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ABSTRACT . .
The purpose of this study was to observe the effects of
three intensities of maternal aerobic exercise (mild,

¥ :
moderate and severe) throughout gestation on both mother and

fetds in the rat. The mild intensity (MILD) consisted of a

treadmill speed of 15 m/min, on a 10% incline for a duration
of 60 mmutes/day,@E;"’éiays/vj:;;’*)?“t The moderate intensity (MOD)

&
consisted of a treadmill speed of 30 m/mln on a 10°

“incline, for 60 minutes/day, 5 days/week and the severe

intensity (SEV) conéisted ¢¢ a treadmill speed of 30 m/min,
on a 10° incline for 120 minutes/day, 5 days/week. In all
three intensity experiments (MILD, MOD and SEV) young female
Sprague-Dawley rats (Biosciences - University of Alberta) of
approximately 50 days of age were uséd for stu@y. Prior to
random assignment of the rats into appropriéte groups, the
rats were conditioned to run by a progressive two week |
treadmill exercise program. Following the two week program,
the rats‘were paired by weight and selected to fulfill one
of two main experimental conditions: a pregnant group that
continued their respective running intensity program
throughout.gestation (pregnant runner, PR-MILD, PR-MOD,
PR-SEV), or a pregnant group that did not continue the
running program throughout pregnancy (pregnaﬁghcontrol,
pPC-MILD, PC-MOD, PC-SEV). At birth the neonates“born to the
PR-MILD, PR-MOD or RR-SEV groups did not differ 1in necnatal
body weight values,,numger/littér or total litter weight

values when compared to controls, nor were superficial gross

iv

f N
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abnorma}ities observed in the neonates born to the PR

gfouﬁs. The SEV intensity exercise did not alter neonatal
organ-wéignt values (brain, héarg, liver, lung, kidney), nor
neon@ta; skeletal Muscle development (gastrocnemius, T

sternomastoid, diaph gJ) when compared to control values.
N _

The MILD exercise intensity did not alter maternal body

%
weight gain during pregnancy. The MOD and SEV exercise

intensities, however, did cause significant reductions in
maternal body weight gain (p<0.05) whén comparéd to control
values. After giving birth, the maternal rats in the SEV
exercise experiment (PR-SEV and PC-SEViY were skinned, and
each;tompdhenf:‘skin (subcutaneous fat and mammary tissue),
and the remainder, were weighed and compared. The PR-SEV
group hgd significantly less skin and remainder body
components than the PC-SEV group (p<0.05). It 1ip suggested
that in maternal running rats that exeicise throughout
gestation, adaptive mechanisms develop to protect the fetus,
'
but theése mechanisms appear to dccur at the expefse of the-

maternal system, especially at the more severe exercise

intensities.

&
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INTRODUCTION
Society today emphasizeglthé beneficial aspect$ of *
exércise and fitness. f%iﬁ attitudé has progressiisly
lexpanded to also include the pfegnant wéman within its
"nfluential reaim, with méﬁy mégéiines and books available

to'thé generdlﬂpublic promoting exercise during prégnancy.
. Cey ‘
Unfortunately, -advice Eoncerning maternal exercise 1is
usually limited to vague generalizations to avoid excessive
fatiqgue, wﬁich substitutes for valid scientific observ?tionsr
(Cumming and Belcastro, 1982). A review of the literatﬁre
reveals little conclusive information concerned with the .
effects“of exercise on the prégnant woman and/ﬁr the
developing fetus: To substantiate gufdelines for women who
wish +» exercise during pregnancy, more sci@ntific
observations are nkeded in human research as well as
observations Fhrough‘the use of animal models. From a basic
(5yerview of exercise physiology it w@uld seem reasonable to-
suggest that there are several immediate areas of interest
exercise performed by

1

the preﬁnant woman on the"developing fetls.

which may be related to the effects of

There is ample evidence to suggest that the uterine
environment plays an important role I'n the development)of
the'fe{§2 (Barr et al.,’1é70); Alterations in this
environment, such as the changes éssqciated with maternal

ingestion‘ of alcohol or maternal smoking, have shown several

- deleterious effects on fetal oﬁtcome (Abel, 1982). Maternal

4 t

~alcohol consumption can depress the central nervous system

&
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of the fetus,and ingespion of large amougt§ of alcohol
during pregnanc§ may lead to intrauterine growth retardatidn\
and congenital malformations; the fetal alcohol‘syndrome |
(Lewis and Boylan, 1979).‘Maternal smok}ng alsevhdé heen
associated with iow birth weight infants, stillbirths and
neonata% deaths, presumahly by shanging the uterine
enviroﬁéent of the developing fetus (Socol et al., 1982). It |

is also possible that maternal exercise may alter the fetal

environment. For example, fetal breathing movements have - .

~
\

been shown to ihcrease during and after maternal activity of‘$.
shost duration (Marsal et al.,”1970). This increase may‘be
the result of by-products.such as lactié acid associated
with maternal exercise and may ultimetely affect fet§ﬁ
development. |

One of?the possibléz roblems. assoc1ateg\w1th maternal
exercise is the shuntlng/gf maternal\blood/ahay trom the
uterus to the workigg/mﬂécles -0of the mother: durlng normal
reflex e;t1v1ty in response to exercise (Artal et al.,
1981). The possibility exists that lowered ute;oplacentalh
hlood flow may result in diminished,felel o#ygenation ahd
fetal nutrition levels, at least for short'periods of time
as a réSult of the maternal exercise. At the;termihation‘of
‘maternal activity,hhoweVer, the uteroplacental'blood~flbw is -
apparently restored in such a way that an overcompensetion
of available blood to the)fetue occurs‘(Curet,et al., 1976);

This phenomenon has been called the “tldal flow" effect

(Morris' et al., 1956; Martin, ﬂ980) Whether 1n fact the

’ —
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fetus is affected by this altered blood flow remains to be
determined. }

Decreased fetal oxygénalion, or 'hypoxia' m?y also
influencé fetal outcome. The fetus’reacts to hypéxic levels

»

by the shunting ofJits own blood in favour of vital organs,
such as heart and brain (Rudolf, 1984) until it can no
longer cope, ultimately Tesulting in fetal death (Boddy,
1976). Less dramatic levels of fetal hypoxia have also been
shown to cause growth retardatﬁgn and smaller fetal organ
weights (Longo et al., 1978; Nelson et al., 19%3). However,
during maternal exercise, diminished uterine blood flow does
;ot necessarily indicate fetal hypoxia, as the fetus is
somewhat protected by the mechanisms of the oxyhemoglobin
dissociation curve and the strong affinity of fetal‘
hemoglobin for oxygen (Longo, 1972). The level of diminished
maternal-fetal blood flow which may lead to fetal hypoxﬁa
remains to be el&cidated. ‘ /

Fetal nutrition may also be affected by a decrease in " =
maferﬁal uteroplacental blood flow. Not ‘only is the
concentration of nutrients in maternal blood (an adequate
':haternal diet) essential for fetal growth, but _an adequate

maternal blood supply for transport of these nutrients to

‘the fetus is also important (Young, 1976). For instance, the

~

amount of glucose available to the fetus is necessary for
fetal energy utilization (Bassett and Jones, 1976) and it is
possible that maternal exercise may decrease the

availability of glucose for the fetus. The maternal working



muscles may require glucose for energy especially at the
more severe levels of maternal exercise rather than sparing
glucose for fetal usage. Other essential nutrients such as
protein and free fatty acids are also important for fetal -
growth; Skeletal muscle is especially susceptible to
diminished levels of available protein (Young, 1976) and
lipids are important in brain structure as well as being
poteniial energy stores in later gestation (Huli, 1976). It
appears then, that an adequate uteroplacental blood supply
is essential in sustaining necessary fetal nutrition during
pregnancy in order to maintain fetal growth and this supply
may be threatened by maternal exercise.

Other aspects of maternal exercise which may affect
fetal growth include alterations in circulating hormone
levels associatéd with the combined effects of pregnancy and
the intensities of maternal exercise. For instance, growth
hormone ievels‘have been found to increase during exercise
(Cumming and Belcastro, 1982), but during pregnancy the
levels of this hormone appear suppressed (Spellacy, 1977).
Another‘example is the altered fesponse of the adrenal
medulla to exercise during pregnancy. Augmented circulating
catecholamines associated with maternal exercise may affect
fetalﬂcirculation (Cumming ag§ Belcastro, 1982). The
resultant addition of exercise to the altered hormonal

environment of the pregnant woman and 1its effects on fetal

outcome have not been fully .elucidated.



N Maternal hydration and blood volume levgls may also be

SN

Co S\ . L
1mportant 1n fetal growth. During pregnancy a significant

~

amount o%\maternal body water is retained by the pregnant

woman (Metcalfe et al., 1981). Exercise on the othe; hand

TN
has been shown to decrease temporarily plasma volume (Hytten
and Leitch, 1971). Whether maternal exercise causes changes
in maternal hydration and plasma volume levels 1s not known.
One of the possi i~ consequences associated with maternal
dehydration is oligohydramnios which has been linked with
fetal abnormalities such as cleft palate or limb
deformities, lung hypoplésia, and smaller birth weights
(Symchych and Winchester, 1978). Whether maternal exercise
causes diminished amounts of amniotic fluld is also
undocumented.

Maternal exercise may also elevate méternal body
temperature. Hyperthermia in the fetus has been shown to
cause birth defects, especially in the fetal brain and
intrauterine growth retardation (Edwards, 1974). It is not
known, however, whether the extent of elevated maternal body
temperature resulting from matefnal exercise is sufficient

i .
to affect the developing fetus.

The picture surroun@éng the effects of maternal
exercise seems far from complete and the illustrations
outlined above show reasonable cause for concern. It is
entirely possible that maternal exefcise during gestation

may help the development of the fetus in some circumstances

whereas the same exercise may hinder the de&elopment of the
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fetus in other circumstances. However, the level of maternal
exercisg and the degree of fitness considered to be "safe"
or "recommended” during gestation have not been determined.
There is increasing demand for such information as the
influence of fitness and exefcise"during pregnancy becomes
more prominent. While training may improve the capacity for
maternal aerobic exercise, the effects of repeated maternal
exercise on fetal well-being remain unclear (Cumming and
Belcastro, 1982). Accordingly, this study was dnggned to
examine the effects of three intensities of maternal aerobic
exercise (m{fd, moderate and severe) on bbth mother and
fetus throughout gestation in the rat.

The rat was chosen as the animal model rather than
sheep, guinea-pigs or mice because the rat and human have
the same type of haemochorial fetoplacental unit
(Tuchmann-Duplessis et al., 1972). Since the fetus is
intimately related to the fetoplacental unit and the
transfer and exchanges that occur between it and the
maternal system, then effects of maternal exercise og the
placenta or the substances that cross it would perhaps be
reflected (in a similar manner to the human) in fetal rat
growth and development.

Fetal growth and development were analysed in two ways:

1. The gross development of the fetus was represented

by the following parameters:

i. newborn number/litter and gross abnormalities



ii. newborn gross body weight
1ii. newborn organ wé?&hts

2. At the microscopic level, skelétal muscle
development was chosen for analysis. This fetal
tissue was selected because it may reflect most

. readily any deficiency in fetal nutritional
requi;ements wﬁicﬂ may be associated with maternal

2

exercise.

The project was also designed to identify the effects
of each of the three intensities of maternal exercise on the
gross morphology of the maternal rat. The parameters

selected to represent these effects were:

1. maternal weigﬁt gain during pregnancy
§
2. maternal postpartal weight
3. maternal skin (including subcutaneous fat and
o  mammary glands) weight and the remaining body

weight.

The study was conducted assuming the following

limitations:

1. Sprague-Dawley rats were used threughout the

experiment as a basis of an animal model for



maternal exercise during gestation. Rats are
multiparous and the usual gestation period is 21
days. Pregnant rats are not susceptible to

clinical complications due to an upright posture

such as fluid retention or venous pooling in the

legs and occlusion of the inferior vena cava by

" the gravid uteghs (Metcalfe et al., 1981).

The neonatal rats were sacrificed within 20 hours
after birth which represented the fetal condition
as a result of maternal exercise throughout

N

gestation.



| METHODOLOGY

Th; study consisted of threeﬁéxperiments conducted in
' succession over a perlod of three years " The effects of
three intensities of maternal exerelse were examlned -

' commenc1n%5w1th a prellmlnary project of a mild beroblc\\
exercisge program (MILD) The mild experiment consisted of a
treadmill gpé%d of 15 metres/minute (m/min), on a 10°
incline for a duration of 60 min/day, 5 days/week. This ‘was
based on a Previous study by Parizkova (1975) who used a
protocol of 15 m/min for 60 min/day. The results of the
first (MILD) experiment served as a gu%de for the second
‘which conéisted of a moderate aerobic program (MOD) with a
treadmill speedjof 30 m/min (doub}e the intensity of the
first), on a 10° incline, for 60 mln/day, 5 days/week. The
third éxperiment, based on the results of the previous two,
examined severe maternal aerobic exercise (SEV) which
consisted of a treadmlll speed of 30 m/min, on a 10° incline
for a duration of 120 min (doublg the time of the'second
experiment). This program was based on a previous study'by
Bedford et al. (1979) who defined this intensity as 'heavy'

aerobic exercise.

Several factors were common to all three experiments:

1. Young female Sprague-Dawley rats (Biosciences -
University of Alberta) of approximately 50 days of
age were used for study (N=20, MILD}Vﬁ=3O, MOD;

N=30, SEV).
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2. In the initial stages of each experiment, the
female rats were weighed daily and randomly housed

two per cage.

3. The ears,vere coded with an ear-hole punch toﬁﬂgﬁ
I

facilitate identification.

4. The rats were fed'and provided with water ad

Jibitum. ‘

5.. The animals were housed in the same room for each
experiment. Daylight was controlled and included
12 hours of light (7:00 p.m.-7:00 a.m.) and 12

hours of darkness (7:00 a.m.-7:00 p.ml).

6. Room temperature was maintained at 72:2°F.

Humidity was maintained between 45-55%.

PREE;REGNANT PROGRESSIVE} TREADMILL RUNNING PROGRAM:

The treadmill program for all running groups consisted
of progressivé treadmill exercise for two weeks. The rats
‘were conditioned to run by a progressive running program so
that at the end of the two weeks,»they wvere capéble of
running the respective intensity (MILD, MOD or SEV) in the
non-preghant state. The protocol for progresSive treadmill
running was based on the progression schedulés for rats used
by Brooks and White (1978); Bedford et al. (1979); Davies et

al. (1981); and Brooks and Donovan (1983). The MILD
|
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! \ :
progressive exercise program reached a final speed of 20

m/min, 10° incline, 60 min/day,,% days/week (see Table 1).
This exercisé int§nsity has been reported elsewhere to
elicit valueg less thén 60% maximum oxygen comsumption
(vOo.,max) for non-pregnﬁnt female Sprague-Dawley rats

‘ (Bedfor@_et él., 1979); The final exercise progression of
the MOD experiment was 30 m/min, 10° incline, 60 min/day, 5
days/week (see Table 2). This intensity of exercise was
found to .elicit values 22 more than 60% VO,max inA
non-pregnant female Sprague-Dawley rats  (Bedford et al.,
1979). The SEV experiment reached a final progression of 30
m/min, 10° inéline, 120 min/day, S days/week (see Table 3).
Bedford et al. (1979) reported that in non-pregnant "
Sprague-Davwley ratsjthis intensity of exercise elicited
values greater than 80% VO.max.

geveral factors were again common to each of the

/
/

" experiments: - ‘

1. The rats were exercised during the dark cycle, as
rats are nocturnal animals and most physically

active at night.

2. Each rat was weighed daily at approximately the
same time just prior to running. An animal balance

accurate to the nearest 0.1 g was used.

3. The treadmill was operated at the required speed
for at least 20 minutes before the rats were

placed on the machine. Even though the treadmill



Table 1. PREPREGNANT PROGRESSIVE TREADMILL RUNNING PROGRAM

DAY '

10
11

12

FOR THE MILD EXPERIMENT

TREADMILL
'SPEED (m/min)
15
15
15
15
20
REST
REST
20
20
20
20

20

INCLINE

10
10
10
10

10

10

10

10

10

10

TIME (mins,)

15
20
30
40
50

60
60
60
60
60

¥
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Table 2. PREPREGNANT PROGRESSIVE TREADMILL RUNNING PROGRAM

FOR THE MOD EXPERIMENT

>
DAY  TREADMILL INCLINE (°) TIME (mins.)
« SPEED (,m&/min)
1 | | 15 ~ 10 15
2 15 | 10 20
3 | 20 0 30
4 20 10 ' 40
5 25 10 50
6 REST
' % REST
8 - 25 10 60
g 26 10 60
10 28 10 60
11 | 30 10 ‘60
12 30 10 | 60



%

Table 3. PREPREGNANT PROGRESSIVE TREADMILL RUNNING PROGRAM

FOR THE SEV EXPERIMENT

0

DAY - TREADMILL INCLINE (°) ~TIME (mins.)

SPEED (m/min)

1 20 10 - t5
2 23 10 20
3 ’ 25 : 10 « 30
4 I 10 45
5 30 10 60 -
6 REST

7 REST

8 30 10 60
9 T30 10 75
10 30 10 | .90
11 30 10 105

12 30 . 10 120
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was sufficiently warmed up, the speed of the belt

altered slightly during the running sessions. On

account of this, the belt was timed just before

the rats began the exercise bouts and upon
completion of exercise. The average of these two

results was then recorded as thegsorrect speed.

The treadmill speed did not vary more than I

m/min, however, for the duration of the running

time.

-

A mild voltage (50 Volt) shock grid was located a

the back of eéch treadmill runway.

A chart was kept of each rat's running behaviour

to record injury or diarrhea (see Appendix A). If

a rat was constantly shocked or injured while

rtnning, it was removed from the stGdy.

At the end of the exe;cise routines the rat cages
were always shifted to the right on a three tiered
storage rack. The rats in the Tast cage always
started the next exercise séssion so that a
different animal began the funning session each

time. -

* At the end of the two week progfessive running

program (as soon as .the exercise bout was
I

complete) the rats were paired by weight.
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’

GROUP DESCRIPTION:
These paired non-pregnant female rats, were randomly '
selected by ear code ident.fication to fulfill one of two

main experimental conditions:

1. A pregnant group that continued their respective
running "intensity program throughout gestation

(pregnant runner, PR-MILD; PR-MOD; PR-SEV), or

2.: A pregnant group that did not continue the running

program throughout pregnancy (pregnant control,

PC-MILD; PC-MOD; PC-SEV). v

In addition to the two main experimental groups, the'
following groups of rats were included in the general design
(see figure 1) to observe the separate effects of exercise

.,

and/or pregnancy and to account for the normal weight gain
: . 5

of Sprague-Dawley rats: \ S o
1. a non-pregnant group that undertook the
progressive treadmill running schedulé;‘then
stopped running and adopted a normal laboratory
routine for the duration of the experiment

(non-pregnant control, NPC)

2. a non-pregnant group that undertook the same
‘progressive treadmill running schedule and then
continued the runming program (non—pregnant'

runner, NPR)



(days)
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3. a pregnant group that did not run and maintained
normal laboratory routine for the duration of

‘pregnancy (pregnant non*running control, PNRC) -

4. a non-pregnant group that did not run and
maintained normal laboratory routine for the

duration of experimentation (control, C).

IMPREGNATION:
yd

After identification of the appropriate groups, a male
Qas introduced into the cages housing the paired female rats
(PR and PC). The trio lived together until the females
reached a weight of 300 g and exhibiteq definite abdominal
swelling (this was based on the results ffom the MILD
experiment). The females were then housed sepgrately to
eliminate mixing of the forthcoming litters. The separatians
occurred at approximately day 15, the beginning of the last
third of pregnancy (gestation is about 21 days, Baker et

al., 1979).

RUNNING PROGRAM DURING PREGNANCY:

The PR-MILD group began the running program 4 days
after the males were introduced into the cagesi Four days of
rest from exercise were given to increase the likelihood of

pregnancy (estrous cycle = 4 days, Baker et al., 1979).

However, the results of the MILD experiment showed that this
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was not necessary and consequently, PR-MOD and PR-SEV began
the pregnant exercise program with only 2 days of rest. The
“PR rats continued their respective running program (MILD,
MOD, or SEV) until the pups were 'born. The average treadmill
speeds were again recorded as in the progressive treadmill
exercise program by measuring the rate before and after each
exercise bout. A record was.also kept of each rat's r;nning
behaviour (see Appendix B) to determine how the pregnant
rats were coping with the specific intensity of exercise. If
a pregnant rat was comsistently Sﬁbcked or injured while
running, it was removed ffbm the study. However, 1f a
Spperficial injury occurred, especially 1in the severe
intensity experimenf,-an antiseptic was sprayed over the
wound and the rat was usually given one day of rest from
running. All the female rats wére agafn weighed daily at
approximately the same time, and on the days when exercise
took place, just prior to the pregnant running rats’
exercise session. The cages were again shifted to the right
in the three tiered storage rack after completion of each
exercise bout, so that the PR rat in the last cage ran first
the following day.

In the SEV exercise experiment, because the running
time for the PR group was 120 minutes, the.PC group was
removed from food, water and the influence of the male
during the same time period. The additional twoﬁhours of
food and Wager available to the PC group five times/week may

have made a difference in body welght gain during pregnancy.
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Using the outlined procedure, this variable was eliminated.

GROSS MORPHOLOGICAL ASSESSMENT OF NEONATES:

As soon after birth as possible, within a maximum of 20
hours (depending on when birth occurred), the number of
newborns/litter and each pup's gross body weight was
recorded. At this time the neonates were also checked for

superficial gross abnormalities.

SEV Neonatal Postmortem Procedure:

Five newborn rats selected at random (using a random
numbers table) from each litter in the SEV experiment only
(PC and PR) were sacrificed using ether; as soon as possible-
(again within a maximum of 20 hours) after birth. The
following organs were removed and immediately weighed:
brain, heart, lungs, liver and kidneys. These organs were
chosen for analysis to determine if the SEV exercise
intensity altered fetal environment. Neonatal brain, heart,
liver aﬁd kidney weight may reflect a reduction in fetal
nutriticn or fetal oxygenation. Neonatal lung Weight may
reflect alterations in amount of amniotic fluid. |

The following procedure was used to remove the five

organs:

1. The skin and skull were incised at the superior

midline with a pair of scissors,
]

postero-anteriorly. The entire brain was removed

after severing the medulla oblongata at the



" foramen magnum. The optic tissues were also
t

included in the brain Qeights.

A midline incision was also made through the skin
apd~sternum with a pair of scissors. The ribs were
7 A .

cut on the left side and the heart exposed. The

heart was removed after cutting the great vessels

at their foots.

Another incision was made on the right side of the
thorax through skin and ribs to expose the right
lung, Both lungs were removed after severing the

bronchi and vessels at the hilus of the lung.

A midline incision was made in the abdomen, The
liver was exposed in the right upper quadrant and
removed after cutting any ligamentous material and

vessels.

The kidneys were located retroperitoneally and
were excised after cutting the structures at the
renal hilus and also after detaching the adrenal

‘glands.

All of the organs were weighed immediately after excision on

a dlgltal balance accurate to the nearest 0.001 g The

balance was cleaned after each weighing.

After excision of the specified organs in the same

neonates of the PC-SEV and PR-SEV groups, three skeletal

muscles were also removed; the right costal segment of the
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diaphragm, the left gastrocnemius, and the medial left
sternomastoid muscles. These three newborn skeletal muscles
from different parts of the body were analysed to represent‘
changes that may occur as a result of the maternal SEV
exercise infensity. The diaphragm muscle was chosen for
analysis‘because maternal exercise has been shown to
increase fetal breathing movements (at least in the human)
which are diaphragmatic in nature in the fetus and n;wborn
(Manning, 1977). Perhaps any change in the development of
this muscle due to increased usage would be reflected in the
analysis. The sternomastoid and gastrocnemius muscles were
chosen to represent the cephalic and caudal ends of the
developing fetus, respectively. The sternomastoid muscle
receives its blood supply from a branch of the external
carotid and was selectéd to represent the cephalic end of
the fetus. Gastrocnemius was chosen to represent a lower
limb compartment from the caudal end. If fetal blood is
redistributed from the caudal end of the fetus to favour the
cranial end, this effect might also become manifest in the
development of these particular muscles.

These neonatal muscle samples were placed in an agar
block with the fibers oriented for a cross-sectional cugﬁind
fixed to a piece of cork, which was immediately frozen in
isopentane cooled in liquid nitrogen (-160°C) (Bancroft and

Stevens, 1982). The blocks were then stored at -60°C until

sectioning.
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Histological and Histochemical Procedures: )

The neonatal skeletal muscle tissue was cut at -20°C 1in ég
&

a cryostat at 12 um thickness. The cut sections were placed

on glass slides and stored at -60°C until staining. Just

prior to sgaining the glass slides were dried at room

temperature for 90 minutes. The slides were then stained

- using the following techniques:

Masson's trichrome stain (Dubowitz and Brooke,
1973) was used to colour nuclei, collagen and
cytoplasm. This determined the histological

morphology of the muscle tissue.

A modified Guth and Samaha (1969) myosin ATPase
stain (preincubated at pH 10.4) procedurgvifee
Appendix C) showed the ATPase enzymatic activity

of the muscle fibers.
°

NADH-tetrazolium reductase (Dubowitz and Brooke,
1973) was used as a reaction for oxidative enzymes
(which left a burple formazan deposit) and
demonstrated the oxidative potentials of the

muscle tissue (Bancroft and Stevens, 1982).

&

Stereological Assessment:

Black and white PAN-X film was used to photograph the

skeletal muscle slides stained with Masson's trichrome from
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the neonates in the SEV experiment (magnification X 40). The
film was developed into negative:)and a contact print was
made of each roll of film. A Zeiss Jena plagque viewer
projection unit was used to magnify the negatives (X 6.5).
Stereological technigues were used to analyse the following

muscle characteristics:
2 .
1. Muscle fiber diameter was analysed using the
concentric circle test lattice technique outlined

by Mayhew et al. (1977).

2.  The nuclear position of the muscle fibers was
observed and the percentage of centrally located

nuclei (as opposed to peripheral) was determined.

3. The ratio of muscle tissue:connective tissue was
assessed by using a line-grid test lattice

(Weibel, 1973; Dias, 1974; Mayhew et al., 1977).

The grid area was 10 cm X 10 cm with the grid lattice lines
1 cm apart. The following formula was used to calculate the
muscle tissue:connective tissue ratio.
pa
vv(a,c) = PC
where:
vv(a,c) = volume density of component a (muscle) in the
containing volume ¢.
Pa = numBer of test points falling on component &

(muscle)
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PC = total number of test points (100).
With a test‘area of 10 cm X 10 ém Ehe estimated error of Vv
would be 10% (Weibel, 1979).

These stereological techniques were used to deté}mine
the histological devélopment of neonatal skeletal muscles.
These histolological assessments were based on Dubowitz

(1968)_who reported that rat newborn skeletal muscle had the

following histological characteristics:

1.  nuclei were relatively large and tended to be

centrally located

2. muscle fibers were 'rounded’' in shape (not

polygonal as in adult muscle)

3. muscle fibers were grouped together loosely by
endomysial connective tissue (not arranged in

compact bundles as in adult muscle).

The neonatal diaphragm, sternomastoid and'gastrocnemius
muscles were analysed in this way to assess the effects of
the ;EV maternal exercise intensity on'skeletal muscle
development. The other slides stained with ATPase and NADH
from the neonates in the SEV experiment were not
photographed but were analysed microscopically in -
conjunction with serial sections treated with trichrome
stain. These slides were assessed by direct observation to

determine whether fiber differentation had occurred, If

fiber differentiation had occurred, black and white PAN-X
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film was again used to photograph the slides. The negatives
X .
were analysed using the same line-grid test lattice

procedure to determine the ratio of type I muscle fibers.

GROSS MORPHOLOGICAL ASSESSMENT OF MATERNAL ,\RATS:

The postpartél weights of all the maternal rats were
recorded as soon after parturition as possible (within 20
hours, depehding on when birthtwccurred). In addition to
this thevmaternal rats in the SEV experiment were used to
analyse maternal body components. 0
Postmortem Procedure:

The maternal rats in the SEV exercise experimenf’(PC
and PR) were weighed postpartaliy and then sacrificed using
ether. A midline ventral incision was made through the sgin
and subcutaneous tissue Qsing sharp scissors. Care was taken
not to disrupt the muscular tissue found deep to the
subcutaneous tissue. The skin, subcutaneous fat and mammary
tissue were then carefully dissected éway frdm the muscle on
the yéntral aspect of the animal using a blunt close-open
scissor technique. Care was takeﬁ not to damage the large
vessels in the neck région. Some blood was lost when the |
vessels to the mammary glands were cut. A superficial
incision was made around each limb immediately superior to

:
the ankle joint. A longitudinal superficﬁal cut through skin
and subcutaneous tissue joined this incision to the ventral

midline cut. Again, care was taken not to disturb any of the

&
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underlying muscular tissue. Another circumferential -
superficial cut was made around the base of tpe tail and
around the urogenital and rectal region. Thetrat was then
placed in a prone position and the same blunt dissection
technigque was used to remove the skin and subcutaneous
tissue. The subscapular fat pad was included with the skin
and subcutaneous tissue. In the head région the ears were
cut near the base and included with the skin portion. The
skin was gently pulled over the head and removed from the
body Ly a cut made at the end of the nose. The skin (which
included subcutaneous tissue ané mammary gland) was then
wei%hed immediately on a digital balance to the nearest 0.1
g. The scale was cleaned after each weighing. The remainder
of the carcass (including the taii) was also weighed to the
nearestxe)ﬂ g and both weights wefelfecorded.

Another group of female rats, NPR, who underwent the
same SEV exercise program as tﬁe PR group but who were not
pregnant, were also sacrificed and skinned in the same
manner at this time. The NPR skin weighEs and femaining
carcass weights were also recorded to the nearest 0.1 g.
STATISTICA%/ANALYSIS:

The data from £he three experiments were examined
individually using a paired Student's t-test (Avner, 1980)
for each of the paired PC and PR groups (MILD, MOD and SEV).

The PC and PR groups for MILD, MOD and SEV were then

compared collectively using a one-way analysis §ﬂ variance
O
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(ANOVA) (Avner, 1980). Both of these statistical procedures

were performed on each of the following:

1. the weights of the female rats on the day of

-~

conception,

2. the number of days prior to conception,

3. the last recorded pregnancy-weights before giving
birth,

4, the cumulative weight gained each day during
pregnarcy,

5. the postpartal welights for the pregnant groups

within 20 hours after giving birth, .

6. the postpartal weight gain (weight on day of

gonception minus postpartal weight),.
7. the mean weights of each litter,
8. the average number of neonates per litter, and

9. the éverage total litter weights.

<D

A three-way analysis of variance (hNOV30 - DERS, University
of Alberta) using a repeated measufes factor for time was
crformed on the weights of the fe&ale rats on day of
conception, the last recorded pregnancy weights before

iving birth and postpartal weights for the MILD, MOD and

3BV experiments. In the SEV exercise experiment the maternal
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skin weights and the carcass remainder weights of the PC and
PR groups were compared to the NPR group using a oye-way
analysis of varianée (Avner, 1980). Also in the SEG
experiment, the newborn 6rgan weights of the PR and PC
groups were compared usipg a Student's t-test (Avner, 13980).
The histological assessment of the neonatal skeletal muscle
from the SEV experiment was statistically analysed using a
one-way analysis of variance (Avner, 1980). Sign}?&cance for
all statistical tests was accepted at the p<0.05 %evél.
Post-hoc analysis (Scheffé and Neumann-Keul Multi§T§ Range

test) was performed on significdnt ANOVA results.



RESULTS
The results will be presented in two sectiohs witﬁ the
neonatal data ahd maternal data separated to facilitate
discussfon. fﬁe neonatal data will be presented in four

parts:

1. comparison of average values found for the
neonates born to the PC and PR groups in each of
the three exercise intensity experiments; MILD,

MOD and SEV,

2. neonatal organ weight analysis from the SEV

exercise experiment,

3. neonatal skeletal muscle analysis from the SEV

exercise experiment,
4, summary of neonatal results.

The maternal data will also be presented in four parts;

e =

1. maternal gross morphological data and maternal

body weight gain duridg pregnancy (MILD, MOD,

SEV),
2. maternal postpartal weight,

3. maternal body component analysis (skin‘weight and
carcass remainder weight) for the SEV exercise

experiment, - ) .

4, summary of maternal results.

° .
\}
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NEONATAL DATA:

Table 4 shows average neonatal body weilghts, number per
litter, totél litter weights, abnormalities observed and
hortality for the PC and PR groups for the MILD, MOD, and
SEV.experiments. No significant differences were found
between any of the respective values for all of the three
levels’ of exercise (p>0.05). In particular, the PR groups
for each of the threeééxercise intensities gave birth to
neonates with average weight values equivalent to their
paired controls in the PC groups. None of the three exercise
intensities studied caused a change in neonatal body
weights. Further, the average number of neonates born per
litter was nat significantly different for the three
exercise intensities (p>0.05). However, it is interesting to

note that at all levels of exercise the PC groups gave birth

to a larger average number of neonates per litter than the

£
P

PR groups (approximately two in eéchfcase), even though
these values were not significantly different. Mean Egﬁg;
litter weight values of the two groups were also not
significantly different, although the-greater number of
neonates - found in the PC groups ;2ve’rise to the slightly
higher total litter weilght values.

B Each neonate was also examined closely for gross
superficial abnormalities, such as;limb deformities and
cleft palate. No abnormalities were observed. However, two

ﬁeonates were found to be dead when the litters were

examined. Oge was discovered in the PC-MILD group, the other

LY



32

N
0 0
auou suou
©0L) 669 (p9l) Z8L_
(L't) 96 G2 9Lt
(£°0) 69 9°0) 89
Hd od

343A3S

0] l
auou suou
LLy) 2L (6'01) 808
(Z°€) 601 (¢ 1'ci
(9°0) £'9 (20 L9
Hd 2d

31vH3A0OW

.ADmv, senjea ueaw se passoidxe - «

0 | ALV LHOW
auou auou SAALITVYINEONEV
{L'E2) v'OL 011y £06 (B 1HOIBM d3LLN WIOL
62 86 91) OEL HILL/ #
(L) €L v'0 0L ©) LHOEM

“Hd od
auw ALISNILNI 3S10H3X3

*+3810H3IX3 TVYNHILVW 40 S3ILISNILNI

334HL 11V HO4 SdNOYO ONINNNY INVNOS3IHd ANV JOHLNOD LNVNO3Hd d40 viva IVIVNO3N ‘v 8iqel



33

in the PC-MOD droup. It was not known whether these neonates
were stillborn or died after birth as post mortem
examination was not performed. No neonatal deaths were found

in any of the litters born to the PR groups.

Neonatal Organ Weights - SEV Experiment:

Table 5 presents the average wet organ weights for the
five randomly selected neonates per litter in the PC-SEV
(N=40) and PR-SEV (N=40) groups. No significant differences™
were found for any parameter. There were also no differences
found in the ratios for neonatal brain weight:body weight,
heart weight:body weight or in lung weilght:body weight
(p>0.05). The SEV exercise intensity did not cause a change
in organ weights or 1in organfbody weight ratios in the

neonates born to the PR group.

Neonatal Skeletal Muscle Analysis - SEV Experiment:

The results from the neonatal skeletal muscle analysis
are found in Table 6 (see plates 1A and 1B; 2A and 2B in
appendix E). No significant differences @ere found between
the PC and PR groups in the average muscle fiber diameters
of gastrocnemius, sternomastoid or diaphragm muscles
(p>0.05). However, the diaphragm muscle in both groups of
neonates had significantly larger average fiber dlameters
than the average géstrocnemius and average sternomastoid

fiber diameters (p<0.05).
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The average percentage of total muscle fibers analysed
that contaiﬁed centrally located nuclei is also presented in
mable 6. Average values for the number of centrally placed
nuclei in sternomestcid muscle were not different from
gastrocnemius in either the PC or PR groups (p>0.05). It is
interesting to note that the diaphragm mgscle had
significantly fewer muscle fibers with centrally placed
nuclei than either the gastrocnemius or sternomastoid
muscles in both the PC and PR groups (p<0.05).

Table 6 also demonstrates that the average ratio of
muscle tissue:connective tissue was not}significantly
different in either group for all three muscles;
gastrocnemius, sternomastoid, or diaphragm (p>0.05). In
analysing the histological neonatal results, the SEV
exercise intensity did not alter the development of
sternomastoid, gastrocnemius or diaphragm muscles in the
neonates of the PR group when compared to the neonates of
the PC group. This exercise intensity also did not appear to
alter the déﬁelopment of the caudal end represented by
gastrocnemius muscle when compared to the cganiai area
represented by sternomastoid muscle in the PR néonates when
compared to the control neonates of the PC group. Both
cranial and caudal muscles from both groups of neonates did
not differ histologically. However, the diaphragm muscle in
both groups of neonates may be slightly more advanced
developmentally because of the significantly fewer number of

centrally placed nuclei.
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The histochemical analysis of ATPase enzyme activity
showed no neonatal muscle fiber differentiation of fiber
_types in either group for both gastrocnemius and
sternomastoid muscles (see Table 6). The diaphragm muscle,
however, did show differentiation 1nto type I and type I1
fibers with regards to potential ATPase enzyme activity at a
pH of 10.4. The average number of type I diaphragm muscle
fibers counted per slide was not significantly different
(p>0.05) for the neonates of the PC and PR groups. Both
groups had the same percentage of type I muscle fibers 1n
the diaphragm muscle. The histochemical reaction for NADH,
however, failedgto differentiate muscle fiber types in the
diaphragm muscle, and also in sternomastoid and
gastrocnemius muscles for either group of neonates. The SEV
exercise intensity undertaken by the PR group did not appear
to histochemically alter the neonatal skeletal muscleé
analysed when compared to the neonates of the PC group. The
histochemical analysis of diaphragm muscle also indicated
that this muscle may be more developed than both the
gastrocnemius and sternomastoid muscles in both groups as
type I and type II muscle fibers had differentiated in
diaphragm muscle but not in the other two. However,
diaphragm muscle enzymatic developmént was not complete
because thé NADH reaction failed to differentiate the muscle

fibers into the appropriate fiber types.
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Summary of Neonatal Results:

The reéults indicated no significant difference between
the PC and PR groups for the MILD, MOD and SEV experim?nts
with regard to avefage neonatal size, number per litter, or
total litter weight. Furthermore, no superficial gross
abnormalities were observed. Neonatal organ weights analysed
from the SEV exercise experiment also exhibited no
significant differehée between the PC and PR groups, nor did
the average heart:body weight, the brain:body weight and th;
lung:body weight ratios. Based on the histological and
histochemical results, no difference was found between the
neonates of the PC-SEV and the PR-SEV groups in skeletal
muscle analysis. The diaphragm muscles of both groups of
neonates (PC-SEV and PR-SEV) may have been more developed
than the gastronemius and sternomastoid muscles of these
same neonates because diaphragmvmuscle had fewer muscle
fibers with centrally placed nuclei and the analysis of the
enzymatic ATPase activity in diaphragm muscle showed
differentiation into type I and type II musd%e fibers. On
the basis of the neonatal data presented, maternal exercise
during pregnancy appeared to exhibit only minimal effects if

any on the neonates. ~

MATERNAL DATA:
Gross Morphological Data and Body Weight Gain:
The gross morphological data for the PC and PR groups

from each of the three exercise intensity experiments (MILD,
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M v) are found in Table 7. Of particular interest, 1s
the fact that no significént differences were found between
these groups in average weight on the day of conception
(p>0.05). Also note from Table 7 that the three levels of =~
exercise intensity did not appear to cause a significant
delay in the number of days required for conception to occur
after introduction of the male into the paired female's
cages (p>0.05) (conception was estimated by countlng back 21
days (gesta;ion) from the day of birth).

It was also apparent that the MILD exercise intensity
did not cause a significant reduction in the amoﬁnt of
~average weight gained by the PR group cdmpared to the PC
group. The cumuiative average weight gain values throughout
gestation for both groups are plotted in figure 2 (the
actual average values are found in Table 9 - Appehdix D), as
well as the average cumulative weight gained.over this same
time period by the nonjpregnant normal C group for
comparison. However, it is interesting to observe that the
values for cumulative average weight gained by the PR-MILD
group were consistently leés than those found for the
PC-MILD group’throughout pregnancy (p>0.05), although the
values were never sufficiently large to be significant. In
contrast, the PC-MILD group on average had gained
significantly more weight than the C group by day 9 of
gestation and this difference continued until the end of

pregnancy (p<0.05). This was also found for the PR-MILD

?
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ik cup although the significance in weight gain was delayed
 '1 day 14 of gestation. This significant difference also
B inued for the duration of pregnancy (p<0.05).
From Table 7 it can also be seen thaf the MOD and SEV
" exercise intensities appeared to cause a Significantl
reduction in the average amount of weight gained by the
maternal rats during pregnancy (p<0.05). The PC-MOD group
gained an average of 33.9 g more than the PR-MOD group by
the end of gestation and this difference became
significantly large by day 8 of pregnancy (p<0.05) (see
figure ,3; actual average values found in Table 9 - Apperifix
D). The same values of cumulative average weight gain for
the C group (as in figure 2) were also plotted in figure 3.
#n~ain, the PC-MOD group was significantly different from the
.. group in average weight gain (apparent by day 8 of
gestation (p<0.05)). The PR-MOD group, however, did not
become‘significantly different from the C group until day 16
of pregnancy. o7 , -
From Table 7 it is also apparent that}the PC-SEV groﬁ%}
had gained significantly more weight than the PR-SEV grouﬁj
by day 11 of gestation gnd thjé difference was significant
for the remainder of pregnancy (p<0.05) (see figure 4 and
Table 9 - Appendix D). By the end of‘gestation, the PC-SEV
group qeighed 38.1 g more than the PR-SEV group (p<0.05).
The average cumulative values for the C group in weight

gained over this time period were also included in figure 4.

Again, the PC-SEV group was found to be significantly

,
{‘
vt
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differeht to the control group in body weight gain by day 6
of gestation and this difference was significant for the
remainder of pregnancy (p<0.05). The PR-SEV group, however,
did not become significantly different from the C group
until day 16 of gestation (last third) and this difference
also remained significant for the duration of pregnancy
(p<0.05).

The cumulative values for average body weight gain from
another group of non-pregnant rats; the NPR-SEV group, were
also included in figure 4 (see also Table 9 - Appendix B).
The amount of weight gained by the NPR-SEV group was found
to be significantly less than the C group by day 11 of this
time period. This significant difference continued between
the two groups for the remainder of the experiment (p<0.05).

It is perhaps important to emphasise that both the MOD
and SEV exercise intensities caused a reduction in maternal
weight gain which became significant by day 8 (MOD) and day
11 (SEV) of gestation (mid-gestation). In both groups this
difference remained significantly large for the rest of
gestation. It is also important to note that both the PC-MOD
and PC-SEV groups gained more weight than the non-pregnant C
group and these differences became significant by days 8 and
6 of gestation, respectively (end of the first third). This
is in contrast to both the PR groups (PR-MOD, PR-SEV) which
also gaiqed more weight than the non-pregnant C group but
the increasing difference due to pregnancy appeared to be

delayed and did not beggme significant until day 16 of
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gestation (last third).

Maternal Postpartal Weight:

It i1s interesting to note that when the the maternal
rats were weighed postpartally, the MILD exercise did not
appear to influence postpartal weight gain values
(postpartal weight minus weight on day of conception) when
comparing the PR to the PC values (p>0.05) (see Table 7).
However, when the MOD and SEV.exerciSe intensities were
examined, both the PR-MOD and PR-SEV groups had
significantly lower postpartal weight gain values than their
respective paired control group after having given birth
(p<0.05) (see Table 7). It seems, therefore, that both the
MOD and SEV exercise intensities appeared to affect materﬁal
body weight gain throughout gestation and this effect
remained manifest in the maternal weight gain valués when
examined postpartally. |

When the overall effect of the three intensities of
maternal exercise was examined on maternal postpartal weight
gain values using the ANOVA method of analysis, no
significant interaction effect was found between the three

intensities of maternal exercise (p>0.05).

Maternal Body Component Analysis for the SEV Experiment:
Table 8 presents the results of the maternal body
component analysis for the SEV exercisé experiment. The body

componenﬁ analysis of the NPR group was also included in

~
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this table for comparison. Of particular interest 1s the
fact that no significant difference was found between the
average postpartal weight for the PR group (257.6 g) and the
average weight on day 22 for the non-pregnant NPR group
(252.2 g), even though the PR group had just given birth. In
céntrast, the PC group (282.7 g), which had also-just given
birth, had significantly heavier postpartal weights when
compared to both the PR and the non-pregnant NPR groups
(p<0.05). |

It must be mentioned, héwever, that one rat from the PC
group and another from the PR group were not included in the
average weight values found in Table 8 due to severe
hemorrhaging during the skinning process. These values may
have incorrectly influenced the results. Also, for those
rats included in the calculations, slight weight reduction
occurred between pre- and post dissection total weight
values due to small amounts of blood and fluid loss, but
these losses were less than 1% of total body weight values.

The results of the maternal body component analysis
indicated that the PC group had 10.5 g more of the skin
component which included subcutaneous fat and mammary
glands, than the PR group (p<0.05), whilst the average value
for the remaindef of the carcass was found to be 15.7 g more
in the PC groﬁp when compared to the PR group (p<0.05). It
is interesting to note that the PC group had a heavier

average skin component and also a heavier carcass remainder

component than the average PR values.
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In comparing the results with the NPR group, it can be
seen (Tabie 8) that the PR éroup had an average of 6.1 g
more skin component; but this difference was not
sufficiently large to be significant (p>0.05). The PC group,
however, had an average value of 16.6 g more skin component
than the non-pregnant NPR group and this was sufficiently
large to be significant (p<0.05). The average weight found
for the remainder of the carcass was almost identical in the
PR (211.8 g) and NPR (213.5 g) groups, while the PC group

N

(227.5 g) had an average value of 14.0 g more than the NPR

group (p<0.05).

Summary of Maternal Reéults:

The results indicated that the three exercise
intensities (MILD, MOD, and SEV) did not cause’a delay in
conception for the PR groups. Although the averagé body
weight forxthe maternal rats did not differ on the day of
conception in all groups, continuation of the MOD and SEV
exercise 1nten51t1es during pregnancy resulted in a

\

significant reduction in body weight gain for the PR- MOD and
‘; PR-SEV groups by mid-gestation. This significant difference 2
continued until parturition. The significant reduction in
maternal body weight gain values was also found postéartum

but again only for the PR-MOD and PR-SEV groups. In the SEV
exercise experiment, the PC group had a héavier skin

component and carcass remainder component than both the PR

and the non-pregnant NPR groups, whilst the PR group did not
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differ significantly from the\NPR group in either of these
Eody components. On the basis of the maternal data présented
there appeared to be minimal effects on the maternal rats
who undertook the MILD exercise‘intensity during pregnancy
whilst the MOD and SEV exercise intensities caused a
significant alteration in the matérnal éystem as indicated

by the reduction in maternal weight gain‘during gestation

and after parturition.

S



DISCUSSION

Discrepancies exist in the literature with respect to %
the effects of maternal exercise on fetal growth and
development. The factors which may contribute to these
discrepancies are briefly mentioned here but are elucidated
further in the Review of Literature (see page 104). In order
to facilitate discussion of the present results with the
current literature there are several factors that mﬁst first
be considered. v .

There are three major factors upon reviewing the
literature which may cause these discrepancies. One of these
chtors relates to the different animal species used (such

as sheep, guinea-pigs, mice, rats or humans) for

experimentation 1n mate

exercise. The exercise may
A R

affect each ani fies in different ways and because of

this the following discussion will be centred mainly on

maternal mice, rats and guinea pigs, with emphasis on

_studies pertaining to rat data. The second major factor

concerns the familiarization and/or training of the maternal
animal before pregnancy. If the animal is not familiafized
to the eqﬁipment befor% experimentation is initiated, the
stress of a different environment may compound fﬁe actual
strfess of the exercise on the pregnant animal. Also the
training itself leads to many physiological alterations in
the non-pregnant animal (Cumming and Belcastro, 1982;

Cumming and Rebar, 1983) which may alter the animal's

response to exercise during pregnancy and the resultant

51
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fetal outcome. The third major factor is the use of
different exercise intensities which includes varying the
duration of the exercise, speed of the treadmill, and
inclination of the tfeadmill. It is difficult to compare the
effects of maternal ?xercise between different studies when
the intensities of exercise are different. In human studies
another variable, that of weight bearing exercise (treadmill
running)‘as opposed to non;weight bearing exercise (biCycle
ergometer) is added to compound the problem. The extra
weight of pregnancy in addition to the maternal exercise may
stress the pregnant woman differently than if her weight was
supported and this may also alter the results.

Several other factors, also leading to discrepancies in
the literature, should.not go without mention. Fof instance,
the technigue used to "prompt” the animal to run, such as
electric shock grids may add undue stress on the exercising
animal, affecting the results (Wilson and Gisolfi, 1980) .
Another consideration is whether invasive techriiques are
used to monitor maternal heart rate or fetal blood flow,
while the maternal animals are exercising, for this may also
place stress on the maternal and fetal systems. Depriving
the maternal animal of food or water for any length of time
before the maternal exercise, may also alter the results
beCaUSetnutrition is.an important element in fetal growth
and development (Young, 1976). All of these different |
factors mﬁst be considefed as they may affect the results

and make difficult any comparisons with the available



literature. The discussion in the present study will be

presented in two majof sections: neonatal data and maternal

data.

NEONATAL DATA:
b9y b

The results of the present study showed that average
neonatal body weights from all three maternal exercise
intensities (MILD, MOD, and SEV) were not significantly
different from the control values. This agreed with the
findings of Parizkova, 1975; Erkkola, 1976b; Dressendorfer,
1978; Parizkova and Petrasek, 1978; Gilbert et al., 1979;
Collings et al., 1981; Harrison, '1981; Ruhling et al., 1981;
Woodward, 1981; and Collings et al., 1983, all of whoT did
not demonstrate a reduction in‘fetal or neonatal body
weights as a result of maternal exercise.

Analysis of newborns and fetal outcome measurements are
important 1n assessing iife_in utero. Neonatal body weight
values are a good indicator of a completely functioning
intrauterine environment (Rush, 1973). If the intrauterine
environment becomes compfomised in some way, causing
intrauterine insufficiency to occur during prenatal life,
fetal growth retardation is characterized by a significant
reduction in neonatal body weight at birth (Vorherr, 1982).
: Qne major factor contributing to intrauterine growth
retardation ié a marked reduction in materno-placental blood
flow (Gilbert and Leturgque, 1982) such as that which may be

associated with maternal exercise, attributable to the
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, ,
shunting of uteroplacental blood to the working muscles of

the mot%er during exercise (Morris et al., 1956; Longo et %‘
al., 1978; Pernoll et al., 1978; Artal et al., 1981). In
support of this, several authors have shown a regpction in
fetal body weight values as a result of maternal exercise
(Terada, 19?4; Dhindsa et al., 1978; Longo et al., 1978;
Gilbert et al., 1981; Nelson et al., 1983), which would
disagree wigh the results of the present study. The
reduction in uteroplacental blood flow may result 1in
intrauterine growth retardation because of the decrease in .
oxygen availability and reduced levels of nutrition
available to the developing fetus (Young, 1976). However,
there are other groups of researchers who would dispute the
alterations in uteroplacental blood flow and fetal -outcome
associated with maternal exercise. For example, Curet et al.
(1976) and Dale et al. (1982) reported no sighificant
Teduction in uteroplacental blood flow concomitant with
maternal exercise. |

The average neonatal body weights found in the,present
study did not differ from average control neonatal weights
for rats presented in other reports (Buﬁtdel et al., 1978;
palou et al., 1983). However, Buhrdel et al. (1978) and
Palou et al. (1983) used Wistar rats in their reports on
neonatal developmeht and this must be borne in mind when

comparisons are made to the present study in which

Sprague—D;%ﬂey rats were used for experimentation.
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When thé literature was reviewed for Eontrol values of
the litter sizes for rats, a range of 8 to 16 offspring per
litter were found. The average value for the litter size of
control rats in the study bywBuhrdel et al. (1978) using
Wistar rats was reported as 8.85 #2.56. This aveggge value
was Qithin the control range of approximately 9 to 12
offspring per litter found 1n the experiments of Parizkova
(1975); and Parizkova and Petrasek (i978), who also used
Wistar rats. Wilson and Gisolfi (1980) found an average
value of 9.5 +3.5 neonates per litter inrcontrol
Sprague-Dawley rats. Atherton et al. (1982) reported an
avérage range of 8 to 16 offspring also born to controlr
Sprague~Dawlzy rats. The average litter values in the
pre;ent sfpdy were found to be within these normal ranges
repofted for both Wistar and Sprague-Dawley rats. It would
appear that maternal exercise in the éresent study did not
cause a change in the average number of neonates found per
litter in maternal rats who ran during pregnancy. The
results of the present study confirm reports by Parizkova,
1975; Parizkova and Petrasek, 1978; and Wilson and Gisodfi,
1980; all of whom reported no éﬁange in average litter size
as a result of maternal exercfgé in rats.

With regards to total litter weight values, Vorherr
(1982) reported that in rats, the total birth weight of a
litter should be approximately 20% that of maternal weight..
With a mean litter size of 10 offspring, the birth weight of

one pup would be 2% that of the maternal rat (Vorherr,

-

7



. 1982). When these proportions were examined in the present
study it was found that in all the maternal groups of rats,
the average litter weight values were not significantly
different from 20% of maternal weight and the proportionate
percentage of one offspring (average neonatal weight) to
average maternal weight was not significantly different from
2% (see Table 10 in Appeédix D). These average values agailn
confirm the concept that no differences in fetal outcome
were apparent when the offspring of exercised mothers were
compared to those from control animals:

Angther féctor which may contribute to intrauterfﬁg
" growth retardation and the reported smaller birth weight
values found in the literature, is a decrease in the amount
of amniotic fluid (oligohydramnios). In rats,
oligohydramnios has been associated with smaller birth
weights, fetal ébnormalities such as cléft palate,’limb
deformities and an increase in fetal mortality (Symchych and
Winchester, 1978). It is not presentiy kn%yﬁ?whether the
combination of exercise and pregnancy may lead to maternal
dehydration, but a diminished maternal blood volume may
consequently reduce the amount of amniotic fluid leading to
oligohydramnios (Longo, 1983).%A few studies have reported{
an increase in mortality rates and smaller birth weights in
the offspring of mothers who ran during pregnancy (Terada,
1974} Wilson and Gisolfi, 19805, but these results would
1isagree with the findings of the present study. The

sociation of oligohydramnios, int(auterihe growth
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!
retardation and maternal exercise has not yet been

investigated.

One possible link between maternal exercise and

- -~

intrauterine growth retardation centres' on the€ fact that
maternal exercise may also elevate maternal body temperature
(Medical Tribune World Service, 1983). Exercise in
non—pfegnant rats has been shown to elevate core body
temperature (Francesconi and Mayer, 1983). Hyperthermia in
the rat fetus has been shown to cause 'birth defects,
especially in the fetal brain and intrauterine growth
retardation (Edwérds, 1974). It is not known, howevef,
whether the extent of assumed elevated maternal body
temperature resﬁlting from maternal exercise is sufficient
to affect the developing fetus. Each neonate in the present
. study was examined for supefficial gross abnormalities but
none were observed; nor were the birth weight values
signifidantly réduced in the neonates of the maternal rats
who ran during pregnancy. This 1s in contrast to Terada

(1974) who reported that pregnant mice (untrained) forced to

run repetitively during mid-gestation exhibited an increase

in fetal mortality (including rqforption and maceration), a
decreasé\iﬁ/}etal body weight and a delay in fetal skeletal
ossification when compared to control values. It is not
known, however, whether oligohydramniés, maternal
hyperthefmia or a diminished uteroplacental blood flow, or
any, or all of these factors, wefe contributors to

alterations in fetal outcome found in Terada's (1974) study.

-y
'
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Terada (1974) also reported that in another group of
mice who were trained before pregnancy, no fetal |
malformations were observed and fetal mortality rates were
reduced when compared to the results of his previous group.
of mice who ran onlj during mid-gestation. This’is importf%i
to note because Ehe-results of Terada's (1974) study would\
suggest that training before pregnancy may have reducéd the
otherwise teratologic effect of maternal exercise in fetal
mice. In the present study the- maternal rats were sUBjected ‘
to a prepregnancy progressive running program which
corresponded to the specific exercise intensity to be run
during pregnancy by the MILD, MOD and SEV groups,
respectively. The progressive running programs were not
specifically designed to "train" the non-pregnant rats, but
rather to accustom them to treadmill running. Physiological -
alterations‘associéééd with training, such as increased
cytochrome oxidase activity in skeletal-leg musclé, or in

.a . . -

VO,max, for example, were not examined in the present study.
The two week prepregnancy program of running, ﬁbwever, may 
have played a rolevin reducing the effeéfs of maternal |
exercise on the fetus. These results would supporE'the
theory exemplified in Terada‘g (1974) study and also shown

in othet studies (Curetret al., 1976 (sheep, 3 weeks prior
training); Dressendorfer, 1978 (human, several ‘months prior
training); Wilson and Gisolfi, 1980 (rat, 7 weeks prior.
training)), that prepregnandy training and familiarization,

may somehow protect the developing fetus from otherwise
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harmful effects during maternal exercise. This theory is
also supported by the fact that many researchers who did
find reductions in uteroplacental blood flow and smaller

fetal body weights 1inked to maternal excrcise, did not

report tralnlng or familiarizing of their maternmal animals
to runnlng before pregnancy (Morrls et al., 1956 (human);
b
Longo et al., 1978 (sheep); Gilbert et al., 1981 o —

oo

(guinea-pigs); Nelson et al., 1983 (guinea-pigs)).

It would seem then that perhaps acute repetitive
maté%nal exercise during mid-gestation may affect the fetal
environment. The mechanisms involved which may alter fetal
environment are not known but perhaps a diminished

uteroplacental blood supply may be one of the key 1ssues

13

In accordance with this, two interesting studies by ©

Bruce (1976; 1977), in which he ligated one uterine artery
in a pregnant rat at various times during gestation,
produced important results. He found that ligéting a uterine
‘grtery on day 17 of gestation in the rat caused fetal death
and growthvretardation from an impaired utefopiacental
circulation. However, ligation on days 1, 2 or 7 of
gesfatiOn had no affect on fetal development and on day 10
caused only a small decrease in fetal we%ghts (Bruce, 1976).
In early gestation, this lack of effect‘bn fetal growth was
attributed to the anastomotic development of the ovarian and
hypogastric arteries (Bruce, 1977). This adaptive mechanism
in @arly pregnancy appeared to restore the diminished

uteroplacental blood supply to the necessary level for
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normal fetal development. In the later stages of gestation,
however, this mechanism could not restore uteroplacental
blood to the appropriate level and fetal death occurred. The
results of Bruce's (1976; 1977) studies may support the
concept that perhaps a diminighed uteroplacental blood
supply, such as that which may occur as a result of égggg‘
repetitive maternal exercise in mid-gestation, may alter the
fetal environment sufficiently to cause fétal growth
retardation and an increase in fetal mortality as seen in
Terada's (1974) study on pregnant mice. Adaptive mechanisms
that are normally present during gestation such as the
okyheméglobin dissociation curve and the strong affinity of
fetal hemoglobin for oxygen (Longo, 1972), may not be
sufficient to cope with the stress of acute maternal
exercise and therefore fetal development is affected. In
applying Bruce's (5977) adaptation principle, maternal
exercise prior to pregnancy, or exercise begun in the early
stages of pregnancy may enable adaptational mechanisms to
develop as maternal exercise is continued throughout
gestation. It is possible that training and familiarization
before pregnancy or during early pregnancy may reduce the
changes associated with maternal exercise on the fetal
environment, perhaps a;Towing the fetus to cope mqre
effectively. -
One of the ways in which training may reduce the
alterations in the ;etal enviromnent is by preserving

uteroplacental blood flow during exercise. The splanchnic
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blood flow measured in trained animals was maintained during
hard exercise, while in untrained animals this blood reserve
was shunted toward the exercising skeletal muscles (Donovan
and Brooks, 1983). In accordance with this, Curet et al.
(1976) observed that at thé completion of maéernal exercise,
uteroplacental blood flow was apparently restored in such a
way that overcompensation of available blood to the fetus
occurred. Perhaps this "tidal-flow" effect (Morris et al,
1956; Martin, 1980), 1in combinatidh with maintenance of
splanchnic blood flow that occurs with training, may serve
to protect the fetus in trained animals from a diminished

uteroplacental blood supply. Further testing of this

important hypothesis is necessary. ,

Neonatal Organ Weilghts:

One of the problems linked witﬁ a diminished
uteroplacenﬁal blood supply, such as that associated with
acute repetitive maternal exercise, is that the fetus may
also have reduced 5xygen availability (Emmanouilides, 1972;
Longo et al., 1978). This association was suggested from the
observation that in cannulated sheep fetuses there was as
much5as a 59% reduction in pO, values during acute maternal
exercise (Longo et al.,-1978). Reduced fetal oxygen
availability or 'hypoxia', has been linked to fetal growth
ret%rdation and smaller fetal organ weight values and 1in
ext}eme cases of shypoxia, the fetus reacts by the shunting

of its own blood to favour vital organs, such as the heart
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and brain (Boddy, 1976; Rudolﬁ( 1984). This latter reaction
would become manifest by larger ratios of brain weight:fetal
body weight and heart weight:fetal body welght because of
the smaller fetal body size and the disproportionately
larger brain and heart resulting from the redistribution of
fetal blood t& favour these organs (Gilbert et al., 1979).
In the present study neonatal organ weight values and the
ratio of these values to neonatal body weight were examinéd,
but only in the SEV experiment where the most significant
changes may have occurred. No significant differences were
found between the organ weight values of the neonates born
to the PC and PR groups. The neonatal organ weight values
found in the present study were also not significantly
different from newborn céntrol values of Wistar rats
reported by Palou et al. (1983) (average kidney weight
0.064%0.002 g; average brain weight 0.255+0.008 g; average
liver weight 0.251£0.015 g; see Table 5 for comparison).
There was also no difference found in the heart:body weight
and brain:body weight ratios in the neonates of both groups.
This would suggest that perhaps even maternal exercise of
the SEV intensity experiment did not reduce oxygeﬁ
availability to the fetus or that, perhaps so little oxygen
reduction occurred that the fetus adapted well to its
changing environment. This may be due to adaptational
mechanisms that may develop aloﬁg with the fetus throughout

P

gestation in trained maternal rats.
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A-major concern associated with diminished
‘uteroplacental blood flow, also, is the reduction in fetal
nutrition févels as a result of maternal exercise. An
adequate amount of glucose available to-the fetus 1is
necessary for fetal energy utilization (Bassett and Jones,
1976), and it isVLossible that maternal exercise may
decrease the availability of glucose for the fetus by
requiring glucose for energy in the maternal working
muscles, especially at the more severe levels of maternal
exercise. A diminished level ot energy\substrate may lead to
fetoplacental growth retardation. A reduced level in lipid
availablity may also lead to smaller fetal body weilght
values because lipids are important potential energy stores
especially in the later stages of gestation (Hull, 1976) .
Lipids are also required for the developing brain structure
(Hull, 1976) and consequently a diminished supply may be
éeflected in smaller fetal brain weights. In the present
study, no reduction was found in neonatal brain weights or
in the body weights of offspring born to the PR-SEV group.
This may indicaté that fetal nutrition levels were not
altered or sufficiently reduced to elic@t changes in fetal
growth or, again, adaptational mechanisms had developed from
the beéinning of gestation. - -

In contrast to the minimal effects of the SEV exercise
intensity on neonatal organ weight values found in the

present study, one group of authors have reported & -

alterations in fetal guinea-pig body and organ weights with
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acute repetitive maternal exercise (no prepregnancy
__trainimg) (Gilbert et al., 1981; Nelson et al., 1983).
Gilbert et al. (1981) reported that guinea-pig fetal body
weight, placental weight &nd fetal kidney weight exhibited a
reduction in average weight with increasing levels of
maternal exercise. Fetal hearf and brain weights did not
exhibit a change with increasing maternal exercise level.
However, heart weight:fetal body weight and brain
weight:fetal body weight ratios increasea at the higher
levels of maternal exercise (Gilbert et al., 1981). Nelson
et al. (1983) also reported that in the fetuses of
exercising pregnant guinea-pigs, fetal body weight, kidney
weight and placenta»weight were reduced as the level of
maternal exercise increased. However, ratios of heart,
kidney and placental weights:fetal body weight decreased
significantly from the control values, but at the highest
maternal exercise intensity level (60 min/day), the brain
weight:fetal body weight ratio was significantly increased
from control values (Nelson et al., 1983).

Gilbert et al. (1979), however, in a previous study
found no differences in guinea-pig fetal body weights, organ
weights or in placental weights, as a result of acute
repetitive maternal exercise and no differénce in the ratio
of fetal organ weights:body weights. Gilberf et al. (13981)
and Nelson et al. (1983) attributed this contrasting result
in their research group to a lower level of maternal

exercise. The pregnant guinea-pigs in the study by Gilbert



ot al.. (1979) ran at a less intense level of exercise than
the pregnant guinea-pigs of Gilbert et al. (1981) and Nelson
et al., (1983). From the results presented in their
laboratory, increasing levéls of acute maternal exercise
seemed to cause more alterations in the fetal environment as
manifest by the changes in fetal organ weights and reduced
fetal body weights. It would seem then that the intensity of
acute repetitive maternal exercise is also an important
factor to consider.

In the present study three maternal exeréise
intensities (MILD, MOD and SEV) were examined t hroughout
pregnancy and no differences were found in any of these
groups with regard to neonatal body weight values. Even 1n
the most SEV exergise intensity, no dif}erences were found
in neonatal organ welght values. ft would appear that
prepregnancy exercise and exercise in early gestation may
again promote adaptive mechanisms to develop which may
protect the fetus from the effects of even the more intense
maternal e ercise. The resuits of Wilson and Gisolfi (1980)
lend suppért to the results of the present study in that
fhey did not find significant differences in rat offspring
body dimensions (body and tail lengths) or organ weights

—— '
(heart, spleen, kidney and adrenal) between the trained (7
week prepregnancy training program at an intensity similar
to the SEV experiment in the present sfudy) pregnant rats

who also ran throughout pregnancy and their control group.

In comparison, acute repetitive maternal exercise at the

)
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higher'intensity levels may perhaps "breakdown" adaptational
mechanisms which still may exist at the mild intensity level
used by Gilbert et arl. (1979). It would seem likely that
acute rébetitive maternal exercise and intensity of that
exercise are important factors, both of which may alter
fetal responses. It is difficult, however, to equate the
exerclse intensity level used for pregnanf guinea-pigs to
the level used for pregnant rats.

One other factor that should also be consideredlis the
length of gestation in pregnant guinea-pigs which is
approximétely 67 days (Nelson et al., 1983), while in rats,
geStationvterminates at about 21 days (Baker et al., 1979).
Rats are also;more immature at birth than are newborn
guinea-pigs (Dubowitz, 1968) and it may be possible that the
acute affects of maternal exercise coupled with a longer
time spent in utero may manifest fetal alterations in the
4 guinea-pig which may not have occurred in the more immature
rat fetus. Nevertheless, it may be increasingly apparent
that training throughout preéggncy may perhaps promote
adaptive mechanisms which may protect the fetﬁs, even at
levels of severe maternal exercise, while the stress of
acute repetitive maternal exercise beyond a certain
intensity may elicit alterations in fetal environment.

There was also one more orgén weight value examined in
the present study which may support the adaptive mechanism
theory. The ratio of average lung weight:body weight was

calculated for the neonates born to the PC-SEV and PR-SEV
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groups and these values were not significantly different.
symchych and Winchester (1978) stated that adeguate amounts
of amniotic fluid were an essential component for normal
lung growth and experimental deficiency of qmﬂiotic fluid
(sugp as that associated with oligohydramnios) in the last
thi?g of gestation may be linked with pulmoniry hypoplasia

and significant decreases 1in average lung:body weight

ratios. The fact that lung weight and lung weight:body

weight ratios were not different in the neonates of the PR
group when compared to the controls,; would perhaps lend
additional suppos¥ to the presence of adequate amounts of
amniotic fluid so that symptoms associated with
oligohydramnios were not manifested. This may also support
the theory that adaptive mechanisms were perhaps present
that not only protected the fetus from the effects of a
diminished uteroplacental blood supply, but also from
alterations in the amount of amniotic fluid.

It would appear that the alterations in fetal outcome
associated with maternal exercise reported in the literature
deal with the higher intensities of éggﬁg repetitive
maternal exercise during mid-gestation as the milder
inteﬁsities of acute maternal exercfse did not appear to
exhibit these fetal alterations. It may be possible that the
fetus is capable of coping with a certain level of
alteration in its environment beyond which problems in fetal
growth become manifested. Training and familiarization

before pregnancy and during eariy pregnancy may somehow
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reduce the teratogenic effects of acute maternal exercise on
the fetus by the development of adaptive mechanisms, These
mechanisms have yet to be elucidated, but in the rat,
anastomotic channels have been found after ligation of a
uterine artery in early pregnancy (Bruce, 1976, 1977). The
"tidal-effect" reported after maternal exercise (Morris et
al., 1956; Martin, 1980) may also act as an adaptive
mechanism perhaps found in the "surplus" of available blood.
These adaptive mechanisms appear to protect the fetus in a
trained and familiarized group of animals even at the more
severe maternal exercise intensities. The gross
morphologicél neonatal results reported in the present study
would sﬁpport this theory. However, 1if alterations exist in
the neonates of the most severe exercise intensity group in
the present study, changes may not be manifested at the
gross morbh@logﬁcal level but rather more subtly at perhaps

the histological or histochemical level.

/
Neonatal Skeletal Muscle:

Developing fetal skeletal muscle is especially

‘susceptible to diminished levels of available maternal

protein, which may occur as a result of a diminished

uteroplacental blood flow (Young, 1976). Neonatal skeletal

muscle ;ﬁs analysed in the present study to determine if
skeletal muscle tissue was.altered histologically or
AR

histochemicaliy in the meonatés of the PR—SEV-gfoup when
. \v

compared to the neonates born to the PC-SEV group.
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It has been reported that neonatal skeletal muscle in
the rat is relatively undifferentiated and uniformly stains
positive for enzyme reactions at birth (Dubowitzt 1965;
Dubowitz, 1968; Engel and Karpati, 1968; Ashmore et al.,
1972; Shafig et al., 1972; Drachman and Johnson, 1973;
Haltia et al., 1978; villa-Moruzzi et al., 1979; Ho et al.,
1983). This was confirmed by the results of the present
study. Intense actomyosin ATPase activity has been
demonstrated in all hindlimb muscle fibers of the newborn
rat (Dubowitz, 1968; Ashmore et al., 1972) and these muscle
fibers were also found to stain positively for NADH
reactions (Dubowitz, 1968). Dubowitz (1968) also showed that
in a cross-section of néwborn hindlimb rat muscle)stained
with haematoxalin and eosin, the muscle fibers we€re rounded
(not polygonal as in adult muscle), and grouped together
loosely (not arranged in compact bundles as in adult muscle)
by endomysial connective tissue. The nuclel were relatively
large and tended to be centrally located (Dubowitz, 1968).
This descriptive analysis is indicative of newborn-skeletal
ﬁuscle.

In the present study, the histological appearance of
gastrocnemius and sternomastoid muscles would agree with
that described by Dubowitz (1968) for normal rat muscle. The
trichrome stain (used to show histological features in the
present study) aiso showed rounded muscle fibers with both
gastrocnemius and sternomastoid muscle fibers containing

some centrally placed nuclei. The ratios of muscle



70

tissue:connective tissue found for both gastrocnemius and
sternomastoid muscles also indicated there wasAa relatively
large amount of connective tissue present. The histochemical
analysis of gastrocnemius and sternomastoid muscles‘in the
present study also agreed with the description given by
Dubowitz (1968): Engel and Karpati (1968); Ashmore et al.
(1972); shafiq et al. (1972); Haltia et al. (1978); Ho et
al. (1983), for normal rat neonatal skeletal muscles,/with
respect to uniform enzyme staining for myosin ATPase and
ﬁADH histochemical procedures which were unable to
differeritiate muscle fiber types. The neonatal gastrocnemius
and éternomastoid muscles for the PC;SEV and PR-SEV groups
were not found to be significantly different in the
histological or histochemical parameters measured and both
groups exhibited typical mewborn rat skeletal muscle
characteristics.o

A similar analysis of diaphragm muscle in the present
study for both PC-SEV andgﬁﬁhsﬂy groupsfshowed significantly
larger fiber diameters‘and significantly fewer muscle fibers
with centrally placed nuclei than either gastrocnemlus or -
sternomgst01d muscles. When diaphragm muscle was analysed
histochemically, myosin ATPase enzyme act1v1ty was found to
differentiate the muscle fibers into type I and type II
fibers. Diaphragm type I fibers were found to occupy only
2.6 (0.6)% of the total fiber number counted per slide in

both the PC-SEV and PR-SEV groups..The histochemical

reaction for NADH in the diaphragm muscle for both groups of

~ o
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neonates failed to show differentiation into the appropriate
fiber types. Dubowitz (1968) reported, however, that the
NADH reaction into fiber types does not usually become
evident until approximately day 14 postnatally in the rat.
Again no differences were found between the neonates\of the
PC~-SEV and PR-SEV groups in any of the histological or
histochemical parameters measured for diaphragm muscle.

It would appear that neonatal rat skeletal muscle
usually has not differentiated into fiber types based on
enzymatic activity of the muscle fibers at birth as this
process of differentiation does not normally occur until 14
days postnatally (Dubowitz, 1968). The diaphragm, however,
seemed to be more developed than most neonatal skeletél
muscle because of the smaller nﬁmbers of ceﬁ%fally placed
nuclei, and histochemically the diaphraé& muscle tissue had
begun to show enzymatic fiber types. It would seem logical,
however, for diaphragm muscle to be slightly more advanced
developmentally than either sternomastoid-or gastrocnémius
because of the functional importance of the diaphragm in
breathihg in the newborn. Breathing movements in the fetus
and breathing movements in “the newborn (hﬁman5 are both
diaphragmatic in nature (Manning, 1977). The sternomastoid
and gastrocnemius muscles are not as important in
(‘maintaining life of the newborn rat and would partially
explain the immaturity of these two muscles at birth.

It is intéresting to note that the maternal exercise of

the SEV intensity did not appear to assist in advancement of

=7
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neonatal diaphragm muscle. Maternal exercise has been'shown\i
to increase fetal breathing movements in the human (Marsal
et al., 1979). It is not known whether this phenomenon
occurs in the fetal rat or whether increased useage of'rhis
muscle would lead to a more developed musc}e at birth. The
SEV exercise intensity, however, did not appear to affect
the development of this muscle when the neonates of tne PR
group were compared to rhe PC group. Perhaps the alteratione
(if they exist) are more subtle than the changes that may
occur using the histological and hlstochemlcel parameters
studied. Alternative methods of analysis such as
“ultrastructural or biochemical analysis may manifesttoﬁ\\f\
changes. i ' * , B
Maternal exercise of the SEV intensity did not appeér o
to affect development of fetal skeletal muscle when ‘cranial
and caudal Qsternomastoid as opposed to gaetrocnemius)'
muscles Weréfcompared. Both the'PC and PR neonates showed .  ‘
characteristic newborn rat skeletal muscle. ThlS is |
1mportant to COﬂSlder in addltlon to the results of the
organ weight values for 1%3 hypox1c reactlons were .-
o

occurring in the fetuses of the PR~SEV group, such as the

shunting of fetal blood to favour the vital organs (heart

~

and brain), then pérhaps the susceptibility of skeletal
‘muscle to nutritive changes would also be reflected in this
“reaction. The fetal shunting of bleod from thé caudal to tne
. cranial area and the resulting diminished blood supply to

the caudal area may have been reflected in gastrocnemipé
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muscle development. However, not only were the PR neonatal
body welght values the same as the neonates of the PC group,
but neonatal organ weight values did not dlffer and -
neonatal skeletal muscle in the PR gréup was typical of
newborn rat muscle. These results would lend support to the
| theory that adaptive meéhanisms may have developed along
with fhe fetuses of the PR-SEV group fme early in gestation
which allowed the fetuses of this group to cope with
alterations in fetal environment as a result of maternal

exercise..

SUMMARY:

Examination of the literature relating to maternal
exer;ise and fetal‘0utcome often gives rise to conflicting
results. It would aépear that data pertaining mainly to
pregnant mice, guinea-pigs and rats forced to run during

‘gestation_would give rise to the following theory:
' \

1. The stress of ggggg repetitive maternal exercise
“(without prior traihing) of high intensity.levels
during mié4§estatién appears to alter the
protecEive mechanisms usually present in normal
pregnancies by changing the fetal environment.
These alterationé in the fetal environment become
manifest in fetal growth and development. Smaller
fetal body weights, oréan weights, delay in

skeletial ossification and an increase in fetal

martality rates have all been associated with high

L € el ol e e e

b ks, o A
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intensity levels of acute repetitive maternal

exercise during mid-gestation.

14

2.7 Prepregnancy training or training in early
pregnancy and familiarization of the animals. to
running may reduce the teratologic effects
associated with acute repetitive maternal

exercise. Adaptive mechanisms may develop

N

concomitant with fetal and placental growth, to
protect the fetus and to ensure only minimal
alterations occur in fetal environment.-Also, a
protected fetal environment would perhaps only
elicit minimal ch?nges in fetal growth and
development, even at the more severe intensities

of maternal exercise throughout gestation.

The neonatal data of the present study would support
this theory. Even the most severe maternal exercise
intensity did not reduce neonatal body weight values, organ
weight values or seen to affect histologically, or
histochemically, the neonatal skeletal muscle tissue taken
from different parts of the body. It would appear that the
fetal environment was somehow protected from severe
alterations because no changes were observed in fetal

outcome. The protective devices involved in fetal

development associated with maternal exercise have yet to be

determined but they may exist as anastomotic channels,

larger placental areas or in the surplus of blood returned

)
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to the fetus after maternal exercise. One other point that
should be mentioned is that perhaps alterations in the
neonates of the maternal rats that ran throughout pregnancy
may be manifested more subtly 1in ultrastructural or

biochemical analysis.

MATERNAL DATA:

As the previous dis&ussion has suggested, the neonates
born to the maternal rats that éxercised'throughgpt
pregnancy may have been 'spared’ harmful effects during
prenatal life by the development of adaptive mechanisms.
This theory is intriguing especially when considering the
maternal data found in the present study. The maternal
results showed no significant differences between the
maternal rats that ran the MILD exercise intensity
throughout gestation and the pregnant control group,
although weight gain values during pregnancy were smaller ié
the PR group. As the intensity of exercise increased, such
as that undertakeﬁ by the MOD and SEV maternal rats, these
reductfoﬁs in weight gain values were found to be
significantly different from control values by the
mid-gestation of pregnancy, reaching values of 33.9 g in the
MOD experiment and 38.1 g in the SEV experiment by the end
of gestation. This is interesting especially when the
similar values for average litter weight were considered, as

these results may suggest alterations to the exercising

maternal system,

-

7
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The results of the present study supported the similar
results of Wilson and Gisolfi (1980) who also reported a
significant decrease in maternal weight gain during
pregnancy in their trained (seven wegk prepregnancy
training) pregnant rats that ran throughout pregnancy. By
the end of gestation these trained pregnant rats weighed 47
g less than their pregnan€ control group. The offspring born
to the trained pregnanf group in Wilson and Gisolfi's (1980)
study did not exhibit any differences in body and tail
dimensions or in organ weights when compared to their
control values. It would seem that perhaps mechanisms exist
to protect the fetus whilst affecting the maternal system
represented by diminished maternal weight gain values. This
theory will be discussed in detail later, but two important
points should be mentioned.

The first point to consider is that the maternal data
in the present study showed no delay ih conception for any
of the levels of exercise even tﬁough the animals had just
. completed a two week progressive running program. This is
interesting to note because in human stddies, ammenorhea aﬁh
disrupted menstrual cycles may be associated with long-term
strenuous levels of exercise and training. The effects of
exertion on reproductive function, however, have not been
.completely resolved (Cumming and Belcastro, 198?} Cumming
and Rebar, 1983), although there does not appear to Be'a
link betwyeen exercise intensity and conception delay

- (Physician and Sportsmedicine, 1974). -The results of the
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present study with rats would tend to suéport thi; finding.

The second point of interest is that the significant
differénce found between the maternal rats that ran the MOD
and SEV excrcise intensities and their control groups, was
not present at éhe beginning of gestation as no difference
was found between these groups in body weight values on the
day of conception. These body weight values were also not
significantly differ?nt from those values found in the
normal control group of rats. This is particularly important
because the main experimental groups (PC and PR) for the MOD
and ‘SEV exercise intensities had just completed the two week
prepregnancy running program. This would indicate thg; the
two week progressive exercise program did not cause ;
significant reduction in body weight in the PC and PR groups
before gestation. Terada (1974), however, found a
significant reduction in body weight gain in mice that were
trained ove:gz four week period before pregnancy when
compared to controls. A prepregnancy running program longer
than two weeks may have elicited a significant change in the
body weights of the exercising rats in the present study.

It was interesting t§ observe that in the SEV exercise
experiment the non-pregnant NPR group that undertook the
same progressive treadmill running program as the PR-SEV
group was also not significantly different from the C group
at the end of these two weeks. A significant reduétion in

average body weight gain was found, however, in the PR-SEV

(compared to PC-SEV) and the NPR-SEV (compared to C) groups
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on day 11 of the maternal running program., It would appear

i}

that the SEV exercise intensity did"ﬁot manifest a
significant reduction in-weight gain L;til close to four
weeks after initiation of the exercise (two weeks
progressive treadmill running plus 11 days of running inte
the 21 day pregnancy time period) in both the pregnant (PR)
and non-pregnant (NPR) groups. Expressed in tﬁ?s way, the’
approximate four week time period of running in which a
s1gn1f1cant reductlon in body welght was found in both PR
and NPR groups, would agree‘w1th the findings of Terada
(1974).

In the present study, the effects of exercise did not
become apparent until the secoﬁd ﬁhird of pregnancy in the
PR—MOD and PR-SEV groups. Terada i1974) found that exercise
durlng mid-pregnancy »n ‘both the: trained (four week
prepregnancy tralnxng)‘ﬁna\qntralned (no exerc1se befgre
~ pregnancy) groups of mice also interfered with maternal body
weight gain. He reported that the exercising maternal mice
significantly decreased average daily food and water intake

levels when coﬁbared to control intake ivalues. The decreased

maternal body weight gain in his group of mice may have been

attributed to the disturbance found i ] l?réc intake levels
“(Terada, 1974). | | \
The daily‘amount of food and it ifﬁésted Ly the
pregnant rats in the present study was»not determined, but a
dimiﬁished caioric intake may in part explain the

significant reduction in maternal weight gain in the PR-MOD
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and PR-SEV groups. Perhaps the intensity of the MILD
: o

exercise was not of sufficient intensity to chse l?F\
alterations in maternal eating habits. \

However, diminished maternal intake levels without
maternal exercise produced a reduction in fetal body weight,
as shown by Lederman and Rosso (1981) who reported that food
restriction of 50% during pregnancy showed a decrease in
fetal size in the rat. In spite of the adverse fetal affect,
alterations in maternal net body weight and body composition
were similar in pregnant andﬂnon-pregnant rats during food
restricti@n, indicating that the fetus Qas not capable of
parasitiggng the tissues of an undernourished maternal
system to maintain normal growth (Lederman and Rosso, 1981).
'Since fetal bodf weights were not affected in the present
study, reduction in maternal intake levels to the extent
reported by Lederman and Rosso (1981) would'not seem likely.
It is interesting to note that in Terada's (1974) study,
where the maternal intake was decreased because of maternal
exercise, 'with a concomitant drop in maternal body weight

gain, the fetuses were also reported to be of smaller weight

“

even in the trained group. The training intensity of
Terada's study may have caused the maternal mice to ingest
less than 50% (the value was not given) of the ingested
values of control mice, which would help explain the reduced
fetal wéights. - “ )

Another interesting factor in Terada's (1974) study

besides nutrition levels in the pregnant mice, was that the

o
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prepregnancy training program for his trained'micg was not
continued throughout pregnancy but rather this group was
forced to run during mid-gestation only, along with his |
untrained group. When his two groups (trained and untrained)
were compared, the training before pregnancy reduced the
teratologic effects found in the fetuses of the untrained

@

group but fetal body weight values iﬁ the trained group were

o
5
7 Lo’

still decreased. In the present &tudy, however, although
body weight gain was significantly reduced in thé exercising
maternal rats (MOD énd SEV), no difference was found in
neanatal body weight values. This would indicate that
exercise throughout gestation in the pregnant rat, either
dig¥not reduce caloric ingestﬁbn Below 50% of normal values,
or, maternal exercise in early pregnancy is an important
factor in sparing the fetus by allowing it to parasitize the
maternal fissues to maintain normal fetal development,
perhaps along with the growth of adaptive mechanisms.

One important point to consider in attempting to
explain decreased maternal body weight values is that
training in non-pregnant female rats has been‘éhown to
enhance lipid oxidation and the sparing of carbohydrate
usage during prolonged exercise (Divine-Patch and Brooks,
1980). The relatively lower stress on tréihed animals at
given speeds of treadmill running has beén shown to favour
fat catabolism;and even dufing hard exercise, trained
animals maintained blood glucose aE levels comp;;able ﬁo

those seen at rest (Divine-Patch and Brooks, 1980). The
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reduced oxidation of carbohydrates and the ‘enhanced use of
other substrates such as fatty acids in trained rats has
also been suggested by other groups of researchers (Fitts et
al., 1974; Baldwin et al., 1975; Davies et al., 1981; Brooks
and Donovan, 1983; Donovan and Brooks, 1983). This mechanism
of carbohydrate sparing may also be pre@ént during maternal
exercise in trained rats. This carbohydrate-sparing

\

mechanism may have occurred in the present study and perhaps
<

maternal body weight values were found to be decreased 1in

the PR groups because of a reduction in maternal body fat,

since more of thi's substrate may hé;é been used for fuel by

the maternal system during’exeféise; ’

The maintenance of adequate glucose levels in trained
pregnant animals, even durjng hard exerciée may be important.
in maintaining normal fetal growth. Glucose is a major
substé%te utilized by the fetus for energy and.growth ‘
(Young, 1976}, and perhaps the use of this substrate during
hard intensity maternal exercise in the untrained animal for
maternal fuel méy cause fetal growth retardagion.'}hisAmay
in part gxplain the reduced maternal body weight values
éoupled‘with smaller fetal birth weights in Terada's (19743
study. The preseht'study would also support this theo;y in

that exercise throughout pregnancy decreased maternal body

weight| vallies without affecting fetal growth. Jgﬁ
' : {
The significant decrease in maternal body weight gain
values continued when the maternal rats in the MOD and SEV ~

™ ¥
experiments were analysed after giving birth. The method of

)
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statistical analysis for these postpartal results must be
interjected. When using the ANOVA to compare postpartal
maternal data, there was no significant interaction effect
when the three levels of maternal exercise were compared.
However, when each of the three experiments Qes evaluated by
comparison of the paired PC and PR values (by the use of a
paired Student's t-test), significant differences were found
between the paired .PC and PR groups for the MOD and SEV
experiments in postpartal weight gain (postpartal weight
minus weigh; on day of coneeption) values. It may be argued

that since the ANOVA pools the mean values, the significant
L ,

results from the paired data in each intensity of exercise

154

may be lost.
In accordance with this, the significant differences in

ol

maternal body weight gain reported during pregnancy in the
MOD and SEV experiments qére sufficient to be detected by
the péired Student's t-test and the mo;EEpowerful ANOVA.
After birth, however, the signifiganf differences found

between the MOD and SEV paired PC and PR gréups were reduced

,iyffiCJently ;o miss detectlon by the more powerful ANOVA,

; ,,(3 r

 but these values were still sufficiently different to

A‘achieﬁeﬁsignificant values when analysed by the paired

Student'th-test. Obsegvatfén of these large consistent
differences in postpartai weight gain values: in the paired
PC and PR groups iﬂ'the“MOD and SEV experimenﬁs,'ﬁould
indicate that perhaps the results of the paired°Sthdent's

t-test are an important result and should not go without
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mention.

It is important to diséuss the significant reduction in
gody weight gain in the MOD and SEV experiments found at the
ehd of gestation and postpartally. To explaiq_further the
reduction in maternal body weight at the end of gestation,
illustrations of average maternal body'weight gain values
will be compared for the PC-MOD and PR-MOD groups in Figure
SA. The same average values will be shown for the PC—SEV‘andW@
PR-SEV groups in Figure 5B.’ | o ‘ '

The éverage weight gained during pregnancy for PC-MOD,
PR-MOD, PC-SEV and PR-SEV, can be divided into the following

components:

~

1. a matefnal component (average postpartal weight
"minus average weight on the day of conception)
which includes uterus, mammary tissue, blood
volume, extravasculér ané extracellular water,‘and
fat. Théfplacentae)wou%d~also be included in this_'
component because the maternal rat ingests fﬁe

placentae after giving birth.

-

2. ~ a fetal component represented by the average total
litter wegght value for each gtohp. This component
would also include a small and probably
insignificant part of the umbilical cord which
remains on ﬁhe ne?nagefat birth.

'Figures 5A, 5B and 6 are included in the discussion for
clarity in the explanation of the results.
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FIGURE 5A. Average maternal body component
analysis of total pregnancy welight gain
(expressed in g) for MOD experiment,
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FIGURE 5B. Average maternal body cou\\nponent -
analysis of total pregnancy weight gain
(expressed in g) for SEV experiment.
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3. a remnant component which would include the
products of. conception and/or mfternal tissues
lost at birth. Thls third component includes
amniotic fluid and membranes from the conceptus
and would also be composed of maternal blood and W
fluid loss that normally occurs during

&
parturition. ‘ %

The components of maternal weight gain during pregnancy

9, -

in the presentvstudy were based on a similar scheme used by
Martin (1980), who analysed components of average numan
maternal weight galn by term. He d1v1ded the¥u91ght gained
into two main c0mponents, products of concept?gﬁ whlch )
included, fetus, placenta, membranes, and amn1ot1c flu1d
and a second component of an increase in maternal t1ssues.
The second component Jncluded increases in uterus, breasts
blood. volume, extravascular and extracellular water, and
fat. .

By dividing the maternal data at fhe end er gestation .
into components, it can be seen from Flgure 5A that
proportlonately the PR MOD group had a 51gn1f1cant1y smaller
maternal component than the PC—MOP group. In contrast the
fetalﬁcom%énents were very similar. The difference in
maternal components.could be due to a difference in.uterine
weight., This seems unl1kely, however, because the fetal
components were similar. The more l1kely explanatlon would

be in the deposition of maternal fat because,tralnlng has

been shown to enhance lipid oxidation (Divine-Patch and

.

»
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Brooks, 1980) which may reduce fat stores. However,
dlfferences whlch may occur in blood volume, 1nclud1ng body
.water cannot be overlooked. Lederman and Rosso’ (1981)
analysed the average carcass comp051tlon of pregnant (mlnus

3

> the cOnceptus) and non-pregnant rats on day 21 or,pregnancy.

They reported that on day 21 pregna@t rats were composed of

an- average of 167.1 ¥2.9 g of water, 40, 7.+4 4 g'of*fat and.
60.0 %%, 9 g of lean dry tissue. Non pregnant rats on that

~ same day were composed of an average of 149.5 £2. 4 g of _”
water, 28.2 +2.2 g of fat and 57.4 i1.0 g of lean dry o
tlssue The ma]or dlfference between pregnant and |
non- pregnant rats on day 21 of gestat1on in the maternal

component was 'in weight gained due “to fat (12.5 g). and

weight gained due to water retention (17.6 g) The averagel‘
H ‘;\ m !

¢5values of Lederman and Rosso (1981) would 1nd1cate that

A ’»r

normally, pregnant rats ga1n a substant1al amount of\Tatrand
f B )‘_‘. B

water ‘The PR group in the present study, however,‘may be

deficient in either fat deposlts or bléod volume. These

factors will be dlSCUSS&d shortly

The fact that the maternal raté ingested the placentae

is an 1mportant p01nt to also consider. Perhaps, ‘heﬁ

s

smaller placentae, but smaller

'A

‘maternal runnlng ratsf!_y
: placentae usually accompany smaller fetal body welghts U

(Nelson.et al., 1983) and the,neonatal.bodije;ght values'in
the PR-MOD group'were'not\different from controls. It'would‘
*not seem- llkely then that the dlfference found 1n the o

/J
maternal components in the MOD experlment would be due to

9

-

a,
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the ingestion of smaller placentae in the PR group. This
difference in the maternal components may be mainly due to
maternal fat stores and blood volume. However, the other
contributors to th}é component may also play a role.

) ’ ¥

The reduction in the third component found in Figure 5A
is intriguing. It seems that the MOD exercise intensity also
affected the products of conception (gmniotic fluid and
membranes) and/or the maternal tissues (blood and fluid)
lost at birth. This reduction found in the PR-MOD group for
the third component 1is diffiéult to "explain.

The average component values frém the SEV experiment
found in Figure 5B, supports thé fihdings found in Figure
SA. However, the effects of the maternal exercise fouﬁd in
the "MOD experiment relating to the third component appear to
be augmented further in the PR group of the SEV experiment.
This is i41erestihg Lo consider, espéciaflijhén the
differences between maternal components of the PC and PR
groups for both experiments are similar and the fetal
components are not different. However, the third cdgponent
appears to be markedly reduced in the PR-SEV group. If this
reduced third component indicates decreased amounts of
amniotit fluid in the PR-SEV group, then perhéps fetal
deformities and abnormalities associated with
oligohydramnios might haQé been observed. Since fetal
abnormalities were not evident, it is possible that this

severe level of maternal exercise may have decreased the

amount of amniotic fluid, but not to a possible critical or
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threshold point where abnormalfties in fetal development
would occur. Peraaps the severe exercise intensity reduced
maternal blood vc%ume'sufficienfly to reduce the amount of
blood loss at.birth, but not enough to cause critical
alterations in the amount of amniotic fluid during
gestation. Sufficient maternal blood volume, is an important
factor during gestation becauie maternal hypovolemia has
been linked to oligohydramnios (Longo, 1983). Adaptive N
mechanisms may have developed early In prégnancy to protect

’

the fetus from diminished amounts of amniotic fluid perhaps
at the éxpense of maf;rnal blood volume. This reduced third
component needs further investigation.

;\The &afernfl component in the SEV exercise experiment
was analysed one step further in that the postpartal body
components (skin weight and carcass remainder weighf) were
examined. The significant differences found in the maternal
éomponents between the PC and PR groups proved to be
interesting. In figure 6 the actualwaverage weight in grams
for the carcass components are presented for the PC-SEV,
PR-SEV and the non;pregnant NPR-SEV groups. The skin
component consisted mainly of skin (fur), subcutaneous fat
(an important large fat storage area in the rat; Galletti -
and Klopper, 1964) and mammary tissue. The cargass remainder
componeht consisted of muscle tissue, abdominai cqntents,
thoracic contents, internal fat depots, and tail.L

In comparing the skin component values (fiqure 6), it

was interestihg to note that the PC group had 10.5 g more of
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FIGURE 6. Average postpartal body component

. analysis (expressed in g) for SEV
experiment in maternal rats compared

to NPR.
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this component than the PR group, although both of these
groups had just,given birth. Furthermore, the PR group had
an average of 6;1 g more skin component‘than the
non-pregnant NPR- group.-

In comparing the remainder component, the PC group had
15.7 g more carcass\remainder weight than the PR group,, even
though both PC and PR groups had just given birth to similar
neonates. The difference in this body weight component would
probablf not be:due to the voi1ght of the uterus, nor would
it seem likely that the PC group ingested larger placentae,
since the neonates were of similar size. It also does not
appeag.like%y that the PC group would have more muscle and
boneibeééﬁée'thgy did not rum. However, the PC group may
possibly‘have more-}nterﬁal fat deposited or more blood ‘
volume as indicated by the result? pf'Ledermanigpdeossé’
(1981) in their study of pregnant rats. The smaller amount
of adiposé storage found in the PR group would sﬁpport the
theory that during t;aining, fatty‘acid oxidation was
enhanced while pérhaps sparing maternal glucose for fetai
usage. The findings of diminished édipose tissue found in

I

the PR group is further supported by the fact that the

. % )
carcass remainder weight values for the PR and NPR groups

are almost identical. This similarity in remainder wéight

does not account for the heavier uterine tissue found in

[

rats just after parturition. This factor is difficult to

-

interpret.
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The 6.1 g difference in skin component found between
the PR aqg and NPR gréups may‘be due to the glanduiar tissue
of the mammar§ glands or perhabs to the attempt of the PR-. |
group to store fgilsubcutaneously for lactatiéa. In eiﬁher
case the reduced amount of maternal adipose tiMgue may prove
harmful after birth, in that insufficient storage of fat in
the maternal sy'stem or underdevelébedfmammary'tissug may
give rise to inadequate milk production to feed the‘hufsing'
neonates. This would perhaps help to explain the findings of
Wilson and Gisolfi (1980) who reported a signifiqaptly’
higher number of neonatal deaths attfibptéble to m;ternél
neglect and maternal cannibalism in their trained maternal
rats who also ran during pregnancy; during a postpartal
6bservation period of 28 days. Wilson and Gisolfy (1980)
also reported a significant reduction bf 47 g in body weight
gain for thi; group at the end of pregnancy. The maternal
rats in their study were not analysea postpartally but if
this 47 g deficit in weight géin was due fo insufficient fat
storige or underdeveloped mammary glands, then it is
possible that insufficient milk production might cause these
maternal rats to cannibalize their young or to neglect them.
In the present study, no maternal neglect was observed, but,
had the neonates not been sacrificed within 20 hours of
birth, perhaps the maternal neglect and the cannibalidm as
seen in Wilson and Gisolfi's (1980) study would also have

been observed. Maternal postpartal body component analysis

in running animals needs further investigation.
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The data reported for normal pregnant rats indicated
that body weight gain values (in addition to the conceptus)

are composedvpredominantly of fat deposition and water

retention. Both'of these factors appear to be affected when

the maternal results of the present study were examined. It
would appear that perhaps the fetuses are ‘spared at the

- < T ' ‘ -
egxpense of‘ghé maternal system in eilther storage of adipose
tissue for lactation .or maternal blood volume or both, .
especially at the more severe levels of maternal exercise.(i

L

SUMMARY : S ‘

- The maternal data added an interesting finding to the
théory presented in the neonatal section. It would appear
that protective mechanisms may exist to spare the fetus
dufing materﬁal exeycise_at the MOD and SEV exercise
intensities at the expense of the maternal system,

especially at the SEV level of exercise. This was

particularly evident in the significant reduction in

maternal weight gain found for both groups of maternal rats

(PR-MOD and PR-SEV) at the end of gestation and
ﬁostpartally. The alterations found in the maternal system .~

probably exist as insufficient adipose tlssue storage for

lactation especially at the more severeﬁgevels of maternal -

exercise, Although adaptive mechanisms that may occur during
training may serve to protect the fetus, such as enhanced

fatty acid oxidation and glucose sparihg, the deletion of

adipose tissue stores may perhaps cause problems for the

o
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neonates in postnatal life. More research is needed in the
Al

area of maternal exercise apnd its effects on the mother and

- the developin fetus.



CONCLUSIONS AND RECOMMENDATIONS

SUMMARY

o

The purpose of the present study was to eiamine th%.

effects of three intensities ot maternal aerobic exercise

/

(mild, moderate'and severe) throughout gestation on the

fetus in the rat. The effects of maternal exercise on fetal

growth and development were analysed by newborn number per
litter, observation of gross superficial abnormalities,
newborn gross body weight and newborn organ weights. At the

R . . NG
microscopic leﬁ;l, neonatal skeletal muscle was chosen for
D

analysis. The effects of maternal exercise on the gross
morphology of the maternal fet weré represented by matarﬁal
weight gain during preghancy; maternal postpartal weight .and
maternal postpartal skin (including subcuteneous fat and |

mammar<\tissue) and the remainder component analysis.

CONCLUSﬂONS

Within the limitations of this ﬁpudy the follow1ng

conclusions were presented:
ﬁl

1. Matefnalvaerobic(exercise of mild, moderate and
‘severe anten31t1es undertaken throughout gestatlon

dld not affect fetal development ¢

a

¢

2. The maternal aerobic exercise of the mild

intensity showed no apparent effect on the

. ? Q
maternal rats.

/ . : '

.The maternal aerobic exerC1sg\of the moderate and

L
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. .. . LR
severe gnten51t1es caused a reduction 'in maternal

body weight during pregnancy.

4. The maternal aerobic exercise of the severe
inténsity céuseq a reduction in the maternal skin
component (inqluding subcutaneous fat and‘mammary
tissue) and the mata{g;l remainder component when

analysed postpartally.

5. The fetuseg of the }aternal rats who underwent. the
moderate and severe aerobic exercise intensities
throughout ppegnancy were somehow 'spared' at the

expense of the maternal system.

RECOMMENDATICNS :

1. More research is needed to determine whether
adaptive mechanisms &%gexist as a result of

training. The recommended areas of study would be:

&

. a. identification of anastomotic channels in the

4 s

utertne blood supply of trained pregnant rats

b. assessment of placental weight, diffusing
%apacity, and capillarization in trained

pregnant rats

<Y
c. measurement of the amount of amniotic fluid

present in the fetuses of trained maternal
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rats just prior to birth.

Additional analysis is required inﬁth? body
components of trained pregnant rats during

A3

gestation and postpartally. Analysis should be

centred mainly on the following areas:
S

a. measurements of internal and subcutéﬁeous fat

depots in ‘the trained pregnantC}at
>
b. measurement of the pregnant uterus before and
after parturition 'n trained rats

Fale

_‘%églalébibbd volume just

c. assessment of

prior to bfrth in trained pregnant rats

d. analysis of mammary tissue in trained rats

before and after parturition,

"'\ o

Further sthdy of the neonates of trained maternal

-&‘\
rats with regard to growth rate and learning

abxlity is required. <l
ﬁ N

Additional assessment of the behaviour of trained
maternal rats towards their offspring until the

time of weaning is also 1important,
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REVIEW OF LITERATURE

. Literature reporting on the effects of maternal

\ -

exercise‘on,fetal growth and.develgpment is often
conflictihg.zéq attgmpt has beén made to sort out the
5 discrepanciés\;n th€ literature and to relate these
;discrepancies to various factors which may facilitate
| comparisons of the results of the currenf researc%f‘
situation, pertaining to the aréa of maternal - = iae,
~

In r;viewing the literature these discrepancies appear

to be due to three major factors:”

5. the use of different animal species for

I

experimentation in maternal exercise,

6. the familiarization and/or trainirg of the

4

maternal animal before pregnancy, and
7. the use of different exercise :.itensities.

There are thiree other _.ctors which should not go without

mention:

1. the techniques used E%?'prompt' the maternal
y e

animal to exercise,

2. the use of invasive technigues to monitor the

maternal and/or the fetal systems, and

» 3. deprivation of the maternal animal of food and
water for any length of time before matiinal

exercise.

97
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. in” trained running female rats.
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. .
_Bach of these factors will become evident as the \

A :
presentation of the,literature proceeds. Thej,literature

e h G , . :
‘review will be presented by separating the research reported

into animal species used for éxperimentation.

-

There are five major’ species of animals used for

4’4 4

' { .
experimentation in the area of maternal exercise. These

4

sbecieé include: rats, mice, quinea-pigs, sheep (and Pygmy

goats), and the human. The data pertaining to maternal

. . ' . . : o
~exerclise 1n each of these species will be presented. A

section on the effects of training on non-pregnant rats will

be ‘examined first,.

EFFECT OF TRAINING ON NON-PREGNANT RA%%:

%

- . C -
The labJratory rat has been used frequently to study

 chronic metabolic adaptatibns to exercise (Shepherd and

Gollnick, 1976). Many different ‘techniques have been used,
however, to train rats and this reviéw centres mainly~oh the
training procédufes and resultingﬁadéptations that occurred
Fitts et al. (1974) exercised four gfoups_of raté for
foufteen weeks. At thelend of this progrém, the r;ts weré
ru6§%ng at a treadmiil speed of 31 m/min, up an 8° incline,
5 days/week at either 10, 30,460, or j20 minutes/day. The
authors also compared different tfain{ng indices such as
mitochondrial mérkeré in gastrocnemius muscle, and glycogen

fad

depletion from leg muscles. The results of these tests

.

indicated that’a good correlation existed between the level
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of training, the respiratéry capacity of exercising muscles,

and endurance. They concluded, that as the level of training

/

increased, the mitochondrial content of the exercising
muscle increased} and this appeared to reduce the amount of

i

carbbhydrate utilized during intense supmaximal exercise% j”‘
/f The‘suggestionﬂzhat training may intrease endurance 5}

) 1nvolv1ng a mechanlsm which appeared to spare glycogen |

utilization has been supported by other researchers (Baldw1n

et al., 1975; Divingrpatch and Brooks, 1980; Davies et aﬂ&,

1981: Brooks and Donovan, 1983 Donovan and Brooks, 1983) X N

Baldwin et al. (1975) demonstrated a slower utlllzatlon of

glycogen in skeletal muscle 1n exerc1se-tra1ne;&female rats

when compared to untrained control rats. ‘These authors also"

showed an increase in muscle mltochondrla in the muscles of

the exercise-trained group They suggested two major chartges

]

occurred because of this adaptatlon (increase) in muscle

('3

m1tochondr1a._The first change was a slowef rate of \' 4
glycogenolysis in tne'working skeletal,muscle.»The second
alteration was avsnift in the carbon source or the ¢itric
acid cycle, with more energy being drawn “from the.ox{dation-‘
of fat and less energy being derived from?carbohydrate in ~
the trained as compared to the untrained,state, at;the‘samey
submaximal rate of work. These authors alSo_sugge‘ted’ |
another contributing factor to thislglycdgen—sparlng‘effect
mlght be related to a more rapid increase in blood\flow and

oxygen delivery to the wogklng muscles 1n the tra1ﬁed.group

Another interesting finding from this study was that liv T

S
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glycogen concentratjon\gt rest was 75% higher in the trained

group of rats when compgred to the untrained control group.

&R

This increased level of\liver glycogen storag ay also
protect the trained animals by ensuring malntenance of blood
glucose levels during prolonged exercise (Baldwin et al.,
1975).

Divine-Patch and Brooks (1980) also suggestéd
carbohydrate—sparigg occurred in trained female rats when
compared to untrained.controls. The training procedure used
in their study involved five weeks of incremental exercise
and one week of daily running for one hour/day at a
treadmil]l speed of~28.7 m/min on a 15% grade (8.5° incline).
Tﬁe untrained réts were accustomized ts\treadmill running on
a 15% grade by 5 to 8 minute exposures, twice/week. The
treadmil]l speed for the untrained rats during these brief
exposure times was grafually increased until 28.7 m/min was
attained just prior to the testing period. The two groups of
rats (traihed and untfained) were examined during runping at
14.3 m/min on a 1% grade for one hour ('easy exercise'>=;nd
running at 28.7 m/min on a 15% gradé for one hour ('hard
exercise'). The results indicated that during the easy
exercise test both untrained and trained animals maintained
blood glucose values when compared to rest values. During
the hard egercise test, how;ver, only the trained animals
could maintain blood glucose levels comparable to those

values found at rest. The extremely low blood glucose levels

observed in the untrained animals occurred after only thirty

v
Y
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minutes of the hard exercise test and may have contributed
to the fatigue of these animals (they were not able to run
the full hour). The authors suggested that in trained
animals, superior capacities for glucose-glycogen sparing,
gluconeogenesis, and fat catabolism may be present.

In accordance with this, Davies et al. (1981) also
suggested the increased endurance observed in their trained
animals (when compared to untrained) may have been due to
enhanced glycogen-sparing, the basis of which may be
increased 1ibid utilization and/or an elevated capacity for
gluconeogenesis. The results of Davies et al. (1981)
indicated substantially lower respifatory exchange ratios
(even at VOzmafoor their endurance-trained animals),
suggesting a significantly higher contribution of lipids to
energy metabolism in this group. These authors also reported
that the trained animals obtained about 34% of their togal
energy from lipids during endurance tests, wheregs lipid
utilizatlon in control animals was only 10%. Thége values
indicated that the trained group of rats utilized 3.3 times
more lipid than controls and this factor may postpone
glycogen depletion, thereby increasing endurance (Davies et
al., 1981). The training program for the trained group of
rats was 10 weeks in duration, commencing treadmill speed
was 26.8 m/min on a grade of 8.5° for 20 minutes. Thereafter

running time increased 5 minutes/day, until by the fifth :

week, the rats ran 120 minutes/day for 5 days/week. For the

remaining 6 weeks the animals maintained this intensity. The
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untrained control group was exercise& at the same treadmill
”‘\ Spégd for 10 minutes every third day fo?ithe entire 10
8 @ee&s.

Y In two more recent studies (Brooks and Domrovan, 1983;
Donovan and Brboks, 1983) the effects of endurance training
(treadmill speed was 29.4 m/min up a 15% grade for up to 120
minutes/day, 5 days/week) on glucose metabolism was
examined. Untrained control animals were exposed to
treadmill running for 10 minutes once/week. The animals were
examined at rest, during easy exercise (treadmill speed of
13.4 m/min, 1% gradient), or during hard exercise (treadmill
speed of 26.8 m/min, 1% gradient). The results showed that
VO,max in the endurance-trained rats was increased by 13%
over the aerobic capacity values found for the control
group, demonstrating a significant training effect (érooks
and Donovan, 1983). Examination of blood glucose values
revealed that trained animals were better able to maintain
glucose homeostasis during hard exercise. In addition, the
major contributing process to carbohydrate metabolism 1in
muscle was not glucose uptake from the blood but rather
msscle glycogenolysis which would indicate that during rest
or exercise the primary carbohydrate source is muscle
glycogen. In the trained rats improved glucose homeostasis
occﬁrred which resulted from increased conversion of lactate
to glucose_and reduced lactate oxidation during hard
exercise (553€van and Brooks, 1983). Also, trained animals -

exhibited a greater lactate metabolic clearance rate during
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the hard exercise, attributable to a lesser autonomic
response in trained animals. Elevated blood glucose levels
in trained animals and greater conversion of lactate during
hard exercise were consistant with the maintenance of
splanchnic blood fiow.'In contrast, the stress of hard
exercise in untrained animals ﬁay trigger an autonomic
response that shunted splanchnic blood away from the
gluconeogenic organs (liver and kidney) towards the working
muscle, limiting the capacity fér release of glucose from\
the liver (Donovan and Brooks, 1983).

Thﬁ}'glucose-sparingf and enhanced lipid oxidation
found in trained animals may actually decrease body weighEA
due to a decrease 1n body fat. .Kral et al. (1974) found that
training caused a decrease in body weight, body triglyé%ride
and adipose cell size. They suggested that physical training
may lead to an adaptation o% adipose tissue metabolism with
an enhanced insulin sensitivity. The trained animals were
male rats engaged in an intensive training program of \
swimming. |
PREGNANCY AND EXERCISE IN THE RAT:

Atherton etial. {(1982) recorded body weight changes in
pregnant,Sprague—Dawley rats and compared these values with
paired non-pregnant controls. Differences in body weight
values between these two groups of rats were significant
from day 5 onward. On day 21 of gestation the pregnant rats
had gained approximately 53% of total weight from day 2 of

gestation compared to an increase of only 8% reported for
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the non-pregnant controls. Lederman and Rosso (1981)
actually measured the average carcass composition of
pregnant (minus the concéptus) and noh—pregnant rats on day
21 of pregnancy. Carcass analysis demonstrated that on day
21 pregnant rats were composed of an average of 167.122.9 g
bf water, 40.7+4.4 g of fat and 60.0+1.9 g of lean dry |
tissue. Non;pregnant rats on that_game day were'composed of
an average 149.5+2.4 g of water, 28.2+2.2 g of fat and
57.4+1.0 g of lean dry tisspe. The major contributing
factors to the d;fferences in ngght‘gain between pregnant
apd‘non—prégnant rats (besides the conceptus) were the
amount of fat deposited and maternal body water (Lederman
and Rosso, 1981). Atherton et al. (1982) reported a
significant increase in plasma volume from day‘6 of
'~ gestation onward i&zpregnant rats (about 30% higher close to
term) which would support'the larger Body water values found
1n thg\pregnant rats analysed in the study by Lederman and
Rosso (1981) when compared to controls.

Normal pregnant rats give birth to between 9 and 16 -
offspring per litter (Atherton et al., 1982). Several
authors have reported similar values/fAr normal pregnant
rats, an average of 8.85%2.56 neonates per littér (Buhrdel
et al., 1978); a range of 9 to 12 offspring per litter |
(Parizkova, 1975); Parizkova and Petrasek, 1978); and an
average value of 9.5%3.5 neonates per litter (Wilson and
Gisolfi, 1980). Vorherr (1982) reporféd rats normally have a

mean of 10 offspring per litter. In this regard Vorherr
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(-1982) reported that the ‘total birth weight of a litter
should be about 20% that of maternal weight and with an’
average litter size of 10, the birth weight of one pup would
be 2% that of the maternal rat (Vorherr, 1982).
. The combination of pregnancy and exercise on fetal
development does not appear well documented for the rat.
. \
Parizkova (1975) examined the microstructure of the male
offspring of female rats exercised during pregnancy at 100
days of age after birth. The exercise protocol was a
treadmill speed of 14 to 16 m/min for one hoﬁr daily
throughou£ pregnancy. This protocol was consiﬁéred to be of
mild aerobic character (Parizkova, 1975). The results
indicatedﬁthat total body weight values of thé male
offsp;ing of the rats who ran throughout pregnancy did not
differ from contrbls either at birth nor at 100 days of age.
The heart weight, however, from the male offspring Qf the
exércised maternal rats was significagtly higher at 100 days
of age. The microstructure of the heart also showed a
significant increase in the number of capillaries and muscle
fibers/mm?, a significantly higher he%St capillary:muscle
fiber ratio and éignificantly shorter distance for diffusion
in heart muscle inkthe male offspring of maternal running
rats. Parizkova (1975) concluded that during the prenatal
period the developing fftal heart appears to bevsuscepfible
to the stimulus of maternal exercise.
In a later study, Parizkova and Petrasek (1978)

4 - » / . * . )
examined the effects of mgternal exercise on offspring lipid
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metabolism. Again, mild aerobic exercise was selected for
! Q | ;
study (14-16 m/min, one hour{/day,” throughout gestation). The
results suggested that regular exercise during pregnancy had
. .

a marked influence on selectéd indicators of lipid._
! » i
metapodism in- the liver of both male and female offspring

during postnatal examination;
an?bett et al. (1979) examined the skeletal muscle

me£abolism in the offspring of traihed maternal réEs (no
training protocol™was given). The authors sacrificed
- offspring at 18 days of age. The results indicated th;t

endurance training prior to, of during pregnancy, had no(
effect on glycolytic, oxidative or contractile properties of
skeletal mq@cles (soleus, plpntaris and gastrocnemius)
examined from the offspring (Corbett et al., 1979).

| Wilson and Gisolfi (1980) analysed male offspring
(between 45 and 65 days of age) of trainéd maternal rats,
with speciai emphasis on the cardiovascular system., Their
study consisted of four groups of rats: animéls who ran for
seven weeks at 35 m/min up a 1% grade, one hour per day for
six days before, but not during gestation (T-NT); animals
who also raﬂ this prepregnancy training program for seven
weeks before gestatidn and then ran 32 m/min up a 1% grade
for seven days/week for one hour/day throughout pregnancy
(T-T); animals who only ran at a treadmill speed of 16 m/min
up a 1% grade, for one hour/day, seven days/week during

pregnancy (NT-T); and a control group of animals who did not

run (C). The measurements taken in the male offspring



107

b

included VOzmax, coronary blood flow under hypoxic (10% O,,
90% N,) or normdxic (room air) conditions, myocardial
capillary density (histological preparation), cardiac muscle
fiber:capillazy ratio, and measurement of organ (he@mg, 5
kidney, spleen; adrenal) and body weights. Tﬂe >bsudts
indicated that body dimensions, oréan weight values and

VO,max were not significantly different'between the
offspring in any of the groups. Wilson and Gisolfi (1980)
valso reported a 'trend' for heart:body, left veptricle:hear£
and right ventricle:heart’weight to be highest in the
offspring of NT-T and T-T groups. The authors found no
“anatomical difference in total cépacity of myocardial
capillaries in the offspring of any of the experimental
groups. This result would disagree with the findings of
Parizkova (1975) who did find a significant difference in
the ratio of heart capillary:fiber in the offspring of
traineddhaternal rats.

Wilson and Gisolfi (1980) also analysed the effects of
training on the ma;ernal rat. They examined the cytochrome
oxidase activity in soleus muscle, the left ventricle:heart
weight ratio and max VO,. The results indicated that the T-T
group had significantly higher max values than the C group
at the epd of pregnancy. Pregnancy did not change the
training effect on oxidative enzyme activity and heart:body
weight ratios, in that a two-fold increase in cytochfome
oxidase activity was found in the soleus muscles of T-T and
a 1.5 fold increase in the NT-T animals compared with

]
|
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controls. These results“weri\consistent with physiological

3

: » |
changes that occur with different intensities of training.

One interesting finding in the maternal éata was that the
T-T group gained only 57 g at the end of pregnancy, compared
with 103,_105 and 78 g for the C, T-NT, and NT-T groups,
res%ectively. An increase in neonatal mortality waslalso
found in the T-T group perhaps due to maternal nEglect and
maternal cannibalismﬁ both of which were observed in their
stndy; The authors concluded that mild to heavy maternal
exercise did not influence VO.,max or myocardial structure in
male offspring and that high intensity exercise (80-88%
VO,max) wes associated with an increase in offspring
mortality during the first 28 days postnatally. -
The reduction in maternal weight gain in the T-T group
in Wilson and Gisolfi's (1980) study is interesting to
consider, espec}ally since training may diminish body fat
stores (Kral et al., 1974). Wilson and Gisolfi (1980) did
not attempt to expand upon the reasons for the increased
offspring mortality found in the high intensity maternal
exercise group. Perhaps the maternal-neglect and maternaih
cennibalism they noted as the underlying cause for the
offspring death may be related to the diminished maternal
weight gain and insufficient maternal fat deposits necessary
for lactation. Rosso et al. (1981) examined malnutrition and

-

consequent reduced maternal body weight during pregnancy on

o

mammary glands in rats. They reported that when pregnant

rats were fed 50% of their normal food intake from day 5 of
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gestation onward, the weight of the mahmary gland was’
proportionately more decreased than any other major fat
‘depot. The results ofitheir study indicated that tHere was a
minimal atcumulation of fat in the mammary gland of

" undernourished rats when compared to controls, and also a
reduction in the qguantity of cytoplasm and cytoplasmic
material related to secretory activity (Rosso et al., 1981j.
The maternal neglect and maternal cannibalism found in the
study of Wilson and Gisolfi (1980) may have been associated
with underdevelopment of the mammary tissue or insufficient%”
fat in the mampary tissue and consequently insufficient |
productioﬁ of nutrients to feed the nursing young, 1ead§ng
to maternal neglect and cannibalism. Further stﬁdy in this
area 1s required. Q‘

PREGNANCY AND EXERCISE IN THE MOUSE: o
Tegada (1974) investigated the effects of training
before pregnancy on the developiné fetus and maternal mouse

when the pregnant females were forced to run during
mid-gestation. Terada used four g:bups.OE’mice: animals
trained for four weeks prior to pregnahcy at a treadmill
speed of 15 m/min for one hou;/day, éix days/week, and then
forced to exercise dgring mid?gestation (15 m/min for 30
minutes on the 9th to 16th days of pregnancy) (TE group);
animals trained by the saﬁe four week exercise program
before pregnancy but not exercised during pregnancy (TC

bgroup); animals only forced to exercise during mid-gestation

(CE group); and animals neither trained nor exercised during

<
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pregnancy (CC group). The results indicated that the four °
week training program prior‘to pregnancy, significantly
reduced the body weights in the TE and TC groups when
compared to the body weight values 6f/the\CE and CC éroups.

- Exercise during mid-gestation also interfered with maternal
body weight gain iﬁ the TE and CE éroups and also caused a
significant reduction in average daily food and #%ker
consumption in the CE group as compared to the values found
in the CC group.—Invthe CE group, forced exercise during
mid-gestation caused an increase in fetal mortality rate
(resorbtion and maceration) and a significant reduction in
feta; body weight. The TE group, also forced to exerciée
during mid-gestation, had smalf fetal body weight values but
did not indicate an increased fetal mortality rate, and both
the CE and TE groups showed delay in fetal skeletal
ossification. Terada (1974) concluded that the reduction in
maternal body weight gain may have been due to a disturbancé
in caloric intake. Neither tfaining, nor forced
mid-gestation exercise affected litter size, or caused
malformations. However, forced mid—pregnancy exercise caused
a higher mortality rate and lower fetal body weights than
the controls. Although the TE grfup also‘had smaller fetal
body weights, the fetal mortality rate was significantly
reduced and perhaps trainiﬁg before pregnancy may have
‘reduced thg effecté of forced maternal exercise during

mid-gestation (Terada, 1974). (

©
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PREGNANCY AND EXERCISE IN GUINEA PIGS:

Several researchers from the same research lab have
reported on the effects of maternal eéercise on the fetus
using pregnant® guinea-pigs. Gilbert et al. (1979) studied
the effects of maternal eiércise and environmental hypoxia
(12% oxygen) on placental diffusing capacity. The exercise
protocol was a treadmill ;peed of iO t/min up an 8% gradé
for 15 minutes';wice daily for six days and once on the
seventh day;"The exercise was begun between the 13th and
17th days'of gestation. Between 62 and 64 days o gestation'
(term=67 days) diffusing capacity of the placenta, fetal
body weights, fetal heart and brain weights, placental

weight and maternal body and heart weights were measured.

] .

jﬁndicated that exercise of this intensity did

not cause a reduction in-fetal body weights or organ

The results

weights, Experimehtal hypoxia, however, did cause a
significant reduction in both fetal body and brain weight

<

values, and aq»increase in placenta:body weight and
heart:body weight ratios. The placental weights of both
experimental groups were the same as control values. in the
experimentally hypoxic animals, placental diffusing
capacify/kg fetal weight was/increased markedly. In
contrast, the placental diffusing capacity decreased
significéntly in the exercising animals., The authors
concluded that experimental Hypoxia significantly decreased

fetal and brain weights, while the fetal bfain:body and e

heart:body weight ratios were larger. This suggested that
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the fetal brain and heart grew. disproportionately larger
than the rest of the body which resulted from the 'sparing'
of brain andfheart by a‘redistribution of fétal cardiac
output favouriné these 'survival' orggnsv(Gilbert et al.,
1579). Maternal exercise, however, did m&t alter fetal body
weight, or organ weigh£s when compared to controls.

In a later study, Gilbert et al. (1981) assessed

different intensities of maternal exercise on the fetuses of

-

pregnant guinea-pigs exercised inf during pfegnancy. The
maternal exercise ihtensities consisted of a treadmill speed
of 9.7 m/min up a 6.5% grade af one of five exercise le&els.
The first level consisted of maternal exercise for 15
minutes, once daily, the second was 15 minutes, twice ‘daily,
total time 30 minutes; the third was 15 minutes three times
daily, total time 45 minutes; the four;h was 15 minutes, 4
times daily, total time 60 minutes. The final group did not
exercise (0 minutes). All the exercising animals ran 5
days/week. The authors assessed fetal body and organ
weights, placental weiéht and maternal body and heart weight
near term (on days 63 and 64 of gestétioni. The results
demoﬁ;trated‘a decrease in fetal -body weight, piapental énd
fetalfkidney weight vélues as fhe level (time) of maternal
éﬁercisé increased. No changes were éxhibited in fetal heart
and‘bréin weight butlthe ratio of'heart;body weight and
bfaiﬁ:bbdy weight ratios were incfeased at the higher levels
of exercise. Fetal body weight vaiﬁes were found to décreaée

by 30% in the 45 minute/day exercise group and by 11% in the
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60 minute/day exercise group. The results also demonstrated

a decrease in placental weight and a redhction in placental
diffusing'capacity/kg of fetal weight. The authors éuggested
that the fetus was compromised at the higher levels of
exercise by aismaller placenca with less diffusing
'capacity/kg of fetal tissue (Gilbert et al., 1981).

In a more,extensive report of the same experiment,
Nelson et al. (1983) showed that maternal body weidht
decreased significantly with 1ncrea51ng levels of exerc1se.
It appeared that the maternal body ygrew at a slower rate
during gestation in-the exercise groups than 1n-the contror
group. They determined this.py estimating the maternal.
growth rate which was equivalent to total matefnal weight
minus fetal and placental weight at term, divided by the
number of days of gesﬁation._No alteratipns were found,
however, in maternal heart weight values for.the exercising
. groups. The authors concluded that the decrease in fetal
body weight values d1d not become apparent untll a maternal
exercise intensity level greater than perhaps thirty minutes
per day was attained. Maternal exercise produced detrimenﬂal-d
effects on fetal growth and developmen;,“These effects wepe
first observed at low levels of maternaixexetcise by' |
alteratlons in placental weight and placental dlffu51ng
_capac1ty, whllst at the higher levels of exerc1se,‘
reductions in fetal body welght'were.observed (Nelson et

al., 1983). .
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smith et al. (1983), also from the same research lab,
used stereological techniques to assess the peripheral
labyrinth exchange area of guinea-pig placentas from the
samé execise protocol used by Gilbert.et al. (1981) and
Nelson et al. (1983). The data demonstrated that placental
diffusing capacity and maternal Surfaée area in the
peripheral labyrinth exchange ;rea both decreased as the
level of maternal exercise increased. The ratio of fetal
weight:maternal weight varied as a function of placental
diffusing capacity. In compar&ng the sum of maternal and
fetal placental surface areas for each exercise group with
the average gétal weight values forqeach group, 1t was
‘demonstrated that the fluctuations found in fetal surface
areas may compensate, at least in part, for thé decrease
found in maternal vasculature, which may prevent changes 1in

fetal weight, ‘at least at the more mild levels of exercise

(Smith et al., 1983) ’

‘ . B
EFFECTS OF PREGNANCY AND EXERCISE IN SHEEP (AND PYGMY

GOATS):

Most of the literature pertaining to maternal exercise
and the effects on mother and fetus has dealt with pregnant
sheep and fetal lambs. The ewe and fetal lamb have been used
“extensively for invasive research monitoring uterine blood
flow, pO, levels in both mther and fetus, and alterations

in fetal blood flow and fetal metabolism (NICHD Summary

Report, 1982). A review of the literature, however,
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indicates that there are two groups of researéhers, one
group showing that there are no alterations inr
uteroplacental blood flow (UBF) and therefore no alterations
in fetal environment as a resultﬁof maternal exercise, and
another group of investigators, who have found significant
changes in fetal growth in association with maternal
exerclise. These as yet unexplained variations in reports may
possibly have resulted from differences in exercise
intensities, the physical condition of the animalé (tfained‘
or untrained), or from other stresses indirectly related to
maternal exercise (Such/as the invasive techniques)
(Lotgering et al., 1983a).

Emmanouilides et al.‘(1972) examined the effects of
repeated bouts of acute maternal exercise on the sheep fetﬁs
in twelve pregnant ewes. In four of these ewes an umbilical
artery was deliberatel§ ligated to produce a state of 'fetal
~distress'. The range in gestatienal age that surgery
occurred was between 100 and 130 days (term=about 147 days):
In group A, a catheter was placed into the fetal abdominal
aorta and another was placed into the umbilical vein. In
group B, 'fetal dfstress' was 1nduced by ligation of an
umbilical artery, and a catheter was inserted into the fetal
aorta. A catheter was also inserted into one of the maternal
carotid arteries. After eight to thirty-two days following
the initial operation, the pregnant ewe was exercised on a
treadmill at 2.0-2.5 miles/hour for 30 to 60 minutes. As a

result of experimentation, five of the pregnant animals gave
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birth to near-term viable offspring, one ewe with a twin
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pregnancy died of a ruptured uterus after the fourth
exercise test, and one ewe spontaneously delivered a
stillborn lamb three days aftef the fifth exercise test
(total number of exercise tests were not given). The authors
indicated that this type of maternal exercise in the sheep
induced decreases in fetal pO, values suggesting a °
diminished oxygen supply to the fetus. This alteration was
usually transient and tolerated fairly well in fetﬁses
without umbilical ligation. However, the fetuses (in group
B) with ligated umbiﬁica} arteries were unable to tolerate
maternal exercise as well as the fetuses of group A
(Emmanouilides et al., 1972). The authors also postulated
that the decreases in fetal oxygenation found during
maternal exercise was probably due to a reduction in UBF.

It is difficult to attribute the results of |
Emmanouilides et al. (1972) only to:the effects of maternal
exercise. fhe pregnant animals were notvtrained or even

e
familiarized to the treadmilf\apparatus. In addition, the
animals were all at various gegfational ages and the initial
exerciée testing occurred between 8 and 32 days after
surgery which may have altered the results. The facz that
Emmanouilides et al. (1972) reported five.'near-term'
deliveries, one death of a pregnant ewe from a ruptured
uterus after fouf exercise sessions and the birth of a

stillborn lamb after five exercise sessions would indicate

the stressfulness of the techniques involved; surgery,



117

invasive catheters, new apparatus (treadmill) and
environment. The results of their study may not only
indicate the effects of acute maternal exercise but alsq may
demonstrate the reaction of the animal to additional stress.

Longo et al. (1978) also reported a significant
decrease in fetal descending aortic pO, values which fell by
19% in nine chronically cgtheterized,fetal laﬁbsi They"
exercised their pregnant\ewes at a treadmill speed of 43
m/min for 20 to 45 minuteg at 10° inclination. Again, no
mention was made of eilther familiarization of the aﬁimals to
the equip&ent gr to any training protocols. The authors also
reported a significant decrease of 59% in uterine blood fléw
(measured with an electromagnetic flow probe) during
maternal exercise. Four ewes were exercised for 15 minutes”
twice‘daily during the last three to four months of |
pregnancy. The fetal lambs of these animals weighed o
significantly less than controls. The authors concluded that
'moderate’ to 'heavy' 'sustained' maternal exercise resulted
in significant fetal 'hypoxia"and may cause intrauterine
growth retardation (Longo et al., 1978).

Chandler and Bell (1981) also found that acute exercise
at 0.7 miles/hour on a 10° incline for 60 minutes produced a
reduction in UBF of 36% in pregnant ewes near term. Fetal
pO; values also declined. These findings would support the
results of Longo et al. (1978).

In two more recent studies Lotgering et al. (1983A and

o

1983B) (from the same research lab as Longo et al., 1978)
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examined acute exercise responses in pregnant catheterized
sheep. In a preliminary experimept they determined VOzmax.in
each of the thirteen animals (gestational age -was not given)
by assessing cardiac output and arteriovenous oxygen content
difference during intermittent exercise sessions of ten
minutes at increasing levels., Following this, in the main
experiment, UBF during three different exercise intensities,
was measured. The first exercise intensity lasted for 10
minutes at 70% VO.max, tge second for 10 minutes at 100%
VO,max, and the third session was 40 minutes in duration,
at 70% VO,max. The gestational age at the time of study was
117 to 138 déys of pregnancy. The ewes were conditioned to
walk on the treadmill at varying speeds for short
intermittent periods of time totalling 10 minutes daily for
one week before surgery occurred. The pregnant animals weré
removed from food 12 to 24 hours before surgery, although
free access to yater was-givén.—Dugjng surgery the fetal
ascendin@nana descending aorta, suéerior and inferior vena
cava were catheterized. The maternal animal was also
catheterized to determine UBF. |

" The results of Lotgering et al. (1983A) showed that UBF
was reduced immediately at the onset of maternal exercise
and remained significantly below control values for the
duration of exercise. A more pronounced feduction in UBF
occurred with the heavier exercise sessions (100% VO,max)
and with e;ercise of longer duration (70% VO,max for 40

minutes). After the exercise sessions the UBF gradually
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reached pre-exercise values within 20 minutes, and after fhe
longer exercise session an insignificant overshoot of 4%
above resting blood flow occurred. Plasma volume was also
found to decrease an average of 20% during exercise at 70%
VO,max. An alteration in plasma protein concentration was
also found but was only 24% of the change in plasma volume,
which indicated, however, loss of both water and proteins
from the intravascular compartment. The authors concluded
that acute‘exercise during pregnancy caused major
physiological alterations ingthe maternal animal, such as a
reduction in UBF (Lotgering et al., 1983A).

The”results of Lotgering et al. (1983B) demonstrated
considerable temperature increases during maternal exercise.
Also, a decrease in fetal arterial oxygen content of 27% ahd
a reduction of 11% in fetal oxygen tension during prolonged
maternal exercise (40 minutes at 70% VO.max) were reported.
There were increased maternal and fetal lactate
concentrations during the 40 minute exercise session (70%
VO:max). During short exercise sessions, however, fetal
lactate values did not alter significantly despite elevated
maternal values. Glucose and lactate are actively
metabolized by both  the fetus and placenta (Burd et al,
1975; Charr andgd Creasy} 1976; Lotgéring et al., 19838)‘éhd
because of this it is difficult to determine the |
pHysiological implications of increased plasma
concentrations as a result.of maternal exercise,. No acute

alterations were reported in placental diffusing capacity
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duriné maternal exercise when compared with pre-exercise
control values. Despite the significant reduction in UBF <§§
during maternal exercise, uterine VO, was maintained as a
result of maintained oxygen hemoconcentration and increased
uterine oxygen concentration. The authors suggested that
acute maternal exercise of these intensities did not
represent a major hypoxic or stressful event to the
developing fetus (Lotgering et al., 1983B).

The conclusions suggested by Lotgering et al. (1983A
and 1983B) were in direct contr%s% to Emmanouilides et al.
(1972), Longo et al. (1978) and Cgandler and Bell (1981) who
reported that maternal exercise may cause intrauterine
growth retardation. Perhaps the familiarization of the
animals in the studies of Lotgering et al. (1983A§@pd 198§B)
reduced the stress of an unfamiliar situation and apparatus.

The results of Lotgering et al. (1983A and 1983B) also
support the findings of other researchers using catheterized *
pregnant ewéé who‘found no alterations in fetal lambs as a
resul£ of acute maternal exercise (Orr et al., 1972; Curet
.et al.,1976; Clapp, 1978; Clapp, 1980). However, it should
be pointed out that Ofr et al. (1972) reported a
non-significant increase in UBF during maternal exercise (no
animal familiarization was reported). Curet et al. (1976)
analysed UBF following maternal exercise and also reported
no significant change. This latter group of authors

"trained'. their pregnant animals for three weeks prior to

measurement. The 'training' protocol, however, was a



121

treadmill speed of 3 miles/hour) 10% elevation to the point

of exhaustion twice a week for :Le three weeks prior to

\\ experimentation. Clapp (1980) found a significant reduction

\\iQ\UBF in near-term pregnant ewes only with the onset of
exhaustion (by acute sustained treadmill exercise). The
pregnant animals were accustomized to a stationary treadmill

a

for one tg two hoﬁrs with free availability of food and
water (Clapp, 1980). . ’

Errors in measured UBF may be an important variable
during maternal exercise. For example, Lotgering et al.
(19834) listed four major problems. These included technical
errors in the use of an electromagnetic flow probe, movement
in the flow probe during maternal exercise resulting in
vessel spasm, contraction, or stimulation of a sympathetic
response, excessive cétecholamine release before or during
maternal exercise because of the stress of the treadmill and
the new environment, and incorrect surgical techniques (such
as denervation of uterine vessel sympathetic nerve supply).

The studies of maternal exercise in pregnant Pygmy
goats should not go without mention. Dhindsa et al. (1978)
reported that pregnant Pygmy goats, accustomed to standing
on a treadmill anq walking at 1.5 miles/hour up a 10° grade
for ten minutes, one to two times per week, produced
significantly smaller twin birth weight values than matched
controls. The singleton births bf exercised mothers were of

normal weight. However, before each study session the

pregnant goéts were kept from food for 20 hours but were
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allowed free access to water. Since maternal nutrition is an
important element in fetal growgﬁ(and development (Young, ‘
1976), pérhaps the 20 hour food deprivation in these
pregnant goats in combination with maternal exercigé may .
have played anlimportant factor in fetal outcome, especially
in multiple pregnancies.

Hohimer et al. (1984) measured UBF in exercised
pregnant Pygmy goats, and in addition, these authors
separated UBF into myoendometrial and cotyledonary
(placental) components of uterine vasculature. Pregnant
Pygmy goats (of approximately 80 days gestation) were taught i
to walk on a treadmill at a speed of 0.5 miles/hour for .10 |
minutes, three times/week. The speed was gradually increased
to between 1.5 and 2.0 miles/hour up a grade of 10° or 15°,
three times/week. This type of exercise did not affect birth
weight values when compared to controls, even in twin
birthé. However, uterine artery blood flow was decreased by
32% f}om control values and total uteriné blood flow
degreased by 18%; cotyledonary (placenfal) blood flow by 8%,
while myoendometrial blood flow dropped by 52%. The authors
concludgd that the nonplacen;al portions of the uterus in’
pregnant Pygmy goats showed significant altefations in blood
flow as a result of acute maternal exercise. This
redistribution of blood flow from the myoendometrium to the
placentai portions would agree with Curet et al. (1976) who

also reported the same effect as a result of maternal

exercise in pregnant sheep.
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In contrast to the reporthf Dhindsa et al. (1978),

. Hohimer et al. (1984), also from the same laboratory,
reported no significant reduction in the birth weight values
of twin kids born to goats of‘tbeir study. Hohimer et al.
(1984) based this difference on the way in which the goats
were 'trained' to exerciée. In the previous experiment
adversive shock treatment was given to any animal that
stopped exercising, whilst in the latter study the goats
were 'trained' to exercise by rewarding the animal either
with food or by petting when the pregrant goats performed
well (Hohimer et al., 1984).

PREGNANCY AND EXERCISE IN HUMANS:

The normal alterations in mammalian pregnancy that
occur such as an increase in maternal blood volume, cardiac
stroke volume and cardiac output and redistribution of organ
blood flow are more pronounced in human pregnancies than in
other mammals (NICHD Summary Report, 1982). Maternal
hemodynamics in.the human are uniquely sensitive to
alteratians in body position especially towards the later
stages of gestation (Ueland et al., 1969; NICHD Summary
Report, 1982). In addition, normal maternal resting heart
rates have been shown to increése approximately 10 to 15
beats/minute above non-pregtiant valués-{Artai et al., 1981),
while in}the pregnant rat, for example, no significant
differences were found in resting heart rate values between
paireq‘pregnant and non-pregnant rats (Atherton et al.,

1982). The upright human posture and the pobling of venous
&

v
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blood in the lower extremities (Metcalfe et al., 1981) may

cause the heart of the pfegnant woman to work harder to

compensate for this pooled blood and hence the elevated

heart rate.

Not only'do problems exist in comparing quadruped data

to human data but also the following problems are found in

the literature relating to human data alone:

1.

The training state or preconditioned status of the
exercising pregﬁant woman usually is not

mentioned.

The assessment of exercise effects occur during
diffefent'gestational periods, usually‘the third

trimester.

The nutritional aspect of pregnant women cannot be

controlled.

The position of the exercising woman must be taken
into account. Supine positions are found to cause
occlusion in the inferior vena cava by the

pregnant uterus (Metcalfe et al., 1981).

Wei ht—bearing*éxercise (suqh as treadmill
running) éannqt be compared to non-weight-bearing
exercise (such as swimming and/or bicycle
ergometer exercise) (Knuttgen and Emerson, 1978).

((ﬂ

‘The intensity of the maternal exercise must be
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7. Subject criteria such as weight and age must also

be reportgd.

8. The differences between the effects of voluntary
maternal exercise, such as fecreational
activities, and forced maternal activity such as
that experienced by women who must seek employment

outside the home, must be considered.

-

Acute Responses to Exercise in the Pregnant Human:

In 1970, Guzmén and Caplan reported the monthly
cardiorespiratory résponsevto standardized mild and moderate
hicycle ergometer exercise in 8 pregnant women from the
first trimester until term and 3 months postpartum. The
parameters.measured included; maternal heart rate (HR),
respiratory frequency (f), V0., and cardiac output (CO) at
each of the exercise levels; 150, 250 and 350 kg-m/min, Ten
minutes of rest Sere allowed following each test. The women
had a mean age of 24.2 yéars (range=16 to 33 years). The
results showed that as pregnancy advanced, the resting
ventilation increased non—proportio;:tely with the amount of
oxygen consumed and thus a resulti%g decrease in alveolar
pCO, occurred. Durgng exercise this same occurrence was
replicated with the resultant aecline in alveolar pCO,.
"here was a progressive rise in HR throughout gestatioh \

which was most noted at the lowest workload. At increasing

levels of work, HR was significantly higher than postpartal
o
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values.‘There was no decline in resting CO near term perhaps
because the subjects were measured in the sitting\positibn
rather-than in supine recumbent. There was an increase 1in
exercise CO per unit increase in oxygen uptake and this was
proportionately similar in all stages of gestation which
compared well to control measurements. This indicated good
myocardial reserve. However, the pregnant women feached
maximum CO at a lower level of exercise than wheq
non-pregnant. The increase in CO during exercise &;s
attributed to an increase in-HR and SV, with HR contributing
more during late gestation, particularly at the lower
exercise workloads. The authors conclpded that whatever the
mechanism of the "hyperkinetic" aspect of gestation, it
appeared to be well established before the Zch week, did
not change with the size of the uterus or conceptus, and was
sustained until the time of birth. The rate of increase in
ventilation and in CO with increasing work done were similar
throughout gestation as in the state of postpértum,which may
imply that the physiological respohse to exergise is the
same in both conditions. waever, in the pregnant state,
women reéch their maximal work tolerance at a lower work
level than in the non-pregnant (postpartél) state (éuzman
and Caplan; 1970).

Ueland et al.(1973) suggested that standard exercise on
a bicycle ergometer costs more, with régard to oxygen
consumption, at term than it does in early pregnancy or

postpartum but this difference is not significant. The
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greater response of the maternal heart during exercise
(sitting) and the increased mechaniCal effort of breathing,
to a standard workload evokes a greater 'CO than does the
same workload postpartally. The larger CO snpplies a higp -
mean oxygen tension in the peripheral eapillaries expeciallj
during early pregnancY at rest and during thiS’type of
standard work. The kidneys and uterus are thougnt to be
hyperemic during early pregnancy and this adjustment-
persists during exereise in the sitting position. Thus,
these tissues have their oxygen needs provided at a
relatively high poO,. | - “
* " pernoll et al. (1975) measured oxygen consumption in 12
‘normal pregnant women, at rest, sitting on a bicycle n
ergometer»and during standard steady—state exercise.‘The
subjects ranged in age from 25 to 34 years, with a‘mean
weight of 60.6 kg (range 53.2 to 69.5 kg). The workload was
50-Watts, pedalling~rates of 40-50 rpm,“nitn a fixed
WOrkioad of 306 kpm/min. The duration of exercise was 6
~ minutes. The results shewed a progressive increase in
resting VO, as pregnancy advanéed reachlng 33% above
non- pregnant levels (12 to 14 weeks postpartum) by 39 to 42
weeks gestatlon. VO, durlng standard steady state exercise
also 1ncreased progressively as pregnancy advanced.reachlng
'a mean of 15% above non-pregnant values (12 to 4 weeks
o postpartum) at 39 to 42 weeks of gestatlon. U31ng palred
t-test values, a 51gn1f1cantly greater oxygen debt
(approx1mately 14% larger) was found at 30 to 42 weeks of

3
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pregnancy compared to 12 to 14‘weeks postpartum. The authors
stated that a small portion (about 20%) of the increased
oxygen cost of exercise during pregnancy may be due to the
increased work of the respiratory muscles associated with
hyperventilation. CO algo increases more during standard
exercise in the pregnant woman, thus elevated myocardial VO,
may add to the rise 1n oxygen debt of maternal exercise

during pregnancy. However, the augmented VO, during exercise

&

and the oxygen debt iﬁcurred in late pregnancy when compéféd
to postpartal values, apéeared to be substantially larger
than could be explained by the increased amount of
respiratory and myocardial work. They concluded that the
efficiency of performing mild maternal muscular exercise
decreased in humans during pregnancy (Pernoll et al., 1975).
Artal et al. (1981) exercised prégnant women for 15
m}nutes on a motorized treadmill at a constant speed of 2
mph. This type of activity was considered to be "mild"
exercise estimating an oxygenlcdﬁshgﬁtion of under 0.5
l/min; Maternal average heart rate increased to 104%2.7
beats/min. Dressendorfer and Goodwin (1980) had their
pregnant subjects pedal a bicycle ergometer while sitting in
a seml-recumbent position, progressi&ely increasing the
workload by 150 kg-m/min every 2 to 3 minutes until maternal
‘heart rate approached a pre-determined endpoint of 150
beats/min. Oxygen consumption for7§he exercising pregnant

women on the ergometer increased from a resting value of

0.27 1/min to 1.85 1/min at a maternal heart rate of 146
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beats/min. This was considered to be aerobic exercise #f
approximately 80% of maximum. Maternal systolic blood
pressure values increased substantially in both groups of
exerclsing pregnant women.

It 1s interesting to note that in both groups of
exercising women, whether they were engaged in
weight-bearing or non-weilght bearing activities, oxygen

f .
consumption increased propoftionately to the amount of work
dqne as determined by oxygen consumption at the working
maternal heart rate. Resting maternal heart rate was
approximately 12 Peatg/min lower in the more "fit" group
during the same g;stational time period. |

The classic study by Morris et al. (1956) should-rfot go
without mention. The authors measured UBF before, during and
after exerciée in 21 normal pregnant and 19 pre-eclamptic
pregnantqwgmen. The yomen exercised on an "exercycle"
devised for bed use and each woman pedalled to maintain a
speed of 10 mph for 4-5 minutes. They then stopped, and
diffusable sodium ion injections were made into uterine and
leg sites. They continued cycling for 6-9 minutes more,
reaching an average of 450 revolutionsrip 10-16 minutes of -
total work done. There was no difference in the amount of
work done between the normal and hypertensive groups. The
results showed that blood flow to the thigh muscle during
exercise almost doubled from resting values with a decrease

in UBF. Oniicessation of exercise the blood flows were

reversed. The initial restoration of UBF was SO dramatic
v A

#
%
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that it was termed a "flush-back” of blood to the uterus.
These researchers conclﬁded that during normal pregnancy
resting blood flow to the abdgggpgl viscera 1s 1n excess of
required oxygen so that during\éxercise a considerable
amount 6f the blood supply can be shunted to maternal
working muscles without detriment. In a normal pregnancy the
ability of the fetus to withstand blood flow fluctuations
from maternal activity depends on the amount of reserve and
on a functionally efficient placenta. The "flush-back"
effect was found to be greater in the pre-eclamptic women
which may suggest that uterine hypoxia may be greater than
in the normal pregnant woman (Morris et al., 1956). However,
the women in Morris et al. study (1956) participated in the
exercise while in bed in the supine recumbent position and
since supine position during pregnancy has been shown to
occlude the IVC and the abdominal aorta (Metcalfe et al.,
1981), it raises the question of whether the values reported
are not actually artifact resulting from the maternal
position during exercise.

Physical Training During Pregnancy In Humans:

Erkkola (1976A) examined the influence of physical
training during pregnancy on physical work capacity (PWC)
and circulatory parameters in a group of 6 healthy pregnant
women. The subjects were primigravidae between 20 and 26
years of age. The pregnant women were divided into 2 groups.
The training group‘began a training program in the 10th to

i4th week of pregnancy and continued until term. These women
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were instructed to perform one hour of strenuous exercise
three times per week throughout pregnancy. The women
controlled the intensity of the exercise session by
monitoring HR to 140 beats/min several times during the
hour. During the first two trimesters all exercise tfpes
were recommended but during the last trimester bumping or
compressing exercises which compressed the uterus were not
allowed. All of the women in the training group exercised
over 60 hours total training time and about 50% of them
exceeded 80 hours. The control group did not participate in
any extra activities. In the 38th week of gestation all the
women had a preliminary 12 minute work bout on a bicycle
ergometer. The test ended when maximum voluntary fatigue
occurred. The results showed that the pregnant training
group improved their "physical fitness" by 27% which was
significantly higher than in the control group. The PWC in
the training group improved about 10% during pregnancy and
at 2 weeks before the end of gestation PWC was at the same
level as in non-pregnant women of the same age. At term all
HR and blood pressure reapings were lower in the training
group compared to the control group but these differences
were not significant. Erkkola (1976A) concluded that
training had little influence on HR and blood pressure
parameters during pregnancy. No disturbances in pregnancy
were noted as a result of the submaximal exertion test on
healthy women in various aspects of gestation although the

effect on the fetus were not measured directly (Erkkola,
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1976A).

In another study by Erkkcla (1976B), he determined the
‘correlation between maternal PWC and the course of |
pregnancy, labour and birth outcome. The 149 pregnant women
were between 20 and 26 years of age. PWC was analyzed in the
same -manner as his previous experiment (Erkkola, 1976A). All
the women werélgxamined on the 38th week of gestation. The
results showed that pregnant women with a PWC above the mean
value for non-pregnant women had an "almost" significantly
shorter labour time, when 1t was spontaneous. There was
almost a significant differénce between infants weighing
over 3.5 kg (7.7 1b) in this group of women than in the
group with a PWC value below that for non-pregnant women.
The more "fit" group also had heavier placental weights
(without umbilical cord and membranes). As mentibned
previously Erkkola (1976B) presumed that a high maternal PWC
leads to a heavier placenta with a better circulation and
gaseous exchange which 1s therefore beneficial for fetal
well-being.

Dressendorfer and Goodlin (1980), monitored maternal
heart rate (HR) in the 5 pregnant physically fit women
(between 32 and 39 weeks gestation) and fetal heart rate
(FHR) responses during maternal exercise onba ﬁicycle
ergometer were also measured. These pregnant women
participated in a moderate endurance t;aining program

consisting of lap swimming 30 to 45 minutes at least three

times/week during pregnancy. The exercise stress test which
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monitored fetal and maternal HR was progressively increased
from 150 kg-m/min every 2-3 minutes until each subject
completed a workload of 150, 300, 450 and 600 kg-m/min
without volitional fatigue. The predetermined end point for
maternal HR was 150 beats/minu;e. The measurements of |
maternal and fetal HR were obtained during exercise in the
last minute of each_workload; The average fetal base-line HR
before exercise was 142 beats/minute (range=135 to %52). FHR
recorded at peak exercise averaged 149+5 beats/minute. The
results indicated that the.HR's‘in both mother and fetus
increased linearly with greater production of aerobic
energy. However, FHR increased by only-7 beats/minute above
the base-line pre-exercise level while maternal HR rose by
70 beats/minute. FHR increased approximately one beat/minute
to every 10 beats/minute increase in maternal HR during
graded submaximal exercise. The author's suggestions to the
possible causes of this slight but uniform augmentation in
FHR were an elevated circulating catecholamine level in the
exercising women, perhaps thé increase in fetal movements
that were also noted during exercise, and an increase in

" uterine contractions. Since extreme beat tg'beat variaBility
in FHR at rest and during exercise occurred and was found to
range between 5 to 20 beats/minute and a cyclic variability
in FHR of 10 to 20 beats/minute was observed in all
subjects, the authoré concluded that the fihdings portrayed

a normal FHR response to dynamic exercise of a submaximal

workload and the aerobic exercis§ which increased maternal

%
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HR to about 80% of max VO, did not elicit changes leading to
sustained fetal bradycardia or tachycardia. .

Collings et al. (1981) trained 12 pregnant women at 65
to 70% of their max VO, for three 30-minute sessions per
week on a bicycle ergometer throughout the second and third
trimester. Acute fetal responses were assessed by
auscultation of FHR before, during and after the exercise
‘sessions. Average FHR 10 minutes (ayerage=147 beats/minUte?
and 20 minutes (average=148 beats/minute) into the exercise
session and 5 minutes after the exercise bout (average=147
béats/minute) were significantly greater than pre-exercise
FHR values of 143 beats/minute (p<0.01). Long term fetal
effects from méternél traininaiwere determined by the
comparison of birth outcome (birth Qéight, length, placental
weight, 1 to 5 minute Apgar scores and gestational age)
between the training group and a control group (who did not
participate in any regular exercise program). There were no
significant differences between the traininé group and the
control group with regards to birth outcome or labour
duratlon. The authors concluded that FHR 1ncreased slightly
during maternal exercise but still remained within normal
limits. Reqular exercise of this type did not influence
length of labour or birth outcome (Collings et al. 1981).

Dale &t al. (1982) studied the effects of running
during pregnancy involving both retrospective and
longitudinal neonatal evaluation of 33 pregnant runners and

11 controls (pregnant non-runners). The retrospective sample
[ ] ’ .
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included women who experienced pregnancy 1n the past 5 years
and ran dufing the duratién of that pregnancy. These 21
women were between 24 to 35 years of age (average=30 ,years)
with a prepregnancy weight of 50 kg (110 1b.). All of the 21
women had run prior to pregnancy with a mean prepregnancy
distance/week of 18.7 miles. The average distance run in the
first trimester of pregnancy was 14.2 miles/week; 10.9
miles/week in the’second trimester and 6.6 miles/week dur{pg
the last. The average prepregnant running speed was 8.5
min/mile which increased to 10.25 min/mile during gestation.
Infant birth weights were from 2.0 kg (4 1b 7 oz) to 4.36 kg
(9 1b 9 oz) with a mean birth weight of 3.4 kg (7.5 1b.).
All infants except 2, were born at term. |

This longitudinal study (Dale-et al., A982) monitored
simultaneously maternal and fetal HR pattefns before, during
and after exercise. Twelve pregnant runners were assessed in
this manner while engaging in treadmill running. The
subjects were meonitored in the left lateral position for 10
minutes prior to treédmill running. The exercise protocol
began at 2 miles/hour with an incline of 3°. After 2
$inutes, the speed increased to 4 miles/hour with an incline
of 5%. Three minutes later the spegd waé kept constant while
the incline was increased to 10%, From standardized charts
maternal submaximal HR was dete{mined to be approximately
80% prédicted max V0,. Upon completion of the exercise test,
the subjects returned to the left lateral position fof.

another 15 minutes. Eleven pregnant controls were matched
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i+t—~the group of 12 pregnant runners. The mean age was 28
years and the mean prepregnancy weight in the running .group
was 51.4 kg (113 1b) and for The control group the average
was 52.7 kg (115.9 1b). This running group averaged 13
miles/week for the-first trimester; 12.9 miles/week for the
second and 9.2 for the last. Training speeds decreased from
9 min/mile to 12 min/mile during gestation. Mean infant
birth weights were 3.4 kg (7.45 1b) and 3.5 kg (7.6 1b),
respectively. The results of FHR monitoring in 3 pregna;t\
women showed that initially during the*exercise session
there was a temporary decrease to 90-115 beats/min in FHR
for 2 to 3 min., (compared to baseline levels of 125-140
beats/min), with a recovery to the normal range (120 to 160
beats/min) after the 3 to 3.5 min mark and before submaximal
cardiac level was achieved.

The results from Dale et al. (1982) shoWedﬁno
significant differenceg between the women who ran during
pregnancy and the non-runner controls regarding labour
length and delivery, and incidence of complications. There
was, however,'a "spggestive trend" in the training group, of
failure to progress during labour which resulted in an
increased rate of cesarean section and more freguent major
obstetric complications were found iﬁ the running group.
Birth outcome showed that average infant birth weights were
almost similar in both groups. However, there were more

neonatal complications reported in the control group. The

fetal bradycardia reported during the exercise test should
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Anot be ignored. It was fortunate that the bradycardia was
temporary and that recovery to normal patterns occurred
while exercise was still in progress. The cause of the
depressed FHR was difficult to explain but it does not
appear to be due to the generation of metabolic acids (ie.
lactic acid) because time of occurence was insufficient. The
authors concluded that these results suggested that exercise
stimulus of this type did not seriously compromise the
function of the uteroplacental systeme(Dale et al., 1982).
By comparison of the FHR base-line values found in the
study by Dressendorfer and Go?dlin (1980) (135 to 152
beats/min) to base-line values (125-140 beats/min) found for
Dale et al. (1982), there definitely is a large varilation
between these reports even though botg are within the normal
FHR range (120 to 160 beats[Fin) (Dressendorfer and Goodlin,k
1980). Both groups of pfegnant women were defined as
physically\fit; in the first study the pregnant women Sswam
(weight-supported) while in the second study the pregnant
women’jogged (weight-bearing). The exerqise stress test
performed on both groups of women elicited a wofk load of
approximately 80% VO, but the first study was performed on a
bicycle‘:;gometer (again weight-supported) and the second
was performed on a treadmill (again including maternal
weight). Both exercise tests were performed during the last
“trimester of pregnancy. The $light temporary decline in FHR

reported in the treadmill group (90 to 115 beats/min) for 2

to 3 minutes during exercise is interesting when this did



138

not occur in the weight-supported group; in fact a slight
increase in FHR occurred; This difference i1s difficult to
explain but perhaps”the small number of pregnant women
monitored in both groups (n=5 and n=3, respectively) and the
inaccuracies fo;na in recording FHR especially during
maternal movements can add some.insight. It is interesting
to,note‘that Collings et al. (1981) also trained pregnant
women on a bicycle ergometer and reported FHR values
comparable to Dressendorfer and Goodlin (1980). The
difference in baseline levels found could be attributed to

the different maternal .positions used for base-line

monitoring; ie. Dressendorfer and Goodlin (1980) and

'Collings et al. (1981) measured the pregnant wc.en while

seated on a bicycle ergometer and Dale et al. (1982)
monitored FHR while the pregnant women were in the left
lateral position. As reported previously, maternal position
can influence mate;nal resting cardiovascular measurements
because of its effect on the inferior vena cava. Perhaps

weight-bearing exercise in the human can somehow affect FHR

response even though it appeared to be transitory.

Sollings et al. (1983) assessed the effects of training
on maternal and fetal responses. Twenty pregnant women

participated in the study..Twelve of the twenty women

‘participated in a supervised exercise program based on each

woman's max VO,. The resultant training intensity for the
exercising women was 65% to 70% max VO, and the training

heart rate average 152 beats/minute. The women exercised
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gce times/week for about 13.4 weeks and each exercise

}ion began with 10 minutes of flexibility warm-up
:rcisés, followed by 10 minutes of lighﬁ pedalling on a
,Jéicycle ergometer. Each woman then pedalled at her
prescribed training intensity for 25 minutes. Fetal and
maternal HR were monitored. The results showed an 8%
improvement in functional aerobic capacity of the training
women when gompared to the control women‘:ho did not
exercise during pregnancy. The results also suggested that
maternal exercise of this level did not affect fétal growth,
.
as indicated by no diffe . ..cc in birth weight, birth liength,
and placental weight values when compéred to controls. A
small significant increase was found in FQR values during
sternal exercise of this intensity level (ffom 144
beats/minute to 148 beats/minute) although these values were
within normal range. No beneficial or detrimental effects -
were seen on labour duration as a result of the maternal
exercise (Collings et al., 1983). ,{g
There is one other factor that must be considered wh;g
assessing exercise and pregnancy in the human and that is
the effects of working outsidé the home during pregnancy on
fetal outcome. Naeye and Peters (1982) analysed 7,722 women
who were placed in one of three work categories: they did
not wogk outside the home; had employment outside the home
that required sitting most of the time; or had employment

outside the home that required standing most of the time.

The study reported that women who held employment outside *,

N
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the home had lower birth weight'values fhan womén who
remained at home dufing the last trimester of pfegnancy. The
smaller birth weight values were most severe when the
employed women had stand-up jobs, continued émployment until
near the end of gestation, were hypertensive or had other
children to care for when they returned hém& from work
(Naeye and Peters, 1982).

The results of Naeye and Peters (1982) demonstrate one
more féctor that cannot be controlled when assessing the
effécts of maternal activity on fetal outcome, that of
working outside the home. It is interesting to note that of
the ‘human. data presented, neither acute maternal exercise
nor pregnant women who'trained-dur}ng pregnancy, .showed any
detrimental effects on fetal outcome. However, fetal growth
retardation was found in women who were required to wbrk |
during pregnancy. The data collected on women engaged in
maternal exercise were volunteers, while the pregnant women
working outside theﬁhome may be ffofced' to do so. Perhaps
in human research, the added emdtional and mentalwstress §f

employment complicates the actual assessment of 'physical

work' that occurs outside the[home.



REFERENCES

Abel, E.L. "Consumptlon of alcohol durlng pregnancy A
review of effects on growth and development of
offspring”. Human Biol. 54(3):421-453, 1982.

Artal, R., Platt, L., Sperling, M., Kammula, R., and
Nakamura, R. "Exercise in pregnancy I. Maternal
cardlovascular and metabolic responses in normal
pregnancy”". Am. J. Obstet. Gynecol. 140:123-127, 1981.

Ashmore, C., Robinson, W., Rattray, P. and Doerr, L.
"Biphasic development of muscle fibers in fetal lamb".
Experimental Neurol., 37:241-255, 1972.

Atherton, J.C., Dark, J., Garland, H., Morgan, M.R.,
Pidgeon, J. and Soni, S.,"Changes in water and
electrolyte balance, plasma volume and composition
during pregnancy in the rat". J. Physiol. 330:81-93,
-1982. .

Avner, R.A. STAT. A basic statlstlcal service package.
Mlnneapolls, Mlnn : Contro@ Data Corporation, 1980,

Baker, H., Lindsey, J. and Weisbroth, S.H. The Laboratory
Rat.. Vol., 1. Biology and Dlseases U.S.A.: Academic
Press, 1979.

Baldwin, K.M., Fitts, R.H., Booth, F.W. and Winder, W.W.
"Depletlon of muscle and llver glycogen durxng
exercise. Protective effect of tra1n1ng" Pflugers
Arch. 354:203-212, 1975. 0 '

Bancroft, J. and Stevens, A. Theory and,Practise of .
Hlstologlcal Techniquas. Great Britaifn: Churchill
Livingstone, 1982, ‘ )

»

Barr, M. and Brent, R.L. "The“telation of the uterine
vasculature to fetal growth in the intrauterine
position effect in rats". Wegftology 3:251-260, 1970.

Bassett, J.M. and Jones, C.T. "Fetal glucose metabollsm";
In' Fetal Phy51ology and Medicine. Beard, K.W. and
Nathanielsz, P.W. (Eds.) London: W.B. Saunders Co.,
Ltd. 1976.

Bedford, T., Tipton, C.M., Wilson, N., Oppllger, R.. and
Gisolfi. "Maximum oxygen consumptlon of rats and its ’
changes with various experimental procedures. J. Appl
Physiol. 47(6) 1278-1283, 1979.

Boddy, K. "Fetal circulation and breathing movements". In:

141



142

Fetal Phlfysiology and Medicine. Beard, R. and
Nathanielsz, P. (Eds.). London: W.B. Saunders, Co.,
1976. ’

Brooks, G.A. and Donovan, G.A. "Effect of endurance trailning
on glucose kinetics during exercise". Amer. J. Physiol.
244(6):E505-E512, 1983.

Buhrdel, P., Willgerodt, H., Keller, E. and Theile, H.
"Postnatal development of rats born preterm and
postterm. 1. Body Weight". Biol. Neonate. 33:184-188,
1978.

Burd, L., Jones, M.D., Makowski, E.L., Meschia, G. and
Battaglia, F.C. "Placental production and foetal
utilization of lactate and pyruvate". Nature.
254:710-711, 1975.

Chandler, K.D. and Bell, A.W. "Effects of maternal exercise
on fetal and maternal respiration and nutrient
metabolism in the pregnant ewe". J. Develop. Physiol.
3:161-176, 1981.

Charr, V.C. and Creasy, R.K. "Lactate and pyruvate as fetal
metabolic substrates". Pediat. Res. 10:231-234, 1976.

Clapp, J.F. "The relationship between blood flow and oxygen
uptake in the uterine and umbilical circulation". Am.
J. Obstet. Gynecol. 132:410-413, 1978.

Clapp, J.F. "Acute exercise stress in the pregnant ewe". Am.
J. Obstet. Gynecol. 136:489-494, 1980.

Collings, C.A., Curet, L., and Mullin, J. "Acute and long
term effects of aerobic exercise during pregnancy on
maternal and fetal well-being”". Med. Sci. Sports Exerc.
13(2):105, 1981.

Collings, C.A., Curet, L., and Mullin, J.P. "Maternal and
fetal responses to a maternal aerobic exercise
program". Am. J. Obst. Gynecol. 145:702-707, 1983,

Corbett, K., Brassard, L. and Taylor, A.W. "Skeletal muscle
metabolism in the offspring of trained rats"., Med. Sci.
Sports. (Abstract) 11(1):107, 1979.

Cumming, D.C. and Belcastro, A.N. "The reproductive effects
of exertion"., Current Probs. Obstet. Gynec. 5(8):23-35,
1982.

Cumming, D.C. and Rebar, R.W. "Exercise and reproductive
function in women". Am, J. Ind. Med. 4:113-125, 1983.

A

Cyret, L., Orr, J., Rankin, J. and Ungerer, J. "Effect of



143

exercise on cardiac output and distribution of uterine
blood flow in pregnant ewes". J. Appl. Physiol.
0(5):725-728, 1976.

Dale, E., Mullinax, K., and Bryan, D. "Exercise during
pregnancy: effects on the fetus". Can. J. App. Sp. Sci.
7(2):98-103, 1982.

Davies, K.J.A., Papker, L. and Brooks, G.A. "Biochemical
adaptation of mitochondria, muscle and whole-animal
respiration to endurance training". Arch. Biochem.
Biophysics. 209(2):539-554, 1981. \

De Villafranca, G.W. "Adenosinetriphosphatase activity in
developing rat muscle". J. Exp. Zool. 127:367-388,
1954,

Dhindsa, D., Metcalfe, J. and Hummels, D. "Responses to
exercise in the pregnant pygmy goat". Respir. Physiol.
32:299-311, 1978.

Dias, P.L.R. "Surface area of motor end plates in fast and
slow twitch muscles of the rabbit". J. Anat.
117(3):453-462, 1974.

Divibg—?atch, L. and Brooks, G.A. "Effects of training on
VO,max and VO, during 2 running intensities in rats”
Pflugers Arch. 386:215-219, 1980.

Donovan, C.M. and Brooks, G.A. "Endurance ttaining affects
lactate clearance not lactate production”". Amer. J.
Physiol. 244(1):E83-E92, 1983.

Drachman, D.B. and Johnston, D.M. "Development of a
mammalian fast muscle: dynamic and biochemical"
properties correlated”. J. Physiol. 234:29-42, 1973,

Drachman, D. and Sokoloff, L. "The role of movement in
embryonic joint development". Develop. Biol.
14:401-420, 1966.

Dressendorfer, R.H. "Physical training during pregnancy and
lactation". Physician Sports Med. 6:74-80, 1978,

Dressendorfer, P.,Q. and Goodlin, R.L. "Fetal heart rate
response to maternal exercise testing". Phys. & Sp.
Med. 8(11):91-94, 1980.

Dubowitz, V. "Enzyme histochemistry of skeletal muscle". J.
¢ Neurol. Neurosurg. Psychiat. 28:516-519, 1965.

Dubowitz, V. "Developing muscle-animal". In: Developing and
Diseased Muscle. Dubowitz, V. (Ed.). London: W.
Heineman Medical Books, Ltd., 1968.




144

Dubowitz, V. and Brooke, M. Muscle Biopsy: A Modern
Approach. London: W.B. Saunders, Co., 1973.

Edwards, M.J. "The effects of hyperthermia on pregnancy and
prenatal development”. In: Experimental Embryology and
Teratology Vol 1. Wodlam, D. and Morriss, G. (Eds.).
London: Elek Scientific Books Ltd., 1974.

Edwards, M.J., Métcalfe, J., Dunham, M, and Paul, M.
"Accelerated respiratory response to moderate execise
in late pregnancy”.~Respiration Physiol. 45:229-241,
1981. |

Emmanouilides, G., Hobel, C., Yashiro, K., and Klyman, G.
"Fetal responses to maternal exercise in the sheep".
Am. J. Obstet. Gynecol. 112:130-137, 1972.

Engel, W.K. and Karpati, G. "Impaired skeletal muscle
maturation following neonatal neuroctemy". Devel. Biol.
17:713-723, 1968.

Erkkola, R. "The\)nfluence of physical training during
pregnancy on physical work capacity and circulatory
parameters”. Scand. J. Clin. Lab. Invest. 36:747-754,
1976A.

Erkkola, R. "The physical work capacity of the expectant
mother and its effect on pregnancy, labour, and the
newborn". Int. J. Gynecol. Obstet. 14:153-159, 1976B.

Fitts, R.H., Booth, F.W., Winder, W.W. and Holloszy, J.O.
"Resp1rat10n capac1ty of muscle endurance, and glycogen
utilization in rats at various levels of exercise
training. Fed. Proc. 33:349, 1974,

Francesconi, R. and Mager, M. "Acute heat/exercise stress in
rats: effects on fluid and electrolyte regulatory
hormones". Experientia. 39(6):581-583, 1983,

Galletti, F. and Klopper, A. "The effect of progesterone on
the quantity and distribution of body fat in the female
rat". Acta. Endocrinologica. 46:379-386, 1964.

Gilbert, R., Cummings, L., Juchau, M. and Longo, L. >
"Placental diffusing capac1ty and fetal development ini’) -~
exercising or hypoxic gquinea pigs". J. Appl. Physiol.:
Respirat. Environ. Exerc. Physiol. 46(4):828-834, 1979

Gilbert, R.D., Nelson, P., and Longo, L. "Long term maternal
exercise in guinea pigs: effects on fetal growth and
development and placental diffusing capacity". Am. J.
Obstet. Gynecol. 140:123, 1981.



145

Gilbert, M. ‘and Leturque, A. "Fetal welght and its
relationship to placental blood flow and placental
weight in experimental intrauterine growth retardation
in the rat". J. Develop. Physiol. 4:237-246, 1982

Guth, L. and Samaha, F. "Qualitative differences between
actomyosin ATPase of slow and fast mammalian muscle".
Experim. Neurol. 25:138-152, 1969.

Guzman, C.A. and Caplan, A. "Cardiorespiratory response to.
exercise during pregnancy". Am. J. Obst. Gynecol.
108:600-605, 1970. > '

Haltia, M., Berlin, O., Schucht, H. and Sourander, P.
"Postnatal differentiation and growth of skeletal
muscle fibers in normal and undernourished rats". J.
Neurol. Sci. 36:25-39, 1978.

Harrison, P. (interview for paper). "Exercise won't endanger
pregnancy, expert says". The Medical, Post, 1981.

Ho, K.W., Heusner, W.W., Van Huss, J. and Van Huss, W.D.
"Postnatal muscle fiber histochemistry in the rat". J.
Embryol. Expt. Morph. 76:37-49, 1983.

Hohimer, A.R., Bissonnette, J.M., Metcalfe, J. and McKean,
T.A. "Effect of exercise on uterine blood flow in the
pregnant Pygmy goat. Am. J. Physiol. 246:H207-H212,
1984.

Hull, D. "Fetal fat metabolism”". In: Fetal Physiolo and
Medicine. Beard, R.W. and Nathanielsz, P.W. (Eds.).
London: W.B. Saunders Co., Ltd. 1976.

Hytten, F.E. and Leitch, I. The Physiology of Human

Pregnancy. Blackwell Scientific Publications Oxford,
2nd edition, 1971, 4

Kral, J.G., Jacobsson, B., Smith, U. and Bjorntorp, P. "The
effects of physical exercise on fat cell metabolism in
the rat". Acta Physiol. Scand. 90s664-672, 1974.

Knuttgen, H. and Emerson, K. "Physiological response to
pregnancy at rest and during exercise". J. Appl.
Physiol. 36(5):549-553, 1974.

Laughlin, M.H. and Armstrong, R.B. "Rat muscle blood flows
as a function of time during prolonged slow treadmill
exercise". Am. J. Physiol. 244(13):HB814-H824, 1983,

Lederman, S.A. and Rosso, P. "Effects of obesity, food
restriction and pregnancy on fetal and maternal weight
and on body composition in rats". J. Nutri,
111:2162-2171, 1981,



. 146

Lewis, P.J. and Boylan, B. "Alcohol and fetal breathing”.
The Lancet. Feb. 17, 1979, p. 388 (letter).

Longo, L. "Placental transfer mechanisms- - an overview". In:
Pathophysiology of Gestation. vol. 2. Assali, N.S.
(Ed.). New York: Academic Press, 1972.

Longo, L., Hewitt, C.W., Lorijn, R.H. and Gilbert, R.D. "To
what extent does maternal exercise affect fetal
oxygenation and uterine blood flow?" Fed. Proc. 37:905,
19%8.

Longo, L. "Maternal blood volume and cardiac output during
pregnancy: a hypothesis of endocrinologic control".
Amer. J. Physiol. 254(5):R720-R729, 1983.

Lotgering, F.K., Gilbert, R.D. and Longo, L.D. Exercise
responses in pregnant sheep: oxygen consumption,
uterine blood flow, and blood volume. J. Appl. Physiol.
55(3):834-841, 1983A.

Lotgering, F.K., Gilbert, R.D. and Longo, L.D. Exercise
responses in pregnant sheep: blood gases, temperatures,
and fetal cardiovascular system. J. Appl. Physiol.
55(3):842-850, 1983B.

Manning, F. "Fetal breathing movements". Postgrad. Med.
61(4):116-122, 1977. .

Martin, C. "Physiologic changes during pregnancy: The
mother™. In: Fetal and Maternal Medicine. Quilligan, E.
~and Kretchmer, N. (Eds.). New York: John Wiley and
Sons, dnc., 1980, pp. 141-180.

Mayhew, T.M., Cope, G.H., Williams, M.A., Mahon, M. and
Cruz-Orive, L.M. "Stereology: a demonstration of some
basic principles and applications™. University of .
Sheffield, Department of Human Biology and Anatomy
(paper). . '

Medical Tribune World Service. "CNS birth defects linked to
maternal exercise, fevers". Medical Tribune World
Service. Sydney, Australia. March pp. 17-18, 1983,

Metcalfe, J., McAnulty, J. and Ueland, K. "Cardiovascular
physiology". Clin. Obstet. Gynec. 24(3):693-710, 1981,

Morris, N., Osborn, S., Wright, H. and Hart, A. "Effective

‘ uterine blood-flow during exercise in normal and
pre-eclamptic pregnancies". The Lancet. (2):481-484,
Sept. 8, 1956.

Naeye, R.L. and Peters, E.C. "Work during pregnancy: effects



147

on the fetus". Pediatrics. 69:724-~-727, 1982.

Nelson, P.S., Gilbert, R.D. and Longo, L.D. "Fetal growth
and placental diffusing capacity in guinea pigs
following long-term maternal exercise". J. Develop.
Physiol. 5:1-10, 1983.

NICHD Summary Report submitted to the Natlonal Institute of
Health. Sept. 1982,

Orr, J., Ungerer, T., Will, J., Wernicke, K. and Curet, L.
"Effect of exercise stress on carotid, uterine and
iliac blood flow in pregnant and non-pregnant ewes"
Am. J. Obstet. Gynecol. 114:213-217, 1972.

Palou, A., Remesar, X., Arcola, L. and Alemany, M. "Body and
organ size and comp051t10n during late foetal and
postnatal development of the rat", Comp. Biochem.
Physiol. 75A(4):597-601, 1983.

Parizkova, J. "Impact of daily work-load during pregnancy on
the microstructure of the rat heart in male offspring™”
Europ. J. Appl. Physiol. 34:323-326, 1975.

Parizkova, J. and Petrasck, R. "The impact of daily work
load during pregnancy on lipid metabolism in the liver
of the offspring”. Eur. J. Appl. Physiol. 39:81-87,
1978.

Pernoll, M., Metcalfe, J., Schlenker, T., Welch, J. and
Matsumoto, J. "Oxygen consumption at rest and during
execise in pregnancy". Respri. Physiol. 25:285-293,

* 1975, ‘

Pernoll, M., Metcalfe, J., Paul, M. "Fetal cardiac response
to maternal exercise". In: Fetal and Newborn
Physiology. Longo, L.D. and Reneau, D. (Eds.). New
York: Garland Publishing Inc., 1978. '

Shysician and Sportsmedicine. Round Table: pregnancy and
sports. 2:35-41, 1974,

Pomerance, J., Gluck, L. and Lynch, V. "Maternal exercise as
a screening test for uteroplacental 1nsuff1c1ency"
Obst. Gynecol. 44(3):383-387, 1974.%

Pomerance, J.J., Gluck, L., and Lynch, V.A. "Physical
fitness in pregnancy: its effect' on pregnancy outcome",
Am. J. Obstet. Gynecol. 119:867-876, 1974B.. ’

Rosso, P., Keyou, G., Bassi, J.A. and Slusser, W. "Effect of
malnutrition during pregnancy on the development of the
mammary glands of rats". J. Nutrit. 111:1937-1941,
1981, : o



148

Rudolf, A.M. "The fetal circulation and its response to
stress”. J. Develop. Physiol. 6:11-19, 1984,

Ruhling, R.O., Cameron, J., Sibley, L., Christensen, D.L.
and Bolen, T. "Maintaining aerobic fitness while
jogging through pregnancy: a case study". Scientific
Abstracts. Med. Sci. Sports. 13(2):93, 1981.

Rush, D. "Environmental influences on intrauterine growth".
In: Fetal metabolism in fetus and newborn. Mead Johnson
Symposium on perinatal and developmental Medicine #3.
June 11-13, 1973,

Shafig, S.A., Asiedu, S.A. and Milhorat, T. "Effects of
neonatal neurectomy on differentiation of fiber types
in rat skeletal muscle™. Expl. Neurol.” 35:529-540,
1972.

Shepherd, R.E. and Gollnick, P.D. "Oxygen uptake of rats at
>~ different work intensities. Pflugers Arch. 362:219-222,
1976.

Smith, A.D., Gilbert, R.D., Lammers, R.J. and Longo, L.D.
"Placental exchange area in guinea-pigs following
long-term maternal exercise: a stereological analysis".
J. Developmental Physiola\5:11-21, 1983,

Socol, M.L., Manning, F.A., Murata, Y. and Druz{n, M.L.
"Maternal smoking causes fetal hypoxia: experimental
evidence". Am. J. Obstet..Gynecol. 142:214-218, 1982.

Spellacy, .W.N. "Insulin, glucagon and growth hormone in
pregnancy"”. In: Endocrinology of Pregnancy. Fuchs, F.
and Klopper, A. (Eds.). U.S.A.: Harper & Row
Publishers, Inc, 1977. '

Symchych, P.S. and Winchester, P. "Potter's syndrome. Animal
model: amniotic fluid deficiency and fetal lung growth
in the rat". Amer. J. Pathology. 90(3):779-782, 1978.

Terada, M. "Effect of phy51cal activity before ppegnancy on
fetuses of mice exercised forcibly during pregnancy"

) _ Teratology. 10:141-144, 1974.

Tuchmann-Duplessis, H., David, G. and Haegel, P. Illustrated
Human Embryology - Vol. 1 Embryogenesis Masson & Co.,
France, 1972, p. 74. .

Ueland, K., Novy, M., Peterson, E.N. and Metcalfe, J.
"Maternal cardlovascular dynamics IV, The influence of
gestatlonal age on the maternal CV response to posture
and exercise", Amer. J. Obstet. Gynec. 104(6):856-864,
1969.



149

Ueland, K., Novy, M. and Metcalfe, J. "Cardiorespiratory
responses to pregnancy and exercise in normal women and
patients with heart disease". Amer. J. Obst. Gyn.
115:4-10, 1973.

-

Villa-Moruzzi, E., Locci-Cubeddu, T. and Bergamini, E.
"Developmental changes of glycogen enzymes in fast and
slow muscles of the rat". Growth. 43:73-739, 1979,

Vorherr, H, "Factors influencing fetal growth". Am. J.
Obstet. Gynecol. 142:577-588, 1982.

Weibel, E.R. "Stereological Techniques for Electron
Microscopic Morphometry”. In: Principles and Techniques
of Electron Microscopy. Biological Applications. Vol.
3. Van Nostrand Reinhold Co., 1973.

Weibel, E.R. "Introduction". In: Practical Methods for
Biological Morphometry. Stereological Methods Vol 1.
New York: Academic Press, 1979,

Wilson, N.C. and Gisolfi, C.v. "Effects of exercising rats
during pregnancy". J. Appl. Physiol:Respirat. Environ.
Exercise Physiol. 48(1):34-40, 1980. :

Winick, M. "Fetal malnutrition™. Clin. Obstet. Gynecol.
13(3):527-541,&;970. !

Woodward, S.L. "How does stfenubus maternal exercise affect
the fetus? A review". Birth Fam. J. 8(1):17-24, 1981.J.
Embryol. Exp. Morph. 12:759-767, 1964.

Young, M. "The accumulation of protein by the fetus". In:
Fetal Physiology and Medicine. Beard, R.W. and
Nathanielsz, P.W. (Eds.) London: W.B. Saunders Co.,
Ltd. 1976.




APPENDIX A
PROGRESSIVE RUNNING BEHAVIOUR CHART

(Example of first week in MILD experiment)
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\ PROGRESSIVE RUNNING BEHAVIQUR CHART *

(Example of first week in MILD experiment)
Rat Day. Treadmill Incline Time Comments
ID Speed (degrees) (minutes)

(m/min)

1 15 10 15 all rats fine

2 15 10 20
MO2 , trouble running®
MO7 _ problem running

3 15 10 30
MO5 diarrhea
MO7 squeeky
MO9 slight diarrhea
MO8 , good runner

4 15 10 - 40
MO7 diarrhea
MO5 diarrhea
others ' accustomed to

treadmill

5 20 10 50
MO3 : good runner
MO2 ' intermittent

' runner

MO7 ' ’ bad runner -

6 ' REST

A 7 REST



APPENDIX B
_ PREGNANT RUNNING BEHAVIOQUR CHART
(Example of first week in SEV experiment)

152



Rat
ID

PR302

PR301

PR302
PR301

" PR309

PR3010
PR301
PR302

PR3010
PR309

~ Oy

[
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PREGNANT RUNNING BEHAVIOUR CHART

(Example of first week in SEV experiment)

Day Treadmill

Speed
(m/min)

1 30

2 30

3 30

4 30

5 30

Incline

R
o
Ly

Time

Comments

(degrees) (minutes)

10

10

10

10

10

120

120

120
90

1207

120°

cut paw, ran
poorly

both paws cut
and swollen

day off
day off

swollen paws,
ran poorly
cut paw

okay

okay

@ll okay

swollen paw-
cut paw

REST !
REST



N

Q

APPENDIX C

METHODOLOGY FOR ACTOMYOSIN ATPase

154



155

SOLUTIONS"

’

1. No solution 1 - fixative was not used. .- -'Qﬁ

2, Rinse solution (18 mM CaClz in’ioomM tris)
(hydroxymethly) aminomenthane (Tris), PH 7.8,

Tris (MW 121) | - 12.1 g

CaCl, (0.18M) o - .-100 ml

Distilled water o o 900 ml

3. Alkaline preincubation (18mM CaCl, in 100 mM

buffer, pH 10.4)

- Sigma No 221 buffer (1.5 M) . 3.35 ml
caCl, (0.18 M) | : 5 ml
Distilled water 40 ml

4. Incubation solution (2.7mM‘ATP, 50 mM KCL, 18 mM

CaCl, in 100 mM buffer, pH 9.4).
5

Sigma No 221 buffer (1.6 M) 3.35 ml
caCl, (0.18 M) S 5 ml
KCL (MW .75) o ' 0.185 mg
ATP disodium (MW 551.2) “ ) : 0.076 mg
Distilled water ; L 40 ml
5.A“ Wash solution (1% caCl,, w/v).

 caCl, (MW 147) - - 10 g

H0 ‘» : - | 1000 ml

6. Cobalt chloride solution (2% w/v).

CoCl, (MW 238) ' | . 1g
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50 ml

Alkaline washing solution (100 mM buffer, pH 9.4).

Sigma No 211 buffer (1

H,0 N

i

.5 M) 13.4 ml

160 ml

Ammonium sulfide/solution (1% w v).

Ammonium sulfide (light

H,0O

Sigma (1.5 M solution)
Sigma (MW 89.1)
Distilled water

Bring 14.4 ml up to 100

Dry frozen sections for

temperature.

Rinse slide in Solution

agitation and drain.

Preincubate in Solution

no agitation).

) ‘ 0.5 ml

50 ml

14.4 ml
100 ml

ml with distilled water.

90 min at room

2 for 1 min, with

-3 for 20 min (in fridge,

Rinse slides in Solution 2 (two changes, 1 min

each) and drain excess solution.

Incubate for 15 min in Solution 4 at 37°C. (The

Solution 4 is filtered

prewarmed to 60°C. This

into staining jar that is

rapidly warms the solution
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to about 37°C).

Wash in three 30.sec changes of Solution 5 and

drain excess solution.
Place in solution 6 ‘for 5 min (oven).

i

Wash in four 30 sec changes of Solution 7 and

drain excess solution.
Place in Solution 8 for 3 min (oven).

Wash in running tap water for 3-5 min, dehydrate

in graded ethanol, clear in xylene, and mount in

Permount.



APPENDIX D
TABLE 9. CUMULATIVE AVERAGE WEIGHT/ GAIN DURING 21 DAY
GESTATION PERIOD FOR GROUPS PR & PC
(MILD, MODERATE, AND SEVERE) AND C, NPR-SEV
TABLE 10. PROPORTIONS OF MATERNAL WEIGHT VALUES AND FETAL

OUTCOME VALUES FOR MILD, MOD, SEV

.
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(7.8)

21
{17.0)

20
107.0 115.0
(8.0)

(8.2)
{11.0) (14.0)

{12.0) {13.1)

19
6.1
{8.0)
{4.6)
9.1

18
{6.6)
(5.0
{7.3)

17
{6.0)
{1.4)
{(5.8)

16
{5.6)
{4.8)
6.8)

15
5.7)
(6.5) (15.0)(15.6) {13.4)
(5.7)

(5.2)
.0 39.3 46.7 53.4 66.4 82.0 93.8 105.0111.0 115.0 132.0 142.0

14
{7.6)

18.7)
5.3)

g)) DURING 21 DAY GESTATION PERIOD FOR
13

{6.5)

{8.0)

NPR-SEV
{3.3)

12
{7.6)

(3.9
245 29.6 32.0 37.0 39.0 45.3 53.6 63.4 79.1

11

(1.5) (6.6) (10.6) (4.2)
9.4 32,1378 417 464 515 58.2 65.8 76.0 83.2 102.1 116.3 133.0 144.3

(6.6)
{4.2)

7

SEVERE) and C,
10

.4 13.8 145 16.0 20.4 19.4 25.0 26.4 284 2395 31.0 31.6 358 3%.6 36.2
.5) (3.9) {4.9)

.31 14.9) (4.3) (4.4) (4.2) (4.9
(4.3) (6.7) {5.0) (6.8)

MODERATE,
12.5 15.0 15.8 19.5 28.0 30.3 33.3 35.0 42.5 54.5 63.8 74.3 87.7 925 99.3

40 8.3
) (1.4) (6.5) (3.5) (4.0)

GROUPS PR & PC (MILD,

1.8 2.7
MILD (2.2) (2.5

Table<®. CUMULATIVE AVERAGE WEIGHT GAIN (EXPRESSED IN |
PC

GROUP
PR
MOD
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APPENDIX E
PHOTOGRAPHIC PLATES OF NEWBORN GASTROCNEMIUS,

STERNOMASTOID AND DIAPHRAGM MUSCLE

ey
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PLATE 1A - TYPICAL NEWBORN SKELETAL
MUSCLE: GASTROCNEMIUS.
MAGNIFICATION X 415.

MASSON'S TRICHROME STAIN, -

PLATE 1B - TYPICAL NEWBORN SKELETAL
MUSCLE: STERNOMASTOID.
MAGNIFICATION X 525.

MASSON'S TRICHROME STAIN.

—
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PLATE 2A - NEWBORN DIAPHRAGM MUSCLE.
MAGNIFICATION X 525.

MASSON'S TRICHROME STAIN.

PLATE 2B - NEWBORN DIAPHRAGM MUSCLE.
MAGNIFICATION X 400.
MYOSIN ATPase STAIN.

(PREINCUBATED AT pH 10.4).
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APPENDIX F

'SUMMARY\OF PAIRED T-TEST RESULTS
"~
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SUMMARY OF PAIRED T-TEST RESULTS

-

1. Weights of Paired Female Rats on Day of Conception

a. PC-MILD and PR-MILD
’ t(3)=2.23
p=0.11

a. PC-MOD and PR-MOD
t(9)=0.61"
p=0.56

b. PC-SEV and PR-SEV
t(7)=1.90 '
p=0.10

2. The Number of Days Prior to Conception

a. PC-MILD and PR-MILD
t(3)=2.10
p=0.13

b. PC-MOD and PR-MOD
t(9)=1.34
p=0.21

c. PC-SEV and BR-SEV
t(7)=0.94 —~
p=0.07 .

v N Q
3. Last Recorded Pregnancy Weights Before Giving

Birth o . . %
a. PC-MILD and PR-MILD

t(3)=2.71

p=0.07
b. PC-MOD and PR-MOD

£(9)=5.05

p=0.007

c. PC-SEV and PR-SEV
t(7)=4.47 -
p=0.003 ') Cer
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Postpartal Weights for the Pregnancy Groups Within

20 Hours After Giving Birth

a. PC-MILD and PR-MILD
t(3)=0.33
p=0.76

b.  PC-MOD and PR-MOD
. t(9)=2.24
¢ p=0.05

c. PC-SEV and PR-SEV
t(7)=3.19
p=0.015

Postparal Weight Gain for the Pregnant Group

a. PC-MILD and PR-MILD
. £(3)=1.45 | ,
p=0.24 | L

- b. PC-MOD and PR-MOD

t(9)=3.18
p=0.01

c. PC-SEV and PR-SEV
t(7)=2.49
- p=0.04

Average Weights of Each Litter

a. PC-MILD and PR-MILD
t(3)=0.33
p=0.76

b. PC-MOD and PR-MOD
t(9)=0.12
p=0.91

c. PC-SEV and PR-SEV
t(7)=0.43
p=0.68
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7. Average Number of NeonateS/Litter

al

PC-MILD and PR-MILD

t(3)=1.40

p=0.26

PC-MOD- and PR-MOD
t(9)=1.08
p=0.31

PC-SEV and PR-SEV
t(7)=1.06 . '
p=0.44

8. Average Total Litter Weights

a.

Lt(3)=1.41
2'p=0.25

PC-MILD and PR-MILD

PC-MOD and PR-MOD
t(9)=0.15

- p=0.15

PC-SEV and PR-SEV
t(7)=1.69 '
p=0, 14
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SUMMARY OF ANOVA RESULTS

! Weights of Paired Female Rats on. Day of Conception
MSt=307.8" " MSe=218.7
F(5,39)=1.408 p=0.24

The Number of Days Prior to Conception
MSt=12.3 MSe=16.6
F(5,39)=0.74 p=0.60

4
Last Recorded Pregnancy Weights Before Giving
Birth
MSt=2747.8 ) f - MSe=285.,7
F(5,39)=9.616 p=0.00005
Scheffée Results

a. PC~-MILD and PR-MILD
p=0.358

b. PC~MOD and PR-MOD
p=0.005

c. PC- SE$ and PR- SEV )
pP= 0.004 e

Postpartal Weights for the Pregnancy Groups Within
20 Hours After G1v1ng Birth
MSt=1124.2 MSe=323,1
F(5,39)=3.481 p=0.0107
Scheffé Results
\ .

a. PC~MILD and PR-MILD

p=0.941 °

b.  PC-MOD and PR-MOD
| p=0.636

c. PC-SEV and PR-SEV
‘ p=0.348 -
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