, 1976). Therefore, not only
does accelerated estradiol prodiiction act centrally to stimulate the LH surge, but it acts locally as
well to promote induction of the LH receptors required for response to the surge.

Thirty-six to fourty-eight hours prior to ovulation plasma estradiol is at a zenith. " The
sustained Lhreshold estradiol concentration stimulates the LH surge. LH binds t6 specific receplors
6n granulosa cells, promotes luteinization and progesterone production. There is evidence to
suggest that the preovulatory rise in progesterone that results is necessary for the midcycle FSH
surge and augments the midcycle. LH surge (March et al., 1979). | s

The LH surge appears to trigger ovulation. Increased LH levels initiate resumption of
meiosis, luteinization of the granulosa, and synthesis of prostaglandins essential for follicle rupture
(Tsafrini et al., 1972). Increased follicular levels of cyclic adenosiné 3:5 monophosphate appear o
mediate LH activity by overcoming local ihhibition by oocyté maturation inhil')itor (OMI) and
luteinization inhibitor (LIX(Tsafriri et al., 1976). There is evidence that progesterone, as well aé
prostaglandins, are involved in follicle rupture (Bjersing, 1979).

While the first half of the reproductive cycle is governed by the developing follicle, the
second half is governed by the corpus luteum. Yet normal luteal function is only possible after
_optimal preovulatory follicular development The functional capacity .of the corpus luteum is

pre-determined by the extent of luteinization which likewise depends on the accumulation of LH

receptors ‘during the follicular phase and LH secretion (Stouffer and Hodgen, 1980).
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The corpus luteum is the principle source of luteal phase progésterone. Progesterone levels
increase rapidly after ovulation reaching a peak approximately eight days after the LH surge.
Progesterone' acts to suppres;é new follicle grow& by central inhibition of FSH releafe from the
pituitary (diZerega and 'l‘{odgen, 1980) and local inhibition of folliculogenesis at the ovary

(Schreiber et al., 1980).

~

Progesterone levels decline gradually to basal levels after the peak. The corpus luteum
becomes less s'ensitivc to LH stimulation with age and decreases in steroidogenic capacity (Stouffer
et al.,, 1977). This may be due to the increasing concentration of LH receptor Binding inhibitor
(LHRBI) in luteal tissue and/or an estradiol-induced decrease in LH receptor binding mpacity\
(Sotrel et al., 1981). Estradiol was originally implicated in luteolysis as the nﬁdluteal rise in
estradi- >ccured coincident vﬁth the decline in progesterone. It }has since been shown to induce
luteolysis upon parenteral administration (Karsch and Sutton, 1976). Prostaglandins appear to
mediate the luteolytic action of estradiol as inhibitors of prostagiandin synthesis biock the effect

.

(Auletta et al., 1978).

NEUROENDOCRINE CONTROL OF GONADOTROPIN SECRETION

Rhythmic pulses qf FSH and LH are superimposed on low level continuous secretion. This
pulsatile pattern is not intrinsic to the pituitar); but rather a reﬂeétion of intermittent hypothalamic
stimulation. The hyﬁothalamus integrates neural input from the CNS with feedback signals from
the ovary, and mbdulates gonadotropih sécreu'on through release of gonadotropin releasing
hormone (GnRH).

Diverse neural inputs converge on GnRH neurons concentrated primatily in the arcuate
nucleus of the medial basal hypothalamus (Silverman et al, 1977). Their nemotransxﬁitters
modulate the release of GnRH pulses from nerve terminals in the median eminence, into the portal

system to the anterior pituitary. GnRH binds to specific GnRH receptors on the pituitary

gonadotropes to effect the release of the go@dotropins into the systemic circulation.
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While GnRH is the single releasing hormone common to LH and FSH (Kao et al,, 1977),

the pattern of LH and FSH release may vary as a result of feedback modulation by gonadal

hormones at the hypothalamus-pjtitary axis (Rebar and Yen, 1979)." The frequency an .

PP

magnitude of gonadotropin pulses varies with the phase of the cycle (Yen et all9l2‘)‘
most of the cyclé(pulscyoccur every Hour or hour and a half. During the mid a‘nd lz;te lu
the frequency drops to every three or four hours. It is possible that progesterone has a dampening
effect on the central neuronal:mechanisms for gonadotropin release and is thus responsible for the
decreased frequency in thé luteal phase (Rebar and Yen, 1979). Pulse amplitude is geﬁerally
 lowest ‘during the late follicular phase and highést during the midcycle surge. There is evidence to
suggest that increasing levels of circulating estradiol, through feedback modulation, are requnsible
'~ for the change observed between early ahd late follic;ular phase (Yen et al., 1972). |
- Evidence suggests that both estradiol an;i broéesterone exert feedback effects at both the
hypothalam/us and piwwry levels. Estradiol receptors have been demonstrated in e anterior
pimitar)‘;,(szg.ff et al., 1276) and pituitary responsiveness to GnRH is inﬂuenced‘ by duration and
concentration >of estradiol (Yen et al,, 1974). Knbbil (1980) suggested that estradiol could influence
bimimry sensitivity to GnRH by alicring the GnRH receptor content however, it has since been
.demonstrated that pituitary sensitivity to GnRH is not always correlatefl with receptor content
(-Adams and Spies, 1981; Ferland et al., 1981). Pituitary sensitivity to GnRH is only positively
correlated with receptor content when positive estradiol feedback is in effect. Negative estradiol
feedback appears to operate through a different mechanism, possibly by exertiné inhibitory effects—
in both the hypothalamus and pituitar)" ‘(Adafﬁ/sv et al.,1981). Recent evidence suggests that \
progesterone acts on the hypothalamus to inhibit gonadotropin release but on the pituitary 0
facilitate the midcycle gonadotropin surge (Wildt et al.,.1981). Finally, feedback of steroids above
the levels of the pituitary may modulate the pattern of GnRH pulses, the significance of which has
only recently been demonstfated. Wildt and éssociates (1981) have shown that changes in the
frequency or amplitude of GnRH pulses not only affect gonadotropin le_vels but the relative ratios

of LH and FSH as well.

\
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l - Central nervous system input may override the interacﬁng elements of hypothalamus,

.p,itipiqr'y”@d ovaries-to -alter the éstablished paitem of reproductive functioning. Aminergic
neurons from the CNS have been demonstrated to interact with the GnRH neurons of the
neurotransmitters, endogenous opiods, gonadal steroids and ﬁfdsmglandins.

Morphoiogical (Fuxe e{ al,, 1976) and immunohistochemical (McNeill and Sladek, 1978)

evidence demonstrates norepinephrine and dopamine neurons in close contact with GnRH nerve -

terminals in the median eminence. The bulk of the evidence suggests that norepinephrine plays a

stimulatory,and dopamine a inhibitory, role in GnRH release and tha- H release will reflect

the ratio of the two catecholamines (Drouva and Gallo, 1916; Chiocchio et al.,, 1976; Leblanc et al.,
| 3 ] .

1976; Judd et al., 1978). oy

-3

* Estradiol receptors have been demonstrated in the cell bodies of arcuate dopaminergic

neurons (Grant and Stumpf, 1973). There is evider}ce to suggest that estradiol feedback may '

" involve influencing GnRH release Lhrqugh action on dopaminergic neurons (Yen, 1979; Fuxe et al.,
1979)  Prolacﬁn, whi;:h has been shown to stimulate dopamine neuronal activity in‘ the median
eminence (Fuxe et al.,- 1979) may also cause decreased GnRH release.

Eﬁdogenous opiods have Ibeen implicated in the regulation of éonadotropix{ secretion at
vérious stages of the menstrual cycle (Quigley and Yen, 1980). Opiate-receptor blockade results in
increased frequency and arhﬁlitude of LH pulses dﬁring the mid-h.neal“phase'(Ropen et‘ al., 1981).
No similar effect was observed during the follicular phgse '(Qujgley and Yen, 1980) indicating Lhaf

ovarian steroid feedback may modulat_e endorphin inhibition of GnRH.

4
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B. ADIPOSE TISSUE

FAT CELL SIZE AND NUMBER

‘Much controversy exists concerning the relationship between size or numbér of adipocytes
and the degree of adiposity in adults. Evidence that i) overfeeding rats in the first few weeké of life
leads to permanent obesity and an increase in fat cell number ‘while i) lat'eir‘ nutritional
manipulation affects adipose tissue mass by increasing cell size 6nly (Knittle and I:Iirsch‘,"l968;
Hirsch anc;\nHar‘l, 1969) suggests that the hyperplastic period is finite. This, coupled with findings
that adultsr*!\.avim childhood-onset obesity have a greater number of fat cells than those with
adult~onset obesity (Hirsch and Knitte, '1970; Knittle, 1972; Salans et al., 1973), gave rise to the
"fat cell hypothesis”, that overfeeding in the hyperplastic period causes development of excess fat
cells which predispose a bémon to obesity (Pawan, 1971). |

The prospect of a finite period of hyperplasia is not unique to adipose tissue. Studies on

rats, guinea pigs and some human tissues have demonstrated one pattern of growth common to gllI’

)

non-regenerating organs (Kir’tland. and Gurr, 1979). The patiern involves an initial_period of
hyperplasia, a period of combined hyperplasia and hypeft:ophy, and a final period of hypermophy
alone. The duration of phe hypérplastic'peridd varies among organs and among species but is
generally confined to the‘early life of the animal. For human adipose tissue ”it ié ‘ﬂg?pght to
encompass the period from age thirty w_eek5 of intrauterine ... up to one vear of extrauterine life
(Brook et al., 1972). .

Extrapolation from rat data may not be justified since humans, unlike rodéms, have a
development pattern characterized by two periods of rapid growth; one in early life and one all

puberty (Hirsch and Batchelor, 1976). Secondiy, fat distribution .in rats is different from mat in

humans (Greenwood and Johnsen, 1977) and much of the rat data has been obtained from

-

- experimentation on epididymal fat «ds (not present in humans) while subcutaneous fat is most

ofien -tudied in humans. Several researchers have suggested the existence of one sensitive period

in the first year of life and® another in early adolescerfce (Brook, 1975; Salans et al., 1973;

@
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" Abebonojo, 1975) implying that there is no one finite pcrioé of hyperplasia for adipose tissue.

The theory that earty-onset obesity is a pathological consequence of hypercellularity
imposed during the hyperplastic period(s) has since- been refuted (Chumlea et al, 1981).
Individuals with éérl'_\l;onsct obesity and little or no hypercellularity have been found, ‘as have
individuals with late-onset obesity and marked hypercellularity (Hirsch and Batchelor, 1976).
| Recent work has demonstrated that fat cell number is only related 19 the severity of the obesity
(Sjostrom and Bjorntorp, 1974; Guurr et al., 1978). Thus, a more ap;propriate hypothesis may be
that overfeeding at any stage leads to hypertrophy of existing fat cells but once these have reached
their maximum size (0.8-1.0 ug) any further increase in adipose tissue mass is accomplished by an
increase in observable fat cell number. This increase may be due to hyperplasia or, more probably,
to "filling of empty cells™, bring‘ing them into the size Tange in which they are observable, kwhich is
in fact hypertrophy. Thus, acquisition of excess observable fat cells would be a consequencé. and
not a cause, of massive obesity (Kirtland and Gurr, 1979). Finally, errors inHerent in the
techhiques presently available for the determination of fat cell number should be considered when
evaluating.conclusioﬁs drawn from the literature (Gurr and Kirtland, 1978).

ENERGY METABOLISM \

A’dipose tissue is higﬁly active tissue specifically adapted for the alternate functions of
:storage and mobilization of fat as a .fu’el for energy production. By virtue of possessing enzymes for
various metabolié pathways, it is capable of synthesizing triglycerides from _fat and carbohydrate
sources and storing therri _dufing periods' of positive energy balance. Likewise, in the event of a
negative energy balance it is capable of hydrolyzing triglycerides to release fatty acids into the
‘bloodstream. ’fhe ability to regulate flux through such essential metabolic pa.thways is dependent
on the ability~t.o rapidly modify the catalytic zictivity”of the enzymes in these pathways. Various
mechanisms exist to achieve this°short¥ term regulation, some mediated by hormones and others by
changes in the concentration of certain metabolites within the cellpcompartmems‘. These metabolic

pathways are in balance b'etween the anabolic éffects of insulin and the catabolic effects of a

°
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number of other hormones, such as glucagon and the catecholamines.

The anabolic effect of insulin is manifest in enhanced triglyceride synthesis and stc')ragc,
land inhibited lipolysis. lnsuﬂl-in enhances lipoprotein lipase activity thus enhancing fatty acid uptake
by adipocyt;:s (Newsholme and Start, 1979). Insulin is required for the facilimied diffusion of
glucose into fat cells, stimulates glycolysis and a~glycerophosphate production, and prompts
triglyceride storage (Saggerson, 1980). These actions may simply be the result of increased
srubstIate avéilability however, there is evidence to suggest that insulin may directly stimulate a
number of pathway cnzymés including hc*okinase. the pyruvate dehydrogenase cbmplex, and
acetyl-coA carboxylase (Denion, 1977). The mechanism(s) by which insulin exerts its antilipolytic
action is equally unclear.. Po‘ssibilities include the inhibition of adenylate cyclase (D'Corta et al.,
1979), stimulation of cAMP phosphodiesterase (Fain et al., 1978) and inhibition of
cAMP-dependent protein kinase (Pohl et al., 1981).

Tt~ actions of glucagon, adrenocorticotrophic hormone (ACTH), and the catecholamines
oppose those of insulin. These hormones stimulate lipolysis by binding to specific surface receptors
and increasing adenylate cvclase acﬁvity. Thus, they increase cAMP levels, activating
cAMP-dependent protein kinase which p_hosphorylates and activates triacyglycerol lipase (Galton
and Stansbie, 1981). |

The permissive roles‘played by growth hormone and glucocorticoids are unclear although
thev appear to increase the sensitivity of fat cells to lipolytic agents such as catecholamines (Fain et
al., 1978). A one to two hour lag period is required for expression of the lipolysis— enhancing action
of both hormones, and protein synthesis appears to be involved (Fain, 1973). Likewise, the
mechanism behind the accelerated lipolysis which follows four to six hours after thyroid hormone
administration has not been delineated. None of these three hormones are considered to alter
catecholamine binding on adipocytes (Fain et al., 1978). |

/

Adipose tssue plays a fundamental rQl/e in adaption to physiological situations

[—

characterized by a negative ener v balance (e.g. exercise training, food restriction, cold

acclimitization, hyperthyroidism), responding with enhanced lipolytic capacity. Yet the
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biochemical mechanisms behind the enhanced lipolytic capacity and the nature of the rate-limiting
metabolic steps are unclear. Recent evidence suggests that the lipolytic effects of catecholamines
may be increased by exercise training or food restriction at a metabolic step distal to stimulus

recognition by receptors, possibly at the level of protein kinases or lipases (Bukowiecki et al., 1980).
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C. STRENGTH TRAINING

PRINCIPLES OF STRENGTH TRAINING

The main principles of strength training are well acknowledged. To gain strength through
training it is necessary to load muscles beyénd the point to which they are'normally loaded. As
muscles become stronger they must work against a.progressively greater resistancé (Wilmore, 1977).
However, the optimum strength training program has not yet been determined. Interpretation of
comparative studies is difficult due to a lack of standardization (Ramos, 1976), and the bias
imposed by the choice of strength-testing methodology (Pipes, 1978). Research in this area is -
further complicated by the large number of interrelated variables that are manipulated in the
establishment of any given training prog.ram. For example, it has long been acknowledged that
heavy resistance, low repetition -training improves strength while light resistance, high repetition
training improves endurance, yet the ﬁue independent load—-gain and frequency-gain relationships
are left v-resolved siice increasing the load necessarily requires decreasing the frequency.

| In isotonic training submayfimal loads are genérally considered to produ_ce the-best results.

Programs incorporaﬁhg 5-6 RM loads (ie. loads that can bellifted a maximum of five or six times),
three sets a session, three sessions a week are supposed to produce near optimal results (Wilmore,
1977; Atha, 1981). Speed loading is not recommended as it increases the effcctivexu\load on the
muscle during the acceleration phase only, after which time the load intensity and rhus\the fraining
stimulus is in fact decreased (Atha, 1981). However, new apparatus have been develcgped which
allow more complete isokinetic loading throughout the entire range even at high speeds. The effect
of introducing an inter-repetition rest interval has not been investigated although logi;‘}\ this
factor should influence the rate of fatigue and the training stimulus (Atha, 1981).

Variable resistance training may provide some benefits over the _ \standard_
constant-resistance training. Theoretically, vari.able-resistance training should enhance strength
gains by producing a relatively uniform stress over the entire range of motion, eliminating the

tendency for failure to occur only at the weakest point in the rangesof motion (Coleman, 1977;
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Heusner, 1981). Experimental evidence to this effect is so far lacking. Present evidence indicates
that strength gains through variable resistance uaining“ifc superior to t_hose obtained through
constant resistahc¢ training only at the joint angle at which peak loading is induced (Atha, 1981) or
when measured on variable resistance apparatus (Pipes and Wilmore, 1975).

Maximal contractions are considered optimal in isometric training (Wilmore, 1977; Atha,
1981). Duration of con&acﬁon should be long enough to allow full recruitment of muscle fibers
(Atha, 1981), a property which may vary amonug— muscles (Wilkie, 1966). One second maxim;ll
contractions have been shown to increase strength (Atha, 1981) while increasing durations produce
diminishing benefits (Muller, 1970) and very long contractions may in fact be counterproductive
(McGlynn, 1968). Repeated contractions appear to be beneficial (Muller, 1970) although neither
the optimum number of repetitions nor an appropriate rest-interval have been determined. Daily
training has consistently proved superior to less frequent training (Atha, 1981) while twice daily
' trainiﬁg may in the long run be deleterious (McGlynn, 1968). Finally, training at more than one
joint angle may be beneficial since strengfth gained from training at one jbint angle may not always
be transferable tok other angles (Williarhs et al.,‘1978).

The bulk of the evidence in isokinetic training recommends 'rnoderately slow—speed
training over -either ultra-slow or high-speed training (Atha,1981). However, the possibility
- remaihs that fast-speed uaiﬁing may be more effecﬁve‘in developing the guengm needed for fast,
powerful movements (Perrine and Edgerton, '1975). Thé benefits of increasing the frequency of
repetitions may be limited, as indicated by preliminary papers (Lesmes et al, 1978). No
information has been found to support a specific nufnber of sets per session OT sessions per wee1‘<

over any others.

THEORIES OF STRENGTH GAINS

Ch is well acknowledgéd m;t the magnitude of the strength gain attainable by training
diminishes as training status improves (Wilmore, 1977). The adaptions resulting from training
which allow a muscle to approach its theoretical maximum in terms of force production are noi

4
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perfectly clear. Several factors have been implicated.
Muscle hypertrophy has long been considered a prerequisite for increased muscle strength.
. Usually bigger muscles can produce greater force output (Komi, 1979). However, strength
increases are not always significantly correlated with increases in muscle mass (Wilmore, 1977),
particularly in females. It appears that hypertrophy, while sometimes a by product of strength
training, is not a necessary conseque;lce (Wilmore, 1974; Lesmes et al., 1978). Other factors such
as improved innervation and strengthening of the muscle itself may be more important (Komi,
1979). " | |
Muller (1970) suggested that specific coordination patterns may be "learned” with training,
enhancing force output Training may instill the ability to partially overcome inherent autogenic
inhibition and thus allow greater stimulation of muscle contraction (Wilmore, 1977). Lesmes and
| associates (1978) hypothesized that much of the observed increase in strength may be explained on
the basis of adaptions in the neurological control Qf muscle fibre -recruitment.' Training may
increase the number and/or nature of fibers recruited and/or cause more synchronous firing.
Muscle fiber composition is known to influence mechanical aspects of muscle function.
Fast twitch. fibers can produ;:e higher peak veloddes and éreater force output at a given contraction
velocity than siow twitch fibers and are characteristically recruited during high intensity, exercise
(Komi, 1979). Training may not. only influence the motor_um't recruitment pattern (Tesch and

Kérlsson, 1978) but the metabolic profile of the muscle fibers as well (Jansson et al., 1978).
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D. EXERCISE-RELATED MENSTRUAL DYSFUNCTION AND ASSOCIATED FACTORS

Mensf;'ual ‘dysfunction is prevalent among female athl-etes. Delayed menarche may result
from intense ﬁaining in the pre-menarcheal years (Frisch et al., 1981) and feports of
exercise~related oligomenorrhea and amenorrhea are on the increase. While this increase is
probably a consequence of increased female participation in athletics it may also reflect an
increased awarenéés of -the condition (Cumming and Belcastro, 1982).

It is not known what physiological consequence(s) of training is/are conducive to
amenorrhea. One or a combinaﬁon of factors may be involved to upset the intricate sequence of
igter—dependenl events within the hypothalamus~pituitary-ovarian axis and disrupt menstrual
functioning. A number;o’f endogenous personal factors have also been suggested‘ to increase the
sgsceptjbility of some women {0 secondary ameﬁorrhea, Tﬁese factors include age (chronological,
menarcheal, gynecological) (Bakef et al., 1981; Speroff and Redwine, 1980; Warren, 1980; Frisch et
al., 1981; Shangold and Levine, 1982), gravidity (Baker et al., 1981; Schwartz et al 1981) and .prior
menstrual i‘rre'g'ulan'ty (Schwartz et al.,, 1981; Shangold and Levine, 19825. Thus, it is possible that
A hypothalamu.;,— pituitary-ovarian axis "immaturity" may predispose some women to the deleterious
effects of exercise training on reproduétjve function.

The nature, intensity, and duration of physical activity appear influential in the
-developmment of oligomenorrthea and amenorrhea. Eraelyi (1976) determined that
oligomenorrhea and amenorrhea were most frequent among athletes participating in sports |
requiring strenuous phyéical actjyity. He cited tennis, rowing and skiing as examples. Dale and
associates (‘1979), surveving competitors in a marathdn, obse}ved that "the severity of physical
exertion, -as judéed by the mileage run per week,b is directly proportjonél to the .degree and
incidence of menstrual dysfunction”. Extr&polaﬁng from d{ata o{n‘-college cross—country runners, 6%
to 43% of whom were amenorrheic depending on their weekly mileage, Feicht an;i associates (1978)
predicted that 50% of marathon runners and national calibre distance runners might be expected to

have amenorrhea.
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While . Sanborn and associates (1982) also found that the frequency of secondary
amenorrhea in runners .increased with weekly training mfleagc. no sirﬁilar relationéhip was
demonstrated for either swimmers or cyclists. The authors suggest that this discrepancy may be
explained by the fact that runners, but not swimmers or cyclists, show a weight loss parallel to the
increase in training mileage.

Low body weight, weight loss, and low percent body fat arc. factors implicated in the
development of secondary amenorrhea as body composition has long been considered an important
factor in the maintenance of regular cycles. Since metabolism of steroid hormonés occurs in fat
tissue, an alteration in fat weight may alter the hormohal milieu and ultimately steroid feedback at
the level of the .hypot'halamus and pituitary (Fishmé.n et al., 1975; Wentz, 1980). Frisch and
McArthur (1974) suggest that a critical lean/fat) ratio is necessary for menarche and the
' , cominuau'oh of menses. - Cessation of menses may result from simple weight loss (Wentz,1980), or
weight loss due to anorexia nervosa (Fries, 1974) but may return with normalization af body weight
(Knuth et al.,, 1977). Similarly, cessation of rnenses. with weight léss and resumption of menses
with weight gain have been ndted in athletes (Frisch et al., 1981).

According to Speroff and Redwine (1980) weight and weight loss are the predominant
factors in the. development of oligoménorrhga and amenorthea. Accordingly, Frisch and associates
(1980), using a w;:ight for heigﬁt nomografn to estiméte body fat, found that émenorrheic ballet
dancers were significantly “leaner tha'n'normally—cycling dancers. Shangold and Levine (1982)
found. that amenorrheic marathon runners had significantly lower weight/height ratios and
Schwartz and associates (1981), using skinfold measurem~nts, found thai arﬁenorrheic runners were
leaner. than nonnallchycling runners and both groups were leaner than sedentary controls. In
contrast, Feicht arlld‘:‘i.ssociates (1978) found no difference between amenorrheic and menstrually
regular middlg— distance runners with regard to weight and height and Bake—r and associates (1981)
found no significant difference between amenorrheic and menstrually-regfilar runners on the basis
of skinfold measurements. Moreover, Warren (1980) noted resumption of menses independent of

any weight change in ballet dancers during a training hiatus. Finally}in direct opposition to the
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findings of Sanborn and associates (1982), that runners have a higher ing:idcnce of amenorrhea than

do ‘s'wimmers {(possibly a consequence of lqwer body fat), Frisch and associates (1981) fgund a

higher incidence of amer.orrhea in swimmeré’ than in runners and postulated that this may be due
o the larger proportion of swimmers who began their training premenarcheally.

Several authors support the view that women Who train prior to menarche later experience
a higher inddence of menstrual disorders (Erdelyi, 1962; Feicht et al, 1978). In one study by
Frisch and associates (1981) 61% of the premenarche—trained athletes had oligomenorrhea and 22%
were amenortheic while only 40% of the postmenarche-trained athletes had oligomenorrhea and
none were amenorrheic. "

Prior irregulap'ty may predispose a worhan to exercise-associated amenorrhea. Schwartz
and associates (1981) determined that amenorrheic runners had a higher incidence of pﬁor
menstrual irregularity than did normally—c&cling runners or non-runners. Shangold and Levine
(1982) agreed that a woman's menstr@ pattern during training was related to her pattern before
training. " They found that only 7% of the women whose periods were regular prior to training
developed oligomenorrhe-a or amenorthea with training while the other 93% remained regular.
They also found that 25% of the women who were irregular prior to training became regular with -
training while ;he other 75% remained irregular. Thus a beneficial influence of exercise was also
demonstrated casting doubt on the hypothesis that strenuous training is the solitary cause of
menstrual dysfuncdoq. These authors further speculated that some factdr which promotes
menstrual irregularity may inspire some women to underrﬁke‘running. Psychological factors such
as perceived stress, anxiety, and ambition were suggested to account for this tendency (Shangold .
and Levine, 1982). Exercise could be a form of therapy in treating "stress” (Andérson, 1978).

Psychological factors constitute one of the  most frequem causes 'of secondary
amenorrhea(Thorn, 1977). Fear, anxiety, and grief are frequent causes of temporary amenorrhea
(Thorn, 1977). Disruption of menstruation by travel abroad, imprisonment, fear of pregnancy,
sexual problems, exam tension, familial or occupational stfesses have all been derr.xonstrated

(Keller,1981). Accor'!tling to Warren (1980) "the observation that athletes who are top performers
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and participate in sports requiring tremendous physical effort and endurance have a higher
incidence of amenorrhea raised the possibility of a stress-related phenomenon”.

Amenorrheic runners s‘ubjecu'vely associated more stress with their running than did
normally-cycling runners (Schwartz et al., 1981). ‘The fact that both groups trained at a similar .
.imensity and thus there was no difference in "physical stress” suggests a role for psychogenic
factors in exercise-associated amenorrhea. However, the role of "stress” is difficult to evaluate as
is the distinction between psychological and physical stress factors. Seventy-five percent of all
female recruits did not menstruate during their first month a.t the U.S. Milita/ry/' Academy but this
proportion dropped to 8% by 15 months time (Anderson, 1979). While the relative paysical stress
may have been gré ¢e luring the ‘irst month it is also interesting to note that the pattern of
decreasing incidence « imenstrual dysfunctio‘n 1e not(unlike that seen in concentration camp
internees despite continued privation and danger (Wentz, 1978).

It appears likely that body fat and stress are two factors that vary in importance among
individuals and each can dispose a woman to menstrual dysfunction throughwalterations exerted at
the hypothalamus—pimitary—ovarian axis. Individual susceptibility may be a consequence of
maturity at this axis.

The secreton of gonadotropin-releasing hormone V(GnRH) represents a central
neuroendocrine control point in the regulation of the mensml cycle (Speroff, 1981)f The quantity
of GnRH released must be with‘in a critical normal range and discharged in an appropriate pulsatile
fashion for ovulatory menstrual function _(Knobil et al., 1980). GnRH is released into the
hypothalamic-hypophyseal pona; system and as such is not easily quantified however, indirect
evidence (i.e. the change in reproductive hormones) relates secondary amenorrhea to hypothalamic
suppression (Baker et al., 1981). Hypothalamic suppression may result from alteratjbns in \steroid-
feedback at this level or a change in CNS mocfulatory control via neurotransmitters.

Elucidation of the ﬂucmaﬁﬁg pattern of reproductive hormone levéls that occurs with acute

exercise, and the more prolonged changes that occur as a result of chronic exercise, is necessary to

determine the etiology of exercise-associated amenorrhea. It has been demonstrated in
’ [}
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normally-cycling women that levels of reproductive hormones are altered in association with acute
exercise (Cumming et al., 1981). However, a clear endocrinological picture has not been obtained
due to the various groups of subjects tested, exercise protocols and testing methbdologies employed,
and the phase of the menstrual cycle at testing. Estradiol and FSH have been shown to increase
over exercise in the follicular phase of the cyble (Jurkowski et al., 1978). Estradiol and
progesterone increased during luteal phase exercise bouts (Jurkowski et al., 1978; Bonen .t

1979) and progesterone increased during exercise at menées (Bonen et al., 1979). Cumming and
associates (1981) tested subjects during the early follicular "ph‘ase_and found that estradiol increased
. in antj;:ipatjon of exercise in runners but not until exercise had commci.nced in non-runners. LH

and testosterone rose in anticipation of exercise in both groups and continued to rise to a peak in
’ ) . \

1

late exercise.
A hypoesuogemGhypogonadotropic profile ha's \been suggested for amenorrheic athletes.
Estradiol levels héve been shown to be suppressed (Dale et al.,, 1979; Baker et al, 1981) and the
estrone/estradiol ratio increased (Schwartz et al., 1981). LH (Dale et al,, ‘1979; Béker et al, 1981)
,and FSH (Dale et al 1979) were shown to be in the low to low—normal range. However, Schwartz
and.assoc;iates (1981) found LH to be _hiéher in amenorfheic runners than in noi'mally—cycling
runners in the early follicular phase of their cycle. Cumming and associates (1981) found
~ comparable basal LH and FSH levels in amenorrheic Tunners, normally=cycling runners, and
non-runners. However, their amenorrheic runners, while demonstrating an LH rise in anticipation
of exercise comparable to that seen in nonnally—cycling women, did not -show a further inérease
with exercise. Basal testosterone levéls were similar in normally-cycling and amenorrheic women -

“however amenorrheic runners showed a greater exercise~induced increase n testosterone than did

" normally-cycling runners.
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VII. APPENDIX'B: ASSAY PROCEDURES
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PIPETTING VARIABILITY
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| e
T
1.0ml 0.1ml ‘
1.001 0.101
0.998 0.101
0.999- 0.100
: 0.998 0.099
0.995 0.100
0.999 0.099
0.996 0.100
0.998 0.099
0.996 . 0.099
0.995 0.100
0.996 0.098
1.000 0,098
0.997 0.097
1 0.994 0.100
* 0897 0.098
0.994 0.101
~0.997 0.100
. 0.996 0,100 e
0995, 0099 °
0.995 . | 0089,
Mean 0.897 0.100
SD. 0002 0.001,
C.V. 0.2% 1.0%
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ASSAY FOR THE DETERMINATION OF BLOOD LACTATE

REAGENTS
L. Ice cold 10% Perchloric Acid
2. ﬂ-.f\l.‘icioti)namide Adenine Dinucleotide (8~ NAD)
* 3. Lactate Dehydrogenase Susbension (LDH)‘
A4. Glycine Hydrazine Buffcr - pH 9.2
5. Lactic Acid Standard Soiution (0.4 mg/ml) .

6. Lactic Acid Working Solunon (0.6 ml lacnc ac1d standard added to 2.4 ml water)

PREPARATION (?F BLOOD

1. 1 ml samples of whole blood were transfered to test tubes cdntajning 2 ml cold, 10%

\

perchloric acxd vonemﬂ and left ) in an 1ce ba&h for at least 5 rrunutes

' ;~ "1\‘
2. Tubes were cenmfnyged at 2500 rpm for 10 xmmﬁ’es? ‘T‘le» suﬁscrnatant (protein- free

N
4

ﬁltrare) was drawn off 1nto clean test tubes and frozen urml ume of a3saymg

N i

PROCEDURE |
1. All standards ér;d/samples were assayed in m'plic;ate. ~
2 .Reagem was prepared in the following proportions:
I}nﬂ water
0.5 ml glycine buffer
0.025 ml LDH
0.0025 g B; NAD -
The quantity of Teagent prepared deperided on the number of samples lo_'be assayed at Qhe
me. --The aﬁove quantities were multiplied by 3(n + 6), where n = the number of
samples Lo'.be‘ ;;sséyed._ ]
‘3. Standard curve points of 0, 12, 24, 36,‘ 48, and 60 mg% were brepared, comainjng
;espectively 0.00, 0.0s, 0.10, 0.15, 0.20, and 0.25 m! of the lactic acid wo’rking 'sﬁlution.

Reagent was added to‘ bring the volume in each tube to 1.50 mi.
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4, Sample iubes were prepared by adding 0.1 ml protein-free filtrate to 1.4 ml reéfgenl.

5. All tubes were vorteked and left at room temperature for 45 minutes.

6. Standards and samples were read on the spectrophotometer against the biank (0%) at
340 nm, .

7. The lactate concentrations were determied by applying sample 0.D. read‘i,ngs to the
linear regression of the standard data and muldplying by a cofrec_u’on factor of 0.6 (since

1.0 m! instead of 0.5 ml of blood was added to 2 ml perchloric acid).



LACTATE ASSAY VARIABILITY

12mg 24mg% 36mg% 48mg% 60mg%
171 347 518 700 860
193 350 518 . 698 .850
176 348 512 699 873
174 .365 530 723 . .868
175 '_ 378 550 750 925
1172 340 515 695 855
190 372 515 725 905
174 340 - 540 690 .865
\
Mean . 178 359 .536 ) 710 .875
SD .008 J 014 '.017 021 026"

CV. 4.5% 3.89% 3.2% 30% 3.0%
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RADIOIMMUNOASSAY FOR LUTEINIZING HORMONE

. REAGENTS e
L. LH I 125 - not more than 3uCi I 125 and 30 mg bovine serum albumin in 5.5 ml
solution.
2. LH Antiserum (rabbit) ~ approximately 1 ul normal rabbi‘t serum and 60 mg bovine
scrum albumiﬁ in 11 mi solution, anti~serum sufﬁdeht to bind at least Wﬁ of 40 ng LH.
3. Second Anﬁ'body Reagent (Amerlex) (donkcy;) - anti-rabbit antibody Cg)ated on
polymer particles of uniform diameter sufﬁdeﬁt to bind at least 22 ug rabbit"y—globulin in
‘approximately 110 ml solution, 3.0 ml normal human serum, EDTA.
4, Standard LH - 3.7, 9.2, 30, 92, 310 miU/m! 2nd IRP-HMG and 50 mg ‘bovine serum
albumin in 1 mi solution. ‘ ‘

«

5. Zero Standard - 250 mg bovine serum albumin in 5 ml solution. ,

C e
[

PROCEDURE C

1. 200 ul zero standard were pxpetted into Non- Specific- Binding rubes

2. 100 ul of the standards were pipetted into Standard tubes.

3,100 ul of the samples were pipetted into Sample tubes.

4. 100 ul of LH antiserum Were pipetted.into all Standard-and Sample tubes.
" 5. Tubes we'ré vortexed, coveréd with plastic film, and incubated in a waterbath at body

temperature for 1/2 hour.
6. 100 ul LH I 125 was added to each tube above and to Total Counts tubes.

7. Tubes were vortexed, covered with plastic film and incubated in a waterbath at room
temperature for 1 hour. - ,k
8. 1.0 ml of second annbody reagent was agided é&:ll but the Total Counts tubes.:
9.Tubes were vortexed and left for 10 nuhnﬁes at room lemperature

10. Tubes were centrifuged at 1500g for 15 minutes. _
11, 'Supernatant was drawn off using suction. - )



12. Tubes were counted in a gamma counter for 2 minutes.
LH ASSAY PERT"*I'!* ANCE CHARACTERISTICS
i) Specificity = ¢~te-mi od by cross—reactivity with the highly purified, structurally related

human glycoprotein hormones.

Hormone — % Cross-reactivity

LH - 100.0
FSH - 2.4
TSH - 338
HCG - 190

ii) Precision/Reproducibility -
within assay variability - 3.5%

between assay variability - 6.6%
iii) Accuracy - recovery experiments resulted in a mean recovery of 104%.

iv) Sensitivity - the smallest amount .of LH which could be distinguished from zero as
defined by the 95% confidence limits of the within assay variation of the zero standard was

2.0 mIU/ml 2nd IRP-HMG.
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RADIOIMMUNOASSAY FOR FOLLICLE~-STIMULATING HORMONE

REAGENTS ‘ - \

1. FSH I 125 - not more than 3uCi I 125 and 30 ‘mg bovine serum albumin in 5.5 ml
solution.

2. FSH Antiserum (rabbit) = approximately 1 ul normal rabbit serum and 60 mg bovi\ne
serum albumin in 11 ml solution, anti-serum sufﬁciem to bind at least 15% of 40 ng FSH.
3. Second Antibody Reagent (Amerlex) (donkey) - anti-rabbit a,ntibody coated on
polymer particles of uniform diameter sufficient to bind at least 22 ug rabbit y-globulin in
apﬁroximately 110 m! solution, 3.0 ml ﬁomal huma;n serum, EDTA.

4. Standard FSH - 1.5, 5.5, 19, 61, 320 mIU/ml 2nd IRP~HMG and 100 mg bovine serum

T

albumin in 2 ml solution.

5. Zero Standard - 250 mg bovine serum albumin in 5 ml solution.

PROCEDURE A

1L '30_() ul zero standard were pipetted into Non- Speciﬁo; Binding tubes.

2. 206 ul of the standards were pipetted into Smdmd tubes.

3.200 ul of the samples were pipetted into Samplé tubes.

4. 100 ul of FSH antiserum were pipetted into all Standard and Sample tubes.

5. Tubes were vortexed, covered with plastic film, and incubated in a waterbath at bod;
temperature for 1/2 hour. ' |

6.100 ul FSH I 12%gs added to each tube above and to Total Counts tubes.

7. Tubdes were vortexed, covered with plastic film and incubated in a waterbath at body
temperature for 1 hour. _

8. 10 ml of second antibody Teagent was added tall but the Total Counts tubes

9.Tubes were vortexed and‘ left for 10 minutes at room temperature .

10. Tubes were centrifuged at 1_500g for 15 minutes.

i@ 1:Supernatant was drawn off using suction.
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12. Tubes were counted in a gamma counter for 2 minutes.

FSH ASSAY PERFORMANCE CHARACTERISTICS

i) Specificity - determined by cross—~ reactivity with Lh.e highly purified, structurélly related
human glycoprotein hormones. °
Hormone - % Cross—reactivity

FSH - 100.0- - | ‘ '

TSH - 0.35 “

LH- 010"

HCG - <0.03

ii) Precision/Reproducibility -~ = o
within assay variability - 4.8%

befween assay variability - 9.2% '
1ii} Accuracy - recovery experiments resulted in a mean recovery of 104%.

" iv): Sensitivity — the smallest amount of FSH which could be distinguished from zero as

¥ N
oy

deﬁnéd by the 95% confidence limits of the within assay variation of the zero standard was

Fole e

0.8 mIU/ml 2nd IRP-HMG.
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ASSESSMENT OF BODY COMPOSITION

Four pieces of data were required for the detenhipaﬁon of percent body fat;

i) Water density was determined from water tem;gerature.

ii) The subject's dry weight.

iii) The subjects weight in water was determined with the subject totally submerged in
water, holding a maximum inspiration, and seated on a weighing chair suspended from a
tensiometer. A minimurﬁ of five recordings Qere taken and the lowest‘recorded value was used.

iv) The subjects vital capacity was measured with. the subject seated on the weighing chair

in the water tank with water at neck level. A minimum of five readings were taken and the highest

wvalue was used. Residual volume was estimated as 30% of the vital capacity.
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TRAINING PROGRESSION SHOWING NUMBER OF PLATES LIFTED FOR EACH ’

' EXERCISE EACH WEEK AND DURING THE PRE-TEST AND POST-TEST ‘

\

\

SUBJECT A: WEEK
EXERCISE PRE 1 2 3 4 5 6 7 8 POST
Pullover 3 3 3 4 4 4 4 4 5 5
Arm Cross 2 2 2 2 2 3 3 3 3 3
Decline Press 2 3 3 4 4 4 5 4 4 4
Hip & Back 6 6 7 8 8 9 9 8 8 8
Quadriceps 6 7 8 9 9 10 11 11 12 12
Leg Curls 5 4 5 5 5 6 "6 5 6 . 6
SUBJECT B: WEEK

EXERCISE " PRE 1 2 3 4 5 6 7 '8 POST
Pullover 3 4 4 a 4 . 5 5 5 5 . b
Arm Cross 2 2 2 3 3 3 3 3 3 3
Decline Press 2 3 3 3 4 a4 4 5 5 5
Hp&Back 6 7 8 -8 8 8 7 7 7 8
Quadriceps 5] 6 7 10 2. 13 14 15 15 15
Leg Curls 4 3 4 5 6 __'6 &6 6 6

A
R,
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TRAINING PROGRESSION SHOWING NUMBER OF PLATES LIFTED FOR EACH -
EXERCISE EACH WEEK AND DURING THE PRE-TEST AND POST-TEST

WY

SUBJECT C: WEEK

EXERCISE PRE 1 2 3 4 5 6 7 8 POST
Pullover 2 3 4 4 4
Arm Cross 2 2 3 3 .3
Decline Press 2 2 3 4 4
\Hip & Back 5 6 7 7 7
Quadriceps 6 6 8 9 10
Leg Curls 4 4 5 5 5
SUBJECT E: WEEK

EXERCISE PRE 1 .2 3 4 5 . 6 7 8 POST
Pullover 5 3 3 3 4 4 4 4 4 4
Arm Cross 2 2 2 2 2 2 27 2 2 2
Decline Press 2 2 2 2 2 3 3 3 3 3
Hip & Back . 5 5 6 6 7 7 7 7 -7 7
Quadriceps 6 6 7 7 8 9 10 12 12 13
Leg Curls 3 3 3 3 4 4 4 ° .5 5 4



\.
TRAINING PROGRESSION SHOWING NUMBER OF PLATES LIFTED FOR EACH
EXERCISE‘FEACH WEEK AND DURING THE PRE-TEST AND POST-TEST

71

SUBJECT F: WEEK
\‘\
EXERCISE PRE 1 -2 3 4 ¢ 7 8 POST
Pullover 4 4 5 5 5 5 5 5 5 5
A.nm.Cross 2 2 .2 -3 4. 4- 4 4 -4 4
Decline Press 3 3 3 4 4 4 4 4 .5 5 ..
Hip & Back 6 8 8 s 98 9 9 9 9 9
. fauadriceps 7 13 17 19 20 22 23 24 24 24
 “Leg Curls 5 5 5 6 6 6 7 7 7 6
SUBJECTH ‘ . WEEK
EXERCISE .. PRE 1 2 -'3 4 5 6 7 8 POST
\:ﬂguugvércif-; 2 27 4 4. 4 5
lﬁ;néss 2 > .3 .3 3 4
Decline Pres§' 2 2 3 - | .‘3 4 B
Hip & Back 5 6 6 6 7 7
Quadriceps 6 8 -8 9 9., B 10
Leg Curls 3 "4 | ‘a5 5 " 5



© TRAINING PROGRESSION SHOWING NUMBER OF PLATES LIFTED FOR EACH
EXERCISE EACH WEEK AND DURING THE PRE-TEST AND POST-TEST

SUBJECT I

WEEK

72

EXERCISE

PRE

POST

Pullover

Arm Cross .
Decling Press
Hip & Back

Quadriceps

Leg Curls

AP O O NN b

B O OO NN N

A OO0 NN b

O 34 N N N b

O N N NN b

o o o NN O

O ® W W o

O O O W w om
OO O W W g



BODY COMPOSITION BEFORE AND AFTER TRAINING

. Before Training
Subject . Weight Percent Kilogr.ams ~ Kilograms
‘ | | -(k‘g) . Fat Fat . © Lean |
A © 56.4 - 239 135 T 429
B 636 314 200 438
c 59.1 203 - 120 a7
E 47.3 17.8 -84 . 389
F 60.9 25,1 . e 456, .
H 558 /&9\ a5 414 .
N 63.2 CC2s2 N sg 0 a3
’ _ After Training
l - .
A 56.8 - 247 140 428
B 66.4 329 218 44.6
c 600 - 196 118 - as2
E 459 | 21& 87 382
F 61.8 58 iss 463
| 644 228 .. 145 50.1



HEMATOCRIT (% RBC BY VOLUME

Pre—-Test Samples

Y \
I

-7

4

AR
e

Subject

1
‘

-1
i

A
B

C.
E
¢
H

380 380 380

400

425
40.0
41 .'O
320
385

400
375
420

410
415
390 390
380 -

370 370

43.0+

410

435
410"

420

460
1430

420

440
420

400
430
420

420

370 370

400 430 ¢
410 400 7
.385 390

400 380
360 380 °
390 380

ap F

3

X
P
K

.y

-

G

A

Subject

1

A
B
C
E
F
H

[

"375
405
445

405 -
41.0

38.0
375

37.0.
390
445 440
+395

395

440

39.0
41.0
36.0
36.0

365 .
405

355

405
44.0
44.0

41.0
"425

43.0

38.0

410

440

42.0
430
430
410 -

.390f400
425 430'
440 440 -
405 425

425  44.0
430 420
49Qf =

440
380

360~

390 385
440 405

420 435
40.0 380

S
R -

415 400

390 390

-
>
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HEMATOCRIT (% OF-BASELINE) ,
ST /

Pre-Test Samples

Subject 1 2 - 3

?

1000 100.0 108:0% 1026 107.9 1053 1053 1053 1026 97.4 97.4 (-
11000 1000 jO75 1038 1088 - 11251 — 1163 1000 1075
1000 10Q0 893 929: 976 1024 1000 1048 1024 97.6 952
109,0}}?122}\02,‘;1 1075 1024 1024 1024 1000 976 938 95.1
K,lob,'o 100.0 é?.-s 110.0 .‘1‘15.0_3.-10.0:‘..1'132.5 1125 1075 1000 95.0

t

<1000 1000 = = 1128 1200 117.1 1200 117.1 1029:1086 .

I mom o @ >

I 1000 100.0° 974 1105 1105 1105 1053 1105, 105.3 '-"1492-..6,&109.0‘
Post-Test Samples " * ”  N w . )
L . E . 3 4 - . ‘)f - .: - )
.Subject 1 2 3 4 ‘5> 6 - 7. 8 g 10 11 .
v o ; ~, !.t‘ | W :/-E,:;"l ’ . - \j’_\)z}

"2 1000 160.0 98.?"__169,5 110.8 1054 1081 '10\_%.1-'10',9.5‘» Jdé%ioq] :
© 100071000 1013 1100 = 1_06.3 .1,07.5_"‘.»111"0.0._ - "_..ud,o-*jod.s,w\
1000 1000 989° 989 989 989 989 1011 989 '@4A 978

" 1000 1000 988 1025 1050 1013 1063 - 1100°100.0 95.0
11000 1000 963 1037 1049.1037 107.3 1122 1098 1012 976
1000 11000 1188 162 1162 1162 1135 i}1~8.9§%j3.5 1054 105.4:

1 1000 1000 959 1054 110.8 1081 " = ,10545fb54 973 -

a"

g
SLFT

T M. om.6H

- L4



= BLOOD LACTATE (mg%)

y Lo ..« - Pre~Test Samples -

Subject 1 2 3 a4 5 6 7 8 9 10 11

437 437 491 1836 1856 23.11 20.88 2096 3259°1£.39 978

A

B 298 428 '401 1447 1547 3390 - 4682 - , 3617 1922

C 562 - - - 27313185 4290 4801 3822 2834 2174
E 509 555 555 3358 37.53 3892 4427 40.98 4880 3275 1979

F 559 500 529 17.35 3307 2662 3527 4367 44.01 3112 2259

H 288 347 321 - 2262 2430 - 5592 30.64 2024 2387

| B892 571 542 1806 4601 2287 30.28 47.15 37.18 19.87 1427
- | o /

Post-Test Samples

Sybject 1 2 3 a4 6 7 -8 .9 10 1%

T272 302 884 1333 19.18'14.;58'?23.29{_}10.43 39.77 2629 19.84
318 302 511 -3961 2896 2387 3299 6626 37.19 1886 . —

326 252 276 17.87 17.87 19.99 43.75;5"3‘7’86-"'%;7.68'42.53 3192
410 394 335 2962 2812 3396 5639 71.02 6307 47.53 2978
584 460, 517 17.06 2204 2836 16.07 “83.32 85.80 65.88 37.82

ﬂmolm)>.

478 318 384 258532117 3673 37.14 5988 64.33 34.38 2326

x

. 629 540 515 3433 3848 - - 5908 49693259 1856

“
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B4

‘g:
LH (miU/mi)
Y] W : .
S~ Pre—Test Samples
Subject 1 2 3 a4 5 6 7 8 9 10 11
A 927 816 793 811 716 453 748 817 7.11 7.80 594
B 792 672 668 1617 1653 1271 1425 1853 1805 17.31 14.81
C 410 623 654 665 485 — - 484 374 363 7237
E 752 679 627 1496 1224 11.35 1003 1023 983 964 7.50
F .799 815 7.69 821 ~865 663 686 7.16 795 653 683
H 1564 1425 1147 < 2329 2071 1358 17.65 1491 146" 1250
| 658 483 536 749 823 546 413 737 748 473 425
Post-Test Samples
Subject 1 2 3 4. 5 & 75 8 9@ 10 1
| . “
. A 630 669 553 475 1315 1158 1144 1312 1239 914 830
B 963 955 1173 1176 1408 1288 136417420 =—. 1367 1105 * |
C 429 315 251 317 852 737 828 785 677 528 501, &
E 1830 1558 1373 1283 1260 1095 1226 1268 1303 10.86 987
_F 603, 908 '766 687 871 - 1050.1051 85} 7037642 3
H 724 618 10551251 1081 11.06 10.19 17.47771328 1088 8.10 .
y . ; f 5 '
| 388 376 318 541 704’ 686 — 334 576 420 465 ‘
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SRS

4
Sy

J’ b Q <\
ik
LH (% OF BASELINE) /
‘Pre-Test Samples ~ ‘
7 Subject 1 2 3 4 i 5 6 7 8 g 10 11

A
B
C
E
F
H

. ‘l\ 11 .
100.0 100.0 91.0 .83 1 822 520 858 93@ 816 895 - 682
2
2258 1736 1947

100.0 100.0 91.3 2209
100.0 100.0 1266 1288

“100.0 1000 87.6 209.1

'00.0 100.0 95.3-
1000 1000 767
100.0 100.0 94.0

101.7

131.3

93.9

171.1 158.6 140.2
107.2 822 850
155.8 1386 191.0

144.3

95.7

724

Post-Test Samples

2531 2466 2365
9371 724 703
1430 137.4 1347 .
887 985 809
1181 100.0 97.8
1292 131.1 829

Ch

e

202.3
140.0
104.8
84.6
836

745

~ Subject 12 3

"

I m m " O W »r

1000 1000 851 731 2025 1783

100.0 100.0 122.3

41000 1000 67.5

1000 1000 81.1
100.0 100.0 101.4-
1Qpb,ﬁddo 157.2"
Jébb 1000 832

122.6 146.8 134.3

52 229.0..198.1
85.2 2290,-)98

757
390.9

744
116.3 "

1864 161.1
1416 1843 1728

iy

Y

64.6

164.8

176.1
1422 -
2226
724
139.0
151.9

202.0 190.8 140.7
1481 - 1428
2110 1820 1419
749 769 64.1
1381 1259 931
260.4 18%.9 1671
%74 150.8° 1099

%

127.8
115.2
1347
58.3

95.0

135.6
121.7
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FSH (miU/m) | y

Pre-Test Samples

Subject 1 2 3 4 5 6 7 8 s 10 11
eat :
A 1167 1031 1108 970 - 937 884 10.89 1040 992 897
8 756 692 724 851 979 848 616 932 834> 817 929
C 814 867 767 711 772 531 - 724 581 621 7.09
'E 913 851 869 988 922 951 741 865 805 8087 7.96
F 715 679 689 719 859 679 758 7.86 7.07 663 656
H

704 638 556 - 1003 804 7.7 921 751 7.77 819
| 496 482 A58 663 535 553 483 537: 536 495 4.34

Post-Test Samples o

Subject . 1 2 3 4 5 6 7 8. 9 10 11

NS

432 1078 1052 801 1269 11127 & 1291 1273 1203 12.38
. 905 791 8B0 904 1012 936 982 -  — -876 923
605 586 543 587 289 567 646 - 643 527 650

~ 611 654 623 601 610 518 503 504 429 408
444 735 703 698 766 452 724 655 7,79 590 -

T n.m o w »

911 759 10.37 1230 1094 11.16 10.46 1294 11.79 968 10.07
! -~ 531 560 553 585 593 » — 385 518 467 408

¥ id
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FSH (% OF BASELINE)

» . - Pre-Test Samples
Subject 1 2 3 4 5 6 7 8 2 10 1
A 1000 1000 1008 883 ~— 853 B4R 991 946 903 816
B ™ 100.0 100.0 1000 1175 1352 117.1 — 1287 1152 1128 1283
C 1000 1000 913 846 919 632 - 861 691 739 844
E 1000 1000 985 1120 1045 107.8° 840 981 913 916 8902
F 1000 100.0 989 1032 1232 974 1088 1128 1014 951 94.
H 1000 1000 829 ~— 1495 1347 1009 137.3 111.9 1158 1221
| 1000 1000 937 1356 1094 1131 988 109.8 101.2 101.2 883
Post-Test Samples : , ‘ <
Subject 1. 2 3 4 5 & 7 .8 9 10 11
o
A . 1000 1000 1393 1193 16"8.1_147.3 = 171.0 1686 1593 '1_6’4.0'
B 1000 100.0 1050 1066 1193 1104 — - -, 1033 1088
- C 1000 1000 912 986 ~— 952 1085 g 1080 88571092
E . 1000 1000 107.0 1020 984 998 848 823 825 702 668
F 1000 1000 1183 1184 1299 767 1228 1111 1321 1001 —
H 1000 1000 1230 147.3 1310 1337 1253 1550 1412 1159 121.0
[ +700.02100.0 1055 1041 1102 1117 e ;.7_'2;5?' 97.6 879 768 . S
' "&;l ) R




IX. APPENDIX D: STATISTICAL PROCEDURES
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'SUMMARY OF PAIRED T-TEST FOR TO DETERMINE TRAINING EFFECTS

Mean
SEM
D.F

t—-value

ARM CROSS
Mean . '
SEM.

DF. -

t-value

\

Mean’
“ SEM.
v
o DF.
@ - \_ i t—vélue
*vp<0.01

3.00
0.31

. 5.99x

Pre -
2.00
0.00

4.38%
Pre

2.14
014

6.48%

4.70
0.18

Post
314

0.26

Post
414
0.34

82 «

s



* p<0.01

HIP AND BACK
Mean

SEM.

DF.

t—value

QUADRICEPS
Mean
SEM
DF.

t—value

LEG CURLS
Mean

S.EM.

D.F.

“t—value

Pre

iy
557 ¥

0.20

15.00%

6.00
0.22

3.93%

4.00
0.31

6.97#

Post
7.71

0.28

13.28
1.90

Post
5.29
0.29

83

Sy
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SUMMARY OF PAIRED T-TEST FOR BODY COMPOSITION

"

Mean 23.95 2433
SEM 1.91 1.91
\ | | DF. 5 "

i : ' t-value 0.45%

* p>0.05
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- SUMMARY OF 2-WAY ANOVA FOR LACTATE

“«

. 85

Error

S‘ource of W Deérees of "Meapl' F Tail
Variation Squares Freedom - Square Ratio Probability
Training 1157.32 1 1157.32 403 0.068

. 'I_'ime 39598.16 10 . 395892 7299 0.0
Interaction 2354.94 10 23549 - o 4.34 0.0 .

| 6510.42 120 54.25



SUMMARY OF TUKEY TEST FOR LACTATE

Pre—test samples

{

Post—test samples

11

10

—NMTIO

R
- 0
o &

Pl *sxxx

* x %x | x x

between means > 7.78 significant at p<0.05.

» critical différence

IS

86



SUMMARY OF 2-WAY ANOVA FOR LH

~87

Source of Sum of Degrees of Méan F- : ,". ‘ ~T_ail
Variation Squares Freedom Square\ Ratio . Probability
;' Training 0.31 i 0.31 " 0.0 0.96
Time 21210’ 10 2121 381,  ,00 -—
Interaction 3454 ¥ 10 3 345 ' 062" 0.80 _
Error 66881 120 " 5.57
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SUMMARY OF 2-WAY ANOVA FOR FSH

89

Source of

Sum o Degrees.of Mean F Tail |
Variation Saua Freedom Square Ratio Probability
" Training 0.02 1 002 0.0 0.98
Time 18.66 , 10 1.87 1.25 027"
Interaction 11.80 10 1.18 0:79 0.64
Error 17é.9'| 120 1.49



X. APPENDIX E: ADDITIONAL INFORMATION
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CONSENT FORM

i, , .8gTree to participate

"in a study on hormonal changes with exercise training, as con-
ducted by'Meredith Galbraith under the supefvision of Dr. A.N.
Belcastro, Derartment of Physical Education, and Dr. D.C. Cumming,
ﬁepaftment of Obstetrics and Gynecoloyy. The natuye of-the study,
my role, and the experimental procoiufes for which' T will Be

subject have all been fully explained to me. , -

I unde;stand that: . .

1 I will be involved in an '8 week training period involving
3 half;hour training periods per week. , )

2) My percﬁntége:body fat will be measqréd usiﬁg the underwater
weighing technique, both before and after the training pro-
gram. ‘

3) I will be studied over single exercise periods, before and
after the actual training program, where an intravenous
catheter will be placed ir wy arm for the removal of small
serial blood samples for bloqd.hormone level analysis.

4) ¥hat once 1 have agreed to participate in the study I may

still withdraw at any time.

Date - Signature

Witness




QUESTIONNAIRF ‘ 9

NAME :

ADDRESS : . PHONE NO.:
EDUCATION:

OCZUPATION:.

AGE: DATE OF BIRTH:

GENERAL HEALTH?Y

1)
2)
3
w

5)

7)
8)

9

10)

How old were you when you first started menstruating?

How long have vou been menstruating?

- &
)
5

Do you consider yovr periods to be regular?
‘ 1

How many days are there usually between your perlods?

)

How many days do your perilods usually last?
Dc you consider your flow to be light? medium? heavy?

Do you experience premenstrual discomfort?
If yes, what sort, to what degree, and for how long?

Do you expe¥ience menstrual discomfort? ,
If yes, what sort, to what degree, and for how long?

Have you had any pregnanciles, miscarriages, or abortions?

Have youf periods ever stopped? ¥

1f yes 1) Did they stop suddenly with no warning?
Did they gradually taper off?

ii) Did you deliberateiy attempt té change your
weight before your periods stopped?



.93

i11) Was loss of menses associated with a change in body
weight? ‘ o ;j '

iv) Do you associate your periods stopping with a
change in exercise? = ' - ,
If so, how long before or after you began exercising?

v) Do you associate your periods stopping with any
chiange in stress, diet, medication, environment

. 4l1lness or other factor?

11) Do vou associate auny changes in your menses with changes in body
welght? :

12) Do you asscclate any changes in your menses with changes in exercise?

a

13) Do you associzte any changes in your menses with a change in stress,
diet, medication, environment, {1lness or other factor?

~

14) Bow much did you weigh when you first started meﬂ%truating?



%

“Héw tall are you?

16)
17)
18)
19)
20)
21)

22)"
23)
24)

25)-

26)

If yes, what type, what dose?

94

How much do you weigh now?

~

What typ;\;i frame do -you have?

What“is the moiilyou have ever weighed in your adult life?
‘_’3 . R IS

What is the least you have ever welghed in your adult life?

I »

Briefly describe any major welght changes
. J - - ~ ’ - .
Do you follow any s ‘1a. diet? ‘

Do vou restric: veur cii.o71  intake?
If yes. tc wha® =miunt ‘

Have vour eatir= habits, :hanged significantly at any time Iin recent
vears?

i

Do vou think that your eéting habits alter when you are involved
in regular exercise? '

Do you exercise regularly? ‘
If yes, give details. . 3 _ .

EIN >

Do you use oral contraceptives?

/ ¢



AGE

NAME

Marital Status M/ S/ W /D
Contraception None 1IUD Pi1) Other

Occupation -1
DURING THE WEEK FOLLOWING THE END OF YOUR ~"SRIOD AND DURING THE WEEK BEFORE YOUR

PERIOD, DO YOU EXPERIENCE ANY OF THESE SYMYTOMS? CHECK ONE BOX FOR EACH SYMPTOM
BOTH DURING THE WEEK FOLLOWING YOUR PERIOD AND THE WEEK PRECEDING YOUR PERIOD.

WEEK FOLLOWING PERIOD
None Mild Hod Severe None

SYMPTOMS

WEEK BEFORE PTRIOD

Mild Mod chclg’

A R BRI

Abdominél Bloatring i

Ar: iety 4 ' |

!
Breast Tenderness !

Confusion

E N

Craving for Sveets

Crying

~

Dizziness or Fainting

Fatigue

i
Depression I ’ l ‘

l

i

Forgetfulness

Headacbe

Heart Pounding

Heart Pounding ’

Increased Appetité

Insomnia i '

Irritabilicy

Mood Changes |

Nervous Tension

"Swelling of Hands/feet

Sl et bty [l

Weight Gaiﬁ
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FOR THE BEGINNER

\

1.  INTRODUCTION

The purpose of this programme is to increase an individual's

general overall body strength and to outline some important principles

. that 'should be adhered to if maximum benefits are to be achieved.

If the beginner executes this programme properly, a significant increase
in strength and a moderate increase in muscle mass will be obtained in
the majority of individualr :ight training will not significantly
imorove the funcrioning of the cardiovascnlar system (heart and blood

vessels), general body coordination or cause an automatic loss of

weight.

2. PRINCIPLES OF STRENGTH TRAINING

(1) Overload:
The overload principle is the most importent principle of
weight training. A muscle will grow bigger and stronger only when

N

the muscle has imposed upon it a demand which is not easily met!

In fact best results are obtained when a muscle group is worked

to the POINT OF'MOMENTARY FAILURE.

\
~

The following is an72xample of the applicationt of the over-

load'brinciple: an exerciseArequires a set of eight to ten repe-
titions. The trainee selects a resistance that will cause him to
fail‘somewhere between eignt to ten repetitions. He performs as

many full repetitions as possible, but he does not stop there.

He should attempt as many partial repetitions as possible; he

continues until he is UNABLE TO MOVE THE RESISTANCE AT ALL!!

Anything lzss than maximal all-out effort falls short of maximum

- i
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training stimulus, and poor results wil% be obtained.
One set of any exercise performed as recommended above is far

'

more prolductive for results than any.number of sets which are not

perfdrmed to the point of failure.

Working to the point of failure is not a dangerous practice
- in strength training. Qn the contrary, the last repétition or
partial repetition before failure is actually the safest repeti-
tion from tﬂe standpoint of injury to muscle and joints. ng_”
tension and forcé are being :produced by a muscle as it begins to
fail; therefore, less stress is placed upon muscle structure and
joint structure. ' /7

It is true that some results can be ob;ained.from less than
maximun 2ffort, but BEST results come from mgximum effort, and
because aximum effort is also SAFE, it is highly recommended.’

The overload principle has been explained in detail because
it is frequently'miéuﬁdérstood and in many cases ié‘not applied.

\

A weight training programme often degenerétes into a boring,

lengthy form\of manual labour, without significant results.

Hard work in strength trainiﬁg refers to INTENSE EFFORT, not a
greater "amount" of work (more séts, exercises, workouts). |
(2) Hez Resistance:

When the'o;erload priqgiple is‘abplied to working a muscle,
the response of the musclé will depend upon the amountrof resis-
tance used in the work. 1If fhe résisgance is light so that faii—
ure occurs only after a relatively high number of repetitions have
¢

béen performed, the training effect’Qill'be priﬁarily an increase

in muscular endurance. However, if the resistance is heavy so’




- o

that failure occurs after a relatively low nquéf‘of repetitions
‘ 4
have been performed, the training effect will be prim:rily an in-
g i

}

crease in muscular strength.

(3) Repetitions: ‘

What is the optimum number of contractions per hour (repeti-
kioné)? The answer to this question has not beeﬂ answered cleérly
on a scientific¢c basis and generally is arbitrary deéending on the
goal of the programme. However, the followiné observations have
been made.

Extremely low reﬁetitions (1—3)jare very effective for build-
ing strength. Using very low reﬁetitions is an adJAB¢é§‘E8£m of
training. Because of the heavy poundages that are’used in conjun-
ction with extremely low repetitions; there'is the possibility of
injury in the case of the inexperienced tfainees. Recbveryiability
is reduced markedly when véry loﬁ repeiitions are utilized. Even
very advanced competitive lifters can.train to maximum using verj
low repetitions only once per week (sometimes once pef month).

Less muscle size and local muscular endurance are developed when
extremely low repetitions are employed. On the other hand, there
is a large rangé of répetitions (5-20) whicﬁ is effective in pro-
ducing strength, muscle size andﬂlééal muscular endurance and |
which doe;énot unduly tax the recovex} ability of the muscle‘group.
This.is.the range Of'repetitipnsciﬁgﬁfwill'be used in this strength

N,

training programme. " S T
. o Y, . N

Cel

(4) Sets: S TN

p; RS REINIS

L o \“.F X
Thgstéigquetﬁﬁfeﬁgrs to a

‘ SO Y
Sl

‘bout of fepetitions. ""Two sets,

eight repetﬁg}ons" of ilséiercise means two bouts of executions .
’ . ‘.\y ,;) B hS IR
Nl
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of an exercise movement, with a short rest between the two bouts.

Two to three sets per exercise is optimum. Research has

shown "that performing more than thfee sets does not signifiqantly
. : B R
improve results. On the contrary, more than three sets will often

hinder the recovery ability of the muscle and will slow or stop
e ' (2 . .

results altogether.

Most exercises then, based on reported research studies, will

_require two to three sets of -between fiye to twenty repetitions.-

(5) Progressive Resistance:

‘ In drder to adhere to the ovéiload principle andfkhe heavy
resistancé.pr;nciple, it ié'péﬁéssary to gradually increasé the
exéfZise resistance as the muscle becomes‘étronger.

An example: An exercise requires two sets of eight ta ten
repetitions. 1In a period 6f ;ime, nine_;nd finally ten repeti-
tions will be poésible with that resistance since the muscié'has
increased in strength. When ten repetitions are pdssible on eith~

er of the two sets, five to ten pounds is added to the resistance.

The resistance is progressively increased so that failure will

always occur between eight to ten repetitions.

AN

(6) Specificity:

Gains in strength areglargely specifié to the movement
patterns exercised. Therefore,vsince this programme is éimed at
increasing general body strength, a programme which effects all

the major muscle groups will be emphasized. _ : -

ey ‘
Cl !
Pty

(7) Frequency:

* . Trainees who aré-practising overload and heavy, progressive

resistance training cannot, in the vast majority of cases, tolerate

o
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daily,training; In fact, daily training of this nature will
D . ’
usually result in lpsses of strength and muscle size iu dost
individuals. The actual training effeot (increases size and
st;eogth) occurg, during the REST PERIOD following the exercise.
As a general rujis at least one full day of rest srom }esiptance
training is required to allow for recoVery and to allow the
training effec?‘to occur. Three tfainiog sessions per week' P
(Monday, Wednesday, Friday, or Tueaday, Thursday, Saturday) is

A

the usual practice. This is probably a reaséhable procedure for

most persons. The extra day of rest at the end of each week is

-

important for'goodvresults.

For soﬁe trainees, three workouts per week 1s too moch"be—
cause of various leveis of initial fitness orpliviog habits.
Two workouts per week (Monday, Thursday or Tuesday, Friday)
can be very effective. This is particularly true of individuals
who are engaged in vigorous ectivity or sport, or who have_jqbs
involving hard manual labour, besioes the£¥ weight training pro-
gramme.' These people may”conside% a twice weekly programme which
will aleo produce eiénificant_results.

OVER—TRAINING,‘or STALENESS, which is often responsible for

poor ﬁrogress, is characterized by too many workouts per week and

workouts which atre too long (too many exercises and sets).

¢

UhDER-TRAINIhG which may be responsible for poor reSults,

is elmost alwazs characterized by the absence of the overload

Erincigle (working each set to the absolute point of failure).

,Under-training rarely results from too few workouts, sets or

exercises.
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.3. _RATE OF PROGRESS

The rate of progress will vary considerably among trainees;
howevér, all trainees in good‘health who are training préperly will
|
make ﬁrogress; In the firsﬁ month, tbe i;provements in strength per-
formance are due mainly to increases in skill in executing the.exer—
clses. In many months that follow, gains in strength‘ﬁffg;he_ggéocia—
ted with increases in muscle size and a general increase in body weight.

Best progress in strength training results from regular training over

many months and years.

The following six factors may influence éains in strength
and are briefly reviewed. |
l; Body Type:

| Wéight trainees who tend to fall into the mesomorphiq soma=
type group seem to get better results from weight lifting than
individuals who are wither ectomorphié (predominantly slim) or
endomorphic (predominantly fat) in body build.

2. Muscle Group Trained:

The upper body will respond better to resistance training .
than the musculatdre of the lower body because the upper body
muscles are innervated by a greater number of nerves. Thié
allows the upper body musculature to produce a greater firing
rate of muscle fibres and consequenply will allow the muscle to
exert more force. | |

Secondly, it is difficult to exercise~the lower body musc;es
to complete failure beééi%k ;hé'knﬁe extensions will fail iong
before the extensors of the Hiﬁ ar; fully fatigued. Consequently,

the hipAextensors will not receive a full training effect.
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3. ‘Age:

Older individuals who have been shown t: h.ve less nerve and

~

muscle cells, will not have as great a training effect as those
persons who are in early adulthood.

4, State of Prior Training:

Persons with no prior weight training expefience will show
rapid improvement in the early part of their resistance training
programme and will gradually level off as they progress. Since:
some muscle groups are in a‘higher sfate of training than others,
when a weight training programme is initiated, these particular
‘muscle group will respond less. As a general rule, the closer
a weight trainee gets to his/her maximum strength 1evei, the
higher the stimulus needed to fire the high threshold motor
neurons reduined,to overcome the heavy resistance Leveis which
afe loaded on fhe muscle.

5. - _Sex:

‘Due to the presence of the hormone testosterone in males,
they will respond to weight training better than females. How-
ever,‘women can develop their lower body as much as males in

relative strength.

6. Recovery Ability:

[

As previously mentioned, as one gets closer to one's maximum
strenzth level, higher nerve stimulus is required to facilitate
muscular contraction. Pushing onesélf to his physiﬁlogip limit
requires mnre time for the body to recover. Conseque;tly,
beginners can train three times a week andﬁrecovef‘on the alter-

nate or "off days'". However, more experienced lifters will find



103

that they may only be capable qf lifting two times a week because.
they will take longer to fully recover.
T{ the trainee appears to be .aking little or no progress
after two months of trainiﬁg, check the following pdints:
(1) Are you using the overload principleé
(2) Are you overtrainiﬁg (too many Qorkouts and sets; you
may have to cut down to two workouts per week)? DON'T
TRAIN MORE IN FRUSTRATiON.
(3) Are you getting enough rest!? Eight hours sleep per
night regularly is the minimum requirement.

(4) Are you eating well? "Well" refers to gquality and

quantity of food.
4, QUESTIONS??

Like many forms of training programmes, the beginner‘often
has many questions regarding specific aspects of the programme. This
is particularly true of weight training in which a number Qf "old wives
tales'" have been perpetua;ed among experienced liftérs or by individuals
totally unaware what takes.place in a welght training facility. With
this in mind, the following section will try and provide answers to
the more common questions which the beginnef may have and hopefully
dispel any doubts or fears a beginner may have encountered.

1. Who should not 1lift weights?

Persons who are Sick,:especially if they have some type of
circulatory disorder, should not exercise with weights unless
they have permission by their physician. In terms of athletes,

there is no harm done by the athlete who engages in weight lifting

during the season of his/her sports participation.
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2. How much can one improve physique through weight training?
‘Improvement in physique throughbweight training occurs in

three ways: muscle girths are increased, fatty tissue is re-

duced, ana posture is improved. The degree to which this will

occur depends largely on the factors mentiomed in the "Réte of

Progress" section.’ |

3. How long must omne train before results take place?

The rapidity of idﬁrease in muscle siz, strength, and other
rélated factors depends upon body type, intensity of training,
living habits, etc. However, if the principles outlined in
this paper are properly followed, definite changes in muscle size
can be noted within four (4) weeks after training starts.

4, Will weight lifting cause "muscle-boundness"?

"Muscle-boundness" 1is a term used to describe heavily muscled
individuals who are slow and awkward in the.r movements. The
results of researéh studies to date ave aot provided a conclu-
sive answer, buF the évidence indicates: (1) muscle-boundness
is a figment of the imagination and no such conditipgjusually
exists, (2) persons who have exercised with weights and/or are
muscularly strong can move faster than éhe average persoﬁ, and
are just as well coordinated, (3) weight 1ifters have just as
much and perhaps more bodily flexibility than does the average
person. In fact, if properly done, resistance training can
.actually increase flexibility! )

.5. Do persons who have weight training get fat when they discon-

" tinue training?

/



105

\
i

There is no reason whatsoever to believe that weight lifting
per se is conducive to obesity éither during training or upon
cessation. Upon discontinuance of training, one needs only to
be careful of his/her diet to avoid obesity. This is due to the
fact that during heavy training, an individual géts into the habit

of eating more and with the cessation of traiﬁing often does not

reduce their food intake to coincide with the reduction in energy

4
~

expenditure.
6. How dahggrous is weight lifting?

Weight lifting is a very safe activity. In fact, 1f proper
saféty precautions, sdch as spotters, arg observed, injury is
practically impossibie.

7. What about dietary suﬁplement or "super-foods'?

Unless a person is definitely deficient in some food element,
any extra amount of the substance taken in generally dis passed off.
Tablets, unique diets, and speéiél "formulae" can best be péssed
up and the money saved. The best "super-food" is a good balanced
diet!

ADVANCED TRAINING : A R

a) Nautilus Strength Training Regime:

In many barbell and barbell-like exercises, there is no

_available resistance at either end of the movement. In a conven-

tional bench press exercise, for example, there is no resistance
at the top of the movement since the trainee is "locked out" and
supports the weight without the requirement for muscular involve-

ment.
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Bérbell exercises are also limited by the fact that the re-
sistafice remains more Bt less constant during thé entire fange
of movement; which means that you will aiways be iimited to resis-
tance that you céﬁ move at your weakest position.

Nautilus exercise equipment claims that their machines will
provide; (1) both stretching and pre-stretching in the starcing
position, (2) resistance in the full-contracted position, and
(3) available resistance in propo;tion to your strength in every
position throughout a full range of possible movements.

In order to accomplish these objectives, Nautilus equipmen;
provides a resistance that rotates‘on a common axis with the
body-part that is directly moved by the muscle being tr;ined.
Since availabl; strength varies throughout the movement, due
to anatomical structure, Nautilus also‘provides a full-range
exercise régime that instantly and automatically varies the resis—
tance in accordance with changihg strength.

The present time, in order to use this training method, it
requires a certain financial inyestment in order to become a mem-
ber at a Nautilus training centre. Herver, these training éentres
ére staffed by knowledgeable personnel, who supervise and insﬁruct
trainees on varidus aspects of weight training such as overload,

;
progressive resistance, etc.
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NAUTILUS TRAINING PRINCIPLES

General procedures to be followed on all machines where the regular
(positive-negative) form of exercise is performed:

1.

10.

On any machine where seat adjustments or body positioning can be
varied, make certain that the rotational axis of the cam is directly
parallel to the rotational axis (joint)\of the body part that is

being moved \
\

Position your body in a straight aligned ‘manner. Avoid twisting
or shifting your weight during the movement.

Never squeeze hand grips tightly, but maintain a 1oose, comfortable
grip (a tight grip elevates blood pressure)

Life the resistance-(positive work) to the count of two . . . pause
. « . lower the resistance (negative work) slowly and smoothly
while counting to four.

For fdll—range strength and flexibility (and protection against
injury) your range of movement on each machine should be as great
as possible.

Breathe normally. Try not to hold your breath while straining.
Perform each exercise for 8 to 12 repetitions.

A. Begin with a weight you can comfortably do 8 times.

. Stay with that weight until you can perform 12 strict repeti-
tions. On the following workout, increase the weight (appro-
ximately 5%) .and go back to 8 repetitions.

C. Ideally, on every workout you should progress in repetitions

and/or resistance. '

Exercise the larger muscle groups first and proceed down.to the
smaller muscle groups (hips, thighs, back, shoulders, chest, arms,
and neck).

Your entire workout should take from 20 to 30 minutes.

4 S
The time lapse between exercise sessions should be at least 48 hours
and not more than 96 hours. ‘
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NAUTILUS STRENGTH TRAINING PROGRAM

~ do all exercises slowly
- 3 gecond concentric phase while exhaling
- 3 pecond eccentric phase while inhaling
3 Upper body exercises - 3 sets of 8-10 repetitions
1) Pullover - for your latissimus dorsi muscles
11) Arm Cross - for your pectoralis muscles
111) Decline Press ~ for your pectoralis, triceps & deltoid muscles

3 lower body exercises - 3 sets of 10—12‘repetitio

1) Hip and Back Machine.- for your lower bacggLusgles & gluteal muscles

11) Multi-purpose Machine - for ydur quadriceps
111) Leg Curl Machine - for your hamstrings

3 sets of 25 sit ups - at any point in your program

Pullover — Adjust seat so axis of rotation is through shOulder

- Hips back, fasten seatbelt - .

- Use safety bar to get in and out of position

- Push on elbow pads. Don't clench bar with hands.

- Go back as far as you can and then ‘pull bar right in to
your abdomen. |

- Do 'all 3 sets on this machine (Wwith a 2-3 minute rest between -
sets) before moving on. . ' :

Arm Cross - Use pad behind back if necessary to get axis of rotation.

of overhead cams directly over shoulders.

- Adjust seat so elbows flex at approx. 90°.

~ Keep forearms verticle, don't clench hand rests.

- Bring arms right together without sitting up.

- Do one set then immediateély do Decline Press.

- Wait 2-3 minutes-after Decline Press then repeat both exercises
for 2 more sets. ,

Decline ‘Press - Increase resistance from Arm Cross because this is
compound press (ie. 'you are using. more muscles).
- Go as far back as possible without taking-your hands
- off the bar.’
-.Pause at: the end of extension.

Hip and Back Machine -'Align hips with -axis of rotation of cams.

"~ Fasten seatbelt. -

- Start by extending both legs.

\—‘Keeping one leg extended, bring other leg up high.

- Stretch.

= Bring leg down and extend then bring other leg up
high., Stretch.

-~ Do 10-12 contractions per leg (le. 20-24 total)

. " -~ You'éan do all 3 sets on this machine first or

1 set on each lower- body machiné and repeat 3
times. '
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Multi-Purpose Machine - Rest belt on hip bones.

Squat to attach ring.

Choose step according to leg length.

Stand on balls of feet.

Keep back straight, head up.

Squat to 900 then extend to vertical position.

Leg Curl Machine - Lie on stomach with knee caps just over the edge of
the board. _ ' .
Grab bar with hands.
Keep bum down. ‘

Contract hamstrings to bring bar close to bum.

Remember the Overload Principle.
After three days of being able to reach the top of the range (le. 10 reps
for upper body, 12 reps for lower body) increase resistance.



